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Proof of Proposition 1. Let u(S) = plog (3", s exp(ux/p)). Then, we have g (S;uy) = Pr (maxyes Uy <
uy) =exp (—exp (— ((uy —u(S))/pu+7))). We consider its derivatives w.r.t. u; as follows:

000 550) 1 e (= expl~{(ue —u(S))/-+7) -xp( (e — () +7)) >0
P B0 1 (= expl (e =)+ 2) - xp(— (o =) ) (20 1),

Therefore, g, (S;uy) is concave in uy if a;exp(y) > >, g a; or equivalently a; > exp(—7) - >, ga;. Note

that v~ 0.5772 is the Euler’s constant, so exp(—+) ~ 0.5615. By Jensen’s inequality, immediatejleyswe have:
if a;; > 0.5615 - Ejes a;,

ay
@+ s 9 -
The last equality holds because of how the MNL model is derived; see, e.g., Theorem 2.2 in Anderson
et al. (1992). If a; <0.5615 - Zjes

a; [(ay + ngs a;) also by Jensen’s inequality.

Qi’(53ui’) = Qi’(S;E[Ui’]) > E[Qi'(s§ Ui’)} =

a;, the probability g, (S;u.) is convex in uy, then we have ¢, (S;u;) <

For any other alternative i € S, we have the choice probability ¢;(S;u;) = ai/zjesaj . [1 — exp( —

exp(—(us /1 +7)))]. Its derivatives w.r.t. u; can be derived immediately as follows:

i) S xp (= exp(— (s — ulS))/-+) -exp(—{(us ~ulS))/n-+) <O
PadSite) - L (—expl—((ue — ) ) (e () ) (S 1),

> es a; exp(y)
By similar argument, we can establish the comparison for the choice probabilities regarding any product 4
in the offer set S. U

Proof of Proposition 2. (a) Note that max(z,y) is a convex function in z for any given y. Denote
U(S) := max;es U; and then G(S;u) = E[max{U;,u;y :i € S}| = E[max{U(S),u}]. By Jensen’s inequality,
given any U(S), we have

Elmax{U(S), U, }JU(S)] = max{U(S), E[U]},
where the first expectation is taken w.r.t. U;. Immediately, we have
G(S:Us) = E[Efmax{U(S), U HU(S)]] = Elmax{U(S), E[U]}] = Elmax{U(S), u}) = G(S; ua),
where the first expectation is a conditional expectation.

(b) The density function for max;cg U; is also a Gumbel random variable and its density is

Jmax(x) =1/p-exp (= ((x —u(S))/n+7)) -exp (—exp (= ((x —u(S))/un+7))),
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where u(S) = plog (Y, g exp(uy/p)). Then, the perceived consumer surplus with a deterministic utility u,
can be further expressed by:

G(S;uy) = E[max{r?eangi7ui/}] =uy-exp (—exp (— ((uy —u(9))/n+7)))

+/Oo a/p-exp (= ((x—u(S))/u+7)) -exp (—exp (= ((z —u(S))/u+7)))da.

The consumer surplus can be expressed by
G(S;uy) = E[max{U(S), uy}| =ty - Foax(uy) —|—/ T frax(z)dz.
Then, we have

w = Frax(uy ) =Pr (main < ui/) :eXp(—AZaj) =qu (S;uy).

Ouy i€s _
JES

To indicate the dependence of consumer surplus on the nominal utility of any product i € S, we include
the argument «(S) in the density and distribution function:

G(S:un) = uy - [ Y e (wlu(S))dz + / T b o (2]u(S))dz,

where frax(z) =1/p-exp (= ((z —u(S))/p+7)) -exp (—exp (— ((z — u(S))/n+7))). We replace z — u(S)
with y and derive

e}

uyr —u(S)
G(S;uir) = uy /_ g(y)dy+/ (y +u(S))-g(y)dy,

i —u(S)

where g(y) =1/p-exp (— (y/u+7)) -exp (—exp (= (y/n+7))).
Then, by the chain rule for any product ¢ € S,

U wy—u(S) - :
aG(@i o 85{5) (u '/,oo g(y)dy+/u”u(s)(y+U(S))'g(y)dy) : 881(5)

_ [ du(s) _ [~ u(s
/ui/u(s)g(y)dy Bu, /u Jumax(z|u(S))da - =5 -

~

:Pr(mainZUi/fagi(S): {lfexp(fAZaJ)]o & =q;(S;uy).

