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I. Introduction

This paper is concerned with temporary price
cuts ("deals," "sales." and "specials") as a
mechanism for the seller to price-discriminate
between buyers with different intensities of de-
mand. We analyze why a seller offers sueh price
cuts, which buyers take advantage of them, and
what the parameters are that determine the
amount and frequency of the discount offered. In
the remainder of this seetion, we briefly review
the literature on price deals.' In section II, simple
models of buyer and seller behavior are devel-
oped, and we show why and how a seller adopts
a dealing strategy. Section III summarizes the
key implications of the model and indicates how
the price discrimination hypothesis could be
tested in practice. Section IV suggests possible
extensions of the model. Finally, Seetion V gives
our conclusions.

In the marketing literature, the issue of who is
"deal prone" has been extensively researched

* We are gralefui lo Michael MLissa and Albert Madansky
for their comments. We also benefited from comments made
by the marketing faculty of the Wharton School ;it a seminar
where an earlier version of this paper was presented. Neil
Beckwilh in particular is acknowledged.

1. For a more detailed review of deals and similar price-
cutting mechanisms, e.g., mail-in rebates, cents-off labels,
coupons, etc., see Narsimhan (1982, chap. 2).
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An explanation For
temporary price cuts,
usually cailed "deals,"
"sales," or "specials."
is provided. We hy-
pothesize that they are
a mechanistTi that dis-
criminates between
more intense and less
intense demanders. We
further hypothesize a
positive relationship
between demand elas-
ticity and holding
costs. Buyers with
more intense demand,
with high holding
costs, are those who
will be buying the
product at its regular
price. The low-holding-
cosl buyers take ad-
vantage of deals by for-
ward buying. The
model is applicable to
three relationships: (1)
manufacturer-re so Her,
where the reseller may
be a wholesaler or a
retailer: (2) reseller-
reseller, for example,
wholesaler-retailer: and
(3) retailer-consumer.
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isee. e.g., Webster ! % 5 : Moiugomcry 1971: Blallherg cl al. 197H). Jn
the econooiic^ of information l«tenuyre. price varialioiis are soinetiiiics
explained as Ihe eqiiilibnoni outcome of miilTiple byycrs and sellers
interacting ni an ctivironment oi cosily price information,' Other eeo-
nomic models abstract away from inforfiiational probieiiv-, and assuiTie
a single i\nn. Spccilically. Blatlberg, Hppen. and Liebcroianii (1981:
sec aiso l:ppcn aiul I .iebennann 1984} shoH (ha! a i'cfailer who faces
Nonic custooicrs with higher iiivcnloi'v hoklifig eosts fhan his own eosis
and some consunters v\-!th lower inventory iioklifig costs will offer
periodic priec deah as a mechanism Tor minimizing total iaventon
holding cosfs. Spalt (1981) shoe's that le?nporary priee-enUiiig can be a
means for a firiis k) expaiid i(s custoiiiet' liase bv giving n loiver price to
new buyers of Ihe prodiicL'

Tbe model Ihat we develop to this papes î  ek^sei to Blaltber.u el al.
(1981) than lo Spalt (198!). We consider a single lirm and boyers with
eiiher high or low iiiveoiory holding costs. We ileparl from their moilc!
by al!e>wing price to alTecl demand of individual cotisnmers, by allow-
ing for different demand functions of heterogeiieoys consiiniers- and bv
not assuming that the seller is less efiieienl in ioveotoryiug the product
than are the low-hofding-eosl buyers. Moreover, our ralionaie for deal-
ing is price disciiminahon, not inventory cost transiereuce of Blattberg
et al.'̂  This ralionaie, we argue, polenlialli applies to anv scller-bnycr
relationship, for example. maonfaeUtrer disnibistor. distributor-re-
seller, or retailer eonsyiuer. li is liiriiied. however, to siluatioiis whei'e
Ihe seller has ^̂ >nle nionvipoly power.

