Optimal Divisionalization for Selling Networks of Cable Television Services

JOAO LEITAO

Universidade da Beira Interior (UBI)
Departamento de Gestéo e Economia (DGE)
(Covilha — Portugal)

Abstract

In this article, a condition for the optimal divsis number is calculated, for a market with twdlea
operators who offer a network service. The raterfalr justifying the partial covering of the natédn
market from the cable operators is presented. Eurtbre, a problem of moral hazard is revealed, fvtsic
able to appear through the implementation of fraey schemes with independent divisions. This is
particularly interesting because it can be appliedseveral industries such as Cable Television and
Entertainment, and other activities including Inttrand Computer Games Centres, which offer Interne
broadband access and network games.
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1 Introduction

The industries, which operate the creation of, cdtmalized networks (as for example, the
cable networks), and which use digital platformsdatribution, have come to assume an
increasing importance in the development of th@nat economies.

These bi-directional networks, that allow upload download of information flows, need
further investigations, that, on the one hand, @ethe producer’ (or operator’) strategy in
the determination of the optimal number of sellohigisions, and, on the other hand, the
choices in terms of the type of legal and busimedationship, to establish between the
agents.

The present article conciliates two research limaspely, the study of the Economic of
Networks (which includes the systems whose congtiiuis based on products or services
that present a complementary and interconectaktiera)a and the determination of the
optimal dimension of the networks (that is, the bemof selling divisions that guarantee the
maximization of the operator profit).
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The main innovation of the present analysis isitiwdusion of the demand curve with
realized expectations for network services, propdseEconomides and Himmelberg (1995)
and Economides (1996), into the analysis of theintgt dimension of the networks.
Moreover, the influence of the characteristicshaf hetwork services is explored, which may
reveal some complementarities, expressed by netwatkrnalities (in production, and
consumption) that may influence the strategic decisoncerned with the (total or partial)
covering of a national market of consumers (or stibers).

Taking into consideration the installed networke tbperators must proceed to the
optimisation of network externalities in consumptidhat are expressed by the service
valuation attributed by the consumers, which insesawith the number of consumers who
subscribe this service.

In the present analysis, one considers a natiorakeh with two operators, who offer
network services, under the form of integrated pgek, a re-evaluation of the incentives for
the creation of selling divisions networks, is madater, the results of a game that considers
the implementation of distinct royalties’ modalitiare analysed.

This analysis aims to extend the scope of apptinatif literature about the creation of
selling divisions networks, to present a condifionthe determination of the optimal number
of selling divisions incorporating the demand cumvéh realized expectations, and to
evaluate the impact of distinct royalties’ mode#tion the profit earned by the operator.

In the first section, a model for the determinatioihthe optimal number of selling
divisions is presented, based in a game with twase$, in which participate two cable
television operators. In the second section, a gaxpanded with three phases is developed,
taking into consideration the possibility of celetimg franchising contracts.

Finally, the main conclusions related with the depenent of the model are presented,
and the reasons for regulating cable televisionsiny are revealed.

2 The Model

In the works developed by Corchén (1991), Polas8b@), Corchén e Gonzalez-Maestre
(2000), Baye, Crocker e Ju (1996), Yuan (1999) Bnd, Fauli-Oller e Haro (2001) is
presented the problematic of the incentives for cbepanies to create selling divisions’
networks which interact in the market. Considetimgt Cournot competition scheme leads to
a perfectly competitive result, the costs of catf these networks tend for zero, given the
dissipation of the oligopoly results.

The strategic decision related with the creatiom gélling divisions’ network has usually
two effects on the total profit obtained by a firmamely, an expansion of the firm’s market
share and an increase of the competition betweeaxistent selling divisions (Yuan, 1999).

Taking into consideration the transaction of honmegeis products or services, the results
obtained in the works cited above, establish thatcreation of a new selling division has two
main effects. First, it reduces the aggregate phbwcause of the increased competition and,
second, it increases a firm’s share in the aggeegatput and profit. If the goods or services
offered by the firms are perfect substitutes, soscond effect always supplants the first.

Nevertheless, the operators can delegate to thanestirators of the selling divisions, the
production decisions, and modify its behaviour tlgio the implementation of incentives
schemes, although they still maintain for itseestment decisions regarding capacities or
new selling divisions (Veendorp, 1991 and Gonzéemstre, 2000).

