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ABSTRACT

Since the beginning of the1960●S【Bierman，Fouraker，and

Jaedicke（1961）】，the studies of the decision making for cost

Varianceinvestigation have brought about the reconsidering of a

Simple controI chart whichindicates whether or not a cost datais

COntained within a certain control limit．These are models to

determine whether or not a process should beinvestigated with

respect to the costs and benefits of control actions when a cost

datais reported．

When control actionis selected under considering opportunity

COStS，Or Operating costs andinvestigating costs，the previous

literature can be classifiedinto three types according to how

COntrOI variables will be established．The first typeis the

Decision Theoretic ApproachlBFJ（1961）and Dyckman（1969）】，and the

modelin which the controI variableis denoted as a Bayesian

posterior probability with respect to opportunity costs．The second

is the Bayesian Dynamic Programming Approach【Eaplan（1969）and

Hughes（1975）コin which the controI variableis denoted as a

Bayesian posterior probability，relating whether or not to

investigate the process with respect to operating costs and

investigating costs・Adding to the two approaches above，anOther

typeis the Markovian Approach【Dittman and Prakash（1978日，a mOdel

used to decide whether or not toinvestigate the process with
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respect to the operating costs andinvestigating costs，in which

the control variable is denoted as a cost varianceitself．

The purpose of this studyis to deve10p anOther method（known

as the　…Normal Form of Bayesian analysisH）of Decision Theoretic

Approach employing Decision－Facilitating case defined by Demski and

Xreps（1982），in which the control variableis denoted as a cost

Varianceitselfin place of Bayesian posterior probability usedin

the previous Decision Theoretic Approaches（Enown as the．一Extensive

Form of Bayesian analysis，．）．The Normal Form starts by explicitly

COnSidering every possible decision ruleinstead of first

determining the optimal act for every possible outcome．Thus，this

approach usedin this study finds aninvestigation region which

minimizes the expected cost，based on Bayesianlikelihood－ratio

testI and then control actions are determined within the sample

SPaCe・However，the Extensive Form of Bayesian analysis proceeds by

WOrking backwards from the end of the decision tree to theinitial

Starting point事　and thenit has a condensed meaning because control

actions are discussed within a【0，1コ　probability space．

This study does not discuss the comparison between the

proposed model and the previous approaches，because the simulation

results of Magee（1976）Show that the differences between Dyckman．S

（1969）and Kaplan．S（1969）models may havelittle effect on the

incremental cost savings；and the Normal Form of this study and

Extensive Form of Dyckman are mathematically equivalent aLndlead to

identical results vhether the pre－eXPerimental viewpoint of the

former or the post－eXPerimental viewpoint of thelatteris taken．
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The proposed model assumes that the cost－generating－prOCeSSis

a two－StateS，discrete Markov processin which a cost report at the

end of each period providesinformation about current state of the

prOCeSS●

Using the Normal Form of Bayesian analysis，different from the

PreVious approaches，the proposed model siTnPly reqllires the

matching of a reported cost against a giveninvestigation region

depending on the prior probability；and shows how to determine－the

investigation region corresponding to the statistical variance

ratio；and seeks thelower or upper bound＿Of the prior probability，

the critical value fOr determining when the process sholユld be

always or neverinvestigated．

This study develops a ExploratoryInvestigation model as an

extension of the FllllInvestigation model with respect to the

Normal Form of13ayesian analysis，and simulates the relation

between the Full and ExploratoryInvestigation casesin terms of

the average total cost overlOOO simlllated12－mOnth periodsin a

Similar manner to Magee－S（1976）study．The simulated reslllts show

that the smallest values of the average total costs are almost

foundin the Exp10ratOryInvestigation cases rather thanin the

FullInvestigation cases．

This study also shows how the optimal set of processes to be

investigatedin any period can be selectedin N－PrOCeSSeS With each

COSt prOCeSS being treatedindependently of the others．This

differs from the model of．N－prOCeSSeS by Dyckman（1969）．
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CHAPTER ONE

INTRODUCTION

1） Motivation

All business planning，Whetherin terms of budgets or

Standards，are based on estimates of prices，VOlumes costs，etC．，

and any outcome can only be expected to approximate these

estimates．However，OutCOmeS Will not necessarily equal the

Original estimates since some variance around the estimate or

expected outcomeisinevitable．Thus much of the decision making

for variance generate the problem of COntrOl type．

Wheninformation for varianceis reported，the manager should

ask whetherit represents a significant variance from the standard

Or Whetheritis simply a random fluctuation around the expected

OutCOme．Thus the purpose of control actionis，On the receipt of

an accounting report foi・Variance，tO aSCertain whether the

agreed－upOn aCtion畠　Were the ones taken，Or Whether the actual

StateS Of nature differed from the expectations and，finally，

Whether some corrective or adaptive actionis appropriate．

The present work will concentrate on exploring how to assess

an accounting report to determine whether or not theinvestigating

action should be takenin a given cost variance system．The

Situationis probabilisticin that the disappointing performance

does not necessarily mean that corrective action should be taken，



Since the disappointing performance may be caused by some

uncontrollable and nonrecurring factor．

To better understand the nature of decision focus in the Cost

VarianceInvestigation models，itis helpful to consider tvo polar

CaSeS【Demski and Xreps（1982）】．In some contexts，the accounting

reportis producedin order to better make a particular decision．

Inits purest form，SllCh a reportis obtainedin a single－perSOn

Setting orin a setting where the fact that the reportis obtained

does not change the opportunity set of the recipient．Thisis

Called Decision－Facilitating Case．In other contexts，the

accounting reportis producedin order to change the behavior of a

SeCOnd party，nOrmally because the compensation received by the

SeCOnd party depends on the report．Inits purest form，this sort

Of report would not be obtained until after the decisionin

questionis taken，SO thatit can have no direct effect on the

decision．Thisis called Decision－Influencing Case【Baiman and

Demski（1980a；1980b）and．Lambert（1985日．The present study will be

restricted within the Decision－Facilitating Case．

Since the beginning of the1960－S【Bierman，Fouraker and

Jaedicke（1961）】，the studies of the decision making for cost

Variance have brought about the reconsidering of a simple controI

Chart whichindicates whether or not a cost reportis contained

Within a certain control limit．These are models to determine

Whether or not a Cost Process should beinvestigated with respect

to the cost and benefit of control action when a cost reportis



submitted．When control actionis selected under considering

OPPOrtunity costs，Or Operating costs andinvestigation costs，the

previous accountingliterature can be classifiedinto three types

according to how the controI variables are established．The first

typeis the Decision Theoretic Approach【BFJ（1961），DllVall（1967），

Dyckman（1969日，and the modelin which the controI variableis

denoted as a Bayesian posterior probability with respect to

OpPOrtunity costs．The secondis the Dynamic Programming Approach

lEaplan（1969；1975），Hughes（1975；1977），Buckman and Miller（1982）］，

and Bayesian嶋Sequential analysisin which the controI variableis

denoted as a Bayesian posterior probability，relating whether or

not toinvestigate the Cost Process with respect to operating

COStS andinvestigation costs．Adding to the two approaches above，

another typeis the Markovian ApproaLCh【Dittman and

Prakash（1978；1979日，a mOdel used to decide vhether or not to

investigate the Cost Process with respect to the operating costs

andinvestigation costs，in vhich the control variableis denoted

as a cost variance itself．

The present work，Will concentrate on developing another

Decision Theoretic Approach modelin which the controI variableis

denoted as a cost varianceitself，in place of Bayesian posterior

PrObability usedin the previous Decision Theoretic Approach

models，and will be studied on the basis of assumption that the

COSt－generating－prOCeSSis a two－State，discrete－Markov processin



which a cost report at the end of each period providesinformation

about current status of the process．

2）　PurDOSe Of the Study

In the case of Decision Facilitating，three approaches，that

is，Decision Theoretic Approach，Bayesian Dynamic Programming

Approach and Markovian Approach，have beenintroduced．However，

these approaches may entail trade－Offs with respect to the．．best

POlicy．，．As pointed out by Xaplan（1982），Starting vith complex

models does not seem worthwhile．when one considers the cost of the

information requirements and processing algorithms and the small

incremental benefits these models have yieldedin simulation

Studies．In other vords，due to the relative high costs of soIving

COmplex decisiop models，a mOre Simple decision modelin some

CaSeS have cost effective．

Thus the author was motivated to deve10p a neW method，

Whereby evenif the new method does not have cost savings against

the other previous modelsitis more convenient and can obtain

more technical advantages．

The purposes of the present work can be described，therefore，

as fo110WS：

1）to develop another method（known as the．一Normal Form Of

Bayesian aLnalysis．．），With respect to the Decision

Theoretic Approach，in vhich the control variableis



denoted as a cost varianceitselfin place of Bayesian

POSterior probabilityllSedin the previous Decision

Theoretic Approach models（known as the．．Extensive Form of

Bayesian　年nalysis●．）・

2）to extend the proposed model by considering the

ExploratoryInvestigation case．

3）to examine the proposed model as a problemin numerical

analysis．

4）to develop the N－Cost Processes Case as the extension of

One Cost Process problem．

5）comparison between the Fu11and Exp10ratOryInvestigation

models proposedin this study by performing simlllation．

3）　ChaDter Overview

In chapter H，the previous accountingliterature about Cost

VarianceInvestigation models，relevant other models and their

COmparisons are reviewed．However，COntrOI chart approaches used

inindustrial quaLlity control techniques have been excluded，

because they do not formallyincorporate the expected costs and

benefits from a varianceinvestigation and／or the out－Of－COntrOI

State into the model．

Chapter HI shows how development of the basic assumptionsin

each paper have been modified throughout all the previous models，



aLnd how the assumptions of the present vork should be modified

relatively to the previous．

Basic assllmptions and the control procedure usedin the

present work are describedin chapterIV．These assumptions can

be classifiedinto general assumptions similar to the previous

models and additional assumptions used onlyin the present work．

A new form ofI）ecision Theoretic Approachis proposedin

Chapter V．Furthermore，Investigation policies using statistical

hypothesis are established，and the new formis shown as a Bayes

test that turns out to be a Simple Likelihood－Ratio Test．In

addition to the One Cost Process case proposed above，Cost

VarianceInvestigation Policiesin N－Cost Processes are also

discussed．This case can be referred to as the FullInvestigation

dlle tO the assumption that theinvestigation of an out－Of－COntrOl

process will always discloseits causes．

Chapter VI suggests a model that enables an Exp10ratOry

Investigation as opposed to the FullInvestigation approach，by

COnSidering the probability that the cause of an out－Of－COntrOl

prOCeSS Will be discovered whenit exists．This case being also

discussed according to the proposed method above．Similarly to the

previous chapter，the N－COSt prOCeSSeS Of the Exploratory

Investigation cases are discussed．

Chapter VII shows how alternative values of parameters affect

the proposed model by using alternative values of parameters

Similar to those usedin Dittman and Prakash，S（1979）study．



Furthermore，the relation betveen the Full and Exploratory

Investigation casesis simulated with respect to the average total

COSt．

Chapter VHI，Vill summarize the results and contributions of

the proposed model against the previous models，and will discuss

thelimitations and extensions of the proposed model．



CHAPTER TVO

LITERATURE REVIEW

1）　0verviev

The previous accountingliteraturein the area of cost

Variance analysis are reviewedin this chapter．However，the

developing of basic assumptions for each approach will be studied

in chapter three，because，in this chapter，COnneCtion betveen the

PreViousliterature throughout each approachis mainly reviewed．

The Decision Theoretic Approach models【Bierman，Fouraker and

Jaedicke（1961），Duvall（1967）and Dyckman（1969）】are reviewedin

SeCtion　2．The Bayesian Dynamic Programming Approach models

lⅩaplan（1969；1975），Hughes（1975；1977），Buckman and Miller（1982）】，

according to their relationship with the Decision Theoretic

Approach models，are reViewedin section　3．A Markovian Approach

model【Dittman and Prakash（1978日is reviewedin section　4．

Comparisons among three approach models［Magee（1976），

Jacobs（1978），Dittman and PrakaLSh（1979日　are reviewed with respect

to expected costs，OPtimality，Vhether realistic or not，and some

Other criteriain section　5．Section　6　reviews the Exp10ratOry（Or

Partial）Investigation models proposed by Dyckman．S（1969）

extensions，Eaplan（1975）and Xim（1983）．In section　7，SOme Other

COSt－Variance analysis models【Demski（1970），Hannum（1970），Ozan

and Dyckman（1971），Ronen（1974），Magee（1977）and Buckman and



Miller（1982）】with other viewpoints（e．g．，multiorigin cost

Variances，grOuping of sources and reporting time etc．）are

reviewed．

2）DecislOn＿＿＿＿TAeOretic＿＿＿Ap＿prOaCh

The simple form of decision policyis the ControI Chart

PrOCedllrein which the processisinvestigatedif the observed

COSt eXCeeds a critical value（Or Criticallimit）．However，this

ControI Chart Approach was criticized due to the fact thatit did

not consider the costs and benefits based on toinvestigation

POlicy．ThllS BFJ（1961）were the first tointroduce the costs and

benefits of aninvestigationinto theinvestigation decisionin

the accountingliterature．They tried to derive theinvestigation

region by minimizing the expected cost，and proposed the cost－

benefit matrix by action－State aS follows：

actions donIt　■ inve畠tigate probability　of

StateS investigate State

in－COntrOl 0 C P

Out－Of－COntrOl L C 1－P

expected costs

Of actions く1－P）L C 1．00

Where：C＝　the cost ofinvestigating the unfavorable variance

L＝　the present value of the costs that will beincurred

in the futureif aninvestigationis not made now

Figurel：　BFJ．s Cost－Benefit Matrix by Action－State



When Pcis defined as P which setting the expected values of

the two action equal yields C　＝（1－P）L，aninvestigationis

Signalledif PくPc．

This model was criticized by Xaplan（1975）about the measure

Of L as follows：

One problem with this formulationis the difficulty of

estimating or eveninterpreting the benefit L．The benefits L

depends upon future actions，and models which do not specially

include the consequences of future actions will have a hard time

defining，muChless estimating，Vhatis the benefit from

Current aCtions．（p．319）

This・mOdel also had animportant defect which P【Ⅹ！in－COntrOH

VaS uSedin order’to determine P【in－COntrOlix】with respect to

forming Pc，SO that Duvall（1967）proposed a new model．

Duvall suggested a procedure which showed how the

distribution of controllable variance y and the relevant cost

might be made a variables of theinvestigation policyin order to

See Whether aninvestigation was expected to be worthwhile．He

assumed that an observed variance consisted of a non controllable

COmpOnent W（With N（0・鴨））and a controllable component y・The
COntrOllable component y was also assumed to be normally

distributedlandstatisticallyindependentofthenoncontrollable

虞）mpOnent W．He developed a procedure which derived the

distribution of y to be estimated from the observed variances，and

derived the objective function associated with the expected profit

reslllting from aninvestigation by that procedure as follows：

10



theobjective functionU（Ⅹ）＝J：｛（Ly・C）f（y‡Ⅹ）dy・／言（ky－C）f（yfx）dy

Where：Ⅹ＝eaCh observed variance

y＝a part dlle tO COntrOllable causes（Out－Of－COntrOl）

C＝the average cost of aninvestigation

L＝the present value of fllture SaVings res111ting from

discovering a cpntrollable variance y thatis

proportional to the size of the variance

k＝prOpOrtional constant

the profit resulting from aninvestigation，P（y）＝ ky－C if y〉0

－（Ly＋C）if y≦0．

By the objective function above，theinvestigation regionis

Shown asin the fo110Wing figure：

U（Ⅹ）

‡　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　U（Ⅹ）

一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一〉　Ⅹ

investigate notinvestigate investigate

Figllre　2：Duvall．sInvestigation Region

As a result，aS．COmpared vith BFJ．s model，thereis a

distingushing mark that he developed procedures which allegedly

allowed the parameters of the distribution of y to be estimated

from the observed variances．

11



However，this model also was criticized by Kaplan（1975）asin

the folloving three sides：

Thereis still a problem as to how to measure the savings

from aninvestigation since this model does notincorporate

the possibility ofinvestigationsin the future．The

COmPutational processes of the u and o treat each

Observationequallyandsymmetri苫al！ya冨d this can onlybe
done for a stationary process，Oneln Which the parameters do

not shift over the course of the observed period．Duvall．s

problems arise because he failed to specify the stochastic

process whichleads to changesin the distribution of y．

（pp．328－330）

Dyckman（1969）extended the BFJ●s and Duvall．s model by

including the posterior probability to consider theinformation

from previous observations on the process and transition

probability g from anin－COntrOI state to thein－COntrOI state

just before a cost report was submitted．He suggested the

following cost－benefit matrix by action－Statein order to al10V

theinvestigation region：

I

S ta te S i n－C O n tr O l O u t－0王－C O n t r O l e x p e c te d　c o s ts

0 1 0 2 O f　a e t i o n s

t r a n s i t io n

p r o b ab i l i ty g 1－g

a c t i o n

d o n tt

i n v e s t ig a t e 0 L－C （L C ）P 【0 2 ‡Ⅹ】

i n v e s t ig a t e C 0 C P 【0 1 ！Ⅹ】

p o s t e r io r

p r o b ab i l i ty P 【8 1 ！Ⅹコ P 【0 2 ‡Ⅹ】

12



Where：C＝　SOme COnStantinvestigating cost

L＝　the present value of the savings obtainable from an

investigation when the activityis out of controI

X＝　a random variable which represents the reported costs

in a given period

P（＝the transition probability

between two states） r…1；g］

Figure　3：　Dyckman．s CosトBenefit MaLtrix by Action－State

He suggested the decision rule thatif CP【el！Ⅹ】＋（C－L）

（1－P【el‡Ⅹ】）≦0，theninvestigating the process was better than not．

He also suggested the decision problem of a continuum of states by

revising Duvall－s model（1967）．He sllppOSed the savings S to be

different but proportional to the cost variances as follows：

S＝ に（Oe－0）－C for O≦Oe

（0－8eトC for O≧0・
C

Where e is the expected cost when the processisinits optimal

COntrOI state and bl need not equal b2・

ThereforeI fol10Wing an observed cost of x，the expected

SaVing from aninvestigationis given by

E【S】＝／霊【bl（Oc－0卜C】fl（eEⅩ）de・／岩clb2（8－8）－C］fl（0！Ⅹ）dO

＝‾【bl＋b2日81（0）Hfz（Ze卜ZcFz（－Ze）】＋b2Zcロバ8卜C・

Where z＝柑1（8卜Oe‡／61（8）

fz（Zc）＝Standard normal density function

Fz（Zc）＝Standard normal cumulative distribution function

13



E【S】星investigation　‡investigation　；investigation

！　profitable E not profitable‡　profitable

0王一一一一一一一一一一一
■■■　－　■■■　－

、＼、、

、＼…　　　　∠…＿

Ⅹ1　　Ⅹ＝Oc x2

Figure　4：　Expected Saving Conditional on aL Single

Cost Observation

Note that x．（i＝1，2）of the above figure cannot be sought

because the normal cumulative function Fz（－Zc）has not been known

and then theinverse function of Fz（－Zc）does not exist・

However，this model vas criticized by Li（1970）abollt

estimating L，While Duvall－s model also had the similar faults，aS

follows：

L cannot be estimated until the optimal decision rules are
knovn；but the optimal decision rules are supposed to be

Output Of the model．（p．283）

For examining and solving the above problem，Magee（1976）

formulated the following equation for L and usedit for his

Simulation model：

14



L　＝（U2－Ul）（expected time until the process goes out of control）

＝gnnくU2叫）・：昌gJ（1－g）j（U2－Ul）
Where：n＝　the number of periodsleftin the decision horizon

g＝　the probability that anin－COntrOI cost process－Will

remainin control next period

ul＝　the expected operating cost per period when the

process is under controI

U2＝　the expected operating cost per period when the

process is under out－Of－COntrOl．

His simulation reslllts are discussed in section　5．

3）Bayesian Dynamic：Programmi‥ng」蜘C旦

Eaplan（1969），uSed the discrete dynamic programming to

find the optimal policy，and considered a tw0－5tateS mOdel used

transition probabilities between the two statesin successive

Periods for the first time．

The purpose of his model was toillustrate hov the various

COStS and probability distributions that arisedin this situation

Were able to beintegrated to yield the optimal policy with

respect to the minimum expected costs．This approach overcomed the

difficlllties of estimating L，namely，the benefits of

investigation，by using the actual costs when operatingin or out

Of control．

His model was developed on the basis of the same assumption

With Decision Theoretic Approach．However，aS OPpOSed to Decision

15



Theoretic Approach，COntrOl actions are taken before the state

transitionis generated．Thus the control process of Xaplan．s

modelis summarized asin the foHowing process：

prior

probability

＝【q卜1，1－qi－1】

the end of periodi

＝the beginning of

period i＋1

0－－－－－－－－－－〉0

↑一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一〉transition probability

↓　　　　　　　　　i

COSt repOrt X．COntrOl action
l

the end of

periodi＋1

－－－－－－－－－－－－－－－〉0
1

Pi＋1【01【Ⅹ・】＝qi！Ⅹ1

gf（Ⅹ柑1）qi・1

［言1；g】

＝三三芸：ヲ：’qi－1十王‘Ⅹ柑2’‘トq卜1’

Figure　5：Eaplan．s ControI Process

Given that after the processisinvestigated once，if the

probability of beingin controlis one，the optimal equationis

Cn（q）＝Min（E＋／【Ⅹ＋αCn－1（Txg）】【gf（Ⅹ；01）＋（1－g）f（Ⅹ…02）】dx；

／〔Ⅹ＋αCn－1（Txq）【qf（Ⅹ：01）＋（トq）f（Ⅹ‡02）】dx）・

Here，Eis assumed to be a cost ofinvestigation and correction．

An extended version of XaplanIs（1969）model was treated by

Ross（1971）．Under supposing that the state of the process at time

nis unknown and only becomes knovn when anitemis sampled，he

provided a framework for handling the problem due to three action，

thatis，prOduce withoutinspection；prOduce withinspection（to

16



1earn the current state）；and revise the process to statel．For

his formulation，he was able to obtain the most generalized

results．

Similarly to that of Ross（1971），Hughes（1975）extended

Kaplan●S（1969）Optimal policy by redefining the actions available

to the manager asin the three following case：1）do nothing；

2）obtain a report of period costs；and　3）investigate the reported

period costs and take a necessary－COrreCtive action to place the

process in control．

With reference to Xaplanls model，his validity was advocated

aLS the following reasons：

Eaplan assumes that cost variances are reported periodically。

However，given that expenditures for preparing cost reports
may oftentimes be nontrivial，these reports should only be

Prepared when，andif，they can be justified by the expected

benefits to be derived from their use．（p．344）

He also defined the timing of revisions different from

Xaplan（1969）（i．e．，tranSition occurs during the operating period

before costs are reported），making use．of the folloving Bayesian

OperatOr：

Tx（q）＝

qgf（Ⅹ柑1）
－　■■■　■－　■■－　－　■－　－　－　■■●　－1lll■■　■■■　－　－　■－　tll－　■－　－　－　一■ll■　－　－　－　－　－　－　■－　－

qgf（Ⅹ柑1）＋（1－qg）f（Ⅹ柑2）

Thus the optimal equation was given by

Vn（q）＝Min

C（q）＋αVn－1（qg）

C（q）＋R＋α／【qgf（ⅩiOl）＋（1－qg）f（Ⅹ：02）】Vn－1（Tx（q））dx

C（q）＋Ⅹ＋αVn－1（1）

17



Where C（q）＝　qg／Xf（X！81）dx＋（トqg）／Ⅹf（Ⅹ柑2）dx

qi＝the probability that the processisin control

at the start of theith period

R　＝　the cost of reporting

X　＝　the costs ofinvestigating and taking corrective

aetions．

He concluded in further remarks as follows：

Aslong as the Markov propertyis fitting，there will be no

benefit to obtaining costinformation from any period other

than the most recent when that actionis taken．（p．348）

Butin his correction paper（1977），he corrected his

COnClusion by referring that，although the above statementis

Obviously correct when costinformationis perfect，regrettably，

itisincorrect when thatinformationisimperfect．Thus his

additional correction was reconsidered by the folloving purpose：

The purpose of this noteis to show that there could be a
benefit to costinfOrmation fro血　Other than the most recent

period by presenting a numerical example using a model with a

Sampling rule calling for costs，in each period since the

last time that the action to obtain a cost report or to

restore the process was taken，tO be reported．（P．313）

Therefore，he suggested a new process that revised the

implicit sampling rule of receiving only the cost observation from

the most recent period when a cost report was obtained，tO

receiving cost observations from each period since thelast cost

report was obtained or the process wasinvestigated／Corrected．
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The model under X－periods sampling ruleis expressed as

follows：

k
C（qg‘－）＋αⅤ＿．（q，k＋1）

n－1

Vn（q，k）＝Min

Where

k

C（qg‘▲）＋R＋α／・‥／f（Ⅹ1，Ⅹ2，‥・，Ⅹk）＊

Vn－1（Txl・Ⅹ2・…・Ⅹk（q），L）dxl，dx2・…・dxk

C（qgk）＋Ⅹ＋αVn－1（1，1）

Txl，・・・，Ⅹk（q）＝

f（Ⅹ1，…，Ⅹk柑1）qgk

f（Ⅹ1‥・‥Ⅹk柑1）qgk＋f（Ⅹ1，…，Xk柑2）（1－qgk）

andwhere：f（Ⅹ1・・・・・Ⅹk）＝f（Ⅹ1，・・・，Ⅹk・el）qgk・f（Ⅹ1・・・・，Ⅹk：02）（1－q㌔）

f（Ⅹ1・…，Ⅹk柑1）珊f（Ⅹm柑1）

f（Ⅹ1・…，Ⅹk柑2冊f（Ⅹm柑2）（卜qg）′（卜qgk）2

Ⅷf（Ⅹ1柑1）f（Ⅹm！82）（qg－qg）′（1－qgk）＋…

用f（Ⅹm柑1）f（Ⅹk柑2）（qgk－1－qgk）′（1－qgk）・

As a result，heidentified the following three sampling rules

as the dynamic－Optimal－COntrOl problem：

1）to obtain a cost report containing one observation every

periodlEaplan（1969）】．

2）．to obtain a cost report containing a cost observation from

just the most recent period at times determined from an optimal

policy【Hughes（1975）】．

3）to obtain a cost report containing cost observations from all

Periods since thelast time either a cost report was obtained

Or aninvestigation／Correction was made at times determined

under an optimal policy【Hughes（1977）】．
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Buckman and Miller（1982）suggested an N－Cost Processes system

