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1. Technical Analysis

1.1 Proof of Lemma 1:

The lemma applies to both the sole-sourcing case (where S = {i}, i = 1 and j = ) and the
dual-sourcing case (where S = {1,2} and j = S\{i}). The following proof applies to both cases.
Consider a given effort profile e = (e;);cs. Let 7;(%i|7;) denote supplier i’s expected profit if he
reports 4; when his true cost equals 7;. We have 7;(9;|v:) = (%, €) — 7:q;(%i, €), where t;(y;,e) =
B [ti(%i,75)] and q;(9:, €) = B, [¢i(%i,7;)]. We adopt the standard mechanism design approach as
in Myerson (1981), and provide a sketch of the proof as follows. By the Revelation Principle (Lemma
1 of Myerson 1981), we can focus on the truth-telling mechanisms without loss of generality. In a
truth-telling mechanism each supplier ¢ finds it optimal to report 4; = ~; regardless of the realized
~vi; this is the so-called incentive compatibility constraint: 7;(;|v;) < 7 (vilvi), Vi, Ji. Duplicating
the proof of Lemma 2 in Myerson (1981), we can show that the incentive compatibility constraint
is equivalent to the combination of the following two constraints: (a) g;(7v:,e) decreasing in ~;;
(b) 7i(vilvi) = 7ri(C — eiec —e;) + fi_ei G;(p,e)dp. Given (b), supplier i’s participation constraint
(i.e., he will not reject the buyer’s procurement mechanism) is equivalent to 7;(¢ — e;|¢ — e;) > 0.
Duplicating the proof of Lemma 3 in Myerson (1981), we can show that the constraint (b) implies
that the buyer’s expected profit in any truth-telling mechanism equals E[ ", o{7:(¢ — e[ — ¢;) +
(r—J(vi,€i))qi(7y)}]. This implies that the optimal mechanism that maximizes the buyer’s expected
profit has 7;(¢ — e;[¢ — e;) = 0, and ¢;(v) = 1 if and only if » — J(v;, e;) > max{0, maxycs{r —
J(vir,eir)}}. Given the optimal ¢;(«), the contraint (b) described above implies the descriptions of
ti() in the lemma, and equations (1)-(2).

1.2 Equilibrium analysis of the no-commitment mechanism

1.2.1 Unobservable effort

Sole sourcing: Lemma 1 implies that the sole-sourcing game equilibrium effort, denoted by €%,

satisfies the equation ae% = g(e¥), where g (e) is the supplier’s expected winning quantity with

effort e. Note that G (e) equals 1 if e > 2A — 7 + ¢ and equals “55¢, otherwise (as the cut-off cost
is € (e) = ™£=°). Therefore, the supplier’s equilibrium effort e% and the buyer’s expected profit
¢ are:
o 1 ifa(2A — 7 +¢) < 1; —_ 7"—62—2%, if a (2A —r+c) < 1;
o sanx—7, Otherwise; o ((7’2;2)7:11)?, otherwise.

Dual sourcing. Lemma 1 implies that the dual-sourcing game equilibrium efforts of suppliers 1
and 2, denoted by e}, ; and e}, 5, respectively, satisfy the equations aep, ; = Ei(e%J’ e}‘m),i € {1,2},

where g;(e) is supplier ’s expected winning quantity given the effort profile e = (ey, e2). We now



derive the expression of g;(e). The expected winning quantity depends on the value range of e;
and eo. For convenience, we call the supplier with the higher effort the cost leader, and denote his
effort by e;, = max (e1, e2); we call the supplier with the lower effort the cost follower, and denote
his effort by er = min (e1,e3). For given e;, and ep, the winning probabilities of the leader and
follower are, respectively: 1) d(Ll) (er,er) and d%) (er,er)ifer —ep < 2A and ef, < 2A —7r +¢, 2)
d(LZ) (er,er) and dg) (er,er)ifer, —ep <2A and e, > 2A —r+¢,and 3) 1 and 0 if ef, —ep > 2A,

where
_ n(er) _
d(Ll)(eL,eF):F<c+eL 6F>+/ <1—F<c—6L eF))f(c)dc,
2 £+6Lg5F 2
(1) n(eF) e, — ef
dp’ (er,er) = 1—-F(c+ 5 f (cr)dc,

d? (ep,, er) :F<c+ eL_eF) +/ <1—F<c— 6L_eF>)f(c)dc,
2 £+6Lg5F 2

EieLfeF _
dg)(eL,eF):/ ’ <1—F<c+eL26F>)f(c)dc:;

From supplier i’s perspective, g; (e) can be characterized as follows: For e; < 2A —r + ¢,

dg) (e) ife;<e
7. () = d(Ll) (e) ife;elej,2A —r+(
4 d? (e) ife;€2A—r+ce+2A]

1 if6i>6j+2A

d? (e) ife <e;
g, (e) = d(L) (e) ife € lej e+ 24]
1 if e; > e; +2A

Figure SF-1 illustrates supplier 1’s expected winning quantity g, (e).
In the following, we provide detailed derivations for the best-response functions e} (e;) and the
results in the paper’s Table 2 . To derive the best-response e (e;), we define several critical values

(1) (1) —r-c,e A~ (2) e e ~ (2) e,e .
of a: a(L()) (e) = de(e’ﬂ, a(Ll) (e) = %, a(L2) (e) = %, and a(LO) (e) = de(’), which

are also illustrated in Figure SF-1.
The function e} (e;) can be specified by:
1)Ife; <2A —r+cand a < a(f) (€j), € is defined by aef = 1, giving e} = %

2) If e < 2A —r + ¢ and af) (ej) < a < min (&%) (e5) ,ZZ(LO) (ej)), ef is defined by ae} =
at? (el,e;), givi
1 (e, ej), giving

e; (ej) = e(LQ) (ej) =ej +2A <1 —2Aa + \/(1 —2Aa)* 41— 2aej> .



q1(er,€2) q1(e1, e2)
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Figure SF-1: Expected winning quantity of supplier 1, g, (e1, e2), as a function of e; for a given es.
The left plot is for es < 2A — r + ¢ and right plot for es > 2A —r + c.

3)Ifej; <2A —r+cand 65:1) (ej) <a< a(LO) (ej), e} is defined by ae} = dg) (ef,ej), giving

2
r—c+e;
T_Q_A( 2A ]>
2aA —1

€ (e) = i) (e) =

4)Ife; <2A —r+canda > a( ) (ej), €] is defined by ae; = dg) (ej,€), giving

e (e;) = e (ej) = ej + 2A (280 — 1) — \/(ej +2A (280 —1))* = (r—¢) (2(2A — ¢;) — 7 +©).

5)If e >2A —r+cand a > a( ) (ej), e} is defined by aef = dg) (ej,€r), giving

e; (ej) = 65;2) (ej) =ej —2A <1 —2Aa + \/(1 —2Aa)* -1+ 2aej> .

It can be shown in all cases the best-response function e} (e;) is decreasing, and is con-
« . . e “ _
cave when ef > e;, convex when e; < e;. The symmetric fixed-point is given by e} (e;) =

ej, and may be reached in cases 4) and 5) as described above. It constitutes an equilibrium

only if it is a contraction mapping, i.e., deze(jj ) S 1 at the point. In case 4), the solution
1

* ) — . 1 Q9= ==
to ef (ej) = e; exists when a > @ = TeA—1Fo)

Under this condition, the symmetric solution

is ej = 2A< (280 —1)* 4+ 2a (r —¢) — (2Aa — 1) — g_Ac), and %Ejj) > —1 is equivalent to

2 ~. .
a>aS = (+6A+ +6A) 1>. go)>a1fandonly1fr—g§%. In case 5),
the solution to €] (ej) = e; exists When a < a. Under this condition, the symmetric solution is
e; =L, and %(e) > —1 impli =~
J T 2a0 de; plies a > A
Define as such that as = ag) ifr—c< % and as = Z otherwise. Then, for a > ag,
de; (e5)

&, > —lat e; (ej) = e; and hence for all e; where €} (e;) < e;. In this case, there is a unique
effort equilibrium and it is symmetric. Otherwise, for a < as, we have dglie(j) < —1at e (e) = e

and hence the symmetric fixed-point is not a contraction mapping. In addition, since e} (%) >0



and €} (0) < 1, there exists a unique solution to €} <e; (ei)> = ¢; that has €] (¢;) > e;, resulting in

a unique asymmetric equilibrium.

