Supplementary Material

.1. Proof of Lemma 1

Apparently, a customer would choose restaurant 4, rather than restaurant j # 4, only when his/her utility
U,(x) is non-negative and no less than the utility U;(x) of choosing restaurant (i.e., U;(x) > 0,U;(z) > U;(z)).
By solving U; = U,, we find a customer is indifferent between two restaurants at z, as follows:

18— )

0

Moreover, by solving U; =0, we find the customer at z0 has zero utility, where z¥ is as follows:

x(l):V—p—5(1—)\1),xg:1_V—p—5(1_/\2). (1)
ts [

Next, we discuss the customer demands for two restaurants as follows.

(a) When 29 < x, < 23, which is equivalent to p >V — § — & 4 221822 " cygtomers located at [0,29]
will choose restaurant 1, and those located at [x9,1] will choose restaurant 2. In other words, the demand
functions are given by:

V—p—6(1-X)
te ’

o:V*p*(;(l*/\l)

Dy (p) =} P 7D2(p):1*$g:

(2)

which satisfies D1 (p) + Da(p) < 1.
(b) When z; >z, and x5 <z, , which is equivalent to p<V — 0 — & + 5(/\1#4%2), the customers located at
[0, x,] choose restaurant 1, and those located at [z, 1] choose restaurant 2. In this case, the demand functions

are given by:
1 6 —A2) 1 0(A—A2)

D == *x — ,D :17 *:——7’
1p) =z =5+ —— 2(p) T =5 o, (3)
which satisfies D;(p) + Da(p) =1.
Based on these results, we can obtain the total demands for chain restaurants directly. O

.2. Proof of Proposition 1

From the demand function shown in (16), we find that the profit function becomes I1Z (p) = (p — ¢), which is
increasing in p for p <V — 1t, — 6%, and the profit function becomes II%(p) = (p — c)(%j“m), which is
concave in p for p >V — %ts —03. In this case, the structural property of the profit function depends on the
interior solution p, = % (2¢ — 6y +2V) = argmax, I12(p), and p' =V — 2t, — §2. We discuss as follows.

(a) when p, > c and p, > p', which is equivalent to V' < £ (2¢+ 67 + 2t,), the profit function is quasi-concave
with the global maximum point p, (see Figure 1 (a)).

(b) when p, > ¢ and p, < p', which is equivalent to V > %(204— dv + 2t,), the profit function is concave
with the global maximum point p' (see Figure 1 (b)). O
.3. Proof of Proposition 2
We first fix 8 and maximize the objective function by optimizing p. From the demand function shown in
(17), we find that the profit function becomes II¥ (p) = (p — ¢) — b% — Fy, which is increasing in p, when
p<V —1t,+6=22% and the profit function becomes II¥ (p) = (p — c)(%ﬁfﬂwv)) — % — Fy, which is

concave in p, when p >V — %ts +5%+29.
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In this case, the structural property of the profit function depends on the interior solution p,, =
1 (2c—6v+280+2V) = argmax, 1Y (p), and p' =V — 2t, + =122 We discuss as follows.

(a) when p,, > p', which is equivalent to V < 1 (2¢+ 2t, 4 0y — 266), the profit function is quasi-concave
with the global maximum point p,, (see Figure 1 (a)).

(b) when p,, <p', which is equivalent to V > %(20—1—%S + 6 —246), the profit function is concave with
the global maximum price p' (see Figure 1 (b)).
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Figure 1  The behavior of profit function II for different values of p in the baseline setting, where I1Z(p) =p—c

and I3 (p) = (p — c)(2=22=22)

Source: Authors’ own work.

Next, we consider the optimization of 6.
Specifically, when 6 < %, the global maximum point p* = p,, = i (2¢—dy+ 260 +2V), and

—4b0%t, + 4% — 4e(5(20 — ) +2V) + 6%(20 — )2 + 46V (20 — v) + 4V'2
1 (6) =TT (p) = C AR )RV IR VRO A,

Under Assumption 1 (i.e., b > ‘2—2), we obtain that IIp(#) is concave with the global maximum point
9 = §(2V—2¢c—6v)
P Ta(bt,-6%) °
When 6 > %, the global maximum point p* =pf =V — %ts + 5%"’29, then we can get the profit
function:

1 —v+20 b6?
HF(H):HF(pT):V_§ts+5,YT_C_7_Fk

I (0) is concave with 6. Then we can get the maximum point 6} = 2

2.
In this case, the structural property of the profit function depends on the interior solution 6%

07 =% and 07 = w. We discuss as follows.

