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£.bstract

In thss paper we describe a Decision Support System {DSS) that has beer ceveloped for the a reraft ma'nterance de-
partment of the Dutch natioual airline company at the main airport 1n the Me.herlands The ancraft maintenance depart-
ment 1s responsible for carrying out the regular short inspect.ons of aircraft between their arnval at and their consecutive
departure from the auport The main resource of the arrcraft maintenance department 1s ,1s workforce The DSS that has
been developed can be used to support the management of the maintenance depariment 1n snlving several capacity plan-
ning problems related to the size and the composition of the workforce In this paper we give a description of the capabil
ities of the DSS Furthermore, we describe the solution technique that is applied within tne DSS for determining the

required size and composition of the workforce

.. Introduction

In this paper we describe a Decision Suppor“

System' (DSS) that has been developed “ur the
aircraft maintenance department of the Royal
Dutch Airline Ccmpany at Schipho! Airport. The
Royal Datch Airline Company 15 the majot air-
Line comnpany in e vesheriands 16 Dulch i€
name of this company is “Koninklike Lucht-
vaart Maatschappij” (KI.M) Schiphol Airport
15 the »~ncmal Dutch airport. stiuated near the
Dutch capital Amsterdam

The aircraft maintenance department :. re-
sponsible for carrying cut the regular short in-
spections of aircraft between their arnva at and
their consecutive departure from the airrort The
aircraft are owned by KI.M and several othier air-
line ~ompanes. as far as these companies havr a
contrac: with the aircraft maintenance depart-

‘heen .1d Scott Morton [ 13} define a 5SS asa ¢ »herent sys-
ter of compeier based technology used by managers as an
ard 1 thed € (sion nigh 11g N SCMa- 07 LLSITUCIU wa QeLsion
task< with tbz obizctive 10 support ratner than to replace
ianagenal juogement and 1o . mprove the effectiveness of
Got a0 makirg

ment. An 1mportant management probiem to be
solved in this context is to guarantee that always
sufficient engineers with appropriate qualifica-
tions are available at the airnort for carrving ot ¢
the required inspections The DSS 1s used for
supprorting the management of tf © maintenance
depactment 1o solve this kind of canacrty plai-
ning problems The gualitv of the manienarce
department as a whole 1s ma2.ured in terms of
the service level of the department and 1n ierms
of the efficiencv of the workforce

The DS that was devetoped for the mainte-
nance department of KLM belongs to a <lass of
D855 taat fotus on suuations, wvhere the work-
10aq 01 a rc=rv.ie) d- panmen’ ¢8 e projecie
some tirne 1n advance. based on a (preferably
cyedic} iime table and a set of norms specifying
1n whicin ttme intervals and how much service ha.
to be delivered by the department Such situa-
11oas are encountered often within railway and
aishne rompanies /maintenance. caterng,
cleaning) The mentioned DSSs can be used to
determine the capacity of the main resource of
the mvolved department in sucn a way that a
global matching can be expected between the de
termincd capacity and the pryjected workload.

]
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For example, Jacquet-Lagréze and Meziani [ 1]
buil a DSS with such objectives for the aircraft
cleaning deparisent of Awr France Another ap-
wliczzion of such a 285 car pe found on Schiphol
Arrport. There a SS 1s being developed which
can be used o deiermine the required number of
gates These gates are used for transferring the
pascengers between the aircraft on the piatform
and the Arrival and Depariure Halls of the
airport

The remainder of this paper is organized as
follows. 1n Section 2 a2 more detailed description
of the situation at the airport is given. This de-
scription highhights both the workioad and the
worl.iorce of ihe maintenance department. i..
Section 2 an overview is presented of the func-
tions. the appearance, and ihe implementation of
the DSS The mathematical model that is used
within the analysis mcdale of the DSS 1s consid-
eied in Section 4. In addition, an approximation
technique based on Lagrangean Relaxation is
~roposed for solving this model. The paper 1s
concluded with some evaluating comments
Section 5.

