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This Online Supplement includes four sections. Online Supplement 1 provides the technical proofs
to the propositions, theorems and corollaries in the paper. All the other sections include some
supporting materials and extra analysis for the paper. Specifically, Online Appendix 2 includes
supplemental analysis for §5 of the paper. in Online Supplement 3, we analyze a variant of the
basic model in §3 and §4 by allowing the firm to price after seeing the demand realization. Online
Supplement 4 shows that our model used in §5.2 of the paper can be operationalized and supported

by the interpretation of product line design or assortment planning.

Online Supplement 1. Proofs
Proof of Proposition 1. Letting u(f,p) =w —p — [0t =0, we have |f] = “>2. Note 0 < |0| < 1.
The demand is 22D when w — %t <p<w,is 0 when p>w, and is D when p < w — %t. Let pg, ¢

and 7} denote the optimal price, optimal production quantity and optimal profit of the traditional

system, respectively. We must have w — £t < p§ < w and 2%”86& <gqp < 2w_tp8 dy. Note that for

w— 3t <p<wand 2*72d;, < q < 2% L2dy, the firm’s profit 7(p, ¢) = pmin(2*Ldy, q) —cqg = (p—c)q

t t

when D = dy, and 7(p,q) = pmin(2*;2d.,q) — cq = 2p*2dy — cq when D =d,. By taking the
expectation over D, we have 7(p,q) = p[ag +2(1 — ) *2d ] — cq. Notice that %’Z’q) =pa —c and
m(p,q) is linear in g. For any p where w — %t <p < w, the optimal ¢ is either 2*2d, or 2% Ldy.

(i) When g =2=72d,, we have 7(p,q) = 2*72d.(p — ¢), which is maximized at p=p, = “ by

solving ilT; =0, and the corresponding production quantity and profit are ¢ = q;, = dTL(w —¢) and
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m(pL,qL) = L(w—c)Q. Note w — %tSpL <w due to w<c+tand w>ec.
(ii) When g = 2*.2dy, we have 7(p,q) = 2*2(w—p)(p— 2 ) For % > , we have that 252 (w

w+ e
p)(p— ZH c) is maximized at p=py = —42- by solving —’T =0, and the corresponding production

quantity and profit are ¢ = qy = dTH(w - d—’; ¢) and w(pH,qH) ED (w — 94 )2 Note that w — <

H “p
w ~ d w _ d d
pr <py <w due to dy > pp and ¥ > ﬁ. For % < ﬁ, we know 222 (w — p)(p — ﬁc) < 0 when

w—%tﬁpgw.

Note that 7(pr,qr) > 7(pu,qu) if and only if ¥ < \/LL“D Combining cases (i) and (ii), we

have the following. If % d—H then pg =p, = w;rc7 qo =qr = %(w—c), and 75 = W(pL,qL) =

ar _ 22 g dH w Y dLKD _ wHc _ _
? - Y - 9
WL (— )2, If , then when < we have that pj =pp, = “5¢, g5 =g, = L (w—c)

2t e tp—/dLip
ag

and 7 =7 (pr,qr) = dQ—%(w —¢)?; otherwise, we have that pj =py = —52—, ¢; = qu = L (w —

and 75 = 7(pu,qu) = 52 (w — %0)2. Because Z—g < WZVIED proposition 1 follows. O

2t bp—+/dLKrD

Proof of Proposition 2. Because the firm determines its production quantity ¢ after learning

dy

)

the realization of D, it always sets ¢ = 2*2 D for any price p, where D = d, or dy depending on the
demand realization. The profit can be expressed as 7(p) = 207 2dy(p—c)+2(1 —a)“LdL(p—c) =

28D (p — ¢)(w — p), which is maximized at p =p, = “7¢, and the corresponding optimal profit is
ED(w—c)?. O

Proof of Proposition 3. Because the firm can completely remove the preference-mismatch
cost, it always sets the optimal price p; =w and all the customers would like to buy at this price.
The firm’s profit is 7(w, ¢) = wE[min(D, ¢)] — ¢,q. Similar to the analysis in Proposition 1, we know
that the optimal production quantity g satisfies d;, < g < dp. After taking the expectation over
D, we have 7(w,q) = w[ag + (1 — a)d.] — ¢,q. Notice that 2 q’q) =wa — ¢, and 7(w, q) is linear in
q. We know that if w > %, then ¢, = dy and the firm’s optimal profit mj = wup — ¢,dpy; otherwise,
¢y =dp and 75 = (w—¢,)dg. O

Proof of Proposition 4. In Bespoke system, the firm always charges the price w since it can
completely remove the preference-mismatch, and it always sets the production quantity equal to
the demand realization (dg or dj) since it can learn the demand realization before determining
the quantity. Therefore, its optimal profit 7%, = a(w — ¢,)dy + (1 — o) (w — ¢,)d, = (w —¢,) pup. O

Proof of Lemma 1. Recall k(a) = ZH\/\/%. We can prove that r(a) decreases in a by
showing % a) < 0. Note up =ady + (1 — a)dr. We have up — /drpup = a(dg — /drup) + (1 —

a)(dp — \/dLuD) < a(dg —+/drup), and the result () > i follows. Notice that v/dpup < W%

—drtrp dp—dp)+(dg— dy—d —a)(dg—d —a
and k() > 1. We have k(o) < 22 deMD i lf;t(df up) — (du La);fz(,;dl()H L) — e 0

Proof of Theorem 1. Recall k(a) = VAT ”ZL“D. We have shown that (o) is decreasing in «,
KD — LHKD

and k(%) > . There exists ag > < such that x(ag) = %. We discuss the following cases:
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(i) Suppose w < min{%,ka(a)c}. Then by Propositions 1-4 and simplifying, the sufficient and
necessary condition 75 + mip > 74 + 7, is equivalent to ¢, < w — Wic Note that the con-

.. . . dg—+/drLip . . > dH_\/dL:u'D
dition w < min{ 2, ————¢? is equivalent to o < % and —Y—=—= > % Because k(a) =
" pp—y/dLipD ‘ rp—=+/dLiD g
dg—+/drLrp >

nd is decreasing in «, we have that dn=VALiD “ holds if a < £, and thus

1
IHZVOLED ~ 1 o ,
“p—+/dLrp « up—+/dLrp

. dHf dLU'D . . . . .

w<min{ 2 Y= Zcb is equivalent to o < min{ 2, o}, where k() = 2. Hence, in this case,
@ pup—y/drLup w c

the condition for complements is o < min{<2,ap} and ¢, <w —

(w—c)?
2t :

(ii) Suppose min {2, k(a)c} <w < max {2, k(a)c}. This condition is equivalent to min {2, o} <
a< max{%’, ozo}. We discuss two subcases: (ii.a) If ap < %, then the supposed condition becomes
ap < o < 2. In this subcase, we have w < Zand w > k(a)c. By Propositions 1-4 and sim-
plifying, the sufficient and necessary condition 75 + 75, > 7 + 7, is equivalent to ¢, < w —

cl-a) [2w —c (1 + Z—’;)} . (ii.b) If ap > %2, then the supposed condition becomes 22 < a < a. In this

2t

subcase, we have w > %’ and w < k(a)c. By Propositions 1-4 and simplifying, the sufficient and nec-

2tcp

2t
StopF(w—c)Z " NeXt, we show a < P
» —

essary condition 75+ 7} p > 7, + 7, is equivalent to a < > Syt (w—0)2

always holds in this subcase. Because o < «y in this subcase and k(«a) decreases in «; it is sufficient
2tc
9P _
w 2tcp 2t0p+(wfc)2
c? K(thp-l-(w—c)z) < 2tep
2t(;p+(wfc)2

to show k() > kK <2t¢) . Note r(ap) = (Lemma 1), and

2tep+(w —0)2
2tcp

T Stert(w_o? . . C
that L > 2t+;) is equivalent to w < c—+ t% which is always true due to ¢, > c and w <c-+t.
2t6p+(w7c)2

Hence, the condition in this subcase is %” <a<aq.

Notice that o < mcﬁixc)? can be rewritten as ¢, > (w C) 2. Since & > 2 in this subcase, we

(w—0)? £
2t CP ’

(w—c)?
2t

(w=c)?
2t

. Therefore, the conditions in this subcase

have ¢, > which is simplified to ¢, <w —

can also be written as % <a<ay, and ¢, <w — . (iii) Suppose w > max{f,/-i « c}, then

by Propositions 1-4 and simplifying, the sufficient and necessary condition 75 + 7 p > 7 + 7, is
equivalent to w < @ =+ lc(l + di), which always holds due to w <c¢+t, ¢, > ¢, and dy > up. Hence,

the condition in this case is equivalent to o > max{ ao} . We are now ready to summarize all

w?

these cases together: If and only if one of the following two conditions holds, demand learning and

)2 _
preference learning are complements: (1) a < ag and ¢, <w — %; (2) a>ap and ¢, < Cp(a),

where C, (o) = max {w — el [Qw —c (1 + %)] ,aw}. Here (1) is from cases (i) and (ii.b), and

2ta

(2) is from cases (ii.a) and (iii). O
Proof of Corollary 1. When «g > %’, the sufficient and necessary conditions can be written

(w C)

as @ <2 and ¢, <w — in case (i), 2 < a < ap in case (ii) (ie., case (ii.b)), and a > ag

(w—c)?
2t

(w—c)?
2t

in case (iii). In order to get the result, we just need to show that ¢, <w — is redundant

in case (i) when «y > > T 2 Because cp < agw, it is sufficient to show ap <1 — , equivalently,
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2
2= (1* s

k() >k (1 - (“’—0)2> . Note r(ag) =", k(1 — (w_c)2) < > (Lemma 1), and that % >

2tw 2tw
(w=c)?
2- (17 2tw

o > £, the sufficient and necessary condition in case (i) can be simplified to a < £, and the

