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Quantitative inference of decision making strategies
under inherent knowledge uncertainties
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ABSTRACT

In this paper & model smd [ts associated software system, thet iy being wsed for
designation of oprmal sirategies sre presented. Obiained optimal strategles are
employed by dechlon makers to safely react to various conditinny. The faci that decislon
makers are expecied fo take actions secording to given observations is discussed along
with emphasizing the relationships between these observations and the nnderiying states
of nature that caused them. This is 8 many-to-many relation and cere must be taken to
avold norellable identificatlon of the real cause or canses of an observed situation.

The inberent nncertaintics in the pssessment process have been identifled and
accounted for during (he losses estlmation phases. These dncertalntles are partlally
attributed to Iimitations In the declsion meker's knowledge and partiafly due o the
obscured problem nature




™

S.E.Cailrguls M. E.El-Rasy & E.".Aly

The software application toa real system Is illnstrated. The spplication has been
chosen to model the operations of an exlsting information center as an example of 8 wide
cluss of similar sysiems The application simed st experimenting the phases of the
software system and Identifylng the merits of osing sech quactitative models in
furulshiog knowledge gapa.

1. INTRODUCTION

Decision support systems (DSSs) have been in use since the early seventies.
Applications of DSS systems are well known ln & wide range of actlvitles, including:
ofllee antomation, manufacluring, marketing, accounting, bodgeting, pourchasing,
banking, finsnce, sales, insurance, [(acility planoing .. ete, [1]. Their role in
management is rather distinct when regularily equipped with up-to-date information and
full decision maker's knowledge and experiences.

Severnl mapects have heen studied by a nomber of researchers in order (o pin
polat the capabilities and limitations of such DSS systems. Abou-Katf (2] reviewed the
elements of decision making process given as: selectlon, alternatives, objectives &
molives, time, availsble human asnd other resources aod internal and external
environmen{s. He also snommarized the steps of decision making for problem solving to
be: a) deflnition of the objectives and problem, b) delerminalion of the allernatives to
achieve the objectives, c¢) assessment of these allernatives nnder the constraints of cost,
time, revenne as well as social and cultural aspects, d) choice ol the optimal alternative,
and Noally ¢) decision making,

Decision making can be made by individuals, majority or copsensus and can be
accomplisbed by using either traditionsl or quantitative techniqnes. Traditlonal decision
making techmiques include: experiecce, imtuition, trial & error, follow an example and
brain storming. Unfortunately, these are vuloerable to errors due to: lack of experience,
limited memory, emotional efTecis...etc. On the other hand, quantiiative declsion
making techniqoes inclading: Expected valoe used (o risk analysis, Checkiist models,
Decision tree, Weighting factor or Operations research lechniques, comprise more safer
declsion support tools.

The development and implementation spprosches for DSS systems have been,
and seemiogly will be, under Investigation for & considerable time for a variety of
reasons. For instance, the mos! important question, which ls: Who does what in DSS
developing?, [3] , la still to be answered. While Sprague 1] noticed that traditional
analysls and design techniques have prove Inadequute because there Is no single
comprehensive theory of decision making, he also quoted that DSS systema need to be
bailt with short and rapid feedback from nsers to ensnre that development Is proceeding

correctly, Le. Iterative design ts employed. This means that the system must be adaptive
in pature.

Aspects of DSS (mplementation snecess have been Invesligated by several
researchers. Alavi and Joachimsthaler (4] determined the implementation snccess
variables of » DSS system to be: system nse, decision making performsnce (cost or
proft), decislon making time, nser satisfnction with the system, user confidence in the
decislon and the user attitude towards DSS, They have classified the nser lactors
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affecting the implementation success fo be: 1) cognitive style, 2) persosality, 3)
demographie varinbles: age, sey and education, and 4) aser-itnstional verisbles
Invelvemaat, training snd experience. During their stody, they noficed that there |s vo
slugle approach to the delinition of DSS Implementation success existed in the literatiure
sed they argued that the weer- situatioval vacriables sre ibe most importaal ciorn Lo
D33 implewentation suecess and can improve | by as muoch as 30%,