Where each process was assllmed to satisfy the assumptions of the

Xaplan．S（1969）model．Their cost processes vere established by the

assumption that correction action took place for all n processes

Or for none of them．The purpose of their model was to determine a

decision rule which minimized the expected discounted cost over an

infinite planning horizon．However，because the problem could not

be solved by using the standard methods of dynamic programming for

COmplltational reasons，they proposed a Myopic Policy，namely，One

Period Look Ahead Policy，Vhich was optimal for certain problems．

Their model can be also red11Cedinto that of Kaplan（1969）in the

CaSe Of One Cost Process except for using Optimal Stopping Rules．

In section　6，their modelis discussed，in detail，With respect to

Multiple Cost Processes．

4）珂arkovIan＿ApDrOaCh＿

Magee（1976）condllCted an empirical study for comparing the

Various Cost VarianceInvestigation models．Several simple ControI

Chart．models with different controllimits，Dyckman．S（1969）

Decision Theoretic model and Xaplan．S（1969）Dynamic Programming

model were considered as candidates for the best model，and were

COmpared and evaluated．

The simulation results of Magee show that a controI policy

using a fixed cost controllimit can capture much of the benefits
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Obtainable from more complex models such as those of Xaplan or

Dyckman．Hence，Dittman and Prakash（1978）suggested a Cost

VarianceInvestigation model to determine the optimal cost control

limit fOr the class of policies which used a fixed critical cost

to signal a need forinvestigating the Cost Process．

They obtained an equation for thelong－run aVerage COSt per

period of controlled operation．They also used Markovian Process

Transition Matrix corresponding to Xaplan（1969）．Bllt the process

transition was supposed to have taken place before a cost report

WaS generated．

They considered two control alternatives：

The first alternativeis to regard the process as having gone out

Of control，and so toincur a fixed discretionaryinvestigation

COSt T．H the processis found when beingin ouト0トCOntrOI

State，itis resettedinto thein－COntrOI state with a constant

COrreCtion cost K．Blltif the processis follnd vhen beinginin－

COntrOI state，itisleft to operate asis，and then commits a

Type－I error，1－Fl（Ⅹ）・The secondis to regard the process as

beingin－COntrOI state，allowingit to run withoutintervention

for one more period but takeing the risk of committing a type－H

error F2（Ⅹ）・

By two control alternatives aLbove，the control process

trasition matrixis shown asin the following figure：
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State　1　　　　　2

；［

g　　　1－g

0　　　　　1

l

，　　　2

l

 

l

卜F2（Ⅹ）　F2

Process Transition ControI Transition

Matrix Matrix

State　　　　　1　　　　　　　　　　　　　　2

ト（トg）F2（Ⅹ）　　（トg）F2（Ⅹ）

1－F2（Ⅹ）　　　　　　　F2（Ⅹ）

Controlled Process Transition Matrix

Where：F．（Ⅹ）＝　P【Ⅹ≦Ⅹ！i］，

i＝1：in－COntrOI state，

i＝2：Out－OfqcontroI state

X＝　Observed cost

X＝　Critical value

Figure　6：Dittman and Prakash－S Controlled Process Transition

Matrix

They obtained thelsteady－State prObabilities，Tr．（Ⅹ）and

Si（Ⅹ）（i＝1，2），reSPeCtively by using controlled process transition

matrix as follows：汀．（Ⅹ）is the steady－State PrObability for the

Statein which the process findsitself at the end of the

managerial control by Tr2（Ⅹ）＝　汀1（Ⅹ）（1－g）F2（Ⅹ）＋7T2（Ⅹ）F2（Ⅹ）and

7Tl（Ⅹ）＋汀2（Ⅹ）＝1；S・（Ⅹ）is the steady－State prObability of the state

before generating the cost reports by Sl（Ⅹ）＝gTrl（Ⅹ）and S2（Ⅹ）＝（ト

g）汀l（Ⅹ）＋汀2（Ⅹ）・
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The expected cost per period of operating the controlled

processis obtained as the sum of the expected cost per period of

l）operating　2）investigating　3）correcting the process．

The sum of the expected cost per period was given by

C（Ⅹ）＝Co（Ⅹ）＋Ct（Ⅹ）＋Ck（Ⅹ）＝U2十方1（Ⅹ）（a－bFl（Ⅹ））

Where：

C（Ⅹ）＝　Operating costs＝　LllSl（Ⅹ）＋U2S2（Ⅹ）0

Ct（Ⅹ）＝investigating costs＝（Plx〉Ⅹii＝1】Sl（Ⅹ）＋PlX〉Ⅹ！i＝2】S2（Ⅹ）IT

Ck（Ⅹ）＝COrreCting costs＝P【Ⅹ〉Ⅹ：i＝2】S2（Ⅹ）E

a　＝（1－g）Ⅹ十T一g（U2－Ul）

b　＝　gT．

Thus the fixed critical cost x＊to signal a need for

investigating the Cost Process can be obtained by the

computational result such that C（Ⅹ＊）＝Min C（Ⅹ）．

Bllt this proposed function has the problem that the existence

of x＊is restricted vithin Oくaくb，Fl（Ⅹ＊）〉（a′b）・and the total

COSt functionis not easily differentiated．

They concluded about the properties of their Markovian

Control Approach as fo110WS：

In summary，We Offer the practicing accountant a method for

determining cost controI policyi）which does not require

dynamic programming andii）which does not require Bayesian

updating of probabilities after each cost report．It simply

requires the matching of a reported cost variance against a

fixed criticallimit．The criticallimitis simple to

CaCulate，and the resulting policy yields much of the

benefits of the policies based upon more sophisticated cost
COntrOl models．（p．25）
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5）Com＿parisons ofInvesiigation Polj＿C＿呈．e旦

Three comparison studies of Cost VarianceInvestigation

Policies were conducted by Magee（1976），Jacobs（1978）and Dittman

and Prakash（1979）．

In the study for whatis the．．best一．policy among all possible

COntrOl policies，Dittman and Prakashlaid down a basis for the

research design of studies on cost management．Theyinsisted that

the’’best policy．．depended upon the ranking criterion as the

present value of expected cost or thelong－run eXpeCted cost per

period，Or the other criterions，but the optimality with respect

to one criterion might entail trade－Offs with respect to some

Other criterions．

Magee simulated all possible control policies with ranking

Criterion used the average total cost of the first12　periods，

While Dittman and Prakash used10ng－rlln eXpeCted cost per period

as the ranking criterion and obtained their data by using

analytical（numerical）methods as opposed to simulation．

However，Jacobs carried out a field experiment from an actual

firm to evaluate the effectiveness of varianceinvestigation

policies，rather than Magee●s computer simulation and Dittman－

Prakash．s analytical method．

Firstly，MaLgee COnducted an empirical study concerned with

finding the relative superiority of variollS Cost Variance

Investigation modelsl uSing the average total cost as a criterion

for model evaluation・He examined three general types：The first

24



is several ControI Chart models based on the probability that a

reported observation could have occurred when the processisin－

COntrOl；the secondis the statistical Decision Theory Approach

employed byI）yckmaLn（1969）；and the thirdis Kaplan．S（1969）Dynamic

Programming model．He did not consider Dittman and Prakash．S（1978）

model becauseit had not been developed at that point．He

performed a simulation study of the fo110Wing seveninvestigation

rules：

1．1nvestigate all unfavorable variances．

2・Investigate all variances that exceed the standard（Ul）bylO

percent．

3．Investigate all cost observations that exceed the

Standard（Ul）by atleast one standard deviation、01・

4．1nvestigate all cost observations that exceed the

Standard（111）by atleast　201・

5・Investigateif the updated probability that the processis

in－COntrOlisless than a critical probability determined

When using Dyckman．S（1969）policy．

6・Investigateif the updated probability that the processis

in－COntrOlisless than a critical probability determined

When using Xaplan．S（1969）policy．

7・Theinvestigation decision based on perfect knowledge

COnCerning the state of the process．

Each of the seven policies was performed for　200　simulated

12－mOnth periods with respect to the average total cost．

The research can be summarized as follows：

1・In testing the hypothesis that the seven means are equal，

method（6），the dynamic programming method，has thelowest

expected costif method（7）is disregarded as being
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unrealistic．

2．The differences betveen the methods（5）and（6）are not very

large，indicating that Li．S（1970）criticism of

Dyckman－S（1969）approach for not considering future actions，

While valid theoreticaHy，may havelittle effect・On the

incremental cost savings，atleastin the cases examined．

3．The best methodin terms of average total cost under

uncertainty appears to be method（6）whichin all cases was

Closest to method（7）．However，the differences between

method（6）and method（4）are not terriblylargein most cases．

4．Thereis no overwhelming evidence that a manager who uses a

．lnative．．methodis making aJ・tpOOr mOdel choice decision，and

the opposite may be true．

Thus he concluded that a manager who was concerned with all

COStS（including operating costs，investigating costs，

implementing costs andinformation costs）could very well prefer a

less complexinvestigation rule，and that survey research should

also determine the basis on which the decision一maker was evaluated

and rewarded，Since this would affect his or her model choice．

Secondly，Dittman and Prakash compared thelong－run eXpeCted

COSt Per period of the best Makovian controI vis－a－Vis the optimal

COntrOl（the best Bayesian policy）for a wide range of cost

Situations．Using numerical analysis．they calculated the

OppOrtunity cost of using the best Markovian policy developed by

Dittman and Prakash（1978），COmpared to an optimal policy based on

Xaplan’S（1969）dynamic programming technique．
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They explained the reasons of caculating the opportunity cost

as follovs：

Itis a theorem of Arrow et al．（1949）that，Withlong－run

expected cost per period as the ranking criterion，the

Optimal policy for any cost sitllationis equivalent to the

best Bayesian policy for that situation．This means that a
Preference for Markovian control necessarilyinvoIves an

OppOrtunity cost．tt（p．359）

The results of their study are summarized as the fol10Wing

two basic findings：

1．The opportunity cost of the best Markovian controlis a small

fraction of the mean difference between thein－COntrOl and

Out－Of－COntrOI costs unless the in－COntrOI cost has at least

a moderatelylarge coefficient ofintrusion and a

Substantially greater dispersion than the ouトof－COntrOl

eost．

2．The opportunity cost of the Dittman－Prakash policy decreases

as thelevel of the uncertainty of the out－Of－COntrOI cost

increases to a value somewhat higher than thelevel of

uncertainty of thein－COntrOI cost；beyond this point the

trend reverses．

As．a result，Dittman and Prakash showed that the somewhat

Simpler Markovian Approach was able to produce total costs

Virtuallyidentical to the optimal，but more complex，Dynamic

Programming Approach．

Different from Magee．s study，they also showed that critical

COSt range had to approximately be between O・601and　2・701，and

then the classical rule，by which controllimits are set at a

distance of　2010r　301from the－neanin controI costI CannOt be

trusted to provide．，good enough．．control．
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Finally，Jacobs presented the results of a field experiment

in which six specific models had been evaluated as the models had

been actually used to assess the significance of cost variancesin

a manufaturing firm．He classified models according to the

taxonomy developed by Xaplan（1975）as follows：

Single　observation Sequential of　observation

COSt and benefits
Of investigation Shewart　x－COntrOl Cumlllative　Sum　Chart
not　considered Chart 【Wald（1947）】

COSt　and　benefits Economic　x－Chart Economic　Cumulative　Sum
Of investigation 【Du．ncan（1956）】 【Goel and　Wu（1973）】
eonsidered Single－Period Bayesian

Model【Dyckman（1969）】
Multi－Period Bayesian Model
【Eaplan（1969）】

Figure　7：Jacob．S Taxonomy of Cost Variance

Investigation Models

As shownin the taxonomy above，he used six decision policies

On ten prOCeSSeS that considered physical usages and utility

items．Two techniques were used to evaluate the relative

effectiveness of the models．The firstis an anaLlysis of the

relative frequencies of the type－I and type－H errors．The total

COSt Of type－I and type一日　errors committed by each model was

Calculated and compared with a110ther models to determine an

effectiveness ranking・The secondis a sensitivity analysis

ranking technique・Model performances were examined with respect

to：

1．all variables；
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2・VaLriable groups based on10SS／investigation cost ratios；

3．Variable gr011pS based on normality ofin－COntrOl

distribution；

4・Variable groups based on cost behavior patterns；

5・Variable groups based on monitoring frequencies．

In addition，COmparisons of the following model groups were

made：

1・nOneCOnOmic versus economic；

2．single observation versus multi－Observation．

By grouping the models，the empirical results can be

SupPOrted by theoretical considerationsin researching

COnClusions．

He concluded the relative cost effectiveness of six models as

in the fo110Wing results：

1・For all variables，the mlllti－Observation models were

generally more effective than the single－Observation models．

2・for variables withlowloss／investigation cost ratiosくく6），

the cumulative sum chart was consistently more effective than

the other five models．

3・For variables with10Wloss／investigation cost ratios，the

economic models were not consistently more（Orless）effective

than the noneconomic models．

4・For variables with highloss／investigation cost ratios（〉17），

the economic models were consistently more effective than the

noneconomic models．

5・For variable groups based on the normality of thein－COntrOl

distributions事　the mult卜Observation models were consistently
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more effective than the single－Observation models．

6．For variable groups based on fixed behavior patterns and

Veekly monitoring，mOdel performances wereidentical to those

for thelow－10SS Variables．

6）　旦Ⅹploratoryf＿＿且LPa＿Lt＿i＿al）InvやStigation Poli＿＿CY

Dyckman（1969），in his extensive chapter，eXtended the

traditional two－aCtion space（Ⅰnvestigate，Don．tinvestigate）

model by allowing for an ExploratoryInvestigation that the cost

Of such aninvestigation was assumed as C．（C●くC），and that h was

assumed as the probability that the callSe Of an out－Of－COntrOl

process would be discovered when it existed．

He considered the fol10Wingloss matrix due to the action

SuCh as the ExploratoryInvestigation：

　＼ donftinvestigate exploraLtOryinvestigation
01 0 C l

02 Lh　－　C l 0

Figure　8：　Loss Matrix by the ExploratoryInvestigation

Thus theinvestigation policy can be made by selecting the

action with the smallest expected cost from the following

alternatives：
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a lter na tiv e ae tio n exp ec ted　cos t

a Do n It

In ves tig a te 0

b Ex p lo ra tory

Inv es tig a tion C lfn（el）＋【C l－Lh】【1－fn（01）】

e Fu ll

Inves t ig a t ion C fn（81）＋【C－L 】【1－fn （01）】

Figure　9：Expected cost from the Three Alternatives

Setting alternative b and c equal，tWO breakeven

probabilities can be determined as fbく01）＝（Lh－C．）／Lh and fc（01）＝

1－【（C－C●）／L（1－h）】．

He also considered N－Cost Processes case as the extension’of

One Cost Process．He showed how the optimal set of processes to be

investigatedin any given period j was able to be selectedin

Multi－Cost Processes asin the fo110Ving equation：
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Where M＝　a firm budgets．

Ⅹaplan（1975）extended his Bayesian Dynamic Programming Model

（1969）by a110Wing for an ExploratoryInvestigationlike

Dyckman（1969）．H the probability that the systemisin controlis
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q，then the probability of findingit out of controI with the

ExploratoryInvestigationis（1－q）h．When the processis found to

be out of control，itis reset and a new cycle starts．Conversely，

the probability that the systemis not found to be ollt Of control

by the ExploratoryInvestigationisl－（1－q）h．If q vas the

probability of the system beingin control before thellnSuCCeSSful

ExploratoryInvestigation，then the posterior probability of being

in controlis obtained by q／［1－（1－q）h］＝　q／【q＋（1－q）（1－h）］．

Formally，if K．is the cost of the ExploratoryInvestigation，

the expectedinfinite horizon future cost from under taking the

Exp10ratOryInvestigationis given by

KI＋（1－q）h／【Ⅹ＋αC（Txg）Hg（Ⅹ）dx＋【ト（トq）hコ／【Ⅹ＋αC（Txql）】fq一（Ⅹ）dx

With q－＝q／【1－h（トq）】．

For a more general treatment，he defined the amount of money

SPent On aninvestigation as a continuous variable X●　and a

function h（kl）as the probability of detecting an out－Of－COntrOI

Situationwhenoneexisted－HealsoaヲSumed thath（0）＝0・左i‰h（k●）

＝l and that h（k一）vas a nondecreasing function of X．．Therefore，

the expectedinfinite hori210n future cost from the equation above

C（q）＝㌍i皇0（Rt＋（トq）h（k一日【Ⅹ＋α（TxgHfg（Ⅹ）dx＋

【ト（トがh（k－）】J【Ⅹ＋αC（Txqt）】fq・（Ⅹ）dx〉

Where qlis a function of Xl as defined above and setting X・＝O

With h（0）＝O and q一（0）＝q yields the expected cost when no

investigationis undertaken．
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He also criticized that Dyckman（1969）recognized that the

probabilities of beingin or out of controI should be revised to

reflect the ExploratoryInvestigation outcome but neglectedit．

Xim（1983）attempted to extend the previous studies by

al10Wing for a Partial（Or Exp10ratOry）Investigation．He

qOnSidered three PartialInvestigation cost function by using a

function u（h）with u（0）＝O and u（1）＝E，Similarly to Xaplan，S（1975）

h（k．），aS fo110WS：1）Ⅹ●＝Eh，2）E．＝Eh2　and　3）K．＝Ⅹh3．Heinsisted

that the expected value of the opportllnityloss resulted from the

PartialInvestigation，L．，WaS denoted as L（1－h）（1－q）With

L：qnn（U2－Ul）・∑冒：：jgJ（トg）（u2－Ul）・thentheoptimaldegreeof

investigation was obtained by minimizingI（．＋L．with respect to h．

7）　The Other Cos＿t Variance Anal＿ySis Model＿＄＿

Demski（1970）insisted that a search procedure wasimportant

because any given cost variance might be the result of a number of

individual causes and each cause required different search

activity．Thus he assumed that the relevant causes of cost

Variances were categorized by the following five separate variance

SOureeS：

i）implementation failure；

ii）estimation error of paraLmeter；

iii）measurement errorin measuring the actual cost；

iv）model error；
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V）random variance．

He suggested a model to minimize the expected value of the

total elapsed time from determination of a significant variance

（i．e．，the varianceis to be searched out and the variance then

COrreCted）to determination of the specific source and subsequent

COrreCtion，With knowledge that a significant cost variance had

OCCurred and that the source of variance was one of five possible

SOureeS．

His objective function for the expected search and

COrrelation time consumed by a specifici，j，k，1，m SearCh sequence

is obtained by the fo110Wing equation：

E【T（i・j・k，1，m）】＝T・P（i：D）＋（T・＋T・）P（j‡D）＋（T・＋Tj＋Tk）P（k！D）

＋（T・＋Tj＋Tk＋Tl）P（＝D）＋（T・＋Tj＋Tk＋Tl＋Tm）P（m！D）

Where：T．＝　the known（and stable）time required to search out
l

Varl anCe SOurCe l

P（i！I））＝　the conditional probability that an observed

Variahce was caused by a special source S．．

As aL reSult，the solution of equation E【T］is obtained by

renumbering the five variance sources so that

Tl／P（1；D）≦T2／P（2！D）≦T3／P（3！D）≦T4／P（4：D）≦TS／P（5：D）・

But Demski，s model vas criticized by Ronen（1974）as fol10WS：

His model for optimizing the variance search and corrective

activityis conditional on the knowledge that the processis

now out of control．Basically，his approach consists of an

adaptive formulationin which management assesses prior

probability distribution for failures resulting from

prespecified sources．This prior distIこibution may be revised

in a Bayesian framework to optimize the search time．

Reporting a variance and determiningits significance are

assumed given，Whenin fact both of these processes should be
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made contingent on the net benefits to be derived from

－’optimal search．一一（p．51）

Ronen also pointed out that the previollS apprOaChes to the

analysis of variancesimplicitly assumedindependence of the

reporting（accounting）decision and the control decision；all

approaches dealt with the control of failures given that the

decision on their reporting already had been made；and more

SPeCially，the problem that had by that time been dealt within

theliterature centered on the evaluation of the benefits and

COStS Ofinvestigation given a repeated variance，and a finite

Subset of types of sources was selected for such evaluation．

However，the reporting decision and theinvestigating

decision can be．Viewed both as parts of the total decision，and

then theinvestigating decision to neglect the reporting decision

may resultin suboptimization．

Thus hisinterests was the problem that was transformedinto

that of determining the appropriatelevel of aggregation of

Variances which was resulted fromindividual sources．

His frameworkis consisted of as follows：

i）toidentify the set of possible sources．

ii）toidentify a subset oflevels at which the sources can be

aggr．egated for the purpose of reporting a variance．

iii）given the particularlevels of aggregationidentifiedin

ii）above，tO determine what actions may be taken given

the resulting variance．

iv）to specify the probability distribution of netincremental

SaVings to be gained from such actions．
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Ⅴ）to estimate the costs of each the aggregationlevels

SpeCified．

Vi）to select thelevel of aggregation which maximizes the

expected net benefits．

Ozan and Dyckman（1971）considered a cost generating process

that the total cost variance generaLted for each process was

jointed by many resources．However，COSt Variance for a resourcei

WaS SPlittedinto controllablein one process but noncontrollable

in another．

In order to obtain the probability distriblltions of the

COntrOllable and noncontrollable parts of the total cost varianceJ

he used DllVall●S（1967）suggestion concerning the distribution

between two parts of a cost variance．This distribution was used

to obtain the present vorth of the expected profit from an

investigation・As opposed to the earlier papers，he developed a

model of the cost relationshipsin a cost center that permitted

the expected value of a noncontroHable cost vaLriance to be

nOnZerO and that formulated alinear programin whichincluded

budgetary and man power constraints．

His objective fllnCtionis obtained by maximizing the expected

utility vith respect toinvestme－ntS With uncertain returns，andit

is given by the followinglinear programming：
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Max：i≡1（E【P・卜kf（0【P・】））zi
Sllbject to

