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APPENDICES

Appendix A Proof of AjA2A3 — A% — A?A, > 0 in Theorem 3.2.

From (i) — (v), as < 0 for ¢ = 1,2,3,4, and J; > 0 for i = 1,2,3, it is revealed
that
A1Ay Az — A§ — A%A‘; = (A1A; — A3)Az — A2A,
= (A1A2 — A3)A3 = A%Ll + A%(—-Lg — L3) > 0.

Since
—Ly— Ly = —cd(bpg — Pr2) + (b + cz)cbibs
= Cdl/llag + Cb((b + ag)l/):; i dwz)
L (Be+ BRo(e+ d))(b+ a2) +ﬁcd>
= cdipyog + cb(b + a2) < Ro? ((b+ az)(c+d+e) +cd)
> 0,
and

(A1 Ay — A3)Az — AZL = =lay + ass3)Je + (b+12)Jo + cba(e + ¢) + beps) As
+ca? 023044 — (ag2 + azs + aa)(J14s — L1A1)
—(au + a2)(JsAs — anly) + a1ya44(—(a11 + az)As — L1)
+a11as3(—a11 Az — caiiagsass — L1)
b (b + 1[)1)(1) + a)Ty + (2b+c+ Y1+ w2)1‘4
+(b+¥1)(e+d)Ts+ (2b+c+ 92 +e+d+az)Ts
> 0,

where
Fl = —((111 + (122)143 - L1 = (2b +c+ ?,/)1 + ’(/)2)143 - Ll
= bAsz+ (b + Y + w2)F2 +cI's > 0,

Fg = A3 == ba33a44 = A3 = (6 + d) (b2 + baz)
= Ql + wgc(b + d) + (8 + d)[’l,/)l(b + Otz) + 1!11(b + C) + 1[)2b] > 0,



g =

F7:

61

As + ajnaszas = Az — Y1a33a44 — bazzayy

= Qi+ wac(b+d) + (e +d)[1(b+c) +2b] >0,

J3As + a1 Ly = J3(As + aiaszags),
J3I's > 0,

—a11As — cajassay — Ly
Pa(b+ ag)[r(e +d) +c(b+¥1)] + (b + ¥1) (b + a2) J5
+(b 4 1) [tac(b + d) + (e + d) (W1 (b + a2) + 91 (b + c) + 1h2b)] > 0,

J1Asz — L1 Ay

—ay1(—agzAs — Ly) — (ag + ass)(—asuAs — L)
—ags(—ay; — car1aszaqy — Ly) — ca11a33ai4
(b+¢1)T7+ (b+c+e+d+)(b+ a2)(Q1 + Qs)
+(b+ az)l's >0,

—ag3As — L = agzagy s — a33(Q2 + Q3)
(e+d)[(b+ az)Ja + Q2+ Q3] > 0.

Appendix B Proof of A;A;A3 — A2 — A2A4 > 0 in Theorem 3.4.
3 1

From (i) — (v), a;z < 0 for i = 1,2,3,4 and J; > 0 for i = 1,2,3, it is revealed

that

A1A2A3 = A§ = A%A‘; = (A1A2 - Ag)Ag — A%A4

Since

—Ly — Lg

and

= (AlAQ — A3)A3 = A%Ll + A%(—Lg = L3) > 0.

= —cd(a(b+ 2a1) — Pra2) + (b+ o) (b + 201)cy3
= Cdlblaz -+ C(b + 2&1)[(b + 2(11)1/)3 o d’(f)g]

_ (Be+ BRo(e + d))(b+ az) + Bed
= cd¢1a2+c(b+2a1)(b+a2)( RE((b+a3)(e+ d+ &) + cd) )
> 0,

(AlAQ i A3)A3 = A%Ll Z (b + 20(1 ot 'll)l)(b + Otz)r\l

+(2b 4 204 + ¢+ Y1 + o)l

+(b+ 201 + 1) (e + d)Ts

+(2b+2a1 +c+¢2+e+d+a2)I‘6
> 0,



where

I3

s

s

Iz
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—(ay1 + ag)Asz — Ly
(b + 20_/1)/43 + (b + 2a7 + '(,b1 + 'd}2)F2 gk CF3 >0,

