A Strategic Analysis of Mixed Channel Structures

Internet Channel Entry:

Technical Supplement A:
Application of Balasubramanian’s model (1998) to our game setting

This appendix provides the results and proof mentioned in “Consumer Heterogeneity and
We applied Balasubramanian’s

model setting (the constant disutility of Internet shopping: 1) to our channel structures

Demand Derivation” section in 2.2. Demand section.

and rules of the game.

Numerical Example When p = (1/3)V

VI D VIM PIM HIM DM
W+ 0 0.5v 0 066667V | 0.66667 V 0.66667 V
* 0 0
Py 0.66667 V 0.66667 V 0.66667 V 0.66667 V
P* 0.5V 0.75V
0.83333 V 0.83333 V 0.83333 V 0.83333 V
Ave. Retail Price | 0.5V 0.75V 0.69445 V 0.69445 V 0.69445 V 0.69445 V
Qn 0 0 0.83333V? 0.83333V? 0.83333V? 083333V2
2 2
Qs 0.5V 0.25V 0.16667V? 0.16667V? 0.16667V? 0.16667V?
Tot. Q 0.5V° 0.25V* V2 V2 V2 V2
N Profit 0 0 0 0 0 0
N 3 3
S Profit 0 0.0625V 0 0.02778V° 0.02778V3 0.02778V
Tot. Retail Profit |0 0.0625V° | 0.02778V¢ | 0.02778V° 0.02778V°
M Profitw/N |0 0 0.55556V° | 0.55556V° | 0.55556V° 055556V
- 3 3
M Profitw/ S 0.25v 0.125v 0.13889V¢ | 0.11111v¢ | 0.11111V 0.11111V°
" 3 3
Tot. M Profit 0.25V 0.125v 0.69445V° | 0.66667V° | 0.66667V 0.66667V°
- 3 3 %]
Channel Profit | 0.25V 0.1875V" | 060445\ | 0.69445V° | 0.69445V 0.69445V
3 3 3
Consumer Surplus 0.125Vv 0.03125Vv 0.01389V 0.01389V3 0.01389V3 0.01389V°
Numerical Example When p = (1/2)V
VI D VIM PIM HIM DM
W+ 0 0.5v 0 0.5V 0.5V 0.5V
P> 0 0
0.5V 0.5V 0.5V 0.5V
Pg* 0.5V 0.75V
0.75V 0.75V 0.75V 0.75V
Ave. Retail Price [ 0.5V 0.75v 0.5625 V 0.5625V 0.5625V 0.5625V
Qn 0 0 0.75V? 0.75V? 0.75V? 0.75V?
2 2 2
Qs 0.5V 0.25V 025V 0.25V 025V 025V




Tot. Q 0.5V 0.25V* V2 V2 V2 V2

N Profit 0 0 0 0 0 0

S Profit 0 0.0625V° | 0.0625V° 0.0625V° 0.0625V°

Tot. Retail Profit [0 0.0625V° | 0.0625V° 0.0625\° 0.0625V°
M Profitw/N | 0 0 0.375V° 0.375V° 0.375V° 0.375V°
M Profit w/ S 0.25V° 0.125V° | 1875\2 0.125V° 0.125V° 0.125\°
Tot. M Profit | 0.25V° 0.125V" | o565\ 0.5V° 0.5V 0.5V
Channel Profit | 0.25V° 0.1875V° | o 5605\ 0.5625V° 05625V 0.5625V°
Consumer Surplus | 0.125V° 0.03125V° | 0.03125V° 0.03125V° 0.03125V° 0.03125V3

This appendix provides the proofs of the mathematical solutions for the equilibrium
prices shown in the tables above. We do not show how to obtain other results such as
consumer surplus, since they can be easily obtained from the equilibrium prices. All
other details are available from us upon request.

Vertically Integrated Channel (VI)

The demand for the physical store, which is vertically integrated to the manufacture, is
described as:

Qs =V(V - Ps) =V? —VP.
Manufacturer maximizes its profit through the vertically integrated physical store.

Iy = (VZ —VPs)Ps

We can obtain the FOC by taking the first derivative w.r.t. the retailer’s retail price (Ps)
from the manufacturer’s profit function.

FOC2 = -2VP, +V?

By solving FOCw=0, we obtain the equilibrium price, P, = %V .
The Second Order Condition (SOC) is satisfied as follows:

SOC% =-2v<0.

The demand at the equilibrium price is Q; :%Vz.

Decentralized Channel (D)

Since we assume that the manufacturer is the Stackelberg leader, we need to solve the
independent physical retailer’s profit maximization problem first to obtain the sub-game



perfect equilibrium. The demand for the independent physical retailer is Q, =V ? —VP,,
and it maximizes its profit conditional on the manufacture’s wholesale price.

s = (VZ —VP)(Ps -W)

Then, we can get the following FOC by taking the first derivative w.r.t. the retailer’s
retail price (Ps).

FOCP =V2-VP, —(P, W)V

By solving FOC=0, we are able to obtain the retailer’s equilibrium price conditional on

the manufacturer’s wholesale price (W), PS*:%V +%W . The SOC is satisfied as

follows:
SOCSPSPS = -2V<0.

Solving backward, we then solve the manufacturer’s profit maximization problem by

incorporating the optimal retail price, P, :%V +%W :

My =WV2 =2V +W))

The manufacturer’s FOC w.r.t. W is
FOCM =V —EV(\/ +W)—EVW .

By solving FOCw=0, we obtain the manufacturer’s equilibrium wholesale price.
W ==V

The SOC is satisfied as follows:
SOC‘A’AVW = -V<0.

With the equilibrium wholesale price, we can obtain the other solutions.

* 3 * 1 2
P =2V ,Ql ==V
s =5V Q=7



Vertically Integrated Mixed Channel (VIM)

Since the disutility of shopping from an Internet store (ov;) is fixed to p across all
consumers in Balasubramanian’s model, consumer i’s utility can be described as follows:

Consumer i’s utility of purchasing from the Internet store: U,, =V -P, —u« (1)

Consumer i’s utility of purchasing from the physical store: U =V —Ps =65,  (2)

When Py >V —u, Q, =0and Qg =V (V — P). This problem is identical to V1.

When P, <V — u, we can obtain the location of the indifferent consumer between the
two channels by equating (1) and (2): Py — P + x.

The demand for the Internet store and that for the physical store are described as follows:

Qu =V -Py+P—p)
Qs =V (P, - P + 4)

With both the Internet and the physical stores, the manufacturer maximizes the joint
profits from both channels.

HM = PNQN + PSQS

Since P, <V — u, the aggregate demand is inelastic and, thus, the manufacturer sets P,
to be V —u as long as P, <P, (i.e., the manufacturer has no incentive to switch a

consumer from the physical store to the Internet store by offering P, <V — ). This
leads to:

IT,, =VP(V — ) +V (V - P)P
We can calculate the following FOC w.r.t. P;.
FOC» =V (V — 1) -VP, +V(V - P,)
By equating the FOC to 0, we can get the equilibrium prices.

