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Strategic Planning in Field Service:
Trade-offs Between Field Engineers and Inventory

In practice, budgets for staffing of field service support
and for spare parts inventory investment are made without
regard for the interrelationships that may exist among
customer service levels, field engineer utilization, and
spare parts fill rates. This paper presents a rough-cut
optimization model used to explore qualitative insights into
the trade-offs among these variables. Extensions to the
model include multiple customer classes and rmultiple part
types.



I. Introduction

The rapid rise in the technological complexity of
manufacturing environments during the past several decades
has shifted the burden of equipment repair from the user to
the original manufacturer. A general "handy man" is no
longer a sufficient maintenance and repair crew even for a
small manufacturer. However, the cost of training a crew to
repair the diverse pieces of equipment found in a modern
factory is enormous. Therefore, equipment manufacturers are
receiving increased pressure to provide repair services as
part of the lease agreement, as part of the sale contract, or
as a distinct, marketable product.

Since, in general, the equipment is too large, too heavy,
and too expensive to ship to a repair facility, the original
manufacturer must provide this maintenance and repair at the
permanent location of the eguipment. This on-site repair is
called field service. Hence, the field engineer must travel

fo the customer's location to perform the field service.

Given a fixed budget to provide both a crew of field
engineers and their spare parts kits, the strategic planner
has a continuum of options, e.g.the more field engineers that
are used, the less money available for spare parts kits. 1In
this paper, we build a rough-cut optimization model to

examine the trade-offs between field engineer staff size and



spare parts kit composition. Our model minimizes the
expected total service time subject to a budget constraint.
In addition to finding the optimal balance between inventory
and field engineers, this model allows a marginal analysis of
an increased budget.

The current literature which addresses strategic planning
in field service support falls in three basic categories.
The planning of the field service staff size (or equiva-
lently, the area one field engineer can service) is studied
by Hambleton[82], who develops a rough-cut model by equating
the expected number of required service hours with the number
of service hours provided by N field engineers, and by
Smith[80], who determines the area one field engineer can
service and achieve a desired average response time. The
second category of literature is the spare parts inventory
kitting problem, which has been stud}ed extensively. The
most influential papers to our work include those by
Graves[82] and Mamer and Smith([82]. Fach of these authors
minimize cost subject to performance criteria constraints;
however, we maximize the performance criteria subject to a
budget constraint. The final category is the evaluation of
customer service level, which is primarily done by

Agnihothri[88]. Each of the authors maintained a separation



between the three categories. Our model, however, considers

the simultaneous determination of the number of field

engineers and the spare parts kitting. We want to formalize

the following program:

minimize E( Total Service Time)

s.t.

E(field engineers cost) + E(inventory holding cost) < Budget.
In order to develop our model, we make some basic

assumptions about the field service operation. First, we

assume historical or hueristic estimates are available for

the travel time between customer sites, which is assumed

constant and independent of the number of field engineers.

We assume that the repair time is constant once the necessary

parts are procured and that an estimate of this repair time

is available. The service request arrival rate, denoted by

A, is known and constant. Finally, we assume that the calls

are handled in a first-in-first-out (FIFO) manner, equally

divided among the field engineers.

II. Realizations of a service call
In order to understand the expected total service time, let

us first examine the possible realizations of a service call.



As Figure [1] shows, the first activity initiated by a
customer call is phone diagnosis by the hot-line attendant
(Dq) . This phone diagnosis may be as simple as questions
such as "Is the machine plugged into the wall socket
securely?" or it may be as complex as an expert system using
a detailed knowledge base of the machine. The phone
diagnosis may be sufficient to resolve the customer’s
problem, which would complete the service. Denote the
probability of the diagnosis not being sufficient by p;.

If the phone diagnosis is not sufficient, then the
customer's request is added to the gqueue and the customer
begins his wait for the field engineer to arrive (Wgl).

