Appendix

Appendix A: Equilibrium Solutions for Different Cases.

In this proof, we derive the equilibrium profits resulting from each model. We set the inverse demand
function as:
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Because the profit functions of the supplier and the e-platform are always expressed as concave
quadratic equations with respect to the decision variable (i.e., quantity), all the unreleased second-order
conditions are satisfied in the following profit-maximization problem. Therefore, we omit the description
of some of the second-order conditions for profit maximization.

Model N:

The e-platform only resells the supplier’s products in this scenario, bringing A = 0 and ¢ = ¢ to
Equation (1) to obtain p;, we can derive the supplier’s and the e-platform’s profit function as follows:

ﬂév = wq; (2)

Wg = (pt —w)gq (3)

N
Solving %r—qf =m —2q —w = 0, from which we can derive the optimal reselling quantity as a function

. The supplier’s optimization problem in Stage 1 is characterized
by the first-order condition of Equation a; UJSJV = %(m — 2w) = 0, from which we can derive the optimal
wholesale price of product w? = . Substituting the above optimal wholesale price into the above
optimal reselling quantity function, we can derive the optimal reselling quantity: ¢¥ = T

With the above equilibrium wholesale price and reselling quantity, inverse demand function in Equa-
tion (1), the supplier’s profit function in Equation (2) and the e-platform’s profit function in Equation
(3), we have all equilibrium solutions in Table 1.

Model D:

The supplier not only wholesales his products to the e-platform for reselling, but also sells products
through a direct channel in this scenario, we bring i = ¢, j = d and ¢ = d, j = t to Equation (1) to obtain

pt and pg, respectively. We can derive the supplier’s and the e-platform’s profit function as follows:

of the wholesale price ¢;(w) = 5%

78 = wq + paga — F (4)
71-}9 = (Pt —w)qt (5)
D
Solving %TT’: =m — 2¢q; — w — A\gq = 0, from which we can derive the optimal reselling quantity as

a function of the wholesale price and the direct selling quantity ¢;(w,qq) = W. The supplier’s

optimization problem in Stage 3 is characterized by the first-order condition of Equation (4):
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The Hessian matrix for the profit function of the supplier is:
-1 0
0 —2+X°
The Hessian matrix is positive. From Equation (6) and (7), we can derive the optimal wholesale

price of product w?” = 5 and the optimal direct selling quantity q(’? = % Substituting the above
optimal wholesale price and optimal direct selling quantity into the above optimal reselling quantity
m(—1+X)

2(—2+72%)"
wholesale price, direct selling quantity and reselling quantity, inverse demand function in Equation (1),

function, we can derive the optimal reselling quantity: ¢ = With the above equilibrium



the supplier’s profit function in Equation (6) and e-platform’s profit function in Equation (7), we have
all equilibrium solutions in Table 1.

Model A:

The supplier not only wholesales his products to the e-platform for reselling, but also sells products
through an agency channel on the e-platform by paying commissions in this scenario, we bring i = ¢,
j=oand i=o,j=tto Equation (1) to obtain p; and pg, respectively. We can derive the supplier’s
and the e-platform’s profit function as follows:

s = war + (1 — @)podo (8)

T = (pr — W) + Poto 9)

A
Solving %T—q‘:’ =m—2q—w— (1+a)rg, = 0, from which we can derive the optimal reselling quantity

as a function of the wholesale price and the agency selling quantity ¢;(w,q,) = (m_w_(gw. The

supplier’s optimization problem in Stage 3 is characterized by the first-order condition of Equation (8):
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do

The Hessian matrix for the profit function of the supplier is:

-1 0
0 (—1+a)2-(1+a))\?)

The Hessian matrix is positive. From Equation (10) and (11), we can derive the optimal wholesale price
m(—2—202 A+ A%+ a(24+22—2?)) m(—242a+))
2(—2+2a+1%) 2(—242a+A2)
Substituting the above optimal wholesale price and optimal agency selling quantity into the above optimal
m(l—a)(—14X)
2(—2+2a+A2)

With the above equilibrium wholesale price, agency selling quantity and reselling quantity, from inverse
demand function in Equation (1), the supplier’s profit function in Equation (8) and the e-platform’s profit
function in Equation (9), we have all equilibrium solutions in Table 1.

Model N:

The supplier wholesales his products to the e-platform for reselling, and the e-platform provides EW
service as a countermeasure in this scenario, we bring A = 0 and ¢ = ¢ to Equation (1) obtain p;. We can

derive the supplier’s and the e-platform’s profit function as follows:

of product w4 = and the optimal agency selling quantity ¢ =

reselling quantity function, we can derive the optimal reselling quantity: ¢;* =

De =gt — Pe + UTe (12)
ﬂg = wq; (13)
T = (m—q —w)g + (pe — pf)De — ©T? (14)

In Stage 4, the e-platform needs to decide on the EW price, the EW period and the reselling price.
Hence the e-platform’s optimization problem in Stage 4 is characterized by the first-order condition of
Equation (14):

N
8ﬁp=m+pe—2q—w—fp=0 (15)
Jqt

b N

“p =-2p.+q+Tv+ fp=0 (16)
Ope

9 N

87;5; = vpe — fup —2¢T. =0 (17)



The Hessian matrix for the profit function of the supplier is:

-2 1 0
1 -2 v
0 v =2

The Hessian matrix is non-positive when v? < 3¢ is met. From Equation (15), (16) and (17) which
we can derive the optimal reselling quantity, EW price, EW period as functions of the wholesale price

2
and the direct selling quantity q(w) = m”27”2w72321f614“’“9+2fp“’, pe(w) = 20 ‘fifg;’”*”)“”, T.(w) =
%. The supplier’s optimization problem in Stage 3 is characterized by the first-order condition

of Equation (13):

87TJS\7 B mu? — 202w — 4mp + 8w + 2fpp B
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From Equation (18), we can derive the optimal wholesale price of product w™ = W;?—W.

Substituting the above optimal wholesale price into the above optimal reselling quantity function, EW
price function and EW period function, we can derive the optimal reselling quantity, EW price and EW
period:

2
N mvt—4dme+2fpp
= 1
a4 41}2 _ 1290 ( 9)

n _ mp(—v? +49) + 2fp(v* — v + 5p?) (20)
Pe = 2(0% — 4p) (V% — 3¢)

v _ v(=me? +4fv?p + dmyp — 14[pp) (21)
‘ 4(v? — 4p)(v? = 3p)

With the above equilibrium wholesale price, reselling quantity, EW price and EW period, thus, inverse
demand function in Equation (1), EW demand function in (12), the supplier’s profit function in Equation
(13) and the e-platform’s profit function in Equation (14), we have all equilibrium solutions in Table 2.

Model D:

The supplier not only wholesales his products to the e-platform for reselling, but also sells products
, and the e-platform provides EW service as a countermeasure in this scenario, we bring i = ¢, 7 = d
and i = d, j = t to Equation (1) obtain p; and pg, respectively. We can derive the supplier’s and the
e-platform’s profit function as follows:

7l = wg + (m — g4 — Ag1)qa — F (22)

mp = (m — g — Ma — w)q, + (pe — pf)De — T (23)
In Stage 4, the e-platform needs to decide on the EW price, the EW period and the reselling price.
Hence the e-platform’s optimization problem in Stage 4 is characterized by the first-order condition of

Equation (23):

D
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The Hessian matrix for the profit function of the supplier is:

-2 1 0
1 -2 v
0 v =2p



The Hessian matrix is non-positive when v? < 3¢ is met. From Equation (24), (25) and (26)

which we can derive the optimal reselling quantity, EW price, EW period as functions of the whole-
0® (w4 Aga)+m(v® —4p)+2(2w+2Aga+fp) e

sale price and the direct selling quantity g(w,qq) = = ' ST —30) , De(w,qq) =
fov? —Lp)-l;(irgn-i-w-&-)\qd)ap To(w, qq) = ”(_mifikg‘fz)'FwP). The supplier’s optimization problem in Stage 3 is

characterized by the first-order condition of Equation (22):
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The Hessian matrix for the profit function of the supplier is:
2
—5=ge 0
02 (= 2+A2)+(6 e
0

v2—3p

The Hessian matrix is positive when v?(—2 + A2?) + (6 — 4A\?)¢ > 0 is met. From Equation (27) and
(28), we can derive the optimal wholesale price of product w? = Wﬁ?—w

- 2
selling quantity ¢? = 2f ’\Q”(ij(’fg’; f\;)ﬁé)_zﬁkﬁ;;))‘w. Substituting the above optimal wholesale price and

optimal direct selling quantity into the above optimal reselling quantity function, EW price function and
EW period function, we can derive the optimal reselling quantity, EW price and EW period:

p_ m(—1+N)(v* —4p) —2fpp
4 = 2(02(—2+ A2) + (6 — 41%)p) (29)

and the optimal direct

5 —m(=14+X)(v? —4p)p + fp(v (=2 + A2) + 202(5 — 3X2)p + 2(—5 + 4)?)p?)

Pe = (V2 —4p) (V2 (=2 + A2) 4+ (6 — 4X2)p) (30)
p_ v(=m(=1+ N (v* = 4p) +2fp(v* (=2 + ) + (T = 4\*)p))
17 = 2(0% — 40)(02(—=2 + N2) + (6 — 4A2)p) (31)

With the above equilibrium wholesale price, direct selling quantity, reselling quantity, EW price
and EW period, thus, inverse demand function in Equation (1), EW demand function in (12), the
supplier’s profit function in Equation (22) and the e-platform’s profit function in Equation (23), we have
all equilibrium solutions in Table 3.

