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Appendix

In this appendix we provide mathematical proofs of all lemmas and propositions presented in the paper. It will be useful in what follows to
have set, as we do now, § = E[S] and U = E[U].

Proof of Lemma 1. Let us assume that a contract f, () is optimal (i.e., it maximizes the client’s expected profit) and that it induces the
optimal efforts é; and €, by the vendor. Then the vendor’s problem can be represented as

maXe, e,>0 E[fo(S) | (e1, €2)] — c1(e1) — cz(e2)

The first-order conditions (FOCs) for this problem are

ci(e) =é = —aE[fO(S)Jg(el' eZH;—i (LL1)
{é1.é;}
c3(E) =&, = 2£|fo(S) | Cor, €2)] °(S)a|s-(el' eZ)l% (L1.2)

{1,6,}

The FOCs for the vendor’s problem under a linear contract {&, T} are

aaE[S] —e
dey -
JE[S] _
de; =

Therefore, equations (L1.1) and (L1.2) can be implemented via a linear contract {@, T} by setting

o O even]
65_' (é1,62)

Note that the fixed payment 7 does not affect vendor effort and so can be chosen to make the vendor’s participation constraint tight. Checking
fd
for second-order conditions (SOCs) under a linear contract yields « g — 1 = —1 < 0. We have thus established the optimality of the linear

contractual form {a, T}.
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Proof of Proposition 1. In the modular tasks case, S = ¢(e; + ye,) + &, because project outcomes do not depend on the client’s effort (A =
0). Having established in Lemma 1 that the linear contract is optimal, in this proof we need attend only to linear contracts (of the form T +
as).

Effort choice. The FOCs for the first-best effort level, as defined in equation (4), are

&, = argmax,, E[f(S) | e1,e;] — c1(e1) — c2(e)

2 2
=arg max, T+ adle; +ye,] —71—%2=a¢) (P1.1)

and, similarly,
é, =aye (P1.2)
As shown in the proof of Lemma 1, the SOCs for linear contracts are satisfied. Then, by equation (5), E[f(S) | &;,8,] — ¢1(&;) — (&) =
0. Hence the client will set T such that E[f(S) | &;,&,] — ¢;(&;) — c;(&,) = 0, thereby making the vendor’s participation constraint tight
and extracting all the surplus. Therefore,
T+(XE[S| él,éz] _Cl(él)_CZ(éz) =0 (P13)

From equation (3) it follows that

€3 = arg maxe,»g E[v(é,, &, e3)] —c3(e3) —E[f(S) | &, €]

As a result,
2 5 52
€3 = arg maxe,»o ¢[é; + {6 + (1 — 6)y}é, + Oez] — 673 - % - 672 =6¢ (P1.4)
Contract design. According to equation (2), the client’s contract design problem can be stated as
maxg .y [gs = E[v(é,,€;,83)] — c3(&3) — E[f(S) | (é1,€2)]
And
ez &2 &2
max, lgs = [, + {0 + (1 — O)y}é, + 065] — 73 —71 - 72
52 52
since E[f(S) | (é1,€,)] = % + 672 Substituting the values of é;, é,, and &; from equations (P1.1), (P1.2), and (P1.4) into the contract design
problem yields
2 2 2,2
maxg Mss = ¢2 [ +ya(6 + (1 - O)y} + 62 =2 = 21|

_ 2
which is a concave function in «. The FOC for the contract design problem gives us @ = %(},129)7}) and the SOC yields aagfs =
—@?[1 + y?] < 0. Substituting into the values of &;, &,, and &;, we obtain & = (l)[w], é,= ¢[w], and é;= ¢6.

1+y?
Finally, substituting these efforts into the profit function yields the profits given in Proposition 1.

1+y?

First-best outcome. From equation (1) in the “Model Description and Assumptions” section, we know that the coordinated solution is e =
b, e; = p[0 4+ (1 —0)y], and e5 = $p6. We can see that client effort in the SS modular case is é;= ¢80, which is the coordinated solution.
%;12—9)1'} =1 and %}S—G)y}] =6+ (1 —0)y. Solving these two equations
simultaneously gives us that either & = 0 or y = 1 is both a necessary and sufficient condition for the client to attain the first-best solution
in the single-sourcing case.

