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Abstract

We developed a tool to solve a problem of position assign-
ment within the IT Ford College Graduate program. This
position assignment tool was first developed in 2012 and
has been used successfully since then. The tool has since
evolved for use with several other position assignment and
related tasks with other similar programs in Ford Motor
Company. This paper will describe the creation of this tool
and how we have applied it, focusing on the need for devel-
oping such a tool, and how the continued development of
this tool will benefit its users and the company.

Introduction

Many large corporations employ specialized programs de-
signed to transition new employees from college to a pro-
fessional environment. Many people, particularly under-
graduates, leave college with a generalized education in
their particular field of study; programs such as these are
structured to allow new employees to experience working
in different positions, giving them a variety of experiences
to guide the early part of their careers. These programs can
take the form of internships and also include rotational
programs that employees participate in during their first
few years of employment, or prior to becoming a full-time
employee.

Ford Motor Company offers the Ford College Graduate
(FCG) program to recent college graduates. This program
allows participants to experience multiple roles over their
first few years with the company. The FCG program par-
ticipants are referred to as FCGs. These programs operate
by soliciting supervisors within the organization to offer up
potential positions, or rotations, designed to take on a new
employee for a fixed length of time, typically one year.
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The rationale behind rotations is that an employee whom
has insight into a variety of business units and the network-
ing contacts gained through those experiences is a better
employee in the long term.

The employees that participate in these programs choose
positions they are most interested in and are then assigned
to one of those positions. One of the more complex issues
encountered administering such a program is: how does
one assign positions in a manner the employees believe is
fair? The main cause of this is that some positions are
more desirable than others and are more likely to be select-
ed. Given that many positions will not have enough open-
ings to accommodate all the interested participants, not
everyone will be assigned to their most desired position.
This brought about a need for a system to assign positions
the new graduates believe is egalitarian.

We developed a solution to this position assignment task
that uses combinatorial optimization to impartially assign
positions based on user preferences. Our paper is orga-
nized as follows: first we introduce the problem and why
the creation of the position assignment tool was necessary.
We then discuss processes that tie-in with the position as-
signment tool as part of the FCG Carousel process, and
discuss how the tool works. We discuss why we chose to
use combinatorial optimization and how our problem
equates to the classic assignment problem. We review the
results of how our tool has performed over time and dis-
cuss how our application was developed, deployed and is
maintained. Finally we discuss the conclusions of our
work, and highlight several areas we feel warrant further
study.

Problem Description

The FCG program started at Ford Motor Company in the
1960s and the term FCG was first used in the 1980s. Many
business units within Ford offer this program and fine-tune



it to their particular business needs. The information tech-
nology business unit program known as the IT FCG pro-
gram has embraced the idea that employees with a diverse
knowledge of the business are more valuable employees
and have adjusted the methodology to assign positions over
time. At some point the idea of empowering the partici-
pants to choose their own roles was introduced. Early on
these choices were rudimentary. The program did not pos-
sess the structure or the population to require any complex
means to perform the position assignment task; the admin-
istrators of the program hand-assigned positions to the
FCGs. This solution worked well when the number of
participants was small, however as the program grew even-
tually the number of possible participant to position com-
binations made assigning positions by hand no longer a
feasible option.

The program administrators decided to create a software
tool to automate the process and followed an open ideal by
including the program participants in the development.
Early attempts were made using an off-the-shelf software
solution, but it soon proved to be insufficient for pro-
cessing large numbers of position and participant combina-
tions. It became necessary to develop a custom solution to
resolve the problem, providing genesis to the position as-
signment tool that is currently in use.

The decision to move from a manual solution to a com-
putational one was primarily a matter of practicality. It
became impractically time-consuming for humans to pro-
cess the position assignments manually once there were
more than a handful of participants. Using an artificial
intelligence based approach with a combinatorial optimiza-
tion algorithm provides a solution that is more than capable
of managing all foreseeable future needs. In addition, by
creating a modular system in which the Al acts only as a
solution generator leaves open the possibility of using ap-
proaches other than combinatorial optimization in the fu-
ture.

