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éperational research can do more for
managers than they think!

A review of the OR approach in action highlights the many ways OR can contribute
to more efficlent and effective management

Leonard Fortuin, Paul van Beek and Luk Van Wassenhove

How does the operational researcher
work?

When it Is necessary for maneagers to.make decisions,
OR can do more for them than many of them think. OR
has developed powerful tools for comparing aiiernative
scenarlos quantitatively, for- making the effects of
decisions visible end hencea open to discussion, and for
reducing uncertainty in complex shtuations. The OR
worker does not teke declsions out of the manager's
hands; but he does help him to improve the quality of his
decislons and to shorten the time to reach them. This is
achieved by reveeling the consequences of possible
decislons in as quamthative & way as possibla. The
Imufton, experence end common-sense of the meanager
remain Indispensable for the final two steps: the
selection of a chosen solutfon and Its Implementation.
Nevertheless, there Is something strange ebout that
Imufton: sometimes “reasonabla’ (heuristic) soludons
appear not to be the *best”. Common-sense and a
heuristic approach often fall because they are artitrary
In the selection of a starting-point in the sequence in
which cholces are mades, In the selection of critena to be
considered when charactenzing a process, and in the
amount of eflort undertaken in order to prove that the
everual “solution” really Is the best one (or almost so).
Neat examples of this phenomenon can be found in
Geoffrion and Roy (1979). They suffer from sub-

optimization, because the mutral influences of step-by-

step declislons are not taken Into consideration.
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speaking, he ks ready to belleve that the consuitant Has
fund of theoretical knowledge — but will he be able ¢
take practical cireumstances into account, and loc
constraints?

Correct problem formudation and an indication
(possible) causes offers qualitative insight, first of all -
the OR worker himself and thento the client and his sta
This{eads almost automatically to an appreciation of tt
best approach. Solution methods come into sight. On
¥ at that moment quantitative detals are required, wil tt
“1ool-kit” be opened that each OR worker has at
disposal. The client need not be more aware of that the
ha wishes.- As long as the problem Is to be eliminated ¢
desired, the selaction of tools is mostly imelevant 1o hir
What counts Is the solution ksetf, preferably at minkn
costs with (economical) advantages for his business.
quantitative analysis ks not atways requisite: sometin
the qualizative Insight galned ks sificient for designing &
improvement plan. _

——————
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The project approach In Phases 1 and 2, the consultant is heavily involved
e e in the project. Usually Phase 3 is carried out by the
problem-owner and/or his staff.

Successful application of OR is almost always
achieved on a project basis. Client and consultant draw
up an agreement describing as precisely as possible what
the consultant is to do, at what costs, how much time he
expects to need, and what assistance he desires from the
client’s organization, These are of necessity in the nature i
of estimates: adjustment occurs many times in the course
of a project.

Phase 1 — Preliminary-analysis - .—

Usually short, aiming at reconnaissance of the
problem areas and a problem description with which the
problem-owner can agree. For the probiem-owner, this
phase entails little risk. In his repoft, the OR worker
indicates the way in which he thinks the problem can be
solved and the consequences this will have for the
organization. An estimate of throughput time and costs
is usually indicated.

In practice the three-phase approach shown in F igure
2 has proved to be very useful.

Figure 2: Summary of the steps in an OR project
Phase 2 — Working out the proposed solution

Activities Description
Often this phase includes making a model of a piece

Phase 1 General survey  Discussions with client of reality (e.g. the factory, the department, the group of

and staff. machines)_relevant to the problem. Experiments with the

Interviews, study of model provide insight into the interdependency of many

documents. parameters and reveal "which dials the manager has to

Global problem turn” and to what extent, in order to obtain a desired

description. result. This project phase_produces conclusions and

_Q_qner__atign of ideas for a recommendations. In the course of this phase,

possible approach. ™ intermediate reports are produced at the customer's

- ) request or if the OR worker feels the need for it.

Reporting - Outline of resuits to be Instructions for the implementation of the proposed
gfoggtsi?‘for E—— solution are often a part of the final report.

