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6.1. A model with discrete types
m Gross benefit:  U.(q)
m Net benefit: U.(q) - P(q)

m Firm’s profit contribution

Profit Contribution = X fi « [P(q;) — C(gy)]
=1

m Constraints
Participation constraint  U;(¢g,) — P(q;) > U,(0) — P(0) = 0.
Compatibility constraint

Ui(q:) — P(q:) = Ui(q;) — P(g;), for each j # 1.
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6.1. A model with discrete types

m Characterization of an optimal tariff
1. If P.;q, =0, type1is an active customer. Then:

vi(q;) — c(q;) = Z)\,u- [v5(g;:) — vi(q:)],

}—r—z

2. If type 1’s net benefit 1s positive, participation
constraint 1s not binding. Then:

fi = Difi — Aisfsl.
J7#1
m As Sumption: an active customer type i only binding incentive-
compatibility constraint is the one for type j=i1-1

m  OR: A; ispositive only for j=1-1
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6.1. A model with discrete types

m Def. Ai = Jirii—
Ai — Xiv1 = fi | and Ama1 =0,

Ai =k, where F, = Z fi.
m Then: .

—-

Fiy
vi(g;) = c(q;) + T][”Hl(fh) — v;(q;)] .

. T

m Other form: P, = Pi_y + Us(q:) — Ui(gs_y) ,

[vi(g:) — (@)1 F; = [Vis1(q:) — c(q:)) Fya -

p; = vi(q,) 1s optimal marginal price
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6.1. A model with discrete types

I Profit Contribution from q-th unit
if assigned to type i
(Assumes i*=1)

S/unit 9
Locii of purchase sizes q and tariffs P

with same net benefit as assigned purchase

(Assumes i*=1)

i=3 o

L
Tariff P

Purchase size q

m Extension to a continuum of types

F@)y o
&) O,

v(q(t), t) = e(q(t)) + f(t) ot
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6.1. A model with discrete types
m Marginal cost:c =0

m Hazard rate: f(¢)/['(t) 1isincreasing

m Vg, D/v(g, D) g decreasing in t but increasing in q.
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6.2. Model with one-dimensional types
m Net benefit:
Ui(q) - P(q)
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6.2. Model with one-dimensional types

m Connection to the demand-profile formulation
N(p,q) =#{t|v(q,t) > p} =#{t| D(p,t) > q} .

m Customer’s rank: 1= F(t)

m Refer to section 4. Condition for profit-maximizing
N@, @)+ Np(p,q)-[p—c] =0

m Equivalent condition is expressed:

F(t) — [f®)/ve(q, Dlv(g,t) — ] = 0,
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6.3. Two-part tariffs
m Uniform price + fixed fee

m Def. t* 1s lowest type of customer among subscriber.
(market penetration)

m Profit contribution "
PS=P-F(t,)+[p—c]- / D(p,t)dF'(t).
L.

m Customer’s surplus -
/ D(r,t)dm — P.
Jp

In type t*, CS = 0 then:

Pa / it Y.
P
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6.3. Two-part tariffs

m Profit maximizing monopoly

Condition for optimal choice of price

i T Dip, L.
poc_ 1 [1 _ Ft) “’-—}]

P _I-‘}(_]I’J'l_fa,) DU}? ts)
Where .
D(p,t,) = f D(p,t) dF(t)
te
and 7i(p, te) = -—jJI:)p(p, t.)/D(p,t.)
Ordinary uniform pricing p—c_ 1
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6.3. Two-part tariffs

m Regulated monopoly

Objective fun= CS +[1 + AJPS,

Condition for optimal choice of price

D . }j{j},f*) fj@,t3

Ordinary uniform pricing

Pp— ¥

ll} ?}{}'}‘ t:} 1

. 2 D(p, L.
i Bl ¥ !:] B .T*’{t,.,]—{'”' }] _
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6.3. Two-part tariffs
m Exp. 6-1
Demand fun. D(p,r) = r.[A-p]/B. then

Table 6.1 Example 6.1: Optimal Two-Part Tariffs

cfA plA 10 x PB/A? Pft/A?
. O i -
P=_—"[A-p) SO r.(P) = 2BP/[A — p)? 00 39 407 15
2B 10 45 330 12
20 Sl 261 i
1 30 57 200 07
Profit = E[‘D — ¢J[A — plll = 7.(P)*] + P[1 — r,(P)]. 40 63 147 05
50 70 102 04
60 76 065 0
70 82 037 01
80 88 016 0l
. T . i : 9 : ;
The two-part tariff that maximizes this profit is: q,ﬂ ,4 []::4 ?;ﬂ
gt ey I[A - ¢] and P=_"[A-pP
=c+ =[]l =1, -], : = A — 1|~
2 3 g

where re ==~ —/17/16 22 | — 0.78078 .