Application Description

The position assignment tool that we developed provides a
solution to the problem of equitably matching participants
with positions that they have interest. The tool was initial-
ly designed for use with the IT FCG program and their
annual position assignment task. The tool and the related
processes are maintained and operated by a subset of cur-
rent members of the IT FCG program, known as the IT
FCG Carousel group. The position assignment process,
referred to as the FCG Carousel process, is shown in Fig-
ure 1.
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Each year, FCGs are given the opportunity to select op-
tions for their upcoming year. This year of work is re-
ferred to as a rotation. Each position is given a designation
that roughly defines what area of work that the position
entails. These designations are Technical, Very Technical,
Business/Process, and Very Business/Process. Essentially
the technical roles are, as one would surmise, more techno-
logically focused, such as writing application source code,
configuring servers and so forth. Whereas the business
roles focus more on organization and maintaining business
processes, for example writing security documents and
defining workflows. The FCGs are required to follow cer-
tain guidelines when selecting their new roles, and these
position classifications play a part. The guidelines related
to these classifications take effect based on where the FCG
is in their tenure in the program, and are designed to induce
participants to explore new areas, thus giving them a
broader understanding of the business. The diagram in
Table 1 shows these guidelines.

FCG Year Position Selection Guidelines

First No restriction.

If current position is technical, must choose

Second . .
business process, and vice-versa.

Third Must choose position not already held.

Table 1: FCG Position Selection Guidelines by Year.

The supervisors and participant FCGs both use Share-
Point based online tools to input the requested data. The
process typically begins in early January with an email sent
to supervisors soliciting positions for the upcoming Carou-
sel process. The supervisors are typically given approxi-
mately a month to provide a written description of the posi-
tion that includes an inventory of skills desired, and the
benefits they feel the participant will get out of this rota-
tion. The skills listed by the supervisor are for the partici-
pant’s reference to assist them in choosing a rotation they
can be successful in. However no mechanism exists to
safeguard that the participant has experience in a particular
skill.



Once all the rotation information is collected from the
supervisors, it is disseminated to the FCG population via
websites and documents located on the corporate intraweb.
The FCGs are then given approximately one month to re-
view the positions, meet with prospective supervisors, and
enter their selections using a SharePoint based selection
tool. This tool is designed with logic to enforce the guide-
lines referred to previously, such that the FCG will be una-
ble to view or select positions they are restricted from by
the guidelines.

User Position Preference Data

Preference data in its raw form consists of participants
rankings of positions. Rather than have participants rank
all the positions, the system only requires that participants
rank their top n choices. The value of 7 is variable and can
be increased or decreased at will, but the most common
value is 4.

Weight Function

Once the preference data has been collected, the position
assignment tool then must calculate the preference scores
using the weight function shown in Figure 2. This particu-
lar weight function was chosen because it closely approxi-
mates the weight table that was used in previous versions
of the position assignment tool, shown in Table 2. In this
example, the participant’s most desired choice is represent-
ed by the position rank of 4, and their fourth top choice by
a position rank of 1. Participants may not rank the same
position more than once. The seniority value is representa-
tive of a participant’s tenure in the program. Participants
just starting the program have a seniority value of 1, and
participants in their final year have a seniority value of 3.

_VR*(35+3) )
= -

Where:
R: Position Ranking € {1,2,3,4}
S: Seniority Level € {1,2,3}
W: Weight Value

Figure 2
Position Rank
Seniority
4 3 2 1
1 4 3 2 1
2 8 7 6 5
3 12 11 10 9

Table 2: Weight table approximated by the weight function.

Weight Matrix

After calculating each participant’s preference weight val-
ue, the data are stored in a weight matrix, such as the ex-
ample shown in Table 3.

Position
Participant
1 2 3 4 5 6
A 12 9 0 11 0 10
B 8 0 5 0 6 7
[¢ 7 8 0 0 6 5
D 0 1 3 2 4 0

Table 3: Example weight matrix.

Using this weight matrix, the position assignment will find
the best one-to-one match of participants to positions.
Each potential solution is scored by the sum of the weights
of each assignment, with the intent of finding the potential
solution with the maximum weight. In the example shown
in Table 4, the potential weight is 31 (the sum of the high-
lighted cells). We call this figure the potential satisfaction
score, and compare it to the actual satisfaction score after
the tool is complete as a means to measure the success of a
particular position assignment task.

