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Abstract

This paper analyzes the basic connotation of financial mathematics, financial
mathematics through research development, control theory, differential game
theory and capital asset pricing model from stochastic optimal, and discusses
three important applications of mathematics in the financial field.
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1. Introduction

Financial mathematics is the product of applying mathematics to portfolio selec-
tion theory and option pricing theory. With the rapid development of the eco-
nomic situation, the products and derivatives of the financial industry are con-
stantly optimized and innovative, and new financial products and services are
gradually increasing. The operation of financial markets, the design and pricing
of financial derivatives, and the analysis and management of risk become very
important, and the research and development of financial mathematics is be-
coming more and more important. Therefore, it is of practical significance to

analyze the specific application of mathematics in the financial field.

2. The Basic Connotation of Financial Mathematics

Financial mathematics, also called analytical finance, mathematical finance and
mathematical finance, is an interdisciplinary subject of mathematics and finance
that arose in the late 1980s and early 90s. Financial mathematics mainly uses the

modern mathematical theory and method (such as stochastic analysis, stochastic
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optimal control, portfolio analysis, nonlinear analysis, multivariate statistical
analysis, mathematical programming, modern computational methods etc.) of
financial (including banking, investment, bonds, funds, stocks, futures, options
and other financial instruments and markets) analysis the number of theory and
practice. The core problem is the selection theory of the optimal investment
strategy and the asset pricing theory under the uncertain condition. Financial
mathematics not only have a direct effect on the innovation of financial instru-
ments and financial markets operate efficiently, but also for the company’s in-
vestment decision-making and evaluation of project research and development
(such as real options) and risk management in financial institutions has been
widely used [1].

From a broad point of view, financial mathematics is a new discipline which
applies mathematical theories and methods to the operation of Finance and
economy. From the narrow perspective, mathematical problems in the financial
field is mainly on the stock selection and portfolio analysis of asset pricing
theory combined under conditions of uncertainty, which is the optimal arbi-
trage, and equilibrium theory the three most important basic concepts.

Applying mathematics to the financial field is based on some financial or
economic assumptions, and uses abstract mathematical methods to construct
mathematical models of how the financial mechanism works. Financial mathe-
matics mainly includes the basic concepts and methods of mathematics, the re-
lated natural science methods and so on. They are applied in various forms of
entry theory. The use of mathematics is to express, reason, and prove the under-
lying principles of finance. From the nature of financial mathematics, financial
mathematics is an important branch of finance. Therefore, financial mathemat-
ics is completely based on the background and foundation of financial theory.
The people who engage in financial mathematics through formal financial aca-
demic training will have more advantages in this context. Finance is used as a
subdiscipline of economics of identity development, though it has a characteris-
tic enough from the economic independence, but it still requires economic prin-
ciple and economic technology related as background. At the same time, finan-
cial mathematics also needs financial knowledge, tax theory and accounting
principles as the background of knowledge [2].

The theoretical basis of financial mathematics also includes mathematical
modeling and statistical theory, the first step is a mathematical or statistical
modeling, which is from the complex financial environment were key factors to
identify related factors and independent factors, and then from a series of as-
sumptions to deduce various relations, finally obtains the conclusion to make
the conclusion explain. This modeling activity is not only very useful and very
important, because in finance a small error, an error is derived, a wrong conclu-
sion, or a conclusion of error explanation may lead to a financial disaster. In ad-
dition, in the study of financial mathematics, the application of computer tech-

nology also has a very prominent position.
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3. Three Important Applications of Mathematics in Financial
Mathematics

3.1. Differential Game Method

In the modern financial theory, mathematics in the field of finance is another
important application is analyzed in option pricing and investment decision us-
ing differential game method, and the application of this aspect has made re-
markable achievements. Because the whole law of financial market does not ac-
cord with the hypothesis of steady state, the abnormal fluctuation of securities
will lead to abnormal change in the process of abnormal fluctuation, and this
kind of change will not obey the Brown motion. At this point, we need to use
stochastic dynamic model to study and analyze the whole decision-making of
securities investment. This method is not only in theory or in practice, but also
has a great deviation. The financial problems and countermeasures by using the
differential method to non geometry in the financial field of the Brown distribu-
tion has important use, not only can effectively relax this assumption can also be
uncertain disturbances become hostile to the illusion of hand. The stability (ro-
bustness) of the strongest portfolio strategy can be obtained through the opti-
mization analysis of the whole uncertain problem.

At the same time, in the process of entering the field of the analysis of the
problem in using differential game method, only needs a Behrman equation, and
this equation belongs to the first-order differential equation is two order partial
differential equation to solve the problem of random in much simpler. So, the
application of differential game method to study the problems in the financial
sector will have broad prospects, especially has very important significance for
the study of the random strategy, repeat, combination and other financial prob-
lems of securities investment.

