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Part 1. Continuum of Configuration Choices

In the main paper, we saw that early differentiation was often a firm’s dominant strategy, when each
firm’s choice was either early or delayed differentiation. In this online supplement we examine the
robustness of our results to the binary-choice assumption, by expanding the model of §§3-5 from the
main paper to allow firms to choose from a continuum of interim (cost) configurations.

We assume that firms i and j produce specialized goods for their markets; however, they may recon-
figure production intended for their monopoly market to sell in the competitive market (or vice versa)
after demand realization in the two markets. Firm i’s costs of reconfiguring a quantity q" are 6;-(q")?,
where 60, > 0.F<! We let 4" € [-QF, QM], where QM and Qf are firm i’s production quantities for the
monopoly and competitive markets respectively. A positive value of 4" corresponds to a reconfigura-
tion of goods from the monopoly to the competitive market; a negative value of g reflects the reverse
flow. Firm j has a similar quadratic cost structure with parameter 6; > 0. Further, firms can set their
reconfiguration cost parameters 6;, 0; € [0, 0) costlessly; the parameters 6;, 6; are common knowledge
(observed by all parties).F<*> Delayed and early differentiation then arise as polar cases, corresponding
to 6; (or 6;), set to 0 or oo, respectively. Intermediate settings of 6; (or ;) correspond to interim supply
chain configurations, a via media between early and delayed differentiation.

Thus, in this game, firms’ decision variables are their reconfiguration cost parameters {6;, Gj} €[0, o),
production quantities for their monopoly and competitive markets, and finally, the quantity to be
reconfigured from one market to the other after demand realization. A lower 6; (or 6,), in addition to
lowering reconfiguration costs, facilitates risk pooling by enhancing firms’ flexibility. Clearly, delayed
differentiation offers both the lowest costs and maximum flexibility. Nevertheless, as the following
theorem demonstrates, for a broad range of parameters, neither firm wants to employ delayed differ-
entiation as a strategy.

THEOREM (EQUILIBRIUM CHARACTERIZATION UNDER ENDOGENOUS RECONFIGURATION COSTS)

(1) Delayed differentiation is a dominated strategy for high enough values of the demand correlation and
low coefficients of variation, specified mathematically by the condition p 21— 0.091/y>. The precise technical
result (derived in Part 2 of this supplement) is that the optimal 6, >0 iff p > 1 — (1/y2)g(9j), where the
polynomial g(0;) € [3,209,625/35,142,094, 12/125] = [0.091, 0.096]. A symmetrical condition applies for ;.
Thus the equilibrium (fixed point) (67, 6;) derived from the optimal-reaction functions is bounded away from
(0, 0) when p 21 —0.091/v2.

(2) The equilibrium choices of 0; and 6, increase with p and decrease with y.*®

ECI The model, cast in the language of multiple, closely related products, equally applies to selling a single product in multiple,
horizontal markets, with product reconfiguration costs reinterpreted as transshipment costs. The quadratic cost function ensures
differentiability in the entire domain of 4", and is hence easier to work with than the linear-modulo cost function 6-|q"|.

< The assumption that the reconfiguration cost parameters [6;, 6;] can be adjusted downwards costlessly (without additional
investments) is conservative. It will be obvious that incorporating any such investment costs in the model, while muddying the
waters, will further skew the outcome in favor of our principal results (Theorem above). Simple revealed-preference arguments
can be applied to extend the results to general investment costs.

EC3 Proof for this theorem is provided in Part 2, §EC.7 of this supplement.

ecl
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Table EC.1  Symbols Used

Symbol Meaning

ac, a¥ Realized value of the demand intercept

a Mean of the demand intercept distribution

a Variance of the demand intercept distribution

p Correlation between the demand intercepts in each of the monopoly markets and the competitive market
Y The coefficient of variation of the demand intercept distribution which is «/5/5

e Subscript to denote a firm deploying early differentiation

d Subscript to denote a firm deploying delayed differentiation

qf‘y Quantity sold by a firm employing x, facing a competitor employing y, to market A; where x, y € {e,d}, Ae {C, M}

Ky Quantity of intermediate good produced by a firm employing x, facing a competitor employing y; where x, y € {e, d}
p;‘y The clearing prices in market A, in the setting where one firm employs x and the other firm employs y; where x, y € {e, d}
I, Profits earned by a firm employing x, facing a competitor employing y; where x, y € {e, d}
cs,_, The expected consumer surplus in the setting where one firm employs x and the other firm employs y; where x, y € {e, d}
w,_, The expected welfare in the setting where one firm employs x and the other firm employs y; where x, y € {e, d}

If risk pooling and the lowest operational costs were the only criteria, firms” dominant choice would
be to set § =0 (costless delayed differentiation). Countering these benefits is the strategic premium
from credible commitment in the competitive market, which is increasing in 6. Because the risk-
pooling premium falls as the correlation increases and/or the demand uncertainty decreases, the
strategic premium begins to dominate for high p and low . This leads to equilibria with both 6; and
6, bounded away from 0, even though these would result in higher reconfiguration costs for both
firms.

Part 2. Proofs for All Results

EC.1. Equilibrium Under Each Supply Chain Configuration
(Model of §§3-5)
In this section, we derive three basic sets of results: The equilibrium sales, the production quantities,
and the profits for each of the three supply chain configurations (e-¢, d-e, d-d). These basic results lay
the foundations for the subsequent proofs. The notation used in this supplement is summarized in
Table EC.1.
Our assumptions on the distribution of the demand intercepts imply that

E[(ac)z] =E[(aM)2] =@ +4 E[aCaM] =pi+a°. (EC1)
EC.1.1. The e-e Case

LemMma EC.1.1. When the two firms employ early differentiation, the expected sales, quantity of the inter-
mediate goods produced, and the revenues earned by the firms are given as follows:

ElqS.]=a5.=3a;  ElgL]=a .= Q=324  E[L,]=27

Proor. Because both firms employ early differentiation, no decisions are made at the distribution
stage. Both firms sell the available quantities of differentiated goods (qec‘g and qé\"le) in the appropriate
markets. In the production stage firms choose these quantities. Further, the choices for each market
are independent of the other (under early differentiation).

Stage 1: Production

Competitive Market. The payoff maximizing production quantity is given by

maxE[{a“ - (g7, + ) }4:1. ],

ele

where ﬁf‘g is the quantity produced by the competitor. From the first-order condition, we get the best
response
c (AC a- qec\ e
qele(qe\e) = 2 . (ECZ)
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The best response for the other firm is symmetric. Note that the second order condition is trivially
satisfied,

c _13

qele = 34.
The profits from the competitive market are given as

E[ILG ] = 5.
Monopoly Market. The payoff maximizing production quantity is given as
m}\?xE[{aM - qﬁf@}qé\/lle]'
ele

From the first-order condition, we get the monopoly production quantity

_ l
qe|e 24

The clearance strategy implies that Q, . = g., + g5, = (5/6)a. The profits from the monopoly market
are given as

The total profits are thus
E[IL =24 O

EC.1.2. The d-e¢ Case

Lemma EC.1.2. When one of the two firms employs delayed differentiation and the other employs early
differentiation, the expected sales, quantity of the intermediate good produced, and the revenues earned by the
firms are given as follows:

4 9 .
Qd\eZg ; Qe|d=ﬁﬂ,

E[Hd\e] 17 2+ a(l p)/ E[He|d]_ 1307052

Proor. We consider the problem as a two stage dynamic game. We first compute the best choices
in the distribution stage as a function of the market demands and production quantities. Next, we use
this distribution equilibrium to derive the production equilibrium.

