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This Online Supplement has six sections: §1 includes all the technical proofs to all propositions and lemmas. §2
provides technical lemmas. §3 provides the equilibrium analysis when there is a capacity constraint, and §4 for budget
constraint. In §5, we show that imperfect memory cannot explain why the PM policy should be adopted. In §6, we

present the dynamic markdown results supplementary to those in the main paper.

Online Supplement 1. Proofs
Proof of Proposition 1. Suppose the firm uses PM. A rational customer purchases in period 1 if u1 =v —p1 +
E(p1 —p2) > u2 = (1 — &) max{vr — p1,v0} + & max{vr — p2,v0}, which dictates that v — p1 +&(p1 — p2) > vo. The firm
expected profit is IIr =p1 — &(p1 — p2) — ¢ < v —vo — c. Hence, the optimal strategy is pigr =p3r =v —vo and £ =0.
If the firm chooses NP, it is clear that it can uses the same pir =p5z =v —vo and £x = 0 to obtain the same profit.
Hence, using PM is strictly less profitable than not using it. O

Proof of Lemma 1. Suppose that the firm marks down with some strictly positive probability & > 0, then a
customer gets the sample {p1 > p2} with probability &. It is clear that, customers who get the markdown signal
purchase in the second period and those who do not get a markdown signal purchase in the first period, provided
that they are not worse than the outside option. Hence, the firm profit lInp = (1 — &{)p1 +Ep2 —c < v —wvg — ¢
because p1,p2 < v —vg. Therefore, the firm rationally chooses never to markdown &3 p = 0 and charges the fixed price
p1 =p2 =v —vo throughout. OJ

Proof of Lemma A-1. We sketch the proof by depicting the feasible pricing region in Figure A-1. According to
Figure A-1 and compare the slope of the line p1 —c—&(p1 — p2) =0 and the slope of the line p1 — (Aéo+1— ) (p1 —
p2) =v — vg, we obtain the results of Lemma A-1. O

Proof of Proposition 2. (i) From Lemma A-1, we know that if the firm uses PM policy, the prices should be set
v—vg—(Ap+1—XN)c

as p1=—"3 55 and p2 = c. Given this, we can then formulate the firm’s expected profit function as follows:
() =€(1-¢) [%w — c]. According to first order condition, we obtain that £* = ;. Then, we have that
(") = i“/\__”f\’goc, (ii) When the firm adopts the regular selling policy, the value of the firm is v — vo — ¢. Thus, the

PM policy is strictly better than the regular selling policy when A — A&y < %. O
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Figure A-1 lllustration of the feasible decision region and optimal pricing decisions.

Proof of Corollary 1. Comparing the profit of the PM policy with p1, p2 and £ to the profit of the NP policy
with p1 = ps = v — vo, we have the difference A satisfies A = —(p1 — p2)&°+(p, — )€ — (v — o — ¢). To carry out PM
policy, (p1,p2) € Q must hold. Moreover, we need to find a £ with £ € (0,1) that makes A > 0. Thus, the optimal
probability £* = 2(27:;2) should satisfy 0 < % < 1 and the equation A =0 on & must have two roots. Thus,
we have p; > 2ps — ¢ and (p1 — ¢)? —4(v — vo — ¢)(p1 — p2) > 0. It can be easily examined that the larger root of the
equation A =0 is less than 1. Thus, if (p1,p2) € S1 and & € S, the profit of the PM policy is greater than the profit
of the NP policy. [J

Proof of Corollary 2. When the firm adopts the NP policy, according to Lemma 1, we have I[Ixp =v —vg —c.

When the firm adopts the PM policy, according to Proposition 2, we have [Ipy = % ”;fggoc. Based on the definition

of Amr, we have the result. O
Proof of Proposition 3. (i) If the firm uses the OES strategy, the result is the same as that in Proposition 2 in
Section 3.4. (ii) We now consider the case of the TES strategy. Following a similar argument as in Lemma A-1, we illus-

trate the feasible region and optimal pricing decisions in Figure A-2. We know that if the firm uses PM policy, the prices
v=(Aéo+1-N)vp
A—A&o

function as follows: TI(&, pt,p3) = —(pt — ¢)€2 + (p} +p5 — 2¢)€. According to the first-order condition, we obtain that
&= % €[4,1). Then, we have that IT* = %%. Substituting the expressions of the optimal prices and
markdown probability, we obtain the profit expression. We have also checked that this profit is higher than the profit
v —vg — ¢ under NP policy, if A — A& < \/(v_vL)ZHU_UL)(vL_UO_C)_(U_UL). (iii) Comparing the OES strategy to the

