
r¡IE I]NT\ÆR.STW OF MANTTOBA

PRODUCTTVITY MEÀSURM,ß¡¡T À}TD PI,ANNTNG MODET-S

FOR MANUFACTIJRTNG TNDUSTR.IES

ABUIS}IA.SSEJ{ MASOOD MOHÂI\MD

À ffiesis Subnitted to the
Faculty of Graduate Studies in partial Fulfillnent

of the ReE:irements for ttre Degree of
Doctor of Philosophy

DEPARTTVIE},TT OF MECHANTCJ\T ENGINEERING

TNDUSTR.IÀL E}TGINEER.ING GROUP

Wiruripeg, Manitoba

OcLober, 1986

by



Permission has been granted
to the National Library of
Canada to microfilm this
thesis and to Iend or seIl
copies of the film.

The author (copyright. owner)
has reserved other
pubJ-ication rights, and
neither the thesis nor
extensive ext.racts from it
may be printed or otherwise
reproduced without his/her
w r i t t e n p e rm i s s i o n .

rsBN Ø_3I5_33951_9

Lrautorisation a été accordée
à 1a Bibliothèque nationale
du Canada de microfilmer
cette thèse et de prêter ou
de vendre des exemplaires du
f iIm.

Lrauteur (titul-aire du droit
d'auteur) se réserve l-es
autres droits de publication;
ni la thèse ni de longs
extraits de ce1le-ci ne
doivent être imprimés ou
autrement reproduits sans son
auLorisation écrite.



PRODUCTIVITY }IEASTIRE}TENT AND PI-ANNING HODELS

FOR HANUFACTTIRING INDUSTRIES

ABIILGEÁ,SSEH MASOOD UOHA}ÍED

A thesis sL¡bnlitrcd to thc FacLrlty ol- Gradtrrtc stuclics ol
tlle Ulliversity of lrf a¡litoba in partial fulfillnlcnt ol the rcqLrircrrrc¡ts

of the degre e oI

DOCTOR OF PIIILOSOPIIY

@ 1986

Pcr¡nission has beer granted to the LIBRARy oF THE uNIvER-
slrY oF MANIToBA to le¡rd or seil co¡ries of trris trresis. ro

the NATIONAL LIBRARY oF CANADA ro rnicrofirnr trris

thesis a¡rd to lend or sell copies of the film, and UNIVERSITY
MICROFILMS to publish an abstract of this thesis.

The author reserves other publicatio' rights, and neither the

thesis nor extensive extracts from it may be pri'ted or other-
wise reproduced without the author's writte¡l permissiorr.

BY



(i)

ABSTR.A,CT

Total productivity measLlrenent and planning are becoming

increasÍngly important concepts d.ue to ttre inability of
singre measures of performance to fulry exprain t]le groraÊ.h

of productivity. Technologicar advancements are recognized

as sigrnificant contrijcutors to productivity improvement at
the corporate lever in manufacturing industries. yet, ttreir
contributions have not previously been identified,
highlíghted nor quant,ified appropriately.
To ansv/er ttrese questions, a nev¡ Totar o¡lerational
Productivity (ToP) measure, specifically established to
highlight, the actual resource consumptions in a nanner that,
wourd help management to funplernent advanced. technology

systems in manufacturing industries and to identify ttreir
contrjjcutions to corporate productivity is introduced.
A mathematicar procedure to cluster quantitative and

qualitative variabres in production systems, Ín order to
deteraine a new Technology Factor rnd.ex (TFr) , is arso

presented. This is done in three steps : (r) identification
of technological variables that influence productivity
measurement constraints, and classification of aII
variables, (2) determination of the degree of linear
relationship between these variables by means of a

correlation natrix, and (3) for¡rulation of the TFI and

developrnent, of its solution procedure" TLre rerationship
between TOP and TFI is also investigated,



(ii)
The TOP measure is fo:mulated for long-ter-ra Tota1

Operational koductivity Planning (T"Opp). Ttre TOpp is
derived as a nonlinear (fractional) objective function with
linear technological constraints.

The results of tlre case studies done in this ttresis indicate
that : (1) The TOp measure shows higher trend.s in
comparison to other totar productivity measures, (2) fhe TFr

shows a significant relationship r¡ith our Top measure, and

(3) The TOPP provides a method to ensure desired Top grovrt^h

during the pranning period if arrocations of outputs and

inputs are made according to tJle solution of the model.

rn sununarar, this research presents new contributions to
prooductivity measurenent and planning, wittr ernphasis on

presenting tectrniEres that, are usefur to d.ecision makers.
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CHAPTM, I

IMTRODU TTON

Drring the past decade, there has been a great, deal of
concern about the measurement of perfor:nance of a nationrs
economy. This is summarized by Drucker (1980) and shown in
Figure (1.1). Ítre term Itproductivitytt has taken on such an

importance, ttrat it has now been accepted by aII major

disciplines and professions ín ttreÍr attempts to further
influence economic growtTr.

Much effort has been put into sinprifying the cornplexity of
productivity concepts into a linearized, simple statement,

that can be expressed through a standard formula. rn
practice, productivity is often interpreted as t production

per Man- hourrr I concise oxford Dictionary] and the general

approach to it can be summarj_zed as follows:
rrProductivity in economics is the ratio of what is produced

to what is reErired to produce it. usually this ratio is in
the form of an average, e>çressing the total of some

category of goods divided by ttre total input of, sây, labor
or rald materíars. rn principle, any input can be used in tÌre

the denominator of the productivity ratio. Íhus, one can

speak of factors of production labor Ís by far commonest

of the factors used rr[Encyclopaedia Britannica, 1974). lltrat

is

outPur

TNPUT

I

Productivity =



* CUSTOMER * NVIPI¡YEE ATTITUDE
SATISFAqTION & DEVEI¡PME}I'I

*. INNOVATION * MANAGEß{ENT* Ï}ilIERNAÏ, DEVEI¡PMÐIT &
PRODUCTTVITY PERFORMANCE* OPERATING BUrcET * SOCIAL

RESPONSIBILTTY

Figrre 1.1 Major area of application of performance
measurement (Drucker, I9B0)

1.1 trroductivity Key Issues 3

several answers are needed to tTre question of productivity
measurernent in regard to its varue as a measure of ttre

economic performance and of the quality of life. fhese are

linked to issues which are functions of the avairability of
natural resources, of appropriately skilled people, and

appropriate technology.

rmprovements in productivity are }¡movrn to affect, grreatly

social and economic parameters, such as real economic

g'rovrth, gross nationar product, (cNp), inflation control,
employment, decrease in unit cost, technological innovatíon

and customer satisfactíon. .A,Iso planning techniques are

needed to support measures and improvement, both in short and

long terrn. until now these factors have been adressed. in
literature rnainry by means of productivity measures based on

a single factor, usually Labor input.

(a) Gross Natíonal Froduct(GNp)

GNP is defined as Ltre rnarket, value of the total output of
goods and sen¡ices produced by a nationrs economy. Íhrere is a

strong relationship between tTre GNP and labour productivity



gror,üth rates. Figure (L.Z) shows the output/nan-hr in six
manufacturing countries for the period of 1960-198r. rn that
tj:ne period Japan has increased its labour product,ivity

Fr¡¡rr
Wcel Gcrnary

Unlrcdxþdør
C¡n¡d¡

ljr*tcd 9¡tc¡

odrDú6\ añ
€€
hÀ
6gr

Figure 1"2 Manufasturing productivity grovrth, U.S.
and rnajor competitors, 1960-1981.
(BF, 1983)

48O Z , lVest Germany and France 180å , U.K. l-l-O 8, Canada

100 3 , and U.S. only 70 *. Íhe percentage of grrowth in the

GltP v¡as approximately 82 ? . for ttre first five countries,

whereas U.S. had a Iow value of 63 I , for ttre same period

of time (86, 1983). Figure (1.3) shows the sigrnificant

changes of Canadian manufacturing industriest GNP (output)
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relat,ive to labour productivity"
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Figure l-.3 The cþange of canadian manufacturing outputrelative to labour productivity lstãtistics
Canada, 1986)

Arthough ttre u.s. productivity growth rate is 1ow, it stilr
remains the most productive nation ín ttre world economy,

due to íts very high initiar productive base. The rest of
the industriar worrd is working very hard at crosing the
gap. For example, in 1950 the real giross domestic product
per ernployee in Japan was only 16 I of that of the u.s. and

Germanyrs v¡as 40 I . rn 1973 an average Japanese worker was

producing 55 å as much as a u.s. worker, whire in Germany

the ratio moved up to 74 z. By l97B these ratios increased

to 66 I for Japan and 88 I for cennany (Business Week, June

30, 1980).

(b) fnflation Control :

The inflation rate (annual percent, change in price) can be



influenced by many factors. Economists generally agree that a

lack of productivity growth contributes to an increase in
infration rate" Às expected, vrê see that the percent

increase Ín price and rabor productivity are inversely
correlated as shown in Figures (r.4) and (1.s) for selecLed.

U.S Índustries"

Figure l-.4 Relation Between
prÍce increases and labour
productivity in selected
U.S. fndustries, l-960 -1979.
( Productivity Perspective,
}e84).
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(fhe study by Cocks (1981) for El-LiIIy company for the

1963-L974 period, using a multifactor productivity
measurement approach, indicated ttrat an averag'e rate of
grovrth of productivity of 10.I I would decrease the price

index by about 0.4 I ).

(c) Unit Cost :

The concept of unit cost as the sum of the total input per

unit of total output during the same time period, is often

called consumpt,ivity. Tfie increasing irnportance of indirect
inputs, such as those due to planning, control, product

development, and training have further complicated ttre

concept of unit costs because of ttreir different levels of
influences in product mix ,production and time periods.

A decrease in one class of unit cost such as labor has

positively correlated with labor productivity as shown in
Figure (1.6) for Canadian industries.

564{qÐæd
€æñqdh$

Commerciat sery¡ce-produc¡ng industries
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æ
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Figure

186 t7 E

1.6. a Iabor productivity in
industries, 1963-1983,
1eB5) .

Canadian manufacturing
(Statistics Canada,
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Figure L.6.b Unít labour cost in Canadian Industries,
1963-1983, (Statistics Canada, I9B5) "

(d) Unemployrnent:

unernployment refers to all persons of working ag'e who, in a

specified period ,are without work, are available for work,

and are actively seeking work for pay or profít.
There exists a rnistaken belief ttrat unernployment wil1 lead

to increased productivity. such a belief clearly results in
increasing layoff of workers. rt may however be shown that
many companies actually increase their enployment leveI
because of high product demand resulting from lower

production costs tLrat come from hígher prod.uctivity. rn many

industries high percentages of productivity growttr rates
are often accompanied by increases in output that require

even higher labour inputs as shown in Figure (1,7). Tlris

Ð
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@
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fact, has been conf irmed internationally.
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Figure 1.7 International Cornparison of average annual
rate of unernployrnent in most industrial
countríes for the period of 1979-1984.
(S'ink, 1985)

It night be interesting to consider Japan (with the highest

growth rate and lowest unernployment rate) and Canada (with

the least average labor productivity growth and second

highest unemploment rate). IVrÍght (f985) has attempted to

I

7
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I.

2.

isorate the causes of declining canadÍan productivity
compared to that of Japan. He states that the following
canadian features are Lhe major ones underlying the

differences in the respective productivity/unemploynent

relations:

Or1ture, mainly concerned with individualisn and

specialization in production.

Less precise job descriptions, procedures, time and.

motion studies, and definitive methods manuars that
define elements of work functions and tLreir rer-ation to
other"

Management decisions are not taken on the basis of 1ong-

tera return on Ínvestruent praruring, but concentrate on

short-term rrbottom-linerr profit.
Fewer trained employees in the area of computer

applications.

trroblem solving approaches at the operating level are

very different fronr Japanese approaches (e.g. more

dictatorial management edicts, in contrast with Japanese
rfconcensusrr methods as exemplified by ttreir use of
ttQuality Circlestr) .

Different market requirements.

(e) Technological Irurovations and R & D :

Technological innovation and R & D are tlpefied by ner¡¡

rnachÍnery that perform sinilar functions as older equipnent

but more efficiently or more of them, usually increase

3.

4.

F

6.



overall productivity (Zohar, l9g3) .

Although Technological innovations are generarly claímed

to have positive, long-term effects on productivíty and.

economíc arovrth, it is very difficurt to quantify their
exact infl-uences. severar studies have concluded. ttrat the

return on investment from R & D is at 1east as high or
higher than from other tlpes of investment. Researchers

have examined the relationship between R & D Ínput effects
and productivity measures A posítive correration was found

for manufacturing industries, by críliches (t979), Nadiri
(1979) and many others. A grance at the experience of some

u"s" industries during the t970rs reported by satral (1983)

shows the relationship between R & D and productivity grovith

shown in Table (1.1). These results indicate a generally
positive correlation between innovation and. productivity
measurement at the industrial level.

Tab1e 1. I R & D E><penditure and productivity growtÌr by
industry, 1969-1979 | (Saha1,1993) .

Industry Grovrth Rate R&D
Chemical 1.9 I
Conunr:nication 3.96
Electrical nachinery 2.44
Machinary exluding electrical O"gg
Fabricated metals 0.37
Frimary metals -0.90Rubber O.49
Stonerclay and glass I.0I

2024
5038
905
3572
1157
327
378
191

Zohar (1.'9Bz)

measurement in
tested various aspects of performance

Canadia¡ manufacturing industries using four

10



production fu¡ctions ]oror,,rn as: Cobb-Douglas (C-D), Constant

Elasticíty of substitution (cES), variable Erasticity of
substitution (vES), and Translog production Rrnction. Their
behavior hras analyzed at both average and marginal
performance levers in terms of capacity utilization,
capital intensity and labor share in value-ad.ded output.
Zoharrs strategíc aim was to achieve promotion of employment,

efficient utilization of resources, relative price
stability, eguitable distribution of economic activity
across regions, e)q)ansion of secondary manufacturing and

technologicar innovation. He concluded trrat rabour
productivity is highly responsive to technology, ttrat i=,
capital is highry complementary to increased labor
productivity" Tabre L.2 shows the average performance Ievel
in selected Canadian industries studied by him.

1.2 Discussions:

fn conclusion, in order to improve productivity, some

measurement mechanísm must be identifÍed and defined before
the task can be proceeded v¡ittr. Àlttrough the traditional
productivity definition of output dívided by input is
straíghtforward and uncornplicated, its evaluation remains

eLusive because of the lack of definitive theoreticar work,

mainly at tJ:e industrial leveI. Gold (1983) ernphasized. ttre

seriousness of contÍnued wide-spread misunderstanding of the

nature and effects of productivity measurement.

L1
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This research effort, has been directed towards the

development of productivity measures and productivity
planning models applicable to manufacturing industries.
First, a nel¡¡ TorAL OPERATTONA], PRoDUcrrvrrY MEASURE ÏNDEX

is derived; this index can be used as a diagrnostic measllre

in terms of capital and other input consumption at tJ:e

operating J-evel in production as well- as ser¡¡ice industries.
rn addition, a corresponding Erantitative TEcflNorocy FAcr"oR

INDEX is proposed using factor analysis statistical
techniE:es as a clustering approach. FinalÌy, a TOTAL

OPERATTONAT PRoDUcrrvJTY Pr,ANNrNc method is introduced as a

nonrinear (fractional) progranruning probrern. rt allocates
the output and the input components to ensure a percentage

of growth of the productivity target based on the

formulation of a fractional programming problem. This
provides managernent with a new productivity measurement

decision tool for short-tem and long-term planning.

L3



CÍTAPTER TT

PATI T : REVIEW OF LITERATURE oN PRODUCTTVITY

MEASURÐ,IENI

An e>ctensive study of productivity-rerated literature for
manufacturing industries has been carried out with special
emphasis on productivity measurement models, This research

indicates that most measurement indices are based on the use

of different parameters in their modeling. We classify
these measures according to the parameters used as fol-lows:

I) Outputrinput components;

2) Application of the productivity measure (product,

plant, company, industry or nation wide);

3) Purpose of measurement (maxirnízing profit,
minirnizing cost, cornparison) and

4) Identification of cost source(s).

.A,ccording to these four points, indices can be classified
into five available measurement approaches used for
measuring productivity. They are :

1) Single Factor ProductivÍty (SFp), (usually referring
to labor productivity) .

2) Multi-Factor Product,ivity (¡,IFp) , (address more ttran

one factor).
3) Total Productivity (TP), (attempt to address aII

factors) .

4) Managerial Control Ratio (MCR), (financial- ratios).

14



s) Productivity Cost,ing Approach (pcÀ) , (highlighting
costs) .

The first three approaches can be considered as rrmacroil

productivity measu.res, while the last two fall into tfie
category of ¡rmicrort leve1 approaches . The merits of each

approach are described and discussed in the following
sections.

2"1 Single Factor Productivity (SFp) :

The most generally accepted measure of productivity, SFp,

relates output to one input only, such as 1abor time. The

output side usually refers to units of the finished product

or the amount of real value added to ttre product in Lhe

enterprise. sFP rnay arso refer to output/capital. ftre rrajor
contributions to this approach are :

(a) The Bureau of Labor Statistics (BLS) Index defined as:

constant dollar value of goods and sen¡ice provided
SFP =

Man-hrs of enployed persons

Here, the man-hours are based on hours paid, including
sick Ieave, other leave, holidays; and other tÍme off in
additíon to actual tirne worked.

(b) Kendrick (1961) has published indices

productivity which he defined as follows:

Output
labor product,ivity =

of labor

15
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Kendrickfs índex is adjusted for the composition (quality)
of labor by weighting man-hours at the industrial leve1 by

average hourly earnings"

(c) Statistics Canada fndex is oçressed as:

Real output index
Productivity Index:

Labor input index

üihere the output is the gross domest.ic product by industry
and the labor input is the annuar average number of persons

employed, i"e. output / person

(d) Eilon (1975) developed a micro SFp as fotlows:

SFP =
t(r +r )Nlob

Irlhere v = level of production demand. measured in physical
terms at time t;

T = total hours of normal work at time t ì
o

T = total hours of overtime work at time t;
b

N = average nr:mber of employees on the payroll.
Eilon (1984) enphasized the effect of average v/ages, holiday

rates, overtime, benefits to employees, unit cost of labor

and profit sharing"

(e) Freeman and Juker (1981) proposed several SFPs such as:

(Capacity / Fixed investment) and (Direct labor / Material-

utilized) " Other possibÍlities suggested by them are shown

in tlreir fable (7 "3) "

v

16



(f) RoII and Sachish (1991) developed an industrial
engineering index measure of SFp d.efined. as follows:

*
BBB
hj hj hj

B
Where, P SFp.of input h in producing product j inhj period B.-

B
V ttre actual SFp of product j inhj period B;* corresponding standard.

The major disadvantage ín ttre use of this index is tJ:e

diffic'utty in constant standards up,Cating.

(g) Turner and Tornpkins (1994) proposed three singre factor
energiy productivity measures, defined as :

Britsh Íherrnal Units (BTuts)

Sales

$ nnergy

$ sales

Britsh Thermal Units (BTUts)

Direct power used

It is clear that there are many possible variations of
single factor productivity ratios. An extensÍve list of
Lhese, collected by Mail (1979), is shown in Àppendix A"

t.

2.

3.
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2,2 Mu1ti-Factor Productivity (MFp) :

Since labor and capital are used mosL often as SFp inputs,
one can define a MFP based on the ratio of output or value-

added to the sum of labor and capital inputs. MFp has

undergone various stages of development, and. applications in
many econometric studies Íncluding those by Solow (1957),

Denison (1962), Kendrick (1965), Griliches and Jorqenson

(1966), Chistenson (1969), Nadri (1920), Cocks (Lg73,IgBL),

Taylor and Davis (1977), Denny and May (1978), BLS (1983)

and others. The major empirical studies are by the

folIowíng:

(a) Solow (1957) introduced tJ:e MFp growth rate and

called it the rrGeometric Indexrr of the total factor
productivity growth rate, Where,

Rate of growth = (dola)- (r^r .dLlL +i,{ .dK /K)LK
output quantity;
labor quantity;
capital guantity;

the rate of change in quantities

and capital input with respect to

v¡here

(b) Kendrick

follows:

(1961) defined ¡nuLt,i-factor productivity as

MFP =

and dQ, dL,

of output,

time.

A_v-
t_!-
lt-I\_

and dk denote

labor input,

(Vt ,L + Ì^I

1k
where a homogeneous productíon

.K)

function is assumed.

L8



(c) Denison (1'962) used labour input weÍghted. by labour

compensation and capÍtaI input weighted by non-Iabour

payments less depreciation and indirect busíness taxes,

This method is consistent with his d.efinition of output as

net national income.

(d) Ähmed (1966) used weightings changing over time and

an agg¡regate production funct,ion consistent with the

Kendrick fndex as:

t.K.L
MFP =

lcrf +axP¡ve

I.Ihich is a rinear homogeneous production function with
constant, elasticity of substitution o i.e.

o = t / (t_p )

where,

c and d are the efficiency parameters;
P is the elasticity parametèr;
t is the natural (disembodied)technical change

Kendrick and Sato (1963) reporb o= 0.6 and the production

function as:

0"2 t K.L
Y=A o ( ctzß+ &.?/3)3/2

for the U.S. economy over the period 1919-1960.

(e) Christenson and Jorgenson (1970) expressed the MFP ind.ex

by takingr the natural logarithn of the rate of growth as

derived by Solow (1957).

19



(f) The Cobb-Douglas

expression (1928):

Q=a

Where u is tTre random measurement

f are constants to be est,imated

natural logarithn.

(g) The Constant Elasticity of
function lrras proposed by Arrow

-r
Q=a(bl, + (1-b) K

hrnction is gíven by ttre following

dfu
LKe

error com¡rcnentî àt d and

and e is the base of Lhe

Substitution

(1961) and is
-r -v/r u

.e

(CES) production

given as:

lrihere,

Value-added output;
Gross book value of capital adjusted by
the capacity utÍlization coeffj_cient;
açbitçary constant of proportionality
distribution parameterJ
substitution pararneter i
degree of return on scalei
random measurenent error with mean zero and
variance

u

The cES function is more powerful than the c-D production

function because the elasticity of substítut,ion is arso

obtained"

(h) The Variable Elasticity of Substitution (\ÆS) production

function : ICLotze (1970) is given as:

-r
e=lck -nr -r(I-n) -I/r+dKLl

If m = 0.0, this reduces to the CES production function.

o--
K-
c¡. -
þ=

V=
1I=

20



(i) rnterternporar Production Function and cost of adjustment

ï/as proposed by Domer (1961) as a measure of MFp by

maximizing ttre rntertemporal profit firnction as forrows:

l{here,

-rtft = tF(x(t)) - c(x(t)) - B(dx(t))le dt

R = value of net receipts;
X = the vector of inputs;

F(x(t) ) = t]:e production Function;
B(dx(t)J = adjustment cost function;

r = discount, rate.
t = time.

rn this moder there is no sharp distinction between fixed
and variable input costs. Ítre inputs differ only in their
cost adjustrnent, and hence in their speed of adjustnent. The

parameter of underlying production functions can be

obtained indirectry by estimating a set of interrerated
demand functions for ttre inputs.

(i) Nadiri (l-970) obsen¡ed that an arittrmetic index of trre

MFP growth rate can be proposed to be consistent with a

production fi:nction similar to that proposed by Ahrned

(1966). Nadiri ernphasized the technorogical characteristic
of the production process and movement of ttre relative
factor prices. Thre salient features include:

(i) Reduction of the unit cost, of all factors of
production eqlralIy by applying better technígues.

(Íi) Ílre nature of tectuiological change (bias), which

creates savings in one input rather tTran in others.

(iiÍ) Elasticity of Substitution, which measures the ease

with which factors of production rnay b'e ínterchanged

2I



in the production process.

(iv) Íhe scale of operations in cont,inuous or

discontinuous production processes reflect changes

in the scale of operation of the economy.

(v) The homogeneity of productíon function, i.e.,
r¡¡hether tLre scale is evenly distríbuted amongst all
factors of production,

(k) Cocks (1974, 1981) outlined a methodologl¡ for the

measurement of MFPI for individual firms tTrat a1low a
direct comparison for manufacturing corporations:

Index of output at, time t,
MFPI =

where,

Index of (I-abor + Capital) at time t

Output : net sales - real or normalized depreciation

at time t - real or norrnalized indirect
business taxes in tirne t - [purchased goods and.

serr¡ices in time tl/[index of purchased goods and

se:r¡ices ín time tl .

I-abor input = Total man-hrs worked and paid less those lost
due to vacation, sickness, or accident.

Capital input = [Gross investment of eguipment or structures

in tirne t - Retirement of eEripment or

structures in ti¡ne E 1 / (Price deflator)+lcross

stock of equipnent & stmctures - Depreciation

of eguipment and stnrctures in tine E) /(Price
deflator) .
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(1) Sudit (1976) reviewed the merits of MFp measures. He

concluded that conmon approaches to MFp design are based on

standard rasperyes, Paache, and Divisa Indices.

(n) Taylor and Davis (1977) forrnulated MFp for large
manufacturing finns as follows:

(s+c+MP) -E
lffP = (w+B) + (K +

l^t
).f .d

bf
K
f

where,

S=

MP=

Sales;
Inventory changes;
Manufacturing plant including internally
produced tools and eqr-ripment, maintenance,
otTrer supporting serrrices;
Exclusions ($), these items are not
generated by the company and include raw
materials;
Irlages and Salaries;
Benefits;
Working capital;
Fixed capital;
Investor contribution ;

Price deflator factor.

