
US 20100161388A1 

(12) Patent Application Publication (10) Pub. No.: US 2010/0161388 A1 
(19) United States 

GULER et al. (43) Pub. Date: Jun. 24, 2010 

(54) DETERMINING A DEMAND FUNCTION FOR Publication Classi?cation 

AN ITEM (51) Int. Cl. 

(76) Inventors: Kemal GULER, Cupertino, CA G06Q 1 0/ 00 (200601) 
(US); TongW ei Liu, Brooklyn, NY G06Q 30/ 00 (200601) 
(US); Hsiu-Khuern Tang, Menlo 
Park, CA (US) (52) US. Cl. ............................ .. 705/10; 705/348; 705/26 

Correspondence Address: 
HEWLETT-PACKARD COMPANY (57) ABSTRACT 
Intellectual Property Administration 
3404 E. Harmony Road, Mail Stop 35 
FORT COLLINS, CO 80528 (US) 

(21) Appl. No.: 12/719,716 

(22) Filed: Mar. 8, 2010 

Related US. Application Data 

(62) Division of application No. 10/175,661, ?led on Jun. 
19, 2002, noW Pat. No. 7,702,564. 

‘ START i 

An embodiment in accordance With the present invention 
provides a method for determining a demand function for an 
item. For example, the method includes determining a ?rst 
estimate of the demand function for the item by utilizing a 
?rst auction having a ?rst set of auction parameters. Addi 
tionally, the method includes determining a second estimate 
of the demand function for the item by utilizing a second 
auction using auction data from the ?rst auction. The second 
auction has a second set of auction parameters based on the 
?rst estimate of the demand function. 
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DETERMINING A DEMAND FUNCTION FOR 
AN ITEM 

RELATED APPLICATIONS 

[0001] This application is a divisional of and claims the 
bene?t of co-pending US. patent application Ser. No. 10/ 175, 
661 ?led on Jun. 19, 2002, entitled “Determining a Demand 
Function for an Item” and is assigned to the assignee of the 
present invention, and is hereby incorporated by reference in 
its entirety herein. 

FIELD OF THE INVENTION 

[0002] The present invention relates to the ?eld of deter 
mining a demand function for an item and/or a product. 

BACKGROUND ART 

[0003] A seller or marketing research provider is frequently 
faced With the challenge of designing an appropriate pricing 
strategy for a neW product or an existing product undergoing 
change in market conditions. Such a pricing strategy usually 
requires reliable information on cost and demand. Reliable 
information on cost is usually readily attainable. Reliable 
information on the demand function, on the other hand, may 
not be so readily available. The seller or market researcher 
may be able to use historical price and volume information, 
When available, to obtain an estimate of the demand function. 
However, With neW products or existing products undergoing 
signi?cant changes in the market structure, historical price 
and volume information is rarely available. 
[0004] In order to design a pricing strategy for a neW prod 
uct or an existing product undergoing signi?cant change, the 
seller or marketing research provider might decide to employ 
a survey or a ?eld test-marketing technique. HoWever, sur 
veys are of limited value in that it is dif?cult to control the 
pool of participants, and the participants bear no conse 
quences for their responses. Field test-marketing techniques 
are very costly to employ and, similarly, are of limited value 
because of limited experimental control. 
[0005] Another option that can be used to determine a 
viable pricing strategy is an econometric analysis of historical 
market data. In some cases historical market data may exist in 
the form of bid data from standard auctions. HoWever, econo 
metric analysis of historical market data is also of limited 
value because there is likely to be limited applicable data and 
because strong modeling assumptions are needed to identify 
the underlying demand function under the current market 
conditions. 
[0006] One conventional method for estimating the 
demand function utiliZes an analysis of bid data acquired 
from standard auctions. Attempts to estimate the demand 
function from bid data acquired from standard auctions have 
tWo main disadvantages. First, standard auctions are not nec 
essarily designed and conducted With demand estimation in 
mind. Therefore, the data from such auctions are rarely ideal 
for demand estimation. Thus, additional data gathering effort 
is needed to obtain the information on covariates that are 
crucial for reliable structural estimation. Also, it is often 
necessary to make unpalatable behavioral assumptions 
regarding any inference based on bids from standard auc 
tions. For example, the risk concerns Which factor into the 
bidders’ decisions for most standard auctions make it dif?cult 
to discern the price that they are truly Willing to pay. 
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[0007] Thus, there exists a need for an apparatus and a 
method for extracting the underlying demand function for 
neW products and for existing products that are subject to neW 
market conditions. 

DISCLOSURE OF THE INVENTION 

[0008] An embodiment in accordance With the present 
invention provides a method for determining a demand func 
tion for an item. For example, the method includes determin 
ing a ?rst estimate of the demand function for the item by 
utiliZing a ?rst auction having a ?rst set of auction parameters. 
Additionally, the method includes determining a second esti 
mate of the demand function for the item by utiliZing a second 
auction using auction data from the ?rst auction. The second 
auction has a second set of auction parameters based on the 
?rst estimate of the demand function. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] The accompanying draWings, Which are incorpo 
rated in and form a part of this speci?cation, illustrate 
embodiments of the invention and, together With the descrip 
tion, serve to explain the principles of the invention. 
[0010] FIG. 1 is a block diagram overvieW of an exemplary 
system for determining a demand estimation for an item in 
accordance With an embodiment of the present invention. 
[0011] FIG. 2 schematically illustrates an exemplary auto 
mated demand estimator system for determining a demand 
estimation for an item in accordance With an embodiment of 
the present invention. 
[0012] FIG. 3 is a block diagram of an exemplary netWork 
that may be utiliZed in accordance With an embodiment of the 
present invention. 
[0013] FIG. 4 is a How chart diagram illustrating a method 
for determining a demand function for an item in accordance 
With an embodiment of the present invention. 
[0014] FIG. 5 is a How chart diagram illustrating a process 
for determining a demand function for an item by running 
auctions until either the demand function meets predeter 
mined accuracy criteria or budget resources have been uti 
liZed, according to an embodiment of the present invention. 
[0015] FIG. 6 is a How chart diagram illustrating a method 
for determining an estimate of a demand function for an item 
in accordance With an embodiment of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0016] FIG. 1 is a block diagram overvieW of an exemplary 
system 100 for determining a demand estimation for an item 
in accordance With an embodiment of the present invention. It 
is noted that embodiments of the present invention provide a 
method and system thereof for test marketing and determin 
ing demand function for neW products and existing products 
under neW market conditions. This is achieved by running 
auctions (e.g., 104) that are designed for the speci?c purpose 
of ef?cient demand estimation. For example, a method of the 
present embodiment alloWs a seller to estimate the demand 
function for a set of products or items by using bids from a 
series of controlled auctions among a representative sample 
of buyers (e.g., 102). This may be achieved by controlling 
participant selection and the speci?c auction rules as Well as 
quantities offered in each auction and the timing and duration 
of such auctions in order to obtain ef?cient demand estima 
tion. Additionally, this method avoids strong a priori assump 
tions about the unknoWn demand function and about bidding 



