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Optimal Debt Dynamics, Issuance Costs, and

Commitment

Luca Benzoni, Lorenzo Garlappi, Robert Goldstein, Julien Hugonnier and Chao Ying

Abstract

We investigate optimal capital structure and debt maturity policies in the presence of
fixed issuance costs. We identify the global-optimal policy that generates the highest
values of equity across all states of nature consistent with limited liability. The optimal
policy without commitment provides almost as much tax benefits to debt as does the
global-optimal policy and, in the limit of vanishing issuance costs, allows firms to extract
100% of EBIT. This limiting case does not converge to the equilibrium of DeMarzo and
He (2019), who report no tax benefits to debt when issuance costs are set to zero at the
outset.



1 Introduction

A large and growing literature in corporate finance investigates the firm’s optimal debt policy
in a dynamic setting. Often, the focus has been on: (i) the optimal level of debt issuance, and
(ii) the optimal debt maturity. Much of this literature has studied these questions through the
lens of the tradeoff between the cost of financial distress and the benefit of tax deductibility of
interest payments. For example, focusing on firms that are subject to issuance costs, Goldstein,
Ju and Leland (GJL, 2001) show that management can increase shareholder value by issuing
additional debt whenever leverage ratios become sufficiently low.! In their framework, the
optimal debt issuance policy is characterized by a single state variable (i.e., inverse leverage) and
an “(s,S)” policy, with a region of inaction bounded by a lower threshold at which bankruptcy
occurs, and an upper threshold at which additional debt is issued.

More recently, DeMarzo and He (DH, 2019) investigate the optimal debt-issuance policy for
the case in which issuance costs are zero. Restricting their attention to Markov perfect equilibria
with no commitment, they demonstrate that the optimal debt issuance policy is characterized
by a locally deterministic process in which new debt is issued in all states of nature, even when
the firm is near default. Due to this aggressive issuance policy, DH show that such firms obtain
no tax benefits to debt, regardless of the choice of debt maturity.

Although the scopes of the GJL and DH papers do not overlap—being separated by whether
there are issuance costs, and whether management can commit to a particular debt policy—
there is a crucial difference in their implications: The GJL framework predicts that tax benefits
to debt are both positive and increasing as issuance costs go to zero. However, the DH frame-
work predicts that, regardless of the debt maturity policy, there are no tax benefits to debt
when issuance costs are zero. Moreover, GJL predict that debt is issued in discrete amounts,
whereas DH predict that debt is issued continuously.

In this paper, we investigate the impact that issuance costs have on optimal debt issuance

and maturity policies for the cases with and without commitment, paying particular attention

IEarly studies of dynamic capital structure choice include Kane, Marcus, and McDonald (1984, 1985) and
Fischer, Heinkel, and Zechner (1989).



to the case of vanishing issuance costs. We begin by generalizing the framework of GJL to
finite maturity, non-callable debt. Debt issuance is subject to a fixed cost, the size of which
is controlled by the parameter 5. We investigate optimal policies both with and without
commitment.? For both cases, and for any given value of 3, we identify the optimal (s,S)
policy in terms of a single state variable (inverse leverage (v,)) and four policy parameters: the
location of the default boundary (v,), the location of the debt-issuance boundary (v, ), the size
of the debt issuance (), and the (inverse) maturity of the debt issued (£). For the case with
commitment, the manager can choose the values of the policy parameters (v, ,~) for all future
debt issuances. However, the choice of v, is always subject to limited liability.

In contrast, for the case without commitment, the manager has control only over current
actions, such as whether to issue additional debt today, and if so, the size of that issuance
(i.e., this period’s values of (v,,7)), taking the decisions regarding future debt issuances as
exogenous. As in DH, when studying the no-commitment case, we restrict our attention to
Markov-perfect equilibria.

Our paper makes three contributions. First, we demonstrate that for any given issuance
cost parameter [ and (inverse) maturity parameter &, the optimal policy for the case with
commitment generates the highest values of equity compared to all other debt issuance policies
(v,,v,,7) consistent with limited liability. As such, we refer to this policy as the global optimal
policy. Interestingly, for sufficiently high values of 5 and &, the optimal policy is to issue no
debt, that is, v, — oco. This occurs because debt associated with high values of ¢ (i.e., short-
maturity debt) needs to be “rolled over” more often, and high values of 5 imply that issuance
costs are high. Hence, in this region, the present value of debt issuance costs outweighs the
present value of tax benefits of debt net of bankruptcy costs.