Next, we characterize the asymmetric equilibrium, dented by (e}, 1, e}, 5). Given the expressions

of eg) (er,) and e(LQ) (er), solving eg) (e}f)’l) = e}y and e(LQ) (6%72) = e leads to
(2Aa —1)? 2 — (2Aa —1)?
€p2 ~— % y €D1 = %
2
The constraint e, ; > 2A — r + ¢ requires a < a; = (r=g+ 4(252) +4A2, where a; < a, if and

only if r —¢ < %A. Given the expressions of eg) (er) and e(Ll) (er), solving e%l) (‘3115,1) = ep, and

e(Ll) (e%g) = .e“D71 leads to

r—c—A(20A — 1)
2aA — 1 '

epo=2A(2aA—-1)—r+c,epy =

The constraint e, ; < 2A — r + ¢ requires a > as.
Therefore, the effort equilibrium can be summarized as follows:

Symmetric I (S1*): as < a < @. Both suppliers choose

u o _
€p1 =€p2 = 2%’

greater than 2A — 7 + ¢. The buyer’s profit is II}) = r —¢ + €}, + %.
Symmetric II (S2%): a > max (as,a). Both suppliers choose

6%71 = 6%72 - QA (\/(QA(I — 1)2 + 2(1 (7" _Q) _ (2Aa _ 1) _ r2—AC> ’

(T—Q-ﬁ-eqb)Q 9 _ r—ctey,

less than 2A — r 4 ¢. The buyer’s profit is I}, = A < 3K ) .
Asymmetric I (A1%): a < min (a5, as). The supplier efforts are

_ (2Aa—1)° 2 — (2Aa — 1)

u
D1~ 2a ' €D2 = 2a ’

where e, | <€}, and 2A —r + ¢ < e}, . The buyer’s profit is I, =r —c+ €}, + % (2Aa — 1)3.

Asymmetric IT (A2%): @5 < a < as. The supplier efforts are

r—c—A(20A — 1)

ep1 =2A(2aA —1) —r+c ephy =

2aA — 1 ’
2
. —ctef —cte 1\ 3
where ef,; < e, < 2A —r + c¢. The buyer’s profit is II}, = % + 3% (%) +
<1 _ T*QJre”fj,Q) (T*§+€%,1)2
2A 4A :

Full Proof of Proposition 2: Define z = = and x; = F (1 (¢;)) = "5 for i = L, F. Define

y = 2Aa > 1. From the analysis of sole sourcing and dual sourcing in section 1.2.1, it is easy to



show that II%, — II% is increasing in a when a > as, i.e., when dual sourcing leads to a symmetric

equilibrium: If @ > max (as, @), we have

-1
<dH}_i, - dng) oy =] @-a) (255 -1)+p fy<iy
- y—1+42z yz2
da da zr (2 —xzp1) o1 L)+ TP else
Both pieces are decreasing in y > 1, and positive for y — oo, hence Cﬂ;—gj — % >0. If as < a < a,
we have
Iy, dIY ) 37 if y < 1=
d - d /(2A) = 1 yz2 1
a a —¢ T oo else

With y = 2Aa < 2aA = ﬁ < 1;, dg[a% — dgag > 0 follows.

Recall a5 = a§0> ifr—c< % and a; = % otherwise. We can see ay < ﬁ for % € (1,2).

Therefore, when a < as, which implies an asymmetric equilibrium in dual sourcing, we have
amy g
T Ta
If further a < min (as, as), from the analysis in section 1.2.1,
dity,  dITg 1 1623 (z—1)+1

—_— = 3 — —_— =
da da 8aA” (Ao —1) + 2a? 2a?

for z = aA. Given a < a; < % and 2aA > 1, we have 3 < z < 1. It is easy to show 1623 (z — 1)+1
is first negative and then positive as x increases on B, 1]. Thus IIf, — IT¢ is quasi-convex for
a < min (as, as).

If a5 < a < as, which only exists for r — ¢ < %A, we have

dity, dig 208
da da @2 (2 — 1)3

1
22— D) — v 2w (22— 1)+ —
(5(x ) —w v (2z )+2x3>

for x = aA and v = £ € (1,%). Recall a5 = %. Thus z > a,A = @. Since the
expression in the big bracket above is increasing in x € [@, 1], IT}, — 1I§ is quasi-convex.

It is easy to verify that IT}, — IT¢ is negative when a = @, (for r — ¢ < %A) or a = ag, and
IT}) —II¢ = 0 when a = i Therefore, I, — I < 0 for a € [i, as], i.e., when dual sourcing leads
to an asymmetric effort equilibrium. Given that II%, — II¢ is increasing in a > as, II%) — IIg > 0
if and only if a is higher than as and sufficiently large. Since the a value at the indifference point

decreases in A under symmetric equilibria, that also implies that higher A favors dual sourcing.ll

Proof of Proposition 4: When a < m, e}y > 2A — r + c and hence the buyer’s profit in

dual sourcing

c A 1A
7):2/ (r=J(c,ep) 1= F () f(e)de=r—Tteh+ T =r—tt -+

When a > m, €5 < 2A —r + ¢ and hence

(¢3) r—c+e%)? r—c+eg
ng,:2/" (r—J(c,eOD))(l—F(c))f(C)dCZ(421))<2_3;D>'



The buyer’s profit in sole sourcing

A if @ < gort—
Mg = (r+e—n(e) F(n(e) = ro\2 Hasr

4A ( oA 1) otherwise

1) Whena<m,wehaveﬂ‘b—ﬂg:r c+@—f>0
o 2 o
2) When b < a < gzt we have I3 = A and 113, = U255 (2- =552 ) with
o 2
8) When @ > gzl we have 115 = 4A (4159 )" and 113, = Aa}, (2 - 252) where
o o
xp = % = \/(4Aa—1)2+4a(r—g)—(4Aa—1).

Further, we can show that I1%, /TI¢ strictly increases in @ when a > m, and 113, /11g > 1

then
Iy > 1I% for all a; otherwise, there exist two thresholds a; and as such that a1 < m < as
and 119, < IIg if and only if a € (a1, a2). Finally, the condition I13, < IIg at a = m

holds if
and only if TA_Q > % ~ 0.743, where z > 0 is the root of 23 — 322 + % =0. 1

when a — oo. Therefore, if 117, > II¢ (or, equivalently II%,/II¢ > 1) when a = WL”@)’

1.2.2 Observable effort

Sole sourcing. We derive the supplier’s expected profit (with the effort disutility sunk) 7;(e) =

fcn(e) F (¢) dc and its derivative afa#e(e) under all conditions of @ and r —c. We derive the equilibrium

effort, denoted by e%, by solving the first-order condition @’e eq = aeg. It n(e) < ¢ ie.,
e < 2A —r + ¢, then the supplier effort is such that 7 ( fn(e ¢)dc with 7' (e) = <.

Otherwise 7’ (e) = 0. Hence, for a < m (which 1mphes ae < T ( ) for effort e such that

n (e) < @), the effort is 2A — r + ¢; otherwise, the effort is defined by “£5¢ = ae. To summarize,

we have

€g =

AT otherwise.

. { 2A —r+c, if2a(2A—71+¢)<1;

Dual sourcing. We derive each supplier i’s expected profit (with effort disutility sunk) 7;(e)

o7 (e)
Oe;

given effort profile e, and its derivative under all conditions of @ and r — ¢. Let ep and ey,

where ep < ey, be the supplier efforts of the cost leader and follower, and let mp and 7, be the
BTrL(geL,eF) orr(er,er)
e

corresponding supplier profits. We first characterize and

(1) in the paper: 1) If e, — ep > 2A, then 87rLé€€L or) — (%F(efweF) =0; 2) If e, —ep < 2A and

er, < 2A —(r —¢), then %LL’CF) = d(Ll) (er,er) and %@’W) = d%) (er,er);3) Ifep —ep < 2A
and ey, > 2A — (r — ¢), then w = d(L2) (er,er) > 0 and %ﬁjeﬂ = dg) (er,er) > 0, where

following equation

er,
we redefine 9
(1) :r—i-eL—g_ r4+er—c
dy(er,er) = =1 ( AA > ’
+er—c r+ep—c ep—er
d(l) = r 1— _
r (erer) 4A AA A )

6



1 er, — e 2
dg)(eL,eF)—4—<L4AF> >0,

1 e —ep)?
dg)(eL,eF)E<2— L4A F> > 0.

i(e)

From supplier ¢’s perspective, % can be characterized as follows: For e; < 2A —r + ¢,

d%) (Ej, ei) if e; < €j
or; (6) o d(Ll) (ei,ej) ife; € [ej,QA—r—i—g]
Oe; d(LQ) (ei, ej) if e; € [QA —r+c¢2A+ ej]
0 if e; > 2A + €;
and for e; > 2A —r + ¢,
0 if e; < €e; — 2A
omi(e) ) dP (ej,e) ife; € e — 24, ¢)]
de; dg) (61‘, ej) if e; € [ej, 2A + 6]']
0 if e; > 2A + €;j
Let €} (ej) be the best-response of e; given e;j; it is the unige solution to a%(e) = ae;. Note that

h b ] Omi(e) from bel
the unlqueness IS ecause ae; can on y Cross 8 once 1irom below glven our assumptlon a > 2A

In the following, we derive ef(e;) and solve the equilibrium effort, denoted by (eDyl,eD,Q), by

solving the equation set e (e%y j) =eh, for i = 1,2. We find the solution is always symmetric, i.e.,

eh1 = €p o = €}, and it is always stable (i.e., %Sj) > —1,7 = 1,2 at the point).

