
PRODUCTIVITY BASED PLANNING MODEL 
FOR TELEGLOBE CANADA 

M. WERNER 

Teleglobe Canada, Montreal, Canada 

ABSTRACT 

~hile bu~getary (and corporate) planning behav-
1o~r tYP1cally f~cuses on meeting financially 
or1ented constra1nts, especially the rate of re
turn to invested capital or bottom line profits 
t~e,impl~cit production technology, or produc~ , 
t1V1~y, 1S effectively ignored. This paper 
out11nes a method whereby the production technolcr 
gy, in the form of a_ "Total Factor Productivity" 
measure, is explicitly introduced as a cons.traint 
parameter for aggregate budgetary (and corporat~ 
p~anning·. It effectively imbues the process 
w1th a global perspective. It is shown how this 
methodology introduces an important measure of 
both efficiency and accuracy into the planning 
process. In addition, the paper demonstrates 
the consistency of our approach,whereby produc
tivity is used in an accounting framework, with 
the classical econometric analysis o.f constrained 
cost minimizing or profit maximizing behaviour. 

INTRODUCTION 

Development and control are the two most impor
tant aspects of any planning process. It is not 
enough to simply make corporate objectives known 
Irrespective of the originating level of author
ity, without an appropriate system of control 
the likelihood of achievement is greatly dimin
ished. This phenomenon has its roots in the 
vagueness, or more appropriately, the extreme 
generality in which company objectives are 
usually couched. The results are of course not 
surprising. Following hard on the heels of 
upper level direction is an interpretation and 
execution of convenience. this does not want 
to imply that those responsible would ignore 
the spirit of upper management's goals, only 
that in their haste to fulfill inexact direc
tives the originally intended sense of opti
mality might undergo distortions. An example 
(admittedly somewhat extreme) can be drawn from 
a hypothetical system of central planning. Due 
to its key role in military and industrial 
expansion, the continual and rapid growth of 
steel output was strongly emphasized. Given a 
rather strict system of reward and punisment, 
plant managers were very quickly and deeply 
committed to the task. Steel production climbed 
at an astounding rate. However, the final out
come was nothing if not sub-optimal. Although 
output increased exponentially, it was primarily 
of steel rods, with fairly specialized applica
tion~,because through this choice, given the 
tooling and input requirements, management was 
able to ensure maximum growth. It becam pain
fully evi~ent that maximum, or better still, an 
unconstra1ned maximum and optimum are not nec
essarily synonymous. Furthermore, not only 
would the introduction of an appropriate con
straint have increased the probability of more 
functional production patterns but it would also 
have given the central planners an excellent 
control tool. 

Apart from the evident need to cover the differ 
ence between optimal goals and unconstrained 
maxirn.ization (or minimization) drives, with 
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sometimes opposing goals, there is another 
appealing reason for the introduction of con
straints. In facts, the more (or less, as 
the case may be) the merrier, just to the point 
where the number of constraints equals the 
number of unknowns. For example, the decision 
to maximize production creates a problem with 
a number of unknowns equal to the number of 
inputs with no up~er limits. Theoretically, 
output would cont1nue to increase towards 
i~f~nitY,as more and more inputs are added. 
A1m1ng, 1nstead, for maximum profits introduces 
C06tconstraints 7qual to t~e npmber ~f inputs 
and ensures a un1que solut1on1 }. Unlike the 
un~onstrained vers~on of maximizing output, 
wh1ch left the cho1ce of possible input config
urations at infinity, the restructured problem 
offers the distinct advantage of a universe 
with strictly limited choice. 