US 2010/0161388 A1 

behavior in auctions and uses auctions as part of the data 
collection process designed speci?cally for ef?cient demand 
estimation. 
[0017] System 100 includes participants 102 Which are uti 
liZed for conducting auctions 104. The data of auctions 104 
may be analyZed by module 106. In one embodiment, a com 
puter system may be used for analyzing the auction data of 
module 106. It is appreciated that the computer system may 
be any kind of computer system. For example, the computer 
system may be, but is not limited to, a main-frame computer 
system, a super computer system, a Workstation computer 
system, a server computer system or a personal computer 
system. 
[0018] It should be understood that the conducted auctions 
104 of the present embodiment may be Vickrey-type auc 
tions. The bidding decisions inV1ckrey auctions are such that 
every participant reveals his/her true Willingness to pay 
(WTP) as a dominant strategy regardless of hoW the rival 
bidders behave. Bidding behavior in alternative auction for 
mats typically depends on the bidder’s private information 
about the speci?c auction environment. Thus, it is generally 
more challenging to infer the underlying valuations of an item 
from the observed bids. A sealed-bid second price auction 
(SPA) is commonly referred to as the simplest form of a 
Vickrey auction for a situation Where a single item is available 
for sale. In a sealed-bid second price auction, the highest 
bidder Wins the item and pays the second highest bid. If the 
selected participants form a representative sample of the set 
of potential buyers of an item, then their bids can be used to 
get an accurate picture of the potential demand function for 
that item. This may be achieved by mapping the observed bids 
(true valuations) With the observable characteristics of the 
buyers. 
[0019] During auctions 104 of FIG. 1, if the demand for the 
neW product or item is such that each customer Wants no more 
than a single unit, then a standard sealed-bid second price 
auction or a multi-unit version (price equals highest rejected 
bid) may be used to extract the participants’ Willingness to 
pay. In the case Where the buyers may demand different 
quantities, the procedure may be modi?ed to preserve truth 
telling as the optimal bidder strategy. In this case, a buyer Who 
Wishes to buy more than one unit Would have incentives to 
misrepresent his/her demand if all available units are sold at a 
uniform price equal to the highest rejected bid. In order to 
preserve truth-telling as the optimal bidder strategy in this 
setting With multipleiunit demands, a bidder’s payment is 
set equal to the price that Would clear the market if this 
bidder’s demand is removed from the market. 

[0020] The invited bidders (e.g., 102) may be selected from 
a pool of subj ects Who have previously agreed to participate in 
test-marketing programs. During auction 104, a ?xed number 
of units may be sold through a sealed-bid Vickrey auction 
among a ?xed number of invited participants. Depending on 
the item under consideration, each bidder may be restricted to 
bid for a single unit. Information about the item for sale, 
auction rules, the number of units for sale, the number of 
invited bidders, reserve price, acceptable bid levels, starting 
and ending time of the auction may be announced to the 
invited bidders both in an e-mail invitation and on the auction 
site. 

[0021] FIG. 2 shoWs an exemplary automated demand esti 
mator system 200 for determining a demand function for an 
item in accordance With an embodiment of the present inven 
tion. In one embodiment, the automated demand estimator 

Jun. 24, 2010 

system 200 is a softWare system implemented in a computer 
system. Alternatively, the automated demand estimator sys 
tem 200 may be implemented by hardWare or ?rmWare. In 
another embodiment, the automated demand estimator sys 
tem 200 may be a softWare system that resides in any type of 
computer readable medium having code embodied therein for 
causing a computer system to perform particular operations 
and/ or functionality for determining a demand estimation for 
an item. 

[0022] The computer system that embodies the automated 
demand estimator system 200 may be any kind of computer 
system. For example, the computer system may be, but is not 
limited to, a main-frame computer system, a super computer 
system, a Workstation computer system, a server computer 
system or a personal computer system. 
[0023] The automated demand estimator system 200 of 
FIG. 2 may be utiliZed for determining a demand estimation 
for an item or product. Speci?cally, system 200 is able to 
provide test marketing and determining demand function for 
neW products or items and existing products or items under 
neW market conditions by running auctions (e. g., 104) that are 
designed for the speci?c purpose of ef?cient demand estima 
tion. For example, demand estimator system 200 alloWs a 
seller to estimate the demand function for a set of items or 
products by using bids from a series of controlled auctions 
among a representative sample of buyers (e.g., 102). The 
automated demand estimator system 200 may achieve this by 
controlling participant selection and the speci?c auction rules 
as Well as quantities offered in each auction and the timing 
and duration of such auctions in order to obtain ef?cient 
demand estimation. Furthermore, the demand estimator sys 
tem 200 uses auctions as part of the data collection process 
designed speci?cally for ef?cient demand estimation. It 
should be understood that the automated demand estimator 
system 200 may be utiliZed to perform any of the functional 
ity described herein With reference to FIGS. 4, 5 and 6. 
[0024] The automated demand estimator system 200 
includes, but is not limited to, a sample siZe determiner 202, 
an auction con?gurer 204, a demand function estimator 206, 
and a report generator 208. Speci?cally, the sample siZe deter 
miner 202 determines a minimum sample siZe for one or more 
auctions for estimating demand of a given item for a user 
speci?ed accuracy. The sample siZe determiner 202 is 
coupled to receive user input such as the user-speci?ed accu 
racy. It is noted that the sample siZe determiner 202 may 
determine a sample siZe for one or more auctions in accor 
dance With any manner described herein. 

[0025] The auction con?gurer 204 of FIG. 2 con?gures 
auction parameters in order to minimize cost of collecting a 
given sample siZe for estimating the demand function. It 
should be appreciated that the auction parameters that may be 
con?gured by the auction con?gurer 204 may include, but are 
not limited to, the number of auctions to be conducted, the 
products or items available in each auction to be conducted, 
the timing and duration of each auction to be conducted, the 
set of participants in each auction to be conducted, the num 
ber of items to sell in each auction to be conducted, the 
auction format to be used in each auction to be conducted and 
the reserve prices and any other parameters of the auctions to 
be conducted. 

[0026] The auction con?gurer 204 is coupled to output the 
con?gured auction parameters to the demand function esti 
mator 206 and to any type of auction module (not shoWn) 
capable of conducting an auction for the item. Furthermore, 
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the auction con?gurer 204 is coupled to receive user input 
regarding auction parameters. Additionally, the auction con 
?gurer 204 is coupled to receive a determined sample siZe for 
an auction from the sample siZe determiner 202. It is under 
stood that the auction con?gurer 204 may con?gure auction 
parameters for estimating a demand function in accordance 
With any manner described herein. 

[0027] The demand function estimator 206 generates a 
demand estimation for the item utiliZing bid data of one or 
more auctions having auction parameters determined by the 
auction con?gurer 204. For example, the demand function 
estimator 206 may determine a plurality of estimates of the 
demand function for the item utiliZing a plurality of auctions. 
Each of the auctions after the ?rst one have auction param 
eters based on the most recent determined estimate of the 
demand function. It is appreciated that the demand function 
estimator 206 may generate or determine a demand function 
for an item in accordance With any manner described herein. 

[0028] The report generator 208 of FIG. 2 generates a 
report that includes the demand function estimation for the 
item. It is appreciated that the report generator 208 is coupled 
to receive the demand function estimation from the demand 
function estimator 206. The report generator 208 may gener 
ate a report in accordance With any manner described herein. 

[0029] FIG. 3 is a block diagram of an exemplary netWork 
3 00 that may be utiliZed in accordance With an embodiment of 
the present invention. For example, netWork 300 may be 
utiliZed for test marketing and determining demand function 
for neW products and existing products under neW market 
conditions by running auctions (e.g., 104) that are designed 
for the speci?c purpose of e?icient demand estimation as 
described herein. 

[0030] Network 300 includes a computer system 302 that 
includes the automated demand estimator system 200. It is 
understood that computer system 302 may be any kind of 
computer system. For example, the computer system 302 may 
be, but is not limited to, a main-frame computer system, a 
super computer system, a Workstation computer system, a 
server computer system or a personal computer system. Com 
puter system 302 along With computer systems 306-310 are 
coupled to a netWork 304. As such, computer systems 302, 
306, 308 and 310 are able to communicate via netWork 304. It 
is understood that netWork 304 may be any type of netWork 
such as a local area netWork (LAN), a Wide area netWork 

(WAN), the Internet, a metropolitan area netWork (MAN), a 
Wireless local area netWork (WLAN), a Wired and/or Wireless 
telecommunication netWork, among others. Furthermore, 
computer systems 302, 306, 308 and 310 may be coupled via 
Wired and/or Wireless communication technology. 
[0031] NetWork 300 of FIG. 3 also includes computer users 
312, 314 and 316 that use computers 306, 308 and 310, 
respectively. It is appreciated that computer users 312-316 
may be participants (e.g., 102) in any auctions (e.g., 104) 
utiliZed by the automated demand estimator system 200 to 
determine an estimate of the demand function for an item. 

