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E-Companion to “Fighting Together: Agency vs. Wholesale Distribution
Contracts for Digital Content Supply Chains in the Presence of Piracy”

EC.1. Tables
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HH % 1 HLx B 8 B
w — = — r £ £ £¢
2 4 16 4
H Hx* 1 3 1 HILx 16(1—B)+52
p 2 1 3 w - T -
ﬂ_HH* 1 pHL* (2-8)2 3(16(1—B)+62) 41-p)+82%¢
\4 1 - - s 64 8
HH=* 1 1-¢ HLx 8(1-p)+82
™ 8 4 v 32 - -
ng* _ 1 ) L _ 16(1-8)+52 (=¢)(4(1=p)+8%¢)
16 4 M 128 16
MP{H* 1 3 1 qHLx _ 32(1-p)+82 6(8(1-8)+526)
4 16 4 P 512 32
HH* 1 1 1 HLx 8(1—B)+82 96(1—B)+582 8(1=B8)+B2(2—¢)¢
cs 8 32 8 Tr 32 512 32
O SHL* 4(1438)—382 16(1+158)—15582 14(1+38)—382¢

32 512 32

Table EC.3  Thresholds on the Cost of Quality Improvement c
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EC.2. Detailed Analysis

Here, we provide a detailed analysis of our model. We begin with the general model, that is, scenario LL, followed by the
baseline scenario with zero piracy, that is, Scenario L H, which is a special case of the general model. Then we analyze the
two other special cases, Scenario H H, and Scenario H L, which are the highest-quality special cases of Scenario L H and
L L, respectively. The analyses of the three special cases follow a logic similar to the general model, so we provide the most
detailed analysis for Scenario L L.

EC.2.1. Analysis of the Base Model : § <1 and » < 1 (Scenario LL)

Decisions in stages 1 and 2 are given as < 1 and r < 1, while ¢ > 0 and k£ > 0. In stage 4, the consumer with valuation
v faces quality # < 1 and enforcement level r < 1. By purchasing genuine content at price p, the consumer will receive the
utility given by (1), U (v, 0, p) = v0 — p. However, by obtaining pirated content at zero price, the consumer will receive the
utility given by (2), Up (v,0,7) = (1 — r)v36.

ASSUMPTION EC.1. Tie-breaking rules: A consumer is indifferent between: (a) purchasing the genuine product and
consuming the pirated product (that is, U = Up), purchases the genuine product; (b) consuming the pirated product and
doing nothing (that is, Up = 0), does nothing.

Thus, the demand for the genuine product, given by (3a), becomes D(0,7,p) =1 — % . m, and following (3b), the
1

demand for the pirated product is Dp (0, 7,p) = § - =3 8 long as r < 1, and zero otherwise.
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Table EC.4  Thresholds on the Commission Rate ¢ and the Relative Quality of the Pirated Content 3
Threshold Definition
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EC.2.1.1. Wholesale Contract Withd <1 and r <1 (W_.) Givend <1andr < 1, while ¢ > 0 and
k > 0, the profit functions for M and P are:

Taw (0,7, w,p) =w (1 - % . %) - %092, and (EC.1)
1 1
wpw(.r0) = - w) (125 ot ) - (EC2)

Recall the sequence of events discussed in Figure 1(a). In stage 3(b), in response to M’s wholesale price w and content
quality 6, and its own decision on the protection level r, P chooses p(w,f,7) > 0 to maximize wpw (0, r,w,p), given by
(EC.2), which is concave in p as 62”“(’9;%’"1”)) =— 9(1752(14)) <Oforany0<f<1,0<r<1l,and0<6<1.

Applying first-order conditions (FOC) to (EC.2) with respect to p yields P’s selling price, given by pw (w,0,7) =
w. Since 6,w > 0, and 0 < B,r < 1, note that py (w, 0, r) > 0. We obtain P’s demand and profit functions at

this selling price, given by, Dy (w, 0,7) = %’ and Tpw (w,0,7) = % — 172, respectively.
After substituting pw (w, 8, r) in (EC.1), M’s profit-maximization problem in stage 3(a) becomes:
1 0—pB0(1—r)— 1
Mazu(izrgize w0, w, pw (0,7,w)) =wDw (0, r,w) — 5092 =w (M) — 5002, (EC.3)

a2
which is concave in w, as 2 “’W((”gw’pww’r’w)) =~ = 61(1 5y <O0forany0<f<1,0<r<1,and0<6<1.

Applying FOC to EC.3 yields M’s wholesale price, and subsequently, its profit function, given by ww (8,7) = w

and wh (0,7) = %M 692, respectively, in response to P’s protection level decision r and its own content quahty
decision 6. Since 6 > 0, and 0 < B,r < 1, note that wy (6, r) > 0. Substituting wy (0, 7) in P’s response functions, we

obtain P’s selling price and demand functions, given by py (0,7) = w and Dw (0,7) = 7, L respectively.
Substituting ww (8, 7) and pw (0, r) in (EC.2), P’s profit-maximization problem in stage 2 becomes:
0-po—r) _ ﬁ (EC.4)

Maxngize wpw (0, r,ww (0,7),pw (0,71)) = 16 5

which is concave in 7, as
Applying FOC on EC.4 yields P’s protection level, Wthh in turn leads us to the selling prlce and profit in response to M’s
choice of 6, given by ry (6) = [f—g, pw(0) = W, and mpw (0) = 326(15#. Since # > 0,and 0 < 8 <1,
note that all of these values are non-negative.
Anticipating P’s reaction, and substituting 7y (6), ww (0), and pw (0) in (EC.1), M’s profit-maximization problem in
stage 1 becomes:

&*r (6,r, 0,m),pw (0, 7‘))
PW wgv W —_1<0.

160(1—8)+p%6> 1

ch?. (EC.5)
128 2

Mgélgl;lile TMW (9, T™W (9) , WW (9) s Pw (9)) =
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Applying FOC to (EC.5) with respect to € yields M’s content quality decision in stage 1, given by 67}, = 6 4c B;’ which
in turn leads us to M’s wholesale price and profit in equilibrium, given by wiy % and Ty = %,

respectively.

2
Note that for this solution to be valid in equilibrium, we need ¢ > cy = W. If this condition holds, we note that
2 2
5} ‘frzuw(9arw(é90)éww(9)7pw(9)) = —c+ leiz <0 for any ¢ > 8(1_6ﬁ4)+ﬁ and

maw (0, 7w (0), ww (0), pw (0)) is concave in 0 as
0<p<l.
Substituting wyy and By in P’s response functions, we obtain P’s selhng price protection level, and profit in equilibrium,
_3(1-p)%(128c—p?) x _ B(1-P) _ (1-p)%(256c—36%)

given by pyy = T Gt—pnz "W = 364=p7) and Tpy = T SGAe—pTT respectively. The channel profit is given
by Ty = ) MW + Thw = %ﬁf{)zﬂ?). The consumer surplus is given by
CSs, —/ Up(v,0,p)dv + U(v,0,py )dv
_/%(1_ B(1— ) »B0dv +/‘<8ﬂ—ﬁ)_3ﬂ—ﬁfﬂﬂk—6ﬂ)d (1—B)(128(1 +158)c — (17 + 153) 82
N 2(64c — B82) 3\ 6dc— B2 (64c — B2)2 N 8(64c — 82)2 '

When ¢ < e w M’s content quality is at the boundary, glven by 05 = 1. Substituting 9W = 1, we obtain

M’s wholesale price and proﬁt in equilibrium if , given by wyy, = M , and iy = W, respectively.

Similarly, P’s sellir;g price, protection level, and firm profit in equlllbrlum are given by pjy = w TWQ_ 1ﬁ and

Thw = ”“gﬁ, rezspectively. The channel profit and the consumer surplus are given by 77 W and

CSy = W, respectively. We summarize the results in Table 4 in column “W (Wholesale)” with the subscript W
w 512

omitted.

EC.2.1.2. Agency Contract With 6 <1 and » <1 (A.L) Given § <1 and r < 1, while ¢ > 0 and
k > 0, the profit functions for M and P are:

WMA(G’T,QS,p):(l_QS)p(l_gm) _%(3927 and (EC6)
mpa(0,7,¢,p) = ¢p (1 9 % - %rQ, (EC.7)

Recall the sequence of events discussed in Figure 1(b). In stage 3, in response to its content quality € and P’s protection
level r, M chooses pa(0,r) that maximizes war4 (6,7, ¢,p) given by (EC.6), which is concave in p, as M

%<Oforany0<ﬂ<l 0<0<1,0<r<l,and0<¢< 1.

Applying FOC to (EC.6) with respect to p yields M s selling price, and subse?uently the market demand and profit

function, given by pa(6,r) = w ,Da(0,7) =5, and mpra(0,r,¢) = 6(1=¢)(1-5(1=r)) 2002 respectively. Since

0>0,0<8,r<1l,and0< ¢ § note that pa(0,7r)> > 0 Substituting p4 (6, r) in (EC 7), P’s profit-maximization problem
in stage 2 becomes: )
o P61 —p(—r)) T

Mggrgize mpa(f,r,0,pa(0,1)) = — 3 (EC.8)

which is concave in  as & ”PA(Q nopa0m) g <,

Applying FOC to EC.8 yields P S protection level, and subsequently P’s profit, as functions of 6 decided by M, given by
ra(f) = BH¢ and mp4(0) = M , respectively. Substituting r 4 (6) in pa (6, ), we obtain M s retail price as a
49(1 ﬁ)+¢9 B> ,qa(0) = 1

function of 0, given by pa(0) = 3
Anticipating P’s reaction, and substitutlng ra(f) and pa(f) in (EC.6), M’s profit-maximization problem in stage 1

becomes: )
01— @)A1 =)+ 905" 1 .o
16 2

Mgiuergize Tra(0,74(0),0,pa(0)) = (EC.9)

Applying FOC to (EC 9) w1th respect to 6 yields M s content quahty, and subsequently, 1ts selhng price and profit in

Note that for this solution to be valid in equilibrium, we need c>cp= M

B). Then, we can show that this
2 2
e} WNIA(03T59(20)5¢7PA(6)) = —c+ B ¢>(81*¢) < 0 for any

solution is optimal as 74 (6,74(0), ¢, pa(0)) is concave in 6, as
¢> U=AC-C2PB) (g« <1, and0< < L.