* 1
P. =V-=u4u.
s 2/”

Since P, =V —%,u >V — u, it satisfies the condition, Py <P;.



It can be shown that the above pricing strategy ( P, =V —u ) leads to a greater
manufacturer profit than P, >V — u.

The SOC is satisfied as follows:

SOC % = -2v<0.

Partially Integrated Mixed Channel (P1M)

The demand for the Internet store (Qn) and that for the physical store (Qs) are described
as follows:

Qu =V -Py+P —p)
Qs =V(PN - P +4).

Since the independent physical store is the Stackelberg follower, we need to solve the
independent retailer’s profit maximization problem first.

s =V (Py —Ps + 1)(Ps —W)

Then the FOC of the physical retailer w.r.t. Ps is
FOCS =V (P, -W)+V (P, =P + ).

Solving FOCs=0, we can calculate the retailer’s equilibrium price.
PS* :%(\N +Py +u)

The SOC is satisfied as shown below:

SOC>P = -2v<0.

Solving backward, we now solve the manufacturer’s profit maximization problem
incorporating the retailer’s optimal pricing decision.

Iy =PV =Py + P — ) +WV (P, —Ps + 1)

When P, <V — u, the aggregate demand is inelastic and, therefore, the manufacturer
sets Py tobe V — u.



After substituting PS* :%(\N +P, +u)and Py =V —u into the manufacturer’s profit

function above, we can obtain the manufacturer’s profit function as follows:
1 1
I1,, :EV(V — )W +V)+EWV(\/ -W).

The FOC w.r.t. the wholesale price (W) for the independent physical retailer is as
follows:

FOC) :%V(V —,u)+%V(V —W)—%VW =0, which leads to

wr=v — £
2
The SOC is satisfied as shown below:
SOCX,,vvv = -V<0.

However, the feasible range of prices must be V — x> P, >W to prevent an arbitrage

problem. Furthermore, it can be shown that FOCy, > 0 when this constraint is satisfied.
Therefore, the optimal wholesale price maximizing the manufacturer’s profit is as
follows:

W' =V —u.
It can be easily shown that the above solution is more profitable for the manufacturer
than P, >V — x, which reduces PIM into D (i.e., no sales in the Internet store).

Horizontally Integrated Mixed Channel (HIM)

Qu =V -Py+P—p)
Qs =V(Py —Ps + 1)

Under this channel structure, the independent retailer coordinates both outlets and
maximizes the joint profit conditional on the manufacturer’s wholesale price.

s =V =Py + Py —)(Py ~W) +V (Py —Ps + 1)(Ps ~W)

Since the demand is inelastic when P, <V — u, the retailer sets P, tobe V — x.

After substituting P, =V — z into the retailer’s profit function above, we can obtain the
following profit function:

7wy =VP(V = =W)+V(V - P )(Py —W)

Vi



The FOC w.r.t. Ps is:
FOCSPS =VV -u—-W)-V(P, -W)+V(V -F).

We then solve the physical retail price that makes FOC 0.

* 1
P. =V -=
s 2/”

The SOC is satisfied as shown below:
SOCSf’SPS = -2V<0.

Solving backward, we solve the manufacturer’s profit maximization problem
incorporating the retailer’s optimal pricing decision.

[Ty =WV =Py +Ps =) +V(Py — P + 1))
After we substitute P, =V — z andP, =V —%/,zto the manufacturer’s profit function,
we get
1 1 2
1T, =W(V(V—Eﬂ)+§Vﬂ)=WV -

Therefore, the manufacturer sets the optimal wholesale price as high as it is feasible,
which leads to:

W™=V —pu.
Decentralized Mixed Channel (DM)

Qu =V -Py+P—p)

Qs =V(Py —Ps + 1)
Since there are two independent retailers in this structure, the first step is to solve a Nash
game between the retailers who set retail prices conditional on wholesale prices. The
profit functions of each retailer are

s =V (Py —Ps + 1)(Ps —W), and

my =V (V =Py +Ps —1)(P, -W).

If 0<W < %V —%y , the FOCs of each retailer are

FOCS = -V (P, -W)+V (P, — P, + 1), and

vii



FOC» =-V(P, -W)+V(V —P, +P, — 11).

We can solve the two retail prices that simultaneously make both FOC’s 0.

PL =W 4 2V o ), 8N oo ©)

Pi =W+ Z(@V — ) oo (4)

If W z%v —%u, the Internet retailer does not increase the price above V —u as W

increases. Therefore, Py =V — u.
The FOC of the PS is FOC; = -V (P —W)+V (P, — Ps + 1)
We can solve the retail price that make the FOC 0, after substituting Py with V — 4 .

T S — )

The SOC’s are satisfied as shown below:

SOC&™ =-2v<0and SOCM™ = -2v<0.
Solving backward, we then solve the manufacturer’s profit maximization problem
incorporating the solutions of the retail level game:

My =WV (Py — Py + ) +V(V =Py + Py — 1) =WV*

Therefore, the manufacturer sets the optimal wholesale price as high as it is feasible,
which leads to:

* - - - . 1 2
W =V — . Itsatisfies the condition, W > gv —Ey.
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Technical Supplement B: Proof of Mathematical Solutions in Table 1 a
This appendix provides the proofs of the mathematical solutions for the equilibrium
prices shown in Table 1 a. In this appendix, we do not show how to obtain other results
such as consumer surplus, since they can be easily obtained from the equilibrium prices.
All other details are available from the authors upon request.

Vertically Integrated Channel (V1)

The demand for the physical store, which is vertically integrated to the manufacture, is
described as:

Qs =V?-VP,.
Manufacturer maximizes its profit through the vertically integrated physical store.

Iy, = (VZ _VPS)PS

We can obtain the FOC by taking the first derivative w.r.t. the retailer’s retail price (Ps)
from the manufacturer’s profit function.

FOC.» =-2VP, +V?

By solving the above FOC =0, we obtain the equilibrium price, P :%V . The

demand at the equilibrium price is Q; = %V 2

The Second Order Condition (SOC) is satisfied as follows:
SOC,:" = -2Vv<O.

Decentralized Channel (D)

Since we assume that the manufacturer is the Stackelberg leader, we need to solve the
independent physical retailer’s profit maximization problem first to obtain the sub-game

perfect equilibrium. The demand for the independent physical retailer is Q, =V ? —VP;,
and it maximizes its profit conditional on the manufacture’s wholesale price.

7 =(V?=VP,)(P, -W)

Then, we can get the following FOC by taking the first derivative w.r.t. the retailer’s
retail price (Ps).



FOCS =V? -VP, — (P, -W)V

By solving FOC{* =0, we are able to obtain the retailer’s equilibrium price conditional
1 1

on the manufacturer’s wholesale price (W), P, :EV +§W . Now, we check SOC, and it
is satisfied as shown below:
SOC™ =-2v<0.

