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Editorial Introduction

On behalf of the Editorial Board, I am glad to deliver the first issue of volume 3 (2006) of 

the Brazilian Journal of Operations & Production Management. We appreciate all colleagues 

who support and contribute to the editorship. In addition, the accomplishment of this 

issue would not be possible without the work of our editorial review board. As always, 

we would like to take this opportunity to acknowledge them for their contribution to the 

authors and to the journal referral process.

We hope the readers find the articles in this issue a useful source within the scope of 

production engineering and operations management. Please enjoy them.

In this Issue
The present issue has four competitive papers from authors from Brazil and one article 

from Italy. As in previous issues, there is a rich blend of qualitative and quantitative 

research approaches. The first paper by Flávia M. Takey and Marco A. Mesquita proposes an 

aggregate production planning model based on linear programming has been developed. The 

model determines the monthly production rates and inventory levels of finished products 

as well as the work-force requirements to accomplish productions plans and a reduction 

of inventory levels of both raw materials and final products. This paper is followed by the 

study of Luiz Felipe Scavarda, Alessandro B. de Carvalho and Márcio da S. Vieira. It focuses 

on an exploratory study concerning Supply Chain Management for Information Systems in 

order to bring out pertinent factors that would support other researchers and practitioners. 

Various reference models were identified and analyzed and then used to form the basis of 

a general framework that was applied to two supply chain cases in Brazil. The third article 

by Piercarlo Maggiolini and Krysnaia Nanini aims at providing an answer to the question of 

why the interest in Corporate Social Responsibility has literally exploded in the relatively 

few recent years. The paper tries to demonstrate that the growing interest in Corporate 

Social Responsibility is a relevant symptom of the existential dissatisfaction with intrinsic 

features of post-industrial economy and society. A quantitative data analysis is considered 

in the fourth article by Cristiano Alexandre Virgínio Cavalcante, and Ana Paula Cabral Seixas 

Costa. They propose a multicriteria decision aid model to support the decision-maker in 

the choice of times for preventative maintenance. The model takes criterion downtime 

into consideration, making a more appropriate treatment possible than the previous model 

for situations in cases where repair time cannot be ignored. Finally, another quantitative 
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approach is offered by Linda Lee Ho, José Alberto Quintanilha and Roberto C. Quinino. The 
authors describe a zero-defect acceptance sampling with rectification is used to evaluate 
the quality of spatial database. The proposed procedure is illustrated by the application to 
digital data on the water distribution network

The issue closes with 2006-2007 ABEPRO’s (the Brazilian Production Engineering and 
Operations Management Association) executive board.

The journal expects to count on the research community by considering the journal 
as the outlet for publication of their research work mostly related but not limited to the 
research areas defined by ABEPRO1.

Paulo A. Cauchick Miguel, Marcelo Márcio Soares and Sérgio E. Gouvêa da Costa

1 Production Management; Quality Operations; Economic Management; Ergonomics and Work Safety; Product 
Development; Operational Research; Strategy and Organizations; Technology Management; Information Systems; 
Environmental Management; Education issues in Operations Management
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Aggregate Planning for a Large Food 
Manufacturer with High Seasonal Demand

Flávia M. Takey
Departamento de Engenharia de Produção, Escola Politécnica,  
Universidade de São Paulo (USP), São Paulo, SP, Brazil 
E-mail: flavia.takey@poli.usp.br

Marco A. Mesquita
Departamento de Engenharia de Produção, Escola Politécnica,  
Universidade de São Paulo (USP), São Paulo, SP, Brazil 
E-mail: marco.mesquita@poli.usp.br

Abstract
This study was motivated by the poor inventory management performance in a Brazilian 

food company with a high seasonal demand. It was clearly recognized that the best 

inventory management would depend on improvements in demand forecasting and in 

the production planning process itself. In order to deal with the identified problems, an 

aggregate production planning model based on linear programming has been developed. 

The model determines the monthly production rates and inventory levels of finished 

products as well as the work-force requirements to accomplish productions plans. A simple 

disaggregating method, which searches for equal run out times, translates the aggregate 

plans into a detailed master production schedule for a shorter horizon of three months. 

With the effective usage of this model, and improvements in the demand forecasting 

processes, a global reduction of inventory levels of both raw materials and final products 

can be achieved.

Keywords: aggregate planning, linear programming, food industry

Introduction
Demand for many industrial products, including food industry products, presents 

highly seasonal patterns, which makes the production and materials management a 

difficult task. Aggregate Production Planning (APP) is a middle term planning concerned 

with the determination of production, inventory, and work force levels to meet such a 

fluctuating demand requirements over a planning horizon typically of one year. The goal is 

to meet the seasonal forecasted product demand in a cost-effective manner.
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This paper presents an analysis of production and inventory planning processes in a 
food manufacturer with high seasonal demand. Although the company’s main concern was 
on raw materials costs, this study has involved all production planning process. Indeed, 
since raw materials are demand dependent, the managerial improvements will be achieved 
only with a better master production scheduling. In addition to presenting a spreadsheet 
model that provides effective support for the aggregate production planning, this paper 
discusses some practical issues of the model implementation and the link between 
production planning and inventory management performance.

This study was conducted in the supply chain department of a large Brazilian ice cream 
manufacturer. The company, which has been the national market leader in this segment, 
distributes their products through an extended logistic network over a large geographical 
area. The production planning is responsible to develop the production and purchasing 
plans, after the analysis of demand forecasts, raw and packaging materials data, finished 
products inventory levels and production capacity availability. 

The company products are divided in three main market segments: products for 
immediate consume; products for consumption at home; restaurant and food service 
products. Its portfolio comprises almost 150 items, uniformly distributed into the three 
segments above. Figure 1 presents the aggregate demand profile for the current year. 
These data show a strong seasonal pattern on demand. The three segments present similar 
profiles, with slight variations.

The production process can be described by some major steps showed in Figure 2. 
Ice cream production is a continuous process until packaging, where it is divided into 
several lines according to products physical characteristics.

The company operates on a “make-to-stock” strategy. Since the capacity available is 
insufficient to satisfy demand when it peaked, the factory built large inventories of high 
demand items early in the winter. The factory works 24 hours per day in three shifts. During 

11
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Figure 1 - Aggregate demand.
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the winter, the factory works from Mondays to Fridays, while in the summer demand peak, 

the factory works also on Saturdays.

Both the high capital investment and the strong seasonal demand impose some 

difficulties on the production planning. The large levels of inventory from both finished 

goods and raw materials are the ultimate motivation to this paper.

By the analysis of current production planning processes, one realizes that the main 

cause of the company’s high inventory levels is the disconnection between weekly 

production scheduling and higher-level planning processes, especially the master 

production planning and purchasing.

The company does not use an aggregate production planning. The current production 

strategy is based on operations with capacity fixed in two levels: from March to August, the 

factory works in 3 shifts per day, 5 days per week, from September to February, in 3 shifts 

per day, 6 days per week. The capacity is increased by admission of temporary employees 

and use of overtime. In extreme cases, production is also extended to Sunday.

In addition to the fixed capacity usage policy, the lack of detailed and accurate demand 

forecasts harms a proper annual Sales and Operations Planning (S&OP). In fact, the production 

planning uses only a Master Production Scheduling (MPS) over a 12-month horizon.

The production planning is based only on Material Requirements Planning (MRP) 

system (Orlicky, 1975; Baker, 1993), which determines the raw materials net demand to 

accomplish the MPS.

By the way, the detailed production scheduling stands on simple priority rules 

considering inventory levels and sales forecasts. The weekly review of sales forecast causes 

the divergence between the MPS and the real production schedules. Instead of promoting 

better service levels, it only makes worse the materials management. Figure 3 summarizes 

the main problems identified into the production planning process.

The objectives of this study is to provide a decision support model for aggregate 

production planning and to promote the planning process review in order to reduce the 

current inventory costs and to improve the customers service level.

1

1

Reception and storage 
liquid ingredients

Ingredients weighting
and mixture preparation

Homogenization

Maturation Packaging FreezingMixture

Pasteurization

Reception and storage
solid ingredients 

Figure 2 - Ice cream production process.
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In this paper, the issues related to forecasting and production scheduling will not be 
discussed. The former has been already improved by the development and implementation 
on spreadsheet of a forecasting model well suited to the company needs.

The production scheduling, on the other hand, imposes harder challenges, since it 
comprises the use of much more complex combinatorial optimization models and, by this 
reason, it will be postponed to a near future. A complete and useful review of the problems and 
models for production and scheduling in process industry is available in Kallrath (2002).

In the next section, a brief bibliographic review in aggregate production planning is 
presented. The formulation and details of implementation of the optimization model follow 
in third section. Some results from the application of the aggregate planning model and the 
disaggregating procedure for master production scheduling are also presented. Finally, the 
last section concludes this paper, presenting an analysis of main results and next steps.

Theoretical Background
The production planning process is usually divided in three levels, corresponding 

to the long term planning (strategic), medium term planning (tactic) and short 
term (operational). A classic approach to deal with this decision process in different 

Production 
scheduling

Materials
supply 

Demand 
forecast 

MPS 

MRP

Tactical level

Operational level

Strategic level

MRP
determines 
materials 

requirements
based on MPS 

1

The materials
purchasing
follows the

suggested MRP
plans 

2

Forecast errors 
induce constant 
plan reviews and 

high inventory level

Production
scheduling

changes plans 
according to last

week sales 

These changes 
have not been
provided an
effective FGI
management ... 

4

...and causes
divergences
between
purchased and
required raw
materials

5

3

Figure 3 - Problems into the company production planning process.
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levels is the “Hierarchical Production Planning” (HPP), which was early proposed by 

Bitran et al. (1981). By this approach, higher level decisions constrain the lower levels, 

and conversely, decisions in an inferior level feedback superior process in the hierarchy. 

Data are aggregated due to the large number of variables, parameters and information to 

be considered. Besides, aggregation improves demand forecast, eases data gathering and 

decision analysis. Figure 4 shows a production planning hierarchy model adapted from 

Hopp and Spearman (2000). 

Aggregate Production Planning (APP) determines the best way to meet forecast 

demand by adjusting the production, inventory, labor and other resources levels, over 

a given planning horizon typically from 6 to 18 months (Hax and Candea, 1984). This 

intermediate planning level is more critical when the manufacturing company produces 

according to a “make-to-stock” strategy, with high seasonality on demand and/or on raw 

material supply. Lapide (2004) discusses the S&OP from a managerial perspective and 

states that manufacturing companies are more aware of its importance to their business 

performance.

Production
scheduling 

Materials
purchasing 

Demand
forecast 

MPS

MRP

Strategic level

Tactical level

Operational level

Aggregate
production
planning 

Capacity 
planning

Workforce 
planning

Processes
constraints 

Labor policies

Marketing
strategy 

Figure 4. Production planning hierarchy.
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There are three basic production strategies to consider, according to the demand profile 

and the company’s logistic costs (Chase et al., 1998):

a) Chase strategy: in this strategy, production volumes change according to demand. 

This requires a high flexible production system. The inventory levels tend to be 

lower, but with higher labor costs. In addition, the high turnover associated to 

chase strategy may cause negative impacts on the work force;

b) Level strategy: conversely, the level strategy seeks a smooth production capable 

to achieve total demand volume in planning horizon, with a constant workforce. 

Demand fluctuations are absorbed by finished goods inventories (FGI). As a result, 

the main production cost is the inventory cost. The pitfall of this strategy is the 

demand forecasts uncertainties and the related risk of surplus and out of stock 

products; and

c) Mixed strategies: the third strategy combines advantages of two previous  

alternatives, balancing inventory and production costs with some capacity 

fluctuation during the year. In this strategy, the company normally uses overtime, 

temporary workforce and outsourcing. Additionally, incomplete achievement of 

demand in peaks can be accepted.

In this scenario, the mathematical programming models play an important role in 

balancing the trade-offs into the production planning decisions. Table 1 presents some 

decision variables, which must be considered in this process.

Since Holt et al. (1960) proposed its “linear decision model”, researchers in operations 

research community have developed a number of exact and heuristics models to solve 

Table 1 - Decision variables and cost in aggregate planning.
Decision variable Cost

Inventory Warehousing 
Capital 

Backorder Loss of clients 
Stock out Loss of clients 
Hiring Recruiting 

Selection 
Admission 
Training 
Additional shifts 

Firing Taxes 
Market image 

Overtime Labor costs 
Outsourcing Production costs 

Outsourcing control 
Idleness Labor idleness 
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the aggregate production planning problem. These aggregate planning models can be 

classified as follow:

•	 Linear	programming	models:	are	the	simplest	models	used	in	aggregate	planning,	

which permit inclusion of several linear constraints and a large number of decision 

variables; 

•	 Mixed	 Integer	 and	 Linear	 Programming	 (MILP):	 are	 similar	 to	 previous	 ones,	

including integer variables. The addition of integer variables further increases 

modeling capability, but makes the exact solution more difficult to find; and

•	 Heuristic	 methods:	 are	 used	 when	 the	 problem	 cannot	 be	 solved	 by	 optimizing	

algorithms efficiently. The heuristics methods are particular useful to solve the 

more complex MILP production planning and scheduling models.

Nam and Logendran (1992) present a comprehensive review of models and methods in 

aggregate planning. The basics of aggregate planning are also found in Chase et al. (1998), 

Nahmias (1997) and Vollmann et al. (1997) to name a few. An application of aggregate 

planning and scheduling in the food industry can be found in Tadei et al. (1995). 

Although the aggregate planning models are flexible enough to provide representative 

decision support to manufacturing company, they are not wide spread in real practices 

(Buxey, 2005).

Buxey (2003) argues that the majority of companies tend to adopt a “chase strategy”, 

avoiding commitment with high seasonal stocks. Piper and Vachon (2001) state that the 

aggregate planning literature fails to account correctly for productivity losses incurred 

by employee layoffs and hires. Bradley and Arntzen (1999), on the other hand, say that 

company should include in aggregate models some capacity decisions, since investments 

in inventory and equipments are equivalent in many cases.

Since the aggregate planning models demand a large amount of data, it should be 

integrated within the company’s information system to work properly. The operations 

research practitioners should be conscious of the potential and challenges trigged 

by the dissemination of enterprise resources planning system in the late nineties 

(Robinson and Dilts, 1999). In particular, one way to ease implementing operations 

research models is by the use of spreadsheet, the usual platform of operations managers 

(Grossman, 2002; Savage, 1997). Spreadsheets are clearly a solid platform for OR/

MS. Silva et al. (2006) present an interactive decision support system for production 

planning that uses a mixed integer linear programming model with a spreadsheet 

interface.

In this paper, a linear programming model based on Hopp and Spearman (2000) is 

proposed. Although the model includes some integer variables, these did not prevent the 

implementation and solution on spreadsheet. This is the case when the analyst considers 

lot sizing and set-up time as in of Clark and Clark (2000).
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Modeling
This section describes the model developed to solve the stated aggregate production 

planning problem. Prior to this project, the company has already reviewed its demand 

forecasting process that now provides reliable aggregate monthly demand forecasts for 

production planning. Demand forecasts and the other input data as costs and production 

rates should be carefully estimated; otherwise, the results achieved by the aggregate 

production planning model will be useless (“garbage in, garbage out”).

Aggregate planning is the middle term production planning level. The model proposed 

considers a planning horizon of 12 months and solutions should be monthly reviewed 

(rolling-horizon) due to planning uncertainty.

The following assumptions were considered in the model development:

•	 Safety	stocks	are	determined	outside	the	model	(input	data);

•	 Outsourcing	costs	include	production	and	material	costs;

•	 Inventory	costs	are	evaluated	at	the	end	of	each	period	(month);

•	 Normal	available	capacity	corresponds	to	sum	of	weekdays’	three	shifts	production	

capacity, including the nighttime shift; (according to the managers, it is not 

economical to interrupt the production overnight and there are no relevant 

differences in production cost when compared with day-time shifts);

•	 Since	 the	 factory	 produces	 24	 hours	 per	 day	 during	 weekdays	 (normal	 shifts),	

extra production capacity is limited to the Saturdays’ three shifts of the month 

(12 or 15 shifts). Sundays and holidays are not available to production for modeling 

purposes; and

•	 Each	 line	 needs	 a	 team	 with	 a	 fixed	 number	 of	 employees.	 The	 line	 start	 up	 is	

conditioned to availability of a complete team, working a normal shift with possible 

overtime on Saturday.

The aggregate planning model involves all relevant decision variables to the 

production planning in this level of production planning hierarchy, which are listed 

bellow:

•	 Production	volume	(in	normal	shifts,	overtime	and	outsourced)	of	each	 family	 in	

each month of planning horizon;

•	 Inventory	volumes	of	each	family	in	each	month	of	planning	horizon;

•	 Lines	which	must	start	up	in	each	month	in	normal	shifts	and	overtime;

•	 Number	of	day	in	normal	shifts	which	must	be	used	in	each	production	line;

•	 Number	of	overtime	shifts	which	must	be	used	in	each	production	line;	and

•	 Workforce	needed	in	each	month	to	the	operation	of	started	up	lines.

It is important to reinforce that the model will not suggest how to allocate the 

overtime shifts. The factory manager will decide in which weeks of the month these 

shifts should be used. The following is a detailed description of the mixed linear and 

integer programming proposed.
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Index:
i Product family

j Production line

t Period (month)

Parameters:
ri net profit per unit of the family i
dit demand of the family i during month t 
ssit safety stock of family i during month t 
mi material cost for family i
si subcontracting cost for family i
ei cost to hold one unit of family i for one month
w regular time work force cost per worker (salary)
w’ cost of overtime per work-hour
h hiring cost
f firing cost
pj variable costs for line j (not including work force costs)
cjt normal production capacity at line j during month t

cexjt extra production capacity at line j during month t
c’it available production capacity under subcontracting during month t
aij required production time for family i at line j
bj work-force needed to operate line j

Decision variables:
Sit amount sold of family i in month t
Xijt production of family i, at line j, during month t, under regular time
Xit total production of family i during month t, under regular time
Yijt production of family i, at line j, during month t, under extra time
Yit total production of family i during month t, under extra time
X’it total subcontracting production of family i during month t
Iit inventory level of family i at the end of month t

Njt normal shifts of production in line j during t
Ojt overtime shifts of production in line j during t
Wt workforce available during month t
Ht workforce hired at month t
Ft workforce fired at month t
Ajt binary variable indicating if line j is opened or close for regular time, during month t
A’jt binary variable indicating if line j is opened or close for overtime, during month t

The model can be described by the following:
Maximize:

r S m X Y s X’i  it
t 1

T

i 1

m

i it it
t 1

T

i 1

m

i it
t 1

T

i 1

m

( ) e I

w W (h H f F w’ b O

i it
t 1

T

i 1

m

t
t 1

T

t t
t 1

T

j jt
t 1

)
TT

j 1

n

jt jt j
t 1

T

j 1

n

N O p( )
  (1)
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S dit it

i = 1, ..., m
t = 1, ..., T

(2)

X Xit ijt
j 1

n
i = 1, ..., m
t = 1, ..., T

(3)

Y Yit ijt
j 1

n
i = 1, ..., m
t = 1, ..., T

(4)

I I X Y X’ Sit it-1 it it it it

i = 1, ..., m
t = 1, ..., T

(5)

I ssit it

i = 1, ..., m
t = 1, ..., T

(6)

N a Xjt ij ijt
i 1

m j = 1, ..., n
t = 1, ..., T

(7)

O a Yjt ij ijt
i 1

m j = 1, ..., n
t = 1, ..., T

(8)

N c Ajt jt jt

j = 1, ..., n
t = 1, ..., T

(9)

O cex A’jt jt jt

j = 1, ..., n
t = 1, ..., T

(10)

X’ c’it it

i = 1, ..., m
t = 1, ..., T

(11)

A b Wjt j
j 1

n

t3 i = 1, ..., m
t = 1, ..., T

(12)

W W H Ft t-1 t t
t = 1, ..., T (13)

Ajt, A’jt binary
j = 1, ..., n
t = 1, ..., T

Wt, Ht, Ft integer non-negatives t = 1, ..., T

Sit, Xit, Xijt, Yit, Yijt, X’it, Iit, Njt, Ojt non-negatives
i = 1, ..., m
j = 1, ..., n 
t = 1, ..., T

The objective function (Equation 1) represents the gross margin, which is the total 
revenue from sales subtracted by the operational costs. Theses costs are the material costs, 
subcontracting and inventory costs, regular and overtime workforce productions costs, 
hiring and firing costs and other variable costs.

