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ABSTRACT FRET
The focus of thls paper is am application of the approach

ta designing organizational performance measunes described in

w?art T [1} and is intended to demonstrate “how the methodology

ean be implemented. Each sequence of steps described insBart T

is carried out in the- context of measuring the performance of

g comcern. These steps

inspection personnel for a manufacturin

ive matrix, assessment of

information preference functions, pecification of the para—

meters of the information volume. penalty function, and solving

the instrument design problem.
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I. INTRODUCTION

1dg Theﬁﬁm

methodology for the design of organizational perb‘

_formance measures described in Part I [1} raises ﬁive key'

technological questions. The.first,concerns how the problem
, - , & ] o o
components and activities) are‘defined, and

»

how the objective matrix is constructed. In particular,
o P )

the
resolution to which components and activities are enumerated

and the extent to which they interrelate must be determined

A second’ implementation related question

& ®

céncerns how to identify interdependent activities and com-

in each application.

ponents for the purpose of forming independent activ1ty and T .
component subgroups. This issue ohviously;requires us to
address the nature of,performance interdependencies‘that‘ v
characterizeia specific‘problem, Thirdly,.value funetiOns

defined on subgroups must be assessed, along with ‘the general _ "nl: 3
form and parameters of activity value functions and the char~ . vf ?
This question.requires;us to makei
some‘conclusions apout independencefrelations Between-the

A .

what procedures should be employed to estimate the parameters
n *
of the appropriate functional forms. The fourth implementation

iSSue relates to the designation of the crditical information

», and the parameters of the information volume~penalty
function. These values must obviously be interpreted with
respect to the capabilities and constraints on}an individual }

o
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decision‘maker,l Finally;hthe approximate procedure«for
N : N - . - . Lt N

. solving the design formulation needs to be operationalized

= w9
,andfevaluated,

The purpose of thistpaperAis to demonstrate an ap-
plication where each of these five key issues is addressed.

The approach of the.presentation is to first descnibe the

application setting to Justify the representation of problem

elements that is. used and the reasoning behind the obJective

~matrix. The nature of,performance interdependencies in the

problem is then,explored, and procedures for estimating pref-

D
Ly

erence models based on these conditions are described.h The

" hypothetical a1ternatives that the decision'maker had to

evaluate in order to specify the parameters of activity value

functlons and the’ characteristic value functionrare shownm
addition, conditions‘in the problem(bearing‘bn the sgeciﬁi-
cation of the information volume penalry‘function,areuilluf“
minated and the asaociated parameter'assessment:stage is: &e¥
scribedf Finally,'the problem is solved using the heuristic:
solution Procedure described in ?artvI, : | |

fThe next %ectibniprovides avdescriptiOn of the problem
enVironment in which the 1mplementation takes place. Ihe
third section describes the nature of supervisory and perform—
ance relationships that reswlt in the‘independence conditions
that determine the form of the preference functions estimatedt

This includes a summary of model assessment results. The
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~fourth and fifth sections deseribe the information volume

Jenalty function and summarize the steps of the solution
procedure. Finally, the last sections offer some concluslons'
about‘the example and the general de31gn methodology.
Ir. THEMPROBLEM SETTING
"This. section describes the context of the model 1m—n

. .
P emeutation. The focus of this implementation is an the

quality control function of an industrial firm. Specifically -
’ .

am
anufacturing plant s quallty control manager was concerned
with evaluating the performance of the night shift inspectio
n
fo -
rce on a bi weekly basis. The concern.was with obtaining

sufficient information to make a sound evaluation without

issued for each major product line. Since it required ‘about
30 minutes to read each audit - report the quality control
manager did not wish to cons1der more than six oxr seven such
reports every two weeks. More than three hours spent in per=
formance evaluation of night inspectors was considered unrea-‘
sonahle.' However, the quality control manager did not feel
comfortable with® the idea of spending less than two hours
fevery two weeks monitoring the performance of the nxght crew
»and it was generally agreed that the quality‘audit reports

were the only reasonable means for doing so

§

e Ty
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L _ S . : R - “;', A : technical standpoint since the insPection required a HighA

SgeCLficatlon of Problem Elements

s
Lo,

level of skill, and product line 8 accounted for over-302

- : | of the dollar val £ the plant's output.
The night 1nspection crew had respon31b111ty for in- a ue o he plant's output'

