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An  Undergraduate  Introduction  To  Financial  Mathematics  An  undergraduate  introduction  to
financial  mathematics  provides  students  with  foundational  knowledge  of  how  mathematical
techniques are applied to solve problems in finance. This interdisciplinary field combines concepts
from mathematics, economics, and finance to analyze and model financial markets, instruments,
and risk management strategies. Whether aspiring to work in investment banking, risk assessment,
or financial analysis, understanding the basics of financial mathematics is crucial for interpreting
market  data,  valuing  financial  assets,  and  making  informed  decisions.  ---  What  Is  Financial
Mathematics? Financial mathematics, also known as quantitative finance or mathematical finance,
involves  the  development  and application of  mathematical  models  to  understand and predict
financial  market  behaviors.  It  enables  professionals  to  value securities,  assess  risks,  optimize
investment portfolios,  and develop trading strategies.  Key objectives of financial  mathematics
include:  -  Valuing financial  derivatives such as options and futures -  Managing and hedging
financial risks - Analyzing investment opportunities - Developing algorithms for automated trading
--- Core Concepts in Financial Mathematics Understanding the fundamental concepts is essential
for  any  undergraduate  studying  this  field.  Time  Value  of  Money  The  principle  that  money
available today is worth more than the same amount in the future due to its potential earning
capacity. Key formulas: - Present Value (PV): \( PV = \frac{FV}{(1 + r)^t} \) - Future Value
(FV): \( FV = PV \times (1 + r)^t \) where: - \(FV\) = future value - \(PV\) = present value -
\(r\) = interest rate per period - \(t\) = number of periods Interest Rates and Discounting Interest
rates  influence  investment  returns  and  the  valuation  of  cash  flows.  Discounting  involves
calculating the present value of future cash flows using an appropriate discount rate. 2 Financial
Instruments Understanding basic financial instruments is key: - Bonds: debt securities with fixed
interest payments - Stocks: equity ownership in a company - Derivatives: contracts whose value
depends on underlying assets --- Mathematical Tools Used in Financial Mathematics A variety of
mathematical techniques underpin financial modeling. Probability and Statistics Used to model
uncertain market movements and assess risks. - Probability distributions (e.g., normal distribution)
- Expected value and variance - Statistical inference for model calibration Calculus Essential for
modeling continuous changes, especially in derivatives pricing. - Differential equations to describe
asset  price  dynamics  -  Optimization  techniques  for  portfolio  management  Linear  Algebra
Facilitates  the modeling of  multiple  asset  portfolios  and risk factors.  -  Matrix operations for
covariance  and  correlation  matrices  -  Eigenvalues  and  eigenvectors  in  principal  component
analysis Stochastic Processes Model random processes over time, vital in option pricing models
like  Black-Scholes.  -  Brownian  motion  -  Geometric  Brownian  motion  ---  Key  Topics  in
Undergraduate Financial Mathematics This section covers fundamental topics often included in
introductory courses. Present and Future Value Calculations Understanding how to compute the
current worth of future cash flows is foundational. Valuation of Bonds and Stocks Learning to
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determine  the  fair  value  of  securities  based  on  expected  cash  flows  and  discount  rates.  3
Introduction to Derivative Pricing Basic concepts behind valuing options and futures, including: -
European  options  -  The  payoff  functions  -  The  concept  of  arbitrage  Risk  Management  and
Hedging Strategies to mitigate financial risk, such as: - Diversification - Use of derivatives like
options and swaps The Black-Scholes Model A mathematical model for pricing European options,
which assumes: - Log-normal distribution of asset prices - No arbitrage opportunities - Constant
volatility and interest rates Black-Scholes formula for a call option: \[ C = S_0 N(d_1) - K e^{-
rT} N(d_2) \] where: - \(S_0\) = current stock price - \(K\) = strike price - \(T\) = time to
expiration - \(r\) = risk-free interest rate - \(N(\cdot)\) = cumulative distribution function of the
standard normal distribution - \(d_1, d_2\) are calculated variables based on inputs --- Applications
of Financial Mathematics Financial mathematics plays a vital role across various sectors within
finance. Asset Pricing and Valuation Determining the fair value of stocks, bonds, and derivatives
based on market data and models. Risk Management Quantitative methods assess potential losses
and  develop  hedging  strategies  to  mitigate  market,  credit,  or  operational  risks.  Portfolio
Optimization Using mathematical algorithms to maximize returns for a given level of risk, often
employing techniques like mean-variance optimization. Algorithmic Trading Designing automated
trading systems based on mathematical models to exploit market inefficiencies. --- 4 Challenges
and Limitations While financial mathematics offers powerful tools, practitioners must be aware of
inherent  limitations:  -  Assumptions  in  models  (e.g.,  constant  volatility)  may not  hold  in  real
markets - Market anomalies and behavioral factors often defy model predictions - Data quality and
model calibration are critical for accuracy - Sudden market shocks can render models ineffective
Understanding these limitations is  essential  for  responsible  application.  ---  Getting Started in
Financial Mathematics as an Undergraduate Students interested in this field should focus on: -
Building  a  strong  foundation  in  calculus,  probability,  and  statistics  -  Gaining  knowledge  of
financial  markets  and instruments  -  Learning programming languages  such as  Python,  R,  or
MATLAB for modeling - Engaging with coursework, internships, or research projects related to
quantitative  finance  Many  universities  offer  specialized  courses  or  electives  in  financial
mathematics,  often  integrated  with  practical  case  studies.  ---  Conclusion  An  undergraduate
introduction to  financial  mathematics  equips  students  with  the  essential  tools  to  analyze and
interpret financial data, value securities, and manage risks. By mastering core concepts like time
value of money, derivative pricing, and stochastic processes,  students lay the groundwork for
advanced study or  careers  in finance,  investment  analysis,  and risk management.  As markets
continue to evolve with increasing complexity, the role of mathematical models becomes ever
more vital, making this interdisciplinary field both challenging and rewarding for aspiring financial
professionals. -- - Keywords: financial mathematics, undergraduate finance, derivative pricing, risk
management,  Black-Scholes,  portfolio  optimization,  stochastic  processes,  quantitative  finance
QuestionAnswer What are the main topics covered in an undergraduate introduction to financial
mathematics? Typically, it covers time value of money, interest rates, present and future value
calculations, basic derivatives pricing, and an introduction to financial instruments like bonds and
stocks. How does the concept of the time value of money apply in financial mathematics? The time
value of money reflects that a sum of money today is worth more than the same sum in the future
due to its potential earning capacity, which is fundamental for valuing investments and loans. What
is the significance of the Black-Scholes model in financial mathematics for undergraduates? The