Ei≡1（H・・L・）Z・≦B

Ei≡ldiZi≦D

OくZ．くl
l

Where：Z．＝　the decision variable

d．＝　the amount of manpower required toinvestigate the
l

ith resource

B　＝　the budgeted amount of money for theinvestigation

Of cost variances during the cllrrent Period

D　＝　the total manpover available toinvestigation all

Pi＝preSent WOrth of the cost savings from correcting

the ith resource cost variance

fl0（P．）】＝　a general function of the standard deviation of

the present worth of the cost savings

k　＝　a Certain constant coefficient．

m　＝　tOtal number of processes．

This model also was criticized by Xaplan（1975）as follows：

a subsequent paper by Ozan and Dyckman expands on

Dyckman．S（1969）model－by defining different types of

COntrOllable and noncontrollable variances．some guidanceis

Offered as to hov to estimate some of the many different

probabilities this model requires，bllt the formulationis

Stillin terms of using myopic decision rules which entails

the difficlllties already discussedin Dyckmants（1969）model．

Ozan and Dyckman eventually derive a reward function similar

to that used by Duvall（1967）．（pp．327－328）

Magee（1977b）suggested a model which al10Wed for the use of

information on cost process commonalities for the choice between a

’’simplifiedt●　cost variance anaLlysis based on considering cost
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Variancesindividually and a，一complete一一　analysis based on the

joint consideration of multi－COSt Variances．

He discussed aninvestigation decision model for two Cost

Processes，by using Xaplan●S（1969）model expanded to a Multiple－

Cost Processes．He mainly considered an example that all factors

Were kept constant，eXCept for the＿COrrelation betveen the two

prOCeSSeS．

By analyzing the result of the above example，he summarized

the effect of correlation between the two processes as follows：

1）The expected total costs decrease as the dependence

incr卑aSe，although the PmOunt Of decreaseis relatively

Sma11．

2）The decision maker will consider the net benefits of the

COmPlete analysis since the expected cost of a simplified

analysis will equal the expected cost withindependent

random cost distribution that correlation coefficient is

O．

Buckman and Miller（1982）modeled an M－Cost Processes system

Where each Cost Process evolvedindependently of the others，While

Ozan and Dyckman（1971〉　assumed that the Cost Processes were

Statisticallyindependent and Magee（1977b）assllmed the case that

theindependence assumption was not made．Investigation and

COrreCtion were assumed to be made for all M－Cost Processes at

OnCe，and the decision problem was to determine wheninvestigation
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and correction should take place given the vector of probabilities

that each cost process vas Hin－COntrO1．1－

Because the problem could not be solved using the standard

methods of dynamic programming for computational reasons．They

proposed a Myopic Policy（i．e．，One Period Look Ahead Policy）which

WaS OPtimal for certain problems and heuristic otherwise．Ⅰn their

model，eaCh statisticallyindependent Cost Process was assumed to

Satisfy the assumptions of the Xaplan－S（1969）paper．They made use

Of the specialized theoryin the dynamic programming，by

COnSidering the optimal stopping with the One－Period Look Ahead

Policy and the regenerative optimal stopping．

Theyimplemented their myopic rule by using the minimum

expected discounted cost for an n－period problem，

Vn（Ⅹ）＝min（k：C（Ⅹ，1）一入＋αk），aS fol10WS：

COntinueif C（X，1）一入－k（1－α）くO

investigateif C（X，1）一入－k（1－α）≧O

Where：　　　Ⅹ＝　the vector of probabilities that each Cost

Process is．lin control．．

C（Ⅹ・1）＝Ej≡lujlXj・Ej望lUj2（1－Ⅹ・）J

入＝　a bonllS tO the decision to continue since that

decision uses one time period

k＝investigation and correction cost

α＝　a discollnt factor．
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The myopic ruleis optimal for the　入－Stopping Problemif the

fol10Wing monotone conditionis satisfied【Ross（1983）】：

Let B represent the set of states for which stoppingis atleast

as good as continuing for exactly one more period and then

StOpping．The monotone conditionis thatif xEB，then the states

Which can be reached from xin one period have to also belong to

B．

However，theyimplemented the regenerative stopping algorithm

With heuristic method when the myopic rule was not optimal．

In their conclusion，theyinsisted that their model was the

Simplest meaningful N－Cost Processes system one could formulaLte，

and that a main contribution of their paper would be the fact that

it provided an example of a myopic procedure for this class of

problems．

Magee（1977a）attempted to address theisslle Of parameter

uncertaintyin the cost control by considering two questions：

i）What effect d0．．mistakes．一in assessing distributional

parameters have on the control of costs？

ii）How might uncertainty concerning the cost parameters

affects the manager．sinvestigation decisions？

He discussed a cost system with theinformation about

imperpect parameter knowledge（e．g．，Ollt－Of－COntrOI state）by using

Xaplan．S（1969）Dynamic Programming Cost VarianceInvestigation

model．
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First，he considered the．．robustness．．of a Dynamic

Programming Cost VarianceInvestigation model with respect to

Parameter．．errOr一t．Parameter errors may resultinlarge average

COStS，thenit willindicate that a manager may be villing to

expend resources to gaininformation about the true parameter

Values．ThllS a method was suggested with which used the manager．S

Prior beliefs to form estimates of the desired parameters．Prior

beliefs were classifiedinto prior beliefs f（e）concerning their

possible values of parameter and prior probability，P【in－

COntrOl】＝q，COnCerning the state of the Cost Process．

He suggested the Cost VarianceInvestigation model with

parameter uncertainty that the expected cost of the cost system

depended not only on the probability of beingin control，but also

f（8）as follovs：

Cn（qn，fn－1（0）） lfuture costsifinvestigate！qn，fn－1（0）］

lfuture costsif donltinvestigate‡qn，fn－1（e）］・

This formulationis similar to the case that considers prior

beliefs f（e）concerning their possible values of parameterin

Xaplanls model，but Xaplan．s qnis regarded as Mageels qng・

As opposed to the existing accountingliterature，

Hannum（1970）developed the model that determined the reporting

SChedules for ongoing managerial processes．His model speciaHy

discussed for setting reporting frequencies，for a single ongoing
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PrOCeSS Which could be expected to undergo a significant

Shift（i．e．，tranSformationinto out－Of－COntrOl）in thelevel of

Performance after some elapsed operating time．

The optimal reporting scheduleis obtained by minimizing the

Sum Of thelong－run aVerage OppOrtunity（Operating）10SS per

reporting cycle plus thelong－run aVerage COSt per repOrting cycle

Of obtaininginformation and taking necessary control action．His

model’S controI strategyis to obtaininformation at distinct time

POints according to some schedule，and his objective functionis

Averagecostpercycle＝Ek；。′；：＋1【Cl（k・1）・C2（Xk・1－t）・C3・f（t）dt

＝Clnx＋C2（mx－Ut）＋C3

Where：Ⅹk＝the elapsed timeinI，daysIIof process operation at

Which the kth reportis to be obtainedif the process

has been found to be operatingin control at the

immediately previous（k－lth）report at time

Xk－1くk＝1，2，・‥）

t　＝　the process operating time at which a shift out of

COntrOl oecurs．

Cl＝　direct cost of a single report

C2＝　direct cost per day of an undetected shiftin the

prOCeSS

C3＝　direct cost of taking control action

f（t）＝　prObability density function of t

ut＝mean Of probability density function f（t）

n　＝　aVerage number of reports per cycle given x

X＝　the sequence（Ⅹ1，Ⅹ2I‥・）of reporting times

m　＝　aVeragelength of cycle given x．
X
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He also discussed how the optimal reporting schedule was

Obtained according to the character of function called failure

rate，r（t）＝　f（t）／（1－F（t））．

He defined two general types of reporting schedules prior to

Obtain the optimal reporting schedules according to failure rate．

The oneis　一●regular．．that cost reports are obtained at equal time

intervals and the otheris．．irregular．．that cost reports are

Obtained at unequal timeintervals．

When the faLilure rateis constant，the optimal reporting

SChedule can be found by trial and error search．But whenitis a

Strictly decreasing failure rate，nO general statement can be made

On the exact natllre Of the optimal reporting schedule．If a

process has anincreasing failure rate，althollgh he mainly

anaLlyzed his modelin the same case，he shows that a recllrSive

analysis which would assure an optimal strategy can be usedin

place of a triaLl and error search．

As a result，the accountingliterature discussed until now

Can be classified asin the following taxonomy：
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CHAPTER THREE

SEARCH OF THE BASTC ASSUMPTIONS MODIFIED BY LITERATURE

1）　Overview

This chapter shows how the development of the basic

assllmptionsin each paper has been modified throughout all the

previous accollntingliterature，and how assumptions of this paper

Should be modified relatively to the previous ones．In section　2，

the author discusses the requiredinformation and their

estimationI eSPeCially L which was mainly assumedin the Decision

Theoretic Approach●　and also about the definition of operating

andinvestigation costs that were assumedin BayesiaLn Dynamic

Programming and Markovian Approaches．The relation between the

point generating a cost report and the point forming decision

makingis discussedin section　3．Section　4　Shows how states of

transition have been assumed and estimated，and section　5　covers

the control variablesin each paper．

2）　豊里旦uireヰInformation and Their Estimation

BFJ（1961）developed a Cost VarianceInvestigation model to

derive theinvestigation region associated with the required

informationI L and C・L and C are all theinformation requiredin

their model，and are defined as follows：

C＝　the cost ofinvestigating thellnfavorable variance
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L＝　the present value of the costs that will beincurredin the

futureif aninvestigationis not made nov．

However，benefit L depends upon future action，andis therefore

difficult to be estimated as discussedin chapter tw0．

1）uvall’S（1967）model required theinformation・Ux・0妄・鴨・L

and C，in order to formuiate his model．He defined the cost C as

the average cost of aninvestigation．He also def．ined the benefit

L as the present value of future savings resulting from

discovering a controllable variance y thatis proportional to the

Size of the variance．However，the problem as to how to measure

the savings from aninvestigation still exists，Since this model

does notincorporate the possibility ofinvestigationin the

fllture．

Dyckman（1969）sllggeSted a model to require theinformation，

Ul，0号，U2，0茎，g，L and C・He defined the cost C as the cost of

aninvestigation，and the saving value L as the present vallle Of

the savings obtainable from aninvestigation when the activityis

Out Of control．However，Li（1970）Criticized this approach by

Saylng，’’L caLnnOt be estimated until the optimal decision rules

are known－●．

Xaplan（1969；1975）suggested a model that requires similar

information with Dyckmants model but without using L．He used the

actual costs when operatingin or out of control to derive the

Optimal policies，by the reason thatincremental costs of

OPerating out－Of－COntrOl arised direc・tly from the higher costs

46



that accrued when operating away from standard，and because of the

difficulty about how to measure L．He also defined the cost X as

the cost ofinvestigation and correction．In his Extensions and

Limitations sectionl the cost X was described as follovs：H Xlis

the cost when actuallyin control and X2is the cost when aLCtually

Out Of control，then the expectedinvestigation cost would be

qXl＋（1－q）Ⅹ2；If Xl and X2　Were themselves random variables，With

means Xi and X；，then the expectedinvestigation cost would be

qXi＋（トq）Ⅹ；・

Hughest（1975；1977）model，When compared with kaplan．S，

requires additionalinformation，thatis，the cost of reporting，R．

Dittman and Prakash（1978）form their model by classifing the

investigating cost Einto theinvestigating costI and correcting

COSt X，differently from Xaplan－s X．

Ⅰn the present stlldy，theinvestigating cost Cincludes the

Value of the manager．s or subordinate．s time spent on the

investigation and any cost ofinterrupting a production process as

discussed by Eaplan（1982）；the cost Mis defined as the correcting

COSt，anditis assumed to be known beforeinvestigating the Cost

Process．

On the other ha‾nd，Magee（1976）suggested a new method about

estimating the opportunity cost L．He adjustedit to reflect the

possibility of futllre Ouトof－COntrOl periods as follows：

L＝（U2－Ul）（expected time until the process goes out of control）

＝（U2－Ul）E［N】
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＝（U2－ul）【∑昌jgJ（1－g）・ngn】・
He also simulated the relation between Dyckman．S（1969）and

Kaplan●S（1969）models with respect to the average total cost of

the first12　periods by adjusting L．Then the differences between

the above two models hadlittle effect on theincremental cost

SaVings．

Thus，the present study will form the Cost Variance

Investigation model based on Mageels L with respect to Decision

Theoretic Approach．Dyckman（1969），Eaplan（1975）and Xim（1983）also

require additionalinformation事　h，repreSenting the probability

that the cause of an ollt－Of－COntrOl process will be discovered

Whenit existsJin the ExploratoryInvestigation cases of their

extension parts・Therefore，the present study will seek the

Optimal policy by using the sameinformation，SllCh as models of

Xaplanl and Dittman and Prakashin the FullInvestigation case，

and such as models of Dyckman，EaLplan and Kim of the Exploratory

Investigation case．

3）　写he Point Generating Cost Reports＿and Forming the Decision＿＿＿

Xaplan（1969；1975）defined the posterior probabilityqiin

periodi as the probability that the system wasin ain－COntrOI

State（i・e・I Statel）during periodi＋1given the most recent
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Observation Xi＝X and the previous probability estimates＝q卜1・By

application of Bayes．formula，it was obtained as

qi＝gfl（Ⅹ）qi－1／【fl（Ⅹ）qi－1＋f2（Ⅹ）（1－qi・1日where fi（Ⅹ）＝f（X：Oi）・This

means that transition occurs at the end of the period after costs

Were repOrted．

As opposed to Xaplan．s model，Dyckman（1969）assumed that the

COSt Observation was obtained posterior to the operation of the

transition matrix，SO that the posterior probability was obtained

as qi＝fl（Ⅹ）qi－1g／【fl（X）q卜1g＋f2（Ⅹ）（1－q卜1）g】・

Dittman and Prakash（1978）assumed that the process transition

had taken place before a cost was reported，Similarly to Dyckman．s

model，in his Markovian Approach．However，the time difference

among these models generates no problem with respect to seeking

the optimal policy becauseit can be regarded as the

methodo10gical differences due to calculating the different prior

PrObabilities corresponding to the different timelevels．

As shownin chapter two，Hughes（1975）considered the case not

to obtain a cost report similarly to Ross．（1971）model，and

Hannum（1970）deve10ped the model that determined the reporting

SChedules for setting the reporting frequencies for a single

OngOing process which could be expected to undergo a significant

Shift（i．e．，tranSformationinto out－Of－COntrOl）in thelevel of

performance after some elapsed operating time．

However，the present．study will consider the Cost Processin

Which the cost reportis obtained ever・y period，because the cost
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reportisinformation thatis periodically provided froTn

production divisioninto managerial division．

4）　Transition of States and Estimation of Them

DllVall（1967）suggested a procedure which showed how the

distribution of controllable variance y and the relevant costs

Were able to be made as a part of theinvestigating policies，in

Order to seeif aninvestigation vas expected to be worthwhile．

Hovever，it was criticized due to the fact thatit was done only

for a stationaryprocess，because the uy and O of controllabley

distribution were caculated by treating each observation equally

and symmetrically．

Eaplan（1969）soIved this problem by using the Markovian

transition probability with a constant probability g．He suggested

the model dealing with a two－State SyStem（i．e．，in－and out－0ト

COntrOI state）that，Whenin control，WOuld remainin control

during the reporting period with a constant probability g．He

insisted that the parameter g vas aLble to be estimated by noting

that the mean of the number of periods before going out of controI

VaSl／（1－g）．

Moreover，Magee（1977a）discussed a Cost Process with

information aboutimperfect parameter knowledge（e．g．，OuトOf－

COntrOI state）by using Xaplan－S（1969）Dynamic Programming
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Approach．Specially，he suggested a procedure using the manager．s

prior beliefs to form estimates of the desired parameters．

On the other hand，Ⅹaplan（1975）discussed the process to

expand the number of states to allow for varying degrees of ouト

Of－COntrOlness（e．g．，S states with statel representing perfectly

in control，State　2　representing slight deterioration and state s

being well out－Of－COntrOl）；Ross（1971）suggested a general

formulation by assuming that a process could bein a countable

number of states；and Magee（1986）suggested a Markovian Approach

With three states（i．e．，Statel representing ouト0トCOntrOl，State

2　representingin－COntrOl and state　3　also representing out－Of－

COntrOl）．

But when the number of statesincreases，multi－State mOdels

may not obtain any benefit of realistic application from the

COmplexity of formulating the model or the measuring of the

COnditional distributions g・ivenits states．Therefore，the number

Of states need to be formed by the realistic applicability and

measurability of the conditional distributions givenits states．

AH the models discussed above also assllme that the

investigation of an out－Of－COntrOI process will always disclose

its causes．However，Dyckman（1969），Eaplan（1975）and Xim（1983）

SupPlemented the Exploratory（Or Partial）Investigation casein

Which theinvestigation of an ollt－0トcontrol process did not

always discloseits causes．Thus，the present study will deal with
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models with two－StateS Of the Full and ExploratoryInvestigation

CaSeS．

5）　Control Var＿＿i＿卑ble＿＄＿

BFJ（1961）and Dyckman（1969）used the posterior probability

that denoted the possibility of beingin control，When an observed

COSt Variance vas given，aS a COntrOI variable．The control　　　，

Variable can be representedin thelight of an actionin the

Statistical Decision Theoretic Approach，in which the Cost Process

Will beinvestigatedif the expected cost ofinvestigatingitis

less than the expected cost of not－investigatingit．

Xaplan（1969；1975），Hughes（1975；1977）and Buckman and

Miller（1982）also used the posterior probability that denoted the

possibility of beingin control，When the most recent observation

X WaS given，aS the controI variable with respect to the Bayesian

Dynamic Programming Approach．However，Eaplan．S control variable

has a different value from the others because the point of

generating transition probability g was defined differently from

the others．

Duvall（1967）suggested a new model，in which the controI

Variable was denoted as the cost variance x，that minimized the

expected profit reslllting from aninvestigation．

Dittman and Prakash（1978）defined the control variable vith

respect to the Markovian Approach，SO that the cost variance x
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itself was used as the controI variable and simply required the

matching against a fixed criticallimit．

Thus，by using the cost variance x as the control variable，

the present study will establish a model to require only the

matching of a reported cost variance to a fixed critical value

depending on the prior probability，differently from the previous

modelsin the Statistical Decision Theoretic Approach．
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CHAPTER FOUR

ASSUMPTION AND CONTROL PROCESS

1）　0verview

This chapter mainly discusses the basic assumptions and

COntrOl process usedin the FullInvestigation case because the

ExploratoryInvestigation case can be regarded as the extension of

the FullInvestigation・CaSe．Therefore，additional assumptions

usedin the ExploratoryInvestigation will be discussed at the

Starting point of chapter six．

Section　2　discllSSeS general assllmptions，Similarly to those

assumedin the previous accountingliterature，thatis requiredin

forming a Cost VarianceInvestigation model proposedin this

Study・In section　3，additional assumptions are discussed for the

Likelihood－Ratio Test Approach，Whichis the methodology of this

Study．Section　4　discusses the controI process that will be

COnSideredin the present study．The controI process can be

described by using the sameinformation，namely，Ul，U2，0箸，0…，g

and C，SuCh as Xaplan－s and／or Dittman and Prakash●s models．
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2）　General Assum tions for Formin the Cost Variance

Investi ation Model

The present study assllmeS a tWO－State Situation within－　and

OuトOf－COntrOI states that was discussedin chapter three．In－

COntrOI state denotes the situationin which operating segmentis

Operatingin control．Thisindicates that，When costs arein

COntrOl，there may be some variances but these are caused by

Short－term fluctuation and，there are no controllable

inefficiencies that will continue unless corrected．Out－Of－COntrOI

State denotes the situationin vhich，When costs are out of

COntrOl，there are controllableinefficiencies that will continue

until corrected．

Let x denote a random sample which represents the reported

COStSin a given period．When the sitllationisin control，SuPpOSe

that the reported cost x has a probability density function

f（Ⅹ；81）which Olis a vector with elements，Ul and彗・Similarly，

When the situationis out of control，SuPpOSe that the probability

density function for the reported costs xis given by f（Ⅹ；82）I

Which O2is a vector vith elements，U2　and O茎・Presumably，f（Ⅹ；81）

is such that most of the probabilityis concentrated aboutlow

COStS and f（Ⅹ；02）has most ofits maSS at high cos－tS，and then Ul

has a valueless than U2・Howeverl SuppOSe that el and e2　have

been known since standard costs were established，and that the

probability density functions for parametersl el and O2，are

normal density functions．
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Let g denote a probability that vi110Peratein control until

the start of the next period，and（1－g）a probability that an

inefficiency will develop at the start of the accounting period

and wil10perate Ollt Of control for the period．The present study

also assumes the case of there being no chance of self－COrreCting．

Then the transition probability P between the two statesis

Summarized asin the following transition matrix of the Markov

ehain：

P＝【；1訂

3）　Additional Assumptions for the Likelih＿OOd－Ratio Tes・t Approach

In order to define the control actions of the present model，

let us set up a statistical hypothesis．When the cost report xis

Observed from normal distribution with parameter，Oi（i＝1，2），On the

basis of whichitis desired to test Hl：0＝el VerSuS H2：8＝82，

COntrOl action a．（i＝1，2）is defined as the decision of deciding

that H．（i＝1，2）is correct．Let A denote the action space that

COnSists of al and a2・and◎　the parameter space with Ol and e2

（ulくU2）・If actions are represerrted as the function of the outcome

Of the cost report x，6（Ⅹ）EA can be defined as the decision rule

Which maps the sample space Sinto A．

In order to determine theinvestigating region due to testing

HI VerSuS H2，1et us partition the range of sample space Sinto
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（Ⅹ；6（Ⅹ）＝al）and（Ⅹど　6（Ⅹ）＝a2）・define the former as Sl and the

latter as S2・Thenloss function for fixed numbersI el and02，is

given by the formulas，

叫；0’＝f：

if O＝Ol

if O＝82
and叫；0’＝i：

if O＝01

if O＝02・

Here，aS discllSSedin section　2　0f chapter three，C denotes the

investigation cost used forinvestigating the Cost Process when

COntrOl action a2is performed；M denotes the correcting cost

after aninvestigation；and L denotes the vallle Of the expected

COSt SaVing to reflect the possibility of future out－Of－COntrOl

periods over aninfinite horizon．Then L can be derived similarly

to Magee（1976）as follows：

L＝掴∑ご＝lgj‾1（トg）（∑≡＝1α卜1（U2－Ul））

＝（トg）（U2－Ul）掴ぢ＝lgj‾lE…＝1α卜1

＝（1－g）（U2－Ul）掴∑ご＝lgj‾1くく卜αJ）′（1－α））

＝（U2－Ul）／（1－αg）

Where ais a discount factor and random variable N has a

geometric distribution，gn．1（トg）．

Schematic representation of this procedure can be shown asin

the fol10Wing figure：
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1　　　　　　　2　　　　　　　3

（U2－Ul）＋

α（u2－Ul）＋

α2（U2－Ul）

∑i＝1αi‾1（U2－Ul）

Figurell：Branching Diagram of Expected Cost Savings from

Investigation

As a resultIloss function and probability of the

investigating region are summarized asin the fo110Wing figures：

◎　 A
al a2

81 0 C

02 L C十川

Figure12：Loss Matrix

S
ⅩgSl － ⅩgS2

01 P【ⅩgSl柑l】 P【ⅩgS2 ；01】

02 P 【ⅩESl柑2コ P【ⅩgS2 ；02コ

Figure13：Probability of

Investigating Region
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Additionally，nOte that the conditional probabilities of

COmmitting TypeH and Type－H errors are P【XgS2柑1】and

P【XgS－1柑2】・

4）　Schematic＿＿＿Repesentation of ControI Process＿＿

Consider a Cost Process similar to the previous accounting

literature（i．e．，Dyckman（1969）and Hughes（1975；1977））．Thenit can

be shown asin the fol10Wing figure：

prior probability

at the beginning of period n

【汀，1一打】 transition probability

【≡　1；g］

Figure14：Cost Process

the end of period n

〉0－－－－－－－－0

1　†

一一一一一一一一〉

COSt repOrt X COntrOl action

The state of Cost Process is unknown to the decision maker

exceptimmediaLtely after aninvestigation，andit can only be

inferred from the observed costs and thelength of time since

COrreCtion action．Whatis actually‾knownis the probability that

the Cost Processisin control．This probabilityis determined by

Bayes formula．Thus　汀is defined as the prior probability ofin－

COntrOI state at the beginning of period n．

TheJI Can be easily estimated by Bayes formula depending on

the transition probability，because the Cost Processis reset and
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a nev cycle starts whenit is found to be out of control．When the

Observed costs are given，this prior probability can be specified

by the generalized Bayes formula．This will be discllSSedin

SeCtion seven of next　－Chapter．

Suppose that the cost of obtaining a cost reportis zero and

the cost reportis required every period，and that the state

transition took place before a cost reportis submitted as

discussedin chapter three．Then the cost report provides

information about the status of the process when the cost report

is submitted at the end of a period．Additionally，SuppOSe that

the control actionis carried outimmediately after the cost

reportis submitted，and that the time taken toinvestigate and

COrreCt the Cost Processis small compaLred to the duration of an

Operating．一period．．．

As a result，basic assllmptions－of the previousliterature

Were eXaminedin chaLpter three，and this chapter discusses the

assumptions of the present study．However，the present study

defines the basic assumptions similar to them of the previous

literature．Thisis dlle tO the reason why the author concentrates

On developing another simple Decision Theoretic Approach that can

Capture muCh of the benefits obtainable from the other approaches，

Without reqlliring additionalinformation（Or aSSumPtions）．
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CHAPTER FIVE

