REVIEW OF ECONOMIC PERSPECTIVES — NARODOHOSPORSKY OBZOR,
VOL. 12, ISSUE 4, 2012, pp. 223-234, DOI: 10.2418A35-012-0012-8

Access Pricing Under Imperfect Competition
Reconsidered
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Abstract: This paper claims that Onemli’s results publishedAccess Pricing under
Imperfect Competition”, Review of Economic Perspectives, 2012, are incorrect.
Contrary to Onemli, we claim that in an industryheke a monopoly incumbent
produces a key input used by itself and its conyrstion a downstream market which
is Cournot oligopoly, the regulator should set seeond-best access charge such that
the incumbent’s total profit is zero if the firsedt access charge is not feasible. The
competitors’ ability to produce the key input theiwes does not change the outcome
since no competitor chooses to use this option tids regulation. We also discuss
some limitations of the Onemli’'s model.
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Introduction

In this paper, we revise the results that Onemiilipbed in his paper “Access Pricing
Under Imperfect Competition”Review of Economic Perspectives, 2012. Following
Spencer and Brander (1983) and Vickers (1995), dinsetudies how to regulate
“industries that contain both naturally monopotistand potentially competitive
activities”  (Vickers, 1995, p.1). Examples of suclindustries include
telecommunications, electric power industry, ndtges industry, railways and others.
Onemli (2012) considers an industry that consi$ta eertically integrated firm (the
incumbent) and its competitors. The incumbent dpsran two subsequent markets. On
the upstream market, the incumbent is a monopalgiymer of an intermediate product.
On the downstream market, it competes with therofines in production of a final
good. All firms on the downstream market (includige incumbent) use the
intermediate product sold on the upstream markét@gey input. An example of such
a structure may exist in the railroads industryp@se that in the past a vertically
integrated monopoly operated both the tracks (fistream market) and the passenger
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and freight service (the downstream market). Latee monopoly incumbent was
forced to allow competition in the passenger aragfit service while retaining the
ownership of the tracks. The competitors have tp gicess charge for the use of the
tracks (the key input produced by the incumbentctvis usually set by a regulator.

The organization and regulation of such industp@ses many interesting questions. For
instance, Vickers (1995) asked whether the incutnbleould be allowed to operate on
the downstream market, Spencer and Brander (1%8@dawhat the optimal level of
theaccess chargeis when the incumbent’s profit moisbe lesser than a given amount.
Onemli (2012) asked a question similar to the domestaised by Spencer and
Brander (1983). First he shows that the first-tegtl| of the access charge is lower than
incumbent’s marginal cost, and hence the incumbeardtresponding profit is negative.
To make the incumbent produce at all, the regulassr to set the second-best level of
the access charge such that the incumbent’s poofits part is non-negative (the
participation constraint). Then he asks whethés gptimal to impose the participation
constraint on the incumbent’s upstream activitiedy,oor on its overall profit. He
explicitly assumes a linear demand curve.

Onemli’'s major results are summarized in his Prdjpos2. They are as follows:

1. The welfare is higher when the participation caaistris imposed only on the
incumbent’s upstream activities.

2. When the participation constraint is imposed omiytltie incumbent’s upstream
activities the incumbent’s profit is lower than withe constraint is imposed to
the incumbent’s overall profit.

These conclusions are wrong. We will deal with @@emli’'s model and show that his
conclusions hold true the other way round for adaclass of demand functions,
including the linear one he used. Onemli came tongrconclusions because he solved
his model incorrectly. Because his Proposition ihi®rrect, we have to providea new
analysis of the bypass problem (his Propositiont@®). We will show that his
Proposition 3 is incorrect, too. Up to this poimte stick with the Onemli’'s model
formulation (though we generalize on the demandtfan form). At the end of this
paper, we discuss other limitations of the (cotyeslved) Onemli’'s model.