[0032] FIG. 4 is a How chart diagram illustrating a process 
400 for determining a demand function for a product in accor 
dance With an embodiment of the present invention. Although 
speci?c steps are disclosed in process 400, such steps are 
exemplary. That is, the present embodiment is Well suited to 
performing various other steps or variations of the steps 
recited in FIG. 4. It should be appreciated that the steps of 
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process 400 may be performed by softWare, by hardWare, by 
?rmWare, or by any combination of softWare, hardWare and 
?rmWare. 
[0033] At step 402, participants are selected for an auction. 
Auction participants are selected that are representative of 
potential buyers. The larger the pool of participants, the 
greater the number of data points that Will be available for 
process 400. As such, a greater number of data points Will 
produce more accurate demand function results. HoWever, 
there is a cost tradeoff in the participation selection process, 
as there are typically costs associated With each participant 
invited, so a large number of auction participants Will result in 
increased cost. 
[0034] The total number of actual participants Will vary 
depending on the auction parameters such as number of 
invited participants in each auction, number of auctions to 
run, number of items to offer per auction. The goal is to ?nd 
optimal values for these parameters so that the number of 
participants is maximiZed under user-speci?ed constraints 
such as budget, time, total quantity, and other system con 
straints such as the maximum number of auctions per period, 
and the maximum number of bidders per auction. 
[0035] In one embodiment, the optimum number of partici 
pants selected to participate in the auction is not knoWn at the 
time of the ?rst Vickrey auction, so an initial estimate of the 
number of participants is used. The initial estimate of the 
number of participants becomes re?ned through the iterative 
process of holding additional Vickrey auctions and gathering 
additional data. 
[0036] At step 404 of FIG. 4, auction parameters are con 
?gured. In the present embodiment, auction parameters are 
con?gured to maximize the reliability and “accuracy” of the 
estimated conditional demand functions, subject to budgetary 
constraints given by the user. Auction parameters can include, 
but are not limited to, the number of auctions to be conducted, 
the products available in each auction to be conducted, the 
timing and duration of each auction to be conducted, the set of 
participants in each auction to be conducted, the number of 
items to sell in each auction to be conducted, the auction 
format to be used in each auction to be conducted 
and the reserve prices and any other parameters of the auc 
tions to be conducted. 
[0037] Auctions can be “self-?nancing” in that the pro?t 
generated from selling the items can be used to run more 
auctions at a later time. It might be bene?cial to offer more 
than one item per auction so as to extract additional revenue. 

HoWever, offering more items in an auction Will lead to a 
loWer selling price. Therefore, it is desirable to determine the 
number of items to sell at each auction that provides the 
maximum pro?t. In the present embodiment, the auction 
parameters begin as an estimate and are recon?gured for 
subsequent auctions based on results and parameters from 
previous auctions. The number of items to sell that provides 
the maximum pro?t is one parameter that is determined 
through such an iterative process. 
[0038] In step 406 ofFIG. 4, an auction is held. The auction 
format of the present embodiment is a Vickrey auction. The 
bidding decisions in Vickrey auctions are such that every 
participant reveals their true Willingness to pay as a dominant 
strategy, regardless of hoW rival bidders behave. 
[0039] A sealed-bid-second-price auction is the simplest 
form of a Vickrey auction for a situation Where a single item 
is available for sale. In a sealed-bid-second-price auction the 
highest bidder Wins the item and pays the second highest bid 
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price. In the present embodiment, selected participants form 
a representative sample of the set of potential buyers. There 
fore, their bids re?ect an accurate picture of the potential 
demand function for the product. 

[0040] In a case Where the demand for a product is such that 
the buyers demand different quantities, a multi-unit version of 
the Vickrey auction, Which is a “price equals highest rejected 
bid” version, may be used. In the multi-unit Vrckrey auction, 
the method of inducing “truth telling” may be to ensure that 
the price paid by the bidder be equal to the price that Would 
clear the market if this bidder’s demand Were to be removed 
from the market. This eliminates the situation in Which buyers 
Wishing to buy more than one unit might be tempted to mis 
represent their demand if all available units Were to be sold at 
a uniform price equal to the highest rejected bid. 
[0041] As shoWn by step 408, the bid data from the auction 
is obtained. In one embodiment, the auction bid data may 
include the number of participants, the number of items for 
sale, K, and the values bid, v1, v2, etc. Bid data from a given 
auction is analyZed and the results are used as input for 
determining auction parameters for future auctions. 
[0042] In step 410 of process 400 the demand function is 
determined from the auction data obtained in step 404 using 
standard statistical techniques. The demand function accord 
ing to one embodiment of the present invention is obtained 
from the probability distribution function F(v) of the 
observed values bid. 

[0043] According to one embodiment of the present inven 
tion, as shoWn in step 412 of FIG. 4, there is a set of “stop 
rules” that are tested to determine if the last auction has been 
run or if additional auctions may need to be run. The “stop 
rules” may be based on the demand function having met one 
or more of the folloWing: an improvement criterion, budget 
ary considerations, a ?xed number of auctions, etc. If the 
“stop rules” have not been satis?ed at step 412, then auction 
parameters (e. g., the number of invitees and number of items 
to sell) are adjusted based on data from the most recent 
auction at step 414, and another auction is held using the neW 
auction parameters. 
[0044] When the “stop rules” are satis?ed at step 412, the 
?nal values of the joint distribution of bids from the most 
recent auction become the output and are generated in a ?nal 
report at step 416. The report may be in any or a combination 
of graphical, tabular or prose format. The output gives the 
?nal estimate of the demand function. 

[0045] FIG. 5 is a How chart diagram illustrating a process 
500 for determining a demand function by running auctions 
until either the demand function meets predetermined accu 
racy criteria or budget resources have been utiliZed, according 
to an embodiment of the present invention. Although speci?c 
steps are disclosed in process 500, such steps are exemplary. 
That is, the present embodiment is Well suited to performing 
various other steps or variations of the steps recited in FIG. 5. 
It should be appreciated that the steps of process 500 may be 
performed by softWare, by hardWare, by ?rmWare, or by any 
combination of softWare, hardWare and ?rmWare. 
[0046] At step 502, the initial auction parameters are deter 
mined for running a ?rst auction (e. g.,Vickrey auction). In the 
present embodiment, the auction parameters take as input a 
target market and a pool of participants selected based on 
conventional statistical sampling principles to ensure a rep 
resentative sample of the potential buyers in the target market. 
The minimum sample siZe for estimating demand With a 
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given accuracy is then determined and auction rules are con 
?gured to minimize the net cost of collecting a given sample 
siZe for demand estimation. 
[0047] Auction parameters may include the folloWing: the 
auction format to be used; the number of auctions to be 
conducted; the reserve prices in the auctions to be conducted; 
the number of units available in each auction to be conducted; 
the set of participants in each auction to be conducted; the 
timing and duration of each action to be conducted; and the 
set of products available in each auction to be conducted. 
[0048] In the present embodiment, the user ?rst speci?es 
the item for Which the demand is to be estimated as Well as the 
target market in the form of observable buyer characteristics. 
The user also provides operational information on terms and 
conditions, such as payment terms, delivery options, etc. that 
are common to all of the auctions that are to be conducted. 

