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A Proofs

Proof of Lemma 1. The supplier’s objective function (3) is piecewise linear. We focus on the
corner-point solutions: z = 0 or q. The result follows. |
Proof of Lemma 2. Omitted for brevity. The proof is similar to that of Proposition 3. |

Proof of Proposition 1. The proof of this proposition is parallel to that of Proposition 3, except
that the feasible region is pruned by the additional constraints qi(t1,t2) = 0 or ga(t1,t2) = 0.
Specifically, when determining the optimal (q1,q2)(t1,t2), instead of four corner-point solutions,

there are only three feasible corner-point solutions: (q1,42)(t1,t2) = (0,0), (0, D) or (D,0). [ ]

Proof of Proposition 2. The procedure for deriving the optimal order quantities of the buyer is
similar to the proof of Proposition 3, except that for each of the four maximization problems in
(A.10), there is only one feasible corner-point solution: (g1, g2)(t1,t2) = (D, D). This is the optimal

quantity pair for this model. [

Proof of Proposition 3. At optimality, from the supplier’s optimal profit (3), we have

Xa(t1,t2) + pultr, t2) Emind gu(tr, t2), ol 26 [(an, pa) (11, 12)]}

= szn [(Xm qnvpn)(tlv t2>] + ctnzfln [(QHapn)(tlﬁ tQ)]'

(A.1)

Rolling equation (A.1) into (2a), the buyer’s maximization problem becomes:

max{ Z aat? [ rE min{D, p1 21 (g1, p1)(t, t2)] + P?Z’?[(Q%Z)ﬁ(thtz)]}
t1,ta€{H,L}

- {Ctlzfl[(qu)(thh)] + K 1{q1(t1,t2)>0}} - {Ct?Z?[(qz’M)(thtz)] + K 1{q2(t1,t2)>0}}} (A.2a)

SDIRCRHCIESY {at2H§2<tz>}}

t1=H,L to=H,L
Subject to 2 (H) > 117 (L), (A.2b)
10(L) > 1L} (H), (A.2¢)
I (H) >0, (A.2d)
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15 (L) > 0, (A.2e)
qn(t1,t2) >0, pu(t1,ta) >0, for t1,to € {H,L}, forn=1,2, (A.2f)

where IIi(s) is supplier-n’s expected profit when it reports itself as of type-s, s € {H, L}.

To solve problem (A.2), first reduce the incentive compatibility and individual rationality con-
straints (A.2b—A.2e) to an equivalent set of constraints, among which there are monotonicity con-
straints for the two suppliers. Then, we temporarily relax the monotonicity constraints and solve
the relaxed problem. We then show that the optimal solution to the relaxation satisfies the mono-
tonicity constraints and, thus, is optimal for the original problem.

To reduce problem (A.2), we first rearrange the incentive compatibility constraints (A.2b)
and (A.2c) and the individual rationality constraints (A.2d) and (A.2e) for supplier n = 1,2.
Define @ to be the index of the supplier other than supplier n. Applying the definition of a
high-type supplier’s reliability advantage (Definition 1) under the contract for low-type supplier-n,
(Xn, qn,pn)(L, ts), we represent high-type supplier-n’s expected profit, when reporting itself as of
low-type, as II (L) = TIX(L) + Etﬁ{Fn[(qn,pn)(L, tﬁ)]}. Similarly, applying Definition 1 with the
contract for high-type supplier-n, (X, ¢n, pn)(H, tr), we represent low-type supplier-n’s expected
profit, when reporting itself as of high-type, as 1% (H) = IIH (H) — Etﬁ{I‘n[(qn,pn)(H, tﬁ)]}. We
substitute these two equalities into the right hand side of the incentive compatibility constraints,

(A.2b) and (A.2c), obtaining
I (H) 2 T (L) + B { Tal(@n,po) ()]}, (A.3a)
IE(L) = T (H) = B { Tal(n, po) (H, )]} (A.3b)
Furthermore, inequalities (A.3a), I'y[(qn,pn)(L,t7)] > 0 and IZ(L) > 0 (constraint (A.2e), indi-
vidual rationality for the low-type) together imply I/ (H) > 0. That is, the individual rationality
constraint for high-type supplier-n (A.2d) is redundant.

