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Whether a private bidder can win a concession depends largely on advanced financial engineering techniques, numerous methods
were developed. Meeting large infrastructure needs including its proper maintenance and operation is and will remain a major
challenge for the all-around the in the coming years requiring targeted innovative financing mechanisms. Even though it is
recognized that there are three types of financial instruments, equity, mezzanine finance and debt in funding an infrastructure
project, the status quo is that previous capital optimization methods did not consider mezzanine finance or simply categorized it
into debt-like or equity-like instruments. (e global infrastructure sector is witnessing a steady growth of private equity in-
vestment in mezzanine instruments. (e frequent usage of the contingent claim embedded in mezzanine financing makes the
traditional model for capital structure optimization invalid. (is study presents a more advanced method to optimize capital
structure in infrastructure financing. (is easily implemented method is based on a two-stage procedure: I) identification of
optimal stopping time for convertible securities, and II) capital structure optimization by a conventional model. (e quantitative
optimization model can be easily generalized. (e global infrastructure sector is witnessing the continued growth of a private
equity fund of mezzanine tools. Repeated use of potential claims embedded in mezzanine financing has invalidated the traditional
model for optimizing capital structure.

1. Introduction

Governments have traditionally used their budget resources
for many years to do activities and projects. But, increasing
need to build and manage infrastructure projects, have al-
ways been a big challenge along with a lack of funding to
realize them [1]. (is large limitation on one of the most
important resources needed to do projects, has led owners
and even contractors to supply these resources in different
ways [2]. Public owners of infrastructure projects that
originally bore the brunt of infrastructure financing with a
variety of infrastructure financing structures have to face a
daunting challenge of balancing the need for high costs and
limited budgets [3]. So, states around the world are looking

for new alternatives economically efficient [4]. (is project
offers a few quantities strategies that can facilitate the
presence of private investors in infrastructure financing.
One of the basic preconditions for the success of any project
is access to sufficient and timely resources, proper man-
agement of financial resources, and their optimal use [5].
(is is so important that without sufficient financial and
timely resources, the project will not be implemented or not
achieve its predetermined goals [6]. Development of ade-
quate and efficient transport infrastructure is one of the
immediate priorities of all SADC member States, just as is
the case for any country, especially the developing countries
[7]. Such infrastructure is key to facilitating the realisation of
the aspirations for rapid economic and social development
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necessary for uplifting the standards of living of the citizens
and, hence, eradication of poverty [8].

Optimization of the Public-Private Partnership (PPP)
strategies for private bidders to ensure the economic jus-
tification of the investment [9]. Optimization of the capital
structure has been a concern for financial designers during
decades. Although the topics of financial theory have fully
explored how to optimize the capital structure in corporate
finance [10]. (us, the challenge of infrastructure capital
structuring is based on a combination of financial instru-
ments pillars including stock, debt and mezzanine capital
[11]. In freeway projects toll revenues are the main source of
repayment of project loans and debts, distribution of project
shares, and the financing for all operations and maintenance
of freeway facilities [12]. (us, an accurate and reliable
estimation of traffic demand and a reduction of an effective
demand risk are two vital activities that must be considered
to achieve successful implementation of public-private
freeway participation projects [13]. (ere are many quan-
titative methods to assess demand risk on toll roads,
however, none of proposed methods have considered a
comprehensive method for calculating user behaviours such
as population-based behaviours and socio-economic be-
haviours, travel expenses, freeway communication and
network efficiency, and the level of free service. None of
these methods have considered the effect of agents on each
other and cause and effect relationships between different
agents. Demand forecasting and traffic analysis in toll
freeway projects should be examined more thoroughly to
consider the actual path-choosing behaviours, interactions
between different agents, and their cause and effect rela-
tionships [14]. (e basic options or sources available for
financing infrastructure development include public fi-
nancing, development assistance or grants from donors,
private sector financing (by private project developers),
borrowing from financing institutions (multilateral, inter-
national, regional and local) and from internally generated
funds by operating institutions [15].

1.1. Literature review. To design the financing to determine
the amount of project financing as a partner brought and the
rest of the resources required for the project as borrowing
(the range of tools is shown in Figure 1) [16]. Project
borrowing refers to funds lent to the executing firm by fi-
nanciers such as commercial banks, insurance companies,
and retirement funds, as well as international institutions
[17]. (ese loans are secured by project-related assets [18].
Lenders receive the principal and interest of their loans
under any circumstances, whether the company makes a
profit or a loss [19]. However, to ensure that there is a
sufficient and strong financial capacity to repay project
borrowings, lenders carefully monitor projected cash flow.
Often a special form of financing called quasi-capital is used
to attract risk-averse investors. For this purpose, a special
type of company stock is issued called preferred stock.
Paying preferred stockholders takes precedence over ordi-
nary stockholders, but is higher than those sought by project
financiers and other creditors of the company [20].