Substituting 6% in P’s response functions, we obtain P’s protection level and profit in equilibrium, given by r% =

Wm, and Tp 4 = (1-5)" S(Sf)?l(?’z;) ;Zfl . $)65%) , respectively. The channel profit is given by 774 = T4 +7pa =

(1=B)*(1—=¢)(16¢(1+¢) —(2—¢—¢%)$5°)
8(8c—(1-9)9?)?

cs;f/ Ur (v, 0 p)dv+/ U(v,0,py )dv

. The consumer surplus is given by
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/ ( -B8)(1-¢) ) 1( 21-p)1-9) (1—/3)2(1—¢)(160—(1—¢)¢62))
= — 2 ) yBOdv+ v = — dv
2(86—(1—¢)¢52) 8c—(1—¢)¢B 2(8c— (1 —¢)ppB?)?
_ (1=B)(A ~¢)(16c(1 +35) — (5+3B)(1 ~ $)$5%)
8(8c— (1 —)pp%)?
When ¢ < ca = M M’s content quality is at the boundary, given by 6% = 1. Substituting 6% = 1, we
2

obtain M’s selhng price, selhng quantity, and profit in equilibrium, given by p% w, @y = é, and w4 =
(1-¢)(4(- /3)+¢B )—8c

Aha = o(8(1- B)+05%)

1
2

, respectively. Similarly, P’s protection level and firm profit in equilibrium are given by 7% = 8 ¢
_ 83— ﬂ)+¢>(2 $)B%— 160

, respectively. The channel profit and the consumer surplus are given by 77 4

and C'S% w , respectively. The results are summarized in Table 4 in column “A (Agency)” with the subscrrpt A
omitted.

EC.2.1.3. Vertically Integrated Supply Chain With 6 <1 and » <1 (V1) In this scenario, the
demand for genuine content is as given by (3a). The profit-maximization problem for firm V' then becomes:
LYWL R S R L S R S

pl![oagrr.neze v (0,r,p) =pD(0,r,p) 509 Jr=r gl 7 1—5(1—r)> 209 57 (EC.10)

Applying first-order conditions (FOC) on (EC.10), we obtain firm V’s content quality, protectlon level, sellmg price,

selling quantity, and profit in equilibrium, given by 65, = féi gg STy = ’féi gz , DV ?1260({1 ﬁggz ,and Ty = %, respec-

(Gl ﬂ)

tively. This equilibrium solutron exists when ¢ > cv = . Then, we can show that this solution is optimal as the Hes-

2
To-p-m) (- /3(1 D 942(1 (1))
2 41-B) L _ BO=B)

sian 92(1_[3’}1_7,)) —C— s 6(1 ) QZ(I_B(I_T))Q is negative definite at 0y, = 1577, v = 5,57, PV
280p Bp® 26%0%p° 4
02(1-B(1—r))? ~ 02(1-B(1-r)? ~ (0+BO(r—D))*

%. The value of determinant of the Hessian (or the third-order principal minor) is — % <Oforany0< <1

and ¢ > (215)2

2
the first-order principal minors are negative. The channel profit is the same as firm Vs profit, given by 77, = %, while
the consumer surplus is given by

cS; = / Up(v,0,p dv+/ U(v,0,p; )dv

— — — A2
,/ ( 5)) us0du + 40=5) (U_Sc(l ﬁ))d _ 21-B)(c(1+38) =)
— B 16c— B2 (16c — B2)2
When c < cy = (2 166 ) firm Vs content quality is set at the boundary, i.e., = 1. Substituting 6}, = 1, we obtain
firm V’s protectron level, selhng price, selhn§ quantrty, firm proﬁt channel proﬁt and consumer surplus in equilibrium, given

by ry, = 4 Py = 2 86 N , T = w T w and C'Sy 4(1-%36#’ respectively. We summarize the

results in Table 5, in column V (VI Frrm) ”? Wrth the subscript V' omitted.

. Similarly, we can easily show that the determinant of all second-order principal minors is positive and that

GLH*

EC.2.2. Analysisof0 <landr=1(LH)

The decisions in stages 1 and 2 are given as r =1 and 6 < 1, while k = 0 and ¢ > 0. In stage 4, the consumer with valuation v
faces enforcement level » = 1 and quality 6 < 1. By buying the genuine content at price p, the consumer will receive the utility
given by U (v, 8, p) = v8 — p (see (1)). However, by obtaining the pirated content at zero price, the consumer will receive the
utility given by substituting =1 and 6 < 1 in (2), which yields {p (v, 6,1) = 0. Thus, the demand for the genuine product,
given by (3a), becomes D(0,1,p) =1 — £. Since Up (v, ), 1) = 0 for all v, following (3b), the demand for the pirated product
is Dp(60,1,p) = 0. The analysis is quite similar to that in Section EC.2.1, so we provide the key steps.

EC.2.2.1. Vertically Integrated Supply Chain With 6 <1 and r=1 (Vipg) The profit-

maximization problem in stage 3 for firm V' is to maximize its proﬁt given by (EC.11):

p 2
M 0,1 D(0,1 792— (1—7)—79 EC.11
Maximize my (6, 1,p) =pD(0,1,p) = 50" =p 0 ( )
_2 2p
Note that 7rv(9, 1,p) is jointly concave in p and 6 as the Hessian ( 2; . 9_2 2p? ) is negative definite as the value of
02 7

determinant is 2¢ > 0 for any ¢ > 0 and 6 > 0 (the first-order principal minors are negative too). Applying FOC on (EC 11)

yrzzléis ﬁrm V’s content quality and selling price, and hence the profit in equrhbrrum given by 057" = 41.:’ P 8(:’ and

Ty = 32 , respectrvely This equilibrium solution is valid when ¢ > 4 The channel profit is the same as firm Vs profit,
given by WCI‘;* = E while the consumer surplus is given by

L H *

Py

71 v=1 1
C’S‘L/H*:/OLH Up(v,0,1) dv—t—/LH*Z/{(v 0,pp") dv_/ Odv + — / ( —7) dv = v(v—1) =—.
0 2 8c 1 32c

v=

GLH*
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When ¢ < l , firm Vs content quality is set at the boundary, given by 657* = 1. Substituting 057* = 1, we obtain the
firm Vs selhng price, firm proﬁt channel profit, and consumer surplus in equilibrium, given by pLH * = %, 71'{;H Y= %,

phHx — 1=2¢ and CSEHY = 8, respectively. The results are summarized in Table 6, in column “V" (VI Firm),” with the
subscript Véomltted

EC.2.2.2. Wholesale Contract With <1andr =1 (W_.g) Givend < 1 andr = 1, while ¢ > 0 and
k = 0, the profit functions for M and P are:

T (0,1,w,p) = w (1 - g) - %092, and (EC.12)
mow (0,1, w,p) = (p—w) (1-5). (EC.13)

In response to M’s wholesale price w and content quality 6, firm P chooses p(w,f8) > 0 in stage 3(b) to maximize
2
mpw (0,1, w,p), given by (EC.13), which is concave in p, as W = —2 <0 for any 6 > 0. Applying FOC to
(EC.13) with respect to p yields P’s selling price, and hence demand and profit as functions of w and 6, given by ph# (w, 8) =
@, DE (w, ) = 929“’, and 75 (w,0) = u 4;”) respectively. Because r = 1, there is no stage 2 decision. Therefore,
anticipating P’s reaction, M ’s stage 1 profit max1mlzati0n problem becomes:

1 0 —w 1
Maximize marw (0,1, w,pfif (w,0)) = wDH" (w,0) = Se0* = w ( 50 ) -3 (EC.1D

which is obtained by substituting p5!? (w, 8) in (EC.12). Now, maw (0, 1, w, phi? (w, §) is jointly concave in w and @ as the

Hessian ( f o w® | is negative definite as the value of determinant is § > 0 for any ¢ > 0 and 6 > 0 (the first-order
2 ¢ g%
principal minors are negative too). A};})lymg FOC to (EC.12) with respect to w and 6 yields M’s wholesale price and content
LHx _ LHx _ 1 _ . . o . .
quality, and thus profit, given by wW = 155> 0w’ = 55> and Ty = o5, respectively. This equilibrium solution exists

when ¢ > 1 Substltutlng wL Hx and OL H* in P’s response functions, we obtain P’s selling price and profit in equilibrium,

given by p E and WILDIVLIV* = 1286, respectively. The channel profit is W%é{/‘ = Wfﬁ(} + 1%5{,* = @, while the consumer
surplus is:
P
e 1 3 1/t 3 v(2v—3)|"" 1
csLH*:/%Hu ,0,1)d /Lﬂ*u 0, LH*d:/40d —/<77)d:7 .
v plw 0 1)t o (0o = |0t g Jy T 3) = T | L, T e

When ¢ < 1 , M’s content quality GL He = 1. Substituting HL H* — 1, we obtain M’s wholesale price and profit in equi-

librium, given by wLH = 1 and wﬁHW* = & , respectively. Similarly, P’s selling price and profit, and consequently the
channel profit and Consumer surplus in equlhbrlum are given by phf* = %, nhkllx = 16 mhdlx — 3=8¢ ‘and CSEH* = 312 ,

1
respectively. The results are summarized in Table 6, in column “W (Wholesale),” with the subscript I%/ omitted.

EC.2.2.3. Agency Contract With 8 <1 and » =1 (ALy) Given § <1 and r = 1, while ¢ > 0 and
k =0, the profit functions for M and P are:

1

Taa(0,1,6,p) = (1—¢)p (1 - %) —5e6%, and (EC.15)

mpa(0,1,0,p) =¢p (1 - B) ; (EC.16)

Given the value of ¢ and knowing that » = 1, M chooses p > 0 and 0 < 6 < 1 to maximize mar4(0, 1, p,p) given by
_2(1-¢) 2(1 O

(EC.15). Now, mar4(0, 1, @, p) is jointly concave in p and € as the Hessian ( 2(1;})]) a0 ¢>)p . is negative definite

as the value of determinant is M >0foranyc,6>0,and 0 < ¢ < % (the first-order prlnmpal minors are negative too).
Applying FOC to (EC.15) with respect to p and ¢ y1elds M’s selling price, content quality, and profit in equilibrium,

given by pLH * = 1;7’, Y — 120‘7’, and wifh = (132‘? respectively. This equilibrium solution is valid when ¢ > 1= ¢
Substituting p57* and 64* in (EC.16), we obtain P’s profit in equilibrium, given by 754 * = (1 ¢)¢ . The channel proﬁt is
2
Rl — pbHx | g LHx 132(2 , while the consumer surplus is given by
pa’
B * 1— * 1 1— -1 1—
Csim = / 0K Up (0,0, 1)do + [phir- U(,0,p5" )dv = N
0 o 4c J1 2 8c _1 32¢
OLH 2 v=73
When ¢ < 122 M’s content quality GL Hx 1, Substituting 0L Hx — 1, we obtain M’s selling price and profit in equilib-

LH* LHx 1— qb 2c

=3z and M A = —7 —, respectively. Consequently, P’s profit, channel profit, and consumer surplus

rium, given by DA
in equilibrium are given by 7k P Hx ‘Z, ki = 1 42‘3 and CS5H* = %, respectively. The results are summarized in Table 6,

under column “A (Agency),” with the subscript A omitted.