We make the followmg assiimptions: (1) Buyers are heterogeneous
in their demand parameters. (2) Customers differ m their ability to
inventory a product. G) Customers incur no transaction/shi>ppingeost,
rrhis assumption greatly simphiks the mathematics and is not essential
[o oŝ r argui'nent-) (4) Thei^e JH a pt>sitive eorrelaticin helweeri ev>nsiimp-
tion i"ates and holding eosi (see helo\\), i5) The seller is more cflicienf
in stocking Ihe product than buvers; specifically, holding cos[ for the
seller is zero. ( This assumplion aiso bolh greatly simplifies the i!iathe-
mabcs and is not essential to oar argunsenl.)

is kev to OLU" aoalv:^is and results and reqnires some

2 The moiicl^ ibai iiUenipl io cxplaii! prsi'c dispersion <is isn cquilibnuin oiitco
v.hi^u inioiinahon on price-, is costiy oKike dilTercnl assuniptH?ns cooccniuig the \e;t:
procos-;, hi'iorngenei^y of searcti costs of consumers, and heierugcrieily of U'fhnol
[icrov^ isimv Sec. e g . S;<lop luul Suglii/ f 1977). Vuriaii i 1980). Burdel! md .hidd i I98
Caiisosi ami McAfee n's^"^r Si.-e Rotli-iChifld (\9m U-r nn cceHcrU dlscy">'̂ km of I
issues involved in Uiis M'CH.

',, Narasiinhan U984S gencrjliw^ thi-. .irguiTiciU (o iricluds- Mio djsfouni oiTcied .i
decision variiible,

4, OhviuusK. in praciicc, i.k';iljiig iiiav be proJiuible for oihts reasuns us \\^eAl.. l\ O
allow, t\\:m\ to discrimtniUc heUvcen inromici.! and unjiifornK'd bnvi-r-̂  sscc V;snan l*W
(.\tnvcotion;d wi^do^! tn riKirkeSini; suggests llv.'A rciaiK'rs orler sjx-vi.sls io build up --h
trai'tk. to iicik'Kiic -IK'SK isitereit m ,Vi ukl produ^!. to iaaodiKX' a now priniuv!. eic
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discussion and justification. For some products there is a positive cor-
relation between demand rates and holding costs. Consider, for ex-
ample, two households, one with more members than the other. Since
the larger household consumes more food and probably a greater vari-
ety of foods, it is likely lo face a more severe refrigerator or pantry size
constraint. Thus household size contributes to a positive correlation
between rate of demand at a given price and inventory holding costs. A
similar relationship might be due to geographical location, in high-cost
and high-income areas, higher demand at a given price should be asso-
ciated with higher inventory holding costs. This correlation could be
particularly significant for a manufacturer who cannot discriminate
openly between its suburban distributors (low-cost areas) and its urban
distributors (high cost), but who could partially achieve such discrimi-
nation by offering temporary price cuts. Such price discrimination ar-
gument is the essence of our model. Our puipose is to show that when
positive con-elation between demand rates and customer inventory
holding costs exists for a given product, sellers will find it profitable to
deal as a means to priee discriminate between buyers.

II. The Model

Consider a monopolistic seller who has constant unit production costs,
c. This seller faces two groups of buyers (/ = I, 2) whose rates of
purchase, A,, are the following functions of price P:

x^ = a; - ^F ^ pCa, - P), 0<P<a,.
Xi-0 />>«,-, * ' '

where a| > a2 > c.
A fraction, 6, ofthe seller's potential customers are of type 1 {high-

demand group) and (1 - 6) of type 2 (lower-demand group). If the
seller seeks the constant price that maximizes his profits, he maximizes
UT^ (P - c) [Bxs + (i - e).T2j itP < (X2 and maximizes n, = (/» - c)
Qx\ if tt2 < P < a|. The function Elj is maximized at

Z'* = y (c + a). (2)

where a = Ba, + (1 - 8) a,. The function n, is maximized at

'\ = -Y (c + (Xl). (3)

