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Abstract

This thesis proposes to assist administrators and instructors in their task of assigning
instructors to courses while respecting resources, goals and preferences of the members of the

academic unit and its students.

The analysis of the different methods and models used to assign courses to instructors
leads to the development of a new mathematical model that retains most of the advantages of
previous ones while being simple and efficient enough to be implemented in a real administrative
context. The new model is used to design a flexible, interactive and customizable decision
support software to allocate courses to faculty members and maintain the derived selections.

This decision support software relies on a database system with modelling and optimization

capabilities.

The methodology is applied to the course assignment problem faced each year by the
Faculty of Administration of the University of Ottawa and reports actual course assignment

exercises.

Author: Paul Mercier

Supervisor:  Jean-Michel Thizy,
Associate Professor,
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Introduction

The administration of an academic unit has become increasingly complex and
cumbersome, especially in recent years, due in large part to increased public accountability in a
context of human and financial resource rationalization. Under these conditions, the problem of
the assignment of instructors to courses has become a crucial component of the annual planning
exercise in which the abilities and preferences of faculty members must be balanced against the
objectives of the institution, while taking into consideration administrative policies, procedures
and resource constraints. Not only does it entail both technical and individual characteristics, but
numerous factors can also affect the size and complexity of a practical assignment problem. For
example, changes in student enrolment, faculty retirements or resignations, turnover in part-time
teaching staff and new appointments of instructors are all factors that increase the difficulty of

assigning courses to instructors.

The allocation of instructors to courses is usually done manually by the dean, chairman or
supervisor of an academic unit in consultation with all the instructors and, in large institutions,
this problem may be quite difficult, even for an experienced planner. Faced with changes of
market conditions and budgetary restrictions, academic units have come to rely on increasingly
sophisticated information systems. Therefore, a flexible decision support system can prove to be
very useful for assigning courses to the teaching personnel interactively and attaining a
compromise between the preferences of instructors and the goals and policies of the academic

unit itself.



Objectives of the thesis

The objective of the thesis is to design a Decision Support System which will assist
administrators and instructors in their task of assigning instructors to courses while respecting

resources, goals and preferences of the members of the academic unit and its students.

The objective is attained in a threefold logical sequence. First, Chapter | reviews the
different methods and models used to assign courses to instructors. These models trade
computational complexity for added planning flexibility, in particular one, based on teaching
plans, would entail so many variables that its direct implementation is out of reach. Chapter 2 is
therefore devoted to the development of a new mathematical model that will retain most of the
advantages of former ones while being simple and efficient enough to be implemented in a real
administrative context. Finally, in Chapter 3, the new model will be used to design a flexible,
interactive and customizable decision support software to allocate courses to faculty members
and maintain the derived selections. This decision support software will rely on a relational

database system with modelling and optimization capabilities.

The decision model of the thesis will be restricted to the specific operations related to the
allocation of courses to instructors, delegating the assignment of sections and rooms to posterior
phases such as the repetitive and labour-intensive task of assigning individual students to courses
as well as the distribution of courses to rooms and time slots. The outcome of the thesis is the

design of an allocation procedure supported by a two-tiered decision system:

- a flexible spreadsheet suite used by individuals or groups of instructors to evaluate and
adjust each instructor’s teaching schedule in consultation with the administration;
- a formal model encompassing the entire academic unit to manage common interests and

promote longer-term, master planning.

The methodology is applied to the course assignment problem faced each year by the Faculty of

2



Administration. In this context, such a decision support system will also serve as a policy

integrator and a conflict resolution mechanism.

Nomenclature

The thesis adopts an unusual format to number equations which should facilitate its
reading while emphasizing the common nature of the models reviewed. Next to a traditional
reference based on sequential numbering, each equation is also referenced by a letter recalling its

role. A brief list is given below:

Symbol Constraints related to

a Teaching load (a;)

b Number of sections of course (®)

P Selection of one teaching plan (y)

X variables linking instructor to course sections (x;)
y variables linking instructor to teaching plans (y;)

The keep general terminology, the terms instructor, or occasionally teacher, will be used
to designate anyone eligible to teach a course. Professor will designate a full-time member of
the academic unit being considered (which may comprise staff members not having a rank of

professor).



Chapter 1 Background and review

of the literature

Academic planning problems have been studied and documented by a large number of
operational researchers since the early 60s and several relevant articles have appeared in the
literature. The different types of problems include the allocation of faculty members to courses
and administrative tasks, the assignment of courses and sections to rooms and time slots and the
enrolment of individual students to their course sections. In the last three decades, the solution
of these complex planning problems have been enhanced by techniques stemming from
mathematical programming, graph theory, computer-based graphics or numerical analysis
programs using exact algorithms and heuristic procedures. Although there exists a rich variety of
approaches, techniques and algorithms developed for the scheduling and timetabling problem,
there are no universally accepted solution methods. Conversely, successful implementations
need not be supported by one general, all-inclusive academic scheduling model. The problems
can be of such sizes and the number of computations so large that no known method can
guarantee optimality of practical solutions or even the existence of one solution within a

predictable and reasonable time limit.

Previous research has generally focussed on several partial aspects of the academic
planning problem, such as class and teacher timetabling, student scheduling and classroom/time
assignment [Kang and White, 1992]. Because of its importance, the scheduling of courses to
rooms and time slots in order to minimize students’ conflicts or optimize their preferences has
received most attention and, in fact, several commercial scheduling packages have been
developed for that purpose. The methods commonly used for this type of planning traditionally
include linear and non-linear programming, goal programming, logic programming and

aggregation and disaggregation techniques.



Lesser attention has been paid to the problem of assigning teachers to courses while
taking into consideration the instructors’ abilities, preferences and departmental or institutional
goals. Nonetheless, the use of mathematical programming models and techniques for
faculty/course assignment has been proposed by several authors. The majority of these presents
mathematical models consisting of different aspects of problem solving for course assignment
such as the maximization of preferences, taking into account the course assignment and teaching
load constraints. The results generally suggest that there is considerable merit in following a
quantitative optimization approach to such a problem, although some models in the literature

may be difficult to implement. Some of these traditional models are presented below.

1.1. Traditional linear programming models for course assignment

The basic structure of the traditional model for faculty/course assignment is that of a
transportation problem [Hitchcock, 1941]. This conventional type of problem consists of /
origins that contain various amount of a commodity that must be shipped to J destinations to
meet the demand requirement. There is a unit shipping cost associated with the shipping of the
commodity from the origin to its destination. The problem is to find the shipping pattern
between origins and destinations that satisfies all the requirements and minimizes the total

shipping cost.

Specifically applied to the faculty/course assignment problem, Origin i (each instructor)
contains an amount g, (the teaching load) and Destination j (each courses) has a requirement of
amount b; (the number of courses). The shipping cost of the traditional transportation problem
corresponds to the preference rating of each instructor to teach a given course. Of course, in this
case, the problem is to maximize the total aggregate preference while ensuring that all the

constraints are met.

Among the first researchers to apply this simple model to the faculty/course assignment



problem, Andrew and Collins [1971] described the first model to be successfully implemented in
a real academic context. The purpose of their model was to optimize the assignment of faculty
members to courses by maximizing the weighted sum of preference and effectiveness ratings. If
we assume that J courses will be offered in the next academic year, when 7 full-time instructors

will be available and if we let:

- q;; be the preference rating of Instructor ¢ for Course J,

- ¢; be the effectiveness of Instructor i to teach Course j as determined by the department
chairman, the dean or an evaluation committee of students and/or other faculty
members,

a; be the number of courses to be taught by Instructor ; in the coming year (also called
"teaching load"),

b; be the number of sections of Course j to be offered this coming year,

- X; be the number of sections of Course j assigned to Instructor / this coming year,

- w be a weighting factor chosen between 0 and 1

then the course allocation problem can be formulated as a linear programming problem as

follows:

Max i i X [wqij + (1 —w)eij]

i=1j=1

s.t
J
(la) X x;<a foralli=1, .., 1
j=1
(2b) Z: x,'j = bj fOl‘ allj = 1, ceey J
i=1
(Bx) x;20 foralli=1,..,landj=1,...,J



This single-period model seeks to maximize the aggregate preference (q;) and
effectiveness (e;) of instructors while satisfying two basic sets of constraints. The first set of
constraints ensures that each instructor i teaches no more than his or her course load a;. The
second set of constraints ensures that the planned and required number of sections (b;) of each
course j are taught. The structural form of this model and its data characteristics guarantee that
the extreme points of the feasible region will provide an integer solution (i.e. instructors are not
assigned fractional number of sections). Andrew and Collins developed a computer program
which was tested and implemented by the Electrical Engineering department at the University of

Minnesota for several years.

In 1976, Breslaw described a model similar to what Andrew and Collins proposed a few
years earlier. In fact, from Breslaw’s model, we obtain the same formulation if we redefine X; as
the percentage of course j assigned to Instructor / and assign w=1 and b=1 (each course is taught
only once). Both of these models are in the form of a standard transportation problem for which
several efficient and fast algorithms are available and which, by the nature of the model, provide
integer solutions. Breslaw’s model has also been tested in a real academic setting, but not

implemented in a real case scenario.

1.2. Integer programming formulations

Based on Andrew and Collins’ work, Tillett [1975] also proposed a variant of the linear
programming model for the assignment of teachers to courses. To allow more flexibility, his
model introduced the possibility that the preference of a teacher for a particular course may be
influenced by the number of sections of that course she/he is assigned. Moreover, his model
included a set of constraints to control the acceptable maximum number of preparations

(different courses) assigned to each instructor. He defined the additional variables:



- X as a 0/1 decision variable having a value 1 if Instructor i is assigned to teach &

sections of Course j this coming year, a value of 0 otherwise,

- Kj; as equal to a; or b;, whichever is less,

- U; as the maximum number of preparations (different sections) to be assigned to

Instructor i in the coming year,

His model is formulated below:

£5 5
max i=lj=lk=lxi‘ik [kwqij + k(l—w)eij]
s.t
J Ky
(4a) L X kX = & foralli=1, ...
J=lk=1
1K
(5b) ¥ Ykxy=b, forallj=1, ...
1=lk=1
k,
6) X xgsl foralli=1,
k=1
K
7N T xusuy foralli=1, ...
j=1k=1
(8x) X 2 0 integer foralli=1, ...

, I

JLj=1,.,Jandk=1, .., K;

Constraints (4a) and (5b) have basically the same interpretation as in Andrews and

Collins’ model. Constraints (6) ensure that all sections of all courses are allocated, while

Constraints (7) stipulate that no instructor should be assigned more that his specified number of

preparations. Contrary to previous ones, this model features Constraints (8x) to require that

some variables assume only values of zero or one in order to prevent the splitting of the number



of sections assigned. Although Tillett provided evidence of empirical testing of his model, he

did not report any actual implementation.

The approach taken by Shih and Sullivan [1977] was somewhat more extensive. They
proposed a multi-period scheduling model formulated as a zero-one programming problem
which is formed by a two-stage scheduling process; first, an integer programming model assigns
courses to faculty, then a second model assigns the course-instructor combinations to time slots.
[n the first stage, the objective is to assign courses to instructors in such a fashion as to maximize
the total faculty course preference over a period of several terms. This first stage is very similar
to the models presented above. Once courses have been assigned to each instructor, the second
stage of the scheduling process assigns the combination course-instructor to time slots so that the
total faculty preference with respect to time slots is also maximized. Their model can also be
expanded to meet special requirements, such as specific requests from faculty members or
administrators, or the sequential arrangement of specific courses over several periods. One
interesting aspect of their formulation is the inclusion of constraints to ensure the "quality” of
undergraduate and graduate education. These constraints specify that a certain minimum
percentage of graduate courses must be taught by instructors with a doctorate and that those
instructors must also teach a certain number of undergraduate courses. The small example they
provide, which has only nine courses to assign to five different instructors, requires a total of
ninety variables and over forty constraints. The model has apparently not been tested on a more

realistic academic environment with a larger number of courses and instructors.

1.3. Goal programming

Goal programming is a method that seeks to find an optimal solution for mathematical
models that are composed solely of goals [Charnes and Cooper, 1977]. Compared to traditional
models, the main advantage of using a goal programming approach for the allocation of courses
to instructors lies in the fact that, by definition, it incorporates multiple goals and objectives that

9



can be underachieved because of conflicts between them; most traditional models contain strict
requirements that must be fully satisfied before reaching a feasible solution. The other reason for
the interest in goal programming is that conventional mathematical programming methods such
as those previously described do not consistently provide an acceptable solution nor always

reflect practical tradeoffs offered by the actual problem.

To eliminate, or at least alleviate some of the limitations of previous programming
methods, some authors used goal programming techniques in the assignment of faculty members
to courses. Harwood and Lawless [1975] were apparently first to use goal programming to
ensure least possible deviation from the inherent conflicting goals of the allocation of courses.
Their multiple-criteria model first determines the assignment of faculty members to courses, and
then courses to time slots in a two-stage optimization procedure, somewhat like Shih and
Sullivan [1977]. In the formulation of their model, individual faculty preferences are only taken
into consideration indirectly by using various organizational and personal preference goals; the

ones considered important by faculty respondents included:

e the observance of expected teaching loads,

¢ the granting of individualized requests,

¢ the assignment of the least possible number of preparations,

¢ a shortest possible teaching day,

* a maximum assignment of two sections of the same course,

e the least possible number of teaching days in a week and, finally,

e the assignment of the least number of night classes.

Although their model encompasses many different dynamic aspects of course assignment often
ignored and difficult to capture, it also requires a very large amount of information and
processing. Furthermore, the small application they described, where only seven faculty
members were assigned twelve different courses, required more than 1,000 constraints and

almost 200 variables. The approach chosen, the modelling characteristics and the solution

10



method hinder practical solutions. Consequently, the model was not implemented in a real

academic setting.

Several years later, Schniederjans and Kim [1987] also proposed to use a goal
programming formulation to assign faculty members to courses. Their model was simpler than
Harwood and Lawless’, incorporating faculty course teaching preferences. If we define the

following additional variables and constants:

- z; equals one (1) if Course ; is assigned to Instructor i, zero (0) otherwise;
- d?" as the negative deviation from the requirements of Course J (assigning fewer

sections than desired)

- d?~ as the positive deviation from the requirements of Course j (assigning more sections

than desired)

- di~ as the negative deviation from the teaching load of Instructor i (assigning fewer
sections than the desired teaching load)

- di~ as the positive deviation from the teaching load of Instructor / (assigning more
sections than the desired teaching load)

- d;" as the negative deviation from the number of course section offerings at the same
faculty assigned A" preference rank

- di " as the positive deviation from the number of course section offerings at the same
faculty assigned A™ preference rank

- H as the total number of ranks used by faculty to define their course preferences

- 1, as the number of course sections permitted within the same A" ranking

- w; as the ranked weight given by faculty on the preference to be assigned to teach a

specific course

then the model described by Schniederjans and Kim is as follows:

11



I J H
Min P, Y [d+d;7]+P, .E[d;’-+dj?‘]+P3 Y w, [di-+di7]

i-1 j=1 h=1
S.t.
J
(9a) Yz;+d-diT =g foralli=1,..,1
je1
t
(10b) z, +db--do"=b, forallj=1,..,J
i=1
P g
(1) X Ez+di -di*=r, forallh=1, .. H

i=lj=1

Equations (9a) take into consideration the teaching load in order to constrain the assignment of
courses to each Instructor i. Similarly, Equations (10b) seek to assign the exact number of
sections of Course j that should be taught in the next planning period. The last set of goal
constraints build the faculty course teaching preferences into the model. By structuring the goal
constraints contained in Equations (11) in order of the ranked preference and by using a
weighting approach in the objective function, the model attempts to confine the assignment of a
given course to the faculty member having the highest preference. Finally, the objective function
is formulated to ensure the least possible deviation from the goals, ie. to seek the assignment of
the exact teaching load a; to each instructor (Priority P1) and the exact number of courses b;
(Priority P2). The third priority (P3) represents the faculty course teaching assignment
preference. For the assignment of 20 different courses to 12 instructors, the formulation of
Schniederjans and Kim consisted of 87 decision variables and 36 goal constraints, which is
relatively small compared to previous models. It was easily solved using the modified Simplex
algorithm and results show deviations only for the last priority (P3). Given its relative

simplicity, it was successfully implemented at the University of Nebraska.

Following Shih and Sullivan, Badri [1996] proposed a two-stage zero-one programming

12



model, but used a goal programming approach to first assign faculty to courses and then assign
faculty-course combinations to time blocks. The first stage used a model adapted from

Schniederjans and Kim’s [1987]. The output of the first stage was then fed through the second
stage where a similar procedure maximized the assignment of course-faculty to time slots with

respect to instructor’s preference.

1.4. Network formulations

Network flow problems represent another class of mathematical programming methods
used for the allocation of courses to instructors. In this model, each course is represented as a
node and so is each instructor. The possible assignment of courses to each instructor is
represented by arcs between each nodes. The traditional transportation problem previously
described can be represented by this simple network formulation known as a pure network.
More precisely, the classical transportation problem can be generalized by flows of maximal
values in a network. However, a network structure can incorporate different features that extend
the classical transportation problem to a more elaborate problem, for example by including arc

flow restrictions to achieve various objectives.

Dyer and Mulvey [1976, 1977] employed a network formulation approach to the
problem. With regards to the definition of the decision variables and the types of constraints
being considered, the model structure resembles that of Andrew and Collins [1971]. Although
Dyer and Mulvey’s model is somewhat more complex, all their constraints can be represented as

a pure network model.

Figure 1, excerpted from [Dyer and Mulvey, 1977], presents their network formulation.
The authors describe it as "the best compromise among computational considerations,

information requirements and user needs."

