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A B S T RAe T 

Organizations have control systems for behaviors, costs, prices, 

information, decisions, financial performance, production, quality and 

so forth. We can classify them with respect of the type of "organizational 

system performance" they are attempting to control or manage. Productivity " 

being an important component of organizational system performance 

measures, although much attention has been paid to productivity, is still 

one of the most confusing concepts of the management area. 

This thesis covers a systematic approach for productivity 

measurement, evaluation and improvement; analyzing profitability as a 

function of productivity and price recovery. Selected methodology for 

productivity measurement is tested On an existing company in the Glass 

Industry. 

An interactive package is designed as a Decision Support System 

for managers who are not accustomed to use computers, and they are· 

allowed to make scenerio analysis for future applications. 
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(j Z E T 

Organizasyonlar; maliyetler, fiatlar, kararlar, davran1~lar, ure­

tim, kalite ve finansal performans iein kontrol sistemleri kurarlar. Bun­

lara "organizasyonal sistem performans olefunleri" denir. Uretkenlik bu 

organizasyonal sistem performans oleumlerinin onemli bir birimidir ve 

ta§1d1g1 oneme ragmen i~letme konular1nda kar1~1k bir .kavram olarak.kal­

m1§t1r. 

Bu tez uretkenlik olelimu, degerlendirmesi ve geli~tirmesi konusun­

da; karhhk, uretkenlik ve fiat art1~1 ili§kisi kurarak sistematik bir 

yakla~1m izlemi~tir. Seeilen method Cam Endustrisinde uygulanm1~t1r. 

Etkile~imli bir paket program, yoneticiler iein karar destek sis­

temi olarak haz1rlamn1~t1r. Yoneticiler bu paket yard1ID1 ile gelecek do­

nemler iein senaryo analizleri yapabileceklerdir. 

• 1 
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I I I NTRODUCTI ON 

1.1. Basic Concepts and Definitions 

Organizations have control systems for behaviors, costs, prices, 

information, decisions, financial performance, production, quality and so 

forth. 'ole can classify control systems with respect to the resource they 

are supposed to manage (eg. financial control systems, production control 

systems, and behavioral control systems) or we can c1asify them with 

respect to the type of "organizational system performance" they are 

attempting to control or manage. In general, there are at least seven 

distinct "organizational system performance" measures: 

l. Effectiveness 

2. Efficiency 

3. Quality 

4. Profitability 

5. Productivity 

6. Quality of Work life 

7. Innovation 

Let's now exam~ne each of these measures in more detail. 

Effectiveness: It is the degree to which the "right" things are 

completed. The following criteriJa need to be used to evaluate the degree 

of effectiveness. 

i 1 
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1. Quality: Did we do the "right" things according to predetermined 

specifications? 

2. Quantity: Did we get a11 of the "right" things done? 

3. Timeliness: Did we get the "right" things done on time? 

The goals, objectives, activities are set and we work toward them. 

To measure effectiveness, we compare what we intended to accomplish 

against what we actually accomplished. Effectiveness is therefore an 

"output" or "accomplishment" issue. 

Efficiency: It is the degree to which the system utilized the 

"right" ~things. Efficiency can be represented by the following equation: 

Resources expected to be consumed 
Resources actually consumed 

We utilize budgets, standards, estimates, forecasts, projections 

and so forth to develop quantitative expressions for the numerator; and 

accounting systems, records, estimates and so forth to develop quantitative 

expressions for the denominator of the equation. Efficiencey is therefore 

a measure of organizational system's performance that is related to the 

input side. 

Quality: It is the degree to which the system conforms to require­

ments, specifications, or expectationS. Key-qualitY'related questions 

are: Was the product built or delivered the way it was intended or 

required? Is the customer satisfied with the good and/or service? Will 

the good or service do what it was intended to do? and so forth. 

Profitability: It is the relationship between total revenues· and ' 

total costs. 

Quality of Work Life: It is the way participants in a system 

respond to .sociotechnical aspects. of that system. People "s psychological 

reactions to working in an organization are the factors affecting. 

performance. 

I \' 
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Innovation: It can be defined as applied creativity. It is the 

process by which we come up with new, better, more functional products 

and services. An organization that does not innovate in product, service 

and process will likely not be able to compete for the long run. 

Productivity: It is a relationship between quantities of output 

produced by a given organizational system and quantities of inputs 

utilized by that organizational system to produce those same outputs. 

Productivity = Outputs 
Inputs 

Input variable is any controlable factor or resource ego materials 

energy, capital, labor. 

Output variable is any controlable factor or resource that result 

from a transformation of the input variable (Fig.l.1). 

Productivity is connected with the. other organizational system 

performance measures. All these seven measures are highly interrelated 

with each other. 

The next step is to analyze what productivity is •. Productivity 

appears to be a concept capturizing the attention of managers in all 

types of organizations and at all levels within those organizations. 

However it is still a very confused term. Following questions will help 

to define productivity; 

Is productivity equal to performance? 

No, productivity is not equal to performance, it is a compon~nt of 

a performance measure. 

Can productivity be measured in all organizations? 

Yes, in both service and manufacturing industries productivity can 

be measured, usually with considerable success. 
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Is productivity a critical component of the organizational systems 

performance? 

If the answer is "yes" to the following questions, then productivity 

is a critical component. 

(1) Would productivity relationships give you new insights into 

the performance of your organization? 

(2) Could productivity relationships improve the diagnos'tic face 

of management and help to see where management interventions 

are required? 

Inputs such as; labor, materials, energy, capital and other are 

t=ansformed into outputs; goods and seryices. Productivity is the rela­

~onship between outputs and inputs. In otherwords, productivity measures 

e=fectiveness in the numerator, and efficiency in the denominator. 
System 

r--------, , , 
___ ~~ ... I Transformations' !.... -----1 .... 

Inputs:' ',O~=~: 
Labor , Services 
Capital L _______ ...J 

• equipment 
• facilities 
• etc. 

Energy 
Materials 
Data, L-___ -! 

Productivity 

o 
T 

Figure 1.1. General Productivity Concept 

A. Goals 

Effectiveness 

Are we doing 
the right 
things? 

Is there consensus 
about this? 

Quality of work hfe and 
innovation are pervasive criteria 

\ influencing performance in many ways / 

• 
B Paths -- Efficiency r--

Are we doing 

~ things right? f-

~ Quality ""'-

• Inputs 
• Transformations, 
• Outputs 
• Outcomes 

Productivity 

Profitability 

Figure 1.2. Interrelationships of Seven Performance Criteria 

, 1 
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Productiviy ~ncrease or decrease makes significant effects on 

prices, market and sales power, profitability, and people. The following 

figure gives the effects of increasing and decreasing productivity. 

Consequences of 
declining productivity 

Productivity 
decrease 

Cost per unit 
increase 

Less 
competitive 

Market & sales 
decline 

Profitability 
declines 

Negative effects on 
• Capital • Materials • People 

Further productivity 
decrease 

EHects of 
increasing productivity 

Further productivity 
increase 

Positive effects on 
• Capital • Materials • People 

Market • Sales • Profitability 
increase 

More 
competitive 

·Cost per unit 
decrease 

Productivity 
increase 

Figure 1.3. Effects of Increasing and Decreasing Productivity 

In general there are two basic categories'of pure productivity 

measures: 

a) Static Productivity Ratios - simply a measure of output divided 
. ') 

by input for a given period of time, ~n other words it is a "snapshot" 

of a particular period of time. 

b) Dynamic Productivity Ratios - a measure of a g~ve~ static 

productivity ratio at one point in time divided by the same ratio at 

some previous period in time. A dimensionless index is obtained which 

reflects the change in productivi,ty from one period to the next. 
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There are: also three types of productivity measures within each 

category: 

a) Partial factor measure - only one class of input is captured 

b) Multi factor measure - more than one class of input is captured 

c) Total factor measure - all classes of inputs are captured 

TABLE 1.1. Examples of Productivity Measures 

TOTAL Total outputs All Goods and Services Produced 
Total inputs , All Resources Utilized 

MULTI Output Output 
Labor, Materials, Energy , Labor, Materials, Capital 

PARTIAL Output Output , Output Output 
Labor , Materials , Capital Energy 

Once a productivity measurement system is developed, the system 

can be operationalized and standards can be generated. That is the ratios 

and/or indexes can be implemented. 

Standards can be generated by using the following methods: 

I. Economic, accounting based, absolute measurement systems 

a. Estimation 

b. Enginee~ng Approach 

c. Comparison; previous period or historical 

II. Normative, participative, relative measurement systems (NPMM) 

Actual performance is evaluated against standards and approp~iate 

management actions range from doing nothing to immediate intervention 

are set in motion. 
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NPMM is an action-research, involvement~participative, organizational, 

development oriented approach to productivity measurement. The comments, 

assumptions, premises or statements laid much of the foundation for the 

research of NPMM. Nominal Group Technique (NGT) is a kind of NPMM which 

is a special-purpose technique useful for situations where individual 

judgements must be tapped and combined to arrive at decisions that cannot 

be reached by one person. Since NGT is not itself a program but a parti­

cipative data collection and consensus-forming device, it can be an 

important component of participative, group-oriented programs. It is 

because of its participative character, appropriate primarily for smaller 

units of analysis, such as the work group and the department. If sampled 

representation, de~phi technique, coupling.of the various measurement 

systems were used, these approaches could also be utilized for larger 

units of analysis ego Many organizations substitute other performance 

attributes for actual output and input measures. These substitutes are 

·called "surrogate measures" (sales/operating costs=Profitability, Earned 

Hours/Actual Hours=Efficiency, Jobs Completed/Jobs Scheduled=Effectiveness). 

Advantages of NPMM are shared commitment, understanding, higher probability 

of successful implementation and positive behavior change. 

The economic, accounting~based, absolute measurement systems are 

based on.the premise thet profitability is a function of productivity and 

price recovery, that is an organization can generate profit growth from 

productivity improvement and/or price·recovery. 

Two famous approaches ~n that area are Sumanth's Total Productivity 

Factor (TPF) and Sink's Multifactor productivity measurement model (MFPMM). 

Sumanth measures productivity for each type of input and output, whereas 

sink measures productivity for each type of input as an aggregation of 

outputs. 

/ 
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Ratio of Output Quantity x Ratio of Output Price = Ratio of Revenue 

J1 JL Jt 
n 

~i L period
2 

p. 
pericid2l TR . d 

i=l ~ per~o 2 
x = n 

@i 

p. 
periodl ] TR. . d 

L ~ per~o 1 
i=l period

l 

n 

[Qi 
L 

period
2 

p. 
period2] TC 

i=l ~ period2 x = n 

[Qi 

p. 
periodl ] 

TC period
l L ~ 

i=l period
l 

11 11 11' 
Ratio of Resource Quantity x Ratio of Resource Costs = Ratio of Costs 

Column 1 x Column 2 = Column 3 

"Productivity" x "price ;-ecovery" = "Profitability" 

Figure 1.5. Productivity, Price Recovery, Profitability· Relationship 

.. 
Changes in productivity consist of at least two distinct and often 

controllable factors: changes in capacity utilization, changes in 

efficiency (reflects a combination of factors such as product mix, 

employee satisfaction, sales volume, quality of raw material). Changes 

in price recovery are largely a function of the market place (uncontroll­

able element of the organization's performance). An organization can be 

profitable, without being productive, but not over along term. 

Revenues and costs do not always present a complete picture because 

of underlying complex relationships between controllable and uncontroll­

able factors. The net profit figure alone is an inadequate basis for 

1 
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judgement as to whether industrial operations are being carried out 

efficiently and labor and materials utilized effectively. With essentially 

the same basic accounting information used to calculate revenues and 

costs, however it is possible to use the MFPMH to gain additional and 

significantly more detailed insight into what is driving profits. If 

other factors_are held constant, namely prices and costs, a positive 

change in the productivity index will cause or translate into a positive 

change in profits. Similarly if quantities are held constant and price 

recovery index is positive (output prices increase at a faster rate than 

resource costs), then profits, at least in" the short run, will be positive. 

After "obtaining output and input quantities and prices for class­

type-level categories either by estimation or actual data MFPMM will be 

used. 

By engineering and estimation approaches, total factor, partial 

factor and multi factor productivity can also be measured total sales 

and total expenses for several time periods in the past are used as 

estimates of (total) output and (total) "input values respectively by 

using regression or time series analysis methods. Linear programming is 

another method used ~n the estima~ion of optimal (total) output and 

(total) inputs values. 

MFPMM provides following advantages: 

1. Obtains an overall, integrated measure of" productivity for the 

firm 

2. Provides an analytical audit of the past performance 

3. Provides budget control 6f current performance 

4. Assesses and evaluates bottomrline impact on profitability, as 

a result of productivity shifts. 