EC.2.3. Analysisof6=1andr=1(HH)
The decisions in stages 1 and 2 are given as § = 1 and r = 1, while ¢ = 0 and k = 0. In stage 4, the consumer with valuation
v faces quality @ = 1 and enforcement level » = 1. By buying the genuine content at price p, the consumer will receive the
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utility given by substituting = 1 in (1), which yields U (v, 1, p) = v — p. However, by obtaining the pirated content at zero
price, the consumer will receive the utility given by substituting § = 1 and » = 1 in (2), which yields Up(v,1,1) = 0. Thus,
the demand for the genuine product, given by (3a), becomes D(1,1,p) = 1 — p. Since Up(v,1,1) = 0 for all v, following
(3b), the demand for the pirated product is Dp(1,1,p) = 0. The analysis is very similar to, and is a further special case of,
Scenario L H with 6 =1 (see Section EC.2.2). For the sake of brevity, we omit repeating the detailed steps. The results are
summarized in Table EC.1.

EC.2.4. Analysisof6=1andr <1 (HL)

The decisions in stages 1 and 2 are given as # =1 and r < 1, while ¢ =0 and £ > 0. In stage 4, the consumer with valuation
v faces quality & = 1 and enforcement level < 1. By buying the genuine content at price p, the consumer will receive the
utility given by substituting = 1 in (1), which yields U (v, 1, p) = v — p. However, by obtaining the pirated content at zero
price, the consumer will receive the utility given by substituting # = 1 and r < 1 in (2), which yields Up (v, 1,7) = (1 — r)vp.
Thus, the demand for the genuine product, given by (3a), becomes D(1,7,p) =1— %, and following (3b), the demand
for the pirated product is Dp(1,r,p) = % as long as r < 1, and zero otherwise. The analysis is very similar to, and is

special case of, Scenario L with 8 =1 (see Section EC.2.1). For the sake of brevity, we omit repeating the detailed steps.
The results are summarized in Table EC.2.

EC.3. Proofs of Key Results

We now provide the proofs of the lemmas and propositions in Section 4.

EC.3.1. Proof of Proposition 1

From Table 4, observe that for ¢ < ¢y =

when c > ca, 0% = 20-5)1-9) 404 thus 204 —

%W, the optimal quality, 6% = 1, and hence % = 0. However,

_ 2P (EemFU-9)") gince 1 — B> 0and 8c — ¢(1 — $)3* > 0 for any

Se—P2(1-3)6° % . G b0
0<B<1,0<¢<L andc>ca, therefore, 2 9¢> > 0, when 8¢ — 82(1 — ¢)> < 0 and ¢ > ca, that is, when ¢ € (ca,c%),
2
where c, = £20=9)° Now, CZ_CA, F0-9) _ (1=9)0p)tes") _ (1= ¢>(ﬁ —20-f)-208 S owhenp< i — Lf .

1—¢>0. Furthermore, 5— 52 <3 L for any 0<B<1. However, 5

0nly1f,3>\/§—1andq5<§— 72 .Hence,%>01fandonlyrf[3>\[ 1,¢<§— 7 ,anch(cA,ci‘).

Graphical Representation in Figure 2: Analyzing c., we find that ¢ < c4 only if ¢ < ¢ < ¢. When ¢ > ca,
2v2¢
B

— 1. This implies that c4 < ¢

then M sets 0% = 20=5)01=9) '\hich is concave in ¢ and is maximized at ¢ = 4/59 =1- . Analyzing &9, we observe

8c—B%(1-¢)¢>
that when ¢ > ¢, 0% increases in ¢ only if ¢ < ¢%. Given that 0% = 1 when ¢ < ¢4 and 0% is decreasing in ¢ when ¢ > ¢%,

we deduce that 6% increases in ¢ if and only if ¢ € (cA, ci). For this condition to be feasible, we need c4 < 6?4, which
happens only if 8> /3 — 1 and ¢ < % - 16_2’6.

EC.3.2. Proof of Proposition 2

From Table 4, observe that for ¢ < cy = M , the manufacturer’s profit, w3, 4

differentiate 73,4 with respect to ¢, and note that aﬂlg“ = —4_5(4+ﬁ_2ﬁ¢) >0 when 0 < ¢ < § - 2(1 22 Now, 1 -
2(1 2 < 3 for any 0 < 8 < 1. However, 3 — 2(1 22 >0 1f2(f—1) < B < 1. This implies that %{;A >0 only if
2 (ﬁ— 1) <B<LO<P< 3 2(113 B) and 0 < ¢ < ca. However, for ¢ > ca, mhya = %. Differentiating
1-8)2(1 16 1— ,

( 5)4(‘& ?2((1 c¢f¢)‘2 ) Since 1—B>0,1—¢ > 0,and 8¢ — b(1— $)82 > 0
forany0<B8<1,0<¢ <3 L and ¢ > ¢4, therefore, o ﬁ;“ > 0, when 16¢ — 8%(1 — ¢) < 0, that is, ¢ < ¢ = i (1 %) Now,

2_
M — ey = BU=0) _ (=0)R0-p)ep") _ (= ¢)(8 A0-p)—206 ) 5 0 when < 1 — 2028

as 1 — ¢ > 0. Furthermore,
% - 2(1/32ﬁ) < 1 for any 0< ﬁ < 1. However, % — M >0if 8> 2 (\/5— 1). This implies that c4 < A when 8 >
2(vV2-1) and p<3— 2(1[3' 5) Hence, ag‘;“ >0 when B>2(vV2-1), <3 — 2(1372[” and ¢ € (ca,cl). Taking a
summary of these two scenarios, we conclude that % > 0, when 2 (\/5— 1) <f<land0< ¢ < % — %

c<max{ca,ci}.

= (=0(0=B+50)—te e

) . or
.4 With respect to ¢, we obtain gfg A

, and

Graphical Representation in Figure 3: Given that ¢ > 0, for 0 < ¢ < ¢y, , it is necessary that ¢y, > 0, or

B8>2 (\f - 1) which can be verified by analyzing ¢ M, - Intuitively, M benefits from an increase in ¢ when the relative
quality of the pirated content /3 is sufficiently high, which means that the pirated content is quite similar to the genuine content
and, therefore, attractive to consumers. This is when the AC effect dominates the PE ejfect but only as long as the commission

rate is not too high. Similarly, for ¢ < ¢ M, to hold, it can be easily verified that ¢ < c =& (1 9
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EC.3.3. Proof of Proposition 3

2
From Table 4, observe that for ¢ < ca, the consumer surplus, C'S% = W. Differentiating C'S”; with respect

acsy _ 3p?

to ¢, we note that —; ot =% < 0 when 0 < 8 < 1. However, when ¢ > ca, the consumer surplus, C'S% =

(1-8)(1—¢)(16¢(14-38)— (1—d) 682 (5+38)) therefore 2C54 — _ (1-8)((38+5)8" (1-¢)" p+128(38+1)c> 857 ¢(¢—1)(98(¢—1) - 9¢>+1))
8(8c—pB2(1—¢)9)? ¢ 8(8c—p(1—0)B2)3
Since 1 — 5 >0 and 8¢ — ¢(1 — ¢)62 >0forany0<f8<1,0<¢p<1 5, and ¢ > ca, therefore, 8CSA > 0, when 128(33 +
1)c? —83%c(p—1)(98(d — 1) — 96+ 1) + (38 +5)B* (1 — p)®p <0 and ¢ > ca. .
Define facs(c) = 128(38 + 1)c” — 88%c(¢ — 1)(98(¢ — 1) — 96 + 1) + (38 + 5)8* (1 — $)°¢. Note that TL4es) —
256(38 + 1) > 0 and thus fAcs( ) is a convex function in ¢ > ca. Setting facs(c) = 0, we obtain two roots, X —
2
B (1-9) VY and X + 21— \/37 where X = 1 — 443B(438(1-9)(1-96=95(1=9))) 44y — 1+9ﬂ2( —)(9—-17¢) —

32(1133) 32(1+35) 288(1+38)
. aCcs* B2(1—9)
185(1 — gb) — ¢>(58 — 121¢). As facs(c) is a convex function, facs(c) < 0, = > 0 when X — VY <

L) 32(1+3B)
c< X + 32(1+3 \F Y . However, the smaller root X — %ﬁ <cpaforany0<f<land0< ¢ < 5, but the larger
2 —5— — —
root: X + ;;(gggﬁ)f = 55 > e, when 0 < ¢ < SFRITITVIZ ST UTR 00590 (o Typle BC.3 for the full

expression of S 4 ).
Given that we require ¢ > c4, we observe that the appropriate region for BSZ

loky cs
B¢A >(0force (cA,cA )

EC.3.4. Proof of Proposition 4
We prove Proposition 4 in two parts.
EC.3.4.1. Proof of Proposition 4(a). To prove Proposition 4(a), we state and prove three lemmas.
LEMMA EC.1. Comparison of cy, cw, and ca: (a) cy > max{cw,ca} forall B € (0,1) and ¢ € (0, ). (b) cw > ca,
when ¢ € (O 2= f} and B. < B < 1.(c)ca > cw, when ¢ € (0 } and 0 < B < B¢, or ¢ € (2 V2 13 and0 < B < 1.
Proof of Lemma EC.1: Note: The values of cy, cyy, and c4 are defined in Table EC.3, while the value of [ is defined in

Table EC.4. By comparing cy, ¢y, and c4, we can verify the ordering provided in Lemma EC.1. We omit the detailed steps
for the sake of brevity. 0

y . B2(1—¢)
A>01scA<c<X—32(1+:,)/3)\F_0A .

Hence, we conclude that

LEMMA EC.2. Comparison of ci,w, cw, and ca: (a) C%W > cw > ca, when ¢ € (O, 2_4\/5} and B. < B < 1.
(b) ca > cw > Ay, when ¢ € (O, 7 ] and 0 < < B, or ¢ € (2 f,;) and 0 < B < 1.

Proof of Lemma EC.2  Note: The values of I 2w Cw, and c 4 are defined in Table EC.3, while the value of 3. is defined
in Table EC.4. Similar to the proof of Lemma EC.1, we can verify the ordering provided in Lemma EC.2 by comparing ¢y,
cw, and c4, and omit the detailed steps for the sake of brevity.

LEMMA EC.3. Comparison of 63, 03y, and 0%: (i) O3y = 0% = 07, if ¢ € (0,min{cw,cal); (i) 05 < 04 = 67
if ¢ € (cw,ca); (iii) 0% < Oy = 603 if ¢ € (ca,ew); (iv) 04 < Oy < 60y lfc € (cw,czw) and ca < cw; and
(v) 03 < 0%y < 0% otherwise. Note: ¢y > .