2. Case description

In this s=ction a global descripuion of the prac-
ticai situation w:iain the mainienance depart-
ment of Ki.M at Schipuor Alrpois «» given. Firsi,
wz describe t™< principa. COmponents deternin-
ing the workload and tnc workfoice of the de-
partment. Thereaflei, the mas: management
problem of finding a global matching between
workload and workforce is consiaered.

2 1 The workload of the maintenance
deparimicni

Cenerally, it 1s required the* between the time
of arniva! and the time of de arture ot any air-
craft at S hiphol Airport the a scraft 1s inspected
and, if necessary. repaired befyre it is allowed to
take off. The inspections of t 1e aircraft of KIM
and severai other airline cornpanies are carried
cat by the aircraft mamten ince department of
KLM The major recimice | rasks ot the mamnte-
nance department are the arrval services, plat-
Jorm nspections, and reparture services of
aircraft.

Figure | shows the work -ad of the mainte-
nance departmeai on a typcal saturday as it 1s
represented by the DS5. The workioad is based
on (1) time tables, (n) contracis with foreign
companies, and (111) maintenance norms.

Since the time tables of airline companies usu-
ally have a cyclic character with a cycle lengih of
one week, the workload of the maintenance de-
partment has 2 aimilar character. Furthermore,
the workload on an average day shows some
clearly distinguishable peaks, which arc caused
by the desire of KLM to have short transfer times
between intercontinental and continental flights.

The maintenance norms specify in which time
interval each task must be scheduled and how
much time must be spent for each task. They are
dependent on the aircraft type and o the airline
cotiipany owning the arcraft. The maintenance
norias are provided by the aircraft rnanufactur-
ers, by the govcimnent, and by the airline
co.apanies.

2 2 The workforce of the maratenance
aepatment

The technical w rkfoice consists of ground zn-

gineers. These enginecrs are highly educated ~mn-
pioyces, as ther Lol 13 4 very responstblzs one.
After the p.spection of an aiicraft the engineer
thot carried out the inspection 1s respotsible for
the wehnica! condition of the aircrafi. Therefore,
a governmental rule specifies that an enginee: s
allowea o carry out the 1nspection of an aircrafi
completely individually only if he has a license
for the corresponding aircraft type. An engineer
can obtain a license for a specific aircraft type by
attending the required cnurses, passing the ex-
amuLia.rs, and getting the required amount of
=aerience in practice. This process takes several
months to several years, depending oo the pre-
vious expericuccs of the engineer From an op-
erational point of view. 11 would be optimal 1f all
ergineers would have license, for all aireraft
tyoes. Then the flexibility of the engineers woula
bhe maximum. However, a governmental rule
specifics that engineer- are allowed to have fwo
licenses at most.

The organizaaon ol tae woikfores is deter-
mined by a clustering of the engineers inio a
nuimnber of tzams, which coustitute the smaliest
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Fig i Workload on a typical s3turday

orgamzational units At this moment there are 12
teans of engineers. The assignment of engineers
tc teams 1s such that the compositions of tne
teams are (almost ) :dent:cal Each team consists
of about 18 engincers The teams have to be
available at the airpert in specific time intervals
of about eight consecutive hours {saufis). Figare
2 gives a graphical representatinn of the shifts that
are carried cat each day.

The assignment of teams to shifts is limited by
several rastrictions. For instance, {or €achi icaim
the average number of shifts per week should be
equal 10 5, and there should be at least one day
off between a night shift and a consecutive day

B €arly day shult

shife It 1s clear that 5t 1s a difiiculr maunagement
task to saticfv all the . > resuactions

2 3 Management sroblems

As was pointed out in Section 1, a2 important
problem the management is confronted with is to
guarantee that always sufficient engineers with
appropnate qualifications are avadable a1 the
airport, and thus :0 reanze a globai ma:iching be-
wwees vorkload and availabie workiorce The
cue f1ty of the matchimg can be expressed along
several dimcisions, such as ihe canected 205-
ciency of the workforce and the expected scrvice
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vel of the mandenance departiient 1he major
drpr s Lot g, (e capactty nlanmng prob-
tem o the worhforce of the mautnenance depat-
ment are summarized in Fig 3