= U; s Zjes a;
We have shown 0G(S;u;)/0u; = ¢;(S;uy) for any ¢ € S'.

(¢) From part (b), it is obvious to observe that G(S;u, ) is increasing in each u; for all ¢ € S’. Moreover,
we have for any i € S’

PG(S;uy)  0q;(S;uq)
= > 0.
Ou? ou;, 0

The inequality holds because of Proposition 1. Therefore, the consumer surplus is increasing convex in u;
for all i € 5. ]

Proof of Theorem 4. By the likelihood functions £(n,ng|A,v) defined in equation (3) in the complete
data case and L£(n|)\,v) defined in equation (7) in the incomplete data case, we have

K /\"k+"ki’+"k0~exp(—)\) (ng4+n,,1+ngo)! o
. . . (v ki
Hk:l (ng+ng +ngo)! HiGS;CJr np;! HZESI/€+(QM( ))

E(nanop‘av) _

K )\nk+nki/+nk0‘ Y ( + o+ ’)! ]
L@Av) T Y e = vy :ki'ﬁkeskn::' ies; (@ (V) (aro(v)) e




) )\"lco |
k=1 ano=0 nko! (aro(v k=1 k0*

T () ol
nko n

= H h(nko; A ko(V))7

where h(1405 A qro(V)) = (- o (V)™ -exp(—A- qro(V))/n40! is the probability mass function for the Poisson
random variable with mean X - gxo(v). The third equality holds because >3 _j X" - (gxo(V))™ 0 /ny0! =
exp(A - gro(V)).

Immediately, the log-likelihood function LL(n|A,v):=log(LL(n|A,v)) can be expressed as follows

LL(n|\,v) = log(L(n,no|A,v)) —log (H h(nio; A qko(v))>

= LL(n,n|A) + LL(n,ng|v) Z [nko log (X~ gro(v)) —)\-qko(v))} +C, (EC.1)
k=1
where C" = — >, Z]GS' log(nu;!). Notice that ££(n,no|\) and ££(n,ne|v) defined in equations (5) are
linear in ng respectively, so LL(n|v, ) is also linear in ng.
Then, we take expectations for both sides of equation (EC.1) with respect to ng using the probability
mass function h(nko;x(“l) ~ko(V(t*1))), where A(t=1 represents the estimated market size in step ¢ — 1, and
the choice probability g,o(V(*~1)) corresponds to the estimated parameter v(*~1) in step ¢ — 1. Therefore,

taking expectation for both sides of equation (EC.1) yields

LL(n|v,\) = LL(n, 857 |\) + £L (0,757 |v) Z[ Y -log (A~ gro(v ))f)\oqko(v)}JrC’, (EC.2)

k=1

~(t

where 7,4 ) is the expectation of a Poisson distributed random variable as shown in the E-step (9), i.e.

/ﬁl(cto) = Z h(no; P ) gro(VET ))) Mg =AY Cqro(VOTY).

ngo=0
In the M-step, we solve the MLE problem for the complete data case with ng replaced by ﬁ(()t)

max[ﬁ(n nét)|)\) and max LL(n, 8 |v),

and derive the maximizers denoted by A® and ¥®. In fact, we have obtained the closed-form solution for
A®. N® = (Zk 1 Mk N +ﬁ£)/K. Obviously, these inequalities hold

LLm0, 8P AD) > £L(n, 2’ AV) and LL(n, (" [v?) > £L(n,al" [F¢D). (EC.3)

Moreover, at the point (A, v) = (X(tfl),(?(tfl)), equation (EC.2) can be written by

=

E(H‘X(t—l),{;(t—l)) _ Eﬁ(n7ﬁ(()t)|/):(t—1))_~_££( (t)|’\(t 1) Z |:>\(t 1) . G- 1)) log (X(t—l).qko({;(t—l)))

k=1

—\¢-1 ~qko(9(t_1>)} :

while at the point (\,v) = (X(t),V(t))7 equation (EC.2) can be written by

K
E(n‘yo’ao) =LL(n, ﬁét>|X(t)) +££(n7ﬁgf)|q(t)) _ Z [X(t—l) o (VD) - log (X(t) -qko(V(t))) _® o (V)|

k=1

The constant term C’ is omitted in the above two equations for £L£ (n|§<t—1)ﬁ(t‘1)) and LL (n|X(t),V(t)).



