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Appendix A. Proofs

Proof of Lemma 4.1 and Theorem 4.2. According to Eq (3.1), the Hessian matrix of 75 (pjy, k) can
be divided.

B 1
H, = 6 0 Al
1 ( 1 _1 ) ( )
Thus, 75 (py, k) is a concave function with p; and k only when A > > ﬁ Let a"s =0 and ﬁ”s = (0. We can

get the best response function of the supplier as summarized in Egs (A.2) and (A.3).

(1 = e)rp(BOA = 1) + c,(BOA — 1) + 6?2 + BOAp,; —

s\P1, = A2
ppre) T (A2)
0 _ﬁ(l - e)rpc _ﬁcm _ﬂpl
k(p;,e) = . A3
(pr.e) T (A3)
By taking the first-order derivative of Eqs (A.2) and (A.3) w1th respect to p; and e, we have
opspre) _ _ rpcBOA-1) Ops(pre) _ BOA=L Ok(pre) _ Brpe .4 Okpre) _
de T 280a-1 °  op _ 2peal  oe  2pea-1° 9 o 2,86/1 I
As A > ﬁ, it is easy to verify that (1) ak(’:f’e) > 0 and 6"(”' 9 < 0; (2) 6’75(5’ ) < () when 6 > [%,
apf(ple) > 0 when 6 < L it apgme) > 0 when 6 > L, 29 o 0when9< L
DI ﬁ 6p B

Substltutlng Eqgs (A.2) and (A.3) into Eq (3.2), the Hessian matrix of 7, (p;, €) can be derived.

2322 B2 Arp,
o=\ D ﬁ} (A4)
286A-1 -
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Thus, 77 (py, €) is a concave function with p; and e only when y > % Let ‘9’“ = 0and % =0. We
can get the optimal solutions p; e*. Substituting p; and e* into Eqgs (A.2) and (A 3), we can get p; and
k*. O

Proof of Proposition 4.3 and Corollary 4.4. By computing the first-order deriva-

. ey . . . apS*
tive of the equilibrium solution under Scenario S with respect to p., we have % =
yr(2BOA-1)(2BArp(0—Bei~Bem)—BAr? p2—2y(261-1)) 8e5* _ BaAr(B2ar? p2(O—Pei—Bem)~2y(2BOA-1)(2Brp .~ (O BCI—,BCm)))
(2y(2Bo2-1)-p2Ar2p2)? > Ope - (2y2Bo1-1)-p2Ar2p2)?
apS* _ yr(1=BO0) (2BAr pe(0—Bei—Bem)—B2 A p2—2y(2502-1)) auS* _ Byr(2BArp(6—Bei—Bem)—BAr? p2-2y(2B61-1))
ope - (2y(2Bo2-1) ﬂ2/1r2 2)2 > dpe - (2yQpoA—1) B R )
ops*  _  ByAr(2BArp(6—Pei-fen) A pI-2y(2BOA-1)) O} ByAr(6-Bei-Bem—Brp ) BArpe(@—Bei—Bem)~2y(2p0A~ DY
pe - (2yBoA-1)-B2ar2p 2)2 > dpe - (2y(2B02-1)—p2Ar2p2)?
Ims” _ BYArQBOA-D(O-Ber—Pen—Prpe)(2BArpe(O—Bei—Ben) 2 pi—2y(2604-1))
dpe (2y(2BoA-1)-p2Ar2p?)? :
S
(1) As 2864 —1 > 0, wheny > y;, we have C < 0, 86[;‘ <0, ‘38’; <0, 5D_ <0, and < 0; when
ap) api* S aD

Y <71, we have -— >0 o >0, B >0 5 0. S

(2) When r > ry and v > vy, orwhenr < ryand y < )/2, we have %ep < 0; otherwise, we have
aeS*
o > 0.

ons ons

(3) When vy > 3, we have W < 0; when y < 3, we have T >0.0

Proof of Lemma 4.5 and Theorem 4.6. According to Eq (3.4), we can get the second-order
condition aaZ2K = —A. Thus, 7g is a concave function with k. If we let a”’( = 0, then we can get the best

response function of the KOL as summarized in Eq (A.5).

Eps
k(ps) = o1 (A.5)
Substituting Eq (A.5) into Eq (3.3), we can get the second-order condition 68(;’2;2 = _2(1—%2(,(;94—5)_ Thus,

ns(ps) is a concave function with p; only when A4 > 5 If we let ‘97;5 = 0, then we can get the best
response function of the supplier as summarized in Eq (A.6).

) = X DrPBIA =) + (801 &) — [0 + [0~ PG+ P+ fOdp —bpy
P ers 26~ 1E - p6D) |

Substituting Eq (A.6) into Eq (A.5), we have

Koy = ECE=DrpBOL =) + u(BOA= &) = 01D + [0A = PG+ PA+ PO = Ep) -,
pie) = 20A(& — 1)(& — poA) ‘

By taking the first-order derivative of Eqgs (A.6) and (A.7) with respect to p; and e, we have
opspre) _ __rpe 0, ps(pre) _ >0, Oklpre) _ __&rpe 0, and Ok(pre) _ > 0.

de 2(1-¢) apy 2(1 —&) de 20A(1-€) ap; 29/1(1 —&)
Substituting Eqgs (A.6) and (A.7) into Eq (3.2), the Hessian matrix of 7, (p;, €) can be derived.

