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Abstract

The planning of promotions and other marketing events frequently requires
manufacturers to make decisions about the optimal duration of these activities. Yet
manufacturers often lack the support tools for decision making. We assume that
customer decisions at the aggregated level follow a state-dependent Markov process. On
the basis of the expected economic return associated with dynamic response to stimuli,
we determine the ideal length of marketing events using dynamic programming
optimization and apply the model to a complex promotion event. Results suggest that
this methodology could help managers in the publishing industry to plan the optimal
duration of promotion events.
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1. Introduction

Short-term promotions can suffer from many hidden pitfalls if gr@ynot well planned and
controlled (see Strang, 1976). The planning of promotion events shoulddaedoasbjective
procedures such as the maximization of profits or other marketirertogs linked to a
particular promotion. The critical decisions of manufacturersoftien concerned with the
time dimension of promotion events: that is, their frequency (nurobesvents in the
planning horizon), timing (dates for each event), and duration (tigghleof time an event
should last). Yet the literature on manufacturers’ promotions foarséming and frequency
rather than duration. This situation exists partly because the a@ucdtipromotion events is
usually predetermined by the trade, particularly in the capeiad discounts (with or without
feature and display), the duration of which is fixed by retailersna week. This focus on
frequency and timing is reflected in various approaches to promotamipt, from the
perspective of both retailers and manufacturers (Little 1975, NastinShoemaker 1983,
Cooper et al., 1999). Within this framework researchers have exathmedmber of times a
brand or category should be promoted, the interval between consematinetions, and the
regularity or homogeneity of inter-promotion times. For price pranef in fact, the
duration of the promotion event has been analyzed only in the context of coingoinsging
being that short-term promotions accelerate purchases, whereagrnongromotions seem
not to affect purchase acceleration (Aggarwal and Vaidyanathan, 2003).

In the case of manufacturers’ non-price promotions, however, thedimension is more
customized and the duration of a particular promotion is more otigiake factor for the
manufacturer. This is the case of value-packaging, in-packiipnmes, manufacturing
couponing, and other promotion events decided by manufacturers. In particular
manufacturers are less restricted by trade when planningrigthlof value-pack promotions
than when planning the length of price promotions. Unfortunately, ddbgiterge number
of academic studies on promotions (e.g. Blattberg and Neslim, 1990; Cha®&ai), non-
price promotions have received limited attention by marketingarelsers. And, when price
promotions are either impossible to implement or inadequate, exissegrch provides little
guidance to decision makers (Lichtenstein et al., 1997).

Two conditions are present in a wide variety of marketing aetsviparticularly in the area of
promotions; most of the promotion events show a steady effectivenesg afeeconomic
returns, as represented in Figure 1 (Blattberg and Neslin 1990, par3bhave direct costs
associated with the duration of the event.

Deal response
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Figure 1: Decay of deal responseto the marketing stimuli



Since the 1990s, hazard models have been the tool most frequently ussdihgr duration
problems in marketing (see Helsen and Schmittlein, 1993, for a redfieduration time
problems). In marketing research, these models are used to studguirtiease times in
various contexts (Gupta, 1991; Vilcassim and Jain, 1991; Wedel et al., I@2B8)eatiming
of the adoption of an innovation (see e.g. Sinha and Chandrashekaran, 199@)h&drd
models, the market responses to a stimulus — for example, custoivals — occur randomly
and follow a point process (usually, a Poisson process). This modédlcspen implicit in
hazard models are not appropriate for tackling problems in which customal times are
not observed or inter-purchase times are irrelevant (e.g. iodpeal magazines, what matters
is the total sales of each issue rather than when they are purchased).

The objective of this paper is to fill this gap by providing a elddat, from the perspective
of economic returns, should help to plan the optimal duration of promotion erehtsther
marketing actions which could be implemented when two circumstanaes: @) the
marketing stimuli have a steady declining effect, and b) thereliegct costs to maintaining
the stimuli. In order to illustrate the potential of the model.camesiderserial promotions in
the publishing industry, a complex promotional type that will illustthe model's capability
of tackling the duration decision issue in a wide variety of etar§ decisions and
environments. This empirical setting presents two points of vietnh&e the application of
the methodology attractive: 1) It is a type of promotion thatnwddeen studied before but
which has shown to be effective in diminishing the decline rfapeodical sales, and 2) it is
a complex promotion that, we demonstrate, cannot be modeled with thedwmlegical
approaches currently used in marketing.

