Computational Science Ph.D. Qualifying Exam JANUARY 12 2000 Questions

Answer Question 1 and at most 5 of the 6 following questions in either Track I or Track II. You cannot mix or match -- either choose track I OR track II

1: The Question Common to both tracks

Consider the following practical computing concepts, technologies and/or systems

a) Public Key Security

b) Portal

c) Event

d) Servlet

e) CORBA

f) Plug-in

g) Virus

h) Thread

i) Distributed Shared Memory

j) Teraflop

k) Data Parallel Programming Model

l) OpenMP

m) Cache

n) Compiler Dependency Analysis

o) Floating Point Exception

p) Y2K Problem

Explain these concepts and define any acronyms

Track I: Based Mainly on CPS615

I-2: Parallel Algorithms

Give an efficient parallel algorithm that will scale to many nodes on a suitably large problem for one ( and ONLY one) of the four following algorithms

a) Matrix Multiplication

b) Fast Fourier Transform

b) Sorting for an algorithm which has O(NlogN) complexity on a sequential machine.

d) Gauss-Seidel Iterative algorithm with red-black strategy for solving Partial Differential Equations

Describe the computer architecture issues for your chosen algorithm (which type of machine is suitable and if good communication important)

I-3: Next generation supercomputer architecture

NSF has just released the solicitation for the so-called Terascale machine and part of text is copied below. Please describe how best to respond to this assuming you were owner of a large amount of space for a machine and your machine room had very good network connectivity to the outside. How would you involve the Computer Science Department at your University? NSF has allocated a budget of $36 Million dollars.

NSF 00-29 December 29 99 Snippet:

The purpose of this solicitation is to generate proposals for a terascale computing system in support of U.S. science and engineering research. This system will go beyond the simple evolution of existing systems in order to address the leading-edge requirements of the computational science and engineering research community. Fundamental research in computer science will be necessary to achieve truly effective use of this national resource.

In FY2000, the National Science Foundation will financially assist the establishment of a single new terascale computing system to enable US researchers in all science and engineering disciplines to gain access to leading edge computing capabilities. The system will be balanced in terms of processor speed, memory, communication and storage systems. It will also include system software comparable to that on other high-performance systems, including system administration, job scheduling, and compilers and programming tools. It is expected that by February 2001 at least a portion of the system will be installed and in either full production or friendly user mode with an acceptable timetable in place for completion of the full production system. Pending availability of funds, an additional system may be situated elsewhere in FY01 with both systems' capabilities upgraded in subsequent years.

End Snippet

I-4: HPCC and the America’s Cup

Several boats are currently competing for the privilege of challenging New Zealand for the so-called America’s Cup awarded to winner of a set of Yacht Races. Explain how computation could be used in both design and racing of yachts.

I-5: Programming example

In the program you may use the following basic 6 MPI calls, given here with the C binding:

int MPI_Init (int *argc, char ***argv)

int MPI_Finalize (void)

int MPI_Comm_size (MPI_Comm comm, int *size)

int MPI_Comm_rank (MPI_Comm comm, int *rank)

int MPI_Bcast (void *buf, int count, MPI_Datatype datatype, int root,

               MPI_Comm comm)

int MPI_Reduce (void *sendbuf, void *recvbuf, int count, 

                MPI_Datatype datatype, int root, MPI_Comm comm)
I-6: Parallel Performance Analysis

Describe the following overheads to performance of a parallel program

a) Load Balance

b) Communication

And discuss issues that contribute to them. Please include a discussion of

1) Irregular Geometries

2) Heterogeneous work loads per data point

Use examples discussed in class such as

a) Building a wall

b) Solving a two dimensional partial differential equation

To illustrate issues. Describe how performance is related to parallel computer architecture and parameters.

Describe Amdahl’s Law

I-7: Problem and Computer architectures

Discuss two out of the following four problems and describe algorithms and computers necessary

a) Web Search Engines

b) Design of Boeing’s Next Aircraft

c) Search for Oil

d) Controlling a small mobile robot on Mars

--------------------------------------------------------------------------------------------------

Track II: Based Mainly on CPS616

II-2: Multi-tier Information System

Amazon.com recently reported earnings of $650 Million in the last quarter compared to a total of $610M for all of 1998. They sell books, toys, tools etc. on the Internet and are the largest such company. Design a Java-based multi-tier information system to support their operation describing how you would guarantee customer satisfaction in terms of performance and ease of finding what you want. This is a generic e-commerce question. It is NOT necessary to describe current Amazon.com system but just what YOU think they could use.

II-3: Objects and Their Services

Describe what an electronic object is and what services are associated with them. Discuss COM CORBA XML and Java. Choose two of the four following applications and describe how the concept of electronic objects could be used.

a) Education

b) The Electronic Shoebox (keeping track of photos, videos etc.)

c) Stock Market

d) An Earthquake

II-4: On Languages

Consider three of the six following languages. Describe and contrast them. Do NOT choose both a) and e)

a) Java on the Server Side

b) Perl (and CCI Scripts)

c) C++

d) XSL (not just XML)

e) Java on the Client Side

f) JavaScript

II-5. Programming question.

In this question, you are to write a program that displays to the user two textfields and a button on an HTML page.  This can be written either in Java or in JavaScript.  If written in Java, this will be an applet.  If written in JavaScript, this will be an HTML page with JavaScript in it.

……… TO DO …..

Note that since you will be writing this program on paper, we will not deduct points for simple syntax errors, but will primarily grade your solution on the basis of your understanding of placing GUI elements, doing event handling, and in the case of JavaScript, the Document Object Model.

If you don't know relationship between Fahrenheit and Centigrade, take any other non-trivial linearly related quantities.

II-6: Use of XML (DTD Crib Sheet available)

You are a real estate broker and wish to design a set of XML tags to describe houses at level of detail necessary to sell them. 

This is a set of tags and attributes such as the following example

<room length=”12" width=22” city=”Syracuse” units=”feet" condition=”filthy” >Must sell as desperate to leave</room>

State the DTD for your representation. Your set of tags/attributes should be general enough to describe houses around the world and both condominiums and houseboats. Detail such as specifying availability of Internet connection in room could be supported. Give an example and explain the structure of your representation. For this question 40% of credit will be for DTD, 35% for explanation and 25% for example. 

II-7: The Real World -- Answer two and only two of a) b) c) d) e) or f)

a) What is an 0bject-relational database and give an example of one.

b) Describe issues connected to placing 2D and 3D Images on the Web. Discuss (Animated) GIF, JPEG, VRML, Java3D and other technologies you think important

c) Differentiate HTML and XML

d) What is Jini. Describe its properties and related (competitive) approaches

e) Akamai is a famous MIT startup (current value $25B) providing optimal delivery of web material and a great CS theorist was a founder. Describe the technology 

f) Explain Javabeans and Enterprise Javabeans