Proof of Lemma EC.3: From Tables 5 and 4, we get the value of optimal quality 6;, j € {V, W, A}. Moreover, cy, cw,
and c4 are defined in Table EC.3. We consider the following four cases and prove our results:
(i) For ¢ € (0, min{cw,ca}), from Table 4, we get 0y, = 674 = 1. Now, from Lemma EC.1, ¢y > max{cw, c4 }. Hence,
for ¢ € (0, min{cw,ca}), 07 = 1. Thus, in this case, 05, = 6% =67, = 1.
(ii) Whenc € (cw, ca), we get the ordering ey < ca < ¢y from Lemma EC.1. From Tables 5 and 4, we obtain 6% = 0y, =1

but 6} = 640:/32 < 1. Hence, Oy, < 0% = 65,.

(iii) When ¢ € (ca,cw ), we get the order: ¢4 < cw < cy. From Tables 5 and 4, we obtain 6, = 67, = 1 but 87 =

2(1-p)(1— . R ;
% < 1. Hence, 0 < 0y, =07,.

(iv) For max{cw,ca} < ¢ < cy, from Tables 5 and 4, we obtain 9{“/ =1 > max{6jy, 0%}, where 6}, = 8(1—2% and
4= %' Solving 0 = Oy, = c = W = ¢%. From Lemma EC.2, we obtain ¢%y > e >

ca when 5. < f<1land ¢ € (O, 2_4*/5}. Otherwise, ¢% - < cw < ca. Thus, 05y, > 0 when ¢ € (cw,cgw) and

ca < cw. These relationships hold for ¢ € (O, 2_4*/5} and 8 € (B¢, 1). Otherwise, 8% > 07,. Furthermore, for ¢ >

cy, from Tables 5 and 4, we obtain 67, = fél:gg, Oy = gii:g% ,and 0% = MM Now, 67 — 63, = 4(1 —

1 2 _ 32c+37 * * ) —

) (160752 - 640752) =4(1-7) ((16c7620)(64c762)) >0 and 0y, — 03 =2(1 — f3) (wcﬂ‘z - 8c762(17¢71)¢)) =

2(1 — ) (- L8eo 52 (1-9)(1—29) 0 f 0 1and 0 L q f h

(1-75) Moo= 52 (8e—p2(i—g-1ygy ) > 0 forany 0 < f <1and 0 < ¢ < 5. In summary, for ¢ > max{cw,ca}, the
following relationships hold 63, > 6}y, > 6% when c € (cw, cyy) and ca < cw . Otherwise, 65, > 0% > 05y
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From Lemma EC.2, we have c%w > cw > ca, when B < f<1land ¢ € (0, Q’T‘@} . Furthermore, from Lemma EC.3,
we find that 05, > 6% under two different scenarios. First, when ¢ € (c4, cw ), then 05, =07, = 1but 6% = % <1.
Furthermore, when ¢ > max{cw,ca}, from Lemma EC.3, we find that 63, > 6y}, > 6% when c € (cw, chW) and c4 <
cw . Both relationships hold true when S. < f < 1 and ¢ € <O, 2’4\@] Thus, (a) 0% < 0y = 0y if ¢ € (ca,cw), and

(b) 6% <Oy <Oy ifce (CW,C?L‘W).

EC.3.4.2. Proof of Proposition 4(b). we consider the following four scenarios:
(i) For ¢ € (0, min{cw,ca}), from Table 4, we get ryy, = 6 and ry = ﬁf Thus, ryy — ) = % — % = 5(11;64@ >0
when ¢ € ( 1] Otherwise, iy, — ry < 0. Therefore, {3, > 774 when ¢ € ( ]
(ii) Forc € (ew,ca), from Tables 4, we get riy, = z(eT%L) and ) = =5 ¢ . Given ryy is decreasing in ¢, we solve 1y = ryy
to obtain the threshold ¢ = w =y, such that 7 > riy when c¢> . and )y < iy when ¢ < clyy.

2 2
Note that ¢’y — cw = 21 Gi);d’ﬁ 8(1_54)+ﬁ = (1_[333;;_44)) > 0 for any ¢ € (O l]. Furthermore, since c4 —

o = (1—45)(2(18—ﬁ)+¢ﬁ2) _ 2(1—3;%2 — (8(1—¢)¢—lég;1—ﬁ)+¢ﬁ ) ea > ¢y when ¢ € (2 el ;) and ¢y >
2_‘@} . Remember from Lemma EC.1 that ¢y < ¢4 implies either ¢ € ( y = } and 0 < 8 < fB¢, or

¢E (2 V2 1) and 0 < 8 < 1. Combining these relationships, we conclude that cyy < ¢4 < ¢4y when ¢ € ( 2_4‘/5}

and 8. < 8 < 1; ew <y < ca when ¢ € (2 V2 ,1|sand chy <cew <cawheng € (1,31).

112
Therefore, i, > 7 when ey < ¢ < iy and pe (2 4‘/5, Z}’ orcyy <c<ca, p€E (O, 2_4\/5}, and B, < B < 1.
(iii) For ¢ € (ca,cw ), from Table 4, we get rjy, = and ry = % Solving 7}, = r%, we obtain the threshold

M , such that rjy; > 1} when c> w . Remember from Lemma EC.1 that cyy > c4
1mp11es be (0 \/5 and B, < B < 1. Now, c4 — (8(1— ﬂ)+ﬂ A-¢)¢ _ (1— ¢)(2(18 B+e8%) _ (8(1— ﬂ)+§ )(1-9)¢ _

w > 0, for any ¢ € (0, 2’4‘/5} . Therefore, ryy; > r when ¢ € (ca,cw).
(iv) For max{cw,ca} < ¢, from Table 4, we get ryy = % and r} = %. Therefore, ry — iy =
éil:gg?{éfﬁlﬁ_g?l)f;)%). Now, 1 — 3> 0, 64c — 82 > 0, and 8¢ — B*(1 — $)¢ > 0 for ¢ > max{cw,ca}, 0 < f < 1.

Hence, 7 > riy when 8(1 — ¢)¢p — 1 >0, that is, ¢ € 2*4‘/5, %) Otherwise, 7 < ry, when ¢ € (0, 2’4‘/5}.
Combining the four cases, we arrive at the result shown in Proposition 4(b).

EC.3.5. Proof of Proposition 5

We compare 7,y and 73, 4 in four different cases to arrive at our result.

EC.3.5.1. When c¢ < min{cw,ca}: From Table 4, we obtain the values of =, and i 4
2
when ¢ < min{ew,ca}. Let grmwa(B) = 7Tyw — Taa = 16(1=f)+5" 64 (1=¢)(4(1— BHB ¢)—8c

128
16(2&571)(175)&52(178(17@@. Note that, Bzg"ggg/m) = 178(61474’” >0 when1l—8(1—¢)p>0,ie, qS < 2 4\f, from

Lemma EC.2. Thus, g-pwa(8) is convex in 8 when ¢ € (0, 274‘/5 and concave in 3 when ¢ € ( —V2 1)

72

If grmwa(B) is convex in B, observe that ag”Mg[‘g“(ﬂ) = ’8(2"5’1”54(1’8(17‘;5)‘# and the optimal B),/wa =

7% <0 for¢e (07 2’4‘/5}. Hence, in this region, g-arwa(f3) is an increasing convex function of 8 € (0,1) and

we obtain the maximum of g,prwa(8) at 8 = 1. Next, we determine grprwa(8 = 0) = —% < 0and grpwa(B =

1) = % >0as ¢ € (0 2"/5} Thus, g-rnwa(B) changes sign within 8 € (0,1). Solving g-ymwa(8) = 0, we

2—4¢—+/5—2¢(13—4¢(5—2¢) 2—4¢++/5—2¢(13—4¢(5—2¢)
obtain two roots: ( 80 4)() ( ) and ( S ¢() — ( ) . As gzamrw A () is an increasing con-
vex function of 8 € (0,1) and it changes its sign only once within this range (8 € (0,1)), we note that the smaller root

<2 b= y/5-20(1849(5-2¢) )<0,andthelargerrooto<4(2 Ad+y/5-26(13-46(5-2¢) ) Bar < 1 (see Table EC.4 for

8(1-¢)é—1 8(1-¢)p—1

the value of 8,y). Furthermore, from Lemma EC.1, we obtain that cyy > c4 when ¢ € (0, 274‘/5} and 8. < 8 < 1. Otherwise,

cA>chhen¢€(0,27T\/§} and0<ﬁ<5c,or<;3€(2 V2 1)andO<B<1 Now, By > B for any ¢ > 0. Therefore,

grawa(B) > 0= Tiny > miga when ¢ € (0,2

7‘/5},5M<B<1,and0<c<c,4.
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If gramrwa(B) is concave in (3, it is maximized at B wa = % > 0. However, we find that 8,4 =

8(1—2¢)
8(1—¢)p—1
and we obtain the maximum of g pwa(8) at 8 = 1. But in this case, g-pywa(B=1) = —% <0 (as o> 2%@)

and gxmwa(8=0)= —ﬂ < 0. Hence, grmwa(B) < 0= myw < mara for any # <o < ?’(2%@. Finally, for

3@2-v2) f) <P < 2, gWMWA(B) is concave with the optimal 0 < B 4 = 8(81%»2(221 < 1. Substituting the value of 8 114,

we get the maximum value of g pwa (8 = Barrwa) = % < 0 when ¢ lies between 3(2%/5)

Irmw A < 0= Thw < Tasa for any values of ¢ € (3(2 4\/5) , %)

> 1 for % <p< 3(2%@). Thus, in this range of @, g-arw A (5) is an increasing concave function of 5 € (0, 1),

and % Hence,

Therefore, when ¢ < min{cw,ca}, Tiw > mara When ¢ € (0, 2 ‘/5] ,Bu<pB<l,and0<c<ca.

EC.3.5.2. When c € (cw,c4): From Table 4, we obtain the values of 7}y (c) = % and i 4(c) =

2
(17"5)(4(171%”‘3 $)=8c Comparing the two profit functions, we note that 7y, 4 > 7y for all ¢ € (cw,ca), and thus this
case is not part of Proposition 5.

EC.3.5.3. When c € (ca,cw): From Table 4, we obtain the values of 7y (c) = R :) e S L

128
mhralc) = % Now, the difference 73,y (c) — wis4(c) is a decreasing concave function in ¢ € (ca,cw), as

0% (mhyw () =mhya(c) _ _ 320-5)°(1—9)° A (=mira () _ _ 1 _(=p)*(1-¢)* 1
e Go—p2(1-g)p) < Oand 2+(86 7057 <0 for0<ﬁ<1,0<¢<2,
XAW+\/

and ¢ € (ca, cw). Solving 7 (¢) — Tara(c) = 0, we obtain two roots: X — /Yl and , where XM, —
16(1—B) + 87(1+8(1 — ¢)$), and YAl = (16(1 — B8)(2¢ — 1) + 7 (1 — 8(1 — $)¢))(16(3 —2¢)(1—5)+/3 (1-8(1—
X AW~V YAW <C
128 As
while the larger root AWESV =c, € (ca,cw), when ¢ € (0 2"/5} and By < B < Br (see Table EC.4 for values of
B and ). It can be verified that ¢ £ c4 for any ¢ € ( ) and 0 < 8 < 1, and c4 < cw. In addition, ¢, > cw > ca

when ¢ € (O, 2_4‘/5} and Br < 8 < 1. Thus, when ¢ € (ca,cw), Thrw > Tara When ¢ € {ca,c, }, ¢ € ( , 2_4‘[}, and
By < B < Br,0orc€ (ca,cw), € (0, 2_4\/5}, and B < < 1.

