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ABSTRACT

Apijet isan Al application developed to gptimally pair
teaching asdstants and courses a MIT. Apijet uses a
web interface for human interaction and an A* seach
to create optimal pairings. Teaching asdstants and
professors dgn in to Apijet online and enter their
preferences and requirements concerning teaching. A
search can be run with the dick of a mouse. In creating
pairings, Apijet uses A* to gptimize the total suitability
of TAs for asdgnments. This paper discusses the
resource allocation problem and describes how Apijet
works. Apijet is an example of how Al search methods
can solve real world problems.

1. INTRODUCTION

After experiencing the grea TA-ship o our Teaching
Asdgtant Jmmy Lin, we felt an urge to develop a TA
Allocation system so that as many other students as
possble could have wonderful sudent-TA experiences like
we ae having in owr MIT Artificid Intelligence (6.034)
class Apijet stands for “Allocation Program Inspired by
Jmmy (lin)’s Extraordinary Teaching.” This program is
dedicated to Jimmy Lin, the greatest 6.034 TA we've ever
had.

The aedion of Apijet involved several stages. First, we
had to dedde on how we were going to get information
from potential TAs, and professors requesting TAS, so that
we auld peir them together optimaly. We eventually
dedded on writing a Common Gateway Interface (CGl)
script so that TAs and professors could enter their
preferences online. Then, we had to dedde on a method for
pairing the TAs and professors based upon the preferences
they entered. We chose to implement an A* seach to
handlethis.

This paper will discuss the generd resource dlocation
problem, the spedfic application of the probem in
all ocating teaching asggtants for classes, and aso give a
detailed owerview of our Apijet system aong with its
strengths and weaknesses.

2. THE RESOURCE ALLOCATION PROBLEM
The more spedfic dass under which our TA Allocating
system fall s under is the resource allocation problem.

2.1. The General Problem

The resource alocation problem is when there ae limited
resources to distribute and it neads to be dedded how these
resources will be distributed. One example of the resource
alocation problem is the problem of deciding when each
airplane can use the stands at an airport. The limited
resources are the stands at the airport, and the stands need
to be properly paired up with airplanes to ensure smoath
operation of the arport.

Without a computer program, this task is mething that
would require a human operator with several years of
experience [1]. However, with an Al computer program
like HKATI's SAS, a “highly optimized all ocation plan” can
be “produced in reasonable time (ensure) that all
operational congtraints are onsidered all the time, and
(perform) problem solving in real-time or close to real-
time” [1]

Computer programs can often be used to solve large
resource allocation problems like that since they can
perform very quick seaches. Another example of thisisthe
AMC barrd allocator, which can schedule 1000 airplane
misgons and 5000 flights “from scratch in less than 20
seconds on a Pentium [I 400 MHz.” [2]

2.2 The Specific Problem

One version of the resource alocation problem is the
personnel allocation problem. In the personnel allocation
problem, the limited resource being all ocated is personnel.
There ae applicants with unique qudifications and
preferences, and positions with different requirements and
preferences, that neel to be asdgned to each other
intelligently.

The TA Allocation problem isalocal (at MIT) example of
a personnel dlocation probem. The applicants are
Teaching Asdstants (TAS) who neel to be asdgned to
classesin the most optimal configuration.

Each semester, MIT offers hundreds of classes that need
TAs. It can prove to be time-consuming and difficult for a
human being to match up al the TAswith the dasses snce
there ae so many factors involved in each assgnment and
there ae so many assgnments. We fdt that this was an
area in which a computer program could make eserybody’ s
life easier. A computer program could do the pairings, and
ensure that the best possble TAs are asggned to each class
The importance of assgning appropriate TAs to a class



cannot be underestimated; oftentimes the TA assgnments
play amajor rolein influencing how well students lean the
material and how happy everybody iswith the murse.

2.3 Why the British Museum Search Fails

One method of solving the TA alocation problem is to
write aprogram to enumerate every TA-class combination
possble, and then determine which of these mmbinations
is the best. This method of exhaustive searching is
affedionately known as the “British Museum” seach. The
British Museum seach is not appropriate for solving the
TA Allocation problem sinceit has anextremdy high time-
cost. Space msts can also ke afactor if the British Museum
search is done in a breadth first manner, or if all solutions
are kept track of.