The paper is structured as follows. First, we present the dgenethodology in order to
provide a broad view of its potential applicability to marketingcisions. Second, we
consider a complex type of promotion event and apply the model withirtvgo @ show that
the flexibility of this modeling approach allows for adaptationsdmplex situations, and to
overcome the limitations of the existing methodology in marketipgrarily hazard models
assuming Poisson distributions — when facing some of the contingerigieomotion events
that affect the decision of duration. Finally, we discuss the seanlt provide the conclusions
and extensions of the research.

2 The methodological background

The study of optimal duration has attracted considerable attentiomainy scientific
disciplines. From the perspective of dynamic optimization, the sisaty the optimal length

of time spent in a particular event is call®gtimal Sopping Time problem — a type of
optimization problem for a random process involving only two possibleractto stop or to
continue. The literature in this area is extensive (see ertseRas, 1987; Shiryayev, 1978).
These technigues have been applied to several disciplines, includvappity and statistics
(e.g. Freeman, 1983) and economics and finance (e.g. Myneni, 1992), amorgy othe
Although these techniques have enormous potential for application in thetimg context,
they have yet to be applied to assist managers in those dedrsiwhgch the duration of a
marketing activity is involved.



Let’s consider a marketing dynamic activity, defined byaierset S%sl,...,sd} of possible

states. LeX be a Markov random procéssvhich summarizes the successive states achieved
by the process on the states space S. The Markosess is defined over the times

{0,1,2,...,T} and denoted b;x:{xk}lzo, where T can take a finite or an infinite value.

Marketing decision makers can apply certain stirtmiiinodify the probability law of process
X. When the stimulus is applied, the evolution afgassX is ruled by a matrix B of transition
probability distributions and managers can decalstop the stimulus at any time based on
the experience up to that time. At perigdhe control variable can be “applying stimulus” o
“not applying stimulus”. In case of not applyingnstilus at timek, the reward in the stabg

is f(X,). Using Bellman’s maximum principlevhen the stimulus is applie¥(k X) is the
optimal reward at time k and the optimal strategy at timek satisfies
V(k, X, )=max{ f(X,),Es[V(k+1,X,)]} . As a consequence, an optimal rule is “not

applying stimulus” if the rewardf(xk) is greater than the expected optimal reward
Es[V(k+1,X,)] and “applying stimulus”, otherwise. Therefore, tigtimal duration of the
stimulus isk” = min{k :V(k, X, )= f (X, )} .

Sometimes the optimal stopping rule can be impldéeterat any time; e.g., discount
promotions. However, in many marketing activitiesation must be planned in advance and

k" is an indicative duration choice for future markgtactivities; e.g., coupons which are a
series of attached tickets often to be collectatbgeally and needed to obtain a discount or
gift on merchandise. Pre-promotion planning invelveetting some promotional-test,

gathering information about market responses, imgjld decision model and determining the
optimal length of future marketing activities. Th&bility of the optimal duration can be

followed up on the basis of future responses.

Intuitively, many marketing activities appear todwetable settings for exploring the potential
of these models. In general, the model is an apjatepoptimization tool when the following
conditions are presented: a) a steady decliningcefif the marketing stimuli and b) direct
costs to maintaining the stimuli.

One effective way to capture the steady declinifigce of marketing stimuli is to consider
that the consumers’ respon@&k} follows a state-dependent Markovian process. Magko

models have been previously adopted for modelinghasing behavior (Telser 1963, and
Zufryden 1986) and other marketing probléma/e say that the consumers’ respo{ﬁ}’q}

