Computational Science Ph.D. Qualifying Exam August 2000 Questions

Answer Question 1 and at most 5 of the 6 following questions 

1: Overview of Modern Technologies

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

a) Java

b) Business to Business; Business to Consumer 

c) XML

d) Dynamic HTML

e) CORBA

f) WAP

g) Napster

h) Thread

i) 3 Tier Computing Model

j) Video Compression (MPEG)

k) Single Program Multiple Data Programming Model

l) MPI

m) Cache

n) Quantum Computing

o) Deep Blue Computer

p) Scalable Parallel Computing

q) Load Balancing in Parallel Computing

Explain these concepts and define any acronyms

2: Searching 

The stock price of the Inktomi Corporation recently plummeted some 30% when it was announced that Yahoo would replace its current search engine with one from Google.com and terminate its search contract with Inktomi. Searching on the Internet consists of grabbing some 2 terabytes of data from Web sites around the world and storing it on one of say four clusters of 200 PC’s placed strategically around the world. Each cluster contains a complete copy of the 2 terabytes that record’s the world’s wisdom and PC’s within any one cluster are connected by a high-speed interconnect. The data is distributed among the PC’s with each local disk storing 0.5% of the world’s wisdom. Ignore the nontrivial problem of collecting this data (with a so-called Web robot) and discuss the architecture of the search system with some 100 million web clients potentially connected to Yahoo and pressing a search button from time to time. Describe where you would use Internet (e.g. HTTP) and where high performance communication technologies. Where would web servers and browsers appear in the system? Suppose each cluster can process 500 search requests per second. How many search requests per potential client can be processed per day. What would you do if a PC went down in one of the clusters on a busy day? Would you use same strategy on a quiet day? Suggest any innovative ideas that could help Inktomi jazz up its search engine and regain this key contract.
3: Base Java Technologies

Consider a simple 3-tier information system. There is a client running a Java Applet, and a Server with “business logic” (application code) constructed with Servlets. The Servlet communicates with the backend Oracle database with JDBC (Java Database Connectivity). Consider the “pure Java” subsystem consisting of Applet and Servlet, which communicate between each other with RMI. Describe the architecture and features of this subsystem and those special features of applets, RMI and Servlets that are useful in the effective operation of the system. Discuss role of JDBC in this system.

4: Space Internet

A new integrated ministry has been set up in a nameless country to optimally develop space (define as anything more than 100,000 feet above the earth surface) for the military and civilian good of this ambitious nation. You have been hired as director of this ministry because of your skills in information technology. The country’s president was elected to office on an Object Web platform and he further gave away an Internet ready cell phone to every member of his party. Your responsibilities include nasty warlike things, development of satellite systems to support the cell-phones, search for extra-terrestrial intelligence, exploration of planets and galaxies and you are chief information officer for the still secret human colony on Mars. You have lots of chores like mission control for an unmanned mission to a nearby black hole where the president as principal investigator wishes to control the spacecraft from his cell phone while scuba diving. Describe how you would use Object Web technology to design the infrastructure for a Space Internet which will maximize the economic well believing of your fellow citizens as well as supporting associated science research in the most innovative and effective fashion. You are allowed to include your plans to position the Space Internet to optimally support the President son’s plans to conquer the world. However full marks can be gotten by peaceful souls for whom this is distasteful.

5. Programming question.

6: Use of XML (DTD Crib Sheet available)

You are a University President and wish to design an XML specification for your curriculum. 

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

<lecture course=”CPS616” length=”80 minutes" department=”EECS” program=”CS” id=”1” lecturer=”Long Lost”  >Introduction with Related Classes</lecture>

State the DTD for your representation. Your set of tags/attributes should be general enough to describe educational institutions around the world and both universities and K-12 institutions. Detail such as specifying prerequisites and student evaluations 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. 

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

a) What is SQL and what role does this (old) idea have for the Internet.

b) Describe and contrast 4 distributed object approaches (CORBA, COM, Java, XML)

c) Differentiate Perl and JavaScript

d) Sun Microsystems, Ariba, Dell, Cisco, Yahoo, American Online, and Oracle are more or less successful in today's Internet. Contrast their successes and failures and their different strategies and market positioning.

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

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