[0049] In addition, the user speci?es the starting date (Start 
Date) for the test-marketing program and the user speci?es 
the total duration of the test-marketing program (Time (0)) 
(e.g., a month, three Weeks, tWo months). The user also speci 
?es the time frame (Time_Frame) of demand to be estimated 
(e. g., Whether the relevant demand is quantity demanded per 
day, per Week, per month, etc.). 
[0050] In the present embodiment, the user speci?es the 
time frame of demand to be estimated (Time_Frame); e.g., 
he/ she states if the relevant demand is quantity demanded per 
day, per Week, per month, etc. The user also speci?es the total 
duration of the test-marketing program (Time), e.g., a month, 
three Weeks, tWo months, etc. In the present embodiment the 
number of time periods (T) is determined by the equation 
T:Time/Time_Frame. In the present embodiment, the num 
ber of time periods is at least tWo time periods. In each period 
a number of auctions are conducted simultaneously. The rea 
son for having tWo or more time periods is threefold. The ?rst 
reason is to exploit potential savings from sequential sam 
pling. More particularly, sample information from early peri 
ods may provide suf?cient accuracy for the estimation of the 
unknoWns so that it may not be Worth the further costs of 
getting additional information. Second, the design decisions 
(e.g., siZe of the sample, number of auctions and auction 
parameters) are based on current information. Initial infor 
mation about the unknoWns is coarser than the information in 
later periods. Thus, a sequential approach makes it possible to 
re?ne and improve the design decisions during the course of 
the data collection process. Finally, there may be random 
temporal variation in the unknoWn elements. In this case, 
sequential sampling alloWs one to control for such time 
effects. 
[0051] In the folloWing discussion, time periods are 
indexed by the variable t. In this embodiment, for periods tIl 
to T, the folloWing notation is used to describe the present 
invention: 

[0052] Revenuet:Revenue collected in period t from 
auction sales. 

[0053] Costt:Total cost incurred in periodt for conduct 
ing auctions and inviting bidders as Well as supplying the 
number of units sold in the auctions. 

[0054] BudgettIBudget amount available at period 
t:Budgett_ 1 +Revenuet_ 1 —Costt_ 1 . 

[0055] xt?otal quantity sold in all auctions at period t. 
[0056] Qt?otal quantity available at period t:Qt_l—xt_l. 
[0057] qt?otal number of units auctioned at period t. 
[0058] StItarget total sample siZe calculated on the basis 

of information available up to, and including, period t-l . 
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[0059] st?he size of the sample collected at period t. 
[0060] etIEstimate of auction participation cost, e, based 
on information available up to, and including, period 
t-l. 

[0061] ?t(.):Estimate of the distribution of valuations, 
F(.) based on information available up to, and including, 
period t-l. 

[0062] at:l5t_l(pL), value of the empirical distribution 
function based on observations up to period t-l, evalu 
ated at p L, loWer end of the relevant price range. 

[0063] bt:l5t_1(pH), value of the empirical distribution 
function based on observations up to period t-l, evalu 
ated at p H, upper end of the relevant price range. 

[0064] In the present embodiment, the user provides an 
initial program budget (Budget (0)) for test-marketing and 
demand estimation purposes and the user speci?es the total 
number of units available for test-marketing and demand 
estimation purposes (Quantity (0)). 
[0065] The user also speci?es the cost that has to be 
incurred to set up an auction (Cost_per_Auction). This 
includes the listing and other transaction fees charged by an 
auction service provider if a third party service provider con 
ducts the auctions. 
[0066] Moreover, the user speci?es the cost incurred to 
recruit or maintain a subject (Cost_per_Bidder) and the cost 
of making a unit of the item available for sale (Cost_per_ 
Unit). In addition, the user speci?es the range of relevant 
prices under consideration (Price_Range) such as, for 
example, an interval [p L, p H]. 
[0067] If the user has an initial estimate of the demand 
function based on previous marketing studies on the same or 
similar products, it can optionally be speci?ed (Initial_Esti 
mate). If available this estimate is used to con?gure the initial 
stage decisions on the number of auctions, the number of 
bidders and the number of units in each auction. 

[0068] In the present embodiment, the folloWing con 
straints are used for the folloWing decision variables (the 
number of auctions, the number of bidders per auction, the 
number of units per auction, reserve price in each auction) 
should satisfy the folloWing user-speci?ed bounds: 

[0069] a. 0<A<:MaxA:maximum number of auctions 
per period 

[0070] b. 0<n<:MaxB:maximum number of bidders 
per auction 

[0071] c. 0<k<:MaxU:maximum number of units per 
auction 

[0072] d. MinR<:r<:MaxR, bounds on the reserve 
price. 

[0073] With regard to pricing of items to be sold at auction, 
in the present embodiment, various price levels are a priori 
ruled out as irrelevant to potential decisions. For example, if 
the demand estimates are to be used in a pricing decision and 
the unit production cost is expected to stay at its current level, 
then demand at prices beloW the current unit production cost 
is obviously irrelevant. In this case, the user may specify the 
price range as an interval With a loWer bound that is no smaller 
than the current unit co st. In other situations, the relevant 
price range may include price levels beloW the current unit 
production cost. An example of this may be a situation Where 
the unit production cost at the test-marketing phase may be 
higher than the unit production co st that Would be available in 
the actual marketing phase. For instance, the objective of 
demand estimation may be to determine Whether or not it is 
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WorthWhile to invest in a technology that reduces unit pro 
duction costs from its current level. 

[0074] The user also speci?es a target accuracy (Target_ 
Accuracy) for the demand estimate in terms of tWo param 
eters, a precision level, 6, and a signi?cance level, 0t. These 
parameters represent the condition that the relative discrep 
ancy betWeen the estimated and actual demand functions is 
less than 6 With probability at least l-ot. Alternatively, the 
user may state a target accuracy for the estimated demand in 
terms of the size of the sample. It is understood that the target 
accuracy may be measured by a precision parameter, 6, and a 
signi?cance level 0t. 

[0075] In the present embodiment, the initial demand func 
tion, is represented by the unknoWn distribution function F(x) 
of a random variable X, is represented by the function I3S(x) 
that is an empirical distribution function based on a sample of 
s observations. 

[0076] In this embodiment, the precision parameter, 6, can 
be speci?ed in tWo alternative Ways. In the ?rst case, the 
precision parameter, 6, represents the upper bound on relative 
deviation of I3S(x) from F(x). In this case, the precision param 
eter, 6, is interpreted as the condition that the maximum 
relative deviation, 
[0077] [lA3S(x)—F(x)]/I3S(x), is no greater than 6, Where the 
maximum is taken over the values of x for Which a<l5S(x)<b. 
In the second formulation, the desired condition is that the 
maximum absolute deviation, [l5S(x)—F(x)], is no greater than 
6, vAvhere the maximum is taken over the values of x for Which 
a<FS(x)<b. 
[0078] For a sample size s and a subinterval [a, b] in the unit 
interval, if the precision criterion is given in terms of relative 
deviation, Pr(s, 6, a, b) represents the probability that the 
empirical distribution I3S(x) based on a sample of s observa 
tions deviates from F(x) by less than 6l5S(x) is denoted by Pr(s, 
6, a, b): 

[0079] If the precision criterion is given in terms of absolute 
deviations, Pr(s, 6, a, b) represents the probability that the 
empirical distribution I3S(x) deviates from F(x) by less than 6 
When the sample size is s, precision is 6 and [a, b] is a 
subinterval of the in the unit interval: 

[0080] In both of the above formulations, the numbers a and 
b are related to the user speci?ed range of relevant price 
levels, [pL, p H], by the relation: l5S(pL):a and lA3S(pH):b. The 
user-speci?ed signi?cance level a represents the condition 
that Pr(s, 6, a, b)>l—0t. 
[0081] The user-speci?ed accuracy criterion (6,0t) can be 
convertedto a sample size s(6, ot, a, b) Where s(6, ot, a, b) is the 
minimum sample size that satis?es the relationship Pr(s(6, ot, 
a, b), 6, 0t, b):l—0t. For this speci?cation of the accuracy 
criterion, the task is to minimize the total cost of collecting a 
sample of size s(6, ot, a, b) by selecting the auction param 
eters. 