{Xj}t:o} = P{ X,y
b=Pr(X,), with b =0 and Zilb, =1, denote the probability distribution of being iach
statei at time 0 and leB define the transition probability matrix contaigithe probabilities
P{ X,..|X,}. Then, the probability distribution oK, is given by Pf{X,} =b'B*. The
Markov process is stationary if the probabilitytdisution of X, remains unaltered with the

follows a Markov process ifPr{Xk+1 Xk} for each timek>0. Let

! Markov processes are described in many books aapility (see e.g. Ross, 1996). Statistical infessfor
discrete time Markov processes was considered lindgiley (1961) and Telser (1963).
% For a review of this topic, see e.g. Leeflangl et2000).



passage of time; i.ePr{X,} = P{ X,,,} for any time k. This only happens if =b'B or

equwalently( - )b— 0; i.e.bis an eigenvector (normalized to sum one) assatwaith a
unit eigenvalu@

Assume that the consumers’ respor{@ék} to some marketing stimuli and the reward

f (X,) at time k is a random variable which possible ontes aref =(f(s),...,f (s,)) "

Some of these outcomes may be negative (the apphcaf the stimulus is not profitable),
and others positive. As the promotion outcome lisdlby a markovian process, the expected
profit is given by

E[f(X)]=E[E[ f(X\)|X,]]=b'B"f

evolving according td'B*. Note that whem is a stationary distribution, the expected profit
E[f (Xk)] is constant for any time k. If it is a positivenstant, the optimal duration will be

infinite, i.e. the stimulus becomes an additiorsalie or characteristic of the product. If it is
a negative value, the stimulus should never beieghpBut for most of the real world
situations, the market responses to marketing $iteme not stationary. Typically the process

starts with E[f(xo)]:b'f >0 and then it exhibits an exponential trend given by

E[f (Xk)]zb'ka. In the long term the expected profit B'f converge to a limit

performance value, that we will cal if A>0, the performance of the marketing stimulus is
always profitable and its duration should be inéinbut if A<0, there is a tim& when the
stimulus is not longer profitable and should bepptm. Being the latter the most frequent
type of market response, we will use this markopancess in the model presented in the
next section.

2.1. The modd

Let’s consider a representative potential consuwies may be in one of two states: prior

purchase intention, event denoted Xy or no prior purchase intention, denotedXfy At the
same time, manufacturers should analyze the exp@edormance of the promotion event.
This marketing activity cannot be stopped once ds been launched. However, in the
planning process, manufacturers consider the dilemould it better to have designed the
promotion in k-1 periods? (which, in dynamic programming terms,caled to stop
promoting)” or “Would it better to have designed the proroatink or more periods? (called
to continue promoting)”. This analysis will help manufacturers to pldme tduration of future
promotion events to achieve the best expectedmretipromotion continues, the potential
customer decides, based on prior purchase intentiwnether to buy the product, denoted by

state z*'; or not to buy the product, denoted kzy. Manufacturers aim to enhance the
purchase intention X of customers, but they onlgente the purchase decision outcome Z.

Assuming that the prior purchase intention depamdg on the previous intention and not on
the consumer’s entire purchasing history, we mttgeldecisions process as a Markov chain,

the motion of which is governed by the transitionbabilities Pr{Xk+m|Xk} , constant for all

% As B has non negative elements and its rows siemBinas at least a unit eigenvalue.



periodk. The transition probabilities describe the probapiiistribution from one decision to
another. Let B denote the transition matrix defiasdollows:

(1 0

e (1-9))

=]
x2}

This means that there is a proportiéil (01) of customers who intended not to buy at the

previous period, but who now intend to buy the picid

Pr{xk = x|

Pr{ X, = x|

Xea =X} PEX, = XX,
B=
Xk—l k-1

x2} P{X, =x?|x

When a promotion occurs, the probability distribatiof purchase decisions depends
conditionally on the prior purchase intention atteperiodk, as
Pz, = Z|x, =x}=1, Pz =7|x,=x} =0,
Pz, = Z|X, ==y, Pz, =2|x, =x}=1-y.

Therefore, there is a proportign] (0,1) of potential customers who change their minds and
decide to buy the promoted product.