5. Tracks the results of specific productivity improvement efforts, 

such as quality cricles, quality control, incentive systems, 

technological innovation 

6. "Provides common price financial statements 

7. Assists with setting product~vity objectives and general .... 

strategic planning with regard to capacity utilization, 
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marketing efforts, cost management, staffing, quality management, 

pricing strategies. 

Incase of product variety and multiplicity of various resources 

utilized, TL (money value) is a convenient common denominator, ego person­

hours cannot be combined with tons of sand, TL of capital, kilowatthours 

of electricity and so forth for a resource total. However, TL in the 

current economic period is a variable standard. Therefore a "revaluing", 

"devaluing" or "indexing" mechanism is required. The MFPMMselects a base 

period for the model and "automatically" indexing prices and costs back 

to that period. The analysis simply partials out or removes the influence 

Ln price and cost changes from the base period to the current period. When 

these two values are compared for the base period, we establish a 

productivity ratio. An organization's financial performance is a result 

of interactions of a wide variety of controllable and uncontrollable 

factors. 

Typical uncontrollable factors are: 

a. Economic environment 

b. Industry/Market growth or decline 

c. Resource prices (costs) in an inflationary period 

d. Budget allocation 

e. Organizational processes and procedures 

Typical controllable factors are: 

a. Technological innovation 

b. Resource substitutions 

c. T~aining and motivation of employees 

d. Resource quality 

e. Asset redeployment 

The MFPMM makes it possible to measure explicitly in terms of TL, 

the profit impacts of the uncontrollable as well as contrqllable factors 

and to determine and analyze how various managerial strategies could 

increase or decrease profitability, with its relationship to productivity 

and price recovery. It is in contrast to NPMM, consultative, significantly 
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less involvement, participative oriented database/accounting system 

oriented (primary source of data is not people but system documentation), 

top~down as opposed to bottom-up in character. More restrictive interms 

of operationalizations of the definitions of productivity. Diagnostic 

in a passive, absolute and objective sense, providing a highly developed 

DSS. Each approach; NPMM and MFPMM has its own individual benefits, costs 

and risks. 

1. 2. Prevailing Approaches' 

Prevailing approaches to productivity can be categorized as 

. follows: 

I. Economic, AccountingBased~·Absolute Measurement Systems 

a. Estimation: Regression or time series analysis are used to . 

estimate output and input values to provide a basis for partial factor, 

multi-factor and total factor productivity measurement. Sumanth, Yavuz (17).(*). 

b. Engineered Approach: Linear programming is used to estimate 

optimal output and input values to provide a basis for partial factor, 

multi-factor and total factor productivity measurement. Econometric 

models are also used to. estim~te output and input values to be used as a 

basis of productivity measurement techniques Sumanth, Yavuz(18) , Dogra­

macl. (3,4). 

By Productivity-Cost-Profitability Model: Three levels of 

measurement are integrated the network of productivity relationships, 

the structure of cost relationships and the managerial control ratios. 

c. Comparison, Previous Period· or Historical: Actual output and 

input values for different periods are used for comparison purposes, by 

calculating partial factor, multi-factor and total factor productivity 

(*) Numbers enclosed in brackets refer to the references at the end. 
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values. Sink(8), Miller(7) MFPMM and Suman~h(16), Craig(2), Taylor(2l) 

Total and partial factor productivity measurement model. 

II. Normative, Participative, Relative Measurement Systems 

Nominal Group Technique (NGT) is a participative data collection 

and consensus-forming technique, where individual judgements must be 

tapped and combined to arrive at decisions that cannot be reached by one 

person, Sink(12). In the place of (normal actual output and input 

measures other performance attributes are substituted. It is called 

"surrogate measures" Stewart (14). By sampled representation or delphi 

technique these approaches can be used for larger units of analysis, 

Sink(13). 
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I I. THEORETI CAL ISSUES 

2.1. Productivity Measurement Using a Product-Oriented Total Factor Model 

Sumanth (1979, 1984) has developed a total productivity model 

based on work done by Kendrich and Creamer (1965), Craig and Harris (1973) 

and Hines (1976). This model relates total outputs and inputs, 

incorporating product orientation (Fig.2.l.l). The actual computations in 

Sumanth's model are quite similar to Sink's MFPMM calculations. 

Productivity indexes are calculated by product and then a weighted total 

is made for each product (Fig.2.l.2). All MFPMM results by product are 

then combined to provide a firm-level evaluation of total factor 

productivity (Fig.2.l.3). 

n 
Sumanth's TPF = L 

i=l 

Input. 
1. w. = ---::-.",,---

1. Total Inputs 

Input .. 
1.J 

Wij= Input
i 

Output. 1. 
PP .. = =I-~-1.J nput .. 

, 1.J 

(w .• w' .. )pP .. =9 measures productivity for each 
1. 1.J 1.J f· nd . . type 0 output a 1.nput 

i=product types; domestic, exports, etc. 
j=input types; labor, materials, etc. 

Sink's TPF = w~ • PP.=9 measures productivity for each type of 
J J input as an aggregation o~ outputs. 

Input. 
J 

Wj = -T-o-t-a~l~I~np~u-t~s- PP. 
J 

= Total Outputs 
Input. . J 
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S~znth also develops a break-even concept of total productivity. 

He relates profits to productivity in an analogous fashion similar to the 

MFPMM does ~hen it calculates effects on profits. For detailed formulas 

about S~anth's TPF refer to Appendix A. 
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Figure 2.1.1. Total Productivity Model (TPM) for a firm and its 
individual products in time period t. 
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2.2. Multifactor Productivity Heasurement Hodel 

Figure 2.1.2. depicts the format for the MFPMM. The easiest way to 

describe the model is to work through the format, moving from left to 

right from column 1 to column 19. 

Column 1-6 

The first 6 coltnnns of HFPMM are input data, Column 1 represents 

quantities of outputs the organizational system produced (not sold) and 

quantities of input resources consumed in order to produce those outputs 

for period 1 (base period). Base period is the period that normal 

operating conditions are achieved for an organization. In otherwards 

base period is a representative period in time against which a current 

period performance is compared. Another parameter to be determined prior 

to application of this model is the length of the analysis period. 

Depending on decision-maker needs and interests, data availability, 

product cycle time, and so forth, the length might be almost any period 

of time (weekly, monthly, quarterly, semiannually, annually). When 

-determining the length of period, data collection requirements should be 

kept in mind. The goal is to match outputs produced during a given period 

to the input resources utilized during the same period in time. 

So Column 1: Represent quantities of outputs produced during the 

base period and quantities of inputs utilized to produce those outputs 

during the same base period. The categorization of outputs and inputs by 

class-type-level hierarchy is a decision that can be made by the analyst 

or the decision maker(s) or the user(s) of the model. Since the model is 

computerized, it can handle, depending on how it is programmed, almost 

any number of rows. 

Column 2: Represents the unit price for outputs and unit cost for 

inputs during period I (base period). Since the analyst or the user of 

the model can define the unit of measurement to be utilized for each output 

and input, the unit price and cost is also controllable. For instance, 

labor cost can reflect base salary, or wage rate plus bonuses or benefit 
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calculation. The only requirement is that unit cost remain consistent 

with the units of quantity. 

Column 3: Reflects the value (quantity x price) for each row 

element (outputs and inputs). In otherwords Column 3 shows revenues for 

outputs and costs for inputs. Column 3 is calculated automatically in 

the progrannned version of this model. 

Columns 4-6: are the same as Column 1-3, except that the data 

inputted is for period 2 (current period). Column 4 represents quantities 

of outputs produced, and quantities of input resources consumed producing 

those outputs in period 2. 

Columns 5: represents the unit price for outputs and unit cost for 

inputs during period 2. 

Column 6 is simply column 4 x Column 5. 

Columns 7-9 

The next 3 coltnnns in the MFPMM are titled as "Weighted Change 

Ratios". The following indexing methods are generally used to calculate 

"Weighted Change Ratios". 

l. Laspeyrex Index: Uses base year prices as.weight. 

2. Paasche Index Uses current year prices as weight. 

3. Edgeworth Index: Uses arithmetic means of the base and current 

year prices as weight 

4. Fabricent Index: Uses geometric means of the base and current 

year pr~ces as weight. 

Sink in his MFPMM utilizes Laspeyres Index in the calculation 

of price weighted quantity changes and Paasche Index in the calculation of 

quantity weighted price changes. Refer to Appendix B for the detailed 

information of Laspeyres arid Paasche Indexes. 
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The basic purpose of designing columns 7-9 and formulas are as 

follows: 

Column 7: Price weighted and base period price indexed ratios in 

quantities. The effect of prices are hold constant and price weighted 

changes in quantities of outputs and inputs are calculated through the 

rows considering all output and input class-type-level (categ~rization) 

items. 

n 
2: QuantitYt2 x Pricetl 

i=l Column 7 = 
n 
2: QuantitYtl x Price 

i=l tl 

Down through column 7, each row element quantities of output/ 

input type i for period 2 will be multiplied by the unit price/unit cost 

of the same output/input 'type i of period 1. Similarly quantitiy of. 

output/input type i of period 1 will be mUltiplied by the unit price/unit 

cost of the same output/input type of period 1. The former multiplication 

result will then be divided to the latter one. Summation for each output 

categorization will be calculated for the' row indicating total outputs 

and similar to that summation of each input class-type-level categoraziton 

will be calculated for the rows indicating total raw materials, total 

labor, total energy, total capital etc. 

If the calculated figure is less than 1, it indicates a decrease 

1n the quantity of the output/input type i while the effects of prices 

are held constant, when the current period is compared to the base period. 

ego If 0,95 is the price-weighted base period price indexed change 

of'output A, it means 5 per cent decrease is observed 

in the quantities of output A, when the effect of .prices are partialed 

out, comparing current period to base period. 

If the figure is greater than 1, it indicates an increase in the 
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quantity of the output/input item while the effects of prices. are held 

constant. 

ego If 1.20 LS the index of output B, it means 20 per cent increase 

is observed in the quantities of output B, when the effects of prices are 

partia1ed out, comparing current period to base period. 

Column 8: Quantity-weighted and current period quantity indexed 

ratios in unit prices and unit costs. Column 8 partials out or holds 

constant the changes in quantities of outputs andinputs,just examines 

the changes in unit prices and unit costs from base period to current 

period. 

n 
~ Quantity x price 

. 1 t2 t2 Column 8 = _L_= ______________________ _ 
n 
~ Quantity t2 x price 

i=l tl 

Down through column 8, each row element quantity of output/input 

type L of period 2 will be mUltiplied by the unit price/unit cost of the 

same output/input type i of period 2. Similarly, quantity of output/input 

type i of period 2 will be multiplied by the unit price/unit cost of the 

same output/input type i of period 1. The former multiplication result 

will then be divided to the latter one. Summation of each output/input 

categorization items will be calculated for the rows indicating total 

outputs, total materials, total labor, total energy, total capital, etc. 

If the calculated figure is less than 1, it indicates a decrease 

in the unit price/unit cost of output/input type i, while the effects of 

changes in quantities are held constant, when the current period is 

compared to the base period. 

ego If 0,80 is the quantity-weighted and current period indexed 

change by output A, it means 20 per cent decrease is observed in the 

unit price of output A, when the changes in quantities· are partialed 
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out, comparing current period to base period. 

If the figure is greater than 1, it indicates an increase in the 

unit price/unit cost of output/input type i, while the effects of changes 

in quantities are partialed out. 

ego If 1.30 is the quantity weighted and current period indexed 

change of output B, it means 30 per cent increase is observed in the 

unit price of output B. 

Column 9: Examines ~he simultaneous impact of ratios in prLce and 

quantity from period 1 to period 2 (from base period to current period). 

n 
E Quantity x price 

i=l t2 t2 
Column 9 = 

n 
E Quantity x price 

i=l tl tl 

Down through column 9, each row element quantity of output/input 

type i of period 2 will be multiplied by the unit price/unit cost of the 

same output/input type i of period 2. Similarly, quantity of output/input 

type i of period 1 will be multiplied by the unit price/unit cost of the 

same output/input type i of period 1. The former multiplication result 

will then be divided to the latter. one.· Summation f~r each output/input. 

items (i=l, ••• ,n) will be calculated for the rows indicating total outputs, 

total materials, total labor, total energy, total capital etc. If the 

calculated value is less than 1, it indicates a decrease in the value 

(price x quantity) of output/input type i, when the current period is 

compared to the base period. If the calculated value is greater than 1, 

it indicates an increase in the value of output/input type icomparing 

period 2 to period 1. 

Columns 10-11 

Columns 10 and 11 are labeled as "Cost/Revenue" ratios. They indi­

cate the ratio of input row elements for Columns 3 and·6 to total output 

row elements for columns 3 and 6. Column 10 is the cost/revenue ratio for 
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period 1 (base period), and column 11 is for period 2 (current period). 

The purpose of these two columns is not to provide new information 

but to integrate this information into the MFPMM, so as to provide a 

manager with insights as to where leverage exists. The manager can make 

productivity improvement decisions interms of cost reduction. 