[0082] In an alternative embodiment, When a signi?cance 
level a, and a subinterval [a, b] in the unit interval are given, 
the sample size s is selected to minimize 6(s, ot, a, b) subject 
to a budget constraint, Where 6(s, ot, a, b) is the best precision 
that can be achieved With a sample of size s With probability 
l-ot, e.g., the solution to the equation Pr(s, 6, a, b):l—0t. 
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[0083] In an alternate embodiment Pr (s, 6, 0t, b) is maxi 
miZed by selecting s subject to a user-speci?ed budget con 
straint. 
[0084] In step 504, a demand function is determined based 
on the initial auction parameters for the ?rst Vickrey auction. 
More particularly, in the present embodiment, the initial auc 
tion parameters of step 502 are used to determine an initial 
estimate of the demand function. 
[0085] In the present embodiment, the initial estimate of the 
demand function F0 is obtained using the user-speci?ed 
inputs, Budget (0) and Quantity (0), to set BudgetOIBudget 
(0), QOIQuantity (0). The revenue (Revenueo) and the cost 
(Costo) are both set to Zero. If the user speci?es initial esti 
mates for the unknowns e (e.g., e0) and F(.)(e.g., FO(.), these 
values are also used in the initialiZation: (e.g., eOIeO, and 
I3O(.):FO(.)). Otherwise, the default value for e0 is set arbi 
trarily at eorp L/ 10 and the default value for l5O(.) is set, also 
arbitrarily, as a uniform distribution on the interval [0.10 p L, 

2 PH] 
[0086] In step 506, a ?rst auction (e. g., Vickrey auction) is 
run using the initial auction parameters from step 502. In a 
single V1ckrey auction, bidding behavior conditional on par 
ticipation in the auction is independent of all the unknown 
elements of the auction environment. Thus, for example, a 
bidder with valuation v submits v as his bid. This bidding 
strategy ceases to be optimal if the bidders are allowed to 
participate in more than one auction. For example, if a bidder 
who does not win an item can participate in a subsequent 
auction, then his bidding strategy depends on all the param 
eters of the two auctions as well as the anticipated behavior of 
rival bidders. In such cases, the task of inverting the submitted 
bids to obtain the underlying valuations usually calls for 
strong behavioral assumptions. In order to avoid such 
assumptions and to keep truth-telling as the dominant bidding 
strategy, the present embodiment does not allow a subject to 
participate in more than one auction. 

[0087] Thus, an auction with n invited bidders provides a 
sample of siZe n from the unknown distribution F(.) provided 
all invited bidders choose to submit a bid. If the auction 
induces only some of the bidders to submit bids, then the 
observed bids reveal only partial information about the dis 
tribution function to be estimated. A plausible assumption is 
that, due to costs involved in evaluating the auctioned item 
and submitting a bid, only those bidders with valuations 
greater than some particular level choose to participate in the 
auction. If this is the case, then the observed bids form a 
sample from the distribution F(.) truncated on the left. The 
truncation point is expected to depend on the auction param 
eters such as the number of bidders, the number of units sold, 
the reserve price, etc. 

[0088] Each bidder has an auction participation cost, e, 
which he/ she has to incur to evaluate the item, and to prepare 
and submit a bid. A bidder with valuation v and participation 
cost e participates in an auction if the expected payoff from 
participation exceeds the cost of participation. Such a bid 
der’s expected payoff from the auction depends on the num 
ber of units for sale and the number of potential rivals. For 
demand estimation purposes, a bidder participates in an auc 
tion with n invited bidders and kunits for sale if and only if his 
valuation of the item exceeds a critical valuation level, 
denoted as vc. This critical valuation depends on the antici 
pated participation and bidding behavior of rival bidders as 
well as the number of units offered in the auction. From the 
seller’s and an outside analyst’s point of view, the participa 
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tion cost e and the distribution of valuations F(.) are unknown. 
Thus the critical valuation, vc, of a typical participant is also 
unknown. 
[0089] To determine vc, it is ?rst assumed that each rival 
bidder follows this participation rule, e.g., he/she submits a 
bid in the auction if and only if his/her valuation exceeds vc. 
Then, a bidder with valuation v less than vc expects to win an 
item in the auction if and only if fewer than k out of n—1 rival 
bidders participate in the auction, and the price he/ she pays 
when he/ she wins is the reserve price r. The condition is used 
that a bidder with valuation less than vc chooses to stay out of 
the auction to determine the critical valuation vs. 
[0090] The critical valuation V6 is the minimum v such that 
(v-r) Prob {fewer than k out of n—1 rival bidders have valu 
ations that exceed v}§e. The second term in this expression 
is a function of n, k and the unknown function F(.). Applying 
standard probability theory, this term is obtained as Prob 

{fewer than k out of n 

1 rival bidders have valuations that exceed v} = 

Thus, the critical valuation vc which solves the above equa 
tion depends on (n, k, r, F (.), e). 
[0091] At step 508, the currently available quantity and 
budget are updated to re?ect the cost of the auction and the 
number of units auctioned off. 
[0092] In step 510, the cost of the demand estimation pro 
cess is determined. More particularly, in one embodiment, a 
threshold value for participation is determined and participa 
tion cost is determined (a period t estimate is obtained for e, 
er). 
[0093] A simple estimate of vc(n, k, r) is obtained from the 
lowest and second lowest observed bids in the sample of bids 
from all auctions with n bidders, k units and reserve price r. 
When TM (n, k, r) denotes the number of bids submitted in all 
auctions with n bidders, k units and reserve price r. Let B(l ) 2 TM 
and B(2):TM denote the lowest and second lowest bids in the 
sample, an estimate of vc(n, k, r) is given by the equation 
vc:{(2 TM-1)B(I):TM—(TM—1)B(2):TM}/TM 
[0094] If an estimate of the participation cost e, say e, and 
an estimate of F(v), say l5(v), are available, then one can 
obtain an alternative estimate of V6 all values of the param 
eters (n, k, r) by solving the following equation numerically 
for the unknown 

1 kil n-l ~ nijil H j 

WAVE-02K . ]F<v> (14w) 1 
1:0 

for parameter con?gurations (n, k, r) that do not appear in the 
sample with su?icient frequency this alternative approach is 
going to be adopted to estimate vc(n, k, r). 
[0095] In the present embodiment participation cost is esti 
mated as follows. An upper bound for the auction participa 
tion cost, e, can be estimated by using estimates of the 
unknowns, V6 and F(.), in the expression that characteriZes 
bidder participation decision. Index all the auctions in the 
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current sample by i. Let (ni, k,-, ri) denote the number of 
bidders, the number of units and the reserve price in auction 
i, and let ya, denote the estimated threshold valuation for 
participation for auction i. De?ne 

Where the index i refers to the i’th auction in the sample. An 
estimate of an upper bound for e is obtained by taking the 
average of El- over all the auctions in the sample. If the current 
sample contains I auctions then 

can be used as an estimate for an upper bound for the 
unknown e. 