Equation (2) gives a local maximum ofthe seller's profit if'/2(r + a) <
a,, or equivalently, 0 < (aj - c)/(ai - a,). For this local maximum to
be the global maximum. UjiP*) must be larger than nKPt), which is
true if [(a - c)/21- > 0 [(a, - ()/2j-. or equivalently, B < [(a. - c)/
(at - 02)]^- In sum, the seller's optimum constant price is Z'* if 0 <



i se , the optn t ia j Ci>ostaiit p r i ce is ii'"\

which corresponds k> ignoring the denuind of gnxip 2 because (h^s
group is !oi> small ao<!/of its demand is too weak.

Next, consider the strategy orpcnodically offonng a temporary dis-
couol. (/. below the regular price, F. Assunie thai this "\ieai" is offered
in one out of every /'periods. Typieally- m ihe case of grocery itcois,
Ihe period is the week. Since most households shop at Iea^t once a
week for groceries, ihc assumpuon of zero shopping eosi is quile ten
able: Shopping cost is a sunk eost lhat must he loeurred each week.

The high-inveiitory4io]ding-cos( coosunsci's (group 1) take advan-
tage of Ehe deal oniy during the period when it K offered aitd do not
stockpile goods bought on deal for consumption iu lates peiiods. De-
mand for fneiuhers of this group during the deal period is A i,, - «; •- P
• (/ and during nondeal periods is V|,, ixi P.. where P \s the

standard (nondeal) priee an<l J is Ihe discount offered on deal / I.ow-
inventory-cost consiHuers (group 2) buy enough on deal lo satisfy coii-
sumptiors needs foi" S periods. ,V .V 7. The rate of coosumplion dimng
the-^e S periods is determined by the average effective priee of goods
bough! ou deal whieh is equal to (he deal price. / ' ;/. plus the average
mveutory holding eost of a isrut of gi)ods bought on deal- liS:"!. The
iuveutory hi>lding cosi per unil per pciiod of buvers of group 2 is
denoted by h. The rate ot'consymplioii during these S periods for group
2 eousumers is A^, - ix- / ' <I t/i.SV2K" After the iin-ciitorv of
goods bought on de;il ih exhausted, the rate ofeonsuiiiptioii for group 2
eonsiio-iers is deieronned by the standard pnce aud is given bv .v>; -
a.. - / ' .

With these assumplH>ns and specilleations, il follows that avesage
per period profits of Ihe seller over the length of fhe deal cyele are
eiven bv

Bui. if dealing is profitable for the seOer. st iTuist be ihat profits
group 2 during (he fu'st .V periods of (he c>eie are higher than proi

5. Wo thsjs jssniiK' oi) dcpr iuk 'nec oi" ciurcr,! i_oiisiHiifV.Hin on l..Oiî î u|•>!K"ln m

f5iiivioiss f>crioit.
U. I'hi-' avcrjijic vO-̂ i argument !•• not ncct>sarv -nK'e ttu' iosiiuil.dkm in ^•onhni)

lime ii'iuK so Ihe -.mnv exp^cs^io^.
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from this group during the remaining 7 - 5 periods; that is, [tt2 - Z' +
d - (Sh/2)] iP - c) must be larger than {aj - P)(P - c). Without loss
of generality, therefore, S may be set equal to T, and the seller's
average profit may be written as:

n - 3 |e [^^^ («i - n(P - r) + i . (a, - /> +

+ (1 - e)(a2 ~ P + d - ^ hT)(P - c - d)\. (5)

The first-order conditions for the maximization ofthe seller's profits
{assuming an interior solution with d > 0) are given by

(l - 6 )an " 1 ' - ' 1 u I I I, r

(-2/' + a. + c + 2^-4^1 = 0,

= Y[2P + a, + C + 2JJ - (I - 6)

IP + a2 + c + Id - - ^ \ = 0,

(H)

From (6) and (7) we obtain the result that the optimal standard price
under the dealing strategy is the monopoly price when the seller serves
only group I; that is,

P = Pf ^ {ai + c)l2. (9)

This is sensible because under the dealing strategy only group I con-
sumers ever pay the standard price, and the profit-maximizing price to
charge this group is clearly the monopoly price Pf.

