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INFORMATION	ABOUT	THE	COURSE	

	
	
COURSE	AUTHORITY:		 A/Prof. Thanh Tran   

RC-4061  
Tel: 9385 7041        
Email: thanh.tran@unsw.edu.au 

	

LECTURER	&	TUTOR:	A/Prof. Thanh Tran	

	

CREDIT:	This course counts for 6 Units of Credit (6UOC). 

	

PREREQUISITES:	

The prerequisites for MATH3361 are: 

• One of MATH2011, MATH2111, MATH2018 (DN), MATH2019(DN), 
MATH2069(DN), and 

• One of MATH2801, MATH2901, MATH2089(DN), MATH2099(DN). 

The graduate course MATH5361 has no formal prerequisites but students need to 
have taken courses roughly equivalent to those mentioned required for MATH3361. 
They need to be enrolled in one of the following programs:  

• 7659 - Mathematics and Statistics (PG)  
• 5659 - Mathematics and Statistics (PG)  
• 8719 - Mathematics (PG) 
• 8161 - Financial Mathematics (PG) 8750 - Statistics (PG)  
• 8750 - Statistics (PG)  
• 8751 - Biostatistics (PG) 
• 1545 - Actuarial Studies (RS) 
• 3956 - Advanced Mathematics (Honours) (UG)  
• 6001 - Study Abroad Program (NA) 
• 8411 - Actuarial Studies (PG) 
• 8413 - Financial Analysis (PG) 
• 8416 - Actuarial Studies (Extension) (PG)  
• 8417 - Commerce (Extension) (PG)  

EXCLUSIONS:	There is no higher version of this subject and it has no exclusions.   
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CLASSES: Lectures and tutorials run from Week 1 to Week 10. 

Ø Lectures: Two lectures per week.  

Ø Tutorial: One class tutorial per week. 

Ø Computer lab class: One lab tutorial per week. 

Ø Online: 4 lectures on Matlab. 

	

MOODLE: Further information, skeleton lecture notes, and other material will be 
provided via https://moodle.telt.unsw.edu.au 

COURSE	AIMS	

 

This course gives an introduction to the theory of stochastic differential equations 
(SDEs), explains real-life applications, and introduces numerical methods to solve 
these equations. Stochastic differential equation models play a prominent role in a 
range of application areas, including biology, chemistry, epidemiology, mechanics, 
microelectronics, economics, and finance. With the ongoing development of powerful 
computers, there is a real need to solve these stochastic models. The corresponding 
SDEs generalise the ordinary deterministic differential equations (ODEs).  

Similarly to (deterministic) ODEs, analytical solutions of SDEs are rare, and 
therefore, numerical approximations have to be developed.  

	

RELATION	TO	OTHER	MATHEMATICS	COURSES: 

MATH3301 Computational Mathematics, MATH3311 Mathematical Computing for 
Finance, MATH3801 Probability and Stochastic Processes and its higher version 
MATH3901. 

	

STUDENT	LEARNING	OUTCOMES:	

On completion of the course, the successful student will be able to:  

• Distinguish different types of stochastic different equations and different types 
of solutions (Ito vs Stratonovich, strong solution vs weak solution);  

• Identify applications that each equation can be used in modelling;  
• Describe the numerical solutions learnt (Euler – Maruyama, Milstein, high 

order schemes, implicit schemes), identify the strengths and weaknesses of 
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each method, explain the differences in these methods with methods used for 
deterministic equations;  

• Implement the methods learnt by writing their own computer codes or using 
available software;  

• Appraise the confidence one should have in the computed solutions, predict 
uncertainties associated with a given computational problem; 

• Explain the convergence, consistency, and stability of each method (for 
students of MATH5361). 

	

RELATION	TO	GRADUATE	ATTRIBUTES:	

The above outcomes are related to the development of the Science Faculty 
Graduate Attributes, in particular: 1 Research, inquiry and analytical thinking 
abilities, 4. Communication, 6. Information literacy. 

