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Abstract

[n this “)a'pe‘ we develop a

pai general equilibr in which entrepreneurs
ith a financial intermediary. Be-
acts are constrained efficient. After
¢ micro structure of the model captures some of the observed features
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Tor the creation of new frms and the

he nature of the financial arrangements
1 firing has important COHOOQUGHCGS for the growth of firms. One
cial contracting is enforceability, that is, the ability of each side to
J_hlu can be an impeciiant issue in the financing of firms because
specific entreprencurial ex2artise and might be worth less to investors
f Managers who lmt ted them. At the same tims the development
i trat is extremely valuable for
s the kinds of contracts we are
available for the firm to grow.
by limited enforceability are most likely
i) > voung. Albuquerque and Hopenhayn [1]
e snown that these considerations can help t< lain some of the growth characteristics
of mah_ and young firms. We know for exelz that smaller and younger firms are less
likely to distribute div'dends and that, conditional on the initial size, they tend to grow
faouer Furthﬂn rs, the i 1] i younger firms is positively correlated
! vidence that they are more likely to be
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t the firm level, it is not obvious that
Cne issue is whether the allocation

aggrega, e Cconseqt
these contracts racduces welfare significantly compared to a
v enforceable. £ relsted guestion is whether these constraints
f new Jechmo]ogies and more in
| constraints that arise
e grow u‘acteu tics of firms but
rese

urces and the propagation of new

cause ‘the economy tC e more Sensitive e ’the arrival
general to aggregs. 1
because of limited *lli‘y not only e\f’o]
they are also imrortant for the macro allocation of t
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technologies.
We study 2 gz
long-term cont
Consequently, financial co 15'1;
timal contract. At the micro ]
model of Albuques
details. One of the
querque and Hopenh

enftrepreneurs and investors enter into a
wal, me@@L to enforceability constraints.

enously in the model as a feature cf LhC 5P
closely related to Lho partial ec
nework ¢

NVES ';mept choice. lﬂ/”hiie in Albu-

Lm Por tant

model investment is cho
the shock. This timing i

once we control for tas current 3 nd rutu IO Lty or th 11,
1™ his work is close ure 01 optimal lending contracts wi
of debt repudiation. wann 2], Atkeson [2], Kehoe and Lo

Marcet and Marimon [14 ' to our work are Monge [17] and {Guin
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sad to the exclusion
been signed and
start a new investment
’thﬂ value of repudi-
n turn depends on

“saiure of our medel is that the repudiation of the contract dees nct

‘uhe financ ai markets. Cnce the ¢

& help to explain some
oecoa_dly, we show that
~ggish and amplifies

show first that [i:
n't and growth of
25 the propagation of new
their impact on c2 sut. More specifica
which contracts are mmors eLlfo._cealale (market exclusion) display less
than economies where encreea bﬂi‘ty is weal (”m market exclt

The sluggish propagation of new technolog 1 bs ted enforceabil
ain why the IT revoluticn ""ook a ]onﬁ time to dlﬁuue in Lhe 1970s, as shoy
VS"H’@, instead, provides an explanation
eloping countrles If we think that the
ustrialized countries,

of ‘Le I
limited enforcea
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ts that economies in
volatility of cutrut
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Cieerwood and Jovanovic [8].
for the higher volatility of cut
enforcement of contracts in ¢
then the former should display mor
true in the data as will be sbowﬂ in section

is an extensive literature that stu h
ent

.o shocks, This appears 1o ve

5 @ 0o

ance of financial factors o Sh:
[10}) and on the oroblem of £ deist
A hlge body of the literature is
=5 Lub abstracts from
me for the mecrs performance of the
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behavior of £rms (see, for example, T

renegetiation (see nple, Hart and Mo
& )