FULLINVESTIGATION BY BAYES LIXELIHOOD－RATIO TEST

1） 0verview

A new procedure of the Decision Theoretical Approach with

respect to the case of FullInvestigation，by using the

assumptions describedin chapter four，is proposedin this

Chapter．However，the numerical analysis of this procedure will be

discussedin chapter seven．

Section　2　describes two methods，the Extensive and Normal

Forms，Which minimize the expected cost．However，the results of

two methods of Bayesian analysis are the same whether the pre－

experimental or post－eXperimental view pointis taken，SO We Can

use whichever viewpointis most convenient．

In section　3，the present study sets up theinvestigating

policies by statistical hypothesis，and shows the new procedurein

this chapter as a Bayes test that turns out to be a simple

likelihood－ratio test．Properties oflikelihood ratio

f（Ⅹ柑1）／f（Ⅹ；02）are analyzedin section4，SO that the present

Study shovs how to determine theinvestigating regions based on

VariaLnCe ratio o…／0号in section　5・

Section　6　discusses the Cost VarianceInvestigation policies

in N－Cost Processes，With each Cost Process being treated

independently of the others，aS the extension of One Cost Process
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PrOblem．Section　7　Shows that the tvo forms are mathematically

equivalent andlead toidentical results．

2）　Normal and Extensive Forms of Analysis

a）工be Normal and＿Extensive Forms

There are two basic methods of analysis which we can use to

find the course of action which will minimize the expected cost：

the Normal and Extensive Forms of Bayesian analysis（The names

．’Normal Form．．and．一Extensive Form．一　were first used byIRaiHa and

Schlaifer（1961））．

The Extensive Form of analysis proceeds by working backwards

from the end of the decision tree to theinitial staLrting point．

The Bayes risk can be then described as fo110WS：

MinimumBayesRiskr（a＊）＝E minEo！Ⅹ曳くⅩ，a，e）・

This form can be shown asin the following figure：

Move No．：　　1　　　　　　　2　　　　　　　　3

Move by：　　C D C

■　史（Ⅹ2，a2IOl）

∠詫＿＿∠霊∴＿＿∠黙・曳くⅩ2Ia2IO2）

Choices：　ⅩgS aEA

Measure：　Px【・】

Where：D＝　the decision maker

C＝　the chance

Po【・‡Ⅹ】

Figure15：The Extensive Form of Analysis
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However，the Normal Form of analysis starts by explicitly

COnSidering every possible decision ruleinstead of first

determining the optimal act a for every possible outcome x，the

Bayes risk being then described as follows：

MinimumBayesRiskr（6＊）三mとnEeEx！0曳く6（Ⅹ），0）・

This form can be also shown asin the following figure：

Figure16：The Normal Form of Analysis

b）Equivalence of the Normal and Extensive Forms

Equivalence between the two forms can be proved as follows：

The Normal and Extensive Forms of analysis will be equivalentif，

and onlyif，they assign the same minimum Bayes risk，thatis，if

the formular（6＊）＝m占nEeEx相見（6（Ⅹ）・0）by theNormalFormof

analysis agreeswith the formlar（a＊）：ExminEoiX見（Ⅹ・a・e）by

Here，the operation EOEx：e by the Normal Formis equivalent

to expectation over the entire possibility space　◎xS andis

therefore equivalent to ExEo壬Ⅹ・It follows that the Normal Form

abovecanbewrittenby・r（6＊）：m左nExE鋸X曳く6（X）・0）anditis then
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Obvious that the best　6　Vill be the one vhich for every x

minimizes E鋸Ⅹ史（6（Ⅹ），8）・This・however，is exactly the same thing

asselectingforeveryxanda＊whichsatisfiesEo；Ⅹ曳くX，a＊，0）＝

minE鋸Ⅹ曳（Ⅹ，a，0）・Wehave thusproved that6＊＝a and formulas

for r（6＊）and for r（a＊）are equivalent．　　Q．E．D．

Although the two forms are mathematically equivalent and

lead toidentical results，eaCh form has technical advantagesin

Certain situations．Thus the present study finds aninvestigating

region which minimizes the expected cost with respect to the

Normal Form of analysis．

3）　ユ旦yeSt＿Lga＿t＿ion Policies＿　by Statistical HyT）9＿りIeSis＿

Let us set up the Bayes test T打Of Hl：8＝el VerSuS H2：e＝02

With respect to a prior probability given by汀＝P【e＝81］according

to the assumptions of chapter four．Note that e．is a vector such

that the elements are u・（UlくU2）and o等（i＝1，2）・and that e・is a

known value as discussedin chapter four．

Then the risk byloss function due to each state O．is

0btained asin the following formulas：

R（Ol）＝Ex…81【曳（6（Ⅹ）；81）】

＝曳くal；81）P【ⅩgSl柑1】＋曳（a2；01）P【ⅩES2柑1】

＝曳くa2；81）P【XgS2柑1】

R（02）＝Ex柑2【史（6（Ⅹ）；02）】

＝見（al；02）P【Ⅹf：Sl！02】＋史（a2；02）P【ⅩgS2相2】・
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The prior probability of Ol just before obtaining a cost

reportis　7Tg，then the expected cost T（S2）by pr－ior probability

P【0＝8．】（i＝1，2）can be obtained as follows：

T（S2）＝Eo Ex；el曳（6（Ⅹ）；e）］

＝汀gR（01）＋（卜汀g）R（02）

＝nrg見（a2；81）PlⅩgS2‡01］＋（1－汀g）〈曳（al；02）P【ⅩgSl：02】＋

曳（a2；02）P【ⅩgS2柑2】〉

＝（ト昭）史叫；02）＋／S2（相見（a2；01）f（Ⅹ柑1）＋（1一打が【曳（a2；02）

一員（al；02）】f（Ⅹ柑2））dx・

To find a Bayes test，We Seek aninvestigaLting region S2　that

minimizes T（S2）as follows：

infT（S2）＝igiHト汀g）見（al；02）＋Js2【相見（a2；81）f（Ⅹ柑1）＋S2

（ト咽）【見（a2；02）一見（al；02）】f（Ⅹ柑2）】dx）

＝（卜汀g）曳くal；02）＋墨／52〈汀g史（a2；Ol）f（Ⅹ！81）＋

（1－汀g）【曳くa2；02）一見（al；02）】f（Ⅹ柑2）〉dx・

We can minimize the expected cost T（S2）if S2is denoted to

be a set of x for which theintegrand of the above eqlユationis

negative，thatis，

S2＝（Ⅹ王7Tg曳くa2；81）f（Ⅹ：01）＋（1一打g）【史（a2；02）一旦（al；02日f（Ⅹ柑2）く0）

＝（Ⅹ‡f（Ⅹ柑1）／f（Ⅹ柑2）く（1一打g）【曳くal；02卜史（a2；02）】／Tg曳くa2；01日

′　＝（Ⅹ！f（Ⅹ柑l）／f（Ⅹ＝02）く（1－7Tg）（L－（C＋M））／7TgC｝

＝（Ⅹ！f（Ⅹ柑1）／f（Ⅹ柑2）く【（1一打g）ルg】＊

［（（U2－Ul）／C（1－αg））－くくC＋M）／C）】）（by definition of L）．
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Note that a Bayes test turns out to be a simplelikelihood－ratio

test．

4）　里工Operties oLLikelih＿OOd＿Ratio

Let入（Ⅹ）denotelikelihood ratio，f（Ⅹ；el）／f（Ⅹ；82）・Then入（Ⅹ）

has a maximum or minimum value when x＝（UlO…－U20雷）／（0…－0号）

：Ul‾王（Ul－U2）0号／（0㌢0雪）l＝U2＋‡（Ul一日2）0茎／（0茎－0号）！by the results

Calculatedin Appendix A．

Thus the maximum or minimum value of　入（Ⅹ）is given by

（62／61）exp【（Ul－U2）2／2（6茎一口箸）コ　When x＝（Uld室川28号）／（6…一口言）・

Regarding properties of　入（Ⅹ）that depend on the relationship

between o雪　and o茎，if O雪　and o茎　are the same values，the function

入（Ⅹ）with respect to xis a monotone decreasing function．If O≡

has alower value than o茎，the function入（Ⅹ）With respect to xis

a COnCaVe function that has a maximllm Value（02／01）exp【（ul－

u2）2／2（ロ茎一口雪）】when x＝u1－は…（ul－u2）／（8㌢8号）‡・

However・if O茎isless than o雪，the function入（Ⅹ）with respect to

Xis a convex function that has a minimum value（02／01）exp卜（ul－

U2）2／2（6号一口要目when x＝U2・！ロ茎（Ul－u2）／（6茎一口雪目・

This procedureis developed and provided，in detail，in Appendix

A・The properties of　入（Ⅹ）can be shown asin the fo110Wing figure：
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5）　Determinin the Investi atin Reions Based on

Variance Ratio t］2　02

Theinvestigating region S2　that minimized the expected cost

in section3was given by S2＝tXH（Ⅹ柑1）／王（Ⅹ柑2）く【（1－7Tg）／Trg】＊

［（（112－Ul）／C（トαg））一くくC＋M）／C）］）．Every term of the right hand side

Of theinequalityin S2　above（i・e・・【く1－77g）／汀g】＊

【（（U2－Ul）／C（トαg））－くくC＋M）／C）】），While they are yet unknown，is

COnStant，eXCept for the prior probabilityJI．Thus the right hand

Side can be described as a function of only　汀．

Note thatifα＝1，thenit becomeslくくU2－Ul）／C（1－g））－

（（C＋M）／C）】【（1－Trg）／汀g】，and that uI Will be regarded as Oin the

light of the establishment of a standard cost variance from here

On．

a）出やrmin－ing theinvesti由ting regionsin the case of彗＝02

Theinvestigating region，by the property of　入（Ⅹ）that was

discussedin section　4，is shown aLSin the following figllre：
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入（Ⅹ）

exp【U2（U2－2Ⅹ）／262】

（1一打g）B／汀g

一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一〉　Ⅹ

Sl　　　！　　　S2

Where：Sl＝　nOトinvestigating region

S2＝investigating region

B＝（（u2－Ul）／C（1－αg））一（（C＋M）／C）

Figure18：Investigating Region When O等＝02
1

Therefore，theinvestigating region S2　based oninequality

between入（Ⅹ）and（1一打g）BhTg，is described as（Ⅹ！exp【u2（U2－

2Ⅹ）／202】≦（トTrg）BhTg〉・Theinvestigating region S2　tO Satisfy the

aboveineqllalityis obtained by

exp【U2（U2－2Ⅹ）／282】≦（1一打g）B／汀g

く＝〉【U2（U2－2Ⅹ）／262】≦log【（1一打g）B／汀g】

く＝〉（U2／2）－（62／U2）10g【（1一打g）B／Ⅳg】≦Ⅹ・

b）旦至・圭Qrmining th．＄－－investi＿gati．ng＿Jegionsin the case of O筈〉0茎

In accordance with the property of　入（Ⅹ）describedin section

4．theinvestigating regionis shown asin the following figure：
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入（Ⅹ）

一一■－●一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一－〉　Ⅹ

Sl　‡　　　　S2　　　　　；　Sl

Figure19：Investigating Region When o雪〉0…

As shownin the above figure，theinvestigating region can be

SpeCified by the relationship between　入（Ⅹ）andinformation Tr，g

and B・Additionallyl the region not requiring aninvestigation for

all　Ⅹ　Can be described with respect to Tr SO thatit satisfies the

fol10Vinginequality：

（1－7Tg）B／7Tg≦（02／01）exp卜tl茎／2（t巧－0茎）】，thatis，

汀≧B／【g【B・（62／OJexp（－U茎／2（6‡一口茎））】】．

e）叫抽埠く喝
In accordance with the property of　入（Ⅹ）in section　4，the

investigating regionis shown asin the following figure：
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入（Ⅹ）

（82／61）exp【卜1／2）（Ⅹ2／ロ雪－（Ⅹ－U2）2／ロ…）】

叩ヽ
t．

（1一打g）B／汀g

一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一〉　Ⅹ

S2　　‡　　　Sl　　　　！　S2

Figure20：Investigating Region When O苦く0…

As shownin the above figllre，SimilaLrly to the vay that was

discussedin subsection（b），We Can Show theinvestigating region．

Additionally，the region requiring aninvestigation for all x can

be also described with respect toJT SO thatit satisfies the

followinginequality：

（1－7Tg）B／Trg≧（02／01）exp【U…／2（O茎－0号）1，thatis，

汀≦B／【g【B・（82／輿）exp【U茎／2（ロ…一口雪目】】．

6）　＿Evalu＿ati＿＿ng　＿the＿Multiple＿Cost Process＿eS＿Under B＿pdget Con＿Strai出

Let j denote Cost Process j（j＝1，2，．．．，N）and e．．be a vector

j with elements・Uji and o写・（i＝1・2）・aS discussedin section3・JI

Suppose that each Cost Process evoIvesindependently of the others

in a similar way to Ozan aLnd Dyckman－S（1971）and BllCkman and

Miller．S（1982）models，and that x．denotes a random sample that
J
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has a normaldistribution N・（Ui・彗）・Then Bayes test of Hl：e・：8jl

VerSuS H2：8・＝Oj2Can be set up vith respect to the prior

PrObability given by汀j＝P【e・＝Ojl】・aCCOrding to Bayes testJ

discussedin section　3．Here，for simplicity，let us translate the

10SS functioninto the regret function，and suppose that the

COrreCting cost M has the zero value．

Then theinvestigating region of Cost Process jis obtained，

according to the result that was soughtin section　3，aS follows：

Sj2＝（Ⅹ・王f・（Ⅹ柑1）／f・（Ⅹ柑2）く【（ト汀jgj）／汀jgj】【（L・－C・）／C・】）・Let P be

defined as the following set：P＝（j！xjgSj2，jgN）・

Thus the objective function that minimizes the total expected

COSt Can be represented as follows：

堅措E【曳く6（Ⅹj・yj）；Oj）（1－yj）】
Subject to

∑苦cjyj≦D

yjgく0・1）

Where：6（Ⅹj・yj）＝alif x・gSjl，Or X・gSj2and yj＝O

a2if x・ESj2and yj＝lJ

D＝　the budget constraint ofinvestigating Cost

Proeesses．

This total expected costis developed and revised，in detail，

in Appendix B．According to the revised objective function of

Appendix B，itis shown as follows：
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堅j紺（al；ej2）PlXjgSj2柑j2】P【Oj2】yj
Subject to

j茎pCjyj≦D

y㌔（0・1〉・

The above objective function can be specified as follows：

堅jEplLj－C・】P【Ⅹ㌔Sj2柑j2】P【ej2】yjJ

Subject to

jgPCjyj≦D

y㌔（0・l〉・

As a result，the original objective function that minimizes

the total expected cost can be transformedinto a　0－l Enapsack

problem asin the fol10Wing proposition：

【PROPOSITIONl】the original objective function：

堅措E【曳く6（Ⅹj・yj）；Oj）（1－yj）］
Subject to

∑j：lCjyj≦D

yjE（0，1〉

Where：6（Ⅹj，yj）

＝に
if xjgSjl・Or X・gSj2and yj＝O

if xjESj2and yj＝1・

The fo110Ving functionis equivalent to the above function：

73



堅jgPlL了Cj】PlⅩ・gSj2柑j2コP［Oj2】yj
J

Subject to

jgPCjyj≦D

y㌔〈0・1〉・

7）　Equivalence of the Normal a＿nd＿＿Ext＿enSive Formsi＿n This S＿＿tudヱ

In accordance with the Normal Form，We SOught an

investigation region S2　that minimized T（S2）＝Eo Ex王8曳く6（Ⅹ）；e）

With respect to S2・Theinvestigating region S2　WaS given by

S2＝（Ⅹ王f（Ⅹ柑1）／f（Ⅹ！02）く　くト77g）【史（al；02）－曳くa2；02）】／汀g鬼（a2；el）〉・

However，S2　Can be transformed as fol10WS：

S2＝（Ⅹ！f（Ⅹ柑1）／f（Ⅹ柑2）く（1一打g）【免（al；02卜免（a2；02）】／相見（a2；01））

＝（Ⅹ！f（Ⅹ柑1）汀g／f（Ⅹ柑2）（！一打g）く【史（al；02）一員（a2；02日／見（a2；81））

＝（Ⅹけ【81‡Ⅹコ／P【02；Ⅹ】く【曳くal；02）一食（a2；02）】／曳くa2；81）〉

＝（Ⅹ‡P【el；Ⅹ】く【免（al；82卜曳くa2；02日／【免（a2；81）＋曳（al；02）一見（a2；02日〉・

This transformation explains the fact that the operation

EoExiOis equivalent to expectation over the entire possibility

SpaCe◎ⅩS andis therefore equivalent to ExEO‡Ⅹ・

Note that S2　Can be obtained by the generalized posterior

probabilityⅣ（OliⅩ1・X2・‥・・Ⅹn）＝【1＋【f（Ⅹn！02）（1－g）／f（Ⅹniel）g】＋

【f（Ⅹn柑2）f（Ⅹn－1柑2）（トg）／f（Ⅹn！01）f（Ⅹn－1柑l）g2】＋‥・

＋【f（ⅩnH∋2）…f（Ⅹ2柑2・）（トg）′f（Ⅹn…81）…f（Ⅹ2柑1）gn‾1】

＋【f（Ⅹn柑2）・・・f（Ⅹ1…82）（1－汀g）′f（Xn！81）・・・f（Ⅹliel）汀gn］］－lasfollows：
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S2＝（Ⅹ‡f（Ⅹn；el）／f（Ⅹn！82）く（1一打（01：xl・・・・・Ⅹn－1〉g）【見（al；82）一見（a2；82）】

／汀（01‡Xl・‥・・Ⅹn－1）g曳（a2；01）〉

＝くくXl，‥・，Ⅹn）‡升（01‡Ⅹ1，‥・・Ⅹn）く【曳くal；02ト曳くa2；02）】

／【曳（a2；81）＋曳くal；82ト史（a2；02）】〉・

This generalized posterior probability汀（el‡Ⅹ1，・・・，Ⅹn）is proved

by mathematicalinduction，in detail，in Appendix C．

On the other hand，aCCOrding to the Extensive Form described

in section　2■　given that the cost report x was observed，the

OPtimal action can be obtained by

max Eo！Ⅹ【曳くⅩ・a・0）】＝maXf史（a2；81）P【01‡Ⅹ】＋曳くa2；02）P【02！Ⅹ】；

史（al；02）P【02！Ⅹ】〉・Therefore，When the cost report x waLS Observed，

the optimal action will be a2if事　and onlyif，

（史（a2；01）P【01‡Ⅹ】＋曳くa2；02）P【02！Ⅹコ｝く史（al；02）P【02；Ⅹコ

く＝〉P【81！Ⅹ】く【曳（al；02卜史（a2；02）】／【曳くa2；01）＋食（al；02卜曳くa2；02）】・

As a result，the results of two methods are the same whether

the pre－eXperimental or post－eXperimental viewpointis taken．

Additionally事　L was obtained with respect to geometric

distribution gn．1（1－g），SO that，aCCOrding to the memoryless

property of geometric distributionI determining S2is sought by

打（el‡Ⅹ1，・‥，Ⅹn）with everything else the same for every period n・
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CHAPTER SIX

EXPLORATORYINVESTIGATION BY BAYES LIXELIHOOD－RATIO TEST

1）　0verview

This chapter discusses the ExploratoryInvestigation case，

Whichis an extensive model of the Cost VarianceInvestigation

（See Chapter five）．As opposed to the FullInvestigation case，

this case aLllows for the probability that the cause of an out－0ト

COntrOl process will be discovered whenit exists．

Assumptions needed are almost equal to those of the Full

Investigation case discussedin chapter five．Section　2　discusses

additional assumptions usedin the ExploratoryInvestigation case．

Section　3　Shows how to determine thdinvestigating region by Bayes

Likelihood－Ratio Test with respect to the Normal Form．In section

41the present study shovs how theinvestigating region can be

determined with respect to variance ratio，0茎／0号・Similarly to the

Way discussedin section　6　0f chapter five，SeCtion　5　Shows how to

evaluate Multiple Cost Processes under budget constraint．In

SeCtion　6，the present study shows that the Extensive and Normal

Forms of Bayesian analysis are mathematically equivalent andlead

to identical results．
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2）　Ad連＿itional Assu＿mDtions for Likelihood－Ratio Test ApDrOaQh

Adding to assumptions shownin chapter four，let wl denote

the event that the cause of an out－Of－COntrOl processis

discovered andits probability denote h whenit exists，andlet w2

denote the event that the cause of an out－Of－COntrOI processis

not discovered andits probability denotel－h whenit exists．If

the Cost Processis found to be out of control after a cost report

Xis observed）itis reset and a new cycle starts．However，if the

Cost Processis not found to be out of control by the exp10ratOry

investigationI then the prior probability of beingin control

after the unsuccessful exploratoryinvestigation，7TI（eliⅩ），Can be

denoted by f（Ⅹ：el）汀g／【f（Ⅹ：01）Trg＋f（Ⅹ相2）（1一打g）（トh）】・

Similarly to the way shownin chapter four，On the basis of

Whichitis desired to test Hl：8＝01VerSuS H2：0＝82・let control

action a・（i＝1，2）be defined as the decision of deciding that

H・（i＝1，2）is correct・Thenloss function for fixed numbers，el and

O2■is given by the formulas，

曳（al；8）

and　曳くa2；W柑）＝

if O＝Ol

if O＝02

C●　　if O＝01

Cl＋M if w＝Wl and O＝02

C一十L if w＝W2　and O＝82・

Here C．denotes the cost of thelimitedinvestigation for the

exp10ratOryinvestigation．
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As a result，10SS function and the probability of

investigating region are summarized asin the following figures：

A
al a2

81 0 C l

02 Wl L C I十川

V2 L C l＋L

◎S
ⅩgSl XgS2

01 P【ⅩgSlH）1】 P【XgS2柑1】

－02
P【ⅩESl柑2】 P【ⅩgS2；02】

Figllre　21：Loss Matrix of Figure　22：Probability of the

the Exploratory

Investigation Case

Investigating Region

Of the Exploratory

Investigation Case

3）Investigation Poli＿C＿ies by Statisticalllyp＿0＿thesi＿星

By the assumptions definedin chapter four andin section　2

0f this chapter，theloss functions due to each action a．（i＝1，2）
l

and each state O．are obtained as follows：

史（al；01）＝　0

曳（al；82）＝　L

曳くa2；81）＝　Ct

曳（a2；02）＝Ewie2【曳（a2；W柑2）】＝曳（a2；Wl柑2）P【wl柑2コ＋史（a2；W2；02）P【W2柑2】

＝（C●＋M）h＋（C一十L）（1－h）＝C，＋L＋（M－L）h．

Then the risk byloss function due to each staLte O．is
l

R（01）＝Ex柑l【曳く6（Ⅹ）；Ol）】

＝史（al；01）PlⅩESl！el］＋史（a2；81）P【Ⅹf＝S2柑1】
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＝　見（a2；01）P【ⅩgS2！01】

＝　C－P【ⅩES2‡01】

R（82）＝ExiO2【曳く6（Ⅹ）；02日

＝史（al；02）P【ⅩgSl柑2コ＋曳くa2；02）P【Ⅹ£S2‡82】

＝LP【XESl；02】＋（Cl＋L＋（M－L）h）P【ⅩgS2！02】・

ThereforeI the Bayes risk T（S2）is obtained by

Eo【R（0）】

＝EO Ex相見（6（Ⅹ）；0）

＝　汀gR（01）＋（1二万g）R（02）

＝打g史（a2；01）P【ⅩgS2柑1】＋（卜打gH見（al；02）P【ⅩgSl；02】＋

曳くa2；02）P【ⅩgS2柑2】）

：C．P【ⅩES2！Ol］芥g＋（L＋（C●＋（M－L）h）P【ⅩgS2；92］1（1－汀g）・

To find a Bayes test事　We Seek aninvestigating region S2　thaLt

infT（S2）＝ipitC’P【ⅩgS2SOl】汀g＋lL＋（C．＋（M－L）h）P【ⅩES2柑2】】（1‾吋〉

＝L（卜汀g）＋igiJs2【C．汀gf（Ⅹ柑1）＋（C’＋（M‾L）h）（1－汀g）f（Ⅹ柑2）］dx・

We can minimize the expected cost T（S2），if S2is denoted to

be a set of x for which theintegrand of the above equationis

negative，thatis，

S2＝（Ⅹ喜Cf7Tgf（Ⅹ：el）＋（Cl＋（M－L）h）（1－Trg）f（Ⅹ相2）く0〉

＝（Ⅹjf（Ⅹ：01）／f（Ⅹ！02）くく（L－M）h－C．）（卜汀g）／汀gC．）・

Note thatif h＝l and C．・＋C●　then S2　described aboveis equal

to S2　0f the FullInvestigation case・
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4）　Beter＿mining the上れVeStigating＿R寧gi＿OpS＿＿＿Based on