Kottemann and Remus [S], conducted m study which utilized the bootsirapping
paradigm of prvchekrgical research to help answer the guestion of haw rellably are
decision model pataralnen and performance related 7. Thelr sindy resuils, however, did
not have chear—at pelicy implications, hat raised suae bnteresting bomes sbout the value
mafchlog the structure of n decislon model with the coguitlre style of it wnern. Silver |5],
sudied the directed and men direcied chapge indaced by DSSa Alse, smpirical
Invesiigations have been comducted om fhe relatiouship between DSS msage and the
system performance, c.g. Le Blanc and Kozar [T)

The lsue of the eser [nlerfoce b of recognleed (mporiance sn Il bv directly
contributieg tv the DSS implementafion soccems. For instance, Subremanian of af [3]
performed 3 comparison of the decision table nnd tree concernlag (heir effectivaness |n
the user (oterfuce, [n their cxperiment they conciuded that the tree performas betier than
the table. Alsw, Todd and Beabssai [9] performed an experimeutal lnvestigation and
sddressed the impact of computer based decinion sids on dechion making strafegies.

The role of D59 can be estended for stralegic planning, where ope of lhe
important aspects lo be sddressed In this process |s the knowledge level during ths
oceurrence of certalm siiuations. This issue means that I & given condiilon vouwss vies &
pre specified sctlon (s (0 be laken with lhe alm of reducing |he |osses for <ont) or
increasing the revenme. A condition, In this conteri, means » sltuation where ity
environmeni and all mssociated nod governing parameters are aniguely ldentifiable.
Under the consiraing of (ull kmowiedge, estimating the «Tects of these parameters, and
therelore assessing 1he losses (or revenue), wenld resull in & straight forward strategle
plannling.

This sitnstion of full knowledge b sot always valid, simply becawse pot all
conditions cam nsunily be uniguely ideailfled but rather only associated abseryations are
monflored. The problem arises from the unawnreness of the resl und=riying pheasmens
that caused the observalion. Several observations may resull from 3 given siale of
matore and mm stales of nnture wonld bave 8 common observation. This
situntion exhibils an inberent, and of chiel importance, wneertainiy a4 the question:
“which state of nature resnlied In (he monitored observation?", peeds to be answered In
arder o take 8 proper action,

In this paper a wmodel has been employed and a software svslem bas been
developed and ased for strateglc planning under these wacertainty conditisns, The
prescuted soflwore system Is meant fo model real systems characterized by a many-to-
meny relation between possible states of pature and observations, It requires the
kaowledge of the decision mskers to be provided lu the form of past experiences,
Hypotbetical situations also be synthesized and then experieaced decision makers
pre asked tn react in view of given observations, The acquired Kpowledge can be
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smended fo lhe knowledge base for powmible investigation. The software examines an
automatically generaied exbausilve sei of possible sirategies and locaies ihe ones which
would revnlt in minimum losses. The losses function is chosen to bave a siatic component
and » lime related component. The static component represents the flyed cost sssociated
with the action while the time related component represents the estimated value of the
elapsed (ime required (o overcome s given problem by (aking » propesed action. This
lost time estimation process conslitutes snother source of uncertainty, Other elements of
uncertainty may be afiribated to the decision maker style of resction as exposed fo
different sltastions.

1. DESICN & IMPLEMENTATION
Figure (1) Illusirates (he main woits of the software system where it consits of

three major functional components: the preprocessor, the strategy syuibesizer and the
straiegy evalonation subsystems.
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Figure 1. Block diagram of the proposed system

The preprocessor's maln funcilon Is to complie the user specified data and
measares of (he real system performance history and produce a sel of dats flles suitable
for processing by (he stirmiegy evaluation subsystem component mlong with the
appropriate documentation. Its iupul dats base consists of 2 namber of datn sets of :
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" r_lhh staies of nature {04, 89, ... O] sloeg with their [requencies of occurrence as

- siatistically computed from historical dawa
. possibie observations (24, 73, - Z,,) associated with the states of nsfure
. pessible sctions [ag, 83, — 8,] lo be taken In view of given observations

Also, the lnput dats base comtains a description of Ibe real system bistorical
performance data as well as contrel information describing the real sysiem paramelen.