Having established certain propositions concern
in~ co~trol and constraints in planning, the 
ob]ect1ve of this paper can now be presented. 
It is to ?utline an upper management planning 
system whLch offers tight control over the 
future d~re~tions of the corporation, partic
ula71y w1th1~ the company budgeting activity 
(wh1ch, ,as w111 become apparent, can, in any 
event, 1ncorporahe most of the firm's aspira
tions). This is made possible by adding one 
mpre constraint to the existing body in current 
use by expanding the current financial con
straint horizon beyond the standard targets of 
rate of return (ROR), demand (0) and unit cost 
(UC) to include the physical side of corporate 
activity in the form of Total Factor Produc
tivity (TFP) measurement2). This is essen
sentially a measure which compares the move
ments of output and input on a global basis. 
By the use of an appropriate set of aggregator 
functions, all outputs generated by the firm's 
production process, as well as all inputs which 
~omprise thi~ production process, are aggregated 
1nto global 1ndex numbers. In the section 
describing the actual model we discuse the 
problems of using a traditional production 
function approach for the measure of productiv
~ty , as well as the justification of using TFP, 
1n thE:':! form to be developed further on. And 
of course, quite apart from the control engen
~red through the introduction of TFP, must be 
considered the advantage of -incorporating, for 
direct scrutiny, a variable which represents the 
only source of long-term wealth3 ) 

1) Assuming, of course, the appropriate homo
geneity conditions. 

2) Excellent definitions of TFP are available 
in Tornqvist US} yorg.enson & Griliches {9}: 
Denny & May {3} Star rl~}, Werner {17} 
and Werner & Routledge {18}. 

3) Apart from the obvious economic advantage o£ 
scrutinizing TFP, the importance of such ah 
arrangement for a regulated company, con
stantly required to demonstrate its produc
tivity, cannot be overstated. 
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As will become evident, the model does nothing 
more than make explicit the technological and 
scale parameters which are in any event already 
pres~nt in any constrained cost minimization or 
prof"it maximization problem. That is, given a 
profit maximization problem, for example, where, 

Profi ts :: Revenues Costs 

the Revenue figure implicitly assumes a produc
tion technology and consequently, productivity. 
That is, 

Revenues = (Output Prices) x (A Production 
Technology) . 

The system, it should be emphasized, is designed 
to generate a theoretical budget which becomes 
a guideline to be used by upper management as a 
check on the actual departmental budgetary 
process. It provides a statement of what to 
expect if certain constraints, or targets are 
to become effective. The actual budget may, in 
the final analysis, never resemble the theoret
ical one, but at least upper management will 
have been in an excellent position from which 
to demand justification. 

Another, and probably more important justifica
tion for including a TFP constraint is its role 
as a focal point in fine tuning towards desired 
financial results. After all is said and done 
the only ways to meet a given return target are 
to alter input volumes, input prices, output 
prices, marketing strategy or, more likely, a 
combination of these alternatives. Since input 
prices can, in many cases, be very rigid, the 
field of options is really more limited. Changes 
in input volumes really amount to changes in 
TFP and changes in output prices reflects 
directly on changes in revenues available for 
ROR (except in the case of price elasticity 
identically equal to one). However,without a 
reference point to measure impact or even 
determine empirical ,feasibility, input volume 
(or configuration), output price and marketing 
strategy adjustments become arbitrary. Tying 
these changes to movements in TFP, creates a 
feasibility spectrum which judges the impact of 
volume changes as well as determines the point 
at which dependance must be shifted to the price 
and marketing mechanisms. For example, if rate 
of return considerations require input cutbacks, 
but the implied TFP gain requirement is far 
beyond that experienced historically, legitimate 
consiqeration could then be given to other 
strategies. 

A PROBLEM OF CONSTRAINTS 

Traditionally, the most important test of an 
evolved plan or budget examines the level of 
profits or ROR (which two terms are here consid
ered as interchangeable) to ensure that they 
are either maximized or, more often than not, 
at least above a certain minimum. The problem 
is of the constrained type with revenues and 
costs comprising the necessary countervailing 
force. Within this system are four different 
activities which are potentially subject to 
manipulation in order to control the RORi 

1) The output pricing activity 

2) The level of production activity, 
increasing (decreasing) the volume of 
inputs in order to increase (decrease) 
the volume of output and thus take 
advantage of existing scale economies. 

3) Technological activity in a case where 
the existing technology has already 
taken full advantage of scale economies 
and new innovation is required for 
further gains. 
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4) The input pricing activity whereby 
the firm can negotiate favourable 
input prices. 