Instead of the Cournot scheme that is usually cened in the divisionalization literature,
the companies can still enter in a competitive (karck, Konrade and Miiller, 2001).



The network owner can have a predatory behavioits direct competitors, as far as the
effect of property of the network generates inemporal incomes (Farrel and Katz, 2001).

In the literature concerning to the creation ofisgldivisions networks, the companies
have a strategic incentive to create independemichisee divisions, assuming that this
procedure leads to a more aggressive behaviourdier o increase the market share of the
Mother Company (Warren-Boulton, 1974; O'Brien arhffer, 1992; Baye et al, 1996; Bru
et al, 2001 and Dana and Spier, 2001).

A monopolist who offers only highly differentiatgmoducts or services, may threat the
entrant with the possibility of creating more sudlidivisions, in order to ensure the monopoly
outcome. At monopoly, the credible threat of diwlization in case of entry is enough for
the incumbent firm to earn persistently and abndignagh profits in free-entry equilibrium,
relative to the no-divisionalization case (Yuan99p

In the game presented at the last section of thislea the main economic fact that
characterizes the franchising contracts is that,iticentives of the contractual parts do not
always coincide (Klein, 1995).

Taking as starting point the pioneering work of 8aat al (1996), a simple model of
duopoly applied to a network market is presentedyhich it is considered the co-existence
of two upstream operators, who sell packages dedealevision services, and for the purpose
of distribution, use a downstream selling divisioretwork, or alternatively, an independent
franchisee divisions network.

We consider a two-stage divisionalization game wittiuopoly supplying homogeneous
services, with perfect informatibnwhere, firstly, it is determined the optimal nuenkof
subscribers and, afterwards, is calculated thengpthumber of selling divisions.

To determine the optimal number of selling divisipwe consider the establishment of
competing independent units, as being the prodes®ation of the selling divisions network
(in the company internal environment), even sorntael is also applicable equally to the
cases where the franchising option is followedl{asncompany external environment)

For simplification, we consider two identical calolgerators, which offer a homogeneous
cable television service, and support a constamgime cost €). In this formalization is
assumed that the selling divisions of the operatgrport the same marginal cost, in the
distribution of the television service.

In this analysis, we consider the transactions o@vork service, so the externalities
generated by this kind of service allow to expltre possibility of offering complementary
services, by each one of the operators, underaim bf integrated packages, as far as the
number of subscribers who subscribe the same telblsion service increases (Economides
and Himmelberg, 1995; Economides, 1996; Cabrakr8aWoroch, 1997; Yang, 1997 and
Yannelis, 2001).

! The operators have perfect information about theahd structure and technologies used in the cable
television market.

2 In the present model, like in other works in tlgigionalization literature, such as, Corchén arsh@ilez-
-Maestre (2000), Baye, Crocker and Ju (1996) ananY(1999), we assume that autonomous selling didsi
will not further divide into more independent sulsiions.



2.1  Phase 1. Optimal Number of Subscribers

In phase 1, all the selling divisions behaawda Cournot, as independent players, in a
simultaneous game, and each operator takes thsiaeeabout the number of subscribers to
reach, but considering that the market price wadpend on the number of subscribers
obtained by both operators.

For a certain cable operator, when we consider ttatnumber of subscribers of the
potential baseN°) is equal to the number of subscribers of theaitest base N), the
following proposition is observed:

Proposition 1. Given the configuration in form of invertdd of the demand curve with
realized expectations, the maximum profit of a eatyperator is obtained iN = 2/3. For
2/3< N <1, decreasing prices are observed that do not adsirofit maximization of the
cable operator.

Proof: See the appendll

To proceed to the resolution of this game, we aersihat competition is initiated in two
phases. Havingij, as being the amount of subscriptions obtainedhieyith division of
operatorj, where:i = 1..., nj; and j = 1, 2. Additionally, N j; is considered as being the total
amount of subscriptions obtained by all the sellidigisions, except the number of
subscriptions reached by thib selling division of operatgr

The profit of the selling divisio(nij) can be enunciated as:

7T, (Nijv N_ij) =N°@- N)nij — Cny; (1)
nj 2

Where: N =ZZ n; = Total number of subscribers in the cable telemisnarket.
i=1 j=1

We consider that thieh selling division of operatgrchooses;, in order to maximize its
profit. This requires that, the condition of prafiaximization be respected, given the equality
between the marginal revenue (MR) and the margiost (MC). This implies that, for any

selling division ;) the optimal number of subscribers must satisgyfttiowing condition:
N®-N°N ; =2N°n; =c (2)

To simplify the model, we consider that all theliagl divisions are identical, and then all
must choose, in equilibrium, the same optimal numioé subscribers, that is,

Oi, j;n =n; .