(w—c)2
1-" S

is equivalent to w(w — 2t) < ¢* which is always true due to w < ¢+ t. Hence, when

desired result follows. [J
Proof of Lemma 2. From equations (1)-(5) in the paper, we can express, in terms of demand
learning accuracy I, the firm’s posterior probabilities of the demand forecast after observing signal
s as
P(D=dyls=dy)=PFr=1—-(1-1)(1 - a),
P(D=di|s=dg)=1-pr=(1-1)1-a),
and
P(D=di|s=dr)=pr=1-(1-1)a,
P(D=dyls=dy)=1-Fr=(1-1)a.
Suppose that the firm observes demand signal s = dy, then its updated demand D(s =dy) =
dy with probability ay(l) =y =1—(1—I1)(1 — a) and D(s =dy) = d;, = 0 with probability

1—ay(I)=(1-1)(1—«). Based on the analysis for the traditional system, we know that we need

w—cCc

(1—a)w?

to discuss the following two cases: (1) If ay(l) <c/w, ie., I <1— then it is optimal to

produce zero quantity, which results in zero expected profit, i.e., m_, =0. (2) If ay(l)>c/w,

Le, I >1— g5, then the firm’s optimal price pi_,, = %, optimal production quantity
d (W—%) .
T, = M, and optimal profit 7;_, = QH(QIt)dH( — aHC(I))2.

Suppose that the firm observes demand signal s = dy, then its updated demand D(s=d)=dy
with probability ar(I)=1—- 8, = (1 —I)a and D(s=d;) =d; =0 with probability 1 — o (I) =

1 — (1 —1TI)a. Based on the analysis for the traditional system, we know that we need to discuss

the following two cases: (1) If ap(I) < c/w, ie., I > *2=¢ then it is optimal to produce zero

aw—c
aw

quantity, which results in zero expected profit, i.e., mi_, =0. (2) If ar(I) > c/w, ie., [ <

then the firm’s optimal price p_, = “*LU) optimal producti tity g7, = w0

en the firm’s optimal price pi_,; = “*F=, optimal production quantity ¢;_, = ——"%—,
. * I)d c

and optimal profit mi_, = O‘L(Qt) 2 (w — aL(I))Q.

To write the firm’s expected profit before observing the demand signal s, we need to compare

L(a)=1— G ajw and I(a) = “2=¢. It turns out I;(a) > Ir(a) is equivalent to a < c/w.

Note that 7 (1, ) = ami_,;, + (1 —a)wi_, . Then, we can compute this expected profit based

on different combinations of the conditions on a and I. For example, if o € [0, 2], we have I; (o)) >
a(l—(1-I)(1—a))dy

0> Ir(«). If we further assume I € [I;(«),1], then 7% (I, ) = o

(w—

c 2
1—(1—1)(1—(1)) :

Similarly, we obtain the profit functions in other cases. [
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Proof of Theorem 2. We first discuss all the possible cases.

Suppose a < £. We discuss the following two cases depending on the magnitude of I: (1) If
2

I € [I(a),1], then 75 + 7% p > 7}y + 7, is equivalent to 0+ ady(w —c,) > % (w - aHC(I)) +0,

1-(1-I)(1—a) c
2t (w T IS(-D(i-a)

7y, =0 and 7 p = ady(w —¢,). It is clear that it is always that demand learning and preference

2
which is simplified to ¢, < w — ) (2) I T €[0,1,(a)], then 7} =% =

learning are complements in this case.

< S
w? w

Suppose a € | ]. Under this assumption, we discuss the following cases depending on the mag-

nitude of I: (1) If I € [I,(e), 1], then the condition for complements is %% (w— 5)2 +ady (w—cp) >

2t -
aOtH(I)dH
2t

2 2
— QHC(I)) , which can be simplified to ¢, < w — W (w—W) +

L (w—ﬁ)z. (2) If I € [0,I5(cx)), then the condition for complements is O‘d—H(w—ﬁ)z +

2t [eY 2t «

2 2
ady (w—c,) > aay(Ddy (w i ) + U=e)ardy <w - ﬁ) , which can be simplified to

— 2t w) 2t ar(

1-(1-1)(1-0) ¢ ?
Cp S W 2 (w_l—(l—I)(l—a)>

+21t<w_2>2_(1_l)2§51_a)<w_(161)a> '

Suppose « > %’ We discuss the following cases depending on the magnitude of I: (1)
>

OédH c

If I € [I(),1], the condition for them being complements is “gf (w — 5)2 + ady (w—c,)

2t
2
oo (Ddy (w - ch(I)) + (aw — ¢,)dy, which can be simplified to

Cp 2 a(l—éi(;f)g_o‘)) <w— 1— (1—?)(1—04)) - ﬁ <w— §>2' (A-1)

Notice that this inequality holds with the strict inequality when I =1 as shown in the basic

model, since the RHS can be simplified to $[w —3(1+ +)¢] < ¢(w —¢) < $t = ¢ < ¢,. However, we

can show that the RHS is a strictly increasing function at the point I = 1. To see this, denote

2
_ a(l-(1-DH(A- c a c)2 .
f) = W (w — 1_(1_1)(1_a)> ~ i (w — E) . Then, we have the first-order deriva-
tive f'(I) =& [wQ - m] . At I =1, we have f'(1) = & (w? —c®) > 0. Hence, there exists

1€ (0,1) such that the RHS is equal to ¢, i.e., f(I) <c<c,. Hence, for I € [max(I, I(«)),1], this
inequality always holds. (2) If I € [0, [x(«)], then the condition for them being complements is

% (w— 2)2 +ady (w—-c,) > aOKH2(tI)dH <w — CI)>
ar(Idg c
ot <w ar(l)

2

+ (ow —¢,)dy,

+(1—a)

which can be simplified to

vz g (“"1—(1—%(1—@) “mimay (0 2)
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Therefore, it becomes straightforward to check that the statement for a high I holds. This completes
the proof.

Proof of Theorem 3. (1) To pin down the profit functions for the four systems, we need to
discuss whether ¢, +1, > 2 holds or not.

Suppose ¢, +t, > C” . We have o« > —2—. Under this assumption, we first consider the subcase

+t

w< £, de, a< 2. We have 15 + 7% p > 74 + 7 equivalent to 0+ 222 (w — )2 >0+ 2 (w — ¢)2.

Simplification of this equation and substituting ¢, =t(1 — J) yields cp(J) <w—+1—J(w—c).

Suppose ¢, +t, < %’ - o Under this assumption, we have two subcases: (i)
cp+1, < £ and (ii) ¢, +1t, > <. We discuss each of these subcases. (i) Case (i.a): If w <¢,+1t, <
, then the inequality 7§ + 7jp > 7 + 7, is equivalent to 0 + adH (w —¢,)? >0+ O‘;l—t”(w —c)?.
Slmphﬁcatlon of this equation and substituting t, =t(1—.J) yields cp(J ) <w—+/1—J(w—ec). Case
(ib): If ¢, +t, <w < £, then inequality 75 + 7% p > 7 + 5 is equivalent to 04 ady (w — 5t, —¢,) >
0+ 2% (w — ¢)?, simplifying which yields ¢,(J) <w — % —2t(1—J). (i) ¢y +t, > . Ta< <,
we have 7 + 7% p > 7% + 7 equivalent to 0+ 3L (w —¢,)? > 0+ 242 (w — )2, Simplification of this
equation and substituting ¢, =t(1 —J) yields cp(J) <w—+1-Jw—c).
To summarize the result above, we have obtained the result in part (1) proved: If a < £ and
¢p(J) < min {w - % —L1-J)w—-vV1-J(w- c)}, demand learning and imperfect prefer-

ence learning are complements.

(2) If a < %, we have ¢, +t, < 2. If we further have o > £, we need to discuss the
following subcases: (a) If £ <w < 2, we have 7§ + 74 p > 74 + 7, equivalent to O‘g—tH (w— i)Z +

ady(w — t, —¢,) >0+ 222 (w — ¢)?. Simplification of this equation and substituting ¢, =¢(1 — J)

yields ¢, <w — el [Qw (1 + é)] —2t(1—J). Note that in this case, we also have the condition

2ta

cp > aw>a(w—t,). (b) If w> 2 +1t, we have 1) 4 7y p > 7 + 7 equivalent to ’ls—tH (w— §)2 +

ady(w — t, — ¢,) > dy(a(w — 3t,) — ¢,) + 22 (w — ¢)2. Simplifying this inequality yields ¢, >
5 (2w — 1+—‘“c). We claim that this inequality always holds for the following reasons. Since ¢, > ¢,
it is sufficient to show that ¢ > £ (2w — 2¢), which can be simplified to 2(w —t) < ¢, But
w—t<ec, and £ > 2, we indeed have 2(w —t) < H2¢. Hence, if ¢, < a(w —t,,), we always have
75 +7hp > 74 + 7. Combining case (a) and (b), we obtain the result. [J

Proof of Pr0p0s1t10n 5. Suppose K pg < K40+ Kpg, a<1— (1 - ) and K4 > K 41(a). Note

1— (1111[ C)w <2 <2 and Kapg— Ka9— Kpo <0. From Proposition 1, and Propositions A-3-A-5 (in

Online Appendix 4), we have the following result: (1) If ¢, > w— (1—Japo)t and Kap > Kap1(c, c;),

OédH 2
¢p)? > Kapo—

2t(1=Japo) (w
K 40 — K pg, which always holds. (2) If ¢, <w — (1 — Japo)t and Kap > Kaps(a), then 7nf + 7% p >

then the complementary condition 7 47 p > 7% +7p is equivalent to
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% + 75 if and only if ady|w — ft(l —Japo) — ¢p] > Kapo — K 40 — Kpo, which always holds due to
cp<w—(1—=Jdapo)t. (3) If ¢, >w—(1—Japo)t and Kyp < Kapi(a,c,), then ws + 74 p > 74 +7p if
and only if ady(w —c¢,) — Kap(1 — Japo) > Kapo — K a0 — Kpo, which always holds due to K4p <
Kapi(a,c,) and Kypi(a,c,) = a?jf;;;zp) [1- 2t(f:,j’m)]. (4) If ¢, <w — (1 — Japo)t and Kyp <

K spo(av), then 7§+ p > 75 + 75 if and only if adgy(w—c¢,) — Kap(1—Japo) > Kapo— Kao— Kpo,

which always holds. This is because with ¢, <w — (1 — Japo)t, we have w — ¢, > (1 — Japo)t. With
Kap < Kapa(a), Kapz(a) = sadyt, we further have fadyt(w — ¢,) > Kap(1 — Japo)t and thus
adpg(w —cp) > Kap(1—Japo).

