APPENDIX
The Proof of Lemma 1:
A perfectly informed Marketing department chooses a trédfiel to maximize

M= <1 — %) a\ — %a/\Q.

8({7;\” :a<1—%> —ar=0

2(-5)

where the subscript stands for the decentralized case. The cost minimizing Fadenent will set the

Thus the optimal traffic level is

capacity
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Thus the profit for the firm under this decentralized struetar

. (WB=\7)a

= WV o B,
2ap

where the subscript stands for thelecentralizedtase.

Recall that under centralized structure, we have= a=(1 — /7)%, andu* = a='v"V2 (1—/7)° .

Thus the profit for the firm under this decentralized struetar
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To havell; = I}, we can setv =1 — , /7, and = 1. 0

The Proof of Corollary 1:
The firm’s total profitis(1 — L)\ — a\?*/2 — yu. Under decentralized structure, the optimal traffic level-c

sen by Marketing department($ — ,/7)ka~", and the optimal IT capacity level chosen by IT department

s (1 - /7)\//7. Therefore, the firm’s total profit i€—/2*((1 — ,/7)> — U=/2%) Under centralized
structure, the optimal traffic level chosen by Marketing atément is\* = a~'(1 — ,/¥)?, and the opti-
mal IT capacity level chosen by IT departmentais'y~'/2(1 — ,/7)*. Therefore, the firm’s total profit
is (1 —/7)*/(2a). The difference of the firm’s profits in centralized and decalized cases is therefore
(17— (1= y7)k)*/(2a). 0
The Proof of Lemma 2:

SubstitutingA; in (5), the profit function for firm can be rewritten as follows
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Thus, in equilibrium, we have the following FOCs.
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We have checked that the Hessian is negative semi-defimitetheereforell; is a concave function of

(A\i, p;). From Equations (A-1) and (A-2), for firmi = 1,2, we get the response function, in terms of

demand, as:
1 14+20\* b
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The equilibrium demand levels are further obtained as
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With the equilibrium demand levels, the optimal profits foe two firms facing inter-firm competition

follow.
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where the subscriptin IT} . . and\?_ . stands foiCentralized
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The sufficient and necessary condition fgr, . to be positive is
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Under this condition, we can also ensure mg;c is positive. 0

The Proof of Lemma 3;

The profit function of Departme of firm i can be rewritten as follows.
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Thus, at equilibrium, we have the following FOCs,

or _ o ai(L4B)((L+D)Xi+b)))
on (1 +2b)2

= 0. (A-4)

From (A-4), we get the response function, in terms of demasd,
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This response function maximizes’ sinced?r™ /oX? < 0. Thus, in the presence of competition, if
both firms make decentralized decisions on advertising @pteinning, then the equilibrium demand levels

atfirmi, ¢ = 1,2, can be obtained as below.

(A-5)

a; CLJ(]. + b)
We write the cost function for Departmelit of firm i as below.
1T )‘2
Cim = NiLi+7ipi = — + Vit
i Vikts = s Tk
Sinced?>C!™ Jou; =2X7 /(u; +A;)? > 0, fromOC" /Op; = 0, we have the minimum; = (1/,/7; — 1) A;.
Thus,C/™* = (2,/7; —v:)A;. The optimal profits for the two firms facing competition ol

Hz(i,d = 9 -

(1+2b)(1 — )2 (201 — A ki(1+b)2 = k2(1+2b)  2b(1 — /7;)k;
(11 b)? (1+0)a, )

where the subscrigtin I1; , ;, stands fodecentralized

To ensure that IIy,, is positve, we need to have kla;(1 + 0b)(1 +
2b)/ (2(14b) (kia; (1 — /%) (1+b)? — kja;b(1 — /7;)(1+b))) < 1 and kia;(1 — /7)1 + b)* —
kja;b(1—/7;)(1+0b) > 0. The latter condition also ensures thtin (A-5) is positive. 0
The Proof of Proposition 1:
1) Only One Firm Adopts Centralization
If only one of the two firms, say firm 1, adopts centralizatittven the profit function that firm 1 maximizes
iS

I ca=M — Ay — Li Ay — i,

while the Marketing department of firm 2 maximize§, , = (1 — \/72)k2As — A,.