Let's sy that there ae 15 TAs applying for positions in 10
classs. If each classonly wanted one TA, this would result
in a seach treewith branching factor 15 and depth 10 (or
branching factor 10 and depth 15 if implemented
differently). A seach tree with branching factor 15 and
depth 10 has 15"10 potential paths. 1510 is over 576
billi on, so a British Museum seach would lodk through
576 hillion posgble solutions before returning a value
Implementing such a seach in reasonable (for the scenario)
time would require a very fast computer. Since we do not
have such fast computers to work with for implementing
our system, the British Museum seach would take an
unreasonable anournt of time to compl ete.

If there ae 15 classes requesting TAs, then the depth
becomes 15 and the number of possble solutions increases
many-fold, to the point where cmputers that can run the
British Museum seach in reasonable time ae yet to be
developed.

3 TECHNICAL IDEAS AND PRECEDENTS

In developing our program, we made choices concerning
how to approach individual sub-problems of the main
problem. This sedion describes the two main modules of
our system, and how it came to be that we dedded to use
them.

3.1 Modules Within Apijet

Apijet has two main modules; a web interface (the CGI
module), and the amde for solving the TA Allocation
problem (the A* module). We ame up for the ideafor the
web interface because in the real world, an easy method is
neaded to get information from TAs and professors. At
MIT, theinternet is already used for many kinds of student
information processng and computer use is widdy and
fredy available on campus. A web interface seamed like
the perfed solution.

The second main module within our system is the ade for
optimally pairing TAs with the classs that needs TAs. The
second module is implemented in MIT Scheme, and can
also berun diredly off theinternet using CGlI.

3.2 The CGI Module
The basic structure of the web interface @n be divided into
input and output web pages. An example of such a web

pageis Figure 1, which showsthe “sign-in” page. The input
interface allows a TA or professor to fill out an eledronic
survey form. This form asks TAs questions pertaining to
their interests and academic reard, and asks professors
their requirements and preferences for a TA. The output
interface alows a "Sysadmin" user to log in wsing a
passvord, review the data entered thus far, and run the TA-
assgning engineif desired.
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Figure 1. The“ sign-in” page for Apijet.

The web pages are not static, but designed on the fly, using
the CGI protocol. Briefly, CGl is a system that alows
dynamic generation of web pages through the exeaution of
server-side programs. Although the common choice for
CGl is Perl, any language can be used to creage CGI
programs; the only requirement is that the program, when
exeauted, outputs a web page to stdout. When a dient
makes a request to view a CGl file, the server, ingead o
transferring the CGl file itsdlf, exeautes the CGl file and
redireds the output to the dient.

Apijet’'s CGl programs were written from scratch in a
variant of Scheme known as RScheme. The reason for this
dedsion was mostly pragmatic; RScheme provides the
ability to compile Scheme wde into a binary executable
without which the usage of Scheme for CGI would have
been made much more difficult. Barring server failure, the
web-based interfaceis viewable at:

http://boa.res.cmu.edu/~terrykoo/cgi-bin/clasda.cqgi
(and aso linked to from http://ta.thomaslin.com)

Note that the airrent web-based interface is compatible
only with the Internet Explorer browser.

3.2.1 Usage of The Web-Based Interface

Idedlly, a set date for a run of the assgnment program
would be made publi c and during the intervening time, TAs
and professors would log into the web page axd submit
their information forms. When they finish entering deta,



each TA or professor's information is processed into the
format of an assrtion-line (i.e a line of *list-of-
assrtions*) and saved into a.scm (Scheme) file & a spedd
location on the server. Later, at the indicated time, the
Sysadmin will log in and run the matching program; the
matching program loads in al the saved .scm files and
combines them into a list-of-assertions, which the path-
length cdculator and seach program are exeauted with.

3.2.1 Precedents for the Web-Based Interface

At MIT, the 6.034 Artificid Inteligence dasshas recantly
started using an online web tutor to help students lean the
material in the curse. This web tutor is interactive. It
provides the students with problems to solve, ledure
material, and in some a@ses, aso hints on how to solve
spedfic probems.