From (1)-(4), we know that demand learning and preference learning are complements with

Kapo < Kpo+ Kpo, a<1— and K4 > K a1(a). Because K41 (a) = 2t(ald_ﬂ}o)(w—c)2, we know

Tlow

that K4 > K41 () is equivalent to a < M Note that 1 — (1 = )

Let & =min{l — 5275, 225?&__58)} and the desn‘ed result follows. [J

> 0 is equivalent to [p < £

Proof of Lemma 3. We solve for sub-game perfect equilibria by analyzing the firm’s decision
in the second period first.

Because ¢ > rw > s, the firm will never choose an initial inventory level higher than the first-
period sales in high demand case. Therefore, the firm will have remaining inventory ¢, in the second

period only if the demand is low. Given ps, a customer located at 6 buys if rw —py, — 0t >0 and

TW—p9
1 .

Then the period 2 demand is 2dy, (62 (p2) — 91)+ = 2d;, (”“;m —91)+. And the firm’s period 2

0 > 6,. Solving rw — py — 6t =0, we have 0, (p2) =

profit maximization problem is

+
max o (pg) = min{2dL <th P2 —01> ,qg}pg—i-s [qg —2d;, <th P2 —01>] .

poe<rw—~01t

Solving this optimization problem, we have: if rw — 0t > s, i.e., 6; < (rw — s)/t, then

rw—tl1+s 'l > rw—s 9 d ,
Dy (q2701):{ 2 f(J2_( 1) L (A-3)

rw—t@l—% qu2< (Lwt 5 91) dL,

whereas if rw — 0,t <'s, i.e., 6; > (rw — s)/t, the firm does not want to sell in the second period
and all ¢, units are salvaged at s.
Substituting the optimal p, back, we have the optimal period-2 profit
542 if 0y > "=
" o dp (rw—t6; —s)> + f rw—s _ 42 < ), < rw=s A
5 (q2,01) = 2t 52 1 t d, =Y1="7¢ > (A-4)
t - rw—s
@ (ro—th, - 2) iff <o
We now consider the first period. An individual consumer does not know the demand realization.

The utility of purchasing in period 1 is w —p; — 0t. If 8, > (rw — s)/t, then the firm does not sell
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in the second period, and 6, (p1,p2) = “7. If 61 < (rw — s)/t, the expected utility of purchasing
in period 2 is (1 —«) (rw — py — 0t) where p, is consumers rational expectation of the period 2
price when the demand is low. Though the optimal p, depends on 6, for any individual consumer,
P2 does not depend on her own decision. Solving w —p; — 6t = (1 —«) (rw — p, — 0t), we have

01 (p1,p2) = =2 1_(1;?)““’_’7 2) Therefore, customers’ optimal purchasing decision in the first period

is

w—p1—(1—a)(rw—p2) Zf01 < (Tw_s)/tv

01 (p1,p2) = {w—m " if 01> (rw—s)/t. )

t

The first-period demand is 2D6, (py, p2).

We next analyze the firm’s stocking/inventory decision ¢ in period 1. Note that 6, (p1,p2) does
not change with respect to the firm’s initial inventory decision. Hence, taking p, and 6, as given,
the firm should choose ¢ to maximize its expected profit. Because p; is always higher than c,
given 6, the optimal inventory level should be higher than 26,d;. In addition, as ¢ > rw > s, the

optimal inventory level should never exceed 260;dy. When the demand is low, g = ¢ — 26:dr. So

TwW—S

gz > (“"t—*s — 91) dy, is equivalent to g > (f +91) dy. The firm’s initial inventory decision is as

follows:

max apiq+ (1 — ) (2p161dy + 5 (¢ — 2601d1,,601)) — cq,

201dp,<q<201dpy
where 75 (g2,0;) is given in equation (A-4).
If 6, > ===, the firm’s optimal inventory problem is

261%12[?;(261@ aprqg+ (1 —a)2p10,1dy — cq+ (1 — a)s(q — 20,dy).

The first order derivative is 7' (¢) = ap; — ¢+ (1 — a)s. Hence, the optimal initial quantity is

q*=20.dy if p; < @, and ¢* = 20,dy if p; > 07(1(177“)5 In this case, the firm does not sell in the

second period, and ¢, = “=PL. Substituting 0, = “=*1 back to #; > ==, we have p; <w —rw +s.

In this equilibrium, if p; < #,
— b
t

— P
t

w w
7 (p1) =2 (ap1 —¢) dr,+ (1 —a)2p d,

. c—(1—a)s
and if p; > —,

— D1 — D1

w w w —
72 (p) =2 (ap: —c) dy +(1—a)2p, dy +2(1—a)s tpl (di —dy).

If #; < *==, the firm’s optimal inventory/stocking problem is

max 7 (q;p1,6h), (A-6)

201dp, <q<201dpy
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where

aprq+ (1 —a) (2p191dL + (¢ —260:,dy) (rw —t0, — %)) —cq
if 20,d;, < g < ("= +0,)dy,
apiq+(1—a) (2p191dL + W) —cq+ (1 —a)s(q—26,dy)
if (m2=246,)d;, <q<26,dy.

7 (g;p1,61) = (A-T)

When 260.d; < g < (”“t_s—i—ﬁl) dr, we have 7'(q) = ap — ¢ + (1—«a) (rw—i—tﬁl—;—‘i),
7" (q;p1,601) = (1 —a) t/dL < 0, and the solution to the first-order condition 7’ (q;p;,6:) =0 is
q = (Tw +91) dy, + (Oépl c).

When (T“’t—s + 91) dL S q<20idy, 7 (q)=ap; —c+ (1 —a)s. If p; < (elt_ml(l_o‘)“ < C_(l_a)s,

[0

then ¢* < (”“t—_s —1—91) d;, and 7' (q) <0 for (% —1—01) d;, < q<26,dy. In addition, we can verify
that ¢* < 2d;0,. Therefore, the optimal initial inventory is ¢ = 2d;0; and the firm does not sell in
period 2. Then, 0, = “=*L. Hence, 6; < ™=° is equivalent to p; > w — rw + s. The firm’s profit is
7' (p1). Substituting 6, back to p, < == "o have py < c+ (1 —a) (1 —r)w

If Guizrolze)re < ) o e2020)s hen ¢* < (7222 +0,) dy, and 7' (q) <0 for ("= +6,)d; <q <
20:dy. In addition, we can Verlfy that ¢* > 2d;0,. In this case, the optimal inventory is ¢ = ¢*.
Then ¢, = ( 01) dr + 1 a)t (ap; —¢) and py = rw — t6; — t‘” = rw—th _ Yo ‘ . Substituting

2 2(1—
Py = T'wigtal — 20‘(1;1_ C) into equation (A-5) and solving for 6,, we have 0, = 2 azzia)(f 0PIt Then
) ws o ar)w+(a“+a—1 ac . .
) < ™= is equivalent to p; > % and ¢ = 2dL ey (1) $§1+Z)f Jr1 . Substituting

0, and g back to equation (A-7), we have the firm’s profit as 7 (p;). Substituting 6; back to
plzw, we have p; > c+(1—a) (1 —7)w

If apy —c+ (1 —a)s >0, ie, p; > M, then ¢* > (M—i—ﬂl)dL and 7' (q) > 0 for
(”” 54 91) d;, <q<260,dy.In this case, the optimal inventory is ¢ = 20,dy. Then g, =26, (dy — dy)

and py = %. Substituting p, = % into equation (A-5) and solve for #; we have 6; =
2w—(1—a)rw—2p1+(1—a)s _ 2w—(1—a)rw—2p1+(l—a)s : : _ 2w—(1l—a)rw—2p;+(1l—a)s
(1+a)t1 . Then ¢ =2dy (1+a)t1 . Substituting 6, = (1+a)t1

back to 6, < ™=2, we have p; > w — rw + 5. Substituting 6, and ¢ back into equation (A-7), we
have the firm’s profit as 7 (p;).
Comparing the thresholds of p;, we have two cases depending on the primitive parameters:

Case 1: When C_(lai_a)s <w—rw+s, then 2%= QTU’T;(H“)S > = (1a_a)s, and c+(1—a)(1—-r)w<

w—rw-+s.

c—(1—a)s < 2w—2rw—c+(14+a)s
« — 2—«

c—(1—a)s .
If p; < and p; < ——= Sw-—rw+s, in

e=(=0)s “then because p; <
[0

equilibrium 6, > === Therefore, 6; = =% and q =2-"1d;,.
If U= < ) < w —rw+ s, then because =1=)s < 2w=2rw—cts(lta)

— 2—«
Therefore, 6, = ="+ and ¢ =2"=dy.