(is group which itself has different forms, is called
Mezzanine Finance. A project may use other tools such as
leasing addition to borrowing methods, partners’ contri-
bution, and combined financing. Leasing is more practical in
some countries [21]. Loan terms vary from bank to bank and
borrower to borrower [22]. Loans may have floating/fixed
interest rates [23]. Partners’ contributionmay be financed by
project investors, investment funds, international institu-
tions, domestic and foreign institutional investors (such as
retirement funds), or the issuance of company shares in
domestic/foreign stock markets (Figure 2).

(e investment pyramid is a visual description of the
principles by which investors should arrange their invest-
ment portfolio so that each amount of money invested has a
different level of risk [24]. In this regard, the largest amount
of money invested should have the least risk and a small part
of the money should be invested in high risk assets. (is
principle ensures that people’s investments do not fluctuate
sharply during shocks and market downturns. (e foun-
dation of a pyramid investment includes secure and highly
liquid investments; such as savings accounts or short-term
deposit certificates [25]. Security and easy access to this
investment can be considered as high returns, higher risk
investments and lower liquidity. However, having such a
base amount of available and available investments means
that investors can quickly turn their investments into money
when faced with unexpected costs. (is prevents the sale of
long-term investments or investments with low liquidity and
creates costs for the investor (Figure 3).

(e issue of how companies select and adjust their
financial resources has been the focus of many financial
economists for a long time and is still the subject of much
debate [26]. Of course, once it was believed that the nature
of such issues is so complex that it is not possible to
formulate a reasonable theory at this time. About half a
century ago opened the debate over the possibility of
formulating such theories, and eventually the continuation
of such debates led (Figure 4). Studies show that, since the
publication of their article, various theories and models
have been expressed as the capital structure of companies
and how to choose it [26]. For information about related
theories and patterns, see Harris and Ravio’s valuable
extensive work. However, research shows the agents
influencing the capital structure of companies and provide
a definitive answer to the following question: Why does a
number of companies choose the option of issuing shares,
some of them use of internal resources, and others the
method of borrowing for their financing activities in dif-
ferent circumstances? [27, 28].

Concessionary finance
Guarantees, Expert credits

Commercial lending
Finance

Figure 1: Range of financial instruments.
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(e next step in a pyramid scheme is investing in things
like long-term certificates of deposit, government securities,
and buying bonds from companies that are financially and
administratively sound; these investments have a reasonable
return because they pay a fixed interest rate on the money
invested. (e risk of losing money on these investments is
also very low, but certificates of deposit and bonds have
maturities, meaning that the money invested by individuals
plus interest is repaid to them. Because these investments
may incur losses if they arrive earlier than the due date,
investors should plan not to cash them out before the due
date. Shares and mutual funds can have good returns and
allow investors to make significant profits by selling them at
low prices as well. But a slump in the stock market reduces
the value of stocks and the losses of investors. (e potential
return on stocks and mutual funds, as well as their risk, puts
them at the top of the investment pyramid. Most people’s
money goes to equity stocks and mutual funds, which are
considered safe investments in terms of rankings, and a
small amount of people’s money goes to very high-risk
investments.

2. Materials and methods

2.1. Agent-based Modeling (ABM). Discrete event simula-
tions and dynamic systems have long been taught in uni-
versities. Students in the fields of industry, management,
economics, operations research, [28] are among the groups
that simulation is taught in universities. But in the real
world, there is no interaction between the groups of discrete
event simulations and the groups of dynamic systems, and
these two groups carry out scientific activities as two
completely independent groups [2]. In recent years, factor-
based modeling and simulation has become a purely aca-
demic topic. (is factor-based modeling approach is able to
model and simulate intelligent structures and systems and
their interactions with each other, so in this report, a pre-
liminary explanation of this type of simulation is provided.
Factor-based simulation is a model involving one or more
factors along with the environment in which the agents are
located in a way that allows agents to interact, communicate,
and make decisions [3]. In fact, an agent-centric model has a
dynamic bottom-up structure [4]. (is means that the ac-
tivity of its components, which are agents, produces a
comprehensive and coherent result, which is called the event
result. (ese models typically encounter complex systems
and issues and have innovative capabilities [5]. (is makes it
more difficult to identify the basic concepts and hypotheses
for this approach than the System Dynamics (SD) approach.
[21] states three characteristics for agents that each agent
must have at least two of three characteristics as shown in
Figure 5 [29].