2(vp —vg—c)
TES strategy, we have the OES strategy is better if A — Ay < v7””7674(1}7”)+\/8(v7§(fjlzj5§zi;vo76)(vaL)Jr(vaOfC)Q
v—vpg—C— v—v v—v 2 vy, —vo—c)lv—v v—vog—cC 2
and the TES strategy is better if A — A& > o dlvvr) ty/5( 8(Z)Lj_§0(fc) o= vzvr)tvovome)
that \/(’U*’UL)ZJ’,(’Uf’UL>(’UL7’U076>7(’07’UL> S i S 'vaofcfll(’uf'uL)+\/8<'u—vL)2+8(vL—uofc)(vf'uL)+(v7v0—c)2. Thus’ the PM

2(vy, —vo—c) 8(vy —vp—c)

policy with OES strategy is optimal if A — A& < i and the NP policy is optimal if A — A& > %. O

should be set as pi = — o, p5 =vr —vo. Given this, we can then formulate the firm’s expected profit

. It is easy to check

23
¢ P
Figure A-2 lllustration of the feasible decision region and optimal pricing decisions.

Proof of Lemma A-2. Under the OES strategy, from inequality (4), we can obtain that the customer pur-
chases in the first period if and only if v — p1 + & (m)(p1 — p2) > vo. According to the definition of & (m), we have

Yt gy 2 m*(z;ff’\;&))f_‘);sr”)m. Rearranging this inequality, we obtain the result. Because PM policy can be
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v—2v0)—A&0(P1—P2)
(I=X)(p1—p2)

(p1 Lrpg) € Q. Under the TES strategy, according to inequality (5) and the definition of & (m), we have > 7", Iy; j, >
p1+vg—v

m“ol_f”fiom. Rearranging this inequality, we obtain the result. Because PM policy can be potentially effective in

potentially effective in this case when 0 < p1=( <1 and p1 > p2 > ¢, we have the decision variables

p1tvo—v
m”"%vfo <1 and vr, —vg > p2 > ¢, we have the decision variables (p1,p2) € Q1. O

oy . _ v—vg—(A&+1-XN)c
Proof of Proposition 4. Under the OES strategy, if p1 = %

(&, p1,p2) =11 (&, m)[pr —c = &(p1 — p2)] = e vl (A &™), Taking the first and second derivative of II on &, we

have %—lg = ”;fggocfm*l[m — (m+1)¢] and %2?1; = ”;_”g;)cmg’”*[m —1—(m+1)&]. Then, we have II is increasing

this case when 0 <

, p2 =c¢, then v1(&,m) =&™. Hence,

convex on £ when ¢ € [0, ZZIH and concave on £ when £ € [Z—ﬁ, 1]. Thus, the optimal probability £* satisfies the first
m
order condition £* = g1+ The optimal profit is v;:)ggoc (mLH) ﬁ“ Because the profit of the firm is v — vg — ¢ if

the firm adopts the NP policy, the PM policy is strictly better than the NP policy if A — A&y < (miﬂ)m m#H

We next consider the TES strategy. Recall that this strategy could be adopted when ¢ < v — wvo. If p1 =

v=(Aéo+1-Nvp

A—XEo — o, P2 =V, — Vo, then v2(&, m)=¢E™. Hence,

TI(&, p1,p2) = 72(&§,m)[p1 — ¢ — &(p1 — p2)] + [1 — y2(&§,m)|€(p2 — ¢)

=(1-9¢" 335+ + (=€) (vr w0 ).

Taking the first and second derivative of IT on £, we have %—lg = (mEmT =™ —me™) (;::éﬂ +vL —vo — c) +vL—vo—c

and 2211 — (“’“L +vr —vo —c) mé&™ 2 [m — 1 — (m + 1)€]. Then, we have II is increasing convex on ¢ when & €

962 A=Ago
[0, Z—H] and concave on £ when & € [Z—H, 1] . Thus, by the first order condition, we have £* = a where EE [%, 1)
is the unique solution of ™ +mé™ —me™ ™! = == 0="——_ The optimal profit is (1 — E)Em AU:;\}fLo + [Zm +(1-

W‘H’L—UO—C

~

Em)ﬂ(vL — vo — ¢). Because the profit of the firm is v — vg — ¢ if the firm adopts the NP policy, the PM policy is

i ey if (=08 —(A\-\o) | wp—wo—c
strictly better than the NP policy if Mt A8 (L E) > PL0=s, O

Proof of Lemma A-3. Observing 71(£,m) in the objective function (6), we notice that %

—(v—v0)—=A€o (P1—P2)
A=) (p1—p2) m

m— €| is a step function in pi. Also, p1 —c—&(p1 — p2) strictly

p1—(v—v0) =0 (p1—P2)
(1=X)(p1—p2)

increases in p1. Hence, it is clear that the firm will rationally choose (p1,p2) such that m*(l(’;_”?\))af_oégfpz)m =1,

for some i=1,2,3,...,m. Otherwise, the firm can increase p; to increase its expected profit until this equality holds.