Using the new incentive compatibility constraint (A.3) and individual rationality constraint
(A.2e), we then choose X, (t1,t2) optimally for any given (gn,pn)(t1,t2). The objective func-
tion (A.2a) suggests that the objective is maximized when X, (¢,, H) and X, (t,, L) are chosen
such that the expected profit of supplier n of type t,, IIi"(t,), is minimized. Thus, at the optimal
solution, the individual rationality constraint (A.2e) reduces to

k() =o. (A.4)

Similarly, at the optimal solution the incentive compatibility constraint (A.3a) reduces to

I (H) = Bve{ Dallan, o) (L, )]} (A.5)
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We substitute (A.4) and (A.5) in the incentive compatibility constraints (A.3), obtaining

(Monotonicity) Etﬁ{Fn[(qn,pn)(H, tﬁ)]} > Etﬁ{Fn[(qn,pn)(L,tﬁ)]}, n=1,2 (A.6)

which is commonly called the monotonicity constraint in the information economics literature.
So far, we have reduced the original incentive compatibility and individual rationality constraints

(A.2b—A.2e) to constraints (A.4-A.6). We roll (A.4) and (A.5) into the objective function (A.2a):

mas { S atats | rBmin{D. a0 o p0on 1) + 555 () 0, 2]
t1,to€{H,L}

{C Zl [(QLZ)l)(tlvt?)] + Kl{q1(t1,t2)>0}} {Ct Z2 [(q27p2)(t17t2)] + Kl{qg(t17t2)>0}}:| (A7)

— " B, {Til(a1.p)(L,t2)] } = o By, {Tal(ae,p2) (1, L)]}}-

We expand the summation over t; and to and the expectations over ¢; and ¢y in the objective

function (A.7). The buyer’s contract design problem (2) becomes

max {(O‘ ) [TEmm{D pt 2 [(qu, p1) (H, H)] + p5' 23 [(Q2,p2)(H7H)]}
(gn,pn)(t1,t2)
n=1,2;t1,t2€{H,L}

{cHsz (v, pO)(H, H)] + K g, mys0y § — {28 (@2, p2) (L H)] + K Ly H>>0}}]
+ (OZHOZL) rk mm{D i 21 (g1, p0) (H, L)) + p5 23 [(g2, p2) (H, L)]}

- {CHZ{I[(QLM)(H, L)]+K 1{q1(H,L)>0}} - {CLZ2L[(Q27]72)(H7 L)+ K 1{q2(H,L)>O}}]

+ (aFa™) |rEmin{ D, ptFlar, ) (L, )] + o 24 (a2, p2) (L )]} (A8)
- {cszqu,pl)(L, )|+ K g zm0) } = {24 (a2, p2) (L )] + K gz, H)>0}}}
+ (a ) [T'E mln{D pi 2t [(qu, 1) (L, L)) + pf 25 [(Q2,p2)(L7L)]}

— {cLzlL[((hapl)(L, L) + Kl{ql(L,L)>0}} {CLZ2 [(q2,p2)(L,L)] + K 1{(12(L,L)>0}}:|
— (™)’ Tul(g1, p)(L, H)] = o' o T4 [(g1, p1)(L, L)]

— ()" Tal(g2, p2) (L, H)] — o a2 Ts[(g, p2) (L, L)]}

subject to E{Fn[(qn,pn)(H, tﬁ)]} > E{Pn[(qn,pn)(L,tﬁ)]}, (Monotonicity) (A.9)

qn(tlatQ) Z 07 pn(tl)tQ) Z 07 for n = 172 and tlatQ € {H7 L}

This concludes our first major step of reducing problem (A.2).
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Now, we carry on with the second major step: to solve the equivalent problem (A.8) to find
the optimal (g, pn)(t1,t2). We first temporarily drop the monotonicity constraint (A.9) and solve
problem (A.8) with only nonnegativity constraints. We move I',,[(¢n, pn) (L, t7)] in (A.8) to be with
other terms that depend on (g, pn)(L, t7). This allows us to rearrange problem (A.8) as a weighted
sum of four maximization problems:

(")®  max {E min{ D, pf! ! [(g1, ) (. H)] + ' =4/ (42.p2) (1. 1)} (A.10a)

