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In this online appendix, we extend our model and results to incorporate (i) more than 2 products (part A)
and (ii) preference of loyal customers (part B). All proofs are given in part C. Where necessary, we provide

detailed expressions so that other researchers can follow each step of the extensions.

Appendix A: Extension to Multiple Product

We first show the extension of the demand curve to multiple products by first considering the simplest
scenario involving 3 products and 2 customers. We then extend the demand curve involving 3 customers to
demonstrate the notion of symmetric predisposition distributions for each product. Finally we will extend
our logic to 3 products with continuous mass of consumer, and show the equilibrium market outcomes when

3 products are engaged in symmetric competition. This result is applicable to n products.

A.1. 3 products and 2 customers

There are three products, A, B, and C, each characterized fully by price-quality pairs (pa,qa), (P5,4q5),
(po, qc) respectively. There are two customers, 1 and 2, each with different predisposition towards each of the
three products. Customer 1’s predisposition to products A, B, and C are respectively, 214, Q15, and Q1.
Customer 2’s predisposition to products A, B, and C' are respectively, 254, 25, and 25¢. The ambiguity in
the product market environment is given by £ > 0. According to the multi-attribute utility model, customer

i € {1,2} derives utility from product j € {4, B,C},
v(ps,q5,825,8) = @; —p; — €.

Because we adopt the convention of subtracting the predisposition, smaller values of €2;; represent stronger
predisposition. For example, ;4 — Q15 < 0 indicates that customer 1 is more favorably predisposed to

product A than B. Customer 7 € {1,2} will purchase product A if and only if

qa—pa— a8 >qp —pp — Qip, and qa —pa—Qia > qo —po — Qicé
& (ga—gq5) — (Qa—Lp)E > (pa—ps) and (g4 —qc) — (s — Qi) > (pa —pe)
& pa<(qa—qp)+ps— (s —Qp)¢ and pa<(qa —qc) +pc — (Qia — Qic)€

< pa<min{(ga —¢p) + 05 — (ia —Qp)E, (ga —qc) +pc — (ia — Qic)E}

Similarly, customer i € {1,2} will not purchase product A if and only if

qa —pPa— a8 <qp —pp — L, or qa—pa— Q& <qc—pc—Qick
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& (qa—qB) — (ia —Qp)E < (pa—p5) or (qa—qc) — (R4 — Qi) < (pa —pc)

& pa>(qa—as)+p05— (Qa— Q)¢ or pa>(qa—qc)+pc — (ia —Qic)

& pa>min{(ga —g5) + 5 — (Qa —Ur)E, (g4 —qc) +pc — (ia —Qic)E}

Writing out for each customers 1 and 2, the demand for product A, which can take values 0, 1, or 2 is given

as follows.

Da(pa,pB,pc) =

0,

2,

if

if

if

if

pa>min{(ga —gB) +p5 — (14 — Q1B)E,
pa >min{(ga —qB) +p5 — (Q24 — Q2B)E,

pa <min{(ga —gB) +p5 — (14 — UB)E,
pa>min{(ga —qB) +p5 — (Q24 — L2B)E,
Cor -
pa>min{(ga —gp) +pp — (Q1a —UuB)E,
pa <min{(ga —gqB) +pB — (Q24 — Q2B)E,

pa <min{(ga —¢B) +pB — (Q14 — Q1B)E,
pa <min{(ga —gqB) +pB — (Q24 — Q2B)E,

(qa —qc) +pc — (14 — )},
(qa —qc) +pc — (224 — Qac)E},

(ga —gc) +pc — (14 — Q)€
(g4 —qc) +pc — (24 — Q20)E},

(qa —qc) +pc — (14 — Qic)Ed,
(qa —qc) +pc — (24 — Qa2c)E},

(ga —go) +pc — (Q1a — o)},
(QA - qc) +pc — (Q2A — Qgc)g}.

and

and

and

and

If p,4 is relatively low, both customers 1 and 2 would purchase product A, so Dy = 2. As p, increases,

the demand falls to 1. The customer that defected would either purchase product B or C, depending on

that customer’s predisposition levels €2,z and ;. Therefore, unlike the two-product case, the demand for

product B is no longer 2-(demand for A) because of the existence of product C. Demand for product B and

C are respectively,

DB(pA7vapC) =

Dc(pa,pB,pc) =

0,

2,

if

if

if

if

if

if

if

if

pp >min{(g —qa) +pa — (i — Q14)¢,
pp >min{(gp — qa) +pa — (Q2p — Q24)¢,

pp <min{(¢gs — ga) +pa — (1ip — Q1a)¢,
ps >min{(gp — ga) +pa — (Q2 — Q24)¢,
Cor -
pe >min{(gs — ga) +pa — (g — Q14)¢,
pp <min{(gp —qa) +pa — (Q2 — Q24)¢,

pp <min{(gp —qa) +pa — (s — Qa)g,
pe <min{(¢gs —qa) + pa — (Q2B — Q24)¢E,

pc >min{(gc — qa) +pa — (Q1c — Q14)E,
pc > min{(gc — ga) +pa — (Q2c — Q24)¢,

pc <min{(gc —qa) +pa — (Qic — Q14)E,
pc >min{(gc — ga) + pa — (Qac — Q24)E,
Cor -
pe > min{(gc —qa) +pa — (e — a)é,
pc <min{(gc — qa) +pa — (Q2c — Q24)E,