Subject to:
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Equations 2 to 13 in addition to the binary, integer and non-negatives, constitute the 
set of constrains of the mathematical model. The first one, Equation 2, limits the sales of 
each family to the respective maximum forecasted demand.

Equations 3 and 4 sum up the total month family production under, respectively, 
normal shifts and overtime (weekend) shifts.

The material flow balance is constrained by Equation 5. The inventory of family i at the 
end of month t is set equal to the respective inventory at the end of the previous month, 
plus the amounts produced under regular and extra time, plus the amounts produced by 
third parts providers, and minus the expected month sales.

Equation 6 imposes that the inventory level never remains below the safety stock level 
previous stated.

Equations 7 and 8 determine, respectively, the number of normal shifts (“N”) and 
overtime shifts (“O”) required for the production quotas, considering the available 
capacity of each line and the time consumption of each family.

Equations 9 and 10 restrict the maximum number of shifts (capacity) available in 
each line, for each month, while Equation 11 restricts the subcontracted volume to the 
third-part providers’ capacity.

Equation 12 imposes the requirements of workforce to operate a line. The number of 
employees is multiplied by three, which corresponds to the number of daily shifts if the 
line is opened.

Equation 13 balances the number of employees in each month, considering the hired 
and fired worker.

The model was implemented in MS Excel™ and solved by the optimization add-in what’s 
best™. This choice was due to the user-friendly interface and the popularity of the platform 
in the company. This should contribute to the project success, as argued Savage (1997).

Results
In order to validate the model, tests were conducted, considering two production lines 

which currently produces almost 25 items and it is quite representative of the other sectors 
in the factory. The products were clustered into four families of products, according to 
production times and demand patterns.

The tests simulated the period from January to December, and focus on:
•	 Inventory	policy	and	safety	stocks;
•	 Capacity	management	(shifts	work);
•	 Demand	priorities;
•	 Production	strategies	(Chase	x	Level);	and
•	 Hiring	and	firing	decisions.
Some tests show a great potential of inventory reduction if the company decides to 

follow the production plans provided by the model. Considering a 97.7% service level for 
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all families considered, the company should keep in inventory an amount of products 

equivalent to 18 days of average demand, much less than the actual level of 129 days.

Besides that, with improvements in the material management, limiting changes 

in master plans and detailed scheduling, the reduction should be achieved in the raw 

materials e packing materials inventory as well.

Lines capacity utilization

The results in Figure 5 show the use of capacity suggested by the model for the scenario 

considered (January to December), without considering the subcontracting alternative.

The adoption of overtime only between September and February seems inadequate to 

the present levels of demand. The plans provided by the model suggest using overtime in 

Figure 5 - Capacity usage and workforce (no subcontract allowed). a) line 1; and b) line 2.
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other months too, to avoid incurring in inventory costs, even considering not open the 

line (regular time) during some months. Of course, this conclusion depends on the unit 

inventory costs provided by the company.

Indeed, the constant use of overtime by the company suggests the need to evaluate the 

opportunity of increasing the production capacity. For example, with a raise of 10% in the 

global demand, there is no feasible solution, i.e., the plans provided by the model cannot 

attend all the demand. Figure 6, on the other hand, shows the usage for a reduction of 

10% in the global demand.
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Due to uncertainties on demand, the production process should be reviewed each 

month, with the use of the aggregate planning model in a rolling horizon scheme. Some 

tests were done simulating this dynamic and, with minor changes in demand forecasts, the 

new plans can differ significantly from month to month. These kind of planed changes are 

expected and necessary.

Another aspect that can be evaluated with the model is the effect of forecasting 

accuracy in the company performance. If the company reduce the forecast error by 50%, 

it is expected an improvement of 10% in the gross margin. This result was achieved with 

the application of the aggregate planning model. The reduction in the expected error is 

reflected in the safety stock levels, which are inputs to the optimization model.

After the validation and implementation of the aggregate planning, the next step toward 

a real closed-loop planning process is the development of a disaggregating procedure that 

would translate the aggregate plans into a master production scheduling.

In this project, it was used a simple disaggregating procedure suggested by 

Hax and Candea (1984). In this basic procedure, one seeks to distribute the total family 

production volume by the items so that all items have equal covertures. The quantities to be 

produced of each family item will depend on the initial stock and its own demand forecast. 

Since the aggregate planning has already considered a full year horizon, it is adopted a 

horizon of three months only, which is sufficient to accomplish materials and production 

management needs. In the literature review, it was found more sophisticated models for 

disaggregating plans. This will be considered in future works.

Conclusions
This paper had its focus on inventory management in a food manufacturer with a high 

seasonal demand. Currently, to deal with the high seasonality, the company operates with 

two levels of capacity, working with overtime and subcontracting during the summer. This 

study shows that the current strategy can be inadequate and that the company should 

consider a more flexible strategy in order to manage better its assets.

One problem identified was the usual practice of rescheduling production every week 

according to demand fluctuation. This practice causes a decoupling between materials 

management and production scheduling, resulting in poor inventory management as well 

operational inefficiency. In order to improve the company’s supply chain process, it was 

proposed a revision of the present sales and operations planning, emphasizing the need 

of working with aggregate data and linear programming model. In spite of their apparent 

complexity, the implementation of the models inside the revised process will contribute to 

reduce inventory levels in the company studied.

This paper focused in part of the factory (two production lines), but the models can 

be modified to involve more process, providing a tool for the whole sales and operations 
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planning. The results achieved so far should encourage the company to extend the model 
and incorporate them into its production planning process.
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Abstract
Considering the importance of information systems (ISs) in supply chain management 
(SCM), an attempt has been made in this paper to review the literature concerning 
reference models that organize the different ISs necessary for the success of a supply chain 
under a SCM perspective. These ISs are generally organized in a SCM matrix formed by two 
dimensions: decision levels (the vertical axis) and supply chain business processes (the 
horizontal axis). The goal of this paper is to conduct an exploratory study concerning SCM 
matrixes for IS in order to bring out pertinent factors that would support other researchers 
and practitioners in understanding the organization of ISs in SCM. Several reference 
models based on the SCM matrix were identified and analyzed and then used to form the 
basis of a general framework that was applied to two supply chain cases in Brazil. 

Keywords: supply chain management (SCM), information system (IS), reference models, 
supply chain business processes

Introduction
Many definitions are offered in the literature for supply chain management - SCM 

(e.g. Shapiro, 2000; Simchi-Levi et al., 2004; Pires, 2004; Christopher, 2005). All of them 
highlight that SCM aims at maximizing the benefits obtained by adopting a single entity 
view of the supply chain rather than a fragmented-in-parts view. They also see SCM’s main 
purpose as to serve end customers more effectively and efficiently, either by reducing 
costs across the whole supply chain or by enhancing customer value, satisfaction, 
and profitability, in order words, by providing the whole supply chain a competitive 
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advantage. The definition developed by the Global Supply Chain Forum and reported by 
Lambert and Cooper (2000) supports better the issues discussed in this paper. According 
to this definition - “SCM is the integration of key business processes from end user through 
original suppliers that provide products, services and information that add value for 
customers and other stakeholders”. 

SCM is considered the 21st century global operations strategy for achieving   
organizational competitiveness and requires an integrated set of information systems 
(ISs) for sharing and processing information on various value-adding activities along the 
supply chain. As a result, information technology has assumed a critical and strategic role 
in organizations (Compass Group, 1999). Within this context, organizations are attempting 
to find ways to improve their flzexibility and responsiveness and in turn competitiveness 
by changing their operations strategy, methods and technologies that include the 
implementation of SCM and of information technology (Gunasekaran and Ngai, 2004).

Therefore, the goal of the present paper is to conduct an exploratory study concerning 
SCM matrixes that host these ISs to bring out pertinent factors that would support other 
researchers and practitioners in understanding the organization of ISs in SCM. 

The paper is organized as follows. First it provides a brief review of the literature on ISs 
and introduces SCM software. The details of the research methodology are presented next. 
Then the paper presents the SCM matrix for ISs with its two dimensions: decision level 
and supply chain processes. Seven reference models based on this matrix identified in the 
literature and one in the software market are also presented. Next, a general framework is 
offered based on the analyzed reference models and on interviews and it is applied to the 
supply chains of two companies in Brazil. Finally, final remarks about ISs applied to SCM 
are offered by the authors.

Information Systems
Practical developments in SCM are mainly due to advances in information technology 

infrastructure. This infrastructure means hardware and software around which information 
technology systems are built. These information systems, focus of this paper, can be 
divided in transactional and analytical systems. 

Transactional systems are responsible for acquiring, processing, recording and 
transmitting-communicating information about the past and present of enterprises 
operations; and for compiling and disseminating reports summarizing this information 
(Shapiro, 1999; Kahl, 1999). With these systems it is possible to know what is going on 
in the supply chain, for instance, it is possible to know what products are available in the 
company’s inventory or portfolio.

Analytical systems aid and improve supply chain decisions based on models constructed 
from an information data base. Optimization and simulation can be examples of these 
systems. While optimization uses algorithms to find solutions (optimal for exact and 
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sub-optimal for heuristic) to decision making problems, simulation creates models of a 

problem-situation and conducts experiments with the model to understand the behavior 

of this problem-situation. With analytical systems it is possible to know what to do about 

what is going on in the supply chain, for instance, it is possible to know what products 

should be in the company’s portfolio given a specific scenario. 

Before the introduction of ISs in specific functions (e.g. manufacturing), management 

techniques were manual, unfriendly, and time demanding. The advance of information 

technology associated with its cost reduction process allowed organization to use ISs to 

support their specific functions. The first ISs automated distinct day-to-day functions 

(e.g. finance, human resources, purchase order processes). Material requirement planning 

(MRP) and manufacturing resource planning (MRP II) can be considered examples for 

manufacturing functions.

MRP was introduced in the 1970’s as a computerized inventory control system that 

would calculate the demand for component items, keep track of when they are needed, and 

generate work orders and purchase orders that take into account the lead time required 

to make the items in-house or buy them from a supplier. MRP II is much broader in scope 

than the original material planner, incorporating marketing and financial functions as well 

(Russell and Taylor, 1998). In the early 1990’s, software vendors created wider transaction 

solutions that integrated these disparate functions into a common business model. These 

integrated solutions provided a comprehensive backbone that synchronized the various 

transactions that make up the business (Kahl, 1999). Enterprise resource planning (ERP) 

systems are a good example. ERP updates MRPII with relational database management, 

graphical user interface, and client/server architecture (Russell and Taylor, 1998). 

The capacity of ERP systems to integrate organizational business processes and share  

information across functional areas through a common database has prompted 

commentators to declare that they are a prerequisite for success in the XXI century 

(Davenport, 2000). The next step of this evolution came in the mid 1990’s with the 

introduction of the information systems applied to SCM (SCM software). This software 

leverages knowledge to enhance and integrate the supply chain, in what Kahl (1999) calls 

automating relationships. Figure 1 synthesizes the evolution briefly described before.

In contrast to ERP, SCM software is not a transaction-processing system in the sense 

that it records data and process the day-to-day business tasks. Rather, through analytical 

systems that include sophisticated algorithms and scenario analysis, it empowers 

managers to streamline operations and to better understand the impact of their strategic 

decisions (Kahl, 1999). These analytical systems include functionalities for modeling 

and simulating the supply chain and for planning and optimizing schedules, quantities, 

and capacities across the supply chain under certain objectives and restrictions 

(Guenther and Laakmann, 2002). SCM software helps the production planner decide 

whether to accept an emergency order; it enables the transportation planner to determine 
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Figure 1 - Evolution of the ISs: from MRP to SCM software. source: adapted from Kahl (1999) and 
Hieber and Alard (1999)

the best mode of transportation; it helps the product manager forecast demand more 

accurately; and it allows the procurement manager to source components strategically 

(Kahl, 1999). SCM software can be classified into supply chain planning (SCP) supply chain 

execution (SCE) software. The first type helps to plan the supply chain and the second 

one helps to execute the plans efficiently and effectively. A brief description of each type 

found in Koch (2002) is given next.

SCP software supports the improvement of the supply chain flow and is entirely 

dependent upon information for its accuracy. Theoretically it is possible to assemble 

the needed information to feed the SCP applications from legacy systems, but it can be 

nightmarish to try to get that information flowing on a fast, reliable basis from all the areas 

of the company. ERP is the battering ram that integrates all that information together in a 

single application, and SCP applications benefit from having a single major source to go to 

for up-to-date information.
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SCE software is intended to automate the different steps of the supply chain and to 
execute the SCP. SCE is less dependent upon gathering information from around the 
company, so it tends to be independent of the ERP decision. But chances are it should be 
needed to have the SCE software applications communicate with ERP in some fashion. It’s 
important to pay attention to SCE software’s ability to integrate with the Internet because 
the Internet will drive demand for integrated information.

Research Methodology
A literature review was the research methodology employed for the main part of this 

work. Based on this review, the authors identified and analyzed several reference models 
that organize into a matrix the different ISs (transactional and analytical) necessary for 
supporting a successful SCM: Shapiro (1999), Kahl (1999), Meyr et al. (2002), Hieber (2002), 
Laakmann et al. (2003), Chopra and Meindl (2003), and Taylor (2004). The main purpose 
of this literature review was to assemble meaningful information regarding at ISs for 
SCM. The inclusion of a significant software vendor SCM matrix was done just to show the 
proximity of academic and market models. This first part of the research also supported a 
preliminary version of a general framework that could synthesize into a suitable scheme 
the main aspects and characteristics included in a SCM matrix that could be used to analyze 
two cases in Brazil.

The preliminary version of the framework was improved and validated by non-structured 
interviews with 4 practitioners involved with the companies that were included in the cases 
and with 4 consultants/researchers of the SCM and ISs fields. These interviews restricted 
the list of business processes and ISs that were obtained in the literature review towards 
conducting the cases in Brazil. The framework was used to analyze ISs that were present 
in the supply chains of a lubricant manufacturer (Castrol do Brasil Ltda, part of BP) and 
of an electro-electronic (Sony Brasil Indústria e Comércio Ltda, one of Sony Corporation’s 
subsidiaries in Brazil), from now on called in this paper as Castrol Brazil and Sony Brazil. 
These two different chains were chosen because the authors of this paper believe that they 
are complementary. While for Castrol Brazil the main focus are in the procurement and 
manufacturing processes, for Sony Brazil it is in the distribution process. As result, Castrol 
Brazil supply chain analysis included two significant suppliers and one logistic provider, 
companies that agreed to take part of this research. Sony Brazil was considered the focal 
company for its supply chain case and, as distribution is its main focus in Brazil, two 
logistic providers and a first tier customer (most representative retailer for Sony Brazil) 
were considered. Primary data were gathered in 2005 from each considered supply chain 
member by the authors using: 1) direct observations in locus (two manufacturing plants 
and five distribution centers were visited); and 2) interviews with managers from each of 
these members/companies (the authors interviewed 14 respondents in this research stage). 
These interviews were based on a questionnaire that was divided into two parts. The first 
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part embraced opened questions concerning ISs under each company’s perspective limited 

to their organizations frontier. The second part embraced opened questions concerning 

ISs under a supply chain perspective. Both parts were applied to two managers of each 

focal company and to one manager of each of the chosen members of their supply chains. 

The results were validated by all respondents.

SCM Matrices for Information Systems
The literature offers many reference models that organize the different ISs necessary 

for the supply chain success under a SCM perspective. These ISs are generally organized 

in a matrix (called SCM matrix) which classifies them in two dimensions: decision levels 

(the vertical axis of the matrix) and supply chain business processes (the horizontal axis 

of the matrix). This section presents seven reference models offered in the literature: 

Shapiro (1999), Kahl (1999), Meyr et al. (2002), Hieber (2002), Laakmann et al. (2003), 

Chopra and Meindl (2003), and Taylor (2004); and one model offered by a software 

vendor (Oracle). The section describes first the two dimensions of the SCM matrixes, 

and then it describes the main ISs that fulfill these matrixes. This section provides next 

additional information regarding the reference models.

Decision Levels (First Dimension)
SCM embraces decisions associated to the different supply chain activities, processes, 

and companies, for instance, decisions concerning: product design; commercialization 

project; suppliers selection; marketing channels definition; procurement; inbound and 

outbound transport; inventory level of raw-material, working in process products, and 

finished goods; production capacity; sales; finance; among others. These decisions are 

supported by many ISs and cover the strategic, tactical, and operational levels. As a result, 

these decision levels are adopted as the vertical axis of the SCM matrixes of the reference 

models.

The strategic decision level has a long-term planning horizon and incorporates 

fundamental investment decisions that should be aliened with the organization’s goals. 

These decisions aim normally the maximization of profits and return of investments using 

aggregated information (Shapiro, 1999). Different “what-if” planning scenarios can be 

simulated to compare possible locations for production facilities and warehouses or to 

evaluate alternative distribution and supply channels. Furthermore, the consequences 

of changes in a given supply chain can be assessed, e.g. a change of suppliers, the use 

of the new distributions channels, or the loss of a customer. Finally, this task includes 

the assignment design of products to production sites and distribution channels 

(Guenther and Laakmann, 2002). The output of this set of decisions is an optimized design 
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of the supply chain under a SCM perspective. This output serves as an input for the tactical 
and operational decision levels.

The tactical decision level has a mid-term planning horizon. Within the scope 
delimited by the strategic decisions, the tactical decisions emphasize the allocation or 
resources (such as materials and capacities) within the supply chain to meet the expected 
and forecasted demand in a cost-effective way. A strong information exchange on an 
inter-organizational level is necessary to acquire reliable and sufficient information. 
These tasks are currently mainly supported is isolation by each partner’s ERP system 
(Guenther and Laakmann, 2002). Tactical decisions use less aggregated information than 
the ones used for strategic decisions.

The operational decision level has a short-term planning horizon and execution 
functionality. Once tactical decisions are defined, operational decisions specify the 
short-term plans and all the activities to execute and control these plans. These operational 
decisions use disaggregated information. Real-time communication between the supply 
chain partners at this level is very important to enable operation functionalities, for 
instance, track-and-trace.

Supply Chain Processes (Second Dimension)
Companies have been rethinking their internal organization, no longer concentrating 

their attention on the traditional functional model. Now they are turning to inter-functional 
coordination, aiming at the effective integration of product processes. This view of 
processes offers a systematic way of seeing the company, or better, its businesses. A 
process is defined as a structured and measured set of activities designed to produce a 
specific output for a particular customer (Davenport, 1990). It is a specific way of ordering 
work activities across time and place, with a beginning, an end, and clearly identified 
inputs and outputs. 