E

vÍ
B
K

1^¡

K
f

f
b

d
f

The fundamental difference in this model is the exclusion of
raw materials as input, oD the prernise that some firms

consider rarÁ/ material purchases rrfruits of someone elsers

labor and, as such, an obfuscation of onets o!'in productivity

effort. rr Hovrever, Taylor and Davis (1977) recognize the

importance of ttmaterials and othersrr. So tlrey add then to

both output and input, to obtain what they call an rtall-

inclusivetr modeI, which is close to a total productivj-ty
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concept.

(n) Denny and May (J-978) enhanced the scope of MFp by

including thre material input with capital and. labor. They

also specified the function of technological changes as

follows:

Where,

at
¡,IFP = 

-
TT

t

t
a(t).f(K ,L ,M );t'rt
f(K ,L ,M );ttt
Limits of output level;

Quantities of materÍaI;

Quantities of capital;

Quantities of labor;

Function of measure of technological
changes;
Tota1 input fr.:nction.

t
at
M
t

K
t

L
t

a(r)
r (t)

Denny and May (1978) ínvestigated the relationship between

productivity measures and technical progress based on the

economic theory of production function. They estimated all
the parameters of the production function using some

selected U.S. manufacturing industries for the period. of
1949-1970. Their results showed that the rate of Hicks

Neutral Technical Change is constant and slightly larger
than the average annual growth in MFP. The biased factor
augmenting model of technical change has a significant
effect on the MFP index.
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(o) Mansfield

including the

(1980) developed a

effect of research

model to measure MFP

and development as follows:

v
L
t

o -.å,t
^L o¡ Qz

eRR
tb ta

l-v
K
t

hlhere,

fndustryrs value added Ín year;

The industryrs stock of basic research
and capital;
The industry's stock of applied
research and development, capital;
The industryrs labor input in year t;
The industqfrs stock of physical capital
in year t.

This rnodel was appried to the data of 119 firms concerning

past and prospectíve changes in ttre cornposition of R and D

e>çenditure. The results indicate that there is a

statistically significant and direct rerationship between

the amount of basic research carrÍed out by an industry and.

its rate of increase of MFp when its e>qgend.itures applied

on R and D are held constant.

(p) BLS U.S. (1983) defines MFp as [value added-output

unit of combined labour and capital inputsl " Output

measured net of its intennediate inputsi or as the

aggregate value-added. I"abour input is measured as total
hoursrand capital input is measured as Lhe value of sen¡ice

rendered by the stock of capital.

ot
R
tb

R
ta

L
t

K
t

per

is
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2.3 Total ProductivÍty (Tp) :

Basically, total productivity is defined as the ratio of
total output in physical or monetary value to the total
inputs such as labor, capital, material, energL, and other
costs. Both outputs and inputs are deflated to a base

period"

Total productivity analysis seeks to determine the physical

output rerative to tlre combined effects of changes in laJror,

capital, material, energy, and other costs. The major

contributors to totar productivity research are reviewed

below :

(a) Kendrick and Creamer (1965) introduced the concept of
productivity measures and índ.ices in manufacturing companies

in their book entitled |tMeasuring Company productivity,il.

Their indices are basically of three tlpes: Total

Productivity, Multi-Factor productivity, Single Factor

Productivity.

The Total Productivity Index for a given period

measured-period output in base-period prices

measured-period inputs in base-period prices

Where,

output = value of goods and serr¡ices provided;
input = man-hrs * capital + material and other

costs.

They analyzed TP as well as with SFP in six companies. They

found that TP vras a more appropriate measllre in four
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companies. Kendrick (1974) pointed out that TFp measures

are not appropriate to ttre study of cost-price relationships
at company and industry leve1s because of the imporbance of
rnaterial and other cost inputsi tJ:e economics achieved in
their usage per unit of output, affect the total cost/unit
of output as weII as prices.

(b) Craig-Harris (1973) defined ttre Tp function in more

detail by introducing the ¡rotherrr costs involved. in
producing physical output. They ernphasized that ilif a

companyrs l-abor productivity is increased by improving the

raw material qualíty, where extra cost does not offset ttre

savings due to reduced man-hrs of labor, ttren it, could be

disastrous for rnanagenent to award a s/age hike to its labor

based on improved SFP of labor, t/hen in fact, there may be

no net gain at aII.rr Therefore tJ.ey defined a productivity
measure as:

Lro K. n M.*

Total productivity;

Tota1 output i
labour factor input;

Material factor input;

Capital factor input;

Other costs input factor.

or

xr

where,
TP

&L
ot
L
t

M
t

K
t

x
t
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In the Carig-Harris (l-973) rnodel the output includes.

revenue, dividends from securities, and interest from bond.s

and other financial sources in base period values.

.Additional input factors X represents heat, light, pov/er,

insurance, taxes, advertising and non-productive material.

.4,11 inputs are deflated to base period prices. Hines (1976)

expressed the Craig-Harris model in a more symbolic form and

showed that the production system Ís dlmamic in its relation
to various elements involving delay and nonlinear effects.

(c) Munde1 (1976) presented two indices for measuring total
productivity :

surrent period index
TPI = X100= x 100

base period index

Output index
TPI = x 100 x 100

Input inde>:

Mundel (1976) did not specify exactly how the outputs and

inputs are broken down and measured. In most of his paper,

Munde1 discussed the errors caused by using productivity

indices: suboptirnization of overly sinplistic measures of

output, and countÍng outputs thrat are not related to qoals,

to inputs or to the final product.

f+l

H
t'J
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(d) Sumanth (J-979) defined total productivity as the rtratio

of total tangiÞIe output (in physical or value terms) to the

sum of all tangÍJc1e inputs (in cost terms) "rl

T¡le summaríze the Sumanth model, by the following equations:

Total Productivity for product i Ín period. t

Ivhere,

oir
TP =-irr ir

the total output,

thre total input.

Total Productivity for the finn in period t is given by

oir
I ir

N
TPF =

ir

r,vf,rere W is the ratio of total input of one productir
respect to the total of all such inputs combined

products manufactured in the finn. Fina11y, - the

productivity index for the firm is given by .

ÐTP Wiirir
TPIF =t

tor all- .r_

t TP .w
iioío

with

for N

total

This approach is
constitute a large

be cumbersome for

appropriate where several product l-ines

portion of the firmts output, but could

a more even distribution of products and
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for a facility with no clear product line.
Militzer (1980) and The American Productivity Center

(APC) (1980) proposed TP ¡nodels generally sjmilar to the

Sumanth model"

(e) RoII and Sachish (1981) developed productivity indices

at the plant level by measuring the actual value of each

input factor and relating these to the standard input per

unit of output" This was an extensíon of the work of
Kendrick and Creamer (1965). The overall economic

productivity index is defined as follows:
AA

t Ðv Aij ij jc
P=

Where,
À

V
ij

ajc
c
À

B

BBÐ Ðv o
i j 1j jc

the actual input factor i per unit of j in
plant A;

product nix j;
the respectÍve input factor unit príce;
the plant under measurement,'

the standard plant.

The RoIl and Sachish (1981) model is applicable only to
plants having a small number of products and using standard

engineering practices over long periods of time. Setting

standards for tJ:e entire company operations is very

difficult. if not. impossible. The output and. input ingredients

are not broken down in this model. Finally, this approach
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measures efficienry
productivity.

effectiveness rather than

(f) Stewart (1983) defined the total productivity for a

manufacturing company as Itthe relationship between the

output at standard values to specific inputs at actual

levels of consumption during the surrent period reviev¡.rl

Then, if tTre actual consumption of various specific
resources exactly matches the specific standard in the base

period, a productivity ratio of 1.0 would be obsen¡ed. If
various actions taken by rnanagement or other members of tÏre

organization result in actual reductíon of the consumption

of inputs with respect to the standard established in the

base period, a productivity ratio greater than 1.0 wíII be

obtained. Other features of the model are similar to t].e

traditional total productivity model.

(g) Harl and Bresser (1984) developed a corlporate producti-

vity measure, which is defined as the ratio of value added

to labor, material purchased for the production process, and.

the capital input factor. They tested the relationship
between nine productivity measures and six earning measures

where the productivity measures v¡ere: (sales /labour ),
(sa1es/capital), (sa1es)/(labor + capital + material),... ,

(va1ue-added) / (capital+ labor + material) " The earning

measures !'Iefe: (earing/share, return to

investmentr... c.. rreturn on total inputs) " A multiple

Iinear regiression analysis was used. The results show that
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the corporative productivity measure is thre one most

correlated with earning measures.

From the point view of our study, some rrfringert measures of

total productivÍty are not consÍdered in this analysis.

(h) Sink (1984) developed a total productivity model where
the basic eqr.ration is :

ss€st

ññ-rr-

Where,

Q=
Q=
p=

À_

a-

J_

þ=

Sinkts (1984) model defines performance as the growth

real output. over the grovrbh of real inputs between
periods. fhis model ís based on the decomposition of the

ÐXX ol.,.u'n.l,n
111
4SeSt

ÐXX nl.,n'n"l,.n
111

input data;
oulput data; v
Quantities of Ínput (a) or qrrantities of
output (A);
unit cost (P) or unit price(P) ;
Class of input and output. For inputs
Lhere are four basíc classes (energry,
labour, capital, materials). For outputs
there can be as many classes designrated by
the user (i.e. models, product, lineretc.)
type of Ínput or output. Ttris designation
is for type of input or output within a
cl-ass. (i.e. direct Iabor, gasrrobotics) .
leve1 of input or output. This designation
is for level within a tlpe i.e. direct
labour classification welders, guality
of materialsretc.
base period or standard data or last
period, etc"
surrent period.

1n

two
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increase in nominal revenues between growth in quality and

changes in prices. Price recovery is defined as the ability
of the fir-¡n to raise its product prices ín Ltre face of

raising input prices. Fínal1y, taking the ratio of total
revenue to total cost is a measure of rrperformancerr" This

profitabilíty performance ratio measures how revenues grer^r

relative to costs. A Frofitability index is computed as :

Profitability ratio = Productivíty ratio X trrice recovery

ratio" Ttris approach ties in productivity wíth the major

concern of most firms: profitabíIity, and price recovery.

(i) Edosomwan (1985) has developed a total productivity

model as a task oriented approach. His rnodel is based on a

task as unit of work accornplished primarily at a single

location, by a single agent, during a single time period,

producing useful output from some resources avaíIab1e.

Edosomwan (1985) considers a new technological version of
variables input and output ex¡renses. A new method of
allocating overhead expenses at tTre task level is also

proposed.

This model is rnainly buíIt to provide a total productivity

measurement in a printed circuit board productíon

environment. It can be considered as a specific case of tl¡e

total productivity measure.

2,4 Manaqerial Control ratio:
Managers often resort to financial ratios as a measure of

productivity. Some of these approaches include those by Gold

(1964, i]g73, Lg7g, tg82, 1983), Aggrawal (1980) and Risk (1965)
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(a) Gold (1983) emphasized that advances in productivity

analysÍs can assist management in planning, by pointing

out the associated changes in the rrstructure of coststr and

their resulting interactions with input factor prices as

well as with the relative importance of the input cost

categories affect,ed :

Tota1 profit
Total investrnent

= (Äverage price - Average unit cost)

X( capacity utilization rate)

X( productivity of fixed investment)

X( internal allocation of capital).
I,rlhere,

Average price = value of product/ output;

Average unit cost = Total cosE/ total output;

Capacity utilization rate : output/capacíty;

Productivity of fixed capital : capaciby / fixed
investrnent;

Internal allocation of capital = fixed investment/

total investment.

From this rfnetworkrf he link the total cost/output is linked

to the wage/output, fixed cost/output, as well as material

cost/output ratios. GoId (1985) made contributions of his

model analysis as follows:

1) changes in the leve1 of each category of input

reErirernent per unit of output, including material,

facilities, investment and salaried personnel as well-
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as direct, labor;

changes in tl.e proportions in which inputs are

cornbined in order to consider sr:bstitutions;
differences between the productivity of inputs when

they are fully utilized and when tÏreir effects are

reduced by idleness;

variations in all components of this rrnetwork of
productivity relationshíps rr.

(b) Risk (1965) provided a model similar to that of Gold

(1964). He has chosen the return on investnent as a starting
point and divided assets witTrin departments into ratj-os

which can be used to measure performance of individual
departrnents or cost centers. Risk (1965) broke down these

ratios as shown in Figure (2.1), vrhere the framework includes

unit costs of capital, production r,,rorkers, and material

input. In this model productivity measrrretnent, starts with
the ratio of operating profit/operation assets, which is not

productivity as Risk has pointed out,. À conclusion whÍch can

be drawn from his work, is that further ninimization of
costs wÍII not ensure maximum productivity"

2)

3)

4)

(c) ÀggarwaI (1980) proposed a

based on four financial ratios,
Net Profit

+b
total investment

total sales revenue
+d

cornposite productivity index

qrhich is =

Va1ue added

number of weighted (nan-hr)

total dollars purchased

35
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where a, b, c and d are regression coefficients.

Aggan^ra1 ex¡llained that everl¡ ratio can be used individually
to measure the specific productivity element that is most

appropriate for its respective group of users. For example

the first is useful to investors, the second. to employees,

and so on.

2.5 Productivity Costing Approach (PCA):

Productivity costing is a system approach to integrate
productivity measurement and absorption costing, based. on

the capacity of production. It is conmon to both d.irect and.

managerial costing.

(a) Bahiri and Martin (1970) set the principal objectives of
this method as follows:

(1) Minína1 and stable costing rates for each facilíty,
related to the maximum feasible facility capacity;

(2) Realistic product costs and related profits;
(3) The developrnent of unit product, group of products,

and total systern productivity indices;
(4) A system operating profit derived by deducting

total idle facilities from the total of product

profit generated.

The breakdown of costs used by Bahiri and Martin is given in
Figure (2.2) , A fuIl l-ist of all productivity indices

constrrrcted is given in (Bahiri and Martin, 1970, -P.611) "

Anong them are:
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total earning
a) Total Earning Productivity =

Index conversion input cost

Profit
b) Profit Productivity Index

Conversion ínput cost

Systern profit
c) Total Systen Profit Index =

Total system operating
cost

The objective here is maximize the ratios a, b and c.

This approach mainly analyzes the cost of individual
products within the firm and is more related to profit
rather than productivity

(b) Husband and Ghobadian (1981) developed a I'predictive

model for unit costrf for batch manufacturing finns as

foll-ows :

LCRO
TIJC=-+-+-+-oooo

or T{JC = LUC + CIJC + MUC + QUC

Where
TUC = total u¡rit cost;
IIIC = labour unit cost;
CUC = capital unit costi
MUC = material unit costi
QUC = other costs unit cost,

This model deals wittr the evaluation of batch production

unit costs at manufacturing industries.
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Revenues

or

Cost

Where,

Figure

s
M

Td
Cu
cd
Pd
Cs
ci
Ps
9"
Ct

= Sales Revenue
= Material costs
= Total earning (S-M)
= Fixed processíng costs: Product processing costs
= Product profit
= Tota1 system (facilities)
= Tdle facilities costs (Cs - Cd )
= System profit (Pd - ci)
= variable processing costs.
= Product processing (facilities) cost

2"2 Wductivity costing breakdown
Martin, 1970 )

(Bahiri and

Earnings

Break-even

Sales
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2.6 State- of-the-Àrt in Froductivity Measurement :

The theoretical work described Ín Section I covers

productivity measures particularly relevant to managers of
manufacturing companies" some of these measures have been

deart with in more detail than others. rhre points consid.ered

include : output or outputs, input or inputs, capacity,
ratio of inputs to outputs, cost breakdown, ratio of actual
value to standard value, etc. r. Based on tl:is review a

chronological flow chart of productivity measurement indices
is shown in Table (2.r). The flow chart irlustrates ttre

development of productivity measurement, indices in tÌ¡e rast
three decades from 1950rs to 1986.

2.7 Productivity Indices parameter Sun¡eys:

Productivity indices parameter indicators reported by five
tlpes of productivity measure¡nent classified ín section 1.

are shown in Tabre (2.2). The cross mark corresponding to
each measure represents the utirization of ttrat parameter in
the productivity measure¡nent technigue considered..

2"8 Advantages and disadvantages of Existinq Froductivity
Measures and basis for this Reasearch:

Productivity measures presently used in manufacturing

industries are sununarized in Tab1e (2.3). After examining

Tables (2.2) and (2.3) r wê propose a number of criteria
which can be useful for better measurement of productivity.
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Table 2.1 Historical Development. of trroductivity Mod.eJ-ing

Approaches and Contributors

Sinqle Factor productivity

Kendrick (1961)

BLS in U.S.

Statistics Canada

Eilon (1e75)

Mail (1e7e)

RoII & Sachish (1981)

Turner (1984)

Multifactor Froductivitv
Solow (19s7)

Kendrick (1961)

Denison (1962)

C-D Production Funct,ion

CES Production Function

VES Production Function

Cocks (1974, 1981)

Taylor & Davis (1977)

Derury & May (1981)

Mansfield (1980)

BLS in U.S.A.

Total Froductívitv

Kendrick & Creamer (1965)

Craig & Harris (1973)

Mundel (1976)

Sumanth (1979)

RoII & Sachish (1981)

Stewart (1983)

sink (1e84)

Edosomwan (1985)

*************************
,È Mohamed & Hawaleshka ** (1985) based on the TP**************************

Manaqerial Control Ratio

Gold (1955-1e84)

Risk (Ie65)

Agga:rral (1980)

Productivitv Costinq

Bahiri & Martin (1970, 79)

Husband & Ghobdin (1981)
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Table 2 "2 Svr¡ey of parameters included in productivity
measurement indices

Productivity Measures

Relevant Parameters SFP MFP TP MCR. PCÀ

Output

Labor input only

Capital input only

Material input only

Energy input only

Unit cost of labor

Unit cost of capital

I-a.bor + capital

All input costs

All Ínput unit cost

Time trend

Linear assumption

Ðeflated value

Considers Ia.bor view

point,

Macro Measure

Micro Measure

Industrial Eng. rnettrod

Tangible index

Direct measure

Indirect measure

Most frequently used

Statistics available

x

X

x

x

x

x

x

x

x

x

x

x

x

5

X

X

x

x

x

x

x

X

x

4

x

X

X

x

X

X

X

X

x

x

3

x

X

x

x

x

x

X

x

x

na

X

X

x

x

X

X

X

x

X

na
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Table 2.3 Advantages and Disadvantages of tLre five basic
approaches of industrial productivity measures.

ADVANTAGES

SINGI,E FACTOR

l.Iabor productivity is
measured more easily ttran
other productivity indices.

2.Historica1ly, technological
innovation has been ack-
nowledged through the dis-
placement of labor by
increasing SFP of man-hr"

3.rahor input forms a relati-
vely large part of the
production system inputs.

4.Statistics of enployment
and man-hrs are often
readily available.

DTSADVA}IIIAGES

PRODUCTI\rITY (SFP)

I.SFP does not measure the
productive contribution
of the whole production
system"

2.Misinterprets ttre risk
of including unrelated
shifted output increase
due to measurement of a
single input on1y.

3.Can increase rapidly as
a result of mechanization
and automation which are
not included in ttris
measure.

4.Can be misleading factor
in labor negotíations
invol-ving productivity
consideration.

MULTIFACTOR PRODUCTTVTTY (¡ßP)
l.Exclude some material

input; rnay ignore some
technological improvement
due to its value added
approach.

2. ftre production function
does not, reveal the
causes of obsenred,
clranges; it does not
indicate the means by
v¡hich ttrese changes
night be enhanced.

3.Does not specify the
variation in relative
utilization of capital
and labour.

l.Does not show the inter-
action between input

l.Measure the change in
output per unit, of conbined
labour and capital.

2.The inclusion of changes
in capital input along with
purchased materials and
sen¡ices moves the value of
SFP considerably closer to
an ideal measure of efficien-
cy in the use of all
resources.

TCTIAL PRODUCTTVITY (TP)

I.ft is thre most inclusive
index for measuring the
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Tab1e 2.3 (continued)

whole production function.
2.Provides the rate of grovrth

(Ioss) for the whole company.

and output simultaneously

2.fs too broad to be used as
a tool for improvement in
specific areas of operatÍon

3.Each input factor such as
labour, capitalrmaterial,
and energy is considered
to be a dependent para-
meter whích is not so"

l.Does not, derive the
industry productivity
ratio.

2.Dea1s with capital input
input changes rather than
with tJle v¡hole production
system inputs.

3.The percentage increase
(decrease) in each
individuall financial
activity ratio does not
necessarily indicate
effects on ovêE-âIl
productivity.

4.The breakdown of the
financial measure will
reflect aspects of perfor-
mance rather than produc-
ivity.

MANAGERIAL CONTROL RÀTIO (MCR')

l.Frovides the interac-
tion of technology by tJ:e
prof it/investment ratio.

2.Presents a blend of
physical and financial
aspects of resource flows
for short and long ternr
planning.

PRODUCTI\rjTy COSTING (PC)

I"Dea1s wit]l unit cost
of a product and cost,
ratio investigation.

l-.Deals with profit-cost-
analysis rather than
productivity

2.Clearly demonstrates the
effect on overall systern
costs of productÍon below
capacity which contribute
to price, but not to
productivity.

4.The analysis of managerial
cost of each single
product is not feasible
for a company producing a
large number of products.
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The criteria are:

1) Consíder all tlpes of input and output factors at
the operating IeveI.

2) Reflect Ltre effect(s) of dlmarnic changes in manu-

facturing process operations by means of
relationships between production and resources.

3) Permit an understanding of ttre effect of input
factor(s) substitution and trade-off implications.

4) Ðetermine the productivity values for the current

as well as permit their estimation for the nexb

planning periods.

5) fdentify key problen areas for productivity
improvernent.

6) Highlight the contribution tJ:at could be made to
productivity enhancement by specific factors, eg!

utilization of modern advanced production methods

and tooling.
our work has been directed toward the development of
appropriate productivity measures that address these

criteria"
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CHAF{TM, ITI

MC|IIIVATION À}TD OBIECTIVE OF THÏS RESEARCÍT

From the revíew of ttre literature on productívity
measurement presented in chapter rr, it is clear that ar1

conceptual productivity measurement indices farl into five
maj or cl-asses.

îhere has been no consistency nor uniformity in the
definítions of productivity, Eilon (1993). In fact, the

number of new definitions that continue to be generated,

seem to obssure and confuse the exact nature of productivity
and its purpose.

Recently, more attention is being paid to the ilTotal

Productívity rndexrr class than to other measures such as

single, multi-factor and other accounting indices.

The absence of an adequate productivity measure to evaruate

the effects of changes is reflected in a recent statement by

GoId (1983, 1985):

rrlt is obvious that although input, output and

other data can be accumulated at, innurnerable

Ieve1s representing progiressively larger
sectors of the economy, many of tttese

statistical aggregates may represent only the

passive resultant of heterogenous decisions;

to influence them, it is necessar)¡ to ident,ify
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Lhe decision ¡rcints
objectives, incentives

decision maker. ¡t

involved as well

and penalties

the

the

This statement underlines the importance of developing

decision analysis tools to be applied to the productivity
framework in order to facilitate appropriate guidelines and

possible clear objectives to the management of an

organization" Ttre conclusion reached by Sink (tg}4) in his
recent review of the-state-of-the-art and practice of
productivity measurenent techniques, that ila great deal of
rerative to developing productivity ¡neasuremenL systems

needs to be accomplished.rl

The main pur?ose of the introduction of productivity
measurement models is to Ímprove the aLlocation of inputs
and outputs efficiently and effectively within a company,

an industry, or a national economy.

Productivity improvernent literature outnumbers that on

productivity measurement by at, least ttrree to one. ÀIthough

productivíty improvement is important, there exists no

conceptual, Iogical, comprehensive framework to enable

managers to systematically think of ways to improve

productivity in their particular organÍzational system

(Sinl<, 1985). Most of the productivity researchers believe

that productivity plaruning ís ttre key to achieve higher

economic arov'rth" CottonrJr" (l-976) sununarizes in ttre

as

of
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following statement:

¡tProductivity doesn¡t, just happen by trying
harder, it must be planned. But how do you

plan for productivity, and ¡,¡hat factors are

involved?"

Sumanth (1979) recognized the fact ttrat productivity
measurement represents only one of four stages of ttre

process of what he terms the rrproductivity cyclerr. These

include measurement, evaluation, planning and improvement.

SnitTr (1980) ernphasized that rrthe need to plan for improving

productivity and business performance is probably the most

important area of management, which needs attention and yet,

at present is neglectedrt

Thís research is a response to the needs underrined by ttre

above statements. Our objective is to address the problen

of productivity measurement, the influence of technological
parameters and productivity planning and how to make it more

effective and useful to managers.

3.1 Objectives of this research

In view of tTre above perspective, the objectives of this
research can be fonrulated in the following manner:

To review and extend the state-of-the-art of productivity

measurenent, for ttre manufacturing sector.

To develop a Total Operational Productivity ¡rodel (ffiP) ,

1.

2.
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3.

which (i) takes into account qr:antitative outputs a¡d

inputs appropriate to each industry, (ii) determines real
values of girowLh and loss through tJre planning time period

and (iii) j¡rdicates the productivity value at the

operating leve1 of the fir:sÌ.