(1) (1) _
In particular, we redefine several critical values of a: Zi(LO) (e) = de@, a(L” (e) = %,
(2) _ (2)
a(f)(e) = %, and a(o)( ) = %7@. It can be shown for e < 2A —r + ¢, a(L)( ) <

< Ei(LO) (e) (where equality is achieved with e = 2A — r + ¢), Zig)) (e) and a( ) (e) decreasing

(1
ap (e)
in e, and a(f) (e) increasing in e. Let e (e;) be the best response of e; given e;. Then:

1) Ifa< G(LQ) (ej) and ej < 2A —r 4 ¢, or a < 59) (ej) and ej > 2A —r + ¢, e} is defined by

aef = d(2) (ef,ej), giving

e; (ej) = eg) (ep) = ep +2A <\/(4Aa)2 — daep +1— 4Aa> ,

which is increasing in e;. Note e(L2) (0) = 2A < (4Aa)? +1— 4Aa> is less than 2A because

e(LZ) (0) > 2A would mean 1/(4Aa)* + 1 — 4Aa > 1, which is not possible.
2) IfaL (ej)<a§a(Ll)(ej) and ej <2A —r+c, e
3)IfaL (j)<a§6(LO)(ej)ande]<2A—r+ce

*is equal to 2A —r +c.
*
3

is defined by ae} = d(Ll) (er,e;), giving

2
r—c—4A <T+6j_£)

* M,y =
61(6])_6L (])— IAa— 1 )




€;—C

which is decreasing in e; with e}’ (e;) > —1 (since 2&4&1 iy < o < 1).

4) If a > a(LO) (ej) and e; < 2A —r 4 ¢, e} is defined by ae} = d%) (ej,€r), giving

r+e;—c

2
e (ej) = € (ej) = ¢j +2A 4Aa1\/<4Aa1+2A> —da(r—o |,

which is decreasing in e; with e¥ (e;) > —1.
5) If a > Zi(LO) (ej) and e; > 2A —r 4 ¢, e} is defined by ae} = dg) (ej,€r), giving

e; (ej) = eg) (ej) =ej +2A <4Aa —-1- \/(4Aa —1)% + dae;j — 1) )

which is decreasing in e;. Then, €} (e;) = e; gives e; = i where €% (¢;) > —1.

The symmetric fixed point of the best-response functions, e (e;) = e;, may be reached in the
above cases 4) or 5). In case 4), we have e¥. (e;) > —1 for the entire range. In case 5), the solution
ise;j = 4a at which e? 7 (ej) > —1. Thus the symmetric fixed point is contraction mapping, hence

an equilibrium. It can be characterized as follows:

. = if4a (2A —r+¢) <1
€p = 5
2A\/(4Aa— )" +4a(r—c) —2A(4Aa—1) —r+c else

1.3 Equilibrium analysis of the full-commitment mechanism
Full proof of Lemma 3

We first prove part (ii). For any mechanism that induces supplier efforts e = (e;);es, we can find a
truth-telling mechanism that induces the same efforts based on the revelation principle; hence we
restrict to truth-telling mechanisms. Given the effort e; of supplier j = S\i, the truth-telling con-
straint for supplier ¢ implies that supplier ¢’s profit from the mechanism, before distracting the effort
disutility, equals u; (i, ej) = f:Z g; (p,€;) dp +u; (7, ¢e;), where g, (v, €5) f ¢ () g (5. €j) dv;j is
supplier i’s expected quantity for realized cost v;, and u; (7, e;) is the suppher s profit for the
highest possible cost 7 (for any effort). Then supplier i’s expected profit with effort e; equals
Ui(eies) = [0 wily)gOysedvi = [55 . [7G; (p,e;) dpg(vis ei)dvi + i (7, €;), which, by
changing the order of integration, can be transformed to

c—ei
Ui (ei, €5) =/ q; (%ej)G(%evz)d%’Jr/7 4; (is €5) dyi + Ui (7, €5) - (SF-1)
vi=c—e; c—e;
Then supplier i’s total profit is m; (e;, ej) = U; (ej, ej)—¢ (e;). The best-response e; solves %Ui (ei,€e5) =
ae;. For g;(e f q; (Vi»€5) g (i, €i) dvi, it can be shown %Ui (€i,e;) = g;(e) based on G (i, €;) =
F (v + ;). Hence, the supplier efforts e induced by the procurement mechanism is defined by:
ae; = q;(e) fori € S.

Next, we prove part (i) by analyzing the buyer’s optimal mechanism given the response of efforts.

The buyer’s expected profit IT equals the expected supply chain profit ) . o { f% (r — %)@ (i, €5) g (i, €i) dyi



minus the suppliers’ expected profit ) ;¢ Ui(e). Replacing U;(e) with (SF-1), the buyer’s profit can
be written as IT= [[ 3o [(r — J(vi,€:))ai (V)] g (7. €) dvy — Dies [fg_ei 7; (Virej) dvi + Ui (7, €5) |
where g (v, e) is the joint probability density of v = (7;)ies given e. In maximizing her expected
profit, the buyer always sets ¢; (7) = 0 for any v; > ¢ — e; along with @; (7,e;) = 0. The buyer’s
profit then becomes II = f Yies [(r = J(visei))ai (7)] g(v, e)dy. For ¢ = (¢i)ies, let f(c) be the
joint probability density of ¢ and further define J(c) = ¢ + f(( )) Given J(¢; — e;,¢;) = J(¢i) — e
and e; = 1g;(e) = 2 [ gi(c — e) f(c)dc for i € S, II can be further transformed to

/zezs r—J cz>qz(c—e dc+§ </qlce)f(c)dc)2_ (SF-2)

Consider a new feasible mechanism with quantity rule (¢;(v)),c¢ that results in supplier efforts

€' = (e}),cq- Define g;(c) = ¢j(c — €') — qi(c — e), i € S. Then, following (SF-2),

/Z r—J Cz) (gilc—e) +¢ei(e dc—i—Z </ (gilc—e) +¢ei(e ))f(c)dc)z,
/Z P J(ei) + 2) eife )]f(c)dc—l—iz</cei(c)f(c)dc)2’

€S i€S

lim (I — / SI(r — Je) +261) @) (e)de. (SP-3)

&‘i(~)—>0 icS

Therefore, the sign of lim,, o (I" — IT) is determined by the sign of .

We show that, if the mechanism (g;(v));cg violates the conditions specified in part (i), it can
always be improved by constructing a new feasible mechanism (g;()),cq that produces ® > 0 and
hence IT" > II. This is achieved by first constructing ; (-) — 0 that leads to ® > 0. Then let
€ = e+ [ ei(c)f(e)de, and construct the new mechanism ¢j(y) = ¢;(v + €' —e) +ei(v + €).
Given ¢; (-) specified as follows, the new mechanism is feasible and implements ¢; (), inducing
efforts €’.

i) If there exist innate costs ¢ = (¢;),cg with positive probability measure such that r — J(@) +
2e; < 0 and g;(c —e) > 0, let g5(¢) < 0, g;(c) <0 for all ¢; > ¢; and g;(¢) = 0 for all ¢; < ¢;, with
fcj ei(e) f (¢;) dej +G; (¢; — €4, €5) remaining decreasing in c;. )

ii) If there exist innate costs ¢ with positive probability measure such that r — J(¢;) + 2e; > 0
and ) ;g qi(c —e) < 1, let g(¢) > 0, gi(c) > 0 for all ¢; < ¢ and g;(c) = 0 for all ¢; > ¢;, with
fcj ei(e) f (¢j) dej + q; (c; — €4, €j) remaining decreasing in ¢;.

iii) For dual sourcing, if there exist innate costs ¢ with positive probability measure such that
r—J@&) 4+ 2e > r— J@E) 4+ 2 > 0 and ¢i(c —e) < gj(¢ — e), let (¢) = —¢;(¢) > 0,
ei(c) = —¢ej(c) > 0 for all ¢ with ¢; < ¢; and ¢; > ¢, and €;(c) = €j(c) = 0 otherwise, with
fcj ei(e)f (¢j)de; +; (¢i — e;,€;) remaining decreasing in ¢;, i € S. W



€, €,
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Figure SF-2: In the full-comment mechanism three scenarios that have different expressions of

T (e],ed)

Derivations for the results in Table 4 of the paper

In the proof of Lemma 3(ii) we show that the first-order derivative of supplier i’s expected profit
OU;(e;,e_;)

with respect to his effort choice e;, i.e., Se

equals g;(e) given e. This implies g—;Ui (ei,e—i) =

x[@i(c—eise) —q;(c—eie)] < %

When aA > 1:

B%Ui (ei,e—;) < a always holds; therefore, supplier i’s expected profit is always concave with

respect to e;. It suffices to examine the first-order conditions to find supplier i’s best-response
f

i

effort e
Assume e{ > eg without loss of generality. We have three possible scenarios, depending on the
values of ¢ — ezf and TTJFQ, as illustrated in Figure SF-2, where the equilibrium allocation quantities

q: (e{ , eg ) have different expressions.

In the first two scenarios, i.e., when ¢ — e{ < %, we have Ei(e{, eg) +§;(e{, eg) =1,
f f
—% e — e
aey = y(ef,ef) = [1 = = —21/2, and
ae] =Ti(ef,e) = 1~ q(ef. ).

Equivalently, we have

NI
SN—
I
[NV}
~
a
==
|
[q)
SIS
N—
=
|
—
a
—
|
[q)
[NR
N—
(W)
=
[\)

alel +ef)=1and a(e —e

which admit two set of solutions:

F_ g1
AT T 5
A—1)?2 1 A—1)?
e% = (a2a),e{ == (a2),only when aA < 2.
For stableness, we need
des(er) e{ — eg —A

= > —1 and
d€1 |61:e{,62:e£ CLA2 o A + e{' _ eg an
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de’{(eg)| , . e{ - eg - A 5 _1
des == A2 A4l —ef ’

which imply that the symmetric solution is unstable when aA < 2, is stable when aA > 2. When

aA = 2, the asymmetric solution and the symmetric solution coincide. Note: the best-response

function e (e;) is given by ae}(e;) = q; (ef(e;), ;).