Stage 2: Distribution

The Delayed-Differentiating Firm. The firm employing delayed differentiation has a quantity Q;,
on hand and chooses quantities 45, g, to maximize its payoff.

quzx ([a“ - (%\e + qe\d)]qdle + [V - qd|e]q:]iv|le)’

der 9d]e

where the clearance strategy implies g5, + 43|, = Q4. and 45, q}], = 0. Parameters of the demand
curves (a¢, a™) are known. The first-order condition for the payoffs gives us the best responses below:

Qdu_l_” —a _qec\d
4 7

Que ”C_“M_qec\d

Q%e(” rqe|d/Qd|e)— - n .

Note that the second-order condition for the above is trlvially satisfied. Also, our assumption on the
support of the distribution a;, —a; < 1.2a ensures that we do not have corner solutions for equilibrium
production levels. Because E[a¢] = E[aM], we have

%C|e(” ’qeld’Qd\e)
(EC3)

Qi 4] Quje | 4
Elof]=" -5 Ell)=S0+ 5" (EC4)
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Early Differentiating Firm. The other firm employs early differentiation. Thus, there are no choices
to be made for this firm at the distribution stage.

Stage 1: Production

Delayed-Differentiating Firm. Given the above allocation decisions; the optimization problem fac-
ing the delayed-differentiating firm is

maXE[{aC - (qa(':\e() + qf\d)}qtg\e() + {HM - qé\/lle()}qév\[e()]' (ECS)

Qd\e
where g, () refers to qb‘”e(ac, aM; qec‘ 4 Qay.)- From the first-order condition, we get the best response.

g
Qd|e(q5\d)=a_ Z‘dr (EC6)

where E[q{g‘e] and E[q%e] are substituted from (EC4). Again the second-order condition is trivially
satisfied.

Early Differentiating Firm. For the firm employing early differentiation, the problem is separable in
the production quantities for the two markets. The payoff from the competitive market is maximized as

maxE[{a¢ — (45, +45.4) }a5.]-

qe\d

Substituting g5, from (EC3) and differentiating the above we get, the best response of the early
differentiating firm for the competitive-market production quantities as

qﬁd(ng)=§(ﬁ— Q§'6>. (EC7)

Solving Equations (EC6) and (EC7) gives us the following equilibrium production quantities

qgc‘ =24, (ECS8)
Qd\e - % (ECg)

Firm 2 also produces a quantity qévl‘d for the monopoly market, q:fd = a/2. Substituting the equilibrium
production and shipping quantities ((EC8), (EC9)) in the expected sales (EC4) and revenue expressions
(EC5) and using (EC1) gives us

EC.1.3. The d-d Case

Lemma EC.1.3. When the two firms employ delayed differentiation; the expected sales, quantity of the inter-
mediate good produced, and the revenues earned by the firms are given as follows:

[%w] 30“ [%\d] 45” Qd\d=§ﬁ} E[Hd\d]—§§§§a2+ a(l—p).

Proor. We consider the problem as a two-stage dynamic game. We first compute the best choices
in distribution stage as a function of the market demands and production quantities. Next, we use the
distribution equilibria to derive the production equilibria.
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Stage 2: Distribution

We let qg‘ ; denote the quantity sold by the competitor and Qd|d denote the competltor s production
quantity. The firm has a quantity Q, , on hand and chooses quantities %\ 4 044 to maximize the payoff
in (EC10).

max ([a° — (474 +Gg1a) 195+ [8" — qdla]ai]a), (EC10)

94\d7 9d|a

such that g5, + 4}, = Quar 4954, 94{4 = 0. Parameters of the demand curves (a“,a") are known.
The other firm faces a symmetric maximization problem. The first-order condition gives us the best
responses as

C_ . M_ =C
Qua @ —a" —q;,

qzic\d(“C/“Mquc\de\d)= + ’
2 4

- Qaja ac_am_qg‘d

q%d(aC’aM;qa(lj\erd\d)z 5 n .

The expressions for qgl ; and 67% ,; are symmetric. The second-order condition is trivially satisfied. Also,
our assumption on the support of the distribution a, — a4, <1.2a ensures that we do not have corner
solutions for equilibrium production levels.

Solving the four equations simultaneously gives us the equilibrium sales by each firm as

8Q4)4 _ZQd\d +3(a¢ —a™)

qdc\d(acraM;deer\d): 15 , (EC11)
- 7Q,10+20,1, — 3(a€ — aM)
qLIi\/\Id(aC/aM;Qd\d/Qd\d): 2 d|1d5 . (EC12)
The expected sales are given as
- 8Qu1a —2Qu4 - 7Qu1a+2Qu14
E[75]=Elgfi]= ="  El@lL]=Ell]=—"5"" (EC13)

Stage 1: Production
Given the above allocation decisions, the optimization problem facing the delayed differentiating
firm is

maxE[{a° - (451,() +8540) a0 () + {8 = aala O} asta )], (EC14)

where g, ,(-) refers to g, 2%, a™; Qqy4, Qd‘ 4)- From the first-order condition, we get the best response
in production quantities

Qu1a(Quia) = Z[a— 20,4], (EC15)

where E[qtg‘ 4] and E[g}{,] are substituted from (EC13). Again the second-order condition is trivially

satisfied. Qd‘d(Qd‘d) is symmetrically defined.
Solving the equations in (EC15) gives us the equilibrium production levels as

~ 75 =
Qg = Quja = 5a-

Substituting the above production level in the expressions for revenue (EC14) and expected sales
(EC13) and using (EC1) gives us the equilibrium sales, and the revenues

[%\d] 30“ E[%?Td]=§ﬁ Qd\d=§ﬁ E[Hd\d]_%ﬂ“‘ ’1(1 p). O

EC.2. Proofs for Results in §4
ProoF FOR TABLE 1. Table 1 follows directly from Lemmas EC.1.1, EC.1.2, and EC.1.3.

ProoF FOR THEOREM 4.1. Theorem 4.1 follows directly from Table 1 (in §4 of the main paper) or
Lemmas EC.1.1, EC.1.2, and EC.1.3.
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ProOF FOR TABLE 2. Table 2 follows directly from Lemmas EC.1.1, EC.1.2, and EC.1.3.