To devise a procedure which can identify the correration
and weights of various productivity factors. .As a resurt
of this analysís a Technology Factor Index (TI'I) is
constructed as a quantitative measure of technology grrowth

in the manufacturing industry. A factor analysis
multivariate statistical technigue wilr be utirized. to
accornplish this step.

To explore the statist,ical relationship between the

Technology Factor Index and the Total Operational

Productivity measure in ttre industry sector.

To devise a Tota1 Operational productivity planning

(TOPP) model which would give management advice about

optinal allocation of outputs and inputs so that a higher
rate of productivity grovrth rnight be attained" For this
pur?ose ttre fractional progra¡nming approach will be used.

To use case studies frorn Canadian metal fabricating
industries to illustrate the usefulness and applications of
our proposed models.

4"

tr

6"
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3.2 Organization of the research report;

This thesis is divided into eight chapters. The first one

presented Lhe background and the importance of tJ:e

productivity concept to economics and social interests. rn
chapter rr, we gave an extended. review previous research

into productivity measurement at various levels, giving
major ernphasis to works directed to the manufacturing

industry. Remarks and criticisnìs are given and sununarized.

In Chapter III an analysis is made based on tJ:e su:rrey j-n

Chapter II, to indicate the dÍrection of research that we

will follow in subsequent chapters" ctrapter rv defines and

presents in detail, what v/e introduce as the Total
operational Productivity (Top) measr¿re. A case study is also
presented. rn chapter v a Technology Factor rndex (rFr) is
derived with a case study shown as weII. In Chapter VI a

new ProductivÍty Planning Model Ís fonnulated as a

nonlinear prograrnming problem, specificarly as a Fractional
Programming probren. rn chapter vrr, ttre productivity
plaruring nodel is applied to a case study. Chapter VffI
presents a summary, our concLusion and suggestions for
further research on productivity and its reration to the

manufacturing industry.
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CHAPTM V

TOTAI OPMATIONA¡ PRODUCTI\rITY MEÀSUREI,TENT

MODEL

Based on the review of literature presented in Chapter

(fI), the most conmon approaches to tracking productivity in
an industry or a firm through the consideration of one or
more of several possÍbIe input factors" When single factor
product,ivity is used, it usually refers to labour producti-

vity rather than to other resources such as materials or

energy. Some firms do employ measures that, incorporate the

effects of several resources or inputs simultaneously.

These measures are called nulti- or multiple-factor models.

Such measures consider the importance of several factors
rather than that of just one.

In the past, productivity measurement nethods have tended to
misrepresent real economic improvernents that can be

achieved from the introduction of advanced technology tools
and methods, Specífica11y, they tended to shor,,¡ declining
absolute values of total productivity measures resulting
from such technologies. Such results can lead to serious

underestimation by rnanagernent, investors and technical staff
of the value of econonic improvement achievable from new

technologies.

Therefore, hre propose to develop a [otal Operational

Productivity Measurement Model at the industrial level which

is clearly needed for appropriate scaling and highlighting
production system dlmamic factors in terms of technological
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changes. This model wi1l be applicable at
Ievels in an organization"

various operating

4"1 Total Operational Productivitv (T0p) :

Total o¡lerationar productivity can be defined as the ratio
of the totar quantified varue of shipments of goods of ovjn

manufacture Lo the total quantified value of human, capital,
material, energy, and other costs consumed in terms of
constant dollars, during a specífic time period..

The reason for considering shipments of goods as output at
the industry level is due to the fact trrat surrent worId.-

wide data collection bases at this rever are g'eared towards

shipnent.

The definition of Top depends on the status of ttre
production system being operated. severar approaches have

used the rrcost value of capitart, (Kendrick and creanner,

1965), (Stewart, 1983) or rrleasing capital conceptil (Carg-

Harris, 1973), (sumanth, ].gTg) r or rfixed^ assets concept*,
(Mi11is, 1980) to represent this dimension. None of ttrese

approaches have considered t]:e actual- total consumption

such as ttre actual eE:iprnent and facílities utirization in
the production process

The ToP ¡node1 considers tlle use of equipnent and. facilities
in terms of wear and tear and. consider ttre capital inves-
tment in that equipment or facirity as separate engineering

economy concept" This allows us to avoid the pitfalls of
many other models that tend to show extreme Iow producti-
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vitÍes at the initial instalration of the productive systems

due to giving fuII weight to ttre investment varue in that
system, while showing grossly infrated productivities for
systems in a fu1ly amortízed cond.ítion"

4.L.I Quantified Output Elements:

Quantified Output, Elements, shown in Figure (4"1), wil1 be

described next.

Figure 4.1 Quantified output, elements for the Total
O¡lerational productivity Mode1.

a) Selling value of shipments of goods can be expressed

AS:

Value of net sales

of goods shipped

where,

Quantity shipped X Current, selling
price in dollars

Selling price defLation index

Quantified Output

Value of net

sales of

shipped.

Revenue from

repairs.

Work done on

materials owned.

by others.
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O-rrrent Selling Price
Selling price deflator =

Base Period Price

b) Revenue from Repair: income from sen¡ice and repair of
ou,n products and of ttrose of other manufacturers, in
constant dollars.

c) Worh done on Materials owned by others: is the amount

received in payment for contract work done on materials

and products owned by other establishments, excluding

repalrs.

d) Qtheq þcome: such as investment income (if it can be

related to the production system).

e) A negative output component equal to total expenses

related to shipping costs, sales taxes and possiJcle

díscounts, all of which affect, the net income, must also

be considered.

4"1.2 Quantified fnput elernents:

Quantified fnput E1ements, shown in Figure (4.2), will
described next. These elements are shown in detail
Figures (4. 3) to (4.7) .

Figure 4.2 Quantified fnput E1ements.

be

in
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Employees in manufacturing operations"

Other production workers.

Executive staff.
Sa1es staff.
Adroinstration staff"

Figure 4.3 Hurnan Input Elements.

Fixed Capital Consumption

- Machinery and Equípnent

- Building Const:rrction

- Engineering construction

- Capital itens charged to
operating expenses.

Workinq capital

- Inventory

- Àccount receivable

- Notice receivable

- Cash

Figure 4.4 Capital Input Elements.
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Materials and Supplies

Raw Materials

R¡rchased Materials

used in manufacturing

operations 
"

Total Value of operating,

maintenance repair supplies

purchased excluding fuel
used in manufacturing

operations.

Figure 4.5 Materials and Supplies fnput Elernents

Coal and Coke

Natural Gas

Gasoline

Kerosene, stove oí1

Diese1 oil
Light fuel oil
Heavy fuel oil
Electricity purchased

Other fuel including

steam purchased

Figure 4.6 Energy Input Elements
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Travel

R&D
Marketing and Advertising

Figrure 4.7 Other Costs Input Elements.

a. Human resources input:

The new measure of total productivity developed in this
Chapter extends the scope of productivity measures by

inclusion of alr elements of human input contributing to the

output. Other measures usually consider only one or few

such erements. ?üe propose that a method of measuring hurnan

input, in manufacturing industries may be stated as follows :

Salaries

in dollars

I Executive staff] + [Àdninistrative staff] ;

I ETnployees in manufacturing operations ] +

I Ottrer production and related vrorkers,

including employees engaged ín

constrrrction and production of

machinery equipnent for own useJ

Cost index
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b. Capital input:

Investment as well as operating capital is recognized as a

major cornponent of tTre productivity equation" ft nay be

useful to surmnarize the most conmon production ttreoretical
approaches to the measurement of capital. Denison (I9BO)

measures capital as the stock of equiprnent, strrrctures, and

inventories used. Gross and net stocks are weighted by

0.75 and O.25 respectively to give an estimate of net

capital stock. Alttrough it is based on a general analysis

of industrial experience, ttris ¡rheuristicr approach is
rather imprecise. Jorgenson (1967) measures capital as net

stocks of only equipnent and stmctures. Kendrick (1980)

measures capital as gross stock used. The Bureau of r-abor

statistics (Bß, 1983) measures capital as tÏre sum of (stock

+ rental prices + assets). À sumnarlr of these approaches to
the measurement of capital is shown in Table (4.I) 

"

Table 4"1 Major approaches to the computation of capital
input measures (BE, I9g3)

Characteristic BI.S Denison Jorrgenson Kendrick

Vleights:

Asset prices
Renta1 prices

Aggregation of
assets:

Fixed weighted
Variable
weighted x

x

x

x

x
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None of these four major approaches account for the actual

capital consumption within ttre production processes.

In total operational productivity we attempt to measure the

capital in terms of its real value. fhis is rather difficult
to obtain in acsurate form. We propose to determine the

actual capital consumption by :

T
t r d +oE
i=I i it it

Total Capital =Consumption LxFriceindex

!'/here,

d. = Depreciation factor (eg: straight 1ineír
depreciation. )

i = Industr-y .

t = Ti¡ne period.

L = Assumed economic life of ttre capital asset.

I = The investment orpenditures (S) during each period.

OE. = Operating Expense dollars during the measurementir
period.

rt should be noted ttrat stocks are usually evaluated at the

end of each calendar year and thrus some minor adjustment is
required to move ttre estimate to the niddle of each calendar

year or period desired. For certain industries alternative
measure of depreciation may be appropriate"

c. Materials and supplies inputs:

The material component of manufacturing input is commonly
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considered to be approximately equal to ttre labour input.
rt is thus a major factor in trre productivity eEration. rn
fact, with ever-accelerat,ing changes in manufacturing

technology that are nainly directed toward ttre rninimization

of labour, uraterial/supplies components wi1l assume an

increasing level of importance. rrlre statistical report by

canadian Machinery and Metalworking (1993) showed. that
metalworking manufacturing is responsible for abouE 34 g of
totar manufacturing output in canada. rt is interesting to
note that, a similar pattern emerges in the comparison of the
output value of naterial producing i¡rdustríes in canada with
that of ttre ¡naterial using industries. Trris cornparison is
shown in Tabre (4 "2). rt indicates ttrat nraterial usage

represents about 50 I of the varue of shipments for l98r.
Materiars and suppries nay be measured in the Top model as:

Totar cost of materials and suppries in constant dolrars =

(fotaf cost of + Cost of components +
(raw materials purchased used
[used

cost, of non return- )
able containers, I
shipping & packagingJ

fntermediate cost index

lvatue of operating, maintenance and repair supplies
(purchased and used in manufacturing excluding-iue1

fntennediate cost index

{Value of work done on materials owned. by ot}rer fir:¡ns+t
Interrnediate cost index
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Table 4"2 Material
Canadian
Research

usage as proportion of shipnents in
Metalworking Industries, ( Maclean Hunter
Bureau, Nov", 1983)

fndustry nane Materials
used$ 106

Factory 6
shipment$10

ratio
m/s Z

Primary metals
Metal fabricating
Machinery
Transportation eE-ripnent
Electrical products
Miscellaneous industries

08139
o6446
04511
t4488
o444I
39546

].4450
1237 6
08690
21800
08938
68736

56. 3
52.5
sl.9
66.46
49 .69
57.53

d. Enerqy input:

Energy consumption is an irnportant conponent in the Tota1

operational Productivity concept since energ'y-rerated cost

have been increasing faster than ttre rate of infration.
According to all forecasts, the cost of energy wilr continue

to grow in the future" fn considering rrenergy productivityrt
(one of the tlpical single factor productivity measures),

Turner and Parker (1984) concluded that this was veq¿

difficult to monitor. This is rnainly due to lack of
appropriate metering, poor energD¡ usage and poor energy cost

data naintained by tlpical industries. fndustries differ
greatly in ttreir energlf use profile due to such variables

as location, lreather, nunber of people, product

manufacturing intensity, as well as ¡nany others. Energ¡¡

input. can be measured in Total Operational trroductivity by:

Total energy input in current dollors

Energy cost index
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ott in an expanded fashion, by detailed listing such as:

(coal + coke + natural gas + gasoline + kerosene + )
{aieset oil + light fueÍ oi1 í trearryr fuel oil + }
{electricity purõhased + other fuel- includinq stean}

Energ¡¡ cosÈ index

e. Other costF input:

Even though other costs usually represent a rerativery sma1l

percentage of the total input, attention should be given to
thern in order to obtain an accurate measurement to
productivity indicators "

4.2"L Total Operational Productivitv Mode1 Formulation

The Total o¡lerationar Productivity Moder (Top) was defined

earlier in tJ:is chapter. Several versions of it can be

developed incl-uding rrsingle factor operational productivitytt

and rr multifactor operational productivityt,.

TOP can be given by the following expression:

TOP (4"1)

i)LE

Where,

e
tYk=a ikt

Ltx
ll'=t

JIj=1

ir

TOPir

Y
ikr

Total Operational trroductívity measure

in industry i during time t.
Arnount of output value shipped from

industry i during tine t for output
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type k, (k = arbrcrdre) as specified

in section 4.1.I
X = Amount of input, consumed in industry iíjlE- durinq time t, for input J

j = I,2r..'..." ,
llL = !,2r c.. o...L , where !, are the elements

of each j, as specified in the input

elements.

TOP can be ex¡landed as :

Y Y Y Y +"...+ Y
111 + 12I + 131 + 141 ikt,

TOP = (4.2)it x +x +x +.... "..x1111 1121 1131 i)!E

for the current period, with fOp referring to the Total
it-1

Operational Productivity at ttre selected base períod .

Therefore, tT¡e Total operational Froductivity rndex is egual to

r roPi (t,)
TOPI = (4"3)

it TOP
i (r-1)

In the case where one input factor such as human input
represent,s a large part of ttre input components, ( t1picaIIy
greater than 50 I for sen¡ice industries such as governmental

deparEments), or where naterial input is responsible for Ltre

highest percentage of input costs ( tlpical of metalworking

industrÍes) the Sing1e Factor @erat,ional Eod.uctivity can

be defined as 3
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K
ÐY
k=I ikt

SFOP = (4.4)
].tL

,t.=t fjlL

I4Trere, j =t forhumaninputs, j -) forcapítaI Ínput, j:
3 for materials and supplies input, ) : + for energry input, j

= 5 for other costs input.

If one or more factors are more important in the input than

otlrers, we can express a Multifactor Operat,ional

Productívity as follows:

K
ÐY
k=I ikt

MFOP = (4.s)
it J2

ÐÐx
) L ijlE

Where the notation is similar to ttre single factor
operational productivity.

4"2.2 Advantaqes of the Total Operational Productivity Measure :

As shown in the indicated chapters and case studies, our lOP

measure has the following advantages:

1" TOP is the most inclusive measure available considering

all output and input factors.

2. TOP encourages the Íntroduction of new production

systems by highlÍghting ttreir positive conÈribution to

corporate productivity.
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3"

4"

Ê

TOP provides a better planning approach for LLre growtJ:

of the whole economic productivity in terms of total
allocation of output and input (Ctrapter 6).

TOP can be easily related to the total profit and total
cost concepts.

foP is shown to have a positive relationship with the

TechnoloE¡ Factor Index (TFI) (Chapter 5) "

4.3 A Case study : Productivity Measurernent ín metal

fabricating industries in Canada

Within the Canadian metal-working group of industries, the

metal fabricating sector is the second lar.gest employer with
approximately 135,oOO employees producing $ 12.5 bíl1ion of
output Ín 1984, ( Statistics Canada, l_9BS).

To illustrate the appricability of our Top measurement

modelr wê will use data collected prirnarily frorn statistics
Canada publications.

Forrnulation of the total operational product,ivity (f0p ) ,irthe single factor operational productivity (SFOP ), their
multifactor operational product,ívity (MFOP. ) and. the total

itoperational productivity index (TOPI ) reguires their
identification of the output quantity shipped and Ínput
guantity consumed, together with the associated prices

and costs indices.

lfe try to point out, the sensibility of our approach by

using two different metÏ¡ods for evaluating human and. capital
inputs. Other input factors do not seern to be as affected
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by different evaruation methods due to ttre data constraints.
There are several methods to measure capital, human and

other tlpes of inputs" These t¡ere reviewed in the early
stage of this researctr. T{e call tl¡ese Method I. The

procedure proposed by us in this work is called Method If"

Method f:
1. Human input includes rnaínIy direct labor input;
2" capitar input combines the value of capitar investment and

capital consumed.

3. Other input elements are not considered in great detail.
4" The output is considerd as value-added, units produced or

sales only .

Method If:
1. Human input includes all contributors to ttre corporate

productÍon process as shown in Figure (4"3).

2. capital input considers the arnount of capital consumption,

rattrer than accounting for the capital cost in investrnent

terms"

3. Output elements are considered as shown in Figure (4.I) 
"

4.3"1 Data Base for the Case Studv

1. Output

The output measure used in this research was defined as ttre

value of total sales, sen¡ices, .and related activities" Ítre

value of shipnents are defined as net selling values at tTre
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reporting establishment,, excluding discounts, returns,
allowances, sales taxes and excíse duties and taxes and

transportation charges by common or contract carriers.

2. Inputs

Five input factors v¡ere considered in this study: (I) human

input, (2) fixed capital used and working capital consumption,

(3) materials and supplies consumption, (4) energly

consumption, and (5) ottrer costs. Each input cost rrras

deflated to constant (1971) Canadian dollars.

a) Human Inputs

The aru:uaI Statistics Canada catalogues for Metal

Fabricating rndustries do not provide sufficient detair with
v¡hich to distinguish between classes of human input, but do

provide thre total amount of human input components. The

calsulation of the total human input dollar value was done

by the foIlor,¿ing method :

(i) Production and related v¡orkers are represented by

the total hours at work during ttre year plus hours

not worked but nevertlreless paid for, such as

paíd vacations, holidayretc. Overtirne hours are

included.

(ii) Adninistrative input is calsulated as the total
man-hours engaged in non- manufacturing operations.

(iii) Executive staff input is grouped through the surn

of ttreir salaries, benefits and related expenses.

(iv) Sales staff Ínput is considered in tÏre same manner
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as executive staff input"

b) Capital Consurnption

The iten includes fixed capital consumption as wel1 as

working capital consumption in constant dollar teras.
(i) Fixed Capital

Fixed capital is a difficult task Lo measure,

since one could consíder initíaI costs, book

values or even rrvalues to the organizationil.

The measurement of fixed capital consumption

can be esti:nated as the value of wear and

tear and obsolescence undergone by production

systems during their serr¡ice life" In this
research, s/e use tJle r¡¡eII known rr Straight-linert
depreciation nettrod to account for ttris.

b) Workino Capital fnput

This represents the book value of accounts

receivable, notice receivable, and cash spent

to produce the output shipped in the given

period.

3. Material and Supplies fnput

This include the values in constant dollars of
raw materials, containers, supplies, purchased

materials, supplies and sales returned including

the assocíated charges .

4. Enerqv Input

This refers to dollar amounts actuaJ-ly used
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(including fuel used in cars, t:rucks, etc.).
FÍgure (4.6) shows all ttre itens considered for
this input factor.

5. Other Costs Input

Refers to all itens in Figure (4.7).

4.4 Results and Díscussion of the Case Study:

According to Ltre procedure derived above, !,¡e calsulated
Total Operational Productivity, Multi-factor Operational

Productivity and single Factor operat,ional FroductivÍty,
based on Ltre data derived from tfie Statistics Canada

information" ftre raw data for output and input variabres are

shown in Tables (4.3) to (4.7). In order to account for ttre

effect of inflation, the raw data has been deflated to the

base year (1971). The price and cost indices are shown in
Table (4.8). Ttre resulting data ready for use in the TOp

model is given in Table (4.9).

According to ttre results determined in Tab1e (4"10) for
the Iotal Operational Productivity measure , an average

annual grovth of 3 .7 å is achieved , while if we use ttre

traditional total productivity measures (reviewed in Ctrapter

2), an average annual grovth of less tlran I I is found as

given in Tab1e (4.L2) for the same type of industries. ft is
also worttrwhile to look at Figure (4.8), whicÏr shows tTre

results of the Lwo measurement approaches plotted against
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differences " Ítrese are :

1. Totar operationar trroductivity measures the actual
value of shipments of goods, revenue from repairs
and all sources of other income for the whole

industry, (and not by single product) as an output.

Other measurenent models measure output as total
output-intermediate goods and serr¡ice (Kendrick and

Crearner, 1965). The summed value of al1 units
produced ti¡nes selling price (Craig and Harris,
L973). The value of finished, and partially finished
u¡rit,s of a product and other interest income (sumanth,

19'79, 1984) and many others"

2. Total operationar product,ivity considers ttre total
input, at, the corporate 1evel, which refers to the
sum of hurnan input salaries, $rear and tear of
rnachinery and facilities, consllmption of materials
and its containers, energy consumption and other
cost expenses in constant dollars. Other total
productivity measures consider only 1abour to
account for human input (Craig and Harris, 1973)

and (RoIl and SachÍsh, tggt). Ttre capital input is
considered in most total productivity nodels as total
capital investment or stock of capital. However, Craig

and Harris (L973) and Sumanth (1979, 1984) used the
rrleasing capital conceptrr. Few total prod.uctívity models

consider energD¡ input as a separate input factor. The

supply costs are omitted from all the previous

productivity measurenent models, v,¡hile the TOp makes
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it clear with ttre materials input component,.

These differences rnake the Top measure a much better
rnethod for herping managers to plan their strategic
decisions regarding the future of an organization,

single factor operat.ionar productivity values, as shown in
Table (4.14) and used by statístics canada, have higher
annual average growLtr rate (output/man-hr) than our measure

which includes all human input. other single factor
operational- productivities are deter¡nined in Table (4,14)

and plotted against the time period 1971-L982 as shown in
Figures (4,9) to (4.16).

Multi-factor operational productivity of hurnan

and capital consumption showed better resurts for ttre sane

industry when compared to ttre traditíonar measuresr âs

shown in Tabre (4.10) and Table (4.11) and protted. over LTre

sa¡ne tirne period in Figure (4.17).

ïn sumrn¿ìL?, the proposed Total operationar productivíty

measure is developed to resolve the problen of providing
appropriate productivity measurement indicators to ttre

economy, when intensive capital cost equipnent Ís introduced

into the production systerns such as ci\D/cå¡{ systems,

Robotics, Automated storage and other technorogical
irnprovernent techniEres. Ttris is done by accor:nting for
the consumption value of capital and ottrer four inputs on

one hand, and considering on the ottrer hand varue of output

as the total value of shipnents with other incomes in

7T



constant do11ars, but not, produced.

.A' Microsoft computer program using Þs systern version 3.2

for ttre rBM Pc/xr or Jr written in FORTRAN-77 has been

developed to arlow easy determinatíon of total operationar
productivity and tl:e associated. index and single factor
productivities. The program is given in Appendix B.i. The

productivity measurenent prograrn consist,s of 6 subroutines
plus a control program. These subroutines perform the
following functions:

1. read in tkre input, data file
2" determine the single Factor operationar trroductivity
3" determine t]:e Mult,i-Factor operationar productivity

4. determine the Total Operational productivity.

5. determine Froductivity Indices

6. generate results for different output devices such as

CRT screens, printers as weII as disk files.

sample calcul-ations for the output shovnr in tables (4.10) to
(4"J.4) are given in Appendix B"ii.
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TabIe 4.3 0utput ( VaLue of sh ipmen ts
Fabricating Industries in current

of goods ) in Canadian l''letal
000,000 dol lars -

SIC CODE

Year 301 302 303 304 305 306 307 308 309

t977 208.86

1972 245 -17

r973 257 -4r

t974 296.27

t975 429.92

r976 535. rs

1977 557.47

1978 614.16

1979 613.11

l9B0 634.48

1981 ó53 - 00

t982 662-00

450.16

456.57

592.34

ú39.79

879 .95

840.50

8r8 -29

961 . 9I

1066 . 17

I 100. 00

1165.00

1203.00

61.35

i68.35

20r .67

26r.65

313 . 81

334.33

343.14

414 .66

526.49

579.78

634.37

603.66

948 _ 00

1187.00

1256.00

1380.48

1461 .55

L7r8-72

1947.44

2351.63

3179.11

377 6 .58

37 42.28

3567.98

478 -75

560.52

691 . 17

960 _ 34

87 5 .17

9r0 -62

1006.64

LLTs .66

1382-34

t422 -69

1516 . s8

1326 -7s

208.41

333.63

417 -71

499 -7 6

s22.53

579.19

ó39.62

724.15

912 -77

995.97

1026.52

962 _t3

124 .61

I13.54

127 .04

157 _52

t64 .49

195.69

r92.65

242.86

313.56

357.99

389.21

401 .00

478.00

557 .96

ó75.01

858 _ 15

927 .97

994.55

1033.12

1221. l8

1360.95

1534.56

1574.64

14I1.57

228 _7 4

219.37

2r2.93

268.rA

269.85

313 . 95

339 .92

432.97

535.9i

599.64

696 -20

644.31

73



T
ab

Ie
 4

.4
H

um
an

 in
pu

t
do

lla
rs

-

Y
ea

 r

t9
7r

 
49

.2
22

 i1
4.

60
6

19
72

 5
6.

87
9 

I 
1B

 .
 0

26

19
73

 5
9.

92
5 

13
8.

94
1

19
74

 7
3.

29
4 

16
8.