BOA-¢  rp(OI-E)
-

62 A(1- 26%2(1—
T (A8)

2071(1-8) Y

Thus, 7;(p;, e) is a concave function with p; and e only when y > %ﬁ:? If we let ‘9’“ = 0 and
%L = 0, we can get the optimal solutions p; and e*. Substituting p; and e* into Eqs (A.6) and (A.7), we

can get p; and k*. O
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Proof of Proposition 4.7 and Corollary 4.8. By computing the first-order deriva-

. U . . . opkax
tive of the equilibrium solution under Scenario KA with respect to f, we have %’—f =
2793/12(1_5)211’ O aeKA* _ (b{(l-é‘)rquc 0 6pKA* _ 6)/l¢(3y92/l(1—f)—rzp(z(ﬁé)/l—g)) 6kKA* —
(591—5)(4%)21(l—f)—rzpﬁ(ﬁfm—f)) T 4P A(1-8)-r? p2(BOI-E) TOf T (BOA-H(4yP U161 pE(BOA-£))’ B
93y A1)’ pI(BIL-)  gpKAr _ y9A(1-)¢ I y0A1-ESOIA-E)(f$+0)~(BIA-E)crtentrpe)
2 ’ - 2 2,2 > O’ - 2 ’

(B0A-8)(4y02 A(1-€) -2 p2(poA-¢£))”  Of 4y A1-€)-1r? pH(PIA-£) of (BOA=€)(4y62 A1 =€)~ p2(BOA—E) )

S o o G S vy e 1 A ) R Sy S L

of (BOA-€)(4y6* A(1-€)-r p2(BOA—£) ) > of (BOA-EP (402 A(1-€)—r? p2(BO1-E))?°

Ty = 30060 — £%0(f¢ + OB — 5¢) + T(BIL — & (4yBPA1 - &) - rPpA(BoA - §))?
—YPLEL = EPBIX — &) (27 P2 + O)BOA — 4E) + yO2POA+£) (c; + pe)) +AEPPpA(BOA —
£V (ByOPA(ci + rpe) — £ PX(f o + 0)) —yBPPE¢c, (B0 — £) (yea —5)(2/39“5) Brrp2(Boa - &)).

(1) As (864 — &) (4y62A(1 = &) — r* p2(B0A — g)) > 0, we have ZL— > 0, dem>0,9%2 > 0.
(2) As 64 — ¢ > 0, when r < r,, we have ’Z;f > 0 and 3"6], > 0 when r > r,, we have 6af <0
and 6'““* <0.
a KA* 6 KA* a”KA* 6ﬂKA*
(3) When r < r3, we have > 0, —2— > 0; when r > r3, we have <0, =2-<0.
or KA
(4)WhenT > T;, af we have —%— af <O |
Proof of Proposition 4.9 and Corollary 4.10. By computing the first-
order derivative of the equilibrium solution under Scenario KA  with re-
apkA _ 2902 A(1-E)r(20A(1-E)rp (f$+6) 46> A(1=)~rp (BOA-E) 2c+2¢,+rp))
spect to p., we have E = (P A1-D— P2 O1D)): ,
ek _ r(4y8* A1 =901 =E)(f$+6)~(BOA=E) (citem+2rpe) +OAN =) p(f$+6)(BOA=E) =1 pZ(citcm)(BOA=E)*)
Ipe B (9P A=)~ p2(BoA-£) :
apka~ _ YO Ar(=20A(1=E)rpo(fp+0)+4y0? A(1=E)+rp(BOA—E)2c+2em+rpe)) oKk _
“ope - (4y622(1-6)-r2 p2(BOA-€) )2 ’ ape B

YOEr(=20A(1-E)rpe(fp+0)+4y02 A(1=E)+rpc(BOA-E) Qe+ 2em+1pe))  gpKAs  yr(BOA=E)(20A(1=E)rp (fd+0)—4y6 A(1-€)—rp(BIA-E)(2c+2em+1p.) )

(4y02A(1-6)-r2 p2(BOA-£))? > oope (4902 A(1-6)-r2 p2(BOA-£))?
omp _ YH(BIA=E)(crtcn+1pe) =021 -E)(f §+0)(OA( &) (4y0-rpc(f¢+0) +rpe(crtcn)(BOA-E)) g™ _
ope (4v62A(1-6)-r2 p2(B61—¢) ) ’ dpe
22 A1=E)r((BOA=E)(crtem+Tp) —0A1=E)(f$+6)20A(1~E) Ryb=rpe(f$+6))+rpe(BOA=E) 21+ 2¢m+Tpe)) amit _
(4y622(1-&)-r2 p2(862-8) )3 ’ dpe -