These four activities should most appropriately 
be examined in light of the associated costs 
or constraints of any choice. Beginning with 
(1)" the cost of increasing the unit price of 
output may be measured in terms of lost market 
share (or in the case of .a regulated company, 
the risk as well as the cost of pleading before 
a regulatory body). This constraint will, ther~ 
fore, provide one excellent initial guideline 
for pricirg policy, keeping the unit price 
constant4 • 

Whereas overhead costs remain fixed, the level 
of production activity is constrained by the 
shape of the variable cost curves · as well as 
the output pricing possibilities. This now 
brings the total number of major constraints 
to three. Activity (2) being limited by cost 
and demand curve configurations while (1) is 
subject to market share (and regulatory) 
considerations. 

Given ·the radical nature of activity (3), unless 
the corporation was following a rigid long-term 
policy which went beyond simple budgetary 
considerations, it would probably occupy the 
status of a wast resort option, with (1), (2) 
and (4) taking precedence. Its constraints 
would involve a reshaping of all the cost curves 
(fixed as well as variable) with close attention 
being paid to the output price (or demand) curve 
possibilities. 

The existence of the last activity" as an avail
able option, will depend on such things as the 
size of the corporation, the degree of compet
itiveness (monopsony) and the availability of 
substitutes. It is, however, an option that 
should not be depended on other than as icing 
to the cake. In the final analysis it becomes, 
when prices are set, one of the important deter
minants of the cost curve configurations, and 
as such is itself a constraint on the general 
budgetary planning problem. 

The question that must now be addressed is 
whether the traditional system without TFP, 
has a sufficient number of constraints in order 
to arrive at a unique, optimal solution. Using 
the interdependence discussed above, a general 
scenario of the planning problem can be con
structed. Beginning with the fairly incontes
able proposition that the firm is in business 
to generate sales, the demand forecast becomes 
the first and most important datum. This should 
ideally provide, as well as required quantities, 
some elasticity estimates showing the variation 
in demand at different prices. This is also 
the step at which a second constraint (with 
elasticity being the first) is introduced: the 
pricing decision. Output price decreases for 
market penetration purposes;' constant, unchang
ing prices or actual increases for a variety . 
of rersons such as rationing, government policy, 
etc. 5•. Given the pricing decision (along with 
constraints on the input side) it imposes an 
upper limit on input factor expenses equal to 
the total value of revenues 6 ). The final ' step in 
this process (somewhat simplified, but never
theless completely realistic and applicable) 

4) This should of course not be taken to imply 
that the policy would continue in the face 
of adverse financial performance. 

S) It should be noted that a pricing decision 
also implies a unit cost decision. 

6) This total value of inputs includes the 
appropriate return to capital and adheres 
to the accounting identify whereby all 
revenue is spen,t • . 
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determines the input prices and consequently pla
ces an upper limit constraint on the quantity of 
inputs. Summarizing, 

1) Determine shape of demand curve. 

2) Determine value of demand (total revenues) 

3) Determine value of inputs. 

4) Determine p:tice of inputs, including ROR, 
contractual wage obligations and general 
inflation rate. 

5) The upper limit on the quantity of inputs 
is now known. 

In view of the above constraints the maximum 
required level of ROR cannot but be attained. 
What is equally apparent is that the final 
solution will also be optimal only by coinciden
ce. This is because there still remain two un
knowns. Since there is no compelling reason 
to utilize inputs exactly up to the maximum 
allowable quantities, an additional constraint 
is required in order to determine the level of 
inputs. And secondly, some constraints must be 
~ntroduced to provide guidelines for appropriate 
1nput proportions. The latter unknown can easily 
be handled through the combined mediums of 
statistical forecasting and taking cognizance 
of existing corporate long-term technological 
policy. In the case of levels, by utilizing 
the fact that with a given output, the produc
tivity of the production process will rise and 
fall with the quantity of inputs, a targeted 
TFP change becomes the ideal constraint with 
which to guarantee a unique optimal solution. 
As will be seen in the following detailed out
line, TFP will serve to not only set optimal 
(or desired) input levels but also to question 
the feasibility of the output pricing con
straints. 