Solving backward, we then solve the manufacturer’s profit maximization problem by

incorporating the optimal retail price, P, = %V +%W :

I, =W (V? —%V(\/ +W))
The manufacturer’s FOC w.r.t. W is
FOC,, =V _EV(V +W)—EVW :
By solving FOCw=0, we obtain the manufacturer’s equilibrium wholesale price.
W ==V
The SOC is satisfied as shown below:
soc," =-v<0.
With the equilibrium wholesale price, we can obtain the other solutions.
« 3 « 1
PS :ZV,QS :ZVZ

Vertically Integrated Mixed Channel (VIM)

With both the Internet and the physical stores, the manufacturer maximizes the combined
profits from both channels. As shown in Figure 3(b), we have to consider two cases:
P, > P, and P; < P, to solve the problem. To save space, we only show the condition

where the equilibrium exists.



When Py > P, the demand for the Internet store and that for the physical store are
described as follows:

Qu =PV =R+ (V= P)(Rs ~2R, +V)

Qs :PN(V_PS)"_%(V_PS)Z'

The manufacturer maximizes the joint profits from both outlets.
1 1 )
My =Py (P (V = Py) + SV = P)(Ps = 2Py +V)) + Py (Ry (V = Po) + —(V = Py)’)
We can calculate the following FOC’s w.r.t. each retail price.

1
FOCI\F/]N =-VP, + P (V _PN)+E(V —P)(Ps —2P +V)) + P, (V - P)

FOC,s =2P,(V —P,)+(-P, + P, =V)P, +%(\/ ~-P,)?

By equating the two FOC’s to 0 and simultaneously solving them, we can get the
equilibrium prices.

P, =P :%V

The SOC'’s are satisfied at the equilibrium prices:

SOCAP = -2V <0

SOC2% = -2V <0

SOC2™ =V (2-+/3)

SOCH™ x SOCRP —(SOCH™)2 =V 2(44/3-3)>0.

Partially Integrated Mixed Channel (P1M)

When P; > P, , the demand for the Internet store (Qn) and that for the physical store (Qs)
are described as follows:

Qu =PV =R+ (V= P)(Rs ~2R, +V)

Qs :PN(V_PS)"_%(V_PS)Z'

Xi



Since the independent physical store is the Stackelberg follower, we need to solve the
independent retailer’s profit maximization problem first.

s =(Ps —W)(R, (V —PFs)+< (V P)?)
Then the FOC of the physical retailer w.r.t. Ps is
FOCE =Py (V = Py) + (-Py + Py —V)(Bs ~W)+ 2 (V ~ )"

Solving FOCs=0, we can calculate the retailer’s equilibrium price.

PS*:EP s —V——\/4P —2P\W + 2P,V +W? — VW +V 2

The SOC is satisfied at the equilibrium prices:
SOC™ = -1.38496V<0.

Solving backward, we now solve the manufacturer’s profit maximization problem
incorporating the retailer’s optimal pricing decision.

I, =P, (P (V —P,)+= (v P)(P, —2P, +V)) +W (P, (V — Py) += (v P.)%)

After substituting Ps into the manufacturer’s profit function above, we can obtain the
manufacturer’s profit function as follows:

M, =W (P, (%V—%PN —%W +%\/4PN2—2PNW +2PV +W2 - 2VW +V2)
+l(1v —%PN —%W +1\/4F>N2 —2PW + 2PV + W2 —2VW +V 2)?)
P, (( P, —V——\/4P —2PW +2P,V +W2 —2VW +V2)(V - P,)
1 1 2 2 2
+§(§V—§PN—§W+—\/4PN —2PW + 2P,V +W? —2VW +V2)
4 1 2
(SPHW 5V——\/4F> —2PW + 2PV +W?2 —2VW +V 2))

The FOC’s w.r.t each of the wholesale price for the independent physical retailer and the
retail price for the Internet channel (Py) are as follows:
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FOCP: =é(4wv\/4pn2 —2P,W + 2P,V +W?2 —2VW +V 2

—12P,,/4Pn? —2P,W + 2PV +W 2 —2VW +V 2

—16P,V \/4Pn? —2P,W + 2P,V +W 2 —2VW +V 2

—6WP, 4/4Pn? —2PW + 2P,V +W? — 2VW +V ?

+8V2,/4Pn? —2P,W + 2PV + W2 —2VW +V 2 +5WP,V +3W ? + 24P, ° + 6WP,’
—6P,W?+5WV? —7VW? +P V2 +2P V2 -V?®

—3W2J4Pn? —2P\W + 2P,V +W 2 —2VW +V 2)/(;/4Pn? —2PW + 2P,V +W? — 2VW +V 2)

FOC, = —£(4WV\/4Pn2 —2P W +2P\V +W? —2VW +V?
9

+3P,%\/4Pn% —2P\W + 2P,V +W 2 —2VW +V 2

— 4P,V \/4Pn? —2P,W + 2PV +W 2 — VW +V 2

+6WP, /4Pn? —2P\W + 2P,V +W 2 — 2VW +V 2

—V2[4Pn? —2P W + 2P,V +W 2 —2VW +V 2 +14WP,V +3W 2 — 6P, +12WP,°
—9P,W?+5WV 2 —7TVW? 5P, V? - 7P,V -V ?

—3W 2\J4Pn? —2P\W + 2P,V +W 2 —2VW +V 2)/(;/4Pn? —2PW + 2P,V +W? — 2VW +V 2)

By equating the two FOC’s to 0 and simultaneously solving them, we can solve the
equilibrium price for the Internet retail price and the wholesale price for the independent
physical retailer.

Py =0.54759V and W =0.53834V

The SOC'’s are satisfied at the equilibrium prices:

SOC™ =-1.99288V <0

soc," =-0.88982V <0

soc™ =0.08964V

Soc M xsocy —(soc")? =1.7653V > 0

Horizontally Integrated Mixed Channel (HIM)

When P > P,

Xiil



N T PS(V_PN)+%(V —Ps)(Ps —2P +V)

Qs =R (V _Ps)"'%(v_l:)s)2

Under this channel structure, the independent retailer coordinates both outlets and
maximizes the joint profit conditional on the manufacturer’s wholesale price.

1 1
75 = (By ~W)(P (V =Py)+ 2 (V = R)(P 2Py +V))+ (P ~W)(Ry (V = Py) + 2 (V = P)")
The FOC’s w.r.t. each of the retail prices are

FOCE: = By (V = By) + (V ~PL)(P, 2P, +V) = (P, ~WV + (P, ~W)(V —P).
and
FOCE = (Py =WV = P)+ Py (V = Py)+ D (V = Py)? + (B, ~W)(-P, —V +P,)

We then solve the two retail prices that simultaneously make both FOC’s 0, we find
P, =P =—w +—\/W +3V

The SOC'’s are satisfied at the equilibrium prices:

SOCM™ =-2v <0

SOC&™ =-2v <0

SOC™ =0.18265V

SOCH™ x SOCER —(SOC{™)? =3.96664V >0

Solving backward, we solve the manufacturer’s profit maximization problem
incorporating the retailer’s optimal pricing decision.

=W((Ps (V=P +5 (V Ps)(Ps =2Py +V)) +(Py (V =Fs) + 5 (V Ps)?))

After we substitute P," =P, = §W +—\/W +3V? to the manufacturer’s profit function,

we get
I1,, =WV +%W +%\/W2 +3V2)(\/—%W—%\/W2+3V2).