Column 10 = Input elements, Columns 3 
Total outputs, Column 3 

Down through column 10, input element quantitiy of i class, j type, 

k level of period 1 will be multiplied by the unit cost of the same 

input element (c1ass-type-leve1). In otherwords the cost of each input 

element will be divided by total revenues, for period 1. 

Column 11 = Input elements, column 6 
Total outputs, column 6 

Down through column 11, input element quantity of i class, j level, 

k type of period 2 will be mu1tip1ied.by the unit cost of the same input 

element, for period 2. 

ego If 0,10 is the Cost/Revenue ratio of labor costs for period 1 

and 0.20 is the Cost/Revenue .ratio of .labor costs for period 2, it shows 

that 10 per cent of total revenues is labor costs for the base period, 

and an increase is observed in the labor costs for the current period 

(labor costs increased to 20 per cent of total revenues). 

Columns 12-13 

Columns 12 and 13 are labeled as "productivity Ratios", Column 12 

reflects the output-to-input ratios for period 1, while column 13 reflects 

the output-to-input ratios for period 2. 

Column 12 
Total outputs~ Column 3 

= Input elements, Column 3 
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= Base period price weighted value for total outputs 
Base period unit cost weighted value for each 

input element 

Column 12 is the division of the value of total outputs for period 

1 (Column 3), to the value of input elements i class, j type, k level for 

period 1 (column 3). Therefore productivity ratio (static) for each input 

element (class-type-level) will be calculated for period 1. 

Column 13 gives productivity ratio (static), again for each input 

element for period 2, while effects of unit prices and unit costs are 

partialed out. Quantity'of outputs for type i of period-l is multiplied 

by the unit price of the same type of output for period 1. Each input 

element (i class, j type, k level) quantity for period 2 is multiplied 

by the unit cost of the same type input element for period 1. The former 

multiplication is divided by the latter one, in order to obtain 

productivity ratio for period 1 considering base period price weighted 

values for outputs and inputs. 

ego If labor productivity index is 28.18 for period 1 and 37,75 

for period 2, it indicates that output~to-inputs ratio is increased in the 

current period compared to base period. 

'Co1umns 14-16 

Columns 14,15 and 16 are titled 'as "Weighted, Performance Index,es" 

(dynamic). Column 15 shows quantity-weighted price recovery indexes and 

column 16 indicates profitability indexes. Column 14-16 calculate and 

depict dynamic performance indexes. Fig.2.3 shows what MFPMM is doing. 

The above figure indicates formulas and development of dynamic· 

productivity indexes. A snapshot of the organizational system's partial, 

multi and even total static productivity ratio is developed for period 2. 

An equivalent snapshot of the organizational system's productivity ratio 

is also developed for period 1. Then the productivity ratio for period 2 

is divided by the productivity ratios for period 1, and this calculation 

is shown in Column 14 of the MFPMM. 
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= Column 7, for total outputs 
Column 7, for each individual 

input element 

Down through column 14, price weighted and base period price 

indexed changes in the quantity of total outputs is divided by the base 

period price indexed changes in the quantity of each input element. 

ego Column 7 for total outputs __ 1.27 __ 
Column 7 for total labor 0.95 1.34, means that the 

quantity of total outputs increased by 27 per cent, when the current 

period is compared to the base period, holding the effects of prices 

constant. Quantity of total labor, holding labor costs constant, is 

decreased by 5 per cent. As a conclusion the labor productivity ia 

increas ed by 34 %. 

or ~f Column 7 for total outputs 1.27 
L for total = ---- = 0.93, means that the Column 7 materials 1.36 

quantity of total material, when the material costs are partialed 

out is increased by 36 per cent. As a conclusion material productivity 

is decreased by 7 per cent. 

Column 15 
Column 8, for total outputs 

= --~~~~~~--~~~~~~~~~----~-----Column 8, for each individual input element 

Down through column 15, quantity weighted and current period 

indexed changes in unit prices for total outputs is divided by the 

current period quantity indexed changes in the unit costs of each input 

element. This column reflects rate of price increases in relation to the 

rate of cost increase. In other words it reflects the degree to which· 

the organizational system was able to increase its price in relation to 

elemental input costs. 

Column 8 for total outputs 1.15 = 
ego If Column 8 for total labor = 1.10 1.045 
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The costs of total labor, when the quantities are partialed out 

comparing period 2 to period 1 are increased by 10 % and the prices of 

total outputs are increased by 15 per cent. As a conclusion prices of 

total outputs is increased by 5 per cent faster than the increase in the 

costs of total labor, in other words price recovery for total labor was 

up 5 per cent. 

or if, Column 8 for total' outputs _ 1.15 = 
Column 8 for total materials - 1.70 0.67 

The costs of total materials, when the quantities are held 

constant are increased by 70 per cent. Costs for total materials are 

increased by 33 per cent faster than the management was able to ra~se 

the prices of outputs, in otherwords price recovery fell off by 33 

per cent. 

Colmnn 16 = Colmnn 9, for total outputs 
Colmnn 9, for each individual input element 

Down through colmnn 16 the simultaneous impact of changes in 

prices and quantity from period 1 to period 2 of total outputs is divided 

by the simultaneous impact of changes in price ~nd quantity for each 

individual input element. 

Colmnn 9, for total outputs _ 1. 46 = 
ego Colmnn 9, for total labor -. 1.075 1.36 

The value of outputs is increased by 46 per cent, also' the 

value of total labor is increased by 7,5 per cent. As a conclusion labor 

contributed by 36 per cent increase to profitability. 

Colmnn 9, for total outputs = 
or if, Colmnn 9, for total materials 

1. 46 0 64 
2.298 = • 

The value of total materials, comparing period 2 to p~riod 1 is 

increased by 129.8 per cent. As a conclusion, total materials declined 

profitability by 36 per cent. 

I 
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Columns 17-19 

Columns 17,18 and 19 reflect the TL equivalence of corresponding 

cells in columns 14, 15 and 16. In otherwords, these columns indicate 

what impact an increase in productivity, or price recovery has on profits. 

The total impact on profits from productivity and price recovery is 

indicated in column 19. 

Column 17 = [~Ol~~ 3, f~r each] 
1nd1v1dual 1nput ~[column 7, for] [COlumn 7 for] 

total outputs - each ~ndivi-
dual 1nput 

The difference between the base period price weighted changes in 

the total outputs and the base period price weighted changes in each 

individual input element, is multiplied by the value for each individual 

input element of period 1. 

ego If Column 17 = 6400(1.27-0.95) = 2065 TL 
(for total labor) 

Labor productivity contributed to profits by 2065 TL, from period ,1 

to period 2. 

Column 18 

Column 18 

Column 19 

= Column 19 - Column 17 

indicates the effect of ,price recovery on profits. 

[COlhum~ d3.f~r]n[column 9, for] 
= ::~l ~~p~:1- l~total outputs 

ego If Column 19 = 6400(1.46-1.045) = 2679 TL 
(for total labor) 

Labor contributed positively to profits between period 1 and 

period 2, by means of 2679 TL. 2065 TL came from productivity gains and 

613 TL came from price recovery gains. A minus value in TL value of 

price recovery section reflects the drain on profits caused by au 

inabi li ty to recover rising co sts from period 1 to period 2. 
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This section of the }WPMM allows the user to make sensitivity 

analysis. How mu~h a percentage increase in productivity will make an 

increase in profitability, and what is its total TL effect on profits. 

The description of the MFPMM is compleJed by 19 columns. It is a 

relatively simple model and yet it has tremendous potential as an integ­

rative decision support system. Like any decision support system, the 

model itself is a critical but rather minor component of an application. 

Integrating the model into an existing control system, collecting the 

data, getting management to accept and feel 'comfortable with the 

system actually play a more critical role. 

For detailed information about formulas refer to Appendix C, and 

for capital section in MFPMM refer to Appendix D. 
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III. APPLICATION 

3.1. Description of the Company 

MFPMM is applied to a Glass Manufacturing Company. Since it is a 

capital intensive production system, capital costs as a part of input 

class-type-level categorization carry essential importance. 

Outputs are divided into two main classes; domestic and exports. 

Domestic production is also divided into two (sub-classes) types; 

construction and manufacturing. Demand for outputs is generally 

seasonal; 3 mm, 4 mm, 5 mm and 6 mm are the thicknesses of glass that are 

generally produced. Accounting records of the firm are kept as TL/ton on 

monthly basis for output prices, without considering the differences in 

thicknesses, as well as m2 prices for each thickness. As far as the 

ease in the application ·of the model and the interview made by the 

assistant general manager of the firm are considered, prices will be 

calculated as TL/ton on monthly basis without taking into consideration 

the thickness variation of· glasses prod~ced. 

Inputs are divided into four main classes; labor, material, energy 

and capital. Each class is also divided into types and levels. 

3.2. Productivity Measurement Systemfot·A·Glass Manufacturing Company 

The critical decisions to be made before starting a productivity 

measurement study are as follows: 
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1. Thinking productivity and performance are synonymous, and 

therefore viewing productivity measurement as being a larger and more 

comp lex task. 

2. Matching outputs with the corresponding inputs. Outputs and 

inputs will be categorized by class-type-level hiearchy. 

3. Understanding how to use indexed prices and costs as a 

weighting and aggregating device in the productivity ratios and indexes. 

4. Being unwilling to accept precise definitions of productivity, 

thus causing ambiguity in the measurement process. 

Organizations should have a strategic plan for measur~ng 

productivity. Productivity measurement strategies are characterized by 

the following parameters: 

1. Planning horizon 

2. Desired outcomes 

3. Scope 

4. Development plans and procedures. 

Those parameters focus on how the organizational system will 

design, develop, implement and maintain a productivity measurement 

system. 

Planning horizon does not only mean the length of the planning 

process itself, it also means the length of. time that needs to reach 

some stage of accomplishment of the project. 

Desired outcomes are as follows: 

1. To end up with a productivity measurement system that 

accurately identifies areas for productivity improvement. -

2. To end up with a productivity measurement system that is well 

understood and accepted by the users of the model. 
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3. To end up with a dynamic, flexible measurement system over time. 

4. To end up with a productivity measurement system that is as 

simple as possible and cost effective. 

The scope of the plan refers essentially to the units of analysis 

to be covered by the development of the productivity measurement system. 

For instance the scope could be defined as the firm. 

The strategic plan will obviously need to contain system development 

plans and procedures. This planning will include the specific measures 

such as; how the data will be collected, how the measures will be built 

into a decision support system since capacity utilization is a critical 

factor for cost reduction, productivity measuremenet and improvement 

becomes also, a critical factor for a Glass Manufacturing Company. 

Referring to the introduction and theoretical issues sections of the 

thesis, clear definitions of productivity and its integration as a 

critical component of performance measures are given. It is decided to 

design a decision support system based on productivity measurement, 

evaluation and improvement for A Glass Manufacturing Company. 

In a glass manufacturing company the only output produced 1S 

glass, the main difference between domestic and exports glass is packaging 

costs. TyPe of production is a continuous flow system. The firm cannot 

distribute its total costs on the types of outputs produced. Therefore 

productivity will be calculated for each type of input as an aggregation 

of outputs. Database/accounting source of data is present in the firm. 

Finally, making sensitivity analysis for measuring the impact of changes 

in productivity and price recovery on profits, carries an essential 

importance in a glass manufacturing company. 

Therefore, providing all above mentioned advantages MFPMM will be 

used in a glass manufacturing company, as a computerized, dynamic 

prod~ctivity measurement model, with a software support which will be 

used for operational and educational applications. 
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IV. MODELLING WITH COMPUTER 

4.1. Description of the Spreadsheet Design 

,Lotus (package program) is used do design IIA DSS on 

Productivity Measurement Evaluation and Improvement" package. The package 

will allow the user to playa "what if" game. Proj ected period section 

will provide data for future applications. 

35 columns are designed considering the whole MFPMM (Refer to Fig. 

4.1.1). The first 9 coltnnns Ox3) are used for data input; quantity, 

price and value columns for each base, current and projected periods. 

Projected period section will allow the user to forecast the price index 

and cost index for each class-type-1eve1 categoraziton of outputs and 

inputs for a future period. Considering the years 1987-1990, a table of 

forecasted price and cost indexes for different units of outputs and 

inputs are provided taking Turkey's economic conditions into considera­

tion, to the uSer on the screen. The user will either choose an index 

from the table or he/she will enter his/her own index. Matrix will 

automatically calculate the projected period unit price/unit cost by 

mUltiplying the current period unit price/unit cost with the selected 

index. Quantities of the projected period will be entered by the user. 

Price and cost indexes are given in Table 4.1. 