Model

In conformity with Onemli (2012), we assume an isiy that consists of two markets
(the upstream and downstream ones) and two kindgro$§ (one incumbent and its
n — 1 competitors). The incumbent is a vertically intggd firm that operates on both
these markets. In the upstream market, the incutrisea monopoly producer of an
intermediate product. The intermediate goodis thdy cand essential input for
production of the final good produced on the dova@mnh market. Each unit of the final
product is made from one unit of the intermediat®dy The incumbent sells the
intermediate good to its competitors on the doverastr market for the access change

The downstream market is characterized by Courfigbmoly. On the downstream

224



market, the incumbent competes withrits 1 competitors. The downstream product is
homogenous and is sold to the final customerspaica p.The final pricep is given by
an inverse demand functiom= P(Q), whereQ =gq; +q, + -+ q, is the total
industry production, i.e. the sum of quantities duced by the incumben and its
competitorsy;, j = 2,...,n. Only the production of the intermediate productastly;

its transformation to the final good has a zerd.cos

The incumbent’s total cost function G$(Q) = cQ, i.e. its marginal cost is constant
and there is no fixed cost. Its prdii{ consist of two parts: the upstream prafjt,
which is the margin charged to its competitws— c) times the amount of inputs they
buy (which is equal to the amount of their prodmc)i and the downstream
profit [T, from its own production of final goods, which isethown margin(p — ¢)
times the amount of their productigp, i.e.

=1, + T, = (w =) ) g5+ (P(Q) - s 1)
=2

Each of its competitors (denoted with the lowerexd-1) has zero cost of input
transformation, hence their cost function ds;(q_,) = wq_,, i.e. their marginal
costsare equal to the access chargnd there is no fixed cost. The competitor’s profi
is then

-, = (P(Q) —w)q-;. (@)

Assumption 1: We assume that the inverse demand fundbig@)is decreasing and
satisfies the following property’(Q) + q;P"(Q) < 0 for eachg;. This property states
that the marginal revenue is decreasing. It isficgnt condition that ensures that an
equilibrium of Cournot model does exist, see Tifdl@88, p. 219 and 224-228) or
Vives (1999, p. 94-96). Note that the linear ineedtlemand curve(Q) = a — bQ used

by Onemli (2012)is a special case. Next we assBmé€c) > 0, i.e. there exists an
equilibrium where positive quantities are producéte also assume that the demand
function is derived from quasi-linear preferences.

The access charge can be set by the incumbent (if it is unregulataddy a regulatory
agency which is assumed to by fully-informed. Thedel then must be solved as a two-
stage extensive game. In the first stage, the @btarcess charge is set (either by the
incumbent to maximize its profit, or by the regalato maximize the overall welfare).
In the second stage, all firmssimultaneouslydeodéhow much to produce given the
access charge determined in the previous stage. Thus the modelth be solved by
the backward induction.

The Nash equilibrium in the second stageis detexchiby the intersection of the
reaction functions, i.e. given by the solution b tfollowing system of first order
conditions:
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S L=PQ+P @4 —c =0,
q1
dIl_, (3)
=P +P (@41 —w=0.
q-1

We denote the equilibrium quantity supplied by firet a given value of the access
chargew asq; and the market equilibrium quantity supplied agieen value of the
access charge by all firms asQ*.

The relationship between the equilibrium price dnel value of the access charge is
derived in Lemma 1.

Lemma 1: If the competitors produce a positive quantity > 0 in the downstream
market then the equilibrium final price must beagee than the access charge:

PQ" W) > w. @
Proof: We can reformulate the first order condit@hasP(Q) = w — P'(Q)q_,. Since
P'(Q) < 0, thenP(Q*(W)) > w.

Other important properties concerning the equilibriquantities are summarized in
Lemma 2.

Lemma 2: Suppose that Assumption 1 holds and > 0. If the access charge
increases then the incumbent’'s quanttyincreases and the equilibrium market
guantityQ* decreases.