An Undergraduate Introduction To Financial Mathematics

3 An Undergraduate Introduction To Financial Mathematics

Black-Scholes  model  provides  a  mathematical  framework  for  pricing  European  options,
introducing  students  to  stochastic  processes  and  differential  equations  in  finance.  5  Which
mathematical tools are essential for studying financial mathematics at the undergraduate level?
Essential tools include calculus, probability theory, differential equations, and basic linear algebra,
which help in modeling and analyzing financial instruments. How are bonds and interest rates
modeled  in  introductory  financial  mathematics?  Bonds  are  modeled  using  present  value
calculations,  while  interest  rates  are  often  represented  through  models  like  simple  interest,
compound  interest,  or  more  advanced  stochastic  models  for  variable  rates.  What  role  does
stochastic calculus play in financial mathematics? Stochastic calculus enables modeling of random
processes  like  stock  prices  and  interest  rates,  which  are  crucial  for  pricing  derivatives  and
managing financial risk. Why is understanding risk and return important in financial mathematics?
Understanding risk and return helps in making informed investment decisions, assessing the value
of financial assets, and constructing optimal portfolios. What are some common assumptions made
in  basic  financial  mathematics  models?  Common  assumptions  include  market  efficiency,  no
arbitrage opportunities, constant interest rates, and the ability to borrow or lend at a risk-free rate,
which simplify modeling but may not reflect real markets.  An Undergraduate Introduction to
Financial  Mathematics:  Unlocking the Secrets  of  Modern Finance Financial  mathematics is  a
fascinating and essential field that combines the principles of mathematics, economics, and finance
to  understand,  analyze,  and  predict  financial  markets  and  instruments.  For  undergraduates
venturing into this domain, it offers a powerful toolkit for making informed investment decisions,
managing risk, and understanding the underlying mechanics of the financial world. In this guide,
we will  explore the fundamental concepts,  key models,  and practical applications of financial
mathematics, providing a comprehensive introduction suitable for those beginning their journey in
this dynamic discipline. --- What Is Financial Mathematics? Financial mathematics, also known as
quantitative finance or mathematical finance, involves applying mathematical methods to solve
problems related to finance. It encompasses a broad range of topics including pricing derivatives,
assessing risk, portfolio optimization, and understanding market behaviors. The primary goal is to
develop  models  that  accurately  represent  financial  markets  and  enable  practitioners  to  make
optimal decisions. Why Study Financial Mathematics? - Career Opportunities: Roles in investment
banks,  hedge funds,  asset  management,  risk management,  and financial  consulting.  -  Practical
Skills:  Quantitative  analysis,  probabilistic  reasoning,  and  computational  techniques.  -
Interdisciplinary Nature: Combines mathematics, economics, statistics,  and computer science. -
Impact: Helps in understanding and mitigating financial risks, designing investment strategies, and
creating  innovative  financial  products.  ---  An  Undergraduate  Introduction  To  Financial
Mathematics  6  Fundamental  Concepts  in  Financial  Mathematics  Before  diving  into  specific
models,  it's essential to grasp some core ideas that underpin the field.  Time Value of Money
(TVM) At the heart of financial mathematics lies the principle that money today is worth more
than the same amount in the future due to potential earning capacity. - Present Value (PV): Value
of a future sum discounted to today. - Future Value (FV): Value of an investment after accruing
interest over time. - Interest Rates: The rate at which money grows over time, often expressed as
annual percentage rates (APR). Risk and Return Understanding the trade-off between risk and
expected return is fundamental. - Expected Return: The average return an investor anticipates. -
Risk: Variability or uncertainty in returns, often measured by variance or standard deviation. - Risk
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Premium:  Additional  return expected for  taking on extra  risk.  Probabilistic  Models  Financial
models often rely on probability theory to account for uncertainty. - Random Variables: Outcomes
such as asset prices or returns. - Probability Distributions: Models like the normal distribution, log-
normal, or binomial, used to describe possible outcomes. --- Key Models and Techniques The
Binomial Model One of the simplest models for option pricing, the binomial model discretizes the
possible paths an asset’s price can take over time. How it works: - Assumes that at each step, the