S'tud‘,yil_g she micro foundation of :
|
I
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implications

sconomy. 'Lhere are im’oortal ; embed these caches in a general
E’Wthrluﬂl aned 7sis stud 7 issues of macrcsconomic relevan nples are Bernanlke,
J

i}, Carlstrom and Fuerst [5], Dent : sey and Watson [7],
ore [ ?], Smith and Wang [20]. However, in most of these attempius,
~ig either excgenous or it does not play an impcitant role.
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moreticai ramework financial frictions induce a non-trivial h
s heterogeneity is important for the propadaftlon of new tect
Lavf..{clcbl L_u_iu__u that are a feature of the cotimal contract,

' ' urce constrained and these tha
oiogy 1mpacts dlﬂerem\ v oon these

In contrast,
cnelty of firms and
. Because cf he {
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two groups of firms.

only by new firms (oweﬂ that Lhey are not commltted to old 'uechnologlec) Ewc atse new
firms are constrained, their initial size is small. This implies that the initial impacy of
the new technology on aggregate productio: mall. However, as these firms grow, uheir

impact on aggregate cutput increases

I lies that the dlﬁ"uswn of th

ﬂ:‘oa) is gradual and persistent. 'umphic |

hum

—

shaped.
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“he new techrology has also important consequences for old firms that are still con-
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the productivity of a new investment
neur to default and start a new firm.

enblepreneul must increase. By in-
atlblhby constraint is relaxed and
is mechanism is what amplifies the

% e describe the model economy
nancial contract between t!
ction 4 we deﬁne the general equilibiium
the quantitative properties of the model
;i parametell/lng the model (Section £.1).
es (Section 5.2) and evaluate th

"Tre final Section 6 summarizes
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is oopulatea by & continuum of agents of
ach period a mass 1 — o of “ham is replaced by newborn agents and o
ility. A fraction e of t.e ~ewborn agents have the entreprensurs
_he remaining fraction, 1 —e, becom

~relerences and skills: The econcn
eo

By T\ [« v le, - w(s})\» (1)

‘ (A i

t=0 -

consumption, {; are working hours, (i
COUDL\/C by a/(1+7) as agent ;
sumption of risk-aversio:s
e £nancial intermediaz
< satisfies p(0) =
the condition ¢ (I
- oil consumption.

o

by wy the wage rat:
engrepreneurs, i; =

An agent with
available in that —a

!

ate if the agent remx

descrlbed below. Entrepreneurial skills fully depreci-
his 1mphes that, as long as the value of a new prmect is
reneurial skills will always undertake a project w he‘ﬂ

ng a project, an entrepreneur maintaing ths
assumption is made to simplify ths anal

positive, newboii ‘
TOUng. At the same time, by unde‘fta

.

to start new projects in future per

5]

orward to malke the fraction of new entrepreneurs e endogenous. Becausc tais featug

¢ essential for the results, we take e as exogenous.

" agsets dep °ited in a financial intermediary, agents receive (1 - r)/a if they survive

cach unit

to the next period and zero otherwise.




with entrepreneurial gkills remain inactive

the arrival of new investment prc
e
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- low preaucti

w investment projects
rpret the productivity of an inves:

¢

project as ing the state of the ¢ nt technology. 'This productivity acts as
an aggreg atb shock and in this econo j\ wsions are driven by the arriva] of more

voductive technclogies rather than the

cg*ﬁomy has the tyoical features of a mode_,
A1 investiment nroject with producti

covement of existing ones. In this sense, the
' 11’tage capital.’
erates revenues according to:

of capital, [ is the inpu: cf labor, 5 an idiosyncratic shock and z is
1 project is characterized Ly a particular z
-ent projects, however, may have diff
‘\] T2 z

he shock » is idic
dependently and
ributicn function G(7).

Ied

where k is the input s

the project-specific level of productivit;
which remains constant for that pro qu‘u.
2 depending on the vintage of the i:ic;ec‘;
and changes randomly over time. ! 1
positive section of the real line with ¢

h

ide

'

n both awumentu, strictly cencave with
-3 leng as
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of capital is chosen one period in advance, before observing the shoclk.
'~s*oec1ﬁc and it cannot be reallocated to a different project once invested.

