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THERE IS AN ADAGE which 
says when you fail to plan; you 
are planning to fail. Indeed, an 
organisation is as good as the resources 
it has. Operational Research (O.R.) 
technologies provide the enabling 
technologies to optimise resource 
utilisation, planning and scheduling. 
Service organisations, such as BT, 
employ field and office-based engineers, 
call centre agents and other personnel 
to install, deliver or terminate their 
services in addition to upgrade, repair 

or maintain their assets. A common 
scenario involves a customer requesting 
a service/reporting a fault which cannot 
be configured/resolved automatically 
and requires one or more engineering 
or other activities to take place either 
at the office, the customer’s premise 
and/or other facilities (e.g. telephone 
exchange building, a store to collect 
spares, etc.). The optimum servicing 
of customer requests is of prime 
importance to service companies as it 
both improves customer satisfaction 
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and also reduces the workforce costs 
by, for instance, optimising the 
number of required engineers and the 
distances they travel to reach customers’ 
premises. The effective planning and 
scheduling of resources is thus critical 
to optimal service delivery in service 
organisations. At the heart of effective 
planning and scheduling is the optimal 
use of resources. Time cannot be 
stored, and thus every hour that a 
resource is not utilised is lost forever.

Resource planning provides the 
mechanism to match available manpower 
resource capability and capacity to the 
demand forecast. Resources tend to be 
multi-skilled; mobile (i.e. have multiple 
areas of work), and have different 
attendance patterns. The procedure for 
matching supply to demand involves 
either (i) flexing capacity to meet the 
demand or (ii) constraining the demand. 
Typically, capacity can be flexed along 
three dimensions: skill, geography and 
availability. Flexing capacity requires 
making decisions. Decisions related 
to skill involve skill selection (i.e. type 
of work for the day, e.g. maintenance 
or service provisioning), retraining to 
optimise skill mix, etc. Those along 
the geography dimension include 
permanent/temporary (re-)deployment, 
recruitment, and retention. When it 
comes to availability, decisions such 
as productivity improvements, shift 
patterns and overtime allowance can  
be made.

Accurate resource planning is 
sine quo non for optimal resource 
scheduling. O.R. technologies have 
been extensively used in the decision-
making process of resource planning 
and scheduling. The motivation for 
utilising such technologies in resource 
planning and scheduling stems from 
the belief that automation will not 
just speed up the decision making 
process of resource managers, but 

rather produce near-optimal solutions. 
Scheduling tasks to resources is in 
general a complex decision making 
problem. It requires optimising the 
personnel schedules/routes against 
travel times while respecting skill 
preferences, time windows and other 
soft or hard constraints that may 
apply in the specific problem context. 
O.R. techniques such as constraint 
programming allow for efficient 
handling of the variety of requirements 
that real-life schedules must comply 
with such as skill-matching, routing, 
due dates, working shifts, staff breaks, 
regulatory constraints, functional 
dependencies between tasks, and so on. 

Resource planning and scheduling are 
complex processes, usually involving the 
analyses of large amounts of information. 
The complexity increases when more 
than one objective is being evaluated 
and the number of variables to consider 
is huge. For example, consider the task 
of ascertaining how best to deploy a 
number of engineers of a mobile multi-
skilled workforce, each with a  number 
of skills (j), a number of availability 
types (k), and a number of areas in 
order to meet customer commitments 

and improve quality of service (l). Two 
main characteristics of resource planning 
and scheduling are noted. First, the 
two processes are combinatorial, since 
as the number of resources increases, 
the number of profiles to be considered 
increases by a factor of j x k x l. Second, 
the goal of resource planning is to 
optimise resource deployment in order to 
service as many jobs as possible, improve 
quality of service, and reduce cost. The 
scheduling process is about assigning a 
job to the right resource in the right place 
(for mobile workforce) and at the correct 
time. Given the combinatorial and 
optimisation nature of resource planning 
and scheduling, manual processes are 
slow, tedious, and sub-optimal. The need 
for optimally generating resource plans 
and schedules is well recognised, and 
this has been the subject of continuous 
research. 