For the vendor effort to be first-best, we need
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Proof of Proposition 2. The client offers the contract {a;, T;} to vendor i, where «; is the variable term of the linear contract and T; is fixed.
The vendors’ optimal efforts are given by

€= arg max, g aE[S(e1,8)] —ci(e)) + Ty = a1
€,= arg max,, o a,E[S(&1,e5)]— cz(ep) + T, = ya, ¢

From Equations (10) and (11), which are the individual rationality constraints, we can see that T; and T, do not affect vendors’ effort
decisions. Therefore, we can freely adjust these terms to ensure that the vendor participation constraint is tight. Hence we can write

52
e
Ty = ~aE[S(e1,8)] +

and

52
é
T, = —a,E[S(&1,8,)] + 72

We can now complete the proof by showing that there exist {a;, a,} such that &; = e/ is the unique Nash equilibrium for the vendor’s effort

decision. Seta; = 1land a, = w It is easy to check that {e], e;} is a Nash equilibrium outcome and also the first-best solution. The

reason is that vendor i’s FOC is satisfied at e; when vendor j chooses e;". Since in this case the vendors’ effort game is decoupled from client
effort, we must show that {e;, e;} is a unique Nash equilibrium. For that purpose, the Hessian is computed. We can check that

@,10°ES(ege;)  9%ci(er) a,0%ES(eq,e;)
H| = de? de? de,de,
- a,02ES(ey,e5) @,0%ES(ere2) _ 92ca(er)
de,de; de? ae2 |

=|‘01 _01|=1>0

0%ES(ey,e;) _ a,0%ES(eqe;)  a,0%ES(ey,e;) 9%ci(ey) _ 8%cy(ey)
5 = > = =0 and — ==
de; dej de,0e, de; des
that T; and T, are set such that no vendor earns a surplus over its reservation value, we conclude that the client can attain the first-best
outcome for itself.

because —1.Therefore, {e{, e;} is a unique Nash equilibrium. Given

Proof of Lemma 2. Suppose that a contract f,(-) is optimal and that it induces the optimal efforts &, and é, by the vendor and é3 by the
client. Then the FOCs for this vendor’s problem are

. _ 0E[fo(S) | (e, ez €3)] a5
) = 6 = L Lg ]a (L2.1)
{€1,6,,63}
I ~ 0E S , €y, as
Cz(ez) =8, = [fo( )|aif1 7} 83)16_62 (L2.2)

{61,665}

It follows that either é;, &, € (0, ) or & = &, = 0. The latter case can easily be implemented by setting @ = 0; we therefore focus on the
case é;, €, € (0, ), which renders equations (L2.1) and (L2.2) necessary. The FOCs for the vendor’s problem under a linear contract {a, T'}
are

Therefore, equations (L2.1) and (L2.2) can be implemented via a linear contract {&, T} by setting
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_9E[fo(S) | (es.e2,e3)] (L2.3)

a —
9s {61,6,,63)

We now examine the client’s effort decision. If é; > 0 then, under f; (), the FOC for the client’s effort choice problem is

v (é1.85.69)| _ aE[fo(S) | (eq, e, 63)” = cl(Es) = &
as
{€1,65,63}

des e3=é;

Under the linear contract {a, T}, the FOC for the client’s effort choice problem becomes

ov(ey.ez.€3) 9E[S] _
EPS a de, = c3(e3)

A comparison of the two preceding FOCs shows that the value of «, as given in equation (L2.3), ensures that the client’s FOC under linear
contracts is satisfied at &;. As in the proof of Lemma 1, @ > 0; also, @ < 1 because é5 € (0, o). All SOCs are (trivially) met. If &; = 0 then,

under fo (),

(505 ()] (?1, e, €3)] 05|

<
as des 0

9es ler,00)

e;=8&;

Under the linear contract {a, T}, the derivative of the client’s expected profit is

dv(ey.ez.e3) 9E[S] '
des a des €3 (63)

Substituting the value of @ as determined by equation (L2.3) ensures that the client’s effort choice is é; = 0. Furthermore, since é; = 0 it
follows that @ = 1—thus ensuring satisfaction of the sufficient conditions for the linear contract to implement &;, é,, and &;. Because the
fixed payment T does not affect vendor effort, it can (again) be chosen such that the vendor’s participation constraint is tight. Hence a linear
contract can replicate the performance of any optimal contract and so is itself optimal. We must now establish that the optimal linear contract’s
performance cannot yield the client’s first-best result.

Recall that, when tasks are integrated, the VPM S = ¢p(e; + ye, + de3) + &,.