A3 — (b + 2&1)0,33(144 = Ag = (6 + d)[b(b + 2a1) + az(b + 2&1)]
(6 + d)['(/)l(b o ag) + ¢1(b ¢+ 2&1) + wz(b + 2&1) + 2(11(() + 2&1)]
+Q1 + (b +d + 201) > 0,

As + aj1a33a44 = Az — Y1a33a44 — (b+ 20)aszauy
(6 + d)[’(,bl(b +c+ 2(11) + wz(b + 2&1) + 2a1(b + 20(1)]
+Q1 + C’wz(b +d+ 2a1) > 0,

J3As + a;1 Ly = J3(As + a11033044)
J3I's > 0,

—ay11As — canaszaqs — Ly

(b+ az)[(e + d) (Y19 + 201 (b + 201 + 91)) + cta(b + 201 + 1))
(b+ 201 + 1) (b + a2)Js + (b + 201 + 1) (c2(b + d + 2c1))
+(b+ 201 + ¥1)(e + d) [P (b + a2) + Y1 (b+ ¢ + 24

+(b+ 203 + 1) (e + d)[12(b + 2a1) + 201 (b + 221)] > 0,

J1Asz — L1 Ay
(b+ 201+ 1) T+ (b+c+e+d+ v+ 2a1)(b+ a)(Q1 + Q3)
+(b+a2)F5 > 0,

—as3Az — Ly = azsaasJs — ass(Q2 + Q3)
(6 + d)[(b + ag)Jz + Q2+ Q3] > 0.

Appendix C Proof of A;A;Az — A2 — A7A; > 0 in case A + B of Theorem 3.5.
3 1

From (i) — (v), az < 0 for ¢ = 1,2,3,4 and J; > 0 for ¢ = 1,2,3, it is revealed

that

A1A2A3 iy A% i A%A4 = (A1A2 = A3)A3 = A%A4

= (A1Ay — A3)As — A2Ly + A%(— Ly — L) > 0.



Since

_L2 — L3 = —Cd(b@g — 910(2) -+ (b + a2)0b93
= Cd@laz + Cb((b + a2)93 . dgz)
o [ (B+v01)c+ Roy (B + ya1)(e + d)>
P < Ro (b+ az)(c+d+e) + cd)
(B4 yay)cd )
Roy? ((b+ az)(c+d+e) + cd)

+Cb(b + ag) (
> 0,

and

(A1A2 = A3)A3 = A%Ll > (b + 91)(b + ag)I‘l = (2b +c+ 6+ 02)P4
+(b+0)(e+d)Ts+(2b+c+0,+e+d+ a)le
> 0,

where

I = —(ann+ax)ds— L
= bA3 =+ (b + 6; + 92)F2 + cI's > 0,

Fg = A3 — ba33a44 = A3 = (6 e d)(b2 + bag)
= Q1+ 0c(b+d)+ (e+d)[01(b+ az) + 6:1(b+ c) + 62b] > 0,

I's = Az+anassas = Az — 01aszass — bazzag
= Q1+ 6c(b+d)+ (e+d)[6:1(b+ c) + 62b] > 0,

F4 = J3A3 + a11L1 = JS(A3 + CL11a33a44)v
= J3F3 > 0,

I's = —a11A3 —caiaszae — Ly
= (b+ag)fa(fi(e +d) +c(b+61) + (b+ 61)(b+ a2)J3
+(b + 6;)[f2c(b+ d) + (e + d)(61(b + a2) + 81(b+ c) + 62b)] > 0,

e = J1A3—LiA;
= —ay(—assds — P1) — (ag2 + ass)(—awuds — P)
—a44(—a11 — cayjagsay — Pr) — Ca11f133(1§4
= (b+ 07+ (b+c+e+d+63)(b+602)(Q1+ Qs)
+(b+ a2)['s > 0,

7 = —assAs— Ly = aszaasJs — agz(Q2 + Q3)
= (6 + d)[(b + ag)Jg + QQ + Q3] > 0.
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Appendix D Proof of A;A;A3 — A2 — A2A4 > 0 in case A — B of Theorem 3.5.
Here,

(8 — ya1)e(Roy — 1)° (b + 2)

P Ro2 (b+az)(c+d+e)+cd)
5 (8 = ya1)e(Roy — 1) (b + a2)
2 7 Ro2((b+a)(ct+d+e)+cd)
A (8 —va1)[(c + Roy(d + €)) (b + az) +cd720,,]’

Roy2 ((b+ az)(c+d+e€) +cd)

it can be shown that A;A;As — A2 — A2A4, > 0 as the following two cases.