Ck x S

eneral, we can malke the shock persistent by assuming that the z of new investment projects
pler assumption of i.i.d. shocks because the model already

follows a Markov process. Ve keep the

generates cnough persistence 3 i t 0t bhOCku
5Tt may seem strange o
when this productivi”w mes Sowever, we ulOdld mtelplet the model as a pai
representation of a : ex -rodel i which there is persistent growth and all values of z
the productivity h“ ontie 1 ] culd complicate awnlvs'ﬁ
changmg the basic dyn
Iirst, even if investment is 8
becomes sufficiently smailer
ef
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Conse value of ca | is zero.
other lue of capital is (1 —6)k
cert ver optimal to liquidate a1
projec In the rest of the paper i
the ; ad 2y is sufficiently small that it is never
opt nﬂcd to 1eph,vc an existing preiecs.’

The last assumption about the -eventiz Sechnology is that with probability 1 — ¢ the
sreject becomes unproductive. In this case tLe entrepreneur lccses the entreprencurial

e

o

kills and becomes a worker.”

Financial contract and rcpudlabmm entreprenets starts & new project
finances the inzut of capital by signing a long-term contracs ﬁqanmal 111termed ial 3

The contract is not fully enforceable.
“ehoe and Levine [
y Duacm@i par

ouguergue

vi arcet anc

wture obllga.'tlon anc L they
he varue of repudiat
i contract.

iue of the contr
plies that, as long
- 1ahe the contrac

epudiation vaive is more compie‘;{, ‘We
e"t‘eu] eneur is able to appropriate (and
:he production process. In additi
can also start a new invs

Therefore, the n@oudla \fc\.luc for
25 the value of the pontra(n is positiv
Sor the eantrenreneur, the derivat

il a Uonumct is rept ‘l

iz

colsuime
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project by entes : . Repudiation, however, also carries
with it a vost 5 10T ntrepreneur. In the al“f nce of such a cost, a financial contract may
ot exist.? This cost can be interpreted as legal punishments that reduce the uti 1

entrepreneur. Alternam ely, we could assume that, in case of repudiation, the intermed

next contract a credit .

Carries over to ©

2, certain numbers of periods

r,""i_c- el;tl epreneur may dle with nrobability

two sources of exogenous hqmdahon of the firm.
i . e demographic assumption of an

the project becomes unproductive with probabilit
exogenous death is jntrocduced for analytical convenience.
newborn agents who do not own assets to finance investment
keei) track of the dis ':‘311'-‘01'03 of asce’ts among potﬂn"c’im enL,

agsumption new entreprencurs arc
thout this assumption we \VOU]_ | have to
epreneurs. 1he exogenous probability
ms. Thic can also be obtainec without
1 prozability «. The unp,.led death

reduce the sars

assuming Lha,t plo_]ecto b-ﬁcom_c unprecuctis
probability, however, would be t00o large.
GRememer ’that by runni frm trepreneur maintains the entrepreneurial skills which allow

ntract for the cntrepreneur,

v productivity projects. The

I
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of the project ¢

at although it is nes
uctive project (give: that .
restricted the renge of \/a]ues for z), this does not mean that the entrepreneur has no

‘ecf The optlmal

o
oo

C

incentive to repudiate the contract and stert a new invesi

contract must be structured so that the entr
compatibility).

The optimal financial contract

cach history of
Lho intermediary

ization of the individual and sggregate
payments to the entrepreneur, d (divi-

capital input &' h he payments to the entrepreneur, d, cannct
Ments to the mLe" ~ediary can take negative values. To charac-
inancial contract we tse the recursive approach of Marcet and Iviarimon

the solution to a planner’s problem
] ent we assume § 1aL
Jhe inter

terl

[wb} This approach studies the optiz

who attributes certain weights to the co
tae weights are giver ;Jater we use toe

v to dotermmc tinese

[€}
(O
r
()

N A L1715
\ediar y commits to mhdi

timal contract with
ralue of this contra

L\JL that it will never rbpudw e

with one-gide commitment 15 2

lel without commitment. As we

sbions considered in this p per.