pe <min{(gc —qa) + pa — (Qic — Q1a)&,
pc <min{(gc —qa) + pa — (Q2c — Q24),

(g8 —qc) +pc — (B — Qic)él,
(g8 —gqc) +pc — (25 — Q2c)E},

(g8 —qc) +pc — (i — Qc)é},
(g8 —qc) +pc — (Q28 — Q20)E},

(g8 —qc) +pc — (u — Qic)é},
(¢gB —qc) +pc — (28 — Q2c)EY,

(g —qc) +pc — (B — Qi)
(g5 —qc) +pc — Q2 — Q20)E};
(qc —qB) +pB — (QuC — 913)5},

(qc —gB) +pB — (Q2c — Q2B)E},

(gc —qB)+pB — (Q1c —UB)EY,
(gc —qB) + pB — (Q20 — Q2B)EY,

(gc —gB) +pB — (Q1c — NB)E},
(gc —qB) +pB — (Q20 — Q2B)E},

(gqc —gqB) +pB — (10 — Q1B)EY,
(qc —gB) +pB — (Q2c — Q2B)E}-

and

and

and

and

and

and

and

and

As expected, all demand for product is decreasing in its price. We examine the resulting demand function

using a simple example next.
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ExXAaMPLE A-1. For simplicity, assume symmetric qualities ¢4 = ¢z = gc. Moreover, assume that customer
1 is most favorably predisposed to A, then B, then C, i.e., Q14 < Q15 < Q1¢, while customer 2 has the reverse

predisposition, Qoo < Qsp < Qy4. For simplicity of illustration, assume that
QIA:_1<QIB:O<QIC:1; and Qgc:—1<QgB:0<QgA:1.

Then, the demand expression for A simplifies to,

0, if pa >min{pp +§, pc +2£} and pa >min{pp —§, pc —2¢},

17 lf pA < min{pB +£7 pbc +2€} a‘ndpA > min{pB 757 pc — 26}7
DA(pAapB7pC) = —or —
if pa>min{pp +¢, pc +2¢} and pa <min{ps — ¢, pc — 2¢},

27 if pbA < min{pB +§7 pbc +2€} andpA < min{pB _57 pbc — 26}

0, if pa>min{ps+¢, pc+2¢},
=<1, if min{ps —¢, pc —2£} <pa <min{ps +¢&, pc+2¢}
2, if pa <min{pp —¢&, pc —2¢}.
Similarly, the demand expression for C simplifies to,

0, if pc>min{pa —2¢, pp —£&} and pc > min{pa +2¢, ps +&},

1, if pc <min{pa —2¢, ps — £} and pc > min{pa +2¢, pp +£},
Dc(pAvaapC) = —or —
if pc >min{pa —2¢, pp — £} and pc <min{pa +2¢, pp +£},

2, if pc <min{pa —2¢, pp — &} and pc < min{pa +2¢, ps +£&}.

0, if pc>min{pa +2¢, ps+¢&},
= q1, if min{pa—2¢, pp—£} <pc <min{pa+2¢, ps +£}
2, if pc <min{pa —2¢, pp —&}.

We notice that as ambiguity ¢ increases, the price range for which D4 =1 and Dc = 1 becomes larger.
In other words, the demand for product A becomes price insensitive (or sticky) at D, =1, and demand for
product C becomes price insensitive (or sticky) at Do = 1. This is because customer 1 will stick to purchasing
product A (his/her most favorably predisposed product) while customer 2 will stick to purchasing product
C (his/her most favorably predisposed product). What happens to product B? The demand expression for
B is,

0, if pp>min{pa—¢&, pc+&} and pp >min{pa +¢&, pc—¢&},
1, if pp <min{pa —§, pc +&} andps >min{pa +§, pc — £},

DB(pA7vapC) = —or —
if pp>min{pa —¢§, pc+¢} andpp <min{pa +¢&, pc — &},

2, if pp <min{pa —¢&, pc +&} and pp <min{pa +¢&, pc —&}.
We have three cases depending on the values of p4 and p¢.

0, if pp>min{pa+¢, pc—¢&},

(i) if pa <pc: Dp(pa,ps,pc)=11, if pa—E&<pp<min{ps+&, pc—E},

[\

, if pp<pa—§.
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07 lf pPB >pA_§7
(ii) if pa=pc: Dp(pa,ps,pc)=11, if pp=pa—§¢,

2, if pp<pa—¢&.

07 if PB > min{pA _57 pc +£}7

(iii) if pc <pa: Dgp(pa,ps,pc) =11, if pc —&<pp <min{pa—¢, pc+E&},

2, if pp<pc—E&.

Without loss of generality, let’s take the first case where py < po. As ambiguity £ increases, the region
where Dp =1 increases only if p4 +& < pc — &, or when pe >> p,. In other words, when price of product C
is exorbitantly high, with more ambiguity, customer 2 who is most favorably predisposed to C will settle for
B instead. When this is not the case, increasing ambiguity & decreases the region of prices pp where Dp =2
and increases the the region of prices pg where Dg = 0, while maintaining the constant region of prices pp
where D =1.

The asymmetric effect of £ on the three demand curves occurred because while the products were sym-
metric in their qualities, g4 = ¢z = q¢, they were asymmetric on the consumer predispositions. That is,
only 2 products (A and C) had most favorably predisposed customers, while product B had both neutrally
predisposed customers. [

We next show that having three equal quality products and three customers with predispositions equally

diversified among three products results in three symmetric demand curves.