Using differential game method to study option pricing problem and invest-
ment decision problem is an important direction of the development of modern
financial theory, and some achievements have been achieved. When the financial
market does not satisfy the steady-state assumption or abnormal fluctuations in
stock prices, often do not obey the geometry Brown motion, then using the me-
thod of random dynamic model of securities investment decision problems both
in theory, or in fact there is deviation from. Using the differential game method
to study the financial decision problem can relax the hypothesis. The uncertainty
disturbance is assumed to be a hostile one, and the optimal investment strategy
with strong robustness can be obtained by optimizing the worst case. In addition,
the Behrman equation for differential games is a first-order partial differential
equation, which is much simpler than the two order partial differential equations
for stochastic control problems. Therefore, the application of differential game

method to the study of financial problems has broad application prospects.

3.2. Capital Asset Pricing Model (CAPM)

Markowitz (Markowitz, 1952) the dispersion of investment portfolio theory and
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efficiency for the first time as a means of rigorous mathematical tools to show a
method for risk averse investors how to construct the optimal portfolio of risky
assets in many. It should be said that this theory has a strong sense of normative,
which tells investors how to make investment choices. But the problem is that in
1950s, even with the help of computer was just born, in practice the application
of Markowitz theory is still hard work a tedious and boring; or, with the invest-
ment of the real world apart too seriously, thus it is difficult to be completely by
investors-the United States Baumol of the Princeton University (William Bau-
mol) said in his 1966 paper Tobin Markowitz system in this paper, according to
Markowitz theory, even with the simplified model, to choose efficient portfolios
from 1500 securities, the time for each run by a computer will cost $150-300, but
if you want to perform a complete Markovitz operation, the cost is at least 50
times the amount; and all of these must have a premise, is the analyst The ex-
pected return, risk, and correlation coefficients of the underlying securities must
be sustained and accurate, otherwise the entire process will become meaningless.
It is because of this problem, from the beginning of 1960s, SHARP (W. Sharpe,
1964), Linter (J. Lintner, 1965) and mossim (J. Mossin, 1966) as the representa-
tive of some economists began from the empirical point of view, to explore the
reality of securities investment, namely Markowitz theory applied in reality can
be if investors are using simplified? Markowitz portfolio theory to select the op-
timal portfolio, then the equilibrium prices of assets will be how to balance the
return and risk in the form? Or, in the market equilibrium, asset price risk and
how to determine?

The research of these scholars has directly led to the emergence of the capital
asset pricing (CAPM) model. As one of the predictive model for risk assets based
on expected profit equilibrium on the basis of CAPM, explains the formation of
market equilibrium in investors by Markowitz’s theory of investment manage-
ment under the conditions of the theory of the relationship between the ex-
pected return and expected risk in a simple linear relationship between the ex-
pression of it, that there is a positive correlation the relationship between a beta
scale an asset to the expected rate of return and measure the risk value of assets.
It should be said that, as a kind of objective of risk asset equilibrium price deci-
sion theory, single index model, and based on CAPM not only simplifies the
computation process of portfolio selection, the Markowitz portfolio selection
theory in the real world a big step forward, but also makes the securities theory
from the previous qualitative analysis to quantitative analysis, empirical turn
from the normative, then the securities investment theory and practical opera-
tion, which has a great influence even to the development of financial theory and
practice, has become the theoretical basis of modern finance.

Of course, in recent decades, as the focus of the capital market equilibrium
model of attention, in the form of CAPM has been far beyond the traditional
form, and put forward the SHARP Lintner Mossin, has made great progress,

such as arbitrage pricing model, intertemporal capital asset pricing model, con-
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sumption capital asset pricing model, has formed a the system of capital market

equilibrium theory [3].

3.3. Stochastic Optimal Control Theory

In the mathematical application of the current financial theory, another impor-
tant application field is the use of mathematics to solve the stochastic problems
in financial problems. The theory of stochastic optimal control is an important
method and means to solve the financial problems with mathematical theory.
Stochastic optimal control is advanced in the development of the control
theory gradually developed, through the application of Behrman principle in
combination optimization, measure theory and functional analysis method of
stochastic problem analysis. This method was formed in the late 60s of the last
century, and became mature gradually in the early 70s. From the application of
stochastic optimal control theory, the response of financial experts in this field is
very rapid. At the beginning of 70s, the finance research field which appeared a
few articles related to economics papers, including Merton (Merton) are dis-
cussed using the method of continuous time consumption and portfolio, the
portfolio analysis between them is more consistent with the actual situation; and
Brock (Brock) and Millman (Mirman) in random changes, using discrete time
method of optimal economic growth are discussed. Subsequently, the stochastic

optimal control method has been applied in most financial fields.

4. Epilogue

This article, from the construction of differential game application, option pric-
ing and investment decision in the capital asset pricing model and stochastic op-
timization theory to explore three aspects of the important application of ma-
thematics in the field of finance, reflects the important role of mathematics in

modern financial analysis.
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