Taking into consideration that the total numberselling divisions is(7, +7,), sON j;

must be equal to(/7l +1, —1) [h". Substituting the conditions presented in the @J. the
following one is obtained:

Proposition 2: The optimal number of subscribers for each opeiatgiven by:

N®-c

T TN, ) @

Proof: See the appendll

Taking into consideration the result enunciatedPmoposition 2, the total number of
subscribers in the cable television markét @nd the pricep), are obtained in the following
way:
Proposition 3: The total number of subscribei) (s given by the product between the total

of selling divisions of the two cable operatorsg &ne optimal number of subscribers, and is
expressed by:

(n+n,) N°~c)

N=(7+n7,)0 - N:(” 1, +1])  N° (4)
1 2
Proposition 4: The price ) practised by each operator is given by:
p:Ne(l_N)@ p:N +(,71+,72)E: (5)
(m+n,+1)

Proof: See the appendll

2.2  Phase 2: Optimal Number of Selling Divisions

In phase 2, each one of the two operators chobsesumber of selling divisions in order to
operate in the downstream market, havingand 7,, as being the number of downstream
selling divisions, chosen by operators 1 and Zeaesvely. Additionally, a company incurs
into a sunk coskK, in the creation of the local network (in the dpedocalization of the
selling division) for the distribution of the calilelevision service. In this phase of the game,
each selling division, when establishes a pnedarns a profi(n”.) given by:

Proposition 5: The profit of each selling divisio('nij) is given by the following expression:

7y = RO el - 7 =N~ ®)

"Ny, +n, +2)

Proof: See the appendll



The two operators who anticipate the competitiotwben selling divisions in phase 2,
and that do not intend to cover the totality of tia¢ional market of cable television servites
have to establish, in phase 1, the number of getlinisions, 77, and 7,, that is going to

implement.

The profit of operator 1 can be written in the dafing way:
h
T = Z m, — Ky, (7)
i=1

Where: 77, = Profit ofith selling division of operator 1, in phase 2.

Reminding the Eq. (6), which expresses the prafitned by each selling division of
operator 1, in phase 2, the total profit of oparatoan be rewritten as follows:

AAETNE (v —cf
W 1,) =1 Ne[ﬂ/71+’72+1)2

Therefore, operator 1, in order to maximize thedijrohooses the total number of selling
divisions (7,) that will constitute its downstream distributiovetwork, considering that

operator 2 hasrf,) selling divisions. Therefore, operator 1 choo$ies best response
function (7,), taking into consideration the number of divisoowned by the operator 2

(n7,). By the calculation of the first-order conditi(ﬁml/ on, = O), we obtain the following
expression:

-Kig, (8)

Proposition 6: The best response function of operator 1 is given by:

(ve —cf EEl— " 2, } )

Ny, +, +1)° +1, +1)

Proof: See the appendll

% Remind the result enunciated by proposition 1.



In this game, when we consider that operator 2 is idéritcaperator 1, a symmetrical
condition for 77, can be met. For such, having that=7, =7,, it can be recognized that this

symmetry implies that2;” = 7, +17,. Solving the Eq. (9), in order 4o, the following one is
obtained:

Proposition 7: The optimal number of selling divisions is dependaithe differential
between the number of subscribers of the potential basthandarginal cost, as well as of
the sunk cost supported in the creation of cable tebevisétwork, and is given by:

1| (Ne-cf ;_
7 E[Wj ' (10)

Proof: See the appendll

3 Franchising Options

The theoretical framework related with franchising was e from the seminal work of
Coase (1937), which originated distinct research linesh as, the theory of agency (Ross,
1973; Arrow, 1985 and Rees 1985a, 1985b), and the ythebrspecific assets and
opportunism (Klein, Crawford and Alchian, 1978 andlMfnson, 1985).

