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Appendix

Part A (Solution of equilibrium results under different strategies)
Proof of Lemma 1

Proof. Substituting Dp; = 1 — ppy into Eq. (4.2) and solving the first-order condition yields wp, =
%(C —y+cr+1). Substituting this into the retailer’s profit function and solving the first-order condition
gives y5, = 1 — cr — £. Substituting back, we obtain wj, = 3 + cr + 1. The equilibrium profits are

PL _ (c=1* _pL _ (=17
TR ="% »™ = 16 - =

Proof of Lemma 2

Proof. We substitute Dg; = 1 — pgr + egr into Eq. (4.3). The first-order condition yields eg,

+y+er—1 k(1+c+r—y+2cr—ry+cr?)—c . :
—% and wg; = ¥ rzi(l-f:)—r]y )¢ We then plug wg; and eg; into Eq. (4.3), and obtain yg;

c(14+4r+3r2) = (1429 +2k(1+2r+1r2) = 2ck(1+4r+5r2+21%) . . . " s
R GriD) by solving the first-order optimality condition. Substituting

(=0)(r+1) Ack(r+1)3+(ke(e+3) ) (r+1)2+c(r+1)

o . )

back, we obtain e;; = T and wg, = P30 DA . In accordance with the
. _1)2 2 k(c—l)z(r+1)3(2k(r+1)—l)

above results, we can obtain 7CL = KD C+D and 76 = . The second-order
R 2[Ak(r+12=3(r+1)+1] M 2[4k(r+12=3(r+D+1]

conditions hold when k > —— o
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Proof of Lemma 3

Proof. We first solve the manufacturer’s profit function. We substitute D¢y, = 1 — pep + ec into

. . c+k(—1—r+t+y)+ck(—1—2r+t—r2)+k[rt+ry—ty+c(2rt—rty+r2t)]
Eq. (4.5). The first-order condition yields w¢y = oD and

We then plug w¢; and e, into Eq. (4.6), and obtain

e — _ c+y+cr—1
CL = T 122k(1+n(-n"

_ _ (1=0+Q@r=2t=4cr=2rt=3cr’+3cr’t+5crt+2ct)+k(=2—4r+4t=2r—21*)+ck(2+8r+10r> +4r° =41+ 26>+ ckrt(— 16-+8t—20r 812+ 10rt+4r>t)
yer = (12— 2+ PP+ P42 22 4 22— —(3r—31=31112)

by solving the first-order optimality condition. Substituting yc; into w¢; and ec;, we obtain e/, =

(1+r)[(t— 1 )z(k(l+r)+c(—2—3r+k(1+r)(3+4r)))+3(1+r)t]

* _ .
and we,; = G 3 DAk T . In accordance with

(= 140)2k(14r)2 (= 1+1)? and 7€L = (= 14+0)2k(1+r)3 (1+2k(1+1) (= 1+)) (=1 +1)3
—4+6r(—1+0)+8k(1+r)2(~1+1)> +6t M= 2(—2+3r(—1+t)+4k(1+r)2(—1+t)2+3t)2 '

1
2(+r) (1) " =

(1=0)(r+1)(1-1)
A+ D212+ 3G+ D)(1—0)—-3(1—1)+1

the above results, we obtain 7%~ =

The second-order conditions hold when k >

Part B (Proof)
Proof of Proposition 1

Proof. According to the equilibrium degree of product greening in Strategies GL and CL, we have

_ _ 1(r+1)(c=1)(1+4k(1+r)>(t=1)) . . .
€CL = €GL = GriTri—(ria) @k 2Dt G333y Since 0 < ¢ < 1,0 < ¢ < 1, the numerator is negative.