APPLYING O.R. 
TECHNIQUES IN BT
BT has a long history of applying 
O.R. techniques to managing its 
field force. Attempts to automate 
work allocation dates back to the late 
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1980s. In the mid-1990s, BT was 
the first European telco to automate 
workforce management. The company 
is continually investing in making 
the Digital Britain vision a reality by 
creating a faster, more flexible network 
and associated Internet services. To 
support this investment and large scale 
network infrastructure programmes, BT 
requires an efficient, responsive mobile 
field service operation. BT’s 23K field 
engineers serve geographically dispersed 
and diverse customers including ISPs 
and end users. The deployment of our 
engineers has significant impact on 
delivering customer experience, travel 
and CO2 emissions. The question is 
how can we send the right engineer 
with the right skill to the right location 
to deliver the right service? Addressing 
this challenge will lead to reduction 
in CO2 emissions, improvement 
in engineer utilisation, and better 
customer experience.

To address the aforementioned 
challenge, BT Research exploited 
O.R. techniques such as simulation, 
resource planning and scheduling in 
developing two systems for (i) resource 
planning, and (ii) resource scheduling 
and allocation. These systems are in 
operational use and underpin the 
management of BT’s field engineering 
teams with the view to minimise travel 
and improve resource utilisation. 

The resource planning system 
identifies the optimal changes in supply 
to meet the demand. These changes in 

supply include people moving between 
areas, focusing on different skills, invited 
to work on overtime, allowed more 
annual leave, increasing number of 
third party contractors etc. Due to the 
combinatorial nature of the planning 
problem, the resource planning system 
uses Fuzzy logic and Evolutionary 
Algorithm techniques to optimise the 
daily deployment of the right engineer 
with the right skill on the right day so as 
to reduce travel and maximise engineer 
productivity. The resource scheduling 
and allocation system uses Guided-
local Search and a rules-based engine 
to generate optimised schedules for our 
exchange-based engineers. 

In building the systems, BT Research 
teams worked closely with the operational 
teams to elicit requirements and 
engage all potential stakeholders. Three 
approaches were employed; workshops, 
simulation and rapid trialling. 

We used the workshops to realise a 
shared understanding of the challenges. 

Simulation allowed the modelling and 
experimentation of scenarios without 
involving end users in endless field 
trials. This was used to narrow down 
options and support key decisions 
in determining the “best” solution 
for operations. Simulations provided 
the environment for scenarios to be 
tested out before committing to costly 
trials or development budgets. Rapid 
prototyping and trialling helped to 
garner support for using the tools in 
operations. By engaging end-users 
in prototyping of solutions, they 
quickly identified with what was being 
developed and were more inclined to 
use the tools. Rapid prototyping and 
trialling were used as part of assessing 
the viability of the impact of the 
solutions. These approaches enabled us 
to maximise stakeholder engagement.

One of the key innovations was an 
interactive portal that provides field 
managers with insight so they can 
help their teams improve their driving 
behaviours; saving money by better and 
more efficient driving styles. By providing 
this portal we have combined several 
sources of data into one web based system 
and now have the ability for operational 
managers to encourage best practice. 
The operational managers use the portal 
to monitor the improvements through 
coaching and training (where required). 
We issued the following: 

• Driver Best practice cards 
• Driver Aide Memoir safety check 

cards 
• Driver reminder labels fitted to 

vehicles (sun visor) 

Furthermore, with the O.R.-based 
models, our engineers are no longer 
constrained by their preferred work 
areas (PWAs). They did not move 
out of their PWAs for resolving tasks 
even when the tasks were closer to 

BT Research exploited O.R. 
techniques in developing 
systems for resource 
planning and resource 
scheduling and allocation
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them. This new way of allocating 
work to engineers has led engineer 
empowerment. When at a site, 
engineers are presented with a list of 
recommended tasks. The objective is to 
encourage engineers to be proactive in 
fixing faults. We conducted a number 
of trials and surveyed the engineers 
and operational managers to elicit 
their experience with planning and 
scheduling systems before deployment. 
This approach enabled us to co-
innovate with the engineers. 

