A Constraint Processing Approach to Assigning Graduate Teaching Assistants to Courses

Robert Glaubius and Berthe Y. Choueiry Constraint Systems Laboratory Department of Computer Science and Engineering, University of Nebraska-Lincoln �

�

�

� 1. Abstract

In recent years, scheduling problems have been advantageously modeled as Constraint Satisfaction Problems (CSPs) and effectively solved using constraint processing techniques. We discuss here one such application: the assignment of graduate teaching assistants (GTAs) to courses in a university setting. We analyze and model this problem using data from the Department of Computer Science and Engineering of the University of Nebraska-Lincoln. Our research contributions are as follows.

• We enriched the problem definition through representation of GTA preferences. • We proposed, implemented, and evaluated models of the problem.

• We identified and made explicit the restrictions imposed by the department, and modeled them as non-binary constraints.

• We proposed, implemented, and compared various optimization criteria. �

�

�

� 2. Problem Definition

The practical problem can be stated as follows. Given:

• Many classes in CSE require teaching assistants

– Lecture courses: graders – Labs, recitations: instructors and/or graders • CSE hires Graduate Teaching Assistants (GTAs)

– Experienced students that are familiar with course material. – New students with an unknown preferences and levels of competence.

Question:

Assign GTAs to classes in a satisfactory manner. �

�

�

� 3. Background

Background

• We focus on assignment within one semester.

• We usuallt have approximately 70 courses, 35 GTAs per semester • This problem is currently solved by hand in a procedure that involves that department chair, vice-chair, graduate program secretary, and the GTAs themselves.

• Shortcomings:

– The hand-crafted assignment usually has many inconsistencies (e.g., GTAs assigned to courses that they are taking) – The assignement load is often unbalanced across students – It is difficult to determine whether a solution is satisfactory – This is a complex and time-consuming task. The assignement usually takes about 3 weeks to stabilize �

�

�

� 4. An Interactive System

Goals

• To reduce substantially the administrative overhead • To decrease the number of inconsistent assignments • To increase the satisfaction of the GTA and allow them to better serve the students.

How well have we done?

• We have reduced the time necessary to build the initial assignment from 2 to 3 weeks time to only 2 days • Our solutions stabilized quickly and required surprisingly few assignment changes (less than 4 swaps)

�

�

�

� 5. Stages of the Project

We iterated several times over the following stages:

• Discussions with the department staff for requirement elicitation • Selection of relevant attributes and data collection • Constraint modeling and formulation of the optimization criteria • Implementation of problem-solving algorithms • Evaluation of the results • Identification of opportunities to improve one or more of the previous steps and restart the process again In parallel, we developed a graphical user interface for web-based data collection and analysis. �

�

�

� 6. Data Collection

We identified the following attributes for the GTAs

• A new attribute: course preferences {0, 1, . . . , 5} • Their course enrollment for the semester • Whether they are granted a half or full teaching assistantship • Whether they have the ITA certification (required for international students to teach).

We identified the following attributes for the courses

• The type of the course: lab, recitation, lecture • Whether it entails a large, medium or small load • The times the classes are held • The duration of the course within the semester �

�

�

� 7. Approach: Constraint Satisfaction Problem (CSP)

Motivation

We chose this modeling paradigm because it is flexible & expressive, and for the existence of new powerful solution techniques.

Our technical contributions are two-folded

• Modeling:

We elicitate and model the constraints and preferences of this real-world application • Processing:

We implemented and tested new search techniques & advanced propagation mechanisms �

�

�

� 8. Elements of Constraint Processing

A Constraint Satisfaction Problem (CSP) can be stated as follows: Given:

• Variables: CSCE155, CSCE476, . . . • Values: Mary Smith, James Doe, Bob Brown, . . . • Constraints: James can’t teach between 10:00-11:00 a.m., Mary can’t teach more than 2 courses, . . .

Question:

Assign a value (GTA) to every variable (course) such that . . . all constraints are satisfied . . . . . . . . . . . . . . . . . . . . . . . . . . . . . decision problem . . . everyone is pleased . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . optimization problem

�

�

�

� 9. Illustrative Example

Variables (courses):

Course Type Size Time V_1 Intro to CS lab medium MWF 08:00-09:00 V_2 Data Struct. & Algo. lecture large MWF 11:00-12:00 V_3 Discrete Structures recitation medium MWF 08:00-09:00 V_4 Intro to AI lecture medium MWF 08:00-09:00

Values (GTAs):

Name Preferences ITA? Unavailable V_1 V_2 V_3 V_4 James Doe 3 5 3 4 No MWF 10:00-11:00 Mary Smith 4 0 4 0 Yes MWF 12:00-1:00 Bob Brown 5 3 5 4 Yes MWF 8:00-9:00

• Unary constraint: James can’t teach between 10:00 and 11:00 a.m. • Binary constraint: Bob can’t teach two labs that overlap in time. • Global constraint: Mary can grade at most 2 courses.