A.2. 3 products and 3 customers

There are now 3 customers, 1, 2, and 3. Extending the demand functions from the previous section to take
values 0,1,2, and 3, we have:
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Da(pa,pB,pPc) =

Dp(pa,pB,pc) =

0,

=

pa >min{(ga —g¢B)+prB — (214 — U B)E,
pa >min{(ga —gB) +pB — (24 — Q2B)E,
pa >min{(ga —qp) +pp — (234 — 2B)E,

=

pa <min{(ga —qB) +pp — (214 — U B)S,

pa >min{(ga —qB) +pB — (224 — Q2B)S,

pa >min{(ga —gB) +prB — (234 — 23B)E,
Cor -

pa >min{(qa —ap) +pp — (214 — QB)E,

pa <min{(qa —aB) +pB — (224 — Q2B)S,

pa >min{(qa —aB) +pB — (234 — Q3B)S,
Cor -

pa >min{(ga —qB) +pp — (214 — U B)S,

pa >min{(ga —qB) +pB — (224 — Q2B)S,

pa <min{(qa —qp) +prB — (234 — 2B)E,

=

=3

=

pa <min{(ga —qp)+prB — (214 — 2 B)E,

pa <min{(ga —qp)+prB — (224 — Q2B)E,

pa >min{(ga —qp)+prp — (234 — 2B)E,
Cor -

pa <min{(ga —qp)+prp — (214 — 21 B)E,

pa >min{(ga —qp)+prp — (24 — Q2B)E,

pa <min{(qa —gp) +prB — (4 — UWwB)E,
or —

pa >min{(ga —qB)+pB — (214 — U B)E,

pa <min{(ga —gB) +pB — (24 — 22B)E,

pa <min{(ga —aB) +pB — (WA — WwB)E,

=3

=

=

pa <min{(ga —gqp)+prp — (214 — 21 B)E,
pa <min{(ga —gp)+prB — (24 — Q2B)E,
pa <min{(ga —gp)+prB — (234 — 23B)E,

if pp>min{(¢p —ga)+pra— (B —14)§
pp > min{(gp —qa) +pa — (2B — Q24)E,
pp >min{(¢g —qa) +pa — (35 —Q234)¢,

if pp <min{(gp —qa)+pa — (2B —Q14)§,

pp >min{(¢g —qa) +pa — (Q25 —Q24)¢,

pp >min{(¢g —qa) +pa — (B —Q34)§,
or

if pp>min{(¢p —ga)+pra— (B —Q14)§

pp <min{(¢gp —qa) +pa — (2B —Q24)E,

pp >min{(¢g —qa) +pa — (38 —234)¢,

— or —

if pgp>min{(¢p —qa)+pra— (Q1p —Q14)§,

pp >min{(¢g —qa) +pa — (Q25 —Q24)§,
pp <min{(¢g —qa) +pa — (5 —Q34)§,
if pp <min{(¢gp —qa)+pa— (1B —Q14)¢,
pp <min{(¢g —qa) +pa — (Q25 —Q224)¢,
pp >min{(¢p —q4) +pra — (2B — 4)§,

~or —
<min{(¢gp —gqa) +pra — (1B —214)¢,
>min{(¢gp —qa) +pa — (Q25 —Q24)§,
<min{(¢p —qa) +pa — (B —2a)s,
Cor -
if pp>min{(¢p —qa)+pra —(Qp —214)¢
pp <min{(¢g —qa) +pa — (Q2B —224)¢,
pp <min{(¢g —qa) +pa — (35 —Q34)¢,

if pp
PB
PB

if pp <min{(¢p —ga)+pra — (B —214)¢
pp <min{(¢g —qa) +pa — (Q25 —Q24)§,
pp <min{(¢B —qa) +pa — (238 —234)E,

(aa —ac) +pc — (4 — Qc)E},
(¢4 —ac) +pc — (24 — Q20)E},
(¢4 —ac) +pc — (34 —Q30)€}

(g4 —ac) trc — (Q1a — Qc)é}, <

(g4 —ac) + pc — (224 — Q20)E}
(g4 —ac) +prc — (a4 — Q3c)E}

(a4 —ac) +pc — (4 —Qc)E},
(¢4 —ac) +pc — (224 — Q20)¢},
(¢4 —ac) +pc — (234 —Q30)¢}

(ga —ac) tprc — (14 —Qc)E}
(g4 —ac) + pc — (224 — Q20)¢}
(g4 —qc) +prc — (a4 — Q3c)E}

(aa —ac) +pc — (4 —Qc)é},
(¢4 —ac) +pc — (224 — Q20)¢},
(¢4 —ac) +pc — (234 —Q30)E}

(g4 —qc) +pc — (14 —Qc)E}
(g4 —ac) + pc — (224 — Q20)¢},
(aa —ac) +pc — (34 —Q30)E},

(a4 —ac) +pc — (14 —Qc)é},
(¢4 —ac) +pc — (224 — Q20)¢},
(94 —ac) +pc — (a4 — Uc)E}

(ga —ac) tprc — (14 —Q0)E}

and

(g4 —qc) +pc — (Q24 — Q2¢)E} and

(g4 —qc) +pc — (4 — Q3c)E}

(¢ —ac) +prc — (1B —Q10)E}s
(¢ —ac) +pc — (Q2B — Q20)E},
(aB —ac) +pc — (3B —Q30)¢},

(¢ —ac) +pc — (QB —Q10)E},
(a8 —ac) +pc — (Q2B — Q20)E},
(aB —ac) +prc — (3B —Q30)E},

(aB —ac) +prc — (1B —Q10)€},
(aB —ac) +pc — (2B —Q20)¢},
(a —ac) +prc — Q3B —Q30)E},

(e —ac) +pc — (B — 910)5}7
(aB —ac) +prc — (2B —Q20)€},
(aB —ac) +prc — (3B —Q30)€},

(aB —ac) +prc — (1B —Q10)€},
(aB —ac) +prc — (2B — Q2c)é}
(¢ —ac) +pc — (3B —Q30)E},