In the last scenario, i.e., when ¢ — e{ > "€ we have 6{(6{, eg) —i—ﬁé(e{, eg) <1,

f_f (c— f)_’ig
—x e —e c—e
ach = Dy(ef ef) = [1 - S 121/2 - [——1—2-1/2, and
. P
ae] =qi(e],e)) = F—f— — [F—fx /2
or, equivalently
_ r+c _ r+c
a(e{—l—ef):l—[c— 5 —e{][c— 5 —eg]/A2
r—c

and a(e{ - eg) = (e{ - eg)(A + eg + 5 SYINS

It admits a symmetric solution

e{ = eg =k — aA? + AVa2A2 — 2ak + 1, where k = ¢ — r—;—g‘
Given that e{ < K, the solution above must take the ‘—’ sign if k < % and it takes the ‘4’ sign,

otherwise. It also admits an asymmetric solution

£ AQ_A_T—Q def = r—-c _(aA—l)A
ey, =a 5 and e b —1) 5 )
For stableness, we need
* f r—c
dei(e2) et 5
dey Jer—eleref = " gaz A > ~Land
dej(er), et
de; 170127 % aA?2—A+el —ef .

At the symmetric solution, we have

de;(e2) _ dej(er) _ (1-aA)+ Va2A? —2ark + 1 B
;= o et oo = > —1

des ’6115{762162 dep 1761276 al —1 ’

which implies a(r — ¢) < 3(aA — 1)2.

When aA < 1:

If a dual-sourcing outcome (i.e., interior solution of e{ and eg ) is in equilibrium, e{ and eg must
satisfy the first-order conditions that we have examined. Note that by their boundary conditions
equilibrium types S1/, 2/ and A2/ all require aA > 1; equilibrium type A1/ does not hold when

aA < 1 because it implies e{ — e£ > A, which in turn implies qg = 0 and hence e£ =0 (a

11



contradiction to the expression of es in A1f). Therefore, the results from the analysis with first-
order conditions suggest that dual-sourcing outcome can not be in equilibrium when aA < 1; in
other words, eg = 0 must hold in equilibrium when aA < 1.
Given that eg = 0, the first-order derivative of supplier 1’s expected profit equals
e
1— (max{0,1— Zl )2/2 — aeq,

which can be shown always positive for e; < % and negative for e; > % Thus, the best response is

e1 = 1 when ez = 0. When e{ =Land eg = 0, we have qg(’y) =0 and q{(’y) =1 for all 7, i.e. the

sole-sourcing outcome in equilibrium.
Proof of Proposition 6

Part (i) can be verified by the results in Table 4 in the paper and is illustrated in Figure 5(b), where

the threshold a£ =1+ =9 when r — c< % and aéc = % when 7 — ¢ > %. To prove part (ii),

3
consider the sole-sourcing case: Per Lemma 3, the equilibrium effort eé must satisfy the equation
set aeé = E*(eé) = Prob(c; — eé < "¥€). The solution is eé = min{2, ﬁ}, which decreases

in a and is always higher than e{ in Table 4 of the paper. Part (iii) holds because sole-sourcing is

equivalent to the special case of dual-sourcing in which the buyer sets ga2(v) = 0,V~. As Table 4
shows, when the buyer optimizes the mechanism, the optimal mechanism has: when aA < 1,
the optimal dual-sourcing reduces to sole-sourcing; when aA > 1 (S1/, A1f, S2f, A2/), however,
the mechanism has both e{ and eg positive (and each supplier i has positive winning probability
given that the probability equals elf /a), which means dual-sourcing yields strictly higher profit than

sole-sourcing. W

1.4 Analysis of the first-best scenario

Suppose the buyer owns one supplier (i.e., counterpart of sole-sourcing). The buyer has the cost v
from [c— e, ¢—e] and her expected total profit equals F[max{0,r —~}] —ae?/2, which is maximized
by the first-best effort level, denoted by e = min{-%,1}.

Suppose the buyer owns two suppliers (i.e., counterpart of dual-sourcing). She has two random
draws, 77 from cost distribution [¢c — e, ¢ — e1] and 7, from cost distribution [c — es, € — e3]. Assume
e1 > eg without loss of generality. Her expected total profit is E[max{0,r —y1,7 — y2}] — ae?/2 —
ae% /2. We solve the optimal effort ef B and eg B present them in Table 3 in the paper and illustrate

them in Figure 5(a).
1.5 Equilibrium analysis of the partial-commitment mechanism
1.5.1 Sole sourcing

Buyer’s best-response reserve price. Given any supplier’s effort level e, if the buyer sets the

reserve price £, her expected profit equals (r —§)[§ — (¢ —e)]/A. The first-order condition of & gives

the best-response reserve price {(e) = min{c — e, T+§_e}.

12



Unobservable effort case. Denote the supplier’s best response when the buyer chooses reserve
price & by e(§). If the supplier chooses e, his expected profit equals % ff_e(f —7)dry — ae? /2, which

is maximized by e(¢) = (f*_g . The equilibrium effort, denoted by e¢”, has e(§(eg”)) = eg”; this

1

a

implies e¢” = min{ 5157,

Observable effort case. The supplier chooses e > 0 to maximize + ff_(? (£(€) —v)dy—ae?/2. The
first-order condition gives the equilibirum effort, denoted by eg” = min{[2A — (r — ¢)]*, x5 }-

Sole sourcing equilibrium effort comparison. It is easy to verify that e P < e
1.5.2 Dual sourcing

Buyer’s best-response reserve prices. Given any supplier effort profile (e, ez), the buyer’s

expected profit with reserve prices &;,7 = 1,2, equals

1 & Cc—e2 ) &2 c—e1 '
Ag[/ / (r — min{yg, &1 })dyady + / / (r — min{y1, & })dy1dys].
c—e1 Jmax{c—e2,71} c—ey Jy

2

r+c e;

The first-order conditions imply the optimal &;(e;) = min{—5—*,¢ — e1 }.

Unobservable effort case. When the effort is unobservable, the buyer chooses the reserve
price and the suppliers choose their effort simultaneously. Consider the equilibrium denoted by
(e, ey’ €1,&). We solve the equilibrium by combining all three players’ best-response functions.
Assume e} > ey? without loss of generality. We must have the buyer’s best-response functions:
ie) = mm{w ¢—e1},i = 1,2, where bold symbol e denotes (e1,e2). Given any &, & and

ej, supplier ¢ solves e; that maximizes his expected profit:
&1
max s / / (min{ye, &1} — 1)dyady — aei/2;
max{c—e2,71

& c—eq
max s / / (min{y1, &} — v2)dyidys — ae3 /2.
Y2

The first-order derivatives with respect to e; are g;(e, &) —ae;, where bold symbol £ denotes (&1, &2).
It can be shown that when aA > 1, the second-order derivatives are always non-positive, and hence

we can focus on the first-order conditions; namely, the equilibrium effort e;"” must satisfy:

§i—ctef” (G —ctey?)?

ae)” =7 ("7, §) = >4 onz (SF-4)
—u, B (6 _ euvp _ Q+ euvp)g (6 . eu’p o 52)2
ae = q“ p( 7p7 5) = ! 2A2 2 - 21A2 ) (SF_5)
_,up
where & = min{H_%,E —elPhi=1,2

In the following, we derive the results in Table 5 of the paper. To solve the equilibrium
(€17, e3P £1,&) defined by the equations above we consider three possible cases that differ in

the expressions of the best-response reserve price &;(e).
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Case 1: & =c¢—e|? for both i =1,2. In this case, we must have e}’ > 2A — (r —¢). Solve
the equations that define the suppliers’ best-response, we obtain two potential solutions.

A potential symmetric solution has

1
el? = eyt = % (Label S1“P).

a

Its conditions include .

ey’ >20 —(r—c) — (r—¢) >2A—2—.
a
A potential asymmetric solution has

2—(aA—-1)% ,, (aA—1)>

wp _ e
2a 12 2a

€1

(Label A1%P).

Its conditions include:
ey’ > ey — aA < 2
a’A?% +2aA — 1
2a '

P >20 —(r—c¢) — (r—c¢) >
We derive the slope of the best-response functions:

_ —(1—61+€2) <0

dei  dej
= ’elzeqf’p,egzeg’p
des dey a—1+e —ey

The stableness conditions (i.e., % > —1 and % > —1) for S1"P require aA > 2.

_u,p
Case 2: & = <% for both i = 1,2. In this case, we must have 2¢%7 —ey? < 2A — (r—¢).

Solve the equations that define the suppliers’ best-response, we obtain two potential solutions.

A potential symmetric solution has

eyP =ey? = 2A — (r — ¢) — 4aA% + 2A+/2a(r — ¢) + 4a2A? —4aA +1  (Label S2%P).