Computing the optimal promotional duration requites study of7, = Pr{Xk = xl\Zk}, the
probability distribution of prior buying intentio0X, = x') conditional on the history of

buying behaviorZ, = (ZO,...,Zk) . Publishers do not usually observe all dataxcept for the

final decision (potential customers either do omdb buy the product). Applying Bayes’ rule,
we can derive the analytical expression

PI’{ Ky = Xl‘zk} Pr{zk+1 Z Xiay = Xl}

Pr{ Z,., Zk}

From the probability properties of the buying damis process, we can prove that
T = ® (75, Z,,,), with

Tl = PI’{ Xiar = Xl‘zk+1} =

7 +(1-7.)6
7 +(1-7,)0+(1-75,) (1-6)y
1-(1-m)(1-6)

) -o)(y) e E)

(D(ﬂk’zkﬂ): DI(Zk+1:21)

where | (Z =a) is one whenZ =a, and zero wherZ # a. This expression can be used to

compute iteratively, using the observed dZtaand the estimations of parametésand y .
Note thatrz, , is larger tharvz, for Z,,, = Z*, and vanishes to zero whéj,, = z°.



Next we focus on the computation of the optimalation for promotions. Denote by
P'>C'>0, the price P) and cost €) of the product with promotion; an& >C >0, the
price and cost without promotion. We assume thahufecturers aim to maximize the
expected economic value of prior purchase intestitinthe promotion has continued to the
end of period k+1, the associated expected ressacgated with the sales-promotion process

is given by the value functioV,,,(7.,). At the end of period k, each manufacturer

computes its probability distribution of prior phese intentiorvg, and decides whether, in
dynamic programming terms, to stop promotion (witlte associated expected profit,
i, (P-C)+(1-7)(-C)), or to continue promotion (with the associateghemted profit,

E[VKﬂ(nKﬂ)]). Whenever the expected profit of terminating potion is greater than the
expected profit under promotion; i.e. if

7 (P-C)+(1-7)(-C) > B, [Viu (@ (7. Zc0n)) |,

the manufacturer should have designed a promotida periods length. Then, solving the
equality a, (P-C) +(1-a,)(-C) = E,__ [Vkﬂ(dJ(ak,Zkﬂ))] there is ana, (0,1, such
that whenever, <a, , promotion should have been stopped (see Figure 2)

E,. [Vk+l (CD (7%, Zk+1))]

v

|sto continue
Figure 2: Thedecision threshold at k-th period

The computation of all the threshol{jak} is involved (see Appendix for details), so that we
consider a simple-to-apply approximation to thesgoh. Note thav, (77) <V,,, (7) for all k
and all 70(0,1) andV, (7) is piecewise linear, concave, and increasingrinHenceforth,
a., <a <a,, for all k. Publishers should stop production obmppted magazines with
negative expected returns, so thgt(P-C)+(1-a,)(-C)= 0, and thereforea, =C/P,



are valid for allk. Becausea=—<a,<a,<..<a, <..., an optimal stopping rule for

oo

promotion is given as follows,
k' =min{kD0{1,2,3,.} 175, <a}, a=%,

WhereaD[O;L] since 0<C<P. In other words, the optimal duratbrthe promotion event is

k' periods, and manufacturers should therefore ptametions to be no longer thaki
periods based on their expected economic valuer@hase intentions.

The decision rule reported here is based on a tate-snodel. Generalization to multi-state
models is clearly desirable to deal with a numldenteresting marketing decision situations.
Yet in serial promotions this parsimonious modelisgconsistent with our problem as
illustrated in the next section.

3. The application and results

In the publishing industry, where most products rasgketed with a fixed resale price, non-
price promotions predominate. This is the casep@iodical magazines; a common practice
in some European countries is to assemble a valcle gontaining the magazine plus another
product to sell at a price above the price of ttegazine but below the sum of the expected
prices of the two products. One option for publishes to serialize the promotion by
fractioning the additional product in the value lpacross different issues of the magazine: a
dictionary fractionated in a collection of CDs, fexample. We call this type of marketing
activity aserial promotion. The marketing objectives of serial promotionstaracquire new
customers for the magazine and to increase purgpfr€quency among existing customers.