The Objective and Instrument Matrices

spection of. eleven product lines which con51sted of three

: With. the set of componen Cys nd ac— -
full-time employees and one trainee. Sincefthe only measurb‘ = seb e yonponents (cl’ 27 ©3 c4) sndae

, . ) v t1v1t1es (a Q5000 a, F~enumerared for this problem, con~
able output of the night shift was summarized in the quality . 1» =22 >TL1 : e P T

- p - f.th ele product'lines an ‘ex— struction of the objective né&xix lead to the result snown
audit reports for each o ‘he eleven > v St ey . ‘

: A S iy S L in Table 1. For components c; c ; and ¢, the ‘work relate&'
haustive‘summary'of’the work releted act1v1t1essof thls crew L | o . 7 : P - G1s C3: 4 | | )
. R ‘ activities that were considered relevant were simply the in—~
could be approximated as 51mply the 1nspectlon oﬁ each pro— ' /? | . *8 | v ‘ L
v ' ‘ ' spection of product lines assigned to those individuals. The
duct line. These activities (inspectlon for PrOdHCt lines. R i o : ’ : -

h h el ) i1l be described using the notation ° quality control .manager felt that this was a reasonable rep—-
one through eleven) w : : — Lon. v ‘

) . ) resentation of responsibilities since inspectors did not -
{ﬁlr‘&z,-'uall}-‘ ’ :
TH: . dividual omprising the night shift will be rotate their inspection tasks across products, and-each.in-
e four individuals c¢ ; £ ' e ' '

-dividual had a clear understanding of his responsibilities. ’1

denoted as Cys c2,‘c3, and ot The individual designated as |

- » v ) : - Sl Since the supervisor," » had overall responsibilities for
¢, was a full-time employee with inspection_responszbility 2 |

a 14 ) 1. 2. 3. and 4 The 1ndividualydesignate& o ‘ T the crew (e.g. maintaining‘discipline, £filling in for absentees
for product lines 1, 2, 3, T as , ; v ; ,

. . R ht hift'suﬁervisor‘with averall:rééponSi“» etc.) as well as individual responsibility for product lines
as cszas the nig ’ IRt ~ ;

; ) ) ’ . s E » L d : . ' I 1 : - (. .v ;‘ . 6’ 7 'Y 9, 10, and 11, the qualit:y control manager belj eved that
bilit y for the ni gh t i nspec tion 'OI ce, an was 'per.sona A4-Y . E .
responsi ble for inspec tion duties omn pTO ’7 ’ ' . ‘_ ; . ] . .

| | Tt ‘ ' ' ' responsibllities.
;10 and ll.» The third individual» Cqs was a trainee-whose

bil £ tiom Qf product line 5, Performance measure instruments in this problem comnsisted
only responsi ility was or inspectio ‘

h dditional responsibilities to be assigned by the : = . of combinations of quality audit reports for various product
with any additi . . , | :

Finally, ' ; . ' lines. These computer generated reports were in standard

quality control .manager as training progressed c,

, , L . ‘ format for each product line and outlined the following items
S an individual who was a senior technician and . S

represented‘ : - o S ‘ - 0 il over a two week period; inspection output, lnSpection~errorsb~

'whose sole responsihility was.inspection for product line 8. . | |

This represented the most difficult responsibility from a ' o " B ) | ; . _ o ’ .

©
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The Objective Matrix and Activity Value Fuqctién Patametersoy'

Table 1.

*

.

»

Pasis

o



’

(Objective Matrix) | ok

v e o M, AT i -

N (84) 0.15 (88) 0-20 )

- (a aq) 0.50 (asaa) 0.79 -
(a '5.2 4) 0985 (asaﬁaa) 0.70
(33 4) 0.45 ‘ (a7a8) 0, 8‘0,

(“1“3“ ) 0.90
(azq a ) 0,65

(a d aa) }0(9&

(a6a788) 0.78

1.0

¢q 1 1 1 1 0 0 0 0 0 2 0 ‘
! e,7 1+ 1 1 1 1 1 1 1 1 1 1 '
X g 0 0 0 0 1 0 0 0 0 0 0O
e 0 0 0 0 0 0 0, 1 0 0 o0
31 By 33 8, 35 8g a; a3 35 8,4 3y,