§(2V—2c—6v)
2(btg—52)

(a) when V > c+t,+ %2, 67 <0, I1() =I1-(6) is concave for 6 € [0,1] with the global maximum point 6.
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(b) when c—l—ts—I—% —6§V§c+ts+%,

(by) when c+t, + % — % <V<c+its+ %, 0t < 6% < 0%, the profit function is quasi-concave with the
global maximum point 6;(see Figure fig:main,rofit(a))(0; =2 € [0,1])

(b2) when c+t,+ 2 -6 <V <c+t,+ 2 — %, 03 < 03 < 0%, the profit function is quasi-concave with the
global maximum point 6} (see Figure fig:main,rofit(b))(03 = 2 € [0,1])

67»\/ _ 1— _ te . . .
s ) ) — 4P ’

(c) when V <c+t,+ %5 =4, 0" > 1, II(0) =11p(0) is concave for 6 € [0, 1] with the global maximum point
0%,

Therefore, we can conclude that:

(a) when V >c+t,+ %’ — %, the the profit function is quasi-concave with the global maximum point 65..

(b) when V <c+t,+ % — %, the the profit function is quasi-concave with the global maximum point 6%.
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Figure 2 The behavior of profit function II for different values of ¢ in the main setting, where II(0) =V — %ts +
577;29 e % — Fy and TIp(0) = —4b92ts+4c2—4c(6(29—"/)+2\gij—62(20—7)2+46V(29—"/)+4V2 —F,

Source: Authors’ own work. Source: Authors’ own work.

.4. Proof of Proposition 3

Part I: We can firstly get the customer surplus C'SE* and C'SEx of the baseline model.
From the result shown in Proposition 1, the discussion of customer surplus is as follows:

(a) when V <c+t,+ %, the maximum price p* = “t¥ — %’. In this case, customers located at [0, z9]

will choose restaurant 1, and those located at [z, 1] will choose restaurant 2. We can get from the proof of

V_p*—5(1— Vop*—s(1—
%,x% =1- %. Therefore, the customer surplus:
s

s

Lemma 1, 29 =

z? 1
C’Sp:/ Ul(:v)d:r+/ Us(z)dx
0 zg

A4 —4e(—0y+2V) 4+ 0%(577 + 575 — 4T — 4T — 6712 +4) + 4V — 46V y
B 16t
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(b) when V>c+t,+ %7, the maximum price p* = % (=0y —t,+2V). In this case, customers located at
[0,2.] will choose restaurant 1, and those located at [z.,1] will choose restaurant 2. We can get from the

proof of Lemma 1, z, = % + W Therefore, the customer surplus:

T 1 §2(1y — 7)2 + £2
CS; = / Uy (x) + / V()= T 4 4?) : (4)
0 Ty s

In order to compare C'S, and C'S¢, we define Aqs(V)=CS, —CS;:

(V—0)—F)* - ()

Aes(V) = at,
We find it when V <c+t, + %7, CS=CS,, Acs <0, which means CS, < CSy. When V >c+t, + %’,
CS=CSy, Acs >0, which means CS, > CS;. O

Part IL: Next we can get the customer surplus C'SY* and CSE* of the main model.

by—4/b272416b(c+ts—V) by+4/b2724+16b(c+ts—V
(a)Whenée['}’\/’Y ; (ctts )"Y\/'Y - (e+ts )

) will choose restaurant 1, and those located at

V—p*—5(l—711—0%)

0 _
™ , Ty =1 —

[#9,1] will choose restaurant 2. We can get from the proof of Lemma 1, z{ =

V_p*—6(1—r—6"
w. Therefore, the customer surplus:
s

cs :/:1 U, (x) +/1 Us(x)

VP2 (AP + Aoy +2V) + 0% (6T +5(17 +75) —A(T1 4 72) +4) + 4V — 45V )
B 16t, (62 — bt,)
—8b0%t (11 — T2)% + 4% (11 — 72)?