[0096] At 512, the demand function is updated using data 
from the auction conducted in step 506. In the present 
embodiment, the demand function can be determined on the 
basis of single unit demand or multiple unit demand. 
[0097] A representative customer in the target market has 
observable characteristics denoted by a vector X. These char 
acteristics include What is knoWn or can be learned about the 
customer, e.g., demographic information, past purchases, 
income, etc. For the purpose of illustration, a method is pre 
sented for estimating the demand for a case Where each poten 
tial buyer is interested in at most one unit of the product. 
[0098] In the single unit demand case, a customer’s maxi 
mum Willingness to pay, i.e., his valuation, for the object to be 
sold, conditional on X is denoted by V. That is, a customer 
With valuation V buys the item if and only if the price of the 
item, p, is less than V. The seller cannot observe V directly. 
From the seller’s point of vieW V is a random variable. The 
distribution function of V is denoted by F(v). The function 
F(v) is also unknown by the seller. The goal of the test 
marketing effort is to gather data to estimate the unknoWn 
function F(v). Once an estimate of the function F(v) is deter 
mined, the demand function for the item is obtained as fol 
loWs. 
[0099] A representative customer’s demand for the item 
under consideration depends on the price, p. If the customer’s 
valuation, V, is less than the price, p, the customer does not 
buy the item, otherWise he/she buys it. Thus, the quantity 
bought by the customer in response to a price p is a random 
variable With the folloWing distribution: D (p):0 With prob 
ability F (p), and D (p):l With probability l-F (p). 
[0100] When Q (p) denotes the total quantity sold in the 
market at a price p, if the number of potential customers in the 
target market is N, then Q (p) is a Binomial random variable 
With parameters Nand (l-F (p)). Accordingly, Q (p) is distrib 
uted Binomial (N, l-F (p)). 
[0101] Since the seller’s revenue depends on Q (p) and the 
cost may also depend on Q (p), the seller’s pro?t is also a 
random variable, the distribution of Which is determined by 
the distribution of Q (p). For the purposes of illustration, the 
unit cost of production is a constant and it is assumed that 
production is made-to-order. In this case, the seller’s pro?t 
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corresponding to a price p and unit cost c is n:(p—c)Q(p) 
Which is a random variable. If the distribution of Q (p) is 
knoWn then the distribution of pro?t can be obtained by 
Well-knoWn statistical methods. One takes a sample from this 
distribution of Q (p) and forms a sample of at values by 
evaluating the function (p—c)Q(p) at the observed values of Q 
(p). The goal of the test-marketing effort is to gather data to 
estimate the unknoWn function F(.) Once an estimate of the 
function F(.) is determined, the distributions of quantity sold 
and the associated pro?ts are readily obtained. 
[0102] The folloWing are models of demand that are used to 
update the demand function Where the buyers may Wish to 
buy multiple units. Common characteristics of this class of 
models is that the randomness in demand is generated by 
some cumulative distribution function, F(.), and thus the issue 
of demand estimation is reduced to estimation of a distribu 
tion function. 

[0103] In the present multiple unit models for determining 
demand, a representative customer’s demand per period for 
various quantities of the product corresponding to various 
price levels is determined by tWo factors: Z, Which represents 
the maximum quantity per period the customer can possibly 
buy; and F(.), a cumulative distribution function that deter 
mines the customer’s marginal valuation for various quantity 
levels. 

[0104] The tWo elements (Z, F(.) can be used in several 
alternative Ways to model a situation Where customers have 
random demand schedules. A customer is represented by a 
random sample, (W 1, W2, of siZe Z Which is obtained from the 
cumulative distribution function F(.). Various demand mod 
els can be generated by using F(.) in different Ways. TWo such 
Ways to generate tWo models of random demand With mul 
tiple units are presented. In both formulations, the maintained 
assumption is that demand schedule is doWnWard sloping, 
e.g., marginal valuation declines With the number of units 
consumed. 

[0105] In a ?rst model for multiple unit demand, a custom 
er’s demand schedule is represented by the order statistics, 
(W122, W222, . . . ,WZZ), arandom sample, (W1, W2, . . . , WZ), 
of siZe Z from the cumulative distribution function F(.). In this 
formulation Z represents the marginal valuation of the Zth 
unit. By construction, WIZZWZZZ . . . ZWZZ. 

[0106] In this model, a customer’s Willingness to pay for Z 
units, V(Z), is the sum of the ?rst Z marginal valuations: 

[0107] In the second model for multiple unit demand, a 
customer’s demand schedule is a random vector, (W1, W2, . . 
. , WZ), of siZe Z Which is constructed using F(.) as folloWs: 
W1 is arandom draW from F(.). Forj:2, . . . , Z, Wj is a random 
draW from F(.) truncated at W1. In this model, a customer’s 
Willingness to pay for Z units, V(Z), is the sum of the ?rst Z 
marginal valuations: 
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[0108] Continuing With step 508 in one embodiment, the 
demand function is updated using data from the auction con 
ducted in step 506. In the present embodiment, the demand 
function is updated by determining a period t estimate of F(.) 
Which is represented as 151.). 
[01 09] For ?xed n, k and r, the observed bids form a random 
sample from the distribution F(v) truncated at vc(n, k, r). 
Given the sample of s valuations v1, v2, . . . , vs (obtained by 

pooling submitted bids from all the auctions), statistical tech 
niques are then used to estimate F(v). 

[0110] In the present embodiment, G(v) is used to denote 
the empirical cumulative distribution of observed bids. Since 
observed bids are a random sample from the distribution F(v) 
truncated at vs, the folloWing relation exists betWeen G(v) and 
the unknoWn distribution F(v): G(v):(F(v)—l5(vc))/(1—l5(vc)) 
for vivc. 
[0111] Using Q (p) to denote the total quantity sold in the 
market at a price p. If the number of potential customers in the 
target market is N, then Q (p) is a Binomial random variable 
With parameters Nand (l-F (p)). For pivc, there is an esti 
mate l-G(p) (l —l5(vc))—l5(vc) for the unknown parameter, 
(l-F (p)), of the demand function. That is, for pivc, Q (p) is 
distributed Binomial (N, 1-G(p) (l—l5(vc))—l5(vc)). 
[0112] Therefore, given an estimated demand function, the 
distribution of any function of Q (p) can be estimated using 
any of a number of statistical methods. In particular, the 
distribution of pro?t can be estimated as folloWs: a sample is 
taken from the estimated distribution of Q (p) and forms a 
sample of pro?t values by evaluating the ?lnction pro?t:(p— 
c) Q (p) at the observed values of Q (p). Additional auctions 
are subsequently held and Will use re?ned values of the auc 
tion parameters based on the results from the most recently 
run auction. 

[0113] At step 514, a determination is made as to Whether 
the demand function meets a speci?ed accuracy level. If the 
demand function does not meet the speci?ed accuracy level at 
step 514, the process proceeds to step 518. HoWever, if the 
demand function does not meet the speci?ed accuracy level at 
step 514, the process proceeds to step 516. In step 516, the 
demand function is reported and the process ends. More 
particularly, in one embodiment of step 516, if (Qt:<0 or t>T) 
the current estimate of F(.) is reported. 
[0114] At step 518, a determination is made as to Whether 
the available budget has been exceeded. It is understood that 
step 518 may be performed in a Wide variety of Ways in 
accordance With the present embodiment. For example, the 
available budget may be analyZed and the budget may be 
determined to have been met or exceeded if the available 
budget is less than Zero (e. g., Budgett<0). If the budget has not 
been exceeded at step 518, the process proceeds to step 522. 
HoWever, if the budget has been exceeded at step 518, the 
process proceeds to step 520. In step 520, the demand func 
tion is reported With a Warning that the desired accuracy has 
not been reached and the process ends. 

[0115] When the demand function does not satisfy the 
speci?ed accuracy level (step 514) and When the budget has 
not been exceeded (step 518), the auction parameters are 
updated at step 522. In the present embodiment, the auction 
parameters may be updated by ?nding optimal auction 
parameters based on the updated demand function deter 
mined in step 512. 