Vaeonmately nog ali aspects vy, 3 wan be
ontiolled wothin the mamtenance ¢ paro ens
With respect to the workload, decisions can be
taken about the number of contracts with ather
arrline compames and about the introducuen of
new technoiogies which may influence the
mamntenance noins Howover, these s e s
thaviiee oo the composition of time *2bles, hoils
of Ki M nd contial companies ()1 the othe
hang, wo3* ¢ e aspe.s that determ o the g1z
and the orgarzation f the workiorce can be
conuciled withan the maintenance department to
a large extent

i

=1

©

3. Desion suppart system

Inthe ot v peneadeseniption of the DSS
tenas e evelyped for the maintenance de-
peortmentol KLV W coasider e fuuctions, the
appcaranue, dno e o wptementat o of the DSH

3L Functions of the D58

The PSS a0 ¢ used to make an ecima oF
tie future w~r g based on the time "abll, Wl
ELMand o« compamre, L the maintenance
no.as, anc o the contracts with < ther compa-
mes Moteo. . r, the DSS -an be used to evaluate
the Lndity of the moiching biween a given
worstoad a. 2 v Horer 1a th's way one can as-

SLSY L L Y i b i k. srtee vraag, . LT
Wosaitd’ e tt L g dhe oL he come
POSILOR Gl 1« Caisn the BRIRPL -

dv L Deranesen, L L G ie S <3 he

number of teems por shift Finally, the D85 can
be used to support the deternnnation o th, size
amd the composiiion of the fcams, such that a
gt mehing bevwecn vworkload and wo k-
forcr (o be exnected Critenia wsed are ihe Cifi-

o

ciency of the workfurce wnd the service level,
3 2 Appearance of the LSS

The appearance of a DSS 1s det roun by ire
User System Interface (US!). The USH providas
wie opportunity to specify comrt wne'c o 4y
mand language and 1t respond. ‘o the . com-
Mards bt a prcocaddieoit languc ge (Rew v 727 .
We have chosen a racnu ditven ¢ 3. a2l lan-
gnage whic'y was aceepteus el LW, L he
voors asatis ety 10 fearn and easy 10 2 AL we
believe ihat a ciear prau < vaa wal 700 L 1o
thousand words, we have chosen a prese=is "oun
language thae presents most of the resuiie v 1
anal' 1 agtaphica format The bigs 4 and 5
Ziv o impression of the giaph:cal capabitties
or e DSS

The dark .ureas 1t Fi, 4 show that part of e
workload v typiral saturday that can ke car-
ried out by the ava lakle engineers. Th~ sn.all grey
areas show that part of the workload tha: can not
be carried out due o msutir vt capaciiy of the
woikforce

Figure 5 shows the activities of e engincers
on a typical saturdoy, split by hicense combina-
tien. barthermoie per beense contrsion the
dOTa e 1aes 2 Spiiy Uy @ seimee syp s RS Vaflo s
pauterus o resent the vartous amciaft tyoes per
lice, > cu bingiron

How-ver, a graphicsl format 15 vaiaable s
Proyalinig 4 g onal overview of the quabity ol thegs
results, buv vay be msufficient {for providing
detaued ovu 10w Therefore, seme of the results
of the analvses can be represented both in a
praphiucal format and 1n > t+%plar format

3t implementcton oy fie DSS

From a techn i poat of view =2 NEE o,
sty Of g cwtabmve and two modules a darebase
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C e agementi mod de ang an onelvses meauld?
' latabase b _ar.amber of subdatahases Each
»  fiabgse coptains a full set of data deseribing
~n7rio The data ver scenario are spht np int+
©ore latugories brisie slata, data concerning the
W and dasa with recr oo the workfurce
Tor o catogomies 0F L dala m the latter cat-