Then, the FOC w.r.t. W is

Xiv



FOC! =
(V+;W+;/W2+3V2)(V—éw-é W2+3V2]

w

+W é+§2 (v—éw—;/whe,vzj
JW? 3V
+W(V+2W+é4/wz+3v2j(—é—éZWZJ
JWZ+3V

The equilibrium wholesale price that makes the FOC 0 is
w* =%/_3v2 e

The SOC is satisfied at the equilibrium prices.
soc,¥ =-1.72310v <0

Decentralized Mixed Channel (DM)

When Py > P,
1
Qy =Ps(V_PN)+E(V_Ps)(Ps_2PN +V)
1

Qs = PN(V_PS)"'E(V_PS)Z

Since there are two independent retailers in this structure, the first step is to solve a Nash
game between the retailers who set retail prices conditional on wholesale prices. The
profit functions of each retailer are

7y = (Py ~W)(P, (V —PN)%(\/ ~R)(P, ~2R, +V)), and

7y = (P —W)(Py (V. —Ps)%(v ~PR)?).

The FOCs of each retailer are

FOC{ =-V (P, —W)+%(V -P)(Ps —2P, +V)+(V —Py)Ps, and

XV



1
FOCE =Py (V =P+ (- + P ~V)(P ~W) + (v - R)".

We can solve the two retail prices that simultaneously make both FOC’s 0.
P, =P, =-V+J2V?+2WV
The SOC’s are satisfied at the equilibrium prices.

SOC3™ =-1.77726V <0
SOC*™ =-2V <0

Solving backward, we then solve the manufacturer’s profit maximization problem
incorporating the solutions of the retail level game.

Iy =W(RV =R+ 5 (VPR ~2P, +V)+ (B V ~P)+ 2V ~P)?)

After we incorporate the retailers’ pricing strategies, P,” =P, =-V ++2VZ+2wV , into
the manufacturer’s profit function, we get

T, =W~2V 2+ 2WV (2V =2V % + VW)

Then, the FOC w.r.t. W is

] 2
FOC), = ,/2V?Z+2WYV (2v—A/2v2+2WV)+W(2V 2V +2WV)V—WV
J2VE+2 WV

The equilibrium wholesale price that makes the FOC 0 is

W™ =0.52191V .

The SOC is satisfied at the equilibrium prices.

SOC™" = —1.66439V <O.
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Technical Supplement C: Proof of Mathematical Solutions in Table 1 b

This appendix provides the proofs of the mathematical solutions for the equilibrium
prices shown in Table 1 b. The demands are adjusted by multiplying % to make
consistent comparisons of the market outcomes between the models described in Figure 2
(@) and (b). In this appendix, we do not show how to obtain other results, such as channel
profits and consumer surplus, since they can be easily obtained from the equilibrium
prices. All other details are available from the authors upon request.

Vertically Integrated Channel with Two Physical Stores (V12: Local Monopoly)

The optimal prices for each of the two physical stores under local monopolies, which are
vertically integrated to the manufacture, are the same as those of the physical store under
VI structure in Table 1 a, when they have enough demands to cover.

* * 1

P =P, ==V.
2

PS1 PS2

1
QPSl = QPsz :EVZ :

Vertically Integrated Channel with Two Physical Stores (V12: Competition)

When each of the two physical stores is located —a and a, respectively, and they are close
enough to have competition, the demands for each store can be described as:

P.,—P V
pPs1 = (%_ (—a—(V - PPSl)))E and

QPsz = (a+V - PPsz _w)%

The manufacturer’s objective function is:

Iy = PPSlQPSl + PPSZQPSZ

Then, we can get the following FOCs by taking the first derivative w.r.t. each retail price.

3 1.1 3 1
FOC&Sl = —ZVPP51 +E(E PPSZ —E PPSl +a +V)V + ZVPPSZ

1 3 1 3 1
FOC,** = ZVPpsl _ZVPPSZ +E(a+V 2 sz +EPP51)V
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By solving the two FOCs=0 simultaneously, we are able to obtain the optimal retail

prices conditional on their locations (a), Py, = Psg, = %a+%v :

The SOC’s are satisfied as follows:

socﬁwmz—SV<o

socﬁwwz—gV<o

SOC'\IjISlPSZ — %V

SOC'\F/’ISlPSl % SOC;SZPSZ _ SOC;SIPSZ — 2V 2 > 0 )

Decentralized Channel with Two Physical Stores (D2: Local Monopoly)

The wholesale price of the manufacturer and the retail prices for each of the two
independent physical stores under local monopolies are the same as the wholesale price
and retail price of D structure in Table 1 a, when the stores have enough demands to
cover.

* 1 * * 3
W :EV’ PPSl =PP52 :ZV-

1
QPSl = QPSZ :ZVZ .

Decentralized Channel with Two Physical Stores (D2: Competition)

When each of the two physical stores are located —a and a, respectively, and they are
close enough to have competition, the demands for each store can be described as:

P, — P v
Ps1 =( = 2 Pel _(_a_ (V o PPSl)))E and

QPSZ = (a+V — PPSZ —@)%

The physical stores’ objective functions are:

Tos1 = (Prs; =W)Qpsy
Toss = (Posy ~W)Qps;
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Then, we can get the following FOCs by taking the first derivative of each objective
function w.r.t. the corresponding retail price.

3 11 3
FOngll = _ZV(PPM -W) +§(§ Pes2 _E Pes1 + a+V)Vv

3 11 3
FOC,ESSZZ = _ZV(PPsz -W) "'E(E Pos _Eppsz +a+V)V

By solving the two FOCs=0 simultaneously, we are able to obtain the optimal retail
prices conditional on their locations (a) and the manufacturer’s wholesale price (W).

« 3 2
=P, ==W+—-(a+V).
PS2 5 5( )

*

F)P51
The SOC'’s are satisfied:
SOC Pt — SOC RSP — _gv <0.

Solving backward, we then solve the manufacturer’s profit maximization problem
incorporating the retailers’ pricing strategies shown above.