strictly increases in pi. However, |

Given this equality, we can express p2 in terms of p; and :

m[p1 — (v —wo)]
—py — TP — W v0)], Al
P2=Pr =0 TN e (A-1)
From Figure A-1, we have v —vg < p1 < %w and ¢ < p2 <v—wo if (p1,p2) € Q. By equation (A-1),
p1 € ['U — o, m“({’iﬁ;};iﬁi?ﬁf_ Af)"m]c} must hold. Therefore, the optimization problems are equivalent between (6) and

(8). O

Proof of Proposition 5. This result directly follows from Lemma A-3. If £* < NH\%

, then equation (8)
suggests that the maximum p; is optimal. If not, the minimum p; is optimal. [J

Proof of Proposition 6. Rewriting the equation (7) as

(&, p1,p2) =72(§,m)(1 = &) (p1 — ¢) +&(p2 — ©). (A-2)

It can be found that the profit function is increasing in p2. Because ¢ < p2 < wvp —vo, p5 = vr, — vo. Observing v2(£,m)
p1+vg—v p1+vg—v
£o

t p1Fvg—vp p1Fvg—vp
1-X

in this profit function, we can find tha °m strictly increases in p1. However, | T m—e¢|isa

step function in p;. Also, p1 — ¢ strictly increases in p1. Hence, it is clear that the firm will rationally choose p1 such
PAER=r Ao

that %m =1, for some i =1,2,3,...,m. Otherwise, the firm can increase p; to increase its expected profit

v—vg+[(1=X) & +A&o] (vo—vr)

until this equality holds. Then, we know that p; should be TI R O By

. Substituting the two prices in

equation (A-2), we could get the equivalent problem. O
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Proof of Proposition 7. Because % = —(p1 — p2) <0 under the OES strategy and m —(p1—p2) —
(p2 —¢) <0 under the TES strategy, 7(£:—1,&:) is submodular and so is the term on the right-hand side of the Bellman
equations (13) and (14). Moreover, the feasible set is fixed as [0, 1]. Thus, based on Topkis’s Theorem (Topkis 1998,
Thm. 2.8.2) the policy function £*(-) is decreasing on [0,1]. It means that if & > &—1 or & < &—1 (t > 1), we then
have &1 < & or &41 > & We assume that {&;} is the optimal policy path and {£2:—1} and {€2¢} are two sub-paths.
Discuss four cases, i.e., &3 <& < &, & <& < &3, & <& <&, and & < &3 < &1, and by induction, we can find that
both {£2:—1} and {2} are monotonous but in opposite directions. According to the monotone convergence theorem,
we know that {€2¢:—1} and {£2:} converge to two steady points. If these two points are different, then the optimal
policy is cyclic. If they turn out to be the same, then the optimal policy converges to a single stationary point. [J

Proof of Proposition 8. (i) We start with the case of the OES strategy. We first study the optimal markdown
probability path when ¢ is sufficiently small. Let £1 and 2 be the two steady points. Based on the Euler equation
and the Karush-Kuhn-Tucker (KKT) conditions, we know that there exist non-negative constants A1, A2, 71 and 72,
such that & and &2 are the solutions of

[&+01(1-&)]5 3" — M +m =0,
Sl-&+a(l1-&)] 50" — A2 +m2=0, (A-3)
AM(1=6)=0, A2(1—-&)=0, m(& —&§) =0, n2(& —§) =0.
We consider six cases: (a) If { <& <1 and £ <& < 1, from equation (A-3), we have A1 =0, A2 =0, 71 =0, 72 =0
and & =& = Li—l(sl; (b) If & =¢ and & =1, from equation (A-3), we have \1 =0, A2 >0, 71 >0, and 72 = 0. It

can be examined that all the conditions are satisfied; (c¢) If & =1 and &2 =1, from equation (A-3), we have m =0,

N2 =0, A\ =—%5"0"°2>0, and Ao = —1°— ”“ € > (. We obtain two contradictions. This case is never optimal; (d) If

PR Py
£ <& <1and & =1, from equation (A-3), we have A1 =0,X22>0,m=0,12=0, and —*- ”ggoc =0. Thus, we arrive
at a contradiction. This case is never optimal; (e) If £&, =§ and & =&, from equation (A-3), we have A1 =0, A2 =0,
m=—[—&+0:(1-¢)] ”;:’ggoc >0, and n2 = —01[—€+ 61 (1 — é)]%;’\goc > 0. Because ¢ is sufficiently small, we obtain

two contradictions. This case is never optimal; (f) If &1 =& and £ < & < 1, from equation (A-3), we have A1 =0,

A2=0,1m >0, 72=0, and [—§—|— 01(1 —§)] ”/\__”25_06 =0. Because é is sufficiently small, this case cannot hold.