The preprocessor then compuates the following:

L. The loss table Lg, where it gives the Joss expected from takiog a specific

action (a) given the ocenrrence of the state of nature (8). It has been
chosen o this study lo be composed af two parts as shown ln equatlon (1)

Loa=CopatuTy (1

where Cog , i a fixed cost component, Ty is the computed average

elapsed time while taking the associated action (a) and w is a cost factor to
be specifled interactively by the user while ranning the stralegy
evaloation subsystem component. This ls supplied as a range of values lo
allow for sensitivity studies, This system parameter is employed (o account
for the inherent uncertainties Ip evalusting the overall losses. The enlries
of the loss table are compuled from the compiied pasi-performance
Information.

i, The probability of occurrence of o given observalion (z) given (bat a state of
nafure (8) hes occurred: f(z/@). As mentioned earfier, [t Is posaible of
conrse thal a given siate of oature may exhibit more tban one observation
and an observation may be shared by a pumber of states of Datore.

A strmtegy syntbesizer is them wsed o build an exbaustive set of all possible
sirategles {31, 93, - 9¢) from past experiences encouniered by the decision makers. The
declslon mekers knowledge and experiences are scquired from itheir description of the
acllons they have, or would have, laken |n view of glven observations. This compiled
knowledge base Is fed flo the strategy syotbesizer which constructs an exhaustive set of
possible sirategies to be evaluaied by the strategy evaluation snbsystem. Allerpative and
even hypothetical actions can also be amended at this stage for possible cousideration in

siralegic plannieg.

A stralegy, In this conteri, Is essentially a list of scilony sssociated with
cbservations, therefore a table S, , Is coastructed soch that its elements are indices fo
actions,

The sirategy evaluation suhaysiem's maln fanction is to locate the strategy with
mivimal cost. It starts with compoting the average loss table I'g , which refates the

stales of patare lo lhe siralegies according lo equation (2):

Fos=EN26) Losyz (2)

52
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Given the probability of ncenrrence of each sfate of nature f8), as computed
from historical data, the strategy evalustion subsystem then locates the strategy for
which {he computed total average cost €y for afl possible states of nature s minimal,
where Cg is given by equation (J) belaw:

C,=100) Ty, ®

F 4

In cases where the probahbilities of occurrence of sintes of nature are not known,
the minimax rule is uwsuslly applied by choosing Cs to bave the maximum Iy, as
suggested hy equatlon (4) and rhen choose the strategy associnted with tbe smallest Cy
salue

Ca=MAX (Tou) )
a -

Following Is au application of the system described above to model the operations
of Alexandrin Cnstoms Compnier Center in order to experiment this proposed
(ramework snd (be developed software sysiem, Aly [10]. The aequired data have been
assembled and categorized strictly according to the major categories ns snggested by rhe
decivion makers' past experiences. Although other researchers wounld be interested in
measuring snd enhancing the productivity of such computer systems, see for example
Kriebel and Raviv [11), the current work bas been done without any attempl (rom the
authors to interpre! the significance or correctness of the dats elements regarding
whelher & sfate of pature or am observationm have been |dentified and/or classilied
properly or whetber an action is suitable for & given situation. This approach is adopted
in order to model » resl system without any externally Intervening ellecis or blasing
agents.

1 APPLICATION AND RESULTS

The following tabies bave been compiled from 3 monthly report prodoced by
Alexnndria Site of the Egyptian Customs Computer Network Data have been collecied
for 14 wonths (December 90-February 92, cxcept for July 91 where no dails was
available). This monthly report contalus Information om the resource failure tmes (In
minotes) as recorded by the syslem mansger. Fallnre causes and the taken remedial
actions are siso included. These data have been analyzed and (hen categorized lnto the
follewing tables. Tabie I contains the possible states of nature (0) and thelr computed
frequencles of occarrence f{8).
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Table L Possibie states of gatore and thelr frequencies
=T

State of nature Frequency
1 CPU down 0BLTS
1 Power feilure 0004762
3 Terminsl ervor 0.053056
4 Commupications error 0.024666
5 File system damage 0.014683
6 Printer error 0.012952
T MT fauli 0.004761

‘Table T sommarizes all possibie observations as have been recorded during the

study period.
Table Il Poasible obyervailons

1 Cache memory defecttve

2 Faulty battery

3 UPS battery defective

4 UPS power problem

& Processor board [snity

6 Clrcaltl breaker problem

7 Alr condition problem

§ Dend lock

9 Traosaction problem

10 No polliag

i1 Terminal glve error message
12 Video problem

13 Internsl processor board error
14 Cable problem

15 Video amplifier problem
16 Interference

17 Operator fanh

18 Siow response lime

19 Keyboard locked

20 Modem-terminal cable cut
21 No commanication

12 Files corrapied

13 No outpat

24 Bad printont

25 General printer failare
26 MT ool running

27 MT bead damaged

18 Read error
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Actlous to be taken In view of a given observation have been categorized iato fonr
possibilities as given in table ITL

Table [T1. Possible actions

1 Walt
Fix
Repair
Replace

-

Table IV lastrates 8 compiled sample of the past-performance information file
contents. It Is worth “MMmmmmvﬂluﬂ
towards observations and therelore dilferent sctions may be taken.