Position
Participant
1 2 3 4 5 6
A 12 9 0 11 0 10
B 8 0 5 0 6 7
[¢ 7 8 0 0 6 5
D 0 1 3 2 4 0

Table 4: Example weight matrix with example position assign-
ment highlighted.

Once all the data regarding the positions and preferences
is collected, it is exported in the form of a preference ma-
trix, similar to the weight matrix of table 4, but without the
weight function applied. The data are exported as an Excel
spreadsheet for ease of use. The tool uses the weight func-
tion with the individual preferences to create the weight
matrix and then performs a combinatorial optimization
using the Hungarian (or Kuhn-Munkres) algorithm (Kuhn
2005). The tool requires that the number of positions
available be greater than the number of participants to
function, and expects, but does not require, that all partici-
pants will possess valid preference data. The tool is also
constrained such that in a valid potential solution, each
participant must be assigned to a position, and each posi-



tion must have either one or zero participants assigned to
it.

The final matching is written out to another sheet in the
Excel file, which also contains formulae designed to calcu-
late the total satisfaction rating of the optimum solution, as
well as other metrics related to what percentage of FCGs
received their first choice, second choice, etc. The satis-
faction rating in this case is the ratio of the satisfaction
score of a position assignment over the satisfaction score
of a perfect assignment for the same assignment problem,
where all participants receive their top choice. In practice,
such a perfect assignment is very unlikely to occur, but the
fact that it could occur makes it useful for benchmarking
how well the system performs the assignment task. This
spreadsheet and the associated metrics values are presented
to the FCG Development Committee for final approval.
This committee retains the option of altering the final re-
sults, but has not done so since the adoption of the auto-
mated position assignment system. The approved final
results are released to the supervisors and FCGs in early
May. The FCGs have several months to prepare for their
new positions starting in early June for new participants
and August for existing participants.

Use of AI Technology

The problem that the position assignment tool is designed
to solve is similar to the classic assignment problem (Bur-
kard, Dell’amico and Martello, 2012). The primary differ-
ence is that the classic assignment problem is defined as a
minimization problem. However, all of our ancillary pro-
cesses related to the position assignment task, particularly
the weight function, treat this problem as a one of maximi-
zation. The choice of this is purely aesthetic, as it is more
appealing to the end users to think of this task as finding
the best or maximum possible value. Fortunately it is rela-
tively easy to convert this to a minimization problem by
creating a new weight matrix, derived from subtracting the
results of the original weight matrix from the maximum
value of the original weight matrix. Table 5 shows an ex-
ample, derived from the previous example.

Position
Participant
1 2 3 4 5 6
A 0 3 12 1 12 2
B 4 12 7 12 6 5
[¢ 5 4 12 12 6 7
D 12 11 9 10 8 12

Table 5: Example position assignment weight matrix converted
to a minimization problem
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Since combinatorial optimization techniques are already
used to solve a variety of real world problems, including
course allocation, resource allocation, vehicle scheduling,
and task scheduling, this motivated the decision to use it as
the solution generator for the position assignment tool
(Hoshino and Raible-Clark, 2014) (Cambazard, O'Sullivan
and Simonis, 2013) (El Hachemi, Gendreau and Rousseau,
2011) (Mencia, Sierra and Varela, 2013.)

The previous solution was based on Frontline’s Premi-
um Solver Platform. This solution proved insufficient due
to the fact that it imposes an artificial limit of 8000 on the
number of unknown decision variables it can resolve. In
our case the number of decision variables is equivalent to
the number of positions times the number of participants,
We had 80 participants in 2012 and 196 positions, giving
us a total of 15680 possible decision variables, thus greatly
exceeding the artificial limit imposed by Frontline.

We chose the Hungarian method as the functional heart
of the position assignment tool due to its ability to resolve
our functional constraints. Primarily, this method is guar-
anteed, by its own definition, to find an optimal solution,
should one exist. Moreover this algorithm is capable of
handling the increased complexity of the position assign-
ment task, which is brought on by the increase in popula-
tion and available positions.