(q1:p1)(H,H)>0
(q2,p2)(H,H)>0

— el (ar, o) () + K gm0y b — {24 (a2, p2) (H, H)) + K 1{qg(H,m>o}}}

H L Emin{ D, pf2H H,L Lo L H, L A.10b
+ (a"a )(thln)lggfmo{?“ mm{ , o1 21 (1, p1) (H, L)] + pg 25 [(g2, p2) (H, )]} ( )
(g2,p2)(H,L)>0
—{ e, ) (B, )] + K Ligy 1.0y}

o
- {CLZ2L[(Q2,]92)(H7 L)+ K 1{q2(H,L)>0} + aTF2[(QQ,p2)(H> L)]}}

L _H : L _L H_H

m EFm D L H L H A.10

+ (a o ) (Q17p1)(%}7(H)20{T ln{ y P1 21 [(Q1apl)( ) )] + Py 29 [(QQ7p2)( ) )]} ( C)
(q2,p2)(L,H)>0

H
«
— {e @) (L)) + K gy wamsop + S pTallan, ) (L H) |

(M ) LB+ K Lo}

+ (ot ma: Emin{ D, p¥2F[(q1, p1)(L, L)] + p& 2% (g2, p2)(L, L A.10d
(1) max  (rEmind D, ot =l pa) (L )] + b= (a2 p2) (2, 1)} (A-100)
(g2,p2)(L,L)>0

aH
—{" @) (L. D)+ K Ly wnyso + STl p) (L, D)

OCH
~ {eb el )L D+ K T + Sy Tallan )2 DI} .

We solve each of the four maximization problems in (A.10). One can show that setting
25 [(qn, o) (1, t2)] = qu(t1,t2) and py(ti,te) > i /0 is without loss of optimality. Next, no-
tice from equation (5) that I';,[(Xy, gn, Pn) (L, tw)] is increasing in p, (L, t7). Hence, it is optimal to
set pn(L, t) to be its minimum ¢& /1, which gives T [(Xn, Gn, pn) (L tn)] = b (S — &) gu(L, ).

For each of the four maximization problems in (A.10) we find the optimal order quantities
q1(t1,t2) and go(t1,t2). Because for each of these four maximization problems the objective func-
tion is piecewise linear in the order quantities, without loss of optimality, we focus on the corner-
point solutions only: (q1(t1,%2), g2(t1,t2)) € {(0,0),(D,0),(0,D),(D,D)}. Comparing the objec-

tive function value at these four corner points reveals the optimal order quantities:

A4



Problem (A.10a), ty =ty = H

When ¢ < 0: q(H,H)=D q(H H)=0 p(HH)>% p(H,H)>0
When ¢HH > 0 q(H,H) =D ¢(HH) =D p(HH)>% p(HH) >
Problem (A.10b), t; = H and t2 = L
When 9% < 0: Q(HL)=D q(H,L)=0 pi(H,L)>5  py(H,L)>0
When ¢HE > 0: q(H,L)=D @(H,L =D p(HL) >% p(HL) =5
Problem (A.10c), t; = L and ty = H

The solution is identical to the solution for problem (A.10b),

except that the indices of the two suppliers are swapped.

Problem (A.10d), t; = L and to = L
When ¢ < 0: qi(L,L)=0  q(L,L)=0 pi(L,L)>0  pa(L,L)>0
When 9L <0<yl q(LL)=D qL,L)=0 p(LL)=% poL,L)>0
When L > 0: @(L,L)=D ¢(L,L)=D p(L,L)=% p(L,L) =5

In Lemma 4, we show that the optimal solution to the relaxation problem (A.10) in the above
table satisfies the monotonicity constraint (A.6) for supplier 1 and supplier 2, as long as we re-
strict p,(H,t7) > % whenever ¢, (L,t7) = D at the optimal solution. Thus, with the additional
restriction on p,(H,t7), the optimal solution to problem (A.10) is also optimal for the original
problem (A.2). Furthermore, for all p,(¢1,t2) in the above solution that are within an interval, we
fix it to its lower bound.