13



Instructors Sessions Sessions Courses

Figure 1 - Network representation of the faculty assignment problem

On the left side of this figure, there is one circle for each faculty member (in this example there
are only four instructors labelled il to i4). The circle labelled F, W, S stand for Fall, Winter and
Spring/Summer sessions respectively. The arrows represent the availability of each teacher for
each session and their respective workload. On the right side of Figure 1, there are circles
corresponding to courses (labelled C1 to C3) and arrows representing the possible offering of
each course for each session. Several network modifications are possible, to allow, for example,
the modelling of restrictions on the number of courses or to force certain assignments. The
teaching and staffing goals of Schniederjans and Kim’s model [1987] are achieved through the
abstraction of Superprof and Supercourse. A superprof represents a fictitious individual who has
the ability to teach any course offered, but at a very high cost (or low preference) to the objective
function. Similarly, all the faculty members can teach the supercourse, but at a very high cost.
Originally introduced to ease computational considerations, these two features are also very
useful to immediately detect any difficulty in solving the problem. It can also be used to

diagnose any imbalance in the demand or supply of instructors and to plan the hiring of

14



additional teaching resources or offering of additional sections. The analysis of the courses
assigned to the superprof can quickly determine what teaching abilities are required from
additional lecturers. For a small application like this, the modelling characteristics of a network
formulation and its pictorial representation can be easily understood by nontechrical users. This
aspect of a network design constitute a real advantage over other formulations [Dyer and
Mulvey, 1977]. This model has been successfully implemented and used for several semesters

and has helped both short and longer range planning at UCLA.

More recently, Fontaine and Truchon [1989] also used a transportation network to model
the assignment of courses to faculty. They simplified the formulation of Dyer and Mulvey by
defining a node for each couple instructor-semester, which can be considered as the sources.
Similarly, a node is also defined for each course-semester combinations. An arc joins each
instructor in a particular semester to a course if the instructor can teach this course in this
semester. Just as Dyer and Mulvey’s, the problem is then to find the maximal values satisfying
the demands while respecting the availability at the source. In order to simplify the whole
process, Fontaine and Truchon developed a spreadsheet program to set up and modify the input
data. Then, a BASIC program reads the data, formulates the network and finds an optimal

solution.

In spite of all its advantages, a network formulation cannot explicitly include other
considerations such as those reviewed by some authors; for example, a requirement that Course
A be offered only if Course B is not, that a faculty member teach at least a given number of
undergraduate courses, or that an instructor teaches no more than a total of two courses if she/he
teaches Course A. Moreover, adding instructors and courses to the problem dramatically

increases the complexity of the network formulation and its solution process.



1.5. The use of plans as decision units

Unlike previously proposed models, McClure and Wells [1984] suggested that course
allocation should be based on instructors' schedules, i.e., individual teaching plans for the
planning period. In this way, interaction effects between course utilities could be taken into
account within the model, which had never been considered before. For example, one instructor
may have a high preference for teaching a certain graduate course and a high preference for
giving a particular seminar, but a low preference for giving both at the same time because of the

amount of preparation involved or for other reasons. Denote:

- T as the preference of Instructor i for his or her & plan,

- Bij as the number of sections of Course ; that Instructor i proposes to teach in the &*

plan that she or he submits;
- Yi as a decision variable valued at 1 if the &* plan of Instructor i is retained, 0
otherwise,

- K| as the number of plans submitted by Instructor i,

then the model proposed by McClure and Wells is as follows:

16



,_
g

Max Tk Yix

-
nwon
——

S.t.
LK;
(12b) X Bijk Y= b; forallj=1,..,7J
kel
KI
(13p) X y,=1 foralli=1,..,I
k=1
(14y) yy=0orl foralli=1,..,land k=1, .. K,

Again, this model seeks to maximize the overall preference of the instructors for their
chosen schedules (or plans) while satisfying two sets of constraints. Constraints (12b) ensure
that all the plans assigned include the required number of sections of each course, while
Constraints (13p) require that each instructor be assigned exactly one teaching plan. In this
model, the decision variables of Constraints (14y) represent the assignment of a complete
schedule rather than individual courses as proposed in previous models. Furthermore, teaching
load and course preparation constraints need not be explicitly expressed in the model since they
are implied in the use of the generated plans. In their paper, McClure and Wells tried to prove

the superiority of their model by comparing the computational and system performance with

previous models from Andrew and Collins [1971] and Tillett [1975]. However, their model has

not been implemented in a real academic setting.
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The following table collects the features of the different assignment models proposed in
the literature (in chronological order).

Models proposed
Criteria AC T HL BR DM SS MwW SK FT BA
0/1 prograrmming 4 v v v 4
Integer programming v v v v 4 v
Goal programming 4 v 4
Network formulation v v
Plans (schedules of courses) v
Includes course timetable v v
Explicit preference treatment v v v v v v v v v
Number of preparations v v v
Course prof interaction effect 4
Multi period model v v v
Interactive data input v v
interface
Implemented (4 v v
Table 1 - Models proposed in literature
Legend:

AC: Andrew and Collins [1971]

T: Tillett [1975]

HL: Harwood and Lawless [1975]

BR: Breslaw [1976]

DM: Dyer and Mulvey [1976 and 1977}
SS: Shih and Sullivan [1977]

MW: McClure and Welis [1984]

SK: Schniederjans and Kim {1987]

FT: Fontaine and Truchon [1989]

BA: Badri [1996]



1.6. Mathematical Programs vs. Expert Systems

The previous review focussed on mathematical programs with emphasis on their
computational tractability, since excessive execution time remains a major barriers to immediate
and practical application [Tillet, 1975, Harwood and Lawless, 1975). Research by McClure and
Wells [1984] also demonstrated how prohibitive the number of constraints and variables were for
some of the models proposed (i.e. Tillett [1975], Breslaw [1976] and Shih and Sullivan [(1977)).
From this perspective, the low number of constraints and variables in McClure and Wells’
formulation represents a major advantage. In particular, only small and well structured
mathematical formulations requiring integer variables can be solved in reasonable computing
time [Bardi, 1996]. However, the rapid growth of computing capacity in recent years has greatly

facilitated the solution of problems that were once practically impossible to solve repetitively.

Owing partly to this progress, mathematical models are now compared using other
criteria, as noted in recent literature [Schniederjans and Kim, 1987 and Bardi, 1996]. For
example, the time necessary to develop and maintain a given model could affect its usefulness
and initial purpose when updated incrementally. Important information requirements can also
pose a serious limitation to the effective and practical use of a model. This is one of the major
drawbacks of the model of Harwood and Lawless [1975]; it requires so much information and
processing that it may be very difficult to implement and use effectively. According to
Schniederjans and Kim [1987], the model proposed by Harwood and Lawless might require more
time and effort in data collection and processing than the benefits gained by using the model.
Implementation is greatly facilitated if no new additional information on course offering,
teaching load requirements and preference ratings need to be collected. This information is often

collected on a regular basis by administrators for planning purposes.

Past experience has shown that the application of mathematical models may not satisfy
the administration of the academic unit and its faculty members [Breslaw, 1976, Stimson and
Thompson, 1974]. Many models proposed in the literature do not present enough modelling
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flexibility or interactivity to receive widespread acceptance in most academic units. For
example, few models consider the need to include the maximum acceptable number of
preparations in their formulation [Tillet, 1975, Harwood and Lawless, 1975 and McClure and
Wells, 1984]. Generally, as can be expected, the preference decreases as the number of sections
proposed increases. Their research indicates that this secondary aspect is considered crucial to

the acceptability of the overall assignment of courses to instructors.

Such flexibility and attention to contingent factors is at the centre of a comparison
between mathematical programs and expert systems [Dhar and Ranganathan, 1990}, which has
become a benchmark for decision support systems devoted to course assignment. Dhar and
Ranganathan compare an integer programming (IP) approach with an expert system hinging on
an assumption-based truth maintenance system (TMS). They analyse their performance,
reliability, ability to express complex composite preferences and the ease with which they allow

revisions of academic plans or underlying assumptions.

The expert system incorporates a heuristic rule-based problem solver and a truth
maintenance system. In contrast with mathematical programs, this system does not utilize an
objective function to guide the solution toward an optimum. Rather, the problem solver iterates
through several local decisions most preferred at any one point while the TMS ensures that the

solution is contradiction-free and well-founded.

The integer program comprises some 700 binary variables and 300 constraints. Using
existing data on faculty preferences and course requirements, the authors note the following
differences between the two approaches:

- The integer program does not always yield a feasible solution. Even if feasible solution
exists, the computing time required to verify its optimality is highly unpredictable and very
sensitive to variations of constraint coefficients. On the other hand, the expert system

provides at least a partial solution, in a time varying usually from 1 to 2 hours.



- Since the IP formulation contains a single objective, i.e., to assign courses to instructors
based on their preferences/desires, it cannot address other goals that the expert usually takes
into consideration. Unfortunately, using a multi-objective function or expressing the
objective function as a constraint may not be manageable. In contrast, the rules of the
expert system can include knowledge about multiple objectives, such as the maximum
number of preparations or large class sizes.

- The coefficients of the [P formulation aggregate compiled knowledge; in particular, the
objective function summarizes the information about the course-instructor assignment
preferences. The aggregation often makes it difficult to express complex rules or
preferences. The IP also lacks the flexibility to add or modify often contradictory objectives
or to face unusual situations. These characteristics can be handled by the expert system,
enabling it to take into account several types of preferences, such as those delineated in the
previous sections of this chapter.

- The aggregation of compiled knowledge performed by the IP formulation hinders attempts
to justify the solution. On the other hand, the Expert System can trace the choices made by
the TMS and therefore help the decision-makers to support their decisions or to adjust the
solution to changes in their assumptions.

- Whereas the IP formulation either provides a solution fast or none at all (even after several
hours of execution time), the expert system generates a solution invariably. Even if the latter
contains holes in the schedule, it can be easily filled to form a practical plan. Furthermore,
the expert system provides a history of the choices made, a convenient source of
information to explain why a complete solution was not found.

- The IP formulation lacks support for making revision to the initial plans. For example, if a
change suddenly occurs and an instructor goes on leave due to sickness, the IP solution does
not contain information about how to reassign the course, contrarily to what the expert

system can suggest.
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1.7. The thesis

The thesis proposes to combine the models of Andrew and Collins with that of McClure
and Wells. These two models feature contrasted formulation complexities and computational
speed. In the latter, representing all feasible plans would entail so many variables that a direct
implementation would be out of reach. Since McClure and Wells’ model can be viewed as a
column generation of Andrew & Collins’, the latter will actually be used as a device generating
additional solutions on demand. On the other hand, the former model can also be viewed as a
summary knowledge base, ushering advantages found in expert systems and thereby endowing
mathematical programming with additional applicability. Thus, the formulation proposed
reflects a general aspiration for effective decision-making found in virtually all current decision

support systems. The expected benefit of this approach encompass the following features:

1. User orientation: An effective model for course assignment must reflect instructors’
preferences accurately. Otherwise, instructors will by-pass the academic planners and reach
mutually agreeable schedules in subgroups, which may conflict with the central planners’
objectives (de-facto course allocation). One step in this direction was made by taking course
interaction into account [McClure and Wells, 1984], assigning complete schedules instead of
individual courses. More generally, the preference for a given teaching plan may not be
expressed easily, or it may change during the planning period, calling for an interactive planning

system.

2. Interactivity: Often, the optimal solution of the model is not satisfactory for a variety of
reasons: it is contentious, socially unacceptable or simply inadequate. To be successful, all the
persons involved by the course-to-faculty assignment must participate in the design,
development, implementation and use of a decision modelling tool. In the past, some authors
attempted to alleviate this problem by actively involving the administration during the entire
planning phase [Breslaw, 1975, Dyer and Mulvey ,1977]. However, the models developed still
lack important aspects of course assignment and don’t have the flexibility and interactivity
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necessary to receive widespread acceptance.

3. Ease-of-use: Few of the models described in the literature have an easy conversational user
interface that a person with little knowledge of mathematical models or computers could
effectively use. Administrative staff does not always have the time and the necessary expertise
to learn and develop mathematical models containing several hundreds of variables and
constraints. Their goal is to assign courses to instructors and create a suitable schedule for
everyone involved. Not only can an interactive user interface provide convenient ways of
exploring alternative assignment, adapt the data or browse the solutions provided, but it also
enables decision-makers to guide the solution procedure by practically preforming some of the

exploratory work with insight not possessed by the decision support system.



Chapter 2 Problem Definition and
Methodology

As most managerial exercises, allocating instructors to courses entails two concerns. First
are immediate operational requirements: are all course sections staffed, does every instructor
have a proper teaching load that satisfies administrative and union rules? Only then arise long-
term issues: are the courses relevant, are they properly taught, do they form a coherent set, do
instructor have time for professional advancement? One can roughly say that the operational
concerns are met by constraints of the programs, whereas longer-term targets are reached via an
objective function. The mathematical programs proposed in this chapter answer operational
requirements squarely. Models of increasing complexity and realism are presented in this

chapter, starting with a basic program that represents the utility under a very general form.

2.1. A non-linear integer transportation model

Recall the notation:

- Jcourses will be offered in the next academic year;

- I full-time instructors will be available to teach;

- «; is the number of credits assigned to each section of Course j;

- a; is the number of credits to be taught by Instructor / in the coming year (teaching
load),

- b; is the number of sections of Course ; to be offered this coming year,

- X; is the number of sections of Course ; assigned to Instructor i this coming year (the

decision variables).
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The course allocation problem can be formulated as the following linear programming problem:

P: Max f( {x.}. )

ijij

s.t.

J
(15a) X oyx; =23 foralli=1,..,1

I
(16b) X x.=b forallj=1,...,7J

(17x)  x; 2 O integer foralli=1,..,landj=1,..,7J

Constraints (15a)-(17x), similar to those of Andrew and Collins [1971], address situations where
the number of credits may vary between courses and further require that the number of sections
of a given course be integer, even if the instructors’ loads a; or courses requirements b, represent
fractions of such courses. These constraints may for example be satisfied by assigning two full-
year courses plus one semester-long courses to an instructor, or one full-year course plus three
semester-long courses, or five semester-long courses, but an assignment of four semester-long

courses, plus one half of a full-year course violates the same constraints.

The function f denotes the academic unit’s preference for a given assignment. Its precise
characterization is elusive and depends on many parameters. Yet, some tangible characteristics
of the utility function f'can be determined. Obvious components of this utility function include
the qualification of the instructor for delivering such a course, the quality of his/her teaching, as
measured in past deliveries of this same course and the instructor’s preference for teaching the
course. The function is typically not separable, i.e. is not made up by utilities related to the
assignment of one course to one instructor. There are many reasons for that, as noted by
McClure and Wells [1984]. On the administrative side, the quality of a program is not simply
made up by the sum of satisfactions for enrolling in each individual course. This is particularly

true of curricula integrating team work, practicums or internships. On the professorial side, an
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instructor’s utility for a particular course is heavily influenced by other courses in her/his own
schedule. Hence, neither the academic unit nor individual instructors may easily assign a
preference for a course without knowing the other courses in her or his schedule. Whereas the
overall utility derived by all beneficiaries of the allocation cannot be expressed analytically, there
are practical ways of assessing the desirability of a complete course roster. This suggests a
pointwise exploration of the utility space, which calls for techniques of optimization where the
objective function must be assessed by separate calculations at each point through a combination

of calculations and human evaluation.

It is therefore proposed to resort to an interactive exploration of this utility function. Rather
than devising an algorithmic approach to evaluating this utility, the thesis advocates reliance on
the current procedure adopted to design the course roster of an upcoming academic year.
Although this procedure is a highly interactive and collegial process supported by the academic
unit’s subsections and program directors, it can also be analysed as an approximation of the
utility function. This search derives robustness from the academic practice of requesting that
each full-time instructor submits a plan of teaching (i.e., a schedule) for the following academic

year to the administration.

2.2. Alternative model based on plans

The actual solution of the preceding program will be achieved by considering an alternative
formulation focussing on instructors’ plans [McClure and Wells, 1984]. After recalling some

notation, the alternative formulation is presented. Recall the definitions:

- Py as the number of sections of Course j that Instructor i proposes to teach in the k%
plan that she or he submits;

- Yx as adecision variable valued at 1 if the &* plan of Instructor i is retained, 0
otherwise,
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- K| as the number of plans submitted by Instructor .
then the model proposed is:

I: Max d)({y. }

ijk ijk )

S.t.
LK,
(180) X Byya=b; forallj=1,..7J
i
Ki
(19p) Y =1 foralli=1,..,1
k=1
(20y) yx=0orl foralli=1,..,ITandk=1, .., K,

Constraints (18b) ensure that all the plans assigned include the required number of sections
of each course j, while Constraints (19p) and (20y) require that each instructor  be assigned

exactly one teaching plan.

From a modelling viewpoint, the use of decision variables that represent teaching plans is
realistic and manageable. Although it entails a very large number of variables, the model has a
degree of flexibility and efficiency not found in the integer transportation model (P). The impact
of numerous incidental features and global characteristics can be taken into consideration, such
as the interaction or interdependence effect between courses or the maximum acceptable number
of preparations for any instructor. This model can therefore avoid additional constraints which
would have increased the complexity and size of the formulation. Moreover, the formation of
each plan relies on the instructor’s assessment of the relative importance of such factor. The use

of plans has also beneficial information processing advantages, for example:

- the academic unit may suggest alternative plans to instructors by retrieving plans from
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previous years, stored in a database;
- the submission of multiple plans encourages formative planning previously hindered by

the complexity of a manual treatment.

In the model proposed, the utility function ¢ denotes the academic unit’s preference for an
overall course offering. Its precise characterization is as elusive as that of model (P) and depends
on many parameters such as the preferences and needs of the students, the administration of the
academic unit and the instructors themselves. Its measure is quite complex as it draws on
historical, organizational and practical elements, each interacting with others in the final
decision. Yet, the formation of plans will be encouraged by assuming that each plan & proposed
by Instructor / possesses an intrinsic utility 7t;. Therefore, in accordance with an academic spirit
of collegiality, it will be assumed that the overall utility of a course roster can be approximately
evaluated as the sum of utilities of each instructor’s plan retained, with the ensuing optimal

function:

~

M

Max Tk Yik

7 -
_——

Although it may be difficult to assess the utility resulting from a given assignment, there are
several methods for providing a measure of the coefficient m; associated with the &% plan
submitted by Instructor i. First, the coefficient could be evaluated by administrators or section
coordinators of the academic unit. However, the establishment of such plans has contractual
value and cannot be performed without the instructor’s consent and input. According to
McClure and Wells [1984], faculty members generally have little difficulty assigning utilities to
the various schedules. In practice, the evaluation will be performed by some form of mutual
recognition of administrative and professorial imperatives. The solution retained in the
implementation is therefore for the instructor to initiate the assessment of the plans proposed,
with safeguards against wide discrepancies between the instructor and the community’s

aspirations. Several sources of discrepancies are listed below:
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- Plans may have a number of courses different from the instructor's assigned teaching
load. This happens frequently when an instructor is assigned administrative duties at
fairly short notice, such as with the outcome of an election. Note that voluntary
teaching of courses above the nominal teaching load are treated separately.

