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Abstract — Surveys of college seniorswill quite often reveal that, intheir maj  or courses, there were certain conceptsthat
were difficult to master at the first encounter. By collecting this data, and then using students to devel op web -based
learning modules for the most frequently appearing problem concepts, first encountersto a difficult concept may be easier
for studentsto master.
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INTRODUCTION

Peer tutoring has been found to be a very valuable asset to student learning. A recent survey of the teaching assistants/tutors
for Computer Science courses revealed that certain concepts appeared often as problem areas. Student after student appeared
at the teaching assistant’s office stymied by the same lack of understanding of a basic concept. In the student-to-student
tutoring/learning session, the teaching assistant possibly best understands the problems associated with a difficult concept.
Quite often the teaching assistant had faced this same difficulty in the understanding of a concept when he or she first
encountered it. At lllinois Institute of Technology peer tutoring has been used in many courses; in general, this technique has
met with success. The biggest problem, limited hours of teaching assistant availability, is what we have tried to solve with the
use of web-based single-concept learning modules to provide help with difficult concept understanding.

BACKGROUND

Most college/university professors consider their first teaching experience a disaster. They lecture for several weeks, then
give a quiz or test and are shocked at the results. At Illinois Ingtitute of Technology we offer two graduate courses that can
make this first venture into the classroom a more rewarding experience for both the instructor and the student. Planning,
developing and teaching a course requires three equally important components. 1) knowledge of the subject, 2) course
content organization, and 3) presentation techniques. These three components have been determined by questioning many
undergraduate and graduate students, and asking them to list single words which best describe the outstanding instructors
they have encountered.

A sequence of two graduate courses is offered for Ph.D. students who are planning on a teaching career at the college or
university level. The first (CS 560) in the sequence deals with organizational techniques for course planning, the second (CS
561) deals with the various presentation methods, from the whiteboard to multimedia approaches.

It was to CS 561 graduate students, in the spring of 1997, who were tutors and teaching assistants, that the idea was born to
prepare for the web what would be called Single-Concept Learning Modules (SCLM). These are short tutorials or explanations
that present information that would typically be given out in a person-to-person session. The topics of these Learning
Modules would be obtained by interviewing undergraduates who had taken one or more required undergraduate Computer
Science courses.

Each of the graduate students was given alist of required undergraduate courses and told to interview five to ten students
who had taken each course. Each interviewee was asked to respond with two or three of the most difficult concepts
encountered in each of the required courses completed. The concept was to be expressed in one or two words.

This information was gathered and summarized to find the most common problem concepts. Overall about 150 students were
interviewed. The most common problem concepts were quite evident. The summary was then presented to the graduate
students, and they, in turn, put the list in order of preference of concept they wished to develop. It worked out that each
student received his or her first or second choice. There were no guidelines given as to length or style for the SCLM, the
thought being that an unstructured approach would probably yield the best results.
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The final version of their SCLM was due eight weeks into the semester. Preliminary versions were critiqued by all of the
members of the class. The final versions were put up on a web page, and the information about the web page was then sent to
all of the instructors of the courses involved. The instructors were asked to make the web page available to their students.

Each time CS 561 has been taught the same techniques have been followed. This has added to the list of SCLM’s. Some of
the SCLM's are better than others, but student reaction overall has been very positive. Comments and criticism have been
requested from anyone using them. These SCLMs are to be considered a dynamic entity. Each semester, these first versions
will be examined again and new versions will be explored and added to the web page. Many semesters will have to pass before
any profound statements can be made, but first reactions seem to indicate that theidea is sound. Student comments have
been favorable. A quote or two: “The greatest thing about this is that the web page is available 24 hours a day.”; “Why aren’t
there more concepts on the page?’; and "When will other courses be covered?’

The web page address is:
http://www.cs.iit.edu/~cs561/cs_sclm.html

We would appreciate any comments, good, bad or just so-so. Some of the SCLM's are general in content and others very
specific. Also some team-effort SCLM’ s have been added.

COURSE/SCLM

CS105Introductionto Computer Programming CS 351 Systems Programming

Problem Solving With Pseudocode 1
Problem Solving With Pseudocode 2
Iteration

Handling Input Devices
Scroll Bar Messages
Basics of Menus, Dialog Boxes or Resources

Arrays 1 Child Windows
Arrays 2 System Timer
Functions 1 Network Programming
Functions 2 Introduction to Network Programming
Functions 3 CS425 Database Organization
File Streams (HTML from C++) Integration of Structured Data and Text
Pointer 1 Relational Algebra
Pointer 2 Semi-Structured Databases
CS 330 Discrete Structures CS 450 Operating Systems
Discrete Probability Deadlock
Functions Disk Scheduling Algorithms
Trees Fork System Call
Permutations Piping and Redirection
Combinations Memory Management
Sets CS 487 Softwar e Engineering
Boolean Algebra Dataflow
CS 331 Data Structuresand Algorithms Coupling
Heaps Cohesion
Queue ADT
Stack ADT
Binary Search
Sorted List
Singly Linked List ADT
Quicksort
CS350 Computer Organization and Assembly
Language

Single Cycle Implementation
Introduction to MIPS

ALU Implementation

ASCII Code
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Division Algorithms

Basics of Caching

Pipelining
CONCLUSION

We believe this SCLM approach could be used in any discipline and would be particularly successful in engineering courses
where many new and sometimes difficult concepts are presented.