We now compute the optimal fixed payments using (A.1), (A.4) and (A.5). Without loss of
optimality, for t7 € {H, L} we choose the optimal payments X to be such that

(X5, ) G )] = Tol(a5 95) (L )] and w2 (X5, g5 ) (L)) = 0. (A1)

That is, e (1, 60) =Tal(gl, p2) (L t)] 4+ 2 200 [(g5 9 (H, )] (A12)
— pr(H, t) Emin [ (H, ta), ot [(¢2 97) (H, )]

Xn(L7 tﬁ) :Ctn Zfzn [(q;,p,";)(L, tﬁ)] (Al?))

— (L, tw) Emin [q5, (L, tr), piy 27 (a5, 0) (L )] -

Substituting p;, in the above equations, we have X = 0.
Finally, we show that the optimal contract menu satisfies the dominant-strategy incentive com-

patibility and individual rationality constraints, which are for n = 1,2 and t7 € {H, L}

(1C) i (X5, ano ) (H )] 2w (X5, @ i) (L t))s - 7 (X, 0o 0n) (L t)] 2 7 (X, 4 03n) (H, )]

(IR) 7 (X, s 03) (Hi tm)] > 0, m (X, s 03) (L )] > 0.
By the standard procedure, we can show that these constraints are equivalent to

Cul(an, on) (H, )] = w0 (X5, 4 pn) (H, )] = 77 (X7, 4o 03) (L 1)) 2 Tal(a, p) (L )]
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o (X s ) (L )] = 0
Using (A.11) and (A.15), we can verify that the above constraints hold for the optimal contract. W

Lemma 4. The optimal solutions to the relazation (A.10) (in the table above) satisfy the mono-
tonicity constraints (A.6) for supplier 1 and supplier 2, if we restrict p,(H,tm) > % whenever

qn(L,tw) = D, for tz € {H, L}.

Proof. 1t is sufficient to show that, for n = 1,2 and t7 = H, L, with the additional restriction
pn(H, tm) > %, the optimal solution to (A.10) satisfies

Ln[(gn, pn) (H, tm)] = Tn[(gn, pn) (L, tz)]- (A.15)

When T',[(¢n, pn) (L, t7)] = 0 (i.e., ¢o(L,tz) = 0), the inequality (A.15) holds trivially. We now
focus on the case when ¢, (L, t7) = D.

From equation (5), I',(q,p) is increasing in both ¢ and p. Therefore, it suffices to show that
qn(H,tw) > qu(L, tz) and p,(H,tz) > pp(L, tz) for all r. First, it can be verified that the optimal
solution to (A.10) satisfies g, (H,tm) > qn(L,ts) for all r. Next, recall that when ¢, (L,t7) = D,

L

pn(L,tm) = % is optimal. Since the assumption in the lemma gives p,(H,tz) > 5 whenever
gn(L,tm) = D, we have p,(H, tz) > pn(L,t7). Inequality (A.15) follows. [ |
Proof of Proposition 4. The proof is straightforward and is omitted for brevity. |

Proof of Proposition 5. Comparing the buyer’s optimal expected profits in the dual-sourcing
model (17) and in the single-sourcing model (9), we obtain the value of the dual-sourcing option

under asymmetric information:

2

(@) (@) + (P aP) (QTE = o)t 4 (aFa™) [ — (0 — @)+ (UTE = 0)F]+ (aF) (P - ) *. (A.16)

Following the definition of O'*2, we obtain O = (pHH)+ OHL = (pHL — @)+,

oL _ {max{¢LH,wH — W) {max{w“ - 2,0} if gl —® >0
max{y ol — o pH} max{yr — & + L — @0} f YL - D <0
First, we show O = ¢ — (L — &)t + (pfL — ®)*. The upper case of OFH equals o —
(YF — @) + max{y"H — " 4 (% — ®),0}. The lower case of O can be written as ¥ +
max{y"H — pH 4 ¥ — ®,0}. One can verify 7l — & = M — o 1 L — &, Therefore,
OM = yH — (b — &)t + (L — ®)T. Then, we show OFL = (L — ®)*. In the lower case,
YL — & < 0 implies X — & < 0, and hence OFL = 0 = (pFL — @)*. [ |
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Proof of Proposition 6. From equation (21), the value of information when % —® < 0 < ¢H~

and Y — @ > 0 (i.e., max{rfl 71} < <L) s

2(a™)?® + 2(aaF )t = 2(a o) {h(c" /1 = ' /R)D + [I(1 — h)r — D - K} .
Taking derivative over h, one can verify the above formula is decreasing in A when r > 3—5 [ |
Proof of Proposition 7. Omitted for brevity, the proof is similar to that of Proposition 3. W

