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Abstract

This paper addresses the problem of allocating office space to personnel in an academic institution. The objectives
of accommodating everyone, meeting Council of Ontario Universities (COU) guidelines, and proximity of personnel
in the same research area are identified. A binary integer goal programming model is created to optimize allocation.
To further improve the quality of the allocation, goals are weighted independently, and deviations are disallowed for
some goals. The model is illustrated on a case study consisting of 6 research groups, 3 personnel categories, and 108
office spaces. Depending on the personnel category, square footage is assigned which roughly translates to a room
capacity of 1 for professors, 2 for post-doctoral fellows and 4 for graduate students. The accommodation goal is met
completely (i.e., all individuals are allotted space), there is minimal deviation with the group floor assignment goal
(i.e., some individuals are not on the same floor as the rest of the research group) and moderate deviation in meeting
the COU space goal (i.e., the room capacity constraints are not completely met).
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1. Introduction

Office space allocation is the task of assigning offices to personnel subject to specified constraints. This task has
been optimized to cater to the specific needs of a university. Local university councils publish recommendations for
space utilization that help inform and direct optimization model creation (Committee on Space Standards and
Reporting 2018). Optimized allocation allows for better utilization of space and can help organizations improve
employee experience and better plan for future personnel changes (Ulker 2013). This paper aims to optimize office
space allocation process for the Department of Chemical Engineering at the University of Waterloo to be better
aligned with Council of Ontario Universities (COU) guidelines and to improve collaboration. The COU categorizes
space allocation requirements based on the space’s occupant and its intended use: for faculty, for research
supporting personnel (e.g., post-doctoral fellows), for graduate students (i.e., full-time masters and PhDs), for
technical and administrative staff and, unit supporting spaces (e.g., meeting rooms and lounges) (Committee on
Space Standards and Reporting 2018). Each of these categories is entitled a specified square footage of space
according to the COU which the department is currently only partially implementing. More specifically, there is no
differentiation between Post-Doctoral Fellows (PDFs) and graduate students in the current space allocation process.
The scope of this project is limited to only the first three categories (faculty, PDFs, and graduate students). Since
each office available to the department has similar dimensions, the optimization model can be created using
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occupancy-based constraints. Occupancy-based constraints are set such that COU-specified square footage
requirements are met and problem definition is simplified. Problem formulation in this way allows for the use of
binary integer variables. Based on COU guidelines and space availability, the following occupancy-based
constraints are set: (1) faculty offices to have an occupancy of 1, (2) PDF offices to have an occupancy of 2 and, (3)
graduate student offices to have an occupancy of 4. Incidentally, this imposes a limitation on problem definition in
that the total number of PDFs in any research group must be rounded to a multiple of 2 and graduate student
personnel totals must be rounded to a multiple of 4. It also minimizes heterogeneity as it ensures all people in the
same COU categorization are placed in the same room. The model imposes a penalty if any person is receiving less
space than is outlined in the COU. This is a soft constraint.

It is also theorized that collaboration is promoted when personnel working in the same area of research are placed in
proximity. The department has 6 distinguishing areas of research which are termed research groups in this paper.
The model assigns a research group to a specific floor and imposes a penalty if the model assignment does not
match. This is another soft constraint. A hard constraint preventing re-allocation of an allocated room is applied (i.e.,
no redundant assignments). Moreover, since it is known that there is excess space, there is a hard constraint that all
employees should be accommodated.

1.1 Objectives

The primary aim of this report is to design an office assignment model that caters to the specific needs of the
Department of Chemical Engineering at the University of Waterloo. To do so, several iterations of problem
definition and variable identification are tested and a hypothetical, yet representative case study scenario is solved.
In creating this model, the relevant personnel data was collected and cleaned to make larger scale model
implementation more accessible. The overall objective is to recommend next steps for program improvement and
mass implementation at the University of Waterloo’s Faculty of Engineering.

2. Literature Review

The space allocation problem is structured like a multidimensional knapsack problem (Ulker 2013). It employs
linear binary integer goal programming. All objective and constraint mathematical functions are linear. Each
decision variable is binary and represents the assignment of personnel to a specific office room. To accommodate
multiple objectives, a goal programming approach is employed; it allows for multiple targets to be specified and
attempts to find a solution that best meets targets (i.e., soft constraints). In other words, the advantage of goal
programming is that it allows for relaxation of constraints which allows the program to arrive at a feasible solution.
Similar problems have been solved by Ozgiir Ulker (2013), Giannikos et. Al. (1995), and Ritzman et Al (1979).