Model A:

The supplier not only wholesales his products to the e-platform for reselling, but also sell their products
through an agency channel on the e-platform by paying commissions, and the e-platform provides EW
service as a countermeasure in this scenario, we bring i = ¢, j = 0 and i = o, j = t to Equation (1) obtain
pe and p,, respectively. We can derive the supplier’s and the e-platform’s profit function as follows:

7 = wg; + (1 - a)poto (32)

78 = q(pr — w) + APoo + (pe — pf)De — T2 (33)

In Stage 4, the e-platform needs to decide on the EW price, the EW period and the reselling price.
Hence the e-platform’s optimization problem in stage 4 is characterized by the first-order condition of
Equation (33):

ord
94, =m+p.—2¢g—w—(14+a)\g— fp=0 (34)
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The Hessian matrix for the profit function of the supplier is:

-2 1 0
1 -2 v
0 v =2

The Hessian matrix is non-positive when v? < 3¢ is met. From Equation (34), (35) and (36) which

we can derive the optimal reselling quantity, EW price, EW perlod as functions of the wholesale price
and the direct selling quantity q;(w,q,) = — (w+(1+°‘)’\q°H‘m(;(;‘i@g$2(2w+2(1+0‘))‘q°+fp)“’ pe(w, qo) =

Fp(?—p)+( vmj';;‘*‘(l'*'a))‘q")"” Te(w,qo) = v(—m+w2—&(-v(;i-g;;\qn+2fp). The supplier’s optimization problem in

stage 3 is characterized by the first-order condition of Equation (32):

Ord 202w+ agy) + m(v? — 4p) + 24w + dago + [l

= =0 37
ow 2(v? — 3p) (37)
m(—1+a)(©*(=2+ ) + (6 — 4N)p) — 2¢o(—1 4+ @) (v* (=2 + (1 + a)A?)+

ord _ 6 — 4(1 + a)A\2) + 2\ (—v?wa + dwap + f(—1 4+ a)py) _0 (38)
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The Hessian matrix for the profit function of the supplier is:
— e 0
0 _ (F14+0) (02 (=24 (14a)A*)+60—4(1+a) X2 p)

v2—3p

The Hessian matrix is positive when v?(—2+2a+\2) — 2(73+3a+2)\2)<p > 0 is met. From Equation
_ (1=a)2fpp(v®(=242%)+60—417yp) +
(U *490)21
mu ( 24+2a+X) -
z1

(37) and (38), we can derive the optimal wholesale price of product w*
m (v —4¢) (v? (=242aA+21?)—2(—34+3ar+27%) )
(v2—4p)(z1

m(= 3+3a+2)‘)‘p+2f>‘p“’ . Where 21 = 20%(—=2 + 2a + M%) — 4(=3 + 3a + 2)\?)p. Substituting the above
optimal wholesale price and optimal direct selling quantity into the above optimal reselling quantity
function, EW price function and EW period function, we can derive the optimal reselling quantity, EW
price and EW period:

and the optimal direct selling quantity g2 =

i__(A—a)m(=1+ M) - 49) — 2fpp) (39)
P 202(=2 4 20 + A2) — 4(—3 + 3a + 2)\2)p

i m(=1+a)(=1+X)(0? —4p)p + fp(v (=2 + 2a + A?) — 20% (=5 + 5a + 3A2)p + 2(—5 + o + 4A?)?)

Pe = (02 — 4p)(v2(—2 + 200+ A2) — 2(—3 + 3a + 2A2))
(40)

A _ v(m(=14 a)(=1 4+ N)(v? — 4¢) + 2fp(v2(=2 + 2a + N\2) + (7 — Ta — 4)?)p))
€ 2(v? — 4p) (V2 (=24 2a + A?) — 2(=3 + 3o+ 2X2)p)

With the above equilibrium wholesale price, direct selling quantity, reselling quantity, EW price
and EW period, thus, inverse demand function in Equation (1), EW demand function in (12), the
supplier’s profit function in Equation (32) and the e-platform’s profit function in Equation (33), we have
all equilibrium solutions in Table 4.

Table 1, Table 2, Table 3, Table 4 summarizes the equilibrium solutions for five different models in
Section 4: no encroachment scenario (Model N), direct encroachment without EW service (Model D),
agency encroachment without EW service (Model A), no encroachment with EW service (Model N),
direct encroachment with EW service (Model D), agency encroachment with EW service (Model A).

(41)



Table 1: Equilibrium solutions of Model N, D, A.

Notations Model N Model D Model A
s m m m(—2—2a* A+ X2 +a(242X-)?))
w 2 2 2(—2+2a+A2)
s m m(—1+A) - m(—1+a)(—14+X)
q 1 2(—2+A2) 2(—2+2a+A2)
5/ s m(—2+X) m(—2+2a+X)
44/ 40 2(—21A2) 2(—212atA2)
s 3m m(—34+2+2%) m(—3—a(—=3+A)+A+A?)
Dy 4 2(—21+72) 2(—2+2a+12)
S /08 _ m m(—242%Fa(2-2+2?))
Pa/Ps 2 2(—2+2a+A2)
s m?2 m2(—342)) m2(—1+a)(—3+2a+2))
T & —F+ T=mey iy
s m2 m?(—14+1)2 m2 (40’ +(—=14+X)2 a2 (=7—224+522) +a(24+4X—722+2)3))
P 16 1(—2172)? I(—212a+72)?
Note: “s”

means superscript, representing model as no/direct/agency encroachment, respectively.

Table 2: Equilibrium solutions of Model N.

Notations Model N

w]\_/ mv2;3;n_t,478~;2fp@
N mv—4dme+2fpp
q 4v2—12¢p
N me(—v°+40)+2fp(v! —5v° p+54%)
Pe 2(0%—dp)(vZ—39)
TN v(—mu244foip+amep—14fpe)
e 4(vZ—49)(vZ—3¢p)
N 3mv2—8me—2fpp
Dy vZ—12p
DN _ p(m(v®—4p)+2fp(=2v>+T7¢))
e 2(v2—4p)(v2—3p)
N (m(v?—4p)+2fpep)*
S 8(v2—4p)(v2—3p)
N m?2(v2—49)2+4fmp(v® —4p)o+4f2 po(—4v>+13¢p)
T 16(v2—4p) (v2—3¢)
Table 3: Equilibrium solutions of Model D.
Notations Model D
wD mv2723;nj:8~;2fpgo
D 2fApp+m(v? (=247)+6p—4Ap)
4 2(v?(—2F 7D F(6-132)p)
D m(=14\) (v’ —4p) =2 pp)
4a 22 (—2+A2)F(6—4N2)p)
D —m(—=14+2) (v2—4p) o+ Fp(v (=24A2)+202 (5—-322) p+2(—5+412)?)
e (v2—49) (v2(—2+A2)+(6—422)p)
7D o(=m(=14A) (v* —4p)+2Fp(v? (=242*)+(T—42?)p))
e 2(v2—4¢p) (V2 (=2+A2)+(6-4X2)p)
D mu?(—3+A+A2)—2m(—4+A+22%) o —2f (—14+2%) pe
Py 2(Z(—2+A2)F(6—4X2)p)
»y Fl
DD P(=m(=14X2) (v® —40)+2f p(v? (=242)+(T=4A?)p))
e (v2—4p) (v2(—2+A2)+(6—4A2)p)
b Afm(=147) p(v® —4@)p—4f?p* p®+m? (0> —4p) (v° (=3420)+2(5—4X) ) —4F (v° —4¢) (v* (=24+27) +60—4X7p)
s T(0Z—4p) (3 (—2+X2)+(6—4A2)p)
5 q" (P —w?) + D2 (p? — fp) — TP




Table 4: Equilibrium solutions of Model A.

Notations Model A

wA (1—a)(2f pp (V2 (—24+22)+60—4X2p)+m(v2 —4¢) (v (—24+2aA+A%) —2(—34+3ar+222)p))
2(v2—4¢) (v (—242a+A2)—2(—3+3a+2A2)¢)
A (1—a)(m(=1+N) (v’ —4¢) =2 py)
q 202 (— 2420 F A2)—4(—3+3a+222)p
A mu? (—242a+2) —2m(—3+3a+2X) o+2f App
4o 202 (— 2+ 20+ A2)—4(—3+3at2A2)p
A m(—14a)(—14+2) (v2—4@) o+ fp(v* (=242 4+2%) =20 (=54+5a+32%) p+2(—5+5a+42%) p?)
De (02— 40) (02 (—2+2a+A2)—2(—3+3a+2A2) )
TA v(m(=14a)(=14+N) (v2—4p)+2fp(v? (=24+2a+2?)+(T=Ta—47*)p))
e 2(v2—4¢)(v2(—2+2a+A2)—2(—3+3a+2X2)p)
A mu? (=24 22 Fa(2=24+A?)) —2m(=34+222+a(3—224+272))p—2fadpp
Do 202 (— 2420+ A2)—4(—3+3a+212)p
A mo?(—3—a(—34+N)+FA+FA2)+2m (d+a(—44+2N)—A—222) p—2f (—1+a+1) pp
Dy 202 (— 2420+ A2) —A(— 3+ 30+ 272)
DA e(m(—=1+a)(—=14+X) (v —4p)+2fp(v? (—24+2a+A?)+(T—Ta—47)))
e (v2—4p) (V2 (—24+2a+A2)—2(—3+3a+2A2)p)
A (1—a)(dfm(=14N)p(v? —4p)p—4f2 p* o> +m? (v® —4p) (v? (=3+20+2)) —2(=5+3a+4)\)p))
g 4( 2_4g) (v2(—2+2a+A2)—2(—3+3a+2X1%)p)
i i, i 72
T ¢ (pft — w?) + apet + DS — fp) — T

Appendix B: Proof of Lemma and Proposition.

Proof of Lemma 1 The equilibrium solutions of model N, model D and model A are known from
Appendix A. Therefore, it is easy to conclude the following.

220 A% Fa(2422-)2 A(—=242a4 .
(1) wV =2 wP=2 =" m(= O‘( ;H:i‘g\;; ) wN—wA:%>O7 so it is easy
to see that w? = w? > w4,
N D _ m(=1+X _ m(l—a)(=14+X N A mA(—242a+) A D _
@ ¢ =7 o = 555 o = Seatanes @~ 4 = Tatsane > 04 —dP =

1-2)\?
2(723‘%(7212&“\2) < 0, so it is easy to see that ¢V > ¢* > ¢P.

—3+42) A 3+a(—3+N)—2) A —24 ) (= 1+ M)A
(3) P +aP = 55N o + gt = -GN PP — () +0) = sy > 0.
—24 ) (= 2420+ .
q(f)“ + qz“ —q) = _m( 4(;1_(2&:)\20? ) > 0, so it is easy to see that qf +qP > qf + q{‘ > g,

(qP +qP —(¢2 +q* —240) (—1+A)A . .
(¢4 +4; C%fq 4)) _ m§(7;+2)c(y+)\‘§)2) > 0, thus (q,]iJ +qP — (g + ¢f')) increases with a.

Derivation of Critical Thresholds We follow the upper and lower bound rules defined in the main
paper to solve the upper and lower bounds of f for each model when the EW service is provided.

(1) We first prove whether the e-platform provides EW service under no encroachment scenario, the
e-platform only provides EW service when it is beneficial to do so. We can derive upper and lower
bounds on f for the provision of EW service by the e-platform by calculating them separately for

two cases. When f is too low so that the reselling price is lower than the wholesale price, e.g.,

= 4 2 2
N N _ mv —6v-(m+fp)p+4(2m+5fp)e
by —w = 451;2_4<p))(1;2_(3¢) 5/0) > 07 we can get

fN _ mut — 6mu?e + 8mp?
L 6v2pp — 20pp?

(42)

Here we find that the denominator of le is negative, however, it is uncertain whether mv* —
R s s

6muv?p + 8me? is positive or negative, so f{¥ is not necessarily positive. When ¢ > %=, f¥ < 0,

thus when % <p< %, le > 0. When f is too high so that the EW period falls to zero with the

N m(v2— —202
rising cost of EW, e.g., DY = — glm( 2(v§f)4-;2){52(7§¢)+7¢)) > 0, we can get

v? — dme
43
f2 4U2p o 14p90 ( )
A~ A~ 2 2 2 T
Also, we prove that while v? < 3¢, f&V — fIV = _pg((é;4i4ﬁ)1;2(:+;gi;) > 0. By solving that 78 —
N . o (v =) (mpp+(v2=3¢) |- r2ne )
mp = 0, we can obtain two imaginary roots f = ST T3]0 and f =



3m2 02 02
(02 —4p) (mpp+(—v°+3¢) b s i ted)

2p2 (40?2 —13p)¢p
2 2 ~ ~ 2 N
T<e<G, f< N or f>fYN and ¢ > S f> f&, the e-platform will not provide EW service.