	

TEACHING	STRATEGIES	UNDERPINNING	THE	COURSE	

The lectures focus on the theory and applications of stochastic processes and 
stochastic ODEs in weeks 1-5. From week 6 to week 10, numerical methods for 
stochastic ODEs are introduced, with discussion on convergence, consistency, and 
stability. 

In the tutorials and labs, you will work on many small problems, developing the skill 
set needed to piece together a complete numerical simulation. 

	

	

RATIONALE	FOR	LEARNING	AND	TEACHING	STRATEGIES:	

MATH3361/5361 poses significant challenges for students because of the breadth of 
knowledge that must come into play when using a numerical method to solve a 
stochastic ODE. In the first half of the course, you have an opportunity to work on 
one topic at a time, gaining sufficient mastery of each to use them together as 
needed in the second half of the course.  If you do not work consistently from week 1 
then you are likely to struggle more and more as the session progresses. However, if 
you keep up with the lecture material and consolidate your understanding through 
the tutorials and labs, then the later parts of the course should fall into place and 
reinforce your study of the earlier parts. 

The distinct tutorial and lab classes will give you the opportunity to work on both 
mathematical exercises and computing problems. You cannot afford to neglect 
either. 
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ASSESSMENT	

 

The course has two minor and three major assessment tasks, weighted as follows: 

 

Written test  
(Part 1: week 4, Part 2: week 8) 

15% 

Lab test (week 7) 15% 
Assignment (week 9) 20% 
Final Exam (2 hours) 50% 

 

Ø The written test has two parts (30’ each). In week 4 you will do the first part 
which covers topics on probability spaces, random variables, stochastic 
processes, and stochastic integrals. In week 8 you will do the second part 
which covers Euler-Maruyama and Milstein methods for stochastic ODEs. 

Ø The Lab test in week 7 will require you to write some short programs under 
exam conditions. 

Ø The assignment due in week 9 will have a computing component and a 
written component. You must submit YOUR OWN WORK, or severe penalties 
will be incurred. You should consult the University web page on plagiarism 

http://www.lc.unsw.edu.au/plagiarism/ 

	

KNOWLEDGE	AND	ABILITIES	ASSESSED:  

Ø The lab component of the Class Work will assess your ability to write and 
modify short Matlab programs, testing your knowledge of the language syntax 
and your understanding of standard programming constructs.  

Ø The tutorial component of the Class Work will assess understanding of the 
relevant mathematical concepts, and your competence at routine calculations. 

Ø The Assignment will test your skill at synthesising mathematical theory and 
practical computation, and at interpreting and presenting numerical results.  

Ø The Final Exam will mainly test your mathematical understanding of the 
numerical methods discussed in lectures, but will also include some questions 
on scientific computing. 

	

ASSESSMENT	CRITERIA:  

Ø UNSW assesses students under a standard based assessment policy. For 
how this policy is applied in the School of Mathematics and Statistics see 
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http://www.maths.unsw.edu.au/currentstudents/assessment-policies  

Ø For computing tasks, the main criteria will be correctness, efficiency and 
clarity.  In other words, does the program produce the correct answers?  Does 
the program run in a reasonable time with reasonable memory requirements? 
And can a human readily understand (from reading the source code) what the 
program does?   

Ø For written tasks, you should set out your working clearly and in a logical 
sequence, with adequate justification for each step. Aim for the most direct 
answer possible.  

DETAILED	COURSE	SCHEDULE	

The table below provides an overview of the course content. 

Week	 Lecture	 Tutorial	 Lab	 Online	

	

1	

Motivating	examples,	
Probability	spaces,	
Random	variables	

Probability	spaces,	
Random	variables	

Matlab	functions	

	

4	lectures	
on	
MATLAB	

Stochastic	processes:	
Wiener	process,	diffusion	
process,	white	noise	

2	 Ito	and	Stratonovich	
integrals,	Ito	formula	

Stochastic	processes	 Matlab	random	
number	
generators	

Ito	stochastic	ODEs:	
existence	and	uniqueness	

3	 Strong	solution,	Weak	
solution	

Ito	and	Stratonovich	
integrals,	Ito	formula	

Matlab	codes	for	
Brownian	
motion	

Vector	stochastic	ODEs	

4	 Stratonovich	stochastic	
ODEs	

Ito	stochastic	ODEs	 Matlab	codes	for	
covariance,	
sample	paths	

Modelling	with	stochastic	
ODEs	

	