@)9)), respectively. As wh (¢ ) w4 (c) is a decreasing concave function in ¢, the smaller root satisfies

EC.3.5.4. When ¢ > max{cw,ca}: From Table 4, we obtain the values of 7}y = % and T4 =

(1-8)*(1—¢)* * o (1-p)° 2 (1—¢)* B2(1-9)(1-3¢) _
m. We observe that MW — TyMA = 1 6dc— 32 4(8c BZ(1— ¢)¢)) > 0, when ¢ < 18-64(2—d)6 Cr

(see Table EC.3 for the value of ¢,). Next, we compare ¢, with cyy.

Let gryew (B) =Cx —cw = &5 (7/3 (1 4(82(1 ¢;’2¢> —8(1 B)). Because g“MB‘zW(ﬁ) = 321<3 8511(2 (%b(b) grarew () is con-
vex (concave) in 3 if ﬁ% >0,ie., @€ (07 2’4‘/5} aif 321(;ffll(gf;()b¢) <0,ie., ¢€ <2 V2 1)) Differentiating
grmew (B) with respect to 3, we obtain the optimal 82, = — 4B3-4(2-9)¢)

1-8(1—¢)p
When ¢ € (0, 2 4(3-4(2—)¢)
vex function of 8 € (0,1) with gzpew (8 =0) = —% < 0and grypew (B =1) = _1=801-9)¢ >0as ¢ € (0, 2’4‘/5}.

’4\/5} , i.€., gramzw (B) is convex, iy, = ~IR(i=9)p < 0. Hence, grnew (B) is an increasing con-
64(3—-4(2—9)9)

Thus, g-nmew () changes its sign (from negative to positive) within 5 € (0, 1). Solving graew (8) = 0, we get two roots:

4(3—8¢p+4¢?)—2+/2(3—26)(1—2¢)(7T—84(3—2¢ 4(3—8¢+49%)+2+/2(3—26)(1—2¢)(7T—84(3—2¢ . .
( )~ \/8;(1 43(1 X ( D and X ) \/8;(174);(71 X ¢ D As g=mew (B) is an increas-

4(3-89+49%) ~21/2(3-26)(1-2¢) (T—8$(3-2¢))

ing convex function in 8 € (0, 1), the smaller root

8¢(1—¢)—1
—_ 2 — — —_ —
438 +ad )+2\/§;?1Ei§91 20)(7-8¢(3-2¢)) _ Br < 1 (see Table EC.4 for the value of Br). Thus, grapew (6) > 0= Cr >

%ﬂ' ; = 2-v2
cw, when 8> B, and ¢ € (0 } Otherwise, ¢y > Cx, when 8 < B and ¢ € (0, 1 }

< 0 and the larger root 0 <

4(3-4(2=9)9)
8(1—¢)p—1

and thus, grrew (5) is an increasing concave function in 8 € (0, 1). We determine g prew (6 = 0) =

—g <0and grpew (B =1) = —%% < 0 when 2= ‘f < ¢ < 19= \ﬁ . Thus, in this region, gryew (6) < 0 =
4(3-4(2=¢)¢)

Cr < cw. Finally, when 10_‘/5 < o< ;, g,TMCW(ﬂ) is concave with 0 < ,BCW = Si-ae-1 < 1. Again, g;pzw (8 =

Baw) = % <0, for 10— \ﬁ <¢ < . Thus, in this region, g arew (8) < 0, = €x < cw . In summary, ¢, > cw,

when S < f<1land ¢ € (0, QT‘[} Otherw1se, cw > Cr, When 0 < 8 < Br and ¢ € (O, 2’4‘/5}, or ¢ € (2 V2 1) and
0<pB <.

Furthermore, when ¢ € (2 ‘[ 1) i.e., grmzw (B) is a concave function, the optimal 2y, = > 1, when

2f<¢<10\ﬁ
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From Lemma EC.1, we get cy > ca, when ¢ € (0, 2_4\/5} and . < B < 1. Now, B > B for any 0 < ¢ < % Hence,

Cr > cw > ca, When ¢ € (O, 2_4‘/5} and 8= < 8 < 1. For any other parametric ranges of 8 and ¢, ¢ < max{ca,cw }.

Hence, we can conclude that when ¢ > max{cw,ca}), i > Tasa if cw <c<Cx, fr <B<1,and ¢ € (O, 2_4‘/5}.

EC.3.5.5. Summary considering all ¢: Considering all of the aforementioned parameter spaces together,
we summarize that wyy > 74 iff ¢ € (0, 2’4‘/5} , and either (i) c € (0,¢,) and 8 € (B, Bx), or (ii) ¢ € (0,¢x) and

B € (Br,1).

EC.3.6. Proof of Lemma 1

To compare P’s profit, we consider four distinct cases, as follows. )
i) For c € min{cw,ca}), from Table 4, we obtain values of 7 =222 and wph 4 =
(i) For ¢ € (0, min{cyw, ca}), from Table 4, we obtain values of wpy, = 2122 and 7,
2
Thw —Thpa = (1_4¢)(32(1_ﬁ)+ﬁ (1+49) > 0 when ¢ € (0,3] ando< B <1.
(1-p)?(256c—387)

(8(1—B)+¢8%)
372. NOW,

(ii) For ¢ € (cw,ca), from Table 4, we obtain values of Tpy = and Tp 4 = %W. Solving

8(64c—p2)?2
2 2 2
Tpw — Tpa = 0, We get two roots: §4((§((i g;iigzg and 24 Q;rw . However, the smaller root % <cw
2
forany0< g8 <land 0< ¢ < 5, while the larger root ¢y < W = chw < ca, forany 0 < 8 < 1 and

oS (2 V2 1} (see EC.3 for the value of ¢;y;). In this region, wpy, > mp 4 when ey < ¢ < ¢/yyy. Furthermore, ¢4 >

cw > iy when ¢ € (47 2) and 0 < 8 < 1. Conversely, c/y;r > ca > ¢y when ¢ € ( \f} and 0 < 8 < fBc. Thus,

we conclude that Tpy > Tp4 whenqﬁE(O7 ’4f},c€(cW,cA),andﬂe(O,Bc) or¢e (2 V2 1} c€ (ew, qw)

and ¢y < ca.

(iii) For ¢ € (ca,cw ), from Table 4, we obtain values of mpy, = 32(1:# and Th 4 = (176) (81(8?)(;2?2?6 dji)él 9)9)

Solving wpy — Tp4 = 0, we get two roots: g (2;182([13)2&)[% 9 ang BU= ﬁHﬂ )(1 9¢ Now, Tpw > Tp4 When

5 (2;182(’(13)%343%) 29 or ¢ > —(8(1 BI+6)A=9)¢ The smaller root i (2;1((;%?)%3&%) d)¢ <cgforany0< <1

and 0 < ¢ < . However, the larger root w < ¢4, whenever c4 < cw . Hence, we conclude that wpy >
wp 4 forall ¢ 6 (ca,cw).

(1-B8)(256c—38%)

(iv) Finally, for ¢ > max{cw,ca}, from Table 4, we obtain values of wpy (c) = and 7p4(c) =

8(64c—pB2)2
— g(sj_)(gg?fc_qji)gl 2)4) . Solving wpy (¢) — mp 4 (¢) = 0, we get two roots of ¢: X1 — /Y7 and X1 + /Y1, where

3(1-5)%6° (1-64(1-9)%¢°) a-p)'p'(a- 8(1 $)¢)*(9-16(1— ¢)¢<7 36(1-¢)¢))
X1 = FT2(1—5)2(1—8(1=3)%) and Y7 = SI2(1-3) (1=5(1—9)4)) . Now, both roots X1 +Y7 <
max{cw,c A} Hence, the order of the function, PW( ) — 7p 4(c), depends on the sign of the second-order condition.
We find that & (’TMW((;Z;’TMA((’)) >0, when ¢ € (O7 2 4‘[} . Similarly, we can find that & (”MW((;Zz "4 - when
oe (2523
¢e |0, 2_4‘/5 (pe (2 V2 1)) Hence, we conclude that wpy > mp 4 When ¢ € ( _4\/5}.

Hence, mpy > mp 4 iff either (i) ¢ € ( ‘f} or (i) ¢ € (2 f, ﬂ and ¢ < ¢y, wWhere ¢y € (ew,ca).

. This implies that 73,117 (¢) — w74 () is increasing convex (decreasing concave) in ¢ € (c4, ¢y ) when

EC.3.7. Proof of Proposition 6
From Proposition 5, we have 7y p > maa iff ¢ € (0 2’4\/5} and either (i) c € (0,c,) and B € (B, Bx), or (ii) c € (0,¢x)

4
and ¢ < ¢y, where ¢y € (cw,ca). Combining these relationships, we conclude that both firms M and P prefer the

and 8 € (Br,1). Furthermore, from Lemma 1, we find that 75y, > 7p 4 iff either (i) ¢ € (0 2= } or (i) ¢ € ( =2 1}

wholesale contract over the agency contract, i.e., Ty > a4 and Tpyy > mp 4 iff @ € (0, 274‘/5} , and either (i) c € (0, ¢,.)
and 3 € (B, Br), or (i) c € (0,¢x) and B € (Br, 1).

EC.3.8. Proof of Corollary 1
We compare the consumer surplus under the two different contracts, but limit our focus to the win-win region given by
Proposition 6. We omit the computational details for the sake of brevity.

EC.4. Analysis of Extensions

We now provide the detailed analysis and results for each of the extensions discussed in Section 5.
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EC.4.1. Analysis of Section 5.1: Equilibrium under LL for Wholesale (W) and Agency

(A) Contracts in Alternate Sequence
In this extension, we consider the decision-making process of M and P when their antipiracy actions take place in a sequence
different from that shown in Section 3.3. In this alternative sequence, in stage 1, P determines the protection level P. In
stage 2, M sets the quality of the digital product, 6. Note that our analysis in scenarios H H, LH, and H L, where at most one
firm makes a decision, remains unchanged. The only scenario where both firms make decisions is L L. The profit functions of
the two firms and the decisions of firm V' remain the same as in scenario L L. Due to the change in the decisions to be made
in stages 1 and 2, the backward induction is different in those two stages. We provide closed-form solutions in the equilibrium
in Table EC.5. It can be verified that our qualitative insights remain unchanged when the sequence of the antipiracy actions of
M and P are altered. For brevity, we omit derivations for the last two stages of contract W and the final stage of contract A.