Effort choice. The FOCs for the effort devoted to outsourced tasks, as defined in equation (14), are

2 2
é, = argmax,, E[f(S) | e;, €3 &3] — c1(e1) — cz(ep) = argmax,, T + agle; +ye, + Aeg] — %1 - %2 =a¢p (L2.4)
and, similarly,
é, =ayo (L2.5)

Equation (5) implies that E[f(S) | &, &;, &3] — ¢1(€1) — c2(€;) = 0. Here the client will set T such that E[f(S) | &, &,, &3] — ¢1 (&) —
¢, (&,) = 0, thereby making the vendor’s participation constraint tight and extracting all the surplus. Hence

T+ aE[S] — ¢,(&,) — ¢, (&,) = 0 (L2.6)
The equality &;= arg max,>o E[v(&;, &, e3)] — c3(e3) —E[f(S) | (&1, &;, e3)] now follows from equation (13). Therefore,

é3= arg max, o ¢[é; + {60 + (1 — 0)y}é; + {6 + (1 — )1 — alles]
2

e?2 &% &2 o
- - - T tapres =40+ (1 - 01— Aa] (L2.7)

Contract design. Equation (12) gives the contract design problem as

maxy() llss = E[v(8y, &;,83)] — c3(&3) — E[f(S) | (€1, €3, 83)]

and we have
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5 _&_ 8

maxg Mss = §[&y + {6+ (1= O)y}e, + {6 + (1 — O)ay)es] - S-S -2

52 52
because E[f(S) | (é1,65,63)] = % + 872 Substituting the values of €;, €,, and é; from equations (L2.4), (L2.5), and (L2.7) into the contract
design problem yields
max, [gs = p2[a +ya{@ + (1 —0)y}+ {6+ (1 —6)AH6 + (1 — 6)A — Aa}
_{8+(1-0)1-1a)* a® Py
2 2 2
0+@1 -6} a?2?> a? a?y?

_ 42 _ _T _
=¢?la+ya{d+ (1 -0)y}+ 7 2 5 5

which is a concave function in @. The FOC for the client’s contract design problem now gives us

_ 1+y{6+(1-0)y}
T 14y2422

Substituting into the values of é;, é,, and é;, we obtain

5 1+y{6+(1-6)y} 5 y[1+y{0+(1-6)y}| 5 Al1+y{0+(1-6)y}]
=l b =0 an band &=9¢[0+(1-01-—— 5]

First-best outcome. We know that the coordinated solution is e; = ¢, e; = ¢p[6 + (1 — 0)y], and e5 = ¢[0 + (1 — 6)A]. It is clear that
the first-best efforts can never be achieved, since client effort in the single-sourcing case with integrated tasks is strictly less than the
coordinated solution. Substituting the value of « in the SS integrated tasks case gives us

[ = o0+ (1 -0 [1+y{6+0-60)y}°
ss = @71 2 21 +y2+2%)

|

Proof of Lemma 3. We shall start by proving the optimality of linear contracts. Assume that contracts f;(-) for vendor i are optimal and that
they induce optimal efforts é; and &, by the vendor and é&; by the client. Note that if &; = 0 for i € 1,2 then a; = 0 trivially implements that
effort level; as a consequence, we can restrict our focus to €;, &, € (0, ). The vendors’ FOCs are

5 5 9E[£1(S) | (ev,2.¢3)] OES]
cj(8) = &, = ) [(reas)] L3.1
1(&1 1 25 9er Iz, 5, 6.) (L3.1)
5\ — 5 — 9ELf2(S5) | (eseze3)] OE[S]|
(&) =68, = = L3.2
2(&2 2 35 9es |, 0,01 (L3.2)
and the FOCs for vendors under linear contracts {a;, T;} are
0E|[S]

i
a,—— = Cq(e
1 ael 1( 1)

JE[S
a; J = c3(e2)
de,

Therefore, equations (L3.1) and (L3.2) can be implemented via linear contracts {a;, T;} by setting

_ OE[fi(S) | (evez.€3)]
= as

(L3.3)

{€1,62,63}

We now check the client’s effort decision. If €; > 0 then, under f;(-), the FOC for the client’s effort choice problem is

w2 aE[fi(S) | (ey, 92»93)] a5

0E[v(é,,6,,e3)] s s
les=; = Zi=1 P 92, euere:) = €3(&3) = &

des
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Under the linear contracts {a;, T;}, the FOC for the client’s effort choice problem becomes

OE[v(eq,ez.e3)] aS ’

—3232 = (o + az)a = c3(e3)

