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Abstract

Based on the perspective of quantum games, this article studies the pricing strategies
under brand competition among three game players, which are one manufacturer selling a
product through an Internet and a retailer channels while another manufacturer selling a
substitute product only through the Internet channel. The competitive relationship among
three game players can be regarded as a quantum entanglement phenomenon. No matter
under decentralized decision-making or centralized decision-making, each game player’s
optimal profit of quantum game is higher than that of classical game when the quantum
entanglement is greater than zero. When the quantum entanglement approaches infinity, the
optimal price and optimal profit of the quantum game finally converge. The numerical
analysis shows that decentralized decision-making reduces the overall efficiency of the
supply chain. The optimal profit of each player is an increasing function of the channel
cross-price elasticity coefficient and the brand -cross-price elasticity coefficient.
Furthermore, for the dual-channel supply chain, channel competition has a greater impact
than brand competition. When brand loyalty is higher than a certain value, the optimal profit
of each player is an increasing function of brand loyalty.

Keywords: Quantum Game, Classical Game, Dual-channel Supply Chain, Quantum
Entanglement, Pricing
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xﬁ-@;’z_:
TR ] angEp
B (21) = (26) 34 x (4)~(5)~(6) *F7FERERH T 2WdH My M, 0

F5 S0 PR S e P B diE ——0 ' j=0,1,2>F1@ BX=L»"*%:
]

Xo Ly
Xy L,

Biy = 2fo(bifo—afi—aB f3)

Biy = =2bifofo + a (f¢ + fif2) + aB (fofs + 1)
Bis = =2bifofi + a (fofz + f2) + aB(f§ + fif2)
By = =2bifofi + a (f¢ + fifz) + B (fofz + 1)
By, = —2fo(bifo —a f2 — Bf1)

Bys = =2b:fof> + a (fofs + f2) + B(f& + fif2)
B31 = —2byfofz +aB (fy + fify) + B (fofi + 7))
B3, = =2byfofs + aB (fofz + f2) + B (& + fif2)
B3z = —2fo(bofo —aB f1 — B f2)

Ly = —foao — fobiv + w(=bifo +tafi +aB f;)
Ly =—(w—c)(=bifz+afy+aB fi)—foar + foav + c1(=bifo+ a fo + B f1)
Ly = —foa, + aB fov + c2(=byfo + af f1 + B 12)

BB ER (27) 0 AR I S Hcans PR

Bll BlZ Bl3
B21 BZZ B23
B31 BSZ B33

2

—2fo(bifo—afi—aB o) < =2fo(bifo—fr— f2) <O

E)xg B

ox 712 ==2fo(bifo—af, =B fi) <=2fo(bifo—fi— f2) <O
2

6:%2 = =2fo(b2fo —aB fr =B f2) < =2fo(b2fo — fi = f2) <O

#P 0 Nash sofefa ity b 915 f0 + 7+ f7 =3fofife=1> 71

Bl = (f + fi + 2 = 3fofifz) {2 [(1 + a®)B?by — 4bFb, + a®(B* + bS5
—[ (a,[?(az +p+ 0‘,32) - 461,81912 —4(a + B)biby)f
+(ap(a + a?B + B*) — 4Bb7 — 4a(1 + B)biby)f> Ifs
=2 [ab,(Bfy + afo)(fi + Bf2)
+Bby(af; +f2)((05 +B)fi +a(l+ ,B)fz)]fo
+ap(afi + ) (Bfi + afz)(fi + Bf2) }

= {2[(1 + a®)B?b; — 4bib, + a*(B* + b)If;
~[ (aB(a® + B + aB?®) — 4aPfbi — 4(a + B)b;b,)f;
+(aB(a+ a?B + B*) — 4Bb7 — 4a(1 + B)biby)f> Ify
—2[ab,(Bf1 + af2)(fi + Bf2)
+Bbi(afs + f2)((a + B)fi + a(1 + B)f2)]fo
+ap(afi + 2)(Bfi + afz)(fi + Bf2) }
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F|Bl#0 > fu* so%4# 20 (CramersRule) » 7 5 i K& f% :

1
Xo = E{L1(322333 — B23Bs;) + Ly(B32B13 — B12B33) + L3(B12B23 — B13B22)}xq

= E{L1(323B31 - 321333) + LZ(BllB33 — B13B31) -|— L3(321B13 — B11B23)}
1
Xy = W{L1(321B32 — By3B31) + Ly(B12B31 — B11B3;) + L3(B11B2; — B12B21)}
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