A 3r+2 ~  3r-3t-3rt+2 ., 3r+1 . 3r+2
We derive the thresholds & = ——— &5 = = and =
e e O s = 0 B T a e =12 T e R

3r+3°

When 0 < ¢ < £y, if ]22 < k < 123 or IA<5 < k < 2, the denominator is greater than zero, and if
IA<3 <k< IA<5, the denominator is less than zero. When #, < t < f», if IA<5 <k< IA<3, the denominator is less
than zero, and if k3 < k < 2, the denominator is greater than zero. When 7, < ¢ < 1, if ky < k < ks, the
denominator is less than zero, and if 123 < k < 2, the denominator is greater than zero. O

Proof of Proposition 2

According to the equilibrium wholesale prices in Strategies PL and GL, we have wg, — wp, =

: A 3r+2 N
Br+2)(1-c) . _
A+ 2-Cr D) We derive a threshold k3 = —4(1 el When k; < k, then wg, — wpr, > 0. However,

when k < 123, wgr — wpr < 0.
According to the equilibrium wholesale prices in Strategies GL and CL, we have

kt(1 + r)*(1 = c)(1 + 3r = 2¢t = 3r1)
(4k(1 + )2 — Br +2))(@k(1 + r)*(1 = )2 + Bt = 3r + 3rt = 2))

WerL — WgL =

3r+2 . _3r—3t—3rt+2f_3r+l f—3r+2f— r
A0+02 7 T A0+ -2 T 3427 T 354370 T 3r 42
.When0<t<f3,iff<2<k<lA<3orIAc5<k,wehaveWCL—wGL>0,andifl%3<k<lAcs,

We derive the thresholds k; =

and #4 =
+r

we have we, — wgr, < 0. When 73 < 1 < 7, and if ky < k < ks, we have wep — wgr < 0, if ks < k, we
have we, —wgr > 0. When #y < t < £, and k, < k, we have we, —wgr > 0. When?, <t < 1and k, < k,
we have wer — war < 0.
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According to the equilibrium wholesale prices in Strategies PL. and CL, we have

(I1-0)2-=3t+3r(1 —1))
4(4k(1 +1)? = Br+2)@k(1 + N2(1 - % + 3t =3r+3rt = 2))

WerL — WpL =

When 0 < 7 < £, if k» < k < ks, we have wep — wpp < 0, and if ks < k, we have we; — wpy > 0. When
f3 <t <ty ansif ky < k < ks, we have wep, — wpp < 0, if ks < k, we have wer — wpr, > 0. When
fy <t<tandk, < k, we have wer, — wp, > 0. Whenf, <t < 1 and k, < k, we have wep, — wpp < 0.

Proof of Proposition 3

Proof. According to the equilibrium retail prices in Strategies PL and GL, we have

) (1 —c ) N 3r+2 N
PGL — prr = m. We derive a threshold k3 = TR When k3 < k, then pgr — ppr > 0.

However, when k < IA<3, peL — per < 0.
According to the equilibrium retail prices in Strategies GL and CL, we have

(A +7r)(c— DA +k(tQ2+3r+7r) — B +4r+r?)
(Ak(1 + )2 = Gr+2)(4k(1 + )21 =02+ Bt = 3r+ 3rt - 2))

PcL — PGL =

Since 0 < ¢ < 1,0 < ¢ < 1, the numerator is greater than zero. We derive these thresholds IAQ =
1 A 3r+2 . 3r=3t-3rt+2 .  3r+1 ., 3r+2 N r

_— :—’ = t dt
20+ -0 2 " aq+r2 " anc i

T U A R P Sk B T o
When 0 < ¢ < £3, if ky <k < lAc3 or lAcs < k < 2, the denominator is greater than zero, ans if 123 <k< IAc5,
the denominator is less than zero. When 73 < t < 7}, if lAcz <k< IA<5, the denominator is less than zero,
if IA<5 < k < 2, the denominator is greater than zero. If f; < ¢ < 1 and IA<2 < k < 2, the denominator is
greater than zero.