Phase 2 Model building ~ Systematic description of. Phase 3 — Implementation
%%%[%Eﬁﬁ?é%& ~ Usually, this part of the project_is _executed by
| & model 106 & c'i_r::'lpml‘igatéd personnel o_ftl:le che__rg orgamz_at_lg]. Inthe rdge}l case, the

“only the most relevant OR worker is intensively involved in ttiag_@[r}{rtﬁ_g_“mgg
factors are taken into. he turns into what Eilon (1 984) calls a "change agent”. In
Capsend most cases, however, the client wishes the OR worker to
Wit remain in the shadows, so as not to hand over power to
Verification Discussions with client him. '
and staff: is the model
correctly presenting the
problem area, the Model-building plays an important part in
-%% o modern OR projects, often in combination with
Efdcédﬁ;és? g discrete simulation. Models offer insight and the
— possibility to compare decision scenarios with
Experiments Translation of the model each other, both in the qualitative and the |
into a computer program. quantitative sense. Almost always the computer is
Calculations in various an indispensable tool in this. The driving force
circumstances. exerted by developments in informatics cannot |
; : : : . easily be overestimated. A large part of the arsenal
Analyety nvestigation of results. of OR techniques can be used on the PC, thanks
Reporting Presentation of the most to software that is becoming more and more user- |
important results, friendly and also cheaper. In recent years, there ]
conclusions s and has been an enormous growth in the ease with |
recommendations. which a problem area can be represented by a |
Proposal for Phase 3. model that the problem-owners consider
Phase 3 Implementation Working out an suﬂfcienﬂy realist?c. Large quantities of c.?lata can
implementation of easily be stored in databases that are simple to !
recommendations. access. The opportunities for OR to real!y ;
Teaching client and/or contnbu(e to the reduction ,of uncertainty in |
§_t_aﬂt_o_w6rjcjwﬁl—:t_1“g_«r1gw“ complex industrial situations, are large. ; |
method. : |
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/— OR in action 1: Location of Manufacturing Capacity
Prise is selling a certain series Aclivities _bx_om.fmizingwa._!in_ear__ target function (e.g

ies. nd per countr Profit). laking into account 2 Number of linear
IS known. For historica reasons, there is 3 factorydin 10 restrictions (e.q, capacity of a factory, or the amount of
f the ¢ P), serving mainly the nationa| money available for fnvestments). “Mixed integer”
ion i eding — the indicates that there are discrete an continuouys

year 1993 is not far away. The ¢ attractiveness of delivery variables.
to the whole common market, froma smaller number of The dimensions of suchan LP model are determineg

pro&u‘éﬂo‘ﬁ?ﬁatres.‘fé‘ Increasing. ~The Board of by th f ; h
OFRis st easing. ™ £ _ugg@_ego__cg.u_nme.s._t.nat_baxe.mh&sef-ézed-l e
anagement of this eénterprise is faced with the decision demand “per_count th_g___n,umt:»_eL of factories, the

i 3 — MY L
iii?hvzgﬁhtgfbtgi): C nfadcggnes have to be closed and capacity of those production_cemtes,_lhe -Operating
e ’ costs, the costs of expansion (terrain, buildings
Production centres in Europe personnel) and the COsts of closing (de-investments
" arrangements for Superfiuous staff).

f Basically, it is possible to apply the model manually,
p/'j‘ i i.e. with the traditional pencil and paper However, if the
o B 40 P model has Some realistic Size, then this signifies a
) - Monk’s task. Therefore the OR worker turns to his
- 'W—Né, EnHOvEn | computer and transiateg the model into a computer

i~ program. Standard Lp Ppackages are availabye,

For the fictitious cost structure below, the Lp model
leads to the conclusion that Production has to be

expansion costs, |f those costs were three times ag

A
8 BAACELONa d

A g D 3 high, then Germany — because of itg central position
lesn o and in spite of jtg high cost level — would become the
< BN Most suitable place for concentrating production. If in