= | un
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6.3. Two-part tariffs

m The optimality condition as an average

The optimality condition for the marginal price

- F(t
/f, [Iﬂ — el e, 1) 3 ﬂ,f_’(-ﬁ} - Dy(p, r‘)} dF(t)=0.
The optimality condition for the marginal types

00 2 (%
/p [[7: —c] - Dp(m,t,) +a _{:tjj » Dy(r, L.:)] dm =0,

14



"
6.4. Multipart tariffs
m Equivalent to the menu of optional two-part tariffs

m n-1 two-part tariffs, in order P, <P, , and p.> p.,
(P, =0and p,=1nf. )

PS;(t) = |pi — ¢l D(pi, )+ b, CS:i@) = / D(p,t)dp
J Iy

m Aggregates:

n—1

n—1l

. ki B 1 vlisl
PS = L/ PSi(t)ya(t), cs Z/ CSi(t) dF ().
g=] " Li L

g=] *

'I},-
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6.4. Multipart tariffs

m Condition that type t. 1s indifferent between the tariff 1 or 1+1,
1s CS,(t) = CS(t.,) . Then

D(p.}), t=t1, 12, 13, 14

A
Pi-—-1 $/Unit 1), t=t1, 12, 13,
P;— Py = D(p,t:)dp- ; \
i i
SR -
ﬁn\\ AN Price Schedule
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F 6.7 Ah]ockdcl L.p schedule. Due to the increment Fy — Fi—j inthe fixed fee, type t;
is indiflere n the twa-par .1.1']T s {5 ; |‘,I.'|nt1|:.i’l,;.l,'j..
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6.4. Multipart tariffs

m Ramsey pricing: Objective fun.

7— |

biny G
Z {]f (/ D(p,t)dp + [1 + Al[p; ""-"|‘ﬂlpr~f.)) dF (1)
i o Ty

i—1

= Pi=1
+)|J"{t‘,-}/ D(p, t;) ff}.#} )
Pi

Condition for the optimal marginal price p;

o —
20
/ {I?}a = lI:-:I T I};ru-j;lg'f} + x {_ : !Jf{fﬁr,f} EIF‘I} — U
t J(t)

Condition for the optimal boundary type t.

= F(t.)
- Dyt + a8 pg 19} a0,
A: { plP )+ f”t} t(P ) d]'.'-" 0
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6.4. Multipart tariffs

m Exp.6-2
m D(p,t) =t[1-p], type uniformly distributed
m o0=1: ¢ =0. Then
p; = 1 — [t +tin]/2 and ti = 1 = [pi+pia1l/2.

m Boundary condition: t, = 1; p, = 1. Then

Tariff P(q)

t = .5 i [ R =

t= and b =l=——
n—.5 e n—.5 ¥ =

$0.2 [

- ol ki W
37 [n- 5]

1 | $0 : ' .
pems g vl g e “ = . - &

Purchase Size q

FiG. 6.8  The optimal nonlinear, 5-part, and two-part tariffs for Example 6.2
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6.4. Multipart tariffs

m A demand-profile formulation

Consumer’s surplus 1s 1n section 5. Producer’s surplus:

n—1

iy Pi— T
PS = l {N{Pn qi) - / q(p:pi,qi)dp+ [p; — c] - / q dN (p;, q]} ,
Pi i

i=1

Condition for the optimal marginal price p;
f {{\_-""n"fp! , q)+ f"s'rJ,l[Ju,, q)-1p; — c] } n'.r]a = ).
i

Condition for the optimal boundary type t.

M—1
/ {aN(p,g;)+ No(P,q(pipi,gi) - lp—c¢l} dp =0,
ol L
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6.5. Nonlinear tariff p(t)

m Producer’s surplus

D

PS = {pfil—-ﬁ:’]-D(ﬁ{t).t}rff“m—/ F(t) - D(p(t), t) dp(t) ,
JA

JO

m p(t) 1s the limit of the price p;

m t. 1s the limit of market segment boundary t..

m Customer’s surplus

Wip,t) = J; D(p,t)dp

20
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6.5. Nonlinear tariff p(t)

m Ramsey pricing problem:

Objective fun.

/” {IW (), ) + [1+ Al[p(t) — c] - D(p(t), )] f(t)

—AF(t) - D(p(t), yp'(t) } dt,

Euler necessary condition for the optimal p(t)

[p(t) — c] - Dyp(p(t), ) f(t) + aF'(t) - De(p(t), t) =0,

21
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6.6. Some example
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