75
6

r9
75

 1
05

.3
04

 1
82

.9
19

19
76

 1
24

.9
30

 1
98

.3
24

19
77

 I 
18

.1
90

 2
08

.0
61

19
78

 1
20

.0
90

 1
99

 _
36

9

19
79

 1
33

.6
28

 2
44

.6
06

19
80

 1
52

.3
1 

4 
26

0 
-4

19

19
B

l L
5L

 -
84

7 
29

s 
-6

75

19
82

 2
01

.6
95

 2
85

.5
55

30
1

! F
.

in
 

C
an

ad
ia

n 
Ì'l

et
al

 F
ab

ric
at

in
g 

In
du

st
rie

s 
in

 c
ur

re
nt

 0
00

,0
00

30
2

30
3

30
.8

34
 1

56
.1

02
 8

7 
.6

25

S
IC

 C
O

D
E

30
4

36
.3

66

39
 -

62
8

47
.t2

1

26
4.

45
0 

10
6.

 s
28

30
5

59
.1

60
 2

44
.2

41

63
.3

i3
 2

86
 -

45
2

62
.5

79
 3

01
.8

58

75
.6

03
 3

69
.4

57

91
.0

89
 3

96
.4

s7

98
.6

61
 4

26
.8

73

r0
9 

.7
36

 4
57

.6
13

10
5 

_ 
89

7 
45

6.
50

9

19
3.

04
6 

t2
4.

41
6 

lr7

22
7 

.9
46

 t
44

.1
49

 t
37

30
6

79 94

78
3

60
4

86
0

81
9

63
5

r3
2

64
4

07
6

20
9

30
7

1 
40

. 
98

0 
I 

43

r5
2 

-6
42

 1
62

17
0.

58
5 

17
2

19
9.

73
6 

20
1

23
2 

_7
 6

8 
24

6

20
.5

31

t9
.7

94

22
 .1

93

27
.6

85

30
 .

 5
15

35
 _

 3
47

34
 -

 4
46

42
 -

86
7

54
 .

 4
66

61
.9

00

63
.0

56

65
.3

45

30
8

74 70 67 83 96

10
5

11
3

t3
7

16
7

19
0

21
7

30
9

73
7 

10
3.

15
9

50
6 

11
5.

67
1

00
6 

13
8.

04
4

40
2 

15
8.

22
8

97
r 

17
8.

48
5

30
8 

19
4.

98
0

64
3 

20
8.

44
1

54
6 

24
3.

91
0

64
4 

25
2.

 8
39

07
8 

29
1 

_ 
95

0

87
B

 2
85

.6
38

23
3.

24
6 

26
0

23
5.

51
8 

27
8

22
2.

05
2 

27
0 

-s
lr

22
5

58
9

21
8 

-7
 4

9 
26

0.
 5

35



TabIe 4.5 Capi taÌ consumption input
Industries in constanl Q97I')

in Canadian HetaL Fabr icating
000,000 doLlars-

Time

Year

l{achinery and

equipsrent

Engineering

construction

Buildins and

construction

Operating

e x pen ses

197 I

1972

1973

r97 4

t97 5

197 6

t977

T97E

1979

I9 80

1981

t982

62.20

65.30

68.60

72.10

75.60

78.70

80. 80

82. 30

84. 50

87.60

90.20

92.00

.90

_90

.00

.00

,10

.10

.20

.20

.20

.20

.20

.20

18.20

19.60

19.10

19.90

20 -60

2r .60

2r.7t

2r.20

22.90

22.80

23.60

25_10

15_40

15.50

16.00

16.50

i6.90

t7 .20

17.40

17.10

16.60

I6.60

1É, . 60

lri - 00

I

I

I

1

1

I

1

1

1

I
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Iable 4.8 Selling
Industr ies

Pr ice Indices in Canadian
(Source: Statistics Canada).

14etal Fabr icating

Yea r Industry selling

price index

Intermediate inputs Energy

cost index index

T97 T

1972

r 973

197 4

1975

197 6

1977

T97B

t979

1 980

198I

1982

100.00

104.7

112.8

134_i

152.3

1ó2. 3

172.2

188.2

211.5

232.7

256.0

277 .8

i00.00

104 _ 6

trz.9

135.9

r55.3

164 .6

r78-6

r93.8

231.5

265. B

272 -9

384.4

100.00

100.3

106.0

r02_6

150.7

i85.3

222.7

251. ó

275 -9

J12.9

396 .4

470 -5

78



Table 4 - 9 Summary of 0utput
in Canada in (1971)

and Input Data in Canadian Fabricating Industries
000,000 doIl.ars.

OUTPUT AND INPUT VARIABLES

Time

Year

0u tpu t

VaIues

Employee

R.tlorker

Capi tal

Consumption

Haterial

suppl ies

FueI 0ther

& EIect. Input

Cos t

VaIu

197 T

r972

t973

r97 4

I97 5

r97 6

1977

1978

1979

1 980

1981

L982

3522. 00

3650. 50

4032. I6

4324.20

3875.90

4197 .80

4202.L0

451 I.20

4915_80

5117.10

4853 _ r0

4160.90

7 L6 _39

7 48 -57

798.10

790.82

875.14

852.18

843.20

820 _ I4

785.92

737 .95

767 -88

s42.59

96 -20

I 00. 30

104.60

i09.50

i14.10

118.20

121 _ 00

122.80

125.20

r29.20

132.60

134.30

1613 . 90

167 6 _00

1875.02

201 6. 35

1855.51

1936.08

r930. B5

2101.59

23û5 _ 60

2168 -32

2243 -92

1483.09

35.53

41.26

34. 00

52.05

39.14

39.94

34.03

39_81

42. 12

42 .69

38.09

38.28

35.53

36.40

49.50

43.20

45 _70

45.90

37 -4A

29.50

38.80

36.90

J9_85

40.00

79



Table 4.10 0perational
Canadian l{etal

Productivity l{easures
Fabr icating Industr ies

tn

PRODUCTIVITY HEASURES

YEA R SFOP I,IFO P TOP

197 1

1972

t973

197 4

L97s

197 6

1977

t978

1979

1980

1?81

1982

4.9163

4.8766

5.0522

5 _ 4680

4 .4289

4.9260

4.9835

5.5005

6.2548

6.9342

6.3201

7.6686

4 _ 3343

4 _ 3004

4 - 4668

4.8030

3 . 9181

4.3259

4.3581

4.7842

5.3953

5_9011

5.3895

6.t471

1.4104

I - 4027

r -4092

1.4357

1.3230

1 .4029

1_ 4165

1.4488

L - 4907

r .6427

1.50é1

I _ 8590

BO



Table 4.11 0perational
Canadian Hetal

Productivity Indices
Fabricating Industries.

i.n

PRODUCTiViTY HEASURES

YEAR SFOPi HFOP Ï TOPi

197 1

1972

1973

197 4

197 5

197 6

1977

1978

197 I

I 980

198 i

1982

I . 0000

.9919

t .027 6

L . 1722

.9009

1.0020

1 . 0137

1.11ú8

r.2723

r.2604

r.2855

I _ 5598

1.0000

.9922

r.0306

I . 1081

. 9040

.9981

I .0055

1.1038

1.2448

1.36i5

1.2434

I _ 4182

1 - 0000

.99 45

.9992

1.0180

.938i

.99 47

r.0044

1.0272

1.0570

r -1647

t.0679

I _ 3181

81



TabLe 4.12 Productivity Heasures
Fabricating Industries.

IN Canadian l'letal

PRODUCTiViTY I,IEASURES

YEAR HFP TP

t97 1

L?72

1973

t97 4

t97 5

197 6

1977

t978

t979

1 980

19 81

1982

1.1768

t.1776

1.2405

I _287 4

1.0911

1.1600

1.1435

I _ 1906

r.2724

1.3123

t.2207

1.1066

.7595

.7578

.7815

.7968

-7 LL6

_ 7503

.7 457

-7 607

.7914

.8375

.775s

.7878

E2



Tat¡le 4.13 Productivity Indices
Fabricating Industries in

irr tanadian l,îetal
Canada.

PR(]DUCTiViTY l,lEASURES

YEAR SFPi l4FPi TPi

197 I

L'i7 2

l'J73

r')7 4

I')7 5

t97 ú

t97 7

T'J78

197 I

L')'¿0

L9ET

r982

1_00

1_014

I .051

r.077

i .0t3i,

1_ 114

i.152

1.244

I -2É,4

1. J54

1.355

1.0000

.91J90

1.0524

t.0922

.9257

. 9t]41

_9701

I . 0101

r.0714

1 . 113i

1.035É,

G?ùü

1.0000

_9v7 E

1 _ 0290

1.049i

_ 93É,9

- 7Ct / 7

. 9811

1.001d

r.042r

r . 1027

1.0211

1.0J73



TabIe 4 - 14 Singl.e Factor 0perational Productivities
Canadian I'letaL Fabricating Industries.

tn

SiNGLE OPERATIONAL PRc}DUCTIVITY HEASURES

YEA R SFOPH SFO PC SFO PH SFO PE SFOPO

T97 L

r972

1973

t97 4

197 5

L97 6

r977

1978

t979

I 980

1981

L9E2

4.9r63

4 .87 66

5.0522

5.4680

4 - 4289

4.9260

4.9835

5. s005

6.2548

6 -9342

6.3201

7 _6686

36.6t12

36 _ 3958

38.5484

39.4904

33.9693

35. 5144

34.7281

36.7362

39.2636

39.6060

36 _ 5995

30.9821

2.1823

2 -178r

2-1505

2 .1446

2.0889

2 . t682

2.t76s

2 .1466

2.t32r

2.3599

2 . 1628

2.8056

99.1275

88.475

rl8_5929

83.0778

99.0266

105.1027

t23 .4822

1r3.3183

tt6.7094

I 19 _ 8665

127.41r4

I 0B . 6964

100.0s68

I 00 . 2885

8I _ 4578

100.0972

84.B1lB

91.4553

1r2.3556

t52.922t

126 .6959

138 .67 48

rzt.7842

104.0225
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CHAE{TM, V

TECHNOIÆY FACTOR INDEX MODEL

Technological consideration are becoming increasingly

important components in all areas of strategic and operatio-
nal planning and productivity improvement, part,icularly in
the manufacturing sectors. These considerations involve the

possible introduction of, and/or more effectíve use of,
such new technological advances in manufacturing and manufa-

cturing control as Computer Àided. Design (Cå,D), Cornputer

Aided Manufacturing (CA¡,I) , Computer Aided Engineering (CAE),

F1exible Manufacturing Systems (FIvfS), Computer-Integrated

Manufacturing (crM), Automated storage and Retrieval systerns

(ASRS), Robotics as r,¡eII as other aspects of factory
automation. All of these technologies are usually highly
capital intensive, require significant commitment by

managenent as well as by operating personnel. There may be

major problerns wittr skills dislocations and work-force

reassignrnent with aII accompanyíng problems of retraining,
ageing of the work force and r¡nion opposition.

Since a greater use of these technologies is a rnajor

decision for management, it is imperative for ttre decision-

makers to be able to put realistic, correct and useful

numbers to any productivity improvement that rnay, and

should, result, from ttre introduction of these advanced

systems" Only ttren can a rational and doeumentable decision
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be reached.

unfortunately, previousry available productivÍty measurement

approaches give misleading values for productivities of new,

capital-intensive systems, due to their usual approach of
front-end loading of investment costs. rn fact, as discussed

by Ayres and Mil1er (1982), these methods have had negative

effect on productivity indices by showing 1ow or even

decreasing levels of product,ivity.

since we are interested in encouraging the introduction of
technological iru:ovatj-ons into ttre v¡ork pIace, we decided to
develop a productivity index t].at we carl ttre Technology

Factor rndex (Trr) that wourd be designed to highlight in a

fair and realistic nanner the actual contribution of tech -
nological systerns to overall producÈivity. Íhe rerat,ionship

between TFI and TOp is Ínvestigated, and finalIy, a case

study based on canadian data for metal-fabricating indus-
tries is presented to irrustrate the TFr concept, and its
rerationship to tÌre ToP. The TFr is developed. by means of
factor analysis tectrniques. Factor anarysis enables us to
e><plain the data orginarly obtained on a larrge nr:¡nber of
characterÍstics of ttre entity, in terzns of smal-ter number of
reference factors hlpothesized as representing ttre hidden

belraviour of the data.

5.1 Factgr Ànalysis

Factor analysis is a branch of statist,ical science. Íhe

main purpose of factor analysis is to represent a set of
variables in terms of a smaller number of hlpothetical
factors. The hlpothesized factors are presumed to belong to
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the source of the obsenred variables. These factors are

often divided into unique and common factors.
Factor Analysis has been applíed in nany disciprines includ.ing

economícs, medici¡re, physics, geography, taxonomy, and many

oLlrer areas (Hamran, 1976). Íhe basic model of factor
analysis is sirnply:

m

=) a F +U Yji p=I jp pi j ji (s.1)

(i=lr2r....rN ì

where,

j:L,2r. o o. . rn )

zji
F
pi

aFjp pi

UY

: The obsen¡ed measurenent of the variables.

= The value of cormnon factor p for i¡rdividual i "

= The contrilcution of the corresponding

factor to the linear composite.

= The residual error.j ji
Each of ttre n obsen¡ed variabres is described linearly in
terms of m<<n coÍmon factors and a unique factor U.. The

lconmon factors accotrnt for the correlations among ttre

varÍables. The correlation between two variables is the ratio
of their covariance to ttre square root of the product of
their variances. For two variables X ,X ttre correlation
isjk

n
Ð (x -x ) (x -x )i=L i-j j ik k

-x. )e:l >(x.
ijjik -x )2ll:-/z

k
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?ihere

X=
ij

X=
j

v
Jl,

ik
X=
k

the value for case i for variable X.
lthe mean of the obsenrations for variable

the value for case i for variable X
k

the mean of the obseryations for variable k"

Each tmíque factor U. accounts for ttre remaining variations
(including error) 3, *ua variable. The coeffícients of
these factors are freEtently referred to as rrloadingsrt.

Generally, it can be assumed ttrat, Frs and yts have zero mean

and unit variances, since they are unlorown in practice. Frs

are random variables, defined by probability density
functions. Xrs have nultivariate probability
distrijcutions. The ¡retTrod applied to find the number of
factors and the ¡rloadrr of each variable, is called tt¡e

Principal-Factor nethod. Ehe principal Factor mettrod.

v¡ith iteration is the most widely accepted factoring method

and can handre most of the initiar factoring needs of ttre

user (Harman, L976) " In ttris method, the first step is to
prepare a correlation matrix for all ttre variables under

2consideration. rnitial estimates of ttre conmrunarity (h ) of
a variable Z. is given by the sum of the squares of ttre

conmon factor åoetficients as shovn: in eguation (5.3). fhe

maín diagonal of tåe correlation matrix is replaced by ttre

comnunality estinates and solved for eigenvalues and. eigen

vectors. The nr.¡mber of principal factors to be retained for
the final rotated solution will ordinarily be determined by

the specification of minimr¡m eigen value criteria.
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ftre first factor
of contrijcution

maximum, thus

222

coefficient a is found by
j1

of that factor to the total
rnaking ttre sum

cornrnunalíty a

11 2I

subject, .to

m
r:ta u-
lK p:f lp

2

nl
(s.3)

(s.4)

(5.5)

lce

(), k:1,2,.."".,..n)

2
where r = r and r is tlre communality h of variablejkkjjj-j
Z . In order to maximize equation (5.3), ttre nethod ofj1
Lagrange multipliers is enployed to maximize V, as a

function of ttre n variables a under t/ (zn(n+I) )j1
conditions amongi all ttre coeffícienL a. .

lpThe problem of finding ttre coefficients a. of the first
factor F , which wiII account for as ro"it or the total

I
comnunality as possibLe is solved as follows: The largest
root À (the root of determinant of the correlation natrix)
is substituted into the partial derivative of Eq. (5.4) and

anysolutionttratcanbecalled a *t +.... ooo¡e. is
11 2L nl

obtained. lltren to satisfy ttre relation (5.3), these values

are divided by the square root of ttre sum of theír squares

and then multiplied by { À , fhe resulting quantities are:

ajl =

-:_)-

j1 /4" *a
11 2L

J- J.oo..o. ¡ d

I,2t....rn
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These are the desired coefficients of F

pattern Eq. (5.1). The roots ( X'" ) of
equation are called characteristíc roots

Advantages of Factor Analysis:

in the factor
I
a characteristic

(eigenvalues).

Factor analysis has the ability to reduce the

number of existing problem variables to a smaller

group of characteristics that continue to accot¡nt

for a substantial portion of ttre obserr¡ed

relationships given by the orrginal data,

Factor analysis assist,s in identifyíng the inportant
pararneters by conputing factor weights using

measurable variables having mixed dirnensions.

Factor analysis is a valuable tool for ttre

developrnent of empirical topology.

Previous efforts to examine the technological effect,s of
individual input variables thrrough productivity fi-¡nction

analysis have been unrewarding. Sumanth (1994) claims that
considerations of single factor productivity measures and

their comparison to ttre total productivity would be able to
provide a measure of the contribution of the individual
(say, technological iru:ovations) Ínputs. Hor,vever, this
approach does not seem to be able to explain ttre independent

contriJcution of each input to its share of total output and

productivity.

In our atternpt to motivate realist,ic tecl¡nolog¡f measurement,

Î¡¡e propose a step-by step approach to clarify the

100
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relation between ttre Totar operational trroductivity and ttre
TechnoJ-ogy measures:

1. Identification of those variables contribut,ing

most to technology and productivity measures.

2" Deflation of the values of such variables

into constant dollars to remove the effect
of price changes and thereby a1]ow the

measure to reflect physical quantities on1y.

3. Ðerivation of a cluster-technology index

with the help of factor analysis stat,istical
techniques.

4. E><ploration of ttre relationship between

productivity and technology measurement

indices.

5.2 The Model:

Technologicar changes ttrat are most rikely to affect
industrial productivity are crassified into the forlowing
categories, Gold (1983) :

1. Àlterations in the design of product(s);

2. Changes in the design and scal-e of operating processes;

3. fmprovements in control systems;

4. Modification in the physical and chemical properties

of material, inputs, as well as tÏre introductíon of new

tlpes of materials.

5"2"L Definition of ttre--Technolocrv Factor Index, (TFf)

We define the Technology Factor Index as the su¡o of the
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percentage shares of quantitative and quaritative varues of
the variables involved in the product,ion systems,

multíplied by their factor weight ( determined from factor
analysis). This is done for a defined period of time, for
one industry, in terrns of índex numbers.

Figure (5.1) illustrates how factor analysi-s reduces ttre

number of varíables by assigning appropriate weights

(loading) to a smaller number of factors.

Figure 5.1 Factor loading from obse:r¡ed. data

5"2"2 Correlation Matrix :

our correlatíon matrix is simply

between the quantitative andr/or

selected for study and analysis" It
by substitution into eguation (S.2)

5"2.3 fdentification of VarÍables:

a pair:urise comparison

qualitative variables

can be obtained directly

It is to be recognized that industrial development and

technological changes are linked wittr many broad aspects of
general economic developrnent (which themselves are dependent

LO2



upon ttre choice of objective, policy and systems). In our

present effort to develop a quantified model for measuring

technology in the manufacturing sector, r*e have attempted to
describe any given technology by three tlpes of variables :

quantitative, qualitative and decision variables. Íhese can

then be combined as indicated in Figure (S"Z). Due to the

lack of numerically useful data, ttre study of qualitative
factors is not considered in ttris case study.

T
E
c
H
N
o
L
o
G
Y

I
N
P
U
T

D
A
T
A

Quantitative
Variables

Technolog¡¡ Factor
Index Model

Qualitatíve
Varial¡1es

Figure 5.2 Parameters

Technology

used in describing the

Measurement Model"
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fable 5,I Quantitative (AN) and qr:alitative (OL) varia_bles
influencing productivity and technology measures.

Name of Factor QN QL unrts

I
2

3

4

5

6

7

I
9

10

11

T2

13

l4

l_5

L6

17

1B

19

20

2L

22

23

24

25

Human input

Fixed capital consumption

Working capital consumption

Raw materials

Purchased materials

Transportation costs

Scrap value

Inventory costs

Energy consumption

Marketing' expenses

Output

Value added

Investment

Researcïr and development

fncentive plans

Impact of government policy

Impact of industrial laws

Safety management

Impact of tradítion
Reliability
Flexíbility
Pollution

Qualíty control

Cornmunication

Training

&

&

*

*

*

*

*

*

*

¿

*

*

*

*

*

¿

*

*

¿

*

*

*

Dollars

Dollars

Dollars

Dollars

Dollars

Dollars

Dollars

Dollars

Dollars

Dollars

Dollars

DoLlars

DoLlars

Dollars

Dollars
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5.2.4 Formulation of the model:

The general model is based on a combination of the three

kinds of factors for each industry i. Ttre Technologry Factor

Index (TFI) is given by 3

MN
TFI =þ I Ðn "QN l+D i> n .QL

it ij j=I ij ijt ik k=l ik il<t

QNijr

i
t
j
k

n.,
r-l

(s.5)

QL=
Íkr

where,

D ,D = The decision variables measure for industry i
ij ik

(1,0)

The index value of quantitative variable j
ür

for the i industry at time t (O < QNijr
The index value of qr-ralitative variable k

tfr
for the i industry at time t (0 < QLikr
L,2,..... .. . rI (fndustry narne)

I,2,........rT (Tfune in years)

!,2, ... .. . . . rM (quantitative variables)

L,2,... .... .,N (gualitative variables)

are the weight factors corresponding

to relative weights attached to quantitative

and qualitative variables (assigned by factor

analysis) .

n=
ik
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5.2.5 Model solution procedure:

Step 1.

Compute the load tà. of variables (by rneans of
ij ik

the factor analysis statistical nethod) corresponding

to the hylpothesized factor. The assumed factor
usually accounts for the highest percentage of
variance among the ottrer factors derived from tJ:e

raw data"

Step 2.

For some of the variables included in the model as

shown in Table (5.1), there may be some difficulty in
collecting appropriate data" Decision variable

r-l
and D wittr their binary properties are used. Lo

ik
include or exclude j and k variables in ttre mod.el.

Step 3.

In order to avoid price and cost effects for all
variables having monetary vaIue, we deflate ttrem to
some reference tfune values by means of appropriate

indices"

Step 4"

To maintain homogeneity arnong all variables under

measurenent, we nomalize the variables into
dirnensionless indices as follows:

ijr
QN= (s.6)

iir T- 5-olJ i-t+rJe
¡-_l
L_J-
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and

8L= (5.7)

and from equations (5.6) and (5.7) r/e can say;

T
E QN -1t=L ijt

(5.8)

T

t=l ij<t

where,

a = the value of quantitative varíab1e j;ijr
a = the value of qualitative variable k.
ikr

slep s.

lllre weights n, . and I , can be calsufateà Uy :
ij ik

ijl
n= (5.10)
ijM

\-a/-/
r-l

)-L

a
ik1n =-

ikN
f-Lak=l ik]-

(s.11)

iJ<I T
)lor{ ikr
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!,rhere,

ik

r.l
a

a

the trloadrr of the quantitative variable j for
industry i in factor 1"

the rrloadrr of the qr.ralitative variable k for
industry i in factor 1.

Step 6.

l{e find the TechnoloE¡ Factor Index (TFI ) by
TT

simply substituting all parameters calsulated in
steps 2-5 into Equation (S.5).

As described previously in tTre factor analysis section, one

notes tt¡at in order to arrive at a good solution, it is
usually recomended that the number of cases under

consideration exceed the number of varíabres used. in the
analysis.

5.3 The relationship between TOp and TFIir ír
Regression analysis is a statístical technique for rnodeling

and investigating the relationship between tu¡o or more

varíabIes, ( Hines and Montgomerl¡, LgBO). It is appropriate

to use regression analysis to find the relationship between

the two measurement factors rrT\)P!¡ and. ltTFIrr derived here,

and in Chrapter 4.

Generally, we have assumed t}re relationship between the Tota1

Operational trroductivÍty and the Technology Factor Index to
be represented by the following function :
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TOP =f(TFf,E)itirt
Tlrpically, tTrÍs econometric model can be

in its parameters. Ít, for example, the

linearly, then

(5.12)

linear or nonlinear

data happen to fit

(s" 13)TOp =a*b(ir
If the data happen to

TFr ) +Êir r.

be of a nonlinear fit, tJ:en

c(TFr. )tonra=ae tù +0t (5.14)

or any other nonl_inear model, where a, b and. c are the
relevant constants and 0n is the stochastic term.

5.4 Case studv

For the purpose of illustration, ttre proposed TFr moder is
applÍed to ttre problem of Technology Measurement ín canadian

metal fabricating industries" A1l rel-evant data are obtained

from Statistics Canada Catalogues.

The suggested list of variables is given ín table (5.1).
we will concern ourselves rnainly v¡ith tJ:e guantitative
variables.