Case 1, if B > yo, then ¢ > 0, ¢ > 0 and ¢35 > 0. It can be seen that
A1A2A3 = Ag — A%A4 = (A1A2 — A3)A3 = A%Ll + A%(—Lg = Lg) >0

where
(B — yau)e + Roy{B — you)(e + d))
b =L > HE )
LW’ T ( Ro,2 (b + az)(c+ d +€) + cd)
(B —yoq)cd )
+cb(b+
BA0ET o) (Rof (b+az)(c+d+e)+cd)
> 0,
and
(AjAg — A3)A3 — A2Ly > (b+ 21+ é1)(b+ 200 + ap)Ty
+(2b+ 4ag + ¢+ ¢1 + ¢2)T4
+(b =+ 2(11 + (151)(6 +d+ 20(1)F5
+(2b+6a; +c+ 2+ e+ d+ az)Ts
> 0,
with
' = —(an+ax)As— L

(b + 2a1)A3 + (b + 201 + ¢1 + ¢2)F2 +cI's > 0,

PQ = Ag i (b + 2&1)@33&44 = A3 = (b + 2&1)(6 + d + 2&1)(b + as + 2&1)
= Qp+cha(b+d+20) + (e+d+201)(d1(b+ 201 + az) + pa(b+ 201))
+(€ +d+ 2a1)(b +=i€ + 2a1)¢1 > 0,

I's = As+anasay = Az — ¢rassass — (b + 2a1)aszam
= Qi +cha(b+d+20) + (e +d+ 2a1)(d1(b+ 201 + az) + ¢a(b + 201)),

Iy = J3As+annLly = Js(As + arnassass)
= J3I's >0,



65

s = —ai1As—canasay — L
= (b4 g+ 201)[(e + d + 201)(d1¢2 + 201 (b + 201 + 1)) + cha(b + 201 + )]
+(b+ 201 + ¢1)[(b+ a2 + 201) J3 + cha(b + d + 20;1))]
+(b+ 201 + ¢1) (e + d + 201)[¢1(2b + a2 + ¢+ 4ay) + (¢ + 201)(b + 201)]
> 0,

FG — J1A3 =5 L1A1
= (b + 2071 + ¢1)F7 + (b +ct+e+d+ d)g + 4(11)(b + ag + 20(1)(@1 + Qg)
+(b + ag + 2061)F5 >0,

[; = —assAs— Ly = assauls — as3(Q2 + Q3)
= (e+d+2m)[(b+ as+2a1)J2+ Q2+ Q3] > 0.

Case 2, if 8 < vay,

 (yo1 = B)c(Roy — 1)* (b + )
Roy2 ((b+ ag)(c+d+€) + cd)

_ (ye1 = B)e(Roy — 1) (b+ 3)
WP, Roy2 (b4 az)(c+d + €) + cd) o
 (you = B)[(c + Roy(d + €)) (b + @2) + cdRoy]

Roy2 ((b+ az)(c+ d+ €) + cd)

é1 < 0,

<

and ¢

From (3.34) — (3.36), it is revealed that ¢; + @; >0, g2+ a1 >0 and Js + cp3 > 0,
respectively. Next, the inequality

A1A2A3 — A% o A%A4 = (A1A2 = A3)A3 - A%(Ll + L2 + L3) (Dl)
is proved as follows. Calculating Ly 4+ L3, Jo — J3, give