Given any y, consider the function F(z):=y-log(x) — x. We obtain its derivatives:

F’(w):%—l and F”(m):—% <0.

One can see F(x) is concave in x and max, F'(z) = F(y). Immediately, we have
=1 o (VD) - log (X(t—l) -qko(G(t_l))) YY) o (VD)
> (=1 -qko(V(t_l)) -log (X(t) -qko(V(t))) O] -qko(V(t)). (EC.4)
Combining inequalities (EC.3) and (EC.4) yields
LL(0]AD FD) > L£(nACD F0-D), (EC.5)

Therefore, the log-likelihood function £L£ (n|X(t) , V(t)) increases in t and is bounded above, so it must converge

as t — oo. O

Proof of Theorem 7. Set A =1 for notational convenience and also without loss of generality. By qg =

exp (=Y ,c5a,), we have Y- .o a; = —log(qo) and therefore for any i € S
ai(1—qo)
i(qo) = ———-.

()= ogta0)

First, we show ¢;(qo) > asqo for any 0 < gg < 1. Consider

9(q:(90)/90) 0 a(l—qo) log(go) —go +1

= = a;
Jqo g0 —qo10g(qo) (CIo log(qo)) ?

<0, V0<go<1. (EC.6)

The inequality holds because 9(log(qo) — qo +1)/0q0 =1/go — 1 > 0 and (log(qo) — qo + 1)|qO:1 = 0. Then,
¢:(q0)/qo is decreasing in ¢o. Moreover, lim,, 1 ¢;(¢o0)/qo = limy, 1 a;(1 — qo)/(—qolog(qo)) = a;. Therefore,
we have ¢;(qo) > a;qo for any 0 < go < 1.

Recall ¢ > 7, so for any ¢ € S*
a;(1—7)
—71log(T)’

Suppose that all the products including product i’ are labelled in the revenue-decreasing order. We will

7 <q-

(EC.7)

show that there exist two consecutive revenue-ordered assortments, denoted by S,_; and Sy, such that
YR(S,_1)+ (1 —7)R(Sk) > %ﬁm - R(S*), where S;, :={1,2,...,k} and 0 <y < 1.

For any offer set S, let Q(S) be the sum of the choice probabilities for all items in set S, excluding
the no-purchase option, i.e., Q(S) =3, c¢;(S) =1 —exp (- Azjesaj). We observe that Q(S) is larger
if the offer set S is larger. Then, for any set S, there exists k such that Q(S,_1) < Q(S*) < Q(S). For
such k, let 0 <+ <1 be the coefficient such that YQ(Sx_1) + (1 —¥)Q(Sk) = Q(S*). Immediately, we have
Yq0(Sk—1) + (1 —=7)qo(Sk) = qo(S™*). Next, it holds that for each j < k,

V45 (Sk—1) + (1 =7)g;(Sk) =743 (90 (Sk—1)) + (1 = 7)a; (90 (Sk))
—7log(7) | ;(S%).

> a00(Sk1) + (1= 7)as00(51) = 4,00(57) 2 5
The first inequality holds because ¢;(qo) > a;qo; the second inequality holds because of the inequality (EC.7).
Note that ¢;(5*) =0 for any j ¢ S*. Then,

1—7

—rlog(7) (745 (Sk-1) + (1 =7)a;(Sk)) — 4;(S*) > 0.
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Moreover, by similar argument for (EC.6), we can show _Tllgg(ﬂ > 1 for any 0 < 7 < 1. Therefore, we have
the following comparison:

e [R5+ (1= R(S)] (S

_jépj' {%(W%(Skl)ﬂlv)%(sk))qj(S*)} +%;(T)-(l V)P - 6 (Sk) M;S*p] ¢ (S
>pk~: oy () (=D (50) (8 |+ S 05— B pals
> pr (%j’ﬂb’(skl) +(1=7)g;(S) —qj(S*)> + (1 =)pe - q(Sk) — - _>kZ€S* 4;(S7)

=i (WZ (i) + (1= 3 050 = 3 0(8) = (v@(Sk:)’; (1=7Q(S) - Q(s7)) =0

Thus, for the optimal assortment S*, there exist two revenue-ordered assortments S;_; and S} such that