Replacing P by the expression for Pt allows one to simplify equation
(7):

2fr = as - an - 2{d
4 /

w h e r e

f =

The real price that group 2 consumers pay, P - d + Vi hT, must be
less than P for these consumers to have the incentive to stockpile,
implying that d must be larger than Vi hTand a fortiori larger than VA hi.
Condition (10) thus imposes a, > QLJ.
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In addition, the contribution to seller's profit made by sales to group
2 must be positive, 'fhis eontribution eompensates for the opportunis-
tic behavitsr of group \ euslomers who, every 7' periods, lake advan-
tage of the deal. Referring lo equation (5K Ihe eonditions are P r d

Lastly, we anticipate Ihat the parameter h (inventory holding eosi of
group 2 buyers) should satisfy certain eoostiiuiHs, Intuitively, we c\.-
pect thai II musi be sufficiently •.mall for dealing lo be prolitablc. In-
deed, if h IS too large, she discrimination mechanism via inventory
holding costs will not be eftieient lo that stockpiling by group 2 will be
very costly, and these buyers will want to pay less.

We already know that d :- V' hi, thai is, r - liil • '/- h.. hnnn
ition (10) we see lha< «, ĉ ; .• Ifr • 2fV'/'h). in other words, h

usi satisfy the condition

This condition is intuitive in dial the uppe^ bound on /; ŝ uicrcasiiig
wi(h the size. I - », of Ihc deal-prone segment and with ihe difference
belw-'een high- and low-demand parameter^.

In order to arrive at some further undersiauding of Ihe nature of tbe
solution to (7)-(H) and lo uneover additional parameter eonstrasiits. we
need to exploit the necessary conditions ^7) and (8} more fullv. UNing
the same notations as in equation (10), condition (8) can be rewntbenas

2/' ' I , / H-^i
h I

We have just seen that r > '/:/;, HqiiatisHis (9) and (12) and condition
a- - /-• -!• il V:h'f :> 0 whh d ' - 0 thus imply

a condition uf form similar to {\\),
Expressing both d and I" as functions of r (using eqq- | b

and writing thai Ihe ratio diT is r (by definition) leads to the followmg
equalion for r:

There is oo closed-form expression for Ihe appropriate rool ot ^this
euhie equation- However, il is possible to diseiiss the existevvce ol the
solution tha( is ccouoinically meaningful- The classical appn5ach to
the analvsis of dnrd-degree equasioos ax' '• h^'" • ('- • d • t) is
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to consider the change of variables X = .x + hi'ia so as to rewrite
the equation as X^ + pX ^ q = 0. Jn our case, we obtain

where R = r - h!4.
Because/? = - h/4 Oh/4 + (02 - c)//) is negative, equation (i4a-

14b) has at least one real root. Moreover, as the left-hand side of (14a)
is negative for r = 0 and positive for r approaching - x, this real root is
negative. For the equation to have an economically meanitigful root
(i.e., a positive root), it must satisfy the well-known condition 27^^ +
4p < 0, in which case it will in fact have two real positive roots. The
issue then wiil be. Which of these two roots is the solution that has
economic meaning? The condition 27q- + 4p^ < 0 is

" - ( '^f < «•
Condition (15) is easier to understand if one uses the well-known

trigonometric reparameterization of {14b), R^ + pR + q = (), p <0; we
rewrite its roots as p cos 6 where

P -

and the e's are the three roots of

Vh4q \ f T
cos 38 = - ^ - ^ ^̂  ^ . (16)