Successful SCM requires a change from managing individual functions and activities 
into key supply chain business processes (Lambert and Cooper, 2000; Croxton et al., 2001; 
Chan and Qi, 2003; Scavarda et al., 2004; Aragão et al., 2004). This change should 
first happen within an organization. Once the processes are organized and integrated 
internally, the company can extend this integration to other supply chain members. 
Traditionally, both upstream and downstream portions of the supply chain have interacted 
as disconnected entities receiving sporadic flows of information over time. The company 
competitiveness may increase if its internal activities and its business processes are 
integrated with processes conducted by other companies that belong to the same supply 
chain (Lambert and Cooper, 2000). This is a basic tenet in SCM. With it, to rethink the 
organization of a company becomes also a matter of considering the processes of other 
companies, yielding inter-organizational processes with customers, suppliers, and service 
providers by means of the supply chain (Handfield and Nichols, 1999). 
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The integration of supply chain processes is supported by many ISs. As a result, supply 

chain processes are largely adopted as the horizontal dimension of the SCM matrixes. In 

spite of this, there is no consensus in the number and in the types of processes that should 

be included in reference models for ISs under a SCM perspective. Both number and type of 

processes vary from reference model to reference model according mainly to the scope that 

is given to SCM.

SCM Software
SCM software embraces a fractured group of different transactional and analytical 

ISs. For instance, Goletz (2001) identified in a market survey 720 products that had 

SCM functionalities. Many software vendors have attempted to assemble many of these 

different products into a comprehensive supply chain suite, but no one has yet a complete 

suite/package (Shapiro, 1999; Kahl, 1999; Koch, 2002; Worthen, 2006). This is why the 

term SCM software could be more precisely referred as “software (or information system) 

applied to SCM”. The paper describes in this subsection the main ISs that fulfill the analyzed 

reference models.

These ISs aim different tasks and goals, but together and integrated they can determine 

the supply chain success. It is important to highlight here that the names of the same ISs 

covered in each of the reference models can vary from author to author, fact that also 

happens in the software market from vendor to vendor. Another point that should also be 

highlighted is that these ISs can comprise several others. 

Table 1 presents, without being exhaustive, some of the main analytical ISs/modules 

offered in the models. There are also many transactional ISs included in the models, for 

instance, MRP, MRP II, distribution requirement planning (DRP) and ERP. We corroborate 

Shapiro (1999) in the sense that these last ISs are transactional, because they have very 

few analytical procedures, but there is not consensus in the literature concerning this 

issue, for instance, Meyr et al. (2002).

Reference Models
In this subsection we present the SCM matrixes of the analyzed reference models. As 

seen before, all of them incorporate the decision level dimension. The three main levels 

(operational, tactical, and strategic) can be directly correlated to the execution, planning, 

and design stages (Guenther and Laakmann, 2002). Differences are seen in the processes 

dimension, where different processes are used. The same happens with the ISs that fulfill 

each matrix. Anyway, the main philosophy covered in all these matrixes is the same. This 

main philosophy was used as the basis of the proposed framework to analyze the two supply 

chain cases, as seen later in this paper.
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Table 1 - Main information systems/modules included in the reference models.

Information systems (ISs) Description
Strategic planning and management Is used to analyze strategic decisions, for instance: resource 

acquisition, site selection, production capacities, and market 
and distribution channels decisions (Kahl, 1999;  Shapiro, 1999; 
Laakmann et al., 2003).

Network planning Comprises the comprehensive co-ordination of the individual 
partners in the logistics network. In this case, different supply 
and distribution strategies are determined and a master pro-
duction schedule is set up for the network in accordance with 
the pre-defined objectives of a company and the forecasted 
market demand. By taking into consideration all internal and 
external restrictions and capacities on a rough level, supply, 
production and distribution plans are set up for all locations. 
Simulation of different supply and production scenarios is also 
of great importance in the network planning (Laakmann et al., 
2003). 

Advanced planning and scheduling (APS) Creates production plans and schedules in manufacturing 
plant (Kahl, 1999). Can optimize supply chains to reduce 
costs, improve product margins, lower inventories, and in-
crease manufacturing throughput. APS necessitates decid-
ing when to build each order, in what operation sequence, 
and with what machines to meet the required due dates 
(Lee et al., 2002). Includes strategic planning and network 
planning functionalities. 

Manufacturing execution systems (MES) Manages shop floor activities in a manufacturing plant 
(Kahl, 1999). It forges a link between business planning and 
management control system (Russel and Taylor, 1998).

Supplier relationship Mgt. (SRM) Is a complete integrated suite that addresses the entire spec-
trum of interactions between a buyer and a supplier that drive 
price and value. Evaluates spend leading to a robust sourcing 
strategy, a right-sizing of the supplier base and a reduction of 
the overall material costs.

Purchasing planning Allows analytical comparison between suppliers and 
between products, helping organizations to decide 
about what to buy and with whom (Meyr et al., 2002;   
Chopra and  Meindl, 2003).

Component and supplier Mgt. Administer data on component parts, suppliers, and the pur-
chasing process. Strategically source parts (Kahl, 1999).

Logistic planning and optimization Determines a logistics master plan for the entire supply chain 
that analyses how demand for all finished products in all mar-
kets will be met over the next quarter (Shapiro, 1999).

Inventory planning Plan inventory required in each distribution point to meet 
demand (Kahl, 1999; Meyr et al., 2002).

CRM Tracks and analyses explicit information about current cus-
tomers and sales prospects. It matches customers’ needs 
with product plans developing and implementing business 
strategies and supporting technologies that close the gaps be-
tween an organization’s current and potential performance 
in customer acquisition, growth, and retention. Examples 
of its functionality are sales force automation, data ware-
housing, data mining, decision support, and reporting tools 
 (Hendrick et al., 2006). CRM is the logical counterpart of 
SRM Taylor (2004).
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Information systems (ISs) Description
Demand planning Forecasts demand and measures forecasts accuracy through 

sophisticated algorithms (Kahl, 1999). These forecasts have to 
be set up on different aggregation levels of products, e.g. on 
stock keeping unit (SKU) level or on product group level for 
different regions, distribution channels, customers or market 
segments (Laakmann et al., 2003). Shapiro (1999) combines 
this IS with order management system, where this combina-
tion aliens data about current orders with historical data to 
produce requirements for finished products to be met by the 
operational, tactical and strategic plans. All causal factors such 
as seasonal influences, events, promotions, etc. have to be 
taken into consideration. 

Customer asset Mgt. Manages the customer interaction life cycle including sales 
force automation and customer support (Kahl, 1999).

Order Mgt. Automates customer-centric order fulfillment processes 
(Kahl, 1999). See demand planning.

Transportation planning Optimizes freight, selects modes, plans routes, and selects 
carriers (Kahl, 1999).

Transportation management systems (TMS) Facilitates the procurement of transportation services, the 
short-term planning and optimization of transportation activi-
ties, and the execution of transportation plans (ARC, 2003). 
Can include everything from network-design tools for routing 
deliveries to operational applications for tracking shipments, 
scheduling drivers, and calculating how much it will cost to 
run a shipment between any two points (Taylor, 2004).

Warehouse management systems (WMS) Manages inventory control, products placement, and pick-
ing in a warehouse (Kahl, 1999). Just like ERP and APS, it is 
highly modularized, with different sets of modules for manag-
ing supply, demand, and internal operations. The modules on 
the supply side automate the process of receiving incoming 
goods and assigning them to the appropriate storage loca-
tions. The ones on the demand side assist in assembling out-
bound orders and preparing them for shipment. There is usu-
ally an inventory management or materials-handling module 
to bridge the gap between the supply and demand modules 
(Taylor, 2004). 

Product lifecycle Mgt. (PLM) Manages (integrates and makes available) all of the informa-
tion produced throughout all phases of a product’s life cycle 
to everyone in an organization, along with key suppliers and 
customers (Sudarsan et al., 2005).

Taylor (2004) adopts in his matrix three processes: supply, production, and demand. 
The main ISs included are ERP (with the MRP, DRP, CRP - capacity requirement planning, 
MPS - master production scheduling modules), APS, WMS, and TMS.

Laakmann et al. (2003) model presented in Figure 2 does not seem a SCM matrix itself, 
but it could be represented as one as it emphasizes the supply, production, and distribution 
processes on the horizontal axis and the decision level on the vertical axis. The ISs hosted 
in the model can be classified into SCP and SCE, starting from the strategic network design 
level going to the supply chain execution level (WMS, TMS, and MES). The basis of the model 
is built with network information management and supply chain event management.

Table 1 - Continued...
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Laakmann et al. (2003) model also points-out three types of collaborative planning 

that should be integrated to SCM applications: capacity; demand, and inventory.

The collaborative capacity planning comprises the inter-enterprise planning of 

capacities based on the market demand or on the dependent demand. Besides internal 

capacities, all external capacities of the suppliers and customers are taken into 

consideration while planning, in order to avoid bottlenecks or supply shortages before 

they occur. The objective is to set up a feasible harmonized capacity plan. Therefore it is 

necessary to exchange the required data in an accurate and up-to-date manner. This is 

often realized by web-based systems in which all internal and external partners can enter 

their resource and capacity data themselves.

In a collaborative demand planning the forecast of the future demand is generated 

together with suppliers or customers. Suppliers or customers are involved in the demand 

planning process at an early stage, so that their market and product information can be 

integrated in the forecasting data as well. With the aid of web-based software solutions 

the relevant information can be exchanged between the partners of a supply chain. These 

collaboratively generated demand forecasts are the basis for further planning activities 

in a supply chain. The collaborative demand planning is derived from the philosophy of 

collaborative planning, forecasting and replenishment (CPFR).

The collaborative inventory planning comprises all supply strategies, in which the 

planning of customer’s inventories is collaboratively executed by supplier and customer. 

It comprehends strategies such as continuous replenishment (CR) und vendor managed 

inventory (VMI).

Meyr et al. (2002) include in the horizontal axis their SCM matrix the same three 

processes of Laakmann et al. (2003), but they add one more: the sales process, as shown in 

Figure 3. For Meyr et al. (2002) the procurement, production, and distribution processes 

are driven by demand forecasts determined by the sales process. This justifies the inclusion 

Strategic network  planning

Master planning

Purchasing
&

material
requirements

planning 

Producting
planning

Scheduling

Distribution
planning

Transport
planning

Demand
planning

Demand
fulfillment

& ATP

Operational

Tactical

Strategic

SalesDistributionProductionProcurement

Figure 3 - Meyr et al. (2002) reference model.
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of this fourth process into their horizontal dimension. Figure 3 also includes the main 
modules offered. More details of these modules can also be found in Stadtler (2005).

Shapiro (1999) also considers four processes in his SCM matrix: supply, operations, 
logistics, and demand, as shown in Figure 4. This model hosts many ISs that are called 
optimization modeling systems (OMS). A hierarchy of supply chain OMS includes six 
analytical ISs that are linked to overlapping supply chain decision databases created in 
large part from data provided by three transactional ISs and one hybrid IS. 

In order to facilitate the visualization of the matrix, Shapiro (1999) separates the 
analytical systems from the transactional ones in two blocks. The analytical ISs cover all 
decision levels. The transactional block covers just tactical and operational issues. There is 
also a hybrid block for the forecasting and orders data management system.

In spite of the large use of supply chain processes in the horizontal axis, there are 
some exceptions. Chopra and Meindl (2003), for instance, adopt in the horizontal axis of 
their matrix the following supply chain stages in which the information is held: supplier, 
manufacturer, distributor, retailer, and customer, as shown in Figure 5. This does not change 
the main philosophy behind this matrix when compared with the other reference models.

Kahl (1999) and Hieber (2002) have a broader view for SCM. As a result, financial 
management, human resource management, and product lifecycle management have been 
added to their horizontal dimension. Figure 6 presents the model proposed in Kahl (1999).

The academic models presented here are similar with the ones that software vendors 
adopt in order to offer their products in the market The paper exemplifies this presenting 
at Figure 7 the supply chain matrix used by Oracle with its main ISs. The business processes 
used are three: buy, make, and move. Oracle includes separately the business intelligence 
solutions that aid the supply chain suite for ISs. The other reference models presented also 
include these solutions, but indirectly (combined or included in the ISs). 

Analytical
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Supply Chain Cases
In this section the paper offers a general framework that organizes the different ISs 

(transactional and analytical) necessary for supporting a successful SCM and applies it to 
two supply chain cases developed in Brazil.

General Framework
The proposed framework is organized in a matrix using the same two dimensions 

frequently found in the literature review: decision level (strategic, tactical, and 
operational) and supply chain processes. This framework is divided into two blocks, one 
of them embraces the analytical ISs and the other embraces the transactional ISs, just as 
Shapiro (1999). Both blocks have the decision level in their vertical axis. As transactional 
systems do not cover strategic decisions, its block includes just the operational and tactical 
levels. The analytical systems are grouped into SCP and SCE software, as Koch (2002). 
The ISs included in the framework resulted from the interviews conducted during its 
preliminary version improvement and validation phase (see the methodology section). 
The main transactional system introduced in the framework was ERP, but its main modules 
were considered in a disaggregated form during the cases` interviews. The horizontal 
dimension includes the following supply chain processes: research and development (R&D), 
procurement, manufacturing, inbound/outbound logistics, and marketing/sales. The 
R&D process was not directly included in the several SCM matrixes presented before, but as 
this process is considered very important, both in the literature (e.g. Lambert and Cooper, 
2000; Croxton et al., 2001; Scavarda et al., 2004; Petersen et al., 2005) and in the industry 
(information obtained with the interviews), the process was incorporated separately to 
the framework. In spite of being important, both literature and industry pointed that 
there is not yet a significant analytical IS for this process under a SCM perspective. Figure 8 
presents the framework.

The Castrol Brazil Case
Castrol Brazil started its operations in 1957 at Rio de Janeiro. Today it produces 

lubricants for many different industrial segments and covers all the Brazilian territory.
The company started the implementation of the ERP system of JDEdwards 

(Version A 7.3) in 1999. The company implemented all the modules, with exception of the 
human resources one. The implementation process took 18 months and was conducted by 
a multi-cultural time that embraced key employees of different areas of the company and 
by external consultants. The implementation included some customizations that attended 
specific aspects of Castrol Brazil. These customizations were done carefully in order to 
avoid future problems with upgrades of the ERP system. This new system replaced many 
isolated legacy systems and provided Castrol Brazil with all the benefits of an integrated 
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information platform. The employees were also trained to understand the new processes of 

the company and to use adequately the new system, once the lack of training can result in 

unsuccessful ERP implementations, as seen in Worthen (2002). At the moment this case was 

taking place (2005), Castrol Brazil was evaluating the implementation of some analytical 

systems such as MES, CRM, and TMS. This evaluation was being conducted together with a 

global team, as today the planning of new ISs is done under single IT architecture structure 

defined globally. Figure 9a presents the framework with the ISs of Castrol Brazil.

Three significant members of Castrol Brazil supply chain also took part of this case. 

Two of them were packaging suppliers, here called supplier A and supplier B. The third 

member was the logistic provider responsible for the logistics outbound, here called 

logistic provider A.

Supplier A is a subsidiary of a multinational company that, among other products, 

supplies packages. This supplier has a contract of in-house supply and has production 

activities inside the Castrol Brazil Plant at Rio de Janeiro. Before this partnership, Castrol 

Brazil was responsible for producing its own packages for small units (e.g. 1/2 and 

1 liter). Today the partnership is considerate a success and reduced significantly Castrol 

Brazil costs. In 1999 this supplier implemented the SAP R/3 system (Version 4.6 C). This 

ERP system took eight months to be completely implemented at the parent company. In 

the Brazilian subsidiary the implementation time was two months following a “roll out” 

format. Many modules were implemented, among them: controlling (CO), accountability. 

material management (MM), production maintenance (PM), quality management (QM), 

sales and distribution (SD), and production planning (PP). The main business processes 

of Castrol Brazil supply chain that are integrated with this supplier are procurement and 

manufacturing. Figure 9b presents the framework with the ISs of this supplier.

Supplier B was founded in 1944 and its capital is 100% brazilian. It supplies Castrol 

Brazil with packages of many liters of lubricants. As supplier A, the only implemented 

IS included in the framework is the ERP system. In 2003 this supplier implemented the 

SAP R/3 system (Version 4.6 C). The modules implemented were almost the same as the 

ones implemented by Castrol. All the modules were implemented together and the whole 

implementation process took one year. The main obstacle found in this implementation 

was the resistance for changes by the employees, but this was solved with training. The 

main business process of Castrol Brazil supply chain that is integrated with this supplier is 

procurement. The integration of this process has improved since this supplier implemented 

its ERP in 2003/2004, but it is still far from being completely integrated under a SCM 

perspective. This same point was also noticed in the supply chain link that embraced 

Castrol Brazil and supplier A. Figure 9c presents the framework with the ISs of supplier B.

Logistic provider A uses two distribution centers (DCs) to attend Castrol Brazil. One of 

them is located inside Castrol Brazil plant at Rio de Janeiro and the other one is located at 

São Paulo. The DC at São Paulo also attends other customers of logistic provider A, having as 
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a result a higher complexity of its operation. This logistic provider has been serving Castrol 
Brazil since 2000. This provider adopts in its site at Rio de Janeiro the JDE ERP system of 
Castrol Brazil. In its DC at São Paulo it has been operating a prologs WMS since 1999. The main 
business process of Castrol Brazil supply chain that is integrated with logistic provider A is the 
logistics outbound. Figure 9d presents the framework with the ISs of this logistic provider.

The Sony Brazil Case
Sony Brazil started its operations in 1972 by importing products from USA and Asia. 

In 1985 it started to produce locally assembling products at Manaus. In 2003 it started 
to implement a ERP system (SAP R/3) with the following modules: finance, sales and 
distribution, procurement, material management, maintenance, quality, and human 
resources. The implementation process took approximately two years and was conducted 
by employees of different areas of the company and by external consultants. This system 
substituted many legacy systems. This implementation process was done together with 
the implementation of CRM, TMS and order fulfillment ISs. The implementation of these 
last ISs took respectively: three, six, and seven months. The company is now planning to 
implement the following ISs: APS and WMS. This plan is being conducted by a global team. 
Figure 10a presents the framework with the ISs of Sony Brazil.

Three significant members of Sony Brazil supply chain also took part of this case 
study analysis. Two of them were logistic suppliers, being one the same that also works 
for Castrol Brazil (logistic provider A). The other one is here called logistic provider B. 
The third member was the most significant first tier customer, here called retailer A.

Logistic provider A has been working for Sony since 2004 and offers transport and 
warehousing services to the brazilian southeast region. This provider operates a DC at  
São Paulo and uses the same software described before in the Castrol case (ERP and WMS).

Logistic provider B operates for Sony Brazil using its DC located at Tamboré that is 
integrated with Sony DC located at Brasilia. This logistic provider has implemented the 
following analytical ISs from SAP: WMS (LMS), TMS, and order management. These ISs were 
implemented together with the SAP ERP in an operation that took eight months. The go live 
was in July of 2002. This provider is studying the implementation of the logistic planning 
IS. Figures 10b and c present the framework with the ISs of these logistic providers.

Retailer A was founded in 1946 at Rio de Janeiro. It has more then 300 points of sale 
and operates in Brazil with six DCs (Rio de Janeiro, São Paulo, Belo Horizonte, Brasília, 
Rio Grande do Sul, and Paraná). The delivery from Sony to retailer A is all done by the 
two mentioned logistic providers. This retailer implemented its Amadeus ERP system in 
2000. For analytical ISs it has implemented TMS and WMS. The TMS implementation took 
4 months. The WMS was also implemented in 2001 and the implementation process took 
two months. Both implementations were conducted by a team of external consultants and 
of internal employees. Both interfaces of the TMS and the WMS are very friendly with the 
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Implementation under studyNot implemented Implemented

Figure10 - Framework applied to Sony supply chain. a) Sony Brazil; b) logistic provider A; c) logistic 
provider B; and d) retailer A.
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ERP system of Sony. The information interchange between these companies has improved 
significantly after Sony implemented its ERP in Brazil. In order to improve its operation 
performance, this retailer is studying the implementation of the following analytical ISs: 
CRM, demand planning, logistic planning, order fulfillment, and purchasing planning. 
Figure 10d presents the framework with the ISs of retailer A.