1—7 1—-71
ith —  R(Sy_1) > R(5" ——— - R(S:) > R(S™).
either 7T10g(7_) ( k 1)— ( ) or 77_10g(7_) ( k)— ( )
Finally, we have established the performance guarantee for the revenue-ordered assortments. O

Proof of Proposition 3. Without loss of generality, assume oy = 0 for the no-purchase option and then
ap = exp(ag) =1 for notational brevity in this proof. We consider the first-order condition for the aggregate

revenue w.r.t. pg:

Bi - exp(on — Bupi) ( pi - exp(a; — Bipi) _ > T A
Zjes+ exp( ijﬂ) ; Zj€s+ exp(aj - ﬁjpj) /B = pe [1 o ( JZ?; el prﬂ))}

pi -exp(o; — Bip:) _
+< o ; ZjES+ exp(a; — ijj)) TP ( Agezﬁ e ijj)) B explax = Bipy) =

It is straightforward to see that p, < oo at optimality, so we have

( b eXp(OZZ szz) —+ i ) . P ( _ AZjES+ eXP(Oé]- B ﬂjpj))
ies Zjes+ exp( ij]) ﬂk b Z]€s+ exp( ﬂ]pj)

(pz ZZ -exp(a; — Bips) )).exp( AY explay 5]]9]))./\:0_

expla; —
i€S jest p( 5]p] jest

We observe that the above equality holds at optimality for any k € S, so (p, —1/0;) is the same at optimality
for any k € S, denoted it by p.
Then, p, =p+1/8, for any k € S, and the problem (15) can be rewritten by

+1/8;)-ex i—1=p;
) = PO 1o (- (1 St 1)

i€S

-exp(—ay + Bypi — 7))} ~+ Dir - €Xp (— (1 + ZeXp(aj -1- ﬁjp)> -exp(—av + Birpir — V))
jes
We consider the first-order condition for R(p,py) w.r.t. py:

ORppe) exp ( - (1 +> exp(a; —1— ij)) “exp(—air + Bipir — 7)) : [1 — Bu (pif

Opy jes



— Z (f Ilz/ﬂ 2 ;i};?éo_”__ll__ﬁﬁ_g) ) : (1 + Z exp(a; —1— ﬂjp)) ~exp(—ay + Bupy —7) | =0.

Then, we have

(p+1/8:) - exp(ei —1—Bip) 1
(pz" - ; TS _ooxp(a, 1 Byp) ) : (1 + jezsexp(aj —1- ij)) -exp(—a + Bups —7) = 7

(3

Note that for any given p, it must hold py — 3, ¢ glfz]‘:/ b i;'eej&(:‘?:lljgf;’ ; > 0. The LHS of the above equation
jE J j

is increasing in p;/, so for any given p, there exists a unique p;; corresponding to the above equation. O

Proof of Theorem 8. We consider its log-derivatives as follows: for any i € S,

dlog (Rz(p)) _ l — B+ Biexp(a; — Bip;) _oXP ( - AZJ-ES+ exp(a; — 5;%‘)) - Bil exp(a; — Bip;)
op; i ' Zj€5+ eXP(ag’ _ﬁjpj) 1*6XP(*AZJ-€5+ eXP(Oéj *5]'17]'))
For any i,k € S,i# k, we have the cross-derivative:
0? log (Rl(p)) _ Bi eXP(ai *pi) ) Br exp(ak *Pk)
Op:Opy, ngs+ exp(a; —p;) ZjES+ exp(a; —p;)

exp(—AZies+ exp(a; 7ﬂjp].)) ,
- : A, B . _
(1 —exp ( — AZ:],ES+ exp(ay; — @pj)))? Biexp(a; — Bipi) - Br exp(au, — Brpx)

1 1
= A2/8iﬁk 'eXP(Oéi _pi) eXp(ak _pk) : (; - exp(x) T exp(—x) — 2) >0,

where z = AZ].65+ exp(a; — B;p;). The inequality holds because for any z > 0 we have 22 < exp(z) +

exp(—z) — 2 as follows:

d(exp(z) + exp(—z) — 2 — %)

= (exp(z) — exp(—z) — 2z)|,_ =0,

Ox z=0
82 _ —_92_ 2
(exp(x) + e;){p2( ?) ) =exp(z) +exp(—x) —2>0, Vz.
x

Then, (exp(z)+exp(—z)—2—x?) is convex in z, and therefore d(exp(x) +exp(—z) —2—1?) /Ox is increasing
in 2. Thus, d(exp(z) +exp(—z) —2—2?) /dz > 0 for any = > 0, i.e., (exp(z) +exp(—z) — 2 —2?) is increasing
in . Moreover, (exp(z) + exp(—z) —2 — z?) |x:0 =0, so 22 < exp(z) +exp(—z) — 2 for any x > 0.