SAMPLE

What follows is a sample SCLM. Since these are made available as web pages much is lost when presented as hard copy.

DEADLOCK HANDLING

Deadlock - A set of processesisdeadlocked if each processinthe setiswaiting for an
event that only another processin the set can cause.

Necessary Conditi ons:

- unshar abl e resources
hold while waiting
circular wait
no preenption

Unshar abl e Resources - resources that nay be used exclusively
that is, with no other conbination or sharing of resources.
e.g. nmagnhetic tape, printer

Hold While Waiting - when process is allowed to hold resources
whi |l e requesti ng ot her resources.
e.g. process A holds Rl and R2, while it requests R3 and R4

Circular Wait - a state in which a cycle of processes exists such
that each process holds a resource that is being requested by the
next process in the cycle and that request has been refused.
e.g. process A holds Rl and R2, while it requests R3 and R4
whi ch may be held by process B which is requesting Rl

No Preenption - resources cannot be recovered from processes.
e.g. process A holds Rl, and Rl cannot be recovered

Therefore, for deadlock to occur all of the four conditions nust take place in the
system
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Deadlock Prevention

Toprevent deadlockincidents, at | east oneof thefour necessary conditionsshoul d beremoved.

Unshar able Resour cesUnsharabl e resourcesmay beidentified asprinters, plotter, and magnetic tapesin
which case cannot share resources. However, simple modificationsto the handling nature of such deviceswill at
least maketheseunsharabl eresourcesvirtually sharable. A good examplewoul d betheimplementationof a
printer spooler. Thespooler will print theoutput, whichwasstoredintemporary files, as determined by the
managing policy of theprinting queue. Thus, afew processesmay print simultaneously onthesamevirtual
printer. Hold While Waiting Thereare two dominant mannersin which the hold whilewaiting condition may
be avoided. Thefirst requiresthat each processwill haveto specify and acquireall resourcesneeded at one
time. If thisisnot possible, theprocesswill wait until all necessary resourcesareavailablefor use. Thesecond
states that the processwill haveto release itsheld resources before requesting another. Note that both of these
methodssignificantly decreaseresourceutilization. Circular Wait The algorithm used as aremedy to the
circular wait problembasically numbersresourcesand ordersthemintoincreasing sequence. Processes may
haveresourcerequestsgranted only if they hold resourceswithalower number or priority thanthat of thelast
requested one. Therefore, acircleisnever allowed toform. No Preemption To prevent no preemption, the OS
must allow someform of preemption. Preemption of resourcesof acertain processwill forcetheprocesstobe
rolled back to the point at which it acquiredit.

Deadlock Detection and Recovery

Thisapproach isbased upon constant periodic systeminspection for the deadlock state. Depending on system
overhead, theapproachesfor detectionwill vary based upontimeinterval sof systeminspection. Oncedetected,
therearetwo possiblerecovery methods: processtermination and resource preemption. Processterminationor
abortionisavery risky recovery method. Depending upontheresourcesthat aprocessisusingandwhenitis
terminated, will drastically affect thesystem. Insomecases, all processesmay beaborted andthesystemstarts
off clean. Resource preemption - to terminate one processat atime callsfor sometypeof victim selection. This
may bebased upon processor resourcepriority andtimeconsumption. Keepinmind that starvation must be
avoided when sel ecting termination victims. Never consider theostrich algorithm in which case the systemiis
supposedto pretend that the problem of deadl ock doesnot exist. Thisapproach doesnot seemvery logical,
but thereasonfor thisisthat the pricefor handling deadl ocksmay beextremely highwithlow probability of
occurrence. Therefore, thedeadl ock problemsarehanded over tothe system operator or theuser.

Deadlock Avoidance

Deadlock avoidancetriesto avoidthedeadl ock stateinstead of coping withtheprevention or recovery
methods of deadlock. In such cases, the OS may pretend that the request isgranted, and then run adeadl ock
protection procedure. So, if thesimul ator detectsdeadl ock, thentheprocessisnot allowedto continueandis
rolled back. However, thisapproach doesnot compl etely removethe possibility of deadlock. A better
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approachwould beto make each process pronouncethe maximum number of resourcesof eachtypethat it
may need. Then, itisdynamically investigated by adetectional gorithmto guaranteeit. However, these
avoidance methods haveavery high overhead, and thismay outwei ghitsuseful ness.

Resour ce Allocation Graphs

Rectanglesrepresent different resourcetypesand circlesrepresent processes. Dark edgesdirected from
resourceto aprocess statesthat aprocess holdsthat resource. Light edge directed from aprocessto a
resourcestatesthat aprocessrequestsaresourceof that type. Process Pholdstheonly instance of resource
type R1, while requesting resource of type R2.

Process Q holds resource of type R3, whilerequesting resourcesof typeR1 and R2. Process P holdsthe
resource of type R1, whilerequesting resource of type R2.

R1 —>@—> R2
~

R3

REVIEW QUESTIONS AND ANSWERES

Problem 1) Areall of the necessary conditionsfor deadlock independent, or does one or more of them haveto
holdfor another to hold?Explainyour answer. 2) I sit possibleto haveadeadl ock involvingonly onesingle
process? Explainyour answer. Answer 1) Hold and wait impliesmutual exclusion; circular wait impliesmutual
exclusion, holdand wait and no preemption. 2) No. Thisfollowsdirectly fromtheholdandwait condition.
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