Conclusions
There is nowadays a demand for reference models that organize the different ISs 

necessary for the supply chain success under a SCM perspective. In this paper, an attempt 
has been made to review the literature on ISs in SCM. The literature available on reference 
models concerning this topic has also been reviewed and eight models were highlighted. 
Although there are some differences among the models, they exhibit a common architecture 
based on the principles of hierarchical planning and are formed by two dimensions: levels 
of supply chain decision (the vertical axis of the SCM matrix) and supply chain business 
processes (the horizontal axis). The literature review served as a comprehensive base for 
understanding the organization of the many ISs in SCM. Together the models cover the 
main aspects and characteristics that we consider relevant to be included in SCM matrixes. 
This review aided by interviews was the base for the development of a framework that 
helped us to analyze the supply chain of two companies in Brazil.

ERP have been largely implemented in the different companies that took part of the 
analyzed supply chains, but the cases’ results point out that the analytical systems are not 
at the moment a consolidated reality.

In the case of Castrol Brazil supply chain, just one of the analyzed companies (logistic 
provider A) has implemented an analytical IS (the WMS). This implementation is limited 
to its DC at São Paulo. The site of this logistic provider located inside the plant of Castrol 
Brazil uses the ERP module of Castrol Brazil to manage its warehouse operations instead of 
the WMS. The main reason for this fact is the simplicity of the logistics outbound operation 
of the DC located at Rio de Janeiro when compared with the one at São Paulo. The DC at 
Rio de Janeiro attends just Castrol Brazil, while the one located at São Paulo attends other 
customers of many industrial segments. This results in the handling and management 
of a higher amount of material and SKU (stock keeping unit). To deal with the higher 
complexity of DC at São Paulo, the logistic provider needs a WMS. This highlights the fact 
that analytical systems are not always recommended for all cases.

Among the analyzed companies of the Castrol Brazil case, just this lubricant 
manufacturer had plans to implement analytical systems (CRM, TMS, and MES). This points 
out to a lack of analytical systems that still exists in some Brazilian supply chains, fact 
that was highlighted in the non-structured interviews. The Sony Brazil supply chain 
case presented more analytical ISs then the ones found in the Castrol Brazil case. This is 
explained by the fact that the number of SKU and the aggregated value of the electronic 
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products of Sony Brazil are in general higher than lubricants and the life cycle is much 

shorter. Sony Brazil has implemented recently three analytical ISs (order management, 

TMS, and CRM) and plans to implement two others (APS and WMS). The other analyzed 

companies of its supply chain also have recently implemented many analytical ISs, with 

the exception of logistic provider A that has just implemented the WMS.

Other researches that also worked with ISs in SCM found interesting results concerning 

the brazilian reality (Aguilar, 2004; Barros, 2005). These two researches had just the focal 

company perspective but their findings also pointed a large use of ERPs in their supply 

chains. In Aguilar (2004) the APS was implemented in the two analyzed companies. In 

Barros (2005) the WMS was being implemented in the focal company and the implementation 

of TMS was being planned.

It was possible to verify in both cases of this paper that, in a general perspective, the use 

of ISs in SCM is increasing in the analyzed companies and that these systems have provided 

benefits to all of these companies. All the ISs of the framework used in the companies were 

recently introduced and many of these companies plan to implement more. In spite of this, 

there is still a strong individual perspective in these systems. The authors of this paper 

believe that to take advantage of all the benefits that can be obtained by the adoption 

of new ISs, companies should work more on the interfaces between their supply chain 

members. These companies have already integrated the information inside their four walls 

with the implementation of ERP systems. Now they should do the same integration beyond 

their walls. This inter-company integration is already on track and has already improved, 

but there is still a long way to go until they are really integrated along the supply chain.

Another interesting point found in this research is the fact that the ISs adopted by 

the brazilian subsidiaries of the analyzed multinational companies of both supply chains 

are the same ones adopted worldwide by their parent companies as a result of a single 

IT architecture structure defined globally. This new scenario took place of the one in 

which local subsidiaries developed locally their own ISs “in-house”. The information 

integration within the companies’ business units worldwide was difficult and unfriendly 

with the independent “in-house” ISs, what had to change when the dependence among 

the subsidiaries became needed with globalisation.

Finally, it is important to highlight that whenever organizations think on their SCM 

they should have in mind their main supply chain processes. These processes should be 

integrated and optimised with their respective supply chain members. This integration 

with other organizations is supported by ISs and should be driven by a well planned IT 

architecture structure towards achieving an effective SCM. None of the ISs by itself covers 

the full spectrum of SCM requirements. The ISs need to be combined and integrated into 

a supply chain suite, what is not yet fully available. The major supply chain processes 

compose dozens of specific tasks, many of which have their own specific ISs. As the 

importance of these processes for supply chain organizations depend on their business 
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and offered product/service, the adequate supply chain suite can vary from organization 

to organization. This requires organizations to define precisely their objectives concerning 

the several ISs applications and their supply chain processes. Organizations highly 

dependent on their procurement process search for the improvement of their suppliers’ 

service level. Consequently, these organizations should adopt ISs that integrate this 

inter-organizational process with suppliers and logistic service providers. Manufacturing 

organizations that are production intensive may want to improve their production process 

focusing on increasing the production planning flexibility and efficiency adopting systems 

such as APS and MES. In the same way, service organizations normally concerned with 

distributing goods might aim for an efficient support of transportation and inventory 

management and have adopted ISs that integrate them with customers and logistic service 

providers, such as WMS and TMS. Transactional systems like the ERPs have become the 

backbone of these analytical systems.
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Abstract
The main purpose of the paper is to give an answer to the following question: why has the 

interest in Corporate Social Responsibility (CSR) literally exploded in the relatively few 

recent years? After a brief presentation of the different approaches to CSR (focusing on 

the behaviours or on the aims of the CSE: CSE only as a means to achieving business goals 

or also as an aim) the paper introduces Malone’s interesting contribution, trying to show 

how important it is nowadays to put human values at the centre of business and to promote 

a “market of human values” (where a relevant role has to be played by the Information and 

Communication Technologies). Starting from this point of view, and basically using Bell’s 

classical framework concerning post-industrial society, the paper tries to demonstrate that 

the growing interest in CSR is a very relevant symptom of the existential dissatisfaction 

with intrinsic features of post-industrial economy and society.

Keywords: corporate social responsibility, corporate ethics

Introduction
The interest in Corporate Social Responsibility (CSR) in the last few years has literally 

exploded. Which are the reasons of this growing interest? We will try to give a possible 

answer. According to Gallino (2005), this is – in spite of all appearances – a negative sign 

with respect to the current situation. In other words, nowadays, people talk (and write) so 

much about CSR because today there is very little of it, certainly less if compared to some 

decades ago.

Moreover, in the general scepticism (or realism?) currently pervading the world, 

probably most authors and commentators highlight an improper use of CSR, namely a 
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purely instrumental one, able only to result in an effective tag that makes a corporation 
differ – in some ways – from the others on the marketplace in achieving a better income.

In the definition, and in the study, of Corporate Social Responsibility, currently two 
different approaches coexist1. The two approaches are well highlighted by Viviani (2004). 

The first one defines a corporation as “socially responsible” when – firstly and above all 
– it implements a series of “socially responsible” specific actions in a given and historically 
determined context. The content of these actions, that is the conventional identification 
of their responsible behaviours, has been modified during the years (and it also differs 
from place to place). In other terms, CSR is a purely social convention (culturally and 
historically determined). 

From our standpoint, the “Green Paper” on the CSR of the European Commission dated 
2001 (COM 2001) and the United Nations Organizations’ “Global Compact” (2000 and 2004), 
adopt this – limited – approach.

Even from this – limited – viewpoint, despite what many think, both entrepreneurial 
and managerial best practices, that could be considered generally valuable, in reality do 
not exist, especially in innovative environments, not even related to CSR (and consequently 
to its managerial instruments). This means the so-called best practices cannot be 
transferred from one context to another, as they are necessarily “situated”2 into specific 
and contextualized socio-cultural situations3.

It is clear that corporations adopting the very same behaviours, which are considered 
socially responsible by stakeholders and society, do not necessarily have the same meaning, 
as they are not based upon the same motivations, do not respond to equal scheme of 
incentives, do not maintain the same relationship with the mission of the corporation.

As a consequence, another useful approach to study CSR should be taken into account. 
According to this second approach, two different visions of the CSR exist:

•	 in	the	first	case	CSR	is	seen	–	only	–	as	a	competitive	instrument	(means)	for	the	
corporation; and

•	 in	the	second	one,	CSR	is	seen	–	also	–	as	an	aim	used	both	by	the	corporation	and	the	
State to achieve a model for development (of economy and society) which cannot be 
obtained through the pure competition of the profit-oriented corporations on the 
marketplace.

Considering this view, for those questioning on the reasons and aims that pave the 
way for a corporation to be “socially responsible”, and on the intentions driving a “social 

1  A more general presentation of the historical evolution of the concept of CSR, of the different theories about 
CSR, and, above all, of their application to the peculiar Brazilian context can be found in Ashley (2005), and in 
its 24 pages of  bibliography!

2  See Ciborra (2004) for a critical analysis of the concept of “situation” in the organizational and managerial 
studies. For what concerns the ontological and anthropological roots of this concept, see Heidegger (1927).

3  We have to cite necessary Hofstede’s (2003; 2004) ’s works and the way of thinking about the organizational 
culture he inspired.
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responsible” corporation, to debate about CSR and its foundations means to discuss about 
the nature and the objective of the “corporation as institution” (or, better, on the different 
institutional forms of corporation) within the economic system. In other words, the 
definition of social responsibility does not only regard responsible actions, but their deep 
and intrinsic relationship with the aim of the corporation itself and the context where it 
acts.

However, defining the aims of the corporation and consequently its institutional 
configurations and how they relate to the context of a corporation (particularly considering 
the stakeholders on the whole) is nonetheless a consequence of historically determined 
socio-cultural processes. A corporation’s culture is therefore always embedded in its social 
and historical context. 

Obviously, the organizational culture will depend on the institutional features: 
however, it is clear that corporations with equal institutional features may have different 
values which influence their behaviour and the criteria of its evaluation.

To sum up, CSR regards the evaluation (shared both by stakeholders and social context) 
of the ways of defining, producing and delivering value through economic activity.

Corporate Social Responsibility as a Means or also as an Aim?
In its essence, the discussion may be focused on the following dilemma: CSR is only a 

means or also an aim for the corporation? Considering the question in these terms, the 
ethical dimension of the topic comes out, if one thinks, as an analogy, to the famous 
saying by Immanuel Kant according to which human beings cannot be considered only as 
means but also as aims.

Adopting the first perspective (CSR only as a means) and according to Friedman’s 
theory, CSR is conceived as a way to both increasing profits and establishing an effective 
position on the marketplace. In fact, Friedman (1970), in an article written in 1970, 
asserted that “Business Social Responsibility is to increase profits”, obviously following 
the law and the “game rules”. 

His main statement was that stakeholders, employees and customers of a corporation 
should decide on their own which social (or other) causes to support with their money 
and, as a consequence, the corporation should not take these decisions for them.

Naturally, Friedman declares that corporations should abstain from what is not legal. 
Occasionally, good actions could help to earn more money: for instance, treating well 
employees could mean attracting new talented people, just as philanthropy could result 
in a better treatment by public authorities, or asserting that products do not pollute could 
contribute to increase sales. But, acting in this way only because it is good or correct is not 
a sufficient reason.

Later, we will introduce the pragmatic overcoming of this theory proposed by Malone. 
But, surely, it is immediately evident that CSR policy, if only animated by such an 
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instrumental perspective, will result too occasional and unstable to be credible (and to 

produce long term effects).

Above all, even without radically rejecting this first approach (that is, considering CSR 

also as a means), we should highlight its limits. As we will discuss later while introducing 

Malone’s position, a mature concept of CSR should necessarily take into account new 

phenomena of post-industrial society, the growth of complex forms of social aggregation 

based upon cultural identity, the pursuit of quality of life as an aim not only related to 

increasing incomes: all these aspects favour a dimension of rationality which is not only 

instrumental but also “expressive”. 

The second perspective, considering CSR also an aim, is harder to explain in a few 

words. 

In this case, we will later present the position illustrated by Malone. From a theoretical 

viewpoint, for the purpose of this synthetic exposition, we can refer to the set up described 

in Italy by Lorenzo Sacconi (one of the main scholar of CSR in Italy). Sacconi (2004) defines 

CSR as “a model of enlarged corporation governance, according to which who governs 

the corporation has responsibilities concerning the observance of trust duties regarding 

both property and in general the stakeholders on the whole”. In Sacconi’s opinion, the 

corporation is an institutional solution to a problem of coordination and cooperation among 

multiple interests. It is, in fact, an artificial construction whose purpose is intermediate 

and not final, or rather it is a means that takes to the solution of a coordination problem 

for the stakeholders’ interests (and hence the goals). 

Obviously – integrating even other viewpoints in this theory (as, for example, Zamagni 

(2003)4 - another obliged reference for those who study CSR in Italy - does) – the interests 

are not only strictly economical (and the products purely economical), but also “symbolical”, 

“relational”, and so on. How many corporations (even producing foods and beverages!), 

nowadays, sell no more “goods” but “ways of life”? And concerning the relational aspect, for 

example Zamagni (2004) writes: “Consider the normal employment relationship between 

the corporation and the employee. It can assume the features of a “social exchange” or 

a “market exchange”. Immaterial elements (as trust, loyalty, honesty, work reliability) 

take part in the social exchange. These elements are not verifiable and so not enclosable 

in a contract. However, for a corporation, the type of employment relationship installed 

with the employee, makes great differences in terms of economic performance. Now, it is 

evident that a worker will accept to enter a “social exchange” only if his counterpart, that 

is the corporation, will appear as a moral subject, a subject that is able to demonstrate to 

give back, practically, values as trust, loyalty, honesty, work reliability and so on”. Values, 

we add, that can be perceived and exchanged because they are good by themselves, and 

not only because instrumental to the mentioned economical performance, and therefore, 

4  Important even his book, written together with Bruni (Bruni and Zamagni, 2004).
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also as aims and not only as means, even because, if “reduced” solely to means – before or 

after – they will… disappear!

According to this assumption (and in reality, going a little further), Corporate Social 

Responsibility, in its global concept, may be defined5 as an evaluation agreement, shared 

by a system of subjects, on the components of the value produced through the economic 

activity. These agreements, in a way, are not fixed and unique within our society; instead, 

are multiple and evolve in time. Then, these agreements are related to the particular 

organizational cultures: that is, the modality of value (intended as economical dimension) 

production and distribution, depends on the system of values (intended in their ethical 

and cultural dimension) shared and agreed by the corporation with its own reference social 

system (in a broad sense: it can be on a world scale).

Putting Human Values at the Centre of the Corporation: Malone’s6 Proposal
In his recent book The future of work7, Malone (2004a) discusses – also – ethics and 

CSR in an apparently very pragmatic manner, in that his proposal to put human values at 

the centre of the corporate activity seems the logical “objective” conclusion of a current 

evolution in post-industrial economy and society, and a “rational” choice taken by the 

corporation. Really, the ethical choice undergoing this proposal, although implicit, is 

clearly evident.

Malone does not add anything from the theoretical viewpoint to Friedman’s theory 

(explicitly mentioned) and to those theories derived, more or less, from the transaction 

costs theory. Instead, he helps to establish an (expandable!) bridge between the two 

aforementioned perspectives, and consequently to unify them, seeing the first perspective 

as an application of the second one, and to explicit the exchange organizational forms 

(markets included), in particular making the ICT role determinant in the implementation 

of the human values oriented approach.

The way Malone shows the importance of values in the “new contemporarily” corporate 

life can seem surprising. 

He introduces the topic using his MIT Leadership course experience. Practically, he 

helps his students to evaluate what is really important for them. He takes them in a place 

where they can stay alone for a while, to concentrate on the following thought. 

Imagine being at the end of your life, with just a few hours left. What would you 

like your best friends and family to say or think about you? What would you like to have 

achieved in your life?

5  See Viviani (2004)

6  Thomas Malone is director of the Center for Coordination Science, Sloan School of Management, MIT.

7  See also Malone (2004b).
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The purpose of this exercise is to create the conditions for a statement of one’s own 
“personal mission”: a description of the most important goals one would fight for during 
one’s life.

Often, we discover we waste our days on details which are of no importance at all. And 
that the really important aspects are continually ignored, forgotten or postponed. Many 
people state, for instance, that money and professional achievement, in the end, will be 
less important, while other things – such as family, friends, spiritual life and trying to 
improve the world – will be more important.

We perfectly know that such practices take back to the millennium spiritual human 
experience, and that nowadays risk to be banally “divulged” for multiple purposes. Evaluated 
in their seriousness, they can re-conducted, for example, to the search for the “authentic 
life” prospected by Heidegger in Being and Time. Starting from the assumption that human 
existence is, in its constitution, ontologically “project” (“situated”), “possibility”, human 
life can be authentic or unauthentic according to the fact that the man substantially 
will live “losing” himself in the common opinions, in the ideas he breathed in the social 
environment where he lives, or otherwise projecting, taking part, choosing himself on the 
basis of “his own possibility”. Now, we should know that the only authentic human being’s 
“unconditioned and insuperable possibility” is… death. Well, the conscious assumption 
that his own death as his “more proper” possibility does not mean “to think of death” in 
the sense of taking account that we will die, but considering all the other possibilities 
as “pure” possibilities, none of them definite or necessary. Man’s awareness of “being for 
death”, according to Heidegger, hence is deeply releasing for the human being. Heidegger 
writes: “the anticipating being free for his proper death liberates from the dispersion of 
possibilities that casually cross, in a way that the effective possibilities, those situated 
before the one insuperable (the death), can be authentically understood and chosen” 
(Heidegger, 1971, p. 135, Italian version).

Why are Values Important? 
In Malone’s opinion, if we went towards an economic system where everyone were 

required to be “entrepreneur of himself”, and therefore, if we were asked to make many 
more decisions in our professional life, we would also think about values to be taken into 
consideration while deciding. If we do not deeply think to what is really important for us, 
it will be very easy being distracted because of not important things. Indeed, in creating 
a corporation inspiring authentic loyalty and care towards its employees, customers and 
other shareholders, the focus should be more on their human values instead of strictly 
economical ones. 

It is true – Malone admits – that money is the main thing asked of a corporation. 
However, people decide to work for one corporation rather than another because they feel 
realized, because they prefer working with interesting people, they may like travelling 
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or spending more time with their family and so on. In explaining this concept, Malone 

inevitably considers Maslow’s (1970) work: once basic needs are satisfied (food and 

shelter), then, other aspects become more important: relationships, different personal 

fulfilment, giving a sense to life. Now, it is understandable that employees, customers, 

suppliers and even investors will progressively move to corporations offering something 

they perceive as an added value, beyond the strictly economic one. Sometimes, they will 

find such a value in products or in services, or in corporate production processes (less 

pollution or more employment), or simply in the care about customers and stakeholders. 

Malone also remarks (and he is not the only one) that corporations will compete on the 

basis of their ability in delivering sense and meanings.

All these considerations, or perspectives, seem to be in contradiction with other 

evident statements. As Malone recognized, in the last decades (especially in the United 

States), the main view is that the only and legitimate purpose of a corporation is to make 

money for its shareholders.

Malone cites the case of Business Roundtable (a group constituted by 200 major 

American corporations top managers) which in 1981 declared that managers’ task was to 

be also accomplish all the legitimate stakeholders’ (shareholders, customers, employees, 

community, suppliers and society in general) demands, while in 1997, in its Statement 

on Corporate Governance the same Business Roundtable asserted: “The conception that 

the corporate management should accomplish shareholders’ interests with all the other 

stakeholders’ interests lead astray the managers’ role”. A deep analysis of this trend can 

be found in Gallino (2005).