After a random amount of time a field engineer is assigned to
this call, and begins his travel to the customer's location
(T) .

Upon arrival, the field engineer begins the on-site
diagnosis (Dy). With probability p2 the field engineer finds
that a replacement part is required. In this case, the field
engineer may obtain the part from his spare parts kit, the
local depot, or the central warehouse. If the part is in the
kit, then the repair may start immediately (Rp). With
probability (1-p,), the field engineer finds that no part is

needed and only machine adjustments are required (Rp).



When a part is required, let p3(K) be the probability that
the needed part is not in the kit. Note that p3(K) is a
function of the spare parts kit. If the part is not in the
kit, the field engineer must decide whether to break the
repair, leaving to service another customer while the part is
being delivered, or to continue the repair, waiting at the
current customer's site until the part arrives (Lpg) and then
completing the repair (Rp). Let Py be the probability of
breaking the repair given the needed part is not in the kit.

The decision of when to wait and when to break the repair
is one of the many policy decisions which affect the customer
service level. The handling of the call after the decision
to break the repair has been made is also an important policy
decision. One policy example is to break the repair only if
the part delivery is expected to take more than two hours and
once the part has arrived at the customer's site, complete
the repair as soon as possible. 1In this policy example, the
queue of calls may be thought of as having two classes of
priority customers, where the high priority class are those
customers whose repalrs were broken while the parts were

being delivered. A break-of-repair policy should attempt to



balance the extra travel time involved in leaving and
returning to the customer with the part acquisition timef
If the repair is broken, the customer experiences
additional waiting times for the part to be delivered (L), in
the queue for a field engineer to be assigned(Wg2), for the
field engineer to travel (T), and finally the repair time
(Rp) .
From this diagram we can calculate the expected total
service time for a customer as
E(T.S.T.) =Dy + py[Wql + T + Dy + (1-Py)Rp * p, (1-p5 (K) ) Rp
+ pyPg (K) (1-py) (Lypg+Rp)
+ pyp5(K)py (L + Wq2 + T + Rp) ]
where
Wgl = E(Wait in queue for initial service request)

Wqg2 E(Wait in queue for return of field engineer after

Il

the repair is broken)

Lpg = E(Part Acquisition time when field engineer is

waiting)
L = E(Part Acquisition time when repair is broken)
Ry = E (Repair time when no parts are required)
Rp = E(Repair time when a part is required)
T = E(Travel time between customers) .

Since this model is concerned with the general trade-offs



between field engineers and inventory, let us assume that Dq,
Dy, RA, Rp, and T are constant and independent of the number
of field engineers and the inventory which they carry. Also,
note that pj is dependent only on the phone diagnostics, pp
is dependent only on the equipment repairability, and pg is a
policy decision. Therefore, each of these probabilities are
independent of the number of field engineers and the spare

parts kits.

ITI. Model 1

For our first model, we assume that the repalrs are never
broken, that the customer calls are handled in FIFO order,
and that the field engineers follow an (s-1,s) inventory
policy. We also assume that the field engineers carry
identical kits of one part type and have no interaction with
each other. Additionally, the call dispatch policy is
independent of the current inventory status of the field
engineers. Therefore, p3(K) is the complementary Poisson
distribution, denoted P(K), and Wgl can be described with the
standard M/M/x wait time in queue formula.

In order to use the wait time in queue formula, we need a

service rate for the field engineers. In our model, the



service rate depends on the expected part acquisition time.
So we approximate the service rate with
W= 1/ (T+R+p1poP (K) Lpg) .
Let B denote the total available budget, Crp denote the
annual cost of a field engineer without a kit, and H denote
the annual holding cost of one part. Assuming a simple

budget constraint leads to the following model:

&.X %=1 N . -
min (x—EL)l(z:MZ nzoi—(%—) + —}-{1—'-(%—) (;E%L:X) + p,(1-PRR, + pP,PK)(LrstRy)

subject to: xCpy + xHK S B

x and K are non-negative integers.

where
x = number of field engineers
K = number of parts to carry in a field engineer’'s kit

Since the objective function is non-increasing in the
inventory variable for a constant number of field engineers
and the number of field engineers is discrete, we solve this
model by evaluating the objective function for various values
of x with the inventory being set as high as possible under
the constraint. Therefore the optimal value is the minimum
objective function value over all the feasible values of x.