(¢ —ac) +pc — (1B —Q10)E},
(aB —ac) +prc — (2B —Q20)€},
(¢ —ac) +prc — (Q3B —Q30)E},

(aB —ac) +pc — (1B —Q10)€},
(¢ —ac) +pc — (Q2p — Q20)E},
(¢ —ac) +pc — (3B —Q30)E},

(¢ —ac) +prc — (1B —Q10)E},
(aB —ac) +prc — (2B —Q20)¢},
(¢ —ac) +prc — (Q3B —Q30)8}s

and
and

and
and

and
and

and
and
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0, if pc >min{(qc —qa)+pra — (Q1c —Q14)¢, (ac —aB) +pp — (Uc —Qp)E}, and
pc >min{(qc —qa) +pa — (20 —24)¢, (ac —aB) +pB — (Q2¢ —Q2p)E}, and
pc > min{(qc —qa) +pa — (30 —234)¢, (ac —aB) +pB — (R3¢0 —Q3p)E}

1, if pc <min{(qc —qa) +pa — (Q1c —214)¢, (eac —aB) +pB — (Q1c — Q1B)E}, and
pc >min{(gc —qa) + pa — (20 —Q24)¢, (e3¢ —aB) +pPB — (R20 —Q2p)E}, and
pc >min{(qc —qa) +pa — (e —a)é (ac —aB) +pB — (R3¢ —Q3B)E}

Cor -
if pc>min{(qc —qa) +pa — (Qc — 14l (ac —ap) +pp — (QUc —Qp)E}, and
pc <min{(qc —qa) +pa — (20 —24)¢, (ac —aB) +pB — (Q2¢ —Q2p)E}, and
pc >min{(qc —qa) +pa — (230 —234)¢, (a0 —aB) +pB — (Q3c —Q3B)E}
Cor —
if pc >min{(qc —qa)+pra — (Q1c —214)¢, (¢c —9B) +pB — (Qc —pB)EY, and
pc > min{(qc —qa) +pa — (20 — 24)¢, (ac —aB) +pB — (Q2c0 —Q2p)E}, and
po <min{(qc —qa) +ra — (e —2a)é (ac —aB) +rB — (R3¢ —Q3B)E}
Dc(pa,pB pc) =

2, if pc <min{(qc —qa) +pra — (Qc —Qa4a)é (ec —aB) +prB — (10 — 915)5}, and
pc <min{(qc —qa) +pa — (20 —Q24)¢, (ac —aB) +pp — (Q2¢0 —Q2p)E}, and
pc >min{(qc —qa) +pa — (230 —234)¢, (eac —aB) +pB — (Q3c —Q3p)E}

Cor —
if pc <min{(qc —qa)+pa— (Qc —Qa)é, (ac —aB) +pp — (Uc —p)E}, and
pc > min{(qc —qa) +pa — (20 — Q24)¢, (ac —aB) +pB — (Q2c0 —Q2p)E}, and
pe <min{(qc —qa) +pa — (e — 2a)é (ac —aB) +pB — (R3¢ —Q3B)E}
or —
if pc>min{(qc —qa) +pra — (Qc —14)¢, (ac —ap) +pp — (QUc —Qp)E}, and
pc <min{(qc —qa) +pa — (20 —Q24)¢, (eac —aB) +pB — (Q2¢0 —Q2p)E}, and
pc <min{(qc —qa) +pa — (3¢ —234)¢, (eac —aB) +pB — (R3¢0 —Q3B)E}

3, if pc <min{(qc —qa) +pa — (Qc —14a)§, (ac —aB) +pB — (10 —21p)E}, and
po <min{(qc —qa) +pa — (Qc — 224)¢, (ac —aB) +pB — (20 —Q2p)€} and
pc <min{(qc —qa) +pa — (Qc — 2a)é (ec —aB) +pB — (3¢ —Q3B)E}

ExAMPLE A-2. For simplicity, we take the products to be symmetric in quality, i.e., ¢4 = g = qc-
Notice that each customer i € {1,2,3} has three predisposition quantities Q;4, Q;5, and Q;c, whose 3

pair-wise differences determines their purchase choice. We assume the following inequality:

QlA:_1<QlB:O<QlC:17
QQB:_1<Q2C:0<QQA:17

QSC:_1<QBA:0<QBB:1’

In other words, customer 1 is most favorably predisposed to A, followed by B, then C. Customer 2 is most
favorably predisposed to B, followed by C, then A. Customer 3 is most favorably predisposed to C, followed
by A, then B. This is symmetric in the sense that each product has exactly 1 most favorably predisposed,
and also exactly 1 second- and exactly 1 least favorably predisposed customers. Moreover, the magnitude of

the difference in predispositions are also identical,

Qg —Np=-1; Qoa —Qop=2; Q34 —Q3p=—1;
Qia—Qic=-2; Qoa — o =1; Q34— Q3c=1;
QlB—Qlc:—l; Q213—920:—1; Qzp —Q3c=2.