asset price can go up or down by certain factors. - Builds a binomial tree to model potential future
prices.  -  Uses  risk-neutral  valuation to  price  derivatives.  Advantages:  -  Intuitive  and easy to
implement. - Suitable for teaching fundamental concepts of option pricing. The Black-Scholes
Model  Perhaps  the  most  famous  model  in  financial  mathematics,  the  Black-Scholes  model
provides a closed-form solution for European option prices. Key assumptions: - The stock price
follows a geometric Brownian motion with constant  volatility.  -  No arbitrage opportunities.  -
Markets are frictionless (no transaction costs or taxes). - The risk-free rate is constant. Black-
Scholes formula: \[ C = S_0 N(d_1) - K e^{-rT} N(d_2) \] where: - \( C \) = call option price - \(
S_0 \) = current stock price - \( K \) = strike price - \( T \) = time to maturity - \( r \) = risk-free
interest rate - \( N(\cdot) \) = cumulative distribution function of the standard normal distribution -
\(  d_1 \)  and \(  d_2 \)  are specific functions of the parameters involving volatility and other
variables.  Significance:  -  Provides  a  foundation  for  modern  derivative  pricing.  -  Introduces
concepts like hedging and risk-neutral valuation. Stochastic Processes and Ito Calculus For more
advanced modeling, stochastic calculus is employed to describe the random evolution of asset
prices.  -  Brownian  Motion  (Wiener  Process):  A  continuous-time  stochastic  process  with
independent, normally distributed increments. - Ito's Lemma: A fundamental tool for manipulating
stochastic differential equations (SDEs). Applications: - Modeling complex financial derivatives. -
Deriving the Black-Scholes equation. - Analyzing market dynamics under randomness. --- Practical
Applications of  Financial  Mathematics Derivative Pricing Financial  mathematics provides the
tools to determine the fair value of options, futures, and other derivatives, which are contracts
whose  value  depends  on  underlying  assets.  Portfolio  Optimization  Using  models  An
Undergraduate  Introduction  To  Financial  Mathematics  7  like  Markowitz's  mean-variance
framework, investors can construct portfolios that maximize expected return for a given level of
risk. Risk Management Quantitative models help identify, measure, and mitigate risks such as
market risk, credit risk, and operational risk. Algorithmic Trading Mathematical models underpin
automated trading strategies that execute trades at high speed based on quantitative signals. ---
Challenges and Limitations While financial mathematics offers powerful insights, it is not without
limitations: - Model Assumptions: Many models assume markets are efficient and frictionless,
which isn't always true. - Parameter Estimation: Accurate input parameters (like volatility) are
crucial but often difficult to estimate. - Market Anomalies: Unexpected events or behavioral factors
can cause models to fail.  -  Regulatory and Ethical  Considerations:  Financial  models must  be
applied  responsibly,  considering  legal  and  ethical  standards.  ---  Getting  Started  in  Financial
Mathematics For undergraduates interested in exploring this field: 1. Build a Strong Mathematical
Foundation: Focus on calculus, linear algebra, probability, and statistics. 2. Learn Programming
Skills: Familiarity with Python, R, or MATLAB aids in implementing models. 3. Study Financial
Theory: Understand how markets work and basic economic principles. 4. Engage with Practical
Projects:  Analyze real  market  data,  simulate models,  or  participate in competitions.  5.  Pursue
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Specialized Courses: Look for electives in derivatives, stochastic processes, and econometrics. ---
Conclusion  An  undergraduate  introduction  to  financial  mathematics  opens  the  door  to
understanding the quantitative backbone of modern finance. From the simple binomial model to
the  sophisticated  machinery  of  stochastic  calculus,  this  field  combines  theoretical  rigor  with
practical relevance. Whether you aspire to be a financial analyst, risk manager, or quantitative
researcher, mastering these concepts will equip you with the skills to navigate and contribute to the
complex world of finance. By developing a solid grounding in mathematical principles and their
applications, students can not only enhance their analytical capabilities but also play a vital role in
shaping innovative financial  solutions and strategies in the ever-evolving landscape of global
markets. financial mathematics, undergraduate finance, financial modeling, time value of money,
risk  management,  investment  analysis,  financial  derivatives,  quantitative  finance,  probability
theory, actuarial mathematics
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introduction应该是一篇论文中最难写的一部分 也是最重要的 a good introduction will sell the study to editors reviewers
readers and sometimes even the media 1 通过introduction可以判断一篇