The acquisition of new customers is the basic alveof these promotions, as those who are
satisfied with the promoted product have an in@dasobability of making repeat purchases
(see Rothschild and Gaidis, 1981). In fact, newarusrs may switch from other magazines
(secondary demand) during the life of the promotiotiney find it to be attractive enough.
Alternatively, new customers may not be regulardsyof this type of magazine, but may
enter the market (primary demand) when they seappealing promotion. Hence, it is
expected that most of these customers will soop paoticipating in the promotion if the
value pack does not fulfill their expectatiéns

Regular buyers may skip some issues, either bedhagadecide not to buy any publication

on that occasion or because they switch to angthetication. Thus an increase in the

purchase loyalty of actual customers is anotheeathe pursued through the use of serial
promotions, which reinforce customer loyalty byraalucing incentives to decrease skipping
behavior and by raising barriers against switch@®gstomers who purchase a value pack with
a low-involvement attitude may stop buying if thég not find the added product to be

worthy of the premium price. So, during the sepigmotion, a large percentage of this type
of customer is expected to abandon the purchasieeofalue pack in the early stages; either
they turn to the regular issue or they return #rtprevious switching behavior.

* The long-term effectiveness of the promotion ewerhe acquisition of new customers is rarely éarig one
study, publishers of several newspapers estimhtddhese types of promotions generate an incifaa@out
1% of customers (Santana Lopez, 2002).



What publishers actually pursue is the market nespqoortrayed in Figure 1. a positive
immediate response to the deal, followed by effectess decay. The previous presentation of
the objectives of the promotion gives some hintaunderstanding the shape of the effect
decay of the promotion over time. But the basiclaxgtion to this convex shape is that most
entries will take place during the first week; #wedter, the decision of any customer to
purchase a value pack at a premium price instealeofegular issue depends on whether or
not the customer purchases the previous issuenies the promotion after the first week or
to re-enter the promotion after skipping one or enissues would mean that the customer,
who is paying a premium price, would fail to compléhe collection. So, although some
customers may demonstrate this behavior, their ainpa the total sales of every issue would
always be exceeded by the number of defectionsediiehs occur because customers try the
promotion and decide that it is not worth the pramiprice, or because they skip issues for
reasons external to the promotion (e.g. boredompnvenience). These defections occur
primarily during the first weeks of the promotiand the defection rate decreases over time
as the commitment of the remaining customers ise®aDiscontent with the fifth issue in a
collection of six issues would not stop most of temaining customers from buying the last
issue). Expecting such a deal response, the rdleysastion for publishers is: Following a
profit maximization criterion, into how many issugsould the added value of the promotion
be fractionated?

The optimal stopping time rule previously descriledn appropriate tool for determining the
ideal length of serial promotions in periodical raages as their inter-purchase times are
fixed, not allowing consumers to purchase at ametduring the length of the promotion
event, and difficult to be registered, and there @mmarkable state-dependence effects on
consumers’ purchase intentions and final purchasesidns.

We apply the optimal stopping time rule to two spkred magazines, Magazine A and
Magazine B, which are published by a multinatiopablishing company and distributed
monthly at different prices, with and without praioa. For Magazine A, which is the leader
in the category ofcience and Nature magazines, we consider a data sequence that begins
November, 1999 and ends September, 2003. For Mag&;i which has the second highest
market share in thBusiness category, data begin April, 2001 and end Septen2@93. In
particular, we are using their sales data as aunead consumer responses to promotion in
each magazine. Due to the confidentiality poli@éthe publishing company, sales data were
provided as a percentage of the market potenteediter calledootential market share.
Figures 3 and 4 show the values of the potentialkketashare for Magazines A and B,
respectively, in which vertical lines denote thedenf promotion (promotions are
consecutively implemented within the sample pedad the exponential decay of their effect
Is clearly observed in all of them). The duratiom& of serial promotions planned by the
publishing industry is 6 or 7 weeks, what is coasgdl a good rule of thumb based on its
experience.
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Next, following the profit maximization criteriomiered in our model we determine the
optimal duration length of serial promotion for Magnes A and B.