When f between the two roots, 7% > 7N. Thus when

Under model D, similar to no encroachment scenario, we discuss the upper and lower bounds of

EW service provision by the e-platform under agency encroachment When f is too low so that
_ 2 2 2
the reselling price is lower than the wholesale price, e.g., pt —wP = 2?f 2 4,05;)((3 (2 )‘23_';%() _j; 441\/\%;) +
m(—14X) (v =602 p+8¢?)
2(v2—4¢) (V2 (=2+A2)+(6-4A2)p

y > 0, we can get

m(l—\)(v? — dp)(v® — 2¢)

= 200(v2(3 — 2X2) + 2(—5 + 4)\2) )

(44)

Here we find that the denominator of f is negative, and (v2(3—2X2)4+2(—5+4X2))+(v2(—24+12)+
(6—42%)p) = (1-X?)(v2—4p) < 0, however it is uncertain whether v2—2¢ is positive or negative, so
le is not necessarily positive. Thus when *- ¢ < <%, le > 0. when f is too high so that the EW

pm(—14HN) (* ) +2£p(0® (21X H(T=4X)g)

gerlod falls t;) zero with the rising cost of EW, e.g., DeD = I 0 (2T (-1 )
, We can ge

m(=1+4 X)(v? — 4p)
2p(v2(—2 4 A2) 4+ (7 — 4X2)p)
fp = m(1-)) (v? —4p)? (v? (=24A) +(6-42%) )
N 1 2pp(—v2 (—24+X2)+(=T+4X2)9) (V2 (3—2A2)+2(—-5+4A2)p)
that 75 — 78 = 0, we can obtain two imaginary roots

P = (45)

Also we prove that f2D — > 0. By solving

(v = 4p)(=m(=1+ N)p(v? = 3p)p + (v’ (=2 + A\?) 4 6p — 4X*p)?z5

= 46
/ 2020 (vH(—=2 4+ A2)2 4+ 02(—25 4+ 28X2 — 8A*)p + (39 + 16A2(—3 + A2))p?) (46)
fo A1+ Vp(v® —3p)p + (P(-2+ 1) + Bp — AXp)* (47)
2p%@(vH(—2 + A2)2 4+ v2(—25 4 28A2 — 8A*)p + (39 + 16A2(—3 + A?))¢?)
Where z5 = Z,f( 4};;(?22( 2;(}\1;22)(2 32%\ 4)7-;22@;%3 When f between the two roots, wg > WIQ . Thus

when % <p<t 7, f< f1 , > f2 , the e-platform will not provide EW service.

Under model A, similar to direct encroachment scenario, we discuss the upper and lower bounds
of EW service provision by the e-platform under agency encroachment. When f is too low so that
the reselling price is lower than the wholesale price, e.g., pi* — w* = 0, we can get

m(v? —4p)(V?*(—1 + a+ A+ aX(=3+2a+ A)) —2(—1+ a+ XA+ aX(—4 + 3a + 2)))y)
200(02(3(—=1+ @) = (=2 + a)A2) + 2(5 — b+ 2(—2 + @) A?)p)

fit=
(48)

Let A = (v2(3(=1+ @) — (-2 4+ a)A?) + 2(5 — 5a + 2(=2 + a)A\?)p), A — (v?(=2 + 2a + \?) —
2(=3 4+ 3a + 2X%)p) = (1 — a)(=1 + A\?)(v? — 4p) > 0, thus A > 0. However, it is uncer-

tain whether the numerator is positive or negative, so f{' is not necessarily positive. When

v2(=1+a+At+ar(=3+2a+N)) . v? v?(=1+a+At+ar(=3+2a+N))
Y > S Tratitar—itiarin)’ fi* < 0. Thus when % < ¢ < 2T ratAtar(—413atan))’ fit

3

0. When f is too high so that the EW period falls to zero with the rising cost of EW e.g.,

DA — pln(=14e)(Z142) (2 —49)+2fp(v? (—2420+2%) +(T—Ta—4)")p))
e (v2—4¢p) (V2 (—242a+A2)—2(—3+3a+2A2)p)

> 0, we can get

m(1 — a)(~1+ ) (2 ~ 4p)

FA
= 49
J2 2v2(72+20¢+)\2)p72(77+7Oz+4)\2)p<p (49)
. V2 (=1+a+A+ar(=3+2a+N)) vZ(=242a+2%) .
We can easily find that when o < 1 — A + 2 I N Fa (AN =TT 7atN) < ~—6t6atin it
v (=24+2a+2%) A A _
means that, when ¢ > —e=5, f1 < f2 . By solving that 75 — 75 = 0, we can also

obtain two imaginary roots, when f between the two roots, ﬂ'é > m4. When f exceeds the upper

and lower bounds flA and sz, the e-platform will not provide EW service, where % < p <

v2(=14+a+A+ar(—=3+2a+N))

S Tratrfar(—At3aTon) is the condition that f{* greater than 0.




Then we compare the thresholds le , f2D , le , le for whether the e—platform adopts EW service under
direct encroachment: First of all, it’s easy to provc that f2 < f2N . If v2 > 2¢p, then fl < fl , and if
v? < 20, f1 . f1 are both less than zero, and v2 > 2y is the condition that makes fl and f1 greater
than 0. Let f2 = fN. we can obtain

v2(14 — 3A(1 +2X) + /4 + A(—4 + (1 — 20)2)))

Da1 = — 50
i —48 1 4N(5 + 4N (50)
When % < ¢ < @ai, fP < fN. Then we compare the thresholds f#, f, f&, fN for whether
the e-platform adopts EW service under agency encroachment: It is easy to prove that f{‘ < fQN when
~ A~ 2 2
a < 1—)\+’\—2. Let f{# = fN, we can get ¢ = %%Jfﬁia)or@— %, when o < 1,
2 2
%>—When7<a<f%<O,When%<a<l )\+/\2 %< . We let

v (=3 + 3a + 2))
2(=5+ba + 4\)

Pa1 = (51)

~ ~ ~ ~ 2 2
When ¢ < @a1, f{* > f¥, when ¢ > @1, fi* < V. Ifa < (=1 + N2, $a1 < %, thus
fA<fN Ifa>1-\ thus f2 > fN. Let f = fV, we can get

26 +02(14 — 3X(1 + 2\) + a(—14 + 3))
48 — 4N(5 + 4N) + da(—12+ 5))

Where z5 = /4(—1+ a)2 —4(=1 + a@)2A + (=1 + @) (=1 + 9a)A2 + 4(—1 + a)\3 + 421, When 0 < o <

(=14 N)2, ¢a2>% thus when ¢ < @ao, [V > fi'. Whena<(—1+)\)2<a<1—)\+%2,

o v?(=242a+2?) FA N
Pa2 < 5 3t5at007), thus f3 > i

Paz = (52)

N N

< 0’ ag} = 21)2 650 < 0’ ag} = _2v2pf6<p >

0 ol _ p(v' =50 p45p%) TN wp(20°—Tp) <0, — 2P -To)e o owN fo’r <
v of (v2—dp)(v2=3¢)* Of 2(v*=Tv2p+12¢?) f P —4p) (v —3p) < T9p T (P—1p)2

daf _ v (m=2fp) 9p{ _ v(m—2fp) opl fv?p v?(m=2fp) OTN 2fvp 3v(m—2fp)

N
Proof of Lemma 2 Under no encroachment, %Lf = v2 4@

dp T A(wZ=3p)2 0 dp  4(vZ=3p)2’ dp  (v2— 4ap)2 2(v2— 3@)2’ &p - (v2 4ga)2 4(112 3¢p)2

aDN 2 2 —2 o 0,
e = 2f”4f;) - UZ(E)T 3£§). If m tends to mﬁmty7 pf > 0, pe <0,

When ¢ < (5+1€)U , Bg; < 0, otherwise, e > 0.

ow? A >0 _ (1-2)pyp

Under direct encroachment, oF = v2 4@ <07 8f = v2(72+)\2)‘f£674)\2)¢ , af = P (6-T )%
aqP 20002 (=242 H (742 p) _ up(P (=242 H (T4 p)

>0, BF = nrte; <0, = Wi PED ) (e e = w6 < 0
Al pvt (=242 +203 (5 3A2)¢+2( 544022  gwl . fo? <0 8q) _ PA(m—mAtf(=242%)p) g _
of — (v2=4p) (v2(—2+22)+(6-4212)p) N 4%)2 ’ 8&@ T (02(=2+A7)+(6-4A2)p)20 Op T
LN —fC20X2p) OpD AN o mAf(24X2p) Op2 2 2 oA F(—243) ) )
W2 (—ZHA)F(6-42D)9)? * Dy (R(—24N)H(6-4xDp)? 0 e U\ 4@2 W2 (—2F22)+(6—4x%)p)2 /)
OTD _ _2fvp | w(=3420°)(momA+f(-24)%)p) ODZ _ U2( fo 4 (CHNDmomA S (20X 0)) 1,
dp — (-dp)? (I (—2 AT (6-4AD)p)% aw = (27490)2 W2 1A%+ (6-aAD)p)? )

v?(5—32%)+4/v4(5—4A2+ %
tends to infinity, aqf <0, 8pd >0, 8pe ( )10_2)\(2 )7
Bpe

pe
af <0, 0therw1se, of > 0.

i , ) A
Under agency encroachment, ag’fA = 0= Q)W(U((UQQZ;\,);:(G 2We) 0, 88(1}, = 25\;? > 0, 88(1}7 =

2(—14+a)pp <0, apf _ (1—a=X)pp >0, ape _ p(wt(=2420422) =202 (=5+504+32%)p+2(—5+5a+42)p?)  9p2
223 of — 23 of — B (v2—4p)23 ’Of

aipp <0, STC _ vp(v2(—242a+22)+(T—Ta—42%)p) < 0 8DEA _ 200 (V2 (—242a+A2)+(7T—Ta—42?)p) < 0.

—23 of (v2—4p)z3 > of (v2—4p)zs

dw — 2 1o +a)\z(m(—l—&-oﬁ—k—ak)—f(—2+204+)\2)p)) 9g) _ vEA(m(=1+a)(— LN +f (= 242a+23)p)  9qft _

op (v2—4¢p)? 22 ' dp 22 Y dp

2=tra)pe Opft _ v (1—a=2)(m(=1+a) (=14 M)+ f(~2+2a+2)p) Ips _ 24 oDy

24 TZe _— ___ 24
223 Op 22 Ydp T (v2—49p)2220 de T (v2—4¢p)2227

apt _ _led(m(=1+a)(—~ 1+,\)+f( 2+42a+22)p) TS 2fup 34+3a4+22%) (m(—1+a) (= 14N+ f(—24+2a+2?)p)

v(—
) Y Oy (112—4<p)2+ 22 )
where z3 = ( 2(— 2+20z+)\2)—2( 3+3a+2X2)p) > 0 z4 = v (m(—1+a)(=1+ ) (=2 +2a + \?)(v? —
40)2+2f p(vH(—242a+2A%)2 =202 (=24 204+ A?) (—T+Ta+4A?) o+2(25(— 1+ a)? +28(—1+a) A2 +8A1)p?)).