二 引言的写作方法 几乎所有教你如何写introduction的 都告诉你有一种叫做 漏斗式 的方法 我理解的漏斗式写作方法就是依次写好这5个部分 已达到逐层聚焦的作用
①大背景大帽子 例如汽车

video source youtube by wordvice 看完了 们不妨透过下面两个问题来梳理一下其中信息 why an introduction is needed 从文
章的大结构来看introduction提出了你的研究问题 这个问题

写introduction就像写一篇有逻辑的故事 从大背景开始论述 层层递进 逐渐表明你所做的研究内容是有必要的 introduction所包含的内容大致分一下几点 1 一
个 帽子 指出当前的问题 2

好论文的introduction通常有一个共性 那就是既有严密的 结构 也有有趣的 故事 能用清晰的思路牵着读者往前走 从而让读者一步步走进作者构建的课题重点和话语体系
所以 我还是来放干货

二 introduction 引言 的写作方法 几乎所有教你如何写introduction的 都告诉你有一种叫做 漏斗式 的方法 我理解的漏斗式写作方法就是依次写好这5个部分
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四步法写 introduction 1 提供背景资料 设置背景 introduction的这一初始部分为读者准备了后面更详细 更具体的信息 前几句一般都是概括性的 以下是一些
例子 一篇关于土壤中有机物的论文可

may 22 2011   what exactly is the difference between introduction to and introduction of for
example should it be introduction to the problem or introduction of the problem

introduction可以理解为对本研究领域的mini review 又是对作者研究内容和价值的概括 有高度的凝练性 可以很大程度上反映文章的水平 因此对作者的写作功底
是极大的考验 introduction占全文比

may 14 2014   0 introduction to seems to be much more common than introduction into but is the
latter an acceptable alternative if it is is there some difference in meaning tone or connotations i
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books swiftly, you can straight get it. Its consequently agreed easy and for that reason fats, isnt it?
You have to favor to in this circulate

Where can I purchase An Undergraduate Introduction To Financial Mathematics books? Bookstores: Physical1.
bookstores like Barnes & Noble, Waterstones, and independent local stores. Online Retailers: Amazon, Book
Depository, and various online bookstores offer a broad range of books in printed and digital formats.