Depending on the implementation of the algorithm, this
characteristic can introduce some bias into the solution.
Because a given set of data may have more than one opti-
mal solution, the implementation may bias itself toward a
particular solution. Multiple optimal solutions occur when
the resulting potential satisfaction rating of each optimal
solution is equal, but the actual position assignments are
different. Depending on the implementation of the Hun-
garian algorithm, an order bias can be introduced here. In
the case where the system determines that the potential
gain of placing individual A or individual B in a given po-
sition is of equal value the classic implementation of the
Hungarian algorithm will bias toward individual A, simply
because A comes first in the ordering of individuals in the
weight matrix. To avoid this bias we randomize the order
of individuals prior to generating the position assignment.

The other qualification that led to the choice the Hungar-
ian method was its ability to handle the position and partic-
ipant constraints. As mentioned previously, any valid solu-
tion must maintain the constraints that every participant
must be assigned one position, and every position must be
assigned one or zero participants, something which is pos-
sible to achieve in the implementation of the Hungarian
algorithm. In the case where a position may have more
than one available slot, we create multiple columns in the
weight matrix for the same position, thus maintaining the
constraint on position assignment, without adding any ma-
jor computational complexity.



Application Use and Payoff

This version of the position assignment tool was developed
in 2012 and has been in active use since then. For the IT
FCG program, the tool is used once yearly as part of the
FCG Carousel process. The metrics related to total satis-
faction are used as a bellwether of how well the process is
performing. Prior to 2011 performance metrics were either
not kept or were largely unavailable. Anecdotally it has
been said that participants were usually satisfied with the
assignment results, and it was primarily the time cost of
doing the assignment task manually that led to the change-
over from the manual method to the automated Frontline
Solver-based method. In Table 6, the metrics for the years
2011-2014 are shown.

Year | Pop. Sa:i;fgz:m First SecondChmce Third | Fourth
2011 59 80.0% 55.9% 25.4% 16.9% 1.7%
2012 80 82.2% | 63.8% 23.8% 8.8% 3.8%
2013 120 81.6% 65.0% 22.5% 10.8% 1.7%
2014 145 77.2% 55.9% 28.3% 9.7% 6.2%

Table 6: 2011-2014 FCG Carousel process statistics.

This data shows that since its implementation in 2012,
the new position assignment tool has been able to complete
the assignment successfully and it has more or less main-
tained the level of satisfaction experienced with the previ-
ous version of the tool.

The position assignment tool has also been modified for
use with position assignment tasks in other areas. These
include the IT Summer Intern program, as well as the Ford
Finance College Foundational Program (CFP.) Performing
the position assignment for the intern program is identical
to the FCG task, with the exception that interns do not pos-
sess seniority, meaning a different weight function is used.
Table 7 shows the results of the Summer Intern position
assignment from 2012-2014, performed using our new
position assignment tool.

Year Population Sang:‘iﬁgon
w12 25 59.7%
2013 48 74.0%
2014 54 51.7%

Table 7: 2012-2014 IT Summer Intern Program process statistics.
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These satisfaction ratings are much lower than what we
have seen with the FCG program. The reasons for these
lower ratings is not due to a failure of the position assign-
ment tool, but rather an issue of the program itself relating
to the viability of the position offerings. This issue will be
further discussed at length in the Future Work section of
this paper.

The CFP task is slightly different in that it is already
formed as a minimization problem. The CFP program uses
very large numbers in the weight matrix as a means of pre-
venting participants from ranking positions they are ineli-
gible for by program rules. This enforces a constraint on
the participants that is not necessary in the FCG solve since
this task is already handled by the online selection tool.
The choice of using very large numbers means that any
solution that contains an invalid choice will invariably
have a higher weight matrix score than any solution con-
taining all valid choices. Since this is a minimization task,
this essentially prevents all solutions with invalid choices
from being considered. This allows the CFP program to
induce participants to explore other areas, in much the
same way as the IT FCG program uses the business and
technical role designations. Table 8 shows the results of
the CFP position assignment process from 2012-2014.

Choice Assigned

Date Pop. Score to Non-

First Second Third Fourth Fifth Choice

W31 | 442 |51.6% | 22.6% | 129% | - - | 129%
2013-

W20 | 223 | 65.0% | 25.0% | 0.0% | - - ] 10.0%

141 | 30 |41.5% | 41.5% | 14.6% | 2.4% | 0.0% | 0.0%

Wl 15 | 29 | 40.0% | 40.0% | 6.7% [13.3% | - | 0.0%

S| 14| 128 | 50.0% | 7.1% | 14.3% | 143% | 7.1% | 7.1%

Table 8: 2012-2014 CFP Program process statistics.