Slgned at time ¢ Deﬁm

pu:“ia‘ contract for
e satisfied

: L 1% assigned to the entrepreneur
Under the assumption of




Z5 S T > D,(8s, ks, 1) (4)
j=s

To = Zollg, w(Ss), M) — ds — kst (5)

A, >0 =0 6)

+

The abjective (3) defines the surplus cf e contract for the planner as the expected
lue o r-period flow is the weighted sum of the
Future &

Gr—pemod flows.
neur and the ir

]

?m—dgticq ( l2fines the intertemporal ¢ i n comgtraint: the value of contin-

‘/,7 /)

Fquation is
of-period resourc

finance next peri

A5 noted above, T,
K T

ERVING
T, Can  be negamve in ths case is the
ce that the wage variable w is deter

 de ocnds on the aggregate states of the economy s as specified
i tract for the two contractual p
| power of the two parties and if iz I

T

minec [ by the clearing concition

However con’tracts Si 8

min b
{/—Lsﬁ»l}s:,‘; rds Ts, s 1—1}

s=i

subject to

o= Bl 0l 1) — o — oo @)
Her1 = Hs T Vs (9)
de >0, k=0, =, (16)

d Marimen {1

3‘&/’ 1 |’]eﬁl L\)ﬂ'l

“1. a solution to the saddle point prob
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mw? whlch ﬂapDCJ“ T
sacddle —oint formula

abion constraint

variable

1 Fl bh\, nterms

weights to t

with py = A @Qd incressss the weight when the 611”01

property has a ver y | ition. The weight used b

of the contract for the sntrepreneur: the larger is Lhm '»r\fei

the contract for the entrepreneur. When the enforcement ¢ is binding, tae 3

w0

v than the 1’3'31@.‘15*‘;,%,011 value. To prevent
eage this value is by

-epreneur is si
ation, then, the promise
attributing a larger weight to the entreprencur, tha § is, by increasizg

¢ value must increase. The way ¢

“,"/' g1 -

“rom the saddle-point formulatior. ¢ ite the prebizin recursively as follows:
. . - ; - , T
VA3 k) = mﬂm max {p’a +7 = (= ) D(s, kyn) + BEW(s, K, /) (L1)

subject to

7= R,(k,w(s),n —d—F (12)
a>0, pW>up (13)
g~ H(s) (14)

able and the function H is the distribution
5 (law of motion), given the current states.

rer the variables z,
stment projects Z
- of an existing project z).

bution (measure) of firms o
. 1 Lt £
productivity of

k and 73 W] ich we
(we use the capital I
Therefore, 5 = (Z,

Before proceeding, we observe that for oronlem (3) is not well defined.
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r

because the planner would attribute more weight to tl

make infinitely large transfers from the intermaci
T ig uzlbounded below). This also implies thet z i
! han 1.

3.1 Characterization of the optimal contract

optimization solution is characterized by the

r satisfies the requived SL11np‘tion° However,
ntee that all soluticas oI the original planner’s
saddle point problem: the functica —D.(s,,7)




Dz, k) < d+ /8228 K,7), (=i >p) (16)
[BR.(K, 1) oD, (s K )]
ﬁE ( ( ) ' <’/,'” _ ,U/i) Z( ? ) . 1 (J.?)

ok

e 7 is the value of the shock that satisfies (16)
that is, D,(s,k, %) = d+ 0ED,(s', k', 7). While the derivation
the derivation of (16) is more complex and the anaiytical steps

are in the apnencix.
Conditions (15)-(17) characterizes the dynamic features of a firm induced by an optimal
financial contract. Sefore emphasizing these features, however, it will be convenient (o

state two lemmas.

Lemma 3.1 The nest veriod capital k' is fully determined oy the variables (s,%,7) and
there is ¢ map 1’ = (s, k') that satisfies conditions (15)-(17), with O(s, k') /Ck" > T.

T~ T ! S+ rimim o8 Al
Proor 5.1 Sez the aprenaiz.