Table TV emphasizes the fact that several observations may share (he aame state
of nature as well as several stales of pature may have common observations. Also, It
emphasizes that varying sctions may be takes o view of & given observation and this |s
mainly due to the past experience of a certaln site mapager.
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Table [V. A compiled sample of past-performance information
_— e s e e T T e —— S B

State of nafare Obmervatlon I Action C, Faslt durstios (minate)
CPU down Cache memory defective | Replace 1000.0 105
Faulty battery 2 Replace 5000 1543
UPS battery dofective | Repair 100.0 &0
UFS power problem 1 Repair 00 60
Processor board faulty 2 Heplace 20000 400,80
Cirealt breaker protdem | Repalr 3000 145
Alr condition problem 2 Wit 0.0 7575
FPower [allare Dend lock 1 Walt 0.0 B
Terminal error Transacthon problem 1 Fh 0.0 1515
No pelllog 3 Walt 0.0 225215510
Terminal ghve error mag, | Wait 00 13
Video problem | Fix 00 175
Infernal processor bonrd 1 Replnes S00.0 15,50
Cable problem 1 Replace 30.0 9855985
Video amplifler problem 1| Replace 1.0 220
2 Repair 100.0 105,105
Cable problem 2 Repair 30.0 1200553
Operator fanlt 1Pk 0.0 53540
Transaction problem | Replace 3000 178
Cable problem 2 Replace 20,0 &0,70
Slow response time 2 Repale %0.0 170,120
Keyhonrd locked 1Fix 0o 55
Communkcations Madem-lermul cable cut | Heplace 0.0 15
error No communication I Waht 0.0 2848
Meodem-termal cable cot 2 Fix 0.0 90,90
Mo communbeation 2 Replace 500.0 25,40
Filo sysiem damage  Files corropied 3Fh 0.0 630,620,600
Printer ervor No aurput 1 Replace 000 70
No output 1 Replace 300 25
Bad prinfoat 1 Replsce 50.0 25
Bad printout 1 Fh 00 30
General printer [allure 6 Heplace IMHH.0 300,80,45.25,12,15
Transactlon problem I Replace 200.0 65,40
Cable problem 1 Replace e 900
MT fauht MT not ranning { Replace 50.0 120
MT hesd damaged 1 Repiace 200.0 240
Resd error 1 Fix 0.0 240

The software system produces s document cootaloing all computed elements
aloag with the best strategy to be followed. It produnces the loss table Lg 5 83 shown in

Table V from which useful management Information can be extracted.
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Table V. Estimated loss Ly ,

States of Actions
oalure Wait Fix Repailr Beplace

CPU down 150 m 235+88u 2000+ 1050
Power fallure LT o Ll L
Termioal error 488p 21dp 12047520 8405200
Communication error 2848 180u o S15+40u
File system domage o 1850u m b
Printer error e 30y a J11B+26Tn
MT Fauli @ 240p m 115+ 180u

The symbal (=) lo Table V represenls ao infloite cosi whea applying & certaln
action for a given state of natore (o emphasize that 10 13 elther inappleable, or no sach
acllon bas been taken before and worth o be Investignted. For lnsiance an Inapplicable
action would arise as follows: "when the CPY] is down there s no [Ixation setion tha
can be taken™, Also, condidate actions to be investigaied would be for example: "repoir
the prioter instead of replacing #t". It is rather noted that, for lnstance and doe to the
manager's pasl experience "the CPU was down because of an air condition problem!"
(see Table IV) and thereflore nothiog conld be done but "waillng!"™ until the problem has
been ellminated. It Is therefore suggested that Information zathered from Table ¥ can be
adopted to overview and rectily the decislion mubers experiences. Consequently, this
rectification process would reclassify the stales of nature and the obscrvations and
woold reform their mutusl relations.

