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Summary

Location-allocation is a key application of GIS, with many varied applications. We present
further development of a location-allocation tool for a real-world case study with UCL using
public transport. The location of UCL in Greater London (UK) means that the inclusion of

public transport is vital for this case study. The location-allocation is implemented as a
capacitated p-median location-allocation model, using spopt, a library in the Python Spatial

Analysis Library (PySAL) ecosystem. The initial results of this work are promising, with
calculation times reduced by up to 60%, and the majority of students allocated shorter journey
times, with further testing ongoing.
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1 Introduction

Location-allocation is a key element of GIS and network analysis and has many different applica-
tions within private business, the public sector, and academia. Within location-allocation, there
are many different requirements for specific applications, which has resulted in the development of
varied modelling approaches. This proliferation of approaches, with varied parameters and objec-
tives, means the novice user may not be aware of the full potential of location-allocation. Equally,
drive-time analysis for walking or driving is a very common application of location-allocation, but
applications to public transport are much less common (Kotavaara et al., 2018). This extended
abstract presents the development and application of a capacitated p-median location-allocation
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model for a specific case study involving student teachers travelling to their placement schools via
public transport across Greater London, UK. It builds on a previous publication at the AGILE
conference series, adding new developments and real world application of the model (Bearman et al.,
2023).

2 Location-Allocation

A classic application of location-allocation is the siting of facilities near to their users. In the public
sector, a typical application of this is siting a new hospital. We can use location-allocation to calcu-
late the optimal site for the new hospital, so as many residents as possible are within the shortest
possible travel time (Fredriksson, 2017). At one level, this could be thought of as running a series
of drive-time routes from every home to the potential hospital site and then picking the site with
the total lowest travel time for all residents. The complexity increases when considering multiple
sites or facilities (for example, pick the best three sites for hospitals out of a possible six), and again
when you have existing sites that are predefined (we already have three hospitals, where should
be build the new one out of a possible choice of six options)? This is when the location-allocation
model allows us to determine the optimal location for a facility such as a hospital (Daskin, 1997).
This tool can be applied in business for new stores or distribution centres (Venkatesan and Kumar,
2004), urban planning (Syam, 2008; Rahman and Smith, 2000) and many other situations.

Classically, location problems are classified into three categories (Daskin, 2008):
e covering-based problems
e median-based problems
e other problems.
The covering-based problem can be further divided into:
e Location Set Covering Problem (LSCP)
e Maximal Covering Location Problem (MCLP)
e p-centre location problem.

Median-based problems include two main models: p-median location problem, and fixed charge
facility location problem (Daskin, 2008). Among these models: LSCP, MCLP, p-centre, and p-
median are the most widely used in public facilities (ReVelle, 1989; Coskun and Erol, 2010).

For this case study from UCL, where trainee teachers are assigned to schools throughout Greater
London, the goal is minimising travel time for trainee teachers to reach their assigned schools while
accounting for a range of criteria. To meet the requirements, we implemented a variant of the
p-median model, which is designed to minimise the total travel distance or time of customers to
the nearest facility (Serra and Marianov, 1998). This will provide an optimal allocation of trainee
teachers to schools, whilst minimising their overall travel time via public transport.



3 Current status of spopt — spatial optimisation package for PySAL

The spopt — spatial optimisation — Python package is a federated project within the PySAL — the
Python Spatial Analysis Library — ecosystem (Feng et al., 2022; Rey et al., 2022). Early releases of
the package centred on functionality consisting of a suite of heuristic regionalisation methods, which
was later expanded to include optimal facility location modelling. The classic p-median problem
was among those initial models, which was supplemented with facility capacity constraints in the
initial work for this project described in Bearman et al. (2023). That functionality was merged into
the code base with the release of version v0.6.0!, which included another variant of the p-median
problem: the k-nearest p-median. Formulations of the problem, both classic and variants, are fully
described in available tutorials? and Bearman et al. (2023), as well as comparisons of the resultant

solutions®.

spopt is available for installation? via the Python Package Index, Conda-Forge, or from source,
with the recommended method being from Conda-Forge.

4 Case Study: UCL IOE Teacher Placement Updates

Each year, the UCL IOE (Institute of Education) teaches about 800 trainee secondary school teach-
ers (students), who will teach students aged 11-18. Each trainee teacher has to take two 60-day
placements at a school teaching their specialist subject. IOE currently have about 800 students
to place each year, with 500 schools offering around 800 placements. They also have a similar
setup for primary school teacher training (teaching students aged 4/5-11) with approximately 150
students and primary placements. A priority system is in place, with students with caring com-
mitments being allocated shorter journeys than students without caring commitments. Currently
a manual process is undertaken to allocate students to schools, a time-consuming process. Various
location-allocation options were investigated, with a custom development of spopt chosen. Patrick
J. Roddy at UCL created a Python script that preprocessed the IOE placement data, using the TfL
(Transport for London) API to provide the list of origin-destination pairs for the public transport
journeys. This was then used to solve a capacitated p-median problem with predefined facilities in
spopt, detailed in Bearman et al. (2023).

Alongside the development with spopt for the UCL case study, a series of software development
projects have been undertaken at UCL to allow the library to be used for trainee-teacher allocation
for IOE. A further round of development has also taken place to create a front-end tool to allow
the users in IOE to perform the location-allocation themselves, and allow multiple staff to use the
tool at the same time. This is under current development, and the presentation will include further
updates.