From the above analysis, we know that the potential optimal policy is ( 1_‘?_151

, 1+51) and (€,1). We now compare the

firm’s long-term profit under these two policies. The long-term profit when & = &2 = 5 + o, Is ﬁli—%lﬁ%,

and the long-term profit when &1 =€ and &2 =1 is ﬁ(l —£) v/\i”ggoc. Comparing these two profits, we have that the
S 2 S

policy (£,1) is always better since £ is sufficiently small.
We then relax the assumption that ¢ is sufﬁciently small. Based on the above analysis, we know that the policy
) if f is less than ﬁ

. The firm’s long-term profit under the policy (§,£)

(€,1) yields a larger profit than the policy (

1+151, 1+51 . In addition, we can show that the

policy (£,£) may be optimal i

1+5
is ﬁé( -§) ”Afggoc. Comparmg the policy (£,1) and the policy (§,£), we know that the policy (£,1) is better if

£< ﬁ. Because we consider the case of 61 > ﬁ (ie, £<2— 6—11) to guarantee that the long-term selling yields a

larger profit, £ can at most increase to satisfy § <7min{ﬁ, 2— 5%} The other policies are still never optimal when
¢ increases. Thus, based on the above analysis, we know that the policy (€,1) is still optimal if £ < min{ﬁ, 2— 5%}
Now, we compare the long-term profit under OES strategy to the long-term profit under the regular NP policy.
The long-term profit under the NP policy is ﬁ(v — vo — ¢). The long-term profit under the OES strategy is

X—AE
strategy. Let & and &2 be the two steady points. Based on the Euler equation and the Karush-Kuhn-Tucker (KKT)

ﬁ(l — &) 5% - Comparing the two profits, we obtain the results. (ii) Next, we consider the case of the TES

conditions, we know that there exist non-negative constants A1, A2, 71 and 72, such that £, and &2 are the solutions
of

[—&+01(1—&)]5x=& + (1+01)(1 —&)(ve —vo —¢) = A +m =0,
o1&+ (1=&)]55E +01(1+61)(1—&)(ve —vo —¢) = A2+ 12 =0, (A-4)
M(1—=£61)=0, Xa(1—-6&2)=0, m(& —§) =0, n2(&2—§)=0.
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We consider six cases: (a) If £ <&1 <1 and £ < &2 <1, from equation (A-4), we have A1 =0, A2 =0, 71 =0, 72 =0 and
— 51 2L 1+6 v v c
S=&=¢= (1115/\)?1—(% 1:( Loz, ; (b) If & =€ and & =1, from equation (A-4), we have Ay =0, A2 >0, m1 >0,
1) x=xegg tvL—vo— -
and 72 =0. It can be examined that all the conditions are satisfied; (¢) If &4 =1 and & =1, from equation (A-4),

we have 71 =0, 72 =0, \1 = ;\J A”é >0, and A2 = 51;’ ;é > 0. We obtain two contradictions. This case is never

optimal; (d) If £ <& <1 and & = 1, from equation (A-4), we have A\; =0, A2 >0, 91 =0, 72 =0, and —5= ;ngO =

Thus, we arrive at a contradiction. This case is never optimal; (e) If &1 = ¢ and &2 = ¢, from equation (A-4), we have
A1 =0, A2=0,

771:—{51::;\);04—(14—51)(%—110—6) (1+<s1)(A e T vo—c)g]zo,

and

=—0 {61 +(14+01)(ve —vo—c) — (1—1-51)( +’UL—U0—C> 4 >0.

A— )\§ A= A&
Because ¢ is sufficiently small, we obtain two contradictions. This case is never optimal; (f) If
& = ¢ and § < & < 1, from equation (A-4), we have M\ =0, X2 =0, m >0, 72 = 0, and
o1 [51 ;\’:7;\%0 +(1401) (v —vo—¢) — (14 01) (: A”éo +vr —vo — c) é] = 0. Because ¢ is sufficiently small, we arrive at
a contradiction. This case is never optimal.

From the above analysis, we know that the potential optimal policy is (E, E) and (£,1). We now compare the

firm’s long-term profit under these two policies. The long-term profit when & = & = £ is ﬁg(l — &) ;\’__f\’go +

= 515(2 &) (v —vo — ¢), and the long-term proﬁt when & =¢ and &2 =1 is #(1 -Orioe t ﬁ(UL —vg —C).

It can be easily examined that £(1 —¢) < W when ¢ is sufficiently small and £(2—€) < 1 hold. Thus, the policy
(€,1) is always better. We then relax the assumption that ¢ is sufficiently small. Based on the above analysis, we

. . . e T = 1—¢
know that the policy (£,1) is optimal if (1 — é} <1
£ can be increased to min{l — E(1—&)(1461),&} at most to guarantee that the optimal policy is still (§,1). The

and § < £. Based on these two conditions, we know that

long-term profit under the regular NP policy is ﬁ(v —vo — ¢). The long-term profit under the TES strategy is