The integer goal programming model can be visualized as a matrix where each column is an office, and each row is
a personnel group (e.g. faculty in research group 1). As this matrix gets larger (e.g., > 200 variables), many
proprietary software programs cannot compute a feasible solution as they are not designed to consume this heavy
amount of processing power. Consequently, algorithms tailored to increase processing efficiency of combinatorial
optimization problems have been developed; the most prominent algorithms are hill-climbing and genetic (Burke,
2001). The hill-climbing algorithm consists of three functions that allocate resources to rooms: allocate resource,
move resource, swap room. The allocate resource function uses a random fit to allocate all unallocated resources to
rooms. The move resource function reapplies a fit method to move an allocated resource to another room. The swap
room function swaps resources from one area of space with another. For each iteration in the hill climbing
algorithm, one of these functions is chosen to produce an allocation, the allocation is evaluated (based on
minimization of the objective equation). If the second iteration is better than the first it is made the” current
allocation” and used as a basis to compare all further allocation function iterations (Burke 1999). Genetic algorithms
employ a similar iterative technique but are significantly better at handling discontinuous functions (Kramer 2017).
To solve the case study described in this paper, an iterative approach based on selecting the lowest basic feasible
solution calculated using pivot operations is employed. This method is highly effective for condensed case studies
but the number of iterations grows exponentially as the number of variables increases (Tano 2019).

3. Methods

There are 1944 decision variables that were solved using the model and program. The binary integer decision
variables are defined as follows. Table 1 indicates the model index j and its corresponding group name. Table 2
indicates the member index k and its corresponding member type.

(1 if of ficeiis assigned to member(s) k in group j
Xijk = { 0, if officeiis not assigned to member(s) k in group j

© IEOM Society International 229



Proceedings of the IEOM International Conference on Smart Mobility and Vehicle Electrification
Detroit, Michigan, USA, October 10-12, 2023

i=1..108
=1..6
=1..3

Uy

= -

Table 1. Group Index and Corresponding Name

Index j Group Name
1 Biotechnology and Biomedical Engineering
2 Interfacial Phenomena, Colloids, and Porous Media
3 Nanotechnology
4 Polymer Science and Engineering
5 Process Systems Engineering
6 Lecturers

Table 2. Member Index and Corresponding Name

Index k Member Type
1 Professors
2 PDEF’s (Post- Doctoral Fellows)
3 Graduate Students (Masters and PhD)

3.1 Exclusivity Constraint
One of the constraints in this model is defined as a non-goal constraint that is non-negotiable and must be met for
the program to arrive at a feasible solution. This is the exclusive room assignment constraint that prohibits an office
from being assigned to more than one group and member type:

6 3

ZinijL fori=1..108
3.2 Accommodation Goal

The first goal constraint is the accommodation constraint wherein every person should be assigned to an office. In
the specific study using current data of the chemical engineering department within the University of Waterloo, it is
already known that there are enough office spaces to accommodate all faculty and postgraduate students. However,
this model was formulated for a broader case so that in the instance where there are presently not enough office
spaces to accommodate, the number of persons assigned will be the most important goal constraint to be met. The
deviation variables in this constraint, d, ., identifies the number of people in each group and member type that have
not been assigned an office space if the value is positive and excess spots within the assigned offices if negative.
This deviation value can be used to then make strategic planning decisions on acquiring more offices spaces to

accommodate all people.
108

ZCikak+ d;jk=lvjkt forj=1...6andk=1...3

=1
As for the parameters in this constraint, Ny is the total headcount of people in group j of member category k

rounded up to the nearest multiple designated for each category. That is, for members of k=2, Ny, is rounded up to
multiples of 2 and for k=3, Nj; is rounded up to the next multiple of 4. This is done because rooms are assigned

based on group and member type. C;;, is the designated capacity of the room that is set based upon space standards,
furniture, and overall office utility availability such as electrical outlets and computer stations.