The Chppar " Coamrocr g, o, (3 tor o, implementauon of
. datavase managerent modide dorfand’s Turpo'™ Pas: ai
56 i~ wsed for the ang b adination of the analy sie merdate
The 88 runs onan | 18 DOS'™” pursonal computer

Sunday

cgories have beenwepresented in Fig 3

T e do*abase management module prov.des
fun.tions for oLzrations or complete scenarios
a1d tune 10ns for operations on data of a 5~ lected
ccenary A user system interface, which 1g part
ot the datavase m nagemeni module, gives ac-
iy 10 these fuactions

v v s modvele enabtes the anatyses ot &
welected soonurio tur~upk functwons for oo e
ing the vorkload and the workforee, for evaluat-
v the matching biiween the workload and the
Jodforce, and fot generating < pecificatinns for
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the organization of the workforce Part of tt
analvsis modute 18 a4 uset system interface that
o istent st appearance » fhthe user system -
fiace of e database management mo nde Tae
cvaluabion frnction camulates the masnie e
ety amd resubty o detated assipnn. st o
jobw tooeagineers TLe obitated soiwds i 18 as-
sessed o erms of etficiency . service aevel,
wi lt v the main c.houlated perforiuance
dicators Fhe generavon function resuis i a ¢
siegble size and composition of the teams ¥ as,
an the workload and the Shufy pattern I the dolk
fees gsec o e mve o maee degatlee deserip-
ton of the poob oo s coasidered By the gea-

rabeh e s Twithanore, we pove 4
Jusengecun ol an approximtdtion aigentinm et
ooused for selving this bind of problemr «

A mathemaesl desermting

e arm of this section 1s to present .3 mathe-
maticat gesciipuon of the opumization probiem
thot s solved by the generation tunchon of the
anatysts soduly In order to keep the prescnta-
fon Gt e aeeh, the st frang assumptici
that there Lo ooty oue shtt and thao gs a conse-

it poined o0 e COPUIPUCUSTY AVAILGL
al the anport However 1t s easy io medify
nioded v, sta it a way tat e shifis aie taher o0
weount vartectly We suppose taat et ol
b L sd out os teen dotetsned o adedi-
Hoa, e supiose shao all stechastic elemenis can

R 1
e -

berocied B opractice vy assumpuon s also
ot v the nogners of e mainienancy
(h:}\ v vyt

MO oAy we Rave w ol ot b 1o be
atticd out Job i J1con e UNUIAUOUS DIuLess-
ol o recb o Ay <4 (Leg 1o
At e sCTalt S Lvoe o, Henee, cach job g can be
repreccnieg vateple (¢ f a) Thejobs muetbe
r oo eere e way by a number
O CHZINCRrt o ) Anuen s se asgnmed (e ave s
combimataos of hiccases v b oocifios e an
Gatt tvpes th eappmest e woewed o workon fhe
seeon ditom nt icense cqanbinations 1s denoted
By 07 For oo Cwe gssouate a cost A, with each
e oo sty o ense combinaiion ¢
e proBiom e by deteruine 4 oanamam
Csteotny ion of the workinree, ol that al

.t . Lo
ol ar el st B oL e

carrie oyt

Kyay m 177 po

vestigate the comptatizaal complexity of this
problem They show that 1 beloags to the ciasy
of NP-Hard problems The problem 1s a general-
rzation of the well-known rFixed Job Scheduling
Problem (FSP), m whech s assumed that each
envne or b s heense for each ancraft type. b ™s
fas Been tadied extensivelv by Dantnie oA
f ulkerson {4], by Gertsbakh ond C ern [5],a d
by Gupta et al {61 The result of Lerama | de
scribes the optimal eolithion of an inctance ot ER§
AL i the merem o soh acarlan g de-
«licd oy the maamum number of 1obs that must
b. carpred out simudte ~cously

Lemn v If each eagineer hay o ileense for cach
airc et rvne then the mimmimum number of cn-
gineers iequ ned for scheduling all jobs is 2qual

to the maxinum job overlap.