!

by says that the “apltal stock and tihe idiosyneratic shocl (al::_,.' W

The lemma si

4

the aggregate states _ cs for the cheracterization of the contract. Llore-
over for given stztes 5, there exists an increasing function 1 that uniquely rela «.L\,s 1 to
I/, which depends on the aggregate states. The importance of this lemma is that it allows
us to reduce the individual states of an optimal contract to k or p instead of (&, 1) (once
we know the fun«:mon JJ)

Using this lemma it is easy tc verify that there exists 4 such that Conchtlon (16) is
satisfied with the i r 8l < ity sign if n > 7. The value
of the Shock Jeio v whicn Vondmwﬂ (16) is satisfied with the in
(s,k) and it will be denoted by 7(s, k)."

The second lemma relates the function W, defined in (11). t

e ~
T

,/7

7 and with the equ:

guality sign depends on

the velues of the contracs

for the entreprenszur and the intermediary. Define } 7) th e of the centract for
s, the capital k& and the rsa’zaticn of the musymmuc
k,7) the value of the contract for tae intermed We

i“h states & and p that do not satisfies it = ¢¥(s_1, k). Hor
i1l always be satisfied. Therefore, along the equilibrium :




Lemma 3.2 The values of the coniract for the entrepreneur ana ine iniermediary are:

| D.(s,k, (s, k) if 1 <#(s, k)
T/;/'.‘/(S’”,;’,}?) - (|8>
L Du(s,kn) if > (s, k)
Vi k) = (s k,mn) — uVE(s, k, 19
e n
Proof 3.2 See the aprendiz.
uses i-e variable p to define

Jubstlu ting the definitions of W and V¥
Conseqt | ‘

- the contract value for the in

co-state g and the value of the contract
; 18 increasing in k a @116 rom lemma 3.2
repreneur is incresging in k. Thersfore,

L ul‘lu COIILTE

O

iLcreasing o is 3:_;:“':1 b to increesing the ‘:alue

rowth: ¢

%
forceanie. In this econcmy the enfo
Inais

= C

uh= 1 == 9»5, . This unphe° i

process accumulation anc ¢ i
n (] ital, which sfies
the condition SEIR(K ,w(s'),n')/0k =1 wﬂl be duwued oy /y .(5).1% Moreover, con dlblOﬂ
15) shows that, unless A; = 1, the intermediary receives all the rents. Of course, com-
petition in the intermediation sector guarantees that, in equilibrium, intermediaries and
ntrepreneurs are equally weighted by the plﬂ,nner t.e., Ay = 1. In this case the distribu-

1 ni L“w division of the surpius between the

of capital ag can be seen from equals

T

<

tion of dividends is undetermined,
two contractual nar !
n contrast, an «

0

very different pa
be binding in th i
the contract with the

contracts. Furthermore, i those peuods in which
condition (16) is S“uLlSJLG with equality (anc ze:
s*tatus is reached that bemoo) Tae ﬁafteri
N T words, whenever enforcea
“outside opticn ‘;Scnnolop“\“”/

A
gy, w,(/ J(\Si.}ﬁ

(2

the econemy mth fu

enforceablh'ty congtre

O
()

7 constraints

i 'DU..'C oi cap ual still deDends on the sggregate states because the w
i 3 6

the wage is affected by t
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average. Unce
"'bo a contract

ability protlems. in pe
unconstrained level of
mentioned in the ir
arge firms and small
later, this pattern o
the economy.

strained. As we will see
v of new technologies to

;...x ;_.

Dividend policy ana evoiwution of 61115]7611)1“6118111‘73 value: Tondition (15) tells us
erreneur, then g/ must be set to 1. Condition (16)
2 the enforceability condition is binding (that
© ciscounted value of dividends), then ' > pu
5 at the rate that satisfies equation (16) with
is not binding, 1 = pand (16) can be satisfied
"flia‘tion valus s '3_‘0‘ in the value of the
s of the shock above
b D mrL g and g = p.
see this, observe first

1 be writter

that if some dividend is paid to the ent

imposes a limit to the firm’s growth.
is, D.(s, /75,77) is greater than the ex;
and the next neriod smck of capital
en ceablhty cond

