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Optimising Business Rules in the Services Sector

Alan Dorme

Abstract—Business rules are widely used within the services Business processes are also important to bothetwces

sector. They provide consistency and allow rel&ivmskilled staff

to process complex transactions correctly. But ehare many
examples where the rules themselves have an iropatie costs and
profits of an organisation. Financial servicesnsgort and human
services are areas where the rules themselvesgzact the bottom
line in a predictable way. If this is the case, hzam we find that set
of rules that maximise profit, performance or costo service, or
any other key performance indicators? The manufacfu energy

and process industries have embraced mathematutahisation

techniques to improve efficiency, increase producand so on. This
paper explores several real world (but simplifigddblems in the
services sector and shows how business rules captimised. It

also examines the similarities and differences betwthe service
and other sectors, and how optimisation techniqoedd be used to
deliver similar benefits.
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I. INTRODUCTION
USINESS rules in the services sector are aboutingid

and manufacturing sectors. This is particularly ami@nt in
manufacturing as many important parts of the bgsingre
about processing physical items rather than inftionaand
rules themselves are not sufficient [3]. The humesources
and physical resources which are used, both cosemnd his
has naturally led to the concept of business psoces
optimisation where the sequencing of tasks, allonatf tasks
to machines, etc, are planned to minimise costs/oand
maximise revenue [4]. Indeed manufacturing ofteasga lot
further and uses optimisation and forecasting teghes to
maximise profit based on variable demand and qaied
demand in quite sophisticated ways [5]. The keyedshce
between manufacturing and services is that, to fheient,
manufacturing strives for repetition (i.e., we malkmge
guantities of the same thing). In services the @imore for
consistency, that is, the customers are often reifite with
different situations and needs but if two customams the
same, then we treat them the same.

decisions. As information is processed, decisions a Optimisation in the services sector is not so wdifanced.

made and further information is generated. For g@tama
customer enters a bank and asks for a loan. Intivmas
gathered about the customer and what they want, thad
result of analyzing that information other informoat is
generated, e.g., the customer is accepted formadba certain
value with certain repayment profile, etc. The eotr
application of rules enables consistency and manage by
exception. For example, a skilled and experiencedgn is
not required to be present at every consultatiefste only
needs to engage where their judgment and/or aplpiisva
essential.

Business rules are essential to the services sdotor
consistency: if two customers present as the sanm not
acceptable (or indeed sensible) to treat themréifitdy. And
in the last 20 years or so there has been an BEréga

computerisation that enables not only consistenayt b

monitoring, enforcement and flexibility [1]. Theseftware
systems, called business rules engines, enablaisag@ans to
build and maintain sophisticated sets of rules taat control

Business rules are fundamentally designed for coress and
consistency. Two notable exceptions are staff rogjd¢6] and

supply chain optimisation [7]. Rostering is wideised for the
purposes of having the right number of people (@odnore

than is necessary) with the right skills, in thghtiplace at the
right time. This is motivated by cost reductionchese people
costs are very significant in the services secaipply chain

optimisation is about tasks, such as supply, storagd

distribution, the allocation of resources to tasks] the order
that tasks are performed.

So, broadly speaking, an organisation may havet righ
number of people, with the right skills, all doitige same
thing (in the same situation) by using the sameénss rules.
But could it do better, and serve its customergebeby
optimising business rules?

I1. OPTIMISATION IN THE CONTEXT OFBUSINESSRULES

In the following section we look at three simpldie
examples where business rules have an impact enoey

and monitor many thousands of staff and millions Ofyofitability and customer service. In each caserablem is
transactions, in real-time. They also enable rtddse changed presented and a solution is developed. The probmseal

to reflect changes in business circumstances. Bbilew pyt have been deliberately simplified for the puem of this
business rules deliver consistency, they do natraatically gyercise.
deliver efficiency or maximise customer servicerevenue.
For further information see [2]. A.Loan Application Example