in [6) an G(iJ] log 1 /}) bme digonthun ior
determuniag the maximum job oscrlap 1s pre-
sented, Hence, I75P car be solved 1in C()J] log
(1Y trme Cleany, FSP provides a lower bound
te the generalized ophiniizauun rovicm, winio
one has 1o take wito account the fircraft types nd
the hicenses <  the engineers

S5 g nadlinon Ly L e Proovam

The generalized optimitzation probless ¢ be
tormulated as an Integer Program In the de-
seriotion f this Integer Program we use the ro-
tation €, for the ¢t of hcense combinauons that
can be used [or carrying out job ;e Corverselv,
for c¢ C the set J, denotes the set of jobs that can
be carried aut b enerers ettt eense corrpl
nation ¢ Furih rmeic wo oute e no@bion
pipc ¥ for the cet of start and finish simes of
he jobs That s '/ yne Pr=1¢ f1)cdt Now the
dezision varablies of the Integer Prograim can be
aelined ay
Y, — 1 magry vanable indicaimg whetl or b

Jed nas 1o be carned out by an engineer
with hicease combination ce O
Y. =annteger vanablc sndicat ng he required
nmymber of oo 0 e with hieeve caombne
nation ce O

It Of these deriaen vanan 'y, o o ocs

fove v cithe COusLatS €40 DE STATEd L T 3uows

Ve



min Q=Y A Y n

subject 1o

all variables are mepa (2)
}: X, =1 fo: yes 3
00 Cy

X, <Y force and, ] (4)

.;,“J\/ oo 1
4 aue objecti.. Cenntton U1 eapiedan s thas v
reanterested sommnimizang U e e wants wiaos
i wath che enprineers The integrality con-
SiTaiit > {(2) speLty e anteyer Chaiacier of the
gecision vanablen, The constraimnts {3) guaran-
tee that each job is canned out exactly once Fi-
nally, the consiramis (4) speaify that the maxi-
mum job cveriap of the jobs that are assigned 1
the engineers with license combination ¢ should
not exceed the rumber of avarlabie enginerss with
heense combinsor ¢ Hence, according to
Lonuua i, any fersile solution to the Integer
Program can be trans’ormed into a feasible as-
sigament of yobs to engineers and vice versns

4 2 A upproxrmation nlgorithm

Since the generahzec optimization piooiem 1s
NP-Hard, calculating optimal solutions can be
wme consumirg for mstances of the preblem
containing large numbers ot jobs Hence, foi
findin z <atisfactory solutions tu real Ife problem
nstances «» o a reasonable amount of time, the
use of an apprua mation algoritiva s imeviiable
« he approximation algorith™ tha! wo usc 18 based
on Lcgrangcan Releiation Important comoo-
aents are (1 a lower borndiy mpocedire, () oo
upper roun iing nrocedure, and () a procedure
JOY uprlatine the pavg vetors THe 0 500000us aie

discus 2d w the followiny secnions
420 Lover onnadie | cocedd:

W Lagrangea.: R -axation s applied to the cou
stedtios (37 wpeo g teot colhiob must be L
ried ou. eracd; wnc., then the iollowing problem
< obtaned for & given set of I 2grange mult:

LT L)
prranaw T,

mn Q)N Y AN )+ S, (5)
mf

[

ot 1ok

Subiject to (2) and (4

Now the probler «. compnses into | '] inde-
pendent miiuaaze on subproblems. It is not dif-
ficult to see th + ¢ech of these subproblems is 2
Mintrnum Cost low Pieblem in a directed eraph
with O(| /1Y noc s and O([J11 2+, The details
e astrection of vie underlymg netwoik aae
given by Kon | 71 1t 4s well known, that Mini
mum Cost Flow Problems can be solved effi-
cienty (Urhin {8]). Note that, due to the mic-
grality property of these subpiobienss, the value
of & Lagrange . dual equals vbe zalue of the
reas Piopiaen C et of 2 {hishe