Substituting4, in II; . 4, from 011, . ,/O\; = 0 anddll, . 4,/0p, = 0, we get the response function of
firm 1, in terms of traffic, as:

1 1+20\> b
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The response function of firm 2 is

(1—72)ks (142b\° b
Ny = S W
(03] 1+b 1+b

Thus, we have

A= (1+2b) <(1 _a‘lﬁ)z b(;_(l\f_z))kz) :



and

as a, (1+0)
Under this circumstance, optimal profits become,

(1—/)*(1+2b) ((1—\/’W)2(1+2b+2b2) 2b(1—\/%)k2>.
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To ensure thall] . , is positive, we need to have

o 2a10(1 = /72)ka(1+D)
A=V > — ooy

which also ensures that is positive.
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Note that firm 2's profit il . 4 = (1 — L2) A2 — Az — Yapt2, WhereL, = Since IT department of
firm 2 is trying to minimize

C3" = N3Lo + Y2 pta,

we haveu; = (1 —/72)\5/\/72- Thus, the optimal profits of firm 2 become,

o - (1+2b)(1— \/%)2 2(1 — \/72)ka(1+ b)? — k2(1+20b) B 2b(1 — \/ﬂ)Q
Bed 2(1+10) as(1+0) a '
To ensure thall; . , is positive, we need to have

a1 k3(1+2b)
2(1+b)(k2ar (140)(1 — \/72) — bas(1 — /77)?)

anda, k2 (1 — y/72)(1+b) — bas(1 —/71)* > 0. The latter condition also ensures thatis positive.

<1,

Note that we have

5., -5, .= d _2;/721)32; 2, (ks — (1= 72)) (1= yA2) (1 +2b+2b%) — ko (1 +2D)) .

Whenk, > (1~ /%) 0r ks < 1 — /%, we havell; , , <II;  ; whenl — /75 < ky < ((1 - /%),
we havdl; , , >1I; . .. Thus, given that firm 1 chooses centralization, firm 2 cheadeeentralization if its

- *2,c,c

Marketing department’s estimate of IT service quality ibAmen its lower and upper structure thresholds,
otherwise, it chooses centralization.
Similarly, we have

(1—y)*(1+2b)
2a,(1+0)?

Whenk; > ((1— /1) or ky <1— /7, we havell; . . >1II7 , ; whenl — /47 < k; <((1— /M),
<IIj , .- Thus, given that firm 2 chooses centralization, firm 1 cheageentralization if its

Hice—Hig.= s (kb1 — (1= /) (ka(1+2b) — (1 — /1) (1 + 20+ 2b%))

we havell*
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Marketing department’s estimate of IT service quality isAEen its lower and upper structure thresholds;
otherwise, it chooses centralization.
2) Both Firms Adopt Decentralization

From Lemma 3, when both firms adopt decentralization, we have

* J—
Hi,d,d =

(14+20)(1 = 7)* [ 2ki(1+0)*(1 — ) —kF(1+2b)  2bk;(1— /%)
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Note that we have
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(ki — (1= 7)) (ki (1+2b) — (1 — /1) (1 + 20+ 2b%)) .

As shown in the above equation, firm 1's decision on its ogtional structure when firm 2 chooses
decentralization does not dependign Whenk, > ¢(1 — /1) ork; <1— /71, we havell; ., > 117 , ,;
whenl — /41 <k, <¢(1—/7), we havdl; ., <II; , ;. Thus, given that firm 2 chooses decentralization,
firm 1 chooses decentralization if its Marketing departrisestimate of IT service quality is between its
lower and upper structure thresholds, otherwise, it ch®osatralization. Recall that, when firm 2 chooses
centralization, we have the same result (i.e., firm 1 chodseesentralization if its Marketing department’s
estimate of IT service quality is between its lower and upgiricture thresholds, otherwise, it chooses
centralization). Thus, for a given value kf, centralization (or decentralization) is a dominant siygtfor
firm i (i.e., a firm chooses a structure regardless of the struchasen by the other firm).