(e agent is a system that fulfills a set of goals in a
complex and dynamic environment. (e agent is in an
environment and can sense the environment through its
sensors and act on it through its operators.“Agents can be
used in the role of individuals, a group of individuals, living
beings, and in some cases in the role of inanimate objects
such as houses and cars. (ere are many characteristics for
agents, but what is most agreed upon and emphasized is the
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category of autonomy and decision-making power by
agents. (e factor-based modeling approach starts from the
smallest independent and decision-making person and uses
the so-called bottom-up process.(e set of behaviors of each
individual in relation to the environment and other people
(other factors) forms a generality that can be analyzed and
examined by the model. (e agent-based modeling per-
spective is based on automation and agent-based activity.
(at is, a system behavior that results from the individual
behavior of the system is simulated in time steps. (e
modeler interprets the relationships between variables and
the conditions under which the system changes to a number
of simple rules that can move the system from one state to
another.(e laws of change are actually principles that make
it possible for one variable to affect another. Factor-based
simulation is the best way to model where we are faced with
intelligent factors such as humans. In fact, it can be said that
this method is one of the best simulation methods in social
and scientific environments that face a limited number or a
large number of people [30].

2.1.1. Combined simulation. (e interest in using a com-
bined simulation approach, given the nature and variety of
combined simulation models, there are few guidelines for
modelers [31]. Combined simulation models are needed in
difficult situations to create more realistic models [32].
While a system may only be modeled by a simulation ap-
proach, a combined simulation approach can be developed
to increase the model effectiveness and transparency. (e
growing interest in combined simulation methods can be
attributed to advances in simulation training [17]. Com-
bined simulation work in the manufacturing industry fo-
cuses on the potential benefits that the manufacturing
industry obtains them from a combined simulation [33].
Combined systems can be modeled on different ways by
combining different basic model structures to achieve dif-
ferent goals [34]. (ese models present complementary
approaches to simulation [35]. Combined modeling in the
manufacturing industry seeks to consider complex behavior
of manufacturing systems [36]. However, to consider

complex behavior of manufacturing systems, the combined
modeling framework must be able to consider all types of
interactions within the combined model, and assist the
model manufacturer, well-defined and understandable
combined model designs to create. (SM [37].

3. Analysis and discussion

3.1. Stochastic capital structure in infrastructure financing.
Project or infrastructure financing is a financing method of
large-scale projects with large capital volumes, long-term
financial constraints with limited or no recourse, imple-
mented through a franchise business (SMS [38]. (e general
structure of the agent-based simulation framework shown
below with the proposed model of agent-based traffic
simulation can be done at a more complete level according to
the simulation scheduling steps and traffic activities (Fig-
ure 6). Traditionally, ordinary capital is provided through
loans or shares in private infrastructure financing. Debt
financing can include bank debt, financing through bond
issuers, or both [39]. While bank debt is a common tool for
infrastructure financing, bonds are another popular tool for
fixed income debt in an infrastructure project financing.
Although most of the stock is financed by foreign share-
holders such as commercial banks and credit companies but
project developers need to provide more capital stock to
show their ability and commitment to the project (Figure 7).
Investors’ stock returns often take the form of dividends, or
shareholders can cash their dividends by selling their or-
dinary shares to other shareholders before the end of the
concession.

3.2. Optimization of capital structure in infrastructure
financing. In 2020, Zhang proposed a similar but more
quantitative model to optimize the capital structure of
public-private infrastructure projects, considering the future
cash flow uncertainty of the operating period. (e central
methodology of these two studies, according to a win-win
principle, is to provide a maximum of investors’ stock
returns, just like the principle and interest of lenders. In
other words, from the point of view of stock investors, the
optimal capital structure is considered to be a combination
of stocks and debts, which maximizes the Net Present Value
(NPV) of the project by removing barriers of the project risk
and analysing the justification and financial sustainability of
the project. From the point of view of financial models, the
optimization problem of a certain capital structure creates a
kind of cycle in calculations: the amount of Earnings before
Interest and Taxes (EBIT) before determining a quantity of
financial instruments is not clear.(is problem can be solved
by trial and error as shown in the Figure 8.