-  Plans may contain courses not scheduled for delivery in the following academic year.

The following model will show how such plans can be constructed and evaluated

progressively as an overall course schedule is established for the academic unit.

2.3. A column generation model

Given that plans incorporate implicit planning factors, their generation is highly subjective
and time consuming. Hence, time, storage space and planning rigour prevent the inclusion of all
feasible teaching plans in the model (I). A practical course scheduling will need to be based on
a small subset of such plans. To support it, a composite model will include both explicit plans
and the integer transportation model (P) that contains every such plan implicitly in which the

utility of the individual teaching assignments will be also simplified as:

A discussion of the computer implementation will show that the coefficients p; are small

compared to the coefficients 7, . Hence, the column generation model including professorial

plans is:
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S.t.

J J.K,
(2la) L ax; + ¥ afy ya—a; foralli=1,..,1
1=1

—

r—

| LK;
(22b) 2 X,J + 2 ﬁijk Y = bj for allj = l, ceey J
i=1

TR

——

i
k

K,
Q3p) X y, < 1 foralli=1,..,1I

k=1
(24x)x; 2 0 and integer foralli=1,..,Iandj=1,..,],
(25y)y,=0orl foralli=1,..,landk=1, .., K,

Progressive column generation provides another advantage; constructing plans based on
incumbent solutions may help instructors refine the content of their plans and their utilities, thus
proposing plans better responding to the current overall objectives. In defence of the accuracy
of this approximation method, note that when instructors propose plans, they tend to giveita
utility, not solely based on their absolute preferences, but on the preferences for the schedule

given what they perceive the final course assignment of the academic unit will be.

Constraints (23p) are now inequalities, allowing for some variables X; to form plans
directly; attempting to enforce equality will be addressed in Section 2.8. The linear relaxation of
this model could be solved by decomposition techniques presented at the end of the chapter. The
next subsection reviews adaptations of the model to the current conditions faced by the Faculty

of Administration.

30



2.4. Adapting the model to the Facuity of Administration

With over 70 regular instructors, the Faculty of Administration offers about 480 course
sections per year. Annually, in consultation with the Registrar of the University, the Faculty
selects its course offering, including the number and schedule of sections of each course. In
practice, a given year’s program tends to resemble the previous year’s, both in the number and

type of courses and times of the sections.

In some academic units and in the Faculty of Administration in particular, several courses
are traditionally given by the same instructor every year for different reasons: particular faculty
skills or knowledge and contractual agreements are good examples. The administration needs to
integrate such cases seamlessly (for example, by assigning its own utility sparingly). Even after
this predetermined and historic assignments, the residual problem can be very large and a manual

treatment can prove to be time-consuming and sub-optimal.

In the last few years, external conditions and budgetary restrictions propelled a
reorganization of the Faculty, then a suppression of courses. These changes were capped by an
increased teaching load for full-time instructors. More demand is therefore placed on the
academic information system and how course allocation should proceed and be assisted by a
decision support system. Yet, the overall reduction of courses enables the Faculty to avoid the
implementation of a decision support system that would include the allocation of courses or
sections to time slots. Faculty policies and room restrictions limit the maximum number of

students registered in any course section.

About a third of the courses offered by the Faculty are taught by part-time instructors on
contract. Because the Canadian Capital region offers a large pool of qualified and talented
instructors, chronic shortages due to short-term conflicts of schedules do not usually arise.
Courses that cannot be filled by regular full-time faculty members are simply given to part-time
instructors. Hence, Constraint (22b) can be relaxed to the one below.
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I LK;
(26b) 2 X + ¥ Bijk Yik = b.l for allj = 1, ces J

=1 i=1
k=1

The relaxation can also be understood by viewing the slack variable (denoted X,;) of Constraints
(26b) as the potential assignment of the relevant course to a generic part-time instructor indexed

by 0, who is also the superprof of Dyer and Mulvey [1977].

To promote collegiality, the Faculty promotes team teaching of some courses. Team
teaching generally involves pairs of instructors, although some courses have been taught by up to
5 regular instructors of the Faculty. Team-teaching poses an important challenge to academic
planners, partly due to the fact that some courses are taught by teams regularly, others very
occasionally. For the purposes of course assignment, the former may be regarded as two half-
courses and the coefficient «; is halved accordingly (team-teaching is particularly common in the
graduate programmes that offer courses of 1.5 credits and thus half of such a course entails 0.75
credits!). However, an individual course assignment that is numerically accurate may prove
infeasible if all members of the team are not assigned to the intended course section. In practice,
many teams comprise part-time instructors to whom the particular co-assignment is customized.
The lack of consistency in the definition of team assignments compels the model to put little

emphasis on Constraints (26b), reporting every occurrence of its violation for manual treatment.

Given the availability of part-time instructors, professors of the Faculty tend to specialize
their teaching. Therefore, a given course is usually taught by few regular professors. In the
planning of course assignment, contention for a given course exists, but is fairly limited. This

particularity will greatly enhance the column generation procedure.



2.5. Incidental requirements

A practical course allocation model typically considers other specific features of the course
planning exercise that are not directly taken into account by the proposed model, but can be

addressed interactively.

First, several sections of many courses are taught in different semesters or times of the day.
Thus, an instructor may express preference for a specific section. However, the Faculty often
specifies teaching schedule limitations and it routinely selects the setting of the course sections
that each instructor can teach. For example, the Faculty discourages its professors from teaching
more than 3 sections per semester and it often requires that full-time instructors teach at least one
large section of a course per year. The Faculty also discourages instructors from teaching only in
the evening and seeks to staff day-time sections with full-time instructors, thereby limiting the
choice of sections available to each instructor. Finally, the Faculty may choose to control the
number of compulsory (core) courses taught by each full-time instructor, or to balance
instructors' loads in each semester. Some of these constraints were initially implemented, then
removed as the variety of courses and modes of teaching increased so much as to require a case
by case plan evaluation. In final analysis, it was felt unnecessary that the model should

distinguish sections with a proviso to differentiate between semesters if the need arose.

At a more general level, the model proposed, as are most of the approaches previously
discussed, is restricted to a single period exercise. In order to capture the different dynamic
aspects of teaching assignment, some authors pinpoint the advantages of a multi-period model
[Shih and Sullivan, 1977]. Research shows that faculty members are generally sensitive to the
dependence between schedules in consecutive semesters [McClure and Wells, 1984]. Although
some multi-period models have been proposed for the teaching assignment problem, none
consider the preferential dependence between courses in a schedule over multiple terms or
sessions; hence, course utilities are determined without considering the teaching schedules of
adjacent terms. The applicability of such a multi-period model to the given context can be
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questioned; it would require faculty members to assign utilities to courses over multiple time
periods, but ignore course preferential dependence among periods. If the proposed model was to
consider multiple periods, faculty members would assign utilities to schedules for each term and
incorporate preferential dependence in their utility values. The proposed formulation could also
be easily expanded into a multi-period format by indexing each variable for every semester in the
planning period. However, a model which takes into account all the elements of interaction
between periods is generally larger and more complex than the sum of all the individual models
for the same planning periods. In fact, many of the dynamics of a multi-period model can be

included in the analysis of an incremental addition of teaching plans.

2.6. Prioritizing the constraints

The presentation of model (PII) promoted the role of constraints, while emphasizing
subjective aspects of the objective function. In particular, favouring individual instructors’
preferences does not take into account collective policies and preferences. In reality, the
implementation will hinge on a fine interplay between constraints and preferences. Relying on a
hierarchical goal programming approach will provide insight into the relative priority of the
constraints and give a theoretical basis for broadly adjusting individual preferences. For
example, a tenet of an academic institution is that instructors should in no case be required to
teach a course that they are not qualified to offer. Therefore, the set of courses that Instructor i
can teach will be denoted as J;, as an explicit recognition that the penalties incurred for violating
this rule override any other combination of penalties. Note that, under normal assumptions,

Ji:UiKi‘

Teaching plans

An intended benefit of the support system is to favor instructors' plans. To do so, deviation
variables d;, similar to those introduced by Schniederjans and Kim [1987], modify Equation
(23p) as:
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K;
(27p) X yp+d; =1 foralli=1,..,1I
k=1

for a modified objective function:

Ly LK; [
max Zpijxij + ZnikYik'ZPi¢
i=1 i=1 i=1

y=1 k=1

where P, is the penalty of not meeting the i* equality exactly. Reordering the terms of Equations
(27p) yields:

di=1'-'-\—-l:)’ik

k=1

which allows for the following substitution in the objective function:

K

1 [ i
max X p;x; + X mMuye - X Pi(1 - Zyy)

=1 =1 k=1
=1

or, through simple algebraic manipulations:

LJ; I K; I
max ¥ p;x; + yp L (P + X omy) - TP
i=1 i=1 k=1 i=1
j=1
the last term of which is constant and can be omitted from optimization. Hence, Plan & has a
very large objective coefficient P; + ;. Our implementation does not distinguish between the

penalties of instructors considered to be a single large value P.



A standard method to reduce the number of criteria of a linear program is to aggregate them
via a weighted linear combination, where large weights are found to enforce the hierarchy of

original objectives. Rewriting slightly the current objective as:

LJ, LK,
max X p;x; +P X (1+w/P) yg,
i 1

1

non

; i
shows that P acts as a large weight. Accordingly, the implementation will strive to
accommodate instructors’ plans or, this failing, to utilize the variables x; for surrogate. Asa
recourse, a second level evaluates individual course assignments mostly as a deterrent against
restrictive plans, which incites instructors to propose broadly acceptable options when submitting
their plans. The coefficient P + w; , simply denoted = in the sequel, will have a large value.

This modification of the coefficients 1, has an additional advantage. Since a very coarse and

LJ,
additive estimate X pj; x;; of the utility is adopted, it is important that the parameters p, be

i=
J:

LK, Ly,

given small values compared to ¥ m; y, . Hence, the approximation by ¥ p; X; can be
i=l

i=1
k=1 j=1

considered to remain a lower estimate, as occur in successive approximation methods.

Teaching loads

A collective view of the fairness of the course assignment requires that all instructors be
allocated their pre-assigned teaching load precisely. In spite of the Faculty of Administration’s
efforts to maintain an equitable allocation, it is sometimes impossible to assign enough course
sections in order to meet an instructor’s specified teaching load. Deviation variables d7 and d;

modify Equation (21a) as:
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J, 5K,
(28a) L ax;+ X oy yo +d;-di = a foralli=1,..,1I
=1

-
——

for a modified objective function:

LJ; LK, [
max X p;x; + T Ya - = Pi(d;+d})

i=1 i i=1

j=l

— -

-

where P, is the penalty of not meeting the &* equality (28a) exactly. Given the collective wish for
full load allocation, we can assume that the penalty P, associated with the variable d; is higher
than the expressed preference of any individual instructor. Courses taught above the specified
load are treated as separate contracts and not managed by the proposed system; therefore d; are

currently not allowed. A simple reordering of the terms of Equations (28a) yields:

J; J K,
d; = a ’Eajxij' EajBijkYik
j=1 j=1
k=1

which allows for the following substitution in the objective function:

Ly, LK, I LK,

max X PiXjy + X Mpyx - X Pi(a - oy - X o By i)
i=1 i i1 j=1

j=1 k k=1

or, through simple algebraic manipulations:

LJ; LK; J; I

max X (P; g +py) X3 + X (T + P X oo By) Ya - X Pia
i=1 i=1 j=1 i=1
j=1 k=1
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the last term of which is constant and can be omitted from optimization. Uniform penalties
P, =P are also applied. However, the value of P is now much smaller than that of the penalty

associated with the satisfaction of Constraints (23p) as equalities.

Further coefficient manipulation may be necessary: in the implementation, the coefficients

p; are generated from historical data and not updated by individual instructors each year. Not

LJ,
only are the coefficients evaluated very coarsely, but the additive estimate Y. p; X;; introduces

i=1
j=1
an additional skewedness. Under normal circumstances, the coefficients T, are sufficiently
large to overshadow this effect. However, the influence of the terms p;; may have a second-order
effect upon two plans that have very close coefficients 7, . To avoid interference , the value of

P + p;; could be decreased so as to remain a lower approximation of the original function f(p;; )-

Integrality Constraints

The reliance of the objective function on user-defined parameters, the large number of
variables and the need for interactive solution weigh against the customized implementation of
an integer program. A solution will be sought by linear relaxation, i.e., relaxing Constraints

(24x) and (25y) as:

(29x) x;20 foralli=1,.,landj=1,..,]J,
(B0y) vyu=20 foralli=1,..,landk=1, .., K,

Note that Equations (23p) and (30y) imply thaty, <1 foralli=1,..,Iandk=1,..,K,. We
will denote by (PII) the relaxation of (PII). Simple data manipulations are proposed to obtain a

closer approximation of Constraints (24x) and (25y).
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Data Property 1
For any indices i, j and k such that «; > a,, all feasible solutions of (PII) satisfy x; < 1.
For any indices i, j and k such that B, > b, or &;B;; > a,, all feasible solutions of (PII ) satisfy

yau<l. ]

A proof by contradiction is quite simple, but the property indicates that, in order to yield
positive decision variables x; and y; = 1, the mathematical program should include only plans

such that By < b; and By < a; and courses such that «; < a;.

The generation of fractional solutions, i.e., violating Constraints (25y), generally hampers
the validity of the solution. Occasionally, these factional variables may yield solutions that
satisfy Constraints (21a)-(23p) of the program. For example, Plan £ of Instructor ; may contain
two sections of Course 1 and 2 ( B =2 for j =1 and 2). Selecting half of the plan (y; = 0.5)
lets Instructor / teach one section of each course ( B yi = 1 forj = 1 and 2). Hence, Constraints
(25y) delineate only sufficient conditions for the establishment of an effective teaching
assignment. Given the current facilities that the Faculty offers to team teaching, it is not possible
to know in advance whether teaching part of a course section is feasible or not. In practice, most

variable y; will assume values of O or 1.

The integrality requirements (24x) of the variables X;; is also relaxed. This relaxation may
hinder or help the relaxation of (25y). Continuing on the preceding example, if (y; = 0.4), the
variables x; may complement the staffing ( B y; + x; =1 for j=1 and 2). However, their
objective value may be inaccurate and even though the resulting preference

Pit Xii T P2 Xi2 + .4 B may not be realistic, the small magnitude of the coefficient t;, ensures
that the full plan £ would have been chosen (y, = 1) if a conflict of sections had not arisen. The
presence of variables x; may also introduce undesirable results: suppose that Plan 1 has (exactly
or approximately) the same preference as Plan 2, but contains one fewer section than Plan 2

which itself matches Instructor i’s assigned teaching load. The addition of one variable x; will
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promote Plan 1 unduly over Plan 2, in effect creating a new Plan 3 with appropriate load and
higher preference. Even though such correction may be viewed as a warranted reaction to
shortsighted proposal of Plan 1, the model attempts to prevent it by decreasing the preference of

all plans that contain a number different from instructors’ assigned teaching loads.

Thus far, the assignment model has not included any restriction on the amount of credits
that Instructor / may include in Plan k& for Course. This reflects the large flexibility that has
been offered at the Faculty of Administration. Recall that in Section 2.4, examples were offered
where one course was co-taught by 5 professors. Theoretically, each of these could have
included B;; = .2 in their respective plans. However, this situation is still exceptional. Ifa
course can be taught by g instructors, it is possible to rescale o as o’ = «; / q and
correspondingly rescale By, as By- = q By and b; asb;’ = q b;. Note that in this transformation,
the transportation variable x; is rescaled as x;” = q x;. A general simplification is therefore to
allow only for integer values of By. With this assumption, the data of the integer program can

be further simplified in the hope of avoiding fractional teaching assignments

Data Property 2
Suppose all values of B, are integer. Then, for any feasible solution ( Xij » Yic ) of (PII), (x;, yu)
of (PII) is also a feasible solution of a problem (PII’) with right-hand sides Lb;] . =]

The proof by contradiction is also quite simple. Of course, the property does not hold for
the linear relaxation of the problem (PII) which may then yield unnecessarily fractional teaching
assignments. The property points to the care with which the course requirements | b, | should be

defined and the need for special treatment of fractional course assignments.

Even with the simple data properties proposed, a fractional solution may not immediately
yield a feasible teaching. Suppose for example that the Faculty intends to offer two sections of
Course 1. Instructor / puts very a high priority on a plan including one section of Course 1 while

Instructor 2 assigns a lower priority on a plan including two sections of Course 1. Itis likely that
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the plan of Instructor 1 and half of the plan of Instructor 2 will be retained without any
immediate remedy. Any method to obtain a feasible assignment, using fractional values of the

variables x; and y,, needs to rely on global properties on the fractional solution.

2.7. A small example

To illustrate the benefit of the column generation model, a small example is
constructed in which two professors present an array of plans shown in Table 3. Table 2
displays the solution obtained through Model (P), using a linear preference where each
coefficient p; is displayed in the right upper most comer of each cell. A blank cell
means that a professor is not prepared to teach the given course. A number (including zero)
indicates, among courses envisaged by the professor, how many sections have been allocated by
the model (P). In Table 2, Marie and Jean would teach all sections of the same course. On the
other hand, the column generation model II selects some plans (indicated by ** in Table 3). The
plans proposed by Marie and Jean offer a variety of course teachings respecting their preferences

shown in the last column of Table 3.