Lo+ Ly = dec[pa(b+2c) — (61 + a1)ao] — (J5 + cgs) (b + o + 201) (b + 201)
+dcayog + J3(b + a2 + 204) (b + 201)
= ntvy,
Jo—Js = (e+d+2a)(b+c+d2+2a) = (b+c+201)(b+2c1)
—d1(b+c+ 2a1) — d2(b+ 201) — ch3
= (b+c+2a)(e—0b)+db+c+20+ ¢2) — ¢1(b+c+201)
—¢2b — ¢3c > 0,

where n= dC[¢2(b + 20(1) = ((}51 + al)az] = (J3 + C¢3)(b + ag + 20(1)(b + 2&1) <0
and v = deajag + J3(b+ az + 204) (b + 2a1) > 0.
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Substituting Ly + L3 into (D1) yields

(A1A2 — A3)A3 — A%(Ll +v+ T]) Z (b + 2011 + ¢1)(b + 2&1 + ag)Fl

where

Vv

Iy =

ry =

+(2b + 4a1 +c+ ¢1 + ¢2)F4

+(b+2a; + ¢1)(e+d+201)s

+(2b+6a; +c+ ¢+ e +d+ )l
> 0,

—(a11 + ax)As — (L1 + v +1)

(b+2a1)As + (b+ 201 + ¢1 + ¢2)T2 + cl'3

+(p1 4 ay)dcan + (J3 + ch3) (b + az + 204) (b + 2a;) — dega(b + 2a1)
—dcajag — J3(b+ az + 2a1) (b + 2a1)

(b4 201)((b + ag + 201)J2 + Q2 + Q3) + (b + 201 + ¢1 + ¢2)I'2 + ¢l
0,

Az — (b+ 201)ag3as

(b+2a; + ag)[Jo + J3 — (b+ 2a1)(e + d+ 20q)] + (e + d + 221) J3 + @3

(b + 201 + ag)[2a1 (b + ¢) + (b+ ¢ + 201) (o1 + ¢1) + (b+ 201)(b + a1 + ¢2)]
+c(b+ a1)(b+ 201 + a2) > 0,

Az + ajjaszagy = Az — (b+ 2a1)assas — ¢1a33a44
c(yeq — B)(Roy — 1)* (b + ag)(e + d + 201) (b + 201 + o)

Tart
2 Ror2 (b+ az)(c+d +€) + cd)

0,

J3Az + a1 Ly = J3(As + a11033044)
J3I's > 0,

—a11As — canaszayy — Ly —v—n

(b4 201 + ¢1) Az + c(b+ 201 + ¢1)(e + d + 201) (b + 221 + @2)

— (b4 ag+ 2a;)(e + d + 2a4)J3 + (¢1 + 01)dcay

+(J3 + c3) (b + ag + 201) (b + 20q) — deda(b + 201) — dearag

—J3(b+ as + 2a1)(b+ 2a1)

(b4 ag + 2a1)[(e + d + 2a1) 192 + (b + ¢1 + 201)(2ca(e + d + 201) + )]
+(¢1 4 1) (b+ ¢1 + a1)(e + d + 201) (b + a2 + 201 + ¢)

+(b + 207)(¢1 + 2 + 201) (b + 1 + 1) (e + d + 20)

+(¢1 + a1)(b+ oz + 201)J3

0,
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e = JiAs— (Li+v+n)A;
= (b+c+e+d+ oy +4a)[(b+ az+201)(Q1+Qs) —v —n] + (b+ 201 + ¢1)T7
+(b+ az + 204)Ts
> (b+c+e+d+ ¢a+4ar)(b+ oz +20)ands
> 0,

I'7 = —agpAs3—Li—-v—n
= (e4+d+2a))[(b+ a2+ 2a1)Ja + Q2 + Q3] + (¢1 + a1)dcay
+(J3 + cd3) (b + a2 + 2a1) (b + 2a1) — deda(b + 201)
—dcayag — J3(b+ ag + 2a4) (b + 204)
> (b4 ay +201)(e +2a;)(J2 — J3) + (e + d + 201)(Q2 + Q3)
d2(yay — B) (Roy — 1) (b+ a2) (b + 2a)
Ro,? (b +az2)(c+d+e) + cd)

ThUS, A1A2A3 = Ag = A%A4 > 0.
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