Y AEr(4y0* A(1-E)~ 0NN =E)rp (f+0)—rpe(BOA—E) 2c1+2cm+7pe)))
(BOA-€)(4y02 A(1-€)-r? p2(BOA-£) )

X (BAPP2(f + 6)(BOL — ) — y (86 - A1 =) €1+ e +rp) + 011 £ + 02801 + o).

aleA KA* akKA* aDKA*

(1) When )/ > ¥4, we have - < 0, > 0, o 0, and o < 0; when y < 4, we have
o KA* F)
P50, 2 <0, & <0, and 2 >0.

aeKA

2) When r>ry and v > vys,or when r < ry and y < s, o
aeKA*
> 0

a KA*
(3) When r < r3 and y < g, or when r > r3, we have —-—
KA* ()ﬂs

we have <0, <0.

KA*

4) When Yo <V <Y1, ory < ys, We have Z&° < 0. o

Journal of Industrial and Management Optimization Volume 22, Issue 6, 3088-3122.

-



4

Proof of Lemma 4.11 and Theorem 4.12. According to Eq (3.6), the Hessian matrix of g (x, k)
can be divided.

B 1
Hy = ( ya ) (A9)

[4

Thus 7 (x, k) is a concave function with x and k only when A > 7 Let 6”K =0 and 6”K =0, we can
get the best response function of the KOL as summarized in Eqs (A.10) and (A.11).

—(e = Drp.(BOA—1)+ 0A(fp + 0 + B(—w)) + p)(BOL— 1)

€, p1) = A.10
x(v,e. i) T (A.10)
Ble = Drpc + f¢ + 6 —Bp; + B(=w)
k(w,e,p) = A.l1
(w.e. py) o1 (A.11)
Substituting Eqs (A.10) and (A.11) into Eq (3.5), we can get the second-order consition 662—”25 zégj/l :

0. Thus, 75 (w) is a concave function with w. If we let "”S

the supplier as summarized in Eq (A.12).

ﬁ(e - 1)rpc +ch +f¢+9_ﬁpl

= 0, we can get the best response function of

w(e, = A.12
(e, p1) 2 (A.12)
Substituting Eq (A.12) into Eqgs (A.10) and (A.11), we have
—(3804 = 2) (erp. = rp. = p)) = BOAcy + fOAP + 674
x(e, p1) = (A.13)
212664 —1)
IBerpc _ﬁcm _ﬁrpc +f¢ + G_ﬁpl
k(e, p1) = (A.14)
2(2B64 - 1)
By taking the first-order derivative of Eqs (A.12) to (A.14) with respect to p; and e, we have
ax(ep) _ _rpe(3BOA-2) dx(ep) _ 3B0A-2  Okep) _ _ Proc  dkep) _ B owlep) _ rpe dwlep) _ 1
de  202B0A-1) > dp, _ 202BOA-1)°  de _ 20B9A-1)° ap 22B6A-1)°  oe 2° "oy 2
Ipste.p) _ _ rp(BoA-1) and dpsepr) _ _PoA-1
de 202p01-1) ° api 202B00-1)"
As A > g5, (1) —f""g’ﬁ > 0; H9 < 0; (2) B < 0 when 6 > o, 229 > (0 when 0 < 7;
29 > 0 when 6 > 32, 299 < 0 when 0 < 537 and (3) 2429 > 0; 2429 < 0, (4) 22D < () when
1 Ops(pre) . Ops(pre) 91):(111 ) 1
9>Bﬂ’ = >Owhen0<ﬁ, o1 >0when9>ﬁ o1 <Owhen9<ﬁ

Substituting Eqs (A.12) to (A. 14) into Eq (3.2), the Hessian matrix of 7, (p;, ) can be derived.

,32 ﬂz/lrpr
H; :( 25%1 2(2862-1) ] (A.15)
2(2p61-1) s

27,2 ,.2
Thus, 7. (p;, e) 1s a concave function with p; and e only when y > 4@;; ﬂ’j - Let a’[’f 0 and 6{% =0, we

can get the optimal solutions p; and e*. Substituting p; and e* into Eqs (A.12) to (A.14), we can get w",
x"and k*. O
Proof of Proposition 4.13 and Corollary 4.14. By computing the first-order derivative of the

op ™ 2y¢(2862-1)
af T B(4y(2B6A-1)—p2Ar2p?)

equilibrium solution under Scenario KR with respect to f, we have

Journal of Industrial and Management Optimization Volume 22, Issue 6, 3088-3122.