3.3 Group Floor Assignment Goal

The second highest priority goal constraint for this model is the assigned floor constraint which seeks to assign
persons of all members categories k and the same group j to the same floor or building section which have been pre-
assigned. This is done to promote higher levels of productivity and efficiency among members of the same research
groups.
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108
injkaij(]ik+ dyjx =Ny, forj=1..6andk=1..3
i=1
The parameter a;; is a binary value that indicates whether an office i is assigned to research group j. If the value is 1
then the statement is true, and office is pre-assigned to research group j. The positive deviation variable d3 j; in this
constraint specifies the number of persons of member category k in group j who are not assigned to an office on
their group designated floor.

3.4 COU Space Goal

The third highest priority goal constraint is the COU space goal which is to ensure that the number of persons
assigned to an office have as close to the allotted space as per guidelines from the Council of Ontario Universities. 7;
is the floor area of office 1 rounded to the nearest integer and sy, is the minimum space required by member category
k rounded to the nearest integer. The value of s, is the space for member k determined by the Council of Ontario
Universities (Committee on Space Standards and Reporting, 2018). The deviation variable in this constraint d j;
specifies the area by which the space for members the k in group j deviates from the designated space guidelines. A
positive deviation indicates that minimum space requirements are not met, and a negative deviation indicates excess

space.
108

Zrixijk + djjx = sgNy, forj=1..6andk=1..3

i=1

3.5 Model Features for Physical Realizability

To warrant a physically realizable optimal solution, the following features must be included in the model. To further
cement the hierarchy of goals, a weight is placed on each goal in the objective function (i.e., goal summation
function). Weights also function to normalize goals with higher individual totals. Since the objective function is
being minimized, placing a higher weight on a goal connotes less slack. The accommodation goal is given top-most
priority since all personnel must have an allocated space, a weight of three is chosen for this. All subsequent weights
are chosen relative to three. Weights for the floor grouping goal are divided into personnel groups; it was determined
most important that all faculty in a research area be placed on the same floor (weight = 3), followed by PDFs
(weight = 1) and then graduate students (weight = 0.125). The COU space goal has weights less than 1 assigned to
normalize the higher totals. An additional constraint to only allow positive deviations for the accommodation and
floor grouping goals is needed. For the accommodation goal, a negative deviation indicates that a room is filled
above capacity, whereas a positive deviation means that a room is not completely full. This constraint prevents
overcrowded rooms. For the floor grouping goal, a negative deviation indicates (similar to the exclusivity constraint)
that personnel have not been assigned a room whereas a positive deviation indicates that one has been assigned, just
in a different location to other members of the research group. In this case, the positive deviation constraint ensures
personnel accommodation is prioritized above the location of allocation.

3.6 Objective Function
The objective function for this model seeks to minimize the sum of the positive deviation variables for each goal
constraint. Since not every goal constraint is of equal importance and priority, weights have been assigned to each.

6 3
f= Z Z Wikdyj + Wards e + Wardsy
j=1 k=1
The weights wy,, Wy, and ws, correspond to goals 1, 2 and 3 accordingly and are listed in Table 3. The weights are
specific to member type in each group as the ranking of the group members are significant when finding the optimal
solution. In other words, if group floor goal constraint is to be compromised, it is more important that professors are
assigned to their designated research floor. That is if the program reaches a decision point where either a grad
student is unassigned or a professor is unassigned, the program prioritizes assigning the professor.
Table 3. Weights used for each goal and member type

Goal Constraint Index
Member Index (k) 1 2 3
1 3 3 0.2
2 3 1 0.2
3 3 0.125 0.025
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4. Data Collection

Two sources of data are consulted in the generation of the optimization model: (1) a 2017 account of student
information (i.e., name of supervisor(s), full-time/part-time status, and room allocation) and (2) a 2023 account of
space information (i.e., NASM and capacity). Publicly available information on the University of Waterloo web
domain is also referenced to categorize personnel into research groups.

5. Results and Discussion

5.1 Numerical Results

As for the model’s optimized assignment solution for the department of Chemical Engineering at the University of
Waterloo, a smaller re[presentative case study of 189 variables was used to check for the performance and validity
of the model. In this case study, 3 research groups and 21 office spaces were considered with numbers for the
headcounts in each member categories. Table 4 details the properties on each of the 21 offices spaces that are
relevant to the creation of the model parameters and constraints. Table 5 indicates the headcount of each member
type in each research group.