Similarly, whenk, > (1 — \/72) or k; <1 — /73, it holds thatll; , . > 115 , ;; whenl — /75 < ky <
¢(1—/72), it holds thatll; , . <1I3 , ;. Thus, given that firm 1 chooses decentralization, firm 2 skso
decentralization if its Marketing department’s estimétéloservice quality is between its lower and upper
structure thresholds; otherwise, it chooses centradinati 0
The Proof of Corollary 2:

It is easy to show thal¢ /b > 0. As b increases td, the upper threshol¢i(1 — /i) for centralization (via
intra-firm coordination) increases {1 — V7). When the competition level is if £; > ((1 —,/7;), then
firm i chooses centralization at equilibrium; howeverbascreases tcf), it is possible that — /7, < k; <
C(1— Vi) » which implies that firmi may not choose centralization at equilibriumklf< 1 — , /;, then
firm i chooses centralization at equilibrium, and will continaehoose centralization &sincreases. This
is because the inequality < 1 — ,/7; does not depend dm

It holds thato¢/da, > 0 andd¢/day > 0.

Whenk; > ((1 - ,/7;), asv, reduces, it could hold thatl — ,/7;) < k; < (1 — /%), whenl — \/; <
k; < {(1—./7:), asy; reduces, it could hold that <1 — /7. ]



The Proof of Lemma 4

Under the symmetric setting whede = a, = a, k, = ky = k,v1 = 72 =+, the following equations hold.

(1+20)(1 = 7)*(k = (1 = A (@ +2b)k— (1 - 7))

e+ 1o cc = (g, + 2a4) = EENOE (A-6)
My oo+ o0 — (M ca+Tz0a) = (1+2b)(1 = 7)*(k —;2(—1 ﬁgi((l +20)k=(1=v7) 4 7
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LT (1- \ﬁ)%(l;(rl?i)gﬁ ~(1=v7) (A-9)
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Whenk > ((1—,/7), where¢ = (1+2b+2b%)/(1+ 2b), from Proposition 1, the only equilibrium {g, c).
Since¢ > 1, from Equations (A-8) and (A-9), we havg .. —1I, . ;, > 0, andIl, . . — I, . 4 > 0. Similarly,
we havell, .. — II; 4. > 0, andIl, .. — Il 4. > 0. From (A-6), we havdl, .. > 11, ;4 >0, i = 1,2.
Hence, equilibrium(c, c) Pareto-dominates all the other structure combinationsciwkeads to further

conclusion thatg, c) is socially optimal. ]

The Proof of Lemma 5:

Whenl — /v <k <({(1-,/7), from Proposition 1, the only equilibrium {g/, d). From Equations (A-6)
and (A-7), we conclude thdt, c) is the social optimal. Furthermore, under the symmetritgrgeof model
parametersic, c) Pareto-dominate§l, d). Therefore(d, d) is a Prisoner’s dilemma equilibrium, which is
Pareto-dominated b, c). O

The Proof of Corollary 3:

The proof follows immediately from Lemmas 4 and 5. 0

The Proof of Proposition 2:
When(1 —,/7)/(1+2b) <k <1—,/7, the following inequalities hold.

(142b) (1 — yA)2(k — (1 — y3)) (1 4 2b)k — (1+2b+262)(1 — /7))

My ee—Isca= .
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Similarly, it holds thatll, .. — II, ;. > 0 andIl, ., — II; 4, , > 0. Thus, Centralization is thdominant
strategy for both firms. And from Proposition 1, the only digaum is (¢, ¢), which is also the dominant
strategy equilibrium.