THE MODEL 

The planning system has been designed in such a 
way as to allow maximum participation by analysts 
at every . major step in the .precess .• Although it 
could just as easily have been fully automated, 
without subjective intervention at certain 
decision junctures much confidence would be 
lost in the quality of the results. Solutions 
are thus generated through an iterative process 
whereby certain initial values are chosen 
through a combination of statistical · and sub
jective procedures. The process is repeated, 
with changing initial values, until it converges 
to a satisfactory solution, which meaning will 
become apparent below. 

Our choice Qf methodology is based on the fact of 
severe data limitations. Ideally we would have 
chosen a production function as well as the 
appropriate side conditions such as profit 
maximization and then proceeded with some 
variation of classical regression analysis 
to estimate all the relevant parameters. How
ever, given the constrained circumstances, it 
can be demonstrated that our choice of TFP as 
well as the form of aggregator function offers 
a very reasonable approximation to a full 
econometric analysis with traditional functional 
forms. 

Beginning with the three input, one output . 
production function, 

0t f(Kt'Lt,Mt ) 

the form of 'f' determines the maximum output 
(Ot) possible with any combination of Capital 
(K ), labour (L ) and materials (M ). By 
re~tricting tec~nical change to th~ factor 
augmenting variety we can relate it to measures 
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of productivity. Now 

0t f(~(t)Kt' Al(t)Lt , Am(t)Mt ) 

where A, (t) is a function of time alone that 
augment~ factor i. By assuming that the 
function 'f' is linear homogeneous and that 
Ai(t): A(t) for all i we can rewrite the 
factor augmented function as 

0t A(t). f(Kt,Lt,Mt ) 

where Alt) is a "Hicks Neutral" measure of techni
cal change. We have now shifted from measures 
~f technical,c~ange to measures of productiv-
1ty. By def1n1ng a measure of aggregate input 
as 

It f (Kt'Lt ,Mt ) 

Tot~l Factor Productivity can be compared to 
the "Hicks Neutral" measure of technical change 

o 
TFp:' ~ = A(t) 

It 

Ideally we would now specify and estimate a 
production technology with a minimum of con
s~raints and subs~quently test a variety of 
d1fferent constra1nts in order to provide the 
best estimate of A(t). From the same data we 
would then calculate an index of TFP which 
should provide a similar estimate of technical 
change. Unfortunately, given data limitations 
very limited econometric estimation is feasibl~. 
H~wever: we can solve the problem by using 
D1e~er~ ~ results {4} on "exact" and "super
lat1ve 1~dex numbers, which basically ensure 
~hat any 1n~ut aggregation (or indexing) formula 
1S exact f<?rso~e functional form. By choosing 
the Tornqv1st d1screte approximation to the 
continuous Divisia {~} index, which is exact 
for the , "Homogen~ous Transcendental Logarithmic" 
Product10n Funct10n, as an aggregator function 
we ensure the consistency of TFP with the func~ 
tional form of a production function. Further
more, Diewe7t {4} l~els this rorm as superlati
ve because 1tS funct10nal equivalent the 
"~ranslog" iS,itself a second order ~pproxima
t 70n to any 11near homogeneous production func
t10n. Thus our measure of TFP does not suffer 
the drawback of being tied to some of the more 
restrictive forms of production function such as 
the Cobb-Douglas, the CES and so on. 7 ) 

Development of the system begins with the basic 
accounting identify that the total value of out
put (TVOt ) in .any period is always identically 
equal to the total value of input (TVI ). This 
tells us that the compensation to factbrs of 
production always exhausts the total value of 
product. Thus, if we consider the three basic 
factors "capital", "labour" and "materials" and 
denote the shares of total product going to each 
as SKt' SIt and Smt' respectively, then 

~Si = Skt - SIt - Smt = 1 

These shares are simply the proportion of total 
compensation that each receives and are defined 
as 

7) Most of·this explanatio~ is taken from 
Denny et al {2}. 
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Skt ! (Pkt Kt 
l.Pit 

X
it 

+ (1) 