ProOF FOR TABLE 3. First note from Table 2 of the main paper, that I1,; > I1, ... Solving the inequality
I, <11, (linear in p) gives us p > p, =1—2,759(1/129y)*. Solving the inequality I1;, <II,; (linear
in p) gives us p > p; =1 —3(1/5y)?. Solving the inequality ;4 <11, (linear in p) gives us p > p, =
1-697(1/867)*. Solving the inequality II; , <II,|, (linear in p) gives us p > p; =1—19(1/15y)*. Solving
the inequality I1, , <11, (linear in p) gives us p>py=1— 2,575(1/258v)%. Now note that for p=—1,
Iy, >y, > 11, ;> 11, ,. Define p; = max{—1, p;}. Now observe that

“1<ps<ps;<p<p1=<py<1.

Table 3 now follows.

PrOOF FOR TABLE 4. In Table 4, the industry profits are obtained by adding the profit expressions
from Lemmas EC.1.1, EC.1.2, and EC.1.3. The welfare is the sum of the consumer surplus and the
industry profits. We compute the consumer surplus now.

Computing the Consumer Surplus. The consumer surplus from any market for the linear demand
curve p(q) = a — q (where a is the uncertain intercept) is defined as

2
Cst, =3E[(@L)],

where x, y € {e,d} and A €{C, M}.
The e-e Case. In the e-e case, the total consumer surplus is given as

CS,., =CSS, +2CsM.

The quantities supplied to the competitive market and the monopoly markets are given as (2/3)a and
(1/2)a. Thus, CS,., = (2/9)a* + a*/4 = (17/36)a>.
The d-e Case. In the d-e case, the total consumer surplus is given as

CS,., =Csy, +Csl|, +Csyl..
The quantities supplied to the three markets are

c 7. a“—aM "
Jie= 7174+

L
10 4 e =73 4

The consumer surplus is thus,

CSy. = 3(E[(45)° 1+ E[(al) ]+ E[(a2)])
= 2.&+ LE[(a°)] + L E[(a")*] - L E[a%a"].

Using (EC1) we get the required expression for the consumer surplus.
The d-d Case. In the d-d case, the total consumer surplus is given as

CS,.q=CS§ ,+2CSH,.
The quantities supplied to the three markets are

60 _  2(a® —aM) v 45 (aC—aM)

c
Qia=ge@t =5 Q=g+t —5
The consumer surplus is thus,
2 2
CSya = 5(E[(92.4) ] +2E[(a4%)"])
= [(£)* +2(£)")2 + £ E[(a°)] + 2 E[(a")*] - & E[aa"].
Using (EC1), we get the required expression for the consumer surplus.

ProoOF FOR THEOREM 4.2. Theorem 4.2 follows from the above computation of consumer surplus
and welfare.
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EC.3. Proofs for Results in §5

Proor FOR THEOREM 5.1. Theorem 5.1 follows directly from Table 3.
ProoF FOR THEOREM 5.2. Theorem 5.2 follows directly from Table 3.
ProOF FOR THEOREM 5.3.

THEOREM (ENTRY DETERRENCE AND CHOICE OF SUPPLY CHAIN CONFIGURATION). For an incumbent
facing a potential entrant in one of its markets, early differentiation is a better entry-deterrence strategy than
delayed differentiation.

Proor. Consider an incumbent firm operating as a monopolist in two markets. It faces an entrant
in one of its two markets.

If the incumbent deploys early differentiation and the entrant decides to enter, then the entrants
profits are He‘e =1I,, — @*/4, where II€ refers to the profits from the competitive market alone. Recall
that an early differentiating firm’s profits from the monopoly market are always a°/4.

If the incumbent deploys delayed differentiation and the entrant decides to enter, the entrant’s prof-
its are IS, = I1, , — a*/4, where TI¢ refers to the profits from the competitive market alone. Recall that
an early differentiating firm’s profits from the monopoly market are always a*/4. Theorem 5.3 now fol-
lows from the fact that IT, , > I1,|, = IIS , > H , thus the entrant’s profits are lower if the incumbent
deploys early differentiation. Thus, early dlfferentiation is a better entry-deterrence strategy. [

EC.4. Equilibrium Under Each Supply Chain Configuration (Model of §6)
The additional notation used in this and subsequent sections is summarized in Table EC.2 below.
From the distribution of the demand intercepts we know that

E[(a%)?] = 2% + 4, E[(a")]=a,,+4d,;, whereiec{l,2)
e N . ®Cig
E[acaml] =P Al +a.a,,; E[am]aml] =Pm m] Ay + am]arm/ where 1,]€ {1/ 2} and i # ]

EC.4.1. The e-¢ Case

LemmMa EC.4.1. When the two firms employ early differentiation, the expected sales, quantity of the inter-
mediate goods produced, and the revenues earned by the firms are given as follows:

mi 1 i

E[q§|e] qe\azé [qe|e]_qe\e=§ e\ez%ﬁ +%dc; E[HE‘L]_%Q_g-’_}Ia_zﬂl

Proor. The proof follows along the same lines as the proof for Lemma EC.1.1. O

EC.4.2. The d-e Case

Lemma EC.4.2. When one of the two firms employs delayed differentiation and the other employs early
differentiation, the expected sales, quantity of the intermediate good produced, and the revenues earned by the
firms are given as follows:

E[qd\e]_i E[qs\d]=§ﬁc

10
[qd\e] [qe\d] % Amis

Table EC.2  Symbols Used in §6 of the Main Paper

Symbol Meaning

ac, am Realized value of the demand intercept.

a, Mean of the demand intercept distribution in market x, where x € {c, m1, m2}.

a, Variance of the demand intercept distribution in market x, where x € {¢, m1, m2}.

i Correlation between the demand intercepts in the monopoly market of firm / and the competitive market.
Pm Correlation between the demand intercepts in the two monopoly markets.

q;‘ly Quantity sold by a firm i employing x, facing a competitor employing y, to market A;

where x, y e {e,d}, Aef{c,ml,m2},ie{1,2}.

ey Quantity produced by firm i employing x facing a competitor employing y; where x, y € {e, d}.
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3 1= . i 2= 1= .
Qd|h—ﬁ + 5005 eld = 5 T 5,
i 9 =2 1=2 1 . i __ 32 1-2
E[Hd|e] = 554 t 14,; + g Var(a, —a,;); E[He|d] = 5, + 10,

Proor. We consider the problem as a two-stage dynamic game. We first compute the best choices
in the distribution stage as a function of the market demands and production quantities. Next, we use
this distribution equilibrium to derive the production equilibrium.

Stage 2: Distribution

The Delayed-Differentiating Firm. The firm employing delayed differentiation has a quantity Qj,
on hand and chooses quantities g ,, q,Tl"e to maximize its payoff.

max ([a° — (95, + 9¢4))93). + [a™ — qg’\le]%u)

c mi
9ajer 9d]e

where the clearance strategy implies g5, + q5/, = Qj,, and q5,, g4/, > 0. Parameters of the demand
curves (a©, a™) are known. The first-order condition for the payoffs gives us the best responses below.

Qde - ml_qed

Gaj.(a, a™ ’qeld’Qd\e) 2‘ + n l ,
- (EC17)

Que a4 —a™—q;y

%u(“ a" ’qeld/Qd|e)— - n .