, in equilibrium 6, > ===,



Huang et al.: The Value of Bespoke
10 Article submitted to ; manuscript no.

c—(1—a)s

If p > w — rw + s, then because p; > , in equilibrium 6, < ==%. Therefore, 0; =

2w—(1—a)rw—2p1+(1—a)s _ 2w—(1—a)rw—2p1+(1—a)s
(1+o¢)?1 and ¢ = 2dy (1+a)1t)1 :

To summarize, in this case, the firm’s profit as a function of p, is

(1—a)s

™ (p1) ifp <7,
m(p) =< 72 (py) if S < <w—rw+ s, (A-8)
7 (p1) zfplzw—rw—ks.

2w—(1—a)rw—2p1+(1—a)s _
(1+a)fl and 0; =

2“]7(17'1)(7"11;2)”1“17“)5 back into equation (A-7) (the part with (””t_s + 91) dp <q<20,dy).

The profit 7*(p;) can be obtained by substituting ¢ = 2dy

Case 2: When 170’)5 >w—rw+s,thenc+(1—a) (1l —r)w>w—rw+s,c+(1—a)(1—r)w>
2w—2rw+c+(l+a)s c— (1 a)s
24«

and c+(1—a)(1—r)w<

If p <w—rw+s, thenbecausep1<w—rw+s<c (1 a)s

0 = =5 and ¢ =2 d,.

, in equilibrium 6, > ===. Therefore,

If w—rw+s<p <c+(1—a)(l—r)w, then in equilibrium 6, < *4=*. Therefore, 6; = “=*L and
= 271“;171 dL'

fe+(l—a)(I—-r)w<p < w,thenbecauseplzc—k(l—a) (1—r)w>%cjs(l+a),in

T rw—s _ 2w—(1—a)rw—(2+a)p1+c o (1- a)(l-‘rocr)w—i-(a +to— 1)1)1 ac
equilibrium 6, < ===. Therefore, 0, = 1) P17 and g = 2d;, ey (T
If p, > @, then p; > w — 7w + s, and thus in equilibrium 6, < *=*. Therefore, 6, =
2w—(1—a)rw—2p1+(1—a)s _ 2w—(1—a)rw—2p1+(1—a)s
(1+o¢)f1 and g =2dy (Ha)’t’l )

To summarize, in this case, the firm’s profit as a function of p, is

™ (p) ifp<c+(l—a)(l-r)w
T(p)=q7*(p) ifc+(1- )(1—?")w<p1<w, (A-9)
mi(py) ifpr > S

(1—a)(1+ar)w+(a2+a—l)p1—ac .
A—a)(1ta)t and 6, =

27”7(17“211;)(3“‘)““ back into equation (A-7) (the part with 26;d;, < ¢ < (“™2=2+6,)d). O

The profit 7 (p;) can be obtained by substituting ¢ = 2d,

Proof of Lemma 4. In the preference learning system, all customers obtain their ideal products
since there is no preference mismatch. Thus, in the second period, the firm’s optimal price is p, =
rw and customers buying in the second period will get zero utility. Therefore, the firm’s optimal
price in the first period is p; = w and all customers want to buy in period 1. The only remaining
decision is the initial inventory level. It is clear that the optimal inventory level is between d; and
dp. The firm’s expected profit is maxy, <q<a, 7 (¢) = awq+ (1 — ) (wdy, + s (¢ —dr)) — ¢,q. Then,
7' (q¢) = aw+ (1 —a) s — ¢,. Hence, the results follow. [J

Proof of Proposition 6. With d; =0, we can use Proposition 1 for the traditional system as:

(i) if @ < £, the 75 =0; (ii) if > £, the 75 = CY;i—tH(w — £)?. With dy, =0, we can use Proposition 4
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for the Bespoke system as 7% p = ady(w —¢,). Note w > c+(1—.J) is equivalent to J > 1 — *=¢.
We discuss the complementary condition in twelve different parameter ranges: (1) Suppose J <

1—2=¢ T€[0,14(cv,cp)] and a < £. Then, by Propositions A-6 and A-7 (in Online Appendix 4)

t

and the profit expressions for the traditional and the Bespoke systems listed above, the sufficient

and necessary condition 7; + % p > 7 + 7 can be written as 0+ ady(w —c,) > % (w—¢)*+0,

which can be simplified as ¢, <w — (w—c)® (2) Suppose J <1 —*=¢,T€0,ls(a,cp)] and & <a <

2t(1-J) "
U — (w27 (8) Suppose J <1,

2. Then, nj + 74 p > 74+ if and only if ¢, <w — 5|

Ie[0,15(c,¢p)] and o> 2. Then, 75 + 7% p > 7 + 7 if and only if ¢, > ﬁ[(u{jﬁ —(w—£)2.

(4) Suppose J <1 — ==, [ € [I4(,cp),1] and a < 2. Then, 75 + 74p > 74 + 7, if and only if

w—02 w—c c C, * *
ng—m. (5) Suppose J <1—*=¢ T ¢ [ls(a,cp),1] and £ <a < Z. Then, mj+7)p >

. . w—c 2 w—c
7y + 7, if and only if J <1 — (wfé)ZJf%‘,w()lfa)(lfI)' (6) Suppose J <1 — *=¢ T € [Ip(a,cp),1]

(w—c)2

w—<)2+2tw(l—a)(1-1) (7) Suppose

and o > 2. Then, 75 + m)p > 73 + m, if and only if J <1 -

w

J>1—-2=< Tel0,14(a,¢,)] and o < £. Then, 75 +7h p > 74+ if and only if ¢, < c+ 1t(1—J).

(8) Suppose J >1—*=¢, T €[0,l4(c,cp)] and £ < < . Then, 75 +7hp > 4+, if and only

if ¢, < 5 (w—£)2+3t(1—J)+ec (9) Suppose J >1— 2= Te0,Iz(a,c,)] and o > 2. Then,

c
[e7 t

t

Ieuﬂa¢w;uamia<i.Tmmﬂq+quzw;+w;ﬁamimmmfjg1—3:t£§it@ﬂ.un

my+mhp > i+ if and only if ¢, > 12 [w—c—5t(1—J) — 5 (w— £)?]. (10) Suppose J > 1 — 2=,

Suppose J >1—%=¢ T € [I4(a,¢p),1] and & < a < 2. Then, 75 + 74p > 74 + 7 if and only if

_w—c—(w—2)2—(1-DH(1-a)w _ w—c ‘p
J<1 . (12) Suppose J > 1 =<, I € [Iz(a,cp),1] and « > 2. Then,

1
5t

7o+ map > w4+, if and only if J <1 -

w—c—ge (w—&)2—(1-I)(1—a)w

1
5t

Now we investigate the particular case stated in this proposition. Suppose I € [0,Ig(c,¢,)] and

J €[0,1—*7]. From claim (3) analyzed above, the conditions are 5 [(“{:3)2 —(w=£)<¢ <

aw. Next, we prove that there exists .J(c) > 0 such that when J < .J(a), ¢, > m[(’ij’ﬁ —(w—

w—c 2 C [e3 c
£)?] always holds. Note that e [¢ 1—J) —(w—£)?] = m[(w —c)? — (w— £)?]. Because

¢ > gy l(w—c)® = (w—£)?] is equivalent to w < 2L 4 £(14 1) which is always true due to

2
¢p > ¢, a<land w<c+t, we know that ¢, > 57 [(”ij]) —(w—£)?] . always holds. Because

o [(w—c)2

w1 — (w— £)?] is continuous and increasing at .J, we can always find such an J(a) > 0.

o2 . N w—c)?
sy (M55 — (w = £)%], we have J(a) =1~ %15“4)@—2)2'

Suppose I € [0,min{l4(c,c,),Ip(,cp)}] and J € [0,min{l — *=¢,1 — mp(lﬁlg;@; : }. Then
a + wig
from claims (1)-(3) of above, demand learning and preference learning are complements if and

Furthermore, by solving c, >

2
only if one of the three conditions holds: (1) a < £ and ¢, <w — Z(I’EI__C)J), (2) £ <a< 2 and

(w=c)?
1-J

cpgw—i[

and (3). O

—(w—£)?], and (3) ¢, < aw. Proposition 6 follows by combining conditions (2)
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Online Supplement 2. Supplemental Materials for §5

In this section, we provide supplemental materials for §5: Extensions to the Basic Model.

Online Supplement 2.1. Analysis for §5.2. Imperfect Preference Learning

We first analyze the preference learning system. For analytical convenience, we also normalize dj,
to zero in this section. We will abuse notation by writing ¢, = ¢,(J) given that J is fixed. The
proposition below provides the firm’s optimal expected profit for an imperfect preference learning

system.

PROPOSITION A-1. In an imperfect preference learning system with the level of customization
J:

(i) If w € [2 +t(1—J),400), the firm optimal expected profit 7 (J, o) = [a(w — $t(1 = J)) — ¢, ]d .
(i) If we [2, 2 +t(1—J)], the firm optimal expected profit w4 (J, o) = %(w — )%
(i) If w € [0, 2], the firm optimal expected profit ) (J, o) =0.