ﬁ(l —-Orime t ﬁ(u —vg — ¢). Comparing the two profits, we can obtain the result. (iii) We finally compare
2 S

the OES strategy and the TES strategy. From the above analysis, we know that the OES strategy or the TES strategy

is better than the NP policy if A — A& < 1+5

that the OES strategy is better if A — A&y <

Comparmg the profits under the OES and the T ES strategy, we have

and the TES strategy is better if A — A&y > . Furthermore, we

1+{ 1+5
have the OES strategy is optimal if A — A&y < 1+5 and the NP policy is optimal if A — A& > 1+6 .0
8%r (v=vg)=A&o( )m .
Proof of Lemma A-4. Because 575 = —(p1—p2)B (Lpl - g)(pl opz;; P2y —e|ym — 17&71) < 0 under the

p1+vg—v

2 DT o A
ﬁ =—(p1—c)B \_molffom —€|;m—1,£—1 | <0 under the TES strategy, m(&:—1,&:)

is submodular and so is the term on the right-hand side of the Bellman equation (20). Then, using the same method

OES strategy and

as in Proposition 7, we obtain the result. [J
Proof of Proposition 9. (i) We start with the case of the OES strategy. We first study the optimal markdown
probability path when £ is sufficiently small. Let {1 and &2 be the two steady points. Based on the Euler equation
and the Karush-Kuhn-Tucker (KKT) conditions, we know that there exist non-negative constants A1, A2, 71 and 72,
such that & and &2 are the solutions of
[—€5" +ame T (1= &2)] 508 — A +m =0,
S [—El +ame T (1 - &) 5ReE — A +1m2 =0, (A-5)
AM(1=&) =0, A2(1-&)=0, m(& —§) =0, n2(§2—§) =0.
We consider six cases: (a) If { <& <1 and £ < &2 < 1, from equation (A-5), we have A1 =0, A2 =0, 71 =0, 72 =0

and & and & are the solutions of

—& 61m£{"j(1 —&)=0, (A-6)
=+ omEl T (1-&) =
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Combining these two equations, we have

(€ =&Y +amEr " =) +am&a&(E -0 =0. (A-7)

If K =2, equation (A-7) can be rewritten as (§1 — &2)[(§1 + &2) +201] = 0. Thus, we have & =&. If K =3, equation
(A-7) can be rewritten as (& — &2)[(€1 + &1éa + £3) + 351 (&1 + & — €162)] = 0. Because &1 + & — €162 > 0, we have
&1 =& If K >4, equation (A-7) can be rewritten as

G —&)EM T+ h+ -+

+mé (E7 2+ P+ 4+ 65070

—mOi & & TP T G4+ )
=G -{E T+ e+

Fmo [P (1 = &)+ P61 - &)+ + & (1 - &)+ &7}
= 0.

We thus have & = &. Then, solving the equation (A-6), we obtain & =& = 1%’;;. (b) If £, =€ and & =1, from

equation (A-5), we have \1 =0, A2 >0, 1 >0, and 12 = 0. It can be examined that all the conditions are satisfied;

(c) If & =1 and & =1, from equation (A-5), we have 71 =0, 72 =0, \; = —“;_”ggoc >0, and Ay = —d1 % ”ggoc > 0.

We obtain two contradictions. This case is never optimal; (d) If £ <& <1 and &2 =1, from equation (A-5), we have

A =0,X>0,1n =0, n2=0, and —4=2-° =0. Thus, we arrive at a contradiction. This case is never optimal;

A—Xéo
(e) If & =€ and & =&, from equation (A-5), we have Ay =0, Ao =0, m1 = —£™ [d1m(1 — &) — §]* "gg € >0, and
N2 = =61 Hoim(1 — §) — €] 5= > 0. Because ¢ is sufficiently small, we obtain two contradictions. This case

A—X&o
is never optimal; (f) If £&; =& and £ < & < 1, from equation (A-5), we have A\1 =0, A2 =0, m >0, 72 =0, and

(€™ +6m&y 1 (1-¢)) Soxeg = 0. Because ¢ is sufficiently small, this case cannot hold.

From the above analysis, we know that the potential optimal policy is (ﬁ%’fm, 1%’1’%) and (£,1). We now

d1m
14+01m

m
ﬁ (15»%?777,) 1+§1m e, » and the long-term profit when £ =¢ and {& =1 is ﬁ(l - e, - Comparing

compare the firm’s long-term profit under these two policies. The long-term profit when & = & = is

these two profits, we have that the policy (£,1) is always better since £ is sufficiently small.
We now relax the assumption that £ is sufficiently small. Based on the above analysis, we know that the policy

(€,1) yields a larger profit than the policy (1+51m’ 12{1"7”) if £ is less than 1— %(1 +d1).

Sd1m
1+61m

the policy (£,§) is ﬁgm(l —§) %53, Comparing the policy (£,1) and the policy (§,£), we know that the policy
(€,1) is better if £ < 7

In addition, the policy (£,&) may be optimal if £ increases to satisfy £ >

. The firm’s long-term profit under

i 5 . The other policies are still never optimal when £ increases.