Comparing these two FOCs reveals that the value of «;, as determined in equation (L3.3), ensures that the client’s FOC under linear contracts
is satisfied at &;. Just as in the proof of Lemma 1, we have a; > 0. Also, since é; € (0, o) it follows that ¢, + a, < 1. As before, all SOCs
are trivially met. If é; = 0, then under f;(*) we have

0E[v(é,, é2,93) IE[f;(S) | (91'62;63)] as <
663 _Z ae |{e19233} <0

Under the linear contracts {a;, T;}, the derivative of the client’s expected profit is

0E[v(ey,ez,e3)]

as ,
e, (a1 + a3) 9es cz(e3)

Substituting the value of a; as determined in equation (L3.3) ensures that the client’s effort choice is é; = 0. Similarly to the proof of
Lemma 1, we have a; > 0. Also, since é; = 0 it follows that a; + a, = 1, thus ensuring that the sufficient conditions for the linear contract
to implement é;, é;, and é; are satisfied. Finally, the fixed payments T; do not affect vendor effort and can therefore be chosen such that the

vendor participation constraints are tight. So again linear contracts can replicate the result of any optimal contract, which means that linear
contracts are optimal.

Our next task is to show that the optimal linear contract’s performance cannot be the client’s first-best result.
Effort choice. The FOCs for effort spent on the outsourced tasks, as defined in equations (18) and (19), are

€, = arg max,, E[f1(S) | e1, &5, &3] — c1(eq)
é, = argmax,, E[f,(S) | é;,e;,é3] — cz2(ez)

2
€, = argmax,, T + a;[¢p(e; +yve, + de3)] — % =a,¢ (L3.4)

é, =argmax,, T + a,[¢p(e; +ve, + le3)] — = =yay¢ (L3.5)
From equations (20) and (21) it follows that E[f;(S) | &, &;, &3] — ¢,(é1) = 0 and E[f,(S) | é;, &,, €3] — ¢, (&;) = 0. Hence the client will
set Ty and T, such that E[f;(S) | &, &5, 3] — c1(é;) = 0 and E[f,(S) | €1, €,, €3] — ¢, (&;) = 0, thereby making the vendor’s participation
constraint tight and extracting all the surplus. Then
T1 + alE[S] - Cl(él) =0 and TZ + azE[S] - Cz(éz) =0
We can now conclude from equation (17) that
€3= arg maXx,»q E[v(&y,é;,e3)] — c3(e3) — E[f1(S) | (61,€2,83)] — E[f2(S) | (€1, €;,&5)]
Therefore,
€3 = argmax, o ¢[é; + {6 + (1 — 0)y}é; + {6 + (1 — 0)A — A(a; + az)}es]
2 52 52
—2 -2 -2 Ap(ay + @)= [0 + (1 — )4 — Aay + )] (L3.6)

Contract design. According to equation (16), the client’s contract design problem can be stated as

maxg(y lys = E[v(€y, &, 83)] — c3(&3) — E[f1(5) | (81,82, 83)] — E[f2(S) | (1,85, 85)]

e & &
maXg, o, Mus = @€ + {0 + (1 — 8)y}é, + {6 + (1 — 0)A}&;] - 2373
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<2 52
since E[f1(S) | (é1,€,,63)] = %1 and E[f5(S) | (é1,8,,63)] = 372 Substituting the values of é;, &,, and &; from equations (L3.4)—(L3.6) into
the contract design problem now gives

MaXy, o,>0 Mus = ¢?[a; +ya {6 + (1 — 0)y}

+{0+A-DAHO+ (1 — 62— A(a; + ay)}

B 0+0-0)A-Aa; + ay)}? : a_12 3 ay?y?
2 2 2

]

which is a concave function in @4 and a,. The FOC for the client’s contract design problem yields the following three cases.

{6+(1-0)2}* ]
2 2(1+42)1°

Case (i) 10 < y{0 + (1 - 0)y} < —. then @y = 0, &y = ——. and Iys = ¢7

AZ’
In this case it is easy to see that &, = 0, from which it follows that the client does not attain its first-best outcome.

Y2+22-22y{6+(1-0)y} _ (+2)y{6+(1-0)y}-2?
Y2422 4y2)2 > Y2 T Y2422 4272 >

Case (ii) If —== <yo+1-0)y}<1+L e then a, = and

Mys = ¢p2[as +ya {0+ 1 -0y} + {6+ (1 —)AHO + (1 — A — Ay + )}

B 0+ 1 -6)1—Aa; + ay)}? B a,_12 B azy?