The 6.034 anline tutor served as a precalent for the Apijet
system since it showed us that online interaction could be
made fairly painless Another system implemented at MIT
which is similar to Apijet is the MIT Student Information
Services ste, which runs physical education and housing
lotteries online for students. Students sign in and enter their
information, and a search is conducted at alater date.
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Figure 2. The “T A personality” page for Apijet

3.2.2 Technical Choices
There were several main points that led us to choose a CGl
implementation for the user-interaction part of Apijet.

One potential red-world problem in deding with resource
alocation problems is having only incomplete or vague
information about the resources. We felt that by using an
internet interface we culd ensure that the system had a
complete set of information about each of the TAs, snce

the TA forms are not submitted until the TA has filled out
all the necessary information.

Also, another reason to use the internet interface is that it
adlows us to “standardize” some of the TA persondity
traits. For example, if we had just asked TAs to describe
their personality, the system would have receéved a wide
range of input (i.e. “1 loverabhbits,” “I am very smart,” or “I
am a member of Mensa”) Perhaps the system would not be
able to remgnize all the terms the TAs use to describe
themselves. However, by using a web interface we @n
restrict the personality traits on which a TA can comment
on.

We redtricted the personality traits to a few we felt were
most important for the situation. Currently, the system will
ask the TA whether they are a ourse 6 gudent, if they area
hard worker, if they are acoding wizard, whether they have
an aggressve personaity, whether they are Jmmy Lin,
whether they know their way around computers very well,
and whether they are generdly enthusastic. Then, the
program will ask professors which ones of those spedfic
traits they require or prefer their TAs to have. Figure 2
shows our “TA Persondlity Seledion” page.

At first, we were mnsidering implementing a Javainterface
sincethere ae several programs (primarily Skij and Kawa)
which can run bath Scheme and Java. However, we later
dedded that CGI would be a better choice

A CGI interface saves the usar some loading time, and
allows for the easy use of html input forms. Also, CGI
often uses fewer resources on the end-user’s compuer than
Java.

3.3 The A* Module

The A* Module runs an A* seach. In the A* seach that
we used, if there ae more TAs thanclasss, then individual
nodes of the seach are TAs A TA asdgnment at the first
level of path length isequivalent to asggning that TA to the
first class A TA assgnment at the second level of path
length is equivalent to assgning that TA to the secnd
class The seach terminates after the path length has
reached the number of classes (when every class has been
asdgned a TA). When there ae more assgnments than
TAs, it uses assgnments as the nodes and TAs as the depth
levelsto continue ensuring gptimal results.

The sample path (Jack Médlissa Alyssa S) is equivalent to
the TA assgnment of Alyssa to the firg class (i.e. 6AAA),
Mélissa to the second class (i.e 6BBB), and Jack to the
third class (i.e. 6CCC). The spedfic ordering of the dasses
is determined within the program. The seach tree
generated in this problem is similar to what would be
generated by the map (with TAs as nodes) shown in Figure
3. The point of the seach is to generate the shortest
possble path (in terms of the path-length function) that
contains the number of nodes equal to the number of TAs.

There ae three main functions (each with their own sub-
functions) within the A* program. The first function takes
the description of TAs and subjeds and turnsit into a list



containing numerical assgnments for how well suited each
TA will be for each class The seand function takes this
list and sorts it by standard deviation. The third function
takes this orted list, makes a dedsion about what seach
method to run based on the size and standard deviations of
the ligt, and then runs an appropriate kind of search to pair
the TAs with the subjects. The A* module outputs the list
of TAs paired with subjects using these threefunctions.

Alyssa

Figure 3. Map-equivalent representation of the problem

3.3.1 Converting and Sorting the Assertion List

Professor and TA input preferences/requirements into the
first module of the system, and al this information is then
converted into a table of path-length values for our A*
search. Currently the suitability of a TA for an assgnment
is calculated as a value from O (worst) to 100 (best). It is
calculated using the foll owing formula.