[0116] In one embodiment, the auction parameters are 
updated by ?rst computing the total number of units auc 
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tioned in period t. This is done by dividing the total available 
quantity at period t, Qt, by the number of remaining periods, 
T—t: qt:Q,/(T—t). 
[0117] The target total sample, St, siZe and the siZe of the 
sample to be collected in period t, st, are then calculated to 
achieve the desired accuracy. Because the quantities Pr (s, 6, 
a, b) and s (6, ot, a, b), de?ned above, are independent of the 
underlying unknoWn distribution function F(.) they can be 
evaluated by a number of statistical methods. In one embodi 
ment, exact and limit distributions are used to evaluate Pr (s, 
6, a, b) and to compute and tabulate the desired quantity s(6, 
ot, a, b) for given input values (6, ot, a, b). An alternative 
approach is to use Monte Carlo simulation using an arbitrary 
distribution function (e. g., uniform distribution) and compute 
and tabulate the desired quantities Pr (s, 6, a, b) and s(6, ot, a, 
b) for given input values (6, ot, a, b). 
[0118] The target sample siZe is then determined. More 
particularly, in the present embodiment the target sample siZe 
is determined for the period t. In the present embodiment, the 
user speci?ed accuracy parameters (6, 0t) and the price range 
[p L, p L] are used to determine an estimate of the target total 
sample siZe (St) to achieve the desired accuracy. In one 
embodiment the target total sample siZe is determined using 
the equation St:s(6, 0t, at, bt). 
[0119] In one embodiment, the function s(6, 0t, at, bt) is 
determined as folloWs. The auctions conducted generate 
observations on buyer valuations in the desired price range 
[p L, pH]. That is, the selected auction parameters do not 
induce bidders With valuations in the desired price range to 
stay out of the auction. Since a selected auction con?guration 
(n, k, r) attracts bidders With valuations exceeding some 
threshold vs, the auction parameters should be selected to 
make sure that vc<pL, the loWest price in the target price 
range. Otherwise, it Would be impossible to generate bid 
observations to estimate the unknoWn F(.) for an interval of 
prices in the desired range. This is achieved by using the 
current estimates of F(.) and e in the bidder participation 
model and restrict the reserve price r to a range that induces a 
threshold valuation vc that is no greater than the loWest price 
in the target price range, p L. If the current estimates of F(.) and 
e are l5(v) and 6, respectively, and p L is the current loWer 
bound for the price range, and if the reserve price is selected 
to satisfy 

then bidders With valuations that exceed p L are not induced to 
stay out of the auction. This step eliminates the reserve price 
as a decision variable from the process. 

[0120] Next, the difference betWeen the target total sample 
siZe St and the total siZe of the samples collected prior to 
period t, ZJ-IIHsJ, s is divided by the number of remaining 
time periods, T-t, to determine the siZe of the sample to be 
collected at period t. The siZe of the sample to be collected at 
periodt is indicated by the variable st. In the present embodi 
ment, st is determined using the equation st:(St—Zj:l"1sj)/T— 
t . 

[0121] The number of auctions, the number of bidders per 
auction, the number of units per auction and the reserve price 
are then determined. In the present embodiment, these param 
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eters are determined using the sample siZe s t and total quantity 
qt as inputs. Other inputs include the most recent estimate of 
F(.), indicated by the variable E(.), the most recent estimate of 
e, indicated by the variable e, a price range [p L, p], cost per 
auction (C A), cost per bidder (C R) and cost per unit sold (CQ). 
The minimum expected net cost (ENC) represents the mini 
mum expected net cost of collecting a sample of siZe s When 
the reserve price, the number of units per auction, the number 
of bidders per auction and the number of auctions are selected 
optimally under the given constraints and can be represented 
as ENC (s, q, pL, e, F(.), CA, CB, CQ). 
[0122] Number of units may then be determined. If the 
number of bidders in the auction is n, the number of units 
offered in the auction, k, is determined to ?nd the least-costly 
Way of inducing p L. This is achieved by selecting k to maxi 
miZe the expected net revenue from auctioning k units among 
n bidders With a reserve price r (n, k, pL, e, E(.)). Since a cost 
of CQ is incurred for each unit sold in the auction, the net 
revenue maximiZing number of units Will depend on CQ as 
vvell as on other parameters of the process, that is on n, p L, e, 
F(.). 
[0123] If S is the total sample siZe (number of bidders in all 
auctions conducted) and n bidders are invited in each auction 
then the number of auctions needed is S/n. If the total number 
of units available is restricted to be at most Q, and k units are 
offered for sale in each auction, then there is an additional 
constraint on the number of auctions, that is, A k<q. Thus, in 
order to ensure that both the sample siZe constraint and the 
quantity constraint are satis?ed, the number of units per auc 
tion may be restricted to the range léké (q/s)n. 
[0124] When M (n, k, pL) denotes the number of actual 
participants in an auction in Which there are n invited bidders, 
k units for sale and the reserve price is selected to induce 
bidders With valuations greater than p L to participate in the 
auction. M (n, k, p L) is a Binomial random variable With 
parameters n and (1 -F (p L)):M (n, k, p L) is distributed Bino 
mial (n, l-F (pL)). 
[0125] It is noted that actual quantity sold in an auction With 
parameters (n, k, r) is Min {M, k}, Which is random since M 
is random. The price per unit in such an auction is also a 
random variable. If Mék, then M units are sold in the auction 
and the price for each of the M units sold is equal to the 
reserve price r. If M>k, then k units are sold in the auction and 
the price for each of the k units sold is equal to the (k+l)st 
highest bid among the M submitted bids. In this case, the price 
per unit exceeds the reserve price since p L>r, and a bidder Who 
chooses to submit a bid submits his valuation. Let BkHM 
denote the (k+l)st highest bid among the M submitted bids. 
[0126] Denote by e and E(v) the current estimates of the 
unknoWns e and F(v), respectively. Expected net revenue 
from sales in an auction With Mactual bidders is Exp_Net_ 

Revenue (n, k, r, Mle, E(.), CQ):Min {M,k} {(r—CQ)6(M, 
k)+(Bk+l:M—CQ)[l—6(M, k)]} Where e(M, k):l if M<:k, 0 
otherWise. Let EM[.] denote the expectation With respect to 
the distribution of M. Using the estimated distribution of M, 
the expected net revenue is obtained from sales in an auction 
With the given parameters as: 

ExpiNetiRevenueQ'z, rlé, F(.), CQ):EM[ExpiNeti 
Revenue(n, k, r, Mlé, F(.), CQ)]. 

[0127] The value of k that maximiZes 

is denoted by k(n, pL, e,AE(.), CQ):arg maxk Exp_Net_Rev 
enue (n, k, r (n, k, pL, e, F(.))|e, F(.), CQ). The maximiZation 
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may be obtained in When k is an integer between 1 and (Q/S)n 
and ExpNR (k*):Exp_Net_Revenue (n, k, r (n, k, p L, e, 
l5(.))|é, 131.), cg) evaluated at k:k*. 
[0128] Speci?cally, starting With an initial value fork: k*:k 
(0):largest integer smaller than (n+l)/ 2 and solving using the 
folloWing logic: If ExpNR(k(0)+l)§ExpNR(k(0)) While 

{k(0)§k* §(q/s)n, ExpNR(k*+ l )§ExpNR(k*); k*:k*+l Else k (n, pL, e, E(.), CQ):k* While {k(0)§k*§l, ExpNR 

(k*—l)§ExpNR(k*); k*:k*—l}. 
[0129] The number of bidders and number of auctions is 
then updated. In the present embodiment, the variables C A, 
CB, and CQ are used to denote the cost per auction, cost per 
bidder and cost per unit sold, respectively. Then k (n, p L, e, 
E(.), CQ) is substituted for k in the expression for: 

ExpiNetiRevenudn, k, r(n, k, r(n, k, pL, e, l6, 
F(-), Cg) 

the expected net revenue is obtained as a function of the 
decision variable n and the parameters (pL, e, F(.), CQ). The 
resulting function is then denoted by ENIA{(n, pL,A e, F(.), 
CQ):Exp_Net_RevenueA(nA, k, r (n, k, p L, e, F(.))|e, F(.), CQ) 
evaluated at k:k (n, p L, e, F(.), CQ). Therefore, the expected 
net cost of A auctions each With n bidders is: 

[0130] When S is the desired sample siZe (the total number 
of bidders from all auctions), then the number of auctions, A, 
and the number of bidders per auction, n, are related by s:n A, 
or equivalently, AIs/n. The expected net cost of collecting a 
sample of siZe S WithA auctions each With n bidders can be 
expressed in terms of a single decision variable n in the 
folloWing equation: 

[0131] In the present embodiment, since n can take integer 
values in a ?nite range from 2 to MaxB (given by system 
constraints), the minimiZation of ENC (n, s, Q, p L, e, E(.), C A, 
CB, CQ) may be done by complete enumerAation. Once the 
value ofn that minimiZes ENC (n, s, Q, pL, e, F(.), CA, CB, CQ) 
is determined, the desired number of auctions is obtained as 
AIs/n. Then the equation ENC(s, Q, pL, e, E(.), CA, CB, CQ) 
is used to denote the minimum expected net cost of collecting 
a sample of siZe s. 

