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Abstract—Our university conducts final examinations at the
end of each semester. University personnel is assigned as a
proctor to invigilate. The task of assigning proctors is currently
performed manually by the university’s registrar and it usually
requires a few days. In a previous study, a mixed integer
programming model was proposed to derive an optimal proctor
assignment scheme with satisfying some requirements. The
results were acceptable but the model became outdated as a
result of changes in the administration of the examinations. This
study revised the previous model to derive a more appropriate
scheme. The revised model was systemized as a system based on
Microsoft Excel and tested by numerical experiments.

Index Terms—combinatorial optimization, examination
proctor assignment, mixed integer programming, optimization
in university

I. INTRODUCTION

INAL examinations are administered at the end of each

semester in classrooms more spacious than used for
regular courses in our university. Faculty and staff members
are assigned as examination proctors to invigilate. The
assignments are determined manually by the university’s
registrar, which requires a few days to construct the proctor
assignment plan. Manual assigning is troublesome; therefore,
an automated system has been desired to replace it.

We previously proposed a mixed integer programming
model and constructed a prototype system to derive optimal
assignments [1]. The constructed optimization problem was
solved using a commercial optimization program.

Proctor assignment is one of the types of timetabling
problems, which include course assignments and classroom
assignments. Various models and approaches have been
proposed for a variety of situations [2—7]. A contest was also
held for participants to find efficient algorithms for
timetabling problems [8].

Two years ago, our university changed the duration and
scheduling of its final examinations, as well as the lengths of
interval periods between examinations. Consequently, the
constructed system became outdated and was expected to be
revised by the registrar.

In this paper, we revised our previous model and
constructed a system based on the use of electronic
spreadsheets to derive the optimal proctor assignments.
Numerical experiments were conducted on actual data to test
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the model.

Il. PRELIMINARIES

A. Target Problem

The target problem is to find the optimal proctor
assignments for the final examinations held by our university.
Before the assignments are begun by the registrar, faculty
members are asked for the favorable type of classrooms for
their examinations. Then, classrooms are assigned for the
examinations. The classroom assignments are also
time-consuming; therefore, in another study, we formulated a
mathematical programming approach for this particular task
[9].

The required number of proctors for each examination is
determined by the number of examinees. A proctor is
assigned per forty examinees. When the number of proctors
required for an examination is even, equal numbers of faculty
and staff members are assigned. When the number is odd, one
more faculty member is assigned. The lecturer of a course is
necessarily assigned as the chief proctor of that course’s
examination.

A proctor’s task is physically and mentally tiring;
therefore, the number of invigilating should be equalized
among faculty members and among staff members.
Additionally, being assigned to multiple examinations in a
single day is not favored by most personnel, especially for 2
consecutive examinations in one day or 2 examinations
separated by more than 2 interval periods.

For most university departments, assigning multiple
personnel during the same period on the same day is
disruptive. Hence, for each department, a maximum number
of proctors who can invigilate simultaneously must be
determined. Some staff members work at other campuses but
must travel to the main campus for proctoring. Thus, they are
limited to 2 days per week for proctoring.

There are other conditions to be considered for proctor
assignments: (1) both one female and one male proctor are
required to monitor the examinees’ use of the bathroom; (2)
some classrooms are rather spacious and the task of
proctoring is relatively more difficult so the number of
proctors assigned to such rooms is restricted to one; and (3)
personnel unfamiliar with proctoring must be assigned
together with experienced personnel.

Our previous model [1] considered the duration of the
examinations but the modified model in this paper does not
because the changes in the administration of the
examinations have rendered the durations irrelevant.
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B. Notations

Sets:

e Mem set of university personnel

e Mem; set of faculty members, a subset of Mem

e Mem, set of staff members, a subset of Mem

e Mem, set of members working at other campuses, a
subset of Mem

o Memy set of members belonging to department k, a
subset of Mem

eExa set of examinations

e Dep set of departments

e Day set of days allotted to administering final
examinations

o Per set of periods, {1, 2, 3, 4,5, 6}

Constants and Parameters:

® SCedp 1 if examination e is conducted on day d in
period p; otherwise, 0.