* 62 points for meding a professor’'s requirements,
further broken down into (45% for meeting the spedfic
grade requirements, 5% for meding the grade
preferences, 45% for meding the personality
requirements, and 5% for meding the personality
preferences.)

» 26pointsfor meding a TA’sprefererces

»  12pointsfor how well the studenthas performed inthe
classin the past.

Path length is 100 minus the suitability value, which gives
low-suitability pairings a higher path length. The formula
we used is based on what we thought would yield a goad
numerical refledion of the quality of a TA-class pairing.
Notice that the way the suitability formula is currently set
up, professor preferences cannot out-weight professor
requirements unless the professor states 10 personality or
grade requirements. Our program currently does not allow
the professor to set 10 personality requirements (since they
can only choose from 7), and it is highly unlikely that a
professor will require cetain grades in 10 prior classes
before accepting someoneasa TA.

The second function sorts the path-length table by standard
deviation. Thisresult is then reversed, so that classes with
the lowest standard deviations of TA suitability numbers (a
classhas alow standard deviation if most of the TAs have
similar suitability numbers) are lodked at first and classes
with the highest standard deviations for TA suitability
numbers are looked at last. We found that organizing the
table in this manner generally yielded the quickest seaches
sincethe program will know early on using the distance-to-
goal measurement, whether assgning a TA to a dass with
low standard deviation is a bad ideasince the TA could be
better suited for another classlater onthelist.

3.3.2 Searching the table using A*

The point of our A* seach is to minimize the total path
length and thus maximize our “TA suitability points’ and
yield the absolute most desirable assgnment state based on
what is in the assrtions database. The admissble
heurigic/distance to goa at any given node is an
underestimate of the minimum path-length required to
reach the goal from that node using nodes that haven’t been
assgned yet.

A rule which A* inherently does with ouw modd is
asggning each TA to ane dassat most. It will not assgn a
TA totwo classs, sincethat would mean visiting the same
node (TA) twicein agiven path down a arch tree.

3.3.3 Supporting Multiple TAs

The program can accommodate professors seeking multiple
TAs. After every classrequesting a TA has been assgned a
TA the program will go back and edit the assertions list
appropriately, removing any TAs that have already been
assgned and removing any classes that have been assgned
the number of TAs they requested. Then, the search is run
again with the new set of assrtions. This is repeated until
the asertions list contains either no more TAs to assgn, or
nomore dasesrequesting TAs.

We felt that assgning every class at least one TA before
asdgning any clases more than one TA would be the
fairest arrangement. We would not want a situation where a
professor complained that his class was assgned no TAs
whil e another classwas &sgned two TAS.

3.3.4 Precedents for the Search

The particular problem which was a useful precadent for
our system was the problem of getting from one point on a
map to another point. We felt that this problem was a good
refledion of how a computer search isable to get from one
dtate (the start state) to another (the finish state). So, we
trandated aur resource allocation probem into a problem
that would be similar to the map-path problem. The map-
path problem has been demonstrated to be most effedively
be solved by the A* search method.

From owr 6.034 Artificia Intelligence dass we leaned
several ideas which proved to be useful in approaching the
search part of the TA Allocation problem. Spedfically, we
leaned about how eff edive searches were in comparison to
each other, and about the many benefits of an A* search.



An A* seach generates optimd paths. An A* seach with a
goad dstanceto-goal underestimateisable to seach in the
right diredion toward the goal.

We dose A* over such seaches as Best-First and Depth-
Firg since we were lodking to qptimize the TA-Class
pairings, and A* is an optima seach while Best-First and
Depth-First arenat. It isvery important to crege optima or
nea-optimal pairings in this probem, since goad results
are often crucial towards the success and happiness of
students, TAs, and professors over entire semesters. We
chose A* over the Branch and Bound qptimal seach
because A* employs a distanceto-goal measure which
ensures that the program is seaching in the right
“diredion” towardsthe goal.

3.3.5 Technical Choices for the Search

The most difficult technical choice for the seach was
dedding which kind of search to use in the first place We
could have ather approached the problem as a Congraint
Satisfaction Problem (CSP), or asa general seach problem.