The correlation ¡natrix in Tabre (s"z) índicates thre

relationship between the variables used. Tabre (5.3) shows

the weights a estfunated from factor analysis to be used in
ij

the TFI model.. Since we employed. the principal factor
component methodr wê found that the first factor accounted
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for more than 50 I of the total variance" Table (5.4) shows

the value of the Technologry Factor fndex derived from

Equation (5.5). All the calculations involved in the factor
analysis are done by the Statistícal Analysis System (SÀS)

computer package available at the University of Manitoba

Al,fDAlIL rnainfrarne computer. Ottrer results are determined by

using our o!ün Microsoft FORTRAN-77 progra¡n for IBM Pc

microcornputer. This progiram als developed Ín this thesis, ís
listed in Àppendix C"

5.6 Results and dissussÍon

The overall results of this chapter can be divided into
three parts. First, ttte multívariate relationship between

the output and input, factors for Canadian metal fabricating
industries for the 12 years period selected; next, tJ:e

Technology Factor fndex model relevancy, and finally ttre

relationship between the value of Total Operational

Productivity and Technology Factor Index ín Canadian metal

fabricating industries"

The data presented in Table (4.9) was first used in tTre

factor analysis nodel to develop tTre weights of variables in
the first factor" The variables lrere assumed to reflect the

technological characteristics as indicated in Tab1e (5"1) 
"

fhe selection of these variables is influenced to some

degree by ttre literature availa.b1e. fhe qualitative

variables are not considered initially, because it is
difficutt to obtain consistent data covering a wide range
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within the industrial sector and cor¡ering a reasonable

historical tirne span.

Table (5.2) presents a correlation matrix which indicates
the degree of linear rerationship between the row and column

variabres of ttre matrix" rf the coefficient is squared. and

multiplied by 1-OO, it will express the percent of variation
in conmon to obserr¡ed data for tJle two variables. For

example, the correlation coefficient of .79 betureen capital
consumption as a percent, of output (value of shipment) means

that 61 percent of tÏre variat,ion during the selected time

for ttrese two characterist,ics is conunon for the data in
Table (4"9). Íhe principal of the correration matrix Table

(5.2) contains conununality estimates (e>çressed as the

square of the multiple correlation coefficients ) which

measllre the variation of a variable in common with aIr
others. Ttre low coefficient of correration between energv

and capital input consumption is noteworthy and seens to
indicate ttrat capitar requirements are not rearry sensitive
to the amount of energy consumption in the production /
productivity functÍons. It seems to ind.ícate that use of
highly capital-intensive equiprnent does not signifícantly
affect ttre industries real leve1 of energy use" Table (5.3)

presents the factor loading rnatrix for ttre data in
Tab1e (4.9). The columns define the factors and the rows

refer to the variables. The loading for ttre ror¿ variables
on the column factors is given at tåe intersection of
any rovr and col-umn" The nr.¡mber of columns corresponds

to the number of independent uncorrelated patterns of
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relationship anong the variables. Table (S.3) shows two

independent patterns corresponding to two F functions in
EE:ation (5.1). Íhe loadings indicate the degree to ürich
the variables are involved in tl¡e factor patterns, and the

square of the j-oading multiplied by IOO, gives the percent

variatÍon which that variable has in common with ttre

pattern. The loadings correspond to values of in
Equation (5.1). rt can be seen ttrat the first factor nlL.rrt
accounts for more tt¡an 50 percent of the variatÍon ttrrough

the data (figure 5.3 shows ttre pattern for factor one and

the variables). The data in Table (5.3), is used to
calculate ttre weights ?. .. fhe e .- t .a qualititat,ive
weight factoq is not "or"iå3red ín trrisäarnpre . The varues

of The Technology Factor Index are simply determined by

sr:bstituting into EEration (5.5) . The results are shown in
Ta.b1e (5.4) .

rn order to verify the usefurness of the Technology Factor

rndex theoretically, a nonlinear reg'ression analysis is used

to find the relat,ionship between the Total O¡lerational

Productivity and ttre quantitative measure of technology

(TFI) , based on ttre data for the two measures for ttre same

industries and historical time as used above. The

relationship is found to be as follows:

0.6117 (TFr )TOP =(L.42I2)e itir (s.1s)

Equation (5.15) shows that if the Technology

increases by one unit, the Total O¡lerational

Factor fndex

ProductÍvity
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increases by .'tttt.
For this group of industries and for our standard TFI.

it
range of 0"0 to 1.00, tJ:e TOP range will be from L"42I Eoir
2"67 respectively"

Analysís of Variance (AI.IOVA) Table (5.5) presents the

analysis of the statistical results. lltrese indicate the

significance of ttre relationship hlpothesized ( i,e.the t-
test value is highly significant) . Efie stuunarlz of
statistics is shown in Table (5.6). The relationship between

ToP and TFI ís plotted in Figure (s.4).ir ir
$Ie see thus, that the TFI can be used as another usefulir
management tool to evaluate the impact of a specfic

technology in one industryr or for various similar
industries, and may be used as valuable indicator in
productivity improvernent tec,hniques

Table 5.2 Correlation matrix beween output, and input

variables in Canadian metal fabricating
industries, 1971-1982.

Output Capital Material Energry

Output

Human

Capital

Mat,erial

Energy

I.00

o.295

a "778

o. 558

0. 304

r.000

-0.240

o,402

o.o23

t. 000

0.109

0.035

1.000

0.l_40
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labIe 5.3 Factor loading derived from factor analysis

VARTABI,ES Ist FÄCTOR 2nd FACITOR

1" OLTI|PUT

2. HUMAN

3 " CÀPITAÏ.,

4, MATERTAL

5. ENERGY

o.97 478

0. 11559

o "74l-60

o "66657

0.38025

-0.11491

o "86957

-0 " 55534

o.57228

0. 11011

Tab1e 5.4 Technology Factor

metal fabricating

Index measure in Canadian

industries.

Year Technology Factor Index (Index numbers)

T97L

]-972

1973

L97 4

I975

]-976

]-977

r978

]-979

1980

1981

7982

0. 0700

o "0740

o .o77 4

0.0866

0.0798

0.0835

0.0823

o "0877

0.0938

0. 0943

0.09s1

0 " 0984
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Tal¡Ie 5.5 Analysis of variance for ttre regression analysis

Table 5.6 Sumna4f of statistics and esti:nated coeficients

Variables Estimated Estirnated Computed

Coefficient St" Dev. t-Va1ue

[Fr 0"6]_107 0.15209 4.019

Intercept L.42L2

a

Standard error = 5.55 x 10 '
¿

R = 78"76 Z

D-W = 1. 639 (Durbin-llatson)
F = 16.15 (F - Test)

Source of variation Sum of D.F" Mean square F
squares

Regression " 0.049806 I 0.0498 16.15
-2 -2Error 3.08 x 10 10 3"08 x 10
-2Tota1 8"06 x 10 - 11
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CÍIAFTER \T

THE TOTAT, OPERÀTIONÃ¡ PRODUCTTVITY PIJ\NNING
MODEL: .å, NONLINEAR PROGRAMMTNG APFR.OACÍI

within ttre productivity management context, product,ivity
planning processes can be classified into two tlpes: short-
t'em and long-term.

consideration of the existÍng levers of sophistication of
overall operatÍng systems in manufacturing industries
indicate that operations research (oR) techniques seem to be

appropriate, attractive and accepted management d.iagnostic

tools. Hence, OR methods should be equally accepted as

usefur for productivity Ímprovement, analysis. This abÍlity
of detennining the actual best, or opt,imal solution of ttre
problem under consideration is recognized as a powerfur and

effective tool for solving critícaI corporate management

and engineering problems.

This chapter consists of a brief summary of what operatíons

research can do, part rr of literature review on

productivity planning, development of a strategic
productivity rnanagement progran and the, introduction of a

Totar operational Productivity pranning (ropp) model for
manufacturing industries" The major objective of this ne\,,r

model are also addressed"

6.1 Àpplicabilitv of Operations Research

During World $far II, the rnilitary managenent in England

called on a team of scientists to study the strategic and

L18



tactical problerns associated with air and rand defence of
the country. Ttreir objective uras to determine ttre most

effectÍve utilization of li¡nited rnilitary resources. ftre
estabrishrnent of this scientific tearn is consid.ered by rnany

to mark the first for¡nal, interdisciplinary operations

research activíty.
operations research can be defined as a scientific approach

to decision making involved in the operation of
organizational system (Hilrier and Lieberrnan, Lg74). rt can

be of great help to rrmanagementrf in pointing out solutions
to organizational problems. Tlpical applications of
operation research include:

1. Constrrrcting mattrematical, economical and

statistical descriptions or models of decision and

controlling problems to treat situations of
cornplexity and uncertainty.

2. Änalyzing the relationships ttrat determine the
probable future consequences of decision choices,

and devising appropriate measures of effectiveness

in order to evaluate the relative merit of
alternative actions.

Because of the characteristic scientific approach to
problem-soIvíng and the ability to find the desired. or
optimal solution to the problem under study, operation

research techniques have the following advantages, as

outlined by Wagner (1975)

1" Better decisions are featured to provide actions
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that do Ímprove on intuit,ive decisíon-making.

2. Better coordination is formulated to bring order

out, of chaos.

Better control is provided to supenrise tÏ¡e routine
decisions for tJ e executives, who can ttrereby devote

their attention to more pressing matters.

Better systems are establ_ished to analyze decision
problerns.

fhe diversity of oR applications to problem-solving is verlr
large. rgnizio (1982) gives a list of actual implenentations

of linear prograruning. Àrnong the applícations encountered

with single and rnultiple objective functions are: diet
problems, cutt,ing stock problerns, production scheduling and

inventory contror probrerns, blend.ing probleurs, routing and

assignment problems as werl as energy models and pranning.

Dlmamic programning has been successfully applied to areas

such as plannÍng advertising ex¡renditrlres, distrjJcuting
sales efforts, capíta] budgeting and production scheduling.

Queueing theory has major applications in traffic control,
inventory control, optiural allocation of leased

communications, t,ime-shared computer operations with
variable inter-arrival and serr¡ice times, personnel planning

in shopping centers, machine interference problems and.,

recently, flexible manufacturing systems. Nonlinear

progrramning has stimurated the use of systematic approaches

to problem-solving because of the rapid increase in the size

and complexity of problens as a result of technological
growth. Ihe najor applicat,ions of nonlinear progranmring

3.

4"
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include : optinar control, structurar design, mechanical

design, electric networks, water resource nanagement,

stochastic resource allocation and location of facilities as

dissussed by Bazaraa and shetty (rg7g). other techniEres of
operations researctr, such as inventory theorT, game theory
and simuration also have been successfully applied in a

variety of situations.
Recently, the efforts of management, and. industrial engineers

have been concentrated on utilÍzínq various mathematical

models used to j:nprove the investrnent, in plant and

eEripment, plaruning, measurement and prediction of future
productivity at, manufacturing revels. rn ttre ne>ct section, we

will explore some work reLated to productivity pranning

using mathematical models.

6.2 Part rr : Review of Literature on productivity pranning

Gilrnore and Gomory (1963) are the pioneers of optimizing
productivity of materiar usage. ftrey showed. a stock cutting
problen in the paper industry ttrat under given

circumstances minimizes ttre ratio of wasted to useful
amounts of raw material instead of just minimizing ttre

amount of wasted material. Íheir stock cuttÍng problern is
formulated as a Iínear fractional progiram.

Orrbeck et. aI (1968) studied the effect of worker

productivity as an extension of the Hanssmann and Hess

(1960) model, whictr presents a linear progranuning

for¡nulation of ttre aggregate planning problern. The cost
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elements considered in ttre Hanssmann-Hess moder are regrrlar
payroll costs, overtime pay, costs of hiring and firing
workers, and storage and shortage costs" fhe problem

addressed is how to choose production and employment

patterns in order to ninimize tJle sum of the total relevant
costs within ttre pranning horizon. They assumed that each

employee can produce exactly the same amor¡nt in a time
period. orrbeck et al drop this assumption and add tlre
assumption that workers are assumed to have increasing
labour productivity rates. Ebert (f976) proposed an

aggregate planning model to labour productivity. Íhe
improvement in comparison to orrbeck et al is due to tJ:e use

of an .timprovementtr learning sul¡/e analysis in his aggregate

planning. TTris uroder is formulated as a nonlinear
progranming problem, v¡here the decision variables incrude

the work force, production rate, constant productivity
factor (output/nonttr), other statÍsticaI1y estinated
coefficients fron accounting data, and inventory status. rn
this moder ttre productivity factor in each period in tÏre

planning horizon is based on ttre cumulative production

Erantity.
Khoshnevis and lrTolfe (1983) developed a methodoloE¡ whereby

productivity (production/work force) changes over time can

be Íncoryorated into an aggregate plaruring mod.eI. ttrey also

assurned that productivity increases as the sumulative output

of the firn increases. However, changes to the work

environment such as desigrn changes and work force changes

can cause a disnrption j¡r this productivity improvement, A
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heurÍstic procedure is deveroped to solve the probrern by

three routines which t]:ey call: pAf, pRocrv and FCtl. The

PAT routine generates a sequence of IeveIs for the decision
variables for every period in the planning horizon and ttre
PRoqrv routine utilizes ttre information generated by pAT to
g:enerate unit, cost, sulrves applicable for each tírne period
throughout the pranning horizon" Íhe FCTI routine receives

the inforrnatÍon generated by pRocïv and forms the updated

structure of ttre objective function.
Mo (1984) appried goal progranmring to arlocate the rnajor

input resources of erectric utilities so that a certain
desired percentage grourttr in ¡rurtifactor productivity as

werl as the satisfactÍon of customersr demands are met.

surnanttr (1984) proposed five forecasting nethods for
est.irnating short-term productivity revel in the future,
t^¡hich are: weighted parLial prod.uct,ivity, productivíty
evalut,ion tree, linear trend, comparative productivity
evalution and seasonar variatÍon modeI. sink (1985)

developed an eight-steps productivity management program

planning process ttrat includes ¡ ínternal strategic aud.it,

external strategic audit, pranning premises, strategíc
planning, prioritízation , consensus, identification,
tactical and operational action programs, resource

allocation and program review. Edosomwan (1996) deveroped a

comprelrensÍve productivity planning progran as a continuous

process consisti-::g of four interrelated stages :

productivity plaruring appraisal, strategic productivity
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plaruring, tactical productivity planning and operational
productivity planning.

From the brief revíew of applicabre mathematical modets

presented in this sect,ion, it appears that rnost efforts
have been directed either towards only production planning

or only towards resource allocation, rather than dearing
with both of these factors simultaneously. Most of the
rnathematical moders deal wittr rnaxi:nizing profit, or
minimizing costs trrrough the use of product,ion functions
derived from econometric studies based on classicar economic

theory" Ttre planning of ttre productivity measurement

function should, however, be based on both cost,s and.

production function simurtaneously. After considering ttre
various techniques available, ü¡e berieve that, linear
fractionar (ratio) programring appears to be the most,

appropriate and powerful techníque for handling complex

decisíon problerns involved in pranning and. ímproving the
Totar operational product,ivity measures. trtris wilr be

descrijced next"

6.3 Fractional progranuning approach:

The concept of Linear F"ractÍonar Frograrnnring $¡as first
introduced by rsbell and Marlow (r9s6) as a tool to resolve
a class of nonlinear progratuning problems by generating a

finite sequence of linear progranmring problems l¡hose

solutions are convergent.

Itre following optimization problem is carled a fractional
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progÏam 3

(6.1)

where,

g=lxeR lA(x) _(b, x>Ol rc"Z)

and S is a nonenpty and bounded set,.

Different tlpes of fractionar prograns can be distinguished
by various functions of tpl :

a. tPl is called a linear fractional program if aII
functions n(x), d(x) and À(x) are affine, i.e. a summation

of linear functions and constants.

b. tPl is calIed a quadratic fractional progran if n(x) and

d(x) are quadratic firnctions and A(x) are affine.
c. tPl is called a concave-convex fractional prograrn if n(x)

is concave and d(x) as wel1 as À(x) are convex.

solutions of the rinear fractional problem (a) have been

obtained by rsbell and Marlow (1956), charnes and cooper

(L962), Dinkelbach (1963), Martos (1964), and many others.

There are four methods available for solving linear
fractional programming problems. These methods are:

a. Prima1 algorithm: The first, one was given by Gilmore

and Gonery (1963), then by Martos (1964), and Swarp (1965):

iPl Max {nr*r = liil x , s}
d(x)
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t
Cx*o

q(x) = Max (6. 3)t
dx+ ß

Subject to
(6"4)

(6.s)

This problern is solved by carrlring along a few extra rows

and columns in the sinprex tableau used to solve the regular
linear prograroning problen. I\rrther details may be found. in
Martos (1964).

b. Dral Alqorithn : Dorn (1962) , Swar-p (1968) , Kydland. (Ig7Z) ,

Bector (1973) and Patkar (1985) have shown how to solve

tt¡e dual problen of the primal problem expressed in
Equatíon (6.1). The dual problen to the prirnal problem

(6.1) can be expressed as :

Min (6.6)

Subject

"Ax

x

to
t

Au
t

bu
u

+dzl c

s0
(6.7)

(6.8)

(6. e)

Some solution procedures to the dual problem begin the

same s¡ay as used in I-€nkts dual simplex approach. First
choose an extreme point of tJ:e feasible set of tJ:e dual

problen whictr is selected as one would for the primal

problern. The prirnal variables u are then calsulated. and

their signs are checked. If one or more have a negative

].,26



value, optinalíty has not been achieved and extreme point of
the dual feasible set must be tried nexÈ. Etris procedure is
continued untíI u. > +.í > O

t

c. Parametric .A,lcrorithm: Marlow (1956), Isbe1l(1963), Joksch

(L964), Jagannatlran (1966) and Anzai (t974) developed a

parametric mett¡od to solve linear fractional progralns.

Iet us adopt the following formulation (Dinkelbach, 1963) :

tt
F(x,q) = (cx+a) -q(dx+ß) (6. 10)

where q is a parameter ttrat can take on any value on tTre

real line. Vle fírst
(i) generate an e>ctreme point of the =.t *? say x and set

k=1
(ii) then compute

t k-t
cx + 0

q=
k-r

F-

-1 t k-l_
(6. r1)

d x +ß

(iii) then solve the followi:rg linear progrranning problem :

(6.12)

callÍng ttris solution x
k

If F(x ,9, ) =0 stop
k-1

Othe::wise go to step (ii) .

(6"13)

4. Transformation Method i Charnes and Cooper (1962)

obtained the linear progranuning p;obIem equivalent, to the

Max
xCX

tt
(cX+0)-g(d x+ß)

k-1

k
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l-inear fractional programing (P) by

Let'

where t, >

Y=tN

and is chosen such. that,

AY-bI
T

dY+ßt =

(6. 14)

0

T
d

and

t}te

tPl

Y * ßt = y (6.Is)

'y is a specifÍed number different from zero. I{ith
above transformation, ttrey write the prirnal problem

as:
TMaxc Y+ ot (6 " r.6)

Subject to

(6"L7)

(6.18)

(6. r_e)y, t,:0

Ctrarnes and Cooper (1962) have shown that every feasible
solution (Yrt) for t > O should exist. Etrey also proved

*
if x is an optinal solution to the primal problem, tlren**
t , Y is an optimal solution for the tpl problern.

Bitran and Navaes (1973) presented an algoritLun, based on

the sinplex method to solve linear fractional prograrnming

problens by transformation of the nonlinear objective

function to a linear one and solving ttre problern without

adding any new constraints or variables. The steps are :
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1. Solve tJ:e problem

MaxL=f(urX)

Subject to

Inwhich v =c- t(" ,ß ) / (ß ,ß )l ß

2" Solve the problen

l*

MaxF ={[a-L(X)g J, X]

.A,X

x

3. CompareX wittrX IfX =[
optinum solution, otTrenJise go to

Subject to the satne constraints
**

feasible solution X
** * *rt

" fhis will lead to a new

* &

, then X is the global

step 2.

From all tJ:e methods discussed, the transformat,ion method.

seems to be the most, usefur in our research, because of its
efficiency of computer usage and. adaptabilÍty to the
solutíon of linear prograruning problem. these advantages

make it very attractive for the sorution of the productivity
planning model as formulated in this ctrapter.

By using the features of the linear fractional prograruning

approach, and its capability of handling ratios in Lt¡e

objective function with liriear constraints, hre are able to
provide a means to obtain a valid productivity planning

measure for an industry or company, based enpirically on the

desired output from their resource input. I{e þresent this
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in the following sections.

6.4 Productivity Management StrateEf Pro<rram (PMSP):

A PMSP is a flow chart of specific actions. It indicates

which actions can be done first, and v¡hat, their contribution
at each stage can be to the company or industry in terms of
productivity benefit. we first. have to consider prod.uctivity

measurement indicators of stage one and r.¡e have done so in
detail in Chapter IV. Ne>ct, one must consider product,ivity

or production goals of stage two including the setting of
the planning horizon, desired outcomes, scope of production,

and interfaces with other performance measures. Usually

these goals are established in order to maximize profit,
provide better customer satisfaction, and minirnize total
cost. corporate nanagement has the ultimate responsibility
for the productivity of an organization, and thus must

provide a clear articulation of ttre companyrs goals and

requirements. The third stage, that of productivity
planning is the main interest of this chapter. Vüe wi1l
explain this stage in detail in the following sections. The

fourth stage of productivity improvement includes ttre
development, and implementation of the productivity planning

policy. The improvement area encompasses five broad

components which are : human resources availability,
quality, technological advancement and capital investment,

materials and supplies, and process and rnettrods engineering

techniEres.

From stage four, hre go back to the first stage to evaluate
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the productivity measurenent indicators" The aim of pMSp is
to indicate tÏre dírection that must, be forrowed. to achieve

naximar corporate productivity Ímprovement and to monitor

the progress achieved in that direction due to the use of
ne$/ technologies and techniques. The pt'{sp flow chart is
shovm in Figure (6"1).

Stage 1

PRODUCII\rITY GOAT.S AND
STRÀTEGY

Stage 2

Stage 3

Stage 4

Figure 6.1 The
for

Productivity Management Strateg¡¡ kogram
a manufacturing industry"

PRODUqII\rI TY MEASUREI4E}I'I
INDICATORS

PRODUCTT\ÆTY PLANNTNG
METTIODS

PRODUCTI\rI TY f MPROVET{E}TT
TECHNTQUES

TECf,INOI-OGY I I MATERTÀT,S PROCESS 
I
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6.5 Total Operational Froductivity Planning

maLlrematical model:

$7e define Total O¡rerational Productivity Planning as !¡the

managerial tool for the prediction of the future allocation
of total input consumpt,ion required and^ total output value

that can be achieved under existing plant capacity

conditions of an industry, that will maximize the Total

Operational Productivity for the planning or target periodrr.

Productivity planning strategies are the possíble options

that managers have to choose from to tackLe product,ivity

improvement as shorun in Figure (G.Z). Selecting the

appropriate strateg¡¡ is a function of the opportunit,íes and

constraints as perceived by managernent in their operating

envíronment. It, is obvious that the best strategy is to
increase the output and decrease the input and that
following such a strateg¡¡ wiJ-r necessarily lead to increased.

profit, as well as productivity. There is a need to develop

appropriate and efficient mattrematical models that wi1l
assist strategic decísion-uraking by highlighting ttre

contribution of specific decisions to productivity

enl:ancement,.

We propose the sr¡bsequent nonlinear progranning fonnulation

(fractional prograrorning) for ttrís purpose:

L32



o

T

I

t
S

OUTPUT

INPUT

INCREASE

STAY CONSTANT

DECRE.ASE

STRATEGY

Figure 6.2 productivity improvement options.

6"5.1 Glossarv of svrnbols used in The Moder Formuration:

í

t
k

j

\rpe of industry or group of industries (i = 1,2,..I)
P1aru:ing horizon in years (t = 1r2,.",T)
Output elements (k = lr2r....K)
Major input elements (hunan resources (j=l), capital
(j=2), material (j=3), enerqf(j=a), and other costs

(i=s) .

Elements of najor input factors (g= L,2,...e.L)
Output value in dollars

L

Y

PRODUCTIVITY

INCREAS ING

STRATEGIES

ikr
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X = InpuL cost in dollars
ij rt

ToP = Tota1 operational productivity measure in industry iir
at ti¡ne t.

TOPf = Total operational productivity index in industry iir
at time t,.

Y = Selling value of shiprnent of goods in ind.ustry i
l_rt

at tirne t.
Y = Revenue from repair ín industry i at time t"

izE
Y = üIork done on rrateriar owned by others in industry i at
i3t,

time t,.

Y = Other incorne in industry i at time t,.i4t
x = Total cost of ernployees in manufacturing operationsi1It

in industry i at tine t.
X = Cost of other productíon workers in industry i at
i12t,

t,ime t.
X = Cost of exesutive staff in industry i at, tine t,.

i13t,
X = Cost of sales staff in industry i at tirne t,.i14t
X. . = Cost of aùninistration i¡r industry i at ti¡ne t.i15t
X. = Consunptíon cost, of nachinery and equipment ini2rt

industry i at time t.
X. = Consumption cost of building construction in

i22E
industry i at t,i¡ne t.

X. = Consumption cost of engineering constnrction in
i23t

industry i at time t"
X. = Consu:rrption cost, of capital iterns charged to

i24:-
operating expenses in industrff i at ti¡re t.
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X = CosL of ra\d materials in industry i at time t.i3It
X = Cost of purchased materials used in industry i at
i32t

time t,"

X = Total cost of maintenance and repair supplies in
i33t

industry at tj:ne t.
X = Cost of coal and coke in industry i at tine t,i4It
X = Cost of electricty purchased in industry i at tÍme t.

i42E
X = Cost of gasoline ín industry i at ti¡ne t"
i43t

X = Cost of diesel oil in industry i at t,ime t.
i44E

X = Cost of light fuel oil in industry i at, t,ime t,.
i45t

X = Cost of heavy fuel oiI in industrff i at time t.
i46t

X = Cost of natural gas in industry i at time t.
i47t

X = Cost of other fuel including steam, consumed in
i48t

in industry i at tine t.
X = Cost of travel ex¡lenses ín industry i at tine t.i5lt
X = Cost of research and development in industry i at

i52E
Èime t.