迦一重一一即旦旦」建上i』埠／＿壁

TheinvestigaLting region S2　that minimized the expected cost

in section　3　was given by

S2＝（Ⅹ！f（Ⅹiel）／f（Ⅹ壬82）く（（L－M）h－C．）（トTrg）／汀gC．）・

For a more general treatment，let the amount of money spent

On aninvcstigation be a continuous variable C●，and define a

function h（C．）as the probability that the cause of an ouトOf－

COntrOI situationis discovered whenit exists．Presumably h（0）＝0，

皇i琴ch（C’）：l and h（C．）is a nondecreasing function of C●・

a）　旦eterm皇＿吐＿ng theinvestigaIing＿＿＿reg＿＿主＿PpS＿＿in＿the case of O等＝02

Theinvestigating region by the property of　入（Ⅹ），aS

discussedin section　4　0f chapter five，is shown asin the

following figure：
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入くⅩ）

exp【U2（U2－2Ⅹ）

（1一打g）Bリ汀g

一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一〉　Ⅹ

Sl　　　；　　　S2

Where：Sl＝nOtinvestigating region

S2＝investigating region

B．＝（（L－M）h（C一）－C●）／C．

Figure　23：Exp10ratOryInvestigating Region When O等＝02
1

Therefore，theinvestigating region S2　With respect to　7T，

based on theinequality between　入（Ⅹ）and（1－汀g）B．／汀g，Can be

described as（Ⅹ！exp【U2くり2－2Ⅹ）／202】≦（1－苅g）B．hTg〉・Thus the

investigating region S2　tO Satisfy the aLboveinequality can be

Obtained by

exp【U2（U2－2Ⅹ）／282】≦（ト汀g）Bリ打g

く＝〉【U2（U2－2Ⅹ）／202】≦10g【（ト汀g）B●／汀g】

く＝〉（u2／2ト（82／U2）log【（1一打g）Bリ打g】≦Ⅹ・

However，his a function of C一，and B．is a function of h or

Cl・Therefore，theinvestigating region S2　Can be determined only

in the case where either h or C－is given．

81



b）蜘g regionsi廻肇
In accordance with the property of　入（Ⅹ），theinvestigating

regionis shown asin the following figure：

入（Ⅹ）

一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一〉　Ⅹ

Sl　！　　　　S2　　　　　！　Sl

Figure24：ExploratoryInvestigating Region When o雪〉0茎

As shownin the above figure，theinvestigating region can be

SpeCified by the relationship between　入（Ⅹ）andinformation　7T，g

and BIl aSin the FullInvestigation case．However，this

investigating region can be determined under any given h（C．），

different from that of the FullInvestigation．

C）鱒se＿0＝し」く軍
In accordance with the property of　入（Ⅹ），theinvestigating

regionis shown asin the folloving figure：
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入（Ⅹ）

（82／81）exp【卜1／2）（Ⅹ2／6号－（Ⅹ－U2）2／ロ茎）】

プア千二二二
／

／

一一一一一一一一日1一打g）Bリ打g

ヽ、
一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一〉　Ⅹ

S2　　‡　　　Sl　　　　！　S2

Figure　25：ExploratoryInvestigating Region When O苦く0茎

As shownin the above figure，theinvestigating regionis

determined by the method discussedin the FullInvestigation under

any given h（C．）．Thus the region requiring aninvestigation for

all　Ⅹ　Can be also described with respect toJl aSin the fol10Wing

inequality：

（1一打g）BfhTg≧（02／01）exp【U…／2（Ci茎－0号）】，thatis，

Ⅳ≦Bリg［B一十（02／七1）exp【U茎／2（ロ…一口雪）】】・

On the other hand，Vhen　7T WaS known by the posterior

probability of thelast period n－1，the region requiring an

investigation for all x can be also determined with respect to

h（C●）．
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5）　岬get Constraint
Similarly to the assumptions discussedin section　6　0f

Chapter five，let j denote Cost Process j（j＝1，2，．‥，N）．Suppose

that each Cost Process evolvesindependently of the othersin a

Similar way to Ozan and Dyckman－S（1971）and Buckrnan and

Miller－S（1982）models，and that x．denotes a random sample that

has a normal distribution N・（Ui・03）・Then this case can set tlP the

Bayes test of Hl：e・＝8jlVerSuS H2：e・＝Oj2With respect to the prior

prObability given by汀j＝P【8・＝Ojl】according to Bayes test ofJ

Seetion　3．

Here，for simplicity，let us translate theloss functioninto

the regret function，and suppose that the correcting cost M has

the zero value．Then theinvestigating region of Cost Process jis

Obtained，aCCOrding to the result that was soughtin section　3，aS

fo110WS：Sj2＝（Ⅹ・ifj（Ⅹ柑1）／fj（Ⅹ；82）く（Ljhj‾Cj）（1一打jgj）／ⅣjgjCj‡・

Let P be defined as the following set：P＝（j‡ⅩjESj2・jgN〉・

Thus the objective function that minimizes the total expected

COSt Can be represented as follows：

隼塁lE【曳（6（Ⅹj・yj）；W：OJ（1－yj）］J

Subject to

E苦C・jyj≦D

yjgt0，1〉

Where：6（Ⅹj，yj） if x・ESjl・Or X・gSj2and yj＝O

if x・gSj2and yj＝lJ
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D＝　the budget constraint ofinvestigating Cost

Processes．

This total expected costis developed and revised，in detail，

in Appendix D．In accordance with the revised objective function

Of Appendix D，itis shown as follows：

堅j描くal；Oj2）PlⅩjESj2！Oj2】PlOj2】yj
Sllbject to

jgPC’jyj≦D

yj£（0・1〉・

The above objective function can be specified as follows：

堅jgP（Ljhj‾C：）PlⅩ・gSj2柑j2】（1‾汀jgj）yjJ J

Subject to

j…pCjyj≦D

yjg（0，1）・

As a result，the original objective function that minimizes

the total expected cost can be transformedinto a0－l Enapsack

problem asin the following proposition：
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【PROPOSITION　2　コ　the original objective function：

堅塁lE【曳く6（Ⅹj・yj）；Wie・）（1－yj）］J

Subject to

塁lC・jyj≦D

yjg（0，1〉

Where：6（Ⅹj・yj）

＝t；；

if xjESjl・Or X・gSj2and yj＝O

if xjgSj2and yj＝1・

The following functionis equivalent to the above function：

堅jgP（Ljhj‾C：）PlⅩ・ESj2Eej2】（1‾汀jgj）yjJ J

Subject to

j室pCjyj≦D

yjg（0・1）・

6）　Eq＿uivalenCe Of t＿he Nornlal and＿＿＿Ext＿enS＿ive Formsin This Study

In accordance with the Normal Form，it was possible to seek

aninvestigating region S2　that minimized T（S2）＝EO Ex‡e曳く6（Ⅹ）；e）

With respect to S2・Theinvestigating region S2　WaS given by

S2＝（XEf（Ⅹ！01）／f（Ⅹ‡82）く【曳（al；82いく曳（a2；Wl柑2）P【wl柑2】＋

曳くa2；W2柑2）P【W2柑2】）】（1一打g）／汀g鬼（a2；01））

＝（Ⅹif（Ⅹ柑l）打g／f（Ⅹ：02日1－汀g）く【史（al；82卜（曳（a2；Wl柑2）P【wl；02】

＋見（a2；W2柑2）P【V2柑2】）】／曳くa2；81）〉

＝（XiP【el！Ⅹ】／P【02‡Ⅹ】く【史（al；82）－（見（a2；Wl柑2）P【wlH〕2】＋

曳くa2；W2柑2）P【W2！02】）】／曳くa2；01）〉

＝（Ⅹ；P［el！Ⅹ】く【曳くal；82）－（曳くa2；Vl！82）P【wlH〕2】＋曳（a2；W2！02）P【W2相2】）】／
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【史（al；02）＋曳くa2；81）－（史（a2；Wl柑2）P【vl柑2】＋免（a2；W2柑2）P【W2；02】）】）

This transformation explains the fact that the operation

EOEx；Ois equivalent to expectation over the entire possibility

SpaCe◎ⅩS andis therefore equivalent to ExEO！Ⅹ・

Note thaLt S2　Can be obtained by the generalized prior

probability of period n＋1・汀●（01！Ⅹ1・Ⅹ2・・・・・Ⅹn）＝ll＋【f（ⅩnH〕2）（1－

g）（トh）／f（Ⅹn柑1）g】＋【f（Ⅹn柑2）f（Ⅹn－1柑2）（トg）（ト

h）2／f（Ⅹn柑1）f（Ⅹn－1；81）g2】＋　…＋【f（Ⅹn柑2）・‥f（Ⅹ2柑2）（卜g）（ト

h）n‾1′f（Ⅹn柑1）・‥f（Ⅹ2柑1）gn－1】

＋【f（Ⅹn柑2）…f（Ⅹ1柑2）（1－吋（トh）n′f（Ⅹn柑1）…f（Ⅹ1柑1）汀gn】1－1

S2＝（ⅩnEf（Ⅹn！01）／f（Ⅹn：02）く【見（al；02）－（曳くa2；Wl；82）h＋

史（a2；W2柑2）（1－h））】（1－汀l（Ol‡Xl，‥・，Ⅹn－1）g）

／汀－（81：Ⅹ1，…・Xn－1）g曳（a2；01）〉・

This generalized prior probability汀●（01！Ⅹ1・…・Ⅹn）is proved

by mathematicalinduction，in detail，in Appendix E．

On the other hand，aCCOrding to the Extensive Form described

in section　2　0f chapter five，given that the cost report x was

Observed，the optimal action can be obtained by

min Eo！Ⅹ【史（Ⅹ，a・0）］

＝min（曳くa2；01）P【81！Ⅹ】＋（曳くa2；Wl：82）P【wlH〕2］＋

只（a2；W2王82）P【W2‡021）P【82【Ⅹコ；史（al；02）P【02：Ⅹ］〉・

ThereforeI When the cost report x was observedI the optimal

action will be a2if事　and onlyifI
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見（al；02）P【02！Ⅹ］〉免（a2；81）P【81！Ⅹいく曳（a2；Vl柑2）P【wl王02コ＋

鬼（a2；W2：82）P【V2柑2】）P【82！Ⅹ】

く＝〉P【01！Ⅹ】く【史（al；02卜（曳（a2；Wl102）P【wl柑2］＋史（a2；W2！82）Plw2柑2】）］／

【曳（a2；Ol）＋見（al；82卜（曳くa2；Wl：02）P【wl＝）2】＋曳くa2；W2柑2）P【W2柑2】）】・

As a result，the results of the two methods are the same

Whether the pre－eXperimental or posトexperimental viewpointis

taken．

Additionally，aS discussedin section　7　0f chapter five，

determining S2depends only upon汀l（eliⅩ1，‥・・Ⅹn－1）for every

Period n by the definition of L．

7）　蜘ageriaLImplicationin Accountj＿ng＿Practice

When a manager receives a cost variance report，itis

neCeSSaLry tO understand what the variance was caused by，and what

to do with the variance●　Let us say that the varianceis a

Variance for a direct cost，SuCh as materials．There are a variety

Of events that could have caused that variance．It could have

resulted from external events，for example，tempOrary Price

fluctuationsl Or higher prices paid for a special rush order．Or

it may be that the variance was caused byinternal events．These

internal events could haLVe reSulted from two factors．The first

factoris uncontrollable，for example，Short－term fluctuation that

have no controllableinefficiencies，and the second factoris

COntrOllableI for exampleI PurChasing substandard quality
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material at alower than standard unit price，Or SOme

inefficiencies of materialllSage brought about by poorly

maintained machinary．If the vari、anCeis due to external events，

itis extremely unlikely that the manager can take any action．

Thus the present study assumes that the variance due to external

eventsis negligible．

Accordingly，the present study considers only theinternal

events for the variance．However，amOng the controllable factors，

the purchasing substandard quality materials mayincur more waste．

This means thaLt there will be a trade－Off between a favorable

Price variance（materials bought atless than standardllnit price）

and anllnfavorable quantity variance affecting quality．But the

PreSent Study does not consider the variance due to substandard

quality material，becauseline managers must be responsible for

both the price and the quality of materials when purchasing．

As a result，the present study considers only the

COntrOllable and uncontrollable factorsin terms of machinary

eondi tion．

On the other haLnd，aS Shownin chapter five and six，the

investigating region S2　based on the Normal Form was classified

into five cases as follows：

a）Ⅹ1≦S2≦Ⅹ2，Ⅹ1，X2gS vhen ol〉02

b）S2≦Ⅹ；，Ⅹ；≦S2，Ⅹ；，Ⅹ；£S vhen Olく02

C）Ⅹ3≦S2，Ⅹ3gS vhen ol＝02

d）S2＝中（the special case of（a））
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e）S2＝（Ⅹ！xES〉（the special case of（b））・

First，the case（a），may rarely existin accounting practice．so

that we have a difficultyin finding an appropriateinstance．

However事　the cases（b）and（C），are uSually regarded as

extensions of a simple controI chart．The cost variance brought

aboutincurring more waste than provided forin the standards，Can

be contained within x；≦S2　0f（b）above and within x。≦S2　0f（C）

above．This variance may result from more material waste due to・

a poorly maintained machinary．But when the actual quantity of raw

materials used wasless than the quantity range al10Wed for the

units produced，the cost variance can be contained within S2≦Ⅹ；of

（b）above．This variance may also result fromless material usage

due to the poor maintained machinary．The above cost variances do

not alwaLyS mean that they are due to the poor maintained

machirTaryI andin these cases we mustinvestigate their causes．

Furthermore，the case（d）reflects the fact that the Cost Process

need not beinvestigatedI because theinvestigation cost has a

larger valuein contrast with the opportunity cost generated when

the Cost Processis notinvestigated．But the case（e）isin

OppOSition to that of the case（d）．The cases（d）and（e），are

discussedIin detail●in the next chapter．
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CHAPTER SEVEN

NUMERICAL ANALYSIS

1）　0verview

This chapter，by using sensitivity and simulation analysis，

Shows how alternative values of parameters affect the proposed

model．This analysis was condllCted by using the PASCAL compller－

programminglanguage．

Section　2　shows graphs oflog　入（Ⅹ）（i．e．，the10g function of

likelihood－ratio）aLCCOrding to alternative parameter values used

in Dittman and Prakash●S（1979）study of sensitivity analysis．

Section　3　shows what values thelower orlユpper bound of prior

probability，the critical value of the prior probability for

determining when a Cost Process should be never or always

investigated，muSt have according to alternative parameter values．

The critical values above are classified according to the Fu11and

ExploratoryInvestigations，therefore，the relation between these

Investigationsis also discussed．

S－eCtion　4shovs how theinvestigating region S2is changed

according to aLlternative values of parametersin the Full and

Exp10ratOryInvestigation cases，and simulates the relation

between the two cases above with respect to the average total cost
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0VerlOOO simulated12－mOnth periods，in a similar manner to

Magee．S（1976）study．

2）　Graphs of Likelihood－Ratio　入（Ⅹ）

Consider the following parameter values oflikelihood－ratio

入（Ⅹ）as given by Dittman and Prakash（1979）：

parameter alternative　values

Ul 0

U2 20

81 5，10，15，20，25，30

02 5，10，15，20，25，30

Note that Magee（1976）considered alternative values of the

requiredinformation as follows：ul＝100，U2＝120，150，

0．＝20（i＝1，2），C＝10，30，60　and g＝0．5，0．7，0．9・

We consider the case that the value xin the graph of

likelihood－ratio　入（Ⅹ）is ranged from　－30　to　50　for all

COmbinations（01，02）above・These graphs are drawn on semi－

logarithmic graph paper by computer program aslistedin Appendix

F．Figures below give a visual picture of the variety of cost

Sitlユations for all combinations（01，02）above・
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i）The combinations that Ol＝5and O2＝5，10，・‥，30

●‾二二℃‾‾こお‾∴・a）●‾－15‾、‾10‾●二苛‾叫‾0‾丁‾5‾●‾‾10‾‾●15一‾一一刀‾－▲‾25岬：氾－‾‾‾35‾「‾◆1氾‾T45▲－‾‾■三治
一ト　▼‾－■－　‘　一‾　‾‾‾‾　一一・一▲一・・・・・・・・一・・一・一　・一●一　一一一一　・ト　一・一一一一　　　・一・一一一・・・●一一　一　一・　．＝　＿＿＿・．＿．．一・．＿．．．－丁．．＿．．＿．．．■．．＿　J　‾．丁一＿．＿＿＿－＿てこ‾－●　一一1■「　　」　　　‾∴　　－＿・－＿　一一　二　一　一　・一　・　　　‾‾　　－　1　日一一　　　　－‾　⊥‾　－　　‾－－　‾■－－▲－

Figure　26：The Graphs of入（Ⅹ）in the Combinations That

dl＝5　and　02＝5，10，‥・，30
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ii）The combinations that ol＝10and o2＝5，10，・‥，30

‾’一一‾‾‾こJ℃∴・お‾‾Ⅶ－■15－10二二⇒二二P二二二5二二10二道二二m＝二刀●二二翁＝勘二二二石二二曳

Figure　27：The Graphs of　入（Ⅹ）in the Combinations That

dl＝10　and　82＝5事10，・‥，30
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iii）The combinations that ol＝15　and o2＝5，10・‥・，30

Figure　28：The Graphs of　入（X）in the Combinations That

Ol＝15　and　02＝5IlOI‥・I30
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iv）The combinations
that ol＝20　and O2＝5，10，‥・，30

‾‾‾●棚●∴蚕Ⅵ－‾二刀→‥15－10一・て－弓一一一一01‥－∴一・一一一・一一一一一‥一一一一一日一膚一…－】■・‾‾叫‾‾－‾‾‾‾‾‾‾‾‥‾…‥

・一・日・一一一二一一日－∵「∵一・㌻一・…・一一一一「一・一一㌦一二∴一・一5一…－10…一一一日‥－乱一一芸一一・一刀一一・訃・小切・一一億‥一刃一

Figure　29：The Graphs of　入（Ⅹ）in the Combinations That

dl＝20　and d2＝5，10，‥・，30
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Ⅴ）The combinations that Ol＝25　and cF2＝5・10，・・・，30

人くⅩ）

ー5●‾‾10‾‾‾‾B‾

Figure　30：The Graphs of　入（Ⅹ）in the Combinations That

ロl＝25　and　02＝5，10，‥・・30
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Vi）The combinations that Ol＝30　and O2＝5・10，・・・，30

‾‾‾ニ胡「∴お‾‾三犯‾●15‾‾‾10∵「㌢†‾0二二＿5＝10二二は二二初．＿＿＿＿ZL＿＿刀

Figure　31：The Graphs of　入（Ⅹ）in the Combinations That

dl＝30　and d2＝5IlO，‥・，30
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3）　Determining the Lover or Upper＿＿pqp＿nd of the＿Prior Probabiljj

due to Opportunity Cos＿主宰

In order to seek thelower or upper bound of the prior

PrObabilityl the critical value of the prior probability for

determining when a Cost Process should be never or always

investigatedI COnSider the Full and Exp10ratOryInvestigaLtions

according to alternative parameter values siimilar to thosein

Dittman and Prakash（1979）．In this numerical analysis，the

COrreCting cost M vill be assumed to have the zero value．

a）旦吐11Investj＿gation casq

Additionally to the parameters discussedin section　2，

COnSider the fol10Wing alternative values of parameters：

parameter alternative　values

α 0．98

C 10，20，30，40，50，60

g 0．5，0．7，0．9

The results performed according to these alternative vaLlues

Were COnducted by the computer programlistedin Appendix G．They

Can be classifiedinto eighteen cases●　As all eighteen cases bring

about similar resultsI Only the six cases where g＝0．7　arelisted

be10W，aS fol10WS：
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i）The case that C＝10　and g＝0．7

RO．nStant：”月1鮎2三2且Lα＝0＿・98・C＝10・g＝0・7
‾‾‾‾8 人 p 2

5 1 0 1 5 2 0 2 5 3 0

5 0 ．2 2 0 ．5 6 0 ．6 3 0 ．6 2　■ 0 ．5 9

1 0 ＊ 0 ．6 0 0 ．8 3 0 ．8 5 0 ．8 3

1 5 ＊ ＊ 0 ．8 0 0 ．9 5 0 ．9 5

2 0 ＊ ＊ ＊ 0 ．9 1 ＊＊

2 5 ＊ ＊ ＊ ＊ 0 ．9 8

3 0 ＊ ＊ ＊ ＊ ＊

Where　＊　＝　the case that thelower bound of prior probability does

not exist（i．e．，（1－打g）B／汀gislarger than the minimum

Value of　入（Ⅹ）for allJl）

＊＊＝　the caLSe that alvaysinvestigates a Cost Process for

all x regardless of　汀

Tablel：The Lower or Upper・Bounds of the Prior Probability

in the Case That C＝10　and g＝0．7

ii）The case that C＝20　and g＝0．7

地1鮎2＝20α＝0・98C＝20　＝0．7
8 人 p 2

5 1 0 1 5 2 0 2 5 3 0

5 0 ．1 0 0 ．3 0 0 ．3 5 0 ．3 4 0 ．3 2

1 0 ＊ 0 ．3 2 0 ．5 1 0 ．5 3 0 ．5 2

1 5 ＊ ＊ 0 ．4 9 0 ．6 3 0 ．6 4

2 0 ＊ ＊ ＊ 0 ．6 0
0 ．ケ1

2 5 ＊ ＊ ＊ ＊ 0 ．6 7

3 0 ＊ ＊ ＊ ＊ ＊

Table　2：The Lower or Upper Bounds of the Prior Probability

in the Case That C＝20　and g＝0．7
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iii）The case that C＝30　and g＝0．7