According to the equilibrium retail prices in Strategies PL and CL, we have

Q-0 -0+2-1)
A4(4k(1 + r)>(1 =0 + (3t = 3r+ 3rt = 2))

PcL — ppL =

Since 0 < ¢ < 1,0 < t < 1, the numerator is greater than zero. We derive a threshold
N 3r—=3t-3rt+2

ST A0 - 1)

When 125 <k, pc. — pr. > 0. However, when k < IA<5, pcL — per < 0. O

Proof of Proposition 4

. . . . _1)
Proof. According to the retailer’s profits in Strategies PL and GL, we have n6% — nf* = %.
3r+2

- When k < 123, we

Obviously, the numerator is greater than zero. We derive a threshold k; = m
,

have 7" — 7L < 0. However, when k3 < k, 7% — 2t > 0.

According to the retailer’s profits in Strategies GL and CL, we have

cL _GL _ kt(r + 1)2(c = 1)*>(3r =2t = 3rt + 1)
r = 2(4k(1 + r)2 — (3r + 2))(4(4k(1 + r)* — Br + 2))4k(1 + r)2(1 = 1)2 + Bt = 3r + 3rt = 2))
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o 3r+2 . 3r—=3t-3rt+2 . 3r+1 N r
We derive the thresholds k3 = ———, ks = = ——, 13 = . Wh
o e e s = 0+ B T v -2 T 32 MO T gy T
” . r+1)2(c=1)2(3r=2t-3r 7 7 .
0 < t < f3, we derive that <D< 1)2(3 2-3rtt]) -, OA. If k, < kA< ks, we derive that m <
0 and 1 < 0. Ifky < k < ks, we derive that ————— > 0

A1+ —Gr+2)Ak(1+r)2(1-02+(31=3r+3r1-2) 2k(1+r)2—(3r+2)
1

n . )
< 0. If ks < k < 2, we derive that " 0 and

20 1V2(3r—D
kt(r+1)=(c 1)2(3r 2t-3rt+1) >0

and A(Ak(1+r)2—(Gr+2))ak(1+7)2(1=12+(3=3r+3r1-2)

1 ~A A .
AT Grara ey > 0- When 3 <1 < 7;, we derive that

A ) )
and > 0. If k, < k < ks, we derive that AT P =GR P A Gy < 0. If
7 1

AT Gryaaraasaany > 0- When 7y <1 < 1, we derive that

1 1
<0and 4k(1+7)2=(3r+2) X 4(4k(1+7)2=(3r+2)4k(1+r)2(1-1)2+(3t=3r+3rt-2) > 0. =

A(1+r2—(r+2)
ks < k < 2, we derive that

kt(r+1)%(c—1)?(3r=21=3r1+1)
2

Proof of Proposition 5

Proof. According to the manufacturer’s profits in Strategies PL and GL, we have

[8k(1 +1)22r+ 1) = Gr+ 2)2] (c—1)?

RO~ gl = N
16 [4k(1 + r)? = (3r + 2)]
. . . ) A (Br +2)?
Obviously, the denominator is greater than zero. We derive a threshold k;, = when

8(1 +2r)(1 + r)?
k > k4, we have 79" — 7PL > 0. However, k4 < ky. Thus, 7% > nP' is firmly established.
According to the manufacturer’s profits in Strategies PL and CL, we have

o p_ U= O)?[8k(1 + (1 =)’ +r)(1 =)= 1) =B + (1 —1) - 1)?]
m = = 16(4k(1 + r)>(1 — 1) + 3t — 3r + 3rt - 2)) '

T

3(1+n)(1=0)-1
8(1+r2(—12[ @r+1)-21140)]
when k < IA<7, the denominator is less than zero. However, when lAc7 < k, the numerator is greater than
zZero.