% domponent . il - EQ | fé Eﬁ
Scaling C?nst* kll=0,4 k12=0.6 k21=0 ' 2 k22=0.3 - kyg=0.25 k31=1 k41=1
Act,Value Subfns vll(ell) Vlz(elz) 71(321) v22(e22)’ w23(323) v31(e31) v41<e41)

,(al) 0.1 (;13) 1.0 (al) -0.10 (as) 0.15 (ag) 0.23 . (as) 1.0 (a8) 1.0
(az) 0,2 (az) 0.10 : (a6) 0.15 & (alo) O.4lk '

(alaz) 0.4 (alaz) 0.20 (asaﬁ) 0.25 ‘(agalo) 0.57

(a4) 0.7 (a3)_ 0.10 (87) 0.05 (all)"‘ 0.33 !
(ala4)\ 0.71 _(gla3) 0.30‘ (a5a7) 0.20 (agall) 0.72 )
‘(82a4) 0.75 (8283) 0.35 (a6a7) - 0.45 (aloall) "0.83 '
(ala2 4) 1.0, (8182a3) 0.70 ;(asa6a7) ).65 (agaloall) 1.0

A

¥
R 4

*?ther scalinB‘CQQStants for c2 wére, k212=O 033, k213 0. 033, k223~0 033 and k2123=0 + L3

3
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of. internal/external failures._

inspection costs, material usage in inspection, and reports

An activity profilé far am

finstrument wonld con31st of an eleven eleme&p column of Ty

Zeros and/ones. 3A one infrow i wouldnindicate'that the qual-

1ty audit report for product line i (i . act1v1ty a; ). was
generated and provided to the quality control manager, and
a zero would indicate that such a4report was ‘not pro;ided.
,IIi. DEVELOPMENT OF INFORMATIOV PREFERENCE FUNCTIONS 7 )
"This section describes how an actiVity valne function

was generated for each individual on the inspection crew,

and how the characteristic value function was generated to

describe the quality control manager's information preferences

over the component set. Activity value functions far any .
given component evaluate how well coverage of a subset of
activities describes the performance of that component; with

respect to the preferences of the quality control manager.

Similarly, the characteristic value function evaluates cover— -

age of a subset of activities with respect to the entire in-

spection crew. Activity value functions must take account
offperformance interdépendencies between the activities of

The characteristic value function
NS

an individual component.

- must account for performance interdependencies that exist

between individuals.

e e e e B e i o o 4

0

N

Functions

required three bhasic steps..

[

. activity subgroups based on 1nterdependence conditions
>

estimation of parameters.

steps for ‘each component.

the four activities al,'a

product lines one through four).

interdependent with

componenbwcl As a result, activities a

®1,1 © (31" B
~aS) being basdically unrelated to inspection of 1, 2

‘the a . i
ctivity a3 was considered as a Separate independent

N2

avi
mmﬂw ST ST P B P Mt e 27 g M, B e g

BB s A e

Assessment of the Form and Parameters of Activity Vaiue =

The process of estimating the form and parameters of

activ1ty‘value functions for each individual on the.shift

specificatzon .of the activity value functional forms, and

22 23, and a, (i.e.. inspection of

Since products 1, 2, and 4~

control manager felt that the inspection of these items was
~Trespect to the overall performance of

1> 2, and a4 were

placed in a three-acti ‘
vity subgroup- designated as: el 1 where
With inspection of product line 3 (i.e.

» and 4,

activity subgroup desi nated : '
J, sig ed as el 2 where el 2 = (a3). |
L this point the value function on the individual activity sub~
groups vy |

l(e l) and vl 2(el 2) were assessed.. The' specific

10

These vere the designation of T
This section overviews.these three
For & ' |

_yomponent cl, the activity value function describing

the value of performance related information was defined over

were materials used within the same subassemhly, the quality"

]
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'between 0 and 100/ Bis responsebwas'TlZ. The function

‘whether or not activity ajvas covexed.