Note that the second-order condition for the above is trivially satisfied. The conditions

Pr(la, —a,,| <a,;+1a,)=1
and

Pr(—3a, —44,,+4a,; < (3a, —4a,,; +a,) <. +1d,,+a,)=1

for i,j e {1,2}, i #j ensure that we do not have corner solutions for equilibrium production levels.
Taking expectations, we get

ini\e A, — A,y qec\d Q[ijlg A, — Gy, q(ﬁd
E[qa(izle]: ) + 1 - 4; E[Q%E]ZT—T—T. (EC18)

Early Differentiating Firm. The other firm employs early differentiation. Thus, there are no choices
to be made for this firm at the distribution stage.

Stage 1: Production

Delayed-Differentiating Firm. Given the above allocation decisions, the optimization problem fac-
ing the delayed-differentiating firm is

miaxE[{aC - (q;\e() + q§|d)}q;|e() + {umi - quin\ie(')}/ qgl|ie(')]’ (EC19)

Qd\e

where g; () refers to q; ,(a%, a™; g5 ;, Qf;,)- From the first-order condition, we get the best response.

C
Qg6 = =" - ==, (EC20)

where E[qffle] and E[q%’e] are substituted from (EC18). Again the second-order condition is trivially
satisfied.
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Early Differentiating Firm. For the firm employing early differentiation, the problem is separable in
the production quantities for the two markets. The payoff from the competitive market is maximized as

maxE[{a — (3. + q; )92 a]-

Te1d

Substituting qdc‘e from (EC17) and differentiating the above we get, the best response of the early
differentiating firm for the competitive market production quantities as

a drm Qtille
= = . EC21
qe\d(Qd|e) + 3 3 ( )
Solving Equations (EC20) and (EC21) gives us the following equilibrium production quantities
o0 = 34c, (EC22)
Qiﬂe = %dc + %ﬁmi' (EC23)

Firm 2 also produces a quantity qg”‘l;i for the monopoly market, g, = d,,/2. Substituting the equilib-
rium production and shipping quantities ((EC22), (EC23)) in the expected sales (EC18) and revenue
expressions (EC19) and using (EC16) gives us

E[‘?d\e]— 0% E[‘%g\d]=§dc;
[%\e] [qe\d] % mis
Qhje= i, + 2d,,; Qby= 2,4 3,;;
E[I1} ) = 5@ + @, + 3 Var(a, — a,,); E[IL, | = 2& + a4, O

EC.4.3. The d-d Case

Lemma EC.4.3. When the two firms employ delayed differentiation; the expected sales, quantity of the inter-
mediate good produced, and the revenues earned by the firms are given as follows:

E[q;\d]zgﬁC/ E[qd|d]_43ﬂ +5 aml’ Qd\d=4_60_ +%6_l
E[IT, al = 11?;;19 i+ g 1 1T+ 225Var(3a — 40, + a,).

Proor. We consider the problem as a two-stage dynamic game. We first compute the best choices
in distribution stage as a function of the market demands and production quantities. Next, we use the
distribution equilibria to derive the production equilibria.

Stage 2: Distribution
We let 3, denote the quantity sold by the competitor and le ; denote the competitor’s production
quantity. The firms have a quantity le i le 4 on hand and each chooses quantities g3 ,, 47/; to
maximize the payoff:

max ([a° — (34 + 93,0)194,4 + [a™ qd|d]q;n|1d)r

mi
T31ar Ul

such that g5, + g5, = Qb4 95,4, 944 = 0. Parameters of the demand curves (a¢, ™) are known. The
first-order condition gives us the best responses as

c mi ~c
Qd\d & —=a” =4y
4 7
c mi ~c
Qd\d a—=a” =
1 .

The expressions for g; , and tjgjld are symmetric. The second-order condition is trivially satisfied. The
conditions:

%\d(“ a™; %\d/ Qd|d) =

mi

%\d(a a™; qd\d' Qd\d) =

Pr(|ac - ami| = ﬁmi + éﬁc) =1

and
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% 7 7 7 44- 7> -\ _
Pr(—3%a, —44,,+a,; < (3a,—4a,; +a,) <2a +2d,,+4a,)=1

for i,j e {1,2}, i #j ensure that we do not have corner solutions for equilibrium production levels.
Solving the four equations simultaneously gives us the equilibrium sales by each firm as

8QY, — zggld +3(af — a™)

qd\d(a a” Qd\dr {1‘,,1) = 15 , (EC24)
mi c ni i j 7Ql + ZQ] - 3(ac - ami)
aja(a /a”;Qii\d/QZi\d): L d‘ll; . (EC25)
The expected sales are given as
8Q% , —2Q)  +3(d, — d,, 70 420 —3(d, — d,,
E[q;\d] = Qd‘d led ( ) Elqi14] = Qd‘d Qd‘d ( ) (EC26)

15 15

Stage 1: Production
Given the above allocation decisions, the optimization problem facing the delayed-differentiating
firm is
max E{a" — (g}14() + @, ONia©) + (" = gilaOlaifa ), (EC27)
d|d

where g; ,(-) refers to q; ,(a¢, a™; Q} 4, Qﬁ,‘ ;)- From the first-order condition, we get the best response
in production quantities.

Qia(Qlya) = 151968, + 974, +324,,; — 64Q) ], (EC28)

where E[g; ,] and E[qg”lid] are substituted from (EC26). Again the second-order condition is trivially

satisfied. in‘ d(Qf” 2) is symmetrically defined.
Solving the equations in (EC28) gives us the equilibrium production levels as

Qd|d Qd\d_43a + 5

Substituting the above production level in the expressions for revenue (EC27) and expected sales
(EC26) and using (EC16) gives us the equilibrium sales and the revenues.

E[%Cz\d]zgﬁ ; E[qd|d]_43ac+2amz/ Qé\dzi_ga_c+%ﬁmi;
EB[I1},] = 15550 + {45 + 53z Var(3a, —4a,,; +a,;). O

Note that Lemmas EC.4.1, EC.4.2, and EC.4.3 correspond to Lemmas EC.1.1, EC.1.2, and EC.1.3, if
wesetd, =a,,=a,d,=d,; =4, pj=p, and p,, =1.

EC.5. Proofs for Results in §6
ProoF FOR TABLE 5. Table 5 follows directly from Lemmas EC.4.1, EC.4.2, and EC.4.3.

PrOOF FOR THEOREM 6.1.

(1) The best responses follow directly by comparing the profit expressions in Table 5: BR;(e) is given
by comparing II dle with IT!, . (Row 1 and 2 of Table 5). BR;(d) is given by comparing IT, dld with I,
(Row 3 and 4 of Table 5).

(2) The equilibrium choices follow from the best responses. Feasible values of p,, ie p, € [-1,1],
imply that the cell corresponding to the middle column and middle row of Table 6 is infeasible.

ele

PrOOF FOR TABLE 7 (COMPARATIVE STATICS). Table 7 is reproduced as Table EC.3 in this supplement.