o Italy costs of éxpansion were zerg (e.g. because of an

circﬁﬂi?éjnﬂ?iﬁﬁr Pinciled Sosieicuthe following model would indicate ltaly as the supplier for ltaly ang
: i ’ Greece, while the rest of the EEC would be served by
° N principle, each facml@ﬂ%?@_’l‘i@é?é‘it_oq Ireland. (See the taple below.) o
roduce the tota] EEC need Rresently met by the 1o . . )
factories: there js sufficient space, ang the required The model used is orude: the ste of a facto ina
staff can easily be hired: Sountry piays no i, and gaen gggny):ﬁaglﬁoﬂv be |
: : supplied from one ctory. implifications of this type
" CoumaSts of expansion difer strongly Jetwech can. howsver oo removed easily. Itis also possibl g

he existing 5 ! i o ;
tﬂgheﬁs_lgg_gqury, play with it" — o find answers of 3 “what if . 2" type.
Here are some examples:

energy and Water are relatively low angd consequently

80 are the prgggg_tfgg"@&i%ﬁmm" * What would the solution look like if, in country A, the |
Production in these low-cost countries incyrs high Subsidies on investments disappear? i
Costs of transport, as the i:bqijjfjt}f_i_éfg"a_féf?;ﬁ_@fg‘g:_ﬁr e What happens if in country B demand increases or |
from the areas with the -greatest demand (e.g. decreases Substantially? !

Germany and France). * What would be the best decision wages and costs ['
i

This problem can be solved by using a mixed-integey ere the same in all of Europe?
fr"m_e__a{ : p{ogra;p_rn_‘ng mode/, Scarce. resources are ¢ If cost ratios change, €.g. because of o new oil crisis, {
a‘_ss_;g_ned_a__s_w_ef! 8s possible 1o a number _of__cor_npeting where should production be concentrated? l
II

.J FACTORY TRANSPORT AND PRODUCTION COSTS FOR:
I
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Characteristics of the OR application

Experience has shown that OR workers are less

frequently involved in solving real-life problems in

industrial organizations than is possible (given the
available tools) and desirable (in view of the need to
design, develop, produce, distribute, etc., products or
services). This may be due to managers not being aware
of what OR has to offer. The fact that it is not always clear
what can reasonably be expected from an OR consultant
is also of influence here. It therefore seems useful to list
some of the more important characteristics of the OR
consultant’s roie:

e The OR worker does not pretend to produce an
optimal solution, but one that is sound and executable
and better than the existing method.

» The OR worker does not take decisions. This task
belongs to the manager and to the staff to whom he
has delegated this authority.

e The OR worker does not provide ready-made
solutions that can be implemented without any effort
on the pant of the client and his staff. The client
organization has to carry out such activities as data-
collection, modification of methods and procedures,
and someumes even a complete reorganization.

 The OR worker indicates feasible decision alternatives
and calculates their (financial) consequences. The
manager can thus make a choice based on firmer
ground than intuition and fingerspitzengefiihl ("finger-
tip feeling”).

o T{fte OR worker determines what cost-savings can be
achieved after implementation of a developed
solution. In general, such savings are not obtained
immediately, because time is needed to eliminate
existing problems such as excessive inventory ievels.

Characteristics of the OR consultant

Especially during phase 1, when the tool-box is still
closed, the OR worker hasto rely on talents and skills that
can be obtained only fiom practical experience. During
the exploration of the problem area, it is of primary
importance to establish good ] contacts within the client
organization, to_obtain the collaboration of people who
Perhaps see no problem at all, and to Create confidence
in the eventual success of the project. The consultant

needs to find answers to such questions as: Who are the
key figures? What role do they play? How well (or badly)
do they work together? Which (personal) interests are
they pursuing? and What game do they play? He also
needs to have eyes and ears (and possibly a sixth sense)
for the possibility of people feeling threatened by his
investigation and therefore sabotaging his work. Right
{rom the start, the consultant needs to make clear tHat his

aim is to contribute to improvement of the local situation.
and not 1o _point_out the shortcomings of persons. in
short, the OR worker needs to be a broadly-oriented,

experienced model-builder with fesling for and” insight

into the processes of a client organization, a person”