Its conditions include
ey’ >0 —0< (r—c) <4A;
1

Zeqf’p—eg’pSZA—(r—g)—>7’—g§2A—2—;
a

and the stableness condition requires

d

er —2(r —c— ey’ +2¢,") 7 2
P gyt = >—-1—(r—¢< 2aA —1
des lermerca=el” = JoAT oA = (r—c)+ e’ —2ey” (r=c) < 15, (2 )

d _ —2(r —c+ey?)
"7 1A Z92A + 2e1? — 3ex? — (r — ¢

7
-1 - —(2aA — 1)
> — (r g)<18a(a )

k
62 ’ u,p u
e1=e, " ,e2=e€,’

d61 1 2

A potential asymmetric solution has

qup _ 140 (r—o)— 116aA? L 584
L7 25 = 25 25
20 12aA%  6A
wp _ =Y o = u,p
e 55 (r—c)+ 55 TR (Label A2“P)
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where

o= A/50a(r — ¢) + 9(2aA — 1)2.
The condition e}*’ > ey implies a(r — ¢) > 1% (2aA — 1)2. The condition

352a2A% — 108aA — 9

2efP —es? <2A —(r—c¢) —r—c<
A T4 (r—¢ —r-c 3384

It can be verify that the stableness conditions always hold given the previous conditions.

Case 3: & = H_g;e? and & =¢—e)". In this case, we must have e}’ < 2A — (r —¢)
and 2e]"” — es” > 2A — (r — ¢). By the conditions, there is no symmetric equilibrium. There
exists an asymmetric equilibrium, which does not have closed-form expressions of e} and e;”. We
label this equilibrium by A3“P. The existence of the equilibrium is based on the continuity of the

best-response curves as r — ¢ increases between the A2"P right boundary and A1%P left boundary.

Observable effort case. When the effort is observable, the suppliers choose their effort in antici-
pation that the buyer chooses the reserve prices contingent on her observation of the effort profile.
Consider the equilibrium denoted by (e7, e5?; &1, &2). Assume e]” > eo? without loss of generality.
We must have §; = £(e®P), where

r+c—¢

¢(e) = min{ 5 c—ei},i=1,2;Ve.

Let 77 (e) denote supplier i’s expected profit excluding the effort cost. We have
o 1 &1 c—e2 )
' (e) = AQ/ / (min{~ye, &1 (e)} — y1)dy2dy;
max{c—e2,71

52 c—eq
Tl (e) = AZ/ / (min{y1,a(€)} — y2)dy1dye.
Y2

We can derive the first-order derivatives:

aw(‘g:l(e) _ (Gt 612)22— (e1 — e2)? Lt 32) (T —eq — &i(fl " 61);
awg;(e) _ (& _295 e2)? . 32 )(5 522(252—0 res)
Note that
87%’:2(6) < E-ct e’  (E—e1- Ba-cra) g s6)

=P —
Namely, 87?961_(6) < g;(e): given any e, supplier i’s marginal effort return is always less than his

winning probability.

Note: afae (©) can be discontinuous because 5o is d L when and only when &; shifts from WT_GZ
0,p
to ¢ — e1. Therefore, supplier i’s best-response €} (e;) is the largest e; such that Z?ei( ©) > ae;.
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In the following, we provide detailed derivations for the results in Table 5. To solve the equilib-
rium (e7?, eg”; &1, &2) via the first-order conditions defined above. We consider three possible cases
that differ in the expressions of the best-response reserve price &;.

Case 1: {; =c¢— e]? for both i =1,2. In this case, we must have e > 2A — (r — ¢). The

first-order conditions yield:

Az _ (et{,p _ eg,p)z.

ae®P —
t 202 ’
(A _ 607p + 60717)2
O7p — 1 2
ae,” = SN2
They imply:
* op _ _0p
de} o L ‘
deg 11270 T g A2 4 eI — 0P
* o,p 0,p
de; e;” —eyt —A

‘ 0P 0P = .
d€1 e1=e;|’",e2=e€y aA2 _ A+€¢197p _ e;ap

A potential symmetric equilibrium

1
et? = et = % (Label S1°7).

Its conditions include

1
e‘l”pEQA—(r—g)—>r—g22A—2—
a

de} e
°2 » = 1=+, and hence the equilibrium

eg,p =0 and E|61:e‘f’p,egzeg’

. .o de]
It is easy to verify gt|.,—com c,—

is always stable.
A potential asymmetric equilibrium
al\? alA?

o0,p o,p
9P = A - egr = I
1 2 )2 2

Its conditions include
e? > eg? — aA < 1.

X
de3

Ho de |
o
wever T ler=eoP ey=c

dey
) deg ler=e]"" ea=e
unstableness. We discard this equilibrium solution.

— P
Case 2: & = "< for both i = 1,2. In this case, we must have 2¢J7 — 5" < 2A — (1 —c).

The first-order conditions yield

op _ (r=ct ") —d(ey” — eh®)*  (r—ct )28 ~ 267+ e — (r—¢)),

or > 0 and op approaches negative infinity; this always imply

o, (r—c+ eo’p)2 (r—c+es?)(2A —2e7P + 5P — (r —¢))
aeg? = SAZ 2 + 2 8A21 : : (SF-9)
They imply the following

de; | 3PP —des? — (r —c)

— 0 __ 0, p— .
dey =" e2=" T AT £ 2P — 3637 — (r—¢) — A’
de3 —e" —(r—¢

—OP oy — 0P = .
del ‘61—61 ,€2=€9 4CLA2 + e?p _ 26;#’ _ (’I“ _ Q) — A
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A potential symmetric solution is

r—=c

0,p _ 14
4aA — 1

et =€ (Label S2°7P)

The conditions include:

1
26‘{’p—e;’p§2A—(r—g)—>r—g§2A—2—;
a

de] . de; 1 (4aA —1)?
dey ‘elze;”p,egzeg’p > — ’d7€1’61=6(1)’p752=€§’p >—1l—r—c< T

A potential asymmetric solution is:

)P = A —4aA* — (r — ¢) +3Ay/2a(r — ¢) ;
¢5” = —(r —c) + Av/2a(r —¢)  (Label A2°7)

Its conditions include:

7 7 (4aA —1)?
eip>€gp—)7"*§> W,
32aA
2e7P —eg? <2A —(r—¢) —r—c< 26;)

Overall, the binding ones are
(4aA —1)? e 32aA
8aAZ T E= "5

r+c—e}”

and 4, = ¢ — e]”.

Case 3: 41 = In this case, we must have e]” < 2A — (r — ¢)
and 2e{? — eg? > 2A — (r — ¢). By the conditions, there is no symmetric equilibrium. There
exists an asymmetric equilibrium, which does not have closed-form expressions of e{” and e5”. We
label this equilibrium by A3%P. The existence of the equilibrium is based on the continuity of the

best-response curves as r — ¢ increases between the A2%P right boundary and A1°P left boundary.

1.6 Proof of Proposition 7
Part (i): It can be verified by the results in Table 5 and is illustrated in Figure 5(c-d).

Part (ii) for unobservable effort: The sole-sourcing equilibrium effort ¢ solves ae = Prob(c—
e < {(e)) for the variable e, and the dual-sourcing equilibrium effort 3" solves ae = Prob(c; —e <
min{{(e), c2—eply}) for the variable e. Part (ii) holds because Prob(ci —e < min{é(e),co—e5}) <
Prob(c —e < ¢(e)) for all e and any e".

Part (ii) for unobservable effort: We analyze each region in Figure 5(d).
Region S1°P. Tt is easy to show that ep) = 5= > eg? = [2A — (r — ¢)]*, where the equality
holds only on the the boundary of S1.

Region S2°P. Tt occurs that e%ﬁ = taeg = e
Regions A2°P and A3°P. In both regions, g’ = <57, and the equilibrium effort (e, €7}s)
_ 2_4(e) —en)? _ _ " r—
satisfy the supplier 1’s best response curve: ae; = (r §+61)8A§(61 ) | [ g+el)(2A8A2§2+el (re))
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. . . b} 2 eo % _eo ”
This implies (a — 4A)(6Dp1 - esp) = P (r -
eﬁp1 > eS,P if r —c— el + 2e7F, > 0 holds. Otherwise, if r — ¢ — e} + 2€D’p2 < 0, we have

c— eD |+ 2e57) > 0 which in turn implies

r—c—ep’

1= —5 <c-— ey D 95 Wthh 1mphes &1 < ¥ for sure and thus supplier 1 S expected profit given

r—

ep’ equals fg—e%’pi (fl(eD’ﬁ) —1)g(nleph )d’h — a(eph)?, where & (efh) = %. Applying

oL u,p o,p
the first-order condition, we have e Dl = 1a A 7, equal to eg".

Part (iii): We compare corresponding points (with equal a and r — ¢) between Figure 5(c) and (d).
The following are clear observations: 1) S1“P is a subset of S1°P, and the equilibrium effort
level in the overlapped region equals; 2) S2"P is a subset of S2%P, and the equilibrium effort level
in the overlapped region is higher in S2%P. Therefore, part (iv) holds in the regions of S1*? and
S2%P. We examine the other regions as follows
Region S1°P overlapped with A1"P. Let H“’p(eD 1 eD ") and H"’p(eD en 2) denote the buyer’s
equilibrium expected proﬁt in A1“P and S1%P, respectively. We can show that IT“P (e} ep. Per D, ) =

(eph

r—c+ % + 5 — 2A and Ho’p(eDPeDQ) r—c+ %+ + — 2A. The former is
higher because e;"} > eD’p2 in A1"? and e’ = ep, in S1°7.