Recall that to guarantee the profitability for the long-term dynamic selling, we assume that §; > W

When ¢ increases, we have that (1 —&)§™ " > ﬁ — 1 must hold. It can be shown that the function (1 — &)¢™™!

is increasing in £ when 0 < ¢ < mT*2 and concave in & when mT” < ¢ < 1. According to the first-order condition,
m—1
we know that £ = ™! maximizes the function (1 —¢&)¢™ ", Thus, % > i — 1 must hold to guarantee that
(m—-1)m~*!

the set (1 —§)§m71 > 5— — 1 on £ is not empty. Because is decreasing in m, we denote mo as an integer

that satisfies % <=-1< % Let a(m) and a(m) satisfying a(m) < @(m) be two solutions of the

equation (1 —£)§™ ' = H - 1. Then, we know that when m <mg, (1-£)§™ " > % — 1 holds if a(m) <§ <a(m).
Hence, based on the above analysis, we know that the policy (£, 1) is still optimal if a(m) < § < b(m). The long-term

profit under the regular NP policy is ﬁ(v —vo —¢). The long-term profit under the dynamic markdown PM policy

is ﬁ(l -£) ”;_”ggoc. Comparing the two profits, we obtain the results. (ii) Next, we study the case of the TES

strategy. Let &1 and &2 be the two steady points. Based on the Euler equation and the Karush-Kuhn-Tucker (KKT)
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conditions, we know that there exist non-negative constants A1, A2, 71 and 72, such that & and &2 are the solutions
of

(=& +8ime ™ (1= €] [3538 +vn —vo —e] + (v —v0 =) = M+ m =0,
51[—51”4-517715;7171(1—51)] [;:7;\%0 +vrL —vo —C] +01(vp —vo—¢c) = A2+ 12 =0, (A-8)
AM(1=&1)=0, A2(1-&)=0, m (&1 —§) =0, n2(&2—§) =0.

We consider six cases: (a) If £ <& <1 and £ <& <1, from equation (A-8), we have A1 =0, Ao =0, 11 =0, 72 =0

and & and & are the solutions of

—€5" +amE T (1 - &) = — =t
PV +vr —vg—c
R T e e ) R —

PV +vr —vg—c

Using the same method in the case of the OES strategy above, we can prove that & = &». Then, solving equation

(Online Supplement 1), we obtain &; = & =&, where £ € (€,1) satisfies £ — 51mEM71(1 —§) = %. (b)
= x—xeg tvL—vo—c

If & =& and & =1, from equation (A-8), we have A\; =0, A2 >0, 71 >0, and 72 = 0. It can be examined that all

the conditions are satisfied; (c¢) If & =1 and &2 =1, from equation (A-8), we have 11 =0, 12 =0, Ay = — /\v__j\’éo >0,

and Ao = —61 ::;%O > 0. We obtain two contradictions. This case is never optimal; (d) If £<& <1and §=1, from

v—uvg,

X—AEo
is never optimal; (e) If {1 =& and & =&, from equation (A-8), we have A1 =0, A2 =0,

equation (A-8), we have Ay =0, A2 >0, 71 =0, 2 =0, and —

=0. Thus, we arrive at a contradiction. This case

vV —uL

X — 2o

7]12—(UL—110—0)+§m_1[§_51m(1_§)] |: +'UL—’UO—C:| >0,

and

12 = —01(vL — vo fc)+51§m71[5751m(1 —&)] [;:;\)go +vr — o fc} > 0.

Because ¢ is sufficiently small, we obtain two contradictions. This case is never optimal; (f) If & =& and £ <& <1,
from equation (A-8), we have A1 =0, A2 =0, m1 >0, 72 =0, and §:[-£™ + simeyT(1 —9)] [;\’::&LO +vL — v — c] +
01(vy —vo — ¢) = 0. Because § is sufficiently small, we obtain a contradiction. This case cannot hold.

From the above analysis, we know that the potential optimal policy is (£, &) and (€,1). We now compare the firm’s

long-term profit under these two policies. The long-term profit when & =&, =€ is ﬁgm(l —£) ;:;’go + ﬁ [€"a—-

§) +¢&](vr —wo —c), and the long-term profit when & =& and & =1 is ﬁ(l —-£) ;_:éLo + ﬁ(uL — v —¢). According

to the definition of £, we have

(/%& + 51mgm‘1> (1-§)

T
Saey tvL—vo—c

0 F) =
& (1-¢) [ 6m .
T (1= +amE (1€
_ 3=x&, +vy —vog—c
1+571m7m
—_vn=ve=e (1 _g)4 " __vL=ve=e
_ 7X7>\§LO+UL—'U0—C( ) X7>\§I’0+UL—U0—C
14+6m
F(Fm-1 v —vg—cC
()
o 14+d0im
Because 1+ ;m >1+6; and € (qu — %) <1, wehave £ (1-£€) < % when ¢ is sufficiently small.
Py vy —vg—c =