16t, (82 — bt,)*

SRR p— 3 16b(ot i .
(b) when § € [0, 2oV Al V) )y (Dyb PR EELONe R V) 0y will choose restaurant 1, and those

4 4

located at [z, 1] will choose restaurant 2. We can get from the proof of Lemma 1, x, = %—5— W Therefore,

the customer surplus:

T 1 §2(71 — 15)2 + £2
csy= [+ [ = TR o)
0 Ty s

We start to discuss the central kitchen adoption choices as follows.

From the result shown in Proposition 1 and Proposition 2, the discussion of the comparison of the profits

2(V—c—t,) < by—4/b27v24+16b(c+ts—V)
¥ — 4

a) when ¢ € [0, 2V—ezts) , the profits of the main model with a central kitchen 7% and the baseline
~ F

by demonstration ):

is as follows(we can prove

model without a central kitchen w2« are, respectively:

1
ﬂ?*:§(—(57—ts+2V)—c
1 5?2

2 .
Therefore when F), < & 78% <M« Otherwise, 78 > 7.
b F b 9 F F
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Meanwhile, we can get that the consumer surplus of the main model with a central kitchen C'S¥x and
the baseline model without a central kitchen C'SEx* are, respectively:

52(7'1 —72)2 +t§

CSBy =
F¥ 4t
0% (r — )% +¢2
CSIJ;{*:—l 4t32

Therefore CSEx = CSM .

(b) when & € [b'yf\/b272+i6b(c+tsfv)’ b’y+\/b272+i6b(c+ts—v)

), the profits of the main model with a central

kitchen w3+ and the baseline model without a central kitchen 75 are, respectively:

s (=2c—06y+2V)°

TeE= 8t.
’ 2 2
o, b(—2c— o0y +2V) F= (—2c—0ov+2V) P
P 8bt, — 862 8t, —862/b
Therefore when Fy, < (_zs_fg;g/::)Z - (_26_§Z+2v)2, m8x < 1Mx. Otherwise, m5x > M.

We can get that the consumer surplus of the main model with a central kitchen C'S} and the baseline
model without a central kitchen C'SEx* are, respectively:

4c? —4c(6y+2V) + 02 (5TE + 578 — 471y — 419 — 67Ty T2 +4) +4V2 — 46V y
16t

CSEx =

D2 (4P + 4y +2V) + 6% (—6mia + 5(17 4+ 75) — A1 4 72) +4) + 4V — 46V )
16t, (62 — bt,)?

C SN«

*8b54t3(7'1 *’7—2)2 +456(7'1 *T2)2
16t, (62 — bt,)?

We define AC'S, =CSg « —CSp +,

(4ey6 — 8eV — AV 7) (62 — bty)® + 21,2 (—dey — 2V 4+ 4V 5y) 4 62 (6% — 2bty) (6242 4+ 4V2 + 4¢?)
16ts(62 — bty)”
From the expression of AC'S,, we can get that when 6% < 2bt, and (4cyd — 8cV —4Vdvy) <0 and (—4ey —

2V 44V iéy) <0, CSEx < CSH¥x. Otherwise, CSE*x > CSMx.

—c—tg RV 2~2 ctis— 2~2 crits— .
(¢) when § € 2 - te) Dy +i6b( aad V))U [bw o +i6b( aad V),oo] , the profits of the main model

ACSb =

with a central kitchen 7 % and the baseline model without a central kitchen 7w5x* are, respectively:

s (=2c—6y+2V)?

P
P 81,
WNI*:}(—(S’Y—t +2V)—c+£—F
FTT 2 : 2 "
Therefore when F, < 1 (—6y—t,+2V)—c+ % — %, 7B+ < wMx. Otherwise, mEx > mix.

Meanwhile, we can get that the consumer surplus of the main model with a central kitchen C'S¥x and

the baseline model without a central kitchen C'SEx are, respectively:
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5P — 4c? —4e(=07+2V) + 62(518 + 575 — 41 — 41 — 62 +4) + 4V — 46V
P 16t

(52(7'1 — T2)2 + tf

CS}VI*: ym

We define AC'S, =CSE x—CSMx,

Therefore, we can conclude that, when § > w, CSEx < CS¥x.