The model calculates weighted Ratios, Cost/Revenue ~atios, Produc­

tivity Ratios, Weighted Performance Indexes, and TL Effects on Profits 

for Base/Current period analysis as well as Base/Projected period analysis. 
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The following 13 columuns are designed for Base/Current period analysis; 

ratios and indexes and "an additional 13 columns are designed for Base/ 

Projected period analysis. Weighted Change Ratios are made of 3 columns; 

Quantity, price and value, Cost/Revenue Ratios are made of two columns; 

period 1 and period 2 (base and current periods for Base/current period 

analysis, base and pr~jected periods for Base/Projected period analysis). 

Similarly Productivity Ratios are made of 2 columns ; Period 1 and Period 

2. Weighted Performance Indexes contain 3 columns;" Productivity, price 

Recovery and Profitability, similarly TL Effects on Profits contain 3 

columns; Productivity, price Recovery and Profitability. Formulas related 

to each column are inputted to the spreadsheet (Refer to the theoretical 

issues section of the thesis for detailed information on formulas). Rows 

of the spreadsheet indicate input-output class-type-level categorization. 

The major a1.m in designing the package is to make it userfriend~ 

Therefore macro keywords of lotus is used in order to generate menues; 

and to design an interactive package. 35 columns designed generates the 

main file, also 23 columns are designed for macrokeywords. Data file; 

1985, 1986 is also designed in another lotus file. All macrokeywords 

(menu items) are connected to letter A. When (Alt) and (A) are pressed 

simultaneously, menu items appear on top of the screen. The following 

tree shows the menu items connected each other. For detailed information 

about menu items refer to Appendix E. User's Manual Section •. 

IData Input I I Results I 
Figure 4.1.2. Initial Menu Items 
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4.2. Evaluation of the MFP~M Applied to Glass Works Industry 

January (1986)/January(1985) Analysis 

A. Weighted Change Ratios 

a) Outputs 

Quantity of Domestic goods is increased by 13 per cent in January 

1986, compared to January 1985, and quantity of Exports is decreased by 

39 per cent, as a total quanty of outputs of January 1986 did not change, 

when compared to January 1985. Price of Domestic goods is increased by 52 per 

cent and price of Exports is increased by 53 per cent, as a totql price 

of outputs is increased by 52 per cent, when January 1986 is compared 

to January 1985. Value of Domestic goods is increased by 72 per cent, and 

value of exports is decreased by 6 per cent, as a total value of outputs 

is increased by 53 per cent. 

b) Inputs 

Quantity of total materials is decreased by 11 per cent, quantity 

of total labor did not change when January 1986 is compared against 

January 1985, quantity of total energy is decreased by 12 per cent and 

quantity of total capital is increased by 45 per cent, as a total quantity 

of inputs is increased by 41 per cent, when January' 1986 is compared 

against January. 1985. Price of total materials is increased by 27 per 

cent, price of total labor is increased by 52 per cent, price of total 

energy is increase by 67 per cent, and price of capital is decreased 

by 2 per cent, as a total inputs' price did not change, when January 

1986 is compared to January 1985. 

Price of Capital is the cost of capital, the decreasing value of 

Cost of capital indicates positive financial leverage, although 

liabilities increased, its vaule is decreased by 2 per cent. 
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Value of total materials is increased by 14 per cent, value of 

total labor is increased by 53 per cent, value of total energy is 

increased by 33 per cent, value of capital is increased by 42 per cent, 

and as a total,value of inputs is increased by 41 per cent, when January 

1986 is compared to January 1985. 

B. Cost/Revenue Ratios 

For January 1985, total materials/Revenue is 0,27, (and) total 

labor/Revenue is 0.066, (and) total energy/Revenue is 0.17, whereas 

capital is 7.27 times of Revenue. 

For. January 1986, total materials is 20 per cent of Revenues, 

total labor is 6 per cent of Revenues and total energy 16 per cent of 

Revenues, and whereas capital is 6.76 times of Revenue. 

C. Productivity Ratios (Static) 

For January 19850utputs-to-total materials ratio is 3.64, 

outputs-to-total labor ratio is 15.11, outputs-to-total energy ratio is 

5.78, and outputs-to-total capital ratio is 0.13. 

For January 1986 outputs-to-total materials ratio is 3.68, outputs­

to-total labor ratio is 15.25, outputs ... to-total enetgyratio' is 5.83, 

and outputs-to-total capital ratio is 0.09. 

D.Weighted" Performance Indexes (Dynamic) 

Total materials is 12 per cent more productiv~, total labor; 1. 

per cent less product:lve, total energy is 14 per cent more productive 

total capital 1.S 31 per cent less productive, and as a total, inputs are 

29 per cent less productive when 1986 January is compared to 1985 

January. 

Prices of total outputs are increased by 19.per cent faster" than 
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the prices of total materials, prices of total outputs are increased 

with the same rate in the prices of total lab~r, prices of total energy 

are increased by 10 per cent faster than the prices of total outputs, 

prices of total outputs are increased by 54 per cent faster than the 

pr1ces of total capital, as a total, the prices of outputs are increased 

by 51 per cent faster than the prices of total inputs. 

Total materials increased profitability by 34 per cent, total 

labor-declined profitability by 1 per cent, total energy increased 

profitability by 14 %, total capital increased profitability by 7 per 

cent, as a total, total inputs increased profitability by 5 per cent, 

when January 1986 is compared to January 1985. 

E. Total Effects on Profits 

Total material's productivity contributed to profits by 

55.453.398,54 TL, total labor's productivity contributed to profits py 

-223.984,60 TL (it is a loss), total energy's productivity contributed 

to profits by 38.109.034,26TL., total capital's productivity contributed 

to profits by -5.705.777.783~2 TL and as a total, total inputs' produc­

tivity contributed to profits by -370.171.313,23 TL. 

This conclusion is a result of the maintenance program of the 

furnaces. during the early months of 19~6. 

Total material's price recoyery contributed to profits by 

135.967.200,6 TL,~totallabor's price recovery contributed to profits 

by 92.213,72 TL, total energy's pri.!p. r2covery contributed to profits 

by 23.488.998,75 TL, total capital's price recovery contributed to 

profits by 7.093.850.965,1 TL and asatot.al, total inputs price recovery 

contributed to profits by 478.401.674,01 TL. 

Total materi.al's contribution in profitability .is by': 191. 420.599 ,15 

TL, total labor's ~ntribution in profitability is by -131.770,8 TL (it 

is a loss)~ total energy's contribution in profitability is by 

61.598.033,01 TL, as a total, total inputs r contribution in profitability: 
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is by 108.230.360,7 TL, when January 86 is compared with January 85. 

For detailed information on input c1ass-type-1evel items categori­

zation of January (86)fJanuary(85) analysis Refer to Appendix F •. 

4.3. Differences and Similarities With the M.S.Thesis Prepared bY'Vedat 

Verter in 1985 in Bogazi~ University of Industrial Engineering 

Department 

Both of the thesis are concentrated on a systematic approach of 

productivity measurement, evaluation and improvement. Sink's productivity 

measurement system, named MFPmI is suggested, by analyzing potential 

factors for productivity improvement. 

The thesis prepared by Vedat Verter in 1985 in the Department of 

Industrial Engineering of Bogazi~i University is applied on an existing 

wheel producing company. Multiplan of B20series is used to obtain ratios 

and indexes for the comparison of current to Base period. It is not an 

interactive design of spreadsheet and the model does not provide a 

projected period analysis option. Weights of input items are calculated 

as potential factors for productivity improvement. In otherwords, the 

ratio of each input cost is divided to the total input costs. Capital is 

included in the model as an input item, but only fixed assets are 

calculated as quantity and depreciation rates are calculated as prices. 

This thesis is applied on an existing Glass Manufacturing Company. 

An interactive program is designed using Lotus package on an IBC pc. By 

the help of menu items provided, especially managers who do not know 

using computers will be able to work wi.th the package as a decision support 

system. The package using MFPMM not only compares current period to the 

base period, but also provides a scenerio analysis option for future 

applications. It provides a comparison option of projected period to the 

base period (for detailed information, refer to section 4. Modelling with 

computer). Since capital is an important input item in Glass Works 

industry, it is included in the model. Total assets are calculated for 
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quantity and cost of capital is calculated for price (for detailed 

informa~ion, refer to section 2.3.2. Theoretical Issues Capital Section). 

This thesis added two sections; named Cost/Revenue ratios and 

static productivity ratios to the MFPMM used in Verter's thesis. Cost/ 

Revenue ratios section is added to provide an insight to managers to make 

productivity improvement decisions, in terms of cost reduction, on the 

higher priority input resources. Static productivity ratios section ~s 

also added to reflectoutput-to-inputratios for both periods; period 1 

(base period), period 2 (current or projected period), seperately. Static 

productivity ratio of period 2 is calculated by partialing out the effects 

of prices and costs. Therefore this section will give an immediate 

insight to managers, how their output-to-inputratios are changed from 

period 1 to period 2. The program also provides a graphs option by the 

help of menu items. Two pie charts as potential factors for productivity 

improvement are drawn on the screen if graphs is selected among the menu 

items. One is the ratio of each input cost" to the total input costs, 

and the other is the ratio of each input cost to the total revenues. 
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V. CONCLUSION 

Organizations have control systems, with respect to the resource 

they are supposed to manage, or we can classify them with respect to the 

type of "organizational system performance" they are attempting to control. 

In general there are seven distinct "organizational system performance 

me as ures" • 

1. Effectiveness 

2. Efficiency 

3. Quality 

4. Profitability 

5. Productivity 

6 •. Quality of Work Life 

7. Innovation 

Productivity is a critical performance measure for organizational 

systems. It is a relationship between quantities of outputs produced by 

a given organizational system and quantities of inputs utilized by that 

organizational system to produce those same outputs. Once a productivity 

measurement system is developed, th~system can be operationalizedand 

standards can be generated. Standards can be generated by two methods; 

Normative, participative, relative measurement systems (NPMM), and 

Economic, accounting based, absolute measurement systems. Economic, 

accounting based, absolute measurement systems ,are based on. the premise 

that profitability is a function of productivity and price recovery. 

Sink's MFPMM is a model uses this relationship. MFPMM is applied to an 
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existing glass manufacturing company considering following advantages: 

1. Obtains an overall, integrated measure of productivity for the 

firm 

2. Provides an analytical audit of the past performance 

3. Provides budget control by current performance 

4. Assesses and evaluates bottom-line impact on profitabilit~~, as 

a result of productivity shifts 

5. Tracks the results of specific productivity improvement efforts, 

such as quality circles, quality control, incentive systems 

6. Provides common price financial statements 

7. Assists with setting productivity obj ectives and general 

strategic planning with regard to capacity utilization, marketing efforts, 

cost management, staffing, quality management, pricing strategies. 

In case of product.variety and multiplicity of various resources 

utilized, TL (money value) is a convenient common denominator. However, 

TL in the current economic environment is a variable standard. Therefore 

"devaluing", "revaluing" or "indexing" mechanism is required. MFPMM 

selects a base period for the model and automatically indexing prices and 

costs, partials out or removes the influence in price and cost changes 

from the base period to the current period. A detailed output and input 

class-type-level categorization is the initial step of MFPMM. Then monthly 

data is collected for the analysis. Since glass works industry is a 

capital intensive industry, capital is also added to the input items." 

Total assets are calculated as the quantity of capital, and cost of 

capital is calculated as the price of capital. 

An interactive program is designed on Lotus (a package program) on 

IBM pc, named productivity Improvement, Evaluation and Measurement. The 

package is designed as a Decision Support System that also provides 

scenerio analysis option to the user. By projected period analysis 

section, the user not only makes Current period/Base perio~ analysis but. 

also projected period/Base period analysis. The main aim of the package 

~s to make managers get used to the model, even if they· are not accustomed 

to use computers. 
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Simply, by obeying the commands on the ~creen, users will be able 

to work on the model, make the analysis of their organizational system. 

Finally, being a critical but a confused component of organizationai 

system performance measures; productivity measurement and analysis 

applications will gradually increase. This study should be treated 

successful if it contains any useful material for the future. 
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APPENDIX A 

S mnant h ' s TPF Model 

n n 
E O. E O. 

OF i=l 1. i=l 1. 
TPF =- = IF n E E I .. 

E I. i j 1.J 

i=l 1. 

Where; OF = Total tangible output of a firm 

o. = Tangible output corresponding to product i 
1. 

IF = Total tangible input to the firm 

I. = Total tangible input corresponding to product i 
1. 

m 
= E 

j=l 
I .. 

1.J 

j = H,M,C,E,X 
i = 1, ... ,n 
n = total number of 

product manufactured 

H = Hmnan 
M = Material 
C = Capital 

TP. = Total productivity of product 1. 
1. 

E = Energy 
X = Others 

PP. = Partial productivity of product i, for· tangible input types 
1. 

O. O. 
TP'; 1. 1. =- = :r I. m 

1. E I .. 
j 1.J 

m 
O. O. = TP. E I .. 