[0132] Additional auctions are then run using the updated 
auction parameters from step 522. The process of steps 506 
522 then continues, With additional auctions conducted (step 
506), budget, available quantity updated (step 508), auction 
participation cost determined (step 510), and the demand 
function updated (step 512) until the demand function meets 
the speci?ed accuracy (step 514) or until the budget has been 
exceeded (step 518). 
[0133] At the time of the ?rst Vickrey auction, little is 
knoWn about the probability distribution function F(v). In one 
embodiment, as additional auctions are run, more informa 
tion becomes available and the people marketing the product 
are provided better knowledge of the demand function and 
can make decisions on the parameter of interest, such as 
number of items to offer, based on the value of F(v). If the 
value of F(v) is not considered good enough, additional auc 
tions are run until F(v) is considered good enough as shoWn in 
step 514 (provided budget resources alloW). If the desired 
accuracy of the function F(v) is reached Within budgetary 



US 2010/0161388 A1 

limits, a report is generated showing the joint distribution of 
bids in any or a combination of graphical, tabular or prose 
formats as shoWn in step 516. 
[0134] Additionally, there are budgetary concerns that are 
to be met as shoWn in step 518. In the present embodiment, an 
auction budget, re?ecting the amount of money that can be 
spent for the ?rst Vickrey auction and all additional auctions, 
is pre-established. If the auction budget is exceededbefore the 
demand function speci?cations are satis?ed, the auctions are 
stopped and a report is generated, as shoWn in step 520, With 
the last determined demand function and a Warning that the 
desired accuracy has not been reached. 
[0135] FIG. 6 is a How chart diagram illustrating a process 
600 for determining a demand function of an item in accor 
dance With an embodiment of the present invention. Although 
speci?c steps are disclosed in process 600, such steps are 
exemplary. That is, the present embodiment is Well suited to 
performing various other steps or variations of the steps 
recited in FIG. 6. It should be appreciated that the steps of 
process 600 may be performed by softWare, by hardWare, by 
?rmWare, or by any combination of softWare, hardWare and 
?rmWare. 
[0136] At step 602, a ?rst estimate of a demand function for 
an item is determined by utiliZing a ?rst auction having a ?rst 
set of auction parameters. It is appreciated that the ?rst esti 
mate of the demand function for the item may be determined 
in a Wide variety of Ways in accordance With the present 
embodiment. For example, the ?rst estimate of the demand 
function may be determined in any manner similar to that 
described herein. Furthermore, the ?rst auction (having a ?rst 
set of auction parameters) utiliZed to determine the ?rst esti 
mate of the demand function of step 602 may be any type of 
auction described herein and include any auction parameters 
described herein. 
[0137] At step 604, a second estimate of the demand func 
tion for the item is determined by utiliZing a second auction 
using auction data from the ?rst auction. It is understood that 
the second estimate of the demand function for the item may 
be determined utiliZing a second auction in diverse Ways in 
accordance With the present embodiment. For example, the 
second estimate of the demand function may be determined in 
any manner similar to that described herein. Additionally, the 
second auction utiliZed to determine the second estimate of 
the demand function of step 604 may be any type of auction 
described herein. For instance, the second auction may have a 
second set of auction parameters based on the ?rst estimate of 
the demand function. Furthermore, it is appreciated that the 
auction data from the ?rst auction may be any type of auction 
data described herein utiliZed to determine the second esti 
mate of the demand function. 
[0138] It is noted that step 604 may be modi?ed in accor 
dance With the present embodiment. For example, in addition 
to the functionality of step 604 described herein, step 604 may 
also continue to determine a plurality of additional estimates 
of the demand function for the item by utiliZing a plurality of 
additional auctions. It is appreciated that each of the addi 
tional auctions may have auction parameters based on the 
mo st recent determined estimate of the demand function. The 
additional auctions may be implemented in any manner simi 
lar to that described herein. 

[0139] In summary, embodiments of the present invention 
provide a method and system thereof for test marketing and 
determining demand function for neW products and existing 
products under neW market conditions. This is achieved by 
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running auctions that are designed for the speci?c purpose of 
e?icient demand estimation. This method of the present 
invention avoids strong a priori assumptions about the 
unknoWn demand function and about bidding behavior in 
auctions and uses auctions as part of the data collection pro 
cess designed speci?cally for ef?cient demand estimation. 
[0140] In the foregoing speci?cation, the invention has 
been described With reference to speci?c embodiments 
thereof. It Will, hoWever, be evident to those skilled in the art 
that various modi?cations and changes may be made thereto 
Without departing from the broader spirit and scope of the 
invention. The speci?cation and draWings are, accordingly, to 
be regarded in an illustrative rather than a restrictive sense. 

1. A computer readable storage medium having readable 
code embodied therein for causing a computer system to 
perform operations comprising: 

(a) determining a sample siZe for estimating a demand 
function for an item; 

(b) con?guring ?rst auction parameters for a ?rst auction to 
minimiZe cost of collecting said sample siZe; 

(c) determining a ?rst estimate of said demand function for 
said item utiliZing bid data of said ?rst auction; 

(d) in response to a pre-established criterion not being 
satis?ed, determining a second estimate of said demand 
function by utiliZing a second auction, said second auc 
tion having second auction parameters based on said 
?rst estimate of said demand function. 

2. The computer readable storage medium as described in 
claim 1, Wherein said ?rst and second auctions each com 
prises a Vickrey auction. 

3. The computer readable storage medium as described in 
claim 2, Wherein said Vickrey auction is a sealed-bid-second 
price auction. 

4. The computer readable storage medium as described in 
claim 1, Wherein said pre-established criterion is an accuracy 
criterion or a budget resources limit. 

5. The computer readable storage medium as described in 
claim 1, Wherein said ?rst and second auctions include auc 
tion participants selected from a pool that is representative of 
potential buyers. 

6. The computer readable storage medium as described in 
claim 1, Wherein said ?rst and second auction parameters 
each include a number of items to sell at said ?rst and second 
auctions, Wherein said number of items to sell at said ?rst and 
second auctions is determined to be the number of items that 
provides the maximum pro?t. 

7. A computer-implemented automated demand estimator 
system for estimating demand of a given item, comprising: 

a sample siZe determiner that determines a minimum auc 
tion sample siZe for estimating said demand for a speci 
?ed accuracy; 

an auction con?gurer that con?gures auction parameters to 
minimiZe cost of collecting said sample siZe for estimat 
ing said demand; and 

a demand function estimator that generates a demand func 
tion estimation for said item utiliZing bid data of an 
auction having said auction parameters. 

8. The system as described in claim 7, further comprising a 
report generator coupled to said demand function estimator to 
generate a report comprising said demand function estima 
tion for said item. 
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9. The system as described in claim 7, Wherein said demand 
function estimator determines a plurality of demand function 
estimations for said item by utilizing a plurality of additional 
auctions. 

10. The system as described in claim 9, Wherein each of 
said additional auctions having auction parameters based on 
the most recent demand function estimation of said plurality 
of demand function estimations. 
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11. The system as described in claim 7, Wherein said auc 
tion comprises a V1ckrey auction. 

12. The system as described in claim 7, Wherein saidVick 
rey auction is a sealed-bid-second price auction. 

13. The system as described in claim 7, Wherein said auc 
tion comprises auction participants selected from a pool rep 
resentative of potential buyers of said item. 

* * * * * 