We have already shown how also CSR coincides or is seen to achieve this aim, and how 

– in this sense – the clearest and most influent viewpoint was Friedman’s.

Friedman’s argumentation is based on the fact that a manager works for the owners of 

the corporation itself. And he states that big (quoted on the Stock Exchange) corporation 

owners’ desires are to earn as much money as possible, in accordance with the basic rules 

of society. In Friedman’s reasoning, there could be some explicit exceptions, related to 

the case of corporations with a single owner or established for other purposes rather than 

profit (e.g. schools and hospitals).

But in this case, Malone tries to use Friedman against Friedman, that is to take 

Friedman’s reasoning to its ultimate consequences in order to go beyond Friedman himself, 

and then to unify, under the same logic, both the profit-oriented and the human values-

oriented perspectives (and so, CSR only as a means with CSR also as an aim).

Malone, in fact, shows how Friedman did not assert corporations should act only for 

the sake of their owners’ economical interests, but rather they must serve their owners’ 

wishes, whatever they are. And so, who are – in the end – the corporation owners? And 

what do they want? People are, obviously, the owners. And people have lots of wishes, 

some are economical and some are not. Why shouldn’t people – Malone wonders – take into 
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account their non-economic values to decide how to invest their money, as it happens in 
various aspects of their life?

An example of this phenomenon is the growth of “socially responsible” investments 
funds: in 2001 – Malone cites – quite the 12% of USA funds was defined “socially 
responsible”. In Europe the ethical funds are already more than 1,000 billions of euro. 
Furthermore, when asked whether a big corporation, even quoted on the Stock Exchange, 
could prosecute a non-economic purpose as its first priority, Malone answers affirmatively 
and remarks the case of Johnson & Johnson which allocates its customers’, employees’ and 
community’s interests before its shareholders’ ones.

Therefore, if it is correct that corporations also have targets which are not strictly 
economical, then, who selects what is to be aimed at? Investor-owners are not the only 
ones whose acceptance is necessary to have a successful corporation. All other interested 
people, including employees, customers and suppliers, choose (or should choose…) – 
voluntarily – to work for it. Society, that has to allow a corporation to exist and function as 
a corporation, is also included8.

A “Market of Values”
All these entities often have different standpoints regarding which should be the 

purposes of the corporation. Therefore, who has to decide?
Malone does not state specific theoretical reference models, but it is not difficult to 

recognize the logic inspiring the transaction costs theory (interpreted more or less as 
Sacconi does). In the end, Malone remarks that the aforementioned decision is nothing 
else but any other corporation decision. Any decisional model could be used. And one 
of the most interesting possibilities is the market, specifically, a “market of values”. Just 
as in any other market, in a market of values decisions are taken through a reciprocal 
agreement among directly involved people. We, in fact, could negotiate to aim at any class 
of values we consider important for us. We will have success only if we can find people who 
agree with our scale of values. Those sharing our values will tend to work with us, sign 
contracts with us, buy our products or invest in our corporation.

As a matter of fact – Malone makes us notice – now we already have this market of 
values. Customers, for example, can decide to buy products or services from those 
corporations who share their values and not from corporations whose values they do not 
agree with. Corporations could freely and consciously move to certain specific types of 
values. Employees also express their values whenever they chose for whom they want to 
work for. Not-economic values already play an important role when people make economic 
decisions.

8  In this sense, it is very interesting the contribution of Zairo B.Cheirub and Richard M. Locke (2002), where it is 
also illustrated the different role of society in three Italian examples of industrial crisis: Fiat, Alfa and the textile 
district of Biella.
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Naturally, markets pose economic restrictions to decisions on values. As an example, 

people can not indefinitely work for a corporation sharing his values, provided it makes 

profit or disposes of other sources. Hence, profit, if not a target, it becomes at least a 

means. And, in addition, it is true that who has more economic resources, is generally 

more influent on the market than who has less. Nevertheless - Malone affirms - the 

different decisional power is not exclusive of the market. In a political environment, even 

in democratic Nations, opinion leaders and who controls media have more influence than 

simple electors.

Despite their limitations, markets show interesting features about value judgements. 

As individuals, we can directly express our values choosing what to buy, where to work 

and how to invest our money. Corporations can compete for customers, employees and 

investors, not only on the basis of products, but even on the basis of the values they 

“embody”. All have – at least potentially – the possibility to choose people and corporations 

they want to interact with, and nobody is tied up to decisions he does not agree with.

The result of all this reciprocal agreements is that market permanently varies the 

resources according to the values of people participating in it. Adapting a well-known 

quotation to this case, people who participate in a market of values have the society they 

deserve, just as well as people in a democratic Nation as regards their Government.

Transparency and the Role of Information and Communication Technologies
Malone correctly underlines the risks of opportunism that the perspective of a market 

of values introduces. As a growing number of corporations try to achieve not strictly 

economical targets, as previously mentioned, one of the most evident perils will be that 

some people will try to exploit others’ “good intentions”. 

For example, if people want to work for socially responsible corporations, some of them 

will try to show off in order earn a reputation as socially responsible, even when corporation 

internal daily life is very far from being like it. Malone reports, as an example, how before 

scandals, Enron disposed of a widespread ethical code of 64 pages, where it was indicated 

that its activities were to be implemented “in a correct and honest manner”.

By the way, in the entrepreneurial environment, people cynically manipulating other 

people to reach their own goals have always existed.

Therefore, if we want the previously mentioned process to function correctly, ethical 

codes are not enough. We’d rather need other things. We need the process to be transparent. 

People should take decisions on values based on adequate information. Transparency 

implies that a great amount of precise and reliable information must be communicated 

to many people. Fortunately, by Malone’s point of view, the new Information and 

Communication Technologies have potentially made this type of transparency economic 

and easy at a level never seen before.
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As a matter of fact, most of our decisions about values (above all when we play the role 
of consumers), rely on very limited information.

It is clear that choices would be made considerably easier if there were systematic – and 
impartial – methods to evaluate corporations according to the values which are important 
to us. Great efforts (with good results) have already been made and continue in the field of 
the environmental and social evaluation. Ethical certification and ranking are considered 
in this field too.

As this type of information became standardized and spread at all levels, people could 
use it to make their own decisions on where to invest, with whom to work and what to 
buy. Malone cites as paradigmatic – in this sense – example, already existing, where the 
use of Information and Communication Technologies (ICT) were exploited to increase the 
transparency, a web site named IdealsWork (www.idealswork.com) that helps consumers 
to compare social and environmental aspects of thousands of products with respect to their 
own personal values.

Making information exchange much easier, new Information and Communication 
Technologies as the Internet give us the opportunity to meet other people and corporations 
sharing our values, and consequently, make it easier to find what people and corporations 
really do and, ultimately, how their behaviours reflect their declared values. This is primarily 
and effectively due to third-party’s help: Non-Governmental Organizations, Trade Unions, 
consumers’ associations, public entities and so on. 

Information technologies can help markets to be transparent and efficient not only in 
the achievement of economical purposes – as we well know – but also of not-economic (or 
not immediately economic) ones9. 

The Reasons for the Great Interest in Ethics and Corporate Social Responsibility
Now, let us move on to the question we are trying to answer: why has the interest in 

Corporate Social Responsibility literally exploded in the last few years?
The answers are different, often complementary. Here, we are going to illustrate some 

of them.
The “share-based managerial capitalism” and the “maximization of the value for the 

shareholder”.
According to Gallino (2005), it is the widespread of the “irresponsible corporations” (as 

shown by the famous cases as Enron, Parmalat and so on) that motivates the interest in 
Business Ethics and Corporate Social Responsibility.

9  The use of ICT serving ethics and Corporate Social Responsibility may be an extremely interesting field of 
research. And, going out of the case of the “market of values”, which is a way to “formalize” and “explicitly 
organize” – that is, in a fully aware, effective and efficient manner – what, in reality, has always happened and 
happens (even for other institutional and organizational forms), it should be worthy to wonder and detect if 
the social and ethical usage of ICT, at least in a business context, is nothing else that a particular case of the 
modalities for which a corporation can be ethically and socially responsible.
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He states that “a corporation is defined irresponsible when, beyond elementary law 
obligations, it supposes it does not have to answer neither to any public or private authority, 
nor to public opinion, regarding economical, social and environmental consequences of 
its activities”. Among these activities, we should considered also: industrial and financial 
strategies, employees’ work conditions both internally and in foreign Countries, employment 
policies, the relationship between products and production processes with the environment, 
the use of funds that savers gave her as shares or bonds, the writing of balance sheets, the 
quality of products, the relationship with the community where the corporation acts, the 
production activities localization and de-localization, the fiscal behaviour.

Of course, there have always been irresponsible corporations, but – again, in Gallino’s 
words – starting from the mid ‘70s they enjoyed an incredibly growth because of a complex 
capitalism change leading into what is now called “share-based managerial capitalism”. 
This is based upon a new economical paradigm: “value maximization for shareholders”.

Briefly, the criteria chosen to maximize value for shareholders are:
•	 “short-termism”,	 that	 is	 having	 horizons	 and	 implementing	 solutions	 only	 on	 a	

short term basis;
•	 corporate	growth	due	to	acquisitions	and	mergers;
•	 use	of	available	resources	for	financial	operations	and	not	for	new	investments;
•	 generation	of	income	flow	through	financial	services	instead	of	privileging	profits	

with the production of goods and tangible services;
•	 growing	amount	of	corporate	resources	aimed	at	the	reacquisition	of	own	shares	in	

order to not dilute their market value; and
•	 encouraging	managers	to	make	the	corporate	market	value	grow	instead	of	a	specific	

business. 
“The root of the problem (that is, the social irresponsibility) – Gallino states – is the 

structure itself of the share capital based corporation. Its legal structure encourages 
managers to maximize the short term share price, and it is done limiting their freedom to 
act morally and responsibly. The result is an immoral behaviour”.

In such a framework, material and ideal interests of employees, local communities, 
suppliers and the environmental situation have been taken out of the decisional horizon 
of the corporation.

The increasing corporation “irresponsibility” has, then, serious consequences on 
people’s life10.

Globalization: a New Relationship between Capital and Work
Other scholars instead relate the growing corporate “irresponsibility”, and the 

consequent growing interest in CSR as a reaction, not so much to a different way of 

10  See the vast literature on “the human consequences of flexibility”. To cite two exponents: Sennett 1998); 
Gallino (2001; 2007)
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considering institutional corporation aims, but mainly to the “Globalization”, in the 

contest of the “post-modern” society; a concept that we will better illustrated later.

There is general agreement on the fact that economy, and specifically, market economy 

is the “engine” of globalization. The borders of market economy, which still in the second 

half of the ‘900s did not comprise Communist Countries and in three continents and a 

half (Africa, Australia, Asia and Latin-America) embraced a little bit more than coastal 

territories, have extended with an unprecedent acceleration in the last years of the 

XX century. At the beginning of the XXI century, we can state that there is almost no place 

in the world where the influence of world market cannot be felt. In reality, “mondialisation” 

(as the French say) of economy (better, the creation of an economy-world) – as noticed by 

most – is neither a recent nor a new phenomenon. What is truly new, and it is happening 

for the first time in history (having deep impact on the work, and consequently on the 

lives of many people) is the globalization of the production organization. Nowadays, in 

fact, due to a genuine revolution in the means of communication and transport, it is now 

possible to organize, in a trans-national manner (and so overwhelming in a unique global 

process the continental and national borders) not only commerce or finance – which has 

taken place for some time now – but also the production of any kind of complex good. This 

liberation of production from national territories – more than the abolition of commercial 

barriers and market liberalization – is the absolute innovation of our times. We can say 

that never before the capital (not only financial) has been so global.

Tangible effects of this authentic revolution in production organization can be easily 

noticed in the relationship between work and capital. Here we can refer to Bauman’s 

analysis (Bauman, 2002).

If, in the previous decades, these relationships were regulated by a reciprocal 

dependence, now capital is less related to a territory, it is free to be invested where there 

are better conditions, enjoying total freedom from constrains to the area previously chosen. 

As a contrast, the fordist factory constituted the place where owners and workers had a 

common interest, although it was a place of bitter social clashes; nevertheless it was also 

a physical space of reciprocal acknowledgement, a sphere of legitimate demands and a site 

for bargaining. Then, the relationship between work and capital was a “marriage till death 

does part you”, but now it has been transformed into a “living together till further notice”. 

The post-modern corporation, in fact, does not have to depend on a precise physical space 

any more, having the whole planet available to move its activities rapidly; it has lost the 

need to continuously protect the workers of a specific area. If once “the capital was stuck 

in a place just as the workers it employed”, nowadays – Bauman refers – “it travels freely, 

taking with it its cabin luggage containing little more than a document folder, a mobile 

phone and a laptop. It can stop everywhere and it is not obliged to stay in any place beyond 

its wishes. Work, conversely, stays immobilized as it was in the past, but the space where 

once and forever it was thought to be linked to, has lost its past solidity (…). Some of the 
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world inhabitants perpetually move; for all the others, it is the world which refuses to 
stop”. 

Going back to the metaphore of Marriage against Living Together, the advent of light 
and floating capitalism is characterized by the disengagement and the slackening of the 
links between work and capital. If staying together was a condition of reciprocal agreement 
and mutual dependency, the disengagement now is unilateral: one of the two partners 
reached the autonomy which maybe it has always secretly desired, but that was not taken 
in serious consideration before.

“Capital – Bauman reports – cleared its dependency from work thanks to the new freedom 
in movement that it could not even dream in the past. Capital reproduction and growth, 
profits and dividends, the same as shareholders’ satisfaction have become all factors mainly 
independent from the duration of any local involvement with work. Capital has become 
extra-territorial, light and free in a rate never seen before, and its spatial mobility level, 
already acquired, is almost always sufficient to blackmail political organisations linked 
to territory and to impose submission to its own demands. The menace of breaking local 
connections and moving somewhere else is something that any responsible Government, 
in order to protect itself and its own electorate, must take into maximum account and 
therefore, try to avoid it by subordinating its policies to that purpose. A Government 
which cares about the welfare of its electorate does not have any other hopes rather than 
imploring and attracting – instead of constraining – capital to enter, and once entered, 
treating capital with all regards. Practically, this means less taxation, fewer or no rules, 
and, above all, a flexible employment marketplace. Paradoxically, Government can hope to 
keep in capital only convincing it, beyond any reasonable doubt, that it is free to go away, 
even after a very short previous notice or none at all”.

The “Existential Malaise” of Post-Industrial Society
Bauman’s analysis – only summarized here – despite being more sophisticated than many 

others, could seem to suffer – as Gallino’s one – from a certain economical determinism. It 
goes without saying that it is not and cannot be so: all economical, social, technological, 
cultural, etc. factors interact with each other in a complex manner. Even when considering 
Malone’s approach, previously illustrated, here we would privilege cultural values. As an 
example, going further than Malone shows that what “governs” economy is not the price 
system but the cultural value system11 where the economy is situated. The price system is 
only a mechanism to relatively attribute goods and services within the generated types of 
demand panel.

Now, according to Bell (1979), in the contemporary society, that he, among the 
formers, called “post-industrial” (while others - as Bauman - call “post-modern”) we are 

11  We could define values as “orientations from which purposes of human actions descend”.
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living in these decades a deep transformation in the values system. Post-industrial society 
brings with it a decline of those values that were, in Weber’s (1905) reasoning, at the basis 
of the development of capitalism: parsimony and frugality, ethics of labour and auto-
discipline, and deferment of gratification We shift from an ethics of labour to an ethics 
of consumption, based on hedonism and immediate gratification of needs. There won’t be 
class conflicts any more, but particular conflicts in which each group tries to have a bigger 
share of the cake. Consumption is promoted instead of production; the individual wellness 
is privileged instead of the collective one.

In order to understand the present changes in the system of values (and its related 
ethical principles), determined by (and even cause of) the advent of the so called “post-
industrial” society, we need to understand what there was before this society (and what 
is around elsewhere, because surely not the whole world is living in this post-industrial 
society and economy).

Adopting the famous terminology used by Bell, there was in the past a pre-industrial, 
agricultural, society and hence an economy, and there is still in wide areas of the world. 
Then, in some areas, the industrial society has been created. Now, particularly in some 
economically developed Countries, the “post-industrial” society is growing; other authors, 
and the same Bell (1980) began to refer to it as “information society”, or also as “service 
society”. 

The Agricultural Society
The main characteristic of the agricultural society (of farmers and shepherds) is that 

the “axial principle” – in Bell’s terminology – was the relationship with land (and more in 
general, with nature), which was practically the only source of subsistence.

 As the main feature of the pre-industrial societies, Bell considers the conception of 
life as a “game against nature”, that man would tame, control, dominate, and enslave, but 
which in those societies has always been stronger than him. In pre-industrial societies, the 
meaning of the world was conditioned by the dependence on natural elements: seasons, 
soil quality, quantity of water, and so on. Certainly then, and perhaps even today, both the 
farmer and the shepherd are fully aware that life and death of his crops and herds depend 
only a little on him, and much more on “nature” and on the “mysterious” forces governing 
it, despite whatever he can do.

Ethics in pre-industrial societies can be referred to as the “ethics of nature”: “an ethics 
of nature is found widespread in the history of all cultures and civilizations. In the feeling 
man has always had of the world around him for millenniums, nature has always been seen 
as a divine reality, on which man knows he depends because it determines rhythm of his 
being and it fixes his having to be (…). Man does not invent the rules of his acting but he 
finds them in the study of nature, which is the epiphany of the divine or God’s creation” 
(Rizzi, 1992, pp. 27-28).
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The ambivalent relationship between man and nature mirrored that one between man 
and the divine: fear and fascination (“of the holy” as Otto (1917) asserted). Fear, a great 
fear towards something great, powerful and at the same time unknown, or rather never 
perfectly unknown, always “other”, which, above all, could be hostile. And fascination, 
a great fascination, towards greatness, fertility and power of goodness, a power to which 
we owe, directly or indirectly, our own life, the unquestionable beauty of nature which 
seems to transcend everything and therefore quite “naturally” generates the feeling of 
the divine. 

The agricultural society was not the first form of human society, because it was preceded 
by that of hunters and gatherers. It is evident that for those ones there was a strong feeling 
of dependence on the “other”, on “forces”, “entities” regulating and governing animals’ 
and plants’ life, on which their own survival depended. It can be stated that as soon as man 
became man, he was aware of his finiteness, of his impotence, beside the growing abilities, 
techniques and instruments for hunting and food searching. 

In such a clear and intimate perception of the daily dependence of our own and others’ 
life on transcendent forces, the ethical feeling (that is, the idea of what is good and what is 
evil), and above all, the bases of the rules of a good living together (that means, rights and 
laws), could only be explicitly referred to God, to God’s “commandments”, to “traditions” 
which, ultimately, are of divine inspiration. Even without citing the famous examples of 
“Law” in Judaism and of Islamic law derived from Koran, we could think about the first 
code of history: the Hammurabi’s code of declared divine inspiration.

The Industrial Society
In the industrial society, based on the extensive use of science and technology, the 

perception of the divine is almost totally ruled out due to the crisis in the sense of the 
divine, leaving place to the consequent birth of a “secular” ethics.

The roots of modern “atheism” have been individuated in Enlightenment and Scientism 
of the 1700s-1800s, which are simultaneously cause and effect of industrialism. In that 
period, an ethics perceived “as God did not exist” lead to a public ethics that consented 
pacific and tolerant living together among “different” people, confining religion to the 
private sphere whenever still existing. 

But it was machinism, industrialism, which popularized and extended these ideas and 
values to the wider masses of the population; otherwise, perhaps, those ideas would have 
been limited to an elite of scientists and philosophers. “Machines” and their “products” 
were visibly fruits of man’s hands (and intelligence). 