SIt - ~ Clt Lt 

2, P it X
it 

(2) 

+ 

where 

Pit (i - k, I, m) ~~fi price per unit of the 
1 input in year t 

the volume of fixed as
sets in place in year t 

the number of manhours 
worked in year t 

= the volume of materials 
inputs in year t 

It may be noted that the proportions are actual
ly two-year averaqes. The principal explana
tion for this procedure lies in the choice of 
indexing methodology8). ~he ~eights in the. 
Tornavist discrete approxlmatlon to the contl
nuous Divisia index are in fact two period 
averages. The periodic comp.ens,ation values are 
the Pit Xit where, 

All items which may legitimately be 
considered as a return to capital, 
includinq depreciation, dividend pay
ments, retained earnings, long-term 
debt servicinq and all income and 
property taxes. 

The total value of labour compensation 
includinq wages, salaries, all fringe 
benefits whiie excludinq all capital
ized labour compensation. 

The value of all intermediate input 
expenses which includes everything not 
already accounted for by either capi
tal or labour and those amounts dedi
cated to the servicing of short term 
borrowing. 

The basic TFP gain expression, 

• r. 
where 0 and It are Divisia indices of output 
and inp~t volume respectively and denote (as 
is always the case when a dot appears a~ove the 
notation) one plus the percent change ln these 
volumes, can be' expanded to 

(4 ) 

Skt . SIt· S t 
Kt L M m t t 

8) Althouqh we have chosen one particular 
indexinq scheme, the system could just as 
easilv,-witnout anv uualitative chan~es, 
nave been built around another index number 
formula. 
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Eauation (4), and the fact that Kt = Kt/Kt_I, 

Lt = Lt/Lt_I, etc., can be URe0 to solve 

for Kt. 

where at ~ Kt/Lt and et = Lt/Mt 

(5) 

Equation (5) has eiqht unknowns without which 
the volume of capital cannot be calculated. 
These include the percent chanqe in output 
(6t ) , the TFP qai~ (Ttp) , the ;apital-l~bour 
ra~io (at = Kt/Lt)' the three variables repre-

senting the two-year average share of product 
goinq to compensate each of the in~ut factors 
(Skt' S~t and Smt) and finally, the labour-

materiais ratio (b t = Lt/Mt ). This seems like 

auite a larqe number of unknowns, but through 
Judicious use of constraints, each will assume 
a uniaue value. 

The determination of 0t rightfully belongs to 
another system. It is estimated within the 
framework ' of a demand model and is assumed to 
depend entirely on factors outside of the pro
duction process of the firm. It is therefore 
exogenous to the system. All increases in 
demand can be met by appropriate adjustments to 
input auantities and configurations. 

The periodic qain in TFP cannot be forecast 
but only targeted. Since TFP, as can be seen 
from ea~ation (4) depends on the movements in 
all the input factor~, its prediction would 
imply a knowledqe of all the input factors. 
The ~ystemAhowe~er, has a diametrically oppo
sing view of the situation. Here, input 
auantities depend, for their value, on an 
imposed TFP constraint, without which they 
mu'st remain indeterminate. It must therefore 
be tarqeted. In practice there are several 
possibilities for an indication as to appropri~ 
te level. A guideline may be established from 
the TFP performance of another firm in very 
similar circumstances. Or, alternatively, it 
may be a long term average of the firm's own 
historical TFP performance that is used as a 
standard below which not to fall in any given 
period. This latter method has the advantage 
of avoidirig the pitfall of comparing companies 
which may have natural advantaqes making one 
firm naturally more or less productive than its 
industry brother. 9 ) TFP then (along with the 
level of demand) becomes part of the constraint 
boundary of the planning problem. 