Although we evaluate the function for various values of x,



this procedure is efficient since a lower bound on x is
(M), an upper bound on x is (B/Cpg), and the waiting time
in a queue falls rapidly as the number of channels is

increased.

Iv. Model 2

To enhance the basic model, we first assume that there is a
positive probability that the repair will be broken. The
customers now fall into two classes: the high priority class
customers are those customers whose repairs have been broken
and are waiting for a field engineer to return, while the low
priority class customers are the customers who are waiting
for a first visit from the field engineer. We now use the
queueing theory results for an M/M/x queue with two priority
classes. Both classes must have the same service rate in
order for the derivation of the expected waiting time to be
tractable. Therefore, we use a weighted average service

rate:

1 _ 1
33 (1+P1P2P3(K)p4)

[p,T+p,(1-p,)Rs + p,P,(1-p3 (KR, + P1P2P3(K)(l"p4)(Rp+LFE)]

Plpzpa(K)pz;
(1+p1p2p3(K)p4

(T + Rp)



In addition, we can extend the basic model to include
different part types. Each part type has an associated
annual holding cost, Hj, and an associated probability of
being the required part, GI[i]. Allowing multiple part types
adds another dimension to the optimization of the model,
which we handle by using dynamic programming to optimize an
inventory allocation submodel. For this inventory allocation
submodel, we have adapted Graves' model for spare parts
kitting to suit our objective function and budget constraint.
This model assumes that the kit is restocked between each job
and therefore either zero or one part of each type is carried
in the kit. Now the variable K denotes a vector of size NP,
where NP is the number of different part types. Assuming
independence between part types allows us to write our

inventory allocation submodel as follows.

NP
max py®) = | | a~e)

i=1
NP

S.t. Z XHiKi S B - XCFE

i=1

K, € {0,1} for 1 <1i < NP

The optimization of model 2 is done by repeating three basic

steps: 1) set the number of field engineers, 2) optimally



allocate the remaining budget using dynamic programming, and
3) evaluate the objective function. Again, knowing upper and

lower bounds on x makes this a reasonable procedure.

V. Trade-off Analysis for Urban Environments with a
Local Depot
A. Breakdown of Total Time in System

In order to begin understanding the trade—-offs between
field engineers and inventory, we have developed a graph of
the breakdown of the expected total time a customer spends in
the system. This graph also shows the optimal number of
field engineers and the optimal kit composition for a range
of budget values. See Figures [2], [3] and [4]. The total

expected time in the system is broken into three parts, Sq,

03]
',._l
}

= py(Wgl + T + Dp) + py(1-pPp)Rp + P1P2Rp

€]
)
!

= p1P2P3 (K) (1-py) Lpg

S3 = p1pPppP3 (K)py (L + WgzZ + T)
S1 includes the initial wait for a field engineer, the first
travel time, and the repair time, which corresponds to the
time which every customer must wait. S) is the expected time

that the field engineer waits at the customer's site for the



part to be delivered, which is dependent on the kit
composition and the break-of-repair policy. S3 is the
expected additional time incurred if the repair is broken,
including the part delivery time, the second walt in gqueue,
and the second travel time. In addition, the graph has a row
of symbols at the bottom of the vertical scale. The size of
the symbol indicates the optimal number of field engineers
and the sections of the symbol represent the different parts
in the kit. If a part is carried in the optimal kit
composition, then its corresponding section is shaded.