Proof of Proposition A-1. To find the consumers who are indifferent to purchasing the product
versus not purchasing located at 6(p) for a given price p, we let u(6,p) =w —p — [0|t, = 0. We
have |0(p)| = “’t—;p. If p € [w— 3t,,w], we have |0(p)| € [0,] so that the number of consumers who
purchase the product is D,(p) = W. If p e [0,w— 1t,], all the consumers will purchase the
product, i.e., D,(p) = D. If p >w, D,(p) =0. The firm chooses its price p and production quantity

¢ to maximize the expected profit m(p,q) =pE min(D,(p),q) — ¢,q.

pamin(dy,q) — ¢,q, if pe[0,w— it,]
m(p,q) = { pamin(PUTEUL q) —c,q, i p € [w— i, u]
—Cpq, if p € [w, +00).

Let us discuss different cases depending on the range of price p.

For p € [0, w — $t,], the optimal price has to be w — ¢, since m(p, q) strictly increases in p. Then,
the optimal quantity ¢* = dy if a(w — 3t,) > ¢, and ¢* =0 if a(w — 1t,) < ¢,. Hence, in this region,
the maximum expected profit m(p,q) = [a(w — 1t,) — ¢,)dy if a(w — 3t,) > ¢, and 7 (p,q) =0 if
alw—1t,) <c,.

(w—p)dy

For p € [w — 5t,, w], we have 7(p,q) =pamin(%m — 60 < (ap —¢,)q and g < 2

Therefore, 7(p,q) = (ap — cp)w. First-order condition with respect to price p yields p* =
% + 2. Then, we obtain the corresponding quantity ¢* = i—f(w — 2). Finally, we need to make

sure that the price is within this region, ie., w > p* =7 + ;—Z >w— %tp, which is simplified to

2 <w < 2 4+t,. Under this condition, the maximized expected profit 7(p*,¢*) = %(w — 22 If

this condition does not hold, we discuss two subcases: If w > %’ +t,, then the optimal price should
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be on the boundary, p* = w — %tp and the optimal quantity ¢* = dy. The optimal expected profit is
m(p*,q*) = [o(w — 3t,) — ¢p]dp; If w < 2, then the optimal price p* = w, optimal quantity ¢* =0,
and expected profit is zero since no consumers purchase at this price.

To sum, the optimal expected profit is

[a(w - %tp) - Cp]de if we [%p +tp, +OO)

* ad c . c c
= 2t:(w—f)Q, if we 2,241,
0, if we [0, 2]

Since t, =t(1 —J), we can express the profit function in terms of .J. [J
Next, we analyze the Bespoke system where preference learning is imperfect with the level of

customization J and demand learning is perfect.

PROPOSITION A-2. In a Bespoke system of imperfect preference learning with the level of cus-
tomization J and perfect demand learning:
(i) If w> ¢, +t(1 — J), the firm optimal expected profit mp(J,a) = ady(w—1t(1—J) —¢,).

(i) If w < c,+t(1—J), the firm optimal expected profit ™ p(J, ) = %(w —c,)?.

Proof of Proposition A-2. In this system, the firm can observe the demand realization D
before making its quantity decision. Hence, the firm can perfectly match supply with demand.

Suppose D = dy, then the number of consumers who will purchase the product is

duw, if pe[0,w— 3t,]
Dap(dy) = { 245248 if p € [w— L, ]
0, if p € [w, +00).

We then discuss under each of the three price ranges, what the optimal price should be. If p €
[0,w — 5t,], the firm profit is 7q,, (p,q) = (p — ¢,)dr. The optimal price pj  =w — 5t, and optimal

quantity ¢; = dpy if w— 3t, > c,. Hence, ;= (w — 5t, — ¢,)dy if w > 5t, + ¢,

If p € [w— 3t,,w], then Gy = %. The firm profit w4, (p,q) = 2p=cp)w=r)dn  Pipst_order

tp
condition with respect to price p yields w—p—(p—c¢,) =0. Hence, p* = % For it to be optimal, we
require p* = % € [w — 1t,,w], which is simplified to w € [¢,, ¢, +t,]. Hence, under this condition,

x _ wtep o« _ dy(w—cp)
we have de = 5 4ay = T

, and the optimal profit 7 = gt—i(w — ¢,)?. If this condition

does not hold, w > ¢, +1,, we have pj =w — 1ty 3, = du, and the optimal profit 7 = (w —

2t, — ¢,)dy. The optimal expected profit is 7% p = amy, . Hence, we obtain

OLdH

s ady(w—3t,—c,), ifw>c,+t,
AP = ~
s (w=¢,)?, if w<e,+t,.

Since t, =t(1 —J), we can express the profit function in terms of .J. [J
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Online Supplement 2.2. Analysis for §5.3: Investment Costs and Endogenous
Learning Levels

In this section, we provide the detailed analysis for the three systems in the linear-cost setting. The
result for traditional system remains the same as in the basic model. Propositions A-3-A-5 below

summarize the results for demand learning, preference learning and Bespoke systems, respectively.

— OédH
= 2t(1-1Io)

Ko@) = 52 {(w — ¢)? = [1 = (1~ ) (1~ &)][w — ===y )} and Koas(@) = gt { (w —
0)2—[1—(1—Io)<1—a)][W—W}Q—(l—%)( —a)[W—m]Q}-

PROPOSITION A-3. In a demand learning system with linear costs, we have:

(U) - 6)27

We first introduce some notations for expositional convenience. Let K41 (a)

(i) The optimal learning level I* = Iy, if and only if one of the following three conditions

is satisfied: (1) a <1 — (fjﬁ and Ko > Ka(a), (2) 1 — 25— < a < W and K4 >

Ka(a), (3)—= Tryw <a<1and K> Kas3(a). The correspondmg optzmal profits are % = — K 49,
« _ all=(1=Ip)(1— a)]d « _ all=(1=Ip)(1—a)ld c 2

Ta= 37 Hw — = - 10)(17(1)] — Ky and 7y = 37 Hw — I—(1-Io)(1 a)] +
(1—Ip)(1—a)d

. O2t < H[w (1— jo)a] KAO

(ii) Otherwise, the optimal learning level I* =1, and 7% = 2% (w —¢)? — K4(1 — Iy) — K 4.

2t

Proof of Proposition A-3. We prove the result in two cases « < £ and a> =.

Case 1: When o < £, from Proposition 5 and CA(I) = Kaog+ Ka(I — 1), we have:

A — all—(1— —« c . 9
4 (1) = Pl [y — e 12— Koo — Ka(I — L) if I € [max{ly, [,(e)}, 1]
T T 2 all—a 2
where I (o) =1— s IR . Because & ji‘]([) —Ky, & d?Z ) =0, 2 3‘](1) = Qt)dH [w? — [1_(1_1)(1_(1)]2]—
K4, and i 2;5([) > 0, we know that the optimal learning level I* is either I, or 1. Note that Iy < I;(«)
is equivalent to a < 1 — (ff%;)w and that 1 — (13);0% < £ always holds. We have the following:

Fora<1- (1131_0311;’

WA(I): 7T114(I) 1fI€[IO,Il(oz)] .
i () if Ie[l(a),1]

For 1 — 4550 <a <<, ma(l) =74(I) for I € I, 1].

Fora<1- ﬁ by comparing m4(ly) = —K 4o and m4(1) = O‘g—tH(w —¢)? = Kao— Ka(1 - 1),
we know that if K4 > K41, then I = Iy and 7%, = —K 40; otherwise, [* =1, and 7% = 0‘;1—{7[(10 —c)?—
Ka(1—1y) — K 4.

For 1 — g#550 <a < 7, by comparing ma(lo) = O‘[lf(lflgi(l*a)]d’{ [w— 1_(1_13)(1_(1)]2 — K40 and
Ta(l) = 28 (w — c)? KAO — Ka(1 — Iy), we know that if K4 > Ko, then I* = Ijand 7% =
a[l_(l_lgi(l Dl [ — - ]2 — K 40; otherwise, I* =1, and 7 = 22 (w —c)? — K4(1— 1)) —

1-(1-Ip)(1—)

K 4.
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Case 2: When o> £, from Proposition 5 and CA(I) = Kao+ K4 (I — I), we have:

ma(l) = () = “[1_(1_12);1_a)]dH[ Ti—(1— ;)(1 a)}2+ Q(I_I)(zlt_a)dH [w— (1j1)a]27KA07KA(1710) if I € [lo,I2(a)]
() = afl—(— I)t(l a)]dH[ - 1)(1 a)} —Kao—Ka(I—-1Io) if I € [max{lo, I(a)},1] >
where Ir(a) = ““=<. Note that 74(I) = 74(I) in case 1. Because drall) _ a(l—a)dy P
2 = Taw A — A : ar - 2t [(1-T)o)?
1 d*=% (1) dri () _ a(l—a)dy [, 2 2 2274 (1)
m] — KA, d?2 > O A = 2% i [w — W] KA, and dIA2 > O, we

know that the optimal learning level I* is either I, or 1. Note that Iy < I;(«) is equivalent to o >
and that > < always holds. We have:

ma(l)=7%(I) for I € [Iy,1].