Table EC.5  Equilibrium under LL for Wholesale (W) and Agency (A) Contracts in Alternate Sequence

Variable W (Wholesale) A (Agency)
iables
c<cw c>cw c<ca c>cCa
* 8(1-5) 20-p)(A-9)
4 1 64c—p32 1 8c—B2(1—¢)o
r* B B(A-=pB) Be BA=B)¢(1—¢)
16 64c—pB2 4 8c—B2(1—¢)o
w* 16(1—B)+82 256¢(1—8)2 R B
32 (64c—pB2)2
P 3(16(1—8)+82) 384c(1—8)2 4(1-8)+4p2 8(1-p)2c(1-9)
64 (64c—52)2 8 (5e—p2(1-0)0)7
_— 16(1—B)+52 —64c 32¢(1-p)2 (A=¢)(4(1=B)+6B2%)—8c 2¢(1-8)2(1-¢)2
M 128 (64c—pB2)2 16 (85—52(1—11;)@)2
Tk 320-8)+6% (1-p)2 H(8(1—8)+68%) (1-8)201-8)é
P 512 2(64c—B2) 32 2(8c—B2(1-¢)0)
. 96(1—8)+582 —256¢ (1-8)2(128c—52) 8(1-f)+o(2—0)82—16c (1=H2 (=) (4c(¢+1)=p2(1-9)¢?)
T 512 2(64c—fB2)2 32 2(8c—ﬁ2(1—¢)¢)2
cs* 16(1+158)— 1582 4(1—B) (4c(1+158) —82) 4(1438) 3482 (1= (1-¢)((68+2)c—p2(1-¢)¢)
512 (64c—52)2 32 (3e-82(1-9)9)"

EC.4.1.1. Wholesale Contract From the optimization %)roblem EC.3, we obtain M’s optimal wholesale price,

wy (0,r) = %ﬂr) and P’s selling price, pyw (0,7) = 300- ﬁ(l 36(-p0-r)) Substituting wyw (0, 7) and py (0, 7) in (EC.1), M’s
profit-maximization problem becomes: 6 80( )
- 1—-r 1

Maximize 7, = p? EC.1
aximize maw (v, 0, ww (6,7), pw (0, 7)) 3 507, (EC.17)
which yields M’s content quality, wholesale price, and profit in equilibrium, given by Ow (r) = w, ww(r) =
2 2 :
w, and mhw(r) = % It may be noted that myryw (7,0, ww (0,7),pw (0,7)) is concave in 6 as

—c < 0. Therefore, P’s selling price is given by pw (r) = w

reaction, an(? substituting 9W( ), ww (1), and pw () in (EC.2), P chooses 0 < r < 1 to maximize:

(1—-p831 —T))Q 12

82 7w (7,0, wW(G r),pw(0,r)) _

. Anticipating M’s

wpw (r, Ow (1), ww (1), pw (1)) = (EC.18)

7w (r, Ow (), ww (1), pw (r)) is concave in 6 as Pmew fw (M)yww (n)opw ()] — _q + B < 0. Applying FOC to (EC.18)
with respect to r yields P’s protectlon level, and consequently, the selling price and proﬁt in equilibrium, given by rj; =

gﬁ_ 53 Py = % ,and Tpyy = %, respectively. Substituting r;, and pjy, in M’s response functions, we obtain

(1—8)2 _
M’s wholesale price, content quality, and profit in equilibrium, given by wyy, = %, Oy = gii_gg ,and Ty =

2
7?(?:51:5? 32 , respectively. This equilibrium solution exists when ¢ > cyy = M. The channel profit and the consumer

% and C'Sjy, = 20= B)((644Lp(1;%§§3) i ) , respectively.

2
When c < ey = M , it is easy to show that M’s wholesale price, content quality, and profit in equilibrium are
16(1— B)+/32 64c

surplus are given by 77y =

given by wiyy = M Oy =1, and myy = , respectively. Similarly, P’s selling price, protection
2 r 2
level, and firm profit in equilibrium are given by pj; = w iy = 1[36, and 7py = 32(15#, respectively. The

channel profit and the consumer surplus are given by 77 w nd CSy, = w, respectively.

The results are summarized in Table EC.5, under column “W (Wholesafe) ” with the subscrlpt W omitted.
EC.4.1.2. Agency Contract Applying FOC to (EC.6) with respect to p yields M’s selling price and market

demand, given by pa(0,r) = w and D4 (0,r) = % respectively. Substituting p (6, ) in (EC.6), manufacturer M’s
profit-maximization problem becomes
01-9)(1-B(1=1) 1 5
-5t

4
which yields M’s content quality and profit in equilibrium, given by 04(r) = % and 7wy 4(r) =
(1-9)?(1-B(1-r))? 627TMA(7'gyfpr(077')) _

32¢ 0 -

M(z)iéiergze Tara(r,0,0,p4(0,7)) = (EC.19)

, respectively. It is easy to show that mpra(r,0,¢,pa(0,7)) is concave in 0 as
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—c < 0. Subst1tut1ng A(0) in mpa(r,04(r),¢), we obtain M’s selling price and market demand given by pa(r) =

W, qa(r) . Anticipating M’s reaction, P chooses 0 < r < 1 to maximize:
1—¢)(1 1—m)% 1
mpa(r,04(r), ¢, pa(r)) = P — 9)( 0/3 ( )" 1 r (EC.20)
which is obtained by subsntutmg 9,4() and pa(r) in (EC.6). mpa(r,0a( ?qﬁ,pA (r)) is concave in 6 as

Bzpr(rﬂgr(;)’@PA(”) =14 ¢ 8@’6 < 0. Applying FOC to (EC.20) with respect to r yields P’s protection level

% and Tp 4 = %, respectively. Substituting r% in M’s

response functions, we obtain M’s content quality, selling price, and profit in equilibrium, given by 6% = % ph =

%, %, respectively. This equilibrium solution exists when ¢ > c4 M.

The channel profit and consumer surplus are given by mp4 = Tasa + Tpa = a-p)” (12((2)6(4;2?? 1;) f)z(l 2)¢") and C'S}
(1-B)(1—¢)((6842)c—B%(1—¢)¢)

(8c—B%(1-¢)9)*

When ¢ < ¢y = M, it is easy to show that M’s selling price, content quality, and profit in equilibrium

= 409465 px 1 and %, , = LZDUAB)+esY) 8

firm profit in equ1l1br1um are given by 7 = 5 4’ ,Tpg = M respectively‘ The channel profit and the consumer

surplus are given by 77 4 = 2U= 5>+¢(2 £)5"16c and CS} = w
Table EC.5, under column A (Agency) with the subscript A 0m1tted
Comparing the equilibria in Table EC.5, we find that our key results remain unchanged even with the alternate sequence.
First, as the commission rate ¢ increases, the quality of genuine content 8% and the content manufacturer’s profit 7 4 increase
when ¢ € (c A, M) ,0<fB<l,and 0 < ¢p < % Second, both M and P prefer the wholesale contract (WWp,1,) over the

i - 2 pPa—(5—-4
agency contract (Ay) iff 0 < ¢ < 2 4‘/5, 0<fB<1l,andce (%4, W)

)
1
2

and profit in equilibrium, given by r% =

and ’/TX/[ A=

, respectively.

are given by p’y

, respectively. Similarly, P’s protection level and

, respectively. The results are summarized in

EC.4.2. Analysis of Section 5.2: Equilibrium under H L for Wholesale (W) and Agency
(A) Contracts in Additive Utility Model

Similar to Lahiri and Dey (2013) and Kim et al. (2018), in this section, we consider an additive utility model for pirated content,
ie.,Up(v,0,r) =vP60 —r. The utility of consuming genuine content U/ (v, €, p) = v — p. Due to analytical complexities, we
consider the H L scenario, i.e., the model in which # =1 and r» < 1, while ¢ =0 and k£ > 0 (remember that H L scenario is a
special case of L L scenario). We show that even with H L scenario, our key results remain intact.

By substituting 8 = 1, we obtainf (v, 1,p) =v—pandUp(v,1,r) =vB —r. Equatingd (v, 1, p) toUp (v, 1,r) provides us
— %, if p > %

—T

the indifference valuation o = P=%. Thus, the demand for the genuine product is given by D(1,r, p) =

- 1-p, ifp< 3’
=2 L2, ifp> =%
and the demand for the pirated product is Dp(1,r,p) = =g B f .
O» lfp S B

EC.4.2.1. Wholesale Contract With & =1 and » <1 (Wj) Under contract W, the profit functions
for M and P become:

mvuw (1, r,w,p) =wD(1,7,p) = { ((1 B

p—r
B)’ 1fp>6

; fp<s . and (EC.21)
) up=sx

s fo-w) (1-12) % it

WPW(l,T,w,p) = (p_ ’lU) D(l,?",p) - L = {(p ) 10 2 27 . P s 5 reSpectively. (EC22)
2 p-w)(1-p)—T7, ifp<7

In response to M’s wholesale price offer w and its own protection level decision 7, P chooses piX (r, w) that maximizes

2
mpw (1,7,w, p) given by (EC.22). Whenp > 5, we show that pw (1,7, w, p) is concave in p as W -2 <0,

forall0 < B8 <1. Applying FOC to (EC.22) with respect to p yields P’s selling Ence demand, and profit function, glven by
piF (w,r) = =8 DEL (w,r) = % and Ty (w,T) = % , respectively. Substituting p{* (w, )
inp> % 5» we obtam w > % On the other hand, when p < %, we show that wpw (1,7,w,p) is concave in p as
Pmpw (1,r,w,p) _

52 = —2 < 0. Applying FOC to (EC.22) with respect to p ylelds P’s selling price, demand, and profit function,

given by pitF (w) = 1+w , DL (w) = 1= 5+, and nBE (w) = % — 5, respectively. Subsntutmg piE(w,r)inp <~ 5

we obtain w < Tﬁ B F1nally, when QTB 8 < w < w , it can be easily shown that pi¥ (w,r) = B’ DHE(w,r) =

1— 2, and 7HE (w,r) = wigﬂ“’) %, respecnvely. Therefore, after substituting pfi” (w,r) in (EC.21), M’s profit-

[‘1’
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maximization problem becomes:
14r—w— - 2_p—Br+2
w( ), it > S
Mal)éi;{)lize WMw(l,T,w,pg/L(T,w)) =< wl(1- %) , if 2TZ;B <w< 52*5;5’"*” . (EC.23)

w(lfT“’), ifw< 2228,

5 2 roaw.pB L (ra
For w > %, maw (1,7, w, pit (r, w)) is concave in w as 2 ”MW(LSZ)”;"W rw) _ 1/3 <0, forall0< B <
HL( ) 1+7r

:2and

B> —B—Br+2r
> B ,

1. The FOC to 7TMW(1 r,w, piF (r,w)) yields M’s wholesale price and profit function, given by w

i (r) = U2 W)

we obtain r < di(liwﬁ) On the other hand, for w < 2TB £ we find that maw (1,7, w,pii" (r,w)) is concave in w as