o0

4 22Upper b g oroceatie

AS ()15 a mury . wa problem, any feasshle
soiut Hn provides an gpper bound 19 the uptimal
solution . onr ~ase x fogsible solution can be
ConTT e stying, a “gieedy” pracedure.
1h, e luie 0 by summanzed as Mllows:
I3 (FERPTINS VAR ST af Tpeemeers i see ot
10Ds are nnassieir . A fong as there o 2 ( pas.
signed e on e Liorce 1s enlarged by one en-
gin satha!f hest icense combinasinn The
Jobs thai can .r1ed out hy this enginecr are
assignied 1¢ “hese steps are repeaied unil
ali jobs he Jssigited Muore fuitaally, this

proceduy. 4 a~ follows,
ho=1
& = qalis
Rpuat
Chuye 1y best lewoe combination *
Add o 2, to thic workforce
Engin ntars freense combination ¢
- shat cai be carried out by B}
[
1 luf:i !
Trn apiton the set S represents the set
of unae “1obs Now the onlv sicps that e

st nme sed are the choice of a locally besr
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hcense comoinaciun ¥, and ihe deicinnaion of
a maximum weighted set 0f',0bs assignable to 7,
These two sieps are ~oined out stmultanco. sly .o
the folln..ing wav Suppose that a pait.al vork-
for ¢ o8 been deiermamed, and that ihe set S
covtams the jobs that are stil unassigned In this
sitatron the pronty of license ¢ombination ¢ s
mcasuied Js the value of a maximum weighted
s ol jobs Je.S, assignabie 1o one engincer with
ficense combination ¢ minus the cost of one "n-
gireer with license combination ¢. The Lagrange
mulitipliess 7, which are obtained from the lower
boundir.c procedure, ore interpreted as weights
of the s The priornity of license combination
¢, prven the v~ o «gned jobs S and the La-
grange mumupuos A scaind 20700 The mven
descrniprion nimphes that Q% <(4) 1s calculated as
tollows

max Q@ (Ay = T ALX, —4, (6)

Je L0008

-

Subject to

ait variables are miege: N
X, <1 forje NS (8)
X<l forieCand peP {9

e RSyt Ul

135 nct difficult to see thay G (1) can be cal-
cizlated as a shortest patn m a direwed graph with
O{}J}) neodes and O()J)) ares (Kroon [7]).
Now 4a {ocally bess hicense combinat, o s de-
fandd ab follows

v =argmaz [{0° (1) lce )

4 2 Viipdare procedur2 f 5 the parameters

fmitially, the Lagrange miuiuphers are set equal
to « Thereafter .ncy are updated iteratively by
a sabgradiom proveduare as doserbed by Tisher
{9} The new vaiLss i 0asen un the old values
4w S thengluuon obizine b the lower bound.
g procedure e soiLion neay be infeas:ble i
T0e SERSC 171 SOME DS dir o 0 ad vt not 2t al],
Wwhireds £iners ar carnied out several ftizes Now
the Lagiange mulupliors are uprated v such g
Wu,, that Jobz und are cartied out 1or a4 2 o,
strmulsted in the nexoiteration and that v . hiat
ai¢ carned vt several times ars Jomelivatod

e 0.t nerabson Move preniscry when going
from 1teration 1 to ierahinn 1 ' we use the fol-
lowing update cheme

/
arvd =Aj+(c'-( =3 X,‘) for yeJ

“\ oy
I this formula the values of the variabies X, were
ob» uned Uy thc lower bounding procedure Fur-
thermorz, e multipher «' 15 calculated o«
follov -

L (2 —0(4)

215 I( 1 “Zze(/)‘,/: )2
where ), is the best uppei oound founa so far
and u 1+ a scaling sarameter Several expuit=enis
have choveoa it ¢ should have a value some-
where beuween | and 2