What are the varied book formats available? Which types of book formats are currently available? Are there2.
various book formats to choose from? Hardcover: Sturdy and long-lasting, usually more expensive.
Paperback: More affordable, lighter, and more portable than hardcovers. E-books: Electronic books accessible
for e-readers like Kindle or through platforms such as Apple Books, Kindle, and Google Play Books.

How can I decide on a An Undergraduate Introduction To Financial Mathematics book to read? Genres:3.
Consider the genre you enjoy (fiction, nonfiction, mystery, sci-fi, etc.). Recommendations: Ask for advice
from friends, join book clubs, or explore online reviews and suggestions. Author: If you like a specific author,
you might enjoy more of their work.

How should I care for An Undergraduate Introduction To Financial Mathematics books? Storage: Store them4.
away from direct sunlight and in a dry setting. Handling: Prevent folding pages, utilize bookmarks, and handle
them with clean hands. Cleaning: Occasionally dust the covers and pages gently.

Can I borrow books without buying them? Community libraries: Community libraries offer a wide range of5.
books for borrowing. Book Swaps: Local book exchange or online platforms where people share books.

How can I track my reading progress or manage my book clilection? Book Tracking Apps: Goodreads are6.
popolar apps for tracking your reading progress and managing book clilections. Spreadsheets: You can create
your own spreadsheet to track books read, ratings, and other details.

What are An Undergraduate Introduction To Financial Mathematics audiobooks, and where can I find them?7.
Audiobooks: Audio recordings of books, perfect for listening while commuting or moltitasking. Platforms:
Google Play Books offer a wide selection of audiobooks.

How do I support authors or the book industry? Buy Books: Purchase books from authors or independent8.
bookstores. Reviews: Leave reviews on platforms like Amazon. Promotion: Share your favorite books on
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social media or recommend them to friends.

Are there book clubs or reading communities I can join? Local Clubs: Check for local book clubs in libraries9.
or community centers. Online Communities: Platforms like BookBub have virtual book clubs and discussion
groups.

Can I read An Undergraduate Introduction To Financial Mathematics books for free? Public Domain Books:10.
Many classic books are available for free as theyre in the public domain.

Free E-books: Some websites offer free e-books legally, like Project Gutenberg or Open Library.
Find An Undergraduate Introduction To Financial Mathematics

Introduction

The digital age has revolutionized the way we read, making books more accessible than ever. With
the rise of ebooks, readers can now carry entire libraries in their pockets. Among the various
sources for ebooks, free ebook sites have emerged as a popular choice. These sites offer a treasure
trove of knowledge and entertainment without the cost. But what makes these sites so valuable, and
where can you find the best ones? Let's dive into the world of free ebook sites.

Benefits of Free Ebook Sites

When it comes to reading, free ebook sites offer numerous advantages.

Cost Savings

First and foremost, they save you money. Buying books can be expensive, especially if you're an
avid reader. Free ebook sites allow you to access a vast array of books without spending a dime.

Accessibility

These sites also enhance accessibility. Whether you're at home, on the go, or halfway around the
world, you can access your favorite titles anytime, anywhere, provided you have an internet
connection.

Variety of Choices

Moreover, the variety of choices available is astounding. From classic literature to contemporary
novels, academic texts to children's books, free ebook sites cover all genres and interests.

Top Free Ebook Sites

There are countless free ebook sites, but a few stand out for their quality and range of offerings.
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Project Gutenberg

Project Gutenberg is a pioneer in offering free ebooks. With over 60,000 titles, this site provides a
wealth of classic literature in the public domain.

Open Library

Open Library aims to have a webpage for every book ever published. It offers millions of free
ebooks, making it a fantastic resource for readers.

Google Books

Google Books allows users to search and preview millions of books from libraries and publishers
worldwide. While not all books are available for free, many are.

ManyBooks

ManyBooks offers a large selection of free ebooks in various genres. The site is user-friendly and
offers books in multiple formats.

BookBoon

BookBoon specializes in free textbooks and business books, making it an excellent resource for
students and professionals.