2
2 [{9+(1—9),1}2 +y 2422-222y{0+(1-0)y}+(1+A3) [y{8+(1-6)y}1?
2(y2+2%+y222)

Substituting the expressions of @; and «, into the values of &;, &,, and &3, we obtain

5. = [Y2+/12—/12Y{9+(1—9)]/} G =¢ Y[(1+12)Y{9+(1—9)Y}—12]]
1 y2+2A2+y222 ? 2 y2+A2+y222

L vy g [PHER=2p{0+(1-0)y} | (1+2%)y{6+(1-0)y}-22
and e3—¢[9+(1 02 /1{ Y24 A24+y272 + Y2+A2+y222 }]

We know that the coordinated solution is e] = ¢, e; = ¢[00 + (1 — 0)y], and ez = ¢[6 + (1 — 6)A]. It is now trivial to deduce that the
client’s first-best effort in the multisourcing case with integrated tasks is less than in the coordinated solution.

y{o+(1- 9)y} and Tyg = 2 [{9+(1 A | [y{6+(1-6)y}]?

Case (iii) Ify{0+ (1 —8)y}>1+L aaz 2072 427)

= then a;=0,a, =

In this case it trivially follows that &; = 0, so again the client does not attain its first-best outcome.

Proof of Proposition 3. We shall compare the profits resulting the single-sourcing and multisourcing strategies when tasks are
interdependent.

Single-sourcing. From the proof of Lemma 2 we know that the client’s profit under the SS strategy is

(0+1-0)132 [1+y{6+0 -6}
2 21 +y%2+2?)

M5 = ¢ ]

By the proof of Lemma 3, the client’s profit under the MS strategy is
Mys = ¢?[ay +yas{0 + (1 —0)y}+ {6+ (1 — OO+ (1 — )2 — Ay + a3)}

+(1—-0)1—-Aa; + @)Y a? a?y?
- ) “2 7]
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Note that if y{6 + (1 — 6)y} <iz then a,=0andify{6 +(1-0)y}>1 + then a; = 0. Therefore, under multisourcing we obtain
the following results:

. {6+(1-6)1}? 1
Case () 170 <y{0 + (1 - 0)y} < 0. then @, = 0, &; = ——, and Iys = ¢ | + Z(IW)].
. Y2 HA2-2%y{6+(1-6)y} 1+22)y{0+(1-0)y}-1?
Case (ll) If = ]/{9 + (1 - 9)]/} <1 + FEd then a; = W and a, = V247222 . Hence
- — 2 2 2,,2
Mus = $%[ay +ya {0 + (1 — 0y} + {0 + (1 — 0)AHO + (1 — O)A — Ay + )} — 2C 9“2““”“2” —a_nr

2 {9+(1—9)/1}2+y +22-2229{0+(1-0)y}+(1+ A1) [y{6+(1-0)y}]?
2(y%2+22+4y222)

Case (iii) Ify{6+(1 -0y} >1+L " then a,=0,a, =

y{6+(1- G)y} and Tyg = 2 [{6+(1—9)A}2 [y{9+(1—6)y}]2]
0 2 .

2z y2+A2 2(y2+22)

A numerical comparison of the SS- and MS-based profits under different values of 8, y, and A now yields the results in the proposition.
(These comparisons are plotted in Figure 2 of the main text.)

Proof of Proposition 4. Here we consider only the case when tasks are modular. Also, for this proof we normalize ¢ to 1; doing so does not
affect the analysis because it merely acts as a scaling factor in our model.

Single-sourcing. We can state the client’s contract problem under SS as follows, where “CE” denotes “certainty equivalent™:

max;(, lss = E[v(é;, &, 85)] — ¢3(83) — E[f(S) | (61,&,)] (P4.1)
subject to
&3 = arg max, .o E[V(&1, &5, €3)] — c3(es) — E[f(S) | (&1, 8,)], (P4.2)
8,8, = arg max,, o,»0 CE[f(S) | (e1,€,)] — ¢1(e1) — ¢z (e2), (P4.3)
and  CE[f(S) | (81,8,)] — c1(&1) — c2(é2) = 0. (P4.4)

The client is risk neutral and so takes only the expected value of the contract into account; in contrast, the vendor is risk averse and
therefore, when making its decisions, accounts instead for the certainty equivalent of the contract. We first use a CARA model to derive the
form of the certainty equivalent for a risk utility function, in which case the uncertainty &, is normally distributed. For the CARA model,
U(x) =1 — e~ ™, where r is the absolute coefficient of risk aversion. Because the verifiable signal is of the form S = e; + ye, + des + &,
we seek the certainty equivalent of a general signal of the type S = A + &,. Let CE(S) denote the certainty equivalent of signal S. Then