Proof: Allowing for the infinitesimal change in tlaecess charge and differentiating the
first order conditions (3), we get the followingssym ofn equations

n n
P'(Q")dq; + P"(Q") dqi‘+qu} q; + P'(Q") dq;+2dq; =0,
Jj=2 j=2

n n
P'(Q)dg’, +P"(Q) | dai + ) daj |ty +P'@ )| dai + ) daj | = dw.
=2 i=2

By solving this system of equations, we obtain faonulas which state the change in
the incumbent’s quantity and change in the comgrétiguantity induced by the change
of the access charge.
” 91 P"(Q") + 2P'(Q")

P'@)[P"(@)((n — DgZ; +q;) + P/(@)(n + D]
" (n-D(P"(@Q)g: +P'(Q7))

P'(@)[Q*P"(Q") + (n+ DP'(QM]
After considering the downward-sloping marginal eewe conditionP’(Q) +
q;P"(Q) <0, we can see thatq*,/dw < 0anddq;/dw > 0. The change in the
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market quantitylQ*is the sum of the change in incumbent’s quantity e change in
the quantities supplied by its— 1 competitors.
dw (n—-1P'(Q")

P'(@9)[Q*P"(Q") + (n + DP'(QM)]
Again, the downward-sloping marginal revenue caaditensures thalQ*/dw < 0.
This completes the proof.

dQ* =dgqi + (n—1)dq’, =

Since we assume quasi-linear preferences, the lbwestfiare is an unweighted sum of
consumers’ surplus and the profits of all the firrisis easy to see that under the
assumed cost structure the overall well&rés

o
w = f (P(x) — c)dx. (5)
0

Taking into account equilibrium quantity on the dmsiveam market, we can show how
the overall welfare reacts to changes in the accbasgew. This result is derived in
Lemma 3.

Lemma 3: Overall welfard/ increases when access changdecreases until the point
when the final price equals marginal costsPi@.") = c.

Proof: Taking the derivatives of the overall wedfaaccording to the access change
we obtain
Y k-0
ow Q ow

We know tha®Q*/dw < 0, whichmeans thallW /ow < 0 as long a®(Q*) > c.

Welfare analysis

In this section, we compare welfare consequenceganbus settings of the access
charge:1) the access charge set by an unregufatechbent, 2) the access charge set by
the regulator not restricted by the participatiemstraint, and 3) the access charge set
by the regulator subject to the participation cmaist. Before presenting a formal
analysis, we give a heuristic explanation of owuhes. The results are summarized in
proposition 1. The formal proof can be found in dppendix.

First, consider the case when the access chasge ks the unregulated incumbent. The
incumbent can set the access charge so high thatther firm wants to enter the
downstream market, i.g._, = 0. Under this access charge, the incumbent prodhees
monopoly quantity} = Q™. The incumbent then obtains the monopoly pift=
(P(QM) — c)QM. There are many values of the access chafjehat ensure zero
production of other competitors; denote the setsath access chargesd$ =
{w: q*,(w) = 0}. We claim that anw" € v is the optimal access charge for a profit
maximizing incumbent. In order toprove this clainote that the sum of profits in the
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industry can never be greater than the monopoliitpamd other competitors will enter
the market if and only if their profits are non-agge. Hence, the profit of the
incumbent can never be greater than the monopolt,pf some competitors are active
on the downstream market. We denote overall welfatkis case a#/'™.

Second, consider the case when the access chageup by the regulator which wants
to maximize the overall economic welfare with nepect to the participation constraint.
It follows directly from Lemma 3 that the first-liesolution which maximizes the
overall welfare is to set such an access chargethieafinal price equals production
costs, i.eP(Q*) = c. By Lemma 1, the first best access chawdé is then smaller than
the marginal costs, i.&/? < ¢ = P(Q*). The reason is that the downstream market is
characterized by Cournot competition which resinlta positive mark-up over marginal
costs. In this case, the incumbent has negativdit pro the upstream market
becausev® < ¢, and zero profit on the downstream market bec&G6&%) = c. The
incumbent’s total proffif® is then negative. Equilibrium values in this sitoa are
indexed by superscript FB.

The first best solution requires the regulator ¢oalble to raise funds by non-distortive
taxes and make a transfer to the incumbent to @evess. If this is not the case, then
the first-best solution is not feasible becauserthambent is not willing to produce the
intermediate product at all. Therefore, we haveabalyze the second-best situation
when the regulator is restricted by the incumbepésticipation constraint. Following
Onemli (2012), we ask whether the regulator shamjgose the participation constraint
on the incumbent’s total profit, = [T, + I, or only on the profit from its upstream
activitiesIT;. The problem faced by the regulator is then

Q*
maexW = f (P(x) — o)dx
w, 0

subject tdl, + 011, = 0, whered € {0,1}.