B 4

" determined the values of the viiceli)‘subfunctions; ‘Wlth

Vaiue'gubfunétiOHS!Vli(eli)'ecaled‘between-zero (if no ac-;”‘
tivities in eli_are covered) and one (if all.activities in:

el'are covered), the assessment of the e1g?; 9331ble cover—
i

‘age states of vy, 1( ) were made by~having the quallty

comtrol manager consider the coverage .states summarized for

ey in Table 1. :For example, the lntermedlate coverage state

(al, a, ) in Table 1 was evaluated by hav1ng the quallty con~

trol manager evaluate thls state relative to coverage of the

entire e subgroup (i.e. (ai, az, 34)}, as a percentage

1,1

%

o

v (e ) was equal to elther one or zero dependlng on
1,2>71,2

Since activity subgroups e and e were concluded -
) 1,1 1,2

to. be reasonably”independent,lthe form of the overall ac-—
tivity value funcii?n tor cl, (i.e. (ql) where ql = (e1 l’

l 2)) was "additive. This function was given by

(e ) . where - g

vilag) = 4 *1i¥1g

_H
U e 1)
H .

0

k and k were scaling constants designating the- relativee

l 1 1,2
importance of activity subgroups el 1 and el 9 in determining

o

the overall performance of cl.'bThe quality’control manager
; - ’ o

estimated these values to be k, =‘0,4 and k, , = 0.6 as
= 1,1 ‘ 1,2

summarized in Table 1. This result implied.that,inspection
4

performance on product line 3, was €felt to be more Ymportant

i i B R Y Tk gy T LA S T o R W0y Mtk L Behan W WA W e A e e s

12

in(evalnating c3's‘performance than thedcombined remainder
of his: other inspection responsibilities, in the opinionlof
the quality control'manager.

'aFor the inspection shift supervisor,‘ the assess-

2%
ment of the activity value function v (qz) proceeded in the
same'way. »Slnce there was~11tt1e simllarlty between the .
‘product lines inspected by c (i.e. incoming materials)‘
and those done by the remainder‘oftthe’shift, the quality;
controfdmanager designated one activity‘subgroup'for which
c

o Was responsible_as ez’l = (al, a This sub-

27 237 34)-

grouping was based on the supervisory role of c, relative

to the inspection responsibilities of ¢

v’ and the occasional

-need for c, to fill in for c¢,. Relationships between the‘”,’15

1

way~product lines were combined in the'plantfs production
p:ocess dictated the quality conttol'manage:'s justification
fot grouplng the remainder of the shlft;s actgvities. Since~
'product lines Slthréugh'8 representedltﬁe output of ehe_ ”
plant's parts department (upon which scheduling in the as~ -

sembly department was dependent), the quality control manager‘

- felt that ez's responsibility for‘inSpection of these'pro-

ducts wag interrelated. Thus, the second‘actiVLty subgroup

2,2
ag, alO’ and 311 were grouped together (i e.

was formed as e, , = (as, 6’ a7, a ). Flnally, activities .
, e3,3 = (29> a14»
all)),since they. each represented inspection of‘outgoing pro--'

duct and were handled personallyaby czwf;lhevevaluation of
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"1‘3,

\ | -
the sunfunctlons Vs, l(e2 1) 2 2( ) and vy 3(e 3) were-
'done using the saue approach as applled to those ‘of cl

These results afe summarlzed Ln Table L.
o \..

° Since Cy had a considerable degree of responsibllity

Shlft s overall performance was

\\

acceptable, the quallty control manager believed- that there ’

for seeing to it that the

was a moderate degree offinte\ﬁependence between the activity

)

‘ - \“,‘ . g . '.

subgroups e2 1* 2 2 and ez 3¢ Th4t 1is, the shift supervisorﬁ .

had to assure that a viable balance ‘'was malntalned Between

,1nspect1ng raw materlal, completed parts\and subassemhlies,
N

and end product. This consideratiom led ta selection of the

following form of vz(qz);

3 ’ o 3 4 LN ST o
vo(g.) = ) koiv,.(e,.) + ) Y koo = v (eN) = v, (ey)
2492 (b F21¥21 %1 FURRN e I gi ) Yoy ey

+ Z Z Z k,.: ¢ Vg (3' ) -V (e »-') - W \‘\\(e‘ ' )’
1=1 j>1 £>] 213£ 25 21 | 2i* 21 Zg\ 2%

where; k2,l’ kz’z, k2,3 were scaling constants desxgnatlngk
e P £ . " - .\:\‘:"\\
,“the relative importance of subgroups ?2»1’,.2»2 and e2 3° N
.