Region S2°P overlapped with A1*P. The equilibrium effort in Region S2°% equals x5, which
is less than that in Region S1°P (i.e., %), therefore, the buyer’s expected profit is lower in S29P
than S1%P. This implies higher buyer profit in A1%P than the overlapped S2°P because we just
proved that the buyer’s expected payoff is higher under A1%P than S1°P.

Regions S2°P overlapped with A2P and A3“P. In the proof of part (iv) we will show that the
buyer’s expected profit when the suppliers choose the equilibrium effort levels in A2%P and A3%P
is higher than the expected profit if the suppliers’ effort choices share the same expression as in
Region S2%P. The latter is higher than the buyer’s expected profit in S2°P because the suppliers’
equilibrium effort is higher in S2%P than in S2°P. Therefore, the buyer’s expected equilibrium profit
is higher in A2“P and A3%P than the overlapped region of S2°P.

Regions A2°P and A3°P overlapped with A1*P. In the proof of part (iv) we will show that
the buyer’s expected profit in A1“P equals to the buyer’s expected profit under the optimal full-
commitment mechanism. It exceeds the buyer’s expected profit in A2°P and A3°P, because we can
show that the buyer can always design a suboptimal full-commitment mechanism that induces the
same allocation outcome (contingent on the realized x) as in A2°P and A3°P but higher supplier

effort levels. In particular, in the equilibrium of A2%P and A3°P, the buyer allocates the contract

to i if and only if ¢; — ;" < ¢; — e;’p and ¢; —e)? < r—g;ef’p; let (q7%(c1,¢2), 457 (c1,c2)) denote the
implied allocation rule in the space of (c1, ¢2). Per the proof of Lemma 3, the buyer’s expected profit
in A2°P and A3%? equals: II°P = [ {Zi:1,2[T — J(ci) + €M1 (e )} f(e)de. Now, consider that
the buyer commits to using ((j?’p ,G5") in the unobservable effort case. Her expected profit equals
mwr = [ {Zi:m[r — J(c;) + ErPEP (c)} f(e)de, where &;"" is supplier i’s equilibrium effort choice
in the mechanism (¢77, g3"). To prove II*? > II°P, it suffices to show €.’ > &;"": It holds because
1) a equals g;(e7", €5™), i.e., supplier ¢’s winning probability under the mechanism (g;"", g57),

Where as ae;’’ equals 8761_(6”( sov zovy and 2) g,(e) > 8”87(6) for all e (i.e., inequalities (SF-6)-
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(SF-7)).
Part (iv) for observable effort: It directly follows from part (ii).

Part (iv) for unobservable effort: To prove part (iv) for the unobservable effort case, we analyze
each region in Figure 5(c).

Figure 5(c): Regions A1“P and S1"P. In both regions, the equilibrium outcome is the same
as in the optimal full-commitment mechanism case (i.e., €;* = elf and & = fzf =¢—ep; for
i = 1,2); for verification, one compares Tables 4 and 5. Therefore, the buyer’s expected profit in
dual-sourcing equals that in the full-commitment case. By Proposition 6(iii), the buyer has higher
expected profit in the A1%P and S1“P dual-sourcing equilibrium than sole-sourcing.

Figure 5(c): Region S2“P. We can derive the buyer’s expected profit under dual-sourcing

u,p _
3 - %,112727“9)(615101 + 7 —¢)?/A?. In region S2%P, the buyer’s profit under sole sourcing equals
r—c+i-A< [géxfi]Q if eg? = 1, and equals [;L(IZE%]Q, otherwise (i.e., where eg” = 57555).
u,p _
The buyer’s profit is always higher under dual sourcing b;ecause (3 - %)(e%ﬁ +r—c)?/A% =
_ eWP +r—c . .
yZ(% —15) > [;{522]2 = 92[78(2(12—1) - %]2, where y = 24— € [0,2] in region S2“P.

Figure 5(c): Regions A2P and A3"P. Let II"P(ep,ep2) denote the buyer’s expected profit
when supplier ¢ chooses effort e;, ¢ = 1, 2. In regions A2“P and A3“P, we can show Hw’(quﬁ, e%’g) >
[P (ego, e52), where egg = 2A — (r — ¢) — 4aA? + 2A/4a2A2 — 4aA + 2a(r — ¢) + 1; namely, the
buyer’s expected profit when the suppliers choose the equilibrium effort levels is higher than the

expected profit if the suppliers’ effort choices share the same expression as in Region S2%P. Our
proof above for region S2“P extends to show that the buyer’s expected profit given e; = e3 = ego
is higher than the sole-sourcing equilibrium profit. Therefore, her dual-sourcing equilibrium profit
in regions A2“P and A3"“P is higher than sole-sourcing.

We now prove that IT“P(e]"?, es?) > II“P(ega, eg2), where II“P(e1,e2) denotes the buyer’s
expected profit when supplier i chooses effort e;, i = 1,2 and ego = 2A — (r — ¢) — 4aA? +
2A+/4a2A? — 4aA + 2a(r — ¢) + 1. Note that (ego, es2) is the unstable fixed-point when (a,r — c)
falls in regions A2 and A3, and (e]"?,e5?) is the stable fixed-point. We can derive the partial

derivatives:
OIl"P(eq, e2) - (r—e1+2e)?  (r+eo)?
T = ql(el7 62) + (/r — €1 + 262) + 4 - 4 ’
OIT*P(eq, e3) - (r 4 e3)?
0, QQ(€1’62)+T-
We can compute I1“P(e]"?,es?) — II"P(eg2,es52) by a path integral through any path £ from

(es2,es2) to (e, ey?)

%P (e]?, eg?) — II"P(eg2, e52) = /
L

L.

OII"P(eq, e2) n OII"™P(eq, e9)
861 862

Consider the linear path e;(t) = ega + (€]? — eg2)t and ea(t) = eg2 + (e5? — ega)t with ¢ from 0

to 1, and we have

dt,

1
arr“-rp t t
Hu’p(ellhp, 61217]?) _ Hu,p(6527 65’2) _ / (egt)a 62( ))
t=0
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R (e (1), ea(8)) | [OTIP(er, )
wlert), ez _ “\e1,62)  up
7 Ber (e1” —es2) +

8H“’p(61, 62)
862

(e3” — es2)

To prove that IT"P(e]"?, e5’?) — II"P(eg2, es2) > 0, it suffices to show w > 0,Vt € [0,1],
271TU, u,p__ .
which is true because %W = —(es2—eyP)? (el —ey? + 1592) < 0, and we can verify

that W‘tzl > 0.

2. Generality of results

2.1 General cost distribution F

In this subsection we show that the following main results of our paper hold when the innate
cost distribution F(c) is a general distributions with increasing F'(c)/(c). First, if the disutility
parameter a is sufficiently small, then the symmetric pure strategy fixed point is not stable and an
asymmetric pure strategy equilibrium exists. Second, the asymmetric equilibrium region expands
as the buyer’s commitment level increases, i.e., changes the mechanism from no-commitment, to
partial-commitment, and finally to full-commitment. Third, dual sourcing becomes more favorable
relative to sole sourcing as the buyer’s commitment level increases.

We provide an outline of our analysis. In step 1, we derive the symmetric fixed point and

mech
s

mech
s

show it is stable (and hence is an equilibrium) if and only if a > a , where a is a posi-
tive threshold that depends on the mechanism mech. Let mech = u denote the no-commitment
mechanism unobservable effort case, mech = p denote the partial-commitment mechanism unob-
servable effort case, and mech = f denote the full-commitment mechanism. In particular, we show
the unstableness of the symmetric fixed point when a < a™¢“" by showing the derivative of each
supplier’s best response at the symmetric fixed point is small than —1. In step 2, we show that
there exists a stable asymmetric equilibrium when a < a™¢“". In step 3, we show the impact of the
buyer’s commitment on the asymmetric equilibrium region by showing the thresholds under the
three cases (no-commitment mechanism with unobservable effort, partial-commitment mechanism
with unobservable effort, and full-commitment mechanism) are ranked, namely, a¥ < ab < af: . In
step 4, we show the impact of the buyer’s commitment on her preference to dual sourcing.

Define the following notations. Given any distribution F'(c), denote the virtual costs J; =

c1 + I;((;l)) and Jy = ¢y + I;:((ch)) Thus, J(7v;,e;) = J; —e; for i = 1,2. Let J and J denote ¢ + 1;‘((5))
and ¢ + %, respectively. Let L and [ denote the cdf and pdf of random variable J;.

2.1.1 Step 1: symmetric fixed point and its derivative

Denote the symmetric fixed point by e; = ez = é. It is the unique intersection of e; = ej(e2) of
e1 = eg. Note that Lemma 2 in the paper extends to the case with general F' because its proof (in

the paper Appendix) does not use the assumption F' being uniform. Lemma 2 implies given e the
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best-response of supplier 1, denoted by e}, satisfies ae} = g, (e7, e2), which in turn implies

q,(é,é) = aé, and (SF-10)
diei _ 1861(6?, 62)

. F-11
dea a Oes (S )

In the following, we derive g, (e1,e2) and % under each of the three mechanisms, and show

that the existence of threshold a7°".

