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Supply Chain”

Online Appendix
In this appendix, we present the detailed analysis that have been omitted in the main paper. Part | provides

the details of how to solve constraints (1) and (2). Part 1l proves Q(Lip)min(ql'p) < qu)min(qip) < qyp. Part

111 describes the undefeated equilibrium and the lexicographically maximum sequential equilibrium (LMSE).

Part I: Solving Constraints (1) and (2)

We first solve constraint (1) step by step : (Ay — q;p — %)qip > MaXg,,<q, (A — qin — AL_Zq”’)qu,

which is equivalent to solve:
(A — 1 — qip)qip = MmaXg,,<q, Ay — AL — qin)qin- (A1)

We examine the two cases for qp- SUppose g, 2@. Then, maxqusgp(ZAH — A, — qiy)qin =

(2Ap—AL)?
4

Y -
> (ZA”4 B> (24 —p— Gip)qip, Which contradicts (A1). Thus, we must have g, < iy

2A-AL

Given g, < , maniHqu(ZAH — AL — qin)qin = (2Ay — AL — qp)qp. That is, we need to solve

(24 — 1= 0ip)aip = QA — AL — @p)ap + 1€, qp? — R4y — ADqp + (245 — 11— Gip)qip 2 0 .

ZAH_AL_J(ZAH_AL)Z —-4(2Ap—1—qip)qip

Solving  this inequality, ~we obtain g, < > o qp=
24-Ar+ |2Ag—AL)?—4(2An—1—qip)qi _
‘/ > i Combining with the condition ¢, < % , we get g, <
24p~AL- |2Ar—AL)?~4(2An—1~qip)dip 2Au—A

ggp)min(qip) = J 2 < HZ L)-

Next we solve constraint (2): (A, —q;p — “_Zqi”)qip > maxg, <q, (AL — qu — AL;q“)qiL , which is
equivalent to solve:

(241 — 1 = 4ip)dip = maxg, <q, (AL — qi)qir- (A2)
. AL ALZ (ZAL_H')Z

We examine the two cases for q,. Suppose g, = - Then, maniLSQP(AL —qiL)qiL = Vo =2

(24, =t = qip)qip » Which contradicts (A2). Thus, we must have g, <%. Given g, <%,

1



maxquﬁgp(AL — qi)qi. = (AL — qp)qp- Thatis, we need to solve (24, —p— qip)qip = (AL — qp)qp. 18,

AL—JAL2—4(2AL—H—Qip)Qip
2

qp? —ALqy + (24, — 1 — gip)q;, = 0. Solving this inequality, we obtain g, <

AL+\/AL2_4(2AL_ﬂ_Qip)Qip
2

or qp = . Combining with the condition g, < %, we get g, < Q(Lip)min(Qip) =

AL_\/ALZ_4(2AL_ﬂ_Qip)Qip
2

(<.

Part11:  Proof of g%ip)min(qip) < ggp)min(qip) < qip

Here we prove gép)min(qip) < ggp)min(qip) < Qip - FirSt’ we show E(Lip)min(qip) < ggp)min(qip) .

Substituting the expressions for q¢;,)min(dip) and 4{ip)min(dip). We obtain

L ° J(ZAH—AL)Z—4(2AH—#—¢1ip)Qip—2(AH—AL)—\/ALZ—4(2AL—#—CIip)ql'p G1—G,
g(ip)min(qip) - g(ip)min(qip) = 2 = P

where G, = \/(ZAH —A)?— 4244 —p—qip)q;p and G, = 2(4y — A + \/ALZ —4(24, — 1 — qip)qip -

Note that

G —G,” = 4(Ay — AD(AL — 2qi — JALZ —4(24, — u— qip)qip) = 4(Ay — A (g1 — 92),

where g, = A, — 2q;, and g, = \/ALZ —4(24, — u — qip)q;p- Note that
91> — 92> = 4(A, — qip < 0.

Since g, > 0, we know g; < g,, which implies G; < G,. Thus we have qfiy)min(dip) < 4{ipymin ip)-

Next we show q(f,)min(dip) < dip- Substituting the expression for q(},)min (qip), We obtain

" 3 _ ZAH—AL—ZQip—J(ZAH—AL)Z—4(2AH—#—Qip)Qip _ F-F,
g(ip)min(Qip) qip = 2 - 5

where F, = 24, — A, — 2q;, and F, = \/(ZAH — A)? — 4(2Ay — 1 — q;)qip- Note that
F*-F*=4(4, - wWqip < 0.

Since F, >0, we obtain F; < F,, which implies qu)min(qip) < @jp - In summary, we conclude

gép)min(qip) < gg‘p)min (qip) < Qip-



Part 111: Undefeated Equilibrium and LMSE

The undefeated equilibrium and LMSE concepts have been commonly used as an alternative
equilibrium selection criterion. Mailath et al. (1993) define these outcome-based refinement concepts
of undefeated equilibrium and LMSE, which are introduced to avoid the limitations of other refinement
techniques such as the Intuitive Criterion (which for example may eliminate all equilibria or fail to
select a unique equilibrium). Essentially, for a general class of signaling games (including AG’s setting),
both undefeated equilibrium and the LMSE correspond to the same equilibrium outcome. Mailath et al.
(1993) summarize and explain the advantages of these refinement concepts (Pareto-optimality,
uniqueness and existence for a very general class of signaling games). Below we provide the definition
of LMSE applied to AG’s setting.

Definition (Lexicographically Maximum Sequential Equilibrium) In a signaling game G, we denote
the set of types by {H, L}, the i-type player’s payoff by m;(-), and the set of pure-strategy perfect
Bayesian equilibria by PBE(G). The strategy profile ¢’ € PBE(G) lexicographically dominates (L-
dominates) ¢ € PBE(G) if n;(¢') >mn, (o), or my(¢") =m (0) and my(o') > my(o). The
strategy profile ¢ € PBE(G) isan LMSE if there does notexist ¢’ € PBE(G) that L-dominates o.

Essentially, LMSE selects the most efficient (profitable) outcome from the perspective of the type of
the informed player that has the most incentive to reveal his or her true identity. In AG’s setting, the
LMSE outcome is the PBNE outcome that the low-type incumbent finds most profitable among all
PBNE. The rationale for this refinement is fairly intuitive. Note that the high-type incumbent has an
incentive to mimic the low-type incumbent but not vice versa, i.e., the low-type incumbent is the one
with an incentive to reveal its identity. So, when both separating and pooling PBNE exist, if the low-
type incumbent makes a higher profit under the pooling outcome than under the separating outcome
whereas the high-type incumbent makes a higher profit under the separating outcome than under the
pooling outcome, then the pooling PBNE would be selected, since the separating equilibrium can be
realized only by adopting an “unreasonable” belief system.

If LMSE refinement is adopted in AG’s setting, the similar unique composite equilibrium will be

achieved, which leads to the same qualitative results as in AG’s original paper. The only difference is

that the low threshold (g,,) in the entrant’s belief system under the pooling equilibrium should be g, =

Min[q(i,)min (@ip)s Aipyminl: MOt @ = q{ipymin s specified in AG. This is because AG missed some

incentive compatibility (IC) constraints in their analysis for the pooling equilibrium.