Second, we demonstrate that for any exogenously specified issuance cost parameter § and

2At the risk of fighting over semantics, we follow the literature that uses the phrases “commitment” and
“no-commitment” in a somewhat relative fashion. For example, DH refer to their equilibrium as one with no
commitment in spite of the fact that they assume commitment with respect to future debt maturity decisions.
Similarly, He and Milbradt (2016) also refer to their equilibrium solution as one of no commitment in spite of
the fact that they assume firms commit to holding their future outstanding face value of debt constant. More
accurately, we can refer to the two solutions we investigate as having “more” and “less” levels of commitment.



(inverse) maturity parameter &, the optimal policy for the case without commitment is charac-
terized by three regions: (i) As in the case with commitment, for sufficiently high values of
and &, the optimal policy is to issue no debt (i.e., optimal v, = 00); (ii) for intermediate values,
an optimal (s, S) policy exists; (iii) for sufficiently low values of § and &, no equilibrium (s, .S)
policy exists. That no equilibrium strategy exists in region (iii) underscores the inefficiency of
myopic no-commitment policies, in contrast to the global-optimal policy that generates positive
tax benefits to debt in this region.

Third, we investigate the optimal debt issuance policy when maturity is chosen optimally. As
in DH, we restrict our attention to the case in which a firm commits to a particular amortization
rate £.3 Within this setting we demonstrate that, for both cases with and without commitment,
there exists an optimal maturity (1/£*(5)) that is an increasing function of 3. This result is due
to a tradeoff between tax benefits net of bankruptcy costs, and issuance costs: Issuing short-
maturity debt has the advantage that the firm can choose relatively “high leverage” today,
which creates a large tax shelter, while assuring that the firm’s future debt obligations will be
significantly lower. Hence, even if future earning before interest and taxes (EBIT) falls, the
firm is more likely to remain solvent, in turn reducing the present value of bankruptcy costs.
However, the disadvantage of shorter maturity debt is that it is associated with an increase in
expected debt issuance costs. For decreasing values of the parameter (3, the first effect becomes
increasingly dominant, in turn decreasing optimal maturity. Indeed, as 8 goes to zero, optimal
maturity also goes to zero.

Consistent with GJL, we confirm that these policies generate significant tax benefits to debt,
and that these tax benefits increase as issuance costs drop. Moreover, we demonstrate that a
firm’s ability to choose an optimal debt maturity significantly amplifies the tax benefits to debt
compared to the GJL infinite-maturity benchmark. Indeed, for both cases with and without

commitment, we show that as issuance costs go to zero, the firm can extract 100% of the claim

3Studying optimal maturity policy under the assumption of no commitment when debt is non-callable po-
tentially leads to an intractable framework in which the current face value of debt for each vintage becomes a
state variable. As the focus of our paper is to understand the impact of issuance costs on debt policies in a
framework as close as possible to that of DH, we leave such an extension to future research.



to EBIT by combining an optimal maturity policy (§) with an optimal capital structure policy
(v,,v,,7). The implication is that, in the presence of even tiny issuance costs, when firms
can choose both their capital structure and debt maturity policies optimally, the question of
whether or not a manager can commit to the global-optimal policy is of secondary importance
in terms of available tax benefits to debt.

Importantly, these results imply that in the limiting case of vanishing issuance costs, the
optimal Markov-perfect no-commitment (s,S) policy in our framework does not converge to
the zero issuance cost solution of DH, who report no tax benefits to debt, regardless of maturity
choice. The intuition for this result is the following: consider a discrete-time setting with N
periods of length At such that (N x At) equals some finite time interval 7. Then allow for the
possibility that the optimal debt issuance policy is some combination of a locally deterministic
policy as in DH (in which the amount of debt issued in each of the N periods is of order
O(At)), and the (s, S) policy considered here (in which a finite amount debt is issued whenever
inverse leverage reaches some upper threshold). In the continuous-time limit At — 0 (and thus
N = (%) — o0), any arbitrarily small (but positive) fixed issuance cost parameter generates
an infinite present value of issuance costs if debt is issued continuously as in DH. Therefore, the
locally deterministic component of the debt policy must be set to zero, leaving only the (s,.S)
policy.*