No-commitment mechanism with unobservable effort

When e; > eq, we have:

B Ji—e1<J—eg J1—61§min{r77—el} J
61(61, 62) = / dL(Jl) + / / dL(JQ)dL(Jl); (SF—12>
J J

J 1—e1>J—e2 Jo—ea>J1—e1
dei  10q (e, e2)

dea a Oes
1 min{r+ey,J}
= —/ l(Jl —e1 + 62)dL(J1). (SF—13)

aJJj—ester

When e; < eq, we have:

7i(e1,e2) =/

min{e; —i—r,j—ez—&—el} J
/ [ anemaren
Ji—ei1+ez

Ji—e1<min{r,J—e2} pJ
/ AL(J)AL(J),

<

J2—62>J1—e1

dei
d62 N

861 (€>{7 62)
862

min{r,J—ez}

l(J —e1 + eg)dL(J)

Il

|
Q=
S~

By equations (SF-10) and (SF-12), the symmetric fixed point, denoted by é", is the unique

intersection of ae and G (e, €):

B min{é%+r,J} ,J
aét = (&%, &%) :/ / dL(Jy)dL(J,)
J J1

_ )L+ - sLP(r+e*) if i —eu>r (SF-14)
: if J—eé"<r.

D=

Equation (SF-14) implies that both é* and aé" continuously decrease as a increases: When a

is sufficiently low, é* = % and € goes to zero as a approaches infinity.

By equation (SF-13) the derivative of the best-response curve at the symmetric fixed point

equals:

def 861 (81,62) 1 /min{éu+T7J}
—L|gymegmin = 2 e = —= I()AL(.]),
d62’ 1=z des le1=e2 al, (J)dL(J)
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which increases in a because é“ decreases in a. Therefore, there exists a threshold

s

min{é%+r,J}

ot = / 1(J)AL(J), (SF-15)
J

such that %|el:e2:éu > —1 if and only if a > a.

Full-commitment mechanism

Similarly, we study the full-commitment mechanism case. When e; > e, we have

_ J1—2e1<J—2e Ji—2e1<min{r,J—2e1} pJ
7. (e1, €2) = / dL(J) + / / AL(J)dL(Jy), (SF-16)
J

J J1—2e1>J—2es Jo—2e2>J1—2eq
deT _ laql (eiv 62)

dea a Oes
) min{r+2e1,J}
= —/ Z(Jl —2e1 + 262)dL(J1) (SF—17)
 JJ—2e3+2e;

When e; < ey, we have

B J17261§min{r,77262} J
i(e1, e2) =/ / dL(J)dL(Jy),
J Jo—2ea>J1—2e1
min{261+7‘,77262+261} J
_ / / dL(J2)dL(J})
J J1—2e1+2e2
dei _ 193 (el,ea)
des a Oes

l(J —2e1 + 262)dL(J)

9 min{r42e1,J —2e2-+2e1 }
a /]

By equations (SF-10) and (SF-16), the symmetric fixed point, denoted by é7, is the unique

intersection of ae and g (e, €):

al =gl eh = |

J

min{2¢f +r J} ,J
/ dL(J2)dL(J1)

J1
L(r+2&l) —iL2(r+2¢/) if J—28/ >r

= - (SF-18)
, if J—2ef <.

N[

It is easy to show that both é/ and aéf continuously decrease as a increases: When a is
1
2a
By equation (SF-17) the derivative of the best-response curve at the symmetric fixed point

sufficiently low, é/ = -= and éf goes to zero as a approaches infinity.

equals:
de’ 97, (e1, e2) 9 min{2e/+r,J}
des |61=62=éf = 8762|e1=ez=éf = _CL/J Z(J)dL(J)7
which increases in a because é; decreases in a. Therefore, %\ ey=eq—ef > —1 if and only if
min{2éf +r J}
a>al = / I(J)dL(J). (SF-19)
J
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Partial-commitment mechanism with unobservable effort

Similarly, we study the partial-commitment mechanism case. When e; > e, we have

B J1—2e1<J—2e9 Ji—e1<min{r,J—e1 }
qlaa,eQ)::j/ dL(J1)4—)/ /f dL(J)L(J1),  (SF-20)
J J1—2e1>J—2es Jo—2e9>J1—2e1

ﬁ 1 661 (eikv 62)
des a Oes

92 min{r+e,J}
= —/ l(Jl —2e1 + 262)dL(J1) (SF—21)

a JJ—2ex+2e
When e; < eo, we have

B Ji—e1<min{r,J—2es+e1} pJ
Tere) = [ / AL(J)AL(1),
J

Jo—2e9>J1—2e1

min{€1+7’,7—262+261} J
/ /‘ AL (J>)dL( )
J

J1—2e1+2e2

dey _ 10g,(ef, e2)

des a Oes
2 /min{rJrel ,J—2ea+2e1}
J

Z(J —2e1 + 262)dL(J)

a

By equations (SF-10) and (SF-20), the symmetric fixed point, denoted by é“P, is the unique

intersection of ae and g (e, e):

_ . min{é*“P+r,J}
G (ev gy = /“ AL (Jy)dL(J1)
J

J J1
L(r + é*“P) — L2T+éu’p if J—¢éwP >
( ) . - (SF—22)
% if J—e"P <r.

It is easy to show that both é“P and aé“P continuously decrease as a increases: When a is
sufficiently low, é“P = % and é“P goes to zero as a approaches infinity.
By equation (SF-21) the derivative of the best-response curve at the symmetric fixed point

equals

deik (961 (61, 62) 9 /min{éU,p—&—r,J}
elmeg=FWP = T |ej=eq=FuP — — — I(J)dL(J),
d62| 1o : Oes | 1=c2 P al; ( ) ( )

. . . A . dey . .
which increases in a because é%? decreases in a. Therefore, @]el:eFéu,p > —1 if and only if

min{é“P+r,J}
a>ﬂp—2/ 1(J)AL(J). (SF-23)
J
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2.1.2 Step 2: Asymmetric equilibrium

Consider the case a < a™“". Our analysis in step 1 implies that %|31:e2:éuyp < —1. By symmetry,
we have %|el:e2:éu,p < —1. This, together with the fact that e}(e;) decreases and goes to zero as
e1 increases, imply that e3(e1) must cross ej(e2) at least once from below as e; increases in [é, 00).
Such a crossing point constitutes a stable asymmetric equilibrium. The stableness is given by the
property that e4(e;) must cross ej(ez) from below.

mech

2.1.3 Step 3: Impact of commitment on a

Comparing equations (SF-14), (SF-18) and (SF-22), one can easily see gq; (€%, %) = g, (é“P, e"P) <
G1(é,¢7), and hence é* = é¢“P < &/, This, together with the comparisons across equations (SF-15),
(SF-23) and (SF-19), imply that al > d? > a,.

2.1.4 Step 4: Impact of commitment on dual- vs. sole- sourcing

We now show that dual sourcing becomes more preferable to sole sourcing as the buyer’s com-
ment level increases, i.e., changes from the no-commitment mechanism, to the partial-commitment
mechanism, and finally to the full-commitment mechanism.

Note that the buyer always prefers dual sourcing to sole sourcing under the full-commitment
mechanism, as stated in Lemma 3, which holds under general F' because its proof (in §1.3 of this
supplemental file) holds under general F'. Therefore, it suffices to show that dual sourcing is more
preferable under the partial-commitment mechanism than under the no-commitment mechanism.

We compare the partial-commitment mechanism with the no-commitment mechanism. They
share the same reserve price(s) and differ only in terms of rules of comparing two suppliers (if
dual sourcing). In other words, they are effectively the same in the sole sourcing scenario. In
contrast, in the dual sourcing scenario the buyer receivers higher ex ante expected profit under the
partial-commitment mechanism than under the no-commitment mechanism, because the former
uses the same measure (i.e., J(7v;,€;) — e;) as in the full-commitment mechanism to compare two
suppliers’ bids and this gives higher ex ante expected profit. We can prove it by a similar proof of
Lemma 3. In particular, first, we duplicate the proof of Lemma 3 up to equation (SF-3); next, we
let {g;,i = 1,2} denote the allocation rules of the no-commitment mechanism; then, we construct
{q},i = 1,2} per procedure iii) as in the Lemma 3 proof, by which we obtain {¢,i = 1,2} equal
to allocation rule of the partial-commitment mechanism. Note that in this process, the cut-off rule
remains unchanged, meaning that {¢/,i = 1,2} shares the same reserve prices as in {¢;,7 = 1,2}.

To summarize, if the buyer chooses dual sourcing, her ex ante expected profit is higher under the
partial-commitment mechanism than under the no-commitment mechanism; if the buyer chooses
sole sourcing, her ex ante expected profit equal under the two mechanisms. Therefore, dual sourc-
ing is more preferable under the partial-commitment mechanism than under the no-commitment

mechanism.
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2.2 Symmetric mixed strategy equilibrium

Our paper shows that the symmetric pure strategy fixed point is not stable and an asymmetric pure
strategy equilibrium exists if the disutility parameter a is sufficiently small. This result applies to the
following scenarios: 1) no-commitment mechanism with unobservable effort; 2) partial-commitment
mechanism; 3) full-commitment mechanism. In this section, we show that any symmetric mixed
strategy fixed point reduces to the symmetric pure strategy fixed point and therefore, it is without
loss of generality to not consider symmetric mixed strategy equilibrium. We focus on scenario 1),
and by similar analysis we can show the result applies to other scenarios.