3.3. Optimization of the stochastic capital structure.
Increasing profits in PPPs have revolutionized the use of
mezzanine financial instruments to finance infrastructure
around the world for private stock investors. (us,
according to its various aspects, capital resources can be
divided into quasi-equity capital (such as preferred stock),
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Figure 5: (e simulation process revolves around a set of au-
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LE, quasi-debt capital (such as project securities), LD, and
convertible capital (such as convertible securities), LM, re-
spectively. In the following, a more advanced method is
proposed to optimize the stochastic capital structure by
entering Stockpile Disposal Program/Semi-definite Program
(SDP) to identify the stochastic optimal capital structure.

Despite identification of the dynamic stopping time, the
optimization process of a certain capital structure changes to
two optimization stages of the stochastic capital structure in
Figure 9.

3.4. Identifying the optimal stopping time with SDP.
During the year τk, the holder of convertible securities
decides on the application of long-term debt transfer to
shares. (e holder can appear as a shareholder when the
outstanding debt is less than the expected conditional value
of future earnings. Suppose that the conversion rate, Kj, in
year j is clearly specified at the beginning of the contract, and
the shareholder can only receive his interest through divi-
dends. If the holder of convertible securities decides to apply
the right in the year τk, the amount of the share that the
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stakeholder can have in the simulation path k is equal to Qτk

and calculated by the equation 2. So, the NPV of dividends
he can collect is calculated by equation 7. In a year τk, the
holder of convertible bonds only needs to compare his
outstanding loan with the expected conditional value of the
equation 8.
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Where Fτk
is available information of the holder of con-

vertible bonds in the year τk. (us, when the expected
conditional value of convertible bonds is not more than the
outstanding debt, the holder will choose to apply his con-
version right. One of the drawbacks of combining Multiple
Complex System (MCS) with SDP is that NPV dividends are
not exactly measurable. (is is because SDP estimates the
continuing value, determines a non-optimal action strategy,
and therefore naturally offers a lower price range. One
method for estimating the continuing value is using a re-
gression-based approach, such as the Least Squares Method
(LSM) method. (e basic idea behind the LSM is that
conditional expectation, E[Sτk

|Fτk
] can be approximated in

each year of application with least squares regression along
with MCS cross-sectional data. Indeed, in the year τk,
E[Sτk

|Fτk
] can be represented as a linear combination of

basic orthonormal functions, pi(EBIT(j·k) such as the
Power, Laguerre, Hermite, and Legendre polynomials.
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(6)

4. Conclusion

(e most important risk in projects implemented with a
PPP system and for which non-recourse or limited re-
course financing (project or structured) is considered, is
the risk of revenue based on traffic demand. A demand
forecast can be considered as the most important part of
the planning stage of road PPP projects. Traffic demand is
a direct determinant directly related to revenue levels and
toll rates. Optimistic traffic forecast in many projects has
led to many problems in the financial structure of projects.
Sometimes, optimistic forecast along with a traffic level
has had irreversible effects in early years of the project.
Demand forecast will include several evaluation methods
which will used various economic and social parameters,
network road conditions, and various design pattern
changes to predict the traffic level of the transportation
system. Demand forecast is a difficult activity that requires
a lot of studies. For strategic project planning, the feasi-
bility of alternative strategies and demand for unique
components of these strategies should be assessed at
predictions. In corridor planning, in the forecasting
process, the adequacy and quality of the service with
current facilities as well as potential needs for promoting
these facilities should be evaluated. To plan facilities, in the
forecasting process, the capacity of new facilities that may
be built or the capacity of existing road facilities, should be
evaluated. (is study has offered a framework in order to
present available generic and specific benefits to each
project stakeholder, and it provides the required moti-
vation for project owners to use and implement it in their
future projects. As a result, in short, whether a private
company can earn a project credit depends heavily on the
capital cost of a private infrastructure project. With ad-
vanced financial engineering techniques, several methods
have been developed to find the right combination of
stocks and debts. Although three types of financial in-
struments including stock, mezzanine, and debt are de-
fined in the infrastructure financing project. (e current
situation is such that the usual optimization methods of
mezzanine financing are not considered or simply con-
sidered as quasi-equity or quasi-debt. Accordingly, con-
structability improvements have become the concern of
construction industry practitioners. Considering con-
structability issues in the early stages of the project en-
hances identifying design limitations that prevent
capabilities of contractors to take part in planning and
improving project performance. (e purpose of this study
is identifying the prerequisites of constructability to re-
solve the current problems of projects, including inap-
propriate plans without implement ability, poor decision
making in design, and lack of sufficient implementation
experience in the design engineering team.
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