Recall A =exp(—ay + Birpisr —7y). Then, dlog (Ri(p))/api can be rewritten explicitly in p;:

dlog (Rz(P)) _ i — B+ Bi exp(o; — Bip;) _oXp ( - Zj65+ exp(&; — B;p; + Bz"Pi/)) - B exp(&; — Bypi + Birpir)
Ip; 2 Zj€S+ exp(ay; — B;p;) 1 —exp ( - Zj€,5'+ exp(&; — B;p; + Bi’pi’))
where &; = a; — a; —~y for any j € ST. For any i € S and ¢/, we have the cross-derivative:

9*log (Rl(p)) _ exp(—y) - Bifir exp(G; — Bipi + Bupir)  exp(—y) BBy exp(&; — Bipi +pir) -y
9p:Opy 1 —exp(—y) (1—exp(-y))
_ exp(—y) - B; B exp(&; — Bipi + Birpir)
(1 —exp(—y))?
where y =3 exp(&; — B;p; + Bups). The inequality holds because —1 + exp(—y) +y > 0 for any y > 0.
To see this inequality, consider 9(—1 + exp(—y) +y)/0y =1 —exp(—y) >0 and (—1+exp(—y) + y){yzo =0.
Therefore, for any 7 € S, the payoff function R;(p) is log-supermodular.

(= 1+exp(—y)+y) >0.

Firm i"’s pay-off function (17) can be rewritten by

Ry (P) I=Dp; - €XP ( - Z eXp(dj = Bip; + Bi’pi’))'

jEST



Then, we derive its log-derivatives as follows:

jeSt

9*log(R: (p))

Opur 0D, = By Biexp(by; — B;p; + Bipw) > 0.

Thus, we have shown that the price competition is log-supermodular and therefore there exists a Nash
equilibrium; see Vives (2001). O

Proof of Proposition 4. We set ug = —y and then have A = exp(—uo — ) =1 without loss of generality.
We consider the first-order condition for R(p) w.r.t. py:

a];]g:)) - & exp(o;f — ) (/B —pr) - (1 - eXp(—A)) N ;pi -exp(a; — Bips) - eXp(_A)Ef e =0,

where A = Zj cs exp(a; — B;p;) for notational convenience. Then, we have

_ exp(—A)(A+1)—1
(1/@@*]71@)‘ (I*GXP(*A)) *ZPi'eXP(ai*Bipi) ) A .

i€S

The RHS is independent of py, so (pr, — 1/8:) is the same for any product k € S, denoted by p. Then,
pr=p+1/p; for any k € S, and the total revenue R(p) can be rewritten by

0= 3 vt 1 [ ow (- Rewies1-an)]

We consider the first-order condition as follows:
IR(p)

“ap = ~OP(=B):3_Biexpla; —1-Bp) G(p) =0.
jeSs

where G(p) is given by

G(p)zzexp(aj;l—ﬁjp)'1+B;3§xp(B)+p and B=Yexp(a; —1-f,p).

jes jes

To show the unimodality of R(p), it is sufficient to show G(p) =0 has a unique solution. To do so, consider
exp(a; —1—

0G(p) _ 1 eXp(B)+i(2+1}3—2e>qp(B)+Bexp(B)).Z - ij>.ZBjexp(aj—l—ij).

jes J jes

ap B B B3

We observe 9(2+ B — 2exp(B) + Bexp(B)) /0B =1 — exp(B) + Bexp(B) > 0 for any B > 0 because 9(1 —
exp(B)+ Bexp(B)) /0B = Bexp(B) >0 for any B >0 and (1—exp(B) —|—Bexp(B))|B:0 =0. Notice (24 B —
2exp(B) + Bexp(B)) |B:0 =0, so 2+ B —2exp(B) + Bexp(B) >0 for any B > 0. By the Cauchy-Schwarz
inequality, we have