The two-way scaling constants k2,1,2"k2,l,3 ane k2,2,3 es-
timate the performance interaction of subgroup pairs, and .

k is the three-way scaling constant associated with

2,1,2,3
the performance 1nteraction effect of all three actlvity
subgroups. "The results obtained by assessments of the qual—
ity control manager are summarized in Table 1.

o Development of act1V1ty value functions for components

and c, was straightforward sipce these components were

14

each‘responsible for one activity. ' For component c

23> (the

" trainee) the applicable activity value functionewas‘ginenfbj; |

14

v3(q3? = k3’1v3’1(e3,l),> wheres

k3?1!f 1 and e3’l = (aS).’ ﬁere,_YB(qs)\was,eithe: equal to"
zero (i.e. and audit report is not.generatei forgnroduct
line 5) or one (i.e. such a report'wasApromide&);‘ For com=- .
ponent Chr (the experienced technician), thefactivit& value

function was given by; s

V4(q4)'= k4,1v4,l(e4,l) whe:e;

4,1 ('as)’ 'k4,l’ and v4(qv4)f = 1 or (.

e

Assessment of the Form and Barameters of the Characteristic.'

Value.Function o ©
After activity value fun"tions were assessed relative

.to each,component, the characteristic vaIue function had to

P

be estimated. In/ is respect, the quality control.manager
. L L = ‘ - ’ K = i ’ .

belie?ee EE?‘ “employees designated cl,'and cs,Awere heavily

Ry

dependentxon‘supervision to-perform adequately.;‘For.this
. ‘\\ - . - . .

reason, the performance of components cl, Sy and Cq were

modeled asAif they were highly interdepemdent. On the other
hand, the quality control manager did’not feel that the senibf.

technician requiredrsupervisipn tn perform his duties, and c4

was therefore‘COnsidered to be in a separate component sub-

%

group. TheSe~relationsﬁips lead to the following designation

o . " oo ORI VO RS W . AT i e e w g

PRt



_superv1sor‘completely without.taking account of ¢

'Eigure l shows the conditional valueocurves‘obtained on

15

-t

of component subgroups; Fi ='»‘(c'.l, c2, ) and FZ = (cé).

However, it would not have been p0351b1e to evaluate the

4 ¥s. per—

"formance to some extent. This was due to the fact that

OL

,product line 8 had a strong 1nfluence on the CTEW'S overall

output so that it was. necessary to allow for some degree of
performance<interdependence between c2 and Cpe These.con-

Siderations led to the selection of the followzng chaxac-

4

teristic value function model form,

2 R e = o
) = k £ (F B + k.-(f (F )) - £.(F.))
€47 T i§ , 1§j ij 3737

f(c c

l > V'Zi’ c 3 >

where, Fl.='(°1’,ci"93)’ Ez = (chl.. The parameters for the

characteristic value function were estimated as; kl = 0 37
k2 = Q. 24 and k12_= 0.39. The f'(F') value SubfunctionS»were
estimated. by having the decision maker express preferences

for hypothetical instruments represented as: measurement al-

vternatives giving- rise to controlled 1evels of the activity

~”c,

value function for each eomponent.i This required a total o£

about 45 different assessments of hypothetical alternatives.‘

1(F B and £ (F ) Evaluation of characteristic value sub-

'functions was accomplished by interpolating between the points

on these curves..

‘Recall that instrument alternatives were Seen as a col-
lection of inspection audit reports pertaining to different.

product lines. To evaluate the information content of an

)

" the units of information volume.associated with alternative

16

alternative, the activity value:function wasfeValuated for

each component (based on the product lines 1ncluded,in the

reports) and this information was ‘then evaluated using the

¢

characteristic value function.
- IV. SPECIFICATION OF PENALTY: FUNCTION PARAMETERS

In det@mmining appropriatevparameters for the informatiom

volume penalty function, two.decisions were reduired; 'The

. first concerned an - appropriate value for the critical in~'

,,.v L
formation.volume.‘ This immediately raised questions about

measure instruments, and the point at which informatiom .

‘volume became a decision considetation. The‘second decision.

involved the nature of the impact that information volume had -
on the decision maker. It was necessary .to investigate;this

effect before the empirical parameters'of the‘informatiom,

'volume penalty function could be estimated.