According to the manufacturer’s profits in Strategies GL and CL, we have

Obviously, the denominator is greater than zero. We derive a threshold k; =

€L GL k(1 —c)*(1 +r)?

n T T kAT =30 1)+ D@k (1 =1 =3~ 1P kD

where Q(k: 7, 1) = (1 + r)(1 = 0°(2k(1 + r)(1 = 1) = 1)@k(1 + 1% = 3(1 + 1) + 1) = (1 + P(2k(1 + r) -
1)(4k(1 + N1 =10 =31+l -1+1)>

Since k > 0, (1 -¢)> >0, (1+7r) >0, @1 +r0-0>-31+nr1-1+17>>0, and
(4k(1 + r)* = 3(1 + r) + 1)* > 0, it follows that the sign of 7¢F — 7S~ is fully characterized by Q(k; r, 7).

Noting that Q(k; r, t) is quadratic in k, we mark Q(k; r, f) = Ak*> + Bk + C, where A = 16(1 + r)*(1 —
H%(1 - (1 - NRA+rn1-0-10-1-1), B=-2(1 + M1 - (1 - l‘))(9(l +r)*1 -0 +9(1 +
NA-0>-6(1+r1-0-100+nN1-0>-6(1+nN1-+0 -+ -0>+0 -0+ 1),
C=0+nrn1-(1- t))(9(1 +7120 -0 -6(1+nN1 -0 -6(1+rN1-D+0-0>+1 -0+ 1). Let
ks(r, 1) denote the economically relevant root of Q(k; r,7) = 0, given by kg(r, 1) = ZYE=4C  Thep,
7Cl < Gl if and only if k < kg(r, 1), and 7" > 2GL if and only if k& > ks(r, 1). o

m
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Proof of Proposition 6

Proof. According to the equilibrium degree of product greening with fairness concern in Strategies GL
and CL, we have

tc = (1 + r)2a® +3a + (1 +3a® - 4k((2a + 1)(1 + 1) — a)(2a + (1 + (1 - 1) - a))

écr — égL =

(4k(@2a + 1)(1 +7) = a)* = (a + D[(6a + 3)(1 + r) - (4a + 1)])

1

X .
(4k(@2a + (1 + (1 = 1) = a)’* = (a+ D[(6a +3)(1 + (1 = 1) - (4a + 1)])

. 7 _ (a+DQa+3r-3t+6ar—6at—3rt—6art+2) 7 _ 1 7. _ (a+DQa+3r+6ar+2)
We derive the thresholds ko = HQar D1 +7(1-1)—-a)? k2 = smase Ko = TGarniainar

~ r(atr+ar-2a%r+1) 2~ atr+ar=2a°r+1 2 2r+l 2 oie T 7 7
Is = GG h@arsrt6arsd’ 6 = (w—2a+ar)’ and 74 = 5-5. When 0 <1 <15, if ky <k < ko or kio <k,

we have é5; < écr, and if kg < k < kjo, we have éc; < €. When f5 <t< f4, if k, < k < k19, we have
écr < égr, and if k1o < k, we have ég; < écp. If f4 <t< f(, and k, < k, we have ég; < écp. If f6 <t<l1
and k, < k, we have éc; < ég;. O

Proof of Proposition 7

Proof. According to the equilibrium degree of product greening with and without fairness concern
under Strategy GL, we have

B ar(c— 1)dk(1 +r)(a+r+2ar+1)—(a+ 1))
C(@k(1+ )% =31+ 1) + D(@k(a +r+2ar + 1)> — (a + 1)(a + 3r + 6ar +2))

€GL — €GL
. A 1 7 3r+2 2 _ (a+1)Qa+3r+6ar+2) 2
We derive the thresholds k; = et ky = PR and kg = aatrelartly When k > kq, 4k(1 + r)(a +

r+2ar+1)—(a+1) > 0. When ks < k, 4k(1 + r)> = 3(1 +r) + 1 > 0. However, when k < ks,
4k(1+r)* =31 +r)+1 < 0 When ko < k, 4k(a + r + 2ar + 1)* = (a + 1)(2a + 3r + 6ar + 2) > 0.
However, when k < lAcg, it is negative. m]

