Computational Science Ph.D. Qualifying Exam January 2001

Answer Question 1 and 5 of the 6 following questions. Question 1 is worth 30 points; each other question 25 points. When a question has multiple parts, each part is worth the same amount.

1: Overview of Modern Technologies

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

a) High Performance Fortran HPF

b) Enterprise Javabeans EJB

c) RMI in Java

d) Hotspot Compiler Technology

e) Applet

f) Servlet

g) Mime Type

h) Linux

i) Video Server

j) JDBC

k) Random Number

l) RISC

m) Personal Digital Assistant PDA

n) Multigrid algorithm for Solving Partial Differential Equations

o) Thread Safety

Explain these concepts and define any acronyms

2: Server Side Computing

In a multi-tier architecture with a Web server in the middle tier, there are many possible ways of doing this middle tier. Describe and contrast the following two methods:

a) The "good old" Perl or UNIX Shell program invoked by the CGI Mechanism

b) The more modern Java based Servlet approach.

3. The State that cannot Count…

The recent presidential election has emphasized some weaknesses in existing approaches to voting. Design a totally Web based approach to voting that uses XML specification of candidates and a distributed multi-tier architecture. Discuss in particular how you would address fault tolerance, fraud mitigation and security. Describe the user interface and how you would support a mix of telephone (using Voice over IP), home PC's, kiosks in shopping malls and palm top devices. Your design should support both the registration (filing intention to vote with credentials) and the actual voting. Describe new capabilities that your design would enable e.g. possibility of changing one's vote.

4 Fundamentals of Java

a) Describe the Java Object and why it is a good idea. Discuss why such a concept is better than those provided in Fortran77 and other languages of the past. (As an example of a "competing programming model" Fortran supports named common blocks etc. which offer primitive ways of grouping information together).

b) Consider a Java two dimensional array of integers fred
int[][] fred;
Contrast the implementation of arrays in Java with C, Fortran or other such languages. Discuss how Java's choices affect run-time performance and functionality of arrays.

5. Programming question.

In this question, you are to write a program that displays to the user eight 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.

The program is to help me grade this exam and should behave as follows: the user (i.e. me) should type in a number in the first 7 textfields, which are grades for seven questions. The program should check that grades lie between 0 and maximum allowed for question. When the button is pressed, the program should total the 6 best question scores for a final grade and present this in last textfield. It should store internally in a static variable the passing grade and indicate fate of this exam in some suitable way that you can choose. Note program only handles one exam at a time. Please include with your code a description of how the event handling is taking place, and in the case of JavaScript, how your program uses the Document Object Model.

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.

6: Use of XML (DTD Crib Sheet available)

Design an XML specification for a kitchen. This should include description of food in the kitchen; recipes for potential meals; utensils (such as pots and spoons); available capabilities (gas oven, microwave); as well as specification of kitchen as a room in a house.

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

<recipe><ingredient unit="tablespoon" size="2">Garlic Salt</ingredient>…<stage no="1" >Mix Milk and Flour and chill for 30 minutes</stage>….</recipe>

State the DTD or Schema for your representation. Your set of tags/attributes should be general enough to allow one to describe this part of your home for sale and enable writing of a tool that looks at chosen recipes for the next week and existing food stocks and decide what needs to be purchased at the (online) grocery. Give an example and explain the structure of your representation. 

7: The Real World -- Answer two and only two of a) b) c) d) e) f) g) and h)
a) Describe and contrast 4 distributed object approaches (CORBA, COM, Java, XML)

b) Describe Java Server Pages and why they are useful. 

c) Explain the World Wide Web Consortium (W3C) and any one of its initiatives such as the document object model DOM

d) Describe and contrast dynamic HTML XHTML and SVG.

e) Explain the thread model in Java and compare it with other thread models.

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

g) Describe the technology and capability of Napster and related systems.

h) Describe Javabeans.