口座2 5 10 15 20 25 30

5 0．05 0．17 0．20 0．20 0．19

10 ＊ 0．19 0．32 0．34 0．32

15 ＊ ＊ 0．30 0．41 0．42

20 ＊ ＊ ＊ 0．39 0．48

25 ＊ ・＊ ＊ ＊ 0．44

30 ＊ ＊ ＊ ＊ ＊

Table　3：The Lower or Upper Bounds of the Prior Probability

in the Case That C＝30　and g＝0．・7

iv）The case that C＝40　and g＝0．7

dlV 2 5 10 15 20 25 30

5 0．03 0．10 0．11 0．11 0．10

10 ＊ 0．11 0．19 0．20 0．19

15 ＊ ＊ 0．18 0．25 0．26

20 ＊ ＊ ＊ 0．23 0．30

25 ＊ 0．98 0．88 0．92 0．28

30 ＊ 0．99 0．88 0．81 0．85

Table　4：The Lower or Upper Bounds of the Prior Probability

in the Case That C＝40　and g＝0．7
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Ⅴ）The case that C＝50　and g＝0．7

dlV 2
5一 10 15 20 25 30

5 0．01 0．05 0．06 0．05 0．05

10 ＊ 0．05 0．09 0．10 0．09

15 0．99 0．96 0．09 0．13 0．13

20 0．93 0．74 0．76 0．12 0．16

25 0．94 0．72 0．61 0．65 0．14

30 0．96 0．73 0．61 0．54 0．58

Table　5：The Lower or Upper Bollnds of the Prior Probability

in the Case That C＝50　and g＝0．7

Vi）The case that C＝60　and g＝0．7

dN 2 5 10 15 20 25 30

5 ＊ 0．01 0．01 0．01 0．01

10 0．91 ● 0．01 0．02 0．02 0．02

15 0．48 0．45 0＿．02 0．03 0．03

20 0．42 0．28 0．29 0．03 0．04

25 0．43 0．26 0．21 0．23 0．03

30 0．45 0．27 0．20 0．17 0．19

Table　6：The Lower or Upper Bounds of the Prior Probability

in the Case That C＝60　and g＝0．7
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As discussedin section　5　0f Chapter five，theinvestigating

region S2is determined by S2＝（Ⅹ三人（Ⅹ）く（1一打g）B／JTg〉　satisfying that

B〉O and B＝（U2／C（1－αg））－1，SO that the value of（トTrg）B／訂g

decreases when the prior probabilityincreases．Therefore，in

accordance with the property of　入（Ⅹ），the Cost Process can always

beinvestigated for all xif the prior probabilityJlis smaller

than the upper bound of the prior probability when o苦く0茎・However，

When O雪〉0茎，the Cost Process can never beinvestigaLted for all x

if the prior probability Trislarger than thelower bound of the

prior probability．

As shownin the results tabulated above，in the cases that

C＝10，20　and　30，thelover bounds of the prior probability do not

exist when o雪〉O茎・This reflects the fact that（トTrg）B／Trg has a

large enough vallle tO form theinvestigating region S2　for every

prior probability　汀，because theinvestigation cost C has a

Smaller valuein contrast with the opportunity cost L generated

When the Cost Processis notinvestigated・However，When O苦く0茎，

there exists an upper bound of the prior probabilityJI，the

Critical value that the Cost Process can be alwaysinvestigated

for all x，because theinvestigation cost C has a smaller valuein

COntraSt With the opportunity cost L generated when the Cost

Processis notinvestigated．

On the other hand，in the case that C＝40，thelower bound of

the prior probability partially exists when Ol〉02・However，in the

CaSe that C＝50　and　60，thereis a reverse trend compared to the
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CaSe When C＝10，20　and　30．This reflects the fact that thelower

bound of the prior probability can be selected，because（1一

打g）B／7Tg has relatively a small valuein this case thanin the case

Of C＝10●20　and　30I aCCOrding to the decreaLSing of B byincreasing

C．

b）至芸ploratoryInvestigation casq

In addition to the parameters discussedin section　2　and the

parameters of the FullInvestigation case，COnSider the fol10Wing

alternaLtive values of the parameter h where his taken to be a

linear function and a nonlinear fllnCtion of C●：

CI parameter alternative　values

Cl＝Ch h 0．5，0．7，0．9

CI＝Ch2 h 0．5，0．7，0．9

On the other hand，aS discussed earlier，We determined the

investigating regions by using S2　＝（Ⅹ雷f（Ⅹ！Ol）／f（Ⅹ！02）く（1一打g）B／汀g〉

（B＝（L－C）／C）in the FullInvestigation case and

S2＝〈Ⅹ：f（Ⅹ柑1）／f（Ⅹ！02）くくト77g）B．／汀g〉（B一＝（Lh－C●）／C．）in the

ExploratoryInvestigation case．However，When C・＝Ch，the

ExploratoryInvestigation case has the same reslllts with the Full

Investigation case dlle tO the fact that B．＝（Lh－Ch）／Ch＝（L－C）／C＝B．

ThereforeI from hereI We discuss only the case where C一＝Ch2in the

ExploratoryInvestigation．

The results obtained according to alternative values of

parameters described earlier，Vere SOught byimplementing the

COmputer programlistedin Appendix H．As al154　cases bring about
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Similar resultsI Only the six cases vhere g＝0．7　and h＝0．7　are

listed below，aS follows：

i）The case that C＝10，g＝0．7　and h＝0．7　when C●＝Ch2

COnStant：．＿せ1鮎2号20．α＝0．98．C＝10．R：；0．7．h＝0．7（C．＝4．9
d N 2 5 1 0 1 5 2 0 2 5 3 0

5 0 ．3 1 0 ．7 1 0 ．7 8 0 ．7 7 0 ．7 4

1 0 ＊ 0 ．7 5 0 ．9 6 0 ．9 8 0 ．9 7

1 5 ＊ ＊ 0 ．9 4 ＊＊ ＊＊

2 0 ＊ ＊ ＊ ＊＊ ＊＊

2 5 ＊ ＊ ＊ ＊ ＊＊

3 0 ＊ ＊ ＊ ＊ ＊

Table　7：The Lower or Upper Bounds of the Prior Probability

in the Case That C＝10，g＝0．7　and h＝0．7　when C一＝Ch2

ii）The case that C＝20，g＝0．7　and h＝0．7　when C．＝Ch2

⊆旦那ta山1鮎2≡20．α＝0・98．C＝20．g＝0．7．＿＿＿h＝0．7（C●＝9．8
8 人 p 2

5 1 0 1 5 2 0 2 5 3 0

5 0 ．1 6 0 ．4 3 0 ．4 9 0 ．4 8 0 ．4 6

1 0 ＊ 0 ．4 6 0 ．6 8 0 ．7 0 0 ．6 7

1 5 ＊ ＊ 0 ．6 6 0 ．8 1 0 ．8 1

2 0 ＊ ＊ ＊ 0 ．7 7 0 ．8 8

2 5 ＊ ＊ ＊ ＊ 0 ．8 4

3 0 ＊ ＊ ＊ ＊ ＊

Table　8：The Lower or Upper Bounds of the Prior Probability

in the Case That C＝20，g＝0．7　and h＝0．7　when C一＝Ch2
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iii）The case that C＝30，g＝0．7　and h＝0．7　when C．＝Ch2

E；＿PnStantL」41三』週2三20．α＝0・98．C＝30．g＝0．7．h：0．7（C●＝14．7

吋 ヾ 2 5 1．0 1 5 2 0 2 5 3 0

5 0 ．0 9 0 ．2 9 0 ．3 3 0 ．3 2 0 ．3 0

10 ＊ 0 ．3 1 ・0 ．4 9 0 ．5 1 0 ．4 9

15 ＊ ＊ 0 ．4 7 0 ．6 1 0 ．6 2

2 0 ＊ ＊ ＊ 0 ．5 7 0 ．6 8

2 5 ＊ ＊ ＊ ＊ 0 ．6 4

－3 0
＊ ＊ ＊ ＊ ＊

Table　9：The Lower or Upper Bolユnds of the Prior Probability

in the Case That C＝30，g＝0．7　and h＝0．7　when C●＝Ch2

iv）The case that C＝40，g＝0．7　and h＝0．7　when C●＝Ch2

COnStant：Ul吐逆2芋20．α＝0・98．C＝40．g＝0＿．7Lh：0．7（Cl＝19．6
8 人 ？2

5 1 0 1 5 2 0 2 5 3 0

5 0 ．0 6 0 ．19 0 ．2 3 0 ．2 2 0 ．2 1

1 0 ＊ 0 ．2 1 0 ．3 5 0 ．3 7 0 ．3 6

1 5 ＊ ，＊ 0 ．3‾3 0 ．4 5 0 ．4 6

2 0 ＊ ＊ ＊ 0 ．4 2 0 ．5 2

2 5 ＊ ＊ ＊ ＊ 0 ．4 8

3 0 ＊ ＊ ＊ ＊ ＊

TablelO：The Lower or Upper Bounds of the Prior Probability

in the Case That C＝40，g＝0．7　and h＝0．7　when Cl＝Ch2

106



Ⅴ）The case that C＝50，g＝0．7　and h＝0．7　when C一＝Ch2

POnStant．：＿ぷl鮎2＝20．α＝0■・9＿8．C＝5．g＝0・7Lh＝0・7（C一＝24・5
6 人 p 2

5 1 0 1 5 2 0 2 5 3 0

5 0 ．0 4 0 ．1 3 0 ．1 5 0 ．1 5 0 ．14

1 0 ＊ 0 ．1 4 0 ．2 5 0 ．2 6 0 ．2 5 ・

15 ＊ ＊ 0 ．2 3 0 ．3 3 0 ．3 3

2 0 ＊ ＊ ＊ 0 ．3 0 0 ．3 8

2 5 ＊ ＊ 0 ．9 9 ＊ 0 ．3 5

3 0 ＊ ＊ 0 ．9 8 0 ．9 2 0 ．9 6

Tablell：The Lower or Upper Bounds of the Prior Probability

in the Case That C＝50．g＝0．7　and h＝0．7　when C，＝Ch2

Vi）The case that C＝60，g＝0．7　and h＝0．7　when C一＝Ch2

COnStantこ」±1三』』2デ＿2＿O．α＝0，98．C＝6＿0，＿g＝0・7＿Lh＝0・7（C．＝29＿・＿4

dl＼82
5 10 15 20 25 30

5 0．03 0．09 0・19 0．10 0．09

10 ＊ 0．09 0．17 0．18 0．17

15 ＊ ＊ 0．16 0．23 0．23

20 ＊ 0．95 0．98 0．21 0．27

25 ＊ 0．93 0．84 0．87 0．25

30 ＊ 0．95 0．83 0．77 0．80

Table12：The Lower or Upper Bounds of the Prior Probability

in the Case That C＝60，g＝0．7　and h＝0．7　when C†＝Ch2
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As discussedin the FullInvestigation case earlier，the

investigating region S2is determined by S2＝〈xi入（Ⅹ）く（1－汀g）B．／77g）

Satisfying that B●＝（Lh－C．）／C－　and B．〉0．This can be analyzedin a

Similar manner to the FullInvestigation case．Thatis，the

function Btis written as（L－Ch）／Ch＝【（L／h）－C】／C by using C．＝Ch，SO

thatit has alarger value than the B of the FullInvestigation

CaSeindependent on alternative values of h．Accordingly，the

Critical probabilities of the ExploratoryInvestigation case are a

littlelarger than those of the FullInvestigation case．

As a result，the prior probability Tr，by the Normal Form，

plays animportant part for determining the critical prior

probability，base that a Cost Process always or never be

investigated．while the Extensive Form cannot determine the

Critical prior probability．Fll・rthermore，the reslllts of the

numerical analysis show the fact that the control policy，due to

the prior probability，Can be sufficientlyimplemented depending

On alternative parameter values when Olく02・

4）PE・termining theInves＿tigating＿＿Reg ooL＄2＿旦CCOrding－tO tbe

Alternative∵Values of Parameters

a）旦声tPr．mi旦ipg theinvestigating＿region S2

This study classified theinvestigation policiesinto the

Full and Exp10ratOryInvestigation cases，and thelatter was

108



dividedinto two cases that C▼＝Ch and C．＝Ch2．However，nOte that

due to the reason described eaLrlier，When C，＝Ch，theinvestigation

region of the Exp10ratOryInvestigation case resultsin that of

the FullInvestigation case・Theinvestigating region S2，

according to alternative parameter values of each case，Can be

Obtained byimplementing computer programslistedin AppendixI

and AppendixJ．Additionally，the exploratoryinvestigation costs

Can be shown asin the following figures：

The Graph of C．＝Ch The Graph of C●＝Ch2

b）工be re＿lat阜On＿betveen＿：＿＿tb阜－＿Full and Exp10ratOry＿＿In＿VeStig阜ji＿＿O＿n

CaSeS

As discussed earlier，theinvestigating regions are given by

S2＝（Ⅹ：f（Ⅹtel〉／f（Ⅹ；82）く（ト7Tg）B／汀g）（B＝（L－C）／C）in the Full

Investigation case and S；＝（Ⅹ；f（Ⅹ：Ol）／f（Ⅹ‡02）くく1一升g）B．／Trg〉（B’＝（Lh－

C●）／C．）in the Exp10ratOryInvestigation case．Here，the relation

between the two casesisinfluenced by the trend of deviation

109



between B and B，．Therefore，We need toinvestigate their trend

With respect to h．

Firstly，When C．＝Ch，the deviation between B and B●　has a

ZerO VaLlue for all h due to the fact that B●－B＝【（Lh－C●）／C．】－【（L－

C）／C］＝【（Lh－Ch）／Ch】－【（L－C）／C】＝0．Thisindicates that a decision

maker had betterimplement the ExploratoryInvestigation for all h

because the same result can be derived withless cost than the

fullinvestigation cost．However，aS discussedin section　2　0f

Chapter six●　the prior probability of beingin control after the

unSuCCeSSful ExploratoryInvestigationIJTl（01：x），Can be obtained

by f（Ⅹ柑1）汀g／【f（Ⅹ相1）汀g＋f（Ⅹ；02）（1一打g）（1－h）】・Thisindicates that

the ExploratoryInvestigation，Whichis caLrried out at costslower

than that of the ful卜investigation cost，makes the prior

PrObability of being out of control after unsuccessful Exploratory

Investigation higher．ThllS a decision maker cannot determine which

Of the above．two policiesis best．

On the other hand，When C．＝Ch2，the deviation between B and

BIis a monotone decreasing fllnCtion with respect to h due to the

fact that B一一B＝【（Lh－C．）／C．】－【（L－C）／C】＝【（Lh－Ch2）／Ch2ト【（L－C）／C】＝

L（トh）／Ch．Thus this case also cannot be analyzed vith the

analytical method by the same reason discussedin the case when

Cl＝Ch．

Here，the relation between the Full and Exp10ratOry

Investigation casesis carried out overlOOO simulated12－mOnth

periods with respect to the average total costs using a method
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Similar to that used by Magee（1976）．This total costincludes

OPerating costs plus the costs ofinvestigations，and the

OPerating costs are regarded as the random numbers and hence are

randomizedin the present simulation．The computer program for

this relationislistedin Appendix X．

Before showing the simulated results，let us show the flow

Chartindicating the relation betveen the two cases with respect

to the average total costs as follows：
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Constant numbers：Ul＝0，U2＝20

Variation　　　　　：g＝0．5，0．7，0．9

M＝0，20

h＝　0．1　to I

C＝10　to　60（Width：10）

01，02＝　5　to　30（Width：5）

打1＝1

t　＝1

opportunitycosts・Lt＝（U2－Ul）（1－g13－t）′（トg）

Generating random number X

Operating cost fromin－COntrOI

state・OCt＝01・＊（Ei…1Ⅹi－6）・Ul

∵
…
大
型

Operating cost from out－0ト

COntrOI state，OCt＝

82＊可…lXi－6）・U2

De、termining theinvestigating region，S2

＝（Ⅹ‡f（Ⅹ：el）／f（Xi82）くく（Lt－M）h－C●）（1一打tg）／汀tgC一〉
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Figure　32：　Flow Chart for the Average Total Co▼sts
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On the basis of the flow chart shown above，the sirnulated

ヒSults according to the alternative parameter values are shown as

L the fn110Ving tables：

COnStant：Ul＝0，U2＝201g＝0・7and M＝0

82 C h

0．1 0．2 0．3 0．4 0．5 0．6 0．7 0．8 0．9 1．0

5 10 OC 166．5 145．5 130．3 117．7 104．5 97．8 91．2 82．9 ケ6．7 73．1

IC 8．5 14．9 20．0 24．2 26．8 30．5 33．0 34．8 36．3 38．6

TC 175．0 160．4 150．3 141．9 131．3 124．2 124．0 117．7 113．0
111．7＊

30 OC 1167．6 146．3 127．5 115．9 108．4 95．2 88．や 83．5 78．7 72．8

IC 22．7 40．0 52．4 63．2 73．2 77．7 84．6 89．8 95．5 98．6

TC 190．3 186．3 179．9 179．1 181．6 汁72・9 173．2 173．3 174．2
171．4＊・

50 OC 171．3 154．5 137．8 126．0 121．6 107．5 102．7 96．3 92．6 87・l j

IC 29．2 52．5 67．9 82．7 98．5 103．3 109．4 117．4 126．1
1

131・0

218．1 弓TC
200．5＊

07．0 205．7 208．7 220．1 210．8 212．1 213．7 218．7

20

5

10 OC 165．7 147．5 131．6 118．4 109．6 104．1 92．2 90．5 85．■2 78．4

IC 8．7 15．6 20．9 25．3 29．3 33．4 35．5 39．2 41．5 44．0

TC 174．4 163．1 152．5 143．7 138．9 137．5 127．7 129．7 126．7
122．4＊

30 OC 170．4 154．8 133．0 123．6 115．5 105．6 101．3 95．0 92．4 87．2

IC 21．4 38．3 49．4 59．7 67．2 72．6 77．9 83．0 87．3 93．4

TC 191．8 193．■1 182．4 183．3 182．7 178．2 17＿9．2 178．0 179．7 180．6

50

10

30

50

OC 170．1 159．0 143．2 135．5 123．5 119．0 114．1 110．4 105．5 102．6

IC 27．2 48．0 61．0 74．1 83．7 91．7 99．6 104．0 108．9 113．9

TC
197．3＊

07．0 204．2 209．6 207．2 210．7 213．7 214．4 214．4 216．5

OC 164．7 142．2 122．4 113．7 92．9 89．1 84．8 77．1 74．2 75．7

IC 12．0 24．0 36．0 48．0 60．0 72．0 84．0 96．0 108．0 120．0

TC 176．7 166．2 158．4 161．7 152．9 161．1 168．8 173．1 182．2 195．7

OC 171．1 141．2 123．7 112．9 101．6 90．4 80．6 78．8 76．9 72．3

IC 32．3 63．5 94．0 124．1 153．6 183．3 212．2 240．9 270．0 300．0

TC
203．4＊

04．7 217．7 237．0 255．2 273．7 292．8 319．7 346．9 372．3

OC 175．2 160．2 143．0 141．0 134．6 134．4 131．4 120．4 122．2 116．5

IC 27．8 48．2 63．2 76．0 86．4 95．5 104．2 108．－0 114．8 119．4

TC
203．0＊

08．4 206．2 217．0 221．0 229．9 235．6 228．4 237．0 235．9
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Vhere：　OC＝　The operating costs

IC＝　Theinvestigating costs

TC＝　The totaLI costs

＊＝　Minimllm tOtal costs for each case

Table　13：Average Total Cost overlOOO12－Month Periods

With respect to C．＝Ch Where M＝0
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COnStant：Ul＝0，U2＝20Ig＝0・7　and M＝20

1
02 C h

0．1 0．2 0．3 0．4 0．5 0．6 0．7 0．8 0．9 1．0

5 5 10 OC 164．5 146．2 127．9 116．7 105．8 95．0 92．0 81．5 79．5 73．3

IC 22．1 41．0 54．1 65．6 73．7 80．4 87．8 92．5 101．1 103．7

TC 186．6 187．2 182．0 182．3 179．5 175．4 179．8
174．0＊

180．6 177．0

30 OC 172．4 154．7 135．0 125．9 116．5 109．9 99．7 96．4 90．1 87．0

IC 29．6 52．3 68．3 83．7 94．2 105．7 111．8 119．5 124．5・127．2

TC
202．0＊

207．0 203．3 209．6 210．6 215．6 211．5 215．9 214．6 214．2

50＃
OC 193．5 195．5 193．6 1194．3 196．3 192．0 195．1 195．0 191．5 193．3

IC 0 0 0 0 0 0 0 0 0 0

TC 193．5 195．5 193．6 194．3 196．3 192．0 195．1 195．0 191．5 193．3

5 20 10 OC 163．6 144．2 131．7 120．3 112．0 107．9 96．8 88．7 88．0 80．5

IC 22．6 38．2 53．0 63．5 73．5 82．0 88．4 93．0 100．3 107．2

TC 186．2 182．4 184．7 183．7 185．5 189．9 185．2
181．7＊

188．3 187．7

30 OC 172．9 156．2 141．9 136．1 124．7 114．6 115．3 108．9 105．3 100．3

IC 27．3 48．3 63．0 76．7 84．7 92．9 99．0 107．1 111．6 115．5

TC
200．2＊

204．5 204．9 212．8 209．4 207．5 214．3 216．0 216．9 215．8

50＃
OC 192．2 189．8 197．1 194．8 195．1 193．5 194．2 190．8 195．7 195．8

IC 0 0 0 0 0 0 0 0 0 0

TC 192．2 189．8 197．1 194．8 195．1 193．5 194．2 190．8 195．7 195．8

0 5 10

30

50＃

OC 164．5 143．7 123．9 108．2 100．3 84．9 81．7 76．5 73．0 71．2

IC 33．3 64．9 97．9 133．6 165．2 198．5 231．8 264．5 296．4 330．0

TC
197．8＊

208．6 221．8 241．8 265．5 283・4 －313．5　341．0 369．4 401．2

OC 174．6 153．9 134．5 127．0 121．1 112．7 108．8 102．9 104．8 102．0

IC 40．6 76．5 109．0 141．4 171．9 204．0 233．0　262．3 291．7 324．2

TC
215．2＊

230．4 243．5 268．4 293．0 316．7 341．8　365．2 396．5 426．2

OC 193．3 194．3 197．3 189．6 195．5 191．9　196．3 198．4 193．3 191．5

IC 0 0 0 0 0 0 0 0 0 0

TC 193．3 194．3 197．3 189．6 195．5 191．9 196．3 198．4 193．3 191．5

Where　＃＝　The case that the Cost Process can never beinvestigated

because B●く0．（i．e．，this case generates only operating costs）

Table　14：Average Total Cost overlOOO12－Month Periods

With respect to C●＝Ch Where M＝20
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Note that，When h＝1，the Exp10ratOrylnvestigation case

resultsin the FullInvestigation case．

As shownin the above tables，When C．＝Ch，the smallest values

Of the average totaLI costs simulatedin this numerical analysis

are almost foundin the ExploratoryInvestigation cases rather

thanin the FullInvestigation cases．Furthermore，When C

increases，h，Which gives minimum total costs，decreases．

Therefore，if the Fulllnvestigation cost Cislarge，thereis no

need to spend as much money as the FullInvestigation cost C for

the ExploratoryInvestigation to attain minimum total costs，

although the total costs that vill beincurred by the Exploratory

Investigation may belarger than total costs by the Full

Investigation．Hovever，When B●く0，the average total costs have

almost the same vallleS for all h，SO thatitis not possible to

determine the bestinvestigation policy．This can be seen for the

CaSeS Of C＝50　vhen M＝20in the above tables．

For this reason，a decision maker must determine the optimal

Value of h by simulating how parametersinfluence the average

total eosts．
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COnStant：Ul＝0，U2＝20Ig＝0・7　and M＝0

L　d2 C h

0．1 0．2 0．3 0．4 0．5 0．6　　　 0．7 0．8 0．9 1．0

5　　5 10 OC 166．8 144．8 130．0 18．1 105．0 96．6 91．2 83．7 76．4 73．1

IC 0．9 3．1 6．2 10．0 13．8 18．3 23．6 28．3 32．8 38．6

TC 167．7 147．9 136．2 28．1 118．8 14．9 114．8 112．0 109．2 111．7

30 OC 166．1 146．1 127．8 16．6 06．3 96．3 88．2 82．9 78．7 72．9

IC 2．6 9．0 17．8 28．6 40．3 52．8 60．1 73．5 86．8 98．9

TC 168．7 155．1 145．6
45．2＊

146．6 49．1 148．3 156．4 165．5 171．8

50 OC 170．6 146．0 127．4 14．8 111．1 96．8 94．5 87．8 89．8 88．3

IC 4．4 14．9 2㌔9．1 42．5 631．0 78．4 89．9 107．2 115．2 126．9

TC 175．0 160．9
156．5＊

57．3 174．1 75．2 184．4 195．0 205．0 215．2

i 20

） 5

10 OC 163．9 140．1 125．4 112．5 107．0 97．3 89．4 88．3 83．9 78．0

IC 1．2 4．7 10．2 15．8 19．9 24．1 28．8 33．7 38．6 43．9

TC 165．1 144．8 135．6 128．3 126．9 121．4 118．2 122．0 122．5 121．9

30 OC 165．9 145．7 131．0 22．0 10．8 105．7 98．5 94．7 92．1 86．0

IC 3．5 10．6 19．5 29．2 40．4 51．6 58．8 69．6 82．2 93．2

TC 169．4 156．3
150．5＊

51．2 51．2 157．3 157．3 164．3 174．3 179．2

50

10

30

50

OC 166．1 146．8 133．5 122．6 113．3 105．5 104．2 103．2 103．4 103．2

IC 5．2 15．4 29．4 41．3 56．9 73．0 83．1 94．3 98．7 114．2

TC 171．3
162．2＊

162．9 163．9 170．2 178．5 187．3 197．5 202．1 217．4

OC 165．8 141．3 121．2 111．0 95．3 87．5 82．0 79．4 71．7 77．7

IC 1．2 4．8 10．8 19．2 30．0 43．2 58．8 76．8 97．2 120．0

TC 167．0 146．1 132．0 130．2
125．3＊

130．7 140．8 156．2 168．9 197．7

OC 167．5 140．2 124．3 112．7 96．7 82．9 79．6 75．9 78．1 72．5

IC 3．6 14．4 32．4 57．6 84．8 120．7 161．7 211．2 243．9 300．0

TC 171．1
154．6＊

156．7 170．3 181．5 203．6 241．3 287．1 322．0 372．5

OC 167．8 139．4 126．6 108．7 99．3 94．2 88．0 88．1 95．6 119．4

IC 6．0 24．0 51．9 88．0 137．5 183．1 223．7 271．1 274．9 122．5

TC 173．8
163．4＊

178．5 196．7 36．8 277．3 311．8 359．2 370．5 241．9

Table　15：Average Total Cost overlOOO12－Month Periods

With respect to c．＝Ch2　Where M＝0
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The results tabulated above are shovn asin the following figure：
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Figure　33：Average Total Cost overlOOO12－Month Periods