The capital-labour ratio (a = Kt/Lt) presents 
a bit more difficulty. The}e are basically two 
hurdles to overcome: one being the level of 
disaqgreqation while the other concerns fore
castinq methodoloqy. Examininq capital and 
labo~rat their total levels, although the 
least time consuming would most certainly have 
a auestionable rele~ance. This would be mainly 
due to the interaction of two distinctly diffe
rent types of labour. Technological advances 
impact" 'in entirely different deqrees on direct 
and indirect labo~r. For example, a particu
lar innovation mav halve operational labour 
input rea~irements while at the same time dou
bling the necessary administrative personnel. 
The obvious solution is to look at the two 
ratios 

9) For example one firm may have far less of 
one input, such as transportation, because 
of its" proximity to markets. 
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Capital 
D1.rect Labour 

Indirect Labour 

Direct Labour 

and dividing (6) by (7) we ' get 

Capital 

Indirect Labour 

from which we can derive 

1 1 1 = Lt 
r lt r 2t at ~ 

where Lt = LIt + L2t total labour 

(6) 

(7) 

(8) 

It will certainly be easier to predict the move
ments of r lt and r 3t (in order to arrive at r7.t 
and subsequently at) which pairs the related 
variables of capital with the capital using 
direct labour and direct labour with its indi
rect counterpart. Althouqh the latter combina
tion does not have an exact link to production, 
it nevertheless provides the vehicle which 
allows the incorporation of total employed 
labour into the Kt/Lt ratio. The desirability 
of this variable 1.S further enhanced by the 
flexibility it adds to forecasting. Since indi
rect labour (beyond a certain basic minimum)' can 
sometimes be considered as a lu~ury (viz. extra 
marketing services, special studies, personnel 
services, etc.), we can easily link its qrowth 
to exogenous proxies of prosperity such as ' 
demand, rate of return, unemployment rate etc. 
The more technologically oriented variable r l 
must be f6recast both statistically, through t 
an appropriate model, and subjectivelv, throuqh 
consultations with engineers and planners. The 
basic statistical models, are of the form, 

Statistical methods, subjective analysis or a 
combination of both may be used to determine the 
average share of product received by each of 
the input factors. The mechanics of determina
tion require a prediction ,of the share within 
the planning period while the averaging stage 
is si~ply a matter of arithmetic. Only the 
first term within the parentheses of eauations 
(1) to (3) must be known. That is the " 
(PitXit/lpitXit) are estimated. 

Let 

Pkt Kt Ykt 
lPit Xit 

(9a) 

P1t Lt Y1t 
(9b) 

IPit Xit 

Pmt Mt 
Ymt (9c) 

LPit Xit 
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Of the various methods, purely statistical es
timation is the least satisfactory, while, given 
the important policy implications of fixing the 
shares qoinq to each input factor, the potential 
benefits of a proportionally high SUbjective 
input are enormous. The final values of the 
variables play a role in the major aspects of 
the planning problem. Input configurations, 
price ratios as well as input substitution pos
sibilities are all affected. As far as statis
tical determination is concerned the relative 
compensation levels would depend on both long 
term trends as well as current business cycle 
configurations. It is well known, for example, 
that durinq a trouqh in business activity there 
is a tendency to hoard labour. Due to the 
expense of 'hiring and firing, business is wil~ ' 
ling to support idle staff during temporary 
slumps. Conseauently, after paying labour, 
the reduced size of available product leaves 
less for the other input factors. The share 
qoinq to labour, therefore, would be expected 
to increase on the way down during the business 
cycle while decreasing on the ascent. But this 
is only the mechanicai side of the variable. 
More important is a long term corporate policy 
that can be related directly to these shares. 
For · example, decisions to aim for a reduced de
pendence on labour in order to counter powerful 
union pressures would re~uire tarqeting- for a 
declining labour share. Alternatively, qovern
ment subsidy programs, lowering the relative 
~rice of labour miqht make a constant labour 
share, with qrowinq employee population, more 
desirable. The list of possibilities is long, 
bu~ the point is evident: targeted compensa
tion shares should be closely linked to" policy 
decisions. Once the Y' t have been estimated, 
then it is simply a ~u~stion of plugging these 
values into equations (1) to (3) and calcula
ting the average shares, Skt' SIt and Smt' 