The parameters used to develop Figures [2], [3] and [4] are
listed in the table below. They correspond to an urban
environment with a local depot. Note that the only
difference between the three parameters sets is the break-of-
repair policy.

Parameter: T Ra Rp L Leg P1 <)

Value 2.0 1.0 4.0 1.5 1.0 1.0 0.8

Parameter:Cpp Gy Hjp Go Hy Giy Hs Gg Hyg Gg Hg

Value 55k 0.1 1k 0.10 4k 0.25 1k 0.25 3k 0.30 2k

Data Set: 20 21 22

pg-value: 0.10 0.90 0.50

The first observation we make is that whenever full kits

are carried, (i.e. the field engineer symbol is completely



shaded) the second and third times are zero. This is
evidence of the power of a full kit. If all the parts are
carried, the restocking assumption implies that the
probability that the needed part is in the kit is one.
Therefore, the upper two branches of Figure [1] do not affect
the total expected time in the system.

The second observation is that whenever the number of field
engineers is increased, there is a sharp decrease in the
total expected time in the system. This decrease is due to
the queueing theory embedded in the model. The expected wait
time in the queue is highly sensitive to the number of
servers. Also, the utilization of the field engineers
decreases markedly with an increase in the number of field
engineers.

The next observation is that whenever inventory is
decreased in order to increase the number of field engineers,
(e.g. Figure [2] at $660,000) then S, and S3 increase.
However, the additional field engineer causes such a decrease
in the expected queue time that the total expected time
decreases.

The final observations come from comparing the three

graphs. For the particular data sets used, the break-of-



repair policy of pg = 0.1 results in a lower expected total
time in system for all of the budget levels. This is due to
the lead times being so much smaller than the travel and
repair times. Also note that the optimal solutions differ
substantially. In Figure [4] with pgy = 0.9, the optimal
solution is to use fewer field engineers and more inventory.
This causes more waiting time in queue, but less part

delivery time.

B. The Effect of py on Various Budget Levels

The next graph which we use to understand the trade-offs is
a plot of the optimal total time in system for various budget
levels and various py levels. 1In Figure [5], for each pgy
level, the budget increases from the highest point to the
lowest point. In other words, higher budgets achieve lower
total expected times in the system. uIn the figure, a
sampling of budget levels is marked in order to show the
decreasing marginal return of additional budget dollars.

As the graph indicates, at smaller budgets the parameter py
has a greater effect. This is because the optimal solutions
are partial kits and therefore, the decision of whether to
break the repair must be made more often. By contrast, at

higher budgets, the optimal solutions are full kits and the



needed part is always available. Therefore, the field
engineer never encounters the break-of-repair decision and py
has no effect.

The other observation we can make by examining this graph
is that small increases in the budget at pg = 0.1 can
decrease the expected total time in the system, while at
pg = 0.9, larger increases in the budget are needed to affect
this time. The difference is due to the integrality of field
engineers and parts. Since the optimal solution at py = 0.9
usually involves fully kitted field engineers, it costs more
money to add another fully kitted engineer than at py = 0.1,

where the field engineers are only partially kitted.

VI. Extensions and Further Research

At this time, we are developing several extensions to these
models. The first extension relaxes the restocking
assumption and uses a different inventory policy for the
field engineers. The second extension allows a realistic
number of parts, which is often too large to directly use the
dynamic programming algorithm. The final extension allows
random, rather than fixed travel times. We also believe the

following research areas have great potential: non-



homogeneous field engineers, overlapping service territories,
and alternatives to the FIFO service discipline. Non-
homogeneous field engineers are field engineers whose skill
level, training, or experience are different enough to result
in service rates that are dependent on which particular field
engineers is serving a particular customer. The overlapping
service territories provide the opportunity to increase the
average field engineer utilization and to decrease the queue
length. Many companies who provide field service do not use
a strictly FIFO service discipline, but instead combine FIFO,
customer priority, and nearness to a field engineer's current

location.
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