In addition, we have Em(l — &) + € < 1. Therefore, the profit under the policy (€,1) is always larger than the profit
under the policy (€,£).
We then relax the assumption that £ is sufficiently small. Based on the above analysis, we know that the policy

(&,1) is optimal if £(1—¢) < % and {™ — 5mE™ (1 — €) < —L=0=° Tt can be checked that the function

v—vr,
X—xg +vp —vo—c

F(&) =€™ — 5 :me™ (1 — €) is increasing in £ if £ > 515:;;? and decreasing in £ if £ < 5;5:;;"?. In addition, we can
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find that f(0) = f(+2™)=0 and f(1) = 1. Thus, we have & —mEm (1 - §) < 5=£=0="— holds if { <&.

1+61m P +vp —vp—c

Because £(1— &) < % is equivalent to £ <1— E"(1-€)(1+61), we know that £ can be increased to min{1 —&"(1-
&)(1+61),€} at most to guarantee that the optimal policy is still (€,1). The long-term profit under the regular NP

v—vg,

policy is ﬁ(v —vo — ¢). The long-term profit under the TES strategy is ﬁ(l i + ﬁ(m — v — C).
2 S

Comparing the two profits, we obtain the result. (iii) We finally compare the OES strategy and the TES strategy.
Because the profits under these two strategies are the same as the case of the S(1) model, we have the same results

as that in Proposition 8. [J

P>
nEp
Q
c P
Figure A-3 lllustration of the feasible decision region and optimal pricing decisions with budget-constrained

consumers.

Proof of Proposition A-1. (i) According to the new feasible region illustrated in Figure A-3 and Lemma A-1, we
v—v9—(A=A&0)P
PYESpY

policy, we can then formulate the firm’s expected profit function as follows: II(§) =£<p—c— € |[D— W] }

= = 2
According to first-order condition, we obtain that £* = ngl”% and II(£*) = W%. If A=A >

1— 2%, then £* <1. T A=A <1 — 4%(1} — v — ¢), then II(£*) is strictly larger than the firm’s profit

under NP policy, i.e., v —vg — ¢. It can be easily examined that 1 — 25_(;:;0) < 52 holds. To guarantee that
1- 2% <1- 4%:;’20)(1) —vp—c¢), p>2(v—wvg) — ¢ must hold. Furthermore, 1 — 2% < 0 holds. Then,
we complete the proof of Proposition A-1. [

know that if the firm uses PM policy, the prices should be set as p1 =p and ps = . (ii) Given the pricing

Online Supplement 2. Technical Lemmas
LEMMA A-1. Given a markdown probability &, the firm’s optimal pricing decisions satisfy
(i) pi=ps=v—vo if > Ao +1— X

(ii)pf:%w and ps=c if E< Ao +1— A\

LEMMA A-2. (i) Under the OES strategy, the fraction of the customers that purchase in the regular period is

LP1*(1’*”0)7%€0(P1*P2) m—e]

nEm)=1-%,_, V@) B (n;m,£), (A-9)

where (p1,p2) € Q, € >0 is an arbitrarily small number, and B (n;m,§) = (7::)5"(1 — &)™ is the probability function
of the binomial distribution with parameters m and €.

(i) Under the TES strategy, the fraction of the customers that purchase in the regular period is

p1tvg—v .
DrFon—or &0
Lp1+v0 vL m—e

nEm)=1-%,_, " B(n;m,¢), (A-10)

where (p1,p2) € Q1, € > 0 is an arbitrarily small number, and B (n;m, &) = (:’f){"(l — &)™ " is the probability function

of the binomial distribution with parameters m and §.
LEMMA A-3. The firm’s optimization problem (6) can be equivalently reduced to problem (8).

LEMMA A-4. When each customer has multiple samples, the optimal long-run stationary policy is a cyclic policy

or converges to a single point.
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Online Supplement 3. Capacity Constraint

In this section, we examine the impact of limited capacity/inventory on the firm’s PM policy. Following Whang
(2014), we assume that the firm can expedite the order at a higher cost and zero margin to guarantee that each
consumer who decides to buy in the first period can obtain one product. However, such a supply capability cannot
be achieved in the second period. Thus, if a consumer decides to purchase in the second period, she faces a stockout
probability ¢ € (0,1]. Then, if consumer ¢ purchases in period 1, her utility U;; satisfies U;1 = v —p1 +&;(p1 —p2), where
& = Mo+ (1= XN)I;. If consumer 4 purchases in period 2, her utility Usz is Uiz = (1 —¢)[(1 = &) (ve —p1) +& (v —p2)] =
(1—q)[ve —p1+&(p1 — p2)]. Tt is clear that Us;1 > Uiz because g € (0,1] and vz < v. It indicates that each consumer
only purchases the product in the first period if she decides to buy. This phenomenon is caused by the PM policy
that induces consumers to purchase in the first period, which is consistent with Lai et al. (2010) and the same as the

basic model in Section 3. Therefore, the result will be the same as what we have in the basic model.