In many situations in the service sector actiorsbased on
information which is either available or can becigdid from a
customer as part of the interaction. A simple examp
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The customer can decide on a number of options (
much? How long? Secured or unsecured? Include megat
protection insurance? and so on). On initial appion, some
decisions can be automatically made either by askilled
worker orthe back end of a website using business rules
possible outcomes are essentially decline, refgrallmore
skilled and/or experience staff member) or approvee
business rules will use information (such as thstamers
income and/or credit history) and/or combinations «
information (such as the ratio of loan to the costcs income
to decide which category the customer should beeplan.
See Figure 1 for a simple diagram which consideve
factors: loan amount and customer income. The fudve an
impact on the business in a number of ways. Congiue
decline/refer interface. If the rule is too consgive ther
more customers are turned down leading to a losssihes:
and customer unhappiness; if the rules are moreeasgige
then more astomers are referred (which costs money)
may ultimately be declined. Similar consideratiapply to
the refer/accept interface. So even in this ovepkfied case
there are tradeffs and an optimisation problem to be sol
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Fig. 1 Busines&ule for Screening of Loan Applicatic
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The business rule illustrated in Figure 1 may latest as
follows:

IF (loan/income) < accept_limit THEN approve =1

ELSE IF (loan/income) < refer_limit THEN refer =ué

ELSE decline = true

In order to treatthe loan acceptance problem as
optimisation problem, we need some further infofarasuch
as:

» the probability of default as a function of Ic
value/incomeX)

» the losses associated with def

» the additional cost referring an applica

» the value of a customer

+ the distribution of income/loan value across
customers

Let us assume that:
«  P(default) =¢/ 100 whereis the loan/income rat
e Cost of default per customer:
» Cost of referral per customerR:

* Value of customer vV

e Xxis distributed uiformly over [0, 10]

* Referral reduces the rate of default by 75% i
rejects 50% of applicatior

* The objective is to maximise rever.

We have to choose parametex; andx,, for the interfaces
between rejection and refer The cost function is given by:

Value of customers automatically accepted

Vy = V. xl/lo
Value of customers accepted after referral

vy = (v = R). 1/, 2 =¥/
Expected cost of defaults

2
c= D/1000 {f;lxz.dx + f;‘lzx /8.dx}
Total value minus costs
vyt v,—cC

Differentiating, thevalue of ¢ stationary point is given by
the equations:

400(V + R
xf = 400C )/7D

400V —R
x5 = ( )/D

Intuitively these make sense. If the valueD increases,
both parameter values go down; ilincreases, both parameter
values go up, and if R increases thep between them
decreases to the point where there is no gap wher6V/8.
With V = 15, R = 5 and D = 100, the maximum valsk
achieved at (3.38, 6.32).

This simple example illustrates the gell approach of
finding the measure of system performance as atibmof
some parameters, then finding the best values fiese
parameters.

B. Debt Waiver Example

Another example that creates an optimisation probig
one of debt waiver. Data is normallvailable on the recovery
rates of debts of various sizes and the cost df teeovery
(administration, legal fees, etc), at the interisecof this line
and the recovery cost, we can read off the valuahe
minimum debt that is economical to enfo
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Fig. 2 Debt Waive
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C.Transport Rules

It is quite common in transportation systems toehaves
governing disruptions, e.ga train is late or disable or
conflict, e.g., two trains requirinthe same track at the sal
time [8]. A typical problem is wdit to do when trailA is late
and there is a connection to another train, tB. Typically B
waits for up to a maximum cut-of€) for A where 0 <c <f,
wheref is the time until the departure of the next ti

The trade off in choosing is the inconvenience 1
passengers in traB, for waiting, against the inconvenience
passengers in trails for having to wait for the next tra

r 1
I Passengers ini A Waits for B up to cut off and then catch next train I

Delay

7 | RAWaite far intna it aff and then denarte |
i i H

CulOIf, ¢ Lateness of A’ ——»

Fig. 3 Transport Rules

Max Delay, d

If we wish to be fair to passengersArandB then the best
value forc depems on the distribution of delays A and the
interval between traing, If we assume that the distribution
delays is uniform between [@], then we haw

Exp(additional dela) = (d - o). (/,)

Exp(additional dela) = 1/,.¢*/,

For equal inconvenience, we have:

d-o.f =</,
c2+2cd—df =0

This is a quadratic equation and can be solvecc. For
example, wherd = 10 mins and = 20 mins,c = 8.33 mins,
close to the maximum delay anticipated.