Plugging in these values, the demand expressions above simplify to



Authors’ names blinded for peer review
Article submitted to Marketing Science; manuscript no. MKSC-15-0271.R2

Da(pa,ps,pc) =

DB(pAyvapC) =

DC(pAypB7pC) =

0,

1,

3,

if pa>min{pp +§, po+2£}, pa>min{pp —2¢, pc — £}, pa >min{ps +§, pc —&}

lf pa < min{pB +£7 pc +2£}7 pA > min{pB - 257 pc _5}7 paA > min{pB +£7 pc _5}7
Cor -

if pa>min{pp +§, po+2£}, pa <min{ps —2¢, pc — £}, pa >min{ps +&, pc —&},
Cor -

if pa>min{pp +¢&, pc+2£}, pa >min{ps —2¢, pc — &}, pa <min{pp +¢§, pc —&},

if pa <min{pp+¢&, pc+2£}, pa <min{ps —2¢, pc — &}, pa >min{pp +§, pc —£},
Cor -

if pa <min{pp+¢&, pc+2¢}, pa >min{ps —2¢, pc — &}, pa <min{pp +¢, pc — &},
Cor —

if pa>min{pp+§, pc+28}, pa <min{pp —2¢, pc —£}, pa <min{ps +¢&, pc —&},

if pa <min{pp +¢&, pc+2£}, pa <min{ps —2¢, pc — &} pa <min{pp +¢§, pc —&}

if pp>min{pa —¢§, pc+£},
if pp <min{pa —¢&, po+£},
if pp>min{ps —¢&, po+£},
if pp>min{pa —&, pc+£&},
if pp <min{pa —¢&, po+£},
if pp <min{pa —¢&, poc+£},
if pp>min{ps —¢&, po+£},

if pB < min{pA 757 pbc +£}7

pp >min{pa + 2¢,

pp >min{pa + 2¢,
—or —

pp <min{pa +2¢,
or —

pg >min{pa +2¢,

pp <min{pa +2¢,
Cor -

pp >min{pa + 2¢,
Cor -

pp <min{pa + 2§,

pr <min{pa +2¢,

if pc > min{pA - 267 pPB 75}5 pc > min{pA +£7

if pc <min{pa —2¢, ps—¢&},
if pc > min{pa —2¢, ps—¢&},
if pc>min{pa —2¢, pp —&},
if pc <min{pa —2¢, pp—&},
if pc <min{pa —2¢, pr —§},
if pc>min{pa —2¢, pp — &},
if pc <min{pa —2¢, pp —¢&},

pc >min{pa +§,
—or —

pc <min{pa +§,
—or —

pc >min{pa +§,

pc <min{pa +¢,
Cor -

pc >min{pa +¢,
Cor

pc <min{pa +¢,

pc <min{pa +¢,

pc+£&}, pp >min{pa —§, po—2¢},

pc +&}, pp >min{pa — &, pc —2¢},

pc +&}, pp >min{pa — &, pc —2¢},

pc +&}, pe <min{pa — &, pc —2¢},

pc+&}, pp >min {pA —¢&, pc—2¢},

pc +&}, pp <min{pa — &, pc —2¢},

pc+§}7 pPB <min{pA7£7 Pszf}a

pc +&}, pe <min{pa — &, pc —2¢};

pB — &} pe >min{pa + &, pp +2¢}
pB —&}, po>min{pa+¢&, ps+2¢}
pB —&}, po>min{pa+¢&, ps+2¢}
pB —¢&}, po <min{pa +¢, ps+2¢}
pe =&} po>min{pa+¢, ps+ 26}

pp — &}, po <min{pa +¢, pp+2¢}
ps —&}, po <min{pa +¢&, pp+2¢}

p —&} pc <min{pa +§, pp+2¢}.

Further simplifications result in the following symmetric demand expressions:
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0, if psa>min{ps+¢, pc+2¢},

Da(parps,po) = 1, %f m%n{pB +& po—&<pa< mir.l{pB + &, pe+2¢},
2, if min{pp —2¢, po—&} <pa <min{pg+¢, po—E},
3, if pa <min{pp —2¢, pc -}
0, if pp>min{pa+2¢, pc+E},

Dy (pasppe) — 1, %f m%n{pA —& pe+€}<pp< mir.l{pA +2¢, po+EY,
2, if min{pa —&, pc—2&} <pp <min{ps — &, pc + &},
3, if pp <min{pa —§, pc —2¢}
0, if pe>min{pa+¢&, ps+2¢},

De(paspipe) = 1, %f m%n{PA +¢&, pp—E&F<pe < miI.l{pA +¢, pp+2¢},
2, if min{pa —2¢, pp—&} <po <min{pa +¢&, ps—E},
3, if pe <min{ps —2¢, pp—E}

From these expressions, we see that if the prices were set so that ps = ps = pc, each product will get 1
customer who is most favorably predisposed, and that customer is less likely to switch to another product

when ambiguity £ increases. This is illustrated in Figure A-1. [

Da(pa,Ps,Pd)

Low ambiguity
SEeEEmI
high ambiguity
Low ambiguity
EEEEEREENREN
high ambiguity
Low ambiguity

high ambiguity

Low ambiguity

high ambiguity
min{pg-2¢, p-&} min{pg+§, pc-&} min{pg+§, pc+2€} Pa

Figure A-1 lllustration of demand curve Da(pa,pr,pc) when pg = pc. When min{pp + &, pc — &} < pa <

min{pp + &, pc + 2£}, demand is less responsive to price changes for higher levels of ambiguity &.

In the example above, the three customers’ predispositions from each firm’s viewpoint, are distributed as
follows (maintaining consistent order of comparison, i.e., A compares with B then C; B compares with C

then A; C compares with A then B):

customer 1 customer 2 customer 3
Firm A: (24 — Qs, QA—QC)G{(—L—Q), (2,1), (—1,1)},
Firm B:  (Qp — Qo Q5 — Q4) € {(—1,1), (—1,-2), (2,1)},
Firm C:  (Qc — Qa, QC—QB)E{(2,1), (~1,1), (—17—2)}.
In other words, the 3 customers’ relative preferences are distributed in an identical manner for all three

firm’s viewpoint. In other words, the distribution are identical. We next extend this notion of symmetry for

continuous mass of consumer population.
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A.3. Extension to continuous mass of consumer population
Recall that customer ¢ will purchase product A (and not B or C) if and only if
qa—Pa— 48> qs —pp — Bl and  ga—pa— Qa8 > qo —pc —Qick.
Equivalently, if and only if
Qs 2 (s — ) < (94 —a8) ; (Pa—ps) 4 Qae 2 (Qa— o) < (94 —qo) E (Pa—pc)