I1,, :%VW(—W +a+V)

Then, the FOC w.r.t. W is
w3
FOC,, = gV (-2W +a+V).
The equilibrium wholesale price that makes the FOC 0 is
« 1
W =—(a+V).
S (@+V)
The SOC is satisfied:

soc!™ = —gv <0.
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5.1. Impact of Asymmetric Heterogenei

Technical Supplement D

Market Outcomes When 0<& <V’

" We set V=1 without |

oss of generality

W* Pn* Ps* Qn* Qs* Total Q |Retail Profit for N|Retail Profit for PS|Total Retail ProfitfM Profit Thru N|M Profit Thru PS| Total M Profit | Total Channel Profit|Consumer Surplus|
VI (0<8s<V/2) 0 0| 0.50000 0| 1.00000{ 1.00000 0 0 0 0 0.50000 0.50000 0.50000 0.25000
VI (0<5s<V) 0 0| 0.50000 0| 0.50000{ 0.50000 0 0 0 of 0.25000 0.25000 0.25000 0.12500
VI (0<3s<2V) 0 0| 0.50000 0] 0.25000| 0.25000 0 0 0 0 0.12500 0.12500 0.12500 0.06250
DC (0<3s<V/2) 0.50000 0| 0.75000 0| 0.50000{ 0.50000 0 0.12500 0.12500 0 0.25000 0.25000 0.37500 0.06250
DC (0<ds<V) 0.50000 0| 0.75000 0| 0.25000{ 0.25000 0 0.06250 0.06250 0 0.12500 0.12500 0.18750 0.03125
DC (0<8s<2V) 0.50000 0f 0.75000 0f 0.12500] 0.12500 0 0.03125 0.03125 0 0.06250 0.06250 0.09375 0.01563
VIM (0<5s<V/2) 0| 0.66667| 0.58333| 0.16667| 0.72222| 0.88889 0 0 0 0.11111 0.42130 0.53241 0.53241 0.15201
VIM (0<5s<V) 0| 0.57735| 0.57735| 0.33333| 0.33333| 0.66666 0 0 0 0.19245 0.19245 0.38490 0.38490 0.14088
VIM (0<&s<2V) 0] 0.53829| 0.57182| 0.41588| 0.16108| 0.57696 0 0 0 0.22386 0.09211 0.31597 0.31597 0.11769
PIM (0<8s<V/2) | 0.54490| 0.59587| 0.75455| 0.34388| 0.35276| 0.69664 0 0.07209 0.07209 0.20491 0.19222 0.39713 0.46922 0.09996
PIM (0<8s<V) 0.53834| 0.54759| 0.74952| 0.42103| 0.16855( 0.58958 0 0.03559 0.03559 0.23055 0.09074 0.32129 0.35688 0.10843
PIM (0<&s<2V) 0.52570 0.52570| 0.74155| 0.45760| 0.08463| 0.54223 0 0.01827 0.01827 0.24056 0.04449 0.28505 0.30332 0.11492
HIM (0<8s<V/2) | 0.56610| 0.80955| 0.79717| 0.14946| 0.36939| 0.51885 0.03639 0.08535 0.12174 0.08461 0.20911 0.29372 0.41546 0.04719
HIM (0<&s<V) 0.55025 0.78922| 0.78922| 0.18858| 0.18858| 0.37716 0.04506 0.04506 0.09013 0.10377 0.10377 0.20753 0.29766 0.03975
HIM (0<&s<2V) 0.53271| 0.77396] 0.78093| 0.21404| 0.09677| 0.31081 0.05164 0.02402 0.07566 0.11402 0.05155 0.16557 0.24123 0.03307
DM (0<8s<V/2) 0.53635 0.73759| 0.75263| 0.20122| 0.42611| 0.62733 0.04049 0.09216 0.13265 0.10792 0.22854 0.33647 0.46912 0.07042
DM (0<3s<V) 0.52191| 0.74465| 0.74465| 0.22275| 0.22275( 0.44550 0.04962 0.04962 0.09923 0.11626 0.11626 0.23251 0.33174 0.05688
DM (0<8s<2V) 0.51387| 0.74906| 0.74120| 0.23421| 0.11366| 0.34787 0.05508 0.02584 0.08092 0.12035 0.05841 0.17876 0.25968 0.04165

Market Outcomes When 0<és < V*
" We set V=1 without loss of generality

W* Pn* Ps* Qn* Qs* Total Q |Retail Profit for N|Retail Profit for PS[Total Retail ProfitfM Profit Thru N|M Profit Thru PS| Total M Profit | Total Channel Profit|Consumer Surplus
VI (0<d\<V/2) 0 0 0.50000 0[ 0.50000| 0.50000 0 0 0 0 0.25000 0.25000 0.25000 0.12500
VI (0<&y<V) 0 0| 0.50000 0| 0.50000{ 0.50000 0 0 0 of 0.25000 0.25000 0.25000 0.12500
VI (0<dy<2V) 0 0| 0.50000 0| 0.50000{ 0.50000 0 0 0 0 0.25000 0.25000 0.25000 0.12500
D (0<8\<V/2) 0.50000 0 0.75000 0 0.25000| 0.25000 0 0.06250 0.06250 0 0.12500 0.12500 0.18750 0.03125
D (0<&y<V) 0.50000 0| 0.75000 0| 0.25000{ 0.25000 0 0.06250 0.06250 0 0.12500 0.12500 0.18750 0.03125
D (0<dyn<2V) 0.50000 0| 0.75000 0| 0.25000{ 0.25000 0 0.06250 0.06250 0 0.12500 0.12500 0.18750 0.03125
VIM (0<dn<V/2) 0 0.58333| 0.66667| 0.72222( 0.16667| 0.88889 0 0 0 0.42130 0.11111 0.53241 0.53241 0.15201
VIM (0<8\<V) 0| 0.57735| 0.57735| 0.33333| 0.33333| 0.66666 0 0 0 0.19245 0.19245 0.38490 0.38490 0.14088
VIM (0<&y<2V) 0| 0.57182[ 0.53829 0.16108| 0.41588| 0.57696 0 0 0 0.22386 0.09211 0.31597 0.31597 0.11769
PIM (0<8\<V/2)| 0.56886| 0.56886| 0.73085( 0.78984 0.10951| 0.89935 0 0.01774 0.01774 0.44931 0.06230 0.51160 0.52934 0.16745
PIM (0<8\<V) 0.53834| 0.54759| 0.74952| 0.42103| 0.16855| 0.58958 0 0.03559 0.03559 0.23055 0.09074 0.32129 0.35688 0.10843
PIM (0<8y<2V) | 0.51420| 0.54681| 0.74829| 0.21076| 0.21051| 0.42127 0 0.04928 0.04928 0.11525 0.10824 0.22349 0.27277 0.07025
HIM (0<8y<V/2)| 0.56610| 0.79717| 0.80955| 0.36939| 0.14946| 0.51885 0.08535 0.03639 0.12174 0.20911 0.08461 0.29372 0.41546 0.04719
HIM (0<8\<V) 0.55025 0.78922| 0.78922| 0.18858| 0.18858| 0.37716 0.04506 0.04506 0.09013 0.10377 0.10377 0.20753 0.29766 0.03975
HIM (0<&y<2V) | 0.53271] 0.78093| 0.77396] 0.09677| 0.21404| 0.31081 0.02402 0.05164 0.07566 0.05155 0.11402 0.16557 0.24123 0.03307
DM (0<&y<V/2) | 0.53635| 0.75263| 0.73759| 0.42611| 0.20122| 0.62733 0.09216 0.04049 0.13265 0.22854 0.10792 0.33647 0.46912 0.07042
DM (0<&\<V) 0.52191| 0.74465| 0.74465| 0.22275| 0.22275| 0.44550 0.04962 0.04962 0.09923 0.11626 0.11626 0.23251 0.33174 0.05688
DM (0<&y<2V) 0.51387| 0.74120| 0.74906| 0.11366| 0.23421| 0.34787 0.02584 0.05508 0.08092 0.05841 0.12035 0.17876 0.25968 0.04165
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Technical Supplement E: 5.2. Absence of Channel Price Leadership