Franchising can be considered as a form of economic relapotist is amongst the
extremes of the hierarchies and the markets (Williams@$g)19

This relationship signals the principal that grants anatfemt who receives the license or
the concession for using a product, service, technolotiade mark.

This organizational form is usually analysed in the ggsliterature from the theory of
agency perspective, stressing that monitoring costhitnagplain the use of franchising
contracts to create a mechanism for an optimal coordinafidine company activities, and
the decentralization of the decision taking process. dt @lsws the creation of downstream
distribution networks, which guarantee a greater disseimmatf independent selling
divisions (Brickley and Dark, 1987; Norton, 1988jd&tey, Dark and Weisbach, 1991; and
Gonzalez-Maestre, 2000).

To modelling this situation, after deducting the optimamber of selling divisions that
guarantees the profit maximization for the cable operatorstansdon of the game presented
in section 2 is made, that equates the implementation mfdigtinct franchising options,
which can be implemented by each one of the operators.

To extend the model presented in section 2, a game with tlavify phases is
considered:

 Phase 1: The operator chooses the optimal number sioatisj in franchising;
» Phase 2: The operator selects the royalty modality;

» Phase 3: The selling divisions (or the franchisees)ttakelecision about the number of
subscribers to reach (according to the royalty modaligcsed by the operator).



3.1  Optimal Number of Divisions in Franchising

In phase 1, and taking into consideration the result fedinad section 2.2. (Eq. (10)), each
operator chooses the number of selling divisions toat@én the downstream market.

Lemma1l: Considering that, operators 1 and 2 are identigat (7,), the optimal number

o o 1[(Ne=cf )
of selling divisions, in franchising, is given by: ZE KNG -1].

3.2 Royalties Modalities

In phase 2, the operator can apply two alternatiyalties’ modalities, to the franchisee.

3.21 Modality 1

In modality 1, we assume that the contract celeldrattween the operator and the franchisee,
establishes a price for the cable television sendqual to a cost, as well as a royalty
payment, which corresponds to a fractian) ©f the total revenue.

Celebrating this kind of contract, the profitz() * will be equal to total revenue after-
-royalty, less the corresponding cost, and is eiatedt as follows:

' =(1-a)Ph -cy (11)

Lemma 2: For any positive royalt(ﬂ > 0), the number of subscribers obtained through the

application of modality 1, is smaller than the nanbf subscribers desired by the upstream
operator.

Proof: See the appendll

* Consider Franchisee Proff),(with modality 1.



3.2.2 Modality 2

In modality 2, the contract between the operatak the franchisee establishes a price for the
cable television service equal to a cosand the royalty payment corresponds to a fraction
(a) of the total profit obtained by the franchisee.

Therefore, the profit of the franchiseg}() ® can be enunciated in the following way:
f _

In an analogous way to modality 1, this paymentesyiscauses a reduction on the MR of
the franchisee. However, such as it is easily oladde in the Eq. (12), the modality now
presented also provokes a reduction of the MC sugpdy the franchisee one.

3.3  Optimal Number of Subscribers
3.31 Modality 1
In phase 3, applying the modality 1, and considgtire equality between the net MR of the

franchisee, and the MC supported by the operatercan derive the optimal level of the
franchisee subscribers, which is given by:

Ne(l-a)-c

= Nl +, +10-0) >

Nevertheless, the operator can try to increas@tbit level, through the application of a
higher royalty.

Observing the Eqg. (13), we find out that this prhae would result in a decrease of the
number of subscribers, that is, in practice; thgalty would be charged over a smaller
volume of subscribers.

Alternatively, the operator could establish oneattyyequal to zero, however this option
would result in selling the cable television seevio the franchisee, at the marginal cost. This
situation would cause an optimal joint profit, It totality of this profit would be earned by
the downstream franchisee.

The imposition of a royalty different from zerotl®e only way for the operator to get a
positive profit. However, any increase observed ,invould cause a reduction of the number
of subscribers, which would not guarantees the mization of the two companies joint
profit.

Under the franchisee point of view, the impositafna royalty over the total revenue is
similar to the application of a rate over the totavenue. Therefore, this provides the
reduction of its MR, as well as the reduction @& tfobal incentives to reach new subscribers.

As a result of this, the royalties’ scheme showsnamerfection revealed by the fact that
franchisee reach a smaller number of subscribersgua higher price. In this situation, we
expect that, the franchisee is more interestedhenprofit maximization, in detriment of the
maximization of the number of subscribers.