.lh_
4 3/

Condition (15) is nothing but cos 3̂6 < 1. However, in our particular
case, we already know that the numerator of the right-hand side in (16)
is positive (see condition [II]). As a result, the existence of positive
roots simply requires cos 36 < 1. This condition is

or

In general, this condition docs not provide a simple restriction on h.
However, in the special case at - as ^ 03 - c, the term (a, - aj)//" -



/2 in {!7a| is largo c t i inpared to \{<X2 "" '"^''-V '• /?''41'-\ I'hh is bcc
, 2(a^> r ) / f is small c o m p a r e d !o (« , a;)// ' . As a resul t , an ap
jate cond i t ion de r ived from (I7as K

y

Z7 /• '• ( i ; a > ''

U n d e r the cond i t i on tha i (a^ - a : ) / (u2 ( ) is large, condi t ioo (IH) is
m o r e binding t han (13) and a foriiori (11), It is wor th not ing ilsat thc
quan t i t i e s Uxi (*.;*'U*? " ^'^ <^^^^^ -̂' ^i-t^.,/'~^ ^vere found ea i i i e r lo
d e i e r m i n c whethc?' optiosa! conslaiH prieing should ignore the dea l -
p r o n e segment or not . T h a t t he s a m e quan t i t i e s p rov ide constrai i i t^ on
li is not surprisii^g,

Cot id i t ions 0 5 1 or 117) a re a i i tomyt iea l ly sahs i i cd , h t m e v e r . if the
d isc r iminan t of ihe uuad ra t i e Icfl-hand side of (15) h ncga i ivc . l l i i s

4 a-

This co!)ditioo is obviously nol salisfied wheo (a. -- a'_:)1u2 r) is
large. In this situation. Ihal is- ( a | vi-.VUxy r) is large, where tor a
finite 0 the optimum constant priee is to ignore ihe deal-prone segiiient,
!l IS indeed intmtive Ihat stringent conditions on h should he satisiied
Tor dealing to be profitable. I'his is what we found with eonditiou (18)

t'loing baek to equalioos (14) and (16). if (15) is true, equations (14)
and (i6) have two positive roots. 1die qoeslion then is. Whieh rool of
eqiiauon (14a) or ( H h l or (16) is the appropriate soiiidoii',* in the gen-
eral ease, the answer [» this quesUoo is dilTieuli. In tlie special ea>c
wi'sere h is small and satisfies h < liix^ c}ij, h < dxi ad/f, arnl
/; <^: (27/i6) [(r*>, r){f] \Ut- cUiai • «:•), equation (16) becomes cos
30 - t) whosej^hrce r o o l s a r e Os ' ri/6. (),. - ! l / 2 ^ i d 9 ; , • .Mf/ft. so tha t
eos 0| " V\V2, cos e . - 0, and eos Ô  •- - V'3/2. ConscqucniK. fhe
approximate three roots of (14b) are Ri • V: V!(«2 --• r)]/f h, R^. •
- V'(ai chfh, and Rz IN of order higher than li'\ l l i e roots ot"( 14a) are

thns ri ^V-Vitxr.^ c)hlf, r>, '-':: vTa^ {•)/?(?: and r. '/.Uui cp

iM-j c)h, siiiee r-^r^r-. - \fr(a, rj]/16/: The ehoiee of r d'T is be-
tween !hc two positive roots r, and /•_.. i fooe ehi(o;>Cb r., equation (12) un-
plies d - '/• (ft, r) and thus T - d'r - {Hay r)]//;. it is easy to see
(hal equation (lOl is verified. Mov~ever. the eondilions F ( (/ '- 0 aod
ti-, p •• d Vl hi > 0 arc not satistkxl lo fact, P c d • t) and
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a2 - P + d - V2Th = 0. The acceptable root is thus the larger one, r,.
It implies''

and

7"* •— (at — a-.) I - c r u
* ' " ' V ( I - % ) h { 0 i 2 - C)- ' " ^ '