5

0. & _ BArgp. s> Q. @ _ y$(2562-1) S 0. &K _ ¢(1(5864-2)~B 12 p?)
COf T 4y(2pea-D)-pAArp; > af T B(4ypeA-1)—Ar2p?) ©of T BB )2
apkRre ¢(V(7ﬁ9/l—3)—ﬂ2/1r2pf) okKRr vé > 0, ODKR: Byad > 0, &TKR* ~
of T B(4BOA-1-BAr2p2)°  Of T 4yQpeA-1)-BAArp; T BBIA-D-FA =
YABOlerrantrp)tfe) - o om™ 2 ApQBOA-DO-Blertentrp)tf6) 0. arkR 2 8(2BOA-1)(O—BlCrtcmtrp)t f¢) S o.
4y(2B62-1)-B> A p? af  — (4y(2B04- 1)~ p? )? af — (472p02-1) ﬁz AT
(1) As 4y(2B61 — 1) = B2Ar*p? > 0 and 6 — B(c; + ¢ + Tp.) + fd > 0, we have ’;'—f > 0, 5;’?" > 0,
ow KR+ akKR* aDKR* 67rfR* 8”5 BnK
7 > 0, o > 0, o7 > 0, 37 > 0, > 0, o > 0.
KRx*
(2) As 5664 —2 > 0, when r < rs, we have m;f > 0; when r > rs, we have "gf <0.
KR+ KR+
(3) As 7864 — 3 > 0, when r < rg, we have 6pf > 0; when r > rg, we have 8’;} <0.0
Proof of Proposition 4.15 and Corollary 4.16. By computing the first-order deriva-
. . K] KR+
tive of the equilibrium solution under Scenario KR with respect to p., we have 5;

2yr(2B0A=1)(2BArpe(O—Bler+ca)+f )2 A2 p2—4y(2B04-1)) g kR BAr(B>Ar p2(O—Blci+cm)+f)+4y(2BOA=1)(=B(Ci+Cm+2rp)+[+0))

(4y(2Bo21-1)-p2Ar2p2)? > dpe (4y2B02-1)-p2Ar2p2 )2 ’
owkRe  yr@BOA=1)(2BArp (0-Blcr+em)+[)—B2Ar? p2—4y(2B0A-1)) g KRs  yr(2=3B0A)(2BArpe(0—p(ci+cn)+f$)—B2 A2 p2—4y(2B0A-1))
dpe (4y(2Bo1-1)—p2Ar2p2 )2 > dpe (4y(2B02-1)-p2Ar2p? )2 ’
kR yr(1-BON(2BArpe(0-Blcr+em)+fO)—-BAr pi—4y(2B0A-1))  gpkrRs  Byr(2BArp0—p(ci+cm)+ f§)—B2 A p2—4y(2p04-1))
ape (4y(2Bo2-1)- ﬁz/lrz 2)2 > dpe (4y(2B02-1)—p2Ar2p2)? ’
oDKR:_ BryAr(QpArpe0-Plerten) +f9)-B2 A2 pi-4y(2BOA-D) - InfR By dr(O-Blerten+rp)t fOBApB—Plerten)+f)-4y(2B0A-1))
Ope (4y(2B021-1)—p2Ar2p2)? > dpe (4y(2B0A-1)—p2Ar2p2)? ’
Ok _ 2By Ar(2BOA-1)O-B(cicm+rpe)+ f§) (2BArpe(0—Blcrtem)+f¢)—B2Ar? p2—4y(2B61-1)) Ok _
ape B (4y(2B0A-1)-p2r2p2 )} ’ dpe B

BY2Ar(2BOA-1)(O—B(cr+Cm+rpe)+f ) (2BArpe(O-Blci+cm)+f§)—B2Ar? p2—4y(2B62-1))
(4y(2B9A-1)-p2Ar? 2 )? )
KR+

i ow DKKR: ODKE- o omg"
(1) When y < vyg, we have - > 0, o > 0, > 0, T 0, > 0, > 0, and
aﬂKR* KR* KR+ KR+ a”KR* aﬂ_KR*
5= > 0; wheny>yg,wehaveT<Oaw Oak <0,%— <0,5 <0, 5~ <0,and
67TKR*
o < 0.
KR .
(2) When r > r; and y > y9, or when r < r; and ¥ < y9, we have 827 < 0; otherwise, we have
KR+
ge— > 0.
Pc KR
(3) When 1 < 3'69 and y < yg, or when 4 > 3/39 and y > g, we have Z— apc >; otherwise, we have
axKR*
< 0.
op.

== <0.0O
2ﬁ7f9312(1 5)2¢(2y(2,694 D)—-2r2p?)

(4) When A < and v < g, or when A > % and v > 78,

Proof of Proposmon 51. As p* leA* = e 2 B ) (A6 )
Byrng(,Be/l—f)(Zﬂz92/12§—2/30/1§—ﬁ9/1+§)(c;+cm+rpc) 4y293/l(l—f)f(ﬁf)/l—1)(2,89/1—1)+79r2p§(2ﬁ303/l3(1—5)2—(2/39/1—l)(,BG/l—f)z)
BBOA=E)(2y(2BOA-1)—B2 A2 p2 ) (4y02 A(1-£)—r2 pX(B0A—E)) BBOA-E)(2y(2B0A-1)—B2 A2 p2 ) (4y02 A(1-€)—r? p(BOA-E)) ’
KR+ _ YOA- V) (B2 p2O—Bler+cm+rpe))-2f$(2y(2p0A- 1)~ A2 p?)) KAx
Py - = (A 2poA-1) B2 A p2) (27 CpoA- D52 A ) ’ Py
KR+ _ 2y(B0A-1D)(f$+60)(r* pe (B0 1 (1-87 ) +£(BOA-1)(2P0A~E) ) ~4y 6> AE(1-£)(2B02-1))
Py - B(BOA-E)(4y(2B02-1)—B2 12 p2 ) (462 A(1-£)—r2 p2(BOA-E))

_ 2Byr* pe(BOA=1)(BOA—E)BOAEBOA=E) (crtCmtTpe) Iy : _ 1) — 321,22
BB by BT —F A ) (y A1 8 B0 and it is easy to verify that 2y(2661 — 1) — ~Ar-p; > 0.