The score column in Table 8 relates to the sum of the
weights of the position assignment that was used for the
corresponding year. This value is similar to the satisfac-
tion score in the IT FCG position assignment process, but
since the assignment task is one of minimization, a lower
score represents a better outcome. One unique point about
the CFP program assignment task is that the number of
choices is variable. The CFP program allows participants
to choose from position areas, rather than specific posi-
tions, and each position area has a fixed number of availa-
ble positions that must be filled. The result is under some
circumstances a participant will be assigned to a position
area that they did not choose. To alleviate the problem the
CFP program organizers offered more choices; this ad-
justment has improved the results but has not solved the
issue.



The position assignment tool has also been modified to
perform a buddy assignment task for both the IT FCG pro-
gram and the IT Summer Intern program. This ancillary
task is similar to the position assignment task, but rather
than attempting to assign participants to their desired posi-
tions, this task attempts to pair each participant with a bud-
dy, which is essentially an employee who volunteers to
serve as a friendly point of contact to the new employee or
intern. This matching is performed by comparing various
attributes of each employee. These attributes include shar-
ing the same supervisor, working group, office building,
and university affiliation. Based on these scores the sys-
tem attempts to find the best match between buddies and
recipients. There are currently no metrics to determine the
fitness of this process, other than anecdotal evidence that
people find it easier to communicate when the person they
are paired with is collocated with them.

Application Development, Deployment and
Maintenance

The initial development was done in early 2012 by a single
developer, creating a standalone Java application. This
task took approximately 20 hours to complete. An addi-
tional MATLAB based tool was concurrently developed,
but later abandoned because of lack of interest and
knowledge of MATLAB programming. The tool has un-
dergone other small improvements by a team of developers
in the meantime, mostly focusing on integrating the pro-
gram in with the other parts required for the FCG Carousel
process. The tool is currently run as a standalone Java ap-
plication that can be run in either a desktop or server based
environment. Since it processes data to and from and Ex-
cel spreadsheet, it can be run separately from the other
support parts of the system, provided the required prefer-
ence and position data are present.

The position assignment tool so far has required minimal
maintenance. The exception being minor formatting
changes to coincide with changes in the Carousel process,
or for integrating the tool with other process, such as CFP
assignment and buddy assignment. The tool was designed
as a standalone process that can be updating with a mini-
mum of impact when the other aspects of the overall pro-
cess are tweaked from time to time, as one would expect in
a vibrant program. Updates are provided by a group of
FCGs who volunteer to maintain and support the Carousel
process during their tenure.

Conclusions and Further Work

The objectives of this paper are two-fold; to explain how
the use of combinatorial optimization can be used to pro-
vide a best-fit position assignment on an enterprise-level,
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and to demonstrate its benefits as well as issues that can
arise from its use. The position assignment tool we devel-
oped allows the IT FCG program to continue to use their
Carousel process unchanged, whereas it could not have
using the previous version position assignment software.
The tool has also shown its ability to adapt to other related
tasks with reasonable levels of success. However, there
are some issues with the process, unrelated to the position
assignment tool.

The falling satisfaction rating scores observed in the IT
FCG program (Table 6) and more so in the IT Summer
Intern program (Table 7) are likely related to the increasing
membership of both programs, and a decrease in position
availability. Like many instances where people are asked
to choose their preferences from a shared set of resources,
collisions within preferences is likely to occur. In this case
we assume that since each user is attempting to maximize
their career satisfaction there will be certain positions per-
ceived to be better than others. These positions receive
more attention than others, leading to conflict over key
positions. Anecdotally, we have noticed over the past few
years that certain positions, typically ones associated with
popular technological trends, tend to garner more interest
than others. Since these positions often have only one
opening, if several people choose that position only one
FCQG is receiving their top choice and the others are receiv-
ing a less desirable choice, which we can see represented
in the satisfaction scores.