Two steps are involved in the task of developingadequate estimation approach of the
parametersd and y. First, we define the decision variables that dbscthe consumer

behavior. Given a threshold at each peripdve set the prior purchase intention to buy
X, =x', if the sales potential quota of the non-promotedgazine is larger than the

threshold; andX, = x*, otherwise. Analogously, we define the varialllg using the sales

potential quota of the promoted magazine. The skcstep consists of estimating the
parameterg/ and y as follows,

Zrzzl (Xk - Xl)l (Xk—l = Xz) Zszzl (Zk = Xl)l (Xk = Xz)
2o (X =) Lo (X =X)

For this problem, we set the threshold at 0.5, Wiscthe central value of the sales potential
quota in both magazines. For Magazine A, the esibimaof parametersd and y is

6" =0.5832 and j* = 0.4167, respectively; for Magazine B, we obtafif =0.5385 and
y® =0.230¢, respectively.

0=

V=

The aim of launching a promotion is to predisposéeptial customers to buy a product.
However, its effect on sales does not last foreVée length of the promotion should be
efficiently chosen according to the sales-promotocess. Accounting for consumer

responses to promotior] and p, manufacturers should plan the length of promothuat
maximizes their expected return over the plannirgizbn. Next, we compute the
probabilities{7z,} and the parameter associated with each magazine in order to determin

the optimal promotional duratiok for Magazines A and B.

Figure 5 shows the values {)h,'(} and a for Magazine A, which reveals that the optimal

duration for promoting Magazine A ik =6, as 77, <a, for k=6, 7, 8... To analyze this

result, we consider the actual average length @ption, which is 6 (see Figure 3, in which
vertical lines denote the end of promotion). Thea allow us to conclude that, in the case



of Magazine A, the duration of serial promotionarpied by the publishing company is the
optimal length.

In the case of Magazine B, the optimal duratioserial promotions computed by the model

is k' =4 (see Figure 6). Currently, the duration time pkthby the publisher is 6 weeks (see
Figure 4, denoting the end of promotion with a icaitline), 2 weeks longer than the length
suggested by the model.

Rule for optimal stopping promotion of Magazine B

' Rule for optimal stopping promotion of Magezine A
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Figure5: Sequence 7z, and line a for Figure 6: Sequence 7z, and line a for
promoted Magazine A promoted Magazine B

The application of our model to the publishers’idens suggests that the serial promotion of
Magazine B should be lengthened by two weeks aadMagazine A’s promotion should be
maintained at the current six weeks’ duration.

As Figures 3 and 4 show, serial promotion can lpiesatially implemented with a fixed
lengthk. Next we show that this methodology also is an éiecdool for dynamic decision
making in the long term. Assume that promotionssaguentially implemented. The return of

the first promotion is given byR, = f (X,) and the return rate of theth promotion is
Ry = f(Xu)/ T (Xiax), that we assume, stationary and ergodic With|inR,|]<eo.

Thus, the return aftem promotions isf (X, ) = R.«Riyk -+ Ry and taking logarithms, we
have:

In f (xnk)% :%Zn:ln R,O0f-M =E[InR,],

by the ergodic theorem. Therefore, the return aftpromotions growths exponentially as
f (X, )=e™* (in the long term planning, a discount facf" should multiply the previous

expression). In summary, the long term performasfcguccessive promotions is determined
by the return rate of a single promotibh, suggesting that the optimkl is an optimal rule
for all successive promotions.

4. Conclusions and managerial implications
Despite advances in modeling promotion events, nwachbe done to enlarge the catalogue

of techniques for determining the optimal promotaturation. Further development in this
direction has practical relevance for marketing aggans. Most of the research has overlooked
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the issue of duration and has focused, ratherinoing (when?) and frequency (how many?),
so that models available to assist the short-tdamning of promotion events have still not
covered the other basic time dimension: duration.

As we have discussed, promotional models availiabllee marketing literature are of limited
use in the context of those promotion events oerotiarketing initiatives in which customer
arrivals, sales, or other phenomena do not occuar @mdom series of events, but rather in
fixed periodical points of time.

We propose a model for fixed timing customer estrienese problems may be found when
trying to model the market response of any pronmotio which the marketing effect (e.g.
sales, arrivals, attendance) is distributed imee{discrete fashion. Examples can be found in
the publishing and entertainment industries (sush pariodical publications, TV and
broadcasting series, entertainment, and sportst®vemd in other industries such as
transportation (scheduled flights). The analyssoahcorporates the state-dependence of
purchase decisions by modeling periodical decisiohsustomers through a Markovian
process. Using dynamic programming optimization, taekle the question of the optimal
duration of magazine promotions, taking into acctotire economic value of purchase
intentions.