= _1._~ 1. 1. 1.J 
PP .. J 

1.J I .. 
1.J 

O. = PP ..• . I .• 
1. 1.J 1.J 

TP. = E I .. = PP .. I .. 
1. j 1.J 1.J 1.J 

I .. 
TP . = PP .. 1.J ~ W •• . E I .. 1. 1.J 1.J 

j 1.J 
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TP. = W.. x PP .. , for all J 
~ ~J ~J 

TPF = 

TPF = 

= 

N 

E ,oj' •• TP. (by substituting the first expression in the second 
i=l ~ ~ expression) 

N 
E W. (W ..• PP .. ), for all j 

i=l ~ ~J ~J 

N 
E (W .• W .. ) PP .. , for all j 

i=l ~ ~J ~J 

1. 1.. 
W ~ W =~ fl· i = IF' ij I . ' or a 1 J 

~ 

I. 1. . I. . 
W!. = W. W = ~ x -2:J.. = -2:J.. for all J 
~J ~ ij IF Ii IF ' 

5TPF = E W!H·PP·H + EW!M·PP·M + EW!C.PP.C 
·l~ ~ .~ ~ .~ ~ 
~= ~ ~ 

Sumanth also develops a breakeven concept of.total productivity. He 

relates profits to productivity in an analogous fashion to what the MFPMM 

does when it calculates effects on profits. 

O. = Output in value terms for product i 
~ 

c. = Total Costs associated with the production of product i 
~ 

P. = Total Profits for product i 
~ 

o. = C. + P. 
~ ~ ~ 

O. 
~ by definition TP. TP . . =-

~ 1. 
, 

~ 

~ 

C. + P. 
~ ~ = 

1. 
~ 
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I. = Working Capital used for product 17 expressed in constant 1,CW 

dollars of base period. 

C. = I.-I. 
1 1 1,CW 

TP. = 
1 

I. - I. + P. 
1 1,CW 1 

1. 
1 

TP .• I. = I. - I. + P. 
1 1 1 17CW 1 

P. = (TP.-l) I. + I. 
1 1 1 1,CW 

PF -total profit at the firm level 

PF = E P. = E (TP.-l)I. + I. ) 
1 1 1 17CW 

1 1 

= E (TP .-1)1.) +E1. 
i 1 11,CW 

= E TP .• 1. - n. + E I. 
i 

1 1 i 1 i 1,CW 

TPF = OF~ PF = OF - IF + I 
IF· cw 

OF = TPF • IF 

PF = (TPF-l)IF + Icw 

PF = (TPF-l)(IH+IM+ICF+IE+IX) + I~~ 

a = IH 1M ICF IE IX lew = total input for a given period 

b = IH 1M ICF IE IX = all inputs other than working capital 

PF = a(TPF) - b 
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Case 1: TPF = 0, Than PF = -b 
Case 2: TPF = 1, Than PF = a-b 

= I 
cw 

If these situations are plotted on a graph, the breakeven point of 
TPF is observed. 

/ColI'-l-

Figure A. Relation between profit and total productivity 
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APPENDIX B 

Laspeyres Index - Base period price weighted, quantity change 

ratios: 

n 
r 

i=l 
n 
r 

i=l 

Qit 
Qio 

Pit 
P. 
~o 

M. 
~o 

Y., 
~ 

x. 
~ 

n Qio Q·t';P. r Q·t OP . . 
~ ~o 

i=l ~ ~o Qio 
n 

Q .• P. r Q .• P. 
~o ~o 

i=l ~o ~o 

n 
E m •• y. 

i=l ~o ~ 

n 
r 

i=l 

= Quantity of 

= Quantity of 

m. 
~o 

output/input 

output/input 

n Qit r Q .• P . . 
'. I ~o ~o Qio ~= , 

n 
r Q. • P. 

. I ~o ~o 
~= 

type i in the current period 

type i in the base period 

= Price/cost of output/input type i in the current period 

= Price/cost of output/input type i. in the base period 

= Base period money value of output/ input type i 

= Quantity relative output/input type ~ = Qit/Qio 
= Price relative of output/input type i = P·t/P. 

~ ~o 

Since different input and output types have different unit prices 

and unit costs and used with:different quantities, for example when total 

materials is considered taking only the ratio of current period 

quantity to the base period quantity will not actually give the· 

quantity change ratio of total materials. However when the summation of 

quantity change ratios of all material types times their base period values 

are taken and divided to the summatioriof' base period values of all 

material types, base period price weighted quantity change ratios will be 

calculated. 



- 52 -

Assumed that cost of material type A is 100 TL/unit and 20 per cent 

more in quantity is used, cost of material type B is 1 TL/unit and 50 

per cent more in quantity is used in the current period when compared to 

the base period. As a total, it is wrong to say that 70 per cent more 

material A and B is used in quantity. Actually 20 per cent more material 

A and B is used in quantity. 

100 x 1.2 + 1 x 1.5 
101 = 1.20==920 per cent 

Paasche Index: Current period quantity weighted unit price change 

and unit cost change ratios. 

n 
L P .• Q. 

i=l 1.t 1.t 

n 
L P .• Q.t 

i=l 1.0 1. 

n 
E P.t.Q.t . 

· 1 1. 1. 1.= 
n 
E P .• Q. . 

i=l 1.0 1.t 

n 
EM •• X •• Y. 

· 1 1.0 1. 1. 1.= =------n 
EM •• Y. 

· 1 1.0 1. 1.= 

P. Qio 
n P. Qit 1.0 L P. • Q. 1.t 

P. . 
Qio 

p:- Qio i=l 1.0 1.0 1.0 1.0 
Qio n Qit. 
Qio 

L P .• Q. . 
Qio i=l 1.0 1.0 

Since different input and output types used with different 

quantities, for example when total materials is considered, taking only 

the ratio of current year costs to the base year costs will not actually 

give the unit cost changes of total materials. However when the summation 

of quantity change ratios of all material types times cost change ratios 

times their base period. values are calculated and divided to the 

summation of base period values times quantity changes ratios of all 

material types, when current period is compared to the base period. If 

significant changes in quantity of output or input items are made 

between current and base period those will be reflected to the unit price 

or unit cost changes. 



· - 53 -

Assumed that price of finished good type A is 100 TL/unit. It ~s 

20 per cent expensive in price and 10 per cent more in quantity, 

comparing base period to the current period price of finished good type B 

is 1 TL/unit. It is 50 per cent expensive in price and 15 per cent more 

in quantity. As a total it is wrong to say that finished goods A and B 

is 70 per cent expensive in prices. Actually goods A and Bare 20 per cent 

expensive in prices. 

100 x 1.2 x 1.10 + 1 x 1~5'x'1~15 
100 x 1. 10 + 1 x 1.15 = 1. 20 ==9 20 per cent . 
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APPENDIX C 

Weighted Change Ratios 
n 

Where; 

Colmnn 7 

Colmnn 8 = 

Colmnn 9 

2: Qi2,Pil 
i=l 

n 
2: Qi2, Pi2 

i=l 
n 
2: Qi2, Pil 

i=l 

n 
2: Qi2, Pi2 

i=l 
n 
2: Qil' P il 

i=l 

i=l, .•• ,n 

i=Output/input categorized item 

Qi2 = Quantity of output/input type i for period 2 

Pil = Unit price/unit cost of the same output/input type i for 

period 1 

Qil Quantity of output/input type i for period 1 

Pi2 = Unit price/unit cost of output/input type i for period 2. 

Cost/Revenue Ratios 

Colmnn 10 
= I ijk • Cijkl = 

Column 11 = 

n 

2: O'l.F'l ,. 1 1. 1. 
1.= 

Iij k2 • Cij k2 

n 

2: 0i2,Pi2 
i=l 

Input elements, Colmnn 3 
Total outputs, Column 3 

= 
Input elements, Colmnn 6 
Total outputs, Column 6 
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= Quantity of input element of i class, J level, k type of period 1 

(base period) 

C" k = Unit cost of input element of i class, j level, k type of period 1. 
1.J 1 

O. = Quanti ty of output type i, period 1, 
1.1 

P. = Unit price of output type i, period 1 
1.1 

1. 'k 1.J 2 
= Quantity of input element of 

(current period) 

i class, J level, k type of peri~d 2 

C" k = Unit cost of input element of 1. class, j level, k type of period 2. 
1.J 2 

O. = Quantity of output type i, period 2 
1.2 

P. = Unit price of output type i, period 2. 
1.2 

Productivity Ratios 
n 

Column 12 

l: 0'1 • P' l = i=l 1. .1.. _. Total· outputs, Column 3 
1.'

k 
• ·C" k - Input elements,. Column 3 

1.J 1 . 1.J 1 

n 
l: 0'2 . Pil i=l 1. 

Coltnnn 13 = 
1. 'k . C. 'k 

1.J 2 1.J 1 

Weighted Performance Indexes 
n 

l: 0u . P. 1 
n=l 1. 

n 
l: Oil· Pil 

i=l Column 14 = -----:::--­
I
ijk2 

• Pil 

I. 'k • Pil 1.J 1 

Base period price weighted value 
. for· total outputs 

= ~--~~~~--~--~~--~~~~ Base period unit cost weighted 
. value for each input element 

= Column 7, for total outputs 
Column 7, for each individual 
input element 



Column 16 = 

n 

1o ok • Co 
~J 1 ~1 

1. ok 
~J 2 

1. ok 
~J 1 

Total Effects on Profits 

. Column 17 = (1. ok .Co ok· ) 
~J 1 ~J 1 
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= Column 8, for total output 
Column 8, for each individual 
input element 

= Column 9, for total outputs 
Column 9, for each individual 
input e1 ement 

I
ijk2 

• C
ijkl 

I
ijk1 

• C
ijkl 

Column 18 = Column i9 - Column 17 



Column 19 = (I. -k .C. -k ) 
~J 1 ~J 1 
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n 

L O'2,P'2 , 1 ~ ~ 
1.= 

n 

L P,I,P'1 . 1 ~ ~ 
1.= 

I. 'k 
1.J - 1 

C. 'k 
~J 2 

C. 'k 
~J 1 

[
Column 3~ for j-n[column 9 forJ" [column 9, for eaCh]~ 

= ::;~tindividual ~total ou~puts - individual input U 
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APPENDIX D 

Capital Section in HFPMM 

In general Capital section is being left out as an input while 

applying MFPMM. However for the companies where capital productivity is 

very important, especially under dynamic economic conditions, capital 

section will be added to the model. 

When investment in new technology increased, so have productivity 

rates. Potential solution to the problem is to find ways to spark increases 

in capital investment. Uncertainty and risk are important terms associated 

with the cost of capital. Therefore since it reflects the company's own 

conditions, to calculate cost of capital instead of minimum attractive 

rate of return is a better decision for the price of capital. 

Quantity of capital will be calculated as a single value. It is 

the summation of current assets, fixed assets and other assets, in other­

words total assets generate the quantity of capital. Price of capital will 

be calculated as cost of capita1. It is the weighted average of the costs 

of liabilities and stockholder's equity. Current assets of a company can 

be obtained from accounting department. However, book value of fixed 

assets can not be used as its current value, instead mortgage or insurance 

value of fixed assets or consensus of the manager c~n be used as the 

current value of fixed assets. Since companies get their funds from 

liabilities, credits and stockholder's equity, calculation of cost of 

capital becomes important. 

Example for the calculation of cost of Capital: 

Weighted, 
Liabilities 'Quantity' " , , (%) , , ' 'Cost(%) Average 

Short-term credits 100 50 70 0.;35 

Long-term credits +100 50 50 +0.25 

200 0.60 
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Since liabilities are tax deductable: 

Liabilities 

Equity 

0.60(1-046) = 0.32 

Quantity 

200 

+200 

400 

Cost of Capital is 34 per cent. 

Weighted 
(%) Cost :(%) Average 

50 .0.32 0.16 

50 0.35 +0.18 

0.34 
~ 

opportunity cost of 
using equity 

If profitability leverage is greater than 1, increase in debt 

will result with decrease in the cost of capital at the first step. How­

ever than with more increase in debt, risk of the company will also 

increase with a greater speed than before, hence with an increase in the 

cost of capital. 

If the profits obtained by a company are greater than the cost of· 

credits, the difference will be working capital and profitability leverage 

of the company will be positive. 

Profitability Leverage 

Profits 
= Equity, 
. ·Ptofits·+ Financial· Costs 

Total Assets . 

If profitability leverage is greater than "1", it means leverage 

is positive, otherwise it is negative. 

Capital Section oLMFPMM: 

Column 7: Base period cost of capital weighted changes in 

assets. Since quantity of capital section is a single figure, as total 

assets, column 7 gives the change in assets when current period is 

compared to the base period. If the figure calculated is less than one, 

it means asset quantity is decreased (in the current period relative to 
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base period), or if it 1S more than one, it means assets quantity is 

increased. 