Table 4. Office Categorization and Attributes

Office Building Code Floor Codes Room Area Range Designated Floor Grouping
Indices
()]
i=1.5 DWE 1&3 12-16 m? Unassigned Overflow Offices
= E6 2 13 m? Interfacial Phenomena,
6..10 Colloids, and Porous Media
i= E6 4 13 m? Biotechnology and Biomedical
11..15 Engineering
i= QNC 5 12-13 m? Nanotechnology
16..21
Table 5. Number of Individuals for Each Member Type and Research Group
Member Biotechnology and Interfacial Phenomena, Colloids, Nanotechnology (j=3)
(k) Biomedical Engineering and Porous Media (j=2)
(=D
Professors 3 2 4
(=1)
PDF 3 4 8
(k=2)
Grad 2 2 12
Students
(k=3)

For all rooms, the capacity if assigned to professors was 1, to post-doctoral fellows was 2 and to graduate students
was 4. Using this data, the solution to the model was implemented in the Excel solver with an integer optimality
setting of 0.5%. Table 6 shows the results of the optimized model results.

Table 6. Case Study Optimization Model Results

Office Index Assigned Group Assigned Member(s)
1 Interfacial Phenomena, Colloids and Porous Media Graduate Student
2 Unassigned
3 Interfacial Phenomena, Colloids and Porous Media Graduate Student
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4 Unassigned

5 Unassigned

6 Interfacial Phenomena, Colloids and Porous Media PDF

7 Interfacial Phenomena, Colloids and Porous Media Professor

8 Interfacial Phenomena, Colloids and Porous Media Professor

9 Interfacial Phenomena, Colloids and Porous Media Professor

10 Interfacial Phenomena, Colloids and Porous Media PDF

11 Biotechnology and Biomedical Engineering Professor

12 Biotechnology and Biomedical Engineering Graduate Student
13 Biotechnology and Biomedical Engineering Professor

14 Biotechnology and Biomedical Engineering Professor

15 Biotechnology and Biomedical Engineering PDF

16 Nanotechnology Graduate Student
17 Nanotechnology Graduate Student
18 Nanotechnology Professor

19 Nanotechnology Graduate Student
20 Nanotechnology Professor

21 Nanotechnology PDF

Table 7. Goal deviation values, and final objective function values

Goal 1 Deviation 0

Goal 2 Deviation 2

Goal 3 Deviation -22
Minimized Objective Function Value -1

From Table 7 it is clear that goal 1 was completely met. That is all people were assigned to an office. As for goal 2,
2 offices were assigned to groups whose research group members could not be placed in one of their designated
research group offices. In this case study, it was namely graduate students from research group 2. The model
assigned them to offices in another building (DWE) that is not attributed to any research group. Goal 3 deviation
was not strictly to be positive as described in the decision model section of this paper. The deviation from this case
study solution was -22 which means 22 square meters of extra space have been assigned across all members and
groups. This is not a major concern since the goal is to meet minimum space requirements for each member.

5.2 Proposed Improvements

Due to the scale of the problem, it may be necessary to investigate alternative algorithms such as hill-climbing that
reduce the computation time required by the integer programming optimizer. A graphical interface can also be
developed to enable decision-makers without knowledge of integer programming to use the office allocation
package effectively.

To develop a similar model that optimally allocates personnel to labs, occupancy data is required. Strides are being
made in the development of occupancy sensors that enhance space use management to achieve operational
efficiency. Sensor resolution can be quantified in four levels: level 1 is identifying occupancy (whether someone is
present in the space), level 2 is the frequency (how many occupants are present), level 3 is identity (who the
occupant is) and level 4 is activity (what the occupant is engaged within the space (Azizi et al. 2020). The higher the
sensor resolution, the better the optimization model can be developed. Ideally, a level 3 or 4 sensor is required to
distinguish which research groups are accessing the space and which instruments are being frequently used. From
this, decisions can be made about the amount of lab space that should be allocated (e.g., the biotechnology research
group may need a lot more bench space than the process systems engineering group) and where instruments with a
lot of interdisciplinary use should be placed.
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6. Conclusion

The space allocation model programming approach and results from the simplified model implementation can be
used as a starting point for development of a more robust model for the chemical engineering department at the
University of Waterloo. The data currently shows that COU guidelines are being followed for faculty and graduate
students but not for PDFs. It also shows that each member in a research group is placed in relative proximity but
there is room for improvement. The developed model addresses both concerns. The ultimate objective of this paper
is to study space allocation and design a decision support system that can be used to easily evaluate the current
situation and explore possible alternatives.
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