Next, we determine the continuity of the graph by substituting the boundary points of the piecewise

function.
gi ('%a((s))a ifde [O, M%
—2c— 2 —2c— 2 . b 7\/m b +\/m
(R — 2t 0 (s, (), 1f6€[7 i e/ >
1 52 (=2c—6y+2V)>?
(b=t 42V —et ),
k(0) = 2( K +2V) C+2b 8t. (re(0))
d5e |2V —c—t) by+ VB +16b(c 1, — V)
’ 4
b b292 +16b(c+t, —V
U | Ve +4 (c+t. )’OO>.

(a)We substitute 6, = w into #,(8) and k() and get:

2(c+ts— V)2
R
. —/ ctHtg— .
(b)We substitute &, = al b%ui%( V) into ky(0) and k() and get:

Kp(0p) = Ke(Op)

(—7\/1) (072 + 16¢ + 16t, — 16V) +by2 + 8¢ — SV) (—7\/19 (072 + 16¢ + 16t, — 16V) + by? + Sc+ 8t, — 8V)

128¢,
. c s .
(c)We substitute 6, = AhaY b2”2+416b( =Y into kp(0) and k.(0) and get:

Kp(0e) = Ke(e)

(7\/1; (072 + 16¢+ 161, — 16V + by + 8¢ — 8v) (’y\/b (072 + 16¢+ 161, — 16V) + by + 8¢ + 8t, — 8V)
128¢.

O
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.5. Proof of Lemma 2

Apparently, a customer would choose restaurant ¢, rather than restaurant j # 4, only when his/her utility
U,(z) is non-negative and no less than the utility U;(z) of choosing restaurant (i.e., U;(z) > 0,U;(z) > U;(z)).
By solving U; = U,, we find a customer is indifferent between two restaurants at x, as follows:

1 80—
2 2B+t

Moreover, by solving U; =0, we find the customer at z0 has zero utility, where =

T, =

Y is as follows:
D Vep—d1-N) o . Vep—51-A)
Ty = Ty =1—

B+t B+t

Next, we discuss the customer demands for two restaurants as follows.

(6)

a) When z; >z, and x5 < x, , which is equivalent to p <V — Btts 4 w, the customers located at
q p p) 2
[0, ] choose restaurant 1, and those located at [z,, 1] choose restaurant 2. In this case, the demand functions

are given by:

1 6(ri—m) 1 (i —m2)

Dl(p79):$*:§+2(ﬁ+ts),D2(p79>:1—$*=§—m, (7)

which satisfies Dy (p) + D2(p) = 1.

(b) When 29 < z, < 23, which is equivalent to p >V — &£ 4 w, customers located at [0,29] will
choose restaurant 1, and those located at [29, 1] will choose restaurant 2. In other words, the demand functions
are given by:

V-p—6(1-7—0)
B+t

_V-p-91-7—0)

Di(p,0) =20 =
l(pa) Ty ﬁ+ts ’

, Da(p,0) =1—a3 (8)

which satisfies Dy (p) + D2 (p) < 1.

.6. Proof of Proposition 4

We first fix # and maximize the objective function by optimizing p. From the demand function shown in
(30), we find that the profit function becomes IZ(p) = (p —¢) — b% — F, which is increasing in p, when
p<V — 2t 4 523420 and the profit function becomes I1%(p) = (p — c)(%) - b% — F},, which
is concave in p, when p >V — % + 6%4'29.

In this case, the structural property of the profit function depends on the interior solution p. =
1(2V +2c— 67 +260) = argmax, I1E(p), and pf =V — £k 4 §=212¢ We discuss as follows.

(a) when p, > pf, which is equivalent to V < 3 (2¢+ 26+ 2¢t, + 6y —260), the profit function is quasi-
concave with the global maximum point p. (see Figure Eq [fig : bs,rofit] (a)).

(b) when p, < pf, which is equivalent to V > %(204— 20+ 2t, + dy — 246), the profit function is concave
with the global maximum price p' (see Figure Eq [fig : bs,rofit] (b)).

Next, we consider the optimization of 6.