(1—Ip)w 1)
For;<oz§

(11)

(1—10)w’

Form<oz§1,

(1) if I €[ly, I(a)]
mal)= {Wi(l) if I'€[L(a),1]

a[l-(1-Ip)(1-a)ldy

C
For—<a§ 2t

— c 2
ﬁ by comparing 74 () = [w — 17(1710)(1704)] — K40 and

ma(l) = adH (w—2¢)? = Kag — Ka(1 — 1)), we know that if K, > Ky, then [* = [y and 7% =

a[1—(1—zgz(1 ldg — K a9; otherwise, I* =1, and 7% = 2L (w—¢)? — K4(1—I,) —

C

W= el

K ap.

a[l-(1-Ip)(1-a)ldy [w

For = < a < 1, by comparing ma(ly) = 2

c 2
-loyw ~ aioaee) T
al—to)Ue)dp [y, e 12K, and ma(1) = 22 (w—¢)2 — K 40— K 4(1— 1), we know that if K, >

2t (1—Ip) 2t
* * 1—(1—1Ip)(1—a)ld c 1—Ig)(1—a)d .
K a3, then I* = Iy and 7} = 2l=UQUalldi gy e )24 al-lo)(maldn [, ?— K ao;

otherwise, I* =1, and 7% = O‘;i—t“i’(w—cf —Ka(1—1p) — K40. O

(1—30)0]

Proposition A-3 shows that for any given «, the optimal demand learning level is high when
the investment cost K4 is small, which is consistent with our intuition that the optimal learning
accuracy level is higher when learning is less expensive. We also observe that demand learning level
is high when « is intermediate. When « is small, the average demand ady is small, which implies
a high learning cost per unit. When « is large, the demand uncertainty is low (the coefficient of
variation is close to zero) and thus the firm has less incentive to learn the demand.

Let Kpi(a,cp) =

[aw—c¢, (w—“2)?] and Kpy(a) = sadyt. In preference learning

- T
2t(1—Jpo)

and Bespoke systems, we may abuse notation by writing J, = J and J4p = J whenever no confusion

dy
— 1-Jpo

arises.

PROPOSITION A-4. In a preference learning system with linear costs, we have:

(i) The optimal learning level J* = Jpg, if and only if one of the following three conditions is

satisfied: (1) a <2, (2) 2 <a< m and Kp > Kpi(a,c¢p), (3) a> m and Kp >
Kpy(a). The corresponding optimal profits are mp = —Kpg, mp = %(w —2)* — Kpy and

mp ={afw — $t(1 — Jpo)] — ¢, }dy — K po.
(ii) Otherwise, the optimal learning level J* =1, and 7} = (aw —¢,)dg — Kpo — Kp(1 — Jpo).
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Proof of Proposition A-4. From Proposition A-1, we have

mh(J)=—Kpo— Kp(J — Jpo) if w<
mp(J) = TH(J) =5 ‘(‘ffj) (w—2)? — Kpy— Kp(J — Jpy) if2<w<24t(1-J).
73 (J) ={afw—5t(1—J)] —c,}dy — Kpo— Kp(J — Jpg) if w>2L+t(1—J)
R N R
satdy — Kp, and i 2’;2(‘]) =0, the optimal learning level J* is either Jpy or 1 due to 552(‘]) >0
(i=1,2,3).
Note that w < 2 4 ¢(1 —J) is equivalent to J <1 — == and that 1 — == < Jp, is equivalent

to a> t(liJ We have the following;:

If a <%, then mp(J) =7p(J) for Jpy < J < 1.

If Cp <a< then

W
mp(J) = 5 (J) ifJPo§J§1_$.
T () if1- e oy

Ifoz>m, then WP(J)—’]TP(J) for JPO<J<1

By comparing mp(Jpg) and mp(1) in e <2, 2 <a < 07” and o >

Gy o we have the

w— t(l Jpo)’?
desired results. [J

Next, we present the result for a Bespoke system with linear costs. Let Kapi(a,c,) =

ad(w—cp) w—c .
[y [1- 2t(17J:P0)] and Kapa(a) = sadyt.

PROPOSITION A-5. In a Bespoke system with linear costs, we have:
(i) The optimal learning level J* = Japo, if and only if one of the following two conditions is satis-
fied: (1) ¢, >w—(1—Japo)t and Kap > Kapi(a,c,), (2) cp <w—(1—Japo)t and Kap > Kapa(a).
The corresponding optimal profits are 7 p = %(w —¢p)?> = Kapo and mhp = adpy[w — 1¢(1—

JAPo) - Cp] — Kapo.

(i1) Otherwise, the optimal learning level J* =1, and 7 p = ady(w—c,) — Kapo— Kap(1— Japo).

Proof of Proposition A-5. From Proposition A-2, we have

_ _od .
an () = Thp(J) =5 (1HJ) (w—=1¢,)?> — Kapo— Kap(J — Japo) ifw<e,+t(1-J) ‘
map(J) = adyw—3t(1—J) — ] — Kapo — Kap(J — Japo) if w>c,+t(1—J)
7!'1 . « w—c 27Tl . « w—=c 7T2 .
Since dleiz;(]) = ;ltH ((1 ,p — Kup, dcfiﬁ(]) = dtH ((1 ,”)3 >0, d,?ii;;(f) = tatdy — Kap, and
2_2
%1;(") =0, the optimal learning level J* is either Jspg or 1 due to i ”;‘JE () >0 (i=1,2).

Note that w < ¢, +t(1—J) is equivalent to J <1 — ==

to ¢, > w — (1 — Japo)t. We have the following:
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If w<e,+t(1—Japg), then

Thp(J) if Japg<J <1 -2
ﬂ-AP(‘]): 2 : _ w—cp :
map(J) ifl-—2<J<1

If w>c,+t(1—Japo), then map(J) =m3p(J) for Japo < J <1.

By comparing map(Japo) and map(1l) in w <c, +t(1 — Japo) and w > ¢, +t(1 — Japy), we have
the desired result.

Propositions A-4-A-5 show that the optimal preference learning accuracy levels in both preference and
Bespoke systems tend to be high when the investment costs Kp and K p are small. We also observe that
the firm tends to choose a high preference learning accuracy level when the expected demand is high (i.e.,
a large o and/or dy) or when ¢, is small. This is because a high expected demand implies a relatively
low average investment cost per-unit product. A small ¢, means a high margin and thus more incentive
to learn the preference. Our numerical study also shows that when Kp = K4p and Jpg = Japg, the firm
always chooses a higher preference learning accuracy level in the Bespoke system compared to the preference
learning system. A higher J means a higher investment cost. The firm’s learning cost may not pay off in
the preference learning system when the realized demand is less than its production quantity, while the firm
never faces this scenario in the Bespoke system because it can exactly match supply and demand.

Based on the results for all the four systems, we are ready to investigate the interrelationship between
demand learning and preference learning. We are able to provide all the necessary and sufficient conditions
for demand learning and preference learning being complements. For brevity, they are not presented here

but available from the authors.

Online Supplement 2.3. Analysis for §5.4: Impact of Salvage Value
In this section, we provide a representative numerical study to demonstrate the impact of salvage value s in
the context of strategic customers and bargain-hunting consumers.

From our numerical analysis, we observe that as the salvage value s increases, demand learning and
preference learning are more likely to be complementary regardless how strategic customers are; see Figure
A-1 for representative examples. Since there is no leftover inventory in both demand learning and Bespoke
systems (i.e., their profits are invariant with respect to s), this observation implies that the traditional
system benefits more from high salvage value compared to the preference learning system. The explanation
is as follows. With a higher salvage value, the firm tends to order a higher quantity in both traditional and
preference learning systems. In the preference learning system, the firm has reached the highest quantity d
(when ¢, is small) and the highest price w it can charge even with zero salvage value, while it does not in
the traditional system. This implies that the firm has more flexibility to adjust the price and order quantity
to better leverage the benefit from a higher salvage value in the traditional system. Furthermore, with the
presence of strategic behavior in the traditional system, a higher price in period 2 resulting from a higher

salvage value reduces customers’ waiting incentives and thus increases the firm’s profit.
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Figure A-1  The Impact of Salvage Value (dg =60,d;, =10,w =3.6,t =1.8,c=1.8)
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Online Supplement 2.4. Analysis for §5.5: Correlation Between Demand and
Preference Learnings

Proposition A-6 below summarizes the result for the demand learning system in which consumer preference is
also imperfectly learned. We follow the framework in Section 5.2 to model the imperfect preference learning.

Without losing managerial insights, we normalize dy to zero for analytical tractability in this section.

PROPOSITION A-6. In a perfect demand learning system with imperfect preference learning of accuracy
J:
(i) If w > c+t(1—J), the firm’s optimal expected profit 7 = ady[w — $t(1—J) —cl.
(i) If w < c+t(1—J), the firm’s optimal expected profit m% = %(m —c).

Proof of Proposition A-6. In this system, the firm can observe the demand realization D before making
its quantity decision. Hence, the firm can perfectly match supply with demand. Suppose D = dy, then the

number of consumers who will purchase the product is

dy, if pe[0,w— 1t,]
Da(dy) = % if p € [w— 3t,,w]
0, if p € [w, +00).

We then discuss under each of the three price ranges, what the optimal price should be. If p € [0, w — %tp],

the firm profit is ma,, (p,q) = (p — ¢)dg. The optimal price p; =w — $t, and optimal quantity ¢ = dp if

w — 5t, > c. Hence, ;= (w— t, —c)dy if w> 3t,+c.