Online Supplement 4. Budget Constraint

We assume that p > v — vg. It is clear that p has no effects on the firm’s PM policy if p > %W Thus,
v—vg—(Ap+1—A)c

we will focus on the case of p < e v

(i.e., A=A < *=2°). The following proposition characterizes the

influence of p on the optimal PM policy.

PROPOSITION A-1. Suppose A — Ao < %, we have

(i) the optimal prices are p; =p and p5 = v=vo—(A-Aéo)p .

Ao+1—X

(i) if p>2(v—vo) —c and A — A <1 — 4%(1} —vo — ¢), it is optimal for the firm to use PM policy and the
_ — 2

optimal markdown strategy is £* = W%~ The value of PM policy is Agozilﬂ%~

Proposition A-1 shows that if the budget-constraint is not sufficiently high (i.e., p < %W), the firm

can only set the price in the first period as p. Correspondingly, the firm should increase the price in the second period

v—vg—(A—=A&)P
Aéo+1—A

A — A& is not sufficiently high, which is similar to the case without budget constraint analyzed earlier.

from ¢ to . In addition, this proposition shows that it is profitable to carry out the PM policy when

Online Supplement 5. Consumer Imperfect Memory

In this section, we assume that customers may simply forget or do not bother to make the refund claim if there is indeed
markdown in the second period. This type of consumer bounded rationality comes from their imperfect memory.
Suppose that there is a probability 8, a consumer forgets (or does not bother) to make the refund/reimbursement
claim if there is a markdown in the second period, where § € [0, 1]. Consistent with our basic model and the literature
(e.g., Lai et al. (2010) and reference therein), we maintain the assumption that consumers are still strategic/forward-
looking, i.e., they are aware and anticipate that their memory is not perfect when making their purchase decisions
in the first period. To isolate and focus on the role of imperfect memory, we assume that consumers have rational
expectations about the markdown probability. We are interested in whether a different type of consumer bounded
rationality (e.g., imperfect memory) can induce profitability of the PM policy.

A customer with imperfect memory purchases in period 1 if u1 =v—p1+ (1 —8)&(p1 —p2) > u2 = (1 — &) max{vr —
p1,v0} +Emax{vr — p2,v0}. Hence, we must have v — p1 + (1 — 8)&(p1 — p2) > vo. Therefore, the firm expected profit
under consumer imperfect memory is II;p = p1 — (1 — 8)€(p1 —p2) — ¢ < v—vo — c=IInp. Hence, using the PM policy
cannot strictly improve the firm’s profit under the NP policy in this setting. This suggests that imperfect memory as

a type of bounded rationality itself cannot explain why the PM policy should be adopted.
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Online Supplement 6. Dynamic Markdown When ¢ > v, — vy
In this section, we present the results supplementary to Section 4 in the main paper, when ¢ > vr, — v holds. All the
results are parallel to those in Section 4, but we present them below for completeness. All the proofs are similar to
those in Section 4 and hence omitted for brevity (they are available from the authors).
In this setting, only the OES strategy is possible. The Bellman equation is
V(&-1)= [oax {&71( gt)ﬁ + 51V(€t)} (A-11)

We have the main result below under the S(1) framework.

PROPOSITION A-2. Suppose ¢ > v, — vy holds, we have:
(i) (Optimal markdown probability path for PM policy) The optimal markdown probability path converges to
the cyclic policy (€,1), where £ is strictly positive but sufficiently small; As long as & satisfies £ < min{ﬁ,Q - ﬁ},
the optimal dynamic markdown probability path is still (§,1).
(i) (Dynamic markdown PM policy v.s. NP policy) If A — X\ <
better than the NP policy (i.e., p1 =p2 =v —vo). Furthermore, the upper bound of X — X&o is higher than that for the

fized-probability PM policy in the basic model, i.e., % > i

1+6 , the dynamic markdown PM policy is

Under the S(m) framework, we also find that the optimal markdown probability policy is robust to the number of
samples. Similar to the S(1) framework, we can show that the firm has flexibility to increase the markdown probability

£ in a range while still benefiting from customer bounded rationality.

PROPOSITION A-3. Suppose ¢ > vy, —vo holds, we have:
(i) The optimal markdown probability path converges to the cyclic policy (£,1) when each customer has m samples,

where § is strictly positive but sufficiently small.

(it) If there ewists mo and m < mo, then as long as £ satisfies a(m) = a(m) < £ < b(m) =

min {E(M)7 1-— %(1 +61), %/ 1+5 } the optimal dynamic markdown probability path is still (£,1).
Proposition A-3 demonstrates the robustness of the cyclic policy with respect to the consumers’ level of rationality

m.
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