5	

Applications	of	stochastic	
ODEs	

Stratonovich	
stochastic	ODEs	

Matlab	
quadratures	

Stochastic	Taylor	
expansion	

6	 Numerical	methods	for	Ito	
SODEs:	Euler-Maruyama,	
Milstein	

Stochastic	Taylor	
expansion	

Matlab	ODE	
solvers	
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Convergence	and	
consistency	

7	 Numerical	stability	 Euler-Maruyama,	
Milstein	methods	

Matlab	codes	for	
Euler-Maruyama	

Multidimensional	noise	

8	 Higher	order	schemes	 Numerical	stability,	
Multidimensional	
noise	

Matlab	codes	for	
Milstein	

Implicit	schemes	

9	 Elliptic	two-point	
boundary	value	problems	
with	random	data	

Higher	order	and	
implicit	schemes	

Matlab	codes	for	
higher	order	and	
implicit	schemes	

Karhunen-Loeve	
expansion	

10	 Monte	Carlo	and	Quasi-
Monte	Carlo	

Elliptic	two-point	
BVPs	with	random	
data	

Matlab	codes	to	
solve	two-point	
BVPs	

Revision	

 

ADDITIONAL	RESOURCES	AND	SUPPORT	

	

MOODLE:	

All course materials will be available online by logging on to 
https://moodle.telt.unsw.edu.au You should check regularly for new materials, as 
well as for announcements about assessment tasks etc. 

	

TUTORIAL	AND	LABORATORY	EXERCISES:	

We will provide exercise sets for the tutorials and labs. In the labs, you will work 
independently at your own pace, but the tutor will be available to help when 
necessary. Take advantage of this help: it can save you a great deal of time. 

During the lecture the lecturer will outline what is expected to be covered that week 
in the tutorial and lab. You should prepare by reading the relevant exercises and at 
least making a start on some of them before the class. 

	

LECTURE	NOTES:	

A set of outline lecture notes will be provided. You will need to supplement these 
with a reference book on Matlab.   
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SOFTWARE:	

We will use Matlab in this course.	

REFERENCE	BOOKS:	

Ø B. Oksendal, Stochastic Differential Equations - An Introduction with 
Applications, Springer, 2010 

Ø D.J. Higham, An algorithmic introduction to numerical simulation of stochastic 
differential equations, SIAM Review, 2001, Volume 43, Number 3, pp 525 - 
546 

Ø E. Platen, An introduction to numerical methods for stochastic differential 
equations, Acta Numerica (1999) pp 197 - 246  

Ø G.J. Lord, C.E. Powell, and T. Shardlow, An Introduction to Computational 
Stochastic PDEs, Cambridge Texts in Applied Mathematics, 2014 

Ø P.E. Kloeden and E. Platen, Numerical Solution of Stochastic Differential 
Equations, Springer-Verlag 1999 

Of course, these books cover many topics that are not part of the syllabus. 

 

COURSE	EVALUATION	AND	DEVELOPMENT	

The School of Mathematics and Statistics evaluates each course each time it is run.  
We consider the student responses and their implications for course development.  

 

ADMINISTRATIVE	MATTERS	

 

SCHOOL	RULES	AND	REGULATIONS:	

Fuller details of the general rules regarding attendance, release of marks, special 
consideration etc are available via the School of Mathematics and Statistics Web 
page: see the links under Assessment Policies and Exam Information at 

http://www.maths.unsw.edu.au/currentstudents/student-services 

 

PLAGIARISM	AND	ACADEMIC	HONESTY:	

Plagiarism is the presentation of the thoughts or work of another as one's own.  
Issues you must be aware of regarding plagiarism and the university's policies on 
academic honesty and plagiarism can be found at  

http://www.lc.unsw.edu.au/plagiarism 