We dose to approach the problem as a general seach
problem as opposed to a constraint satisfaction problem
because a large part of pairing TAs with classes/professors
is matching preferences. If you implement a rule-based
system with constraints, then you will often run into data
which cannot satisfy all constraints. In that case, you will
need to gadually relax the mngraints. We fdt that
approaching the problem as a general seach prodem
solved that problem since when we view this problem as a
general seach problem, we are guaranteed a solution and
never have to go back and change @nstraints.

The A* method which we used works very similarly to
methods used in solving constraint satisfaction probems.

*  The A* method implementsthe rule that no TA can be
asdgned twice naturdly, since that would mean
visiting asingle node twicein the seach.

* If our TA-suitability function is modified so that only
professor reguirements count towards the suitability
and medting dl the requirements yields a suitabil ity of
1 while not meding al the requirements yields a
suitability of 0, then our search esentidly becmes a
straight CSP search whereto goal is to find an answer
without violating any of the requirements.

e By adding the TA suitability calculator, what the
program does is take not only requirements, but also
preferencesinto acoount.

* Forward Cheding in CSP seach cheds to make sure
that all constraints can till be satisfied from a given
position duing the seach. Our distanceto-goal
measurement does a similar thing, by giving positions
that violate requirements a high distanceto-goa
measurement which ensures that they won't be
considered until all other options have been exhausted.

4 RESULTS AND REMINISCENCES
4.1 Doesthe Program Produce Optimal Results?

Our program produces optimal TA/class assgnments for
our path length function. Our path length function tells us
how desirable it is to assgn a TA to a class The
desirability is rated from O to 100, with O meaning least
desirable and 100 meaning most desirable. The program
then conducts a search to pair the TAsand classes in a way
such that the total desirability is maximized. Our path
length function, however, hasnot been scientifically proven
to yield exact “desirability,” which isin itself a subjedive
term.

4.2 How doesrunning time increase with problem size?

As A* is an optimal seach, running time increases
exponentidly with problem size. However, whil e the worst
case run time is exponential, the best case run time is
linea. The path-length and distarce-to-goal functionsin A*

are used to try to goad the run time towards the best case
run time, and away from the worst case run time.

So far we have been getting very postive results
(sometimes 0.1 seand seach results) based on data smilar
to sample data sets provided for us by faculty of our
Artificial Intelligence dass A* islikely to take alongtime
if many TAsare asigned the same path-length in the same
classes, or if some TA is best suited for every class (in
which case the distanceto-goal underestimate is less
effedive).

The program is currently not optimized to deal with cases
whereit nealsto assgn an extremely large number of TAs.
For example, if the program was used for pairing every TA
at MIT, it would take along time to run. Until the program
is optimized to support such large data sets, we suggest that
it be used in asdgning TAs in amdle data sets For
instance, it could be used to assgn TAs who want to teach
low-level math classes, or TAs who want to teach a certain
subset of clases in the Eledricd Engineering and
Computer Science Department.

4.3 How is running time consumed?

Most of the run time is consumed in seaching thelist. The
searching procedure is the only one that is exponential time
in the worst case scenario. If you have x (where x >y) TAs
and y classes requesting TAs, then the worst case seach
time is approximately a linea (depending on how many
TAs each classrequests) multiple of x * y. The program is
currently set to display progress (in A* terms, “paths
expanded”) in the seach as it is seaching. If this function
were turned df, some search time @uld be mnserved.

5. FUTURE WORK
There are sesral additiona featuresthat mey be coded into
future versions of Apijet. For example,

* Apijet cen currently understand if a TA says that they
ae ‘“hard-working” and the professor requests
someone “hard-working.” However, Apijet will not
know not to assgn a “‘lazy” TA to a professor
requesting a “hard-working” TA. In esence, if the TA
enters that they are “lazy,” it has the same dfead as if
the TA had chosen that they weren't “lazy” or “hard-



working.” The ability to distingush that may be
included in future versions.

Also, Apijet currently runs the same seach method
(A*) on dl data sets. In future versions, Apijet may run

hope that the methods used in constructing Apijet can also
be of usein constructing aher similar applications.
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