Column 8: Base period total assets weighted changes in the cost 

of capital. Column 8, since quantity of capital section is accepted ~ a 

single figure of total assets, gives the change in the cost of capital 

from period 1 (base period) to period 2 (current period). If the figure 

calculated is less than one, it means cost of capital is decreased, if 

greater than one, it means cost of capi tal is increased~ 

Column 9: Examines the simultaneous impact of changes in the cost 

of capital and total assets figures, from period 1 to period 2. If the 

calculated figure 1S less than one, it indicates a decrease in the value 

of capital (total assets x cost of capital), if greater than one, it means 

an increase in the value of capital. 

Column 10: Examines Cost/Revenue ratios for. period 1, in other­

words total assets are divided by revenue. If calculated figure is greater 

than one, total assets of the company is greater than the. revenue of the 

company for the base period. If calculated figure is less than one, it 

means total assets is less than the revenue of the company. 

Column 11: Similar to Column lO,for period 2 (current period). 

Column 12: Examines static productivity ratios,· in otherwords 

reflects output-to-input ratios for period 1. Calculated figure is the 

total revenue divided by, total assets times cost of capitai for the base 

period. It gives the ratio of total revenue to the value of capital. If 

the calculated figure is greater than one, it means total revenue is 

greater than the value of capital, if less than one; it means total 

revenue is less than the value of capital. 

Column 13: Similar to column 12, for period 2. The ratio of. base 

period price weighted value of total output to the base period cost of 

capital weighted value of total assets. 
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Column 14: Examines dynamic productivity indexes. Calculates the 

ratio of price weighted quantity change of outputs (from period 1 to 

period 2) to the total assets change in quantity. If the calculated 

figure is greater than 1, it means capital productivity is increased, 

if it is less than 1, it means capital productivity is decreased. 

e • Column 7 for total outputs = 1.27 = 1 34 
g Column 7 for capital 0.95· 

The quantity of total outputs, when prices are partialed out is 

increased by 27 per cent and total assets is decreased by 5 per cent, 

when cost of capital is partialed out. As a conclusion total assets 

productivity is increased by 34 per cent. 

Column 15: Examines current period quantity weighted price reco­

very indexes. Calculates the ratio of current period quantity weighted 

price changes of outputs (from period 1 to period 2) to the:change in the 

cost of capital. If the calculated figure is greater than one, it means 

price recovery of total outputs is greater than the cost of capital, if 

it is less than one, it means price recovery of total outputs is less than 

the cost of capital. 

Column 16: Examines the ratio of simultaneous impact of changes 

in prices and quantity of outputs to the ratio of changes in the cost of 

capital and total assets from period 1 to period 2. If calculated figu~e 

is greater than 1, it means change in the total revenue is greater than 

the change in the value of capital, if less than 1, it means change in the 

total revenue is less than the change in the value of capital. 

Column 17: Examines TL equivalance of the corresponding cell 

column 14, in otherwords what impact has an increase in capital produc­

tivity on profits. Base period .value of capital is multiplied by the 

difference of the base period price weighted change in outputs quantity 

from the base period cost of .capital weighted change in capital. 
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ego ~ase perioJ ~[~Olt.nnn 7] [COlumn 7 for~ value of for total - 't 1 
C . l' . cap1 a ap1ta outputs ' 

= 1000 TL x (1.27) - (0.95) 

= 320 TL. 

If base period cost of capital weighted change in capital is 

greater than the price weighted change in outputs quantity from period 1 

to period 2, profitability figure will be a minus value, indicating loss 

as an impact of· capital productivity on profits. 

Column 18: Examines TL equivalence of the corresponding cell 

column 1 in otherwords what impact has an increase in price recovery of 

capital on profits. 

Column 18 = Column 19 - Column 17 

Column 19: Examines TL equivalence of tne corresponding cell column 

16, in otherwords what impact has an increase in capital productivity and 

capital price recovery on profits. Base period value of capital is 

mUltiplied by the difference of the cha~ge in the value of outputs from 

the chapge in the value of capital. If the change in the value of the 

outputs is less than the change in the value of capital, the calculated 

figure will be a minus value, indicating losses. 



- 63 -

APPENDIX E 

User t S Manual 

"DSS on Productivity Measurement Evaluation and Improvement 

Package" of MFPMM is made off 2 diskettes, Containing the main file 

(named Sibel) and the data files (named 1985 and 1986) on seperate 

diskettes. Initially Lotus file is located in drive A and main file 

diskette is located in drive B. After Lotus is loaded, Lotus diskette is 

taken out of drive A, and data files; 1985, 1986 diskette is located in 

drive A. In order to load the main file; Sibel, the following commands are 

made; 

/,Worksheet, File, Retrieve, Sibel 

When the main file;Sibel is loaded, the heading of the package 

and commands to start menu items occur on the ·screen. 'Alt) and (A) are 

pressed simultaneously to see menu items on top of the screen: 

I DATA INPUT I 1 RESULTS I' 1 GRAPHICS 1 

By the help of the arrows, the user will move the curser on the selected 

menu item and press (Retur~ • 

Data Input: In order to start the package, first "Data .Input" will 

be. selected. Then another menu comes to the screen: 

I OUTPUTS 1 I INPUTS I. 

Sink's MFPMM categorizes outputs and inputs by class-type~level 

hierarchy. Each of the menu items will be selected for.data input, 

either outputs or inputs is selecfed another menu will appear on the 

screen: 

1 BASE· YEAR 1 1 CURRENT-YEAR 1 1 PROJECTED' YEAR 1 
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In order to be able to see the results,_ one of the following will 

be entered: 

a) Base and Current period data 

b) Base and ProJected period data 

c) Base, Current and Projected period data 

Either Base Year or Current Year 1S selected another menu will 

come to the screen: 

IAUTOMATIC INPUT! 1 MANUAL· INPUT I 

a) Automatic Input (Inputs 1985 data for the base year and 1986 

data for the current yera). 

If automatic input is selected another menu appears .• 

lIst QUARTER I 

One year is divided into 4 quarters and each quarter represents 3 

months, if 1st QUARTER is selected another menu appears showing the.· 

months. 

IJANUARY! [FEBRUARY I· I MARCH I 

If second is selected 

I APRIL I 1 JUNE I· 

If third is selected 

I JULY I !AUGUST! 1 SEPTEMBER I· . 

and finaly is forth is selected 
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I OCTOBER I I NOVEMBER I I DECEMBER] 

appears on top of the screen. By the help of the arrows~ the user will 

move the curser on the selected item and press (Return). 

Program automatically inputs the selected month's data from the 

data file on the main file. While the data is copied, at the upper 

right corner "WAIT" command appears, after copying is completed "READY" 

command appears. If the user of the package wants to change some quantity 

or unit prLce or unit cost data of outputs or inputs~ after the completion 

of data input~ he or she may reach to the data region that is going to be 

changed by the help of arrows~ in otherwords he/she will move the curser on 

the regLon that will change and will type the new data and press (Return). 

The package also allows the user to make a moving index comparison. ego 

He/she may compare the data of January~ 1985 (base year) to the data of 

January, 1986 (current year) or he/she may compare the data of December 

of the base year with the January of the current year~ and so on. 

b) Manual Input: Brings the data input part onto the screen to 

allow the user to input his or her own data. User of the package will 

enter the data of a month, he/she wants to compare. The manual input 

section of the package allows the user to make validation of the model. 

User of the package may forecast next month's data and enter them to the 

projected year and obtain results by Base/Projected period analysis. 

When actual data is collected for that month, he/she may enter them to 

the current year section by selecting manual input. This time Base/Current 

year analysis will be selected to obtain results. Comparison of the two 

analysis will also indicate the reliability of the forecasted data, and 

forecasting power of the user. 

If projected year is selected, the data input part for the 

projected year appears on the screen. Either outputs or inputs is 

selected~ the user will enter the quantity part by his/her experience. 

The package allows unit price and unit cost indexes for outputs and 

inputs to the user for 1987-1990. He/she may either choose and index from 
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the table, according to the year he/she is making analysis or he/she 

may enter his/her own index. The package automatically mUltiplies the 

index with the current period data and inputs the result to the price 

section. 

Results: After data is entered, results part will be selected; by 

mov1ng the curser on it and pressing (Return). 

Another menu appears on the screen: 

[BASE/ CURRENT I [BASE/PROJECTED I 

If Base/Current year analysis is selected, base and current period 

data are inputted, if Base/Projected year analysis is selected Base and 

projected period data are inputted. If the three periods' data are 

inputted, both of the analysis can be selected. Either of them will 

provide the same menu. 

The Effects 
on Profits 

We1ghted 
Performance 
Indexes 

Wel.ghted 
Change 
Ratios 

Cos t/Revenue and 
Productivity'~at~?s 

1. Weighted Performance Indexes: Calculate dynamic performance 

indexes: productivity: price-weighted productivity indexes are calculated 

for each input element (class-type-level' categorization), comparing 

current period or proj ected period to the base period. 

Price Recovery: Quantity weighted price recovery indexes are 

calculated for each input element (class-type-level categorization) 

comparing current period or projected period to the base period. It 

reflects the degree to which the organizational system was ,able to 

increase its price in relation to elemental input costs. 

Profitability: Indicates profitability indexes comparing current 

period or projected period to the base period. 
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2~'. TL Effects on Profits: Productivity: indicates what impact an 

increase in productivity has on profits from base period to current 

period or projected period in TL values. 

Price Recovery: Indicates the effect of price recovery on profits 

from base period to current period or projected period in TL values. 

Profitability: The total effects of productivity and price 

recovery on profits comparing current period or projected period to the 

base period in TL values. 

3. Weighted Change Ratios: Quantity: Price-weighted and .base period 

price indexed changes in quantities when the current period or projected 

period is compared against base period. It indicates decrease or increas~ 

in the quantities of output/input class-type-level categorization when the 

effects of prices are held constant. 

Price: Quantity-weighted and current period quantity indexed 

changes in unit prices and unit costs, when the current period (or 

proj ected period) is compared against base period. It indicates a 

decrease or increase in the unit price (unit cost) of the output (input) 

class-type-level categorization, when the effects of quantity are held 

constant. 

Value: Examines the simultaneous impact of changesin.pr1ce and 

quantity from the base period to the current or projected period. It 

indicates a decrease or increase in the value (price x quantity) of 

output/input class-type-level cat ego'iizat ion • 

. 4. Cost/Revenue and Productivity Ratios: Cost/Revenue Ratios 

indicate the ratio of the value of each input element (class~type-level 

categorization) to total output's value for the .baseperiod (period 1) 

and the current period or projected period (period 2). Those .ratios will 

help managers to make productivity improvement decisions interms .of cost 

reduction. 



- 68 -

Productivity Ratios reflect output-to-input ratios for period I 

(base period) and period 2 (current or projected period) (Static 

productivity indexes are calculated for each individual input 

element). 

GRAPHICS: If the graphics option is selected, another menu will 

appe~ron the screen: 

pie chart of Inputs as 
% of tot~" Input Costs 

pie chart of Inputs as 
% of Revenues 

If either of the pie charts are selected another menu will appear: 

I PERIOD " 11 IPERIOD 21 \PERIOD 31 

1. Pie chart of Inputs as % of total Input Costs: According to the 

Selected period; period 1 (base period), period 2 (current period), 

period 3 (projected period), a pie chart showing the percentages of input 

costs; total energy cost, total labor cost, total material cost and total 

capital cost to the total input cqsts will be drawn on the screen. 

2. Pie chart of Input Costs as % of total Revenues: According to 

the selected period; base, current or projected, a pie chart showing 

input costs (total labor cost, total material cost, total energy cost, 

total capital cost) as percentage of total revenues will be drawn on the 

screen. If input costs are greater than revenues, pie chart will not be 

drawn as it will be meaningless. A message will warn the user saying "If 

costs> Revenue, do not draw the pie chart". Otherwise to draw the pie 

chart will be meaningful and total labor, total material , total energy 

and total capital costs as % of revenue will be observed on the chart, "the 

remaining portion of the pie will indicate the profit. 

By pressing 2 times (ESC) and afterwards (Hom~) the user will 

return to the beginning of the package and pres"sing (Alt) and (A) 

simultaneousl~may call menu items again and may observe any section 



- 69 -

/ 

of the package over and over. If the user wants to m~~e sensitivity 

analysis, he/she may change quantity or price of certain elements and 

observe differences obtained in the "Results" section. 
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APPENDIX F 
January(86)/January(85) 

NOTE: "ERR" observed in the outputs, indicates that type of 
material is not used in that period. 
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•...... ,. - .. _- - ..... - ------- -- ..... ' ~ ... -'" .... - -..... ~ .... , '--.- - ................... _ .............. -_ ...... - .... -.......... - .............. - ....... -.......... -...... -
TOTAL INPUTS 1194.30 
...... -_._- ..................... - ....... i····· ... - .............. _ ..... - .- .. -... -.... - ............... - .................. _'r _.-.- -.- .- ...... - ....... _ ............ -_ ........ ---

}3 {'; ,.. 
E. r L! F~: F-: E N 1 ' .. r·· r'\' i~ Pi N " L ,! 