Proof of Proposition 8

Proof. According to the equilibrium degree of product greening with and without fairness concern

under Strategy CL, we have

all—c) (1 -+ -))@dk(1+r1-0D)(Ra+1)1+r1—-1)—a)—(a+1))
(Qa+DA+r)1-0)-a)dk(1+r)?*A-1)>=-30+r)(1-0)+1)

écL —ecL =
ke = 3nd=n-1
50T a+nra-n®e

7 _ (a+1)a+3r+2-3t(1+r+2ar)—6at) o~
, and kg = Harr s 2arair3arsIE " When 0 < ¢ < t4, we have

We derive the thresholds 7y = =, fy = el k>
B = (a+ 1)2a + 3r + 6ar + 2)
T Ma+r+2ar+1)?
1—-(1+rn1=0)<0.Ifky < k < kyo, then @k(1 + (1 =)(QRa+ DA +N1=-D—-a)—(a+1) <0
and k(1 + N1 = D =30 + N1 =D+ 1) < 0. If kg < k < ks, then
k(1 + )1 =0(QRa+ DA+ =1 —a)—(a+ 1)) and @k(1 + (1 -2 =31 +r)(1 -1 +1) <0.
If ks < k, then k(1 + N1 -— H(Qa + DA + N1 =1 —a) — @+ 1) > 0 and
k(1 + N1 =0 =301 +rn1 -0H+1) > 0. Whent, < t < f and k» < k, we have

1
2(1+r)(1-2)°

Journal of Industrial and Management Optimization Volume 22, Issue 9, 4449-4480.



6

1-(1+rA-1 > 0and (4k(1 + r)*(1 = )* = 3(1 + r)(1 — ) + 1) > 0, while the sign of
(4k(1 + (1 = )(2a + (1 +r)(1 — 1) — a) — (a + 1)) remains positive. When 7y < r < 1, we have
I—-(1+rn1=0>0and @Gk(1 +N1=QRa+ D1 +rN1=-0-a)—(a+ 1)) >0. Ifk, < k < ki3,
then (4k(1 + n*(1 - 0> - 301 + nd - H + 1) < 0. If k5 < Kk then
@Gk(1+ A -0>=31+r1-1)+1)>0. O

Proof of Proposition 9
Proof. According to the retailer’s utility in Strategies PL and GL, we have

USL _ yPL = (a+ 1)*(1 — ¢)*(2a + 3r + 6ar + 2) .
k R 8Q2a+ 1)(dk(a+r+2ar+ 1) —(a+ 1)2a+ 3r + 6ar +2))

We derive a threshold ko = %. When k > ko, we have UL < USE, and when k < ko, we
have USL < URE.

According to the retailer’s utility in Strategies PL and CL, we have

(a+D*1=c)’2a+1)+3Qa+ 1)r—1t-rt)]

CL PL __
USt - Up- = : .
8Q2a+ 1) {4k[(a+ 1)+ Qa+ 1)(r—1 -l —(@+ 1) [2(a+1)+3Q2a+ )(r -t — )]}

. 7 _ (a+1)(2a+3r-3t+6ar—6at—3rt—6art+2) AT 7 7
We derive a threshold &y = Narr—IT2ar—2arir e lE When O < ¢t < g, if ky < k < kg or kjg < k,

then UL < UfFL, and if ky < k < ko, then ULt < USt. When g < t < 1 and ky, < k, we have
USt < Ut

According to the retailer’s utility in Strategies GL and CL, we have

kt(a + 1)*(1 - ¢)*(1 + r)(2a +4r — 2t + 12ar — 6at — 5rt
+ 12ar* + 8a°r — 4d*t — 3r°t + a° + 317
+ 12a%r% — 12ar?t — 1642rt — 12a%r%t

— 18art + 1)
Ut - UGt =

2(4k(a + r +2ar +1)°
—(a+ 1)2a + 3r+6ar + 2))
><(4k(a+r—t+2ar—2at—tr—2art+ 1)?