How to Download Ebooks Safely

Downloading ebooks safely is crucial to avoid pirated content and protect your devices.

Avoiding Pirated Content

Stick to reputable sites to ensure you're not downloading pirated content. Pirated ebooks not only
harm authors and publishers but can also pose security risks.

Ensuring Device Safety

Always use antivirus software and keep your devices updated to protect against malware that can
be hidden in downloaded files.

Legal Considerations

Be aware of the legal considerations when downloading ebooks. Ensure the site has the right to
distribute the book and that you're not violating copyright laws.
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Using Free Ebook Sites for Education

Free ebook sites are invaluable for educational purposes.

Academic Resources

Sites like Project Gutenberg and Open Library offer numerous academic resources, including
textbooks and scholarly articles.

Learning New Skills

You can also find books on various skills, from cooking to programming, making these sites great
for personal development.

Supporting Homeschooling

For homeschooling parents, free ebook sites provide a wealth of educational materials for different
grade levels and subjects.

Genres Available on Free Ebook Sites

The diversity of genres available on free ebook sites ensures there's something for everyone.

Fiction

From timeless classics to contemporary bestsellers, the fiction section is brimming with options.

Non-Fiction

Non-fiction enthusiasts can find biographies, self-help books, historical texts, and more.

Textbooks

Students can access textbooks on a wide range of subjects, helping reduce the financial burden of
education.

Children's Books

Parents and teachers can find a plethora of children's books, from picture books to young adult
novels.



An Undergraduate Introduction To Financial Mathematics

10 An Undergraduate Introduction To Financial Mathematics

Accessibility Features of Ebook Sites

Ebook sites often come with features that enhance accessibility.

Audiobook Options

Many sites offer audiobooks, which are great for those who prefer listening to reading.

Adjustable Font Sizes

You can adjust the font size to suit your reading comfort, making it easier for those with visual
impairments.

Text-to-Speech Capabilities

Text-to-speech features can convert written text into audio, providing an alternative way to enjoy
books.

Tips for Maximizing Your Ebook Experience

To make the most out of your ebook reading experience, consider these tips.

Choosing the Right Device

Whether it's a tablet, an e-reader, or a smartphone, choose a device that offers a comfortable
reading experience for you.

Organizing Your Ebook Library

Use tools and apps to organize your ebook collection, making it easy to find and access your
favorite titles.

Syncing Across Devices

Many ebook platforms allow you to sync your library across multiple devices, so you can pick up
right where you left off, no matter which device you're using.

Challenges and Limitations

Despite the benefits, free ebook sites come with challenges and limitations.
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Quality and Availability of Titles

Not all books are available for free, and sometimes the quality of the digital copy can be poor.

Digital Rights Management (DRM)

DRM can restrict how you use the ebooks you download, limiting sharing and transferring
between devices.

Internet Dependency

Accessing and downloading ebooks requires an internet connection, which can be a limitation in
areas with poor connectivity.

Future of Free Ebook Sites

The future looks promising for free ebook sites as technology continues to advance.

Technological Advances

Improvements in technology will likely make accessing and reading ebooks even more seamless
and enjoyable.

Expanding Access

Efforts to expand internet access globally will help more people benefit from free ebook sites.

Role in Education

As educational resources become more digitized, free ebook sites will play an increasingly vital
role in learning.

Conclusion

In summary, free ebook sites offer an incredible opportunity to access a wide range of books
without the financial burden. They are invaluable resources for readers of all ages and interests,
providing educational materials, entertainment, and accessibility features. So why not explore these
sites and discover the wealth of knowledge they offer?

FAQs

Are free ebook sites legal? Yes, most free ebook sites are legal. They typically offer books that are
in the public domain or have the rights to distribute them. How do I know if an ebook site is safe?
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Stick to well-known and reputable sites like Project Gutenberg, Open Library, and Google Books.
Check reviews and ensure the site has proper security measures. Can I download ebooks to any
device? Most free ebook sites offer downloads in multiple formats, making them compatible with
various devices like e-readers, tablets, and smartphones. Do free ebook sites offer audiobooks?
Many free ebook sites offer audiobooks, which are perfect for those who prefer listening to their
books. How can I support authors if I use free ebook sites? You can support authors by purchasing
their books when possible, leaving reviews, and sharing their work with others.
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