In addition, there may be benefits to considerimgriumbe
of passengers in traimsandB to genuinely make the rule fe

D.Other Examples

There are many other examples of rules that affiee
performance of an organisation. For example in ipt
services we have the concept of triage where cases ao
and the problem is to determine the urgent casbs iB
particularly important in health and social seryiseich a:
child protection. But a good definition of urgeegjuires a ruls
and parameterst s no good classifying too many cases
urgent if that is out of step with the availablsaoerces; yol
simply create a queue later on.

There is also the problem of fluctuating demandleR
must remain relevant even when demand is char

Ill.  THE ADDITIONAL OPTIMISATION CHALLENGE

As mentioned above, work has been done in bus
process optimisation. That involves the structureé ardering
of tasks in order to minimise time, minimise coshmaximise
throughput. The key feature in the examples abow
probability. In the first, it is the probability &h a customer,
pursued, pays up. In the second it is the proltphufidefault,
and in the third it is the probability of delay. fe there is
range of customers, or requirements, or exterrabis that
impact the business problem needs to be consider¢de
optimisation of rules.

A.Real Life Problems

Real life problems are more complicated. For example:

* In the loan example there will be more than
criterion. Credit history or value of security malgo
be taken into accoul[9]. The interest rate may vary
with credit rating or size of loan, affectil
affordability.

e With debt waiver there may be adonal rules (also
subject to optimisation) that govern recovery
affect the cost. For example it is not unusualdielots
above a certain size to be subject to mandatosi
action

* In transport there are additional complicatic
People travel in botldirections, there are knock-on
effects of delays around the netwcand the concept
of fairness may be difficult to sell to custom[10].

e The order in which rules are applied is ¢
important. For example, servicing customers c

money so finding ol sooner rather than later that a

customer does not qualify for a loan is an adva
e The rules that need to be applied to minimise oo
maximise profit may not be evident or obvious. &
have no explored every possible rule, in ew
possible combiation, then we cannot be sure that
have the best set.
But having said this, these simplified real worldeples
demonstrate that:
e There are optimisation problems even wit
construction of simple rul
e They can be posed and sol
e One or more probality distributions are often
important

IV. PARALLELS WITH MANUFACTURING AND OTHER NON-
SERVICE INDUSTRY

As previously stated, manufacturing has typicatigussec
in business processes rather than business rutesepd ake
up of optimisation techniques is mmon with a number of
key elements [114s follows
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A. Long and short term demand forecasting V.How TOADDRESSOPTIMISATION PROBLEMS

Demand forecasting is a vital element of any foowar In order to optimise we need to identify the demisi
looking optimisation of decision support. Technigueave variablesx, create the cost and constraint functidife), and
been developed to combine stochastic and detetiinisc(x). The latter two are essentially models which meypased

variations in demand that could be applied to thevises
sector.

B. Strategic optimisation: process design and investment in
resources

The key issue here is to match equipment capagitjyé
anticipated long term demand. This includes investimrand
capacity planning.

C.Tactical optimisation: production planning and resource
allocation

At this stage the rates of production are decided the

production task is allocated to the most approeriafficient
capital and human resources.

D.Operational optimisation: production scheduling
This deals with short-term variations

in demand and

on a fundamental understanding of the process,rarabdata

or a combination of the two. In manufacturing madehey

are readily available as the performance of machiaed

processes in generally understood. In the serdctosthis is

more difficult due to the variability in staff perimance and

customer behaviour. For example, for the loan appbn

example, there are several relationships that neede

determined:

*« What is the relationship between loan/income ratio
and the probability of default?

¢« How good is the referral process (e.g., proportbn
false positives; acceptances that should have been
rejections; and false negatives, rejections thatiksh
have been acceptances)?

¢ What is the average and variability of cost of the
referral process?

schedules production to meet current and short termsimilarly in the debt waiver problem, there are:

anticipated demand.

The provision of services consists of a seriegetdted
tasks that are carried out to satisfy the needsafstomer (or
customers). We can draw some similarities betwdwse
issues and the services sector. There are even deeper
similarities. For example in manufacturing theretlie so-
called lot sizing problem which is to determine thatimal
production run taking into account start-up/chamgeocost
and the cost of holding stock.