The predictions of our model are in line with the empirical literature that investigates
the capital structure and maturity decisions of firms. By specifying fixed issuance costs, our
model predicts that debt will be issued in discrete (rather than continuous) amounts, consistent
with observation. Moreover, our model generates both persistence in leverage and a negative
correlation between profitability and leverage, consistent with the empirical literature (e.g.,

Titman and Wessels (1988) and Frank and Goyal (2014)). Intuitively, our model captures these

4At 8 = 0, there is a discontinuity in the nature of the optimal no-commitment policy. Indeed, in unreported
results, we investigate the case in which we set § = 0 at the outset of the analysis, and allow for the possibility
that the optimal debt issuance policy is a combination of a locally deterministic policy (as in DH) and the (s, .S)
policy considered here. We find that the optimal location of the upper boundary is (v, = c0), implying that
there is no (s, S) component of optimal policy when 8 = 0. This result can be seen as a special case of the proof
in DH, who show that their optimal smooth policy is the unique Markov-perfect no-commitment equilibrium
when = 0.



features because, when firms are in the inaction region, higher (lower) profitability increases
equity values while debt outstanding remains constant, leading to lower (higher) leverage. Also
consistent with our model’s predictions are Van Binsbergen, Graham, and Yang (2010), and
Blouin, Core, and Guay (2010), who document that firms are able to extract tax benefits to
debt. In agreement with our model’s prediction of an optimal maturity policy, Barclay and
Smith (1995) and Stohs and Mauer (1996) find that firms are not indifferent toward debt
maturity choice. We note that Fama and French (2002), Baker and Wurgler (2002), and Welch
(2004) provide evidence that shocks to capital structures are persistent, and that Leary and
Roberts (2005) attribute this persistence to the presence of adjustment costs, as opposed to
indifference toward capital structure. Graham and Harvey (2001) report survey evidence that
45% of CFOs are concerned with the tax advantage of interest deductibility (Figure 5, p. 210 and
Table 6, p. 212). That firms target specific minimum credit rating levels (e.g., Kisgen (2006,
2009)) is consistent with managers caring about the firm’s reputation in the debt markets,
given that debt issuance is a repeated game. This provides support for our claim that firms can
credibly commit to our global optimal policy. Finally, calibrating our model to be consistent
with empirical estimates of issuance costs in the range of 1-2% generates a predicted optimal
maturity in the range of 3-5 years, in line with empirical observation.

Our paper builds upon the quickly evolving literature that examines optimal dynamic capital
structure decisions of firms. There are only a few tractable frameworks in this literature, due
to the difficulty of pricing assets in an economy in which their current prices depend on the
future debt issuance policy of the firm.> Recent papers that investigate whether firms continue
to issue debt in high leverage states, or whether they choose to repurchase outstanding debt in
this situation, include Dangl and Zechner (2016), Admati et al (2018), Xu (2018), and Malenko
and Tsoy (2020). Whereas DH note that their findings are reminiscent of the Coase conjecture

for a durable-good monopolist (Coase (1972)), our findings are analogous to the literature

®See, for example, Titman and Tsyplakov (2007), Stebulaev (2007), Morellec, Nikolov and Schiirhoff (2012),
Décamps and Villeneuve (2014), Hugonnier, Malamud and Morellec (2015), Dangl and Zechner (2016), Benzoni,
Garlappi and Goldstein (2019).



that identifies channels through which the Coase conjecture fails.® Indeed, our finding that an
arbitrarily small debt issuance cost is sufficient to overturn the capital-structure and maturity
irrelevance result of DH is analogous to the findings of McAfee and Wiseman (2008), who show
that the presence of even a vanishingly small cost of capacity production is enough to counter
the Coase conjecture. Our paper also adds to the literature that investigates optimal maturity
structure.”