There are thresholds f,,, f,2, and f,;3 such that the following hold. (1) When f > f,,,l we have

p* < pfA*; otherwise, when f < f,,1, we have p¥* > pXk4* (2) When f > f,» we have pi* < pkF*;
otherwise, when f < f,, we have p* > pX®_ (3) When r > rg and f > f,3, or when r < rg and

KAx* KRx.

f < fp3, we have p/** > p™; otherwise, when r > rg and f < f,3, or when r < rgand f > f,3, we

Journal of Industrial and Management Optimization Volume 22, Issue 6, 3088-3122.



have pf** < pf** o

2yrpe (2822 A2E=2B0AE—PON+E ) (crtem+Tpe) +2y0 A(1-E)rp,
(2y2BOA-1)-B2Ar2 p2 ) (4yB2 A(1-6)—1? P (BOI=E) )
_ SOAOrgpe(2yQOA-) - A7 pl ) +BOAET p2(BOA)) 5 KRe _ BArpe(2yQBOA1)O-perPen—prpo)—f¢(2yQpOA-) -1 pi))
(29(2B02-1)-p2r? p2 ) (4y6* A1 =€)~ p2(BOA-£))  ° (29(2802-1)-p2Ar p? ) (4¥(2BA-1)-B2Ar? p?) ’
KAx _ KRe _ "PBOA=D)(fAP(4y0(1-E)+pEr p2)+4y0P A1 =) ~4y(BOAEHBOA—E) (crr+em+TPe) +BOAEN pT)
e et = oy A ) (b A —E)—r 2 Go1-D) , there are thresholds f,,
f.2, and f,3 such that the following hold. (1) When f < f,;, we have e5* > eX4*; otherwise, when
f > f.1, we have e5* < eX4*. (2) When f < f.,, we have 5" > eX®*; otherwise, when f > f.,, we have
eS* < ef®* (3) When f < f.3, we have eX4* < ¢X®*; otherwise, when f > f.3, we have eX4* > ¢k
oot Se _ pKAw _ (00 pLBO-E’—E(f¢+6)(2y(2B0A-1)-BAr p2) (3y* A(1-8)~r* 2 (BOA-E))
Proof of Proposition 5.3. As k°* — k%" = GOD(2r PP (B D P2 G0
47203 A(1-€)(BOA=E)+y(BOA=E) (ci+Cpn+rpe) (Br pE(BOAE+BOA—E)-2y0(2BOA—E) ) K5+ _ K KR+
(BOA=8)(2y(2p0A-1)—-B>Ar? p? ) (4y6> A(1-§)—r2 p2(BOA—E)) ’
Y(2y(2BOA-1)(O-Ber—Bew—PBrpe)—fo(2y(2804- 1) 1% p?))

B AR ) (B RO ArrY) , there are thresholds f;; and fi, such that the fol-
lowing hold. (1) When r < r, and f < fi;, or when r > r, and f > f;;, we have k5* > kK4*; otherwise,
when r < r, and f > f;y, or when r > rp and f < fi1, we have k5% < kX¥4*. (2) When f < f;,, we have
kS* > kKR, otherwise, when f > fi», we have kK°* < kKR O

pe s KAx __BOAS$+0)(2y(2B0A-1)~>Ar p2) (3y6> A(1~E)~r* pp(BOA-E))

Proof of Proposition 5.4. As p; Dy = BB (2 BT ) (A1 277 (B01D)

_ BYBOA=E)crtentrpe) (2y6°AQPOAE-26+ D)—r pLPOAEHPOA-E)) | O(BOA-E)(3BYOA+S> A= )pi-y) (AP A -6)-r pi(BOA-6) .

BBIA-E)(2y(2BOA-1)-B2Ar2 p? ) (4yB2 A(1-E)-r2 p2(BOA—E)) BBOA-E)(2y(2BOA-1)-B2Ar2 p2 ) (4yP?A(1-6)—-r? pE(poA-¢)) ° 17S

KRe _ 2YA(1=BOD2BIA-1)O-B(ci+cm+rpe))—fo(2y(2B0A- 1)~ Ar p2 ) (y(1BOA-3)—Ar* p?)
ps— = B2y PO~ Ar 2 ) (dy 2RO B A7 2

7By6A + B*A (—rz) p? =3y > 0, there are thresholds f,; and f,, such that we have the following.