We solve the problem in two steps. First, we fihd bptimal access charge$ and
w? for 8 = 0 (the participation constraint applied only to tileumbent’'s upstream
profit) and@ = 1 (the constraint applied to its total profit) resfreely. Then we
compare the corresponding welfé#&’to W°. The formal analysis is postponed to
Appendix but the intuition is straightforward. Lerar8 shows that the regulator
maximizing the welfare wants to set the lowest fidssaccess charge until the
participation constraint is binding. The optimalues of the access chargd andw?®
are therefore fully determined by participation stwaintsIl; = 0OandIl, + I, = 0,
respectively. To explain the intuition behind thesult, consider the situation when
8 = 0. Obviously, the optimal access charge is equaktobarginal cost, i.ev¥ = c.
The incumbent’s total profiiY is then positive, because incumbent obtains aipesi
profit on the downstream market. Hence, there @rdor lowering the access charge
and increasing the welfare, if the participatioms&naint is imposed on incumbent’s
overall profit instead.
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Results of this analysis are summarized in Projoosit. Besides others, the proposition
shows that the incumbent’s profit is higher whea fharticipation constraint applies

only to its upstream activities. The overall wedfas higher when the participation

constraint applies to the incumbent’s overall grdfiote that these results are exactly
opposite to the results presented in Proposition@nemli (2012).

Proposition 1. Consider the four cases stated above.By compadbsthe incumbent’s
profit, it holdsthafl¥ > Y > ¢ > 8. By comparison of the overall welfare, it
holds thatv "2 > W% > wV > w™,

For the formal proof see Appendix.

Bypass

Onemli (2012) also explores the possibility of apégs. He assumes of n —1
competitors can themselves produce the key inptlteatnarginal cost, i.e. at the same
cost as the incumbent. Our previous analysis allog$¢o study consequences of the
bypass in a simple way that requires no extra caatiom. Let us explore all four cases
considered above informally first; the results twen summarized in Proposition 2.

First, let us consider the case that the incumiemot regulated. When there is no
bypass, the incumbent sets the access price tteveéw™ € v™ which secures it a
monopoly position. Ifn competitors can bypass, the monopoly changessyonanetric
Cournot model withm + 1 symmetric vertically integrated firms. Such a aof@an
decreases the final price and raises the total tijyanvhich enhances the overall
welfare. Let us denote the resulting overall welfasiv €.

Second, let us consider the case that the accessipset by the regulator to its second-
best valuewV that maximizes the overall welfare provided thhé tincumbent's
upstream profit is non-negative. As we have seéh= c. Then them competitors
which can bypass have no incentive to do it—thep bay the input from the
incumbent for exactly the same price as is thein @ast of producing it. Even if they
did bypass, the equilibrium market quantity andc@rwvould not change because the
firms’ cost would be the same as with no bypasse Dherall welfare is in this
caseWy = wU,

Third, let us consider the case that the access giset by the regulator to its second-
best valuev® that maximizes the overall welfare provided tha thcumbent’s total
profit is non-negative. As we have seery, < c. Then then competitors which can
bypass have no incentive to do it—they can buyirtbet cheaper from the incumbent
for the subsidized access pris® than they can produce it. Since the welfare is
decreasing imv, the welfard/¢ = W2 is higher in this case then in the previous one.

Thus the ability to bypass is useless if the acpéss is set to its second-best value: the
downstream competitors have any incentive to bypabsitsoever, only if the
incumbent is not regulated or if the access pscget to its first-best value. The welfare
comparison is summarized in Proposition 2.
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Proposition 2: It holds thaWW™ < W < WV =Wy <w° =wy?, i.e.the bypass
improves welfare only if the incumbent is unregethtin this case, the overall welfare
is increasing in the number of bypassing finmslf the regulator sets the access charge
to wV or w9, the ability to bypass does not change the eqiilib welfare; the
equilibrium welfare is then independentrof

Proof: First, we compar#y andW?. It holds thawdIl;/dc; < 0, i.e. firm’'s profit is
decreasing in its own marginal costs (see Dixit6198 113). Hence, no firm bypasses
if w < c. We have proved that’ = ¢ andw? < ¢, which implies thay = W° and
wyY = wV. By proposition 1W° > WV, henceW? > wWY.