THE BENEFITS AND 
OPERATIONAL IMPACT
A highlight for us was when our 
resource planning and scheduling 
systems won the 2015 BT’s Chairman’s 
award for “Sustainable business 
environmental innovation of the year” 
(https://www.btchairmansawards.com/
Public/annual_award_winners). The 
systems have transformed our field 
operations and are in operational use. 
We have seen success across the user 
community including:

• productivity gains in our planning 
communities.

• our field engineers empowered to 
work. This has led to improvements 
in employee satisfaction.

• operational cost savings.
• improvements in the way we deliver 

service. 

We also received very positive 
feedback from BT operational teams. 
Quotes from some of the operational 
teams are as follows:

• “Our engineers are travelling 
less,” Matt Walker (Director, Field 
Dynamics).

• “It’s one of a range of initiatives 
that’s contributing to better service 

performance,” Karen Giles (Change 
Architect).

• “Fantastic achievement, we have 
been using it for some time now and 
feedback from the engineers and the 
Gold User calls I chair are becoming 
increasingly more positive with great 
feedback from the field”, Gavin 
Ashkettle (Operational Manager).

The quality of the resource plans 
generated by the planning system has 
reduced the complexity of the resource 
planning process. The planning system 
automatically analyses and processes large 
amounts of information and variables 
to optimise resource deployment. This 
has resulted in better resource schedules 
being generated with the ability to 
optimally allocate tasks to resources. The 
benefits of resource planning, scheduling 
and allocation are in three main areas:

(i) Better service delivery for customers 
as part of the Digital Britain 
initiative. BT’s field engineers are at 
the heart of rolling out fibre across 
the UK. Managing the engineers is 
a complex undertaking especially in 
light of increasing demand volatility 
and volumes. Getting it right on the 
day impacts customer experience 
and has sustainability implications. 
Reduced travel time due to better 
planning means more time on site 
with customers and more chance 
to complete the jobs while they are 
there. Engineers can then be sent 
within their geographical areas of 
preference to an area where there is 
a potential backlog of need for their 

particular skill set. About 400K 
extra jobs are being delivered per 
year with savings of 12,500 hours 
of driving every month through 
better resource planning.

(ii) Reduction in Carbon emissions. 
Our scheduling tool is enabling 
reduction in travel of up to 17%. 
Through intelligent bundling of 
tasks using O.R. technologies, 
we are seeing productive uplift 
of approximately 10.1%. We 
developed a fuel utilisation 
dashboard for providing insights 
into driver behaviour. This 
highlighted a reduction of 36,000 
tonnes of emissions.

(iii) Operational cost savings. The 
O.R. models have underpinned 
operational savings of ~£25M.

THE FUTURE
We are also actively researching and 
developing technologies to improve 
the utilisation of field engineering 
teams. One of our research projects is 
to optimise the deployment of network 
spares to minimise travel and improve 
customer experience. We are taking 
lessons learned in resource (human) 
optimisation and applying them to 
other resource types such as fixed 
inventory, spares, office based resources, 
vehicles– to get a holistic plan and 
schedule involving all moving parts. 
We are also exploring the use of smart 
glasses to improve the delivery  
of service. 

Gilbert Owusu (gilbert.owusu@bt.com) 
is a Chief Researcher responsible for R&D 
technologies for optimising operations, Sid 
Shakya, Anne Liret and Ali McCormick 
are Principal Researchers. Raphael Dorne, 
Ahmed Mohamed and Andrew Starkey 
were also part of the team that carried out 
this work.
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