In order to calculate the final unknown, the 
labour-materials ratio (bt = L /M ) certain 
price information, hitherto me~ti6ned only in 
connection with the shares, must· be precisely 
detailed. Specifically we are concerned with 
the prices of labour (Pl~) and materials 
(Pmt ). The latter, beinq identical to certain 
national rates of inflation, are determined 
entirely outside the system and, from the cor
poration's point of view, are immutable. Labour 
prices, on the other hand, may have a certain 
degree of flexibility. However, once a con
tract is siqned this is no longer the case. 
Thus, in as~iqnina a value to PIt' it may come 
from previously cemented, long term contractual 
obligations, or through the process of setting 
a minimum level of increase tied to the expect
ed ~ate of inflation. If the first method- is 
unavoidable, then no further flexibility exists 
and the price of labour (as with Pmt ) becomes 
fixed. The latter method, however, allows PI 
to evolve through successive iterations of th~ 
system towards an affordable level which 
maintains consistency with all the other cons
traints. 

Irregardless of the final selection procedure, 
the values of PIt and Pmt combine with e~ua
tions (9a) to (9c) in order to calculate b t 
Lt/Mt' Dividing equations (9a) and (9b) by 
(9b) and (9c) respectively, results in, 

Pkt Lt Ykt (9d) 

PIt ~ Ylt 

and, 

PIt = 
M

t Ylt (ge) 
-p--

mt ~ Ymt 
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From equation (9d) we can compute Pkt/Plt , 
since PIt is given, allows us to calculate 
value for the price of capital (Pkt ). And 
equation (ge) b t - Lt/Mt becomes known. 

which 
a 
from 

Having derived values for all the unknowns in 
eauation (5), the capital stock (Kt) can now be 
determined. Conseauently, using at = Kt/Lt and 
b t = Lt/Mt , Lt/Mt , Lt and Mt also assume speci
fic values. At this stage, given the prices and 
quantities, a total value of input is calcula
ted and compared to the constraint value oriqi
nally selected through a decision on pricing 
policies. We have 

If the estimated TVl t is not equal to TVOt , 
then adjustments must be made to the components. 
Which of the six should be changed? Since the 
price of materials, P

mt
, and in some instances 

the price of labour, PIt must remain at a fixed 
level, they cannot undergo adjustment. Further
more, the fact that eauations (9d) and (ge) used 
certain price ratios, -including the previously 
fixed Pmt ~nd PIt' would imply that the value 
of Pkt also becomes fixed. Prices can there
fore be eliminated from further consideration. 
It is, therefore, the volumes that must under
go adjustment subject, however, to the cons
traints of the previously fixed ratios, at = 
Kt/Lt and b t - Lt/Mt' This dictates that any 
percentage adjustment must be homogeneously 
applied to each of the individual volumes. 
That is, if 

TVl t - ~TVlt where TVl t 

then, 

and, 

At this point, all the data necessary to test 
the final constraint is available. We how turn 
to the financial side and -examine whether the 
RORt , implicit ~n the system is , acceptable. 

To do this the ROR must first be defined. There 
are many different forms available. For purpo
ses of this paper we define a return to total 
average capitai as: 

Thus, 

Net Income after taxes but including 
interest pavrnents on lonq term debt 
The two period average of all lonq term 
liabilities including all debt, eouity 
and that portion of debt due in the 
current periods. 

RORt = NIt + LIt 

where, 

but, 
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~ {(LB
t 

+ RET t ) + (LBt _ l + RETt _ l )} 

Net Income after taxes in "t" 

Interest payments in "t" 

Long term liabilities in "t" 

Retired -debt in "t" 

where, 

Taxes payable 

Deferred taxes 

Dt Depreciation charges 

then, 

and combined with the fact that current period 
liabilities can be estimated through, 

LB
t 

= NIt + LBt _ l = Pkt Kt - Tt - DTt -

Dt - LIt + LBt _l 

then, 

~ {(LBt_i + RETt _ l ) + (PktK~ -

Tt - DTt - Dt - LIt + LBt _l + 

RET
t

)} 

(10) 

However, in order to calculate the RORt we must 
first estimate Dt , Tt and DTt . 