Let us normalize the demand to 1, and have h4(Q45,Q4c) denote the probability mass of consumers from

firm A’s point of view. Similarly, hz(Qpc, Q254) and he(Qea, Qep) denote the probability mass of consumers
from firm B and C’s perspective respectively.
All consumers i’s that satisfy both inequalities above will purchase product A. Thus, the demand for

product A is

(QA*QB)E(PA*PB) (aa—ac)—(pa—rc)

Da(pa,ps.pc) = / / ha(Qap, Qac)dQapdQac
(qa — q5) — (pa —pB) (qa—qc) — (Pa —pc))
- HA 5 .
( § ¢

This is visualized in Figure A-2. Similarly, we have

Qac ¢t

Ha (@A ~48) = (pa—p5) (24— c) ~ (pa —pc>>

._____-_______.O

Purchase Product A

Figure A-2  Visual illustration of demand curve D4 (pa,ps,pc). Note that as pa increases, the region shrinks
both horizontally and vertically. Thus, we will see later that when we take derivative with respect to

pa it will involve the sum of two partial derivatives.

Ds(pa,ps,pe) = Hy ((qB —qc) — (s —pc) (g8 —q4) — (05 _pA)) |

3 ’ ¢
De(pa,ps,pe) = He ((QC—QA) g (Pc—pA)’ (qc —qB) ; (Pc—p3)> .

We next present the equilibrium result for the special case of symmetric competition, where all firms have

equal qualities and no firm has a predisposition advantage (i.e., they are similarly situated products).

COROLLARY A.1 (Symmetric Competition). Suppose that qa = qg = qc, and ha(Qap,Qac),

hs(Qpc,Qpa), and ho(Qea,Qep) are identically distributed. Then

¢ 1

=D =po=———, Dy =Dj,=D5=—.

Pa=Ps=Pc= 550,00 “A- 7T e}

The expression is easily generalized to n firms, where for each firm j, pj = Dy = L

n

£
nh(0)’
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Appendix B: Presence of Loyal Customers: Asymmetric Case

To make intuition precise for the asymmetric case, we suppose that predispositions are uniformly distributed

in Q€ [—x+ K,z + K]. Using the uniform distribution for H, we have

DA(pAva) =

DB(pAapB) =

m+u—@—@)(
0+(1—£A7£B){

U+ (1— L4 — L) [17(
o+ufwA—@)ﬁ—(

(9a—aB)—(Pa—pPB)

2x€

<qA—qB>—<pA—pB>) i

2x€

2x€

(9a—ap)—(pa—pB)

2z¢€

)

(sz

<qA—qB>—<pA—pB>> _

)~ (

}

if Pa SﬁAa
if Pa >]3A.

—K
2z

)] it e <o,

)} if pp > ps.

Let, p% = AQ + (ac — —) & and p% = —% + (x + %) & denote the equilibrium prices without loyal customers

(i.e., when I, =15 =0) as in Corollary 2. Provided that the loyal customers have higher thresholds than the

equilibrium market price, we have the following equilibrium prices with loyal customers.

PROPOSITION B.1. Suppose that h(2) =1/2x, with Q € [-z+ K, x4+ K] for some K and some x> 0, and

that the degree of ambiguity &€ > 0. If pa > p%* and pp > pY, then

@)UpA§%B+AQ—(x

(p’;,pjé):( (w[ +-§ (

(ii) if pa <2pp+AQ —

(#4) if Pa>2pp+AQ —

(piapfs)( (”C{ *1—1A—ZJ })

(i) if Pa>2pp+AQ— <x [1+

(P4, P5) = ( Da,

(P4, P5) =

(Pa,PB)-

‘
(.
(-

1+

1+

P+

AQ 1 2/ 1+l
e (e (2]
i 2
K>§&]§B>2;5AAQ<:E 1+—2
-
] >§ AQ — pA>.
1+——5 €& Py <2pa—AQ— (2|14 —2a
1—1A—zB Ps = 2pa 1—la—lp
+
+ Q pBaﬁB);
24
>§&p3>2pA—AQ ( [—I_lll
—tA T B

2lp

1-l,4—1p

25
1=, —15]
141,
1—ls—1Ip
2
1—14—Ip)
2y
1- A—lB

+K>§&p3§2pA—AQ—<fv

) -5)

[ 2
1+ la

11,1z
K

x)e

T

_ K>£,
|-#)e
|-#)s

)

We notice that having loyal customers has the effect of scaling the value of x. From the expressions, we can

also see that the equilibrium prices (p%,p}) increases from (p%, p%’) to (pa,ps) as la, Iz, or both increase.

Moreover, for any level of loyal customers (14,15), (p%,p}) is nondecreasing in ambiguity &.

Appendix C: Proofs

Proof of Corollary A.1.
rium prices. Firms will, by changing prices, maximize psD(pa,ps,Dc)

—(pA —pc)

3

pad {HA (_(PAg—pB)’ _(pAE—PC’) )}

Opa

. <_(pA€_pB)7

)

—(pa-prB) —(Pa—Ppc)
2 (P el |

—(pa-pp) —(Pa—pc) )
13 3

3

)+

Opa

We will first derive the best response prices for each firms, and then the equilib-
(pa—rp) —(Pa—pc)

=paH, <_ £
taking first-order conditions, the profit maximizing price p, is one that satisfies the expression,

9 {pAHA <_(pA£—PB)’ —(mﬁ—pc)) }

).By

=0
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Figure C-1 Three profit curves that result in three different expressions for optimal (profit-maximizing) prices.