Industrial society is, by definition, a result of the “artificial” world of machines and 
their products, using the term in its etymological meaning of “artefacts”, that is, done by 
will and with precise purposes. Even political and economical institutions have become 
and now are social “artefacts”, made by man’s will for his purposes.
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This artificial world continued to grow until it substituted or heavily re-dimensioned 

and enslaved the “natural” one. After mechanical and chemical engineering, biological 

and genetic “engineering” have been created. In industrial society the fight of man against 

nature, if not completely won by man, is surely reversed in the balance of forces on man’s 

advantage.

It would seem evident that to a large extent our living conditions (work, home, 

even health, and so on) depend on above all on the human society we live in. In a wider 

perspective it relies, if not on the single, on the different economical and political systems, 

and, in the end, on the whole mankind, and on individual and collective deliberate actions: 

our life depends on us. Nature (not “artificial”) plays a more residual role.

According to Bell, the “project” of the industrial society is a “game against fabricated 

nature”, which is centred on man-machine relationships and uses energy to transform 

natural environment into technological environment. It is worth noting how – again in 

Bell’s opinion – industrial society is a – hierarchical and bureaucratic – organizational 

world, where even men are considered “things”, given that it is easier to coordinate things 

than men. To sum up, even men are “transformed” into “machines”! We firmly believe 

nobody has ever illustrated this concept better Charlie Chaplin in “Modern Times”, when he 

interpreted Charlot being swept away by the assembly chain where he was dully working.

The system of values (the “axial principle”) of industrial society is centred on the 

“desirability” of economic growth; as part of it, cultural values of western society, especially 

American, consist in the increase of private consumption of economic goods.

We should call the ethics of industrial society (of “modernity” as many philosophers 

and sociologists say) as “ethics of the project” (cfr. Rizzi, 1992). It assumes “nature” as a 

constraint and a necessity to be taken into account, but not as something transcendent, 

not as “ineluctable destiny”, but as a material to shape. “Nature” is the collection of cosmic 

and social situations, within man is situated and which he should take into account. But 

to the modern man “taking into account” no longer means acknowledging in his exterior 

reality the signs of an order to be followed (as the “antique” nature); it now means to be 

enslaved to his own projects, to be transformed according to his own specific intentions.

“The relevant issue of this behaviour is technology: according to it there is no more 

“nature” but a world as a tank of raw materials and, at the same time, as a system of 

mathematical formulas. Knowing these formulas in depth, homo technologicus seemed 

to be able to elaborate materials to extract previously unforeseen possibilities. Now, the 

ethics of the project is the extension of this technological behaviour to the whole reality: 

not only biological but also social, psychical, cultural human reality. Not only can man 

become homo faber towards the exterior world but also towards himself: the productive 

principle of moral action is human freedom with no other measure than itself. Certainly, 

it finds limits in conditioning, in social conventions, in institutions, but they are limits of 

fact, not of principle: neither values nor rules from which freedom could feel constrained 
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and guided; because freedom itself dictates – with its own project of existence – the rules 
to which it should conform” (Rizzi, 1992, p. 29)

The Post-Industrial Society
Some years ago, Bell (1973) in particular elaborated the concept of post-industrial 

society which parts of mankind have already reached (considering especially capitalist 
Western Countries).

Perhaps, the more synthetic way to present post-industrial society is the following 
one.

For some aspects, post-industrial society heavily emphasizes the features of industrial 
society (some refer to hyper-industrial society): on the one hand, extreme competitive 
specialization among corporations and Countries, all linked in a global market 
(“globalization”), on the other hand, expansion of services (tertiary) to corporations and 
run markets. Post-industrial society will be, above all, a society centred on tertiary and 
services.

The true post-industrial society – in Bell’s reasoning – would show also some 
qualitatively new characteristics:

•	 “strategic”	resources	do	not	consist	in	raw	materials,	machines,	energy	or	financial	
capital, but in knowledge (obviously applied to economical and social development), 
so human resources and their training are determinant;

•	 “strategic”	technologies	are	no	more	mechanical,	electrical,	or	chemical,	but	those	
concerning information and communication (and recycling, to grant eco-sustainable 
development); and

•	 consumption	 is	 not	 mainly	 material	 (food,	 houses,	 cars,	 household	 appliances,	
etc.), instead, and above all, “immaterial” (information, culture, healthcare, 
entertainment, etc.).

In this context, we could wonder which destiny ethics could have. According to some, 
rather many, a great demand of ethics is arising (or re-arising). In fact, as never before, 
we continuously talk about bioethics, business ethics, environmental ethics, public 
ethics, etc. A (new) feeling of the divine (the often cited examples, a little bit pathological 
perhaps, are the New Age, exotericism, sects) is arising too. The same geo-political theory 
on the “clash of civilizations”12 that, after September 11, 2001 is achieving great success, in 
reality, classifies civilizations in a mainly religious key. The importance of politically neo-
conservative religious movements in the last American presidential elections has been too 
much emphasized not to be mentioned here.

Currently, we have to understand not much the features of this new demand for ethics, 
for this new ethics, but rather the reasons and the needs it answers.

12  See, obviously,  Huntington (1996), but, also, as alternative viewpoint, Kozulj (2005).
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“Dissatisfaction” is the keyword often used. The industrial society, with all its infinite 
“objects”, with all its money that allows those (who can) to buy infinite “objects”, does not 
satisfy at all those who can buy more and more. People have almost everything and they 
are not happy!

To sum up, man was convinced that, since it had been made to measure for himself, 
his artificial world could satisfy him without being enslaved by fear and fascination of 
“nature”, escaping out of his control, mother and stepmother, and of a “transcendent” 
totally other; he was convinced he could refer about his behaviour only to himself, but it 
was not so and it is not so.

First of all, constitutive limits of industrial society are emerging with growing evidence. 
Not only is the production of infinite goods to satisfy those allegedly infinite “needs” 
revealing to be a perverse spiral which is taking nowhere, perhaps not even satisfying 
material needs of existing mankind, more than 6 billion of people. It is debatable, but 
there is certainly some true in the issues regarding “limits of (material) growth”13. 

Also, the technical mastering of nature is reaching the point to be itself counter-
producing because, to tell the truth, it is not under control anymore. In other words, we 
are getting to a paradox (from the old DDT to the new transgenic plants) that knowledge of 
nature permitted to implement interventions on it whose effects are not fully known. Even 
in this case, there is the risk of starting a perverse spiral where the benefits of dominating 
nature will be completely overcome by “misdeeds”, in a cost-benefit balance unknown, 
casual and chaotic in the long term.

But even the most “normal” people have been affected now by the negative side of 
industrial society: all kinds of pollution, unsustainable traffic, chaotic urbanization, 
stress, new diseases, rising of poverty thresholds, breakdown in social relationships, and 
more. The ecology movement itself, typical sign of the crisis in the industrial society, has 
rightly reported that money and objects, in the end, “cannot be eaten”! Without talking 
about the increasing divide among north and south, among the rich and the poor.

Then, what is the origin of today’s dissatisfaction and of the increasing demand 
for ethics? And, in particular, of the demand for business ethics and corporate social 
responsibility?

Bell, more than once cited as prophet of the post-industrial era, proposes the “Game 
between persons” as the substantial feature of post-industrial society.

It is evident that in the society of “services”, the daily counterpart is neither nature nor 
a machine, but more and more other people. And it is evident that if the competition is not 
between who has more land or money but among those having more “knowledge” (to make 
a career, to invent and win in new business), then knowledge will be privatized, information 
and knowledge will be robbed, disinformation or manipulation of the information will be 
done in order to conquest “customers” (and “voters”, as we well know). Then, the “enemy” 

13  See for  example Meadows et al. (1972); Pestel (1989).
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(sometimes ally, it does not matter so much), is no more nature or the machine to which 

people are enslaved or want to dominate, but… the colleague-rival, the competitor, the 

customer, the supplier,… the voter!

In the relationship with natural or artificial things, we hardly are existentially involved. 

On the contrary, the fight against nature or machines has often stimulated incredible 

solidarity among men (as we have seen in natural calamities or accidents). In human 

relationships, instead, we touch the essence of our humanity.

How can we conceive a society where, even more than in the industrial one, all is 

competition among people and groups, where we learn since childhood, on our mother’s 

knees, that our interpersonal relationships are above all instrumental, that we either serve 

or use others, where the problem is to decide either to cooperate and make alliances or 

to compete and try to “make war” to others (in economy, politics, sport, TV games and 

so on, till the conquest of the sexual partner…)? Truly, the so conceived post-industrial 

economy and society would be the maximum point of dehumanization to which hardly we 

will existentially survive in a long term. 

 Summarizing, the essence of existential dissatisfaction in post-industrial society and 

economy will be not so much the fact that objects, in the long term, do not satisfy our basic 

and existential needs, but rather the fact that we cannot conceive all our lives consisting 

mainly of instrumental and competitive human relationships (the Game between persons, 

explained by Bell), where each person is potentially a competitor, a rival, and, however, a 

“means”, where any relationship is only Me-It (Ich-Es, to cite Buber, 1984). Despite living 

in a highly urbanized society, in a frenzy of infinite interactions with other people, directly 

or using ever more powerful communications, we would be (and actually we are) often 

alone, or closed into few familiar relationships.

Instead, we need, we dream about a society based on solidarity, a society where the 

relationships are mainly based on friendship, affection… love, where we feed ourselves 

by living Me and You relationships, or “I and Thou” (Ich und Du14) in Buber’s terminology, 

according to whom “in contact with any You we catch a breath of eternal life”!

Concluding Remarks
Having seen a necessarily synthetic analysis of the social-economic context we 

are living in, which is rightly seen as a turbulent transition from a “modern” industrial 

society to a post-industrial, (or “post-modern” or also “Information”) society, we think 

the key to understanding the great unsatisfied request for Business Ethics and Corporate 

14  Ich-Du is a relationship that stresses the mutual, holistic existence of two beings. It is a concrete encounter, 
because these beings meet one another in their authentic existence, without any qualification or objectification 
of one another. The Ich-Es relationship is nearly the opposite of Ich-Du. Whereas in Ich-Du the two beings 
encounter one another, in an Ich-Es relationship the beings do not actually meet. Instead, the “I” confronts and 
qualifies an idea, or conceptualization, of the being in its presence and treats that being as an object.
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Social Responsibility, and more in general, for ethics, should be found in the change 

of the values system we are going through. This certainly is fed by – and at the same 

time feeds – the techno-economical transformations focused on intellectual capital, 

information technologies and service economy. It is this system of “post-modern” values 

(individualism, “short-termism”, search for immediate gratification, “consumer’s” 

supremacy on “producer”, economic life as a game between persons, totally pervasive 

post-industrial version of the old “homo homini lupus”, and so on), which is creating an 

increasing existential malaise to which we would believe to answer – also – with a greater 

Business and Corporate Social Responsibility.
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Abstract
It is extremely important to guarantee that the performance levels required by productive 
systems can be maintained. As well, it is essential to assure the quality of process outputs. 
For this reason, preventative maintenance has become a very useful instrument to gain a 
competitive edge. In maintenance decisions, there are some contradictory criteria or points 
of view that are vital and must to be looked at simultaneously. Optimization approaches are 
not so useful in this situation, since usually no decision or solution exists which is the best 
from all points of view at the same time. So, in this context, the multicriteria decision aid 
(MCDA) approach is very important, allowing not only for the trade-off of multiple factors, 
but also taking in account the preference structure of the decision-maker with respect 
to these contradictory criteria. To address this issue, this article proposes a multicriteria 
decision aid model to support the decision-maker in the choice of times for preventative 
maintenance. The model preserves some important concepts from the classic models of 
component replacement and improves an existing multicriteria model, by taking criterion 
downtime into consideration, making a more appropriate treatment possible than the 
previous model for situations in cases where repair time cannot be ignored.

Keywords: multicriteria decision, preventive maintenance, maintenance policies

Introduction
The multicriteria approach has been used for many different areas of knowledge 

(Figueira et al., 2005; Brans and Mareschal, 2002; Vincke, 1992; Le Téno and Mareschal, 
1998; Radojevic and Petrovic, 1997), but its application to the formulation of component 
maintenance policies is still limited (Almeida, 2005; Cavalcante and Almeida, 2005; 
Kralj and Petrovic, 1995; Lotfi, 1995; Chareonsuk et al., 1997; Wang et al., 2007). Despite the 
paucity of works in this area, the multicriteria approach enriches the process of equipment 



Brazilian Journal of Operations & Production Management
Volume 3, Number 1, 2006, pp. 71-86

72

maintenance planning by allowing for the consideration of different and important criteria 
related to the characteristics of the operational performance of equipment parts, and 
also treats existing conflicts among criteria, taking into account the preferences of the 
decision-maker.

Changes in familiar contexts and dominant scenarios require the observation of more 
than one criterion. With respect to productive systems, a growing importance of service 
production system can be seen. Thus, many of the most predominant objectives function 
have become standards of judging or criteria (Belton and Stewart, 2003). The constraints 
involved thus become important criteria in the decision-making process.

This paper deals with the construction of a multicriteria model for aiding the decision for 
component replacement time. The model not only enables the decision-maker to consider 
a number of possible maintenance actions, thus allowing for a more complete evaluation 
in the light of several criteria, but also self adjusts to the operational characteristics of 
the equipment part. The model is a mathematical representation of reality, formulated to 
capture the crux of the decision-making problem. The multicriteria decision aid model 
proposed here is a realistic representation of a problem in component replacement, where 
planning had to take into account a number of important aspects in order to support a 
program of preventative maintenance.

Using Dekker’s (1996) classification, the maintenance policies discussed here belong 
to the area of prevention policy, since the actions are planned in advance. In the proposed 
model, equipment is subject to stochastic failure and the state of the equipment is always 
known with certainty. The equipment shows an increasing failure rate and it is more 
expensive to replace equipment that has failed than to replace it before this happens. 
The problem then is how to draw up a plan for replacement before the failure occurs 
(Glasser, 1969; Barlow and Proschan, 1965).

This paper is concerned with the application of the model. This concern has already 
been the subject of research in this area, particularly because of the gap between the need 
to find a solution to maintenance problems and the results presented by new models. There 
has always been a trade-off between the complexity of the models and the practicality of 
the solutions they suggest (McCall, 1965; Jorgenson and McCall, 1963).

The Present Proposal for a Decision Model
The multicriteria decision-aiding model proposed in this paper preserves some 

important concepts of classic models that deal with the problem of component replacement 
(Jardine, 1973; Barlow and Proschan, 1965), as well as suggests improvements to a previous 
multicriteria model (Cavalcante and Almeida, 2005), which only took into consideration 
the criteria of cost and reliability. The revised model includes the issue of downtime, since, 
in the real world, replacement is rarely instantaneous and repair time, that is, the sum of the 
time when the equipment is non-operational, which is often prejudicial and in some cases 
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might have catastrophic consequences beyond mere financial considerations. The costs of 
the actual failure may be difficult to calculate and may not represent the real loss arising 
from the prolongation of the undesirable situation where the inclusion of downtime would 
aid in determining a more realistic view. The model deals with conflicts among the criteria 
involved, making it possible to respond to the preferences of the decision-maker, resulting 
in a complete preorder of the time alternatives, using the PROMETHEE II method.

Furthermore, the model under discussion is suitable for occasions where there is 
a record of previous failures, since its essential assumption, distinguishing it from the 
previous model, is that the lifetime distribution of failure is known. As a result it is very 
important an early process of data analysis.

The Data Analysis Process
An analysis of the failure data regards failure in a generic sense, going beyond the 

restricted meaning of incapacity to perform a function, which is usually employed in the 
context of component failure. This meaning of failure may be applied to anything from the 
death of living beings to machine breakdown (Elandt-Johnson and Johnson, 1980).

In the process of analyzing data failure, the principal concern is with the association 
of the failure to the most important variables, such as run-time before the failure 
occurred, or age at failure. This means that the basic variable representing survival or 
failure will have only two values (binary), denominated the state variables (Nelson, 1982; 
Kalbfleisch and Prentice, 1980).

The main goal of reliability theory is to provide a numerical representation of the 
characteristics of reliability. In spite of its complex methods and the development of its 
stochastic analysis based on these methods, there must be data input which can provide 
numerical results (H∅yland and Rausand, 1994).

As a result, the starting point for reaching a theoretical result is information about the 
distribution of lifetimes. This information may be available in a number of forms, from very 
general to very specific hypotheses (Gertsbakh, 1989).

This present article is based on the assumption that the function which describes 
lifetime behavior is known and accepted in advance, so that only the parameters need to be 
ascertained. As usual, we have used the Weibull distribution, because of its characteristics 
of easily adapting to the data and its direct relation with the physical state of the equipment 
(Gertsbakh, 1989).

The PROMETHEE II Method
The PROMETHEE methods are some of most popular in the world of outranking methods. 

The problem of the selection or ranking of alternatives submitted to a multicriteria 
evaluation is not an easy problem. The many criteria are conflicting in decisions. 
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Compromise solutions have to be considered. The PROMETHEE Methods are known as some 

of the most efficient and also some of the easiest to use in the multicriteria decision aid 

field. They begin with a decision matrix of evaluations of alternatives with respect to an 

appropriate set of criteria (see Table 1):

Where A is the countable set of n potential actions and fj(.), j = 1, 2,..., k, is the set of 

evaluation criteria. In this paper the criteria are cost, reliability and downtime. The set of 

alternatives A is the set of feasible times for component replacement.

The preference structure of the PROMETHEE methods is based on pairwise comparisons. 

In this case the deviation between the evaluations of two alternatives of a particular 

criterion is considered. For each criterion a specific preference function P
j () must be 

defined. This function is used to compute the intensity of preference associated with 

the deviation or difference dj() between the evaluations in criterion fj() for a pair of 

alternatives. The greater the deviation, the greater the preference. Thus, the frame of 

preference is based on these differences and not on the absolute values of the evaluation 

of alternatives for each criteria (Brans and Mareschal, 2002).

 (1)

Pj(a,b)=Pj [dj(a,b)] (2)

Where:

The preference function plays important rule in the calculation of the π(a,b) that is 

analogous to the credibility index defined in ELECTRE III (Belton and Stewart, 2003).

The index π(a, b) is a measure of preference of a on b taking into account all criteria. 

This measure supports the hypothesis that a is preferable to b through the following 

relation:

 (3)

Similarly, π(b, a) indicates how much b is preferred to a. In most of the cases there 

are some criteria in favor of b and others in favor of a. Thus, both π(b, a) and π(a, b) are 

usually positive.

Table 1 - Matrix of evaluations of alternatives.
f1 f2 fk

a1 f1(a1) f2(a1) fk(a1)

a2 f1 (a2) f2(a2) fk(a2)

: : : :

ai f1(ai) f2(ai) fk(ai)

: : : :

an f1(an) f2(an) fk(an)
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As soon as π(b, a) and π(a, b) are computed for each pair of alternatives of A, a set of 
complete valued outranking measures can be derived, named outranking flows.

PROMETHEE methods calculate positive and negative outranking flows for each 
alternative. The positive outranking flow expresses by how much an alternative outranks 
the others; and the negative outranking flow expresses by how much it is outranked by 
the others.

 (4)

where φ+ is the positive outranking flow.

 (5)

where φ- is the negative outranking flow.
Based on the net outranking flow, corresponding to the difference between both 

positive and negative outranking flows, the PROMETHEE II provides a complete ranking, 
where a is preferable to b if φ(a) > φ(b), and they are indifferent if φ(a) = φ(b).

φ(a) = φ+(a) – φ –(a) (6)

where φ is the net outranking flow.
Below is a short description of the criteria involved in the proposed model.