—(a+ 1)Q2a + 3r — 3t + 6ar — 6at — 3rt — 6art + 2))

. A A 2 2 2 2 2.2 A .
We derive the thresholds 7, = 243204142 gnd 7y = 2“*“’*(122‘1“:1*)1(3;‘_’?);“ziﬂg:'fﬁ:f:z;'12“ " When O < ¢ < fg, if

ka < k < ko or kyo < k, we have USF < USE, and if ko < k < k9, we have USE < UGE. When /gy < £ < 1
and k, < k, we have US: < USE. O

Proof of Proposition 10

Proof. According to the manufacturer’s utility in Strategies PL and GL, we have

Journal of Industrial and Management Optimization Volume 22, Issue 9, 4449-4480.



(a+ D% —1)?
16
8k — 12a — 12r + 24ak — 48ar + 32kr + 244’k + 8a’k — 45ar*

— 60a’r — 24a°r + 40kr* + 16k — 12a*> — 4a® — 977
—72a%r* = 36a°r* + 320a%kr? + 192a%kr® + 160a°kr?
+128a°kr® + 128akr + 200akr* + 160a’kr + 96akr®
+64a’kr — 4
4k — 4a — 3r + 8ak — 9ar + 8kr + 4a’k — 6a*r + 4kr*\2
( —2d® + 16a%kr* + 24akr + 16akr* + 16a’kr — 2 )

GL PL _
Um _Um -

Give that k, < k, the numerator is greater than zero. Thus, U%L > UL is firmly established.
According to the manufacturer’s utility in Strategies GL and CL, we have

(1 +a)*(1 +2a)*(-1 + ¢)*k(1 + )t
- 2D?D>
+2(1 + 2a)*kr’ (=1 + *(= 2(1 + a)(=9 + 40k) + (=9 + 88k + a(=9 + 136k))t)
+(1+2a°* (=1 +OM; + (1 + a)(1 +2a)r* M, + (1 + a)*rM;

USt - yst = : [32(1 +2a)° k(=1 + 1)

+(1+a)’ (=1 + 2k)My + 2r3M5],

where Dy = 2(1 + a)*(=1 + 2k) + (1 + a)(1 + 2a)(=3 + 8k)r + 4k(r + 2ar)?, Dy = =2 — 3r + 4k(1 +
PNA(=1+02+3(1 + )t +2a%(=1 = 3r+ 31+ 1t +2k(1 + 2r =2(1 + 1)) + a(=4 = 9r + 9(1 + r)t + 8k(1 +
P(=1+0(=1=2r+2(1 + 1)), M; = (1 + @)*(9 + 8k(—17 + 40k)) — (1 + a)(9 + 9a — 226k — 316ak +
80(9 + 14a)k®)t + 2k(=3(1 + a)(13 + 22a) + 8(25 + a(77 + 58a))k)%, My = —(1 + a)*(21 + 40k(-3 +
4k)) + (1 + a)?(57 + 8k(=51 + 8OK) + a(93 + 8k(~87 + 140k)) )t — (1 + a)(37 + 116a + 884> — 8(51 +
a(170 + 139a))k +32(20 + a(62 +47a))k* ) + 2(1 + 2a)k(~3(19 +8a(7 + 5a)) + 8(20 + a(62 + 47a) k)F*,
My = =21 + a)(=1 + 2k)(=3 + 8Kk) + (1 + a)*(24 + 2k(~67 + 88k) + a(45 — 254k + 336k*))r —
41+ a)(1 + 2a)(5 + B(=5 + 8k) + 4a(2 + k(=17 + 28K)) ) + 8(1 + 2a)*k(~6 + 14k + a(=9 + 22k))F’,
M, = (1 +a)*(=3 + 8k) — 4(1 + a)(1 + 2a)(—=1 + 4k)t + 8k(t + 2at)*>, Ms = —4(1 + a)*(1 + 2a)*(3 +
8k(=3 + 5k)) + (1 + @)(1 + 2a)>(27 + 280k(~1 + 2k) + 4a(9 + 4k(=26 + 55k))t + (1 + 2a)*k(~67 +
240k + a(3(=97 + 368k) + 8a(-51 + 207k + a(=23 + 101k))))£* — (1 + @)(3(1 + a)(5 + 8a) — 4(63 +
2a(92 + 65a))k + 32(20 + a(62 + 47a))k*)( + 2at)*.