If m tends to infinity, 2~ < 0, 8qo > 0, aq’ < 0, 8p‘ > 0, ap" < 0,
w2 (= 5+5a+3)\2 \/v4(5 1+a)2+4( 1+a)A2+A4) :
When ¢ < 2(—B+5at4r?) ; af ) ; af > 0.

Proof of Proposition 1 In this proposition, we compare the EW price, EW period, and EW demand
N Ao (—mo? (=242a+N)+2m(—=3+3a+2\) o —2F Ape)

of all scenarios. Pe —De = 2(02—30) (V2 (—2+20FA2)—2(—3+3a+2A2)p) ’
TN _ TA _ _v)\(mv2(72+2a+)\)72m(73+3a+2)\)@+2f)\p<p)
e e = 4(1}2—3(,0)('U2(—2+2a+)\2)—2(—3+3a+2k2)tp) )
DN i DA __ Ap(mv®(=242a4X) —2m(—3+3a+2X) p+2f Apy)
e - 2(v2—3¢)(v2(— 2+2O/+)\2) 2(—3+3a+2A2)p)
= 2
Let pY —pA = TN —TA = DN — DA = 0, we can get a threshold f = m(=v (_2+2a+2);\);’02(_3+30‘+2)‘)¢),
m(—v a+ a+2)\ m(ve— 02 a+20)—2(—545a+4)\
we always havef (v?(-242 22;;2( 3+3a+2))¢) _ (2 3e)( ()‘5‘;?;_;224')18“20() 5+5a+40¢) (), here let
(V3 (=343a+2X) —2(—5+5a+4N)¢p) = 0, we can get p = ”7(1_03:82;‘) < viggfj)\’\g)). Thus (v?(—3+3a+2))—
A m(=14+N)(v2—49)  m(v3(=343a+27)—2(=5+5a+42) ) (v2 (—242a+A?) —2(—3+3a+222)p)
2(=5+5a+4\)p) > 0. f{'— = VO ] G B o e ey e e ey e ey v el

0, where the denominator (v2(3(—=1+ a) — (=2 + a)A?) + 2(5 — 5a + 2(=2 + a)A?)p) > (vV3(=3 + 3a +
2)\) —2(=545a+4\)p) > 0, thus, m(—0A (24204 N)+2(=3430420¢) - pay {fN. f}, we can derive that,

2Xpp
pN >pe,TN>TA andDN>DA
e p(m(— 1) (v~ 40) ~2fpp) TA _ D _ veX2(m(=142) (v2 —4p) —2fpp) DA DD

Z16 v e e 2z16
A m(CLNOTA22002) yrhere 216 = (02(—24 M%)+ (6 4A2) ) (v2(~2+2a+X2) —2(~3+3a+2)2) ).

Let pf — peD = TeA — TeD = Df — DD = 0, we can get a threshold f = w, it can always

Similarly, pe —pe =

2pp
. m(—142) (v —4p) FD . m(= 140) (V2 —4¢) (V2 (=24 22) +(6—47%)p) m(— 1+>\)('u —4p) FA
obtain thatzjso 2_ f2 - 2pp(—v2( W2+>\2)+( 7+4)\2) ) = > 0 2pp - f -
m(—=14+X)(v°—4 v4(—=24+2a+A1%)—2 —3+3a+2)\ m(—=1+X)(v°—4
—m _2/));(*92onéféa+kf)+(77)+7f(£+4,\2)sa_) ¥ > 0, thus, W > max {f’, f3'}, we can derive

that, p? >pP, TA > TP and D? > DPD.
Proof of Proposition 2 These results can be obtained from Derivation of Critical Thresholds.

Proof of Proposition 3

(1) By solving that 7TS -y = % — %2 = 0, we can obtain
. 4 252(02 — dg) (0% — 3
jv el v? —dp) — /m2p? p)(v? — 3¢) (53)

2090

It is easy to prove that le < fév < sz, thus when le <f< fév, the supplier can profit from the
provision of EW service.

(2) We first demonstrate the impact of EW service on the supplier’s direct encroachment, solving

D _ D _ p(=m? (=140 (v —dp) +2fm(=14+0) (=242 p(v? —4p) 22 (=2+X%) ) _
Tg —Ts = - 2(_2f)\2)(1)2_4¢)(1,2(_2_,’_)\2)_;;(6_4;;)@) L=l = 0, we can get

a7+ m(=1+X3)(=2+ \)p(v* — 4p)

2(—24 N)p2p (54)

I3 =

Where z7 = /m2(—1 + X)2(=2 + A2)p2(v2 — 4¢p) (v2(—2 + A2) + 6 — 4A\2p). When f > fP D —
7TSD < 0. So we need to determine the size of f3D and le, fZD Firstly, it is easily to prove that
fP < fP. Then we compare fP and fP, let f = fP, we can get a threshold

—24/v%(2 — A2) + 02 (=13 + 8\?)
—46 + 32)2

Pa2 = (55)

R 2(_o4 )2 2(_94 )2 R . . ~ ~ .
Here, @40 > %, when % < ¢ < Paz, it can be obtained that f < fP the supplier
cannot profit from EW service at this time. When ¢ > (342, it can be obtained that f£ > fP at
this time if f < f < fP, the supplier cannot profit from EW service.
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(3) Then we demonstrate the impact of EW service on the supplier’s agency encroachment, similar to
direct encroachment, solving 74 — 74 = (1 — a)p(m?(—1 + a)(—=1 + A\)?(v? — 4¢) + 2fm(—1 +
A (=24 2a+ M) p(v? — 4p) — 2f2(=2 4 2a + A?)p?p)2(—=2 + 2a + A?) (v? — 4) (V3 (=2 + 20+ A?) —
2(—=3 + 3a + 2)?)p), we can get

. 25 +m(=14 A)(=2+ 2a + A)p(v? — 4¢p)
3 2(—2+ 2a+ A2)p2p

(56)

Where zg = \/mQE—l FA)2(=2 4+ 2a+ A2)p?(v2 — 4p)(v3(=2 + 2a + A2) — 2(=3 + 3 + 2A2)p).
When f > f?f‘, Wé < Wé. We need to determine the size of fé“ and flA, fQA Firstly, it is easy to
prove that fz{‘ < fQA Then we compare flA and fg“, Let flA = fg“, we can get a threshold

Gaz = (V2o +12(26(—1+ a)? + 4(—1 + @)* (=13 + 14a) A + 2(—=1 + @) (=5 + (52 + 7(=5 + a)a))A? + 16(—2 + a)(—
14+ a)A% 4+ (=16 + (70 + 3a(—=19 4+ 5a))A* + 8(—=2 + a)ar®))/(92(—=1 + a)? 4+ 8(—1 + a)?(—23 + 24a)A + 4(—1 + a)(—
7+ (91 4+ 12(=5 4+ a)a))A2 + 64(—2 + @) (=1 + @) A3 + 8(—8 + (34 + a(—27 + 7a)))A* + 32(—2 + a)a)’)

(57)
Where zg = v4(—=1+a)?(2+ (=2 + )N (-2 + 20 + M) (4(—1 + @) + 8(—=1 + a)?A + 2(—2 + (8 +
2 2 2 2
(=5+a)a))A? —4aX® +a2)\?). Here, Po3 > %, when % < @ < Pas, it can be
obtained that f3A < f{, the supplier cannot profit from EW service at this time. When ¢ > @33,
it can be obtained that f3A > ff‘, at this time if fi* < f < fg“, the supplier cannot profit from EW
service.

Proof of Proposition 4 Under direct encroachment,

(1) Solving for 75 — 7Y = 0, we can get obtain that

- m2 (=2 + \)?

Fi= g (58)

When F > Fy, 7T§) < WJSV , thus the supplier will not choose to encroach on the direct channel. The
conditions for the situation which the e-platform will not provide EW service under no encroachment

2 A
<, 0< f< [P
and direct encroachment scenario are ¢ f > f3;
¢ < a1, f¥ < f<f.

(2) Solving for 7TSD — Y =0, we can get

i = 2m(—1+ N)p(v? — 4p)p — V2,/(=8F + m?)p?(v? — 49)p?(v?(=2 + A2) + 6p — 4X2p) (50)
1 — 4024,02

f1 exists only when F > %2. When fP < f <min{fi, fN, fP} and ¢ < %, it suggests that direct
encroachment makes the supplier better.

(3) Solving for 75 — ﬂév =0, we can get

m2(3— _ 2))p2 2
L (02— 4p)(mpp + V202 - 3p) |- BN et
fa=— (60)
20202

When fg < f< f2N , it suggests that direct encroachment makes the supplier worse off. When
max { le , fQD } <f< fg, it suggests that direct encroachment makes the supplier better.
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(4) Solving for Wg — Wg = 0, we can get:

A m(=v2(=2+ X\) — 60 + 4\ 2F (v? —4
fi = (=v( ) —Gp+4rp) | ( ¥) (61)
2)\pg0 \/_ 2F\2p2(v2—4¢p)2p?
(v2=3¢) (v2(=2+22)+6¢p—4A2p)

Solving that f3 = f2A7 we can obtain

A m2 (v (=2 + A\) (=2 + 2a + A?) — 219

Fr=— 2

2 8(12 = 3p)(V2(=24+ A2) + (6 — 4X2)p) (V2 (=2 4+ 2a + A2) + (7 — Ta — 40?)p)? (62)

Where 219 = (26 + (=26 + A(14-+ X)) + =14+ A(~15 -+ 80))g + (=7 + AN)(=3 + 222 4
a(—=21 4 2X(6 + \)))¢?)%. When f3 < f < f£ and F < F, we can obtain that 72 > 7Y

Proof of Proposition 5 Under agency encroachment,

m?2(=2+2a+))?2

(1) Solving for n§ — 7 = T S(—24%atA?)

> 0, thus agency encroachment in favor of the supplier.

(2) Solving for 74 — 7Y = 0, we can get

.z +2m(l—a)(1 = A)p(v? — dp)p
fa= 5 3 (63)
A(=1+ a)p?e
Where 211 = \/Qm2 1- a)(l —20)p% (v — 4p) 2 (V2 (=2 4+ 20+ A?) — 2(—3 + 3o + 2)\2) ) and only
exists when « > 5. Let f4 = fl , we can only get two roots of a;, which both less than 5. It suggests
that agency encroachment makes the supplier better.

(3) Solving for 74 — 7Y = 0, we can get

2m2(—14a)(—3+42a+2X)p? (v2—3¢p)p?
(P —dp)(—mpp 4 [ 2R (e .
f5 - 2p2@2 ( )

When 0 < a <1— XA+ 2 and f> f5, we can obtain that 7"5 > 7Ts From Lemma 4 we can learn
that when ¢ < @q1, f1 > f thus f1 < f<f1 Wlllonlyhappen 1f( 1+)\) <a< 1—)\+§
and ¢ < Qq1. When f > f5, we can obtain ”s > 7Y, when f < f5, 7TS < ¥

i A N _ (mv?(=2420+2)—2m(—3+3a+2)) p+2f App)*
@) fdvmgf i(;f i 7:5 N —ngzjv?—&a)(32(—2+Z+A2)—3(—3+§a+zngw)
avor of the supplier.