Row 1. BR;(e) depends upon the difference E[Hi - E[Hf” ], or the relative advantage of e over d
when the competitor employs e. All entries in Row 1 are obtained by looking at the sign of d(E[IT; ] -

E[H;‘e])/a where - corresponds to the parameter of interest in the corresponding column. From
Lemmas EC.4.1 and EC.4.2,

E[IL},] — E[IL) ] = 422 — 14, — §d, + 1p/a,8,. (EC29)
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Table EC.3  Effect of Altering Demand Parameters on Best-Response Choices

Increasing Increasing Decreasing Increasing market sizes
mean demand variance of demand correlations - -

~ ~ ~ R aca ac T; Ye am/‘: am/‘ T; Ymi

a, t E a, t ami 1 il Pm 4 constant constant

1 2 @) (4) () (6) (7) (8)
BR;(e) —e 0 —d iff ;>0 —d iffM; >0 —d 0 —e iffP <0 —e iffM <0
BR;(e) —e 0 —d iffT,>0 0 0 0 —e iffP <0 0
BR;(d) —e 0 —d iffU;>0 —d iff ;>0 —d —d —e iffR; <0 —e iff N, <0
BR;(d) —e 0 —d iffU;>0 —-d iff0,>0 —e —d —e iffR; <0 —e iff0,<0

Notes. Each column illustrates the effect of increasing (denoted by the symbol “4”) or decreasing (denoted by “|”) the value of a parameter. The
symbol “— e[d]” denotes an increasing tendency to adopt early [delayed] differentiation.

Yo = éc/égi VYmi = émf/é%niv TI =1 —Piv émi/éc' Ui =3*4Piv émi/éc +pj\/ aAmi/aAcy Mi =1 —PiV éc/'émfv Nf = 47pmv aAmi/émi *3va éo/émi!
0 =140y Jany s+ 39y, =1~ (38/225,) — /A, Ry =3 — 401/ B B, + [y /8, — (2,091/3,698,).

Column 1: From (EC29), d(E[IT; ] - E[IT} ,])/da. = (19/450)a, > 0. Thus, relative advantage of early
differentiation increases with an increase in 4.

Column 2: From (EC29), 6(E[Hf,‘e] —E[IT},,])/d4,,; = 0. Thus, relative advantage of early differentia-
tion does not change with an increase in a,,.

Column 3: From (EC29), the relative advantage of e increases iff

J(E[IT ] —E[,,]) 1 i i
(ELIT, ] ~ E[IT) D=—<—1+p,- ar,,z)wETi:l_pi iwi _
da, 8 a, a,

Column 4: From (EC29), the relative advantage of e increases iff

J(E[IT, ] —E[IL ) 1 a a
% s\ Py, ) TUEM TG, T

mi mi mi

Column 5: From (EC29), the relative advantage of d increases with a decrease in p; iff

a(E[Hlﬂe] - E[Hzlﬂe]) _
ap; a

1
1

which is always true.
Column 6: From (EC29), J(E[IT} ] — E[IT} ])/dp,, =0, thus a change in p,, has no impact.

ele

Column 7: In (EC29), substitute 4, =+/d./7y.. The relative advantage of ¢ increases iff

J(E[IT;, ] - E[I, ) 38 a,; 38 4,
=— 2 —-1>0=P=1——vy.—p;.| = <0.
9a 5 YetPy G —HE0=h 257 Py T

c (o

Column 8: The proof is exactly the same as Column 4.

Row 2. BR;(e) depends on the difference E[HQ‘E] — E[Hfﬂe] or the relative advantage of early differ-
entiation over delayed differentiation, when the competitor employs early differentiation. All entries
in Row 2 are obtained by looking at the sign of 8(E[H’g|e] — E[Hii‘e]) /d-, where - corresponds to the
parameter in the corresponding column.

The proofs for Columns 1, 2, 3, 6, and 7 are analogous to the proofs for the respective columns in

Row 1. From Lemmas EC.4.1 and EC.4.2,

E[H£|e] - E[H{i\e] = %ﬁi - El_sﬁc - %ﬁm/ + ipj\/ é\c Amj' (ECBO)
Column 4: From (EC30), d(E[IT,,,] - E[IT} ])/dd,,; =0.
Column 5: From (EC30), 4(E[IT,,,] — E[IT} ])/dp, = 0.

Column 8: The proof is exactly the same as that for Column 4.
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Row 3. BR;(d) depends on the difference E[Hé‘ 4= E[Hfﬂ 41, or the relative advantage of e over d
when the competitor employs d. All entries in Row 1 are obtained by looking at the sign of

8(E[1'Ie| 4] —E[L;,])/9-, where - corresponds to the parameter of interest in the corresponding column.
From Lemmas EC.4.2 and EC.6.3, we get

Q)

Q>

Column 1: From (EC31), d(E[IL 1l = [H;‘d])/aﬁc = (1,394/46,225)a, > 0. Thus, the relative advan-
entiation does not change with an increase in 4a,,.
3 4 mz
d(E[IT!, ] — E[IT 8
(E[IT, ] —E[IT; 1) 443 +pm
a4, ~ 225
a(E[Held] E[IT] al)/9p; = (16/75)/d.a,,; > 0, which is always true.
Column 7: In (EC31), substitute 4. =+/d./7.. The relative advantage of e increases iff
Column 8: The proof is exactly the same as that for Column 4.
c?(E[l'ILI .1 —E[IT, 414])/0-, where - corresponds to the parameter in the corresponding column.
B, o] = B[y ] = 55552 — 6. — 53y — 50 — 7301 Bellng — 3350 Ay + 7500/l (EC32)
1+4
o4 ~ 25 ( Tz, TP

E[TL, 4] — BTy 4] = 5555 — 3580 — 335 8 — 535 — 72PN Belli = 335 Py A+ 555 [y (EC31)
tage of early differentiation increases with an increase in 4,.
Column 2: From (EC31), d(E[II] ] J—E[TL, | d]) /da,,; =0. Thus, the relative advantage of early differ-
Column 3: From (EC31), the relative advantage of e increases iff
a(E[Himl E[IT;, |d]) 6
aa ~ 225
_ ﬁmi ﬁm]
Column 4: From (EC31), the relative advantage of e increases iff
=N;=4- 3p1,/ —Pm
Column 5: From (EC31), the relative advantage of d increases with a decrease in p; iff
Column 6: From (EC31), the relatlve advantage of d increases with a decrease in p,, iff
8(E[Hi|d] E[1T] al)/9py = (16/225), /d,,;d,,; > 0, which is always true.
OB 1 —E[L, ) 6 ( 2,001 G [
aa, ~ 225\ 3,698y, a. a,
2,091 A, A,
=R,=—— 3—4p, [ +p; /-~ <0
T 3698y, 0 PG, TPy <
Row 4: BR;(d) depends on the difference E[H’ e1al — E[IT 414l or the relative advantage of e over d
when the competltor employs d. All entries in Row 4 are obtained by looking at the sign of
The proofs for Columns 1, 2, 3, 6, and 7 are analogous to the proofs for the respective columns in
Row 1. From Lemmas EC.4.2 and EC.6.3, we get
Column 4: The relative advantage of e increases iff
d(E[I1 e|d] [H \d]) 2 )
[Z\m] ﬁc
=0,=1-4p, i + 3p; 7 <0
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Figure EC.1  Profit Comparisons
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Column 5: The relative advantage of e increases if 8(E[H£|e] _E[Hiue]) /dp; = (48/225)\/d a,,; > 0,
which is always true.
Column 8: The proof is exactly the same as that for Column 4.