Market Outcomes for Various Channel Structures under Vertical Nash

VI D VIM PIM HIM DM
W* 0 0.33333V 0 0.44536V 0.35355V 0.40303V
Py* 0 0 0.57735V 0.54464V 0.7071V 0.6751V
Ps* 0.5V 0.66666V 0.57735V 0.69536V 0.7071V 0.67513V
Ave. Retail Price | 0.5V 0.66666V 0.57735V 0.59615V 0.7071V 0.67513V
Qn 0 0 0.33333V" 0.40896V" 0.25V° 0.2721V°
Qs 0.5V* 0.33333V" 0.33333V° | 0.21232V* 0.25V° 0.2721V°
Tot. Q 0.5V 0.33333V* 0.66666V" | 0.62128V 0.37716V° | 0.5442V°
N Profit 0 0 0 0 0.08839V° 0.07404V°
S Profit 0 0.11111V° 0 0.05308V° 0.08839V° 0.07404V°
Tot. Retail Profit | 0 0.11111V° 0 0.05308V° 0.17678V° 0.14808V°
M Profit w/ N 0 0 0.19245V° 0.22274V° 0.08839V° 0.10966V°
M Profitw/ S 0.25V° 0.11111V° 0.19245V° 0.09456V° 0.08839V° 0.10966V°
Tot. M Profit 0.25V° 0.11111V° 0.38490V° 0.3173V° 0.17678V° 0.21932V°
Channel Profit 0.25V° 0.22222V° 0.38490V° 0.37038V° 0.35356V° 0.3647V°
Consumer Surplus | 0.125V° 0.05555V° 0.14088V° 0.11361V° 0.06577V° 0.07836V°

This appendix provides the proofs of the mathematical solutions for the equilibrium
prices. In this appendix, we do not show how to obtain other results such as consumer
surplus, since they can be easily obtained from the equilibrium prices. All other details
are available from the authors upon request.

Vertically Integrated Channel (V1)

Same as the results for VI in Table 1 a.

Decentralized Channel (D)

The manufacturer is not a Stackelberg leader anymore, we need to solve the profit

maximization problems of both independent physical retailer and the manufacturer
simultaneously.

The demand is Q, =V ? —VP,, and the Ps is composed of the manufacturer’s wholesale
price (W) and the retailer’s margin (r).

7o =(V2 VW )

The manufacturer’s profit function is:

I, = (V2 =V (W + )W
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Then, we can get the following FOCs by taking the first derivative of each of the profit
functions above w.r.t. the corresponding margin.

FOC! =VZ-VW +r)—rV
FOCY =V? -V (W +r) -WV

By solving the two FOCs=0, we are able to obtain the retailer’s equilibrium price and the

- * * 1
manufacturer’s wholesale price. W =r = §V

The SOC’s are satisfied as follows:

soc =s0OC{ =-2V <0.
Vertically Integrated Mixed Channel (VIM)
Same as the results for VIM in Table 1 a.
Partially Integrated Mixed Channel (P1M)

When P, > P, , the demand for the Internet store (Qn) and that for the physical store (Qs)
are described as follows:

Qu =W DV =R+ (V W —1)W +7-2P, +V)
Q. :PN(V—W—r)+%(V—W—r)2.

Since this is a vertical nash game, we need to solve the profit maximization problems of
both manufacturer and independent retailer simultaneously.

g =1Qq
I1,, =WQ; + R, Q,

Then the physical retailer’ FOC w.r.t. ris
FOC{ =P, (V -W —r)+ (=P, +W +r=V)r +%(\/ ~W —r)?,

The SOC of the store is satisfied at the equilibrium prices:

SOC;" =-1.44856V <O0.
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The manufacturer’s FOCs w.r.t. W and Py are

FOC™ =W(V—W—r)+(\N+r)(\/—PN)+%(V—W—r)(\N+r—2PN +V)-PV

FOC" = 2P, (V -W —r)+%(\/ W = )2 W (=P, =V +W +1)

Solving the three FOCs=0 simultaneously, we can obtain the equilibrium wholesale and
retail prices.

W™ =0.44536V,r" = 0.25000V, P, = 0.54464V
The SOC’s of the manufacturer is also satisfied at the equilibrium prices:

SOCM =-2v <0

socy" =-1.79784V <0

soc" =0.16392V

SOC "™ x SOCy" —(SOC*")? =3.56881V % > 0.

Horizontally Integrated Mixed Channel (HIM)

When P; > P, where Ps is composed of the manufacturer’s wholesale price (W) and the

retailer’s margin through the physical store (r) and Py is composed of W and the retailer’s
margin through the Internet Channel (n),

Q. :(VV+r)(V—(W+n))+%(\/—W—r)(—W+r—2n+V)
Qu =WV~ W+ 1)+ (V -W - 1)’

Under this channel structure, the independent retailer coordinates both outlets and
maximizes the joint profit conditional on the manufacturer’s wholesale price.

s =NQy +rQ
The retailer’s FOC’s w.r.t. each of the retail margins are
FOCS =r(V-W—-r)+W +r)(V -W —n)+%(\/ W =r)(-W +r-2n+V)-nV

, and

FOC{ =r(W +n)(V -W —n)+%(\/ ~W —=r)? +r(=n=V +r)+nV -W —r).
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The SOC'’s are satisfied at the equilibrium prices:

SOC;" =SOC " =-2V <0

SOC;" =0.23225V

SOC{ xSOC{" —(SOC{")* =3.94606V > > 0.
The manufacturer also maximizes its own profit conditional on the retailer’s margins (n
and r).

I, :W(QN +Qs)

The FOC w.r.t. W is

FOC. = (W +r)(V -W —n)+%(\/ —W-r)(-W+r-2n+V)

+ (W +n)(V —W—r)+%(\/—W—r)2+W(—2W—n—r)

Solving the three FOCs=0 simultaneously, we can obtain the equilibrium wholesale price
and retail margins.

W =n"=r"=0.35355V .
The SOC is satisfied at the equilibrium prices:
soc,¥ =-3.53550V < 0.
Decentralized Mixed Channel (DM)

When Py > P,
Qy=W+r)vV —W—n)+%(V—W—r)(r—W—2n+V)
Qu =W )V W 1)+ (V -W

Since there are two independent retailers in this structure, we need to solve a Nash game
among the two physical retailers and the manufacturer. The profit functions of each
player are

my =NQy, 75 =rQs, and IT,, =W (Qs +Qy).

The FOCs of each player are
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FOC! = (r +W)(V —W —n)+%(\/ CW 1) (r =W —2n+V) —nV
FOC{ =W +n)(V -W —r)+%(\/ ~W =r)? +r(-n=V +r),and
FOC, =W +n)V —W—r)+%(\/ ~W =1)> +(W + 1)V =W —n)

+%(\/ —W —=r)(r-W -2n+V)+W (-2W —r —n).

Solving the three FOCs=0 simultaneously, we can obtain the equilibrium wholesale and
retail margins.