®SCeg 1 if examination e is conducted on day d;
otherwise, 0.

e Avan e 1 if member m can be assigned to a proctor for

examination e; otherwise, 0.
o Chpe 1 if member m is the chief proctor for
examination e; otherwise, 0.

® Retype the required number of faculty members (type
=f) and staff members (type = s) for proctoring

examination e
eN ", N*,  lower and upper bounds of the number of
proctor assignments for member m

N g upper bounds of the number of proctor
assignments for member m on day d
N ap upper bounds of the number of proctor

assignments for members belonging to
department k on day d in period p

o Sem,type
=f (female) or m (male).

* Spe 1 if examination e is conducted in spacious
rooms; otherwise, 0.

oE, 1 or —1 if member m is experienced at or new

to proctoring; otherwise, 0.
° ai

function (i =1, 2, 3)

Design variables:

®Xme 1 if member m is assigned to examination e;
otherwise, 0.

*Ymdp 1 if member m is assigned to an examination
conducted on day d in period p; otherwise, 0.

®Zng 1 if member m is assigned to an examination

conducted on day d; otherwise, 0.

es n, s'm  slack variables for lower and upper bounds of
number of assignments for member m

*s g slack variables for upper bound of number of
assignments for member m on day d

. s+k,d,p slack variables for upper bound of number of

assignments for members belonging to
department k on day d in period p
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1 if member m is type; otherwise, 0 where type

positive weight for the terms in the objective

I1l. FORMULATIONS

A mixed integer programming model for the examination
proctor assignment (problem EPA) is formulated here.

Problem EPA:
Minimize a,¢, + a,¢, + s, (1)
subject to
b= X (sn+s0) @
meMem
¢, = Z ZS;"’ ®)
meMemdeDay

P IPIPIEE )

keDep deDay pePer

Yimd,p = zsce,d.p Xine

ecExa

vm e Mem, vd e Day, Vp € Per (5)

62,4 > O SCg Xper VMe Mem, Vd € Day  (6)

ecExa
Xne < Ava, ., Vme Mem, Ve e Exa )
Y Ch, X,. =1 VeeExa ®)

meMem

> Xne =Ruper Ve Bxa, Viypeeff, s} 9

meMemy,,

Ny +5,< > X <Ns+s;, vmeMem  (10)

ecExa

D Ymap SNpg+5nq, Yme Mem,vd e Day  (11)

pePer

ym,d,p + ym,d,p+l Sl’
¥m e Mem, Vd e Day, Vp € Per —{6} (12)

Ymap + Yma.pit <L if pePerand p+tePer
vm e Mem,Vvd € Day, VvVt >3 (13)

+ +
Zym,d,p SNyap+Scap

meMemy

vk € Dep,Vd e Day,Vp € Per (14)

Zs e Xme =1, Ve e Exa, Vtype € {f, m} (15)

meMem

> SpXye <1, VMe Mem (16)
ecExa ’
> E X, 20, VeeExaif R, =1 (17)
meMem
>z7,4<2 VmeMem, (18)
deDate
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Xm,e' ym,d,p’ Zm,d G{O, 1}!

¥m e Mem, Ve € Exa, Vd € Day, Vp e Per  (19)
Sm Sr;’ Sr;,d’ S;,d,p €{0,1},
Vm e Mem, Vk e Dept, vd e Day, Vp € Per (20)

The objective function (1) in problem EPA comprises a
weighted sum of 3 terms given by (2-4). The 3 terms
represent the sums of penalties for violating the hard
constraints shown in (10), (11), and (14). The design variable
Ym,ap IN (5) is defined as a conditional sum of the main design
variable xn.. Another design variable zy,4 is determined by
(6) and is introduced to express the constraints of the number
of working days for proctoring simply. Constraint (7) adopts
the proctor assignment to university personnel’s schedules.