E~ I ( .. 
;:.. \.... i ,., 1-1 I W 

i·j c:· G j···1 r f: 0 C H " N G J::: ,:;, P, r I 0 C 
J .... - :-1 " ~, 

G!U(~N·I n \" PFOCE 'v'PILUE 
"'-"- --_ .. __ . _ .... - - -- .. -- -. : ..... -' ...... -.. " .................. -. - -.... -_ ....... - ....... - .... __ ._._ .... -...... _ .. _._ ........ _._- ... __ .. - .. _._ ......... _ .. _._--_ ........ -

1 u 1.::': 1 .. ~;2 1" '?3 

I I "EXF'[lF(TE~ () 'I \~: .• E:! 1 • ::':=' (> u 95 
_ ...... _. __ ._. __ .... _____ ._ •. _. _ .. , _. ~ _. _ ...... ·.M ................. _ ... _ .......................... _. _., ............................ ___ ... , _____ .• _ •• "" _ ... __ .................... _ ....... _ .• _._ .. _. 

·1 IT! til DLI""I PUl S :I. .. OJ 
.......... _---.. -_._-- -_ .. -' ... --- ._. ~ .. ~ ........................ -. ...... ........ ....... .._ .... -..... _ .. -.. _ .. __ ........ -.... -._- ....... -... _-- _ .. --' -_ .. -.,- -.-......... _ .............. -.-......... -. 
I " t·1lHEF< l(';L 
f>:l. ·J·ec 1:. N2\t.c:'r j ;::d 
i::{ ,,[;::(l fd ( I:~ c) : 

t:c 'I i~;c,d co. "I::f:::~ t'i ( t·~ S) ~ 

c " Dc, :I C'til :i. t c ( I: r::: > : 
c:I .. I<;:::'.l!;:;:~·J· ',1::;::) i 

c:!" L i nl!~ btons· (h~): 

f " (:t_i. I 3. !:: t. ( k. c ) i 

()" EJ~:':J 
() .. t:J\;) 
() .. E~:.r 
() OJ {:(~:.c 

() II E:L{ 
~! n 1 j::~ 

1. [q 

L 11 

1 .. ;::"'1 
1 .. 3E 

f-'m:.:~:~~::.: {F'Ci n·rd· TO CUir! H'~!E:: 
o ~ s c / CUR R E N T YEA RAN n L V SIS 

,t:. L~ H .j E U L 1··1 l~ 1\\ G E H ('I ·1 } LI·~: 

QUANTITY PRICE VALUE 

1 h 53 
(>n95 
1.36 

1 .0,:;", 
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2. Indi)- .. Mat:?l-i.:\l: 
.:t.Tin EnR EF<F< ER 
b ;Ni crclg:?n (Nm""3) : 1.00 1.53 1.5 
c • Hydrc'gcn ' ( t'1""3) : 7.00 1 ,,92 13.LJ 
d .. Cutting cd. l. ( kg) : 1 "I{(l 1.00 1.4 
e .(;L\t.;t.-.lhc:~l (('ki> : 0.70 1 .00 o.? 
3. F/acki\"tgi ng Me:\t. f 

I 

a .PVC PC'\lldcY- , (kg) 1 1.00 1.66 1.6 
b.Nail (kg) 0.90 1.1.7 1.0 
c. " LLwlber ( 111"'3 ) o. r/8 1.36 1.0 
d.Str.olp (kg) 0.96 o. r-}9 0.9 
e.Pal:.Jer <ii.g} 0. 1)8 l.tA 0.7 
f.Talas (/1)""3 ) 0.00 ERF< 0.0 
9 .Ki:l.val~ (,11·····3 ) 0.00 E.RR 0.0 

PRESS CPg Dn} TO CONTINUE 
t·J E I G H ,. E 'J) (; HAN G E: R, PI T IUS 

OUAN T I"fY f'F< ICE: ,VALUE 
••• _ -"_._. ____ ~_. ____ : ON ' __________ .. ___ • ____ ._ .. ~ __ .. ' ~._ ... _ .... ~. 0 ______ ...... _ .. ______ ..... _. __ 00 .e_.~ .' __ _ 

h .Mu~{avva (kg) : 1.22 1.89 2.3 
i.Kraft (kg) : 2.71 1./-1-1 3.8 
,j .. Branda (kg): 0.00 E:RR 0.0: 
TOTf'iL t'1fHER I ALS 0.<)'0 1.28 1.1· 
_.- -.. _--_ .. _....;..-_._-_ .... -- \ .. __ . -....:- -- ---- ---.~ ---- - .. - - ------_ .... ---_ .... _ .... -.-_._------_. __ . - ---, 
II.LAF:OF: (man) ,I • 
l'~Di rE:ct Lc:tbor 1.18 1.23 1 J)~ 
2. Indi 1-2ct Labor 0.91 1. .7LJ· 1..5' 

"OTAL LABuR 1.01 1.~2 1.5' . _. ________ ~ ____ ._ ... _ ,_: ______ .... _. ______ . _____ , ..... ____ . ____ ._.R_._. ______ . _____________ . 

III.ENERGY 
1.Furnac;:?s 
a.Fuel Oil (kg): 
b.Nat. Gas (NmA 3): 
c.: .Elcc tr ici ty (Ia\lh) 

1.00 
0.88 
1.0·/ , 

1.33 
1.39 
2 .. 12 

._. --'-------- - _ ... - _ ..... -: ---'- --- -- --- --;-_ .. _._.". -- - - -- -~-' .. -._- -.-- --:- - .... - -------._---- .---.---. 
PRESS CPg Dn} TO CUN'IINUE (;uN1INUE 

tJ.W~NTI fY F'f<ICE . VALUE 
-- -_. - _ .... _- -_.- ... - -- ... - I -. _.-........ - ... ' ........ -- o· - --- ... _.- .:. - ••• - .. -. - ------ .~ - ...;.-- _ ... - - •. -.- -- -.:-----............. . 

2 .. 0th21-
b.Nat. G~s (Nm""3) : ERR ERR EF;:F 
c.Electricity(kwh) 0.75 2 .. 12 1 .. 5~ 
c.. DiE:sel Oil (It): () .. 2~' 1 ':J,"";' 

• '- I 0.3/! 
d.LPG (kg) : 51..85 1. '12 73" t)( 

T01(,;L ENERGY • 0.8 t / 1 • t,,8 1 .. 3,! 'I 

._-------------- -' .. ~.: -'-'''- - - ....... - --_._--- .- -......... --.. -- --.. _----:--.- _ ... -.. _._- -- .................. __ ... _-,_. __ ... . 
I V • CAP I TAL (1 L ) 1 • lt~ 
_ .... --.-.- --- -- --_. -_ .. -.' ... : -- --.- ... -,- - ... - -- --_ .... - -..... -~--.-- .. --.. -. -'- ---- -.- .- '-'-' .. __ ..... _._.- ---....... _- .... '. 

10T()L INt-'UTS 1.00 
- _ .. - - -. -- _ .. - '- -_. - ... - _ .. - : .~. __ a - - _ •• __ •• _. ___ '. __ • ______ .. - _ ....... - _._ -:.. ___ • __ • _____ ._ •••• __ • ___ ".' __ • _ •• __ .. _. ___ _ 

PRE:.SS {Hul'1E:;' 
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B t~ S E ; CUR R E N T YEA R 
CUS1/REV~NU~ RA1IOS 

:,~.N:'!'LYSIS 

PF-{(jfJUC"T IVITY RA-I IUS 
PERIOD 1 PERIOD ':1 c_ PERIOD 1 PERIOD 

- -- ._- --- _._- -.~ --- - - : _._ .... - - __ - , .. _._ - - __ ... - - _-00" .......... ::. .. ___ • _____ •• _ ... __ '0 ... __ •• _ ....... _ •• _00 _. __ • ---

II\WUTS 

I. t1ATERII-)L 
DiT~ct Material : 
a. San'ti (I~q) : 

b.Soda'-Ash (kg): 
c..DDlc·mitc: (I~g): 

d.l<alk::?l- (kg): 
E"uLimc· S·I-c.ne (I~g): 

f.Cull::?t (kg): 

Ow02 OwOi:' 'i2.95 
0.19 0 .. 12 5.3<;1 
0.01 0.01 118. Cj,~ 

.00 .00 <;I15.5t.~ 

.00 .. 00 't27.22 

.00 .. 00 /+36 .. 74, 

F'RESS {Pq Dn} 10 cm.n I NUt=. 

51.2E 
6.3 l 

1 l l,1 .3( 
1088. 7~ 

4,91. 7t 
2()';-' • 5~ 

BAS l::: / C U :::: R E N rYE !:~F{ :i N l':i L 'y SIS 
COS·'I/REVENIJE. HrY! IUSi PRODIJC-IIVITY F<(':TIOS 

PERIOD 1 PERIOD 2 Pl:::RIOD 1 P~RIOD " c 
... __________ .0' ":' ...... __ : __ • ___ ." .... _ 0- • ____ • _ ........ '0 ....... e •• __ ...... _ • __ • ____ •• ___ -.. •• _____ ._ ........ _____ •• _. __ 

2. Indi 1-. . Ma t :?1- i a 1 : 
a.1in 

, b. Ni i;rc.g::m (Nm···'3 ) J , 
c. Hy'u;-c'l;jcn (M,·"·3) , , 
d.Cutting ecil(kg) , , 
E: • Cu t . ~"h f'::C: 1 «(',d) , J 

3. Pac~~C:lgi n'J r'la t. , , 
a.PVC Pecwde·(' ( I~g ) , • 
b.Nail (kg) J • 
c. • LUIlf!:sf2}"- ( 111···'·3) I 

I 

d.Strz<p (kg) • • 
e.P~tJcT ( I~g ) • I 

f.Talas (m·"3 ) , • 
9 - ~::~"t./cd~ (m····'3) • • 

0.00 0 .. 00 
0.02 0.02 

.00 0.01 

.00 .00 

.00 ,,00 

.00 II ()() 

" ()() .00 
0.02 ()" t)2 

.00 .00 

.,()(> "i)() 

0.00 () .. (}() 

.00 0 .. 00 

ERn 
5':;>.78 

6(/8 u26 
25617.48 

5582 n '75 

!:"3':0.10 
137b.37 

LI3.1"1 
719.75 
2111 .. 10 

ERH 

PRESS {Pg On} TO CONTINUE 

ERF! 
60.3~ 

100.6f 
:1.84:1.9.?C; 
8012.7f: 

538(;"/. O~ 
1 ~;/-t:l. .61 

'755 .. 5E 
5()2 .6~ 

ERfi 
EPR 

GUST/REVLNU~ R~IIUS PRODUS1IVI1Y RA1IOS 
PEt=:: I fjD 1 PEn I 01) ~~ PER I OD 1 PEr.::: I OD E 

, 
____ ... __ • ____ • ______ 0- __ ~ ___ • _ .. _ ...... _ • ____ ._ •• ~ ••••• _ - .... ; • ,. o· ..... -. - _ .. _.- ___ ~ .... - .. ____ • ___ ._ •• - ....... _ .... _._ , ••• ___ .. _~ 

h. t·luki::\vva (kg) I .(>0 " (>(> 8()35 .. 55 66t~::'l= 6.tJ · i .I<r i:;"ft: (I~Q ) ! .00 .. 00 1032.00 38/+ .22 • 
j _Brand,;~ (kg) I .00 0 .. 00 58286.<'1·5 ERti , 
TOTAL M:'11 ~H H';LS (I.2r/ 0 .. 20 306-7 3211.:973.35 
- ----_ ... - _._._...:- ........... - - - : _ .. - - --- ....... _-- - ._ .............. -........... -...... _._--.-.. --_. __ ._-_._- ..... _- ...... _.- -._. ---_.- -----... 

I I • LABC.IR ( fl.an ) 
1 ~ 1.>i r cc.. t L aboT 
2. Indi rl2c (; Labclj-

1 en {)L LABOF< 

0.02 
O.O"~ 

o .O~/ 

0 .. 0;':' 
0 .. (l'-t 

O .. (YJ 
2L~. 14 
1~. 11 

- --- .. __ .. - ... _. --. - -. - .... _. --! - -- --_ .... - - --- _ ......... - ........ - .... - ~ ... - ... - _._ .. _- -- - - -- -.- ...... ""-

I I I _ EI',!E:.RC:iY 

.s • hiE: I CI il () • (1'/ O .. Of, 15 .. (>2 

3{~. 68 
E!6. "7(1 

CJcJ 191 ,~:lt .96 

:l:=i.09 



b.Nat. Gas (NmA 3)! 
c.: • E 1 (?c b- it: i t Y ( h\lh ) 

0 .. 07 
.00 
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()" (),~ 

0.01 
.1::1.67 
283 N :ill 

15.62 
267. L:6 

----..... ~ .. ~.,- .... -- - .... _ ... - . - --~.: .. _ ........ -.- - ..... -,._- .-- ... _. _ .. - ... -..... -_ .. " -_ .......... --._-_ .... _. -.-._--- - .. - --.- -_ .. -_ ..... --"-'--
PRESS {Pg IY( I}- - l' 0 [;[JI',n I NUE:. 

