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Problem de�nition

Given:

• Many lasses in CSE require teahing assistants� Leture ourses: graders� Labs, reitations: instrutors & graders
• CSE hires Graduate Teahing Assistants (GTAs)� Experiened (material, language, et.)� New (± degree of preparedness)

Question:Assign GTAs to lasses in a `satisfatory' manner.
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Bakground

• Time horizon: 1 semester, 8 lasses with half-semester duration
• About 70 lasses, 35 GTAs

• Currently solved by hand:Chair, Vie-hair, Graduate Program Seretary, GTAs
• Shortomings:� inonsistenies(e.g., GTAs assigned to ourses that they are taking)� unbalaned load aross students� di�ult to quantify a `satisfatory' solution� time-onsuming task, about 3 weeks to stabilize
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An interative system

Goals

• Substantial redution in administrative overhead
• Dereased number of inonsistent assignments
• High expeted GTA satisfation

How well have we done?
• 2 to 3 weeks assignment time −→ 2 days
• Relatively few assignment hanges (less than 4, swapping)
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Projet: a multi-faeted e�ort

1. Data olletion: Augustyn, Glaubius, Choueiryhoie of attributes, preferenes, . . .

2. Interfaes: Hammak, Zou, Daniel, Choueirystudent-end, administrator-end, seurity, . . .

3. Modeling: Augustyn, Glaubius, Choueiryonstraints, data strutures, . . .

4. Proessing: Glaubius, Kavan, Zou, Choueirypropagation, searh, evaluation riteria, . . . (on-going)
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Data olletion

GTAs

• New attribute: ourse preferenes {0, 1, . . . , 5}

• semester enrollment, de�its, half or full teahing assistantship

• ITA erti�ation, . . .

Courses

• type: lab, reitation, leture
• load: large, medium, small lasses
• duration within the semester, . . .
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Courtesy of Ch. Hammak

R.L. Glaubius 7



Courtesy of Ch. Hammak

... ...
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Approah: Constraint Satisfation Problem (CSP)

Motivationa �exible & expressive paradigm

Contributions

• Modeling:eliitation and modeling of onstraints and preferenes

• Proessing:systemati searh & advaned propagation mehanisms
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Elements of Constraint Proessing

Given:

• Variables: CSCE155, CSCE476, . . .

• Values: Mary Smith, James Doe, Bob Brown, . . .

• Constraints: James an't teah between 10:00-11:00 a.m.,Mary an't teah more than 2 ourses, . . .

James D.,

Bob B., ...
Mary S.,

Mary S.,
James D.,
Bob B., ...

CSCE476CSCE155Question:Assign a value (GTA) to every variable (ourse)

. . . suh that all onstraints are satis�ed deision problem

. . . everyone is pleased optimization problem
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Illustrating example

Variables (ourses):Course Type Size Time
V1 Intro to CS lab medium MWF 08:00-09:00
V2 Data Strut. & Algo. leture large MWF 11:00-12:00
V3 Disrete Strutures reitation medium MWF 08:00-09:00
V4 Intro to AI leture medium MWF 08:00-09:00

Values (GTAs):Name Preferenes ITA? Unavailable

V1 V2 V3 V4James Doe 3 5 3 4 No MWF 10:00-11:00Mary Smith 4 0 4 0 Yes MWF 12:00-1:00Bob Brown 5 3 5 4 Yes MWF 8:00-9:00
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Course Type Size Time

V1 Intro to CS lab medium MWF 08:00-09:00
V2 Data Strut. & Algo. leture large MWF 11:00-12:00
V3 Disrete Strutures reitation medium MWF 08:00-09:00
V4 Intro to AI leture medium MWF 08:00-09:00Name Preferenes ITA? Unavailable

V1 V2 V3 V4James Doe 3 5 3 4 No MWF 10:00-11:00Mary Smith 4 0 4 0 Yes MWF 12:00-1:00Bob Brown 5 3 5 4 Yes MWF 8:00-9:00

Unary onstraint: James an't teah between 10:00 and 11:00 a.m.

1V V2

V4V3
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Course Type Size Time

V1 Intro to CS lab medium MWF 08:00-09:00
V2 Data Strut. & Algo. leture large MWF 11:00-12:00
V3 Disrete Strutures reitation medium MWF 08:00-09:00
V4 Intro to AI leture medium MWF 08:00-09:00Name Preferenes ITA? Unavailable

V1 V2 V3 V4James Doe 3 5 3 4 No MWF 10:00-11:00Mary Smith 4 0 4 0 Yes MWF 12:00-1:00Bob Brown 5 3 5 4 Yes MWF 8:00-9:00

Binary onstraint: Bob an't teah two labs that overlap in time

1V V2

V4V3
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Course Type Size Time

V1 Intro to CS lab medium MWF 08:00-09:00
V2 Data Strut. & Algo. leture large MWF 11:00-12:00
V3 Disrete Strutures reitation medium MWF 08:00-09:00
V4 Intro to AI leture medium MWF 08:00-09:00Name Preferenes ITA? Unavailable

V1 V2 V3 V4James Doe 3 5 3 4 No MWF 10:00-11:00Mary Smith 4 0 4 0 Yes MWF 12:00-1:00Bob Brown 5 3 5 4 Yes MWF 8:00-9:00

Global onstraint: Mary an grade at most 2 ourses

1V V2

V4V3
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Modeling: onstraints

V3

1V 2V

4V

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

Major, ritial endeavor:
−→ eliitation and innovative modeling of non-binary onstraints
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Modeling: objetives

• Maximize the number of ourses overedCover 8<: 5 ourses with medium satisfation3 ourses with high satisfation(Typially, we have seen a shortage of GTAs)
• Maximize student preferenes1. Geometri mean vs. arithmeti meanPrefer 8<: 〈V1, 5〉, 〈V2, 5〉, 〈V3, 5〉, 〈V4, 1〉, 〈V5, 1〉 ( 5

√
100 vs. 3) ×

〈V1, 3〉, 〈V2, 3〉, 〈V3, 3〉, 〈V4, 3〉, 〈V5, 3〉 ( 5
√

243 vs. 3)
√

2. The lowest preferenePrefer 8<: 〈V1, 5〉, 〈V2, 5〉, 〈V3, 5〉, 〈V4, 5〉, 〈V5, 1〉 ×
〈V1, 2〉, 〈V2, 2〉, 〈V3, 2〉, 〈V4, 2〉, 〈V5, 2〉

√
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Solution method

• Basi omputational mehanisms� Baktrak searh: examines possibilities systematially� Ordering heuristis: avoid dead-ends, �nd better solutions� General propagation algorithms (e.g., FC)� Branh and bound strategy: �nd a �rst solution, exluderelatively `poor' possibilities by omparing to the urrentretained solution
• Advaned omputational mehanisms� Least disrepany searh: better overage of solution spae� Advaned propagation algorithms (e.g., n-FC, all-diffs)
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Current status

• Modeling: several iterations

• Validating: Fall 2001 (good start), Spring 2002 (on-going)Future researh

• Reformulation: aggregating ourses to redue problem size
• Deomposition and loalization of interations Kavan

• Loal searh Zou

• Compat solutions Bekwith, Buettner, Xuby deteting interhangeable/symmetrial hoies

• Problem spei�ation & solving Glaubius, HammakInremental strategies to remove onstraints, de�ne newonstraints, fore hoies, et.
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