Equations (9) and (19) show that the real price paid by group 2hP -
c - d - Vi (a2 - c). Indeed, as /i -> 0, discrimination becomes perfect
and real price charged to group 2 is the monopoly price for group 2.
Since hT~^ Oa^ h—> 0, the rate of demand of group 2 is a2 - P + d —
'/: (a2 - f) Profits generated by group 2 are monopoly profits (I - 6)
[(a2 - c)/21^ Profits generated by group I, when//-> 0, arc 9 [(a, - c)l
2]". In other words, as /( -^ 0, the profits converge as expected toward
profits under perfect discrimination:

6 f-^i^] + (1 - 0) {^^^^\ . (21)

When h is not zero, smaller profits than 11^^^ are achieved. Appendix
A shows that profits achieved are

a ,

- 9) ^
(22)

where only the lower-order term approximation (term in Vh) is consid-
ered in addition to the constant term 11 ;̂,̂  (that is independent of /().
Finally, Appendix B shows that the second-order sufficient conditions
for a local maximum of 11 at Pf. d*, and r* given by equations (9). (19).
and (20) are all satisfied under the assumption that h is small.

In sum, we have established that price discrimination between two
groups of buyers by the seller is possible and profitable if the high
demanders also have high inventory holding costs. The low demanders
must have an inventory holding cost sufficiently small that their for-
ward buying on "deal" more than compensates for the opportunistic
behavior ofthe high demanders who, when the deal is offered, do not
stockpile but purchase for current consumption at the reduced price.

7. Equation (9) gives the optimal regular price, Pf. in the general case. Equaiiotis (i9)
and (20) are only approximalions when /; is smail: d/l'A (a, - a,)] ^ \ und T/\ct, - a.)/
Ve/ [ ( l - mh (a. - c)]] ^ i as /i -* 0.



IlL Model Im|)ficati(siK and How lo Test the Price Discriminat

We now biale obscrvatioi^^ that are con^islcni wi!h our model, disclis^
the nKKicl\ implicitiion-, and iiidicaie hou the price discnminiKiori
hypotffcsis could be ^e^ted.

Firs!, given a hclerogcneotis population, we shoukl obNcrvc some
consumers to stockpile when a deal !> oflercd. aiid others less so—oi'
even not iU all. I'hls is the -̂ amc conclusKiii as Blaltberg el ul liow
c\cs'- as slated earliei'. our jiisUllcaUoo of dealing by ihc seHcr is dit-
fereat from theirs: price discimMnutioo versos invcntoiy cost Srans-
fcrenee.

In order to test (he inventory eo->l ti'ansfereoee hypothesis- one
would want lo sdeniifv a correlation bciween ;yiU)ynt of dealing aciivily
and seller inventory costs: evcrylhing else constant, higher inventory
cost sellers would deal more Also Blaltberg et al. would predict that
bulkier items should be dealt more often and wilh a larger discount. By
contrast, our model jastiHo iieahng not as a cost savings measure boi
as a demand stimulation measure. A lesl ol' our model is thus the
observatioo of increased average demand (PJKI increased reventiei
under dea^ng ovei the eonstant price strategy. Beeaose our model
postulates t\\\-) groups of buyers only, optimal behavior by the seller
implies [!o sales trough after the deal period. Adding a diird group with
h' '> h would create a trough after the deal period.

Fhrenberg's wide experienee with purchase data iS eonsislent wiiti
our theory of deals. He wrote (1980. p. 17.2): "Sales levels oflcri re-
spond strongly to lemporary priee euts . . . . How-ever. sales usually
decrease again to niore or less the pre-proniolion level onee fhe piomo-^
tion is over.*" Elsewhere (Ehrenberg 1972. p. 12^). he also espouses a
view consistent with [he notion of population helerogeueity that is at
the eore of our model: '~the analysis showed thai Ihe exlia sates due lo
a consumer promotion arose mainly from attracting e.xtra buyers."

b;hrenberg*s observation oi how a promotion works and our model
are consistent wilh the notion thai consumers who buy on a deal are
different frt>ni the regular price buyers; a consumer who noriiiaHy buys
on deal is less likely u> biiy at the regular priee.