If p € [w— it,,w], then ¢ = 2(“’;%. The firm profit w4, (p,q) = ww. First-order condition
P P
with respect to price p yields w —p — (p — ¢) = 0. Hence, p* = “%C For it being optimal, we require p* =

__ w+c

wte € [w — 4t,,w], which is simplified to w € [¢,c +t,]. Hence, under this condition, we have p; = “F<,

Qi = %7:_0), and the optimal profit m; = ;Tﬁ;('w — ¢)?. If this condition does not hold, i.e., w > c+t,, we
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1t, —¢)dy. The optimal expected profit is

have pj  =w — %tp, ¢;,, = du, and the optimal profit 7; = (w—3

7, =am, . Hence, we obtain
S .
ﬂ(w—c) , if w<c+t,.
Since t, =t(1 —J), we can express the profit function in terms of J. O
It is expected that the firm’s profit increases as the preference learning accuracy J increases.! Proposition

A-7 below summarizes the result for the preference learning system in which demand is also imperfectly

learned. We follow the framework in Section 5.1 to model the imperfect demand learning. For expositional

w—cp

convenience, we introduce the notations: I, (o, ¢,) =1 — +—2
’ P (1—a)w

and Ig(a,c)=1— 2

aw’

PROPOSITION A-7. In a perfect preference learning system with imperfect demand learning of accuracy I :
(i) If a € [0, 2] and I € [I4(cv,cp), 1], the firm’s optimal expected profit 7 = ady{w[l — (1 =T1)(1—a)] —c,}.
(i) If a €[0,%2] and I € [0,14(cx,¢,)], the firm’s optimal expected profit w7 = 0.

(i) If a € [*2,1] and I € [Ip(a, ¢,), 1], the firm’s optimal expected profit n% = ady{w[l — (1 -1)(1—a)] —c,}.

(i) If « € [2,1] and I € [0,15(c, ¢,)], the firm’s optimal expected profit 7% = (aw — ¢, )dy .

Proof of Proposition A-7. With perfect preference learning, the firm also sets p =w and all customers
would like to buy at this price. The firm’s expected profit can be expressed as 7,(¢) = wE[min(D, ¢)]—c,q.

Suppose that the firm observes demand signal s = dy, then its updated demand D(s =dy) = dg with
probability ag(I)=1— (1 —1)(1 —«) and D(s =dg) =d; =0 with probability 1 —agx(I)=(1—-1I)(1 — «).
So the profit m.—a, = (wau () —c¢,)g. When I > I,(a,¢,) (e, way(I)—c, >0), ¢i_y, =dy and 7}_, =
(way (I) = ¢p)du; when I <I4(a,cp), ¢iey, =0 and wi_, =0.

Suppose that the firm observes demand signal s = d;, then its updated demand D(s =d;) = dy with
probability az(I)=(1—I)a and D(s=d;)=d; =0 with probability 1 —az(I)=1— (1 —I)a. So the profit
To—a, = (wa(I) —c,)q. When I < Ig(a,c,) (i.e., wap(I)—c, >20), ¢i,, =dg and 7i_, = (wa,(I)—c,)du;
when I > Ip(a,c,), ¢i—y, =0 and 7;_, =0.

To write the firm’s expected profit before observing the demand signal s, we need to compare I4(a,¢,) =

1— =2 and Ig(a,c,) =1— 2. It turns out I4(a,¢,) > Ig(a,¢,) is equivalent to a < ¢, /w.

- (1—a)w aw '’

Note that 7(1,a) = ami_,, +(1—a)mi_, . Then, we can compute this expected profit based on different
combinations of the conditions on a and I. For example, if a € [0, 2], we have I, (a,c,) > 0> Ig(a,c,). If
we further assume I € [[4(a,c,), 1], then 7% (I, a) = adpy{w[l — (1 = I)(1 —a)] — ¢, }. Similarly, we obtain the

profit functions in other cases. [J

! One may argue that although the firm imperfectly learns the consumer preference without spending specific efforts in
the demand learning system, the production cost might still increase above c¢. We keep the production cost unchanged
as c¢ in this section in order to isolate the impact of the learning-mechanism correlation.
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Online Supplement 3. Responsive Pricing
In the basic model, we assumed that the firm determines the price before uncertain demand is realized or
learned. This assumption is consistent with the extensive operations literature (see, e.g., Petruzzi and Dada
1999 and references therein). This fits the scenarios where the firm observes the demand after selling the
product, or the firm needs to use the price for advertisement before observing the demand, as it is typically
the case for many products.

However, in some settings, the firm may be able to set the price after the demand is realized or learned. In
this section, we investigate how responsive/contingent pricing may affect our main result in the basic model.
We denote ¢ and 7j; as the firm’s optimal production quantity and optimal expected profit respectively. For

the traditional system, the following proposition characterizes the equilibrium outcome.

PROPOSITION A-8. In a traditional system with responsive pricing:

(i) When w <t, we have:

. <1 _ cogp=_—wec «__ (w=e)? .
(i.a) For w < (1_%)0, do0 t(d(%Jrl;?‘*) and w5 = e

dp (w—25 . ¢ d )
(i.b) Forw>ﬁc g = and p = oYL (w f;)2+(1fa)7ﬁw2,

w

o . ) ) ) Cw Dw
(i.c) For any given demand realization D and production quantity q, the optimal price p(q, D) =% if ¢ > =*

and p(q, D) =w — 3% otherwise.

(i) When w >t, let wlzc—ktdL(ﬁ—Fld’T“) wy =<+ st and we have:

w—c (w C)2
t(a+1 o 2t(dH+ ))

(11.b) If wy < wy, then for w; < w < ws, q0 dr andﬂo—(w—c)d —3di (= —|—17a);

(#.a) For w <min(w;,we), g5 = and 7§ =

(ii.c) If wy > wa, then for we <w < wq, 7 :max(ﬁ_ﬂz;ﬂ), 2t (w— £)? 4+ (1 —a)(w— $t)d.), and the
H L

i or =St =)

(i.d) For w > max(wl,wg), @ ="(w—=) and 75 =5 (w—2)*+ (1 —a)(w— 3t)dy;

t 2t

corresponding ¢ =

(ii.e) For any given demand realization D and production quantity q, the optimal price p(q,D) =w — 7t if

q>D, and p(q, D) =w — 7% otherwise.

Proof of Proposition A-8. We work backwards: first solve for the optimal price p(q, D) given production
quantity ¢ and demand realization D, and then solve for ¢g. Clearly, for the optimal price p we have w — %t <

p <w, and the demand is 2“2 D. The firm profit can be expressed as 7(p;q, D) = pmin{q,2*2D} —cq.

When p <w — 3%, we have ¢ <2*22D and 7(p;q, D) = (p — ¢)q. In this case, 7(p;¢, D) is maximized at
p(¢, D) =w— 2% and the resulting profit is 7(¢q, D) = (w — % —¢)q. When p>w — 5, we have g > 2+

and 7(p;q,D) = Tp(w —p) —cq. In this case, 7(p; ¢, D) is maximized at p(q, D) = % and the resulting profit
is m(q, D) = D” — cq. Note that w — t—q >w— 1t is equivalent to D >¢q, § > w — %t is equivalent to w <t,

%zw—%lsequlvalenttoDS%, Y4 > ¢ is equivalent to t >w, w— 7% <w and ¥ <w

Next, we discuss p(g, D) in different regions. (1) When ¢ > w, we have ¢ > ¢. (1.a) For D < ¢, we have

w——<w—7t< <w. Becausew— 1o <w—%t7Weknowthatforw—%tgpgw,wehavep> w——and

thus m(p;q,D) = Tp(w —p) —cq. The optimal price p(q, D) = % and the resulting profit m(q, D) = DQ% —cq.

(1.b) For ¢ < D < 2, we have w— 7t <w— 5% <% <w. Combining the optimal price p(q, D) for w — 7t <p<
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w— 5% and for w— 7L <p <w, we have that for the whole range w — 7t <p<w,the optlmal price p(¢q, D) = %
and the resulting proﬁt 7w(q,D) = Dw . (1 .c) For D > 1, we have w — 515 < % <w— 55 <w. Combining
the optimal price p(q, D) for w — 52& <p<w-— 3% and for w — 3% < p <w, we have that for the whole range
for w — %t < p < w, the optimal price p(¢q, D) =w — 3% and the resulting profit 7(¢, D) = (w — 35 — ¢)q.

Combining results (1.a)-(1.c), we have the claim (i.c) in Proposition A-8 as

(g, D) = w— 2% with (g, D) D(w — 2 _¢)q ifg< e (A-10)
o with 7(q, D) = 5~ —cq 1fq>—

Finally, we solve for the optimal quantity ¢5. Note D is either dy with probability «, or d;, with probability
. . : . drw dpw dpw dgw 3
1 — a. We discuss three possible regions: ¢ < &%, “£2 < ¢ < 22 and ¢ > 2%, Based on equation (A-10),

we compute 7 (q) = E[r(q, D)] by taking the expectation of (g, D) over D:

2 i w
m(q)=(w—c)g— (5 +12)  ifg< iy,

T(9) = m2(q) =a(w— 2 )g+ (1—a) %™ —cq if 2% < g < L,
7T3()—§,uD—cq ifq>‘iHT“’.

w—cC

Notice that m (q) is concave and maximized at g = iy T2 (¢) is concave and maximized at ¢ =
dH dr,

% and 73 (¢q) decreases in ¢q. Because T < < a(lj—) , dH(szﬁ) > dLT“’ is
H
equivalent to w > a _17) ¢, and dH(ifg) < dHT“’ is always true, we have the following result. If w < ﬁ )
* w—c 3 s * __ w—c 3 * (w*C)Q
then ¢ = 775(@“ =7 - By substituting ¢; = pes e into m; (¢), we have 7} e If w > 7&(1——) ,
then ¢ = H(w ). By substituting q = ﬁ into 3 (¢), we have 75 = a2 (w— £)?+ (1 — a)%Lw?. We

have finished the proof for claim (i) w <t in Proposition A-8. In a similar way, we can derive the result for
claim (ii) w>¢. O

With responsive pricing, the profit in traditional system should be higher than that in the basic model
without responsive pricing. The price influences the number of customers who want to buy the product.
With responsive pricing, the firm can set the price based on the realized demand to better match the number
of customers who want to buy the product with the production quantity and thus improves its profit. Other
than the traditional system, the optimal strategy and profit do not change in the other three systems:
Regardless of the demand realization, the firm always sets p = w in preference learning and Bespoke systems,

and always sets p= in demand learning system. The equilibrium result for the demand learning system

wte
2
as stated in Proposition A-9 below is the same as that in the basic model (but the proof is slightly different

due to responsive pricing).