(1) When r < rp and f < f, 1, or when r > r, and f > f, 1, we have p3* > pX4*; otherwise, when r < r,

and f > f, 1, or when r > r; and f < f, 1, we have p3* < p¥4* (2) When f < f,, we have p3* > p&&*;

N
otherwise, when f > f, », we have p* < pr*. |
ByA(2y(2BOA-1)(O-B(cr+cm+rpe))—fo(2y(2BoA-1)-B2Ar? p2))

3 S% KR+  _

Proof of Proposition 5.5. As D D = Gy B ) (b CHa— 077 ,

DS+ _ pkax — Y(SOA-06(2y QB0 1) pi )+ 2y A1) +2y (A6 L2-2BOAEPONE ) crtemtrpe) BOMT PO  kax _
- (2y(2BA-1)-B2Ar2 p2 ) (4yB2 A(1-6)-1? p2(BOI=E) ) ’
KRe _ YBOA=D(fAp(4y0(1—E)+BEr p2) +4y 02 A(1—E)—4y(BOAE+BON-E) i+ Cm+rpe)+HBOAER? p2)

D = 7B P (A6 G01-D) , there are thresholds fp1, fp2,
and fps such that the following hold. (1) When f < fp;, we have D5* > DX4*; otherwise, when f > fp;,
we have D5 < DX4*_ (2) When f < fp,, we have D5* > DXR*; otherwise, when f > f1,, we have
D5* < DXR* (3) When f < fp3, we have DX4* < DKR*: otherwise, when f > fp3, we have DXA* > DKR+,
O

Proof of Proposition 5.2. As 5% — &4

, and it is easy to verify that

s s KAe __y0A1-98(2f (P A1-6—BOA-E)(crtentrpe)) +/20A(1-E)¢)
Proof of Proposition 5.6. (1) As m;" — m;*" = =B P —D - (016
+ =0+ Cm+rpe)(2y0(1-E)—BEr2 p2(BOA—1))—y? (28202 A2E-2BOAE—BOA+E ) (Cr+Cm+ D)
(29(2B0A-1)~B2r2 p? ) (4762 A(1-£)-r2 p2(BOA-£) )
2720 2 (1-€)(2BOAE-3E+1)+y0? AEr? p2(BOA—1)(BOAE—2LOI+E)
2(B04-6)(2y(2BOA-1)-B2 12 p2 ) (4y6> A(1-6)—r? p2(BOA-E))
fol = (O=Ber=Ben=Prpe) YABOA-E) (2y(2POA-D-F2 42 p) (4yP A1 =) -rp2(B0A=E))  0A1-O$(6>A1-§)~(BOA=E)cr+en+rpe)) for =
ml = 0A(1-E)p(2y(2B0A-1)—B2 A2 p2) PL1-27F s Jm2 =
_ (O=Ber=Pen—Brpe) YABIA-£)(2y(2B0A-1)-B24rp2) (B A(1-6) -2 pA(BOA-9)) A1-E)p(PA(1=E)~(BOA=E) crtcn+rpc)) Thus
0A(1-6)¢(2y(2804- D)~ p?) 6222(1-¢)2¢? : ’
there are thresholds f,1, fz2, and f > fy3 such that when f < fyp or f > fy,1, we have m* < mk4*;

. * KAx
otherwise, when fr» < f < fr,1, we have ;" > /",

we let m* — af% = 0 and we can get
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yA(2y(2B0A-1)(6-Ber-Bem—Prp)* —(2y(2B6A-1)-B2Ar* p2 ) (2f b(6—Ber~Bem—Brpe)+2¢%))
2(2y(2BA-1)—p2Ar2 p2 ) (4y(2B9A-1)-B2Ar2 p2)
\//34,12 4 pd2ypoa-1 )(47(2,80/1— 1)-382.r2 pg)
1= 2yQp0A-1)~p2 12 p2

(2) As m* — kR = , we let

(g—ﬂ(cl+0m+’7’c))[

)t — ak® = 0 and we can get f;3 = - 7 s foa =
s | VTR T, )
- ; . AS fra <0, thus when f > fr3, we have ;" < 7kf*;
otherwise, when f < f,3, we have m)* > nk®*. O
sge S x KAx _ ALfP+Ay f+A

Proof of PropositionS.7. (1) As my™ — mg™ = 2(/39/1—§)(2y(259/1—1)—,821/lr2p§)22( 4722 O GD)
in  which A, = 2P0 - £ (<4Byoa+ BArpl+2y)% A =
2(=4By0a + B2Arp? +2y)* (2260 A2(1 — £ ((BOA = &) (c1 + ¢ + rpc) — 02A(1 = £)
+T(B0A — £) (4y02A(1 = €) — r*p2(BOA - £)) ), As = 8y* o3 (1 -
EPQBIA - DB - 3¢+ 1)+ YABIL — &) (PP - 2B0AE — oL + )
(cr+ o+ 7po) 2 (BPrpi(BOA — ) = 8Y2P(1 = H)2POA- 1))+  2BY%0ar'pipod - &)
(28368 — 4P 1E + ABPLE + P62 A2 — 2BOAE? — 2B00E + E) () + cu + 7o) + 16Y°P22(1 —
QPO = DPBOL — &) (cr+ ey +rp) (YO —y0 + BOAE’ P + BE(=2) p2)  +  YP6Parp!