With respect to C一＝Ch2　Where M＝0
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COnStant：Ul＝0，U2＝20Ig＝0・7　and M＝20

l
82 C h

0．1 0．2 0．3 0．4 0．5 0．6 0．7 0．8 ．0．9 1．0

〇5 10 OC 163．2 143．7 128．6 114．9 105．5 93．5 91．3 82．5 79．1 73．3

IC 17．0 31．1 42．4 52．0 62．2 70．1 80．4 87．6 97．8 103．6

TC 180．2 174．8 1・71．0 166．9 167．7
163．6＊

171．7 170．1 177．0 176．9

30 OC 167．4 147．6 127．2 117．8 111．2 101．9 92．7 92．8 88．3 88．0

IC 17．8 35．1 51．6 69．4 77．3 92」2 105．6 106．9 118　3 130．3

TC 185．2 182．7
178．8＊

187．2 188．5 194．1 198．3 199．7 206．6 218．3

50 OC 167．3 144．9 129．4 119．0 118．3 108．7 110．9 126．1 173．3 195．8

IC 19．5 40．3 55．1 75．9 87．9 107．7 109．3 92．9 29．0 0

TC 186．8 185．2
184．5＊

194．9 06．2 216．4 20．2 219．0 202．3 195．8

I

l

20

5

10 OC 164．2 143．0 127．7 116．7 104．8 103．1 93．0 90．2 85．9 82．1

IC 24．0 46．9 60．8 66．8 74．1 79．7 87．3 94．1 98．8 105．6

TC 188．2 189．9 188．5 183．5
178．9＊

182．8 180．3 184．3 184．7 187．7

30 OC 171．0 148．4 129．8 120．5 117．8 111．1 102．4 106．3 101．8 101．4

IC 23．1 38．6 52．9 66．0 73．1 85．6 95．2 97．2 108．2 117．0

TC 194．1 187．0
182．7＊

186．5 190．9 196．7 197．6 03．5 210．0 218．4

50

10

30

50

OC 162．0 148．1 137．6 128．0 122．2 117．9 123．0 138．0 176．9 193．9

IC 21．3 39．0・54．3 71．6 79．4 93．4 95．1 80．2 23．4 0

TC
183．3＊

187．1 191．9 199．6 01．6 211．3 18．1 218．2 200．3・193．9

OC 167．3 144．4 121．・4 113．3 93．8 86．4 85．4．・75．8 75．1 76．0

IC 22．1 4＆．4 74．5 105．8 138．6 171．4 08．1 246．4 288．2 330．0

TC 189．4 192．8 195．9 219．1 32．4 257．8 93．5 322．2 363．3 406．0

OC 167．・9 139．6 124．6 112．7 103．5 96．4 85．8 92．9 93．8 100．4

IC 25．2 57．5 95．4 131．6 175．2 210．4 260．8 285．5 316．5 24．3

TC
193．1＊

197．1 220．0 244．3 78．7 306．8 346．6 378．4 410．3 24．7

OC 164．8 145．7 121．2 116．7 110．1 119．1 138．8 149．1 193．3 195．2

IC 26．9 64．0 105．8 149．4 186．9 203．5 97．6
‾70．9

0 0

TC 191．7＊
209．7 227．0 266．1 97．0 322．6 236．4 220．0 193．3 195．2

Table　16：Average Total Cost overlOOO12－Month Periods

With respect to C．＝Ch2　Where M＝20
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Different from C●＝Ch，aS Shownin the table above，When

C．＝Ch2■　the smallest values of the average total costs simulated

in these numerical examples are alvays foundin the Exploratory

Investigation case rather thanin the Fulllnvestigation case．

Furthermore，When Cincreases，h，Which gives minimum total costs，

decreases．For this reason，a decision maker must determine the

OPtimal value of h by simulating how parametersinfluence the

average total costs．

Note that the author obtained similar reslllts to the above

resultsin the cases，g＝0．5　and g＝0．9．

The results obtainedin this simlllation analysis are

Summarized asin the following proposition：

【PROPOSITION　3コ

The value of h that gives minimum total costs will almost

exist when C．＝Ch and will alvays exist when C●＝Ch2，in

the range of the ExploratoryInvestigation．Furthermore，

When the value of Cincreases，the value of h that gives

minimum total costs will decrease．Therefore，if the Fllll

Investigation cost Cislarge，thereis no need to spend

as much money as the FullInvestigation cost C for the

ExploratoryInvestigation to attain minimum total costs，

although the total costs that will beincurred by the

ExploratoryInvestigation may belarger than total costs

by the FullInvestigation．
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CHAPTER EIGHT

CONCLUSION

1）　0verview

After the Second World War，there was anincreasing awareness

Of the view that accountinginformation should be appropriate to

the needs of users，eSpeCially managers．Thus management

accounting became recognized such that accountinginformation

COuld be widely usedin both managerial planning and manaLgerial

COntrOl．

With this recognition，management aCCOunting placed the

notion of responsibility accounting at the very center of the

management controI system．Responsibility accounting was confirmed

to the principles of management which emphasizedlines of

authority and responsibility．These principles had a substantial

impact on organizational design，andit was argued that the

responsibility accounting system should be founded upon the

COmpany．S Organization structure．

Althollgh managerial controI system，SuCh as standard costing

and budget control，had been developedin the early decades of the

twentieth century，the responsibility accounting developed

rapidly，in the vanguard of advancesin management accounting．Its

development and poplllarity was a major stepin the movement from

COSt COntrOl to managerial controI which typified the emergence of
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management・The use of standard costs and／Or budgets to quantify

plans for responsibility centers and the measurement of

performancein terms of variances therefrom became the main method

Of managerial control．

Dlle tO the recognition for managerial control，・neV methods of

evaluating variances were derived from the economic framework．

Thisimplies economic decisions on whether or not the process

Should beinvestigated．

The previous studies were classifiedinto three kinds

according to how control variables were established．The first was

the Decision Theoretic Approachin which the controI variable

WaS denoted as a Bayesian posterior probability vith respect to

OppOrtunity costs．The second vas the Bayesianl）ynamic Programming

Approach，in which the controI variable was denoted as a Bayesian

POSterior probability relating whether toinvestigate a Cost

Process with respect to operating costs andinvestigation costs．

The third was the Markovian Approachin which the controI variable

WaS denoted as a cost varianceitselfin order to decide whether

toinvestigate a Cost Process vith respect to operating costs and

investigation costs・However，these approaches may entail trade－

Offs with respect to theIlbest policyl．as pointed out by

Magee（1976），Dittman and Prakash（1979）and other comparison

Studies．

Accordingly，the present study does not discuss the

COmParison between the proposed model and the above three
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approaches，because the simulation results of Magee（1976）Show

that the differences between Dyckman．S（1969）and Xaplan．S（1969）

models may havelittle effect on theincremental cost savings；and

the Normal Form of this study and Extensive Form of Dyckman．s

model are mathematically equivalent andlead toidentical reslllts

Whether the pre－eXperimental viewpoint or posトexperimental

Viewpointis taLken．

However，aS pOinted outin the Literature Review chapter，the

Markovian Approach has the problem that the existence of x＊is

restricted within the condition Oく（1－g）Ⅹ＋トg△uくgI and Fl（X＊）＞（（ト

g）Ⅹ＋トg△u）／gI，and that x＊is sought by minimizing the total cost

function with respect to the trial and error method because the

total cost functionis not easily differentiated．AIso the Bayes

Dynamic Programming Approach has the problem that the models are

COmplex and have a higher solution cost．

Thus，this study concentrated on deve10Ping another form of

the Decision Theoretic Approach that can capt11re muCh of the

benefits obtainable from the other models．The control variableis

denoted as a cost varianceitselfin place of the Bayes posterior

probability usedin the previous Decision Theoretic Approach

models．

Section　2　discusses，the relation between the proposed and

previous models，and the contribution from the proposed model

against the previous models．
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Thelimitations of the proposed model and further direction

are discussed in section　3．

2）　耳五e Reslllts of，the＿＿＿P＿rOpOSed＿担Ode＿l＿

This study concentrated on developing a new method，uSing a

Normal Form of Decision Theoretic Approach，andinvestigating the

relation between the Full and Exp10ratOryInvestigation cases with

respect toinvestigation costs．

Thus，We Can Sllmmarize the results and contributions from the

proposed model against the previous models as follows：

a）The proposed model provides a new method with respect to a

Normal Form of analysis according to the Decision

Theoretic Approach，andit shovs how to determine the

investigating regions S2　depending on the variance ratio

O茎／0号　With respect to the cost variance xitself・

Therefore，this proposed mo．del simply requires the

matching of a reported cost variance against a given

investigating region depending on the prior probability，

different from the Markovian Approach model having the

Same Critical controllimit for every period．As a result，

this model has analytical merits because control actions

are sought within the sample space，While the Extensive

Form has a condensed meaning becauseitis discussed

Within a【0，1】probability space．
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b）This study shoVS how the optimal set of processes to be

investigatedin any period can be selectedin N－Cost

Processes with each cost process being treated

independently of the others．This differs from the mode1

0f N－Cost Processes by Dyckman（1969）．

C）This study developed a ExploratoryInvestigation model as

an extension of the FullInvestigation model with respect

to the Normal Form of Bayesian analysis．

d）The numerical analysis can seek thelower or upper bound

Of the prior probability，the critical value for

determining when a Cost Process should be never or always

investigated．Therefore one can partially determine

Whether or not toinvestigate according to the prior

probability as′shownin the numerical analysis．

e）The reslllts simulatedin the numerical analysis chapter

are summarized as follovs：

The value of h that gives minimum totaLI costs will almost

exist vhen C．＝Ch and will always exist when C．＝Ch2，in the

range of the Exp10ratOryInvestigation．Furthermore，When

Cincreases，the value of h，Which gives minimum total

COStS，Will decrease．Therefore，if the FullInvestigation

COSt Cislarge，thereis no need to spend as much money
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as the FullInvestigation cost C for the Exploratory

Investigation to attain minimum total costs，although the

total costs that vill beincurred by the Exploratory

Investigation may belarger than total costs by the Full

Investigation・For this reason，a decision maker must

determine the optimal value of h by simulating how

parametersinfluence the average total costs．

3）　と主用itations and Further Directio＿＿n

This study was set up based on the assumption that an

accounting report did not change the behavior of a second party．

ThusI aS discussedin the Motivation section of chapter one，

furtherinvestigationinto the Decision－Influencing case when the

accounting report changes the behavior of a second party，Shollld

be undertaken．

This study also showed that the sample space with respect to

theinvestigating region was splitinto three parts under the case

that ol和2・Thus Bayesianinvestigating region differs from the

two－partS－investigating region of Magee．S（1976）stlldy and Dittman

and Prakashls（1978）model．However，Dittman and Prakash（1979）

Showed that Markovian control allegedly performed almost as well

as Bayesian optimal contol unless thein－COntrOI cost had atleast

a moderatelylarge coefficient ofintrusion and a substantially

greater dispersion than the ouトof－COntrOI cost．Thisis due to
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the fact that Markovian two－partS COntrOl differs from Bayesian

three－partS COntrOl．Additionally，Magee（1976〉　found that the

differences between Bayesian－OPtimal control and two－Standard－

deviations controI were not terriblyldrge．However，these were

based only on the case when Ol＝02，therefore the case when ol≠02

Should be analyzed．
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APPENDIX A：Properties of Likelihood Ratio．＿f（X！O．）／f（Ⅹ！0

入（Ⅹ）＝f（Ⅹ柑1）／f（Ⅹ柑2）＝（62佃1）expくく－1／2）【くくⅩ－ul）2／6号）－

（（Ⅹ－U2）2／ロ茎）】）・

If we considerlog入（Ⅹ）instead of　入（Ⅹ），then

log入（Ⅹ）＝10gく62／ロ1）－（1／2）【くくⅩ－Ul）2／8号）－くくⅩ－u2）2佃量目・

If we calculate the first derivative of　入（X）vith respect to x，

then d（log入（Ⅹ））／dx＝【（ロ茎一口雪）Ⅹ／ロ雪口茎卜【（U28雪－Ulロ茎）佃雪口茎】・

When d（log入（Ⅹ））／dx＝0，then x＝Ul＋（Ul－U2）（雪／（0茎－0‡）＝

U2＋（Ul－U2）0茎／（O茎－0号），and the maximum or minimum value of入（Ⅹ）

With respect to xis（02／01）exp【（Ul－U2）2／2（0㌢0‡）】・However・if
d等＝02（i＝1，2），then d入（Ⅹ）／dx＝　卜（U2－Ul）／02）exp【（－（U2－Ul）（2Ⅹ‾

（Ul＋U2））／202】く0・ThllS　入（Ⅹ）With respect to xis a monotone

decreasing function．

If we calculate the second derivative of　入（Ⅹ）with respect to

X，the operating of taking the derivative of　入（Ⅹ）twice can be

Shown as follovs：

Let　入（X）denote f（Ⅹ）．Then

logf（Ⅹ）＝10g入（Ⅹ）

＝〉　d（logf（Ⅹ））／dx＝　d（log入（Ⅹ））／dx

＝〉　f●（Ⅹ）／f（Ⅹ）＝　d（log入（Ⅹ））／dx

＝〉　f●（Ⅹ）＝【d（log入（Ⅹ））／dxH（Ⅹ）

＝〉　dft（Ⅹ）／dx＝　f●●（Ⅹ）＝【d（d（10g入（Ⅹ））／dx）／dx】f（Ⅹ）＋【d（log入（Ⅹ））／dxH．（Ⅹ）

＝【d（d（10g入（Ⅹ））／dx）／dx】入（Ⅹ）＋【d（log入（Ⅹ））／dx12人（Ⅹ）

＝入（Ⅹ）（卜（ロ茎一口雷）／ロ苦口妄】＋【卜（ロ茎一口雪）Ⅹ／8号口茎）一くくU26雪－Uld茎）／ロ雪d茎）】2〉・

If d茎〉8号，then f●t（ul＋8号（ul－U2）／（d茎－8号））

＝入（Ul＋（ロ苦くUl－U2）／（ロ茎一口雪）））卜（ロ茎一口箸）／ロ雪口茎】く0・

If o…く0箸，then ft●（U2＋0茎（Ul－U2）／（0茎－0雪））

＝入（U2＋（ロ…（Ul－U2）／（ロ茎一口雪）））卜（ロ…一口箸）／ロ雪6茎】〉0・
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Thus，if o盲〉O茎，then　入（X）With respect to xis a convex

function that has a minimum value（02／Ol）exp卜（ul－U2）2／2（0号－0茎）】

When x＝t12＋！（Ul－U2）（茎／（0㌢0雪）！・

If o苦く0茎，then入（Ⅹ）With respect to xis a concave fllnCtion

that has a maximum value（02／01）exp【（Ul－U2）2／2（O茎－0筈）】

When x＝ul－‡（Ul－U2）ロ…／（ロ茎一口雪）！・
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APPENDIX B：　Deve＿＿lp＿ping the Objective Functionln N＿Cost Processes

、Of the F111l Investigation Case

Min EEl史（6（Ⅹj・yj）；Oj）（1－yj）】

MinE（El曳く6（Ⅹj・yj）；ej）Isj2（Ⅹ・）（1－yj）】＋

E【曳（6（Ⅹj・yj）；Oj）Isjl（Ⅹj）（1ヤ】I

MinHE【曳く6（Ⅹj・yj）；Oj）Isj2（Ⅹ・）（1－yj）］＋

EE【曳（6（Ⅹj，yj）；Oj）Isjl（Xj）（1－yj）】）

Min（［附く6（Ⅹj・yj）；Oj）Isj2（Ⅹ・）（1－yj）］＋

：椚（6（Ⅹj）；ej）Isjl（Xj）】）
the j that satisfies the above equationis equivalent to

MinjをpE【曳（6（Ⅹj・yj）；Oj）Isj2（Ⅹ・）（1－yj）】
J
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APPENDIX C：Developing the Generalized Posteri＋Or Probabilit

For every natural number n，

posterior probability，打（Ol王Ⅹ1，‥・，Ⅹn）

＝【1＋【f（Ⅹn柑2）（トg）／f（Ⅹn柑1）g】＋【f（Xn柑2）f（Ⅹn－1‡02）（トg）

／f（Xn柑1）f（Xn－1柑1）g2】＋‥・＋【fくⅩn柑2）…まくⅩ2柑2）（卜g）

′f（Xn…81）・‥f（Ⅹ2柑1）gn‾l】＋【f（Ⅹn…02）‥・f（Ⅹ1柑2）（1一昭）

／f（Ⅹn柑1）…fくⅩliOl）昭n】「1・

【Proof】

For n＝1，

打（el！Ⅹl）＝f（Ⅹl：Ol）汀g／【f（Ⅹl：el）ng＋f（Xlie2）（1－汀g）】（by Bayes formula）

＝【1十王（Ⅹ1柑2）（1－打点）′f（Ⅹ1柑l）柁】‾1

For n＝2，

刀（01董Xl・Ⅹ2）＝f（Ⅹ2‡81）汀（01‡Ⅹ1）g／【f（Ⅹ2柑1）打（01王Ⅹ1）g＋

f（Ⅹ2柑2）（1－7T（Ol！Ⅹ1）g）】（by the Bayes formula）

＝【1＋f（Ⅹ2柑2）（1－汀（01は1）g）′f（Ⅹ2…81）汀（81は1）g】‾1

＝【1＋f（Ⅹ2柑2）（トg）／f（Ⅹ2柑l）g＋

f（Ⅹ2…82）f（Ⅹ1！02）（ト柑）′f（Ⅹ2…01）f（Ⅹ1…01）柑2】‾1

For n＝k，We aSSume that汀（01！Ⅹ1，・・・，Ⅹk）

＝f（Ⅹk柑1）汀（81；Xl，‥‥Xk－1）g／【f（Ⅹk柑1）汀（01！Xl…・・Xk－1）g＋

f（Ⅹk柑2）（1一打（el；Ⅹ1，・・・，Ⅹk一一1）g）】（by Bayes formula）

＝【1＋【f（Ⅹk柑2）（トg）／f（Xk柑1）g】＋【f（Ⅹk沌2）f（Xk－1柑2）（トg）

／f（Ⅹk柑l）f（Ⅹk－1柑1）g2】＋‥・＋【f（Ⅹk柑2）…f（Ⅹ2！02）（卜g）

′f（Ⅹk柑l）・‥f（Ⅹ2柑l）gk－1】＋【f（Ⅹk柑2）…f（Ⅹ1柑2）（卜咄

′f（Ⅹk柑1）…f（Ⅹ1柑l）昭k】「1・
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Then for n＝k＋1・汀（Ol‡Ⅹ1・‥・，Ⅹk＋l）

＝f（Ⅹk＋1柑1）升（01！Xl・‥・・Ⅹk）g／【f（Ⅹk＋1‡81川（81；Ⅹ1・・‥，Xk）g＋

f（Ⅹk＋1‡02）（1一打（01！Ⅹ1・・・・，Ⅹk）g）】（by Bayes formula）

＝【1＋f（Ⅹk＋1柑2）（ト汀（81‡Ⅹ1，…・Ⅹk）g）′f（Ⅹk＋1柑1）汀（町Ⅹ1‥‥・Ⅹk）g】‾1

＝【卜f（Xk＋1柑2）′f（Ⅹk＋1日い＋f（Xk＋1柑2）′f（Ⅹk＋1柑1）汀（01…Ⅹ1・‥・，Ⅹk）g】‾1

＝【1－f（Ⅹk＋1柑2）／f（Ⅹk＋1柑1）＋f（Xk＋l柑2）／f（Ⅹk＋1王81）g＊

（1＋【f（Ⅹk柑2）（トg）／f（Ⅹk柑l）g】＋【f（Ⅹki02）f（Ⅹk－1柑2）くトg）

／f（XkH〕1）f（Ⅹk－1；Ol）g2】＋…＋【f（XkH）2）…f（Ⅹ2；02）（トg）

′f（Ⅹk柑1）…f（Ⅹ2柑1）gk－1】＋［f（Ⅹk柑2）…f（Ⅹ1…82）（ト汀g）

′f（Ⅹk柑1）・‥f（Ⅹ1柑l）咽k｝「1・

＝ll＋【f（Ⅹk＋l柑2）（卜g）／f（Ⅹk＋1柑1）g】＋【f（Ⅹk＋1柑2）f（Ⅹk柑2）（1－g）

／f（Ⅹk＋1柑1）f（Ⅹk柑1）g2】＋…＋【f（Ⅹk＋1柑2）…f（Ⅹ2柑2）（卜g）

′f（Ⅹk＋1柑1）・‥fくⅩ2181）gk】＋【fくⅩk＋1柑2｝・‥f（Ⅹ1相姦）（ト咄

′f（Xk＋1日∋1）・‥f（Ⅹ1柑1）汀gk＋1】「1・　　，

We show that汀（e！xl・・‥，Ⅹk＋1）is valid for n＝k＋lifitis valid

for n＝k．Thus by mathematicalinduction，the generalized posterior

PrObability，汀（OiⅩ1，・‥，Ⅹn）is true for all natural numbers n・1
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APPENDIX D：　DeveloDing the Objective Functionin N Cost Processes

Of＋＋the Exploratory Investigation Case
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J

E【見（6（Ⅹj・yj）；Oj）Isjl（Ⅹ・）（1－yj）］）

Min日田（6（Ⅹj・yj）；Oj）Isj2（Ⅹj）（1－yj）】＋

EEl”（Ⅹj・yj）；Oj）Isjl（Ⅹ・）（1－yjm

MintEEl”（Ⅹj・yj）；Oj）Isj2（Ⅹ・）（1－yj”＋

：E【見（6（Ⅹj）；Ojりsjl（Ⅹj）】）

the j that satisfies the above equationis equivalent to

Minj…pE【曳（6（Xj・yj）；Oj）Isj2（Xj）（1－yj）】

：MinjgP（曳く6（Ⅹj・yj）；ejl）Ⅰ（0）（yj｝（トyj）PlⅩjgSj2…Ojl］PlOjl］＋

曳（6（Ⅹj・yj）；ejl）ⅠtlI（yj）（1－yj）PlⅩjgSj2柑jl】P【Ojl】＋
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APPENDlX E：Developing the Generaliz寧4＿＿＿Prior Probabilityin＿＿＿th＿＿e

Case of ExploratoryInvestigation

For every natural nllmber n，

prior probabilityin the beginning of period n＋1，汀l（81！Ⅹ1，・‥，Ⅹn）

汀－（01‡Ⅹ1・…・Ⅹn）＝汀（01！Ⅹ1，・‥・Ⅹn）／

【汀（01：Ⅹ1，‥・，Ⅹn）叩く02‡Xl，・‥，Ⅹn）（卜h）】

＝【1＋【f（Ⅹn…02）（1－g）（トh）′f（Ⅹn柑1）g】＋【f（Ⅹn柑2）f（Ⅹn－1柑2）（1－g）（トh）2

／f（Ⅹn柑1）f（Ⅹn－1柑l）g2】＋…＋【f（Ⅹn柑2）…f（Ⅹ2王02）（卜g）（トh）n‾1

／f（Ⅹn…el）・・・f（Ⅹ2柑1）gn‾1】＋【f（Ⅹn柑2）・・・f（Xl壬82）（1一昭）（1－h）n

／f（Ⅹn柑1）…f（Xl柑l）昭n】「1・

【Proof】

For n＝1・汀●（81王Ⅹ1）＝TT（eliⅩ1）／【升（OliXl）＋7T（02；xl）（1－h）］

＝f（Ⅹli01）汀g／【f（Ⅹ1柑1）汀g＋f（Ⅹ1柑2）（1一打g）（トh）】

（by Bayes formula）

＝【1＋f（Ⅹ1柑2）（卜咽）（トh）′f（Xl…01）汀g】‾1・

For n＝2・が（01；Ⅹ1，Ⅹ2）＝汀（01！Ⅹ1，Ⅹ2）／【汀（01；Ⅹ1，Ⅹ2）叩く02；Ⅹ1，Ⅹ2）（トh）】

＝f（Ⅹ2；01）汀－（01‡Ⅹ1）g／【f（Ⅹ2柑1）汀－（81‡Ⅹ1）g＋

f（Ⅹ2：02）（1－TrI（01；Ⅹ1）g）（1－h）】（by the Bayes formula）

＝【1十王（Ⅹ2柑2）（1一打・（01…Ⅹ1）g）（1－h）′f（Ⅹ2柑1）汀・（01…Ⅹ1）g】‾1

＝【1十王（Ⅹ2：02）（1－g）（トh）／f（Ⅹ2柑1）g＋

f（Ⅹ2柑2）f（Ⅹ1柑2）（ト汀が（1－h）2′f（Ⅹ2柑1）f（Ⅹ1…01）汀g2】‾1

For n＝k，We aSSume that汀l（01：Ⅹ1，・・・，Ⅹk）

＝打（81！Ⅹ1・・‥・Ⅹk）／【打（01‡Ⅹ1・・‥・Xk）＋汀（02；Ⅹ1・…，Ⅹk）（卜h）］

【1＋【f（Ⅹk柑2）（トg）（トh）′f（Ⅹk柑1）g】＋【f（Xk柑2）f（Ⅹk－1柑2）（トg）（1－h）21

k－1

′f（Xk…01）・‥f（Ⅹ2柑1）gk－1い【f（Ⅹk…82）・‥f（Ⅹ1柑2）（1－吋（トh）k

′王（Xk…01）…f（Ⅹl…81）咽kH－1・

／f（Ⅹk柑1）f（Ⅹk－1；81）g2三㌧・・＋【f（Xk柑2）…f（Ⅹ2：02）（卜g）（卜h）
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Then for n＝k＋1，打I（01ixl，‥・，Ⅹk十1）