_ _ 2 2
1 — e~T CE®) = f {1—e r(A+sZ)} e e~e2/29% de,
- - 1 g2 2
=1—e T f_ {e rsz}_e £5/20 de,5
4 2 54
- —e2/20%—re,~ 22 4 0
=1—e rAf —e e/ 2= 202 202 dg
-0 \/ o
A [ _1m ~(e2+10%)?/20% g o

Yet because [ e~(2419°)*/20% 4o\ — 1 it follows that

®© 21mo

.rZG-Z

2

ro
=4 —-—
2

If tasks are modular, then S = (e; + ye,) + &, because project outcomes do not depend on client effort (A = 0). We shall focus on linear
contracts of the form T + asS.

Effort choice. The FOCs for devoting first-best efforts to the outsourced tasks are
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é, = argmax,, CE[f(5) | e, e;] —c(er) —c(ez)

ro?a? e? e?

=argmaxelT+a[e1+yez]—T—7—7=a

and, similarly,

e, =ay

Here the participation constraint is expressed as CE[f(S) | &;,&,] —c(é;) —c(é;) =0 and so the client will set T such that
CE[f(S) | é1,8,] — c(&;) — c(&,) = 0, which makes the vendor’s participation constraint tight and also extracts all the surplus. Therefore,

roa?

T+ aE[S] — S c(é;) —c(é,) =0 and
&= arg max,,»o E[v(éy, &, e3)] — c3(e3) —E[f(S) | (61, €7)]

It follows that
el &2 &2 ro2a?
83= argmax,,so & + {6 + (1 — 0)y}é, + {6 + (1 — 0)A}es — 73 - 71 - 72 -—

=0+(1-6)2
Contract design. According to equation (P4.1), the contract design problem can be stated as

maxy.y [ss = E[v(é,,8;,83)] — c3(&3) — E[f(S) | (é1,€2)]

ez ez & roa?

Max,, [lgg =é1+{9+(1—9)y}é2+{9+(1—9)/1}é3—7—7—7— 5

52 52
since E[f(S) | (é1,65,€3)] = % + %2 Substituting the values of &,, é,, and é; into the contract design problem then yields

max, gs = a +yaff + (1 -0y} +{8+ (1 —06)1}?
Clo+a-01P @ oy’ ro*a?

2 2 2 2

which is a concave function in a. The FOC for the contract design problem now gives us

_1+y{6+ 1 -8y}
B 1+y2+ro?

and the firm’s profits under SS are given by

0+ AP [14vi8+ 1 -
s~ 2 2[1+y2 +ro?]

Multisourcing. The client’s contract problem in the MS case can be stated as

maxy, .y lys = E[v(81, &, 83)] — c3(83) — E[f1(S) | (€1, €2)] — E[f2(S) | (81, €2)] (P4.5)

subject to the following conditions:

€3 = arg max,, g E[v(é,, &, e3)] — c3(e3) — E[f1(S) | (61, 82)] — E[f2(S) | (€1, €)] (P4.6)
€1 = arg maxe, »o CE[f1(S) | (e1,&)] — c1(e1) (P4.7)
€, = arg maxe,»o CE[f2(S) | (€1, e2)] — ca(ez) (P4.8)
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CE[f1(S) | (é1,€2)] —c1(é1) = 0 (P4.9)

CE[f2(S) | (61, €2)] —c2(E2) 2 0 (P4.10)

Effort choice. The FOCs for the first-best efforts on the outsourced tasks are

€1 = arg maxe, CE[f1(5) | e1,&;] — c1(e1)
é, = arg max,, CE[f2(S) | é1, e2] — c2(ez)
therefore,

roa,? e?

é; = argmax, T + a,(e; +ye;) — 2 !
~ rola?  e?
&, =argmax,, T + ay(e; +ye;) — — T, T

Here the participation constraints are CE[f;(S) | &, &,] — ¢1(€;) = 0 and CE[£,(S) | &, &,] — ¢,(€;,) = 0. The client will set T; and T, such
that CE[f;(S) | &,,8,] —c1(é;) =0 and CE[f,(S) | &1, &,] — c,(&,) = 0, thus making the vendor’s participation constraint tight and
extracting all the surplus. Hence

ro’a,?
2

rola,?