W'=

4 £ 4 Evalvatcn of the algorithm

The algorithm i stnyned either f the oan be.
tween lower and upper beand s sufficiently
small, or after a prespeciiied number of itera-
tions, whichever cores first An exiensive set of
numerical izsults can u¢ feund  Kroon {71
Based on these results we conclude that the ds-
scribed procedures are prom:sing. both i terms
of their efficiency and 1n i=rsuss of their effective-
ness Ointimal solutizns kave been obtained sev-
eral times within an acceptable amount of tume
Howcever, the feasible solutions are constiucied
by 2npiying a greedy method and hence, one 1s
not guaranteed to obtain optimal solutions al-
ways Furthermore, a duahty gap might exist 1.4
therefore an optimal solution mrgit be not rec
ogmized as such (Shapuo [10}).

&, Discussion

Eval sation 2f 2 1SS 18 generzlly more diificuit
than ¢ aluation of more traditionai miormation
systerns, because tor DSSs simiple criternia like
<0sts and revepusT Gic adrdry  dectt
VEL]) First, o D% ¢ never completely finishea
and thus the costs are difficudi to specify Second,

n2 revenues of 4 [3SE aie found in qualitative
aspects sucn ac the impact the DSS hac on the
srpamzctien and on the cuahity of decision rmox-
iig and decisions. Evairmation of ther | aspects in
quantitative tarms s difficult and has uow you o5

vinbhwas



tained much aucrion ;o the hterature {Elam et
al [i2])

As we pr1 muc offart oto th vser-frendie
ness of the DSS for KLM, the system was soon
accepted by 1ts proposed use,s Tho system s
mainly used by staff employees to answer ques-
s.ons posad by the management of the mainte-
nance department The DSS Las been used 1o de-
teinunc the impact of the contracts with vilier
arrline companies on the size and the organiza-
tion of the workforce. Furthermore, the 58S 1s
used currently to deteinune the required numbe.
of engineers and thewr qualifications during Sum-
mer 1992

In general the system npravides the maa-ge-
ment with information that was not available be-
‘sre Iz this way 1t contribntcs o »n incre: se”
Coughtind _grious problems v+t have +3 be
solved within the maintenance departrett Asa
consequence, the DSS 18 coustdered as a useful
* ool for analyzing such problems. The users of the
systein even advocated 1ts use to other depart-
wents of KLM, whose workloads are mainty d¢
termined by the time {abics of ithe 1nvolved com
panies, such as the nelicopter department

Cne poue of critiisin roncerning the OS5 1s,
that 1t focuses too much on fong term capacity
pl»nuing. This 15 useful for the general manage-
mem of he department, but the cperational man
agers wonld like to use the system to simaiate the
day-to-day maintenance process, which 1s cur-
rently impossible. Furthermore, the DSS could
be enhanced at several wechmcal points, such as
daia management and scenario management A
preliminary conclusion 1s, that the system pro-
wides the managzment of the mainteaance de-
partment with apr.mopriste sugpnort, although 1ts
tmnact should ot he o erestiiaied A more de-
tailed evaluation of thz sysiem 1s a subject for
further research

When consideniro the resulte of A TSC 1 oy 1o
por:ant to keep 1n mvud thal theee resulis aie
based on mathcuatical models wnizh aie ab-
stractions of raahtv As a result, optimality ™
mathematical wrns need not ~uatzh optimall!
in practical terms Furthcrmore. most of the cal-
culatiols wdlae a DS are based on approsina
tion algonithms Therefore the results of a Doy
must be ‘handled with care™ 1i1s always the user

71

of the DSS who is in charge of judging the prac-
tical value of 2 solution by confronting it with
alitative ot QUaniilaive aspis te widL WCIE 0ot
bt 1287 2ecount by the mathematical models
within the L*'S. Hence, a IDSS must be used inan
interactive way, where the intelligence of the user
is combined with thie capabiiity of the DSS (6 or-
ganize and process enormous amounts of data,
and to solve complex mathemaucal decision
problems using sophisticated Operational Re-
search techniques
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