*mamw (1,rw,pit (raw))

o —1 < 0. The FOC to marw (1,7, w, pi (r,w)) yields M’s wholesale price and proﬁt function,
given by w‘IfVL(r) = % and wﬁﬁv(r) = %, respectively. Substituting w{fVL (ryinw < 2r§ﬁ we obtain r > %. Finally, for
2rﬁ—ﬁ <w< ﬁ2—3;5r+2r

, respectively, in response to P’s protection level decision r. Substituting w inw

Ompw (1,1 vaw Eraw)) -1

B < 1.1t can be easily shown that wif” (r) = B2B—Bri2r and AL (ry= (B-n(@- ’B)T p+8” )
Comparing the manufacturer’s profit under the tﬁree scenarios provided in (EC. 23) we find that there are two thresholds

32(13 ﬁﬁ ) and Tw = ﬁ \g +(3— 2ﬁ)) , such that the manufacturer’s optimal response to 7 is to

, mw (1,7, w, piF (r,w)) is increasing in w as

—%>0,a50<r<

onr, given by ry, =

set witk (r) = 1+T Bif r < ryp, wilh,

_ 2
L (r) = % if r <1y, Chul(c Bﬁg)r p+7) if ryy <r <TFw, and Lif » > 7. Substituting wi*(r) in P’s

(r) = w if ryp <1 <Tw, and wity (r) = L if r > 7. Consequently,

response functions, we obtain P’s selling price and demand functions, given by pW ( )= W if r <ry, E if rypy <

L

r <Tw, and % if r > 7y, and D{,{,L( )= 1*’" B) B ifpr < Tw,1l— % ifry <r <rw,and % if 7 > 7y, respectively.
Furthermore, substituting w{" () and pW 0

) in (EC.22), P’s profit-maximization problem becomes:

1+r—p8)> 2 .
HL HL ( ZGﬁ) _2%’2 ifr <ty
Maximize 7pw (1,7, wi" (), pw’ () = § =20 — iy, <r <7y - (EC.24)
o - if 7>y
2
For r < 1y, we find that wpw (1, , wW ( ), pE(r)) is concave in r as O mpw (Lr, U{;TQ ") g + 8(117_5) <0,

for0< g8 < Z The FOC to mpw (1,7, wit” (r), pit” (1)) yields P’s protection level, selling price, quantity, and profit in
2 2

equilibrium, given by it = 71__8[2, pilr = %, gtk = 2§1_778§), and THL" = %. Substituting 717~ in 7 < 1y,

we obtain ST‘[ <pB< 3+76‘/§. In can be easily shown that for 0 < 8 < % or % < B <1, it =y, pit =

1_ 1 HLx HLx _ (1-8)(2-9(1-8)8%)

1
T35 9w = 1-gp> and TPy = 2(4-3p)? ) HL, ) HL
Forry, <r < 7w, we find that mpyy (1, 7, wit (r), pi (r)) is concave in r as 9 ”PW(“’“E’)VTVQ (rpw (1) _ 2’5[2?5) <0,
for /3 —1 < 8 < 1. The FOC to wpyw (1,7, wilF(r ,pHL r)) yields an interior solution M However, for v/3 — 1 <
w w y 2-B(2+8)
B < 1, we find that M < ry. Hence, for v/3—1< B < 1, mpw (1,7, wix (), pL (r)) is decreasing in 7. Hence, the
2-B(2+8) w:

equilibrium protection level, rif-* = = 731 On the other hand, for 0 < 8 < v/3 — 1, it can be easily shown that equilibrium

protection level, 7{{“* = ry;,. Hence, in this case, for any 0 < 8 < 1, rit™* =1y, pir* =1 — - dB’ B —— 1 15ﬁ, and
HLx _ (1-8)(2-9(1-5)5%)
TPw = 2(4-3p8)2 )

Forr>7 rW, we ﬁnd that mpw (1, r, wi (r), piE (r)) = 1—16 %, is decreasing in r. It can be easily shown that P’s profit

mpw (1,7, wit” (1), piv* (1)) at riy™*

Therefore, for 3= f <p< 3+f , the equilibrium results are given by ry;/

=T is dominated by previous scenarios.
HL* _ 175 whiE* — 4(1-p)* _HLx _ 6(1-8)?
85> Ww T =g PW = —7—gp >

Ly — f(lfigz, and nHEx — % The consumer surplus and the total supply chain profit are given by C'S{L* =
1-4(1- 53(67(18;’)52)[(33 58)+1 and il — gLy | pHLx W respectively. For 0 < 8 < ?”—\f or 3*—[ <p<1,
the equilibrium outcomes are given by 71" = 73[1(_13;) Wi = 2i1 sg) SR =1 — 1 —55> gttt = 1 13ﬁ, ﬂf/[Lw}“ = (i(_l;ﬁﬂ))Q
and wHEr = %. The consumer surplus and the total supply chain proﬁt are given by C'SHL* = m
and mikr = 3(15;%_3;1)2/3)52) , respectively.

EC.4.2.2. Agency Contract With 6 =1 and » <1 (Ag) Under contract A, the profit functions for
M and P become:
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1— (1 - P—T)  ifp>=
mara(Lrdp) = (1— pD(1rp) =4 0~ PPUTIS5 ) iTe>5 (EC.25)
(1=9)p(1=p), iftp<j
2 1—1’”)—17% ifp><
mpa(l,r,¢,p) = ¢opD(1,7,p) — % = {¢p ( -8 /s 2 . b f , respectively. (EC.26)
¢p(1—p)— 5, iftp<y
In response to P’s protection level decision r, M chooses pi © (r) that maximizes 74 (1,7, ¢, p) given by (EC.25). When
2 .
p> %, we show that mpr4 (1,7, ¢, p) is concave in p as 9 Wﬂfggz’“m’) = —2(11:;) <0, forall0<pf<land 0 < ¢ < %

Applying FOC to (EC 25) With respect to p yields M’s selling price, demand, and proﬁt function, given by p4 L (r) = 1*;75 ,

HL(ry = é?’l’ 4y and T (r) = %, respectively. Substituting p{ “ (r) in p > 7> we obtain 7 <1, = ﬁ(l BB)
On the other hand, when p < 7, we show that mar4(1,7,¢,p) is concave in p as W =-2(1—-¢)<0 for any
0<o< % Applying FOC to (EC.25) with respect to p yields M’s selling price, demand, and profit function, given by
pHE(r) =3, D (r) =%, and n iy (r) = 252, respectively. Substituting pHL( )inp < 7, we obtain 7 > 74 = g Finally,
whenr, <r <74, itcan be easily shown that pf{ L (r) = %, DHL(ry=1— 2, and 75 (r) = %, respectively.

Substituting p £ (r) in (EC.26), P’s profit-maximization problem becomes

o(1+r—p)> _ r? ;
- “qop 7 Hr<ra
Maximize mpa (1,7, 6,4 (r) = X0 — 2 ifp, <7 <Ta, (EC.27)
% — % ifr>7ra

2 . HL¢.,
For 7 < r 4, we find that mp (1,7, ¢, p& “(r)) is concave in 7 as % =—1+ ﬁ <0,for0<¢p <3

and 0 < B < 274’ . The FOC to mpa (1,7, ¢, pa(r)) yields P’s protection level, selling price, and profit in equilibrium,
2

— * —B)2 . .
given by ri* = % oy 2((117% and THE* = % Substituting 4

¢< and 1_V1 49 <B<1J”1_4‘Z7 Incanbeeasilyshownthatfor0<¢<%and0<ﬁ<1_7 V21_4¢,0r0<<z5<i
and1 Vl X <ﬁ<1 or ; <¢< and 0 < B8 < 1, the equilibrium outcomes are TXL*:fA,pr*:l—ﬁand

HLx _ <1 B)(2¢—(1-B)8 )
TPA = 2(2-5)? : , s
For r, < r <74, we find that mp4(1,7,¢,p ¥ (1)) is concave in 7 as % = _1— Z—f <0, for ¢ >0

and 3 > 0. The FOC to wpa (1,7, ¢, paL(r)) yielzds P’s protection level, selling price, and profit in equilibrium, given by
H L B¢ H L HL* jn 14 <1 < T4, we obtain conditions: 0 < ¢ < %

and()<,3<1 ”1 4¢ ,or0<¢< 1 and 1112 vs <,3<10r7<¢<land0<,3<1Incanbeeasilyshownthatfor

Lx

in r < r4, we obtain 0 <

L
TA = 5305 PA :ﬁ,and TPA 4¢+2/32 Substituting r4

0<op<y L and 1” 1 i <B< 1+V1 49 the equilibrium outcomes are rif2* =7, pHt* =1 — #ﬁ N —— ﬁ and
HLx _ (1=8)(2¢— (1 B)B* )

TrA = 2(2—-p)?
For > T4, we find that, mpa(1,7,¢,pa % (r)) = % — %, is decreasing in r. It can be easily shown that P’s profit

npa(l,r, ¢, phE(r)) at ri¥* =7 4 is dominated by previous scenarios.
Now, when 0 < ¢ < % and 17V2174¢ < B < 1+V2174¢, P’s profit function
$(1=F)? (1-B)(2¢—(1-8)8%)
> 220-P)-9) 2(2-p)?
2
1=/ —4¢ 1_4 <B<1,or % << % and 0 < 8 < 1, P’s profit function 4@%72&2 dominates
(- /3)(2¢> (1-8)8° )
2(2-p)?
Therefore, for 0 < ¢ < l and 1= 174‘» <pB< v 21 —19 the equilibrium results are given by i ©* = 208 pil =

T 20-p)—-¢°
%, HLx W’ and Hix — % The consumer surplus and the total supply chain profit are given

* 2 * " « _ (1=-8)2(2(1-8)—¢* . .
by CSHL* = B(1+3B)2(;(2?1) ﬁ[)wi()lz B)+¢ and milr = pliLe | pHLx — W respectively. Otherwise, for
O<¢<Zand0<[3<7 VIZ19 or0< ¢ < 2 7 and 1”1 19 <p<1, or7<¢< and 0 < (8 < 1, the equilibrium

2
outcomes are given by TH Lx = 5 4&232 s pg e j’i = and 7rH I #. The consumer surplus and the total supply

HL* _ (1=p)(1+8)(2=(2=8)B)
2(2-p)?