PrOOF FOR FIGURE 5. The proof for Figure 5 follows by setting a,,; = a,; = a,, 4,,; = d,; = 4,, and
pi =p; =p in Lemmas EC.4.1, EC4.2, and EC.4.3. A more detailed version of Figure 5 is provided as
Figure EC.1 in this document.

EC.6. Proofs for Results in §7
EC.6.1. Proofs for Results in §7.1 (Holdback Strategies)

Proor ror TABLE 8. We prove individual rows of Table 8 (reproduced in this supplement as
Table EC.4) in the following three lemmas.

EC.6.1.1. The e-¢ Case

LemMma EC.6.1. When the two firms employ early differentiation, the quantity sold under low and high
demand, the quantity salvaged, and the quantity of the intermediate good produced are given by Row 1 of Table
EC4.

Proor. We consider the problem as a two-stage dynamic game. We first compute the best choices
in distribution stage as a function of the market demand (low or high demand) and production
quantities. Next, we use the distribution equilibria to derive the production equilibria. We let ® denote
the variables for the competitor.

Under the e-¢ case, the decisions of the monopoly and the competitive market are separable. Further,
because the monopoly market has no uncertainty, both firms produce and sell a quantity a/2 in their
monopoly markets and earn a profit a*/4 from this market. The firms produce a quantity differentiated
for the competitive market ( (’C|e) at the production stage and may salvage some of it (under low

demand) in the distribution stage.
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Table EC.4 Quantities Produced, Sold and Salvaged in Equilibrium, Under Holdback

Low demand High demand
Setting q° q" q° q° q" Q
ele a+s a ap—ap-—s (ap — (1—p)s) a @h+s S a
3 2 3p 3p 2 3 3p’ 2
dle a+s a+s 9a,p—10a,p — (24 +p)s 3(ap—(1-p)s) a_ (1-p)s 5a+3a, _ 8s(1—p)
3 2 30p 10p 2 2p 10 10p
e|d a+s a 6a,p —5a,p— (6 —p)s 2(a,p — (1=p)s) a 2(ap—(1-p)s) a
3 2 15p 5p 2 5p "2
d|d a+s at+s 96a,p—86ap—5(45—-2p)s 15(a,p—(1—-p)s) a n 2ap—45(1—p)s a . 32a,p —75s8(1 —p)
3 2 258p 43p 2 86p 2 86p

Stage 2: Distribution

Low Demand. Under low demand, we assume that the firms chose to salvage a positive quantity

of the intermediate good destined for the competitive market. The firms have quantities Qf,, and Qe|e
on hand and they maximize the payoff:
mCaX([a]—(qu‘B{—qec‘e)]qule—S( ele qele)) (EC33)
ele
subject to
9o = Qe
Similarly, the other firm chooses quantities qele to maximize the payoft:
mcax([al_(qe\e_i_qe\e)]qfle_ ( ele qele)) (EC34)
ele
subject to
3. = Qdjer
Solving the best responses obtained from the two objective functions obtained above we get
~ a,+s
1e=0.="3— (EC35)
g5

The quantity salvaged, ¢;, is given as Qe‘e -
Substituting the sales from above (EC35) in Equatlons (EC33) and (EC34) gives us the profits under
low demand as function of the production quantities Qf;, and QeIL (I, ,(Q5,.), e|e(Qe\a))

High Demand. Under high demand, we assume that the firms do not salvage, and early differ-
entiating firms have no decisions to make at the distribution stage, thus g5, = 45, = Q;, = Qf‘e
The profits Hh and Hh‘ are obtained by substituting this in Equations (EC33) and (EC34) (and replac-
ing a, by a,).

Stage 1: Production
Given the above allocation decisions, the optimization problem facing the delayed-differentiating
firm is
max {pIT}() + (1= p)IL. ) (EC36)
ele
The other firm faces a symmetrical problem. Solving the two first-order conditions simultaneously, we
get the optimal production quantities as

c _Ac _4pts s
ele ele 3 3p
In addition, the firms also produce a quantity a/2 destined for the monopoly market and earn a

profit a?/4 from the monopoly market. The profits are obtained by substituting the obtained quantities
((EC35) and (EC37)) in (EC36) and adding the profit from the monopoly market (a?/4). O

(EC37)
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EC.6.1.2. The d-e¢ Case

Lemma EC.6.2. When one of the two firms employs early differentiation and the other employs delayed
differentiation, the sales under low and high demand, the quantity salvaged, and the quantity of the intermediate
good produced are given by Rows 2 and 3 of Table EC 4.

Proor. We consider the problem as a two-stage dynamic game. We first compute the best choices
in distribution stage as a function of the market demand (low or high demand) and production
quantities. Next, we use the distribution equilibria to derive the production equilibria.

Under the d-e case, the decisions of the monopoly and the competitive market are separable for
the early differentiating firm. Further, because the monopoly market has no uncertainty, the early
differentiating firm produces and sells a quantity /2 in its monopoly markets and earns a profit
a*/4 from this market. The early differentiating firm also produces a quantity differentiated for the
competitive market ( eCI ;) at the production stage and may salvage some of it (under low demand) at
the distribution stage. The delayed-differentiating firm produces a quantity Q, ., which may be sold
in the monopoly market (g;1,), or sold in the competitive market (qy,,), or salvaged (Qq. — 45, — q4[.)-

Stage 2: Distribution

Low Demand. Under low demand, we assume that the firms chose to salvage a positive quantity
of the intermediate good. The firms have quantities Qf‘ ; and Q. on hand and they maximize the
payoffs:

max ([al - (qdcle + qu)]qdcw + [61 - qé\/\le]q%e - S(Qd\e - qg\e - qtjiv\je))’ (EC38)

c M
9d\er 9d|e

subject to
‘Lg\e +‘7£/\Ie < Qile-

The early differentiating firm chooses quantities 4, to maximize the payoff:

mcax([al— (qé’c\d+qcic\e)]qec\d_S(Qecld_qechi))’ (EC39)

9eld

subject to
c c
Teja = Qea-
Solving the best responses obtained from the two objective functions above we get

a,+s
%C|d=‘7dc|e: 3

M a+s
%z\e—_z .