CD

equality. When th
with the vacm

s bindir ng

ciieur s

of the contract f01 he entrepreneur is equal to the dwldﬂno nlus the
alue in the next period. Furthermore, as long as ' < 1, d = 0 and
grows at rate §. Equation (20) can be interpreted as

=

contrac
the p_w,c:msed—keepmg cons ‘ualm
"he postponement of re:
ple intuition. Because the incentive compat
i (51, 1), higher vaiues promised o the sntrepreneur w higher inputs
bility vuonstramt Ag long as the repudiati
that is, 4 < 1 and &' < k(3), an increas
£ the contract.
rowth patte
iently high—enc 2long such p
cure which is e fArst appro*qme on to the
li ~dg than la
i, uooley an

divi n (15), ha«f alsc a sim-

ZLL Jf imposss ";ﬂe constramt

/‘\“

without viclating th
.

dition ulgy be bii,am i
input of capital incre

o summary, surviving L gr n characterized

enfor :aﬂze‘wt ongtralnte—




Cash flows
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Cy cengtralnea

sronosition:

Propositicn 5.0 Jontrolling for the aggreg tes, the next period stock of capital for
constrained firms is increcsing in zF'(k,n) 1 nJ’ reeability constraint is binding ond
remains constant if the enforceability consiraint is not binding.

oo - g -
Froof 3.1 inlemma 5.1
s, k,n). Mor (BOJS?“; when the en;‘orceaoz’ ity constraint 18 not Dmdzng, W= and ¥

[ ' bili int is tinding, instead, the next perio

we control fors. T

7o,

is determined by zgquation (16) after ng d =0, until k' reaches k,(s). It is ih

RS N . PO
that &' 18 Z?'LCI@C/JZIE‘;

iue for the entrepreneur. (“onsequentlyv to
1¢ entrepreneur by setting 1 > . As u
n{ is relaxed and more canital can be glvon
natibility constraint:

ing the financial co
converges to 1. At &l
ENE "{@pt a’t the OD'ii’m& 1

prevent ¢ iofa u]

ue has to
13 e—:ompatf“
Lm fArm without “olating the incer
ca qows induce hi i '

3 novev

A A atarac Fie +5 I
1w derives from the assu

lvance, before observing the shock. This is one
5 (rom Albuquerque and lIOU enhayn [”
i e ﬁxm and theu future pioﬁ

Life-cvcie of the financial contr ct:  CTnce the firm reaches the unconstrained st
ermined. At this stage the payments tc hs

the intermediary will receive a

maie these Jayme nis atter financing the op

7 could be also negative) if
tract resem !:lbs i




111Lennochary (which in this case is inter

(D

4 ey A ER L
Lne payimen ts to th

e frm’s she ] are 1 atlve

Before reaching the unconstrained statu ‘10'\,7feve'_‘, the payments to the intermediary
i lependent on the peuonnanc: of the
10W a pattern which is typice 1
we capital. These firms start with limitec
he firms are successful, until they go tub
new issues of shares and with cebt.

stucture of a shareholder contiact if we

i As it is well known, there have been

an increas 1 conr penoa ion. Stoc g resemble
he smu 2 0f the entis neur’s compensaticn in options

- ig equivalent,
gcmn., stock options

the option not tc
contracn studied in
1 the value of tae
. 1 stays the same

rever, when the performearce of the fir:
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« Value of a v firm and general equilibrium

The analysis conducted in She previous section tziss as given the initial w
ed to the entreprencur in a new contract sig “ime 1.
nis Wo1ght affects the distribution of the surplus of the contract
is equivalent to fixing the initial values of ‘

1s, the weight that is
As discussed previcus
between the twe :,onma“bual parties. [ixing A
the contract for tze entrepreneur and the interme

“When the two contractual parties sign a new ¢
the input of capital and the firm becomes operational in the next period. Using VE and |
V! defined 1n ( 8) and (19), the velues of & new contract for the entrepreneur and the

intermediary, with initial capital ©.;, av

(23)

lenoted by k,?_]_l, depends
ot fnancial markets are

s = max V(s ki) (24) :
: ]CjJr_I_ '
st V(s ki) = €
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