If lots are too small then start-up/changeover case too
high; too large and more stock is produced, andctie of
holding it is too high.

There is a similar problem in the services sectbens the
same customer service staff can serve customersn dhe
call centre and process paperwork in the backafiiemands
for all three can vary and to be efficient staffoehtion is
based on demand or expected demand.

There are also changeover costs as staff shut doven
activity and start another. This is similar to tle sizing
problem; shorter periods enable maximum flexibiliyd
higher overall efficiency, but make them too shartd
changeover costs become unacceptably high.

The transport problem, which

» Costs to recover debts of different sizes
e The expected recovery rate for debts of different
sizes
These sorts of relationships can be determinechbiysing

past data and fitting statistical models, but thare some
complications such as the rules (and the consigtencheir
application) that were in use at the time the deta gathered.
This may require some experimentation in additiondata
analysis.

A. General Rule Parameterisation Problem

The general problem is, given a business processt af
rules we can define an objective functidfx) that will
calculate costs for any given set of parameters dhge the
business rulesx. The optimum value of is that value that
minimises f(x) over the set of all expected states of the
business, weighted by their frequency or probabilit

The optimisation method to solve the parametedgati
problem depends on the nature of the objectivetiomand
constraints. A linear problem may be solved by kine
Programming [12]. For other problems (i.e., norén), there
are a range of methods including direct searchdigna

is case of disruptiomethods and methods that utilise information atsetond

management, is typically solved by using optimmati derivatives, such as Sequential Quadratic ProgragnBQP)

techniques to determine a new schedule.

[13]. The choice between these methods dependsmach

This is a complex and expensive process and, likge aon the nature of the objective function. Gradiemtimods are

optimisation problem, heavily dependent on the latdity of
large amounts of accurate data.

efficient but they require the function to be canbtusly
differentiable as a minimum; direct search is lefgient but

Rule-based approaches have been used in timetabighoses fewer conditions on the objective [14]. f@int

generation, particularly for conflict resolutiomdathese could
be developed further to inform the rules that tpamssystem
controllers (implicitly) use to resolve disruptionis create
greater consistency. The simple example could leel s a
way to manage delays in the system.

methods may be appropriate depending on the ruldstlze
underlying objective function relating to the biess. For
example, the cost function may be continuous, ootisly
differentiable or even linear. What happens wherimgose a
set of business rules with parameters and themniggithose
parameters? Can we draw any conclusions aboutativeenof
the new objective function?
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Given the penetration of business rule engines hia t[7]
market, another challenge is to how to populatestifevare

8
with new parameters, and then run a simulationetertine (s}
the impact on the objective function. -
9
VI. FURTHERWORK
[10]

This work could be extended and generalised in rab®u
of ways: (11
» Exploring the relationship between business rutek a

the business objective function. As discussed, how
what is the relationship between business objestive
the rules and the objective function that drives th
parameterisation problem?
*+ Can we go further than just calculate optimajis)
parameters? What about the re-organisation of rules
or their automatic generation? (14]
How do we integrate business rule optimisation veither
types of optimisation that are well established in
manufacturing such as strategic, tactical and ojoeia?

VII. CONCLUSION

We have presented some simplified (but real world)
examples where choice of business rules has amealct on
the financial and/or customer service performanéean
organisation. In all cases there is an optimisatooblem,
which has been posed and solved. One importanfusion is
that probability plays role in all of the examplésis possible
to optimise business processes without regard abatmility
since the inputs and outputs are can be considered
deterministic. But with rules, the process itsalfdriven by
external events and actions by customers, and nEton
received from customers. The rules must work ovemage of
inputs and responses and when we optimise thenust ive
for those probability distributions.

We believe that this approach could be extended and
generalised so that organisations could deternfiaeoptimal
parameters in any set of business rules in ordesatsfy
business goals such as lower costs, greater revanhbetter
customer service.

Further work could be directed towards more general
problems, understanding the nature of the paraisatiEm
problem and ultimately generating optimal rules.
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