Course Teaching
ADM1000 ADM2000 ADM3000
Instructor Load
1 2
Jean 0 2 2
2 2
Marie 0 2 2
Number of sections
1 2 2
required

Table 2 - Small example with Model (P)
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Course

Instructor/Plan

ADM1000

ADM3000

Preference

Jean - Plan 1 **

Jean - Plan 2

Marie - Plan 1

Marie - Plan 2 **

Number of sections

required

1

2

Table 3 - Small example with Model (II)

2.8. Model decomposition

The Faculty has long discontinued its departmental structure in favour of 10 areas. In

1993, it opted to be restructured along 3 sections. Nearly every instructor belongs to one section

and, at the end of each academic year, forwards a course plan to the coordinator of her or his

section as well as to the dean of the Faculty. Course planning, preparation and delivery is

supervised by the academic vice-dean. However, most courses are still earmarked by one of the

former 10 areas of the Faculty. In practice, nearly all the sections of a given course are taught by

instructors of the same section, as shown in Table 4 below. Hence, areas tend to be viewed as

sub-groups of each section, to the extent that Faculty databases assign each instructor to an area.
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1995-1996 | 1996-1997 | 1997-1998 | 1998-1999

Total number of sections taught 507 438 541 594
Total number of sections taught (with instructor 505 425 536 508
recorded)

Number of course sections unrelated to instructor’s 27 (5.3%) 27 (6.4%) 32 (6.0%) 40 (7.9%)

area (9) (excluding general courses)

Number of course sections unrelated to instructor’s 22 (4.4%) 19 (4.5%) 18 (3.4%) 26 (5.1%)

administrative section (3) (excluding general courses)

Total number of General courses (with instructor 25 (4.9%) 24 (5.5%) 38 (7.0%) 57 (9.6%)

recorded)

Table 4 - Number of course sections

Note: - includes overload courses and contractual instructors assignments

This table shows the number of course sections unrelated to instructors’ areas and the
number of course sections unrelated to instructor’s Faculty section in each of the past four
academic years. These numbers remain small percentages of the total number of course sections
offered by the Faculty. Hence, areas or sections remain convenient groupings for the planning of
course assignment. In the following paragraphs, the feasibility of performing the assignment
within each of the units, i.e, a system decomposition, is reviewed. We assume that a
decomposition by area is simply a finer rendering of a decomposition by section. Since the term
section is often in conflict with that of course section, it is simpler to use the term area, keeping

an option of using a coarser decomposition with the sections of the Faculty.

In the decomposition, we consider that each instructor belong to an area ¢, which appears as
a superscript of the corresponding variables x{; , yj, and related coefficients pj; , 7},, B, and a’.
The L areas would comprise a group currently called General. The model could therefore be re-

written as:
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L LI LK;
POA: Max L { Epixi + X nlyh}

t=1 =1 i

7o

j=t
s.t.
] JLK;
(3la) X oxfj+ ¥ oyl iy < af foralli=1,..,landt=1, .. L
=
) -
L 1 LK;
(32b) Zl ( Z[x§j+ Y Bhyi)sh forallj=1,..,7J
t=1 = i<l
' kel
Kl
(B3p) ¥ yis1 foralli=1,..,land¢=1,..L
k=1
(34x)xj; 2 0 and integer foralli=1,..,I, j=1,..,J and¢=1, .. L
(35y)yix=0or1 foralli=1,..,I, k=1,..,K, and¢=1,.. L

This representation shows that Equations (31a), (33p), (34x) and (35y) can be separated
into groups (31a.0), (33p.0), (34x.0) and (35y.0), essentially replicating in their original forms the
variables and coefficients related to Area (. On the other hand, Equation (22b) and the objective
function involve all variables. However, it was noted above that many of the equations (22b)

involve only variables of one area ¢, which can therefore be denoted as:

LK;

[
(36b°) Yxjj+ ¥ By sbf  foralj=1,..]J
i=1 i=1

k=1
whereas some constraints (22b) involving several areas would remain. This forms a common

optimization structure in which L independent linear programs, represented in their constraint

matrix form A‘x‘ < b%, are related in an overall linear program:

44



A'x < bf for ¢=1,..,L

L
37) Y d'x<q.
=1
where d‘ and q denote the additional requirements of Constraints (22b). Standard solution

methods entail a relaxation of Constraints (37) with dual multipliers « , as:

L
Max X (¢-ud’)x

(=1

A'xf < bf for ¢=1,..,L

and separate solution of each of the L subproblem as a course assignment model for one area and
its associated courses. Using the original objective function of model (PII) presented in Section

2.3, the detailed objective function becomes:

I J LK,
Max X ( Xpj- Zuy)xh + T (mh- X uBl) vk

=1 j=1 i€l i€,

——

1
k

which correspond to modifying some of its coefficients p{; to become pf; - u; and =i, to become

T -y; Bl , for jeJ .» the set of courses taught by several areas.

Various methods are proposed to update the dual multipliers «,, with various speed of
convergence. Problem decomposition corresponds closely to the structure of the Faculty and
related course assignment process. If each iteration corresponded to an administrative decision

of the areas, the dual multipliers could be evaluated via the preceding changes of objective
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coefficients. However, care should be taken that the same values of multipliers are used by each

area to avoid unequal treatment of some assignments by each area.

The following chapter compares two strategies that have been concurrently adopted by the

planners of the Faculty:

- Solve the general Problem P, reducing it by assignments well known to satisfy the students’
needs, administrative requirements and colleagues’ expectations. Solve the reduced

probiem through interactive negotiations aiming at finding at optimal course assignment.

- Separate Problem P into subproblems P* for (=1, ..., L each containing an appropriate
subset of variables and constraints, which are delegated to each section of the F aculty or

even disaggregated to the level of sub-sections, each representing a distinct teaching area.

The decomposition proposed bears mostly on dual methods. For very large problems,
another decomposition of each subproblem P, or the entire problem P, is possible. Given one
subproblem P‘, suppose every variable yj, has been given a value. Then the remaining problem
becomes an integer transportation program that can be solved much faster than the larger
problem P‘. Its linear relaxation can be solved much faster than the linear relaxation of Problem
P This could either lead to an integrated algorithm based on primal decomposition or to
heuristic approaches that would first assign plans, then elect to resort to assign sections

individually.
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Chapter 3 Model implementation

Several implementations of the model were undertaken as the administrative practices of
the Faculty evolved. Such a straining exercise was mostly motivated by the imperative goal of
adapting the implementation to the actual needs and current practice of the F aculty. It is hoped

that the final implementation truly meets the original objective. It embraces:

- the current allocation procedures used by academics to support the ensuing decisions.
For example, under typical academic policies, each full-time instructor is requested to
submit a plan of teaching (i.e., a schedule) for the following academic year to the
administration;

- the current information collected about past course allocations. For example, the
Faculty of Administration maintains a database of such allocations with relevant
information about the past course delivery (number of students enrolled, schedules,
etc.)

- the allocation process itself, given the structure of the academic unit and accepted

practices.

To facilitate decentralized, interactive planning, the support system is designed around two
contrasting media. Spreadsheet planners provided to the heads of the sections (or some of their
subgroups) enhance immediate ease-of-use, what-if analysis and quick response time. At the
other end, an integrated Faculty planner uses database management capabilities to verify

technical aspects of the plans and, if necessary, reconcile the sections' proposals.

Although the development of a database system took the largest part of the work related to
the thesis, it was actually preceded by two tasks , i.e. the design of a spreadsheet model and a

model generated in the mathematical modelling language AMPL.
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3.1. Spreadsheet submodels

One objective of the new support system is to promote cooperation between the sections of
the Faculty, both for research and for teaching. However, relatively few courses are taught by
instructors of different sections, with some exceptions that tend to recur yearly. From an
operational viewpoint, this insularity allows areas to establish relatively independent subplans, as

was presented in Section 2.8.

A series of smaller models was therefore implemented on spreadsheets as a flexible tool for
interactive joint examination by coordinator and instructor, prior to formal submission of plans to
the Dean of the Faculty. The data set for each area is reduced to the courses typically taught by
its members. Manual adjustments must be made for courses outside of this partial list (Faculty-
wide adjustments are also required for instructors teaching outside the F aculty). Figure 2

displays part of the input and output tables corresponding to the transportation submodel P.
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Preliminary results (1995-96) showed that the small independent models yielded results
fairly similar to those of the Faculty-wide model introduced in Section 2.8 and implemented with
the matrix generator AMPL described in Section 3.2. In light of the amount of clerical details
needed to fully validate a solution, such results are only presented in Section 3.3.5. Inter-area
adjustments can be performed by varying the objective coefficients (e. g. via dual multipliers, as
shown in Section 2.8.) , as well as adding ad-hoc constraints. The teaching plans established can
in turn be introduced in the Faculty-wide model, reducing its solution time. Unfortunately, the
commercial spreadsheet solvers tested (Microsoft Excel) have no provision for warm starts;
therefore each execution of such small adjustments may require as long to optimize as the
Faculty-wide problem. Given the slowness of the spreadsheet solver, solution time varies
critically according to the quality of data accepted, ranging from a few minutes for realistic plans
to 20 hours for dated or hastily designed plans. Figure 4 below summarizes the solution under

the form of individual plans.

One of the advantages of spreadsheet decision models is their user-friendliness and the
immediate access to the data. On the other hand, their numerical capacities are quite limited;
solutions taking several hours defy the purpose of interactivity. Moreover, spreadsheets are best
suited to tabular format that has a immediate visual appeal. A layout f the variables x; and y; in

a table as shown in Figure 2 and 3 is very convenient for decision making. However, both take
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physical and memory space, so that storage capabilities may be stretched even for one area of the
Faculty. To rearrange the variables x;; from sparse display tables to a denser coefficient matrix
for the linear program, the data handling is valid only for a particular data set and must be
entirely redefined with each new application. This is compounded by the conventions used by
the spreadsheet to define the linear program, which forces cell blocks to be redefined for each
change of problem dimension. In summary, spreadsheets have fairly poor data definition
utilities. Restructuring a coefficient matrix for a new course assignment exercise, such as at the

end of an academic year, is nearly as difficult as setting up the original model.

As the next section shows, another modelling tool was investigated, for which the features

and characteristics contrast with those of spreadsheet tools.

3.2. An AMPL prototype

AMPL [Fourer, 1990] is a comprehensive and powerful algebraic modelling language for
linear and nonlinear optimization problems with discrete or continuous variables. AMPL uses
common algebraic notation and, provided with input data, furnishes a numerical instance of a
linear program sent to a numerical solver. The implementation relied on two solvers: LINDO

[Schrage, 1991] and Cplex [Bixby, 1990].

One of the strengths of spreadsheet optimization is the ease with which users can manage
data. On the other hand, the size and structure of the model is hard to modify. At the opposite,
AMPL enables users to perform interactive modelling by easily transforming the structure of the
constraints and their relative sizes. It is particularly beneficial when a more sophisticated set of
constraints is introduced in the model. For example, one set of constraints tested specified that
each instructor must teach a predetermined number of undergraduate required courses. Although
the model was never validated numerically, AMPL provided the ability to readily define such

constraints in a few hours. Therefore, AMPL can be viewed as a rule generator governing the



relationships between the administrative requirements imposed on the allocation of courses.

The syntax of the AMPL language provides for tabular data input linked to relational
database management. The version available did not offer direct database retrieval; data must
therefore be formatted and imported in the formulation of the model. This was accomplished
with the versatile statistical package SAS. Interactive solution would require a dedicated
program for mundane data transformations that are required. The implementation of the small

example of Section 2.7 is presented in Appendix A.

The other main advantage of AMPL resides on its reliance on standard numerical solvers,
thus giving it ability to handle the integer variables introduced in the formulation of Model (PI).
The development of the AMPL model was actually the only occasion to solve the model as an
integer program. In the case of the Faculty-wide model, the presence of over 300 binary
variables basically precluded any guaranteed solution performance, which in practice depended
critically on the quality of the plans proposed (a conclusion valid for every solution strategy
explored in the thesis). In fact, for numerically erroneous or poorly adapted plans (dating from
several years before ), the solver LINDO took several hours to obtain an integer solution. A
preliminary choice of plans by instructors in their sections is therefore a crucial ingredient of

Success.

The development of the spreadsheet and the AMPL models, motivated by the need to

assess the robustness of the data and the constraints, answered practical needs:

- each of them requires little system integration;

- although fully operational, they are designed to work independently from the data
repository;

- their actual adoption by decision maker is less likely since they would require more
technical knowledge from the administrative users and their user interface is not as

good as the final Decision Support System (DSS) adopted and presented next;



- finally, the growing importance of cross-area activities or Faculty-wide affiliation calls

for an increasingly centralized course assignment system.

The final implementation will promote full integration, interactivity, quick solution time by
foregoing some advantages of the AMPL based model such as flexible constraint or rule

formation. This implementation is described in the following section.

3.3. An integrated Decision Support System

A strict partition of courses between sections would defeat the purpose of the F aculty
restructuring, i.e. to encourage broad teaching expertise. Since no section is given purview on
any course, the overall model encompassing all courses and full-time instructors of the Faculty
serves as a potential arbitrator and long-term planning tool. Yet, its efficiency relies on adequate
plans formed by the sections. Using data for the academic years 1997-98 and 1998-99, the
model can furnish realistic calendars provided that section coordinators instruct the planner about

idiosyncratic cases.

3.3.1 Requirements

Solution requirements
The proposed program (PITA) needs to include approximately 500 constraints and over 1,000
variables, depending of the number of plans proposed by Instructors. Considering the size of the

problem, it is still desirable to allow for a reasonable solution time (maximum of a few minutes).

System requirements

The model needs to be integrated with the actual academic unit’s information system. Additional

data gathering must be at a minimum in order to reduce the burden of clerical work on
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administrative staff and the adoption of arbitrary parameters that need to be revised in time, with

loss of continuity.

Information requirements
The following items need to be collected and managed in order to use and test the model
proposed above:
- the set of courses that will be offered and the number of sections of each course;
- the list of faculty members and their teaching workloads;
- the list of courses (and plans) each instructor is qualified to teach and the respective
preferences for each course (and plan), derived from historical records and prospective

submissions.

The following figure shows the flow of information in the decision support system, including

input requirements and the treatment of the solution.



Figure § - Flow of information in the DSS

3.3.2. Database functions at the Faculty of Administration

The Faculty already uses a simple Paradox database system to plan and keep track of

teaching assignments over the years. The initial database system was developed in a VAX

environment around 1986. It was adapted to a microcomputer environment (DOS) in 1994. The

following figure depicts the actual system:
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Figure 6 - Current Database System of the
Faculty of Administration

A single file named courtabl.db acts as the main repository for all the current and past
teaching of all the instructors. This file contains information focussing mainly on courses such
as the course code, the title of the course, its weight (credits) and when it was taught. The file
also holds some information on the instructor assigned to each course section such as her/his
name (PROF_ID) and her/his area of specialization. A separate database file (prof.db) records
information pertaining to each instructor, namely her or his first and last name. Both files can be
linked together via the instructor’s name (PROF_ID). The Faculty also uses a separate database
(teams.db) to maintain joint teaching. In courtabl.db, the PROF _ID of a team consists of the last

names of each member and is linked to teams.db on a one-to-multiple relationship.
Although the data repository is formally supported by a relational model, its design entails

much redundancy. For example, in courtabl.db, the field "Course title" coexists with a course

code that acts as a key to course information.
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3.3.3. Description of the new DSS

The proposed system uses object-based Borland Delphi to maintain a new, flexible and
interactive relational database management system. Its implementation entailed a design phase
and included data validation, database design, the programming of the interface, the
implementation of report generation features and finally, software testing and validation with real
data. Chapter 2 described the algorithmic aspects of the optimization now integrated in a
working Decision Support System (DSS).

In this database system, all information is maintained using the relations currently used by
the Faculty with their exact format, plus additional ones. As depicted in Figure 7, the input data
for the new system is generated from an existing relation that records the former plans of each
instructor (courtabl.db). This revised table is based on the preceding courtabl.db and serves as
an "assignment" table (ie. it does not include information on courses other than the course code
and on the instructors others that the prof id, contrary to the previous courtabl.db). A new and
separate table accepts prospective individual plans (prodraft.db) along with planpref.db, which
records the plan preferences of each instructors. A distinct procedure verifies the accuracy of all
the plans and adds them to prospec.db for the next year as candidate plans. Logical relationships
between these two tables and three other tables containing information on courses (cours.db) and
on instructors ( instruct.db and teams.db) are defined using common attributes, in this case the

instructor’s name (prof_id) and the course code (indicated with * in Figure 7).



Figure 7 - Proposed Relational Database System

There are many advantages to using a relational database such as the one above. It helps to
ensure data integrity, simplifies data entry and updates, improves performance and reduces disk

space requirements for the application.

The programming of the interface was written in Borland Delphi and proceeded over
several phases. A fully working prototype was designed with Paradox in 1996. A contractor was
then hired to recast the same application in Delphi with goals of speeding and improving the

visual appearance of the interface. Concomitantly, the algorithmic procedure of the optimization
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was written in Delphi/Pascal and later added to this new environment. This new system also
allows for expert rules to adjust fine features such as sabbatical leaves, fractional teaching loads,

Jjoint teaching, etc.

Upon starting the program, the user is presented with the following screen:

1000

Figure 8 - Main entry form

Figure 8 represents the main menu for the formation of instructors’ plans. The left window
displays each course of a plan proposed by a given instructor along with her or his preference for
teaching the plan. Plans defined on the left pane of the screen are temporarily saved in
prodraft.db. A database validation of each plan checks that the course codes are valid and indeed
being offered and that the specified teaching load is met. The program displays a warning if the
teaching load is different from the sum of all the courses within a plan.

Selecting the button [N opens a list of all the instructors such as the

following:

39



Figure 9 - List of professor from the Faculty

From the right pane, the user can select an instructor to subsequently create a new plan. It is also

possible to manage the instructor’s database ( instruct.db) from this form. The two upper right
most buttons of Figure 8 serve either to delete all the plans of the current instructor or to delete

the plan currently displayed.

To edit an existing plan and add a course, the user can consult the list of courses to be
Bl The right pane

offered next year by clicking on the button ESNEREN

will show a list of courses to be offered and the user can add or delete courses from the course

database (cours.db), as presented in Figure 10.
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JADM2000  Faise

EADM3000  Faise

Figure 10 - List of courses to be offered next year

From this screen, the user can also add a course to the current plan and specify the number of
sections to be taught by the instructor. Another convenient way of adding a course to a plan is to

consuit the list of all past courses taught by the instructor by clicking on the button

il (these courses are drawn from courtabl.db). The program will wam

the user if the course selected is not offered in the next academic year.
To add a new plan to the database, the user may either manually change the name of the
plan or consult the list of past teaching assignments. Directly changing the name of the plan

opens the following dialogue box:

Addd Bt Pl Do

The user can then choose to create an empty plan for the current instructor to later add courses to

it or to edit the current plan while giving it a new name. It is also possible to add a new plan to
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to create a new one based on past teaching to subsequently modify it as needed.