PROPOSITION A-9. In a demand learning system with responsive pricing: The firm’s optimal price p* =

w—c

2

c)?.

, optimal production quantity ¢} (D) = “Z=2D for a demand realization D, and optimal profit 7% = 22 (w —

Proof of Proposition A-9. The firm determines its price p and production quantity ¢ after learning the

realization of D. Obviously, w — ft <p<w, and in this case the number of customers who want to buy the
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Figure A-2 The Interrelationship of Demand Learning and Preference Learning with Responsive Pricing (dg =
60,dr, =10,w=3.0,t =1.9,c=1.2)
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product is 2*=2D. The profit can be expressed as 7(p, ¢; D) = pmin{q,2*~2D} —cq. It is easy to show that
the firm always sets ¢ = 22D for any p and D. Then, the profit can be expressed as

7(p; D) :pmin{QgD,ng} —C*ZgD
D
=2 (w=p)(p— )

w—c
2

, and the corresponding optimal quantity is ¢’ (D) =2"—2-D = “=¢D. The

t

w—+tc

which is maximized at p = 5

optimal profit given D is 2 (w —¢)? and the expected optimal profit is 42 (w —¢)?. O

We expect that demand learning and preference learning are more likely to be complementary. Numerical
results confirm our intuition, as shown in Figure A-2 where we use the same set of parameters as in Figure 1
for the basic model. Furthermore, consistent with our basic model, demand learning and preference learning

are complementary when the cost of customization is low and the probability of having high demand is large.

Online Supplement 4. Connection to Product Line Design
The model setup follows the basic model in the main body of the paper. Suppose customers/consumers
are uniformly distributed on a Hotelling line [—1/2,1/2]. There is a monopolist firm selling n horizontally
differentiated products, which are positioned at location 6;, i € {1,2,...,n} on the Hotelling line, with corre-
sponding prices p;, ¢ € {1,2,...,n}. Without loss of generality, we assume that 6; <8, < ... <6,. Consumers
get utility w from the product, and incur the travelling cost and pay the price. The per unit travelling cost
is denoted as t. If a consumer at location 6 buys product i, her net utility is w — |§ — 6;|t — p;. A consumer
buys the product that gives her the highest non-negative net utility. Consumers may substitute for another
product (only if the product also gives her a non-negative net utility) if her favorable product is out of stock.
The firm’s per unit production cost is c.

For any given number of products n, the firm needs to determine both prices and stocking levels for all

the products.
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LEMMA A-1. In any optimal strategy, all products are sold at the same price, no consumer gets strictly
positive utility from multiple products, and consumers on the boundaries (-1/2 and 1/2) get non-positive

utility from purchasing.

Proof of Lemma A-1. Define the market coverage of a product as the consumers who get non-negative
utilities from purchasing this product. Clearly, the market coverage of any product is contiguous in that if
customers at both locations buy product ¢, then any customer located between these two locations buys
product .

First, there is no product coverage overlapping in any optimal strategy. Otherwise, there are some cus-
tomers who get positive utilities from multiple products. Then the firm can increase the product price or
shift the product location to increase profit. To see this, suppose product ¢ and j have overlapping coverage,
then if one product (without loss of generality, assuming it is ¢) only overlaps on one side (with the other
one), then we can increase p; and shift the position of product ¢ away from product j to increase the profit.
If both products has coverage overlapping on both sides, then we can repeat the argument and show that
all products have overlapping on both sides, and customers at both ends get strictly positive utility from
purchasing. Then, we can increase all prices by the same amount without changing demands for all products,
which will increase the total profit. Therefore, in any optimal strategy, there should be no product coverage
overlapping.

Second, at the optimal strategy, customers at both ends (-1/2 and 1/2) get non-positive utility from
purchasing. Suppose not, then a customer at one end (without loss of generality, assuming location 0) at
strictly positive utility from purchasing product 1 (product 1 is closest to location 0), then the firm can
increase p; to p; + te (where € is an sufficiently small amount) and increase 6, to 6; +¢. Then, the demands
are the same and the profit is higher.

Given there is no coverage overlapping and customers at both ends get non-positive utility from purchasing,
L; (define as L; =2 (w — p;) /t) is the coverage of product ¢ and DL; is the demand for product i. Then, the

inventory problem for product i is
max (amin{dgL;,¢;} p; + (1 —a)min{d.L;,q;} p; — cq;) -
qi

Solving this newsvendor problem we have the optimal inventory

_ duL; ifp;>
drL; ifp: <

i

Rlo Qo

Substituting g; back, we have the optimal profit
. (ady +(1—a)dy) Mpi — dHMC ifp; > §
7Ti(i)_{sz(wtpi)(pic) ifc<p; <=,
Third, all products must have the same price. Suppose not, then there exist two adjacent products with
different prices. That is, there exists a product i, such that p; # p,y1. Without loss of generality, assume

p; > pir1. Then L; < L, 11 and the total coverage is L; + L; 11 =2 (2w — p; — p;11) /t. As long as we keep the
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total price p; + p;11 the same, we can keep the same total coverage by the two products L; + L; 11 (we may
need to shift the locations) and do not affect other products. We can verify that m; (p;) is concave in the two
domains [c, <) and [c/a,00), s0 if p; > p;y1 > ¢/ or p;p1 < p; < c/a, we can replace p; and p; 1 with their
average (p; + pi+1) /2 and relocate the two products so that the total coverage remains the same and we get
a higher profit.

2d

If p; > c/a and piy1 < c/a, then @ (piy1) = 22 (w+c—2p;41), and 7 (p;) = 222 (w — 2p;) + 24Lc. We

ot t

show that 7’ (p;+1) =7’ (p;) <0 can never be the case if p; > ¢/a and p; 11 < c/a.

Solving 7 (pi11) = 7 (py) gives us pig1 = 7% (aw+¢) — £2p,.

Simplifying 7’ (p;) < 0, we have p; > %"j‘”. Then p;y, = % (aw+c) = 5Bp, < % (aw+c) —

2d,

pupwtdyge _ w—c
t

Ba, 1 = e (w+ec—(w—2c)) = ddre (), which contra-

. Therefore, 7' (pit1) = 2% (w+ ¢ — 2p;41) > ;

dicts with 7’ (p;11) < 0. Hence, 7’ (p;+1) = 7' (p;) < 0 cannot be the case given p; > ¢/a and p; 1 < ¢/a. Then,
there remain two possibilities: 7 (p;+1) # 7 (p;) or @ (pi41) = 7 (p;) > 0. We next consider these two cases
one by one.

Case 1: 7' (piy1) # 7 (pi)-

If 7' (piy1) > 7' (ps), we can increase p; 1 by € and reduce p; by € to increase the profits from the two
products without affecting other products. Similarly, if 7’ (p;11) <7’ (p;), we can reduce p;;1 by € and increase
p; by € to increase the profits from the two products without affecting other products.

Case 2: 7' (piy1) =7 (p;) > 0.

We can then increase both p; and p;;; to increase the profits from the two products. With the higher
prices, the coverage of the two products will be smaller, and thus won’t affect other products.

Therefore, in any optimal strategy, it must be that all prices are equal. Then all products should have
equal coverage with no overlapping (and thus equal demand), and their optimal inventory levels are the
same. [

Then we only need to decide one price for all products, and the total inventory level for all products.
Because there should be no overlapping, each product covers at most 1/n on the Hotelling line. Therefore,
solving 2 (w — p;) /t < 1/n, the optimal price must satisfy p; > w —t/2n. The next proposition shows that at

the optimal strategy, offering n products is equivalent to reducing the travelling cost to t/n.

PROPOSITION A-10. Given any fized ¢ and w, denote the total profit f(p,n,t) as a function of price p,
number of products n, per-unit traveling cost t under the optimal product positioning and inventory strategy.

Then, we have f(p,n,t) = f(p,1,L).

Proof of Proposition A-10. In the optimal strategy, all n products have the same price and the same
stocking level. Denote the optimal total stocking level given price p as ¢ (p). Since all products should have
the same stocking level, the optimal stocking level for each product is g (p) /n. The demand for each product

is 2D (w — p) /t. Then, the total expected profit from all products is

f(p,n,t) = nE {min{w(wp), Q(p)}]pcq(p)

t n
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=F {min{w,q@)}]pcq(m

Substituting n =1 and t =t/n we have

f(p,l,%) =E {min{W,q(p)Hpcq(p)-

Clearly, f(p,n,t)= f(p,1,£). O

Mapping the number of products n to the level of customization J. Proposition A-10 allows
us to establish a one-to-one mapping of the number of products n in this section to the level of customiza-
tion/personalization J in the main body of the paper.

When the firm offers n products, the reduced travelling cost is ¢, =¢/n. Then the level of customization
is J=1—t,/t=1—1/n. In the extreme, when n =1, the level of customization is zero; whereas as n goes
to infinity, the level of customization approaches one.

Due to this equivalence, choosing the number of products n is the same as determining the level of
customization J. Therefore, the product line design interpretation justifies our stylized model of using J for

preference learning and personalization.