> 0, thus agency encroachment in

Proof of Proposition 6 and 7 Under direct encroachment:

2 3
(1) Solving that 78 — 78 = % < 0, we can prove that direct encroachment harms the

e-platform if the e-platform won’t provide EW service.
(2) Solving that 72 — 7 we can obtain two roots:
(V2 (=2 4+ A?) + 6p — 4X°p) %210 + (v° — 4p)(=2m(=1 + N)p(v* = 3p)p

TRy = oot (—2 + AB2  v2(~25 + 28X2 — AT 1 (30 7 16A2(—3 1 A2))¢?)

(65)

(V¥ (=24 A?) + 69 — 40%¢)? 215 + (V¥ — 4p)(2m(—1 + \)p(v® — 3p)e
4p2 (v (=2 + A2)2 + v2(—25 + 282 — 8X\*)p + (39 + 16A2(—3 + A2))p?)

202 (— i\ (8— 302 (— _ 2 — — 3)) 2 A
Where 21 = /22222t AEBANI LA BN O IRG-ONED - When fiy < f <

ng, the e-platform can benefit from direct encroachment if the e- platform provides EW service

fro =—

(66)

after encroachment. It is easily to prove that, when ¢ = 2 (6 2:/\2) , le = fKQ = f1 = f2 ,
fx1 — fP first increases and then decreases with . When ¢ approaches infinity, le fl < 0.
v2(—2422)

Therefore, there exists ¢1 > —-naT) when ¢ < @1, le > le . Combining the conditions
of Proposition 3, we can prove that direct encroachment can benefit the e-platform only when

~ ~ A A o 2/ 2 R
I < f <win{ ficr, f1, ¥, P} and 2R <o < o,
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(3) Solving that 7TS — Wév = 0, we can obtain two roots, for the two square roots to be defined,

0 < % needs to hold, but 3:;\2(5:5;;;\43))\3) Ujggfz\)‘;)), thus 75 < 7l

(4) Solving that 72 — 7} = 0, we can obtain two roots f = m(—vz(—2+2/\)\)p-;2(—3+2>\)¢) and f =
m(U2742“;30((”2E};(‘Hf_i‘;)ﬁi_)ii(;f;ii‘gzg)“’). We compare fP and m(7v2(722);\);;2(73+2’\)“0), when ¢ >
72(6 2:;2) P> m(—'uz(—2+2>;\):;02(—3+2>\)¢)_ Then we compare f£ and ngjl(‘fzf_,‘(‘i@if});‘jfgiiz%w) +

m(v?— A2)2 V2 (=442 (24N) m(vi— 02 (—4422F2?) —2(=64+32+2)2
2pt,(0(71)?(02(4*%2)(\2)?:;1%7;*2%)\2))2))' Only when ¢ < fmi}éﬁxi), ( 1;220((7752?jf+;r2)£4(2;(3f;r23)$2 k) <
tD 02 (—44+A(24N)) v2(—24+22) ’D m(v?—40) (V2 (—44+22+22) —2(—6+32+222) )

but —5 BTy < oy s thus fy’ < 2?;@(_”2(_4+)\2)+4(_3+>\2)W) #) . Therefore,

when f is not between these two roots, wsl? > ﬂg. When f between these two roots, 7rSD < 7TJSV.

Under agency encroachment:

N _ mP(=242a+7) (80 = A(=44+A(24)0))+2a(—44+A(—4+5))))

(1) Solving that 74 — 7N T6(—2 1007 32)2 = 0 we can obtain

1 1 ;
=@+ 5A%) — g\/16 — 8A2 — 32)3 4+ 254 (67)
When 61 < a < 1 - 7, we can obtain that 74 > 7%, which means that the e-platform can

benefit from the supplier’s agency encroachment. Solving that 7T':r_4: — ﬂg = 0, we can obtain two
2 2 242042 7 PA 7 ; .

roots frs and frx4. when ¢ = %, frs = fxa = [ = f&, fxs — f2* first increases

and then decreases with . When ¢ approaches infinity, ng — f2 < 0. Therefore, there exists

P > %, when ¢ < @9, ng > f{‘ Combining the conditions of Proposition 3, we can

prove that agency encroachment can benefit the e-platform only when f > fQN or f < min{ le , flA}
andév1<a<1—)\+)‘?
A ~ 2 2
(2) Solving that 74 — N = 0, we can obtain two roots fxs and fxg. when ¢ = %,

2 2 ; P 2(_242ak02) 3 ; : ; N
fis = fxa = fA = f£ when ¢ > m, frs < fi* < f3 < fro. Thus, 78 < 7}.

Combining the conditions of Proposition 3, we can prove that agency encroachment can benefit the
242a+2%)

N

e-platform only when max{0, f1 } < f < min {f1 ,f2 ,ng}, max {wal,m} <<%,
a<l—=M\
(3) Solving that Wé — ’ﬂ'g = 0, we can obtain two roots fK7 and ng when ¢ = %, fr3 =

fK4 = f1 = f# when ¢ > % fA < fxr < f8 < fxs. Thus, when max {o A } < frr,

74 > 7l¥. Combining the conditions of Proposition 3, we can prove that agency encroachment can
benefit the e-platform only when max {O, f1 ,f1 } <f< fK7.

Proof of Proposition 8 Table B.1 to Table B.5 summarizes the equilibrium solutions for six different
scenarios where the initial channel is the agency channel: no encroachment scenario (Model V), direct
encroachment without EW service (Model D), resell encroachment without EW service (Model T'), no

encroachment with EW service (Model N), direct encroachment with EW service (Model D), resell
encroachment with EW service (Model T)).

Table B.1: Equilibrium solutions of model Model N and Model N.
Notations Model N Model D

m(—2+2a+2X—al)

o Fl I(—1ta)F(—2+a)2AZ
m(—1+4a)(24+(—24a))
Qd/qt - 4(*1%»035»(7(2%»04)2;2
m _ m(=14+ M) (=2(1+N)+a(2+N))
Do 2 I(—1ta)t(—2+a)2A?
m(—1+a)(—=14+X)(—24+(—24+a) )
pa/pt - A(—1to)t(—2+m)2Az
m?(1—a) m?(—2+a)(—1+a)(—1+X)
s 2 —F+ I(—1Fa)+(—2+a)2r2
m3a mZa(24a(=24X)—2X) (= 14+X) (—=2(14+N)+a(2+)))
P 1 (@A(—1+to) F(—2+a)2r2)2

13



Table B.2: Equilibrium solutions of model Model 7.

Notations Model T

. m(—1+a)(—2+2a)\+>\2)
2(—2-F2a+A2)
m(—242a+X)
2(—24+2a+A2)
_ m(=14+a)(=14N)
2(—242a+A2)

|3

o m2(—14a)(—34+2a+2X)
4(—2+2a+X?2)
m2 (4034 (=140 % +a? (14+N) (=750 Fa 24+ 44+ (=7+2)))))
4(—242a+X2?)2

Table B.3: Equilibrium solutions of model Model N.
Notations Model N

9 7
Py El
N fo(w>—2p)—mep
De v2—4p
N v(2fp—m)
I 207 —4p)
N —2
DN ,%
it —im?(-1+ )
N 4fmpo—4£?p*o+m” (via—(1+4a)e)
TP

4(v2—4p)

Table B.4: Equilibrium solutions of model Model D.

Notations Model D

m(—2+2a+2X—al)
4(—14+a)+(—2+a)? X2
m(—14a)(2+(—2+a)A)
4(—14a)+(—2+a)2 A2
_ m(=1420) (=2(14+N)+a(2+X))
4(—14+a)+(—2+a)2X2
m(—1+a)(—14+X) (=24 (—24+a))
4(—14a)+(—2+a)2 A2
Fo(v® =20) (4(=1+0)+(=240)*A\*)+2mp(2+a(=2+1) —2))
A~ THa) F(—2+a)? ) (* —4p)
v(m(2—2a+(a—2)N)+fp(da—a+(a—2)2A?))
(Aa—4+(a—2)272)(vZ—4p)
20(m(2—2a+(a—2)N)+fp(4a—a+(a—2)2A?))
(Ada—4+(a—2)272) (v2—4yp)
m?(—=2+a)(—14+a)(—14+N)
—F+ 4(—1+a)+(—2+a)2r2

PR - - =2
aqlp? + DP(pP — fp) — TP
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Table B.5: Equilibrium solutions of model Model D.
Notations Model T

T m(—14a)(—=2+2ar+21?)
w - 2(—2+2a+r2)
T m(—2+2a+\)
9o 2(—242a+A2)
T _ m(=14a)(=1+))
dq 2(—2+20FA2)
7 m(=2+X%+a(2+(=1+M)N))
P, 2(—2+2a+2?)
T m(—3—a(—=34+X)+A+A?)
Do 2(—2+2a+A2)
T fp(0>=20)(=24+2a+2%) —m(=2+2a+N)p
Pe (—2F204+22) (v —4p)
TT v(2fp(—2+2a+2%) —m(—2+2a+N))
e 2(—2+42a+A2)(v2—4p)
DT* (=m(=242a4+X)+2f(—24+2a+21%)p)p
e (—242a+22)(v2—4p)
T m?(1—a)(—=34+2a+2))
Ts 4(—242a+22) )
s agypy + (pf —w")gy +DEWE — fp) — T

From the above equilibrium solutions we can easily find, under no encroachment scenario, ¢ = ¢,

¥ =qV, Wév = Wév , under direct encroachment we have ¢ = ¢2, ¢ = ¢, 7r§? = ﬂg , and under agency
encroachment we have qg‘ = qf, th = th, 71'? = 7ng4.

Proof of Proposition 9 Table B.7 to Table B.9 summarize the equilibrium solutions for three different
scenarios where the supplier enters into a partial cost-sharing contract with the e-platform: no encroach-
ment scenario (Model N), direct encroachment scenario (Model D), agency encroachment scenario (Model

A).

Table B.6: Equilibrium solutions of model Model N.
Notations Model N

wN 2fpp((1—=2¢)v” —3(=1+e)* o) +m(v*+(=7+8e)v>p+12(—1+¢)?p?)
2044 (—14+15e)v2p+24(—1+4€)2p?

N m(v?+4(=1+e)p)>+2f pp(v>—4(=1+e)p)
qy 4v4+42(—14+15e)v2p+48(—1+e)2p?
N _ m@?+4(=14e)p)®+2fpp(v’ —4(=1+e)?¢)
b m 4v4+2(—14+15e)v2p+48(—1+e)2p?
N 2fv* p40® ((—14e)m+(=10+11e) fp) p+2(—1+€)* (2m+5fp) >
Pe 203+ (—14+15e)v2p+24(—1+e) 22
TN _ ¥ (m—4fp)+2(—1+e)v(2m—Tfp)p
e 4vi+42(—14+15e)v2p+48(—1+e)2p2
DN (—1+e) o0 (m—4fp)+2(—1+e)(2m—T7fp)p)
e 2044+ (—14+15e)v2p+24(—1+e)2p?
N m? (V2 +4(=1+e)p) > +4fmpp(v> —4(=1+e)?p)+4 1> p* p(p+e’ p—2e(v>+¢))
s 8v4+4(714+156)v2<p+96(71+e)2<p22
s a’ (oY —w™) + DY (pY — fp) — o(1 — )TN
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Table B.7: Equilibrium solutions of model Model D.