We show that this methodology is an effective aseful tool for dynamic decision making in
the short and long term planning of promotion eseWe apply the method to two
magazines, and our analysis suggests that thisagipcan determine the optimal duration of
promotion events in both and that promotion lergtbuld be modified in one of them.

One potential limitation of our approach is theuiegment of sales data with and without
promotion to infer purchase intentions and actuaktipase decision. However, when non-
promoted sales are unavailable, this methodologystll be applied by means of a scenario-
case analysis for different conjectured paramefeend y, using the observed purchases as

input.

We believe that the model and methodology emplayetis paper are broadly applicable to
other types of promotions and to other industryt@scthat require decisions to be made
about the optimal duration of marketing activiti&s particular, our approach can be applied
to a wide range of marketing decision situatiorat thre characterized by a steady decay
response to marketing stimuli, including situatiomsolving advertising effectiveness,
broadcast audiences, and such exhibition attendeno®vies.

Appendix: Stopping TimeRule

Assume a planning horizon of N periods. If the potion has continued to the end of the Nth
period, the expected return associated with thesgalomotion process is

Vi (”N):”N (PI_C')+(1_7TN)(_C')'

At the end of period N-1, each manufacturer conmgiuti® probability distribution of prior
purchase intentionz,_, and decides whether to stop promotion (with tledeiated expected

profit, 77,_, (P-C)+(1-m,_,)(~C)) or to continue promotion (with the associatedezxpd
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profit, E, [VN (rrN )]) As a consequence, the optimal decision will he that maximizes
the expected return, i.e.,

Vi (751) =max{ 7, (P C) +(1-73,_,)(-C) E,, [V (m) ]}
= max{ 7., (P~C) +(1-7,,)(-C) &, [V (® (78 Z4)) ]}

This rule can be extrapolated to all stage k, stwitsig N for k+1, so that
Vi (75) = max{ 75, (P=C) +(1-72) (-C) E,,, [Vieu (®(7 Ze12)) |}

In order to compute,, [ Vi, (®(7%,Z,.,)) |, we consider

1-(1-73,)(1-6) H

1-(1-73)(1-6)(1-y)
+(1— F’I’{Zk+l = Zl|7Tk}) Ezm I:VK+1(O)] '

Ezk+l |:Vk+1 (¢(7T|<’Zk+1))] = Pr{Zk+1 = Zl|7Tk} Ezk+1 l:vm{

and sin(:ePr{Zk+l = zl|rrk} =1-(1-6)(1-y)(1- 5, then

Ezk+1 [Vk+1(q)(nk,zk+1))] = (1_(1_ 9)(1_ y)(1_nk))v‘“l(l—(11_—(;)_(7?—)15)1(_19—)7&)]
+(1_9)(1_y)(1_”k)vl<+1( O) '

particularly, for the last periodf, [V, (®(74.2y))]=(1-(1-6)(1-m.,))P~C", so
that, Vi (7)) =max{7,_,(P-C)+(1-7_,)(-C) (+(+6)( +m.))P+C}. For
previous periods, this expectation could be iteedyi computed backwards.

Consider the decision problem at time k, and theievdunction V, (77, ). Whenever the
expected profit of terminating promotion is gredten the expected profit under promotion;
ie. if 77, (P=C)+(1-73)(~C) > B, [ Via (®(7%..Z..1)) ] the manufacturer should stop the
promotion. Then, solving the equality, (P~C)+(1~a, )(~C) = E;,_, [ Vi (P (a4, Z:)) |
there is amy, [ (01) , such that whenever, <a,, promotion should be stopped.

For example at time N-1, assumidg>(C'-C)/6, promotion should be stopped if
7., <@, wherea, , solvesa,,(P-C)+(1-a,,)(-C) =(1-(1-6)(1-ay,))P-C
ie., ay,=(C-C")+6P'/P-(1-8)P'. The computation of all the thresholdsr,} is
involved, so that we consider a simple approxinmatmthe solution, described in Section 3.
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