30 9ol
al
ol
7t 2s)
™ er
|
—=5r
14
R
al
2l
it
of oL
10 L -0.5 L L
5 10 15 20 25 30 35 40 45 50 5 10 15 20 25 30 2 4 6 8 10 12 14 16
p; Pi bi
(rp—prc) —(PB—PA) (pc—pra) —(pc—rp)
H H
s _Lide{B( 3 ’ 3 _Lidpc C( 3 ’ €
Similarly, we have pB Hp(=rB=PC) —(PB—P4) ; and pc Ho (=rc—ra) —(pc—rp)

The best responses of three firms result in three equations and three unknowns. The solution to this system
of equations correspond to the unique equilibrium prices, which we show next. Notice first that because
H,=Hp = H¢, and by symmetry, py = pp = pc- So the three equations become:

_ 1 —hal00)/€ 1 —hp(0,00/6 1 —he(0,0)/€
pa  Hs(0,0) © ps  Hp(0,0) ’ e He(0,0)

Since —h4(0,0)/¢ =—hg(0,0)/§ = —hc(0,0)/¢, it follows that HA(O 9 — HB(O 0 — HO(O 9,
We next solve for H,. Utilizing the fact that Ho =1— H, — HB, we have (1) A HB and (ii) Z&

)

P PB pB
1*1‘113470*% Solving for expression (ii), we have Hp (i + i) = % & Hp <%}> =(1-H,) & Hp=
2P —(1— Hy). Substituting this expression back into (i), we get
% = ﬁ & Ha(ps+pc)=pa—paHas & Hy= Mﬁ'
Similarly, we have Hp = Mﬁ, andHg = M;ﬁ. Since, py = pg = pc in equilibrium, we have that
Hy=Hp=Hc= % To find the expressions for the prices, we revisit the first-order equations and plug in
the values for H;, and we have py =pg =pc = m. O

Proof of Proposition B.1. We first begin by deriving the following expressions for the best-response prices.
Given price pp (resp. p4) of firm B (resp. firm A), the best response prices of firm A (resp. firm B) p* (p5)
(p5(pa)) is given by (AQ = g4 —gs),

1jili‘lB + é(z;K) + AQ;PB7 Pe <2pa—AQ— (z—K)¢{— %

riom = it el 2 ).
$e K SQten, pE>2Pa —AQ — K§+2m
1}533 + £(w-2+1<) + PA;AQ’ Pa<2pp+AQ— (z+ K)E— %,

pp(pa) =13 PB Pa €205 +AQ — (x4 K)¢ + [ 2es_ o [2elan
S pasag, pa>2Dp+AQ - x+K§+2m

A discontinuous drop occurs when the price exceeds the willingness-to-pay, p;, of the loyal customers. This
can occur in three different points (see Figure C-1), leading to three different expressions for the optimal
price. After finding the expressions for the optimal prices in each case, we identify the conditions for each
case.

First, we take the first order condition of 74 (pa,pp) = paDa(pa,ps) for the expression when py < pa.
This corresponds to the case when the loyal customers have high willingness-to-pay so that the firm can
maximize assuming that it will retain the loyal customers. For this case, we have
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PaDA(pa,ps) = pala +pa(l1—14—1p) (AQ/§+(IK)+]73/§ pA)'

2x 2x€

Taking the first-order conditions, we have

OpaDa(pa,ps) 0 Lyt (1—la AQ/E+ (z — )+PB/§7P7A 7(PA(1—1A—ZB):0
Opa 2z€ 2x€
oyt (L, 1y (DQLEH (= >+p3/5_pi _ (pa(l=la—1s)
2x€ 2x€
o L+ (=14 <AQ/§+ T — )+pB/£):<pA(1_ZA_lB)
23
1 TEla AQ+ps (fE—K)ﬁ
CPaTTo ,TT T
This condition when p*% = p'; occurs when,
_ x§l AQ+ z—K _ _ 2x€l
Pa<Pa sha Qtps )Sém@p3§2pA—AQ—(w—K)E—$~
1—Il4—1I5 2 2 1—la—1Ip

Similarly, the first order conditions of 7% (pa,ps) =paDa(pa,ps) for the expression when ps > p4, cor-
responding to the case when all the loyal customers have low willingness-to-pay and the firm can maximize
assuming that it will not retain the loyal customers. This is,

. AQ+ r—K
pg: Q2p3+( 5 )§

The condition when p* = p%* occurs when p, is small, specifically when 74 (p%*,pp) > 7'y (pa,ps). We first

evaluate 74 (p%*, pp) and then 7'y (pa,ps)-

0% pe) = pY(1—1a—1p) % (AQﬂ;B—pfl*) N (xz_xKﬂ
=l ) [ <AQ+pB B (AQ;pB . @-;()5)) N c;{)}
o=t [ (5522) - (1) + (5]
= g [ CE] < B

Ty (Pasps) = Pala+Pa(l—la—lp) <A2;§PB L 2—;?)5 - 2;;2)

We have that,

1-14—-1p 1—-104—1
(%, ps) =74 (Pa.pr) & w(po*) = pala+Pa—o—" (po* pA)

2x€ x€ A 2
_ _1-ls—lIlp (4. Da (I=1a—=15), g2
l — - _— * =
PatatPa € (pA 2 ) 2z€ (Pi) 0