T1 + alE[S] - 2

—¢1(61) =0 and T,+ ayE[S]

—c(&)=0
from which we conclude that

&3 = arg maxe, s E[v(&;, &, e3)] — c3(e3) — E[f1(S) | (81, &)] — E[f2(S) | (€1, €,)]
= arg maxe,»o é; + {6 + (1 — 0)y}é; + {6 + (1 — 0)A}e;

2 32 32 2, 2 2, 2
et &¢ é¢ rola ro’a
_3_=1_z2_ ‘7" _ 2=0+(1—9)A
2 2 2 2 2

Contract design. The client’s contract design problem is

maxg .y Mys = E[v(&y,&;,83)] — c3(&3) — E[f1(S) | (€1, &)] — E[f2(S) | (€1, ;)]

g2 &2 32 rg2a? rola?
Maxy, o, Mus = & + {0+ (1 — 0)y}e, + {6 + (1—0)/1}é3—73—71—72—71— > 2

&2  ro’a?

52 22
the reason is that E[f,(S) | (61,8,)] = —+t—— and E[f,(S) | (61,6)] = %2 + %. Substituting the values of é;, é,, and é; into the
contract design problem now yields

MaXg, g,20 ms = 3 + v {0 + (1 -0y} +{6 + (1 - 6)13}?
0+1 -0} a2 ay’y? ro*a? roay?

2 2 2 2 2

L L . 6+(1-6
which is a concave function in @; and a,. By the FOC for the contract design problem, a; = ﬁ and a, = % We can see that

the first-best outcomes are not attained under the multisourcing of modular tasks if vendors are risk averse:

[6+1-6)2]? 1 Y20 + (1 — 9)y}?
Ms = 2 2(1+ro?) 2(y? +ro?)

Comparing profits from the SS and MS of modular tasks under risk aversion. We are now in a position to compare the profits from
single-sourcing and multisourcing. Thus,
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_ [6+(1-0)21* | [1+y{6+(1-60)y}]?
HSS - 2 + 2[1+y2+ro?] and HMS

_ [6+(1-6)2)? 1 y2{6+(1-0)y}?
- 2 2(1+ra?) 2(y2%+ra?)

These equations confirm our expectations that SS and MS strategies both have lower profits when vendors are risk averse.

We next compare the relative efficacy of these two sourcing strategies as follows:

U YO+ -0y [1+y{6+ (1 -0y}
Ms T ss T E[(l +ra?) GZ+ro?)  [1+yZ+ro?] ]

Put { = y{0 + (1 — 8)y}. Then the preceding equation can be rewritten as

I 1 y?3? [1+y]?
lys —Mgs = + -
2|1 +ro?)  (y2+ro2) [1+y2+ro?]
and further simplification yields
1 [ 2 Y22
[y — Hgs = -2
MS USSPl 42 + ra?]|(1 +ro?) * y? +ro?) v

From the term in brackets, it trivially follows that there exist 702 > 0 such that Mys — Mgg = 0 for all ra2 < ro? and My — Mgs < 0 for

JR— J— 2 272
all7a? > ro?2. Here ra? is the positive root of the quadratic equation (with ra2 as the variable) [1+ymz + y;:_igz —-2y¢ ] =0.

Proof of Proposition 5. Proving this proposition will require that we compute the optimal efforts of the vendor(s) as a simultaneous effort
decision, since their costs of coordination depend on the efforts exerted on both tasks. We first compute the first-best efforts with inter-
dependent costs and modular tasks. We normalize ¢p = 1 to simplify the calculations; this has no effect on the insights that we derive.

Modular tasks. The coordinated firm solves the problem

ef el e
max, ¢, e, €1 +{0 + (1 —0)yle, +{6 + (1 —0)A}e; - 23" 73 —ae.e,

This function is concave with respect to effort, as can be verified from the Hessian. The FOCs for the first-best efforts are
1=-e]+aej, {0+ -0)y}=e;+ae;j, e;={6+1-0)1}
Solving the first two equations simultaneously gives the following coordinated solution:

ot = 1al0+(1-0)y) o = 0+(-0)y}-a er={04+1-06)1}

1 1-a? ’ 2 1-a? ’
Depending on the relative values of y and a, the coordinated firm may decide to invest in only one of tasks 1 and 2.
Case (i) IfO0<{0+(1—-0)y}<a,thene; =1,e; =0,ande; ={6+ (1 —06)1}.

1-a{0+(1-0)y} . _ {6+(1-6)y}-a
1-a? ACE 1-a?

Case (i) Ifa<{8+(1—0)}< 2 then e} =
invests effort on all three tasks.