The two lower buttons serve to verify the plans from prodraft.db and record them in the

database prospec.db. The user can select [Nl to record the plan currently displayed

gsmniiesl| to choose the plans she/he wants to record from a list of new or modified

T X T

Finally, clicking on the button JJ ] invokes the schedule generation facility.
Its program is presented in Appendix B. It takes the input tables (namely courtabl.db,
prospec.db, cours.db, instruct.db and planpref.db), formats them into a linear program and uses
the simplex algorithm to find an optimal solution to the problem. The actual programming of the
Simplex algorithm is derived from the book Numerical Recipes in Pascal: the art of scientific
computing [Press, Flannery, Teukolsky and Vetterling, 1989]. This program also produces a file
of "optimized" teaching schedules and diagnosis tables as a list of instructors with incomplete
teaching load and a list of fractional teaching assignments. The following is an example of such

a list:

Partial teaching load

Fractional teaching (may be
part of team teaching)

Jean ADM1000 0.50
Marie ADM2000 1.50

Figure 11 - Example of incomplete teaching load and
fractional teaching assignments.
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3.3.4. Validation

During the course of the development of the support system, initial testing of the program
was done, using the small database introduced in Section 2.7. Subsequently, during the
validation phase, another database was used that consisted of only three instructors assigned to
teach a total of eight courses. Although this testing data did not reflect the intended use of the
system, the experience gained from repeatedly solving this problem provided very good ground
for a more elaborate validation phase. Using this data, the formulated problem consisted of 46
variables and 19 constraints. An optimal allocation was successfully generated within a fraction
of a second. This small example was small enough to be verified by hand and it was found that

all constraints of the model were satisfied with no unassigned teaching loads.

To further test the adequacy of the decision support system, two forecasting exercises were
undertaken, using previous years’ data (1998-1999 and 1999-2000) for the Faculty of
Administration. All the optimisation runs were executed on a 200Mhz Pentium microcomputer
with 64 MB of memory. Experimental results will be discussed later, but since they involve

actual members of the Faculty of Administration, names will not be disclosed.

Table 5 shows some statistics on the input data of the two forecasting exercises for the
Faculty-wide model. It is important to note that, traditionally, the number of course sections
planned for the upcoming year is much larger than the teaching capacity of regular professors, ie.
there are not enough regular professors to teach all the courses offered by the Faculty. The

residual assignment is filled by contractual professors.
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1998-1999 1999-2000
Number of courses 322 330
Number of course sections (in credits) 1,281 1,353
Number of regular faculty 66 54
Regular teaching capacity (in sections) 717 603
Number of prof/course combinations from courtabl.db 332 341
(transportation variables)
Number of derived plans from courtabl.db 201 228

Table § - Input data

For both forecasting exercises, several tests were undertaken:

a. only with the transportation variables X;, corresponding to Model (P)

b. only the plans derived from x; corresponding to Model (II)

c. all the transportation variables x; plus the plans derived from these variables,

corresponding to Model (PII)

The intent is to distinguish the effect of the teaching plans on the computational

efficiency and the quality of the solutions proposed. For the forecasting exercise of the academic

year 1998-1999, the results of the execution runs are presented in Table 6.

Testa Testb Testc
Number of variables 332 201 533
Number of constraints 388 454 454
Average execution time in seconds 32 5 43
Number of courses assigned 138 153 191
Unassigned teaching load (in credits) 90.75 163.75 62.25
Fractional teaching (in credits) 9 0 12.25

Table 6 - Tabulated results for 1998-1999
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Owing in major part to the restructuring of the Faculty between 1995 and 1997, the sets
Ji and K; are predominately derived from the 1997-1998 academic year in order to find an
optimal course assignment for 1998-1999. Therefore professors who were on sabbatical leave in
1997-1998, especially those teaching at the graduate level, where all the course codes changed in

1996, have very few transportation variables and plans defined in the input matrix.

Execution time displayed in Table 6 and 7 increases with the number of constraints and
variables defined in the model. Most conspicuous is the high solution speed of Tests b. On the
other hand, the combined model of Tests ¢ requires more time than the sum of the times taken by
Tests a and Tests b, which can probably be explained by the combinatorial search performed by

the Simplex algorithm.

In the last row of the tables 6 and 7, fractional teaching denotes occurrences where, for

Instructor/, ¥+ ¥ By i is not a multiple of b;. In both tests b, the optimal solution is

1 LK,

—
T

integer, probably because there is little conflict between teaching plans, which are all derived
from recent academic years. No test b produced any fractional value, although fractionality did

occur in some intermediate results not reported here.

The influence of fractional variables x;; is not noticeably different in Tests a and Tests c.
A cursory look at the results would indicate that Model (II) is very effective. However, the
satisfaction of teaching loads tells a very different story. In Tables 6 and 7, Tests c clearly
dominate Tests a, which themselves dominate Tests b. One can simply explain this better
performance by the presence of the variables x;, each of which acts independently. However, it
is significant that the variables x; perform a much better role in the presence of plans. Note in
Table 6/Test a, that the amount of 9 credits of fractional teaching is difficult to determine and can
actually be raised to 10.5 because the course ADM6961 had only intermittent history of team-

teaching.



!

In Tables 6 and 7, the total number of courses assigned shows that the use of plans as
decision units (Tests b) yields assignments that contain a greater variety of courses than produced
by Tests a. This difference was already noticed in the small example of Section 2.7. Tests ¢
show that Model PII, that contains individual courses (x;) further increases the diversity of each
plan. Obviously, diversity is no supreme virtue, but it reflects instructors’ preference (as

expressed in their plans) which the transportation model (P) diminishes arbitrarily.

Table 6 offers some particularities: there were ten appointments of new professors for
1998-1999 (for a total teaching load capacity of 91.5 credits). Since they had no previous
teaching experience at the Faculty of Administration, the procedure did not assign any courses to
their schedules. They are therefore excluded from the unassigned teaching load of Table 6. To
fill the teaching load of these instructors, the sets J; and K; were constructed manually, based on
academic year 1998-1999. It was felt that using actual teaching assignments would bring less
distortion to the overall course roster than not assigning any teaching to the new professors. At
the implementation level, the sets and their preferences are contained in prospec.db and
planpref.db. By adding 10 new variables to the model, the time required to find an optimal
solution increased by 7 seconds. Using these adapted plans for 1998-1999 further decreased both

the number of unassigned teaching capacity (to 16.5 credits) and removed all fractional teaching.

The same procedure preluded to an actual planning exercise for academic year

1999-2000. Table 7 presents the results.
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Testa Testb Testc
Number of variables 341 228 569
Number of constraints 384 438 438
Average execution time in seconds 41 9 60
Number of courses assigned 137 164 203
Unassigned teaching load (in credits) 30.5 124.5 8
Fractional teaching (in credits) 6 0 5.5

Table 7 - Tabulated results for 1999-2000

For 1999-2000, the increased volume of data lengthened solution time. On the other
hand, the better quality of the input data yielded a solution with less fractional teaching and
markedly less unassigned teaching. To further decrease these realistically, courses of previous
years were carefully chosen to make new plans. The model comprised 15 more variables and the
program executed in about 66 seconds, producing no fractional teaching and 8 credits of
unassigned teaching load. Hence, in the optimal solution using prospec.db, essentially ail regular

professors receive assignments corresponding to their full teaching load.

In spite of the slightly longer execution time, we find that Model (PII) satisfies some of
the criteria much better than Model (P). For 1998-1999, it would be natural to compare the
output of the optimisation procedure with the actual teaching assignments, a technique called
backcasting. The results of backcasting are not favourable: roughly half of the assignment differs
from the historical one. Additional experiments using data prior to 1997 are not attempted for
several reasons. Academic years 1995-1996, 1996-1997 and 1997-1998 saw important changes
in course planning. In 1995 and 1996, following a university-wide course rationalization, the
Faculty reduced its course offering from 507 sections in 1995-1996 to 438 in 1996-1997. In
1997, the new MBA program entailed radical changes in the courses offered, which weakened
considerably the relevance of plans based on historical information. This change actually

propelled an important modification of the support system and the thesis itself.
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Conclusion and recommendations

One of the strengths of the thesis is its methodical development, entailing prototyping,
model development, refinement, redesign, in virtually all early phases of a complete system
development life-cycle. The merits of its components are reviewed next, in the order of its

development.

Modelling

The originality of the proposed model is that the information provided is self-correcting:
instructors have a direct interest in providing adequate plans, lest the model assign them courses
that they might contest. The significant information and guidance that the plans offer avert the
design of sophisticated integer programming techniques. Its multiple objectives and its column
generation maps the interactive process that presides over the allocation. Most important, the
model enlarges the spectrum of acceptable plans that can be considered and may reduce

conservative attitudes.

The validity of the model stretches far beyond that of an academic planning system. In
its generality, it is a constraint-based model which accepts facts and events under the form of
plans. Numerous such models combining constraints and observations could be applied to
emerging expert systems, in which knowledge is distributed as much in its base as in the rules

that can be established.

On an algorithmic level, it may be interesting to implement integer programming for
variables x; or decomposition techniques to coordinate assignments within areas, such as in a

Faculty comprising departments.

Implementation

Given the objective of designing a practical decision support system, part of the success
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of the thesis can be measured by the factual recommendations cited below - most of which are

considered for implementation by the Faculty of Administration:

- In the database, teaching teams are identified by the same type of keys as individuals.
Providing a different structure where the individuality of each member of the teams is

preserved, would greatly contribute to normalizing the database.

- The status of contractual (non-permanent) instructors is identified in courtabl.db with
the special character "@" preceding their names. Some instructors do become
professors of the Faculty and thus acquire dual identity! It would be preferable to use
an independent variable linked to each instructor in instruct.db with a date of change if

applicable.

- Some administrative symbols are recorded in courtabl.db, such as "&" to mark funding
by special programs (CEFO). These typically address courses, not any of their

particular offerings, and should be stored in course.db

- All course titles are kept in courtabl.db. They should be tied to the University wide
academic information system that keeps one entry per course code, plus the dates of
change of title for the corresponding codes. This would provide a tighter integration
into a wider information system that the Faculty has developed. For example, the
instructors database can be integrated within an already existing repository of the
human resources of the Faculty, comprising administrative data (employee status,
compensation profile, etc.) Similarly, the courses database meshes well with a

University-wide curricular (course offerings, time, room, etc.).

Decision making
It is hoped that the development and implementation of a decision support system can

add efficiency and fairness to the assignment process. It should significantly reduce response
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time to the on-going changes faced by academic units, leading to repetitive faculty assignment
exercises. It further aims at promoting inter-area and general course assignment according to the
newest directions of the Faculty. To augur its success, the system is currently tested to the actual

planning of academic year 1999-2000.
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Appendix A - A course assignment model in

AMPL

sress STTS AND PARAMETESS sanee

thin (prof, course
urseipref_ccocurse};

thin iplan,prefl:
_profiplan prof};

set plan_procf_ccurse with:in {plan_prof, coursel:
Farazm nuzb sectiplan_prcf_course}:

STRAINTS swses

reg{ci>0 i:
rse} X_prof courselg,c] -

ne

loac(p]>? 1:
se} %_prc?_ccurse(p.c]
cf_coursei Y_plan_prcfin,pi *

icagipj>?d ;:
?_plan_prof{a.p} <= i;

#sane TATH dnene

zazas

Faram: prsf: lcad :=
Jean 2
Mar:e 2

"
1]

Frof_course: pref prof course :=
AIM13CO 1
AIM1T01 2
ADM1300 2
ADM13Cl 2

Faram: plan_prcf_course: numt_sect =
1 Jean AZMLIIGC 1
L Jean ADM1T701 be
< Jean AIM1T70: 2

<=

rof_course} ¥ _plan_prcfin.p] * nump_sect[n.p.c]

reqlc]

lcadipj
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I Mar:.e ADMI3CO 2

I Mar:e ADMIZQ1 2

Faram glan_max:=9%;

pazam: plan_pref: pref plan prof :=

1 Jean 8

I Jean 3

1 Mar.e E]

< Mar:e s

scive;

SETicn display width 3S;

display {ip,c) in prof_course: X _prof_ccursep.c] >C}
2:splay (in,pl in plan_prof: t_plan_prafin,pl >0} (G,

(0, X_prof_coursefp.cl)

Y _plan _profin,pl)



Appendix B - Model implementation in

Delphi

sialcgs, IxTTool

ZBTacles, ECourae

t**= short nazme Icrs
{=°* short name fcr

ay [1..450] of string7:
class:!TFerm)

TPanel:;
ages: TNotekbock:
tnAdaPref: TBLtStn:
< Prof: TB:itBIn
< evPlans: TB.u

Plan: TBitBtn;
n: TDBGr:ia:;

a,

3

T 14,4
= t8tn;
4 4.8

4 8tn;

T DT atroo o

ftatus

TZlFrs le;

TTiFrT H acle:

TZlPFrs Se TlazaScurce;
Fre e: TlataScurce;
B %
an: TComooBex:
an .

uery: Tluery:

<uerySet: TDataScurce:
Lakeli: TiLazel:

gFPrcspec: TCuery:
gPrcspecSet: TDataSource:
woilcurs: TTable;

PLCsurse: TStringField:
FDSect:cn: TFloatF:ield:
FDCozmpulscry: TBocleanField:
FCPrcf: TStringfield;
FDPlan: TStringField;
POValue: TFloatF:eld;
FONewMcdif1ed: TBecleanF:ield:
ztnVal:dateSched: TB:itBtn:
GMisc: TQuery:

ctnlelete: TBizBin:

btnSave: TBitBtn;

Cataktase: TDatabase:
SGridpPage2: TStr:ingGrid:
bznlastrec: TBitBtn:

ttnfFirstRec: TBitBtn:

tonAbout: TBitBtn:

tclPlanPrel: TTable:

tclProspec: TTatle;
tolPrcspeclraftPrcofID: TStringfielas
cInlastMsg: TB:itStn;

StatBarT:izer: TT:imer:

ok

ckfebug: TCheckBex:
ctnfeccraScomePlans: TBitBIas
cPlanPref: TCcmbcBox:

AinTsres, dinFrces, Messages, Tlasses, Graph:
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cinCopy: TBitBIn:

~ElProsSpecAsCIi: TTakle:
cinGeneratecourses: TBicHtn;

tolProfcrs: TTable:

tzlPrsicrsSet: ThataSource:
8:tBnl: TH:zBin;

tbipostcpt: TTable:

TtiPostegtSet: TDataSource:
procecdure btnQu:tClick(Sender: TObjecz):
procedure FormCreate (Seader: TObject::
Frececdure cProfClick(Sender: TObject):
procedure cPlanCl:ick({Sender: TCblect):
procedure ShocwPagel (Sender: TQbject):
Frocecure btnMainPageCl:ick(Sender: TObject):
Frecedure btnAddItClick(Sender: TObjecz):
Frocecure gProspecCalcfielids(DataSet: TDataset):
rccedure CueryBefcrelelete(DataSet: TDatasel):

cedure JueryBeforeEd:%(DataSet: TDataset):
cProlKeyPress (Sender: TCblect: var Key: Charl:
CFrcfExit (Sencer: TObjecT!:
cPlanKeyPress (Sencer: TObject: var Key: Char):
cFlanEx:it (Sencer: TObsject):

FermDestrcy(Sender: TObject);
btnlelfrsfClick(Sencer: TChjecT!:

tnlelezeClick!Sencer: TCklecT

vUHUMVBODVYD

private
i Private ceclaratisas !
lPrefIls: tringlise;
lLastMsg: rings
ZraftD8Nax Tings
IgncreMcds : Beclean:
NewP.anNan TStringlists
Frocedure ayH:int (Sender: TCblect):
prccecure 1iGridaddPlans
grocecure dAddPres;
Frocecure icAddFacCourses:
Fricedure GridAddPrecfCourses;
grocecure cfrefVal:icate:
Frocecure cPlanvVal:zate:FroaPagel: heclean: s
functicn  DeleteFP.anRess . const tasles: array c?f st
Frempt: Dociean: : focleas
£ e lanName, CloPlanName: strfing;:
= re Br ,» JlaPlan, NewPlan: string:;
- re s ng:; TecugFlag: integer);
-1 :re
£ ure Plan: string):
Fublz
v Puzlic Zeclaraticns ¢
lerzugCn: bcclean:
rBuffer: FChar:
ena:

elayizsecs:integer)
Trimivar s: striag)

"o

{allowing access to cother
controls, etc.i
<il . GezTickCount-rirstTickCount) >= Longint(=secs)):

cecure TMa:nFrm.DisplayHHint (Sender: TObjlect!:

{ not StatBarTimer.Enatled then

cure stnRemCcurseCl:ickiSender: TCo3 H
] ecure tinlelrlanCl:ick i Sender: TShblect:
r ecure o= Tk !Sender: TIkject::
£ ezuire & rstfecTlick!Sender: TOksjec:
£ ecure otnlastRecClicxk !Senzer: Tokject::
I ecure cinfeczrarlanClick Sencer: TColect):
Frocedure ttnValicateSchedCl:ck(3ender: TCElect,:
Frocedure ttnlastMsgCl:ick(Sender: TODlectT!:
prccecure TinmAbcuiClick Sender: ICbhject!s
Frccecgure StatZarTimerT:izer(Sender: TCblect!s
grocecure thlProspecDrafiSezDataChange (Sencder: TChlect: Field:
Frccedure binReccrdScmePlansClick(Sencder: TChject) s
procedure tblPfrespechraftBdeforeCancel (DataSet: TDataset):
Frocecure cPlanPrefClick(Sender: TCbhjecz):
precedure tinGenerateccursesCl:cki{Sender: TCbject);
prccecure StnCopyClick!Sender: TChject: s
FProcecure T GrigAdaCourseProfls; { (Sencer: TObsect):}

TField

1
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StatusBar.Capticn := Applicaticn.Hint:

end:

procedure TMainFrm.pinQuitClick(Sender: TObsect):
var :msgro: word:

Tive := false;

SQL.Clear;

SQL.Add ('Select Distinct a."Prof ID*, a."Prof®, a."Plan" ' =
*frem * - DraftDEName « * a');

SQL.Add ('Where NewModified = *'%'' Qrder By a."Prof ID*, ' -
‘a."Prof®, a."Plan”’);

ACtive = true;

:f ReccrceCount = O then

Zsq@rc = Messaqellg('It :s saf
- cho(l3)

TS quit, there are nc pending modificaricns.’