One possible solution we attempted to resolve this was
to provide a wide range of positions. We felt that when
soliciting supervisors for positions that more would be
better, and by offering a wider array of positions, we hoped
to diffuse the trend of participants gathering on specific
positions. It was decided that a 2-to-1, position to partici-
pant ratio would be a good guideline for the number of
positions. However, this is easier said than done, and it has
since proven difficult to find enough meaningful positions
to meet this goal.

The Table 9 shows a breakdown of position to partici-
pant ratios, along with the corresponding satisfaction rat-
ings for the years 2011-2014.

Year Positions Number of Ratio Satisfaction
Available Participants Rating
2011 100 59 1.695 80.0%
2012 196 80 245 82.2%
2013 197 120 1.642 81.6%
2014 271 145 1.869 77.2%

Table 9: Comparison of Position-Participant Ratios and Satis-
faction Ratings.



This data shows that when the position to participant
ratio was less than 2, satisfaction ratings for that year were
slightly lower, but it falls short of showing a direct correla-
tion between this ratio and the satisfaction ratings.

Investigating further, we noticed that many positions
receive little or no interest at all. In Table 10 we show the
number of positions that were selected by less than 2% of
users and those that were not selected at all.

2011 100 59 48 3 49 0.831 80.0%
2012 196 80 46 66 84 1.05 82.2%
2013 197 120 127 15 55 0.458 | 81.6%
2014 271 145 161 62 48 0.331 | 77.2%

Table 10: Comparison of Effective Position-Participant Ratios
and Satisfaction Ratings.

When removing the less popular positions from the total
count, we get an effective positions count, and its subse-
quent ratio to participants. This ratio falls short of having a
direct correlation to the satisfaction rating, but definitely
provides a better indicator than the simple ratio.

In the future we would like to study how user selections
are affected by the quality of position offerings. In particu-
lar we could investigate work done on user equilibrium
(Wardrop 1968) (Cominetti, Facchinei, Lasserre, 2012.) to
see if it has any application with our work. User equilibri-
um is more often used in traffic management as mainly
deals with methods of finding a point of equilibrium be-
tween users attempting to use similar routes on a system of
roads. Finding an adequate means of sharing limited re-
sources while keeping the participants content, is very
much in line with the issues we are facing.

A question that often arises from this work is whether or
not participants are able to effectively game, or influence
the outcome of the system, and if so, how? The ways that
the system could be influenced fall into two general cate-
gories. One relates to a fault with the technical process
itself, and another relates more to social engineering.
From a technical perspective, there is no evidence that in-
dividuals are working to influence the final outcome, but it
does not mean that it is not happening. It is very likely that
this system is susceptible to collusion between individuals,
and that is an area of interest for future research. From the
social engineering perspective, there is already anecdotal
evidence of individuals attempting to influence the out-
come of the position assignment in ways that are totally
above board. One method has an individual ranking all of
their position choices in a particular popular working
group, thus guaranteeing themselves a spot somewhere in
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that group. Once in that group the individual works to alter
their job duties from the original specifications, such that
their job description effectively becomes the position they
truly desired in the first place. There is also evidence of
individuals with more esoteric taste in positions soliciting
supervisors to submit positions to the Carousel, primarily
because that individual feels that no-one else would be
interested in it, thus leaving that position completely open
for them to take. Individuals are often known to take posi-
tions from a less desired category (business or technical)
first, thus giving them a higher weight when competing for
positions that they truly desire in subsequent years.

Another area of interest centers on the performance of
position assignment tool. We have not confirmed it is ro-
bust enough to handle an increased load. The FCG pro-
gram continues to grow and at some point it may become
so large that the performance of this tool may suffer. In its
current state the position assignment tool runs as a single-
threaded process, primarily because the implementation of
the Hungarian algorithm it relies on was also written as
single-threaded. It might be necessary in the future to in-
vestigate other similar algorithms that support parallel pro-
cessing (Kollias, et. al., 2014.)

The FCGs give generally positive feedback about the
Carousel process; however, large corporations are under
continued pressure to improve their employee development
programs to recruit the best employees. We could explore
other techniques for solving the assignment problem using
genetic algorithms, cultural algorithms, or other techniques
that may lead to better results. (Bowman, Briand, and La-
biche, 2010) (Soza, et. al., 2011) (Reynolds and Kinnaird-
Heether, 2013.)
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