According to the definition of Kuhn (2014), under the symrnoeesettings, the game we are studying
is a Prisoner’s Dilemma game in the strong sense, if theviatig chain inequalities hold for the game:
s 0> 15 g4 > 15 .. > 15 . 4. As shown above, we have proved thbt, . > 11, 4, , andIl, . . > Il . 4.
Under the symmetric settings, from (A-6), wh@in—/7)/(1+2b) <k <1— /7, we havdl, . . <1l 4 4.
Thus, we conclude that the chain inequalitiés,; . > 115 4 4 > Il . . > 1l . 4 are satisfied, and therefore
the game we are studying can be characterized as a Prisbilerisma game in the strong sense.

Under the symmetric settings, whéh— ., /7)/(1 +2b) < k <1 — /7, from (A-6) and (A-7), we have
IL .. <Iliga, i=1,2,andlly .. + 1o .. <ILj o g+ 1o g <II; 44 + II5 4 4. Thus, @, d) is the socially
optimal outcome, and it pareto-dominates the Prisonet&snbma equilibrium ¢, c). 0
The Proof of Lemma 6:

Whenk < (1—,/7)/(1+2b), italso holds that < 1 — /4. From Proposition 1, the only equilibrium is, (

c). From (A-6) and (A-7), we havH, .. +1I, .. > 11, . g+ 1I5 . g > II; 44+ 115 4 4. Thus, €, €) is socially
optimal, and it, under the symmetric parameter settinggtBalominatesd, d). 0
Consumer Choice Model for Firms’ Traffic

To calculate the traffic for each firm in a duopoly, we considarsumers to be heterogeneous in terms of
their intrinsic affinity for a particular firm (i.e., prior tbeing affected by any advertisement). This affinity
is captured by areference parameter,, uniformly distributed ovefo, 1]. Specifically,z, = 0 implies that
consumelp has the highest possible preference for firm 1, while= 1 represents the highest possible
preference for firm 2.

The Marketing Influencef firm i exerted on consumeris denoted byM;(z,),7 = 1,2, and is com-
posed of two effects: (1) a positive effect (i.e., a “promgtattracting” effect) caused by the advertising
of firm 4, and (2) a negative effect (i.e., a “canceling effect”) @by the advertising of firnji. The pos-
itive effect increases with the advertising level of thedbfirm, whereas the magnitude of the negative
effect increases with the intensity of advertising contetiand the advertising level of the rival firm.
Combining the positive and negative effects, we defifgz,) = (1 — z,)/24,/a, — by/245/a,, and
My (z,) = 2,\/2A5/ay — by/2A, /a,, respectively. The preference parametgmeasures the extent to

which consumep would respond to the “promoting/attracting” effect. Thegraete, on the other hand,
measures the extent to which the advertising of the rival Wwould negatively influence a consumer. Con-
sumerp’s choice of the firm to visit depends on theative Marketing Influence of the two firms imposed
on her. That is, consumerchooses firm 1 if\/; (z,) > Ms(z,), and firm 2 otherwisé.A consumer with

preferencer would be indifferent between the two firmsif, (z) = M,(Z). Therefore, we have

V241 /a1 +b(\/24A1 /a1 — \/2A5/a,)
V24, Jay + /24, ]a, '

1 Here, for simplification, we assume that a specific consumbr dsits one firm before making the final purchase. Howeiter,
can be shown that all the main findings in this study hold whéndssumption is relaxed.
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Because the consumers attracted by firm 1 are in the regiai, [e traffic attracted by firm 1 is given
by & times the total traffic. From (3), the total traffic is given R§2 A4, /a;, + /24, /a,. Hence, the traffic

attracted by firm 1 is given by, = /24, /a; + \/§b(\/Al/a1 — \/AQ/(ZQ). In general, the traffic attracted
by firmi is,

=2/ A+ V(Ao = \[ A ap) (gt =1{1,2}, (A-12)

where),; > 0.