Proposition 8. 1. Under symmetric information, the value of the dual-sourcing option equals
0 =atlatl . 0" L ool OHL 4 oL . oM 4 oLot . OLE (A.17)

where for all combination of types O'*2 is the mazimum between the corresponding competition

benefits and diversification benefits (given in the left panel of Figure 4 when ® =0).

2. For type combinations (H,H), (H,L), and (L,L), O"H = OHH OHL > OHL (QLL > OLL,
For type combination (L,H), there exists a threshold 7 such that for r > 7, oLH > OLH, and

forr <, OLH < OLH

3. There exists a threshold rq € (TLL,fHL), such that, for r > ro the total value of the dual-
sourcing option is larger under symmetric information than under asymmetric information

(O > 0), and for r* < r < rq the converse is true.

Proof of Proposition 8. One can verify the first and second statements of the proposition using
the expressions of 02 and O'f2. We omit the details.

We focus on the third statement. The value of the dual-sourcing option under asymmetric
information is in (A.16). Rolling in the expressions of ¢! and ¥'*2 into O™*2 in equation (A.17),
we obtain the following expression:

2

() (@Y + (oM o™ ($H1E)F + (aFa ) — (1) + (@) + (0P ()T (A18)

The difference between the buyer’s value of the dual-sourcing option under asymmetric and

symmetric information, (A.16) minus (A.18), is
a8t — (= @)+ 2o [(TE — @)F — ()] 4 (@F)?[(0HF - @) — (p1h) T =
(alat) <[(z r—ch)D — K1,y — {(z r—c)D— K- 25 h (T - TH) D] 1{T>FL})
+2(aal) ({10 = h)r = ] D= K = 22 b (5 = §0) DY poprnny
~{[10 = m)r = F] D = K} Lmpiry)

+ (@) ({1 —vr = H D - K = 20 h (4 = 5 ) DYLgmron)

_ {[l(l _ Z)T _ CL} D — K} 1{T>TLL}>.

(A.19)
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We treat (A.19) as a function of r and show there exists a unique ro € (r’F,#1%), at which

the curve changes from non-negative to strictly negative. Because the lower bound of the interval,

LL

rPL | could be either greater or smaller than 7-

, we consider two cases: r’l > 7L and r < 7L
Case rI'L > 7L We prove the result by tracing the value of (A.19) for » > L. From the
tables describing the thresholds %, ... r& and #&, ..., ##L in Table 1, and the assumption of

the case, we get r’ < 7#b < bl < [FLL pHLY < FHL Ope can check that (A.19) is equal to

zero at r = rl strictly positive and strictly increasing in r for r € (r’, 7], constant with respect

~L ,.LL

to r for r € (#*,rPF], decreasing in r for r € (rif #HL

] (regardless of the ordering of 7L and
rHL) and constant in r thereafter. Also, (A.19) is negative at r = #7. Thus, there must exist
ro € (rPl, #1E) such that (A.19) changes from non-negative to strictly negative at 7q.

Case rI'l < 7L Again using the definitions of the thresholds and the assumption of the case,
we know r < rit < 7l < 7L < FHE We utilize two sub-cases, depending on 1,

Sub-case i < rHL < # One can check that (A.19) is zero at r = 7, and strictly positive
and strictly increasing in r for r € (r% rL]. As for r € (r* #%], there are three possibilities for
(A.19): increasing throughout, increasing until 7% and then decreasing thereafter, or decreasing
throughout. Additionally, (A.19) is decreasing in r for » € (7%, #1%] and constant in r thereafter.
Therefore, there exists 7 € [r" #L] such that (A.19) is strictly positive at 7 = #* and decreasing
for r > 7. Furthermore, (A.19) is negative at r» = #7%. Thus, there must exist ro > #* such that
(A.19) changes from non-negative to strictly negative at ro. Sub-case 7% < {FlL rHL} < FHL jg

similar to the previous subcase. [ |
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