'speaking the language of the enterprise, with professional

skills, and not a pure “applier” of OR who sees OR moaels

as the ultimate goal of his activities. He also needs 1o be

A tactory is producing printed circuit boards (PCBs)
in series from 5 to 250 pieces. The factory produces
1,000 types. Some years ago, management expected
that customers would require ever-smaller batch sizes,
with size 1 as a realistic possibility. With constant
production volume, the manufacturing method would
result in unacceptably long delivery times, as products
would have to wait between the various processing
steps (Fortuin and Korsten, 1988).

An internal project group, with experts in the fields of
production methods, inventory management,
organization and efficiency, logistics, planning and
manufacturing systems, made ah overview of possible
solutions. After studying the advantages and
disadvantages of each solution, three different
production systems remained (as shown opposite).
Then the fundamental question was: Given a cernain
workload, which capacities in terms of personnel and
equipmient are required for each of these three cases,
such that product throughput time and processing time
are equal?

External consultants were called upon. They soon
ctame to the conclusion that the proposed
manufacturing processes and the interaction of
products through the tactory were so complicated that
computer simulation was needed. Consequently, one
of the most often applied OR instruments was taken from
| the “tool-kit"

" ORin action 2: Selecting the best factory layout |

()

R
i
i
|

-
AT —— T

Simulation of the three possible systems showed that |
both the second and third systems would make ‘he -
required throughput time possible. Svstem B was
chosen because the machine for production step 3 rad
been installed just befora the investigation began. ~is
layout has meanwhile been realized: it works to the ‘ull :
satisfaction of the company.
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Application areas for QR

The analysis of processes ang Systems s, by "
definition, the most func{amental OR technique. |n OR and the compater
addition to thrs,__mathe_mancgf research has prodyced a ) ) ) )
number of OR tools of 5 Specialist charagter. Best known Software for applymg_Oﬁ techniques IS getting ever
and most frequenny used are mathematical maore powerfuianduser-fnendiy, whereaspncesconrinue
Jrogramming, network analysis, game theory, tofall. Problems which __qexperjeucgipragm
combinatorfa!ana!ysis,queueing theory, invemoryrheory & mainframe computer formerty required m n IS to
and discrete simulation. In industry, their usefulness hag ._S.Di\_LG__C_c’!I_LDO\f_\L be solveg ona. p_e‘r_sgnaigo_m_;mgu L
been proven in the controf of production processes Individual with_on| v_.an.._.e‘i.emueﬂ!m__imp_w_!gggm
(tuning of Machines, determination of buffer sizes. .Jnform.a.f!ss_-., As a consequence of the interactive moge
Schedu”ng of Operan'ons' choice of raw maten'-ajs}; in of Operatlon, the user is able to see resuits much earlier
fnven:ory control (op“mal reorder 'eVEfS, size of than hi'[herfo: Iestfng Possibilities thus DECOI’TIES an edsy

i task Merely by “pIa_)iinng" with the Computer, he

warehouses): and in the control of goods flows (control L= DY pla SVSIBM Trdarcms PULer,
i i ] constructs a H!QF._’?LOY__‘“? System under scrist ny. atfirst,

Company, “production” and “design of Production el i o ' ] ] :
facilities™ are important application areas for OR (see  Vicinity, can easily pe obtained; and the 'mplementation

; ; i Is similarty simple. Modern software also opens the
frequently Useg technique, cfos?Ty“fEfijWédBYn?EE elsin’ possibilty of Quickly Investigating simplified version of
“hich brobabilfy theory plage 21006 (See Table 2] The  ihe problom o - PC. and of judging e strengths and
most ¢ QQ![?.’IE.D’JE.Q?.OH_ project is a simulation study for weaknesses of the solution method. After that, the reaj
the desig n of _a._Pr_Qan ion line_ S = problem can be Submitted to 3 large computer.