(2,8494/1453 - 6,846?4/1452 + 6,8464/14§ — 6[3393/135 — ,8303/13 + 6,8292/1252 + 3,8202/125 - 2,89/1§3 - 3,86?/152 + §3)+
8Y ' 2(1 — HErp2(BOA — 1)(2BOA — 1)(BOAE — 2B0A + &), we let n3* — 754 = 0 and we can get
T(BIA-E)(4y0> A(1-&)—r? pX(BOA-£) )? A=) -(BOA-E)(crtcmtrpe) VBOA-E)A (—4y82 A& +4y6? A-BOAr pi+£r p?)

Jar = 220 P (1-67¢ 0(1-6) PO LA (4pyoa-pArt pi-2y) 7
foy = TEOA-E)(4y6PA1-O)-rp2BOI-E))  PA(-6)-(BOA=E)crrentrpe) N BOA-EA (48> A6+4y6* Ao pi+ér p?) in
2 = 228 (-6 0(1-6)¢ VOB (4BY0A-F 7 pi-2y)

which A = 28%0* 2% (1 - ¢)°¢ (y¢ (ci+cp+rpe)?+ 86r2Tpf) (2864 — 1) + 4y 1%(1 - &€)*¢
(c1+ cu + rpe) (T(BOX = &) (—4By0a + AP P2 +2y)? = BY* P 2(1 - £)p2poA- 1)) + (1 -

EF  ¢(2PON (2P0 - 1) — 4B E TPl — 16y T (204 - 1))+  TXBOL - &)
(~4By0A + B2 p? + 2y)? (—4ytPAé + 4y62A - BOArp2 + £r°p2)%. Since A; < 0, there are
thresholds f,; and f, such that when f < fr, or f > f;1, we have 3" < m§**; otherwise, when

Jra < f < fra, we have 73" > A%,

2) As 75* — KR _ Y2A2BOA-1)O-Blcrtem+rp))*(8y2 (280A-1)2 A2 p?) _ Y2Ap2BOA-1)(2f 0—-B(crtem+rp))+f2¢)
N N 2(2y(2B9A-1)-B2Ar2 p2 )2 (4y(2B6A— )2 Ar2 p? )2 (4y(2poA-1)—p2Ar2p2)?
(O=Blertemtrpo)( V2(4y(2B04-1)-B24r p2)-2(2y(2B0A-1)—p*Ar*pl))
26(2yCp0-D-F 1 17) > Jrua

2
C)). Since fr4 < 0, when f > f; 3, we have 7" <

, WE

let 73" — nf® = 0 and we can get f,3 =

O-Bertem+rp)(2(2y(286A-1)~B2 1% p2)+ V2(4y(2662- 1)~ 2% p
20(2y(2B6A-1)~B>1r p? )
ms®; otherwise, when f < fr 3, we have 3" > 5%, O
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Appendix B. Thresholds

All threshold values used in this paper are summarized in Table B1 and Table B2.

Table B1. Threshold values of y and r.

Notation Definition Notation Definition
2BArp(0—Bei=Pem)—BAr” pr 0—Bci—fcm
Y1 2(2661-1) I 2Bp.
BEAr? p2(6—Pei—fBen) 0/3ya1-9 \V3ya(-é)
72 202802 1)(2Brp.—(6—Per—Ben) 2 . NPOI-Z
BArp(6—Bei—Bem) , OA1=E)(f$+6)—(ci+cn)(BIA—E)
V3 202B01-1) 3 e (BON—E)
200(1-E)rpe(f$+6)~rpe (BOA-E)2ci+2¢m+7Pe) - (cr+cn)(BOA-E)~02°(1-E)(f$+6)
Ya 4 A(1-9) 4 2p(pOA=5)
2 p2(cr+em)(BOA=E)* —0A(1=E)r* pL(f$+6)(BOA-E) - \Vy(561-2)
s 42 A1-E)OA0-E)(f$+0)—(BOA-E)ci+cm+27pe)) 5 Bpe VA
OA1=E)rpe(f¢+0)=rpe(citcn)(BOI-E) \(1B6A-3)
Yo 22A(1-8) "6 PRV
BAr? pL(f¢+0)(BOA-E) - 0-Blcitem)+fo
Y7 (BOA—E)2BOA=E)(Ci+ C+rp)+OA(1—E)(fPp+0)(2BOA+E) 7 26Bp.
2BArpe(0—B(ci+Cy)+f$)—p> Ar? p2 ’ Vv AE(1-6)(2B61-1)
78 HApOA=D) ’ pe VB 2 (1-£2)+£(B00-1)(2501-¢)
Yo B2 pL(0—Blcrtcm)+f¢)

42B0A=D)(Bci+em+2rp)—fd—0)
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Table B2. Threshold values about f.