A major difference between our model and the ioveotor\ (rausfer-
ence mode! is that only producb for wdiich the postulalcd correlation
betwx-en demand and holding costs exists should be the object of deal-
h)g. Casual evidence suggests that some ilems are heavily deall while
others are alnios! ni:\'ci- <lealt.

Finally, fhe assunH>tR>n of heterogeneity of the popniation indicates
that produets that cuter to speeifie, narrowly defined segments are less
likely to be dealt. Tor e\ampk\ imported foods and drinks. This as-
sinnptksu also suggests thai retailers with a heiei'Ogeneous ehenfele are
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more likely to deal. Large grocery stores will deal more than conve-
nience stores and exclusive stores.

All these implications can be tested using panel data or scanner data
from stores. Further, as we extend the model along the lines suggested
in the next section, it is possible to uncover a richer set of implications.

IV. Model Limitations and Possible Extensions
The idealized situation of two customer groups with different demand
functions and inventory holding cost, that is, h finite versus /; ̂ - +^,
should be extended to the case where the demand parameters and the
inventory holding cost as well as the shopping costs parameters {the
latter are presently assumed to be zero) are distributed over the popu-
lation of consumers.

Another important issue is that of uncertainty. Specifically, would it
be more profitable for the retailer to randomize the timing of the deals?
The issue here is whether the retailer can minimize the amount bought
on deal by customers who would buy at the regular price and thus
increase his profits. Our mode! assumes that demand in one period is
independent of demand in previous periods. In this case, the predict-
ability of deals is not an issue. However, in the likely case of demand
interdependencies over time, predictability of deals might lead con-
sumers who would buy at the regular price to time their consumption
with the deal pattern—if the latter is predictable. Offering deals at
random might minimize this opportunistic behavior.

V. Conclusion
A simple framework has been developed that formalizes some key
characteristics of buyer response to deals offered by a seller. The
model was simplified in order to ensure tractability but proved to be
rich enough to lead to interesting implications. These include: (I) some
buyers stockpile, others do not; (2) there is a pattern of periodic peaks
over the normal level of sales; (3) deal-prone buyers buy more on deals
than they do at the regular price; (4) some products are more likely
than others to be dealt; and (5) some selling establishments are more
likely than others to offer deals. This already rich set of empirically
testable implications will be significantly strengthened when exten-
sions (customer shopping costs, uncertainty, etc.) are incorporated.

Appendix A

Profits Achieved under Dealing When h Is Smail: Approximation Lim-
ited to the Term in h of Lowest Order

When h is small, r = (7/7 is approximately as Yz V(a2 - c)//'. The term of lowest
order in h is vX. in order to approximate d, the profit function, it is necessary
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The term J/7'd/is small and of order I/:. The term - '/2/i7"[(a; - f)/2j is of the
same order. The term c'^ is of higher order, namely, one and thus can be
neglected. The same is true of the term '/z hTe'. In sum. the approximation of
the profit function limited to the term of lowest order in // (vT, that is) is

11 - a, - c

(a, -

(I - 9)

- e)(a, - c}h\.

Appendix B

Sufficient Second-Order Conditions for a Local Maximum, When h Is
Small

The sufficient conditions for a local maximum at the point (P*, ct*. 7"*) are a-ll/
dP', â Il/fV^ and d^WHT- < 0 at this point, while the two-dimensional determi-
nants.

and the other two involving P and ! and d and T, respectively, are positive at
the same point. Finally, the three-dimensional determinant

d'WdPdd
dH[/dPdT

should be negative at this point.
In the case where h is small and terms of order I or higher are neglected,

these conditions are respectively at the local point (/•*, d*, 7 )̂:̂

dP^
0. £1L

dd'

0.
dT'

-20

-2J^6

The two-dimensional determinants are

-26
d-w/dna = (-Z) I-

d-WdPdd
^ ( - 2 ) !