�

�

�

� 10. Modeling: constraints

We elicit the following types of constraints:

Unary: James can’t teach between 10:00-11:00 a.m. . . . . . . . . . . . . . . . . . . .(5 types) Binary: Bob can’t teach two labs that overlap in time . . . . . . . . . . . . . . . . . . . . (1 type) Global: (non-binary): Mary can grade at most 2 courses . . . . . . . . . . . . . . . (3 types)

Critical endeavor:

−→ elicitation and innovative modeling of non-binary constraints. �

�

�

� 11. Modeling: Objectives

We propose to optimize the solution according to the following criteria.

• Maximize the number of courses covered

Cover { 5 courses with medium satisfaction Y es! 3 courses with high satisfaction No (Typically, we have seen a shortage of GTAs) • Maximize student preferences

1. Geometric mean vs. arithmetic mean

Prefer { ⟨V_1, 5⟩, ⟨V_2, 5⟩, ⟨V_3, 5⟩, ⟨V_4, 1⟩, ⟨V_5, 1⟩ (^5 √ 100 vs. 3) No.

⟨V_1, 3⟩, ⟨V_2, 3⟩, ⟨V_3, 3⟩, ⟨V_4, 3⟩, ⟨V_5, 3⟩ (^5 √ 243 vs. 3) Y es!

2. The lowest preference

Prefer { ⟨V_1, 5⟩, ⟨V_2, 5⟩, ⟨V_3, 5⟩, ⟨V_4, 5⟩, ⟨V_5, 1⟩ No. ⟨V_1, 2⟩, ⟨V_2, 2⟩, ⟨V_3, 2⟩, ⟨V_4, 2⟩, ⟨V_5, 2⟩ Y es!

�

�

�

� 12. Solution Method

• Basic computational mechanisms

– Backtrack search: examines possibilities systematically – Ordering heuristics: avoid dead-ends, find better solutions – General propagation algorithms (e.g., FC [Haralick and Elliott (1980)]) – Branch and bound strategy: find a first solution, exclude relatively ‘poor’ possibilities by comparing to the current retained solution • Advanced computational mechanisms

– Least discrepancy search: better coverage of solution space – Advanced propagation algorithms (e.g., nFC [Bessière et al. (1999)],

all-diffs [Régin (1994)])

�

�

�

� 13. Results

We tested our initial prototype for the assignment of Fall 2001 and noted the following results:

• Substantial reduction in time spent on assigning students 2 - 3 weeks −→ 2 days • Decreased number of conflicts (around 4 assignment swaps). • Faster stabilization of assignment • Importantly, a delighted and satisfied administrator who is willing to continue using our system in future semesters �

�

�

� 14. Future Research

On the scientific side, we identified a number of research issues that are now being pursued at the Constraint Systems Laboratory:

• Reformulation such as the aggregation of courses to reduce problem size. • Constraint Decomposition to improve the efficiency of consistency checking and design new progation algorithms for non-binary constaints.

• Local search strategies. • Problem specification & solving

Incremental strategies to remove constraints, define new constraints, force decisions, etc.

Joint work with Hui Zou, Masters degree candidate at UNL �

�

�

� 15. Acknowledgments

We would like to thank Marilyn Augustyn for providing GTA and course data, as well information that led to the elicitation of constraints in our modeling effort. We also acknowledge the work of Christopher Hammack on building the graphical user interface for data collection.

This research was supported in part by NASA Nebraska Space Grant WBS # 26-0511-0025-001 and a Layman Award from UNL.

The authors may be contacted at glaubius@cse.unl.edu and

choueiry@cse.unl.edu respectively.

REFERENCES Bessière, Christian; Meseguer, Pedro; Freuder, Eugene C.; and Larrosa, Javier 1999. On Forward Checking for Non-binary Constraint Satisfaction. In Principles and Practice of Constraint Programming (CP’99). 88–102.

Haralick, Robert M. and Elliott, Gordon L. 1980. Increasing Tree Search Efficiency for Constraint Satisfaction Problems. Artificial Intelligence 14:263–313.

Régin, Jean-Charles 1994. A Filtering Algorithm for Constraints of Difference in Constraint Satisfaction Problems. In AAAI94P, AAAI94L. 362–437.

This poster was prepared with Brian Wolven’s Poster L^ATEX macros v2.1.