Specifically, when 6 < %, the global maximum point p* =p, = i (2¢— v+ 200 +2V), and

B g, —AbOP(B4t) +4c® — Ae(5(—y +20) +2V) + 62 (— + 20)% + 40V (—y + 20) 4+ 4V?
HP(Q)_HP(pe)_ 8(/8+t )
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Under Assumption 2 (i.e., b> ﬁft.), we obtain that 1I%(6) is concave with the global maximum point

E, _ 6(2V—-2c—67)
eP* T 2(bts+bB—52)"

When § > 2c426420-2V400 - he global maximum point p* =pf =V — 2(B+t,) + =22, then we can get

the profit function:

2 ‘T
S5

IIZ(0) is concave with 6. Then we can get the maximum point 67+ = 2.

1 —y+20 b9?
HEO) =LE(Q) =V = 5(B+1t) +d—5— -

In this case, the structural property of the profit function depends on the interior solution 6Zx =

S(2V—2c=6y) pE, _ 3§ t_ 2c+2ts+28
2(b-t, +bB—02)° Opx = 5 and 0t = 2

(a) when V >c+t,+ 8+ 2, 07 <0, I1”(#) =II1£(0) is concave for 6 € [0,1] with the global maximum

=2V+97  We discuss as follows.

point 07..

(b) when c+t,+ B8+ —6<V<c+t,+8+%,

(by) when c+t,+ 5+ %” - % <V<ec+t,+5+ %’7 0% < 0% < 0%, the profit function is quasi-concave with
the global maximum point 0% (see Figure Eq [fig : main,rofit] (a))(03 = 2 € [0,1])

(by) when c+t,+ 8+ %’ —<V<ec+t,+0+ %* — %, 0% < 03 < 07, the profit function is quasi-concave
with the global maximum point 6} (see Figure Eq [fig : main,rofit] (b)) (05 = 2 €[0,1])

(c) when V <c+t,+B+2 =6, 0" >1, I17() =I1E(6) is concave for § € [0,1] with the global maximum
point 07.

Therefore, we can conclude that:

(a) when V>c+t,+ 0+ % — %, the the profit function is quasi-concave with the global maximum point
0%

(b) when V<c+t,+ 5+ %7 — %, the the profit function is quasi-concave with the global maximum point
0%.

O

.7. Proof of Proposition 5

First of all, we talk about some results based on the baseline model with congestion effect:

(a) when ¢ > w, 1% (p) is quasi-concave with maximum price:

*

_ctV by - ~ (—2c—dy+2V)?
2 477 8(6+ts)

*

1(1) 1
C’Sp:/ Ul(x)dx+/ Us(x)dx
0 0

T2
A4 —4e(—0y+2V) 4+ 0%(577 + 575 — AT — 4T — 6712 +4) + 4V — 46V y
N 16(5 +t,)

which leads to partial market coverage.

(b) when § < w, 112 (p) is concave with maximum price:

pr=o(=0y—B—t, +2V), 1 =< (—=6y—B—t,+2V)—c

DO =

1
2
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z* 1 2 2 _ 2
Csf:/o Ul(x)dx—k/* Us(z) dx = (/3+t5)4(;it(7)1 )

which leads to full market coverage.

The proof of the results of the baseline model with consumer congestion is similar to supplementary
material 2.

Then we talk about the results based on the main model with congestion effect:

by—1/b2724+16b(c+ts+B—V) by+1/b2724+16b(c+ts+B—V
(a)When(SE[W\/v (e 8 ),’Y\/’Y (e B=V)

1 1
strategy, and the optimal decisions and profit are as follows:

), the operator chooses a partial coverage

0F 4 — 0 (2V —2¢—67)
Pr2(bt,+ b8 —62)’
5. b(B+1t,)(2c— 0y +2V) —4cd?

Pp¥= Ab(B+t,) — 402 ©)
_ _ 2
B — b(—2c—dvy+2V) R

8b(B+1,) — 802

cg — BB+1)(2e+0(r =32 +2) —2V) +20°(r — 1))
! 32(B+1,) (02 —b(B+1,))*
+(b(B4t,)(2¢+6(—3m1 + T2 +2) — 2V) +263(11 — 72))°
32(8+1.) (02 —b(B+1.))*

by—/b272+16b(c+t.+5-V) YU by+4/b272+16b(ctt.+5-V)
1 1

(b) when § € [0, ,00), the operator chooses a full cover-

age strategy, and the optimal decisions and profit are as follows:

)

Op* = B
1

pre =5 (=07 +20°/b— Bt +2V), (10)
1

=g (=07 +82/b—B—t,+2V) —c—F,
CSf:62(Tl —72)’+ (B+1)?