Z 1/B; - exp(a; —1—B;p) - Zﬂj -exp(a; — 1= f;p) > B?,

j€S j€S
where again B=3_._;exp(a; —1— ;p). Therefore, we have

0G(p) , _ 1  exp(B)
dp — B B
We observe that
6(1+1/B+eng)—exp(3)/3) _ % (—1+(1- B+ B%)-exp(B)) >0, VB >0,
because O( — 1+ (1 — B+ B?)-exp(B))/0B = (B+ B?)exp(B) >0 for any B>0 and (— 1+ (1— B+ B?)-
exp(B)) |B:O = 0. Moreover,

exp(B)
e

1 1
+?(2+B—Qexp(3)+3exp(3)) -32:1+E+exp(3)—

3 expéB)) _1

1-— B
= J]lgirr})(l +exp(B)) + lim 1= exp(B)

) 1
lim (1 + B +exp(B) lim 5

B—0
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Thus, for any p we have

exp(B)

9G0) 51 L4 exp(B) =

dp B
so G(p) is increasing in p. We also observe G(0) < 0 because 1 + B — exp(B) < 0 for any B > 0, and

>1>0,

lim, ., G(p) = co. Therefore, there exists a unique solution to G(p) =0 and then R(p) is unimodal in p. O

Proof of Theorem 9. For the payoff function:

D exp(ozi - /szz)
o= 2O 1 (ot

we consider its log-derivatives as follows:

M _ l — B+ Biexp(a; — Bipi) . e=p ( - AZjeS exp(ay — ijj)) -AB;exp(o; — Bips)
op; i Y esexp(a; — B;p;) 1—exp (=AY gexp(ay — B;p;)) ’
0? log (R,(p)) _ Biexp(a; — Bip:) ) B exp(ay, — Brpr)
Op;Opy, Zjes exp(a; — B3;p;) Ejes exp(ay — B;p;)

exp(fAZjeSexp(aj—ﬂjpj)) ,
- ABiBr i — PiDi =
(1—exp (- A esexpla; — 5129]')))2 Bif expla = Bipi) exp(ax = Bupi)
1 1

= A?B,Br exp(a; — Bips) exp(o — Bipr) - (ﬁ - exp(z) + exp(—x) — 2)’

where z = A}, exp(a; — B;p;). To show R;(p) is log-supermodular, it is sufficient to show 2? <exp(z) +
exp(—xz) — 2 for any x > 0.
We consider
d(exp(z) +exp(—x) — 2 — x2)
Ox
9*(exp(z) 4 exp(—z) — 2 — 2?)
Ox?
Then, (exp(z)+exp(—z)—2—2?) is convex in z, and therefore O ( exp(z)+exp(—z) —2—2?) /Ox is increasing

= (exp(z) — exp(—z) — 2x) |cc=0 =0,

=exp(z) + exp(—x) —2 >0, V.

in 2. Thus, d(exp(z) +exp(—z) —2 —2?) /dz > 0 for any z > 0, i.e., (exp(z) +exp(—z) — 2 —2?) is increasing
in . Moreover, (exp(z)+ exp(—z) — 2 — z?) |m:0 =0, so 22 < exp(z) + exp(—z) — 2 for any x > 0. Finally,
we have shown the price competition is log-supermodular and therefore there exists a Nash equilibrium.
Moreover, we can also establish its uniqueness by considering diagonal dominance. O

Proof of Proposition 5. By the proof of Theorem 10, max;es, (u;; +&;;) is another Gumbel random variable
with the scale parameter ps and mean u(S;) := p2 log (Z]ES?; exp(u;j/p2)). We define U(S;) := max;es, Uj =
max;es, (Wi; + &;) + &. Then, the U(S;)’s are independent Gumbel random variables with the same scale
parameter p; for all i =1,2,...,m, and E[U(S;)] = u(S;).

Therefore, we have

i (S;u0) = Pr(U(S:) > U(S;),¥j #1,U(S;) > uo) - Pr (Us; > U, Vk # 7)
exp (w(S;)/p)
Z:il exp (U(Si)//h
)

B exp (u(S;)/p) T —exp (- mex u(S. - exp(ui;/p2)
= S ey | (Ao )] 5 Ry

The second equality holds because of Theorem 1; the third equality holds because of the MNL model. [

) : [1_6XP (‘Azm:exl) (U(Sz)/ﬂl)ﬂ “Pr(ug; + & 2w + &, VR # 7)