The lecturer of a course is necessarily assigned to its
examination as the chief proctor. This condition is expressed
by (8). The required number of proctors for each examination
is assigned by (9). The respective numbers of required faculty
and staff members are determined separately. The total
number of assignments for each member is bounded by N,
and N*,.. The hard constraint is relaxed into a soft one by the
introduction of the slack variables s, and s*, in (10).

The number of assignments in a day is also restricted by
(11) and the constraint is also relaxed by the slack variables.
Assignments for 2 consecutive examinations and 2
examination periods separated by more than 2 interval
periods are prohibited, as represented by (12) and (13),
respectively. The number of staff members of a certain
department with simultaneous assignments is limited and the
constraint is relaxed as shown in (14). Constraints (15) and
(16) express the conditions for female and male proctor
assignments, as well as for assignments to examinations
conducted in spacious rooms, respectively. Constraint (17)
prohibits the assignments of more inexperienced proctors

than experienced except when only a chief proctor is assigned.

Constraint (18) limits the number of days of proctoring for
staff members working at other campuses to 2 days. The
remaining constraints, (19) and (20), are {0,1} conditions for
the design variables.

IV. NUMERICAL EXPERIMENTS

The optimization problem represented by the EPA model
was implemented in a Microsoft Excel workbook. Clicking a
button on the workbook executes VBA macros which calls a
program written in Python to construct the target
optimization problem, which was solved by Gurobi
Optimizer [10], an optimization solver. This section
describes an example of an optimization using data from the
final examination sessions for the fall semester of 2018.

Three types of information were entered into the system:
examination schedules, examination information, and
university personnel’s information. There were 6 days of
examinations: January 23-29, 2019. There were 6 periods per
day. The examination information for each examination
contained the date, period, number of examinees, name of the
chief proctor, assigned classroom, and the university
department administering the examination. The university

ISBN: 978-988-14048-5-5
ISSN: 2078-0958 (Print); ISSN: 2078-0966 (Online)

Proceedings of the International MultiConference of Engineers and Computer Scientists 2019
IMECS 2019, March 13-15, 2019, Hong Kong

TABLE |
OPTIMIZATION RESULTS
Parameters Objective Values CPU Time
Case
o & [ [ & #3 (s)

@) 1 0 0 1 716 544 6.88
(b) 0 1 0 122 4 544 1.28
(c) 0 0 1 |160 722 3 1.26
(d) 1 1 0 1 4 544 7.94
(e) 1 0 1 11 716 15 9.63
® 0 1 1133 4 3 3.24
@) 1 1 1 11 4 14 12.04
(h) 0 1 1 1 4 26 11.81

personnel’s information contained the ID number, affiliation,
years of employment, schedule, and target number of
assignments. The example data had 167 staff members, 220
faculty members, and 909 examinations.

The EPA problem was solved by implementing the
modified model with several settings of the parameters on a
computer with an Intel Core i7 CPU and 16 GB of memory
running on Microsoft Windows 10. The results are
summarized in Table 1.

Cases (a)—(c) show that the minimum values of ¢, ¢, and
¢ are 1, 4, and 3, respectively. These results mean that
constraints (10), (11), and (14) cannot be satisfied without a
soft relaxation for the target data. Cases (d) and (f) show that
2 of the 3 functions (¢, &, ¢) are optimized, whereas, in
case (e), none are optimized. Case (h) optimizes both ¢ and
&, then derives a relatively small value for ¢;. Computational
time was more influenced by emphasized ¢, than by the other
functions. The final results were acceptable to the registrar
with regard to the quality of the assignments and required
computational time.

V. CONCLUSION

This study proposed a mixed integer programming model
for solving an examination proctor assignment problem and
deriving a proctor assignment plan for our university. The
quality of the derived assignments was basically acceptable
for practical situations.

The model can be modified with different values and
different conditions. More numerical experiments with
different types of data are required to further assess the
model’s performance.
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