Now we comparéVy, WCandW™. In all cases there is a symmetric Cournot strectur
on the downstream market with the constant margausitc. The total output in
Cournot equilibrium is increasing in the numberfioins (see Amir and Lambson,
2000). There is only one firm in the monopoly cé4@?).There aren + 1 < n firms in
the bypass casé{‘) andn firms in the second-best regulation of the incunttse
upstream profitiyy = WY). We then get the result by applying Lemma 2.

Onemli (2012) claims in his Proposition 3 that eeond-besv is decreasing im and
that the overall welfare is increasing mnif the regulator set to its second-best
levelwV orw?. This claim is clearly wrong. All the second-bastess charges’ and
w?, and the overall welfar@’¥ andiW?, are independent of the number of firms which
could potentially bypass because none of thesesfirtt in fact choose to bypass under
these access charges.

Model limitations

So far, we have been working within the (slightBngralized version of the) Onemli's
(2012) model. Now we will discuss some limitatiamfshe model as such. In particular,
we claim that 1) the model structure makes somdicgithpssumptions; and 2) the model
structure without these assumptions can have dqdifferent properties than the
(correctly solved) model presented above. Thusafiicability of the model results is
somewhatlimited.

The model structure assumes that the incumbera hasnopoly in the upstream market.
This assumption cannot be motivated by fixed cbstg, as it is usual in the literature
(see e.g. Vickers (1995)), unless the precedindysisas changed substantially. Under
the assumption of huge fixed costs it might hapteat 1) the incumbent makes a
negative profit if the regulator sets the secondt lsecess pricee = ¢ because the
incumbent’'s downstream profit may be lower thanfikxed cost; 2) the second-best
access price subject to the constraint that thenmbent’s total profit is non-negative
might be higher than its marginal cost, ise> c. To motivate the monopoly position,
the model presupposes some different barriers tiy,esuch as sunk costs or patented
technology.
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A similar assumption is needed on the downstreamkehdoo. The model postulates
that the number of the incumbent’'s competitorsxésfi ton. However, their number
should be rather endogenous in the model. But utfdeercompetitors’ cost structure
(zero marginal cost and no fixed cost), infinity fofns would enter the downstream
market, changing it to perfect competition. Theutatpr’s task would be easy in such a
case. The natural way how to motivate the Courttatgire on the downstream market
is to assume that the downstream firms have sors#iveofixed cost (e.g. see again
Vickers (1995)). However, then these fixed coststnie explicitly assumed when the
overall welfare is calculated. The calculation lo¢ tsecond-best access pnicés then
difficult becausellW /dw is no longer continuous. It may happen that a el irw
will increase the overall welfare because the totaintityQ™ increases, or decrease the
overall welfare because the increase in the tatahtity Q* allows an entry of a new
firm and the increase of the consumers’ surplus b&jower than the fixed cost of the
newly entered firm. Thus the model structure isdvahly if there are some barriers to
entry to the downstream market other than fixedscos

Third, the model structure supposes that the fiest solution is not feasible. But in
some cases, the regulator can provide the incunviéimta fixed fee. Then the regulator
can cover incumbent’s loss and the first-best acdes may be a viable approach.
Hence, the model implicitly assumes that the ragulaannot make such a transfer to
the incumbent. One case when this assumption id iglwhen the regulator cannot
raise the funds with sufficiently low distortion.