Suppose there exists a symmetric mixed strategy equilibrium, in which both suppliers randomize
their effort choices in an interval [e, €] with e < €. By definition, in the mixed strategy equilibrium,
each supplier is indifferent in choosing any point e € [e, €].

Consider supplier 2’s problem. Let 72 (e1, e2) denote the supplier’s ex ante expected profit from
the procurement mechanism (excluding the effort cost) given (ei,eq); thus, if supplier 2 chooses

effort e, his ex ante expected profit equals
E., [Ta(e1,e)] — ae?/2.

Supplier 2 is indifferent with choosing e € [e, €] if and only if

OFE,, [ma(e1,€)]

e —ae =0,Ye € [e,€]. (SF-24)

We can show that W = E, {%] = E.,[qs(e1,¢€)], where Gy(e1,e) denotes sup-
plier 2’s expected winning probability given (e1,e). Therefore, equation (SF-24) holds if and only
if

E. [gs(e1,€)] —ae = 0,Ve € [e,€].

which holds if and only if
8E€1 52(617 6)]
Oe
In the following, we show that (SF-25) can hold if and only if € = e, which means that there

=a, Ve € [e, €. (SF-25)

does not exist a symmetric mixed strategy in the strict sense (i.e., with e < e).

Given any distribution F'(c), denote the virtual costs J; = ¢; + ?((sll)) and Jo = co + 1;((;2)) . Thus,
J(Viye;) = J; —e; for i = 1,2. Let J and J denote ¢ + ?((f)) and ¢ + %, respectively. Let L and [

denote the cdf and pdf of random variable .J;.

In the no-commitment mechanism case with unobservable effort, we have

Jo—e<min{r,J—e}
/ / dL(Jy)dL(J2)
Ji—e1>Ja—e

min{r+e,J}
/ / AL L) | -
Jo—e+eq

Eel 52(61, 6)] - E61

= E,,
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When F is the uniform distribution Ulc, €], the distribution L is the uniform distribution U[2¢, 2¢].
It is easy to show that equation (SF-25) can hold only if ¢ = €. For example, if r > J then

OF[Toler, )] _ 1-2H(e)
de 2A
which cannot be a constant as e varies in [e, €] regardless of H (i.e., the distribution of e;), except

for the trivial case with e = €.

2.3 Minimum quantity commitment

In this subsection, we study the scenario in which the buyer commits to awarding a minimum
quantity k; to supplier 4, ¢ = 1,2, with k1 + ko = k. The buyer determines the allocation of the
remaining quantity 1 — k& between the suppliers along with the payments to the suppliers in the
procurement mechanism announced after suppliers exert efforts. The procurement mechanism will
use the same rule ¢; (7v) based on the virtual costs to allocate the remaining quantity; supplier ¢’s
total quantity then becomes ¢* (v) = k; + (1 — k) ¢; (). The payment rule is designed to ensure
incentive compatibility and interim participation: th (v) = %qu (v) + ffi_ei @K (p, e)dp, where
a5 (p,e) = E, le [qlK (fy)] This gives the supplier expected profits

71'1.[( (’Vi)e) = k’b (E — € — ’YZ) + (]- - k) T (’yiue) ’
and the buyer expected profits

¥ (e)=> ki(r—c+e)+(1—k)I(e),
€S
where 7; (7;, e) and II (e) are profits in the no-commitment model as specified in Equations 1 and 2
in the paper. For the committed quantity, the buyer loses the screening power and hence has to pay

according to the upper bound cost, but can potentially gain the benefit of higher supplier effort.

2.3.1 Unobservable effort

It remains true that the equilibrium of efforts e = (e;);,cg is based on the expected quantity
purchased from each supplier: EZK (e) = (1—k)g;(e) + ki = ae; for i € S, where g, (e) is the
original quantity expected by supplier ¢ without quantity commitment. By committing a higher
quantity, the buyer increases the supplier’s incentive to improve as it reduces the quantity risk
faced by the supplier, thereby guaranteeing the supplier a larger return of investment.

For given quantity commitment k;, supplier 7 expects a higher expected quantity in sole sourcing
than does in dual sourcing with the same effort. Therefore, with the quantity commitment fixed,
sole sourcing leads to higher effort than dual sourcing as is the case without commitment.

In the following we analyze the endogenous quantity commitment decision.
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Sole sourcing

Let the minimum quantity commitment be k. Following the procurement mechanism analyzed in
the paper, the expected quantity of the supplier with effort e, EK (e), equals 1 if e > 2A —r + ¢
(no cut-off), and k+ (1 — k) X if e <2A —r +¢ (posmve probability of cut-off). This further

leads to the supplier effort eS equal to E ifa < m, and equal to % otherwise.

The buyer’s profit is HZ’K =(1-k) (7" —n (eg’K> + eg’K) F (77 (egK» +k (r —c+ eg’K>, which

u, K 2
equals r — ¢+ 1 if a < ot — r+ , and otherwise equals (1—1{:)%—#1{:(7"—04—6“[{).

We observe that Hg’ is convex in k. Therefore, the buyer either commits all quantity or does
not commit at all. We find that the former policy (committing all quantity) is optimal when a is

small or r is large, and the latter (zero commitment) is optimal in the opposite cases.

Dual sourcing

Assume k1 > ko without loss of generality. Again, following the analysis of dual sourcing in

the no-commitment model, the best-response of e; given e;, €} (e;), is the unique solution to
a0 (¢) = (1=k)d5 (e.0)+k:

)

(1 — k1 —k2)q; (e) + ki = ae; on e;. Define several critical values of a: @ 5
(1) EAWIC) ) (2) )

ag) (¢) = (1—k)d!! 2(AQATJ:C+C Otk a(LQ) (e) = (1 k:)dLefg-AZA,e)—i-kz’ and a(O)( ) = (1- k)dLe(e,e)-i-kZ’ that

are similar to those illustrated in Figure SF-1 (after shifting the horizontal axis upward by k;).

Then e (e;) can be specified by:
1) Ifa < ’d(Lz) (ej), €] is defined by aef — k; = 1 — k, giving e = i

2)Ifa aL (ej) < a < min (6(;) (ej) ,E(L(]) (ej)), e; is defined by aef — k; = (1 — k) d(Lz) (er,e;).
3)Ife; <2A —r+cand a( ) (ej) <a< a(LO) (€j), € is defined by ae; —k; = (1 — k) d(Ll) (ef,¢€j).
4) Ife; <2A —r+canda > a(o) (ej), e} is defined by aef — k; = (1 — k) dg) (ej,€f).

Ife; >2A —r+4cand a > a( ) (ej), e is defined by aef — k; = (1 — k) dg) (ej,€).

(]

)
)
)
5)

We observe that again the buyer’s profit is convex in the quantity commitment. The optimal
is achieved with no quantity commitment with both suppliers, or committing all quantity to one
supplier. The former reduces to our no-commitment model in the paper, and the later reduces to

sole-sourcing with quantity commitment equal to one.

Comparing sole sourcing and dual sourcing

As the effort disutility a increases, we find that sole sourcing shifts from committing all quantity to
zero quantity, and dual sourcing shifts from commiting all quantity with a single supplier to zero
commitment with both suppliers. The shift occurs earlier (at smaller a) in dual sourcing than in
sole sourcing, meaning quantity commitment is more favorable when there is no alternative choice
of suppliers. This also suggests that quantity commitment enhances the preference of dual sourcing
over sole sourcing, allowing the former to (weakly) dominate the latter in the buyer profits. Figure
SF-3 illustrates the buyer’s profits from sole sourcing and dual sourcing with or without quantity

commitment.
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Buyer profits

06

Figure SF-3: Buyer’s expected profits in dual sourcing and sole sourcing with minimum quantity
commitment based on the value of effort disutility a. The solid lines are profits from dual sourcing
and dotdashed lines are profits from sole sourcing. The thick lines are for the situation when
quantity commitment is possible, and thin lines for the original case when there is no quantity

commitment (the no-commitment model in the paper).

2.3.2 Observable effort

Define 75 (e) = E, [7X (c; — e;,e)] = (1 — k)7, (€) + k; (¢ — p) where i = E[¢;]. It remains true
— K =K
that the equilibrium efforts are established by the equations om”(e) om(e) _

Oe; Oe;
(1—k) 8?7(1,6) decreases in k. That means quantity commitment will only reduce the incentive of

= ae;, 1 € S. Note

supplier effort, as the supplier would not need to work as hard to “earn” that quantity. That
also means, the supplier efforts will only depend on the non-committed quantity; the committed
quantity lifts the supplier’s profit without increasing effort. Therefore, the buyer does not benefit
from quantity commitment, and the optimal quantity commitment for the buyer is zero. In other
words, with observable supplier effort, the buyer will choose not to commit a mininum quantity with
a supplier. Therefore, quantity commitment benefits the buyer only when the effort is unobservable;

hence the detrimental effect of effort information remains.
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