(EC40)

The condition s(1 + 24/p) < 9a, — 104, ensures that under equilibrium production levels, the quan-
tity salvaged is always positive. Substituting the sales from above (EC40) in Equations (EC38) and
(EC39) gives us the profits under low demand as function of the production quantities Q,, and Qfl i

(105 (Qape) 115y 4(Q50)-

High Demand. Under high demand, we assume that the firms do not salvage. For the early differ-
entiating there are no decisions to be made at this stage (qec‘ = QEC‘ ;). For the delayed-differentiating
firm, the quantities sold as a function of the production are given by Equation (EC41). The ensuing
profits (as a function of the quantities produced) are obtained by substituting (EC41) in (EC38) and
(EC39) (and replacing g, by a,). We denote these profits as Hl:zu and H?| i

c

Qd ap—a—4(q,
c _ |e eld
qd\e_ 2 + 4

C

M Qije =014

(EC41)

Gie 5 2
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Stage 1: Production
Given the above allocation decisions, the optimization problem facing the delayed differentiating
firm is
max{pIly;() + (1= )T ()} (EC42)
The other firm faces the maximization problem:
IBEX{PH?M(‘) +(1 _p)HIe\d(')}'
eld
Solving the two first-order conditions simultaneously, we get the optimal production quantities as
5a+3a, 8s(1—p)
Qd le = -
10 10p
2(a,p— (1 —p)s
Q= (a,p 5( p)s)
p
In addition, the early differentiating firm produces a quantity a/2 for the monopoly market and earns
an additional profit of a?/4.

Substituting the above production quantities (EC43) in the expressions from the distribution
stage (EC41) gives us the quantities shipped to the monopoly and competitive market and the quan-
tities salvaged. The profits are obtained by substituting the obtained quantities ((EC41) and (EC43)) in
(EC42). For the early differentiating firm, we add the further term a?/4. O

EC.6.1.3. The d-d Case

LemMma EC.6.3. When the two firms employ delayed differentiation, the sales under high and low demand,
the quantity salvaged, and the quantity of the intermediate good produced are given by Row 4 of Table EC 4.

(EC43)

Proor. We consider the problem as a two-stage dynamic game. We first compute the best choices
in distribution stage as a function of the market demand (low or high demand) and production
quantities. Next, we use the distribution equilibria to derive the production equilibria. We let ¢ denote
the variables for the competitor.

Stage 2: Distribution

Low Demand. Under low demand, we assume that the firms chose to salvage a positive quantity
of the intermediate good. The firms have quantities Q,, and Q,, on hand and they maximize the
payoffs:

Max ([a, — (9314 + 95,0)190)4 + [“ - qg/\ld]q%d _S(Qd\d - %C\d - qrflvlld))’ (EC44)

9a\ar 9d|a

subject to

qg\d + ‘79/|Id < Qia-
Similarly, the other firm chooses quantities 3 ,, ’7% ; to maximize the payoff:
qma;f,[ ([a, - (9a1a +9a10))95,4 + [a— ‘md]‘md - S(Qd\d - ‘ig\d - ‘ifivfd))/ (EC45)
d|dr 9d|d
subject to _
quC\d + ﬁ%d < Quja-

Solving the best responses obtained from the two objective functions obtained above we get

- a,+s

1°=4"=">
e (EC46)

g =" =—

The condition s(1+ (24/p)) < 9a;, — 104, ensures that under equilibrium production levels, the quantity
salvaged is always positive. Substituting the sales from above in Equations (EC44) a£1d (EC45) gives
us the profits under low demand as function of the production quantities Q,; and Qg4 (H;| i(Qaja)

I, (Qupa))-
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High Demand. Under high demand, we assume that the firms do not salvage; the quantities sold
as a function of the production are given by (EC47). The ensuing profits (as a function of quantity
produced) are obtained by substituting (EC47) in Equations (EC44) and (EC45) (and replacing 4, by a,,).

8Qu4 _zéd\d+3(ah —a)

qdc\d(Qd\d, Qd‘d): o
o) (EC47)
5 7Q,14 420, —3(a), —
qév\ld(QdM/ Qd|d): led le|; (ah 11)‘

The expressions for the other firm are symmetrical.

Stage 1: Production
Given the above allocation decisions, the optimization problem facing the delayed differentiating
firm is

max{plLy () + (1= p)Le()}: (EC48)

The other firm faces a symmetrical problem. Solving the two first-order conditions simultaneously, we
get the optimal production quantities as

~ a 32a,p—75s(1—p)
Qd\d=Qd\d=§+ 86p .

Substituting the above production quantity ((EC49)) in the expressions from the shipping stage
((EC46), (EC47)) gives us the quantities shipped to the monopoly and competitive market and the
quantities salvaged. The profits are obtained by substituting the obtained quantities ((EC46), (EC47),
and (EC49)) in (EC48). O

(EC49)

ProorF For FIGURE 6. Figure 6 is obtained by comparing the profit expressions obtained by substi-
tuting the quantities from Table EC.4 (Table 8 in the main paper) in the objective functions provided
in Lemmas EC.6.1, EC.6.2, and EC.6.3.

EC.6.2. Proof for Results in §7.2 (Alternative Market Structure)

EC.6.2.1. The e-¢ case

Lemma EC.6.4. When the two firms employ early differentiation, the expected sales, quantity of the inter-
mediate goods produced, and the revenues earned by the firms are given as follows:

52 ﬁz

a;+4a; a; + a;
; E[HE\E]Z 9

3 7

; Qe\ez

OSIRST

E[qé\e] = qi\e =

Proor. There are no decisions to be made at the shipping stage (both firms employ early differ-
entiation) and the decisions at the production stage for each market are separable from those for the
other market (the firms produce customized goods). Thus, as before, the e-e case corresponds to the
traditional Cournot setting in each of the two markets. O

EC.6.2.2. The d-e¢ Case

Lemma EC.6.5. When one of the two firms employs delayed differentiation and the other employs early
differentiation, the expected sales, quantity of the intermediate good produced, and the revenues earned by the
firms are given as follows:

‘ 74, +a; . 50, —a,
E[q;‘g]ZTj} E[qi’ld]z 12 ];
i+
Quje=Qe1u= 3 ’
aZ+a* 7(a;—a)> Var(a,—a;
E[IL,,] = A + ( ’);
| 9 288 8
B2+ (a,—a)
E[I1, ] = —— =

9 144
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Proor. We consider the problem as a two-stage dynamic game. We first compute the best choices
in the distribution stage as a function of the market demand and the production quantities. Next, we
use this distribution equilibrium to derive the production equilibrium.

Stage 2: Distribution

The Delayed-Differentiating Firm. The firm employing delayed differentiation has a quantity Q;,
on hand and chooses quantities g5, 44, to maximize its payoff.

max ([a' = (g, + 411014 e + 10 = (@3 +41,0145,),

i
Td|er 9d|e

where the clearance strategy implies qé‘e + qé‘e = Qy,, and qé‘e, qé‘e > 0. Parameters of the demand
curves (a©, a™) are known. The first-order condition for the payoffs gives us the best response below.

a;—a;+2Qy, — qé\d +q¢]2\d
4
qg\g(”i/ @; ‘1£|df ‘7£|d/ Qupe) = Q_%im(”i/ a; qim, ‘#\d’ Qupe)-

Note that the second-order condition for the above is trivially satisfied.

o ; B
%Iue(alr a; ‘72|d/ Teyar Qupe) =

Early Differentiating Firm. The other firm employs early differentiation. Thus, there are no choices
to be made for this firm at the distribution stage.