1ly want tc qu=t?’,
atCenly ion, {=mbYes, =tNegl, Ci:
enc
else
beg:in
=S53rc = Messagellg('There are * - :ntTcStriReccrdCsount. -

' zmca:ifiec planis: That afe nct jet saveg!' o

sartl3d! -

FUNCTICON findActi target :  stringT:
VAR actlincex : integer;
VAR actArray : actArraylype:
aumCss @ integer |} : coclean:

tnis £ Ticn can alsc be found :n val.pas
siaple search and :indexing of an array containing titles of academ:ic activitiesi

DEFINITICN OF FUNCTICN}

<= numCrs! AND (target <> acthirraylactindex|) DC
‘Check next Cturse ¢
1= Jne - actlncex;
- Ccurse

3F FUNCTICNY

PRCCEDURE S€CTINUN =----- oo oo oo e e

stringis

IF 1 (COPY ( course,five,cnel = *2° ] OR
(CCPY ( course,five,cnel = 3" ; OR
(COPY ( ccurse,f:ive,cne} = '6' ) OR

(

(CCPY course, {ive,cne) = 8" |
{ there was an additional condit:ion below, which would qual:ify
the greced:ing cnes properly for ADM, ADX, HAH, SYS

it may need to be re-introduced zo separate from ECO, LAW

and ((COPY ( course, cne,two) ='AD* |} |}
THEN numSect := 0.5°numSect {1.5 credit ccursesi}
ELSE

ithe follow:ing lcgical test reflects concern VizZ. speed. e.g.
since few records pass the 1st test set up for IMHA,

we need encode neither 1997 ncr 7 as variables)

IF (COPY !(ccurse,five,one} = "9° }

THEN
BEGIN
IF (Year > 1997)

THEN

vy

¥ (COPY (course,one,7) = *ADM6931") OR
{COPY (course,one,7) = "ADMES3I2*) CR
(CCPY (course,one,?) = °*ADM6964"; CR
(CCPY (course,cne,”} = 'ALMEIEE’)
THEN numSect := (.S°numSec:t
ELSE



BEGIN

IF (COPY (ccurse,cre,T) = "AIM6370°) CR
(COPY (course.cne,7) = "AIME337°)
THEN numSect := i./3.°numSect;

IF (COPY (ccurse,cne,?) = 'ADMG3%11°) Ca
(COPY (course.cne,7) = °*ADM6350*)
THEN numSect := 2./3.°numSecs:

END
ELSE
IF {COPY (course.,one,7) = 'ADM2380°: CR
{COPY (course,one,7) = 'ADM278C")
THEN numSect := 2./3.*numSec:;

ZNT; iProcecure}
procecure TMainfFrm.for=Create (Sender: TObject):
ar integer:

beolean:
strings

cn.Cniint

:= DisplayH:nt;
elncex := O

IgncreMcdsinDrafs := false:r
cebugCn = ParamCcunt > 7:

= GricPagel.icps

1= Gridfagel..ef:;

= GricPagel.width;
:= GridPagel.he:ighz:
= false:

find the path cf =—he database *~-}
taBase do

la

cted :w= false;
N := Ccpy(Params{0], &, 200):
% DirectcryExists(dbpath) then

lePath(Applicaticn.ExeNane] -
eName (dbpath) 5
sts(dbpath) then

b ope pe

Frm.ln:z.alizeDBs;
.nteger
sctring;
strings
ITacle:

et tne name fcr the zraft zcatacase °*°°:

2Lpath := CepylDataBase.Params[C], &, 200}:
1f cdepathilengzh(dbpathl] <> '\’ then dbpath := dbpath -

~hile (:<1000) and (DraftD8Name = '’} do

cegin
traxe := DraftDBParc;
:f 1 < 100 thex tname := tname « ‘0°;
if 1 < 10 then tname := tname « *C°;
tname := Tnazme « 11ntToStr(i) « °.db";

1 net FileExists(dbpath + tname) then
tegin
DrafiCBName := Ccpy(tname, l, Length(tname} - 3)
creak;
end:
Inc(is
enz;

2tacle := TTacle.Create(self);
cdtable.CataBaseName := thlProspecDraft.CataBaseNanme;
dtable.TableNaze := DrafzDBName « *.db*;
tblProcsPeclrafe.FrelclCefs Update;

tolProsPeclraft. Incexlefs. Update;
dracle.FreldDefls.Assign(tblProsPecDraft.FreldDels;
dtacle.IncdexDefs.Ass:gn(tblProsPecDraft. IndexDesls}

t.NE95-3TN

FilePath(Applicaticn.ExeNaze: - *data\’:

A
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atable.lreateTacle;

toilProsPeciralt.TableName := DraftDSName - *.db
tolProfFresPec.TableName :w» DraftDBName - °.db
gFlan.SQL{l] := *'frem « DraftDBName « ' a°

ttlProsPecDraft.Active :
tElfrolProsPec.Active := true

LPrcilIls := TStringlList.Create;
lProfIDs.Clear:

NewPlanNameL:st :« TStringlist.Create:
NewPlanNameL:ist.Clear:

wilh gMisc do

cegin
AcCtive := false;
SQL.Clear;

SQL.ACC("Select distinet t.Prof, p."Prcf ID” from Prospec p, Pref =°):
SQL.AdQdD ("where p.%Prcf ID"™ = ©_"Prof ID"');

acTiv
ZFrcf.
while nct ec! =¢c

fegln

Fields[l] .AsString!:

rxfestizcy(Sencer: TThJect):

tolPrciPresPec.Active = false:

{*** ncw delete he Draft database
with tblPrespecDraft do
Active = false;
Inf{crmUser('Deleting table ' « tblProspecDrafz.TableName, iInform):
TeleteTable;

Fra.cPrafllick(Sender: TChileck):

o locate this pref :in the Drafr catabase ***}
SProf.ltems. ndexOf (cFrof.Text:
lProfIds[:iax!:
sPec.FincNearest([prcfiali s
ospecDraft do

Ty

frcl wnfc 1s not yeT Zcpiec Zraft 2atacase, sc we
S ccpy all the praf’s nfiz & Sraft catacase, zarxing
€se new recsra as unmedl

L AL R T P R

e := false;
{Cl.AsString := profia:
e := true;

1f RecordCcount > 0 then

cegin
InformUser (*Copying all records for this prof®, :ForDebug);
firse:
with tblProspecDraft co active := true;
while not ecf co
begin

tblProspeclraft.AppendRecord((
FieldByName ('Course’) .AsString,
FieldByName ('Section #').Asfloat,
nil,
FireldByName('Prof') .AsString,
FieldByName ('Prof ID*).AsString,
FieldByName('Plan') .AsString,
FieldByName{'Value'; .AsFloat,
Falsel):

nexts

enc

else
begin
{*** prcof has nc reccrds but must acad him anyway °°*°j}

InformUser{‘Creating new reccrcd for prof®, 1forDebuqg!:
with thiProfProsPec do



cegin
Append;
FieldByNaze(*Prof°) .AsString

1= cProf.Texz:

FieidByName(’'Prof ID')}.AsString := prof:id:
Y

Post:
ena;
end;
tblProcspeclrafs .Refresh;
qProspec.Active := false;

tolProfProsPec. FindKey ({profad]):

1? ZebugOnr then
2 DBDebugFrm.ShowlebugWindow(thlProsPechrafs)

ACTive := false:
PazamByName ' leprzf’) .AsString := prcfid:

=

can.ltexmincex :=

anClicx.nmills

we Iill up the Flan csmbce box with all the prof's plan

ugFrm.ShowDebugWinacw igPlan] = arCancel -hen

an.Itens.Agz(FielddyNazmei "Plan'] .AsString)

cPlan.Textl) s

Frececure TMainFrm.cPlanClick(Sender: ToObject):

Segin
itblProfPrasPec.FindNearest({cProf.Text, cPlan.Text]):}
clPrcfProsPec.findKey ([1PrzofIDs[cProf.Itemindex],

ena;:

cecure TMainFrm.ShowPagel (Sencder: TCbject):
ZcniShcwPage: beclean:
tag: integer;

StrnMainFage.lagticn := "&Cancel’:

Tag := TAinCcntrol Sender: .tags

Gri:zPagel.ReadCnly itag m [1,31::
otnfelete enablec ‘tag n [1,311;
cInSave e.E 3

dPagel.vis:hle;
irstRec.enabled;

g cf
l: FillGridAddPref;
2: FillGr:dAddPlan:
3: F:llGridAddracCourses:
4: F:llGridAddPrcfCourses:
$: Fi1llGridAddCourseProfs:
else DentShowPage := true;
end;
1f nct DentShowPage then Pages.Pagelndex := 17
Pages.Tag := tag;
enc:
procedure TMainFrm.pinMainPageClick(Sender: TObject);
teg:n
Fages.ragelndex := O;
ena;
procedure TMainfrz.btnAddItClick(Sender: TCbhjectl;
var i integer;
str H

s,planvalue:

= arCancel then Exit;

8/



ThangePage: Boalean:
Izapulsory: Boclean:
TourseExis%ts: Ecclean:

Zhangerage = Truers
ctinMa.nPage.Capticn := *sClcse’:;

tase Fages.zag cf
{: rceg:n £*** add a precf in comio box list, i1f not alreacy there **=)

S = Juery.FielcdByNaze(’'Frof').AsSTring;

i cProf.ltems.Index0f(s! < C then

begin
L = cProf.ltems.Add(s);
lProfIDs.Inserz(i, Query.FieldByName('Przof ID*) .AsSzring)
cProf.ltemIndex := i;
cProfClickinil)

end;

end:;

’-
v
']
"

. £ not already there *°**}

2: kegin i{*** add a plan :n combo tox
with SGr:cPage2 do
teqin
s := Cells(l, Rowi:

n
Plapvalue := InputBcxi'Ediz P
‘Please enter nazme I
‘that ycu are creat:in
*WARNING: Re-us:ng an 3
‘generate an error message’,
M P
AdoNewPlan (PlanValue, 3):
eng
else

tegin

will ze 2:isplayed’,

"
"o

let’'s see :{ course exists :n nexT year course L:isT "}
dMain.DataScurce.Dataset.FieldByName('Course’} .asstrings

:f CourseiEx:ists = false cthen
Tegin
MessageD.g{°Course :s nct scheduled
‘It must {irsSU ke added T
=tinfcrmaztion, (meOK], )

Cozpulscry := tblCours.FieldByName: 'Coxzpulscry’).asBeclean:

ChangePage := false; (*** To add many courses quickly *
with GriagMa:n.lataScurce.Datasel 2o
Legin

flanValue := cPlanPref.Text:

i*** s avoia emply reccrad )

if FielaByName("Tsurse® .IsNull then

ceg:in
EQrz;
en
else
ceg:n
Append;
end;

{*** NOTE: :1f Fields order changes Just update zThis ***}

Setfirelds({ Query.Fields[0] .AsString,
Query.Fields{l].Asfloaz,

{Mar:o Boileau's izplementation: Query.Fields({2].AsBoclean, *Ceapulsccy®}

Ccmpulsory,
cPraf.Text,

1ProfIDs(cProf.ltemIndex],
cPlan.Text,
planvalce,
true
1y
Post:
enc;
except
cn E: EDataBaseError do
beg:r

{*Course*;
{*Secticn #°}

{*Compulsory*}
{*Prof=}

{=Praof ID*}
{*Plan*}
{*Valuye*}
{*NewMcdxrfied®*}

1£ Pos('Key viclation', E.Message) > 0 then
s := 'This course .s already in current plan.'

else
s := E._Message’



Gr:i:cMain.DataScurce.Cataset.Cancel;
¥essageDlg(s, =atlnformat:i:cn, [mbAOK], 21
Crhangefage = false;

ena:
ena:
end;
ena:
I ThangePage then Pages.Pagelndex :v J;
end.;

Frocecure TMainfrm.AdcNewPlan (NewPlanName, OldFlanName: sTring) s
% -2

RCwArray = array {1 .. 450) of real:
cwPcinter = “RowArray:

Fresen: TlateTize;
currfear, Month, Day : Word:
T : RIwPcinter;

varindex : integer:
actindex, numCrs : integer;
nuzmSeci: real:

AStArray : actarrayType:

b4 b4 ;

. :

voTmLls ch written by Maric Beaul:ieu, replaced &Ly elements patiernec
afzer properly count less-than-3ICcr. courses, sc as =c add up TS an
aceguate - Similar quersies shcula also be replaced. e.j. wnicn courses/plans
have ¢t ¥ a given professor cr wnicn Frcfesscrs nave Taughi a given ccurse
witn gMisc ac
ceg
Az 1= false;
SgL.Clear:
feeerititCuesticr where take Ccurse :nfc CourtTakt! et/ou Ccurs "o
53 ‘Select Iistinct Course., WF, Compulsary., c."Acac yr”';:
SC 22" {rem CourTanl ¢, Pref p'):
$g where .c."Prcf ID™ = p."Prof ID™: and’;:
sS *iP.TPrcf IDT = "** . 1ProfiDs(cPrcf.ItemIndex] - *°*° anad’;:
&2 ‘ic."Acad yr® = '°' « OldPlanName - ""°! °"):
Ac 1= true;
infcrzUseri’Selected all courses frcz CourzTabl anc Prof’, i¥orletug) ; i
newiT,;
wWiln tzlProfcrss <o
beg:in {Z:ine prospective courses :n COURTABL |}
active := True;
tblfrofcrs.First:
nu=Crs:= 0;
WHILE (NCT tblProfcrs.ecf) DO
{nexI record of CCURTABL ;
ttblPrefcrs.FielcByName("Pro? ID°).AsSString = lProfIDs{cPref.Icemindex! |
ang
(telPrefors.FieldByName("Acad yr'!.AsString = ClcePlanName)
THEN
BEGIN { cnly prospective ccurses |
IFf nct finaAct! tblProfors.FrelaByName('Tourse’; .AsString, actincex. actArray, nu=mCrsi
THEN
BEGIN iextend actArray!)
neaCrs 1= numCrs « cne;
T~ {aumCrs! := J3.:
actArraylnumCrs] := tblfrcofcrs.fFieldByNaze('Course’; .AsSSTrings
END: fextenad actArrayi
numSect:=cne;
sectinum {tolProfors.FieldByName (*Course’; .AsString, numSecs, currYears: :
tincdex] := T"lactlncex] - numSect::
{ only prospect:ive courses |
s5.Next;
{ next reccrd aof COURTABL |}
ENT i {ind prospective courses :(n COURTABL)
icriginally written by Mar:i:o and re-.mplementable
1f DetugCn then

1£ DBDefugFrm.ShowDebugWindew (tElProsPecDraft) = mrCancel

then Ex:T H }
{*** ada these reccrds 1in the Draft table °v-}
InforxUser (*Adding all records for this plan in Draft Table', i1ForDebug);

with tblProspecDraft do

beg:n { add record to prospectDrarft}

factive := True:}

IgnoreModsInDraft := true:

fcr actindex:= 1 to numCrs do
BEGIN ( write a(] in drafc.db}
append:
FieldByName (*Prof') .AsString := cProf.Text;
FreidByName('Prof ID').AsSString :=



1ProfIDs{cProf.ITealncex];
teldByName ('NewMcd:fiea’) .AsBociean := Zrue:
teiaByName('Course’) .AsString := actArraylactingex!) s
Le.cByName|('Secz:icn #') .AsFloat := t-lactindex];
teldByNaze ('Cocrpulscry’) .AsBcalean := true;
{ 1T really should be as tcelow, but need =c match the course nazes aga:n

v oy

ThlProcfcrs.FielaByName("Course’) .AsString = °*C*:
ar

:Tbl?:atc:s.?;eldsyﬂaze('Cau:se').Assz:an - *Zc
1y }

FrelcByNazme('Plan') .AsSString := NewFlanName:

i*** corrected bug Key Viclaticn when addec existing plan
frcm prof, then changing plan nase then Edit as new plan...}
IgncreMcasInDrafr := false:
enc; { wr:ite ai]l in draft.cabj
next
end; { acdd reccrd to prospectDrafc

1 numCrs iRecordCount} = 0 then with gMisc do

teg:in
Aczive := false;
SQL.Clear:

i*** e careful fcr Field pos defined by Drafz Table *°*}
SQL.A¢2("SelecT c."Prof ID-, + NewPlanName -

***, c.Ccurse, c.Prof H
SCL.Ada( s "Value®, c.%Sect:icn #7, c.Cimpulsory, c.NewModified *:;

ttiFrospeciraft.BatcnMove (gMisc, TatAppenc; :

NewMzd:ified flag Tc Zrue *=*-=%

SQL.Add('Upcate ' « DraftDBName - ' c Sez NewMccdified = *'2*°* *;;
SQL.Add{"where (c."Prcf D" = *'°* « iProfIDs{cProf.ltemIndex| -«

vevy ama tr:
SQL.Acai’‘z."Plan” = ''* - NewPlanName « "*'; *;;
IxecSCLs

end;

O noee .

string!;

e = Zalse;
tear;

£lBName - ° a Set a.''Flan’® = **°* -
, a.NewMog:fied = °*"2r° ¢

fa."Prof IC" = *°** « profid » ***. ang *;
SQL.AQg (" ra . *"Flan""' = ‘ « QlePlan - "'y

ExecsSCL;
Acive = false:
end:

secen

[eevesecscssesmee csecssee

= wWe have TC keep track of this mocif:icaticn so wher the user recorzs
pian wWe can use the ¢la plan name =0 deiefe assccratec recards
riper tacles

latest new naxe

R R R T T R

wrack of cr.