X = Cost of marketing and advertising in industry í at
i53t

time t,.

C = The capacity of industry i at time t.ir
t-I = the previous period

$ = fraction of change in ernployment I > ô > O.

6"5.2 The objective function:

The definition of Total O¡rêrational koductivity is ]orown

from Equation (4.f). In order to achieve a certain
percentage of Íncrease in TOP for tJre next period, the

objective function is e>q)ressed as
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K
TY
k=I ikt

MAX TP (6.20)
JL
IIX

j=1 Í, =1 ij r,t,

i = 1r2,...".,I
t = 112,.""""rT

This objective function is subject to the constraints
discussed beIow.

6.5.3 Total Operational Productivity Index constraint,:

By definition, from Equation (4,3)

ir

A1so, we ]mow that (TOp

In order to actrieve a

TOPI , TOP has to beir ir

TOP

=t'
iI TOP

ir-1

)/(ToP ) = Iir-I ir,-r
certain percentage increase

greater than TOP r or
it-1

TOPir
>1

TOP
ir-1

By direct substitution for TOpir
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K
IY
k=I il<t

¿ TOP
it-1

JLrrxj=l s =l ij rt

By rearranging ttre above eguation, we obtaín an overall
constraint,

K JL
(_r_Y. )/ (roP. )-(¡ r x ) Z o (6.21)
k=L ikt it-I j=I g=1 ijr,t

6.5.4 Output constraints:

rt' Ís clearly desirable to increase the total output more

than the input i¡ ttre totar operationar productivity
function within the productÍve capacity lirnitation of ttre
industry concerned. Based on this, the output constraints
are:

XY
k=l ikt k=I ikt-I

and, since the output value is finite and limÍted. to ttre

capacity of the industry,

K

'Yk=l il<t it

i = I,2,.....,I
t = 1,2r.....rT

(6 "23)
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6.5.5 Human resources constraints:

the problem of production and enployrnent scheduling may be

stated as : given a range of production output, required,

what should be the work force leve1 costs in order to
minimize the total cost, of production? The following
constraints are assumed:

(i) TLre total cost, of hurnan resource inputs for the plaruring

period should be less than or equal to tJ:e total cost of
resources input in ttre prevíous period.

(6.24)

(ii) Since one could, in essence reduce eurployment (hurnan

input) to nearly zero (e.g. Automated Factory of ttre

Future), consideration should be given by enlÍghtened

managenent to sociological and other implicatÍons of
its productivity improvernent decísions. Hence, we

suggest, that, the decision-maker lirnit the social irnpact

of his hurnan input to wittrin a factor 6 that reflects
the existing state of r! unemploymentrr v¡ithin ttre

Lxx
.L=1 it!,t

x
i1¿t-1

L
Sx

l-=1

nat,ional context.

L
¡X

s =r iut
L-ô ) r x

r. =1 ilr,t-l

L

1, =1 ilst-]
L
x

.c =1

(6.25)

iut

138

(6.26)



and 0

Countries) .

6.5.6 Capital consurnption constraints:

Due to the properties of the totar operationar productivity

model (4"1), and the difficulty of measuring capital input,

it is assumed that capital consumption for tlre next, year

should be more efficient, than for the previous year, as

expressed in the following constraints :

IX
.Q, =1 izLE - 1, =1 i21,t-1

and

c -cit (sal) i
(6.28)

llhere C is the initial capital, C is ttre salvageit sa1value and n is the economic life of the capital up to t
years.

6"5.7 Material and supplies constraints:

The materials and supplíes input represents a large part of
the total production input in an industry such as the steel

industry, and the metal fabricating ind.ustry,

For example, the effect of stock lengttr on tlre percent of raw

LL

L

rx
ize"t

0=l
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material waste is a question of considerable practical
irnportance. .4,11 conpanies that have to cut new materials to
appropriate sj-zes, sometimes control the percent waste

either through rav¡ rnaterials size / shape or by more

efficient pattern utilizaÈion.
The rrsuppliestr component is often considered as palt of the

transportation problern" For the productivity planning

problern, the material and supplies input factor constraints
can be expressed by :

rx
g =1 i3st I =1 i3r,t-I

the standard consumption of ¡naterials and supplies is set

ttre engineering department, then

LL

Tf

by

L
T

n 
-1k-L

L
x
i31.t I =l

x
i¡r, ts

(6.30)

Where s refers to ttre standard consumption of X
isl' t.

6 "5 "7 Enerqy constraints:

Energry is arso an irnportant component of the total operational
productivÍty fr:nct,ion napidly increasing prices and

dwindling supplies are like the twin jaws of a více closing

in on productivity" Energy planning models have gone through

a series of developments in operations research techniques,

specifically in linear programming forrnulations of tlre

denand and supply problem. The energy input constraints have

been assumed by us as follows :
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L
t

I=L
(6.31)

í4l.8 i¿et-r

Since we cannot reduce the amount, of energy needed to
operate the industry to a zero value, a standard minimum

amount of consumption should be allocated to ttris factor as

a lov¡er bound"

L

l=I

L

TX
i41,t

.0 =I

L

zx
9=1

x
i¿ øts

(6 "32)

Here s refers to the standard amount, of consumption.

6.5.8 Other Costs constraints 3

Er¡en though the cost,s of travel, taxes, and research and

developrnent in operating and production are 1ess important

than the a¡uount of the other four inputs, they must be

considered. ILrese costs are dependent on the other four
rnajor ínputs. In fact, all input factors are limited by the

available fi:nds.

The model developed in thís section can be used to analyze

how these input resources and the production and sen¡ice

output should be allocated and utilized respectively so that
the total operationaJ. productivity can be increased by a

certain percentage subject'to ttre engineering standards and

fi¡nds available.
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6.5.9 FroductiviFy planning goals :

Some of the major goals of tl is particular model as

formulated for manufacturing industries may be }isted as

follows:

1, To achieve constant rate of total operational

productivity grorøth.

2" [o naximize tJ:e efficienqf of ttre output produced"

3" To maintain a constant employment rate within
socially acceptable bounds"

4 " To ¡ninÍrnize the quantity of material and supplies

consumption input.

5. To minirnize tl¡e cost of capital consumption input.
6. To ¡ninirnize the cost of energ'y consumption input"

7 " To rninimize the expenses of tTre other costs.

Of course, once these goals are established, ttre profiÈ will
be increased because ttre revenue will be growing faster than

the total cost to the industry

Before we proceed to the solution, the model must meet the

following requirements :

1" Íhe objective function must be in a linear fractional
programníng forrn.

2. The constraints must a1l have linear relationships.

3. The output and input factors must be deterministic.

4. lltre operation of the industry is under rr nornalrr

conditions.
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CÍIÄFTIER \rJI

A CASE STUDV OF THE FR.A,CTIONAL PROGRÄI,fl,IING MODEL

The Total operational Productivity planning rnoder introduced

in chapter vr is solved by the transformation algorithm

developed by ctrarnes and cooper (L962) and Bitran and Navaes

(1973) " For the first algorithm, wê used LTNDO (Linear and

Discrete Optirnizer) an interactive programming system

v¡ritten by Lins Schrage of the University of Ctricago. In
the second algorithm, we have written a TURBO PASCAL progran

which can be used on variety of microcomputers using PCDOS,

MSNS , CP/M-86, or CP/M-80 operating system. fn addition
the program would be able to use the Inte1 BOBT math

coprocessor for additional cornputional por¡rer. The

simplification of the initial problem, the results, and tTre

dissussion are also presented. in tTris Chapter.

7.1 Input Data:

The TOPP model can be used for long-range planning of output

and input allocatj-on with the objective of achÍeving a
certain percentage growth in total operat,ional prod.uctivity.

However, for ttre sake of our demonstration and due to ttre

limited of data available, a number of restrictions are

assumed as follows:

1. Íhe planning period is assumed to be one year, i.e.
1983.

2. A variety of companies are grouped together as per
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classificatíon by Statistics Canada, i.e. Metal

fabricating industries (group number 13).

There are five tlpes of inputs (Hurnan, Capita1,

Materials, Energy and Other Costs).

The output is the sum of all finished goods sold

and other income as specified in output elements.

The enployrnent factor assumed is based on the

unemployment figures ín Canada.

Ítre lower bounds of inputs are estimated according

to forecasting analysis. In tÌ¡e case of small

companies, standard data can be easily obtained. by

human factor engineering methods and accorrnting

departnent data"

Originally ttre model contained 2g constraints and. 40

variables. with the above assumptions, the model wilr have

only 13 constraints and 7 variables. Using this reduced

model, some precisíon is bound to be lost, è.g., the actual
amount of some input erements. However, the mod.el objective
is to check the change and sensitivity of the aggregate data

to productivity grovrth, and ttrus this simplification is
acceptable.

As an illustratÍve example, this reduced model is vaIid. to
show tJ:e capability of fractional progranming when used as

a tool for productivity planning. In real practice, ttris
model can give nation-wide insÍght ínto productivity
planning.

!.Ie can write ttre fuII urodel as follows:

3.

4.

6"
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4
XY

k=I il<t
Maxi:nize P = (7"1)

5Lr xx
J-I s =I ijst

Subject to

5L4(r r x )(roP )-(r Y )<0 (7.2)ij r,1 10 ik1j=t g =I k=l

r Y > x Y (7.3)
k=I lk1 : k=I 1k0

4r Y s c (7.4)
k=I lkl- 11

r x ¿ (1-ð) (r x ) (7.s)
1, =I 11SI I =1 U!,0

x x s (1+ô) (r x ) (7.6)
1,=1 11¿1 9=1 11S0

r x s r x (7.7)
.C =1 ]-,2L]- 1, =1 ]-29"0

x x I r x (7"8)
I =1 L2gL I =1 12r,s

L

LL

L

LL
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r x s r x (7"9)
1, =1 13.C, t I =l 13 10

x x à r x (7.10)
I=1 13.C,1 I=1 13ts

r x s r x (7.11)
9 =1 I49,L I =1 l.49"0

r x à x x (7"r2)
I =l 1491 .0 =1 l_49 s

r x s x x (7.13)
,Q, =1 15SI 1, =L 15S 0

r x ¿ r x (7.r4)
.0 =1 151,1 I :f 159s

Y- , X ì 0 for J = 1,2,.......15.ikr ijrr
k = 112t...."..14"

9 :112,...".".rL

The above formulation of the model involves a nonlinear

prograrnming problem. As Cbrarnes and Cooper (1962) showed, it
may be replaced by an ordinary linear prograruning problen by

means of ttre theory of linear fractional programring. î{e do

not repeat ttrat development here, but merely replace the
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above formulation by ttre following:

Let Z:g (Xrsory¡s)
g

5Ltj=t !,=t ijl,L

7 is a specified positive nr¡mber assumed by the user'

On multiplying numerator and denominator and the system

ineEralities in equat,ions (7.2) to (7.I4) by g and taking

equation (7,15) into account, r.r.re obtain the linear
prograrnming f ormulation

Maximize P=3 z
k=l IkI

Subject, to

4(roP )(z +z +z +z +z )-> z
10 111 ]-,2]- 131 141 L51 k:l IkI

4

k=l lk1 1k0

4: z gc -(ok:l Ikl 11

-s.(1 -Ð)z 7o
110

-g, (1+ ô ')Z¡10 -( o

z
L11

z ttl
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1,2T

a2r

T2I

131

131

14L

141

-g"z
]-20

-g.z
l-2s

-g"Z
130

-g.Z
13s

-g"Z
140

-g"Z
14s

z -g.z
L51 150

<0

>o

z -g"z

z +z +z
131 141 151

z+
111

z
ijl tgrrZ

1k1

I,2,."..r5.

!,2t..,4.

The initial maximization problem iPl dealt with a ratio type

of forrnulation. fn order to provide a lower bound for all
the denominators in the objective function, a number of

methods are available to us from managenent and statistics
literature. Such techniques include : budgetary

constraints, standard work costs (rndustrial engineering

approaches, e.g. work time study and engineering economy),

J_

lç=
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statistical estimation, forecastÍng analysis, projections,

and finally heuristics method" In our case study, because of
the nature of data is in aggregate form, a moving average

forecasting method is applied in order to fill in ttre

rnissing data collected frorn Statistics Canada Catalogues

(various issues). However, if conplete data is available
for a specific company, a budget target can be identified
from rfcompany data accounting records which reflect the

history of sustomer demands as well as production and

control facilities available to the company. The relevant

data for the case study is prepared in Table (7.I) for ttre

year 1982 for Canadian netal fabricating industries.

7.2 Results and Disqrssion of the Case Study :

For tJ:e inputs and outputs presented in Table (7.I) r rrê

calsulated ttre varues of input and output components for t]:e

plaruring year 1983, the total operational prod.uctivity value

and the percentage of changes in output,s and inputs. Íhese

are shown in Table (7.2) 
"

The results indicate the following : If we decrease total
human input by 2.5 4, capital input by 11 .6 *, materials and

supplies input by 2L.7 *, energy input by 6.7 I and other

costs input by 24.1 I and increase the total output by 53 8,

the Tota1 O¡lerational Productivity will increase by 34 Z

for the next planning year. Íhese results can be used as a

useful guide line for the implementation of corporate
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productivity improvement budgeting systems. The rate of
change in percentage from the current period to the planning

period of the utilization of resources and possiJcle output

improvement are shown in Figures (7.I) through (7"7)"

Several conclusion can be drawn frorn the results of this
fractional progranuning application to the Total operational
Productivity Planning :

Ífie fractional prograrnning technique has fu1ly
demonstrated its ability of reaching ttre optirnal

solution ttrrough the seven productivity planning

objectives addressed in Ctrapter VI.

It provides a deterministic approach to the

resource and output allocation problem simultaneously.

With the incorporation of Tota1 Operational

Productivity Planning objectives, TOp is assured to
attain a certain percentage of grovrth, und.er the

assurnption that thre atlocations of the output and

the input are utilized according to ttre ínitial
data given"

Our proprietary computer program can also solve the

nonlinear progranming (fractional) problern in general, and

the productivity problern as a special case directly, in a

user fríendIy manner. The stmcture of the prograrr and

method of using it is presented in Appendix D.

i_.

2"

3.
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Table 7 "I Output and Input data for the fractional
progra"Ìnming rnodel.

6
Categories Value in Constant 10

I97L dollars

Output

Capacity

Tota1 human input cost

Total materials and supplies

consumption input,

Tota1 energy consumption input

Total other costs input

Total capital input lower bound

Total material and supplies input

lower bound

Tota1 energiy input lower bound

Tota1 ottrer costs lower bound

Unemployment rate

Total operational productivity

4160. 00

7338.44

542.59

2483.09

38 .28

40.00

l_17.316

1933 .733

35"53

30"20
a

8z
1.859

a = Percentage
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Tab1e 7.2 Total Operat.ional Productivity and related

elements values and indices for the current

and planning period (1983).

Tot,al Operational Productivity

Total Output

Human Input

Capital Input

Materials and Supplies

input

Energiy Input

Other Costs Input

Value

Index

Value

Index

Value

Index

Value

Index

Value

Index

Value

Tndex

Value

Index

]-982

1"859

1. 00

4L67

1. 00

542.59

1.00

134.00

1. 00

2483.09

1.00

38"28

1" 00

40. 0

1" 00

1983

2 "58

1. 34

6382.O

1.534

502.105

o "925

L18.8

0. 884

1945.27

o.7834

37.53

o,9334

30. 38

o.7595

* Expressed on 0001000 constant dollars = 197L
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SHAPTER VIII
suMMARy, CONCLUSIONS .AND REC€MMEIIDÀÎION

This chapter consists of three sect,ions : a surrnary of what

has been accomplished, conclusions regarding ttre

contribut.ions of ttris research and the resurts obtained., as

well as some reconmendations for further study in this
research area.

8.1.1 Summarl¡ of Reasearch Accomplishments:

rn ttris research, a ner/ü Total operational productivity (rop)

measure and associated measures such âs, singre Factor

operational Productivity (sFop) and Multifactor operational
Product,ivity (MFOP) are deveroped for manufacturing

industries, based on ttre totar productivity measurement

concept. Five main input factors in terms of constant

dollars are considered at the coryorate level of
measurernent. Four major output factors are measured also in
constant dolIars. A case study based on canadian metal-

fabricating industries is presented to show the usefulness

of the productivity measures developed

Technological advancements are becoming increasingry

important cornponents in all areas of strategic planning and

productivity improvement, particularly in tTre manufacturing

sectors. A mathenatical procedure is introduced to quantify
and cluster the appropriate technological parameters by

means of a novel TectrnoloE¡ Factor Index (TFI) concept. Ítre

statistical relationship between TOp and TFI is
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investigated" .å, case study, applied to ttre sane industrial
data is used to show the workability of the procedures

introduced.

Productivity planning or productivity erùrancement is nost

like1y to happen by reduct,ions in ttre input requirement per

unit of total output,. It nay also happen by either
increasing the output and keeping the input unchanged, or
keeping ttre output constant while decreasíng ttre input in
the productivity ratio" since previous researches have

failed to determine clearry these influences, we introduce

an optÍmization approach to ttre Total o¡lerational
Productivity measure in a fractional prograrmring

formulation. The methods of solution have been imprernented.

directly on the IBM pc usi.:rg a micro computer program

developed by usr and by transfonntion to a linear
prograruning forrnulation (charnes and cooper, Lg62) using
the maínframe computer. A case study using the same

industriar data is used to show the benefit of tJle

methodology derived.

Three micro computer programs $/ere deveroped to hand.re tlre
computations of the sorutions of alr modets proposed

throughout this research.

8.1.2 Cornparison with Previous Studies:

1. TOP focusses on the industrial level;
2. TOP provides a nevr definition of the totaL productivity

concept at the operational level.
3" Ífie Technology Factor rndex (rFr) provides a new measurement
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4"

method. for production variables incorporated in
productivity measurenent techniques.

Íhe fractional prograrnming planning nrodel presents a new

approach for allocating productÍvity components during

the planning period.

Some components of the output and ttre input in the TOp

measure are similar to the other total productivity nodels.

TFI and TOPP models are concepts new to productivity
nnnagement literature.

8.2 Siqnificance of this Research:

The main contributions resulting fron thís thesis are:

Íhe new Total Operational Froductivity concept has shown

a unique features in regards to output and Ínput factors,
in telrrs of tl¡e total coverage of all production system

components and their methods of measurement.

Íl¡e new Tota1 Operational trroductivity measure shows

sÍgnificantly higher values than ottrer existing total,
productivity measures for the sa¡ne type of industries,
(Figrre 4.8). The author believe ttrat TOp measure gives

more realistic results.

Íl¡e new Tectrnology Factor Index (TFI) provides a simple

method of clustering quantitative and qualitative variables

used in production systems.

Through the establishrnent of the Technology Factor Index

Ltre multivariate relationship between output and input

factors (Table 5"2) may be used as a valuable tool to

5,

6.

1.

¿"

3.

4"
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6.

7.

help management with better decisions in regards to
productivity improvement by highlighting the real
contributions to productivity resulting from tJ'e

introduction and use of advanced technological production

systems.

ltre Technology Factor rndex shows a positive ex?onentía1

relatj-onship witl: ttre Total o¡lerational trroductivíty
measrrre in one industry throughout one planning horizon,
(Figure 5.4). This supports conclusion (4) 

"

rhe Total o¡lerational productivity planning (Topp) model

arlows the decision maker to deterrnine the output and the
input changes required for a given planning period, in
order to achieve optimal productivity changes.

I^Iith tJ:e incorporation of tt¡.e ropp moder, the Totar
operationar Productivity can be used to achieve a desired
percentage of growth during the planning period, if tJle

allocations of the output and ttre j-nput are made by
manaçtement according to the indications of the TOpp

model. This reinforces concl_usion (6).

8.3.I Lirnitations of the Research Work:

Everlr research work has its limitation, and ttris research is
no exception. During the deveropment of this research, a

need for a strong data base for the various quantitative and

Eralitative variables refrecting the TechnoloE¡ Factor rndex

measurement was identÍfied" Corporate data bases, if approp-

riatery designed, will provide more rearistic resurts to
herp decision makers in their productivity improvernenL
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progirans' one requÍres standard data for industries of
interest, so as to obtain more realistic resurts in the
nonlinear resource allocation required by using the
fractional progranuning rnodel.

8.3"2 Project Maintenance :

fhe models developed Ín thís research can be used in other
industriar sectors as welt as in sen¡ice with special consi-
deratÍon. The author suggests a ten steps procedure that can

help decision makers interested in using tt¡ese models:

1. Define the lever of productivity measurement and

planningt ê.9. fir.ru, industry or national.
2- corlect the appropriate data for ttre output and the input

cornponents according to the erements defined in ttre Total-

Operational Productivity model.

3. Deterrnine the value of Total operational koductivÍty.
4" rdentify the relationship between the output and ttre

input in terms of their weights by using ttre method. of
Technology Factor Index.

5. Collect, standard input data to define the lower

bounds of total input consumption"

6. Determine the capacity of the product,ion system under

study.

Optinize the Total @erational koductivity measure using

the fractional programning formulat,ion developed.

Implenent the results obtained for ttre planning period.

Evaluate tJ.e value of Tota1 Operational Productiviby.

8.

o
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10. rf planned Total operational product,ivity is achieved.,

the plan is successful, othenvise, tt¡e standard data,

and the method of improvement have to be reviewed by

the managernent and engineering departments"

8.3"3 Scope for Further Investigation:
rt is reconmended to develop a metTrodology to define and

collect appropriate and useful industriaL data that may be

used effectivery and easily in ttre productivity moders

introduced in thÍs thesis. cooperation with industry wirl
be essentiar if this is to be achieved. For example an

extension of ttre proposed models to ttre plant and finn
levels of productivity measurenent and planning wourd become

possible"

An attenpt can be made to develop a sensitivity analysis for
the TotaÌ operat,ionar productivity planning Model in order to
estimate the effect of variation, wíthout an expensive

effort to resolve the problern again in its entirety.
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Emp'loyees

EXAHPLES OF OVERALL RATIOS

X. Business and industry
(a) Sales

(Kal Í )

Space uti I ized
Space available
Harket share now
Market share in base year

2" Government

(a ) Benefi ts
Cos ts

(b) Legislation authorized
Legislation proposed

(c)

Education

(a ) Enrol lment
Facuì ty

(b) Class count x credit hours
Di rect costs

(c) Personnel costs
Empl oyees

4. Health and human services
(a) Cost of patient care

Number admitted
(b) Jreatment plans implemented

Total treatment plans
(c) Client caseload

Professional staff

EXAHPLES 0F OBJECTIVE RATI0S (Hali)
l. Business and industry

(a) Projects completed
Pro jects p'lanned

(b) Progress in labor negotiations
Expected schedule

(c) Marketing products adopted
Feasible ideas

Governnent

(a) Hiqhways built
Highways needed

(b) Actual contributed value
Expected contributed value

(c) Settlement of claimsffi

(d) Sales lost
Customer complaints

(e ) Profi t
Equity capital

(f) Actual price paid
Market price

(d) Budget performance
Authorized budget

(e) Prices now
Prices at base year

(f) Gains from leqislative enactments
Cost of enactments

(d ) Income/expense
Facu'lty

(e) Research projects completed
Costs of projects

(f) Tuition
Administratìve staff

(b)

(c)

3.

(d )

(e )

(f)

Revenues
ÞãTìents-

(d )

(e)

(f)

l,lork packagesEr@
Sales level
@
Qui ts
Desired level of quits

(d ) _cgyi_qlons
Arrests

(e ) Benefi ts
ffi

(f) Contracts renegotiated
Needed renegotíated

2.

Beds occupied
Beds avai I abl e
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EXAHPLES 0F 0BJECTIVE RATI0S (Hali)
3. Education

(a) Benefits from research projects
Expected benefi ts

(b) Sk'ills prevailins
Sk'il I s needed

(c) Behavioral outcomes
Behavioral outcome desired

4- Health and human services
(a) Steps completed in treatment

Total steps
(b)

(c) Prescriptions filled
Expected prescriptions fil led

EXADTPLES 0F COST RATI0S (ttati¡
1. Business and industry

(a) Sales
Operating costs

(b) Borrowed capital
Borrowing costs

( c ) Investor
Adverti si ng costs

Governrent
(a) Transactions

DP costs
(b) RenegotÍated contracts

Costs of renegotiations
(c ) Recruits selected

Costs

Education

(a) Tuition generated
Cost of generation

( b ) Dropouts
Cost of enrol lment

(c) Benefits of research projects
Cost of projects

Health and human services
(a) Trainees completing programs

Training costs
(b) Design of therapeutic treatment

Cost of design
(c) Research reports

Handicapped ch'ildren trained
Total to be trained
Minorities complet'ing proqram
Expected comp'ì eti ons

Faculty ratinqs in current year
Expected ratings

Pre vent i ve med j ca_l_-plgglgms_
TotaT?ãsTreã-
Cl ient caseloads
txpe¿te-a-tatal-
Patients admitted
ffi

(d)

(e)

(f)

(d )

(e)

(f)

(d)

(e)

(f)

Turnover
Tõsïs
Rework
Tolts-

(d) l'lail processed
Payrol I cost

(e) Benefits from proposal
Cost of proposa'l

(f) Leqislative enactments
Cost of enactments

(d ) Students graduatinq
Annual costs

(e ) Budqet val ue
Al located budqet

(f) Heal s served
Cost of cafeteria operation

(d ) Cl ients casel oads
Cost of interviews
Beds occupied
Cost of bed occupancy
Patients admitted
ffi

2.