The rest of the paper is as follows. In Section 2 we present the model and derive expressions
for the claims to EBIT. In Section 3, for an exogenous choice of (3,€), we derive the optimal
debt issuance policies for both cases with and without commitment, in turn identifying regions
of the parameter space (3, ) for which the optimal solution is characterized by an (s, S) policy.
We also demonstrate that the optimal policy with commitment is in fact globally optimal.
In Section 4, we identify the optimal maturity structure policies £*(3). For both cases with
and without commitment, we show that as the debt issuance parameter 5 approaches zero, the
optimal debt maturity also approaches zero, and moreover that the fraction of the claim to EBIT
that firms can extract approaches 100%. Section 5 solves the model with vanishing issuance
costs in the presence of commitment. Section 6 concludes. We relegate proofs to Appendix A,
and discuss our claim that the optimal policy under commitment is in fact globally optimal
in Appendix B. Appendix C identifies a supermartingale, which we argue demonstrates that
if a firm finds itself with inverse leverage ratio above the debt restructuring boundary (i.e.,
Uy > v,), then it is optimal for that firm to immediately issue a sufficient amount of debt
€ (v,,v,). In the Online

b)) Yu

so that the firm’s new inverse leverage jumps into the range VUit

Appendix we (i) investigate optimal capital structure and maturity choice in the presence of
proportional costs; and (ii) investigate debt repurchase policies, and show that once realistic

issuance costs are specified, a firm cannot credibly commit to repurchase its own debt.®

6See, for example, Bulow (1982), Kahn (1986), Ausubel and Deneckere (1989).

"See, for example, Leland and Toft (1996), Leland (1998), Brunnermeier and Yogo (2009), Brunnermeier and
Oehmke (2013), He and Xiong (2012), Diamond and He (2014), He and Milbradt (2014), Abel (2016), DeMarzo,
He and Tourre (2018), Chen, Xu and Yang (2019).

8Building on our framework, Malenko and Tsoy (2020) show that firms whose EBIT can jump downward
also cannot credibly commit to repurchase their debt, even in the absence of issuance costs.



2 The Model

In this section, we investigate the optimal debt issuance policy for a firm that is subject to a
fixed cost each time it issues debt, the magnitude of which is controlled by a parameter 3. The
cost is “fixed” in that it is independent of the size of the debt issuance. For tractability, however,
we assume that issuance costs are a fraction § of the firm size. We generalize GJL to the case
of non-callable debt with exponential maturity characterized by a constant amortization rate
¢. We investigate two cases: with and without commitment. These two cases are distinguished
by whether or not the firm can commit to a particular debt issuance policy (v, ,y) for all future
periods, or whether these policy parameters can be chosen only for the current period, with
future policy decisions made by future managers.

There are two state variables in the model. The first is EBIT (Y,

"), whose risk-neutral

dynamics are exogenously specified:
ay
v = pdt + o dBY, (1)

with dBY denoting increments of a standard Brownian motion under the risk neutral measure
Q. Given the parameter restriction (r > p), the present value (V,) of the claim to EBIT can

be determined from the risk-neutral expectation:

V, = E2 U dse’"(St)Ys]: E_, (2)
t

Since the claim to EBIT is proportional to EBIT itself, it inherits the same dynamics:
av
— = pdt+odB2 (3)
v

As required to preclude arbitrage, these dynamics imply that the risk-neutral expected return

on the claim to EBIT equals the risk free rate:

dV +Y dt

v = rdt+odBY (4)



Due to the linear relation between Y, and V, in equation (2), we are free to choose either as the
exogenous state variable. We find it more convenient to choose V.

The second state variable is the face value of outstanding debt F,, which is characterized
by a constant amortization rate £ and coupon rate c. During the interval (¢,t + dt), {F, dt

units of debt mature. Thus, over this interval, the sum of coupon and principal payments to

debtholders is (¢ + &) F, dt. The effective average maturity is (%)

Here we conjecture (and later verify) that the optimal debt issuance policy can be character-
ized in terms of a single state variable v, = V,/F, that can be interpreted as inverse leverage.’
There is a lower boundary v, at which it is optimal for shareholders to default. We define the
date of this event as 7,. It therefore follows that v, = VTb / FTb . There is also an upper boundary
v, at which it is optimal to issue additional debt so that total outstanding debt scales by a
factor v (the size of which is chosen optimally). We define the date of this event as 7,. It
therefore follows that v, = V_ /F_ . Thus, at time 7,, the level of outstanding debt jumps from
F._ torF. (v > 1), and shareholders pay a fixed cost of BV, = puv,F. . Due to the presence
of fixed issuance costs, it is optimal for shareholders to follow an (s, S) policy in that no debt
is issued when inverse leverage falls in the range v € (v,,v,).