Einding the Value of b

k Iherefore, we could conclude that d = q for 3

‘more, since the quality control manager s complaints regard1n§

o s e et . . : s . s ERARIHE ™ S e e

The fact that quality audit reports were generated using

‘a standardized format for each product line simplified the
'problem of measuring the information volume of alternativest7

"This was due to the fact that it'requiredfthe quality control

manager about the sane amount of time ta review~a quality |
audit report regardless of the product line in question.*

Further—-

j L ¥ 3
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- the cumbersome reports were. based on thefamountiof time/it )

required to pour over them, time per report seemed to be an. -
appropriate unit of information volume.fLThe‘quality“controI“

manager estlmated that it required roughly 30 minutes to re--

/\

view each4report so d, was set equalrto llZ hour. In addi-;4

i

tion, sdince the quality control manager favored spending as .

-.little time as possible reVLewing nlght shift performance,“

. but was-distinctly uncomfortable,wmth the idea of spending

less than two hours every two weeks, the value of b was con-

sidered to be two hours.

- Although the two hour constraint does not precisely re-

present the impact of information volume on a cognitive pro-—

cess, it did indicate that the optimal instrument alternative

would require at least-two hours to review. In light of this,.

the quality control manager was asked to state the maximum

amotnt of time he could allocate to night shift performance.,

'.The response to this question was a confident statement of

three hours every two weeks.q This value in turn was. considered
analogOus tofb’ aS'defined in Part I. :Again, this value of b‘
did not precisely reflect the impact of information,volume on

a cognitive decision process, but 1t allowed us to express the

‘,range»of an opt1ma1 solution.in termS'of;information volume.

To do this, recall'that each report requiredvabout 30 minutes.
-2 hours and b = 3 hours, we:knowwthat\thehoptimal

P

= Lmemor s A SO SRS R AP S M T
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< | :
instrument solution will consist of a collection of audit
.reports on 4 5, or 6 product lines.; That is,
.1;1: * Lo ' ‘. k ' ’ '
b ' ; - ‘ . L 1 - LT
< 151 dixi <b :impliesv 2‘5».5- Z xf < 3 or
11 SERE N |
Tdi=1 b7 ; o
Finding the Value of .y and 8.
At this point, the emplrical parameters of the infor-j.
‘mation volume penalty function had to be evaluated ,Iné2“ ‘diﬁi

creases in information volume beyond that associated with

four reports was undesirable. However,iincreases in infor--

mation volume associated with providing additional audrt
reports . resulted in an alternative w1th a greater (more
desirable) information content.f Ihe deleterious impact of -

volume relative to the.beneficial.impact of content had.to

" be approximated., To do this, it was first necessary toﬂ

ndetermine whether or not the. impact of volume was independent“

of the level of 1nformation content.- If not, the information ?.'

“

volume penalty function would have to be conditional on the
information content associated with a solution.

‘ To investigate volume/content interdependence and the |

specific impact of volume on the desirability of a solution
»

»‘the quality control manager was asked abont the impact ‘of

volume at different levels of information content.,JSpecif;v

he was asked to evaluate the relative desirability
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~0f a solutdion that required three hours to review relative

'to one requiring two:hoursbto reyiew, if 'they had comparable

"information content. Similarly, he.was asked_toustate the

relative desirabiiity"of a'solution'reQuiring 2 1/2 hours to

review, 1if it had comparable infonmation.content. ~After re-

peating this line of questioning for different content levels

~ expressed as percentages of complete coveraée'of all product

- lines, it was determined that the impact of-volume.was‘not

fappreciably affected;by theflevei of information content.

‘~Eurthermore, alternatives requiring 3 ani Z 1/2 hours to re-
view were. respectively about 80% and 92 932 as de31rab1e as
‘an alternative requiring only two’hOurs to review (for‘a

‘fgiven content of information) Therefore, adding one addi~~

tional audit report to a solution comprised of four'reports>

~led to a 7-82 reduction in the desirability of that solution
L while adding a second additional report 1ed to a: 202 reduction

Jis desirability (apart from the beneficiaI impact on infor-

a .

mation content)

j These conditions suggested the parameters B = 0 135 and'

) Y='0t55,,sincexsuch values would;cause the A penalty function

to'approximate—the‘curvetimplied in the previous assessments

between;b,and‘b‘.