W™ =0.40303V,n" =r" =0.27210V .
The SOC'’s are satisfied at the equilibrium prices:

SOC!" =-1.72790V <0
SOC™" =—2V <0
SOC'™ = _3.50658V < 0.
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Technical Supplement F: 5.3. Cases with Two Physical Stores

Market Outcomes with Two Physical Stores and an Internet Channel

VIM2 VIM2 PIM2 PIM2
(Local Monopoly at | (Competition at (- | (Local Monopoly at | (Competition at (-
(-1/2)V and (1/2)V) 1/10)V and (-1/2)V and (1/2)V) 1/10)V and
(1/10)V) (1/10)V)
W* 0 0 0.5423V 0.57713V
Ppst™ 0.58333V 0.62498V 0.75306V 0.76563V
Ppso™ 0.58333V 0.62498V 0.75306V 0.76563V
Py* 0.66667V 0.59702V 0.59587V 0.57713V
Qps1 0.36111V* 0.19321V* 0.17763V* 0.11944V*
Qps2 0.36111V* 0.19321V* 0.17763V* 0.11944V*
[oN 0.16667V* 0.30016V* 0.34315V° 0.37697V*
Tot. Q 0.88889V~ 0.68658V~ 0.69842V° 0.61585V*
PS 1 Profit 0 0 0.03744V° 0.02251V°
PS 2 Profit 0 0 0.03744V° 0.02251V°
Tot. Retail Profit | 0 0 0.07488V° 0.04503V°
M Profitw/ PS1 | 0.21065V° 0.12075V° 0.09633V° 0.06893V°
M Profitw/ PS2 | 0.21065V° 0.12075V° 0.09633V° 0.06893V°
M Profitw/N | 0.11111V° 0.17920V° 0.20447V° 0.21756V°
Tot. M Profit 0.53241V° 0.42070V° 0.39713V° 0.35542V°
Channel Profit | 0.53241V° 0.42070V° 0.47201V° 0.40045V°
Consumer 0.15201V° 0.10107V® 0.10023V° 0.09605V°
Surplus

The demands are adjusted by multiplying %2 to make consistent comparisons of the
market outcomes between the models described in Figure 2 (a) and (b).

VIM2 (Local Monopolies)

When B, =P, < P, , the adjusted demand functions for the Internet channel, physical
store 1, and physical store 2 are

QN =%(2(V - IDN N —(V - PPSl)2 -V - PPSZ)Z)
Qpsy = %(ZF’N (V —Pag;) +(V = Ps,)?) , respectively.

Qpsz = %(ZPN (V —Pps,) +(V - PPSZ)Z)
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The manufacturer maximizes the joint profit across these three outlets.
I, = QN PN +QP81PPSI + stzppsz

The manufacturer’s FOCs w.r.t. each price are

1
FOCT =22V =PV ~(V = Pog))” ~(V = Prsy)) - RV

+ Pogy (V = Pogy) + (V = Pog ) Pes

1
FOC,S,Sl =Py (V = Pyy) +E(2PN (V = Ppgy) +(V — PPSl)Z)

1
+ E PPSl(_2 PN A 2PPSl)

1
FOCI\F/]SZ =Py (V- PP52)+E(2PN (V = Ppg,) +(V - PPSZ)Z)

1
+EPP52(_2PN A 2PP82)

The equilibrium prices making all the FOCs 0 are
P, =0.66667V, P, = P.., = 0.58333V

The SOC'’s are satisfied at the equilibrium prices:

SOCM™  SOCHPst  SOC e -V 0.2500v  0.25001V
[H|=|SOC=™  SOC==  SOC | =|0.25001V  —2.25002V 0
SOCx=™  SOC T+ SOCF=:™:| 10.25001V 0 —2.25002V
H,|=-2v <0

IH,|=4.43754v? >0
|H,;|=-9.98454v° < 0.

VIM2 (Competition)

When each of the two physical stores is located —a and a, respectively, and they are close
enough, competition between the two physical stores occurs.
When P, =P, > P, , the adjusted demand functions for the Internet channel, physical

store 1, and physical store 2 are:
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=SV =P~ (B~ Prsa) + V= Prc IV = Py)

—((Py = Ppgy) +(V =Ppg NV =P ) +(V —a - Pog, + PP

Qpsy = %{(@ —(—a—(V =P )Py +(V —

32)}

PUI((Py = Prcy) + (V = Prey)) = (v —a— {Frsat Prszdyzy

2
Pos2

%)pN +(V —

PPy = Prsa) + (V = Preg)) — (v —a— {Fesr Fhzlyzy

1
Qpsz = E{(a"‘v — Posy —

When a=(1/10)V, the demand functions for the Internet channel, physical store 1,
and physical store 2 are:

1 1 1 1
N :V(V_PN)_E(V_PPM)Z_E(V_PPSZ)Z 2(5 _2 PSl ZPPSZ)Z
11 3 11 1 1 1
QPSl ZE(E PPSZ _EPP51 +EV)PN +E(V - PP81)2 4(5 - 2 PSl 2 Psz)
111 3 1 1 l 1
stz :E(EV _EPPsz +EPP81)PN +E(V - PP82)2 4 (E 2 PSl 2 Psz)

, respectively

The manufacturer maximizes the joint profit across these three outlets.
I, = QN PN +QP81PPSI + stzppsz

The FOCs w.r.t. each price are
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11 3 1 11 3 1
FOC;N = PSl(%V _Z Pos1 +Z PPSZ) + PPSZ(%V _ZPPsz +Z PPSl)
1 1 1.9 1 1
+V(V - PN)_E(V - PPSl)2 _E(V - PP82)2 "‘E(EV _EPPSI _EPPsz)2 -RV
1.1 3 11 1 1.9 1 1
FOCI\';Sl ZE(EPPsz _EPP81 +EV)PN +E(V - PPSl)2 _Z(EV _EPPSl _EPPSZ)Z
3 31 7 1 1 9 1 1
+ PPSl(_ZPN _4_0\/ +§PP51 _gppsz) + PPSZ(Z Py "'4_0\/ _§PP51 _gppsz)
11 3 1
+Py (2_0\/ _Z Pes1 +Z PPSZ)
1.1 3 11 1 1,9 1 1
FOC;SZ ZE(EPPSl _EPPsz +_V)PN +§(V - PP82)2 _Z(EV _EPPSl _EPPSZ)Z
3 31 7 1 1 9 1 1
+ PPSZ(_ZPN _4_0\/ +§PP52 _§PP51) + PPSl(Z Py "'4_0\/ _§PP51 _gppsz)
11 3 1
+ Py (Z_OV _Z Ppsz +ZPP31)
The equilibrium prices making all the FOCs 0 are
P! =0.59702V, Py, = P, = 0.62498V
The SOC'’s are satisfied at the equilibrium prices:
SOC/M™  SOCHPs  SOC P -V 0.16253Vv  0.16253V

[H|=|SOC=+™  SOCy=™s  SOC ™| =|0.16253V —1.48709V  0.42903V
SOCF2™  SOC =™ SOCF=™:| 10.16253V  0.42903V  —1.48709V

H,|=-2V <0
IH,|=2.94776V* >0
|H,| =-3.95351v ° <.