Stage 1: Production

Delayed-Differentiating Firm. Given the above allocation decisions, the optimization problem fac-
ing the delayed differentiating firm is

max Ella’ = (g () + ai1)iy ) +10' = (45,0 + 4], )y O]
where %\e(') refers to %\e(ai/ al; Qém/ q£|d/ Qafe)-

Early Differentiating Firm. The firm employing early differentiation, faces the following optimiza-
tion problem

max E[[a’ — (‘%iue + ‘15\4)]‘72\d +[a/ — (‘751|e + qg\d)]qgml'

i J
9edr Ted
Taking expectations and simultaneously solving the first-order conditions for the two optimization
problems above gives us following equilibrium production quantities:
a;+a;
3

Qd|e=
, 5a;—a; ; 5a. —a;
T i 2%
Qeja="75 Teja= "1

Substituting the above two equations in the objective functions gives us the equilibrium profits
a+a: 7@ - a;)? N Var(a; —a;)
9 288 8 ’
+a; N (a;—a;)?
144

O

EC.6.2.3. The d-d Case

LemMa EC.6.6. When the two firms employ delayed differentiation, the expected sales, quantity of the inter-
mediate good produced, and the revenues earned by the firms are given as follows:

; a. a,~+a;
E[qd|d]=§]; Qua= ——

3 ;

a;+a;  Var(a; —a;)
+ .

E[I1, ;] =
(1154 9 18

Proor. We consider the problem as a two-stage dynamic game. We first compute the best choices
in distribution stage as a function of the market demand and production quantities. Next, we use the
distribution equilibria to derive the production equilibria.
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Stage 2: Distribution ~
We let ﬁ;‘ ; denote the quantity sold by the competitor in market i and Q,, denote the competitor’s
production quantity. The firms have a quantity Q,, on hand and face the optimization problem

max ([a" — (g4 + i )70+ [0 = (@) + 3 )10 0)

i J
9a1a-94)a

such that g}, + ql{” 0= Quajar 9ar ql{” ;> 0. Parameters of the demand curves (a’, /) are known. The
other firm faces a symmetric optimization problem.
Simultaneously solving the first-order conditions for the two firms optimization problem gives us

a;—a;+3Q;4

qfi\d(ai/aerd\d)z 3

The expressions for 4 , is symmetric. The second-order condition is trivially satisfied.

Stage 1: Production
Given the above allocation decisions, the optimization problem facing the delayed-differentiating
firm is

maxE{a’ = (a4 () + a0 ()34 () + 0" = (@aC) + @O O

where g ,(-) refers to g, Ja', @5 Qq4)F* The other firm faces a symmetric decision problem.
Solving the equations in (EC15) gives us the equilibrium production levels as
~ a;+a;
Quja=Quja= 3
Substituting the above production level in the objective function and the distribution decisions we get
the required results. O

ProoF FOR TABLE 9. Table 9 follows directly from Lemmas EC.6.4, EC.6.5, and EC.6.6.

ProorF FOR THEOREM 7.1. Theorem 7.1 follows directly by comparing the profits in Lemmas EC.6.4,
EC.6.5, and EC.6.6.

EC.7. Proof for Results in Part 1

THEOREM (EQUILIBRIUM CHARACTERIZATION UNDER ENDOGENOUS RECONFIGURATION COSTS).

(1) Delayed differentiation is a dominated strategy for high enough values of the demand correlation and
low coefficients of variation, specified mathematically by the condition p 21 — (0.091/y?). The precise tech-
nical result (derived below) is that the optimal 6; >0 iff p > 1 — (1/72)g(0j), where the polynomial g(6;) €
[3,209,625/35,142,094, 12/125] = [0.091, 0.096]. A symmetrical condition applies for 0;. Thus the equilib-
rium ( fixed point) (67, 67) derived from the optimal-reaction functions is bounded away from (0,0) when
p=1-0.091/y2

(2) The equilibrium choices of 0; and 6; increase with p and decrease with 7.

Proor. When firms may choose from a continuum of configuration choices, the firms essentially
solve a three-stage game. In the first stage, the firms choose the quantity of intermediate good they
reconfigure from the competitive market to the monopoly market, as a function of the on-hand quan-
tities of intermediate goods and the employed configuration (parametrized by 6). Then, the firms
choose the quantity of intermediate goods to produce as a function of 6. Finally, firms choose 6.

In the distribution stage, the firms choose g; to maximize the payoff in

max{[a — (QF - g/) — (Q —a)))(QF — ) + [ = (Q + ) (" + ) — 0,3)?}. (EC50)

af

EC4 Note that the allocation to each market does not depend on the competition’s production, reflecting the fact that neither
firm has any strategic advantage.
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The other firm maximizes a similar expression. Solving the first-order conditions simultaneously
gives us
7QF +2QF —8QM +2QM 4 46,QF +26,QF — 46,QM + (aM — a%)(3+26))
= 15+ 86, + 46,2+ 6,) '

Substituting g/ and g; in the profit expressions of (EC50), taking the expectation using (EC1), and
then differentiating with respect to Q.© and Q. gives us four simultaneous first-order conditions to
solve. Substituting the obtained solutions for Q. and Q.M back into the expressions of (EC50), gives
us the profits as a function of the 6 denoted as I1;(6;, ;).

(1) To prove that delayed differentiation (6; =0) is a dominated strategy we show that

a(I1;(6;, 0;))

i 6,=0

In other words, the firm can always find a profitable deviation from 6, =0, for all values of 0;. The

denominator of the expression in (EC51) is always positive and the numerator is given as a°g;(6;) +
a(—1+ p)g,(0;), where

81(6,) = (15+86,)° (1,446,471 +5,010,4600; +7,180,4766; + 5,456,5446;
+2,321,0246; +524,28867 +49,1526°)
$:(0;) =2(3+26,)*(17 4 86;)(559 + 6006, + 16067)°.

This leads to the condition p > 1 — (1/y2)(g1(0j)/g2(0]»)). The polynomial g(6;) = (81(0;)/8,(0;)) €
[0.091, 0.096]. The result now follows.

(2) To prove statement 2 of Theorem 7.1 we need to show (3°I1,(6;,6,)/dpdf;) > 0 and
(6°11,(0;, 6,)/9vd0;) <0 (standard comparative statics analysis)

PIL(6;,0;)  (2(3+26,)2(17 + 86, + 46,2+ 6,)))d

= 0,
9p 96, (15+ 86, + 46,2+ 0,))° g
P11,(6;, 6,) B (2(3+426;)*(17 4-86; +46,(2+ 6,)))a* (=1 + p)
dyae, (15486, +46,(2+ 6))?

The results now follow. O