cecavs

NewPlanNamelL:sT do

cegin
tax = IndexQOf(ClaPlan) s
1 i1dx >= Q then

begin
{*** only update the new plan name, keep or:iginal name °*°°}
cName := Values(OldPlan];
Strings{idx] := NewPlan;
Values[NewPlan] := oName;

end
else
tegin
Add (NewPlan);
Values{NewPlan] := OldPlan;
end;
ena;

informUser('Changed plan name in Draft table’, 1ForDebug):



InfcrmUser('Plan name was changed from * - QldPlan - 'to ' - NewPlan,

tinfcrm);

©°°% Zeaify this plarn name :n FlanPref ob TINASHL20 0y
+°®* meaily thnis plan name in FrosPec db TINASK222v ey
wnag
Frocequre TMainfrm.FLllGricdAddProf;
cegin
.ciTitle.Caption := ‘'List of Professcrs frem the Faculzy’:
wiln Juery do
ceg:in

AClive := false;

SQL.Cleaz:

SQL.Adz{'Select Prof, p."Prof [D”, Load frcm Prof p*):
Act:ive := True;

Tields[C].DisplayWidzh := 20:

Fields!l].D:splayw:dth := 5;

{*Fillec grid with records from Prof’, :iForDebug):

§ive user passibility tc add/nodifly/delete a record frem grig "=}

{eon
SridPagel.ReadCnly := false:

%o query beth Courtabl anc JraftlB. S0 we use o queries -}
no:= ‘Plan from Professcr’’s previcus years':

CTRS TN it weuld know NCW TC <<ICIND> ITWC Tables LT wou.d he herver ‘'Y e
T** gFuery CourTakbl e

sralser:’Cuerying ZcurTabl for plan recarzs®, LFecrlesug. ¢
auery ac

ISl %

ACtive := false:

SQL.Clear:

SQl.Ad2('Select <."Acad yr®, Sum(WF) frem CourTabl g, Pref p'i:
SCL.AQd("where c."Prcf ID® = p."Prof ID” and'!:

F."Pzof ID® = *'* < lProfIls{cProf.Itemindex] - °*'°'°*};
rou; by c."Acag yr™');

(FL e’c:[-;/.D splayFormat := '#0.00°;
Displaylakel := ‘Plan (Y21 °;
isplayWadeh = 15

isplaylabel := ‘Secticn #°';

1°%° acdd these records in the string grid **c}
SGr:dPage2.RowCcunt := 1 « RecordCount:
SGr:idPage2.ColWidths([l] := Firelds(O].DisplayWigth * a;

o= 1
while not ec! do
cegin

SGridPageZ.Cells(l,:] := Fields!0].DisplayText:
SGricdPagel.Celis(2,:] := Frelas{l].DisplayText;

see

1g Draft for plan records', :FcrDebug) :

SCl.Clear:
SCL.Addi'Select c."Plan”®, Sum(c."Sect:icn #7) frcm * - TraftDBName « ' =°;
SCL.Acd(‘wrere c."Pzrof ID” = '’ .+ LProfIDs{cPrcf.IzemIncex] « *'"*:;
SCL.Acd(*group by c."Plan”");

Active :=
TFlcatFiel ”(..e ags{l]l.DisplayFcrmat :
elas{d].Di1splayLakel :~ °‘PFlan (Yr:':

e lAt

= *"wQ.00°;

fFieids{l].Displaylabel := ‘Secz:icn #';

i{¥** add these records :n the string grid *°*°*}
SGridPagel.RowCount := : » RecordCount;
while nct ecf do
teg:in
SGridPageZ.Cells(1l,1] := Flelds(0].DisplayText;
SGridPage2.Cells([2,1] := Fields([l).DisplayText;

dPage2.visible :=» true;
PageZ.vis:ible := false:

Qe s,



Tocedure TMainfrm.FillGricAdaFacCourses:
cegin
lpiTitle.Caption := *List of Courses ¢ ke offered nex: year':
with Query do
cegin
Active := false:
SQl.Clear;
SQL.Ag2("Select * from Cours'::
A Trues

.DisplayWicth = 20;
CisplayWidth = S;
ies[2] . Vis:ibl := True;

ed Gric with recoras fream Cours’, LForletuqg);

g e user possibilily o add/modify/delete a recard from grid ***}
SridPagel.feadCnly := false;
end;

Frocedure TMainFrm.FillGridAcdCoursefrofs; ((Sender: TCkject) ;|
var InputString: sTtring:

InputBex ("Enter course code’, 'Please enter the course code’s chr(il) -
‘(format xxxx, Ex: ADM1700 or ADXS3101°, *AmM’):

Caption := 'Professors having taugar a course®:

¥

Active := false:

SJL.Clear:

SQL.Add('Selest p.Prcf, Sum(WF} fr
SQL.Add i *where c."Fzc? ID® = p."Prc
SQL.Aad('c.Ccurse = - InputStr
SQL.Agdt'greug by p.Prof'::

Active :
ca lasil) ) .JisplayFormat := *#Q_G3°;
il '.2i1splaylLacel := 'Prcfessor’:
ic L.Cisplaywidtn e 1S5S0
. .2isplaylarel := "Sectich e°;

Frctecure TMainfrm.FillGridAddPraofCourses;
ceg:
iTitle.Capzicn := °‘List cf past ccurses Taught oy Frofesscr':
uery d¢
Astive := Zalse:
Sii.Clear:
S2L.Add("Select Tcurse, Sum(WF) frcm CourTakl <. rof p* s
.Afd{’where c."Prcf ID” = p."Prof ID" and'i:
L.Add!'p."Prgf D" = *°° « 1ProfIds(cProf.ZzemIndex] « *'*°*;;
SJL.Addt'grcup by Course’);
ACTive :e True;
TFloatFieldiF:ields{1l)).D:splayFormat := "#0.GO":
Fields(C].DisplayLabel := °Course’:
telds([0].DisplayWidth := 1S;
lds[l).Displaylanel := ‘Secticn #°;
ieldsf2].Visible := true:°*}
ena:
infcroUsert'Fiiled Grid with records from CourTabl and Prof’, :FerpDebug) s
enz:

{*** accecd tn:is for 31T fro= Plan zug Tt

ACLive Then AcTive =
cKey![lataSez.FireldByNaze!(

Course') .AsString]) = true zhen

SCozpulsory.AsBcclean := F:ieldByNaze('Compulscry’!.AsBcolean:

© advise user then delete references to prof/course :n other dacabases ***,
craUser('Deleted Reccrd frem Gr:ia', :FocrDebug):

roccecure TMainfrm.QueryBeforeEd:it (DataSet: TDataset);
cegin
f*°* advise user then update references to prof/course in other databases **°|
MessageDlg('Den’ 't forget to advise user and update other dbs’,
atinformat:cn, [mbOK, mbCancel], 0);
inforaUser('Updated record from Grid’, iForDebugq);

end
Frocedure T™ainFrm.cProfXeyPress(Sender: TCbiect: var Key: Charl:
var s: string;



i*v* flag to :ndicate that user Typed a prof name *-*}
il or (Key = chrt(9)! cthen

TChiecT;:

R R R RN

“en usSer types in the combe box cProf: 1t checks Ic see :f the

¢ pzsf s already :n the lisT: :1f so, simply s:mulates a Click event else

chnecks 1f this prof ex:sts in the Prof db. If so 1t adds 1T :n the list
.

cper cdb and simulates a Click event.

e D e R et R LR T L P e e
ccecdure TMainFrm.cProfvalicdate;

T s string;

InfcrmUser ’Searcning for prof ¢ - s o
Aczive := false;
SQL.Clear;

frem rtakble Prof’ , iForfebug):

SCL.Accd('Select = from Prof wheze Prof = "*° « g o *trey,

ACTive := true;

cee,

FreldByNaze(*Prof ID';.AsString):

the drafz db <-*}

dc

MessageBeep (0} ;
MessageDlg('Pro? !* - s + '] cdces not exist!' - chr(lld) -
‘Please type another name’, =mtlInfcrmat:cn,
[=bCK], 03:
cProf.SetFzcus;
end;
AZTive := false;

-cPlanKeyFress Sencer: TCblec:: var Key: CThar::

i**> flag tc :indicate that user tTyped a plan name °°v;
;v ocr (Key = cnr{9]} then

=.cPlanExit (Sencer: TCbhbject):

cPlanValidaze(false):

R L T Ty y Syt AP
© called when user types in the combo box cPlan: it checks to see 1f the
* plan :s already :n the list: 1f so, sizmply simulates a Click event else
® 1t acdds i1t in the list and proper db and simulates a Click event.

R R R R R R L

procecdure TMainFrm.cPlanvValidate(FrcmPage2: boolean)




=P

—rof
rraf
o
srofia
sidPlan

ieFlan, prof, praofid: string:s

integer:;
: bcolean:

Lan.Text:

,.
"

¢ i°%° :indicates plan has Ceen Zreated, user aidn’'t Iyped
tems. IndexCe{s)

= cProf.Text;
1ProfIDs{cProtf. lrexnindex]:
= tblPrcspeclraft.FieldByNaze('Plan’: . AsString:

< J zhen

Pages.Fageindcdex := §;
1f not FrcemPagel then

*° we must check :f plan exists :n cther dbs =<}
with gM:sc de

formUser (*Check:ing :f plan exists :n CourTabi®, iForCebug
Active = false;

SQL.Clear:

SQL.Add('Select a."Prof ID" frem CocurTab ’
SCL.Add ( *Ahere (3."Prof ID™ = :laprof) and '}
SQL.ADOD(' (a."Acad yr™ = :leplan)');
ParazByName(®leprc?’) .AsSStrin
ParamByName ('leplan®} .AsString := s:
AcTive := Trues

ex1sts := (RecordCount > 0):

1{ exi1sts then

nicmUsert'Plan was found', :ForCehuq!

t~
]

"o

infcrzUser’'Flan was nct found', :Forfefug);

en,
e I* exLsts:
e I® NSt exists:
121 i= exlsts;;
Shes

eng

else

McealResult := ttnNewPlan.MccalResulz:

cFlan.Setfccus:
cPlan.Text := clePlan;
cPlan.SelectAll;
exit:
enc
e.se
:f McdalPesult = btnNewPlan.ModalResul: zhen
cegin
i®=* acd plan :n the combo list *°*)
o := cPlan.Items.Acd(s);
{*°° now acc .t in the draft db **°*}
with thlProspeclraft dc
teg
LForDebug) ;
LFcrleoug :
enz;
FieldByNaze('Plan') _AsString := cPlan.Text:
FielcByName (*NewMcc:rfi1ed’: .AsBcclean :» true:
Posts
end;
en
else
1% MocalResult = btnModName.MocalResult then
teg:in
MccifyPlanName (profID, oldplan, s):
cPlan.Items[cPlan.items.IndexOf (cldPlan)] := cPlan.Text:
:dx := cPlan.ltems.IndexOQf(cPlan.Text):
end
else

1f MccalResult = binUsePrevOne.ModalResult then
beg:in

AddNewFlan (s, oldPlan}:

1dx := cPlan.Items.IndexOf(s)’
end;

end;

end
else
kegin

88



user has typed a name of a plan that :s already in the lisT *°*}
raUser{’'Plan alreacdy it zhe l:isz®, 1ferlebugt ;
~1Th PlanDlg zc
ceq:n
Pages.Pagelngex := 1.
ShcwMcaali:

¢ MccalResult = mrCancel then
eGgin
cPlan.setfFocus:
cPlan.TexT := cldPlan:
cPlan.SelectAll:
exiT;’

oo

MccalResult = otnSeleciCtnerPlan.Mccaliesuls then

{**° si=ply select this cther plan frca combe bex *** )
cPlan.Itemincex := idx;
cPlanClick (NULL: s

f*v* deleze other plan anc renaze curren: cne ***}

i TeletePlanRecs([DraftDB8Name], Profid, s, =rue) = True then
cegin

tdx :w csPlan.Items.IndexCl(s);

2 idx >= 0 then cPlan.Items.Celete(idx;;

McdifyPilanNaze(ProfID, QldPlar, s);
cPlan.Iteas[cPlan.Itens.IncexOf({cldPlan)] := cPlan.Texz:
:dx := cPlan.ltems.IndexOf(cPlan.Text);

InformUser('Deleted other plan and renazec zhis cne’.
LFerDebug) :

the tables array **°*}
DraftlBNaxe:

*Prospec’:

‘PlanPref”:

cL:

“**® retreive prof name tTo te celeted -}

1? Fages.Pagelndex = 9 then

Segin
grsfie = lPrcflDs(cProf.Itemlincex]:;
grel 1= CProf.Text:
ntakles := 3;
=sG2 HEI 4
InfzrmUser ! "Will gelete prof frcm tables Draft, Prospec and PlanPref’,

@
LForlebtuqg) ;

Frefia = Zuery.FrelaByNazme
Fres 1= Juery.FfirelaByNazme!*
nzaz
=532 as all ccrrespcnaing entries’ -
rnext year®'s praof l:st':
infz pref frem tacles Draft, Prospec, PlanPre? anc Frof',

%t tne user :f he really wants zo dc zh:s *
essageDig('All prcf'’s plans will be erased’ - msg2 « chr(l3) -
‘Do you really want to celete all data for prof * -
pref + 27,
mzCenfirmation, [mkYes, mbNO]l, 0):

1f =sgrc = mrYes then
tegin
for : :« lLowitables) To ntables do
begin
with gMisc do
begin

InforaUser('Deleting Prof * - prof « ' from ' + tables{i], iInform):
Active := false;

SQL.Clear:

SQL.Add('Delete from ' + tables(i] « * a ");



SQL.ACd('Where a."Prof ID” = '** « profid « ****);
ExecSQL:

mno
n
)
"o

teen celetec.’, :Infocrxm|;

)

iy un

« pzof - * has nct Zeen celetec.®, :Inferm):

brnfPemCcurseClick (Sencder: ICkjecst;
string;

word;

inteq

strin

arzay sTtring:

duestion: <o we remove the course from CourTabl aad CcurTabln alsce}

©*%° reireive course naze Ic be cdeleted °°¢}
1? Pages.Fagelndex = 0 then
zegin
cturse = thlFrospeclrali.rfielcBy¥Name('Course’).AsString:
ntacles = 1;
f{*** erase course for this p na praf only
zznal := ° ang ‘a."Plan” = - cPlan.TexT « *** " .

‘ ang ‘a."Prcf ICT e °°' . lprofIDs{cPrcf.lzemlnzex! - tot
=sgl :® "I¢c you really want to remcve ccurse from current planlts
infcrmUser "Will remcve Course from Drafs taple’, 1Ferlenug)

eng
e.se
cegin
csurse = Query.fieldByName(’Ccurse’; .AsSzring:
ntarcles igh(zables)
cznal i® '7; {*°* erase all Joccurence cf th:is course *°°}
=552 := ‘Do you really want to remove course ' - course

*frca not only' « chr(l3) -

‘next year''s cocurse list but alsc from every other’ -chrillie

‘teacher’'s glans?’;

InfcrmUser ("Will delete course frcm tables Sraft, Prospec angd Czurs®,

iForlenug)

the user :f he really wants 0o do this *-<}
ssageD.g(=sg2, mtConfirmaticn, [abYes, =bNO|, 0);

= lew(tabies} zc ntables do

crzUser ('Deleting course ' - course « °* from * - tables([:],
tinferm)
wizth gMisc o
teg:n

AC
SQ
SQ
G
Ex

leleze frem ' - tables[ii - " a "i:
e

2 ‘Ahere ‘Course = * ccurse - . cznadl s

e
I " - coursze - ° nas Leen deletecd.’, iInfcrmls
tmiProspecDraft .Refresh;
tolProspecCrafz . Edie;
tolProspechrafr.fieldByNaze('NewModified') .AsBcolean := true;
ttlProspechDraft.Foss:
FillGridhddFacCourses; {adced by jmt}

ens

else

tegin
informUser ('Ceurse has not been deleted’, ilInfcrm):

Frocedure TMainFrz.binDelereCl:ick{Sender: TObject):
teg:in
case Pages.Tag of



tnDelProfClick(Sender);
triRexCcurseClick (Sender) ;

[+ gied

‘Ercspec’:;
"Planfref*;

‘e plan ana prof name for plan tc te Zeleted **°-!

t

Flan cPlan.Texz:

profi2 = lProfils|cProf.Iitemindex!];

inicrmUser ("Abcut It delete current plan’, :1Inferm):

1f CeletePianRecs(tacles, Prcfid, Plan, true) = true then
cegin

i 1= cPlan.Items.IndexQf(plan;;
i >= 0 then cPlan.Izemns.Celete(:i]:
cPlan.Items.Ccunt > G then

lan.IltemIndex :=» 0O:
lanClickinzl::

InfcrzUser(’Deleted plan from tables Draf:. Prospec and PlanPref”’,

1FerDekug)

Ccedure TMainfra.ctnSaveClick(Sender: TCblect):

in [dsEdiz, esinsert] zhen

ralseri’Infcrnaticn was saved.', :Infcrzm):

x Sender: TChiect::

LgfFagqel.lataScurce.CataSes.FicsT;

Seguire TMainFrm.stnlastRecCl:ick(Sender: TCbiect):

curce.ataSet.last:

n
n
1°3
el
[J
»
[§)
w
"
in

cedure TMain¥Frm.btnRecordPlanCl:ck(Sender: TCkiecTl) ;

crdflan{lPrcfiDs(cProf.Izenindex], cPlan.Texz):;

procecure TMa:infrm.ReccrdPlan(ThePrafID, Plan: string) s
war sumCfSect, lcad: real:
Reload, Savelt: toclean;
=sgLTn: integer:
integer;
: Ecolean;
nName: stoing:

e the sum of Sect:icn # Zor this plan =°<)
Calculating number of Sect:ons fcr this plan’', I

&

Aad(’Select Sum(a."Sect:ion &%) fr
.A2dt’la."Pref ID* = :leprof) anc
zanByNaze!’'leprcf’ .AsString := The
faramByNaxme:’leplan'; .AsString := Pla
AcCtive e Try
s

telds[2d) .AsFlcat;

enz;
i*** retrieve the course load for this prof ***)