® Consider Franchisee Proff),(with modality 2.



This situation describes the coordination problarginated by the implementation of
this royalty modality, which may arise between tfterests of the upstream companies, and
the downstream ones.

3.3.2 Modality 2

In phase 3, applying the modality 2, and considgthre equality between the MR and the
MC, we can derive the optimal level of subscribfns the franchisee, expressed by the
following:

N=n = N®-c
TNy, + 1, +1)

(14)

Lemma 3: For any positive royalt(ﬂ > 0), the number of subscribers obtained through the

application of modality 2, is equal to the optimmaimber of subscribers desired by an
integrated company.

Proof: See the appendll

3.4 Information Asymmetry

The joint profit maximization is provided by the H@2), which reveals the optimal level
of subscribers that is obtained. However, thisamptsometimes is not successful in the real
world, because contrarily to the assumptions usdtiis analysis, the upstream operator can
have an insufficient level of information about tiet profit obtained by the franchisee, due
to lack of information concerning the formationtioé costs supported by the franchisee.

The existence of this information asymmetry mednas, tthe upstream operator faces a
problem of moral hazard in the achievement of @smercial relations with the downstream
franchisee.

For example, considering that a franchisee suppofised cost ), in the development
of its activity, known by the franchisee, but not the operator. For such, the net profit

obtained by the franchiseerzi) ® would be equal to:
! =(t-a)thph, -cth, - F| (15)

In this situation, the franchisee can communicateigher value ofF, or transmit an
inflated value of the total costs, in order to aygpiate the totality of the profit.

In short, the liquidation of royalties based on tb&al profit (or, simply on the total
revenue) does not provide a satisfactory result floe upstream operators, since
harmonization of interests between the operatatsta franchisees, can effectively fail.

® Consider Franchisee Proff),(incorporating a fixed cost, with Modality 2.
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4 Conclusions

The main contribution of the model is revealed @ ELO), which shows that the bigger
the difference between the number of subscribetheopotential baseNf) and the marginal
cost €), and the smaller the sunk cost of the cable nétwstallation K), the bigger will be
the number of selling divisions chosen by the twerators, in phase 1 of the game. The
denominator of the Eq. (10) is also affected\NSyand then ifN°K increased, the number of
selling divisions chosen by the operators would ekese.

The operators’ decision about the decreasing ofitimber of selling divisions, on the
one hand, aims to prevent the total profit dissipatind, on the other hand, reveals the
unilateral incentive to restrict their divisionsifn further dividing.

This result diverges from the conclusions of Bayele(1996), where is argued that a
higher price-cost differential, will generate intigas for the creation of selling divisions,

and, for such reason, the optimal number of setlingsions ¢7") will be higher.

It must be stressed that the present analysispocates the demand curve with realized
expectations for a network service, in form of ined U, having this procedure as main

implication the determination of a new, that guarantees the maximization of the operators

profit, using selling division networks that guaesm a partial market covering, and taking
into consideration the sunk cost supported in thaton of the cable network.

The determination ofy" allows the two operators (duopolists, in the nalanarket) not

to come close to the competitive balance.

This analysis can help to explain the reason ferekistence of a partial covering of the
national territory, in terms of the cable televisgervice.

The situation described above suggests that thigcaterelations established with the
creation of an integrated selling divisions netwarkalternatively, a franchisees network can
be harmful to total welfare.

This type of strategic conduct by the operatorsthedranchisees needs special attention
from regulatory agencies. The cable television stdupresents, furthermore, a complex
technical composition that must be regulated, aompetitive sense, since it congregates the
broadcasting and the circuits’ areas, which makssipée the access to integrated packages
tie-in sales of different services (Basic, Premiumternet, Fixed Telephone, Interactive
Television, Data Transmission, etc).