At + )
The proof of the results of the main model with consumer congestion is similar to supplemantary material

3 and 4.

2(Vfcftsfﬁ) <

Then the discussion of the comparison of the profits is as follows(we can prove ~ <

by —4/b2~2+16b(
1

(a) when 6 € [0, M), the profits of the main model with a central kitchen 7% and the baseline

et tBV) by demonstration ):

model without a central kitchen w2x are, respectively:

1

W?*:i(—év—ﬂ—ts—i—m/)—c
v 1 62
7TF*:i(f&yfﬂfterQV)chrQ—bek

2 .
Therefore when Fj, < &, m8x < wa«. Otherwise, w2 > i .
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Meanwhile, we can get that the consumer surplus of the main model with a central kitchen C'S¥x and
the baseline model without a central kitchen C'SEx are, respectively:

(52(7'1 —72)2 +t§

CSE* = 1t
T e ik

Therefore CSEx = CSM .

by—1/b2742416b(cHts+B—V) by+4/b272+16b(c+ts+B—V
(b)when(se[v\/w 4(C B )77\/’7 4((‘ B=V)

), the profits of the main model with a central
kitchen 72+ and the baseline model without a central kitchen w5 * are, respectively:

B, _ (—2¢— 6y +2V)?
TR )

b(—2c — 6y +2V)? (=2c—dy+2V)?
M, _ _ _ _
T LA B =802 T s —sorh

_ _ 2 _ _ 2 . y
Therefore when Fy, < (8(52it.;6;/—+825‘g;b _ 2;(2«:;2)V) , ok < i, Otherwise, mBx > i,

We can get that the consumer surplus of the main model with a central kitchen C'SY* and the baseline

model without a central kitchen C'SEx* are, respectively:

4c? —4e(=0y+2V) + 62(518 + 578 — 41 — 410 — 6T T2 +4) + 4V — 46V
16(8 +t.)

CSEx=

cg — BB+1)(2e+0(ry — 373 +2) —2V) +20°(r — 7))
! 32(B+1,) (82— b(B+1,))*
+(b(B+t)(2c+ (=31 + 72 +2) —2V) +283(11 — 7))
32(8 +t.) (62 —b(B+1.))”

We define ACS, = CSE x —CSM¥x,

ACS, — (4eyd — 8¢V — AV 67) (02 — bty — bB)* + b2 (t, + B)*(—4ey — 2V + 4V ) 4 6% (62 — 2b(t, + B))) (6242 +4V?2 4+ 4¢?)
b=

16(t, + B)) (92 — bt, — bB)*
From the expression of ACS,, we can get that when §% < 2bt, + 2b3 and (4¢yd — 8¢V — 4V dy) <0 and

(—dey — 2V +4Vey) <0, CSEx < CSMx. Otherwise, CSEx > CSM .

(C) when 6 € [Q(V,C;ts,5)7 b'y+\/b2fy2+1ib(c+ts+ﬁ—v) ) U [bw+\/52y2+1ib(c+ts+ﬁ—v)

,00] , the profits of the main
model with a central kitchen 73 and the baseline model without a central kitchen w5* are, respectively:

B, _ (—2¢— 6y +2V)?
TR )

2

1 )
77?*:5(—57—t5—5+2V)—c+%—Fk

Therefore when Fy, < £ (—0y—t,—+2V)—c+ g—z - %, mEx <M« Otherwise, T8+ > mix.

Downloaded from ftp.nowpublishers.com/mscra/article-supplement/1307013/pdf/mscra-04-2025-0023_suppl1/ by guest on 09 September 2026



Author: Article Short Title 1

Meanwhile, we can get that the consumer surplus of the main model with a central kitchen C'S¥x and

the baseline model without a central kitchen C'SEx* are, respectively:

4c? —4e(—=07+2V) + 6%(518 + 575 — 41 —4To — 61T +4) + 4V — 45V
16(5 +t.)