In order to price assets in this economy, it is convenient to define “period-0" as an interval
of time that includes the present moment ¢, and ends the first time either the lower or upper
boundary is reached. We refer to the date that period-0 ends as 7 = min(r,, 7, ). Each period-j,
j > 0, that follows period-0 begins at a time of debt issuance, and ends with either a subsequent
issuance or a default.

Because there are no debt issuances (or repurchases) within period-0, it follows that the

dynamics of F, are driven only by its amortization rate:

dF, = —(Fdt, (5)

t

9Note that V is not the sum of debt and equity values, but rather the claim to EBIT, which also includes the
claims to taxes, bankruptcy costs, and issuance costs. Still, we find it convenient to refer to v = % as inverse
leverage.



with solution

F = Fe ¢t Vs € (t, 1), (6)

s

for any ¢ in period-0. Given the dynamics of V, and F}, Itd’s lemma implies that the dynamics

of v, =V, /F, follow:

% = (p+¢& dt+odB% (7)

t

Note that the (inverse) maturity parameter £ is chosen by management, and that by choosing
¢ — 00, the firm can virtually guarantee that future inverse leverage will reach the upper
boundary v, prior to reaching the lower boundary v,, in turn precluding default. As such, the
present value of tax benefits to debt net of bankruptcy costs is increased by choosing large
values of ¢ (i.e., short maturity). However, such a policy also increases debt issuance costs.

These two mechanisms capture a key tradeoff in our model, as we discuss below.

2.1 Valuation of claims to EBIT

In our framework, the cash flows to equity (i.e., dividends), government (i.e., taxes) and out-

standing debt (i.e., principal and interest payments) during the interval (¢, + dt) are:

Equity : Y, —nw(Y, —cF,) — (c+ &)F,| dt
Government : (Y, — cF,)dt
Debt : (c+ &)F, dt. (8)

In the event of default, we assume that a proportion « of firm value is lost to bankruptcy costs.

As such, at default, the claims are:

Equity : 0
Government : (1 =)V,
Debt : (1—a)(1-— 7T)VTb
Bankruptcy Costs : aV_ . (9)

b



Below, we price the claims to five different assets: equity, debt, government, bankruptcy
costs and issuance costs. Expressed in terms of risk-neutral discounted cash flows and using

Y, = (r — p)V, from equation (2), all of these claims take the form:

(Tu<7'b) u

XV, F) = B U ds eV (h,F, + h,V,) +e 01 H,+
t

SN (10)

The first term captures the present value of cash flows prior to the firm reaching either the
upper or lower boundary, which are specified in equations (8). The second term captures the
value of the asset when the upper boundary is reached. The third term captures recovery
values conditional upon default, which are specified in equations (9). The five different assets
we investigate differ only by their factor loadings (h,, h,,H,, H,), in which: (i) the loadings
(h,,h,) are constants, and (ii) the loadings (H,, H,) are linear in either (V, F') or in the asset
values themselves. Here we determine asset values in terms of these generic factor loadings,

and then use this generic solution to price the five assets below.
Equation (10) implies that (e‘”X(Vt, F)+ fot dse " (h,F, + hVVS)> is a Q-martingale.

Therefore, by Itd’s lemma, the asset value satisfies the PDE:

2
0 = —rX +uVX, +%V2XW —EFX, +h,F+h,V, (11)
subject to the boundary conditions

X(0,F, F) = H (12)

b

X(v,F. ,F.) = H, (13)

u

Because both the cash flows and state vector dynamics are linear in the state vector, it
follows that asset values are homogeneous of degree one in the state vector. Thus, we define a
single state variable that we refer to as inverse leverage v, = (V,/F,), and look for a solution of

the form:

XV, F) = Fuav) (14)

v=(V/F)’

10



where z(v) denotes asset value per unit of face value F. It follows that the partial derivatives

of X(V, F) with respect to V' and F can be expressed as:

X, = =z

14 v

1
XVV = (ﬁ) :C'U'u

X, = zv—vx,.