3.

4.

(e)

ïreatment pl ans
Budget al location

Al located budget
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2.

3.

EXAP4PLES 0F H0RK STANDARDS RATI0S (ffiali)
1" Business and industry

(a) l4achines operatinq
Setup time

(b) Value of returned goods
Purchases

(c) Grievances settled
Grievances investi gated

Government

(a) Benfits from a project
Total task required

(b) Settlement of unfair labor charqes
Investigation of charges

(c) Compliance of board orders
Investigation of on-compf iance

Education

(a) Research projects completed
Procedure used

(b) Achievement attainment
Standardized test

( c ) Graduates
Standardized curri cul um

4- Health and human services
(a ) Cl ient casel oad

Standard casel oad
(b) Prescriptions fi I led

Standard procedure
(c) Patients admitted

Standard admi ssÍons

EXAMPLES 0F TIHE STANDARDS RATI0S (mati¡
l. Business and industry

(a) Production
l^Jorki ng days

(b) Actual machine hours per unit
Scheduled machine hours per unit

(c) Reject work
Standard hours to produce

2. Governrent
(a) Working time

Total time
(b) Person-days lost

Person-days worked
(c) Gains from legislative enactments

Time period of the gain

(d) l^lorkload assiqnments
Engineerìng staff

(e) Actual labor per unit
Scheduled labor per unit

(f) Accepted products
Products produced

Board adjudications
Total hearings
Buying costs
Purchases
Val ue added
@

(d) Graduates read'ing Ín 50th percentile
Standardized readinq test

(e) Implemented recommendations
Commi ttees

(f) Graduates
Curri cul ums

(d ) Absenteei sm

Industry standard
(e) Skills displayed in a situation

Skills trained for in a procedure
(f) Rework backloq

Rework procedure

(d) Inventory buildup
Average daily purchases

(e) Overtime hours
Total hours

(f) Rework
Time for rework

(d ) Servi ce to noncrime cal I s
Tìme devoted to noncrime calls

(e) Benefits from project
Time for renegotiation

(f) Reneqotiated contracts
Time for renegotiation

(d )

(e)

(f)
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EXAHPLES 0F HoRK STANDARDS RATIoS (nøali)

3. Education

(a) Teachinq days in a schedule
Teaching days lost

(b) Research projects completed
Time required

(c) Faculty plans submitted
Time required

4. Health and human services
(a) Meals served

Standard time
(b) Implementation of new

therapeutic treatment

(c) Prescriptjons filled
Average person-hours

(d) Minorities in proqram
Standard time requíred

(e) Skills level attajned
Standard time required

(f) Benefits from project
Total hours

(d) Patients admitted
Person-hours to admit

(e) Cl ient caseloads
Person-hours to complete

(f) Sickness treatment
Standard time

ffiTERIALS HANDLINc (FUNCTIONAL) PRODUcrIvITy RATI0S (túhire, tgtg)
Resource Utilization hasures

Labor

Equipnent

Space

Energy

MHL Ratio =

DLMH Ratio =

Production Equipment _
Utilization
Handling Equipment _
Utilization
Storage Space _
Utilization
Aisle Space 

__

Percentage

EUI =

Personnel assigned to materials
!andl inq duties
Total Operating Workforce

Materials handling time spent
by direct labor
Total direct labor time
Actual output
Theoretical output
l,leiqht moved/hour
@ttv
Storage space occupied by material
Total storage space

Space occupied by aisles
Total space

BTUs consumed/day
TuFi¡ space

ffianagerent Controì kasures

Fhteri al s Inventory Turnover _
Rati o

Inventory Fi ì'l
Rati o

Annual sal aes
Average annual ìnvestory
i nvestment

Line i tem demqn!!_lillsglggy

179



MATERIALS HANDLING (FUNCTIONAL) PR0DUCTIVITY RATr0s (Mhire" t9z9)

hnagerent Control l&asures

þverent, Movement/0peration _ Total number of moves
Flow Ratio

productive operations
Average Distance/ _ Total distance traveled/day
Move Ratio

Loss Damaged Loads Ratio - Number of damaged loads
Number of loads

Inventory Shrinkage _ Inventory investment verified
Ratio -

0perating Efficiency
Receiving RP Ratio
and
Shipping

SP Ratio

Pounds received/day
Labor hours/day

Pounds shipped/day
Labor hours/day

Equivalent lines or orders
pi c ked/day
Labor hours required/day
Throuqhput achieved/day
Throughput capac'i ty /day

Storage
and
Retrieval

0P Ratio

TPI

Hanufacturing Manufacturing.cyc'le Total time spent on machines
Efficiency (NCr)

system

Number of jobs completed or
Job Lateness ( JL ) Rati on i,n=Ploces=s ,tlat are= I qtqlwee!<--' Number of jobs compìeted/week
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APPENDIX B i
ltlicrosoft FORTRAN-77 computer program for

Total Operational Productivity
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I
2C
3C
4C
5C
6C
7C
8C
9C

10c
11 C
12c
13C
t4c
15C
16C
t7c
18C
19C
20c

Microsoft FORTRÄN77 V3"20 02/84
PROGRÄM PRODY
PROGRÄM TTTLE TOTAL OPERATIONAL PRODUCTI\rJTY (TOP) MEASUREI,IENT M
I^IRITTEN BY A. MOHÃ¡IED AND PROF. O. HAI^IAIESHKA
DATA I^IRITTEN JAN. ,1986
I^IRITTEN FOR DEPARTMENT OF INDUSTRIAI ENc. rUNfVm.SITy

OF MANITOBA, I^IINNIPEG, CAIIADÀ.

*******************************tr********************************
* PROGR.AM TNIENI *
****************************************************************
* THTS PROGRÄM CONSTSTS OF STX SUBROIJTINES AND THE MAIN PROGRAM** USER HAVE TO MODTFY THE I/O FORMAT .AND TFIE DIME}TSTON OF l}IE *
* DATA STZE. TFIE PTIRPOSE OF lnHE PROGRAM TS TO C¿,TfULATE THE *
* TOTAL OPERATIONA], PRODUCTT\IITY (TOP), MULTTFÀ,CTOR PRODUCT- *
JT TVTTY, AND SINGLE FÀCTOR PRODUCTTVITY MEASTIRES AND THETR *
* ASSOCTATED TNDTCES FOR 12 PERTOD OF TTME TN YEARS BASED ON *
:K THE DATÄ COTÍ,IrCITED FROM STATISTTCS CANADA FOR METAL FABRIC- *
* ATING INDUSTRTES IN CANADÀ. HOWEVER, THE PROGRÀM CA}T HÄNDLE ** À I¡NGER ÎI}M PERTOD AND FTTS DIFFEREbIIT TYPES OF COMPANTES *
't OR INDUSTRIES . *

* ************************************************************ *
DTMENSTON y(12) ,XI(12) ,X2(I2),X3 (12) ,X4(I2) ,X5 (12) ,SFOPH(12)1 , SFOPC (I2) , SFOE¡,Í (t2) , SFOPE (L2) , SFOPO (t2) , SFOP ( 12 )2 ,MFOP(12),TOp(r2) ,SFOPI(l-2),MFOPI(12),TOpr(12)3 ,SFOPHI (I2) , SFOPCT (L2) ,SFOpr"tt (I2) ,SFOpEr (12)

4 ,SFOPOT (12)
REAL MFOprMFOpr, y, Xl å2,X3 ,X4, X5, SFOPHTSFOPCTSFOPM,

sFoPE, SFOPO, SFOP, TOP
CÍTARACTER*23 DATA
CHARÀCIER'I9 Al{S
INIEGER I, IOI.IITPT
WRITE 1*,10)
FORMAT (19X, I OPERÃTIONAT, PRODUCTI\rITY MEASURES T 

)
viRITE 1*,11)
FORMAT (30X, rVersion 1. 0 t )
WRITE çx,20)
FORMAT (22X,'Using ¡'IICR.OSOFT FORTRÄN 77 ' )
WRITE 1*r 30)
FORMAT (30X, rVersion 3.2, )
vtRITE 1*,40)
FoRMAT (/////)
ViRITE 1rrr 50)
FORMAT(35x, ,Byt)
vüRrTE 1*r 60)
FoRMAT (//)
!üRITEl*,70)
FÐRMAT (23X, rÀ.Mohamed and O"Hawaleshka I 

)
WRITEI*,80)
FORMAT (13X, I Department of Mectraníca1/fndustrial Engineeringt )
?IRITE 1*, 90)
FORMAT (25X, rUniversity of Manitoba')
WRITE (*,100)
FORMAT (28X, ti^Iinnipeg, Canadat )
WRITE 1*,110)
FORMAT (34Xt | 1986 r 

)
PAUSE IE}I'IERI
VIRITE (rÉ,111)
F€RMAT (//////////)
I,üRITEl*,60)

2IC
22
23
24
25
26
27
28
29
30
31
32
33 10
34
35 11
36
37 20
38
39 30
40
41 40
42
43 50
44
45 60
46
47 70
48
49 80
50
51 90
52
53 100
54
55 110
56
57
58 111
59
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60
61
62
63
64 l-20
65
66
67 130
68
69
70
7T
72 t40
73
74
75
76
77
78C
79C
80c
81 C
82C
83
84
85 150
86
87
88
89
90
91
92
93
94
95
96
97
98
99

100
10I C
IO2
103 151
104
105 L52
106
107 153
108
109
110 158
111 C
112 C
113 C
114 C
115 C
116
LI7 t57
118

4l
5l
6l
7l

?TRITE (*, r (A.40, 3X, \) u 
)

REÀD (*, ¡ (A23) r) DATA,
OPEII(S,FILE: DATA)
WRITE(*r 120)

3---------- r 
)

WRITE (*, t (A) r)
VIRITE ( *, 140)

UNIT I _> ilCONSOT,R. rr t

TINIT 1 -> PRTNTER: I

UNIT 1 -> DTSK FIIEI
MAXTMUM OF 10 BIOCKS AIJ-OC.)'

Microsoft FORTRANTT V3.20 O2/g4
¡ INPUT DATA FII,E NAME? I

I OUTPTIT OPTION 3 I

ISEI,EOI AN OUTPI.]T DEVICE;I,
1- TCONSOT,E3'r,
2 -ilPRINTER:ilI,
3 - DISK FILE - rrUSEROl:ABl.TEXTrrr,
PLEASE ENIER SELECTTON . I

FoRMAT (A/A/A/A/A\)
READ(*, r (BN,17)r) IOUIPT
IF (rOUrrT .LT. l-. OR.rourpT.GT.3) TrmN
i4RrTE(*,' (A)') CHAR(12)
GO TO 130
M{D IF***********************************************************
zt¡
****************:t OPEbI OUIPUI FILES *************************
************ **********¡t* **** ** **tr******* ** **** ** **** **** ** *
IF (rOnTI{r .EQ. l)THÐ[
VIRïTE (*, 150) |

FoRMAT (A)
OPÐI (4,FILE = |CON: r)
ï4IRITE 1*,120)
ELSE rF (IOLITHI .EQ. 2 )${Ehr
V0RITE (*,150) |

OPEI,I (4rFIffi = !PRN: r)
EI,SE
vtRITE (*,150) |

viRITE (*,150) '
OPEN (4, FILE = rA:ABl. TEXT I,

SSTATUS =rNEWr)
vtRITE(*,1s0) r (oPÐ'I woRKED) 'CI¡SE (4¡STÀTUS = 'KEEP')
OPm{ (4,FILE = rÄ:481. fE}m [10]',

6STATUS =rOLDr)
END ÏF

WRITE ( *, 151)
FORMAT (22X, I SELECT PRODUCTTVITY MEASURA{ENT METHOD: r )
WRITE(*,152)
FORMAT (22X, t I :OPERATIONAI PRODUCTI\¡ITy MEASURE' )
WRITE (*,153)
FORMAT (22X I t 2 : TRADITIONAL PRODUCTIVITY MEASURE' )
READ(*, r (I1) r)IP
WRITE (*,158)
FoRMAT (////////////)
,r* ** * JÉ * * * * * * * * * * * * * * * * ** * * ** * * * * * * * * * * * * * * * * * * * * * ìk * * * *
* READ AND I^IRITE IIIPI.]II DATA *
******************************************************

WRITE(*,157)
FORMAT(25X, TREADING rNpur DA,TA FILE|)
?TRITE (*,162)

183



l_19
120
t2t
t22
123
124
]-25
]-,26
127
]-,28
]-,29 300
130
131

l-62 FoRMAT (//)
VTRITE (4,159)

159 FORMAT( TOUTPUI, ,4X, ¡HIIMAN' ,3X,It2X, TENERGYT ,3X, TOTHERS r 
)

I4RITE (*,L62)
READ(8,160) (y(r),xl(r),x2(r.),x3 (r),x4 (r),xs (r),r:r,12)
I,^]RITE(4,160) (Y(I) ,XI (I) ,Xz(T),x3 (r) ,X4 (r) ,X5 (r) ,r:L,L2)160 FORMAT (5 (F7 "2,2X) tF7 "2)
WRITE (*,300)
READ(*, r (À1) r) ANS
FORMAT(//,IDO yOU WAIIT TO CÍIANGE TIIE INPUT DATA ?

2(Y or N) :t,\)
IF (ANS.EQ. 'N' .OR"ANS.EQ. 'n') THEN

Microsoft FORTRÄN77 V3"20 02/84

I CAPTTAI,,, 2X, TMATERIAL I

I32 C---

136 181- FORMAT(//,'DO YOU WÀNT TOTÀL OPERATIONAL PRoDUCTIVITY

133
134
135

]-37
138
139
140
141
t42
r43
L44
145
t46
r47

151
152
153
1s4
155
156
157
158

t62
163
t64
165
166
r67
168
l_69
170

WRIIE (*,181)
END IF
READç*, r (A1) r) ANS

2 MEASIIRE ? (Y or N) : ' , \)IF (ANS.EQ. rY' .OR.ÀNS.EQ"'y') THEN
I4RITE ç*,t62)
CALL SINGLE (Y, XI, SFOP)
cÀIL MULTI (Yrxtr X2,MFOP)
cÀLL TOTAI (Y,XIrX2 rX3,X4, X5,TOP)
e¿,LL TABLEI ( SFOP T ¡,IFOP, TOp, Ip)
EI.SE
coTo 177
Eb{D IF
VTRITE ( *, 162 )

3 INDICES? (Y or N) :t,\)
IF (ANS.EQ. rYr .OR.ANS.EQ.'y' ) TT{EX{
WRITE ç*,162)
cAï,L INDEX ( S FOp, MFOP, TOp, S FOpr, MFOpr, TOpr )
cÀI-L TABLE2 ( SFOPI , MFOPT, TOPI , IP)
EI-SE
GOTO 188
E}ID TF

4 PRODUffTVITIES ? (Y or N) : ' , \)fF (ÀNS . EQ. 'Y | . OR. ANS . EQ. ,y t ) TIIEN
viRrTE (*,L62)
cÀI,L STNFAC (y, Xl tKz,X3,X4,X5, SFOPH, SFOPC,

4SFOPM, SFOPE, SFOPO)
cÀLL TABIE3 (SFOPH, SFOPC, SFOPM, SFOPE, SFOPO)
ET,SE
GOT"O 201
END IF

148 L77 WRITE (*,L67)
r49 READ(*, r (A1) r) Alfs
150 l.67 FoRMAT(//,'Do YoU WA}I'I ToTAl, oPERATIoNAL PRoDUCTTVITY

159 188 WRITE(*,200)
160 READI*, r (A1) r) ANS
161 2OO FORMAT(//,,DO YOU I^IANT STNGLE FÀmoR OPERÄTIONAI

171 2OI I4RITE 1*,301)
l.72 READI*, r (A1) r) ANS
173 301 FORMAT(//,uDO YOU r'tANI STNGLE FACTOR OPERATTONAT, pRODUCTrVrry
:-.74 5 INDICES ? (Y or N):,,\)
l-75 IF(ANS.EQ.tYr.OR.ANS.EQ. tyt) THEN
!76 CÀLL SININD(SFOPHTSFOPC,SFOPMTSFOPE,SFOPO,SFOPHT,SFOPCI,
177 6SFOPÌ,tt, SFOPEI, SFOPOT)
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n(¡lt
L78
L79
180
181

Name

ANS
CHÄR
DATA
ï

Tlrpe

CHAR*9

CHÃR*23
ÏNTEGER¡I4
TNIEGER*4
INIEGER:I4

Offset

1836

]-,372
l_810
1480
]-624

962
1010

9].4
722
866
770
8L8
290
674
626
338
578
386
530
434
482
50
98

l-46
L94
242

2

P Class

INTRTNSTC

P¡,r, sFüå;í:#åF"11**t7 
v3 "20 02/84

END TF
STOP
E¡TD

IOI.IIPT
IP
MFOP
MFOPI
SFOP
SFOPC
SFOPCI
SFOPE
SFOPET
SFOPH
SFOPHI
SFOPÏ
SFOPM
SFOP},17
SFOPO
SFOPOT
T"OP
TOPI
x1
x2
x3
X4
x5
Y

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

Name $rpe

I INTEGER:I4
MFOP REAL
SFOP REÀL
TOP REAL
Xl REAL
X2 REAL
X21 REAL
X3 REAL

1
1

L82 C---
l_83 SUBROLITINE SINGI,E(y,Xl,SFOP)
184 DIMENSION Y(12),XI(12) ,X2(J-z) ,x3 (12) ,x4(I2) ,185 1X5 (12) ,SFOP(12) ,MFOP(12) ,TOp(12)l_86 REÄL ¡{FOP,YrXIrX2J',X3,X4,X5
187 C
188 DO 10 f=1,12l8e sFoP (I)=Y (r) /xr(r)190 10 CONTTNUE
191 RETIJRN
]-,92 m{D

Offset P Class

2552
2504

8*
2456

4*
2264

*****
23t2

i85



X4 REAL
X5 REAL
Y REAL

2360
2408

0*

Microsoft FORTRANTT V3"20 OZ/94

193 C---
]-,94 C
19 5 SUBROIIIINE MITLTI (y, XI, X2 , MFOP)
196 DIMENSION Y(12),Xr(12),XZ(12),X3 (r2),x4(r2),X5(12),
L97 ISFOP(12) ,¡{FOP (l-,2) ,TOP(12)lgg REÀL MFOPTYTXI ,X2 tX3 ,X4 ,X5
199 C
200 c
zOL DO 10 I=!,!2

I 202 MFoP (I) =Y G) / 6I (I) +x2 (I) )1 203 10 CO}TIINITE
2O4 RETURN
205 END

Name Ílpe

Ï INIEGER*4
MFOP REAL
SFOP REAL
TOP REAL
XI REAL
X2 REAL
X3 REAL
X4 REAL
X5 REAL
Y REAL

Offset P Class

2796
12*

2700
27 48

4*
8*

2556
2604
2652

0*

Offset P Class

2896
2848
2800

24*
4*
a*
I

]-,2*
16*
20:å
0*

206 C---
207 C
208
209
2IO
2]-l.
2l,2
2]-3
2r4
2l5
2r6
2t7
2L8

c
c

SUBRoLITIINE TOTAI, (y, Xl, X2 tX3 tX4 tX5, lop)
DI¡,ENSION Y(12),XI(12) Å2(t2),X3 (12) ,x4(r2) ,

ISFOP (12),MFOP (r2),TOp(12 ),X5 (12)
REAL MFOPTYTXl ,X2,X3 tX  tKs

DO L0 I=1r12
T"oP(I) =Y (I) / $r(I)+x2 (I) +x3 (I)+x4 (I) +x5 (I) )10 CONITNTIE
RETTTRN
TND

1
I

Name $rpe

T TNTEGER:I4
MFOP REAL
SFOP REAL
TOP REAL
Xl REAL
X2 REAL
X3 REAL
X4 REAL
X5 REAL
Y REAL

186



1
1
1
1

'i ", 7 yÍicrosoft. FORTRÄN77 V3.2O O2/g4
2I9 C---
220 SUBROUTINE TABLEI(SFOP,MFOP,TOp,Ip)
22I DIMENSIoN Y ( 12 ) , XI (l_2 ) ,Xz (l-2) ,x3 (t2) ,x4 (r2) ,222 ISFOP(12) ,MFOP (r2) ,TOp(12) ,X5 (12)
223 REAL MFOP,YrX1,XZ,X3,X4 ,X5
224 C
225 C
226 WRITE(4,10)
227 10 FORMAT(15X,49('-') )228 I^IRITE (4,2O)
229 20 FORMAT(I_5X't l rrSX, r l r13(l-2X,r l r))23O VTRITE (4, 30)
23l- 30 FORMAT(15Xr r I r rl3X, rpRODUCTr\rrTy MEASUREST TI3X, r I r )232 WRITE (4, l_0)
233 I,iRITE (4,20)
234 cO TO (35,45) IP
235 3s VJRTTE (4 ,40)236 GO TO 55
237 45 I,iRITE (*,65)
238 40 FORMAT(15Xr'l' ,2X, ryEARr ,2X,'l' ,4X, rSFOPr,4X,'l' ,4X, rMFOp' ,4X,239 2'l, ,4X, rTOPt ,5X, r I r )240 65 FORMAT(15Xr'l' ,2X, ryEARr ,2X,r l r r5X, rSFpf ,4X,'I rr5X, rMFpr r4X,24I 3r l rr5xr rTPtrsXr t l r)242 55 WRÏTE (4,20)
243 WRITE(4,10)
244 WRITE (4,2O)
245 fI=I971
246 DO 50 T=]-IL2
247 VIRITE (4,60) II,SFOP(I) ,MFOP(I) ,TOp(r)248 II=II*I-
249 V0RrlE (4,20)
250 50 CÛNTINUE
25L 60 FORMAT(l_sx, o l' ,2X,j.4,2X, t l 0,3(2X,F8.4,2X, rI r) 

)252 WRITE(4,10)
253 WRITE (4,7O)
2s4 WRIrE(4,105)
255 70 FORMAT(15X, rOPERÄTIONAL PRODUCTI\rjTY MEASURES FOR' )256 105 FORMAT(15X, TPRODUCTI\rTTY MEASURES FOR METAL FABRTCATTNGT )257 ViRTTE (4, 90)
258 90 FORMAT(IsX, ITNDUSrRTES TN CANADA, TN CONSTANT DOLTÀRS')
259 RETT'RN
260 END

Name Tlpe Offset P Class

I IllTEGERtr4 3440
II INIEGER'I4 3436
IP INIEGER:I4 12
MFOP REAL 4
SFOP REAL O

TOP REAL 8
Xl REAL 2948
X2 REAL 2996
X3 REÀL 3044
VA DIîIT ârlÔ'r!= ¿u! Jv2è

X5 REAL 3140
Y REAL 29OO

c-------
SUBRoUTINE INDEX ( SFOP, MFOP, TOP, SFOPI, MFOPT, TOPI )

*
*
*

26r
262

I87



.ne.. -7 Microsoft FoRTRANTT v3.20 02/84263 DIMENSTON SFOP (L2) ,SFOPI (12) ,MFOP (I2) ,MFOpr (r2) ,TOp(12) ,TOPI (12)
264 REAL MFOPTMFOPI
265 C
266 DO 10 I=LI]-2

1 267 sFoPI(I)=SFoP(I)/SFoP(1)
T 268 10 CONIINITE

269 DO 20 I=I, 12
1 270 MFoPr(I)=MFoP(I)/MFoP(1)
1 27T 20 CO}TIINTIE

272 m 30 f=1rf2
1 273 ToPr(I)=ToP(I)/ToP(1)
1 274 30 CONTINIJE

275 RET{.]RN
27 6 EhTD

Name T1pe Offset p Class

I TNTEGER*A 3632
MFOP REAL 4 *
MFOPI REAL 16 *
SFOP REAL O *
SFOPI REAL 12 *
TOP REAL 8 *
TOPT REAL 20 *

277 C
278 SUBROIITINE TABLE2 (SFOPIrMFOPI,TOprrIp)279 Dr¡mNSroN sFopr(12),MFOpr(12),fopr(12)
280 REAL MFOPI,MFOP
281 C
282 C
283 WRITE(4,10)
284 10 FORMAT(15X,49(r-') )285 IdRITE (4 t20)286 20 FORMAT(I5X,r l rrgX,' l rr3(r2X,r l t))287 ViRTTE (4,3O)
288 30 FORMAT(15X, r I r r14X,'PRODUCTI\ÆTY TNDTCES r r12X, r I' )289 ?IRITE (4, 10)
29O WRITE (4,2O)
29r co To (35,45) rP
292 35 WRITE(4,40)
293 GO TO 55
294 45 i,\iRITE (4 ,65)295 40 FORMAT(15Xrrlr,2X, ryEARr,2X,r lrr3XrrSFOprr,4X, tlrr3XrtMFOprr,4X,
296 Ir ltr4xr rT,OPrr r4Xrrlr)297 65 FORMAT(15Xr,l' ,2X, ryEARr ,2X,'lr,4X, rSFpr' ,4X,'l' ,4X, rMFpr' ,4X,2gg 2t l, ,5x, rTPr r ,4x, t | ,)299 55 VTRITE (4,20)
300 WRITE(4,10)
301 I4RITE (4 t2O)3O2 II=1971
303 ÐO 50 Í=LrL2

1 304 WRITE(4t60) rr,SFOpr(r),MFOpr(T),TOpr(r)
1 305 II=II*1
1 306 ViRITE (4,2O)
1 307 50 C0¡i"IINUE

308 60 FORMAT(15Xr'l' ,2X,i4,2X, t l t r3 (2X¡8.4rzx, 'l'))309 VIRrTE (4, 10)
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Microsoft FORTRÄN77 V3.20 02/84310 I^IRITE (4,7O)
311 WRITE(4,105)
3T2 70 FOR}4AT(IsX, 'OPERATIONAT, PRODUCTI\rJTY TNDTCES FOR IIETAL' )313 105 FORMAT(15X, TPRODUCTI\rjTy TNDTCES FOR METAL')
314 WRITE(4,80)
315 80 FORMAT (26X, ' FABRTCATING TNDUSIIRIES IN CANADA ')316 RETURN
3L7 END

Name grpe Offset P Class

f fll'IEcER¡t4 3890
ÏI TNTEGM,*4 3886
IP TNIEGM.*4 12
MFOP REAL *****
MFOPT REAL 4
SFOPI REAL O

TOPT REAL 8

*
*
*

318
319
320
32I
322
323

1 324
1 325 10

326
1 327
1 328 2t

329
l- 330
1 331 30

332
I 333
1 334 40

335
I 336
1 337 50

338
339

Name \rpe
ÏNIEGM.*4

SFOPC REAL
SFOPE REAL
SFOPH REAI
SFOPM REAL
SFOPO REAL
X] REAL
X2 REAL
X3 REAL
X4 REAL
X5 REAL
Y REAL

340
34r

SUBRoIJ.IINE SINFAC ( y, Xl,X2, X3,X4, X5, SFOPH, SFOPC, SFOPM,
ISFOPE, SFOPO)

PII4ENqToN 
y(12),xl(l_2) Å2(t2) Å3(r2) ,x4(12),x5 (L2),

*llgfH(12),SFOPC (r2),SFOPM(12),SFOPE (12) ¿sFOpO (12) 
.