_e(1=B)® _ 1=p)(26-(1-B)8*)
2(2(1-p)—¢) 2(2-p)? ’
. On the other hand, when 0 < ¢ < i and 0 < B < ﬂ,or0<¢< i and

(1-8)(20-(1-B)87) ¢*
22-5)? 1€ g7 >

dominates

i.e.

chain profit are given by C'SHL* = 55— B)Q and 77 , respectively.
Comparing the two contracts, we find that our key results remain unchanged even with the additive utility model. First,
as the commission rate ¢ increases, M’s profit 71']\1}[[54* increases when 0 < ¢ < 3 L and 1= Vzl 19 < B < V149 1 9 Sec-

ond, both M and P prefer the wholesale contract (Wgy) over the agency contract (Agp) iff 0.74 < B < 0 756 and
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_ 5_8)(1— 2(1—8)2(1+282 _ 17+(7-88)/17—165(3—45)
IT=8PCLO_BU=PD) < ¢ < ( %B ) or =2 < B <0.756 and 0 < ¢ < B(5 — 4f) — LHITSIVITZI05G=45)

‘ 50 4 )
0r0~756<5<%and0<¢< %_

EC.4.3. Analysis of Section 5.3: Equilibrium under H L for Wholesale (W) and Agency
(A) Contracts in Bundling Model

In this case, we consider a scenario in which the P bundles contents from two manufacturers, M1 and M>. Again, we analyze
the H L scenario (# =1 and r < 1, while ¢ =0 and k > 0) and show that our key results are robust. Thus, the demand for the
genuine product, given by (3a), becomes D(1,7,p) =1 — 1= 7 (1 oL and following (3b), the demand for the pirated product

isDp(1l,r,p) = m as long as r < 1, and zero otherwise.

EC.4.3.1. Wholesale Contract With 6 =1 and » <1 (Wygy) Similar to Kim et al. (2018), under

contract W, the profit functions for manufacturers (M;, i = 1,2) and P become:

. e — . — 7p )
maw (1,7, wi, p) =wiD(1, 7, p) = w; <1 1—/3(1—7")> Vie{1,2} and (EC.28)
2
() — A — — (p— e — _ p _r
pr(l,v",w1,w2,p)—(p w1 w2)D(17r7p) (p w1 w2) (1 17ﬁ(177ﬂ)> 9’ (EC29)

respectively. In response to w1 and wa by M; and Mo, and its own protection level decision r, P chooses p‘I}’VL (w1, wa,T)
2 . W .1

that maximizes wpw (1,7, w1,w2,p) given by (EC.29). wpw (1,7, w1, ws,p) is concave in p as W =

_ % < 0. Applying FOC to (EC.29) with respect to p yields P’s selling price, demand, and profit functions, given by

1 —B(1— 1-B(1—r)—w;i— 1—w; —wa—B(1—7))?
PV (w1, wa, ) = BBt DIEE (wr wa, 1) = SREE T, and wf (wn, wayr) = SR

w\*

In the previous stage, M1 and M> compete and decide their wholesale prices. Substituting p{;{VL (w1, wa,r) in (EC.28), the
manufacturers’ profit-maximization problems become:
1-6(1—71)—w; .
f—r)—w ) Vie{1,2}.  (EC30)

2(1=-p(1 =)

O*ma,w (Lrwi pit” (w1,wa,r) 1
90? 1ﬁ(1r)<0f0r0<ﬁ<1

0<r < 1, and ¢ € {1,2}. The FOCs from EC.30 yield the manufacturers’ wholesale prices and profit functions, given
by whE(r) = L 6(1 B and TFHLW (r)= 1= 51(; ") for all i € {1,2}, respectively, in response to P’s protection level 7.
Substltutlng w7W ( ), © € {1,2}, in P’s response functions, we obtain P’s selling price and demand functions, given by
piE(r) = w and D‘fIVL(r) = é, respectively. Furthermore, substituting w/ii¥ (r), i = 1,2, and pfi* (r) in (EC.29),
P’s profit-maximization problem becomes:

Maximize manw (1,7, wi, i (w1, w2, 7)) = wi D" (w1, wa, ) = w; (

w; >0

maw (1,7, wi,p{/qu(wl wa,7)) is concave in w; as

1—-8(01—7) r?

Mg\iumlze Tpw (L, r, wi (1), wig (1), pi (1)) = — 2 "3 (EC.31)
02 HL HL HL

mpw (1, r, wiE (), wiE(r), pF () is concave in r as 2 ”PW(l’T’wlwg;,)z’“’QW(T)’pw ™) — 1 <. Applying FOC to

EC.31 ylelds P’s protection level, and subsequently the selling price and profit in equilibrium, given by rH Ix — =35 p{;{VL =

w ,and THE = % Substituting 2% in wiiE (riE*) and 7rMiW(7"€IVL*) i =1, 2, we obtain the man-

2

ufacturers wholesale prices and profits in equilibrium, given by wH L — W and 71 LV’{/ = % for all

i € {1,2}. The consumer surplus is given by C SVI{/L * = W. The channel profit is therefore W{p{‘/%/* = wﬁf W+
HLx HLx _ 40(1-p)+p?
MW T TPW =~ 28

EC.4.3.2. Agency Contract With 6 =1 and » < 1 (Ay) Similar to Bhargava (2021), under contract
A, the profit functions for manufacturers (M;, ¢ = 1,2) and P become:

mara(Lr,ép) = 1= ‘b)p;)(l’r’p) _4 *2¢)p <1 - 5’(’1 _T)> Vie{1,2} and (EC.32)
mpa(l,7,¢,p) =o¢p (1 - %) — %rz, respectively. (EC.33)

It may be noted that, as the manufacturers are symmetric, their profit functions are same. In response to the protection
level 7, the retailer P chooses pi “(r) that maximizes 7pa (1,7, ¢,p) given by (EC.33). mpa(1,7,¢,p) is concave in p as
Ompa(lindp) _ _ 1_;&’4) <0,for0<B<1and0 < r < 1. Applying FOC to (EC.33) with respect to p yields P’s selling

Op
price, market demand, and profit function, given by p¥ w DHE(ry = 1 ,and wh5 (r) = W, respec-

tively. The manufacturers’ profits are Wﬁf a(r)= M ,i=1,2, respectlvely Substituting pf{ £ (r) in (EC.33), P’s
profit-maximization problem becomes: )
pA—-p—=r)) r

Maxngze mpa(l,r, ¢,pr(r)) == 3 (EC.34)
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Lx _ 4(1*5)+¢ﬁ2

which yields P’s protection level, selling price, and profit in equilibrium, given by r 4 s p = ———— and
2
— w, respectively. mpa (1,7, ¢, pH L (r)) is concave in r as w —-1<0. Substltutmg
2
rif P in el (rit™),4 € {1, 2}, we obtain 7 J\%LX =T = M . The total supply chain profit and consumer

surplus are given by 7 &* = W and CSH L = W respectively.
Observe that our key results remain unchanged even with the content bundling. First, as the commission rate ¢ increases,
the content manufacturer’s profit wﬁfj{ increase when 2 (\/5 - 1) <fB<land 0< ¢ < BlLB)=4 1y addition, My, Mo,

232
and P prefer the wholesale contract (Wg 1) over the agency contract (Agy) iff w <P <land ¢ < % -
— 2__ 3 4
V/1296 25925+1183;§ﬂ T2BTHG55T 1y contrast, M1, Mo, and P prefer contract A, over contract Wiy, for all 8 of% <Pp< %

EC.4.4. Analysis of Section 5.4: Equilibrium under H L for Two-Part Tariff (71") Contract
In the two-part tariff contract (1"1"), P pays the content manufacturer a fixed fee F' and offers a unit price w for the content
(Jiang et al. 2023). We assume that the reservation profit of M is IT,. Again, for this extension, we consider the H L scenario
(0 =1and r <1, while c=0 and k£ > 0). Slmllar to our base case analyses the demand for the genuine product and pirated
product are given by D(1,7r,p) =1 — T and Dp(1,7,p) = m, respectively.

Under contract 7T, the profit functions for M and P become:

murr(r,w, Fyp) =wD(1,r,p) + F=w (1 - +F and (EC.35)

.
1-8(01-7)
P r?
Fp)=(p—-—w)D(1 —F=(p- 1-——— | ———-F. EC.36
71-PTT(T:U): ap) (p w) ( 7T7p) (p ’LU) < 1_6(1_T)> 9 ) ( )
respectively. In response to its own unit price offer w and protection level d2ecision r, P chooses p?TL (r,w) that maximizes
wprr(r,w, F,p) given by (EC.36). wppr(r,w, F,p) is concave in p as 9 WPTQ;Z’W’F”?) =— 1—ﬁ(21—r) <0for0<fB<1
and 0 < r < 1. Applying FOC to (EC.36) with respect to p yields P’s selling price, demand, and proﬁt functions, given by
HL _ 14w—pB(1-r) DHL (1—w—B(1-7))? r?
pTT(war)*ig , Drr(

T ’lU,'f’) = % — m, and TrPTT(w F T) TAA-B(—") -5 F, respectively.
orresponding S profit is given by my/rpr(w, £, 7 S—a—o | + I'. In the previous stage, P solves the following

C ding M’ profitis given by m{{/(w, Fy,r) = w (525527 ) + F. Inth P solves the foll

problem:

(1-w—pB(1—r)*

Maximize 75 (w, F,r, pre(r,w) = mpa ) F (EC.37)
st ik (w, Fyr) = w (%) +F >y (EC.38)

It may be noted that 755 (w, F, r) is decreasing in F'. Hence, the constraint (EC.38) binds. Thus, F (w,r) = —
w (%) and w8 L. = T1,,. After substituting p2& (w, r) and FFF (w, ) in (EC.36), P’s profit-maximization prob-
lem becomes:

- HL HI 1 w? r’
Mal)élzrglze WPTT(T,’LU,FTT (T7w)7pTT (T,w)): Z 1+5(7‘7 1) — m — 5 7H]\47 (EC.39)
02 HL HL
mprr(1,mw, FAE (r,w), pi& (r,w)) is concave in w as 9 ”PTT(L”“’%TUT)Z(T’“’)”’TT(T’“’)) = 72(1_;(1_7‘ <0, for0 <

f<land0<r<1. Applying FOC on (EC.39) yields P’s unit price and profit functions, given by w## (r) = 0 and
Tk (r) = W — %5 — I, respectively, in response to P’s protection level decision 7. Substituting wik (r) in P’s
response functions, we obtain P’s selling price and demand functions, given by pit () = w and DIEE(r) = %
respectively. In the first stage, P solves the following profit-maximization problem:

1+8(1—-r) r*

Maximize mprr(r, wit (r), it (r) = A 5 I, (EC.40)

mprr(r, wiE (r), piE (r)) is concave in r as azﬂpTT(T”w(iTz M) _ 1 <, Applying FOC on (EC.40) yields P’s
protection level, and subsequently the selling price and profit in equilibrium, given by r4/% B ,piEr = @=8) ﬁ ) , Substituting
i in wlE (eI ) and o, (rHE*), we obtain the consumer surplus, given by C'S#E* = w The channel profit
is therefore w25 = wdile. 4 ﬂﬁTL;’fI; = % Comparing the channel profit with the correspondlng vertically integrated

profit from Table EC.2, we have 77y/" = 7.
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