+ 2(1
I

- 2(1

< 0.

2(1 - 0) -

2(1

B) 4 6(1 - 9) > 0

4d~d

> 0.

H. The symbol ~ represents mathematical equivalence; e.g., g{h)
means ;>{h)lh -* constant as h -^ 0.

eonstant



of

he three-dimensional detcimmani is

BlanbcjL',, R, ('.: f 'ppcn. ('•: I) , i'.ntl L icbcimai i , J, [y8L A iheoreiiciil iind fn ip incal
cvaluauois of pncc de«l^ foi ,:onsn!iu'r nonsiu^!hic^. Journal >'f Marki'ii/rj i WisKci K
pp. 116 29.

Bkstthtirg. hi, (" ; Bficsiiii:, I , , ['e:icui,k, P/ and Sen. S K !')?8, Ideniiair.g Hu; de,d
prone seg«»t'nL J<>urniii of XfarL-lini,' Hi'M-ai'^hi I AnLiUSt,!, pp. 3fi9- ""?,

By]-dc(i, K, and iudd, K, L. 198^. I'quilibraisss price dispersion /:; ononwt'ira s\ -v^s..
w).

Carlson, i . A., and McAfee. \< P. l*iN<, Di-cveli; eqisiiiiTHim pnci- divpeisidri. .h»o-nal oi
PoHna.il Economy '•SI-480 "•-;.;

I'Jn-enber-g. A, S. C, 1972, Ri-pms fiayiii'^, llnory umiAppHrtUu-^to: \i\\s{v:vd-M\\ N'oilh
HoOand.

i'hrenbei-g- A S, ;.'., uiuJ (nKwHtar'dL ts, J, 19^0. Mow saic=. increase LndcrMandsng
Ikiyei BefuivioF Scrii-^. Hssav I" , Chicaiio. J. Wafier Thompson C \ \ . ;IIK1 M:!'-kct
Research Corp. America,

l.ppco, ( i . I ) , , arid LiCberoiaiHK Y- i'-)<H ,̂ Whs do rdiai l f is dc::,'.''! An l i ivfoiorv cxpUinjs
l ion. Journal <]f Busfiws.s "»7 i<>L'tohcrj: 519 30.

Mootuonicrv, D. B, 1971 fo i is i i rner charaeicsistics associaied ••^,iih dealisia: An eoipfr-
ic, i l e x a m p l e Jo/una! oi Mo.r!,el!n<.', Rc^','ar<-h <S:fIK -,,'J)

N'ara'̂ inshiH!. <" . 1982, Coupons a^ price discniTiirsanon devices, A ihcortiical \Ki\\}vx-
live arid em pineal isnaKsi*-. I'ILS). 'Jissi:i1ation. (h'ad? lak- School of Manacenser.i, \'.m
voriily of kochesier.

Narasimhan. C 1984. A siKKk-l oftii'-i'uiiniing lor repeal \.sle-!. V\'orkiiig paper ('i-n^-jpy.
(jraduale School of By^mess, roi^crsiiv of Chicago.

Roihschiki. M. 197 ,̂ Models of maskel Oj-gani/,ahon wjili iivspciierl Hilurmaiion: A sui
vev , JoNin.sl of F,)!in'ral Eu.mom\ 8 I .12H3 I3I)H,

Salo[K S,. and Sliglil/, J. 1977, Hariiains and ripoftV' A model of monopo!!-.!icalh, v'oni
peiilnc price dispersion. Reuen of Fioaoiivto Siudh/--. .4.t:44i-5f)p,

Span, t', I.?, !MH1, All inicricinporal Lheoi-y of safes. Paper presenfed al ihc annual
conference of Ihe American licoiioniic AssaciHiuin, VVashsisglon, DX\. Decciribcr

Varian, H. R, I9H0. ,A Riodci ofsales, Amfyimii l-.roiiomu Review 70:f>'î  :̂ 9
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