"https://github.com/pysal/spopt/releases/tag/v0.6.0

Zhttps:/ /pysal.org/spopt /notebooks /p-median.html

3https:/ /pysal.org/spopt /notebooks/p-median_variations.html
“https://pysal.org/spopt /installation.html



Currently the software has six main stages:
1. Upload
. Input Data

. Compute Journeys

2
3
4. Allocate
5. Review
6

. Export

Upload is where the user provides the school and student information, as CSV files. These are
the current output from SITS and InPlace, the software used for student management across the
whole of IOE. They are in a specific structured format, providing information on the student name,
number, home postcode, preferences about possible transport modes, any school restrictions, and
priority information relating to caring commitments.

Input Data is where these files are checked and any missing data highlighted where possible.
Currently, this checks postcode validity and will be extended to include the presence of a correct
school code, and a complete set of data for each student.

Compute Journeys is where the TfL API is used to calculate all possible combinations of journeys
from each student to each school. This is currently quite time-consuming, and with a full data set
of 800 students and 500 schools will take around 26 hours to process. UCL developers are currently
working on optimising this, however this is not a major issue because this calculation only needs to
be done once.

Allocate is the main area of this software, where an initial allocation of students to schools is
performed, and shown in a grid with students listed as rows and schools listed as columns. Students
allocated to a specific school are outlined with black square, with journey times for all potential
school student combinations shown in minutes. Each journey has a pop-up with the journey sum-
mary (time, mode in colour and options to manually allocate) and a pop-up map is also available.
Within this is the option to leave allocation to automatic, or manually allocate or exclude a specific
student to or from a specific school. This stage is quick to calculate, with a set of around 100 stu-
dents taking less than 5 seconds to reallocate. This is currently being optimised by UCL developers,
and the plan is that users could manually reallocate specific students and the automatic allocation
would update in real time.

Each school student combination cell has a background colour, green for journeys less than 60
minutes, blue for journeys between 60 and 90 minutes and purple for journeys over 90 minutes.
By default, the students are listed in priority order and then alphabetically. The intention is that
each age group or subject will be processed separately, with a maximum of 200-300 students each.
The allocation can be altered, in which case all other students will be reallocated accordingly.
Student allocations can also be locked to prevent reallocation. Unfortunately we are not currently



able to share screenshots of the UCL tool. We hope we will be able to share some in April at the
conference.

The Review screen summarises allocated journeys, and can allow the user to review the allocated
journeys, select specific journeys and find overly long journeys. Figure 1 shows a mock up of how
this might look. It is expected that the user will switch between the Allocate and Review screens
regularly, to help allocate the “edge cases” that the algorithm is unable to solve.
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Figure 1: How part of the Review view might look, showing a map and and the allocated journeys.
This is not real data. Below this would be a list summary of the allocated journeys, showing time,
and a breakdown by transport mode (not shown).

The Export screen shows the allocation data and allows it to be exported to a CSV file. These
files can then be read into InPlace, and/or shared with subject leads for review.

5 Initial thoughts from Users

From an initial feedback session with IOE users of the software, a number of topics were highlighted.
Feedback was on a very small subset of data. The interface was easy to use, and reasonably clear
to interact with. An initial setup user guide was provided, but once the data was input and the
calculations completed, the Allocate and Review views were easy to use without direction.

When working in the Allocate view, staff had a number of queries about why specific students
were allocated to specific schools, which did not match what they would do. Understanding the
mathematically optimal allocations the software made was complicated by the test data being a
subset, compared to the previous manual allocation with the complete data. The logic of the
allocation process to minimise the total travel time was explained, but it was difficult for users to
understand. However, most users understood and agreed with most initial allocations. We aim to
make the allocation process more transparent in the software, potentially by showing the range of
options for each student, and the per-student impact of altering an allocation. We intend to do a
complete comparison with a full data set, both “by hand” and “by software”.

Additionally, there were a number of additional restrictions that needed to be added to the software
that were not present. This is due to the process being relatively complex, and while many of the



requirements are recorded, a number of small edge case requirements are not, and only stored in
the heads of the current users!

6 Data and Software Availability

We will create a workbook that demonstrates the use of this software with completely open-source
data and public transport routing. There is an open example from Bearman et al. (2023), which is
a Jupyter notebook that demonstrates the features of spopt and the techniques discussed®.

The development of the UCL software is in active development, and future progress will be reported
at the conference. Longer term, UCL have plans to roll out the use of the tool within different groups
from September 2025, and consider external users after this.

7 Results and Conclusion

Results from this prototype are encouraging and have allowed users in IOE to take advantage of
the power of location-allocation to speed up and improve their allocation of students to schools.
From the early stages of the project, we knew some manual reallocation would be required, as it is
infeasible to meet all possible requirements and variations. We have a number of new elements to
include to improve the allocation model, as mentioned previously.

James Grindrod and the IOE team are currently testing the tool. In February and March they will
be able to provide a more detailed comparison of previous allocations and new allocations using the
tool, which will be reported on at the conference. Initial feedback from James has been that with
the original manual allocation system, it would take approximately one week to allocate students
to their placements. With the new system, he anticipates the initial automated calculation for the
journeys with the TfL. API will take about 26 hours to run followed by 2-3 days of manually tweaking
allocations for a final result. This is clearly a massive time saving on their previous methods, of
at least 60%. In addition, previous testing showed that the automated allocation reduced average
student travel time by 9.6 minutes per student, with an initial sample of 93 students.
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