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Problem de�nition

Given:

• Many 
lasses in CSE require tea
hing assistants� Le
ture 
ourses: graders� Labs, re
itations: instru
tors & graders
• CSE hires Graduate Tea
hing Assistants (GTAs)� Experien
ed (material, language, et
.)� New (± degree of preparedness)

Question:Assign GTAs to 
lasses in a `satisfa
tory' manner.
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Ba
kground

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

• Currently solved by hand:Chair, Vi
e-
hair, Graduate Program Se
retary, GTAs
• Short
omings:� in
onsisten
ies(e.g., GTAs assigned to 
ourses that they are taking)� unbalan
ed load a
ross students� di�
ult to quantify a `satisfa
tory' solution� time-
onsuming task, about 3 weeks to stabilize
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An intera
tive system

Goals

• Substantial redu
tion in administrative overhead
• De
reased number of in
onsistent assignments
• High expe
ted GTA satisfa
tion

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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Proje
t: a multi-fa
eted e�ort

1. Data 
olle
tion: Augustyn, Glaubius, Choueiry
hoi
e of attributes, preferen
es, . . .

2. Interfa
es: Hamma
k, Zou, Daniel, Choueirystudent-end, administrator-end, se
urity, . . .

3. Modeling: Augustyn, Glaubius, Choueiry
onstraints, data stru
tures, . . .

4. Pro
essing: Glaubius, Kavan, Zou, Choueirypropagation, sear
h, evaluation 
riteria, . . . (on-going)
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Data 
olle
tion

GTAs

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

• semester enrollment, de�
its, half or full tea
hing assistantship

• ITA 
erti�
ation, . . .

Courses

• type: lab, re
itation, le
ture
• load: large, medium, small 
lasses
• duration within the semester, . . .
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Courtesy of Ch. Hamma
k
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Courtesy of Ch. Hamma
k

... ...
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Approa
h: Constraint Satisfa
tion Problem (CSP)

Motivationa �exible & expressive paradigm

Contributions

• Modeling:eli
itation and modeling of 
onstraints and preferen
es

• Pro
essing:systemati
 sear
h & advan
ed propagation me
hanisms
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Elements of Constraint Pro
essing

Given:

• Variables: CSCE155, CSCE476, . . .

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

• Constraints: James 
an't tea
h between 10:00-11:00 a.m.,Mary 
an't tea
h 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)

. . . su
h that all 
onstraints are satis�ed de
ision problem

. . . everyone is pleased optimization problem

R.L.Glaubius
10



Illustrating example

Variables (
ourses):Course Type Size Time
V1 Intro to CS lab medium MWF 08:00-09:00
V2 Data Stru
t. & Algo. le
ture large MWF 11:00-12:00
V3 Dis
rete Stru
tures re
itation medium MWF 08:00-09:00
V4 Intro to AI le
ture medium MWF 08:00-09:00

Values (GTAs):Name Preferen
es 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 Stru
t. & Algo. le
ture large MWF 11:00-12:00
V3 Dis
rete Stru
tures re
itation medium MWF 08:00-09:00
V4 Intro to AI le
ture medium MWF 08:00-09:00Name Preferen
es 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 tea
h 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 Stru
t. & Algo. le
ture large MWF 11:00-12:00
V3 Dis
rete Stru
tures re
itation medium MWF 08:00-09:00
V4 Intro to AI le
ture medium MWF 08:00-09:00Name Preferen
es 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 tea
h 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 Stru
t. & Algo. le
ture large MWF 11:00-12:00
V3 Dis
rete Stru
tures re
itation medium MWF 08:00-09:00
V4 Intro to AI le
ture medium MWF 08:00-09:00Name Preferen
es 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 tea
h between 10:00-11:00 a.m. (5 types)Binary: Bob 
an't tea
h two labs that overlap in time (1 type)Global (non-binary): Mary 
an grade at most 2 
ourses (3 types)

Major, 
riti
al endeavor:
−→ eli
itation and innovative modeling of non-binary 
onstraints

R.L.Glaubius
15



Modeling: obje
tives

• Maximize the number of 
ourses 
overedCover 8<: 5 
ourses with medium satisfa
tion3 
ourses with high satisfa
tion(Typi
ally, we have seen a shortage of GTAs)
• Maximize student preferen
es1. 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 preferen
ePrefer 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 me
hanisms� Ba
ktra
k sear
h: examines possibilities systemati
ally� Ordering heuristi
s: avoid dead-ends, �nd better solutions� General propagation algorithms (e.g., FC)� Bran
h and bound strategy: �nd a �rst solution, ex
luderelatively `poor' possibilities by 
omparing to the 
urrentretained solution
• Advan
ed 
omputational me
hanisms� Least dis
repan
y sear
h: better 
overage of solution spa
e� Advan
ed 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 resear
h

• Reformulation: aggregating 
ourses to redu
e problem size
• De
omposition and lo
alization of intera
tions Kavan

• Lo
al sear
h Zou

• Compa
t solutions Be
kwith, Buettner, Xuby dete
ting inter
hangeable/symmetri
al 
hoi
es

• Problem spe
i�
ation & solving Glaubius, Hamma
kIn
remental strategies to remove 
onstraints, de�ne new
onstraints, for
e 
hoi
es, et
.
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