Notations Model D

w’f’ (2f po(—((=142e)v? (=24 22))—2(—1+€)?(=3+222) ) +m(v* (=24 2%) 402 (14— 16e+eA+8(—1+e)A?) p+8(—14¢e)2 (—3+22%)p?))
2(vH(—2+22)+v2(14—15e+8(—1+e)A2)p+8(—1+€)2 (—3+2A2)p?)
D m(=140) (V*+4(=1+e)p)*+2f pp(—v?+4(=1+e)%p
4t 2(v1(—24+22)+02(14—15e+8(—1+e)A2) p+8(—1+¢€)2 (—3+2X12)p?)
) (mv? (=2+4X\)+v% (m(14—15e+8(=14+e)A\)+2f Ap)p+8(=1+e)? (m(=3+2))— fAp)¢?)
4q 201 (—2+22)+ 02 (14— 15e+8(—1+e)A2)p+8(—1+e)2(—3+2A2)p?)
5 (—=2f (=142 pp(v2 —4(—1+€)% ) +m(v* (—=3+A+A2)+02(20—22e—6A+TeA+8(—1+e)A?) o +8(—14e) 2 (—4+A+22%)p?))
Dt 2(v3(—2+A2)+v2(14—15e+8(—14+€)A?)p+8(—14€)2(—3+2A2)p?)
D m
Py 2
D (=1+e)m(=14+N) e +4(=1+e)p)+ fp(v* (=24A%)+0* (10-11e+6(—1+e) \*) p+2(—1+e)* (=5+47%)p?))
DPe V(=27 A7) +02 (14— 15t 8(—1+e)A2) ot 8(—1+e)2(—342A2) @7
Tb V3 (m=—mA+2f(=24+2?)p)—2(=1+e)v(2m(=1+N)+f(7T=42%)p)p
e 20T (—2+A2)+0Z (14— 15e+8(—1+e) A2)p+8(—1+e) 2 (—3+2A2)p?)
DD (=14e)p(v? (m(=14A) =2f(=242?) ) +2(=14€) 2m(=1+A) + £ (7—42?) p) )
e x4( 2+)\2)+172(14—158+8(—1+e))\2)50+8(—1+e)2(—3+2/\2)<p2
T wPep + pb 05— F —pel?
A <2
5 qP (pP — wP) + DP (P — fp) — (1 — &)TP

Table B.8: Equilibrium solutions of model Model A.

Notations Model A

A 2fp(v?(=2(=142¢)(=14+a) = (=14+2e+a)A?)+2(=14e) (= 14+a) (=3+22%)p) +m(—1+a) (v (=24+2aA+A?) —v2 (14— 16e+ (e—1da+15ea) \+8(—1+e) A} p—8(—1+e)? (=3+3ar+2)?) p?)
w 2(v(—2+2a+A2)+v2((— 14+15e) (—1+a) +8(—1+e) A2)p+8(—1+€)? (—3+3a+2A%)p?)

A (2f(=14+a+X?)pp(—v2+4(—1+€)? )+m(b( 3—a(=3+X)+A+A?) 02 (2(=10+11e) (= 1+a) — (—6+7e) (—1+a) A+8(—1+e)A%) p—8(—1+e)? (4+a(—4+X) = A(1+2)))?))
Py 2(vi(—2+2a+A2)+v2((—14+15e) (—1+a)+8(—1+e) A2 )p+8(—1+e)2 (—3+3a+2X2)p?

A 2farpp(—v?+4(=1+e)? ) +m(v? (=242 +a (24 (= 1+A)A))+0v? ((—14+15e) (—1+a) —8(—1+e)ar+8(—1+€) (1+a) A?) p+8(—1+€) 2 (=3+2X2 +a(3+2(=1+ M) N)p?))
Po 20— 2+2n+/\2)+vl(( LAFT5¢) (L) +8(— 1+e) A%) o +8(~1+¢)% (—3+3a+227)07)

A (=((=14e)m(=14a)(=1+N)p(v? +4(=1+e) )+ fp(v* (—2+20+A%) +02 ((=10+11e) (= 1+a) +6(—1+e) A2 )p+2(—1+e)* (—5+5a+4A?)p?))
Pe (v (—2+20+22)+v2 ((—14+15e) (— 1+a)+s( THe)A2)p+8(—1+e)2(—3+3a+272)p?)
TA v(m(=14a)(=1+A) (v*+4(=1+e)p)+2f p(v? (=2+20+A?)+(—1+€) (= T+Ta+4r%)p))

e 203 (—2)+2a+A%)+v2 ((—14+15e) (— 1+a)+8(—1+e) A2)p+8(—1+e)? (—3+3a+2X%)p?)
DA —(=1+e)p(m(—=14+a) (=14+A) (2 +4(=1+e)¢) +2f p(v? (=2+2a+A2) +(—1+e) (= T+Ta+42)p))

e (vF(—2+2a+A%)+v2((—14+156e) (—1+a) +8(—1+e)A2)p+8(—1+e) 2 (—3+3a+2A2)p2)

A —((Afm(=14a) (=14 N)pp(v? —4(—1+e)2p) +4F2p*p(ev? (—2+2a+A%) — (= 1+€)? (—1+a) ) +m? (= 1+a) (v* (= 3+2a+2X) +v3 (2223 — 14a+15ea+16(—1+e)\) p+8(—1+e)? (—5+3a+4N) p?))
s (0T (—2+2a+X37) +02 (- 14+ 15e) (— 1+a) +8(— 1+e) A2)pF8(— 1+¢)? (—3+3a+272)9?)))
P ai (ot —wh) + apfad + DA — fp) — (1 —)TA

For Figure 5(A) in the main paper solvmg that 7TP — 7TP = 0, we can get two roots pr1 and prg,
which pr1 < pr2 Solving that 7TS — 775 = 0, we can get two roots f5N1 and fSN2 Consider the

following parameters: m = 8, v = 3.5, & = 0.2, ¢ = 6.5, p = 0.6, A = 0.5. When fpy1 < fSNQ,

both partles will sign the partial cost-sharing contract. For Flgure 5(B) in the main paper solvmg that

7r1[3) — 7rP = 0, we can get two roots pr1 and fPDQ, which pr1 < pr2 Solving that 7TS 77rS =0, we

can get two roots fSD1 and fSDQ Consider the following parameters:m = 8, v = 3.5, a = 0.2, ¢ = 6.5,
p = 0.6, A = 0.5. When fpm < fspg, both partles will sign the partial cost- bharlng contract. For
Flgure 5(C) in the main paper solvmg that 75 — 75 = 0, we can get two roots fpai and fpaz, which
pr1 < pr2 Solving that TI'S — 775 = 0, we can get two roots fs,41 and ngz Consider the following

parameters: m = 8, v = 3.5, « = 0.2, ¢ = 6.5, p = 0.6, A = 0.5. When pr1 < fSAQ, both parties will
sign the partial cost-sharing contract.

Proof of Proposition 10 Table B.10 to Table B.12 summarize the equilibrium solutions for three

different scenarios when EW service is provided by the supplier: no encroachment scenario (Model N ),
direct encroachment scenario (Model D), agency encroachment scenario (Model A).
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Table B.9: Equilibrium solutions of model Model N.
Notations Model N

wN mv? —3me—2fpp
202—Tp
N muv?—4mep+2fpp
4a; 4v2—14¢p
N 3mv2—10me—2fpp
Dy 0214y
N 2fv°p—me—3fpy
Pe 202—Top
N _v(m—4fp)
Te 4v2—14¢
N _(m—4fp)e
De 202 —Typ
=~ 2(,2 . 2 2
N m=(v:—4dp)+dfmpp—8f~p ¢y
S 8v2—28p
N (m(v®—40)+2fpp)*
P

4(202—=Tp)2

Table B.10: Equilibrium solutions of model Model D.

Notations Model D

D mu?(=2422)+m(64+A—422)p—2f(—2+A12) pp

w 22 (—2FAD)+H(7T—41%) @)

D m(=14)) (v* —4p) =2 pp)
ay 202 (=24 A+ (7—422)p)
D mo? (=242 +m(7—4N) p+2f Ape
qq 202 (=24 AD)+(7—422)p)
D mu?(=3+A+A2)+m(10-3X—4X)o—2f (—14+21%)pe
Py 202 (2 XD+ (T—4A2)p)
7 )
D —m(=14+N) o+ (v (=242%)+(3=21%)p)
Pe V2 (24N (T—4A2) g
Tﬁ v(mfm)\+2f(72+/\2)p)
e 2(v2 (=242 +(7—422)p)
DD (m—mA+2f(=242%)p)p
e VI(—2+A2)F(T—1A2)p
D 4fm(=14X) pp=4f>(=242%) p® o 4+m? (v* (=3420)+ (178N ) —4F (v (=24+A*) +(T=4A*) o)
Ts A2 (=24 A2+ (T—4X2) @)
ﬂ.}é (m(=14X) (v>—4p) =2 pp)?

AT (24N T (T-AN2)9)?

Table B.11: Equilibrium solutions of model Model A.

Notations Model D

D 2 (=242 +a(242%)) po+m(—1+a) (v? (=242 A+ + (64 A=Tar—42?)p)
w - 200 (=220 A F(7T—Ta—4X2)p)

D _ (Fl+a)(m(=14+N) (v® —4p) =2 pp)
4a; 202 (=21 20+ A2) + (71— Ta—4r2)p)

D mvz(—2+2a+A)+m(7—7a—4>\)ga+2f>\pgo
9o 2(vZ (=21 20+ A2) F(7T—Ta—4r2) )

D mo? (=3—a(=34+N)+FA+A2)+m(10—3X—4A%+a(—104+3)1))p—2f (—1+a+A?) pp
Dy 2002 (—2+ 20t N2+ (7T—Ta—4X2) )
pﬁ mo? (=24 202 +a (2= 222 +m(7T—4X% Fa(=T+42—42?))p—2fadpy

o

2(v2(—242a+A2)+(T—Ta—4X2)p)
m(—14a)(—=14+N) o+ fp(v? (—24+204+212)+(3—3a—222) )

De 02 (—2420+A2)+(T—Ta—4A2)p
Tf’ v(m(=14a)(=14+N)+2f(—2+2a+1?)p)
e 2(v2(—242a+A2)+(T—Ta—4X12)y)
DD (m(=1+0a)(=14+N)+2f(=24+2a+21*)p)e
e v2(—242a+A2)+(7T—Ta—4X2)¢
7755 _Afm(=140) (= 14X) po+4f2 (—2+2a+A?) p? o+m? (= 1+a) (v* (= 34+2a+2))+(11-Ta—8))p)

4(v2(—2420+22)+(T—Ta—4X2)p)

TP aP (pP — wP) + apBPq?

Comparing the profit margins of whether the supplier offers EW service.
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8w _ (m=4fp?p
o ST 8(202 — Typ)
(m —mA+2f(=2+ A%)p)2p
A2+ A2)(02(—2 4 A2) £ (7T — 422)p)
A A (m(=14a)(=1+X) +2f(=2+ 2a+ A?)p)?p
TS TS T T2 20+ A (02(—2 + 2a + A2) + (7T — Ta — 4N2)p)

Comparison of the profitability of the e-platform when the supplier provides EW service in various
scenarios.