9 B H ' : B . . ER

%
e e Sy e v

@

NIRRT B

This yielded the penalty function;

R | _&".Ll IR v‘ ,exp[:SS'( z d # - 2)]
,'A(Xxidi) = 0.1358 Jd.x, -2} . L

o  l+exp [55 ( f L # -"2)]

R % % %
Elegs o0 230 ¢4)
where the units of b and d»(i =~l,...ll) are expressed as

hours. = This function simplifies to,'

-y

exp [ 55‘( 1“,-)
0.135 Z x‘ - 4 : 1=1 4

1=1 ’ —
. “1+exp [ﬁﬁs ( Z x; - ) :

i=1

4

since di =id. = 0.5 U.j and the characteristic value function
is. scaled so that f(cl,...c ) = 1. . ~ ",." L o
V. SOLVING THE DESIGN PROBILEM’~

At this point, preference functions measuring the value

1of different information sources were assessed and the para~
tmeters oflthe information volume«penalty function‘havetbeen

estimated . Also, it has been determined that the optimal o
isolution is to provide quality audit reports for six, five’or'
'four produtt lines.’ It remains to determine if six, five or

four is preferable, and,which product lines shOuld he;involved.~‘

Toward this end, the SQiution“procedure described in Part I

was implemented

R e v e e e s
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Finding‘an‘InitiaI Solution

'Recall that the designated acfivitf subgroups were;'
11 T (Brs 25 2y)s ey = (23)5 ey = (aps 3y 2353,
€22~ (85s 245 37, ag), €53 = (ag, a4 a;1)s ?31,=A(35){
‘and e, = (as). ‘Thﬁﬁpj

calculated fqr'each subgroupg.;For examplé, for e

characteriétic“weight was then

For eg1r By
o . was calculated by subtracting thefvalue¥of.a solution

covering (;5, 2cs a7’ia8’ agy; alo”~aILY:‘(i‘3“thé_éctivi;Y‘ o o
" complement of eZl?’ from the maximum value of the charf"

acteristic vélue function (i.e. 1). TébleAZ summarizeS'the

“seven‘Pj/B “ratios obtained by this first sgep-"nase&'omf'

3

these rétios, the activities wifhin~subgroups were included

in;the initial solution in the following order; e,., e._.

. 'glz, 322, g23. 237 the volume of the initial ‘,v-A'g ) P E , ‘ , \ » ‘ .

i o ' solution exceeds b” sb the Sequential building pbase is

- Upon adding e

completed. The initial solution pto#idqufor cdvering*(a3;

a5, as a7,138, ags a;4s ;ll).’ - ‘i"_ o 0 o »; — <:; | , _ - : ~ ) A .

The Improtement.Phase

@

At this paigt, the improvement phase of the solution

proéeduré was initialized. This phase took four 1terations
that are summarized in Table 3. The final solution was to

provide quality ‘éudit reports on product lines 3, 7, 8,'10

and 11. To arrive at this result, it was necessary to re-

times. With eleVeﬁ:bina:y variables, 20481diffeten£ solutions

[}

e i W T e L aeee A e g T U =] e . e S e e e 5 sk ey

L S et

. . ‘evalnate the chéracte:istic,value fﬁnﬁtion,aytotairof,33 | ':' a0 R » Table 2. Summary of Building Phase of the Solution Procedure.
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Sequential Building Phase: , S
'Pj/Bj Rgtios for ActiVity‘SubgrOupsi‘fw f(j»»
- e . = (a .‘a. a,) : P11 = L3121 = 0Al04‘ o
11 1? T2 =47 * B ~ 3 ) o . :
- ' S I S " B
- ¢ P., .
e., = (a,) : 12 = ,228 = 0.228
12 3 == 22 .
- T12
e, = (a,, a,, a a,) P21;5~ 392 = @ 098
21 s 22 73 T4t v == = *
. B 4 .
: . 21
e, = (a | a” a a j S PZZ | 772 ; 6 i93 s
22 75 T2 T7r “gi o~ e R
| e . = (ag, ai., a..) : £23 = .379 = 0.126
? 23,7 Y9* Ti0* 11’ ¢ B —— e
ST . 3 .
23 |
. . P.. ;
ea, = (ap) : “31 = .234 = 0.234
3L s B 1 ‘
' 31 }
R P, o ’
41 8 AL = 133
} ' 41 ;
af: asa( ags alO’ all) k '
o
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Subgroup

sy = (ag)