,and e3 = {0 + (1 — 6)A}. In this case, the firm

Case (iii) 1f{60+ (1 —0)y}> %, thene; =0,e; ={60 + (1 —0)y},ande; = {6 + (1 — 6)A}.

We now compare the efficacy of single- and multisourcing strategies when interdependent tasks are costly. We first compute vendor effort
in the SS case.

Single-sourcing. The client’s contract design problem can be stated as
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maxy( lss = E[v(&1,8;,83)] — c3(€3) — E[f(S) | (61,€3)]
subject to
€3 = arg maxe o E[V(€y, &;,e3)] — cs(e3) — E[f(S) | (é1,&)]

81,6, = argmaxe, ¢, E[f () | (e1, €2)] — c1(e1) — ca(e2) — aeyey,
and E[f(S) | (&1,8,)] — c1(&1) — c;(&;) —ae ;=0

For the modular tasks case, we have S = (e; + ye,) + &, and focus on linear contracts.

Effort choice. The FOCs for the first-best efforts on the outsourced tasks are

é, = argmax,, E[f(S) | e1, e;] — c(e1) — c(ez) — aese,

2 2
= argmax,, T + a[(e; + ye,)] — %1 —%2— aeie;

and, similarly,
2
é, = argmax,, T + a[(e; +ve;)] — a_ % —aeie;
and é; = 6. The participation constraint is written as E[f(S) | &1, é,] — c(é;) — c(é,) — aé,é, = 0. The client will set T such that
E[f(S) | &, 8] — c(é1) — c(é,) — aé &, = 0, making the vendor’s participation constraint tight and extracting all the surplus. Therefore,

T + aE[S] —aé,é, — c(é;) — c(é,) = 0.

So in order to see whether single-sourcing will attain the client’s first-best outcome, we need only check for the existence of an « that can

2 2
yield the vendor’s first-best efforts. Given that the first-best efforts maximize the function e; +{6 + (1 — 0)y}e, + ez — =~ — 2 — 2 —
aeje,, it is easy to see that SS will yield the first-best outcome for the client if and only if @ = 0 ory = 1.

Multisourcing. Because we assume that the cost of task interdependence is borne by the primary vendor (and thus we assume, without loss
of generality, that the primary vendor performs the second task), the client’s contract design problem can be stated as

Maxg, ) us = E[v(&y, &3, 83)] — c3(83) — E[f1(S) | (€1,€2)] — E[f2(S) | (€1, €,)]
subject to the following conditions:
€3 = arg maxe,»o E[v(8y,8;,e3)] — cz(e3) — E[f1(5) | (61,8,)] — E[f2(S) | (61,€,)]
€, = argmax,, o E[f1(5) | (e1,€2)] — c1(eq1)
€, = argmax,,»o E[f2(5) | (61, €2)] — c2(e2) — aese;
E[fi(S) | (é1,82)] —c1(é1) =2 0
E[f,(S) | (61,8,)] — c2(8;) — aé1é,> 0

Effort choice. The FOCs for the first-best efforts on the outsourced tasks are

é, = argmax, E[f,(S) | ey, e;] —c(e)) = a;,and é5 = 0,

and, similarly, &, = max{a,y — aé,,0} = (a,y —aa;)". Here the participation constraints are E[f;(S)|é;,&,] —c(é;) =0 and
E[f5(S) | &1,8,] — c(é,) — aé,é, = 0. The client will set T; such that the vendor’s participation constraint is tight, thereby extracting all the
surplus; hence Ty + a1 E[S] — ¢1(é;) = 0 and T, + a,{S] —aé,é,— c,(&,) = 0. Therefore, the client can attain its first-best outcome if it
can set feasible values for a; and a, that also yield first-best efforts by vendors. We now demonstrate that the client can indeed set such
values.
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Case () 1f0<{60+(1—-0)y}<a,thene; =1,e; =0,and e; = 6. In this case, the client can set @, = 0 and a; = 1 to attain
the first-best outcome.

Case (ii) Ifa<{#+(1-0)y}< i, then e = 1—a{9;(a12—9)y}, e; = {9+(1:i)zy}_a, and e; = 6. Now, setting the contract
parameter values such that a; = %&;9)” and a, = {9+(1y——9)y} results in the client attaining its first-best outcome.

0+(1-0)v} and

Case (iii) 1If{0+ (1 -0)y}> i, then e; =0, e; = {0 + (1 — 0)y}, and e; = 6. Here the client can set a, = ”

a4 = 0 to attain the first-best outcome.

We therefore conclude that the multisourcing strategy attains the first-best outcome for the client.
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