We derive a threshold ky2(a, r, 1) = 2(1 + a)[ —2r(l+a+r+2ar*(7+9r+a(7+18r) + (1 +r)(1 +
a+r+2ar)*(7(1 + a)* + 46(1 + a)(1 + 2a)r + 45(r + 2ar)*)t — 4(1 + 2a)(1 + r)*(1 + a + r + 2ar)(3(1 +
a)? +11(1 + a)(1 + 2a)r + 9(r + 2ar)*)** + (1 + 2a)*(1 +r)*(2 + 3r +a(2 + 6r))2t3]. When kjy(a, r, 1) < k,

we have USL < UCL. When k < kyy(a, r, 1), we have UL < UCL.
According to the manufacturer’s utility in Strategies PL and CL, we have
(a+1)*(c-1)
16

CL PL __
Um - Um -
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12a—8k+12r—12:49r2 2 24 ak+48ar—48at—32kr+32ki—30rt
—240a2k—-8a’ k+45ar? +60a% r+24a3 r+45a> —60a% 12443t

—40kr? —16kr3 —40ke>+16kt> +18r2— 1812 t+12a> +4a> +9r2 +9¢>
+72a* 2 +36a3 2 +72a% 1 +36a 2 +90art> —90ar’ t—204a> rt—-96a> rt
—128krt?+128kr? t+48krt3 +48kr3t—-320a%kr’ —192a*kr3 —160akr?

—128a3kr3—320a%ki*+192a%kt> —160a> ki?>+128a’ke® +45ar? 1>

+144a%r? = 14402 r*t+72a3 1 =72a3 r*t—136kr? 2 +48kr? 13

—48kr3 2+ 16kr> 2 —128akr+128akt—138art+112krt+72a>r* 1

+36a° 212 -200akr?—160a* kr—96akr —64a kr—200akt®+160a>kt
+96akt’ +64a’kt+528akrt—1472a2kr* 2 +576a%kr? 1> ~576a*kr 12
~928a3kr? 2 +192a2kr3 3 +384a* ki? 3 -384a’kr’ 2 +128a kri

—688akri?+688akr?t+800a’krt+288akrt’ +288akrt+384a’krt

—776akr*?—1216a2kr* +1216a>kr? t+288akr? > —288akr 1>
+576a2kr3 +576a%kr t-704a3 kri? + 704> kr? t+96akr
+384a’kr3 +384a> ki t+4

4k—4a—3r+3t+8ak—9ar+9at+8kr—8kt+3rt+4a*k—6a> r+6a>t 2’
+4kr? +4kt*—2a% +6a% rt+8krt* —8kr? t+16akr? + 164 k1> +4kr 1

+24akr—-24akt+9art—16krt+16akr? +16a*kr+16akt>—16a*kt—56akrt

+16a%kr? 2 +32akri?=32akr? t—48a%krt+16akr? 2 +32a2kr?

-32a%kr?t-2
oA (a+ 1)(2a + 3r — 3t + 6ar — 6at — 3rt — 6art + 2)*
We derive k| = )
A 8(a+r—t+2ar—2at—rt—2art + 1)2(a+AZr—2t+4ar—4at—2rt—4art+ 1)
When k; < k, we can demonstrate that UP" < USE. When k < ky;, we have USE < U™, O
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