CSEx=

6% (1 —12)* + (B+t.)°

M, _
CSp*= 15+1.)

We define ACS, =CSE x—CSMx,

acs, - (V=0 =57 (. +5)

Therefore, we can conclude that, when § > M, OS5+ <CS¥x.

Next, we determine the continuity of the graph by substituting the boundary points of the piecewise

function.
5 (Ka(0)), if § € [0, 2W=etem)),
—2c—6v42V)? —2c—§y+2V)? . by—4/0292+16b(ct+ts+B-V) by+4/b292+16b(c+ts+B—)
Sorersg sty (@), if § [ i VORRAT | e/ IO
! 8 (~2c—dy+2V)°
S(=0y—t.=B+2V)—c+ 7 — ko (6)),
woy= ]3O B ) —et g =Ty ()
gse |2V —c—ti=B) by+ by +16b(c+t,+8-V)
v ’ 4
b b2v2 4+ 16b ts -V

(a)We substitute d, = M into k,(0) and k.(d) and get:

2(c+t,+5-V)?
by?

Ka(0q) = Ke(0,) =

(b)We substitute ¢, = bv*‘/b%ulib(cﬂﬁﬁf‘/) into k,(0) and k.(0) and get:

l{b(5b) = :‘ic((sb)
(7\/19 02+ 16(c+t.+B—V)) +by* + 8¢ — sv) (—7\/b(b72 F16(cHt, -5 —V))) +by? +8c+8t, +83— 8V)
128(B+1.)

(c)We substitute 0, = b7+\/b272+1ib(c+t5+67‘/) into k,(0) and k.(0) and get:

Kp(0e) = Ke(0e)
(7\/19 02+ 16(c+t.+B—V)) +by* +8c — sv) (7\/b (072 +16(c+ L, +B— V) + by +8c+8t, +85 — sv)
128(8 +t,)

O
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12

.8. Proof of Proposition 6

For baseline model with consumer congestion:
(a)when § < M, the profits of the extension model with the effect of customer congestion 75 is:

b(—2c — 6y +2V)?
8b(B +t.)

By _
Tp% =

or*  8(2V —2c+dv)?

B (88 +8t,)?

O*m* 167(2V —2¢— )
0BAs (8B +8t,)2

Therefore we can get g;gz >0, which means congestion effect can circumvent the negative impact of food

quality inconsistency.
b)when § > 2V =e=t==8) {}e profits of the extension model with the effect of customer congestion 7wZx is:
N F

ﬂ'?*:%(—év—ﬁ—ts—i—ﬂ/)—c
OmEx _
B
?mEx -
oIS

Therefore we can get ‘Zg; =0, which means the congestion effect and the negative impact of food quality

inconsistency are independent.
For main model with consumer congestion: From the result shown in proposition 4, the discussion of the

profits of the extension model is as follows:

(a) when V <c+t.+ [+ %” — %, the profits of the extension model with the effect of customer congestion

By ia.
Tp* 18!

5. b(=2c— 3y +2V)?
— Lk

TP TRh(B 1 t,) — 802

ongx _ 8b*(—2c—dy+2V)? <0
o8 (8b(B+t,) —832)° ~

O*mEx 2560%5(2V —2c —6v)%  16b%y(2V — 2¢ — &)

0BO5 —  (8b(B+1t,)—862)2  (8b(B+t,) —862)2

2 E* . . . .
We find that when v < si(ﬁgftﬁ;?%)y 36;; >0, which means ongestion effect can circumvent the negative

2 E* . .
impact of food quality inconsistency, when ~ > Si?gftv;g;g), 88;(3;6 < 0, which means congestion effect can

intensify the negative impact of food quality inconsistency.
(b) when V > c+t,+ 5+ %’ - %, the profits of the extension model with the effect of customer congestion

Ey g
T is:
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1
ﬂ?*zi (=6 +6%/b—B—t,4+2V) —c— Fx

E
onEx

a5~ !

O«

9p9s

2_FE
Therefore, the larger 5 becomes, the more pronounced the negative impact. Moreover, we get Bagg 6* =0,
which means the congestion effect and the negative impact of food quality inconsistency are independent.