The Criterion of Expected Cost Per Unit of Time
When measuring time between preventative maintenance actions, the usual criterion 

in decision making is the expected cost per unit of time, also called the rate of expected 
cost, represented by Cm. It is often used in replacement models, where it corresponds to 
the objective function that must be optimized (Glasser, 1969; Makis and Jardine, 1992; 
Percy and Kobbacy, 2000). In the present model, it is one of the criteria that can be seen 
in the decision of time alternatives (tp). In practice, the criterion describes the expected 
cost at the end of a long period of time where a replacement policy has already been 
applied. Actually there are two costs which must be considered: that of replacement before 
a failure; and the cost of replacement after a failure has occurred. These are represented 
by Cb and Ca, respectively.

The Criterion of Reliability R(TP)
Reliability is extremely important in a productive plant, mainly when the out-of-

operation time is critical and the consequences are serious. These consequences cannot 
always be translated into a monetary value. So, the reliability for each time or alternative 
is identified in terms of the probability of success and of operational continuity.
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Reliability behaves with a decreasing monotonic function, that is, the longer the time 
between replacements, the greater the likelihood that equipment will fail. Because of 
these monotonic characteristics, this criterion is not usually employed as an objective 
function when determining replacement policies. On the other hand, it may be used 
as a restriction in some cases, as has been reported in the literature (Scarf, et al. 2005; 
Inagaki et al., 1978). But, there are indications that decision-makers prefer to control and 
to judge this aspect, instead of have a unique value of reference. So the reliability must be 
inserted in the decision problem as a criterion of choice.

The Criterion of Downtime D(TP)
Machine downtime is obviously related to the time when a component is not functioning 

because it has failed. In many cases, this criterion is significant, particularly where the 
continuity of a production process is vital, for example in systems of mass production and 
energy supply where repair times takes long enough to be considered seriously. Similar to 
the criterion of cost, downtime has a explicit optimum, which illustrates a paradox because 
by trying to reduce downtime, many small stops in operation must be made.

Like the criterion of unitary cost, downtime cost is also included as a criterion to 
determine the best action, having a role of the objective function (Jardine, 1973).

When Conflicts Arise Among the Criteria of Cost, Reliability and Downtime
Above, different behaviors for the criteria of cost, reliability, and downtime have been 

identified. In practice, for preventive maintenance, it is desirable that the cost should 
be as low as possible. On the other hand, the better the reliability value, the worse the 
value of downtime, in the sense that in order to get a high reliability value, it is necessary 
to make a lot of interruptions. So downtime should be minimized. Taking all this into 
consideration, within the perspective of optimization, three different kinds of problems 
might be formulated, where one of the criteria is set as the objective function and the 
others as restrictions.

Minimize Cm(tp) (7)

Maximize R(tp) (8)

Minimize D(tp) (9)

If all three criteria (objective functions) are to be considered at the same time, and 
there is conflict among them (see figure 1), the notion of optimality doesn’t make any 
sense. The choice of the best alternative in the three objectives simultaneously forces a 
subjective compromise among the criteria, departing from a purely objective and technical 
process (Clímaco et al., 2003).
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Hypotheses of the Decision Model
The model is based on the following hypotheses:

 1. The state of the system is known;

 2. The group of alternatives is limited;

 3. The equipment and its components are subject to wear, that is the longer it is 

used, the more likely it is to fail;

 4. There are only two states of the component: working or not working;

 5. Replacement of the component before failure is more economical than waiting for 

it to break down;

 6. Replacement implies that the new component will function as well as the previous 

one;

 7. Repair means that the component will be as good as new;

 8. There is a known probability distribution for component failure time; and
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Figure 1- Conflicts among the criteria.
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 9. Repair time (Tsf) and replacement time (Tsp) are important enough to be included 
in the model. As they have little variation, they are treated as a constant.

Figure 2 shows some of the above hypotheses. Note that the age of the component is 
updated with each replacement. Note also that the replacements are not immediate.

Structuring Multiple-criteria Decision Aiding Model
The application of the model follows a well-defined sequence. At first, a group of 

alternatives is drawn up, seeking to identify those times when replacement might be 
made. These alternatives are evaluated with respect to the criteria of cost, reliability and 
downtime. Following this, to make the decision, the steps of the PROMETHEE II method 
are invoked, which will be discussed below, together with the next stages. 

Determination of Alternative Actions
Selection of the model replacement alternatives is a relatively simple procedure. As 

proposed by Dekker (1996) replacement times must be chosen when the shut-down of the 
equipment will not upset production, for example during empty shifts or on unproductive 
days. The point is that this shutdown cannot always be programmed for convenient times.

Evaluation of the Alternatives in the Different Criteria
The criteria, which have been discussed above, may be represented analytically as 

follows. The cost per unit of time:

Tp

Tsp

A
ge

Time

Tsf

Figure 2 - Age behavior.
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 (10)

where:

 ca is the cost of a replacement due to a failure;

 cb is the cost of a preventive replacement;

 t is the time between replacements;

 R is the reliability for the time t;

 tsp is the time it takes to make a preventive replacement;

 tsf is the time it takes to make a replacement or repair due to a failure; and

 f(x) is the probability density function for time to failure.

Reliability is represented by:

 (11)

where:

 β is the shape parameter of the Weibull distribution; and

 η it is the scale parameter of the Weibull distribution. 

The downtime is represented by: 

D tspR tsf R

xf x dx tsf R tsp t R
t=

+ -

+ - + +Ú

( )

( ) ( ) ( )

1

1
0

 (12)

The alternatives are evaluated using all criteria. These evaluations are presented on a 

matrix (Table 2) which gives rise to what is called the criteria performance matrix, fij  , 

corresponding to evaluation i using criteria j. 

In general, the information on Table 2 does not lead to a ranking of the A alternatives, 

and none of the alternatives is best for all the criteria at the same time, owing to the 

conflicts that exist among the criteria. In this case, it is appropriate to use the multicriteria 

decision approach (Brans and Mareschal, 2002).

Table 2 - Evaluation of alternatives.
R Cm D

A1 R(a1) Cm(a1) D(a1)

A2 R(a2) Cm(a2) D(a2)

: : : :

Ai R(ai) Cm(ai) D(ai)

: : : :

An R(an) Cm(an) D(an)
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Aggregation of the Criteria
The PROMETHEE method has been considered appropriate for the construction of 

maintenance policies, even though it does not represent a theory. It is, however, supported 

by a mathematical framework that gives it a strong structure. Easy to understand, the 

PROMOTHEE method enables comparisons between pairs of alternatives, rather than using 

absolute values, and establishes preferential relationships between the alternatives on the 

basis of an evaluation of their differences.

The aggregation process finishes by exploring the outranking relationships, as is usual 

in all outranking methods. The goal of this exploratory phase is to provide information 

to the decision-maker with respect to the relationships constructed, the goals and 

restrictions of the decision-maker, and the characteristics of the problem. Taking these 

into consideration, the PROMETHEE method is defined and applied, resulting in either a 

complete preorder of the alternatives, a partial preorder, or a sophistication of one or the 

other (Cavalcante and Almeida, 2005).

The present model uses the PROMOTHEE II method to draw up a complete preorder of 

the time alternatives for periodic component replacement.

Application of the Decision Model
Let us consider the failure behavior for a particular component used in civil aviation. 

The item under consideration is an air recycler, responsible for maintaining permissible 

operative air levels. Failure of this piece of equipment, besides representing loss of the 

item, results in downtime for the airplane as it cannot meet the required standards of air 

quality in the airplane cabin environment.

Owing to the characteristics of this particular component, a replacement policy based 

on age was deemed appropriate. So the age when the equipment ought to be replaced 

becomes the only decision variable. To apply this policy, the failure times and cost of 

replacement (Cb) and repair (Ca) have to be estimated. To choose the age at which the 

replacement should be made, the three criteria discussed above, reliability, cost per unit 

of time, and downtime must be taken into consideration.

Table 3 presents the input needed in the model. This input constitutes the parameters 

of failure times of the component, as well as the costs Ca and Cb.

Following the steps of the decision model, once the component has been identified, 

the alternatives of the problem which correspond to the time values which are best for the 

replacement must be drawn up.

Table 4 displays the groups of action Ti in units of flight hours. The identification of the 

alternatives can be made through a matrix of evaluation criteria, which assigns a value to 

each alternative using the expressions of 10, 11 and 12, respectively. These values can be 

seen in Table 5. Using the criteria evaluation matrix, the aggregation process proceeds, 
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where the alternatives can be considered in the light of all the criteria and according to the 
preferences of the decision-maker.

Following the steps set out by the PROMETHEE method, once the evaluation of alter-
natives has been carried out, through an interactive process between the decision-maker 
and the decision-analyst, the preference function (Pj (.)) can be determined. This is the 
one that models most closely the behavior of the decision-maker given the differences 
(dj (.)) among the evaluations of each criterion ((fj (.)). Table 6 illustrates the preference 
functions and their respective parameters.

Having done this, obtaining the preferential intensities between each pair of actions 
in the light of each separate criterion, a degree of outranking, ∏(a,b), can be established, 

Table 3 - Input data.
Weibull β 3.6

η 17500
Costs Replace cost Cb 400

Failure cost Ca 3000
Times Preventive time to replace tsp 0.10 hour

Time to replace due to a failure or time to repair tsf 2.5 hours

Table 4 - Possible replacement time alternatives.
Alternatives Time in flight hours

T1 1000
T2 2000
T3 3000
T4 4000
T5 5000
T6 6000
T7 7000
T8 8000
T9 9000

T10 10000

Table 5 - Evaluation matrix of the decision problem.
Alternatives Tp(h) R(tp) Cm(tp) Downtime *1000

T1 1000 0.999 0.402 0.1023
T2 2000 0.995 0.206 0.05628
T3 3000 0.986 0.145 0.04446
T4 4000 0.971 0.117 0.0416
T5 5000 0.952 0.104 0.04251
T6 6000 0.926 0.097 0.04542
T7 7000 0.895 0.095 0.04951
T8 8000 0.858 0.095 0.05435
T9 9000 0.817 0.097 0.05969
T10 10000 0.77 0.1 0.06535
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representing the degree of preference for a over b, for all the criteria. Following the 

sequences of steps of the PROMETHEE method, the next thing to do is to calculate the 

positive outranking flow and negative outranking flow for each alternative, allowing for 

the establishment of the outranking relationships, as can be seen in Table 7. When this 

done, then the PROMETHEE II method is applied, using the net outranking flow, that is 

the difference between the positive and negative flows for each alternative, to establish a 

complete pre-order of the evaluated alternatives, which constitutes the decreasing order 

of the net outranking flows. The result of this application of the multicriteria decision 

aiding model is a complete pre-order of the alternatives, as can be seen in Figure 3.

In Figure 4, the best alternative can be seen, that is, the one that is in the first place 

in the complete pre-order, alternative T7, corresponding to component replacement after 

every 7000 hours of flight.

Table 6 - Preference functions and characteristics of criteria.
Characteristics R Cm D

Max/min Max Min Min
Weight 0.24 0.5074 0.2526
Preference functions Kind 5 Kind1 Kind2
Indifference threshold 0.001 - 0.005
Preference threshold 0.01 - -

Table 7 - Ranking of the alternatives.
Alternatives Tp(h) φ+ φ− φ

T1 1000 0.2222 0.76 -0.5378
T2 2000 0.3229 0.6003 -0.2774
T3 3000 0.4678 0.445 0.0228
T4 4000 0.4975 0.4183 0.0792
T5 5000 0.5272 0.3886 0.1386
T6 6000 0.5853 0.2461 0.3392
T7 7000 0.6433 0.2442 0.3991
T8 8000 0.5886 0.2989 0.2897
T9 9000 0.4211 0.4945 -0.0734

T10 10000 0.31 0.69 -0.38

T7 T6 T8 T5 T4 T3 T9 T2 T10 T1

Figure 3 - Complete pre-order.



Brazilian Journal of Operations & Production Management
Volume 3, Number 1, 2006, pp. 71-86

83

Sensibility Analysis
Once the results of the previous stage have been obtained, adjustments to the parameters 

of the model can be made. The behavior of the model was considered to be robust as there 
was no alteration of the results even when the variation interval was considerable.

Variations assigned to the weights of the criteria showed that the best alternative 
remained T7, with respect to these weight intervals: cost weight (43.06 to 55.68), 
reliability weight (14.47 to 38.04) and downtime weight (19.26 to 34.14). Thus even if 
the decision-maker hesitated over the importance of each criterion; there would still be a 
permissible (more than 9.7% above or below) variation in the weights without alternation 
in the result.

Even when there was a considerable parameter variation (more than 20%) in the 
decision-maker’s preferences, p and q, for the reliability criterion, and q for the criterion 
of downtime, there was no difference in the initial result. 

Conclusions
All over the world, maintenance costs represent one of the largest portions of the costs 

of productive systems, besides the fact that most of this sum is used for emergency actions. 
Thus, the establishment of policies for preventive maintenance is recognized as a means 
of reducing costs and improving the performance of equipment. Through a multicriteria 

-0,6

-0,4

-0,2

0

0,2

0,4

N
et

 o
ut

ra
nk

in
g 

flo
w

T1 T2 T3 T4 T5 T6 T7 T8 T9 T10

Tp

Alternatives scores

Figure 4 - Scores of the alternatives (Tp X net outranking flow).



Brazilian Journal of Operations & Production Management
Volume 3, Number 1, 2006, pp. 71-86

84

decision aid approach as proposed in this article, the decision-maker is given a means of 
support for the choice of times for preventative maintenance, in order to control failures, 
taking in account not only the cost, but reliability and downtime as well. This model is an 
improvement over the previous one proposed by Cavalcante and Almeida (2005), since it 
allows for the time of repair as a value different from zero, which means that the repair 
could take a considerable time and should not be underestimated. These considerations 
embrace a number of real situations, making a more realistic treatment possible than in 
the previous model for situations where repair time cannot be ignored and time wasted in 
downtime is very difficult to translate in monetary values.

Acknowledgments
This work was partially supported by CNPq.

References
Almeida, A. T. de (2005), Modelagem Multicritério para Seleção de Intervalos de Manutenção 

Preventiva Baseada na Teoria da Utilidade Multiatributo. Pesquisa Operacional, Vol. 25, 
No. 1, pp. 69-81.

Barlow, R. E.; Proschan, F. (1965), Mathematical Theory of Reliability. New York: John 
Wiley & Sons.

Belton, V.; Stewart, T. J. (2003), Multiple Criteria Decision Analysis: an Integrated 
Approach. Massachusetts: Kluwer Academic Publishers.

Brans, J. P.; Mareschal, B. (2002), Promethee-Gaia, une Methodologie d´Aide à la Décision 
em Présence de Critères Multiples. Bruxelles, Éditions Ellipses.

Cavalcante, C. A. V.; Almeida, A. T. (2005), Modelo Multicritério de Apoio a Decisão para 
o Planejamento de Manutenção Preventiva Utilizando PROMETHEE II em Situações de 
Incerteza. Pesquisa Operacional, Vol. 25, No. 2, pp. 279-296.

Chareonsuk, C.; Nagarura, N.; Tabucanona, M. T. (1997), A multicriteria approach to the 
selection of preventive maintenance intervals. International Journal of Production 
Economics, Vol. 49, No. 1, pp. 55-64.

Climaco, N. C.; Antunes, C. H.; Alves, M. J. G. (2003) Programação Linear Multiobjetivo: 
Do Modelo de Programação Linear Clássico à Consideração Explícita de Várias Funções 
Objetivo, Imprensa da Universidade de Coimbra.

Dekker, R. (1996), Application of Maintenance optimization models: review and analysis 
Reliability Engineering and System Safety. Vol. 51, No. 3, pp. 229-240.

Elandt-Johnson, R. C.; Johnson, N. L. (1980), Survival models and data analysis, New York: 
Chichester: John Wiley.

Figueira, J.; Greco, S.; Ehrgott, M. (2005), Multiple criteria decision analysis: state of the 
art surveys. USA, Springer. New York.



Brazilian Journal of Operations & Production Management
Volume 3, Number 1, 2006, pp. 71-86

85

Gertsbakh, I. B. (1989), Statistical Reliability Theory. New York: Marcel Dekker.

Glasser, G. J. (1969), Planned Replacement: Some Theory and its Application. Journal of 

Quality Technology, Vol. 1, No. 2, pp. 110-119.

H∅yland, A.; Rausand M. (1994), System Reliability Theory – Models and Statistical 

Methods. New Jersey, John Wiley & Sons.

Inagaki, T.; Inoue, K.; Akashi, H. (1978), Optimal Reliability Allocation Under Preventive 

Maintenance Schedule. IEEE Transaction on reliability, Vol. 27, No. 1, pp. 39-40.

Jardine, A. K. S. (1973), Maintenance, Replacement and Reliability. New York: John Wiley.

Jorgenson, D. W.; McCall, J. J. (1963), Optimal Replacement Policies for a Ballistic Missile. 

Management Science, Vol. 9, No. 3, pp. 358-379.

Kalbfleisch, J. D.; Prentice, R. L. (1980), The statistical analysis of failure time data. 

Chichester, NY: John Wiley & Sons).

Kralj, B.; Petrovic, R. A. (1995), Multiobjective Optimization Approach To Thermal 

Generating Units Maintenance Scheduling. European Journal of Operational Research. 

Vol. 84, No. 2, pp. 481-493.

Le Téno, J. F.; Mareschal, B. (1998), An interval version of PROMETHEE for the comparison 

of building products design with ill-defined data on environmental quality. European 

Journal of Operational Research, Vol. 109, No. 2, pp. 522-529.

Lotfi, V. (1995), Implementing Flexible Automation: A Multiple Criteria Decision 

Making Approach. International Journal of Production Economics, Vol. 38, No. 2-3, 

pp. 255-268.

Makis, V.; Jardine, A. K. S. (1992), Optimal Replacement in the Proportional Hazards 

Model. INFOR, Vol. 30, No. 2, pp. 172.

McCall, J. J. (1965), Maintenance Policies for Stochastically Falling Equipment: a Survey. 

Management Science, Vol. 11, No. 5, pp. 493-624.

Nelson, W. (1982), Applied Life Data Analysis. New Jersey: John Wiley & Sons.

Percy, D. F.; Kobbacy, K. A. H. (2000), Determining Economical Maintenance Intervals”. 

International Journal of Production Economics, Vol. 67, No. 1, pp. 87-94.

Radojevic, D.; Petrovic, S. (1997), A Fuzzy Approach to Preference Structure in Multicriteria 

Ranking. International Transactions in Operational Research, Vol. 4, No. 5-6, 

pp. 419-430.

Scarf, P. A.; Dwight, R.; Al-Musrati, A. (2005), “On reliability criteria and the implied cost 

of failure for a maintained component”, Reliability Engineering and System Safety, 

Vol. 89, pp. 199–207.

Vincke, P. (1992), Multicriteria decision-aid. Bruxelles: John Wiley & Sons.

Wang, L.; Chu, J.; Wu, J.(2007), Selection of optimum maintenance Strategies based on 

a fuzzy analytic hierarchy process. International Journal of Production Economics, 

Vol. 107, No. 1, pp. 151-163.



Brazilian Journal of Operations & Production Management
Volume 3, Number 1, 2006, pp. 71-86

86

Biography
Cristiano Alexandre Virgínio Cavalcante received his B.Sc. degree in mechanical 

engineering from the Universidade Federal de Pernambuco (UFPE), Recife, Brazil and MSc 
and Ph.D. degrees in production engineering from the same (UFPE), Brazil. Currently, 
he is a lecturer in the Department of Production Engineering at (UFPE) and member of 
the Research group on Information and Decision Systems (GPSID). His research interests 
include optimal maintenance, maintenance policies, multicriteria decision aid.