PIM2 (Local Monopolies)

When B, =P, > P, , the adjusted demand functions for the Internet channel, physical
store 1, and physical store 2 are
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QN =V(V _PN)_%(V _PP51)2 _%(V _PP52)2

1
QPSl = (V - PPSl) PN +E(V - PPSl)2

1
QPSZ = (V - PPsz)PN +§(V - PPSZ)2

, respectively.

Since the independent physical stores are the Stackelberg followers, we need to solve the
independent retailers’ profit maximization problems first.

Zos1 = (Prs; ~W)Qpsy
Zosy = (Posy ~W)Qps,

Then the FOCs of the physical retailers w.r.t. Pps; and Pps; are

1
FOCFF:sSl1 =Py (V = Pogy) + (=Py + Pog; =V)(Pog —W) +E(V - PP81)2
, respectively.

1
FOCEg; = PN (V - PPsz) + (_PN + PPSl _V)(PPSl _W) +§(V - PPSl)2

Solving FOCs=0, we can obtain the retailers’ equilibrium prices.

Prs: = P, =§F’N +%W +§v —%\/4PN2 —2PW + 2PV +W2 - 2VW +V?

The SOC'’s are satisfied at the equilibrium prices:

SOCH™t = ~1.47486V <0
SOC/[32™% = —1.47486V <.

Solving backward, we now solve the manufacturer’s profit maximization problem
incorporating the retailers’ optimal pricing decisions.

I, = PNQN +W (QPSI+QP82)

After substituting Pps; and Pps, " into the manufacturer’s profit function above, the FOCs
w.r.t. each of the wholesale price (W) and the retail price for the Internet channel (Py) are
as follows:

FoCY =
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1
Z(=2V-2Pn+2W)
)| 6

Pn+2

1
5t
3 VZ+2PnV-2WV+4Pn>-2WPn+W?

(;V—gpn—;W+;JV2+2PnV—2WV+4Pn2—2WPn+W2J

1
(-2V-2Pn+2w)

1
—-—+
3 /VZ+2PnV-2WV+4Pn’—2WPn+W
1., 2 1., 1
+2(3v—3Pn—3W+3Jv2+2an—2WV+4Pn2—2WPn+W2an
1.2 1.1 . -\
+ §v—§F>n—3W+§W +2PnV-2WV+4Pn?-2WPn+W?| -2

Gv—gPn—éW+§Jv2+2an—2WV+4Pn2—2WPn+W2j

1
g (-2V-2Pn+2w)

1
-+ Pn
3 /VZ+2PnV-2WV+4Pn>—2WPn+W
FOCy, =
1(2v 8 Pn—2W)
2 gLoyrernT 2 4 2
2| -5+ Pn+-V-_Pn--W
3 /VZ4+2PnV-2WV+4Pn2—2WPn+W? 3 3 3
+3Jv2+2an—2WV+4Pn2—2WPn+W2+2
1 2,1 5 5
SV-gPn-ZWeg Jv +2PNV-2WV+4Pn2—2WPn+W
7(2V+8Pn—2W)
W+|-V-2
Jv2+2pnv 2WV +4Pn?—2WPn+W?
1, 2,
(v 3PN 7W+ Jv2+2an 2 WV + 4 Pn? —2WPn+W2j
7(2V+8Pn—2W)
Pn+V (V-Pn)

3 Jv2+2an 2WV+4Pn2—2WPn+W?

1
3v—§ —a W L NZi2Pnv—2WV+4Pn? —2WPn+W2]

By equating the two FOC’s to 0 and simultaneously solving them, we can solve the
equilibrium price for the Internet and the wholesale price.
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Py =0.59587V and W '=0.54230V

The SOC'’s are satisfied at the equilibrium prices:

SOC™ =-1.98857V <0
soc," =-1.89288V <0
socM™ =0.16615V >0

SOCH™ x SOC!™ — (SOC/A" )2 =3.73652V 2 > 0.

PIM2 (Competition)

When B, =P, > P, , the adjusted demand functions for the Internet channel, physical
store 1, and phyS|caI store 2 are

1 1 1 1
:V(V_PN)_E(V_PPM)Z _E(V_Ppsz)z Z(E _2 PSl 2PP52)2
1.1 3 11 1 1 1
QPSl 2 (2 PPSZ 2 PPSl +— 10 ) Nt 2 (V PPSl)2 4 (EV - 2 PSl 2 Psz)

1.1 3 11 1 1 1
QPSZ 2 (2 PPSl 2 PPSZ +1O ) 2 (V PP52)2 4 (E - 2 PSl 2 PSZ)

, respectively.

Since the independent physical stores are the Stackelberg followers, we need to solve the
independent retailers’ profit maximization problems first.

Zps1 = (Posy ~W)Qps;
Toss = (Posy ~W)Qps,

Then the FOCs of the physical retailers w.r.t. Pps; and Pps; are

1.1 3 1 1
FOCrs = 5(2 Posz — 2 Pes1 + V)P +5 (V Prs1)” — 4 (E ) Pes1 — 5 = Pesy)’
31 7 1

( PS1 W)( _P _EV 8PP51_§PPSZ)

1,1 3 11 1 1 1
FOCS;ZZ =§(E PPSl _EPPsz +EV)PN +E(V - PPSZ)2 4 (E - 2 PSZ 2 PP51)2
31 7 1

+ (Pps, =W)(= _P _4_0\/ 8PP52_§PP51)

, respectively.
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Solving FOCs=0, we can obtain the retailers’ equilibrium prices.

P, =P, =§PN SweBy ——\/2500P 2 _1800P,W +1780P,V +900W 2 —1780VW + 905V

8 80

The SOC'’s are satisfied at the equilibrium prices:

SOCH™* = -1.10231V <0
SOC/32™? = ~1.10231V <O.

Solving backward, we now solve the manufacturer’s profit maximization problem
incorporating the retailer’s optimal pricing decision.

I, =RQy +W (QPSI+QP82)
Pps: and Pps,” are substituted into the manufacturer’s profit function above, and Py =W
is imposed to deal with an arbitrage problem (Py <W'). The manufacturer’s FOCs w.r.t.
the wholesale price is as follows:

FoCY =

20 W
/1600 W2 + 905 V2

7 1 > 7
[—W+16V—80J1600W +905V jW+WH—l—

Jw_w

7.1 5 5
+EV—%J1600W +905 V

27 20 W
+2( V- W- J1600W2+905v2 0

80 /1600 W2 + 905 V2

20 W

) J
(ég V-W- J1600 W2 + 905 v2 ( 1- 71600 W2 + 005 V7 D + (—V

) J

I J

27 20 W
—2( V- W- J1600W2+905v2 0
80 /1600 W2 + 905 V2

L 20 W W
/1600 W2 + 905 /2

80
+V (V-W)

19
[ V-W- Jle‘,oowhgosv2

The equilibrium wholesale price (W =Py ") making the FOC 0 is 0.57713V.

The SOC is satisfied at the equilibrium prices:

socC," =-2.82652V < 0.
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