>0 (68)

>0 (69)

D D _
Mg —Tg =

>0 (70)

¥~ (m—4fp)p(dmv® — 15mp +4fpyp)
AN 71
TP TP 16(20% — 7)2 (1)

. _ 2 =~ =~ ~
When%<f<w,ﬂg—wg<07thus7rg—7rg>0baseonf<ft1.

5 p  (m(=14+X) =2f(=24+X)p)p(=2f(=2+ A?)pp + m(—1+ X)(20% (=2 + A\?) + (15 — 8A\?)y))

TP = A(—2 + N2)2(02(—2 + \2) + (T — 4A2)p)?
(72)
2 2 2 =4 = N
When g:;;?p <f< m(_1+’\)(2;(£_21';’;)/));(15_8>‘ )“‘7), 7712—775 < 0, thus Wg—ﬂ'g > (0 baseon f < fis.
I a4 (T+a?2—=a+2))(m(=1+a)(=1+ ) +2f (=2 + 2a + A?)p)pz17

4(—2 4 200+ A2)2(v2(=2 4 20+ A2) + (7 — Ta — 4X2)p)?

Where z17 = (2f(=2 + 2a + A2)pp + m(—=1 + A\)(=20%(=2 + 2a + A\2) + (=15 + 15a + 8A?)p)). When

m(—14a)(—14+N) m(—14+X) (202 (=24+2a+22)+(15—15a—82?)p) A4 A A A
T 3 (C242at )y <f< =220 1737 pp , Tp —Tp < 0, thus 75 — 75 > 0 base on

[ < fis.
Proof of Proposition 11
S ©*(m(v? — 4p) + 2fpp) (74)
ce 2(2v? — Tp) (v? — 4p) (v? — 3p)
~ _ 2 _
o T e i ) =
DY _p¥ _ _ @*(m(v® —4dp) +2fpp) (76)

2(20% = 79)(v* — 4p)(v? = 3p)
When f < —%7 p§’ -pN <o, Teﬁ - TN <o, ij — DY < 0. We can obtain f; = i
f < —m=10) hus pN —pN <0, 7N TN <0, DN — DN <.

2pp
@ (—m(=1+ ) (v = 4p) + 2fpp)

5] ) B (S 1 My e Juw A (7
5 b vo(—m(=1+ X)(v? — 4p) + 2fpp)

T = S a2 30 1 (6 P2+ A5 1 (7~ D)) ()

pb _pb _ Q2 (—m(=14 \)(v? — 4p) + 2 pp) (79)

T (02— 4p)(2(=2+ M) + (6 — AN2)p) (v2(—2 + N2) + (T — 4A2)p)
When f < —m(_HQ)\p)LUz_W)a P? -pP <0, Tef) ~TP <o, D? — DP < 0. We can obtain fiy = /2=m

4p—2X2p>
~ 2 ~ = ~ — ~ —
fro < RO D) s pD — pP <0, TP — TP < 0, DP = DP <0.

i i (F1+a)?e?(=m(=14 \)(v*> — 4p) + 2fpp)

Pe = Pe = (80)
218
TA_qpa_ VLt a)2<ﬁ(m(—1;; A (v* — 4p) —2fpp) (81)
18
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pi_pi_ (1t a)?@*(—m(=1+ N)(v* — 4¢) + 2fpp) (82)
218
where 213 = (V2 —4¢) (V2 (=24 2+ A?) + (7T —Ta —4X?)p) (vV? (=24 2+ A?) —2(=3+3a+2)A?)p). When
f< %W,pgfpf <0, TngeA <0, Dengf < 0. We can obtain ftng%,
fis < %W,thuspg—pé <0, Tg—TeA <0, D§—D§ < 0.

Proof of Proposition 12 We consider the impact of channel encroachment on consumer surplus and
social welfare. The consumer surplus and social welfare under no encroachment without EW service
(Model N), direct encroachment without EW service (Model D), and agency encroachment without EW

service (Model A) are given by
2

oS =5 (53)

s = (34)

os - EIGACS L

SwP — m?(19 + 28A((_—29:AA2();1 +2V) -

cga_ M523+ M)A - 28cz(_52++<2—;1 i ;))? +a%(5+ (=24 M)N) &7
—— m?(19(=1 + @)? — 2(=1 + @) (=9 + Ta)A + (=2 + a(—6 + Ta)) A2 + 4)3) .

8(—2 4 200 + A2)2

Comparing consumer surplus under direct encroachment and no encroachment, we obtain C'SP —

m?(—16+24 —122% +2* . .
CcSsN = ( 32Nz ) > (. Therefore, direct encroachment improves consumer surplus. Further,

2 — —
comparing social welfare yields SWP — SWN = e A)(%H 2+>\))\(12+7)\))

— F. Hence, when F < Fgq,

32(—2+A2)2
2 — —
we have SWP — SW¥ > 0, where Fg; = m /\)(?2)3?7(;;1);\(1%”)) .

Comparing consumer surplus under agency encroachment and no encroachment, we obtain C'S4 —
5N — m?(—2420+ ) (8- (~24 MA@+ N +2a(4+(—24 1))
- 32(—2+2a+A2)2

have CS4 — CSN > 0, where ac, =

. Tt follows that, when ac; < a < 1 — \/2, we
m?(2-2) (244 (—240)A(12472))

32(—21A2)2 :
. m?(—24+2a+A) =24+ (24+(2—TA)A)+2a(12+7(—2+A)N)
ylelds SWA — SWN = ( 32(—2+2a+A2)2 )
obtain a =1 — % and « = 2425&_2;()‘_);‘3_1)?;\7’\). Since

a<1—\/2, we have SW4 — SWH > 0.

Further, comparing social welfare

. Solving SW4 — SWN =0, we

24+ (=24 N)A(1247N) A
YR vy walii 1 — g, it follows that when

Proof of Proposition 13 We compare the impact of EW service on consumer surplus and social
welfare under no encroachment. Under no encroachment with self-operated EW service (Model N),
consumer surplus and social welfare are given by

v m2(v? — 4p)%(v? — 8vPp + 20p?)

csy =
32(vt — Tv2p + 12¢2)2 (89)
N dfmp(v? — 4p)p(vt — 1602 + 442) + 4f2p2p? (1Tv* — 12002 + 212p2)
32(vt — Tv2p 4 12¢2)2
SN — 412 p%(—8v8 + 103vp — 42602 p? + 5720%)
N 32(vt — Tv2p + 12¢2)2
(vt = TvZp + 12¢2) (90)

n m2(v? — 4)2(Tv* — 5002 + 920?) + 4fmp(v? — 4p)p(Tv* — 58v2p + 116p?)
32(vt — Tv2p 4+ 12¢2)2
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Setting csN —csN = 0, we find that there is no real root. Moreover, when f = 0, we have

CSN — 0N = Cmp G lelite)e . 0. Therefore, CS™ > SV

Setting SWN — sWwN = 0, we find that there is no real root. Moreover, when f = 0, we have

SWN — SWN = M e O 50021 92¢%) 0. Therefore, SWN > SW.

Derivation of Critical Thresholds of outsourced EW The comparison of the equilibrium EW
decisions under different EW modes is as follows.

Table B.12: Equilibrium solutions of Model NT

Variable Equilibrium value

wNT Ty — mw® — 2fup
14y — 202
(NT 3mpy (T — v2) + 2£ (4507 — 20,02 + 20%)p
4(42¢? — 1302 + v?)
T Tmeps — mv? — 2f ppy
t 24, — 402
o7 5mepy (Tor — v2) + 2f (1997 — 1602, + 2v')p
€ 4(4250, — 1302 + )
TNT —v(=Tmp, + mv* + 26fip — 4fv2p)
€ 4(42¢7 — 1302 + v?)
NT 17me; — 3mu? + 2fpip
P 24, — 402
DNT @u(Tmep, — mv? — 26foup + 4fv°p)
¢ 2(42¢2 — 13402 + v4)
8T (m(~Tg: +v2) + 2fop)
o 8(42¢7 — 13,02 + v4)
T m*(=Tps +0v%)* (3997 — 120:0° + %) dfme(2197 + 39p7v> — 13p,0* +v0)p — 4f20F (54397 — 168,0* + 130%)p?
P 16(42¢2 — 13002 + v*)2 16(42¢2 — 13002 + v4)2
T —@u(=Tmer + mv® + 26 foip — 4fv%p)?

16(6p — v2)(=Tpy + v?2)?

Table B.13: Equilibrium solutions of Model DT

Variable Equilibrium value

WwbT Tmp, — mv? — 2fop
14, — 202

BT —mv?(=2+ \) + mp(—12 4+ TA) — 2fpdp
da ~202(-2 1 N + 20, (12 4 TA2)
(BT 3mey(Tor — v2) (=14 A) + 2/ (0003(20 — 1122) + 04 (=2 + A?) + @} (—45 + 28)2))p
' 27— %) (A2 7 X0 + o124 7))
e 7"(7% -0 (-1+ A) +2feip

' —202(—2 + A2) + 20 (—12 4+ 7A2)
oPT 5771@(7”71 e 1+)\)+2f(,4L (16 — 9A?) + 0! (=2 + A2) + 9} (—19 + 14X%)) p

2(Tpr — v2)(—02(=2 + A2) + @y (—12 + TA2))
v(m(Ter —v?) (=14 ) + Zf(got(lfl —7A2) +v2(=24 A2))p)

DT
T 2(Tr — v2) (—02(=2+ A%) + @i (—12 + TA2))
b1 —m?(=3 + A+ A%) + mp (=17 + M5+ 7N) + 2fpi(—1 + A\2)p
P 202(—2 + A2) + 204 (—12 + 7A2)
pur m
d P)
poT @i (m(Tor — v2) (=1 + ) + 2/ (0 (13 — TA2) + 02(=2 + A2))p)
(Tor — v2) (—02(=2 + A2) + @ (=12 + TA2))
DT m?(=Tpr +v?)2(39¢7 — 12¢00% + v?) (=1 + N)? Afmepy(Tor — v2) (=1 + N)p + 4207 p? Afmey(Tor — v2)(—1 4 A) (2007 (3 — 5A2) + 0! (=1 4+ A2) + 397 (1 + 7A2))p
s Ty — o) (0224 08) £ (12 £ D8)) (T —eB) (<0224 N) + (12 + TN)) AT = o) (A2 +08) 1 (~124 1))
b1 41207 (54307 — 16802 + 130" — 2(31507 — 94p0? + Toh) A% + 4(=Tpy 4+ v2)%A%) p? 4; 7 (54307 — 1680402 + 130* 79(515,@2794%1} +7u DN+ 4(=Tpp +02)2A%) p?
4(—7;:+1*2)2(¢¢(1277)\2)+v2(72+)\2))2 A(=Tpr +v2)2 (0 (12 = TA2) + v2(— 2+)\2))
br 01 (60r — v2) (M(Tpr — v2) (=14 A) + 2 (0 (13 — TA?) + 03 (-2 + )\2))/))2
A(=Tpr +v2)2 (0 (12 = TA2) + 02(=2 + A2))°
The case of no encroachment with outsourced EW service. Treatin 7TN T _ 7N as a quadratic func-
g P q
tion of f, solving 787 — 7N = 0 shows that it has no real root. Moreover, when f = 0, we have
oNT _ N _3m <Pt(—7sot+v2)2 : NT N . NT _ , NT _
™ TP = 164292 —Bpo?tul)E 0. Thus, it follows that 7p* > 7mp. Solving p; w =

m(35p2 —12¢v2 v +2f0: (190 —3v2)
4(42¢2 —13pv24v1)
is zero:

2 > 0 yields the threshold at which the unit profit of the reselling channel

TN _ 35mp? — 12mepev? + mot

! 6prw2p — 38¢7p
When f > flTN, we have inT — wNT > 0. Since the denominator of flTN is negative, while the sign of
35mp? — 12mpyv? + mo* is uncertain, f{V is not necessarily always positive.