REAL YrXl, X2,X3 tXA tXSr SFOPH, SFOPC, SFOPM, SFOPETSFOPO
DO 10 I=1r12
sFoPH (I) =Y (I) /xl (I)
CONTINUE
DO 21 I=1r12
sFoPc(I)=v G)/x2G)
CONTTNUE
DO 30 I:1r 12
sFoPM(l)=Y(I) /rcG)
COI\NINUE
DO 40 I:L,12
sFoPE (I) =Y G) /x4 (I)
CONIINUE
DO 50 I=1r12
sFoPo(I)=Y(I)/xs (I)
CO}rTNIIE
RETTTRN
H{D

Offset P Class

4070
2g*
36 ¡t

24*
32*
40*
4*
B*

]-2*
16 ?b

20*
0*

SUBRoIJ'IINE TÀBLE3 ( SFOPH, SFOPC, SFOPM, SFOPE, SFOPO )
DTMENSION SFOPH (]-2),SFOPC (t2),SFOPM(12),SFOPE (r2),SFOPO(12)
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342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358

1 359
1 360
I 361
1 362

363
364
365
366
367
368
369
370

Name

70

90

Tlrpe

10

' íì
Microsoft FORTRÄN77 V3.20 02/84

10
20

30

INTEGER I,TI
lrRrTE (4, l_0)
FORMAT (5X,75 ( '-' ) )
FORMAT(SX' r I o rgXr r I u 15 (l,zK, r l' ) )
WRITE (4,30)
FORMAT(5X,' I !, 10X, TSINGLE FACTOR OPERATIONAL PRODUCTTVTTIES,

lr2ox,rlr)
WRITE(4,10)
I4RTTE @,2O)
I4RITE (4 ,40)
FORMAT (SXr r l o, 2X, r yEAR r, 2X,' l r r 4X, r SFOPH r, 3X,' l t, 4X, r SFOPC t

2l:\r' l,,4Xt tSFOpMt,3Xr' l r,4X, rSFOPEr,3X, t l r r tSFOPOt r6Xr r l r 
)

viRrTE (4,20)
I^IRITE (4, 10)
WRITE (4,20)
ïI:197L
DO 50 I:1,I2
WRITE (4,60) II,SFOPH(r) ,SFOPC(r) ,SFOFI,Í(r) ,SFOPE(I) ,SFOPO(r)ïI=II*1
WRITE (4,2O)
CONTINUE
FORMAT(5X, r l, ,2X,T.4,2X, r l"5(2XrF8.4,2X, 'I r) 

)
IIIRITE (4, 10)
IvRITE (4,7O)
FORMAT (15X, ISINGI,E FACTOR OPERATIONAL PRODUCTTVITIES MEÃ,SURE I 

)
WRITE (4,90)
FORMAT(IsX, IFOR METAL FABRICATING INDUSTRIES IN CÀNADA')
RETURN
END

Offset P C1ass

43 08
4304

4*
12 rc

0*
8*

16*

suBRolIrINE STNIND ( SFOPH, SFOPC, SFOPM, SFOPE, SFOPO, SFOPHI , SFOPCI
1, SFOPI,ÍI, SFOPEI, SFOPOI )
REAL SFOPH(r2) ,SFOpHr (I2) ,SFOPC(I2) ,SFOpCr (r2) ,SFOPM(12)

2 , SFOPMI (L2) , SFOPE (I2) , SFOPET (r2) , SFOPO (L2) , SFOPOT ( 12 )

DO 10 Ï:j.tl'Z
sFoPHr (I ) =sFopH (I) /SFoPH ( 1)
CONITNUE
DO 20 ï=!,12
SFoPcI (I ) :SFoPc (r) /sFoPc ( 1)
COT.ITTNI'E
DO 30 I=l-¡].2
sFoPt"ü ( I ) =SFoP¡l ( I) /SFSPM ( I )
CO}fIINUE
DO 40 I:1r12
SFoPEI (I) =sFopE (I) /SFoPE (1)
CONTINUE
DO 50 I=LI]-2

190

40

50
60

ï INIEGER:k4
TÏ T}IIEGER*4
SFOPC REAL
SFOPE REAL
SFOPH REAL
SFOPM REAL
SFOPO REAL

1
1

1
1

1
1

1
1

37r
372
373
374
375 C
376
377
378
379
380
381
382
383
384
385
386
387
3BB

20

JIJ

40
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389
390 50
391
392

Nanne Tlpe

sFoPoI (I) =SFopo (I) /sFoPo (1)
CONTINUE
RETIJRN
EX.ID

Offset P Class

4728
4724

SFOPC REAL
SFOPCI REAL
SFOPE REAL
SFOPEI REAL
SFOPH REAL
SFOPH] REAL
SFOPM REAL
SFOPI,[[ REAL
SFOPO REAL
SFOPOI REAL

393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
4t2
4]-3
4t4
4r5
4r6
4L7
418
4]-9
420
42t
422
423
424
425
426

1
I
1
I
1

Name

I}I'TEGER*4 4460
4

24
12
32

0
20

8
28
16
36

SUBROIITINE TABLE4 (SFOPHI 
' 
SFoPcI 

' 
SFOPMI 

' 
SFOPEI, SFoPoI)

DIMENSTON SFOPHT (t2) , SFOPCI (]-2) , SFOpI,n (r2) , SFOPET ( 12 )
1, SFOPOT ( 12 )
INÎEGER I,TT
vlRrrE (4,10)

10 FORMAT (sX,75 ('-') )20 FORMAT(SX' t l t rSX,rlr 15 (].,zKt t lr))
WRITE (4, 30)

30 FORI4AT(5X, tl t,8X, 
'SINGLE FACToR OPERATIONAL PRoDUCTIVITIES

lrNDrCEStrSX,rIt)
I^iRTTE (4, 10)
WRITE (4,20)
vtRITE (4 ,40)40 FORMAT(5Tr r lt,2X,r}.EARÌ,2X,t |, r3Xr rSFOpHrt r3Xr r l r r3X2, ISFOPCIrr3Xr t l"3Xr rSFOpMrr,3X, rlrr3Xr rSFOpErrr3XrrIt

3rrSFOPOIrr4Xrrlr)
I{RITE (4 tz})
rljRrTE (4, 10)
VIRITE (4,20)
II=l-971
DO 50 I:J.,12
l^iRITE(4, 60) II,SFOPHI(I),SFOPCI(I),sFopMI (r),SFopEr (r),

3sFoPOT (r)
ïI=If*1
viRrTE (4 t20)
CO}I'IINUE
FORMAT(5Xr t lr,2X,r4,2X, r l.tr5(2XrFg.4,2X, 'l r) 

)
i^jRrTE (4, 10)
IIRITE (4,7O)
FORMAT (IsX, rSrNGr,E FACTOR OPERATTONAL PRODUCTTVTTTES TNDTCES' )
WRïTE (4,90)
FORMÀT(IsX, |FOR METÀL FABRTCATTNG INDUSTRTES IN CANADAT )
RETURN
m{D

Tlrpe Offset P Class

50
60

70

90

T.

II
ÏNTEGER*4
INTEGER*4
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SFOPCT
SFOPET
SFOPHT
SFOP},T[
SFOPOI

REAL
REAL
REAL
REAL
REAL

Microsoft FORTRÀN77 V3"20 02/84
4z\

12 rt

0*
8Ìk

16*

Name

INDEX
MULTT
PRODY
STNFAC
SÏNGI,E
SININD
TABI,El
TABLE2
TABLE3
TABT,E4
TOTAT,

Tlpe Size Class

SUBROI]:IINE
SUBROI-JITTNE
PROGRÀM
SUBROUTINE
SUBROI.]IIINE
SUBROI.]'IINE
SUBROITIINE
SUBROI.]ITINE
SUBROUTTNE
SUBROI.NINE
SUBROI.rITNE

Pass One Errors Detected
Source Lines

No
426
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SAMPLE OF PRODUCTIVITY MEASUREP4E$IT CALCUUITIOruS

The fol'lowing data are taken from Table (4.9), for the year

of I98?., expressed in base-period dollars, (i971) in Canadian metal

fabricating'industries.

K

Total output = I Ylkt = $4,160.90 x 106
k=1

Total human input = 
l=, 

xtts(1982) = $b42.59 x 106

Total capital in 
L

put = Lu_rXLZn.(IgBZ) = $134.30 x 106

Total material un¿ = ! - Xtg¿( LggZ) = $1,483.09 x 106
supp'l i es i nput Q.=I

Total energy input = 
l=, 

xiqs(1982) = $38.28 x 106

L
Total other costs input r X14r,(19g2¡ = $+0.00 x 106

9"=L

Then, the Total 0perational Productivity (TOP) for these

industries in 1982 is given by:

r Yit( i982)
k=1T0P1lrgBZ) = s L:

l-r-xijs(19s2)J=I g=1
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T0p11 19BZ) =

T0P1lI1BZ) = $/$1.8590 (as shown in Table 4.10 col. 3) an¿

Total Operationa'l Producti v'ity Index for 1982 i s:

roPilQs82¡ =ffififfi

T0PIi(1982) = m = 1.3181 (as shown in Table 4.11 col. 3)

The Multifactor Operationaì Productivity (MFOP) for these

industries in 1982 is given by:

r Y1k(1982)
k=1MF0P1(i982) = à-= Lr t xtjs(1982)
¡=l l,=l

MF'PI .'s'z, =ffiu

MF0P1(igBZ) = $/$6.I47I (as shown in Table 4.10)

and Multifactor Productivity Index (UfOpi) for 1982 is:

MFoPrl(1e82) =il#ffiffi

MFoPI1(1e82) = *# = t.4!BZ

(As shown in Table 4.11)

The Single Factor Operational Productivity (SfOp) of the

five input for these industríes in 1982 are given by:
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K

r Ytt<( i982)
k=1SFOP(J)i (rgaz) =

r 
x1ir,(1982)

1 for human input

2 for capital 'input

3 for materials and suppìies input

4 for energy input

5 for other costs input

- $+,160.90 x io6
$sqz.59 x 106

= $/$7.6685

$4. 160. 90 x 106 = $/$30.981

L
x
9.-

Where j

j

j

j

j

SF0PH1 ( 1e3z )

SFOPC1( le3z)

q4,160.90 x 106 _SF0P01 Ossz) = {ffi;¡¡C- = $/$104.0225

SF0PI'11( 1982 ) =

$ig+.30 x 106

$4,160.90 x 106

$t,483.09 x 106
= $/$2.8056

$4.160.90 x 106 = $/$108.694SF0PE1( 1982) =
$¡g.za x 106

As shown in Table 4.74 in the text.
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1 PROGRAM TECTT
2 C PROGRÄM : Solve Lhe Technologry factor Index (TFI)
3 C FIIENAIÍE: Factor"for
4C VERSïON:1.1
5c RE\IISEDz0J/06/86
6 C BY : A.M. Mohamed and O. Hawaleshka
7 C ÀDRESS : Department of Mechanical/fndustrial Engineering
I C UnÍversity of Manitoba, lriinnipeg, Canada
9C

J-U (-
11 C PURPOSE 3

12 C This program calculates the Technologiy Factor Index
13 c in Canadian metal fabricatÍng industries, by using the solution
14 C procedures derived in chapter5. This version can handle sj-x
15 C variables and tweleve period of tirne in years.
16C
LIU
18 DI¡,IENSION A(s),M(5),SUMQ(5),Q(5,t2),QM(5,l-2),TFI(12)
19 TNTEGER T
20 REAL A,M,Q,QM,TFI
2L INTEGER I, IOI.]ITPU|
22 C}TÄRACTER*23 DÀTA
23C
24C
25 I4RITE 1*, t (A40r 3Xr \) ') | TNPIJT FILE NÀIvIE? '26 READ(*,r(À23)r) DATA
27 OPÐI (8, FILE=DATA)
28 WRITE (*, t (A) ') 'OUTpi.rI OPTION 3 '29 10 VTRITEç*,2O) TSEIECT ÀN OUTPIII DEVICE: r,
30 11 1_ilCONSOT,Tl¡ilr,
31 2t 2_|'PRINTER:'|| ,32 31 3-DISK FTI,E-IIUSEROI:MH.TKIIII,
33 4t PLEASE EIIIER YOIIR SELECTION:I
34 20 FoRMAT(A/A/A/A/A\)
35 READ 1*, t (BN,I7)') IOI.rTPUT
36 IF (IOUTPU'I.LT"1.OR.IOI.jlIpLrr.cT.3) TI{EN
37 WRITE(*,'(À)') CHAR(I2)
38 GO TO 10
39 TX{D TF
40 rF (TOUTPUT.EQ.I) r¡IEN
4MRITE1*,30) | UNIT L-> TTCONSOIfi' rt I

42 30 FORMAT(A)
43 OPEII (4, FIT'E: rCONr)
44 ELSE IF (rOIIrPUr "8Q"2) TIIEN
45 WRTTE 1*,30), trNIT 1-> ¡rPIìrrJTEIì.ilr
46 OPEN (4, FII'E=iPRN|)
47 EÏ,SE
48 WRTTE(*,3o) | UNIT 1-> DISK FILEI
49 OPEN (4,FILE =rl"flI.TXT[10]t, STATUS =rOLDr)
50 Eh[D IF
51 C
52C
53 READ(8,60) ( A(J),J=1,5)
54 WRITEl*,60) (A(J),J=l,5)
55 60 FORMAT (4 (F6 . 4 ,2X) ,86 " 4)
56 REÀD(8,70)((Q(J,T),J=1,5),T=1,L2)
57 WRITE 1*,70) ( (Q (J,T) ,J=I,5) ,T=1,12)
58 70 FORMAT (4 (F7 .2,2X) ,F7 .2)
59C
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61
62
63
64

Name Type

EÀLL
CÀLL
STOP
TND

FACTOR (A, M, SUMQ, Q, QM, TFr)
REPORT(TFr)

Offset P Class

2
INTRINSTC

590
*:k***

626
634
22

110
350

42
660

62

A
CTTAR

DATA
ï
ïou'IPU
J
M

0
QM
srMQ
T
TFT

REÀL

CHAR*23
ïNIEGER:|É4
IN'TEGER*4
I}ITEGER*4
REAL
REAL
REAL
REAL
TNTEGER*4
REAL

65
66
67
68
69
70
7T
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
B8
89
90
9l-
92
93
94
95
96
97
98
99

ci

c
c

SUBROUTINE FACTOR (A, M, SUMQ, Q, QM, TFT)
DTMENSTON À(s) ,M(s) , SUMQ (5) , Q (5 ,12) , Q$ (5 ,t2) ,TFI (12)
ÏNTEGER T
REAL A, M, SIIMQ, Q, QM, TFT

SUMA = 0.00
DO 10 ,f=Ir 5
SUMQ (J) =0.00
C!}TIINI'E
DO 20 T:I,12
TFI (T) =0. 00
CONTTNTIE
DO 30 J:J-IS
SIII'IA=SUMA+A(J)
CO}TIINUE
DO 40 J:1,5
M(J)= À(J)/suMA
CO}ì'ITNUE
DO 50 J=1r5
DO 50 T:1r 12
stIMQ (J)=SUMQ (J) +Q (J,T)
CO}I'IINI'E
DO 60 Þ1, L2
DO 60 J=1r5
Qll(J,T) =Q (J,r)/sUMa (J)
CO}I'IINUE
DO 70 Þ1,12
DO 70 J=1r5
TFI (r) =TFI (T) +Q¡,f (J, T) *M (J)
CO}ffINUE
RETURN
END

I
I
1
l_

I
1

I
1

1
2
2

1
2
2

1
2
¿

10

20

40

30

50

7A
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Nanne

A
J
M
a
QM
SUMA
SIIMQ
T
TFI

Tlrpe

REAL
TNIEGER*4
REAL
REAL
REAL
REAL
REAL
INIEGER*4
REAL

Offset

0
732

4
T2
16

728
I

736
20

P Class
+

&
¿

*

100
101
102
103
104
105
106
to7
108
109
110
111
112
113
114
115
116
]-,l.7
1L8
119
120
121
122
123
l-24
]-25
l-26
t27
]-,28
129
130
131
]-32

ci

10
20

40
50

suBRouTrNE REPORT (TFr )

Dï¡mNSrON TFr(12)
INTEGER T
REAL TFI
I4RITE (4, 10)
FORMAT(zOX,40(t-t¡¡
FORMAT(2OX, r l t rgX, I l r r2gxr r l r)
r4RrTE (4,20)
wRrlE (4, 30)

30 FORMAT (20X,' l t,2X, ryEARr,2X,' 
1 

"3X, 
rTECI{NOI¡GY FACTOR INDEXT

#r3Xr t lt)
I^iRITE (4,20)
viRrTE(4,10)
viRrTE (4,20)
II=1971

Type

DO 40 FIr12
I4RITE (4, 50) rr, TFr (T)
fï:II*1
viRITE (4 tz1)
CO¡NINUE
FORMAT (zOX,' l r,2X,I4,2X, t | 1,r2X,F5.4,12X, r l r 

)
WRTTE (4,]-0)
I^IRITE (4 ,60)
FoRMAT (//)
WRITE (4,7O)
FORMAT(20Xt rÎable 5.4 Technology Factor Index Measurer)
WRITE (4,80)
FORMAT(20X, rin Canadian metal fabricating industries')
RETURN
ENÐ

Offset P C1ass

1
1
I
I

Name

TÏ
T
TFI

60

70

80

IIIIEGER'I4
TNTEGER¡t4
REAL

846
850

0*

Name

133

Size
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Mícrosoft FoRTRANTT v3"áo oz¡a+
rÀcroñ
REPORT
TECIi

SIIBROITITNE
SIIBROI-NTNE
PROGRÄM

Pass One No Errors Detected
133 Source Lines
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APPENDIX D

A description of Micro Computer program for

fractional progrannning
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MTCR,O COMPUTER, PROGRAM FOR SOL\rING

LTNEÀR F'RACTIONA¡ PROGRÀMMING

PROGRÀM DESCR PTTON

The nethod for tfie sorution of linear fractÍonaI programning

(f¡P) utilizes tJ:e rrTwo-phasert SJmplex method. fhus, as a
by-product of sol-utions of Nonlinear (Fractional) programs,

LÍnear Program solutions can also be found. Figrure (1) shows

a st:rrcture chart of the program. rt shows the functions
available to ttre operator (le, Help, C1ear, fnput, Solve,

Frint).

Figure I kogran conmands

I{hen the rNPtlr cornmand Ís sel-ected, Lbre operator may choose

to input or edit tTre tlpe of problem, the objective
function t ot tl¡e constraint equations as shown in Figure

(2) 
"

ffiIHLIHE
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CftffiTRNIHT
EqJATIB6

Figure 3

method to
programs.

Figiure 2 Data input

shows the relationship of the T\¿o-phase Simplex

the solution of Nonlinear (Fractional) and Linear

CalcuLation module structure chart

tI}IERRIZE
ß,ECTIUE
FUI{CTIOfl

HKE
OOJECTIl,E
R'KTIO8{

TS0"Hn$E
SIHPLH
$OI.IJTIffi

Figure 3
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since the program was created .on the assumption that the
operator may wish to edit ttre input data to explore

dífferent solutions, the input data is reft intact during
caLculations. If the set of input data is sma1l ( for
exarnple the data set consisting only of the symbols : I_ess-

than, Greater-than, Equal-to), then a menu selection
dialogue is used, with the operator pressing a key

corresponding to the desired choice. rf the set of input
data is large (for exarnple, the set of real numbers for
eEration coefficients), then a form filling dialogue is
used. In this case the user filIs in the real numbers

corresponding to the values of coefficients in the objective
function and thre constraint equations. A decision !/as made

to írnplement the prograrn using the TURBO pÀscAr, compiler.

This results in a compact, executable prograrn, conpatible
with a v¡ide variety of microcomputers using

(PCDOSTI,ISDOS,CP/Ì'I-86, CPÆ-80) operating systems. In addition
the program would be able to use the Intel 8OBT math

coprocessor for additional computational power.

DESCRTPTTON OF ¡'EATIJRES

Figure (4) shows the main functions avaitable to the

operator when the prograrn begins. The CLEAR command re-
ínitializes all input, data values and is used when ttre
operator wishes to enter a new probrem. The rNpËIl cononand

is used to input the tlpe of optimization and objective
function coefficients as shown in Fig, (S), and the

constraint eErations seen in Fig" (6).
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ffiLIHTåR (TMCTItr&t) MffiRÁHHIffi
TIHEâR MffiâWIffi

$olution hograp

Uetsion 1.1

Ey: 0,8, lblfe
Á.1{. }hh¡red

Copy¡isht (c) 1986 0.8. hlÊe
ôU Rights Resereed

Fig. 4 Initial program Êcreen

IHPIJÏ DâTå
Fl) trturn to ¡¡in nnu
F2) Define Ïyoe of Problex ? (Fractionel) (Linear)

fiì n[iffi ¡iç,l1,!r[iiÈËi¡å'i 
? t{ininize) (t{¡xinize}

F5) Define Constr¡int Equation(s) ?

lhnline¡r 0ùjective Function Coefficients

F(x) =
ct + cltü. + c2lQ + ,,. + cnlh
D8 + ¡1¡1 + û21ü { .., { [h[n

Fig. 5 fnput objective function coefficients

Ftg. 6 Input consÈralnÈ equatlon data
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tHpur Dôtâ

Hi H¡ilË iifi,if,#lifftlu'ij 
Írliiåu?ïr, ÍHriåir.,

lþfine Constraint Eguetions

fl= I
l.L = J

-1, gg C 6=e,C0 C 7=!,få c g=g,!t c g=t.0c clÈ

B:tg cr6= 0,88

0, ar
0, 0t
0,0t

9, 88

8.08
0.08
g. åB
g,0B
f.3å

Cll=
tl2=

. C13=
cl+
d5=



fhe sol,\Æ command attenpts to finc a solution to the
progrran entered and dísplays a surrrrnalar of the problem and.

the solutíon found as shown in Figrre (10). For LFp, the
prograrn linearizes the objective function then calls trre

T\¡ro-Phase simplex routine repeatedly r:ntir there is
convergence on a solution" The first step in the simplex
nethod analyses the constraint eErations, and adds surplus,
srack and artificiar variabres as required. The next step
follows tlre simplex mettrod for solution of the rinear
program.

Fig. 7 solution to ttre Fractional prograruning problern

The PRIN| conmand produces a paper copy of the problem and

of tJ:e solution found"

FIIÐ FRâCTIflSL mocf,tl0ilttc $otllTlofi

,0t
,90
,00
,tt
,00
,lt
.09
,lt
,00
,00

å. åt lf,ll=
0. !e ß2=å,00 lf3=
0, tå lß+
0, !å lß5=!.1¡ lf,l6=0.00 lß7=t,00 lßg=l.l0 lß9=t,00 H{Þ

t, 0t
l, å0
,00
,åt
,ft
.lå
,00
.0t
,lå
,00

l{ 1= L tg HLl,=
l{ 2= l,Í0 1il2=
ll 3= g,lf 1f,,3=
t{ + l,ll lü+
l{ 5= 1,ll 1il5=
l{ 6= 1,0å 1f,.6=
l{ 7= 1,0å lü.7=
l{ 8= 0, f0 l{18=
l{ 9= l,0t lü9=HÞ l,0t ¡Cå=
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