Substituting these expressions into the PDE (11), we obtain the following ODE:

2

0 = %vzxw +(p+&vr, — (r+&x+h,v+h,,

subject to the boundary conditions

The solution to this ODE is:
h h
z(v) = Mxv¢+Nxv“’—|—( . )U-‘r( L ),

r—p

where the exponents (¢, w) are given by

b = <%2_(M+§)>+\/(%20;(M+§))2+2(T+§)02 N

(5 - +9) =y (5 - +9) +20+0

o2

The constants (M_, N, ) are uniquely determined by the boundary conditions:

(18)

(21)

(22)

(23)

(24)

(25)



With this general form of the solution, we price the five assets of interest:

Proposition 1 (Asset valuation) Given a set of debt policy parameters (v,,v,,,§):

e The value of debt d(v) = D(V, F)/F per unit of face value F' can be expressed as:

d(v) = M,o® + N + iig (26)

where the constants (M,, N,) are uniquely determined by the boundary conditions
dlv,) = (1—a)(1—m)y, (27)
d(v,) = d(v,/7). (28)

e The value of equity e(v) = E(V, F)/F per unit of face value F' can be expressed as:

e(v) = Mo® + N + (1 — m)o — (C(l%ﬂyf) (29)

where the constants (M_, N.) are uniquely determined by the boundary conditions
e(v,) = 0 (30)
e(v,) = ve(v,/7)+ (v = 1d(v,) = v, (31)

e The value of the government claim g(v) = G(V, F)/F per unit of face value F can be

expressed as:

cT

=Mv?+ N +av— —, 32
o) = My + Ny + o= 32)
where the constants (M,, N,) are uniquely determined by the boundary conditions
g(vb) = (1 - a)ﬂ-vb (33)
9(v,) = vg9(v./7). (34)

12



e The value of the claim to bankruptcy costs b(v) = B(V, F)/F per unit of face value can

be expressed as:

b(v) = Mv® + Nv*, (35)
where the constants (M,, N,) are uniquely determined by the boundary conditions
(36)

b(v,) = av,

b(v,) = bv, /7). (37)

e The value of the claim to issuance costs i(v) = I[(V, F)/F per unit of face value can be

expressed as:
i(v) = Mv? + N, (38)
where the constants (M,, N,) are uniquely determined by the boundary conditions

i(v,) = 0 (39)

i(v,) = Bu, +7iv, /7). (40)
Proof: See Appendix A.

3 Optimal Debt Policies

In the previous section, we determined asset values for any given set of policy parameters
(v,,v,,7,€). Here we investigate the optimal choice of these parameters. First, in Section 3.1
we fix the (inverse) maturity parameter £, and identify the optimal values of (v,,v,,7) for
both the cases with and without commitment. We also identify regions in the parameter space
(8,€) for which the optimal policy is to not issue additional debt, and regions for which no
(s,5) equilibrium exists. Second, in Section 3.2 we identify the optimal debt maturity policy

parameter £*(5) as a function of .
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3.1 Optimal Debt Policies for a Fixed Debt Maturity

The asset value formulas derived in the previous section assumed that the policy parameters
remain constant across all periods. This assumption is consistent with a scaling property
inherent in our framework in which, at the beginning of each period, the firm looks the same
except for its size. More generally, however, a firm’s debt policy is characterized by a set of
parameters (v, ,v, -,7,), for each period j € [0,00). Ultimately, if the equilibrium optimal
policy is characterized by a pure (s, S) strategy, then those parameters must be constant across
periods. How those parameters are chosen by the firm, however, depends upon whether a
manager can commit to a particular policy for all future periods.

In this context, it is natural to investigate two types of debt issuance policies: with and
without commitment. When investigating debt issuance with commitment, we focus on policies
in which the manager has full control over the debt issuance decisions for all future periods j.
Thus, the optimal policy with commitment is determined by first imposing that the period-0
parameters are equal to those in all other periods: (v, ,,v,) = (v,,7), for all j > 0, and then
choosing (v,, ) optimally. The location of the default boundary v, is also chosen optimally,
but must be consistent with limited liability. In this case, the optimal policy can be determined
by directly using the asset valuations from the previous section.

In contrast, when studying debt issuance without commaitment, we focus on myopic policies in
which the manager in period-0 only gets to choose the policy parameters (v, ,,7,) for the current
period, and takes the policy parameters (v, ;,~,) for all future periods j > 0 as exogenously
specified. Only after imposing the first order conditions for optimality on (v, ,,7,) do we set
(Vy0:7%) = (v,,,7,) for all j > 0 in order to identify the optimal policy parameters. Once
again, the location of the default boundary v, , is chosen optimally, but must be consistent