＝汀（01！Ⅹ1・…・Ⅹk＋1）／【汀（811Ⅹ1，…，Ⅹk＋1）相（82；Ⅹ1・‥・・Ⅹk＋1）（1－h）】

＝f（Ⅹk＋1柑1）が（81！Ⅹ1・‥・・Ⅹk）g／【f（Ⅹk＋l柑1〉汀●（Ol王Ⅹ1・‥・・Ⅹk）g＋

f（Ⅹk＋1柑2）（1一打l（OlEⅩ1，・‥，Ⅹk）g）（1－h）】（by Bayes・formula）

＝【1＋f（Ⅹk＋1：02）（1－∬I（Ol；Ⅹ1，・‥，Ⅹk）g）（1－h）

／f（Ⅹk＋1柑l）汀・（81は1，・‥・Ⅹk）g】‾1

＝【卜f（Ⅹk＋1王02）（トh）／f（Ⅹk＋1柑1）十王（Ⅹk＋1柑2）（トh）／f（Ⅹk＋1柑1）g＊

（1＋【f（Ⅹk柑2）（トg）（1－h）／f（ⅩkH31）g】十【f（Ⅹk柑2）f（Ⅹk－1柑2）（トg）（トh）2

′f（Ⅹk柑1）f（Ⅹk－1…01）g2】十・‥＋【f（Ⅹk柑2）…f（Ⅹ2柑2）（トg）（トh）k－1

′f（Ⅹk柑1）…fくⅩ2柑1）gk－1コ＋【f（Ⅹk柑2）‥・f（Ⅹ1柑2）（1－咄（1－h）k

′f（Ⅹk王01）…f（Ⅹ1柑1）昭k｝】－1・

＝【1＋【f（Ⅹk＋1柑2）（トg）（トh）／f（Ⅹk＋1柑1）g】＋【f（Ⅹk十1柑2）f（Ⅹk柑2）（トg）

（トh）2／f（Ⅹk＋1柑1）王（Ⅹk柑1）g2】＋‥・＋【f（Ⅹk＋1柑2）…f（Ⅹ2柑2）（1－g）

雷鴎諒：器霊撒王王82）…f（Ⅹ1…02）（1‾咄
We show that打l（8！Ⅹ1，‥・，Xk＋1）is valid for n＝k＋lifitis valid

for n＝k．Thu・S by mathematicalinduction，the generalized posterior

probability・”．（0ixl，・・・，Ⅹn）is true for all natural numbers n・1
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APPENDIX F：Com uter Pro ram for the Pro ert of Likelihood－

Ratio　入（Ⅹ）

Program NllmericalAnalysisl；

（＄u＋）

tThisis a program to explain a property Of

likelihood function，f（Ⅹ‡in control）／f（Ⅹ10ut Of contrOl）I

COnSt

u2＝20；

Slmax＝30；

ⅩmaX＝50；

S2max＝30；

Var

Sl，S2，Ⅹ：integer；

y：real；

begin

Writeln（lst，一sl一：15，●S2．：15，●Ⅹ．：15，●y一：30）；

Writeln；

Sl：＝5；

While slく＝Slmax do

begin

S2：＝5；

While s2く＝S2max do

begin

X：ニー30；

While xく＝ⅩmaX do

begin

y：＝（S2／sl）＊exp（（－1／2）＊（Sqr（Ⅹ／sl）－Sqr（（Ⅹ－u2）／52）））；

Writeln（lst，Sl：15，S2：15，Ⅹ：15，y：30：3）；

Ⅹ：＝Ⅹ＋5；

end；

S2：＝S2＋5；

end；

Sl：＝Sl＋5；

end

end．
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APPENDIX G：Co＿叩uter Pro肛旦叩　f旦Lthe LovQ壬＿P＿LD＿p＿per」如nds of

姐＿＿Prior＿Pr＿pbability＿＿＿＿i＿n the＿F旦1上

Tnvesti ation Case

Program NllmericalAnalysisII；
（＄u＋〉

tThisis a program to explain an upper or10Wer bound

Of the prior probabilityin the FullInvestigation case）
eonst

u2＝20；

a＝0．98；

gmax＝9；

CmaX＝60；

Slmax＝30；

S2max＝30；

g，C，Sl，S2：integer；

k，t，p，gl，g2，y：real；

function cost（gx：real；CX：integer）：real；

begin

eost：＝（u2／（ex＊（1－a＊gx）‖－l

end；

begin

Writeln；

Writeln；

Writeln（lst，●C．：15，．g●：15，一sl●：15，●S2一：15，●p●：15）；

Vriteln；

C：＝10；

While cく＝cmaX do

begin

g：＝5；

While gく＝gmaX do

begin

Sl：＝5；

While slく＝Slmax do・

begin

S2：＝5；

While　52く＝S2max do

begin

gl：＝g；

g2：＝gl／10；

k：＝eOSt（g2，e）；

if k〉O then

begin

if slく〉S2　then

if SlくS2　then

begin

p：＝k／（g2＊（k＋（S2／sl）＊eXp（Sqr（u2）／（2＊（Sqr（S2）－Sqr（Sl））））））；

Writeln（lst，C：15，g2：15：2，Sl：15，S2：15，p：15：4）；
end

else

begin

p：＝k／（g2＊（k＋（52／sl）＊eXp（－Sqr（u2）／（2＊（Sqr（Sl）－Sqr（S2））））））；

Writeln（lst，C：15，g2：15：2，Sl：15，S2：15，p：15：4）；

end；

end；

if kく＝O then

begin

Writeln（lst，C：15，g2：15：2，Sl：15，S2：15，tBく0（neverinvestigate）l
end；
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S2：＝S2＋5；

end；

Sl：＝Sl＋5；

end；

g：＝g十2；

end；

C：＝e＋10；

end

end．
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｝ENDIX H：Com uter Pro ram for the Lower or U er　出し旦f

the Pri＿Pr二Er酬
Tnvesti ation Case When Cl＝Ch2

）gram NumericalAnalysisHI；
（＄u＋〉

tThisis a program to explain an upper orlower bounds

Of the prior probabilityin the Exp10ratOryInvestigation
CaSe When C．＝Csqr（h））

1St

ユ2＝20；

ま＝0．98；

gmaX＝9；

〇maX＝60；

つmaX＝9；

；lmax＝30；

；2max＝30；

「

1，g，C，Sl，52：integer；

k，t，p，gl，g2，hl，h2，Cl，C2：real；

function cost（gx，hx，CX：real）：real；
begin

eost：＝くくu2／（1－a＊gx））－eX＊hx）／（ex＊hx）

end；

gin

Ⅳriteln；

Ⅳriteln（lst，，C一：15，．C！．：15，●g一：15，●h．：15，一sl．：15，，S2．：15，●p●：15）；

Ⅳriteln；

巳：＝10；

Ⅳhile cく＝cmaX do

begin

g：＝5；

While gく＝gmaX do

begin

h：＝5；

While hく＝hmax do

begin

Sl：＝5；

While slく＝Slmax do

begin

S2：＝5；

While s2く＝S2max do

begin

gl：三g；

g2：＝gl／10；

hl：＝h；

h2：＝hl／10；

el：＝e；

C2：＝Cl＊sqr（h2）；

k：＝eOSt（g2，h2，el）；

if k〉O then

begin

if slく〉S2　then

if SlくS2　then

begin

p：＝k／（g2＊（k＋（S2／sl）＊exp（Sqr（u2）／（2＊（Sqr（S2）qsqr（Sl））））））；

Writeln（lst，C：15，C2：15：2，g2：15：2，h2：15：2，Sl：15，S2：15，p：15：4）
end

else
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p：＝k／（g2＊（k＋（52／sl）＊exp（－Sqr（u2）／（2＊（Sqr（Slトsqr（S2））））））；

Writeln（lst，C：15，C2：15：2，g2：15：2，h2：15：2，Sl：15，S2：15，p：15：4）；

end；

end；

if kく＝O then

begin

Writeln（lst，C：15，C2：15：2，g2：15：2，h2：15：2，Sl：15，S2：15，

一B！く0（neverinvestigate）．：30）；

end；

52：＝52＋5；

end；

Sl：＝Sl＋5；

end；

h：＝h＋2；

end；

g：＝g＋2；

end；

C：＝C十10；

nd
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APPENDIXI：Com uter Pro ram for Seekin an Tnvesti ating

担＿iorLS2＿inJ＿b星」叫＝iL」＿JlVeStigaii9＿n Ca旦皇

Program NumericalAnalysisIV；

（＄u＋〉

tThisis a program to explain how to seek aninvestigating

regionin the FullInvestigation case〉
eonst

u2＝20；

a＝0．98；

gmax＝9；

emax＝60；

Slmax＝30；

S2max＝30；

pmax＝10；

Var

g，C，Sl，S2，p：integer；

k，t，pl，p2，g1，g2，Ⅹ，Ⅹ1，Ⅹ2，dis：real；

function cost（gx：real；CX：integer）：real；

begin

eost：こくⅦ2／（ex＊（1－a＊gx）））－l

end；

begin

Writeln；

Writeln（lst，．C．：15，●gt：15，一slt：15，●S2●：15，

●p－：15，●Ⅹ1－：15，－Ⅹ2－：15）；

Writeln；

e：＝10；

Vhile cく＝cmaX do

begin

g：＝5；

While gく＝gmaX do

begin

Sl：＝5；

While slく＝Slmax do

begin

S2：＝5；

While s2く＝S2max do

begin

p：＝2；

While pく＝pmaX do

begin

gl：三g；

g2：＝gl／10；

pl：＝p；

p2：＝pl／10；

k：＝eOSt（g2，e）；

if k〉O then

begin
if sl＝S2　then

begin

X：＝（u2／2卜（Sqr（Sl）／u2）＊ln（（トp2＊g2）＊事／（p2＊g2））；

Writeln（lst，C：15，g2：15：2，Sl：15，S2：15，P2：15：2，Ⅹ：15：4）；
end

else

begin
if slくS2　then

begin

dis：＝Sqr（u2＊sqr（Sl））－（Sqr（S2）－Sqr（Sl））＊（2＊Sqr（Sl＊S2）＊
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ln（（sl＊（1－P2＊g2）＊k）／（S2＊p2＊g2））－Sqr（Sl）＊sqr（u2））；

if dis〉0．0　then

begin

Xl：＝（－u2＊sqr（Sl）－Sqrt（dis））／（Sqr（S2）一Sqr（Sl））；

Ⅹ2：＝（－u2＊sqr（Sl）＋Sqrt（dis））／（Sqr（S2）－Sqr（Sl））；

Writeln（lst，C：15，g2：15：2，Sl：15，S2：15，P2：15：2，

Ⅹ1：15：4，Ⅹ2：15：4）；

end；

if dis＝0．0　then

begin

X：＝（－u2＊sqr（Sl））／（Sqr（S2）－Sqr（Sl））；

Writeln（lst，C：15，g2：15：2，Sl：15，S2：15，p2：15：2，Ⅹ：15：3）；

end；

if disく0．0　then

begin

Writeln（lst，C：15，g2：15：2，51：15，52：15，p2：15：2，

．alwaysinvestigate．：20）；
end

end；

if sl〉S2　then

begin

dis：＝Sqr（u2＊sqr（Sl））－（Sqr（Sl）－Sqr（52））＊（（Sqr（Sl）＊sqr（u2））－

2＊sqr（Sl＊S2）＊ln（（Sl＊（1－p2＊g2）＊k）／（52＊p2＊g2）））；

if dis〉0．0　then

begin

Xl：＝（u2＊Sqr（Sl）－Sqrt（dis））／（Sqr（Sl）－Sqr（S2））；

Ⅹ2：＝（u2＊sqr（Sl）＋Sqrt（dis））／（Sqr（Sl）－Sqr（S2）〉；

Writeln（lst，C：15，g2：15：2，Sl：15，S2：15，p2：15：2，

Ⅹ1：15：4，Ⅹ2：15：4）；

end；

if dis＝0．0　then

begin

X：＝（u2＊sqr（Sl））／（Sqr（Sl）－Sqr（52））；

Writeln（lst，C：15，g2：15：2，Sl：15，S2：15，P2：15：2，Ⅹ：15：3）；

end；

if disく0．0　then

begin

Writeln（lst，C：15，g2：15：2，Sl：15，S2：15，p2：15：2，

．neverinvestigate，：20）；
end

end

end；

end；

if kく＝O then

begin

Writeln（lst，C：15，g2：15：2，Sl：15，52：15，p2：15：2，一no solution一：15）；

end；

p：＝p＋2；

end；

S2：＝S2＋5；

end；

Sl：＝Sl＋5；

end；

g：＝g＋2；

end；

C：＝C＋10； 144



end

end．
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APPENDIXJ：如
Region S2一」』the＿＿＿男声pi＿0＿亡卑＿t＿Ql＿y Tn＿y阜Sti一g吐i＿On－CaS－e

When Cl＝Ch2

Program NllmericalAnalysisV；

（＄u＋〉

（Thisis a program to explain hov to aninvestigation

region when C一＝Csqr（h）in the ExploraLtOryInvestigation case）

eonst

u2＝20；

a＝0．98；

gmax＝9；

emax＝60；

hmax＝9；

Slmax＝30；

S2max＝30；

pmax＝8；

h，g，C，Sl，S2，P：integer；

k＞tIpl■P2IglIg2Ihl，h2，Cl，C2，Ⅹ，Ⅹ1，Ⅹ2，dis：real；

function cost（gx，hx，CX：real）：real；
begin

COSt：＝（．（u2／（1－a＊gx））＊hx－eX）／ex

end；

begin

Writeln；

Vriteln（lst，●C一：15，●C！．：15，．g．：15，．h．：15，●sl一：15，

－S2－：15，－p－：15，－Ⅹ1●：15，－Ⅹ2●：15）；

Vriteln；

e：＝10；

While cく＝cmaX do

begin

g：＝5；

While gく＝gmaX do

begin

h：＝5；

While hく＝hmax do

begin

Sl：＝5；

While slく＝Slmax do

begin

S2：＝5；

While s2く＝S2max do

begin

p：＝2；

While pく＝pmaX do

begin

gl：＝g；

g2：ニgl／10；

pl：＝p；

p2：＝pl／10；

hl：＝h；

h2：＝hl／10；

Cl：＝e；

e2：＝el＊sqr（h2）；

k：＝eOSt（g2，h2，e2）；

if sl＝S2　then

begin

X：＝（u2／2）－（Sqr（Sl）／u2）＊ln（（1－P2＊g2）＊k／（P2＊g2））；

Writeln（lst，C：15，C2：15：2，g2：15：2，h2：15：2，Sl：15，

146



S2：15，p2：15：2，Ⅹ：15：4）；

end

else

begin

if slくS2　then

begin

dis：＝Sqr（u2＊sqr（Sl））N（Sqr（S2）－Sqr（Sl））＊（2＊sqr（Sl＊S2）＊

ln（（Sl＊（1－P2＊g2）＊k）／（S2＊p2＊g2））－Sqr（Sl）＊sqr（u2））；

if dis〉0．0　then

begin

Xl：＝（－u2＊sqr（Sl）－Sqrt（dis〉）／（Sqr（S2）－Sqr（Sl））；

Ⅹ2：＝（－u2＊sqr（Sl）＋Sqrt（dis））／（Sqr（S2）－Sqr（Sl））；

Writeln（lst，C：15，C2：15：2，g2：15：2，h2：15：2，Sl：15，

S2：15，p2：15：2，Xl：15：4，Ⅹ2：15：4）；

end；

if dis＝0．0　then

begin

X：＝（－u2＊sqr（Sl））／（Sqr（S2）一Sqr（Sl））；

Writeln（lst，C：15，C2：15：2，g2：15：2，h2：15：2，Sl：15，

S2：15，p2：15：2，Ⅹ：15：3）；

end；

if disく0．0　then

begin

Writeln（lst，C：15，C2：15：2，g2：15：2，h2：15：2，Sl：15，S2：15，

p2：15：2，一alwaysinvestigate，：20）；

end

end；

if sl〉S2　then

begin

dis：＝Sqr（u2＊sqr（Sl））－（Sqr（Sl）－Sqr（S2））＊（（Sqr（sl）＊sqr（u2））一

2＊sqr（Sl＊52）＊ln（（Sl＊（1－p2＊g2）＊k）／（S2＊p2＊g2）））；

if dis〉0．0　then

begin

Xl：＝（u2＊sqr（Sl）－Sqrt（dis））／（Sqr（Sl）－Sqr（S2））；

Ⅹ2：＝（u2＊sqr（Sl）＋Sqrt（dis））／（Sqr（Sl）－Sqr（S2））；

Writeln（lst，C：15，C2：15：2，g2：15：2，h2：15：2，Sl：15，S2：15，

p2：15：2，Ⅹ1：15：4，Ⅹ2：15：4）；

end；

if dis＝0．0　then

begin

X：＝（u2＊sqr（Sl））／（Sqr（Sl）－Sqr（S2））；

Writeln（lst，C：15，C2：15：2，g2：15：2，h2：1：2，Sl：15，S2：15，

p2：15：2，Ⅹ：15：3）；

end；

if disく0．0　then

begin

Writeln（lst，C：15，C2：15：2，g2：15：2，h2：15：2，Sl：15，S2：15，

p2：15：2，●neverinvestigate．：20）；

end

end

end；

p：＝p＋3；

end；

S2：＝S2＋5；

end；

Sl：＝Sl＋5； 147



end；

h：＝h＋2；

end；

g：＝g＋2；

end；

e：＝e＋10；

end

end．
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APPENDIX K：Com uter Pro ram for Simu）atin the Relation

岨10ratOr Tnvesti ation
Cases

Program NumericalAnalysisVI；
（＄u＋）

tThisis a program to simulate the relation between

the Full and ExploratoryInvestigation cases）

Const

U2＝20；

g＝0．7；

hMax＝10；

CMax＝50；

IMin＝1；

Slmax＝20；

S2max＝20；

M＝0；

Var

C，h，i，j，il，1，Sl，S2：integer；

hl，h2，Cl，C2，p，gl，k，kl，a，t，r，Suml，rl，ic，Ⅹ1，Ⅹ2，TC，

f，dis，tl，t2，OC，OCl，icl，ic2，tCl，tC2：real；

begin

Writeln（lst，一sl●：10，一52●：10，一C一：10，一M一：10，一Partial C．：10，

一h一：10，．1一：10，・一OC，：10，●IC一：10，●TC．：10）；

Sl：＝5；

While slく＝Slmax do

begin

S2：＝5；

While s2く＝S2max do

begin

C：＝10；

Vhile Cく＝CMax do

begin

h：＝3；

Vhile hく＝hMax do

begin

hl：＝h；

h2：＝hl／10；

Cl：＝C；

C2：＝Cl＊h2；

OC：＝0；

OCl：＝0；

ICl：＝0；

IC2：＝0；

TCl：＝0；

TC2：＝0；

for l：＝l to lOOO do

begin

p：＝1；

i：＝12；

IC：＝0；

Ⅹ2：＝0；

TC：＝0；

Whilei〉＝imin do

begin

j：＝1；

gl：＝1；

While jく＝i do

begin

gl：＝gl＊g；
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j：＝j＋l

end；

kl：＝くU2＊（1－gl））／（1－g）；

k：＝t（kトM）的2－C2）／C2；
r：＝random；

if rく＝p＊g then

begin

Suml：＝0；

for il：＝l to　12　do

begin

rl：＝random；

Suml：＝rl＋Sllml

end；

Ⅹ1：＝Sl＊（Sum1－6）

end

else

begin

Suml：＝0；

for il：＝l to12　do

begin

rl：＝random；

Suml：＝rl＋Suml

end；

Ⅹ1：＝S2＊（Sum1－6）＋u2

end；

if sl＝S2　then

begin
if X〉O then

begin

t：＝（u2／2）－（Sqr（Sl）／u2）＊lnくく1－p＊g）＊k／（p＊g））；

if xl〉＝t then

begin

a：＝random；

if aく＝h2　then

begin

IC：＝IC＋C2十川；

p：＝l

end

else

begin

IC：＝IC＋C2；

P：＝1／（1＋Expくく2＊Xl＊u2－Sqr（Ⅶ2））／く2＊sqr（Sl）））＊

（（1－p＊g）＊（1－h2）／（p＊g）））

end；

end

else

p：＝1／（1十Exp（（2＊Ⅹ1机2－Sqr（u2））／（2＊Sqr（SlH）＊くく1－p＊g）／（p＊gH）；

end

else

p：＝1／（1＋Exp（（2＊Xl＊u2－Sqr（u2日／（2＊sqr（Sl）））＊くく1－p＊g）／（p＊g）））；

end

else

begin

f：＝（Sqr（Ⅹ1＊S2）－（sqr（Ⅹ1－u2）＊Sqr（Sl）））／（2＊sqr（Sl＊S2））；

if f　〉　80　then f：＝80；

if f　く　－80　then f：＝－80； 150



if slくS2　then

begin

if X〉O then

begin

dis：＝Sqr（u2＊Sqr（Sl））－（Sqr（S2）－Sqr（Sl））＊（2＊sqr（Sl＊S2）＊

ln（（Sl＊（1－P＊g）＊k）／（S2＊p＊g））－Sqr（Sl＊u2））；

if dis〉O then

begin

tl：＝（－u2＊sqr（Sl）－Sqrt（dis））／（Sqr（S2）－Sqr（Sl））；

t2：＝（－u2＊sqr（Sl）＋Sqrt（dis））／（Sqr（S2）－Sqr（Sl））；

if（Xlく＝tl）or（Ⅹ1〉＝t2）then

begin

a：＝random；

if aく＝h2　then

begin

IC：＝IC＋C2十川；

p：＝l

end

else

begin

IC：＝IC＋C2；

p：＝1／（1＋（Sl／S2）＊Exp（f）＊（（トp＊g）＊（1－h2）／（p＊g）））

end；

end

else

p：＝1／（1＋（Sl／S2）＊Exp（f）＊（（1－p＊g）／（p＊g）））；
end

else

begin

a：＝random；

if aく＝h2　then

begin

IC：＝IC＋C2十川；

p：＝l

end

else

begin

IC：＝IC＋C2；

p：＝1／（1＋（Sl／S2）＊くく1－p＊g）＊（1－h2）／（p＊g））＊

Exp（f））

end；

end；

end

else

p：＝1／（1＋（Sl／S2）＊Exp（f）＊（（トp＊g）／（p＊g）））；

end；

if sl〉S2　then

begin

if X〉O then

begin

dis：＝Sqr（u2＊sqr（Sl））－（Sqr（Sl）－Sqr（S2））＊（Sqr（u2＊sl）－

2＊sqr（Sl＊S2）＊ln（（Sl＊（1－p＊g）＊k）／（S2＊p＊g）））；

if dis〉O then

begin

tl：＝（u2＊sqr（Sl）－Sqrt（dis））／

t2：＝（u2＊sqr（Sl）＋Sqrt（dis））／
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if（Ⅹ1〉＝tl）or（Ⅹ1く＝t2）then

begin

a：＝random；

if aく＝h2　then

begin

IC：＝IC＋C2十川；

p：＝l

end

else

begin

IC：＝IC＋C2；

p：＝1／（1＋（Sl／S2）＊Exp（f）＊（（トp＊g）＊（トh2）／（p＊g）））

end；

end

else

p：＝1／（1＋（Sl／S2）＊Exp（f）＊くく1－p＊g）／（p＊g）））；

end

else

p：＝1／（1＋（Sl／S2）＊Exp（f）＊（（1－p＊g）／（p＊g）））；
end

else

p：＝1／（1＋（Sl／S2）＊Exp（f）＊（（1－p＊g）／（p＊g）））；

end；

end；

if pく＝0．0011then p：＝0．001；

Ⅹ2：＝Ⅹ1＋Ⅹ2；

TC：＝IC＋Ⅹ2；

i：＝i－l

end；

OC：＝OC＋Ⅹ2；

ICl：＝ICl＋IC；

TCl：＝TCl＋TC；

end；

OCl：＝OC／l；

IC2：＝ICl／1；

TC2：＝TCl／1；

Writeln（lst，Sl：10，S2：10，C：10，M：10，C2：10：2，h2：10：2，

1：10，OCl：10：2，ic2：10：2，tC2：10：2）；

h：＝h＋1；

end；

C：＝C＋20；

end；

S2：＝S2＋15；

end；

Sl：＝Sl＋15；

end

end．
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