This can be effected through 

B 
D

t 
= d t {Kt - l - TD t - Rt + (K~ - Kt-I) TPPl t } 

where, 

The depreciation rate in Ht" 

The original cost of fixed assets in 
service in Ht" 

(lOa) 

Accumulated depreciation charges in Ht" 

Rt Fixed assets retired in "T" 

(Kt - Kt-I) - Gross additions to fixed assets in 
constant value in Ht" 

TPPl t 

ATt = 

where, 

ATt = 

it = 

ADt 

where, 

CCAt = 

A telecommunications plant price index 
used to raprice fixed assets from 
constant to current value. 

Corporate income taxes assessed in Ht" 

Corporate income tax rate in "t" 

B 
CCAt {Kt - l - TD t - Rt + (Kt - Kt_I) 

TPPl
t

} 

The capital cost allowance rate which is 
usuall~ greater than "i" and allows 
for the calculation of a higher depre
ciation charqe which is then applied 
to the calcuiation of deferred- taxes. 

An adjusted depreciation charge used in 
the calculation of deferred taxes. 

(lOb) 
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and finally, 

(lOc) 

Equation (10) can now be used to calculate the 
ROR implicit in the system. If this rate is 
unacceptable then equations (10), (lOa), (lOb) 
and (lOc) can be combined to calculate a requi
red price of capital, P~~, which depends on ""the 

required rate of return, ROR*t (whereby ROR*t 
is substituted " for RORt in equation (10». 

Pkt - {itLIt - Dt (1-2it ) - itAD t } {2 - RORt } -
ROR*t {2LBt _ l - LIt + RET

t
_

l 
+ RET

t
} 

Although we now know the required price of ca
pital, it must be viewed wit~in the context of 
a highly interdependant system. Chanqinq any 
one item requires" that all others adjust " to -
the change. Our point of departure is the in
put-output value co"nstraint, "" 

substituting Pkt for Pkt will destroy the 
equality constraint, 

In order to force equality, there are basically 
three alternative courses of action available: 
make compensating value changes in some or all 
of the other input prices and quantities: 
change the value of TVOt through judicious ad
justment of prices, in accordance with the 
demand curve characteristics; or, some combina
tion of the first two. The first alternative, 
given the market and regulatory implications 
of changing output prices, is preferred. 

We first examine prices. Wages, since these 
have already been" chosen at a minimum, just 
to cover cost of living, can only be adjusted 
upwards. Thus, if Pkt moved up then PIt is 
eliminated as a possibility. Similarly, given 
that P t is exogenous, it too is eliminated 
from c~nsideration. Given that productivity 
is already at a targeted high, input vOlume"s, 
other than the administrative portion of labour 
and materials should not be altered. If these 
limited adjustments do not suffice then by the 
process of elimination,output prices, and conse
quently TVO±, must be changed. Finally, the 
effect on TFP of all these adjustment must be 
examined. If it has been substantially altered 
then the entire process must be restarted with 
new assumptions. 

The final result is a configuration and level of 
input volumes and prices consistent with a given 
demand, required ROR and targeted TFP. From 
this information it is a simple matter to cal
culate "income statements", "balance sheets", 
"sources and use of funds statements", etc. 
In fact all the required financial information. 
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CONCLUSION 

Recognizing that productivity gains provide the 
o~ly real source of new wealth, the system has 
g7ven them explicit recognition. Furthermore, 
Slnce effective planning must take account of 
all interdependency inherent within a complex 
organization, a total factor productivity" mea
sure was used. Assuming that the firm is 
aiming for a global optimum, the benefits of 
introducing another constraint of course lie in 
~he fact t~at it caus~s a ~ignificant shrinkage 
ln the cholce of feaslble lnput-output configu
rations. That is, it carries the system beyond 
th~ stage of its traditional role whereby a " 
financially constrained upper limit is imposed 
on input resource usaqe. The process takes 
cognizance of the upp~r financIal constraint 
and then searches for an exact configuration 
between it and the lower limit of zero. lO ) 
It is the properties of TFP, as well as the 
mechanics of its measurement, which allow it 
to provide this invaluable dimension to the 
plannino process. 
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