Also the system compates [(2)8) which can be utilized by the declsion makers to
identify the possible stales of mature thal conld have occurrad associnted with & given
observatlon, Table V1 represents such lrequencies:

Table VI. Computed M=0)*

OBSERVATIONS

Stales of natare 17 448 & T8 V100200 (4 i NN L MM
CPU duwn BHBEDMIAN 40 B0 doMDRaABREBEE B DOBAD
Power [allers LA I N NN NN
Tevminal ervor a8 608 a0 AINid 4 @ R A B W B4 BB 8 D HE N
Comm, erroy I E N R R NN L NN ENE
File srilem damags AR N N R R ERE R EE . I REEEE
Friater ervor B F D@ %00 BEE O E 0 R ED NP LE R
MT faall B0 RO RPN RO SRR BRI AR R ABDDY

* ol mmmber sre maltiplled by 100

Inspection of Table VI gives clues for the decivion makers lowards the possible
cause or caoses of a given observation. For lnstance "If o deadlock ocenrs (observation 8
in Table II) then it is definitely » power faflure problem and vice versa" as previoasly
expericnced. Also "Il cache memory ls defective (observation 1 in Table IT) then the
CPU Is down", this rule Is Inferred from the fact that ull other entries of f{z0) for the
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rest of stutes of osiure are zeros for this particulsr observatlon. Alse, simultaneouns
obseivations may aplquely |dentify the occurrence of 8 certaln state of pature, e.g.
ohservation 9 would give rise (o two possibillties: “ Terminal error” or "Prioter error”,
while If observation 10 bv monitored simultaneously, the problem is then uniquely
Idemiilied as " Terminal error'’.

Syuthesized strategies shown in Table VII are drawn from all possible actions for
each observation as derived from the compiled knawledge bhase.

Table VIL Synthesized strategles
R T = a——
Observations
1111111111222222222
12345678901 2345678901 2345678

i

4433431 121124443231212424442
4433431141 1244432322124 24442
4433431 121124443232412424442
4433471 14112444323241 2424442
4433431121124443232242424442
4433431141 1244432322424 24442
4433431121 1244432324424 24442
4433431141124443232442424442
44334311211244432322124 44442
4433431 1411244423221 2444442
44334311211 2444323241 24 44442
4433431 147 12444323241 2444442
4433431121 12444323224 2444441
1 443343114112444323224 2444442
15 A433431121124443232442444442
16 S403431 141 124443232442 444442

ERCEEvce o ind wr—

In & typlcal semslon, the stralegy assessment process woold request the user to
interactively supply a range of expected valoes for the cost fector (j) aod thes the
strategy evalustlon subsysiem would locate the best strategy associared with each (u)
value. Figure (1) represenis the lower bound of C; values and, hence, the snggested
slralegy to be followed for a glven () range.
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Flgurs 2. Total average cost lawer baound

4. CONCLUSION

The framework presented in (his paper is soggested to model a range of real
systems possessing similar fentures charsclerfzing ibelr behavior. These real systems
may be sabjecied to some usbalanced sitwatlons or problems which require some
declslon maker to resct and take proper sctions. The oncertaioties which wonld afTect
the performance of the decislon maker are grooped lofo three most srevalling sonrces:
a) ibe loherent wacerialniles in the real sysiems as regard to the real canses which lead
to certaln observations, where the former are probably obscured, b) Losses estimation
criteris sod c) the decislon maker style of rescllon.

The proposed svsiem's goal is (o sel op optimal strategies (o the form of roles (o
be fallowed when problems occur. These rules are inferred from the overall experiences
and kmowledge of the declsion mokers, and therefore constitnie n wafe way for action
taldag. In addition, bypothetical situations can be synthesized and then proposed actions
are wiggested (o he eaperimenied (o deckde apon thelr merits. The information obtalned
sl varloes phases while applylag soch systems can alse be otillzed in spotting the
knowledge gaps ond rectifying and wpdstiog the gained experiences and knowledge of
ibe declslon makers on the performance of the real systema.

In this stedy the costestimation fnction used ln computiog the elements of the
Ioas |nble has been chosen fo be u Unear foocilon of tme, whick 1o some exient allowed
for allocating several strategles versas the coal factor, If required, ofher fanctions can be
used according (o the aser specific pevds.
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