The regulatory agencies should also take into denation the effect of this type of
vertical relations on the total welfare, as wellasdefining the relevant markets, inquiring
the conditions of entry, and controlling the exmt® of dominant positions, in order to
guarantee the inexistence of some kind of forectysagainst the entrants in the cable
television industry.
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6 Appendix

Pr oof of Proposition 1:

Taking into consideration the inverse demand cwiitle realized expectations, we find that:
T=pIN < 7=N°(1-N)N = 7=N(1-N)N - 7= N?-N?®
From the first order condition, we obtain that:

g—szoa 2N-3N?=0« N(2-3N)=0 = N=ODN=§ |

Pr oof of Proposition 2:

Considering thatp = N°(1- N)
Having: N=N ; +n;

N =0n+n,-Dn; = N ; =an

ij ij

The total profit is given by:

—_ e e e 2
=TI, = N n; -N N_ijnij -N n;” —cn;

The marginal revenue (MR) is given by the followexpression:

MR= TR = Ne - N°N , —2N°n,
on;

From the maximization profit condition, we derivetfollowing:

~ N®—c=(2N°+N°a)n, = n __N-c _ n, -__N-c
"7 N°(@+a) " Ne(p +n,+D)
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Pr oof of Proposition 4:

The price of the service offered by each cableatpeis given by:

NN - newnerqo Untm) (N°-c)|
p=N°(1-N) - p=N EEl (,71+,72+1)E( e }

(77, +17, +1) IN°

o p:NeDN +(,71+,72)|]::| .
(7 +1,+1)

Pr oof of Proposition 5:

The profit obtained by each selling division isegiby:

7T; = plhy —clhy :’n}J:|:N +(,71+,72)E:}EE . N ¢ }—CEEEN—_C}@
(,71 +’72 +1) N (/71+/72+1) N (,71+,72+1)

,T:'Ne+(f71+/72)E¢_CH N°-c }
(7, +n, +1) N®(@7, +n7, +1)

8
N
1

(N -cf }.

| NE(7,+77, +1)?

Pr oof of Proposition 6:

The total profit function of operator 1 is given: by

(. n,)=n, 3

From the first order condition, we get the follogin

ar, —0 - (Ne—c)2 o EﬁNe—c)2
a e 2 e 3
m, N® i, +7, +1)°  Nep, +n,+1)

(Ne_c)z EE 21, }
- K= 1- [ |
Neln, +m,+2)° | (m+m,+1)

15



Pr oof of Proposition 7:

Taking into consideration the result enunciatedhayProposition 6, that is:

K= (Ne_c) [El_ 2,71 :|
Ne g, +m, +1° | N, +77, +1)

Sincep;, =1, =1, we can make the correspondent substitution, ahthg following
e _ ) ]

K = (N°-c) 2Eﬁl— 2.
Ne[(ﬂ.+2/7*) (1+2/7)_

. Ve s (ne 2T ]
o KINfi+ 27 f = (N°—¢) []_1 1+2,7*}

o KN+ 27 ) =(N° —cf D(l%f?)} - KIN“ e 27 ) = (Ne =cf -
(Ne-c)zf . {M}l

*3_(Ne—C)2 . _
-2 = Kve T T e K [N°®

1
e _~P)\3
N c) 1 m
K IN®

R
—
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Proof of Lemma 2:

With modality 1 (that is, payment of a royalty ovbe total revenue), the franchisee profit is
the following:

7 =(-a)Pmy -ch, - 7z =@1-a)fN°n, - N°N ;n, ~N°n.2)-ch

ij

From the maximization profit conditon (MR = MC), ewobtain the optimal level of
subscribers with the application of modality 1:

MR=MC « [N®-N°N , -2N°n, |ffi-a)=c -

= [N*=N°(p, +7, -D)n, —2N°n, |f1-a) = ¢ - [N~ N°an, -2N°n |dfi-a)=c -
= N®-N°an; -2N°n; —aN° +aN°®an; +2aN°n; =c =

~ N®-aN°-c=(N°+2N°-aN®a-2aN°)n, -

Ne(l-a)-c
N°(m, +1, +1)1-a)

« N°(l-a)-c=n,N*(a+2))1-a) - n, =

Proof of Lemma 3:

Under the modality 2 (that is, payment of a royalter the total profit), the franchisee profit
is the following:

! =(1-a)JPm, ~cthy| - 7z =(1-a)gN°n, - N°N ;n, -N°n,2 -—crh,

From the maximization profit conditon (MR = MC), ewobtain the optimal level of
subscribers with the application of modality 2:

MR=MC « [N®=N°N , -2N°n, |ffi-a)=c(fi-a) -
~ [N®=N°an, -2N°n, |=c = N®-c=(2N°+aN®)n, -

ep=_ N-c
TON(, +n, +2)
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