(91)
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o 2 2
Solving DNT = ‘0‘(7"7;‘&;;7: 1;?2{) ffv‘z;lf v2) 5 ( yields the threshold for positive EW demand:
t

TN _ m(7Tps — Ug)

= 92
2T 260 — 4v2p %2)

A = A A 2 2\2
When f < fI'N we have DNT > 0. When v? < 6y, it follows that fI — fIN = ;12(2;’;2_;)75;2‘5;254))/) >
t

0.
The case of direct encroachment with outsourced EW service. Treating 7BT — 78 as a quadratic
function of f, solving 787 — 7B = 0 shows that it has no real root. Moreover, when f = 0, we have

3990%712Lptv2+’u4
(pe(12-722) 402 (2422
Solving pDT _ wPT — m(35p2 —12¢pv2 +v*) (= 1+N)+2f pr (v2(3—2A2)+w(—19+14>\2))p
¢ 2(7ip0 —v2) (—v2 (~24A%) 0, (~1247A2))
which the unit profit of the reselling channel is zero:

BT — 7B = Im2(—1+4 )2 <—(_2j>\2)2 + ))2> > 0. Thus, it follows that 787 > 75.

> 0 yields the threshold at

v m(35pF — 12¢,0% + v*)(1 — A)
b 20, (02(3 — 2M2) + p(—19 + 14X2))p

(93)

When f > flTD, we have ptDT — wPT > 0. Since the denominator of flTD is negative, while the sign of
m(35p7 — 12¢0% + v?) is uncertain, flTD is not necessarily always positive.
Solving DDT — £t (m(Tor =) (—14X)+2f (00 (13-TA%) +v% (—2+12))p)
(Tor—v2) (—02 (~24A2) 0, (~1247A2))
EW demand:

> 0 yields the threshold for positive

FTD _ m(Ter —v*) (=14 )
2 2(—v2(=2 4+ X2) + (=13 + 7A2))p
When f < fIP, we have DPT > 0. When v% < 6¢; and (12 — 7TA2)¢; + v2(=2 + A2) > 0, it follows that

TD _ FTD _ m(—7¢t+1)2)2(—1+)\)(—1)2(—2+)\2)+<,a,,(—12+7)\2))
2 ! 200 (02 (—2422) 40, (—134722) ) (v2(3—2A2) 0, (~19+1422) ) p

(94)

> (0. The analysis under agency en-

croachment is analogous and is therefore omitted for brevity. In addition, it can be shown that f —fI'V =
m(v2o—p: (V2 +3¢)) > 0 f.N TN _ 35mp? —12mev>+mo* mot—6mu2p+8mp> > 0 fD _ {TD _
2(13¢pr —2v2)p(202 —T¢p) > J1 1 - 38¢p7p—6piv2p 6v2pp—20pp> > J2 2 -
1N (—02 2 2 7 1-)\)(v2—4 22
m(=14+0) (—=v% ot (v2 +39)) > 0, and fP — fIP = m(1-X) (v —4p)(v”—2¢)

2(—v2(=24A2) 0, (~134722) ) p (02 (~24X2) +(7—422)p ) 200 (v2(3-202)+2(~5+422)0 )
m(3592 —12p02 +v?) (=14)

20, (v2(3-2X2) 40, (~19+142%) ) p

Proof of Proposition 14 The case without supplier encroachment. Comparing the equilibrium EW

. . . NT N _ 1 5mp (T —v2)+2f (1997 —16¢pv7+20*) p —3mu24+8mp+2fpp
prices in the two models yields p, Pe = 7 ( 1207 —13¢,07 o7 + 73 .

When f < fll, we have pr > p57 where

m (7o — v?)(13p0% — 3v* — 33040 + 8v2p)
2p (199202 — 160t + 208 — 5(3p2 — T2 + vi)p)

fn= (95)

Comparing the equilibrium EW periods in the two models yields
NT N _ 1 1 1 1 1 1 1
TN -1 = o (m (g5l + wkas ) + 200 (S + —oprer + —vigs + ez ) ) When f <

fi2, we have TNT > TN where

3m (7o — v*) (v° — 490) (201 — )
2p (4203 (202 — T) + v2(Tv2 — 24¢)p — 13 (v* — 12¢2))

fio = (96)

The case with supplier direct encroachment. Comparing the equilibrium EW prices in the two models
yields

br b Smp(Tor —v?) (=14 A) + 2f (90 (16 — 9A?) + v (=2 4 A?) + 7 (=19 + 14X%))p
Pe = Pe = 2(Tepr — 02) (—02(—2 + X2) + gy (—12 + 7A2))
m(=14X)(v? —4p) + fp(—v (=2 4+ A2) + 20% (=5 + 3A%)p + 2(5 — 4A?)¢?)
* (V2 — 4p) (v2(—2+ A2) + (6 — 4X2)p) '

(97)
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When f < flg, we have peDT > pe’j, where

—m(Ter — v?) (=14 X) (5pv? (=2 + A%) — 20% (=2 + A)p — 6 (—1 + A?)gp)

fis = 98
Jis 2(p102(16 — 9N2) + v (=2 + A2) 4 p2(—19 + 14X2)) p(v2 (=2 + A2) + (6 — 4X2)p) (98)

Comparing the equilibrium EW periods in the two models yields

pT D _ 1 m(7¢z7v2)(*1+>\)+2f(w(13*7>\2)+v2(*2+>\2))0 _fp m(—14+X) = f(—24A2)p
e —1e = 2”( (Tor—0%) (02 (2402 (124700)) Wty T et | When
f < fua, we have TPT > TP where
fu = m(Tes —v2) (=1 + ) ((pt(—12 +7A2) + (6 — 4)\2)90) (99)
4=

2(—v2(=2+ A2) + (=13 + 7TA2)) p(v2(—=2 + X2) + (6 — 4X2)p)

The case without supplier encroachment. We have

2 2
NT N _ 1 [ ee(Tmei—muv—26fo, p+4afvp) go(m(v —4p)+2fp(—2v +7‘P)) £
D" - D) =35 1257 —T3p 02 40l + 0 =17 (v =37) . When f < fi5, we have

Dé\_’T > Dév. Since fi5 > f&, it follows that DéVT > Dév always holds, where

m(Toe — v?)(v® — 49)

Jis = 2p(13pv2 — 20% — 46 + Tv29)

(100)

The case with supplier direct encroachment. We have
pOT_pb _ £ (M7 (1N 121 (00 (13-T) 402 (—240)p) | o (m(—140) (0 ) -2/ p(v? (2427 H(T-4X%)¢))

(7<pfv2)(7v_2(72+,\2)+%(712+7,\2)) ] (v274gp)_(v2(72+)\2)+(674)\2)g9)
When f < fig, we have DPT > DP. Since fig > fP, it follows that DPT > DP always holds, where

fio = m(Toe — v?) (=1 + A) (=2 + X*) (v? — 4p)
6 —

—202(=24 A2)p(v23 (=2 + A2) + (7T — 4X2)p) + 20p(v2(26 — 2722 + TA%) + (=92 + 101A2 — 28)\*) )
(101)

Proof of Proposition 15 These results can be obtained from Derivation of Critical Thresholds of
outsourced EW.

Proof of Proposition 16 In the parameter region where both self-operated EW service and outsourced
EW service 1mpr0ve the platform s profit, the platform’s optimal EW mode is determined by comparing
7 with 787 (or 78 with #B7T).

G G 2
The case in which the supplier does not encroach. Let 78 = 787, Then, when ¢n1 < ¢ < 3£t

v2—=3¢py’
the threshold le exists. In this case, we have f < le_ and fIN < fN.
Whenf<f 0rf>f2,wehave7rp<7rp, o¥T < 7.
When fN < f < f&, we have 78 > n}. Moreover, when ¢ < ¢n1, we have 78 > 787, and when
PN1 <cp< U;" ‘g;t f>fR1,We have 7TPT<7TP
2 ~
When fIN < f < fIN| we have 7T > 7N, Further, when ¢y, < ¢ < Ll f < fr1, or
P > v;’jgfp , we have 7TPT > 7TP The expression of ¢ is given by
2 4
R ve(45 — v
—639 + 36902 — 61v* + 3v
The case with supplier direct encroachment. Let 7TP = W}QT. Then, when ¢pp; < p < v2 3@ , the
threshold fgo exmts In this case, we have TP < fP and fIp < fP.
Whenf<f orf>f2,wehave7rp<7rp, BT < 7B,
When f1 <f< f2 , we have 78 > 7B, In thls case, when ¢ < ¢pi1, we have ’7TPT < 7TP, and when
Pp1 <@ < vz”_‘g:pt, f > fro, we have 7rPT < h.
A A, = 2 A
When TP < f < fIP, we have 78T > 7B. Moreover, when ¢p; < ¢ < vfﬁ“g;t, f < fra, or

© > =5 3<p , we have mp DT >, ’/TIQ. The expression of pp; is given by

v? (504 — 36902 + 64v* — 30° — 14(=7 4+ v?) (=3 + v})A? + (=7 + v (1 + v?)A*) — VH,
2(—3 4 v2) (—639 + 15602 — 9vt — 24(—=T7 + v2)A2 + 4(—7 + v2)2)%)

YD1 =

(103)
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where
Hy = ((774 — 36902 + 58u* — 3v9)2

+ 4(=7 4+ v?) (=6 + v*) (=3 + v?)(129 — 400v? + 3v*)\?
— 2(—7 4+ v?)?(4392 — 2697v? + 645v* — T10° + 30°)\*
+A4(=T+ ) (=3 + V)N + (=7 + v2)6)\8).

(104)

= = 2
The case with supplier agency encroachment. Let ma = mal. Then, when ¢a1 < ¢ < v;]:?f:at’ the
threshold ng exists. In this case, we have flTA < f{4 and fQTA < f{‘

When f < fra or f> 5, we have Ta < Th, mal < np. . .
When f{* < f < f5!, we have 74 > 7. In this case, when ¢ < ¢a1, we have 757 < 74, and when
2 ~ — _
pa1 <@ < v;)—g;t’ f > fra, we have a7 < 78,
A, A, T 2 A
When fI4 < f < fF4, we have 747 > A, Moreover, when $41 < ¢ < Ufj;;t, f < frs, or

2 _ _
v AT A
¢ > z—55, we have mp’ > 7p.
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