O

.9. Proof of Proposition 7
Part I:

We first fix # and maximize the objective function by optimizing p. From the demand function shown in
(30), we find that the profit function becomes ITZ(p) = (p — co + af) — b% — Fg, which is increasing in p,
when p <V — % +§=212% "and the profit function becomes I1Z(p) = (p—co+ a@)(%) - b% —F,,
which is concave in p, when p >V — & + § =220,

In this case, the structural property of the profit function depends on the interior solution p, = i(—2a9 —
Y6 +2¢o 4280 +2V), and pt =V — L + §=2F2¢ We discuss as follows.

(a) when p. > p', which is equivalent to V < %(20—1—25—1— 2t, + 6y — 200), the profit function is quasi-
concave with the global maximum point p. (see Figure 1 (a)).

(b) when p. < p', which is equivalent to V' > £ (2c+ 28+ 2t, + 6y — 266), the profit function is concave
with the global maximum price p' (see Figure 1 (b)).

Next, we consider the optimization of 6.

2c0+2ts —2V+5y

Specifically, when 6 < 26 130

, the global maximum point p* =p, = i (2¢ — 6y + 260 +2V), and
1

208 — v — 2co + 260 + 2V)?
15 (0) =115~ g (¢ : :

Ly

— 4b92> —F,

Under Assumption 3 (i.e., b> (5':70‘)2), we obtain that IIE(6) is concave with the global maximum point

9E>i< _ (64+a)(2V—2¢p—67)
P* = o, —2(5+a)?

When 0 > W, the global maximum point p* =pf =V — %ts + 5%4'29, then we can get the profit

function:

1 — 2 2
=t +677+ e—co—ka@—@—Fk

IEG)=TE(pH =V — =t,
F(e) F(p) Vv s 5 5

S+a

IIZ(0) is concave with 6. Then we can get the maximum point 67+ = °%

In this case, the structural property of the profit function depends on the interior solution #Zx =
“Z‘Zfﬁg—m, O+ = 232 and gt = 204 3_2VE0  We discuss as follows.

(a) when V > c+t,+ 2, 67 <0, IIP(#) = I1£(6) is concave for 0 € [0,1] with the global maximum point
0.

(b) when c+t,+ %2 —6—a<V<c+t,+ %2,
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(by) when c+t, + %” — M <V<c+t,+ %7, 01 < 0% < 0%, the profit function is quasi-concave with the

global maximum point 8% (see Figure 2 (a))(05 = 2 €0,1])

)

(bs) when c+t, + 577 —d—a<V<<c+it,+ %7 — (Hba)?, 0% < 0% < 07, the profit function is quasi-concave

with the global maximum point 63 (see Figure 2 (b))(0; = ¢ € [0,1])

(c) when V<c+t,+%2 —6—a, 0T >1, ITP(9) =T1E(0) is concave for § € [0,1] with the global maximum
point 65.

Therefore, we can conclude that:

(a) when V >c+t,+ %” — %, the the profit function is quasi-concave with the global maximum point
0.

(b) when V < c+t,+ % - %, the the profit function is quasi-concave with the global maximum point
0.

Part IT: After considering the effect of 7, from the proof of Proposition Part I , we can get that:

2
C+ts+%*%

(a)when n > -

e (n) = % (—0y+ (0 +a)?/b—t,+2Vn) —c— Fi(n)

ITx(n) is concave with 7). Then we can get the maximum point nj = ¥.

2
C_‘_ts_‘_%‘f,%
\%4

(b)when n <

b(—2c—dv+2Vn)?
8bt, —8(d + )2

p(n) = — Fi.(n)

V (2c+57)
2(V2—kt, 4 ROTOZY
In this case, the structural property of the profit function depends on the interior solution 7} =

I15(n) is quasi-concave with 7. Then we can get the maximum point 75 =

sy _ (3ta)?
2 Vk(tQC_:rgZS)Jra)z) , Mp =+ and nf = % We discuss as follows.
gt BOT)T
2 . . . . .
(a) when k < m’ n' <np <nh, the profit function is quasi-concave with the global maximum
point 1.

(b) when k > +(+‘”2+“’ N5 <np <nt, the profit function is quasi-concave with the global maximum
ctts——7p—+73

point np.
g
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