Notation Definition
B2 pH(BOA-E)(2B7 P A2E-2B0AE—BON+E)(crtcmtrpe) | dyF A1-EEBIA-1)(2BOA-1)+0r? p2 (26767 B3 (1-6)2 —(280A-1)(BOA—E)7)
Y il 2863 2(1-2p(2y(2B0A-1)-p2 Ar? p?) + 2803 2(1-£)2p(2y (20— 1)—B2 A2 p?)
f B p2(O—Blcr+cm+rpe))
P2 2002 0501- 1242 R2)
f Br p2(BOA=E)(BOAE+BOA=E)(crtcn+rpe) 8
pi3 P(2p2 (B2 2 (1-£2)+£(BOA-1)(2B02—8) ) —4yP2AE(1-6)(2B02-1)) &
BYBOA=E)(cr+Cn+rpe)(2y0P A2BOAE=2E+1)—1? p2(BOAE+BOA-E) B A(2y(2p0A-1)=B>Ar” p2 ) (3y0* A(1=§)—r* p(B6A=E))
Joi T pag(2y2BOA- 1B A p) (3P A== pRBOA-E))  BOAG(2y(p0A- )2 pE ) (By6PA(1-€)r* p(B0A-£))
0(B0A—&)(3By0A+B2 A(—12 ) p2—y ) (4y6* A(1-&)—r2 p2(BOA-E))
BOAG(2y(2BOA-1)—B2 4> p ) (3y62 A(1-€)—1 p2 (B01—£))
f 2y2(1-BON)(2BOA-1)(6—B(ci+cm+TPe))
2 #(2y(2B0A—1) B2 p2) (1By0a+B2A(—r2) p2—3y)
2y A(1-€)+2y (2822 L2 E-2B006-POA+E ) (ci+Cm+rpe)—BOIER pH(BOA-1)
Jer 0A(1-6)p(2y(2p0A-1)—B2Ar p7)
f 2y(2B02—1)(0—Bci—Bcm—Prpc)
e2 $(2ypoA- )BT
f —4y0 A(1=E)+4y(BOAE+PIA=E) (cr+C+rpe)—POAET P
e3 Ap(y0(1-6)+BErpl)
(47267 A1 =) (BOA=E)+y(BOA=E) (cr+Cm+rpe)(Br2 p2(BOAE+BOA—-E)~2y0(2BOA-E)) ) —yOr? p2 (BOA-£)* ]
Jia 0 (2y(20A-1) B2 A2 p2) 3y A(1~E)—12 p2(BOA-E)) ¢
Jo 27(256’/171)(9*/3L‘rﬁc'm*ﬁzr).lh»)
#(2y(2B0A-1)—B>Ar2 pg
2y A(1-€)+2y (2822 L2 E-2B00E-POA+E ) (ci+Cm+rpe)—BOIER pH(BOA-1)
Joi 02(1-6)p(2y(2p0A-1)—B2Ar p7)
f 2y(2B0A-1)(6—B(ci+cm+rpe))
b2 #(2y(20A-1)~B* 1 p2)
f 4y A1 =E)+4y(BOAE+BOA=E) (i C+rp)—POAE P2
b3 Ap(y0(1-6)+BErpl)
TBII-E (4 A1 -~ pp(BIL-E))  PA(1-E)—~(BIA-E)(ci+entrpe) VBOA-E)A| (~4y6> 2 +4y6> A—ON p2+Er p?)
Jra 272 B (1-£)°¢? 0A(1-6)¢ V20 23 (1-6)3 92 (4By01-L2Ar2 p2=2y)
N TEA-E(4yP A=)~ p2BOA-0)) _ PA1-E)~(BOA-ENcrtentrp) _ NBOIEOA (4P AE+4y0* A-BOAr” pi+£r°p?)
72 2y2wz<\1f—€>3¢2 Lo 0AT-6)6 ) VOB (1= ¢ (48y0A-F2Ar pi=2y)
(0-Bler+cn+rpe)) V2(4y(2B0A-1)-B> 4% p?)-2(2y(2B0A-1)-B> Ar* p}
J.3 20(2y(2p0A=1)~> 47 p?)
(O=Ber=Ben—Brpe) VABOI-E)(2y(2B61- )~ p2) (4yP A1 -E)-r> pL(BIA=E))  A1=E)$(6*A(1-6)—(BIA=E) crtcn+rpe))
Jun 0A(1-&)p(2y(2BOA- 1)~ 12 p2) PL(1-£7¢?
f _ (0—-Ber=Bem—prpe) \//l(ﬁG/l—f)(Zy(ZﬂW—1)—ﬁzflrzp?)(4792/1(1—5)—r2p3(/39/i—§)) _ 0A(1-E)(2 A1 —-E)—(BOA-E)(cr+Cm+rpe))
m2 0A(1-6)¢(2y(2B0A-1)~B2 12 p?) G212 (1-¢)%¢?
(O=Blerrentrpo) VB 21 pi+2y(2poA-1)(4y(2B61-1)-3p%Ar* p?)
U - ¢ - 2y QoA )2

AR
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