Table 1; Applications of OR in Philips

(taxen from Fortuin and Zijlstra, 1989, in which 1gg : : : -~ = O Dy &
Projects have been analysed) “o_uz_sper“.-the'probabmty exists rha_t__.a';_.ea!:ffa_gg_!%___f?sﬂ,g
o No. of -used in tl_)e wrong way. The _335_'-‘_’“9“_0_’?? on wh:ch the
applications OR technique rests are perhaps not satisfied. The oo
) : then becomes Incomprehensibje Or misleading, or does
£ 5519n of production systems A not tally with expecteq results. Disappointment follows
Production 65 In order 10 avoid this danger, good-quality OR Courses,
Tr_anspon and storage 31 are indispensaple, ' B
Miscellaneoys= 17 ' o
Training ang Courses 13 :
Performance of systems 10 lrnp rovmg performance
esign of Systems for ransport ang storage g Generalfy stated, QH_qccupi_es_ itself Wwith the analysis

i.e. among others: portfolio analysis: Measuring ~ ("esearch) of activities (operations). it creares Gfdar in
quality of information systems: ang performance Situations that are problematic for decision-makers by
~ ' collecting relevant facts and opinions ang réturning these

esion -2 structured form to the client organization. In this v/ay

Table 2 Apphcatrons of OR techmques in Philips 8 problem, at first vague and not Quantifiable, becomes

(taken from Foryin ang Zijistra, 1989, in which 188 open to ranonaldrscussrcn Causes and possibla

CQM projects have been analyseq) remedies are identifieq It then becomes Clear which of
Technique No. of he EXES.!_.E’]Q_.QB_I?G"_’Ff.qpes_ can best be useq, ar which

applications New technique needs 1o be developed 15 Solve :he

Discrete simulation 79 problem in ha nd. )

Wailing theory models 70 Modesty. however, jg called for: OR iS no Panacsag.
Inventory models 37 and ready-made solutions do not exist, Inall cases an
Combinatoric anaysis 36 elfort is required to make the proposed soluton”
iscellaneoys* 23 applicable and effective. An OR m_qg_@f_bggérpég_éﬁé“

athematica Programmingx» 16 and helptul only after it is fed with rejiable data. Often-he

ie. among others: the ordering of facts and figures : 3
(many Projects begin with this elementary type of Sxpensig affair. The OR : N Fears
OR: sometimes it js g the client wants) create too high a level of expectation, but femain realistic

and point out that the client’s own efforts zre

contains many Lp mogels Indispensable,
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in industrial engineering circles, the merits of OR are

not fully appreciated.

It is believed that the OR worker  Ackowledgement

can think only quantitatively and in terms of models, that - 10 2 thors would like to thank Mr John Steen for his

his only aim is to use his
This misunderstanding

curricula for industrial engineering.'._ Ofcourse,a good OR _

“tool-box as soon as possible. o ;
it : el meani editorial assistan
gan be.found also in many iies

worker does have a thorough knowledge of OR £/ ypo interested reader

techniques: but his_effort is aimed at the client

organization and its pro

Geotfrion, AM. and Roy, T.J. (1879) *Caution: Common sense
planning methods can be hazardous to your corporate health®, Sloan

bem areas. In a problematic

situation he does not try to maintain the existing System. 4, nagement Review Vol. 20, pp. 3142

atall costs, which would imply finding the best parameter
e e 1 His: Eilon, S. (1984); “Types of OR workers® (Editorial), Omega Vol. 12.pp.

‘Seiting for . The OR worker devoted to his profession  gg 407,
takes a fundamentally different stance: he discovers the i
B ramLibe : ; Fortuin, L. and Korsten, AT.M. (1988): *Quantitative methods in the

system performance t

What s {0 be done in ord

hat 15 refqy!red gn_d !_hen_detgnnlnga_ field: Two case studies®, European Journal of Operational Research

er to achieve that performance_  vol. 37, pp. 187-153.
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