Ana Paula Cabral Seixas Costa received her B.S. degree in mathematics, from the 
Universidade Católica de Pernambuco, Recife, Brazil, her MSc. degree in electrical 
engineering from the Universidade Federal de Pernambuco (UFPE), Recife, Brazil, and her 
Ph.D. degree in production engineering from UFPE. Currently, she is a lecturer and director 
of the postgraduate program in the Department of Production Engineering at (UFPE) as 
well as a member of the research group on Information and Decision systems (GPSID). Her 
research interests include information systems, information technology, information and 
decision systems and multicriteria decision aid.



Brazilian Journal of Operations & Production Management
Volume 3, Number 1, 2006, pp. 87-99

87

The Design of a Zero-Defect Sampling with 
Rectification Procedure in the Presence 
of Classification Errors: an Application to 
Database with Spatial Data

Linda Lee Ho
Departamento de Engenharia de Produção – EPUSP, São Paulo, SP, Brazil 
E-mail: lindalee@usp.br

José Alberto Quintanilha
Departamento de Engenharia de Transportes – EPUSP, São Paulo, SP, Brazil 
E-mail: jaquinta@usp.br

Roberto C. Quinino
Departamento de Estatística - ICEX, Universidade Federal de Minas Gerais (UFMG),  
Minas Gerais, MG, Brazil 
E-mail: roberto@est.ufmg.br

Abstract
In this paper, a zero-defect acceptance sampling with rectification is used to evaluate the 
quality of spatial database. In such case, quadrats are the area sampling frames and the 
optimum sample size to be extracted in a digital file generated from a conversion process; 
the size of the team of inspectors is determined so as to satisfy economic criteria. For the 
implementation, a program was developed using the software Matlab and it is available for 
readers in the Appendix. The proposed procedure is illustrated by the application to digital 
data on the water distribution network.

Keywords: cost function, zero-defect sampling, rectification, area sampling, spatial 
database quality

Introduction
Consider a situation in which a digital file is generated by a conversion process (for example, 

printed documents/maps are converted to a digital file). This file will be used in a geographical 
information application and it is necessary to evaluate if the specifications stated by the user 
are met (for example: specification limits and restrictions for spatial features, attribute values 
and other relevant aspects). Evaluating the quality of digital products is not an easy task and 
different aspects of the quality of a database have been discussed in the literature. 
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Quality is commonly used to indicate the superiority of a manufactured good or as the 

degree of excellence of a product, service or performance. Usually in manufacturing, quality 

may be stated as a desirable goal to be achieved by management and by the control of the 

production process (by control charts, for example). Similarly, these same issues seem to 

be easily extended or adapted to evaluate the quality of databases, since a database can 

be viewed as the result of a production process, and the reliability of the process imparts 

value and utility to the database. The urgency for such task in database may be justified 

by the increase of:

•	 Data	production	in	private	sectors,	where	there	are	no	required	quality	standards.	

In contrast, production of data by national mapping agencies (e.g., US Geological 

Survey; British Ordnance Survey) has long been required to conform to national 

accuracy standards (i.e., mandated quality control);

•	 The	use	of	geographic	information	system	(GIS)	for	decision	support,	such	that	the	

implications of using low-quality data are becoming more widespread; and

•	 Reliance	 on	 secondary	 data	 sources	 due	 to	 the	 development	 of	 the	 Internet,	 data	

translators and data transfer standards. Thus, poor-quality data are ever easier to get.

In manufacturing, the dimensions to be controlled may be easily identified and usually 

classified into two main groups: attributes or variables. In data quality, users face this 

challenge: what are the dimensions of geographical data quality since features of the real 

world represented by objects, points, lines, polygons or areas in the database (for example, 

rivers or roads are represented by lines). According to Veregin (1999), the conventional 

view is that geographical data is “spatial”. The terms “geographical data” and “spatial 

data” have been used interchangeably. However, this approach is not adequate since it 

ignores the inherent coupling of space and time (geographical entities are actually events 

unfolding over space and time) and geography is really about theme, not space. Space 

(or space-time) is just the framework inside which theme is measured. In the absence of 

theme, only geometry is present. So a better definition of geographical data may include 

the three dimensions: space, time and theme (where-when-what). These three dimensions 

are the basis for all geographical observation (Berry, 1993; Sinton, 1978) and data quality 

must concern several components (accuracy; precision; consistency; completeness). A 

brief description of the components and their contexts in the dimensions of theme, space 

and time follows (see Veregin, 1999);

•	 Accuracy	 is	 the	opposite	of	error	 (a	discrepancy	between	the	encoded	and	actual	

value of a particular attribute for a given entity) and its definition is based on the 

entity-attribute-value model (Entities = real-world phenomena; attribute = relevant 

property and values = quantitative/qualitative measurements). Specifically, 

1. Thematic accuracy is the accuracy of attribute values encoded in a database; 

2. Temporal accuracy is the agreement between the encoded and “actual” 

temporal coordinates for an entity; and
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3. Spatial accuracy is the accuracy of the spatial component of the database. 

•	 Precision	 (or	 resolution)	 refers	 to	 the	 amount	 of	 detail	 that	 can	 be	 discerned	 in	

space, time or theme. So,

1. Spatial resolution is well defined in the context of raster data where it refers to 

the linear dimension of a cell;

2. Temporal resolution is length (temporal duration) of the sampling interval and 

distinct from temporal sampling rate; and 

3. Thematic resolution refers to the precision of the measurements or categories 

for a particular theme.

•	 Consistency	refers	to	the	absence	of	apparent	contradictions	in	a	database;	it	 is	a	

measure of the internal validity of a database, and is assessed using information 

that is contained within the database. In this sense, 

1. Spatial consistency includes topological consistency, or conformance to 

topological rules;

2. Temporal consistency is related to temporal topology, e.g., the constraint that 

only one event can occur at a given location at a given time; and

3. Thematic consistency refers to the lack of contradictions in redundant thematic 

attributes.

•	 Completeness	refers	to	the	lack	of	errors	of	omission	in	a	database.	It	is	assessed	with	

regard to the database specification, which defines the desired degree of generalization 

and abstraction (selective omission). Two types of completeness are known:

1. “Data completeness” is a measurable error of omission observed between the 

database and the specification. Even highly generalized databases can be “data 

complete” if they contain all of the objects described in the specification; and

2. “Model completeness” refers to the agreement between the database 

specification and the “abstract universe” that is required for a particular 

database application. A database is “model complete” if its specification is 

appropriate for a given application. 

Many papers on database quality have been published. Some of these are worth 

mentioning. For example, Reingruber and Gregory (1994), Chengalur-Smith, 

Ballou and Pazer (1999) have pointed out the influence of database quality on the decision 

process. Tools to control graphic objects in a quality evaluation database process are the 

topic of some studies, such as Brush, Hoadley and Saperstein (1990), Leung and Yang 

(1998), Shi and Liu (2000) and Veregin (1999 and 2000), for example. Couclelis (1992), 

Nugent (1995), Liu, Shi and Tong (1999), among others, have dealt with aspects related to 

the process of database development.

Similar to a manufacturing process, a sample of database is randomly selected using 

a frame for area sampling. In spatial data, the quadrat has been the most common frame 

employed. Each sampling unit is evaluated to verify if it satisfies the specifications previously 
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stated. Managers first chose a rule to decide if the database meets the specifications or 

not. In this paper we will consider the following sampling scheme:

1. Consider an area covered by T sheets in a fixed scale. Each sheet could be 

divided into N independent quadrats [see: Kish (1965); Shaw and Wheeler 

(1985)] of a fixed size and format (in our case, a square);

2. A random sample of m < N quadrats is extracted from each sheet; 

3. Each quadrat is examined separately by a team of r inspectors (it is supposed 

that they perform similarly). Each inspector may classify the examined quadrat 

as conforming or non-conforming (after the inspection, r classifications are 

assigned to each quadrat);

4. A quadrat is finally declared conforming if a > 0.5 r, (that is, more than half 

in r inspections classify the quadrat as conforming), where a is the number of 

times an examined quadrat is classified as conforming; otherwise, the quadrat 

is declared non-conforming; and

5. If all m sampled quadrats (in each file) are declared conforming, then the 

related sheet is accepted; otherwise, all N quadrats of the sheet are inspected, 

corrected and then the file of the examined sheet is accepted. 

Figure 1 illustrates the described sampling procedure. Such sampling scheme is known 

as zero-defect sampling scheme with rectification in the presence of classification errors 

and repetitive classifications. This type of scheme is usually used to evaluate high quality 

manufactured processes by attributes. In manufactured processes, lots are evaluated 

instead of sheets and items or products are examined instead of files related to the quadrats. 

The above proposal can be viewed as extensions of some papers: for example, in Quinino, 

Ho and Suyama (2005), the authors discuss a similar problem, but the sampled items were 

examined only by a single inspector (r = 1); in Anderson, Greenberg and Stokes (2001), 

acceptance sampling with rectification and inspection errors are presented, but the 

authors do not include the use of repetitive testing; in Markowski and Markowski (2002), 

the authors considered acceptance sampling with misclassification errors, but not a 

zero-defect sampling with rectification. In Greenberg and Stokes (1995), the authors 

introduced repetitive testing in the presence of inspection errors, but not for a zero-defect 

sampling with rectification; in Greenberg and Stokes (1992) and Hahn (1986), estimators 

of nonconformance rates after zero defect sampling with rectification are presented, but 

the authors do not consider the possibility of inspection errors. (regarding inspection 

errors, a good review is found in Johnson, Kotz and Wu (1991)).

In this paper, the problem consists in determining two parameters: sample size m 

(number of quadrats to be sampled) and size r of the inspection team (number of inspectors 

needed) so that both (r and m) minimize a cost function. The components of such function 

include the cost to inspect a quadrat; the costs due to the presence of non-conforming 

quadrats in subsets of files in accepted sheets and the costs due to classification errors. 
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We introduce the notation and hypotheses considered in this paper in the next section. 
The expected cost function and the proposed procedure  illustrated by a numerical 
example are the subjects of the two following sections. The last section with discussions 
and extensions in future works close this paper 

Notation and Hypotheses
Consider an area covered by a sheet. This sheet can be divided in N independent quadrats of 

a fixed format and size. A random sample of m quadrats is selected. Consider the following:
D - is a binomial random variable with parameters N and p. It denotes the number of 

non-conforming quadrats in a file; p is the probability of a quadrat to be non-conforming. 
The value of p is equal to zero with probability (1 – π). This family of distribution is flexible 
enough to fit well distributions related to the quality of a lot with an appropriate choice 
of the probability 1 – π, allowing a simple interpretation and leading to a simple theory 
(Hald, 1981). 

 D1 → denotes the number of non-conforming quadrats in m sampled quadrats;
 D2 → is the number of non-conforming quadrats in (N – m) non-sampled quadrats;
 D = D1 + D2 → is the total of non-conforming quadrats in a file;
 e1 → is the probability to classify a conforming quadrat as non-conforming;
 e2 → is the probability to classify a non-conforming quadrat as conforming;
 e1

*→ is the probability to declare a conforming quadrat as non-conforming (after 
being examined by r inspectors);

Sheet of n quadrats

m quadrats are sampled

Team classifies quadrats

Zero-defects

Sheet is 
accepted

No

Yes

100% inspected non-
conforming quadrats are

rectified

Figure 1 - Acceptance sampling: zero defect with rectification.
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 e2
* → is the probability to declare a non-conforming quadrat as conforming (after 

being examined by r inspectors);
 ci → is the cost to inspect a quadrat;
 cnc_c → is the cost to classify a non-conforming quadrat as conforming;
 c c_nc→ is the cost to classify a conforming quadrat as non-conforming;
 Y1 → is the number of quadrats declared non-conforming in a sample of m quadrats;
 Y2 → is the number of quadrats declared non-conforming in (N – m) non-sampled 

quadrats when they are inspected (if Y1 >0);
 Y = Y1 + Y2 → is the total of quadrats declared non-conforming in a file;
 r → is the number of inspectors (the team of inspectors); and
 D1|D → denotes the conditional distribution of D1 on D and assumes a hypergeometric 

distribution (m, D, N).

Cost Function
In this section an expected cost function (Em) is developed employing the notations and 

hypotheses presented in the earlier section. The expected cost function is compounded by 
three parts. The first one (denoted by Em

(1)) is related to the cost to inspect m quadrats and 
the possibility to inspect the (N – m) non-sampled quadrats (this component is conditioned 
by the event (Y1 > 0), that is, when at least one of the m sampled quadrats is declared 
non-conforming) and it can be expressed as:

E c mr c r N m P Ym i i
( ) ( ) ( )1

1 0        = + - >   (1)

The second part (Em
(2)) is related to the cost of misclassifications of non-conforming 

quadrats classified as conforming ones. Figure 2 illustrates the possibilities of this event. 
So,

E c E I D c E e Im nc c Y nc c Y
( )

_ ( ) _
*

([ ] [2
0 21

                    = +=  11 0> ) ]  D  (2)

In which I[•]	denotes the indicator function and E(•),	the	expected	value	of	the	random	
variable.

And the last part (Em
(3)) is related to the costs of misclassifications of conforming 

quadrats as non-conforming. In this case, all quadrats are inspected and there is the 
possibility of quadrats being rectified unnecessarily; this cost may be written as

E c e E I N Dm c nc Y
( )

_
*

( )[ ( )]3
1 01

           = -> 
 (3)

Summing up (3.1, 3.2 and 3.3), the expected cost function is:

E E E Em m m m= + +( ) ( ) ( )1 2 3  (4)

where:
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Figure 2 - Number of non-conforming quadrats when the file is accepted or rejected.

Numerical Example
The numerical example described in this section is based on the application to digital 

data on the water distribution network of São Paulo City, Brazil. Some layers are studied 
in these digital data. In GIS sense, layer is a usable subdivision of a dataset, generally 
containing objects of certain classes (for example, rivers, roads or geology). The GIS 
software use that layers to process the superimposing of two or more maps (an overlay 
procedure), in a layer format, through registration to a common co-ordinate system, such 
that the resultant layer contains the data from both layers for selected features. Figure 3 
shows an example of the layers.



Brazilian Journal of Operations & Production Management
Volume 3, Number 1, 2006, pp. 87-99

94

One layer of interest was the block drafts, and the user wants to verify if the   
presence/ absence of block drafts is correctly located or not. The area is covered by 
sheets and each one is made up by N = 5 thousand quadrats. They will be inspected by a 
zero-defect with rectification procedure and the inspection consists of checking visually 
the presence or absence of block drafts on the screen or in each plot. In this scenario, 
misclassifications are likely to occur and ideally one should design a sample plan that 
employs the procedure described in the previous sections. The following parameters of the 
process are considered:

π = 0.1; p = 0.05; e
1
 = e

2
 = 0.0015;

and the costs:

c
i
 = $ 1, c

nc_c
 = $ 300 and c

c_nc
 = $ 500.

The problem is to find the optimal design: the sample size (the value of m) and the 
size of the team of inspectors (the value of r) that minimize the expected cost function. 
A program was developed in Matlab for such purpose (see the Appendix). The program 
provides the optimal parameters: (m = 91 quadrats and r = 3 inspectors). Such a plan results 
in the expected cost of $ 1,810.80. However, if only a single inspector performed the task, a 
sample of 61 quadrats would be required and the expected cost increases to $ 1,865.30 (this 
value is 3% higher than the previous one). Figure 4 presents the expected cost function 

Figure 3 - Example of some layers used in GIS database (adapted from: Burrough, 1986).

Cadastral

Topography

Topology

Combined

Map
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Figure 4 - Cost versus size of inspector team.

versus the sample size m given the number of inspectors (r). Note that the use of a team of 

two inspectors would not be recommended. It would generate a cost 2.3 times greater than 

the optimal policy due to the fact that the quadrat will only be declared conforming if both 

inspectors classify it as such.

Conclusions
This study illustrates the use of the procedure of zero-defect sampling with rectification 

in the presence of classification errors to evaluate the quality of a database. It is worth 

pointing out that misclassification errors have significant impact in determining the 

optimum sample size in a zero-defect with rectification procedure. As illustrated in this 

study, even small errors such as e1 = e2 = 0.0015, used in the numerical example, can 

alter significantly the value of the optimum sample size m (m0). And in the presence of 

diagnosis errors, a single inspector is not the optimum design. The visual examination 

of the presence or absence of block drafts is not as error-free task and, in this sense, it is 

important to incorporate errors in the modeling in an economic perspective. Guessing the 

optimum parameters (the sample size and the size of the team) that may minimize a cost 

function is not easy, so it is advisable to run the program available in the appendix so as to 

draw adequately a zero-defect sampling plan.
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This study can be further developed in many directions. One of them is to change the 

initial criteria in the sampling inspection for a limit other than zero defects, that is, k > 0 

since a lot may be accepted if the initial sampling contains at most k > 0 non-conforming 

items, mainly in non high quality processes. In this study, the criteria chosen to declare 

a quadrat conforming were more than half in r inspections. Another possibility is to set 

a criterion that yields a minimum cost. In that case, the set of parameters is: the sample 

size, the size of the team to make the inspection and the criteria to declare an examined 

quadrat conforming. 
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Appendix
This program was developed to design a zero-defect sampling with rectification procedure 

in the presence of classification errors: an application to database with spatial data.
% Declaring global variables
clear Custo prob Um Custo0 r CustoVetor
c0 = 1; %cost of inspection
c1 = 300; % cost to classify a non-conforming quadrat as conforming
c2 = 500; % cost to classify a conforming quadrat as non-conforming
pi = 0.1;
f  = 0.05; % the probability p
N = 5000;
e1 = 0.0015;
e2 = 0.0015;
mmax = 100;
rmax = 5;
Custo0 = 1000000;
Custo = zeros(mmax,rmax);
CustoVetor = zeros((mmax*rmax),3);
Conta = 0;
for r = 1:rmax
e1Novo = binocdf((r/2),r,1-e1);
e2Novo = 1 - binocdf((r/2),r,e2);
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for m = 1:mmax

clc;

mr = [m, r];

s1 = 0;

s2 = 0;

s3 = 0;

tbinom = binopdf(0:1:N,linspace(N, N, N + 1),linspace(f, f, N + 1));

for D = 0:N

minimo = min (m, D);

D1 = 0:1:minimo;

thiper = tbinom(D + 1)*hygepdf (D1,linspace(N, N, minimo + 1),linspace (D, D, minimo 

+ 1), linspace (m, m, minimo + 1));

s1 = s1 + sum(thiper.*(1-(1-e1Novo).^(m-D1).*e2Novo.^D1).*D1);

s2 = s2 + sum(thiper.*(1-(1-e1Novo).^(m-D1).*e2Novo.^D1));

s3 = s3 + sum(thiper.*(1-e1Novo).^(m-D1).*e2Novo.^D1);

end

Um = 1-(pi*s3+(1-e1Novo)^m*(1-pi));

Custo(m, r) = c0*m*r + c0*r*(N-m)*Um + c1*pi*N*f - c1*(1-e2Novo)*pi*s1 - c1*(1-

e2Novo)*pi*(N - m)*f*s2 + c2*N*e1Novo*Um - c2*e1Novo*pi*s1 - c2*e1Novo*pi*(N-

m)*f*s2;

prob(m,r) = Um;

z = m;

Conta = Conta+1;

CustoVetor(Conta,1) = r;

CustoVetor(Conta,2) = m;

CustoVetor(Conta,3) = Custo(m,r);

if (Custo(m,r) < Custo0)

Custo0 = Custo(m,r);

m0 = m;

r0 = r;

end

end

end 

fprintf (‘ r m Custo \n’)

CustoVetor

fprintf (minimum Cost: %6.2f \n\n’,Custo0)

fprintf (‘Optimum m = %3.0f, com r = %2.0f\n’,m0, r0)
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