€31 = (a5)

- f23
=§leaving variable xﬁ(i.e. gg) . .

e1p = (83)
eyp = (85348535)
(ag2y923)

Revised Solution:

« 491
- .015% = Min(E, - P,)
g 3

(2jaga;agagay98;,)

Penalty Fn. Value: = (by definition)

Objective Value:

-0

€41 =‘(aa) ' . .562 o A .f

PR

f>Revised Solution:
~ Penalty Fn, Value: .2026 _
__Objective Value: .656 - .2026 = ,4534

Subgroup S i -
°31 7 (25) v 089 0
ey = (agagazag) - .023

e23 = (agaloall) 70;8f’= Miﬁ(Pj - P

=§1ea01ng vériable xg(i.e. a9) 

-

3

(ajagajaga;qa,,)

)

b+ v, 3 i g L e X Ak

Iteration 3: =

e,1 = (ag)
eyy = (ag)

eyp = (ag)

ey = (85858785)
eyq = (293,

[

.546

.053% = Min(Pi -
9137 o J : R
,053% = Min(P
| i 9
y 172 <

P

3

:§leaving"variable xs(i;g;‘as) -
Revised Seolution: (aéQJaaaloail)'
Penalty Fn, Value: ,0856 ’

Objective Value:

4

,603 — ,0856 = 5174

j)“' \'331 - (gsz',,,_ = f“ . V. ;ir_ ;

‘Revised Solution:: (§3a7a8810)

Iteration 4:

" Subgroup Py o B

ey ™ (ag) . 498

-

e1p = (330 . 259 ER
ey ™ (§5a6a7&3)-' '«a139; coT ~  ol
e23“-'(a981°a1l) +1284% = M;n(?j . Py
;}kegving'varigble xpp(t.e0 aS;); : ERR. é
Penalty Fn, Value; 0 AT T 1
Objéﬁ;ive Valﬂei ;475 - 0= 475 < 03172”02 -%

/.

. 8TOP at Iterxation 3, . |

T

7Ty

y b

it i i

..'.P)“'_,_}i

ey
ey e

s e b ——— Nl

k]
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Twere possrble.'

Spec;fying that the optimal.solution had

6, 5 or 4 positive variables reduced thls number to 1254

'DOSSLble solutions.

20% of the optimal, it

sequential ‘building heurlstic has good- potential for pro- -

Since the salution obtalned was within

i

is reasonable to conclude that the"

v1d1ng quallty solutions for a manageable computational

effort in this example.

Iv.

In‘thistpaper, an

measurement de51gn methodology was described.

CONCLUSIONS
application of .the pertormance

Specific‘

values were obtained for each.of'the elements iu the de-

'51gn formulation described in Part I.

‘ specific»problems.

R

\
S an additional assessment phase was required to estimate the

\over these subgroups.

It was shown. that the approach for modeling perform- j,'

ance interdependencies must be based on conditions surrounding v

This rule applies to’ the formation of in-
dependent activity and component subgroups,aand,the_ﬁorm of
modeIs for -aggregating performance informatidn preferences'

Based on results for a problem with

j\aitivities and four components,“the estimation of‘the
£

per erance measurement preference function does not- pose a

prohibitive‘aSSessment task. In addition, it was shown that

3

RY

'behavioral'nnd empirical parameters of the volume penalty

RN

Tﬁis phase'is~apt to be=someuhat,more involved in;

functions.

N

L 8 e e

s T AR ]

e e N N TS TR T LV IR T TP T T DT S L

:’find a solution to. the design problem.v

.based on obtaining an initial solution using a- heuristicvd' ”",,

<phase‘

situations where the d volume-coefficients are‘unEQual,'andV B

the ranges of critical informatlon volume are - less certain- b

Einally, the simple heuristiu procedure was. applied o - i

The procedure was

I
O

sequential building rule and then applylng an improvement

The procedure found a solution,within ZOZ of optimal

using only 33 re-evaluations of the objective function.for

V'a problem;with ll.binary'variables.“

General conclusions

%

aboutdthe,effectiueness of the‘procedure‘should'be reserved_

from.the National Institute of Justice.

uhtil additional’ examples can be tested.
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