Fourth, the model predicts that it is better toteetsecond-best access puicsuch that
the incumbent’s total profifl; is non-negative rather than only its upstreamipftyf is
non-negative because the overall welfare is high#re former case. However, in some
cases there might be a reason to set the secohddmsss price such that only the
incumbent’s upstream profit is non-negative. Fatance, if the incumbent’s profit is
regulated to zero, the owners of incumbent’s inpuis managers may be tempted to
inflate artificially the costs to gain extra retusn on-the-job consumption. The owners
of the incumbent firm have no incentive to redissée Eggertsson (1990, pp. 143-149)
for a short review. Regulating only the upstreamfiprcan serve as an incentive
mechanism in such a case.

Conclusions

In is paper, we have revisited the results preseiméOnemli (2012). Contrary to him,

we show that it is welfare-enhancing to impose tlo@-negativity constraint on the

overall profit of the incumbent instead of on tiheumbent’s upstream activities only.
Moreover, we show that welfare in these situatidoss not depend on the ability of the
incumbent’s competitors’to bypass.

However, the model structure, and hence these gsincls have some limitations. They
are relevant only in the situation that is chandztéel by following conditions: First,

there are barriers to entry both on the upstreasntta® downstream markets other than
fixed cost. Second, the regulator is not willingatle to pay the incumbent a lump-sum
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payment to cover its loss, e.g. because the reguisitnot able to raise the necessary
funds without sufficiently low distortion. Moreovethe conclusion does not need to
hold if the incumbentcan inflate its cost.
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Appendix

Proof of proposition 1: The proofgoes in three steps.

Step 1: 178 < 11° = 0 andWF? > w°

The first best access charge® is the solution of the unconstrained regulator's

problemmax,, fOQ*(P(x) —c)dx. It follows from Lemma 3 that the solution of the

problem iswfE such thaP(Q*) = c¢. Lemma limplies thatw™® < c. Evaluating the
incumbent’s profit at the first-best access chawge,obtain incumbent’s profitf® =
w—0c)X},q; + (P(Q) —c)g; < 0. The second best access chaig® is the

solution of the regulator’'s problem subject to tomstraintll, = 0. It follows from the
definition of the problem and the fact that thetiggration constraint is binding that
w? > wfB Lemma 3 then implies second part of the claim.

Step 211V > 1% = 0 andW? > WY,

Proof: The regulator’s problem under participatbmmstraint is
Q*
maxW = f (P(x) — c)dx
w 0

subject tdl, + 611, = 0, wheref € {0,1}.
The solution of the problem is given by Kuhn-Tuckenditions:
a[w — A(Ily + 61p)] 0

’

ow
oW — A(Tly + 611p)]

aﬂ_ =Hu+6HD SO,
A

Lemma 3 and analysis in the previous step showsttiea participation constraint is
binding at the optimum in both cases. Kuhn-Tuclanditions are then reduced to the
following equations

= /’{(HU + HD) = 0.

ow =0, )

HU + GHD =0. (7)

The optimal access charge is determined by equéfipnwhereas equation (6)
determines the value of the Lagrange multipliere iptimal access charge'$andw®
are given by conditiori; = 0 andIl, + [T, = 0 respectively.

The optimal access charg€'is given by the equatigw — ¢) X7_, g = 0. Solution of
this equation iswY = c¢. The incumbent overall profit i§IY = (P(Q*) — c)q; .
Equation (4) tells us thdl{ > 0. SincellY > 0andI{® < 0, it follows from the
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intermediate value theorem that there ewist (w2, wV) such thatIl,(w) = 0.This
proves thav® < wV. Lemma 3 then implies tha® < wVY.

Step 3: 11" > NV andW™ < WY

Proof: First we show that™ € {w:q*,;(w) = 0} andIl¥ = (P(QM) — ¢)Q™ where
QM maximizesl = (P(Q) — ¢)Q. Consider by contradiction any access chargrich
thatw & {w:qZ,(w) = 0}. The incumbent's profit i$l; < (P(Q) —c)Q — XV, I;.
Lemma 1 impliesy)_,IT; > 0, which together with(P(Q) —¢)Q < I}" imply that
mn, <nm.

Under the second best access charfe= c, itholds thatg*, > 0. As a consequence
™ > Y. Lemma 2 further shows that amy’ > wV. Applying Lemma 3, this proves
the second part of the claim.
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