1—-1,-1 1—1,-1 1—1,-1
ﬁpi\(;;g B)_pA (ZA—F(;E B)l’%)"‘( 225 B)(pg*)QZO

o 20 4x€ . .
& P4 —DPa (lf‘+2p5§> + (%) =0

—la—1p

Applying the quadratic equation, we have

_ l’glA 0% 1 QZASﬂf 0% ? 012 Ix 1%\ 2 02
pA:erpA*i m‘i’?p;x *4(pA) =Pa— (pA) 7(pA)
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We want to find pp that makes this equality hold. So,

Pa=1% — /)2~ (0% )2 & 02— (0)? = 05 —pa & ()? — (%) = (05 —Pa)?
* * — — * * — — * xfl * — —
=X ) ==204pa+DP% & OF) —204Pa+p2=0 < () -2 (1 l . l +p°A)pA+piO
—lAT B
« _ 0s _ 2x€l _
& (05)* = 2pa0% + |05 — | ———— | pa| =0.
1—l,—1Ip,

Applying the quadratic equation with respect to p%*, we have

1 _ . . 2$£ZA _ _ 2.1'5[,4 _
0% I 2 4 2 _4 2 > = —_— .
Pa 2<pA+\/pA |:pA (1—1A—lB>pA]> pA+\/(1_lA_lB)pA

Since p%§ = % + % + £2, solving for pp we have

m+(IK)§+?ﬁA+\/<2x§l“‘ )m & pB2ﬁAAQ(zK)£+2\/<2x5ZA )m.

2 2 1—l,—Ip L—la—Ip

Thus, when pp > 2ps — AQ — (x — K){+2 (%) Pa, firm A is better off setting price as if loyal
segment does not exist.

Finally there are cases where it is beneficial for firm to charge a price py = p4 so as to retain the loyal
customers. In this case, the firm is better off maximizing the benefit from all the loyal customers rather than
optimizing the profit without the loyal segment of consumers. This occurs when pp is in between these two
thresholds. Thus, we have the best response expression for p* (pg). The best response expression for pi(pa)
can be found in a similar manner.

Given the best response curves, the equilibrium prices (p*,p}) will occur at the fixed point. There are four
possible fixed points that can occur, as shown in the next Figure. The curve containing slope 1/2 denotes
the best response of firm B given price p4. The curve containing slope 2 denotes the best response of firm A
given price pg.

The four cases occur, according to when the infliction occurs in the best response functions, i.e., based on
whether or not

2lp

21
PaS2s+AQ — [z |1+ —2— | +K )¢ and ppS2P4 —AQ — (2 |1+ — 42— | - K )¢
1—=ls—1g 1—1s—1g

(i) If pa < 255 + AQ — (w [1 + 1712;33} n K) ¢ and jp <25, — AQ — (m [1 + 1712;{13} - K) ¢, then the
crossing occurs when the line with slope 1/2 intersects the line with slope 2 (upper left panel of the Figure C-

2). Solving for the intersecting point,

wls | €@—K)  AQ+ps

pPa =

1—1,—1g 2 2
_ xéla f(z-K) AQ 1 z€lp f(x+K) AQ | pa
_1—1A—IBJr 2 Tty T3 1—1l4—1p 2 2 T3 )
3 z€ ls 3 3 AQ
. o (“*z)*ﬁ PRSI

B 2 2 1 K AQ 1 2/ 141, K AQ
m= (o) Gurgie) + (- 5)er 5P = (e 53 (2] -3 F°

Plugging in the expression for p4 into the expression for best response pg(pa), we have

_ x€lp §($+K)_&+&
L T 2 2 2
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Figure C-2 Four possible fixed points. Parameters: p4 = pp =15, 4 =1 =0.15, z =5, AQ =0; £ = 3.5 (upper
left), £ =1.75 (rest); K =0 (upper left and lower right), AK = —5 (lower left), K =5 (upper right).

_ s & AQ 1 2§ 2, 1 K\ . AQ
_H'L‘_ll?+2(x+K)_2+2<<1—1A—13><3ZA+3ZB)+<$_3>§+3)

_ w42 KK 1.1
_11Az3<3l’3+3b‘>+w5+2 6 A62(2 6)

(0 2a¢ 2 1 K\, AQ ([l 2/ 1+l K\, AQ
(1—1A—lB)<3ZB+3lA>+<“T+3)53<$[3+3<1—1A—ZB>}+3)5 3

(ii) If pa <25 + AQ — (2 |14 —2& J+K fandp3>2pA—AQ—<x 14 2 ]—K &, then the

T—ia—lp T—ia—lp
crossing occurs when the line with slope 1/2 intersects the vertical line (upper right panel of the Figure C-2).

Clearly, p%, =pDa, and

_ Ile f AQ Pa 2l f AQ —Da
r = =——=F o4 K)- —S42= 1+ ——2 | +K)2—-—=_=,
P = P5(Pa) 1—1A—ZB+2(IJr ) 2 2 v +1—lA—lB )3 2

(ii) If s > 25 + AQ — (x [1 n 175}33] + K) ¢ and g < 2ps — AQ — (a: [1 n 1712:{[]3] - K) ¢, then the
crossing occurs when the line with slope 2 intersects the horizontal line (lower left panel of the Figure C-2).

Clearly, p%, =ps, and

_ 2l a § AQ s 204 £ AQ+ps
a = =—F2(@-K)+—+—7= 1+ ——| - K| 2+ ——.
Py = pa(Ps) 1*1A*ZB+2(I )+ 2 + 2 * +1—lAle 2+ 2

T—ia—lp T—lia—lp

(iv) Finally, if pa > 255 + AQ — (:c [1+ 2y } LK) € and g > 254 — AQ — (214 —2a } “K)e,
then the crossing occurs when the vertical line intersects the horizontal line (lower right panel of the Figure C-

2). In this case, p% =pa and pj =pg. O