InfcralUser ('Retreeving max. teaching load fcr professcr’, iInform);
wilh gMisc do

cegin

ACTive := false;
SQL.Clear;
SQL.Adg("Select Load from Prof a where ');
SQL.AdG (' (a."Prof ID* = :leprof)*):
FaramByName ('’ leprof'} .AsString := TheProflID:
ACTive := true;
lcacd := Fields[0].AsFloat;
Active := false;

end;



{

T g« we're ready tc do the checking for saving this plan ***}

for this prof =}

T3
ing a plan’
a2,

Reload := false: {* flag to relcad all the oriqinal :nfc
Savelt := true; {* flag To save this plan =}
incload := false: i* do we have to :increase the prof lcad *}
i*"* i35 sumCfSect > lcad ***}
17 sumCfSect > load then
ceg:in
InfaormUser ! Nuzmber of sect:ions exceeds the teaching load attributea’,
rinfcrmy;
iicat:ion.Message3oxt
Sf sect:ions exceeds the teaching lcad attrifutec.' -
curses/sections shculd Ce Treated at a later stage.' -
enr:i3 -
SU want to continue ancd rec=rd the gplan even :f tne number.'
sectisns exceeds the teaching lcac attritutec?’,
QAZ EXCEETED®,
IDYES zhen
true;
ues
alse;
locad **°*}
then
InfzrzUser(*Plan has fewer sections than the jcac attributed’, iInfg
=3ghTn s Appl;cat-o“.“essaqessx('Do FOU wWani to proceed with reccrd
chrtl3i +'zhat has fewer secticns than the lcad attribul
"NUMBER OF SECTIONS LESS THAN LCAD', mb YesNCl:
1f =sgBen = IZYES then -
ceg:in
Savelt := true:
enc
else
teg:in
Pelcac := true;
Savelt = false;
ena;
enz;
srat ‘Freparing fcr recording plan iinfor=i:
nSgRin e npp--ca:~cn.xessaqe=cx(' Sefo 'e ceci2ing whether Io recer
‘would you like To view the number of compulsery’ - car(il

‘ccurses taught by the professcr in the Fast?
*VIEX NUMBER OF CCMPULSCRY COQURSES TAUGHT',
IDYes

then

fCcursesDlg do

: (McdalResulz

2PlanNaze :w

ena;

ieve

celete all
InfcrmUser:*

recar

IndexCf (Plan};
>= ( then
y

?lan;

as

Zelet:ing cla

CeleteflanRecs ! !'Prospec’,
PlanNaze,

Leee
with gMisc
beg:n

ACTive

SQL.Add (' (a."
ParamByNazme (°*

copy all

de

recs fer

tInform);
:= false;
SQL.Clear;
SQL.Add ('Select

Prof

{rom
ID" = :leprof)
leprof') .AsString := TheProflID;

this plan

= Values{Plan]

« DraftDBNaxme -«

he cr:iginal plan naze fer zh:

and (a.

ParamByName ('leplan') .AsString := Plan:
= True;

Active
First:

= btnRecordFlan.MccalResul:

s plan

a where
“Plan® =

an_

fesNO)} ¢

1z

cewy

from DrafilB tc abeve ones

i I
:leplan)*

ey

InfcrzUser(‘Coying all new records for this plan to proper Zables®,

13



tblProspec.Active := true;

i{*** update PlanFref <*=--}
infornmUser ('Updating Plan Preference table’, :Informi:
«1th tblPlanPref do
teg:in
Active := trues
FieldDefs.Updacte;
Append:
fIor 1 := 0 to FieldDefs.Ccocunt - I do

fteldByNaze (Fields{1] .Freld¥ame)

blProspec_Active := false;

"

seT NewMcaifiec fiela
th 3Misc co
zegin
AcTive := false:
SQL.Clear:
SQL.Acdd ! 'Upcate ° +~ DrafziBName « ' a *};
SQL.Agc("'Set NewMcd:ifiecd = '"f'*' wnere'::
SQL.Adg (' ta."Prof ID™ = :leprc?! and {a."Plan” = :leplan;’ ::
FaramByNaze (' leprcf’) .AsSScring := TheProfID:
FaramByNaze (" leplan’®) .ASString := Plan;

Sr the assgciatec reccrds o faise Tt}

ease Frcf Loac 1f we have g °°ve}

iser(‘Increasing Fref lLcad in Prgf catacase’, :Informl:
= false:

SCL.AQd ("Upcate Prcf a Set a."lgad” = * «
SQL.Adc (‘where (a."Prcf ID® = :leprof)”® ':
ParamByNanme ('leprof®) .AsString := TheProfID:
ExecSQLs

FlcatTaeStr(suzmCIiSect)

has teen successfully recorded', :Informis

has not been recorded’, iLInform);

ion TMainFrm.lelezeFlanRecs (const tables: az

G
Prof, Plan: st pccleanl: becolean;

1% tacle Prospec in list of tables *°°}
Low(tables) o Highltables) de
UpperCase!tacies{:]) = 'PROSPEC' then

= "The plan w:ll be permanently deleted from the ma:in cdatabase.' - chr(lly;

=sgrc = MessageDlg(msg2 +°'Do you really want to delete plan ' + plan
+ ' for prof ' + cProf.Text + °'2°,
atConfirmation, (mbYes, mbNOj, 0}:



else
beg:in

=sgrc = =rYes:
enz;
1 =sgrz = mrYes then
zceg:in

{5z 1 := locw(takbles) tc High(tables) do

Segin
inforzUser(’'Jeleting plan - Plan + * from table ' + zatles!:],
with gMisc deo
ceg:in

SCL.Act("Celete {rocm ' - tables{i, - ' a * .
SQL.AGd ! 'Wnere 1a."Prof IO" = **" o Fref - '°', anc " -
Tra."Plan” = """ . Planm . i o
ExecSgL;
tinformis

pricedure Mainfra.btnVal:idateSchedClick(Sencer: TChiect):
7ar TISJFLC: word:
ivar takbles: array{l..4! of string;

: integer;

tuffer: PChar:

R gMisc do

ctive := falses

Cl.Cllear:

CL.A2d("Select l:istinct a-"Pref ID®, a."Fref”, a."Plan” ' -
*frcm ' - DraftDEName - * a°:;
ewMac Qrcer By a."Frcf ITZ®, ° -~
-
a

e

:{ MessageZlg!°'The jeneration cf the Faculty roster Tay take several minutes:' - ghrl
‘Sc you want o perform :1t?’,
m=tConfirzmat:ion, {mhYes, abNci,d)

= mrYes then

w1tk tbo.ProspeclzaftT 2c aciive := false:
~iin Valizate zc

ceg:in

SncwMccals

{MessageDilg('Test; befsre cor after?',mtConfirmat:ion, [=bYes, =meNeci,d);
1 MccalResult = mrCancel then

1I MessageDlg('Would you Like %0 add the new constructed plan in the' « chr(il) -
‘texporary database of prospective plans (data\proaraft.dbi?’ - chr(ll) -
fIf this :3 what ycu want, you will have the CpporIunity’ « chrill) -

‘tc reccrd these plans to prospec.db on the main entry form.°®,
atConfirmation, (mbYes, nbNol,9) = mrYes chen
BEGIN
screen.curscr := crhcurglass;
WITH thklposticpt do
BEGIN

{active := True:
tblpcstopt.fzzst;
WHILE NCT tblpostaopz.ecf DO
BEGIN
WITE tblProsPecbrafs dc
BEGIN

aczive = True;
1 ctblpostopt.fieldByName('NewMcdifled') .AsBcolean then
BEGIN
append;
tblProsPecDraft.FielcByNane('Prof ID’).AsStir:
tblpostopt.FieldByNaze (*Prof ID') .AsString
tblProsPecDraft.FieldByName(*Plan’) .AsSString
tblpostopt.FieldByName('Plan') .AsString;
tblProsPecDrafr.FieldByName(*Course’) .ASSTring :=
tblpostopt.FieldByName ('Course’) .AsString:
tblProsPecDraft.FieldByName('Sectzon #°').AsSString :=
tblpostopt.FieldByName(*Section #') . AsString;

ng :=



tblProsPecDrafs.FieldByName ('NewModified®) .ASSTring :=
tbipostopt.FileldByName ('NewModified®) .AsString:
END:
active := True:
END:
thblpostopt.Next:
END;

END;
Screen.curscr := CrALzIow:
END:

wn

rcspeclraic doc active = “rue:

=sS@rc := MessageDlg!'There .s/arce * intToStiriReccraCsounz: -«
° =odified planis) that are nct yer saved!' -
chrii3) -
*You shcould reccrd them Lefore continuing.’,
m=tinformatizn, [mpCKl, 9::

:{ :5Grc = mrYes then Applicazion.Terminate;

ie*s initial: Tacles array *°°}

—acles{l] := curs';

Tacles{2] := <

tacles (3] := ‘PlanPref’:

cazies[3] :=

fcr 1 o= 1 =z

tegin
toiTcExport.TableName := tables[i] « '.db’:
cblProspecASCII.TableName := tables{i] - *.ixt°:
cmExpcrifrospec.Execute:

enz;

MessageDlg(’4 tables have been exported :in:’ - chr(l3) -

CataBase.Params(0],

=tinfcrmaticn, (mbCKi, G

lePath (Applicaticn.ixeName, - ‘Val:cate.exe' ;
Hancle, ‘cpen’,

Frocecure TMainfrx. Infommiiser (msg: sTring: CenugFfiag: :nteger;:
Tagin
{not cbletug.lheckea: ! then
lLastMsg = z=sg;
StatusBar.lapticn := msg:s
SzatusBar.Fefresh;
{*° use a tizer sc the user can have the chance 0 see the last =essage °<}
+f{ ctDekug.Checked then
Delay (3000}
else
StatBarT:zer.Enabled := true;
end;
enc;
procedure TMainFrm.btnlastMsgClick (Sender: TCblec:):
fegin
StatusBar.Capticn := 'Last message was: * o LastMsg;
Status2ar.Refresh;
end;

cecure TMa:.nFrz.btnrAbouzCl:ickiSencder: TCkject):

Frececdure TMainfrm.StatBarTimerTizer/‘Sender: TObject):

cegin
StatBarTirmer.Enabied := false:
end:

1{ IgncreMoosInDrafz then exit;

LI (Fiele <> nil) and (TDataSource (Sender).State :n [dsInsert, dsEdit]! then
cegin
igncreModsinDraft := true;
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PDNewMod: f1ed.AsBoolean :
IgnoreMocdsInDraft := false:

true;

:f iFfield.FieldName = PDCourse.F:ieldName) then
Legin
f*** check ¢ see if cocurse exists :n Cours table *=-}
with gMisc do
Deg:n
InforanUser(*Checking :f changed course ex:sts in Cours®, 1Ferlebuqg) ;
Active := false:
SQL.Clear;
SQL.Acd ('Select a."Course™ frcm Cours a‘;:
SQL.Add("Where a.Course = °*' . Field.AsString - °*'°*°};
AcCTive = True:
ex:3ts := (Regordlount > Ji:
1f exi13ts then
InformUsers(*Course was Icund’. :fcrDepug;

e.se
tegin
InformaUser.'Course ~as oot founa’,
Messagellg/ "CTourse ' - el AsSur et exist 1o the catacese!’
- chri(l3s -
‘Please cnange :t cr manually remove :z frcm the plan.’,
atinfcrzation, (mbCK], 0i:
ena;

*® Post any pending medificaticns 1nto the Draft table ***}
tblProspeclraft.State :in (dsEdit, dsinsert] then
ttlProspecDrafs.Pest:

f*°* query the Draft table for all mod:ified records =*+}
Wiih gMisc do
tegin

AcTive := false:

SQL.Clear:

SL.Acz('Select Distinct a."Prcf ID®, a."Prsf”, a."Fian” * -
*frzm ' - DrafzDBName - " a'.:

SQL.Ace 'Where NewMoc:ifiea = **t’° Crder Sy a."Fresf o7, 7 -
*ta."g

e
Tof*, a."Plan®";:
e;

AClive := false;
Messagellg('No plans have ceen mod:ified’, mtInfermaticn, [zBOKI, i

> 284

ena
e.se
ceg:in
(*v+ f:11 the Plans L:ist :n the Planl:ist 2ialog **°!
MzePlansDlg.lis%. ltems Clear:
while not ec?! ¢
cegin
idx := ModPlansDlg.list.ITems Acd(Format(*»-20s «-15s «-10s’,
(Frelds{O] .AsString, Fields[l] .AsString,
Fields[2] .AsStringl)):
MeccdPlansClg.List.Seleczed[2dx] := Zrue;
next;
end;
end;
end;
i* 2isplay a list ¢f all zedified plans sc user can select ones to save °}
o McdPlansDlg do

w
¢ ModalResuit = mrCancel then

in
ShowModal;

fer 1 :e O g List.Items.Count - 1 do
tegin
1f List.Selectec{:] cr (ModalResult = mrAll} then
cegin
prefld = Copy(List.lzems(:], !, 203
RTrimtprecfID);
plan 1= Copy(List.Items{1], 38, 10):
RIrimipian);
InformUser ('Recaording plan * « plan « ' ¢f pro? ' « prefID,
tinformj;
RecordPlan{profid, plan):
end;
end;



procecure TMainfrm.tblProspecGraftBeforeCancel (DataSet: TDataset):
var asgrc: Ward;
ceg:in
{*** sheculda’t not use this...may cause user to forget a previcus change
which will nct be saved :f he selects yes...
=3grc = MessageDlg('Jo you want me o mark this plan as unmodified?’,
atConfirmation, (mbYes, =ztNojl, 0);
1! 23grc = arfes then PONewModified.AsBoolean := false:
enaz;

.cPlanPrefCl:ck (Sencer: TCElect):

Tate :n [dsEd:it, dsinserz] then

ending modif:ications :nto the Craft table *e-)
£z .Pest;

Active := false;
SQL.Clear:
L.Add('Upcate * + DraftDBName + ' a '};

{*Set NewMcdified = "'z'’', a."Value™ = ' + pref);

SQL.ACC('Where a."Prof ID® = =° -
tblProspecDraft.FieldByNaze('Prcf ID') .AsString - **°):

SQL.Acd(’and a."Plan” = ** -
ttlProspecbraft.FieldByNaze(’Plan’) .AsString » "'y

currYear, Mcath, Dayi:

H Messagellg{'This procecure will calculate the nunber of se
R
<

s
13
.
0
s
"
-
t
.

cns planned for =
‘acacex:ic year '+ nttostr{currcYear) - ‘="' stri{curr¥ear~l) -
by consult:ing the master database.’ + chr(l
‘WARNING: Th:is will replace all “he records c
'Is this what you want to do ?°,
azCcnfirmaticn, (=b¥es, obNo],0)= =mrfes
then with thlprofecrs do
BEGIN {find prospecti:ive ccurses :n COURTABL i}
SCreen.curssr := crhcurglass:
active := True;
<olProfcrs.First:

numCrs:= Q;

-
the Course Jatabase.® - chrill; -

new!(z; s
RHILE (NCT tbiProfcrs.ecf) 0C
BEGIN ‘next recsrd of COURTABL !
IF |
t
tplProfcrs.FieldByNane("Year') AsFlcat a currYeare!) ana
(tblPrcfcrs.FielcdByName (*Session') .AsString = "WINTER')
)
(tEiProfcrs.FreldByNane ('Tear') .AsFicat = curr¥ear) ang
i
(thlPrcfcrs.FreldByName('Sess:on’} .AsString = *FALL':
or
({tblProfcrs.FireldByNaze('Sessicn') .AsString = *SUMMER’:
i
,
3
THEN
BEGIN { only prospective courses |}

T wot findAct( tblProfcrs.FieldByName ('Course’).AsString, actlndex, actirray, numCrs)



THEN
BEGIN (extend actArray}

aumcCss = aumcCrs - one’

t“[numCrs] := 0./

actArray(n rs] = :bl?zct:zs.?xeldayﬁame('Ccu:se').Assttznq:

H {extenad actArray}
nuzmSect:=one;
sect2num (tblProfcrs.FieldByName ('Course’) .AsString, numSect, currfear) ;
<" lactiIndex]| := t*(actlindex] « numSect;
{MessageDlg(*Course:’' + actArraylac:Index] « chr(i3! «
‘Numcrs:® - flcattostria“(actIncex]"(one}),
atinformation, (mbokj,0}:

{ only prcspective courses )

rs.Next;

ENI: { nex:t record of CCURTABL }

rite cours.ab)
False:
= False;
ue;
sz
iCours.ec? IC
refresn ccours.at

i refresn cours.gt
Icr actingex:= I Tz aumCrs oo
SEGIN { write a[} in cours.db}
append;
field3yName (‘Course’) .ASString := actArraylactIndex]:
{FrelcdByName ('Req’) .AsFlcat := =" [actIncex]}
L€ (zrt(0.5+1C0°c"[actIncex]} ~ 100°z"~[actIndex] < -Q.i) or
(int(0.5+100°t“lactIndex]} ~ 100°t~{actIndex] > 0.1}
then F

eldByName ('Req’) .AsFloat := 1nt(1+100*z~{acTindex]i/100.
else

ielcByName ( ‘Req’) .AsFlocat := £~ [actIndex]:

i tklCzurs.next:

end; { write a{] in cocurs.abj
aciive := False;
Feadenly := True;
active := True;

END: { write cours.cbi
H { find prospective courses in COURTABL;
een.Curscr = CrArrcws
sageliq!'The number of courses was successfully calculated from =he’ « chr(l3)
‘master database and recordec :n the Ccurse database’,
atinfermat:iern, [(mb0Ok}, 0)

s 'urusers\tessier\s9i-93T

urce zirecIsry 3ces NSt ex: -
Taxe sure That ycU are conn - onr 13 -
Faculty ancg -y again.°®.

area nelworx QI tne
z,=eCk). 3

e S

:= crhourglass:
:le.rat’, sw_minim:ize):
i® CTATTCw;

Messagellg{'The master tabase {(courtabl.db) and the teams catabase izeaxms.chj’
‘wers successfully copied in the data repository cf the application.’,
z=tinfcrmation, {mb0Ok], 0}

ena;

3
R
a

e
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