COST/nEVI::::NUE !:~PlfIOS ::'HODUC rIVI l\l f<ATIOS 
PE:.RIUI.l 1 PEHIIJIl L: PE:.F<I(JD 1 PE.RIOD 2 

• - .... ---------- --- --- -~- : - __ .-____ ••• _ •• _____ "_0 ... ___ •• , _ •• _ .......... _. ___ •• _ ._ ... _0 _. __ •• __ ... ' _ -'_'--' ---.- -'--'-' -_._-_. 

2.0ther 
b • Na t. Gas (Nru·····3): 
c~Elactricity(kwh) 
c.Dicsel (Jil (It)' 
d.LPG (kg) 

'1 C.IT?~L ENf:.RGY 

0 .. 00 0.02 ERR ERR 
0.03 0.08 37.16 50.00 

.. (>0 .00 3::"9.1.S· 13/-fO.31 

.. ()() .00 113604.44 221l.03 
0.1'/ 0.1'/ r.:. '",.C.l 

J. J \..~ 3936281.94 

"( '7 • .,.., 
I "L:. 0- . 0.111 0.10 

.... .. -. -- --.-. _ .. -..... _. -- _ ....... - - .. - ... - '"'-'.''' -. __ ._ .. __ ......... "-' - ---. - - --_ .. ---..... _._- -
'1.61 'J .0/: 1501712.21 

.. --00'--" _ ..... _., __ . _._ ,. ___ . _: ._ ... _. ___ ... ___ ......... _ ........................ _ ....... _____ . ___ .. _._ ... ___ . __ . __ ..... __ ._._._.~ .. ___ .. 

PHE.SS {HO)"IE }-

BAS E / CUR R E N T YEA HAN A L Y SIS 
WEI G H 1 E D PER FOR M 0 N [; E I N D E XES 

PRODUCfIVITY PRICE RECOVERY PROFITABILITY 
- ._ ...... - - _ ... __ . - _._ ...... - ~ ___ - ... ~_._ - - ___ ._._.' ____ ._ .... _ ._ - ....... - " ... " .... _ 00_- _ ..... ____ .. __ . __ .. ___ ._. _____ ... __ .. 

INPU rs 
- .. -. - - ... - - - . __ .--- --- : 

I .I'1ATt::R ll'~L 
I>irect t;lcl"tE" i;::;1 
ct.Si-.."ind (kg): 
b.Soda-A~h (kg): 
c..Dolo/llite- (J~9): 

d.Kalkar (kg): 
e. L i /He.: Si..C.rn2 (I~g): 

f.Cullat (kg>: 

D f~ S c / "-

~.J E I G 1-: -j 
C 
E 

1.19 
1.18 
1.1 <,. 
1.19 
1,,1~.J 

O.l{t:) 

PRESS 
U R E N T Y E 
lJ P E:. R F li n 1"1 

PF<ODUCT J. V I TY 

LPG Dn] 
r, 
,"1 R 

() to.! (" 
-' 

PF<ICE 

O.8l t 

1.3';'-
()"S'5 
0.91 
1 at 2(:> 
1.10 

TO CON"IINUE 
,') I'..j I') L- V '-~ 

~) 

E I t,1 D E 
RECOVERY 

I 
X 

1.01 
1.61 
1.13 
.1..08 
1."}S 
(l,,52 

S 
E S 

PROFITABILITY 
• _______ .... __ • __ ... __ : __ •• _ .... , __ ... ____ '_'M _ ............. _ ..... ____ .......... ___ ...... _ ... _ ... __ ... _ .... ___ .... ______ • ___ _ 

2. Indi r. 1'1atel- i a 1 
, 
I 

a.1·in ERH EF<F< ERR 
b- • Ni tl-og;:::'n (Nm···'3 ) , 1.01 0 .. 99 1 .00 I 

r.. "Hydr-c.rgc~n ( i'l""'3 ) : (> .11~ () .. 1/9 0 .. 11 

a.Cutting oil (kg) , () .. ,,;,'2 1 ,,52 1.09 I 

S'" v [;u t. • ~ .. \h eel (Ad) 
, 1., L.:l: 1·.,5E' 2 .. 1£: t 

3:. PackaC;.1 i ng i'1at. 
, 
t 

8. P\)[; PD~·ldcr ( I~g ) 
, 1 .. 01 ()· .. S'2 0.93 t 



b a Ne:i i 1 
c.; • LLlmber 
d • S t·,- CIP 

e • P ,",,:.iE-Y-

f. "falcls 
g. K.r;vi:lk 

. (kg): 
(11(····3) \ 

(kg): 
( I~g) \ 

( rn·'··;:l) : 
( 11.-'··3) : 
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:1. .. 12 
1.30 
.1..05 
2. ()E~ 

[::HF< 
ERH 

:I. .. 30 
1.1.2 
1. .5/+ 
0.C/3 

ERn 
ERR 

PRESS [PG Dn] TO CONTINUE 

l. .. I 

1 .. 1. 

LI 
1 • ( 

£F 
Ef 

BAS E / CUR E N T YEA RAN A L Y SIS 
PRODUCTIVITY PRICE RECOVERY PROFITABILIT' 

. --- -- -'-- _ ... _-- ""'- .--.: ............... __ .. - ---- -_._- _ ... - ... - ... _ .... - _._-._ ......... _ ........ -- -.... _._--------------
11. i"1ukavva (kg)\ 0.83 0.81 On ( 
i .I<rc:tft (I~g) : ()n3?' 1.08 o .l 
.j • Brand.:;\ ( kt;) ) I l-::RR EI-:;:R EF I 

TCJTP,L t'1ATERIALS :1..13 :I. • l. S' 1 ': . ~ 
- .. -..... - --- ---_.- -..... , -- : ._-. - ._._-- -- - - --_ .. - -.- -...... - --. _. - .... -._--.- ._-----_ .. - -----_. __ .. _---- --
I I • LABllF< (ma· ... ) 
1. Di r· e::. t Labclr· 
2.Indir::?ct Labcq-

TO-! I',L LABUR 

0.86 
loll. 
1.00 

1.2l) 
0.8? 
1.00 

1,( 

1 n ( 

_.- .. -._---... __ .. _--- .. - ., ... -- ~ '--' _ .. _----- ---- _ ... ,_ .. - -" .. - - ._. ---- - .... _ ...... - -.... -_ .. _ .. ----_ .... - -... ------ ._ ..... _-
III.ENE..RGY 
1.Furnat.:;?s 
21.Fucl Gil (i!.g) I 
b.Nst. Gas (Nm A 3): 
c. • E 1 ec. tl- i c. i t Y ( fa'.lh ) 

1.00 
1. .. lIt 

0.9') 

1.1 !:.. Lj 

l.10 l.~ 

().,72 O .. ~ 
,_ .... ______ .. ___ .-_0 __ '''_'_ ~ __ ............ ___ . ____ . ____ . __ ... _ .. __ ._. __ ...... _. ____ ._. __ ... _._. _____ .. ....:_0-___ ._ .. __ ._. 

PRESS [PG Un] TO CON1INUE 
PRODUCTIVITY PRICE RECOV~RY PROFITABILI1·' 

.. _ .. _____ ._. _ ._'0- .. _ ..... ~ __ ....... ____ ... ____ ._. ___ . ___ ........ "'_ ... _ ... _____ • __ ....... _______ .. __ . ____ . __ ._ ..... _ 

2.0th::?r 
b.Ni:!t. 8.35 (Nn'·····:;:: ) I . EF,r { ERR EF I 

c • E: l::?c tT i cit Y ( k\·-.lh ) l.35 (}.72 0 .. Cj 

c..Dic-sr=:l Oil ( 1 t ) I 3. ';'3 1.20 it- • Ll I 

d.LPG (kg) I (>n(>2 1. .O·/, 0.( I 

TO-! llL ENERGY 1 .. if: (>. til 1.1 
-_._--_._ ... --_.-- -. '-' - - ~ -. -_.- ... - -- -- - --_.- -_.- -.. ~ .- .. _. -.-. _.- ... -.- '--"-'- -- - - _ .. _-- -' ... - -.----- ... --

I'vl. [;(,J' I 1 {~L. (TI.) 0.70 1 • ( 
-- - -- ---:""-._- __ a ..... _ .... ~ • ___ .• __ • - _. __ - - ._ ... - ... _ ...... - ....... _ - __ • __ ... ____ • __ •• __ ._. ___ •. _. _. ____ • __ •••• _ ••• " .. 

TOTP;L INF'UTS 0.71 1.52 1 .. ( 
- - - -- ----:--.- _. __ • _.- ....... - - : _ .• , ....... _. -- .. _- - - _.-. - - ••• - - .... - _. -_ •• --.- '--'--' "- - ...... _ •• ___ a - _. ___ •• __ •••• _ ..... _ .. _ 

B p, S El C U 
lO·ll-~L 

PRESS {HOI'1F } 

y E f~ 

E:. F FEe 1 S 
PRODUCTIVlfV 

RAN A L Y SIS 
o N PRO F I 1 S 
PROFITABILI·fY - PRICE RECOV~RY 

•• 0- _. _. ____ .. __ • _____ ~_ : - _ ••••• '- - -- - - --_- -- - --_ •••••. - .......... _ .... - •• __ •• _-:- ___ .~ _ •• __________ • ______ ._ 

INPUTS 
.. _ ..... _ .. - ...... - .. -........... : 

I • I'll-HER I {~:L 
Di)- cct t'ii:;\t£l· L:11 



b .. Eodi:;\-.. ·t,!:'.:I···, 
c. .. Deolc1Il,itc 
d .. 1<;;:\ I I:: cr· 
e:: .. L iii!!::.' E;tc.I·i"!C' 

·f .. CuI let 

( I~q ) : 
( I~ t;.l) : 
(\«;:1) : 
(kq)i 
( I~g) : 
( k~J) : 
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.'- I"~'C' '_I r. J l 

O .. ~"3l 

(>" ::'il.j 
l .. ;iE:~ " {)(;i 

1. ,,'-]'8 

PRESS {Pg Un} TO CUN1INU~ 
BAS E / CUR E N T YEA RAN A L Y SIS 

T U 1 ~ L E ~ F E L T SUN P R U F I 1 S 

--6"l..r 

.... ~ 
(J" )~ 

--c) n i.j 

1 /, n ., 

·_··1 .. 1 

FF{ I CI:::: :-:;:ECOVL:::r·:rv 
0_._ .............................. ,_ ... _, ._ : ____ ................ ___ .. ___ . __ ......... " .............. __ ... __ .. _ .• __ ....... _ .. _ ... _ ._._ .... .-.• __ ._ ... _ ._ .. . 

2. I nel :i.i-.. I"kd; ::::.,. ii::d. : 
o:!.Til", 
b. Nitn::oqen (!\Im·-··:':): 
c.HydrDg~n (MAS): 
d • eu t t: :i. nq CI:i. 1 ( k q ) :. 
c. Cu t .. ~~hl·:_·c: 1 ( (',d) : 
3 .. :::"::11:: k aq i nq 1"1,,·\ 1;.. : 

.:.; .. PVC PD~\tcJc:r (I':q): 
b .. Nail (I::g): 
c .. LWllbl"-'Y·· 

d .. f) t .j". ;:,' ~:) 

c. Pi::!jJer 
f . 1"<:11.:;\ s 

~;)., , ..... ,., I' t.,'::'! «f'·.l~\ \. a . 

(m·····3) : 

(kq): 
( I,: ~J ) : 

(,0···'3) : 

(Ill·····:;:!) : 

., fJ ., () L. 

(> .. ~'~)' 

-0.03 
0.10 

0.1;'1 

O .. l;:~ 

~J .. fJ'/ 
0 .. 00 

EF<F: 
0.05 

.. 3(>" 3/~ 
(1 .. (;1 

--0. i)!: 
(>,,62 

i t:"> L'7 
• "J ~w .. 

1.4A· 

(> u (>() 

1 to f:.!t; 

Pl::;:I::S~-J {j:'I.:;) 1)n} TO. CON T It)UE 
~ ~ FEe 1 SUN P R fJ FIT S 

PF:Ol!UCT I './ I rv 

a~ 
--0 .. 2 
1!3. :l 

(),,(l 

() u :l 

. (j" (~ 

() II '1' 

10 .. 1 
:I. .. 3 
1,,6 
(>,,(l 

(>r=6 

... _ •• ·• ••• ··0_ •• _ •• _ ............ , ___ : •••.• _ .•• _ ... _. ____ ._ ••• _.0 _____ ••••••• ~ ••• _ .... 0 ____ •• _ •••• _ .... _ ..... __ .. _ ... __ ._ ... _ , __ •••••.•.•• 
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