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Abstract. Benchmarking is an approach used for evaluating and improving company 
performances, by comparing them to the best performing companies. Benchmarking first 
studies the process to be improved, evaluate the performances, finds a best practice process in 
order to try to match two parts of the processes which have analogies, and then tries to change 
or modify the interconnections, structures or behaviour of the part to be improved using the 
analogy with the best trasformation process, to transform performance evaluation into 
improvement decisions. In the paper, we try to define benchmarking from a modelling point of 
view, on the ground of a suitable representation of the production system. 

1. INTRODUCTION 

Many authors conducted extensive investigations on managerial behaviour, in particular on 
managers who make decisions with incomplete information. Most non programmed decisions 
involve too many variables for a thorough examination of each and managers rarely consider all 
possible alternatives for the solution of a problem. Instead of attempting to maximize, the 
modern manager satisfices; he examines the five or six most likely alternatives and makes a 
choice from among them, rather than investing the time necessary to examine thoroughly all 
possible alternatives. 

In fact, many of the so called non programmed decisions contain too many variables to be 
examined one by one. Thus, in a bounded rationality context, there exists, in every problem 
situation, a series of boundaries or limits that necessarily restrict the manager's picture of the 
world. Such boundaries include individual limits to any manager's knowledge of all the 
alternatives as well as such elements as policies, costs and technology that cannot be changed 
by the decision maker. As a result, the manager seldom seeks the optimum solution but 
realistically attempts to reach a satisfactory solution to the problem at hand. 

From a modelling point of view, the boundaries include both decision variables and 
constraints: the decisions are taken on a subspace of the real decision space and on a subset of 
the complete set of the feasible decisions in the subspace. The main element conditioning 
decisions are resources. 

By definition, anything that can be used to help solving a problem is a resource. Resources 
include time, money, personnel, expertise, energy, equipment, raw materials, and information. 

Contraints are factors that impede problem solving or limit managers in their efforts to solve 
a problem. Lack of adeguate resow'Ces might prove to be a significant constraint. 

Other element such as worker attitudes or government programs may prove to be a resource, 
a constraint, or both. 

In decision making studies, many reserchers have concentrated on the analysis of 
alternatives with given constraints. 
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Limited attention has up to now received constraints analysis. 
On the other hand, constraints seem to be the real object of benchmarking and the most 

important constraints that can be used as drivers of an improvement process depend on the 
embedding of a set of interconnected activities or operations in a set of interdependent 
organizational units (ou). 

Different authors have developed typologies of organization structures, with boundaries and 
constraints. There are, first of all, contraints on resources. These may (at a certain cost) be or 
may not be removed. Non removable contraints are usually physical, technological or 
environmental constraints. There are contraints on the flows of materials, that can be in most 
cases modified only with regard to constraints linked to wastes. There are logical constraints, 
such as precedence and concurrency, that in many cases can be removed by a different 
assignment of operations to OU, although with an additional cost. In fact, an important subset of 
logical constraints are organizational contraints, that can be often modified by suitably 
modifying the links among OU, e.g. company procedures. 

Benchmarking is a way to face the problem of modifying the organization structure and the 
operations assignment in a rational way. It is often defined as: 

continuing search, measurement and comparison o/products, processes, services, 
procedures, ways to operate, best practices that other companies have developed to 
obtain an output and global petformances, with the aim 0/ improving the company 
petformances. 

This definition can be endorsed, but, to be more specific, it is important to focus the 
attention on structural changes in the organizations. 

In fact, the performance optimization on the ground of a given structure and/or structural 
changes obtained with a sequence of small local changes, are classical way to operate, coherent 
with the incremental culture of engineering and management. 

In a rapid changing environment such changes do not fit, in many cases, the competitiveness 
goal; we need more effective tools. 

The problem is that major modifications, even if theoretically sound, could prove to be 
inpractical. To convince management that relevant structural changes could be done, we must 
give evidence that the new organization could work. A widely recognized good proof is that 
others companies have adopted with success the new organization. 

This paper, although a simple work in progress without numerical applications, tries to 
formalize a benchmarking model, which could lead to an improvement metodology. 

The performance indicators are introduced in this framework, not only for comparaison 
purposes, but also to find guidelines for improvement. 

2. THE PRODUCTION SYSTEM: THE ACTIVITIES, THE ORGANIZATION 
AND THE DECISION PROCESS 

The behavior of a production system is driven by three main elements: activities, 
organization, and assignment of activities to organizational units (ou). 

An activity is any action aimed at trasformation of materials and/or information, including an 
activity aimed at the production of a decision. The activities are linked one to the other and they 
determine the flows of materials and/or informations throughout the system. Following a 
standard classification of activities, we can divide them in three main categories: production, 
support and management. Production activities concern products, i.e. the flow of 
materials/informations/money, which are the primary goal of the production system. Support 
activities concern all the facilities and informations needed for production and management. 
Management activities concern the decisions on the production flows, support and 
interconnection functions, all necessary for the system to function. Following this 
classification, a subset of the resources needed for the production belongs to the production 
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flows, the remaining part belongs to the support flows. A transformation process is a set of 
interconnected activities. 

input output 

The organization concerns the choice, in a given set of feasible possibilities, of the set of 
resources the company is willing to use for production, the clustering of the resources into OU, 

and the way these 011 interact one with the other, exchanging informations and materials. 
through pratices and procedures. Notice that resources are considered both in the flow 
representation of the production system and in the organization. In fact. a resource, e.g. a 
machine, belongs to a 011 and is managed there. but its use becomes part of the production 
operations and therefore is included in the flows of activities. The ways to use a machine for a 
given set of activities are part of the activity management introduced above. the decisions 
concerning new machines or relevant modifications of the machine configuration or 
interconnection with other machines are part of the organization. 

The assignment of activities to ou concerns the embedding of a production in an 
organization structure, so as to obtain a feasible system and a good performance. This is a 
standard task of the company top and middle management: who is in charge of what has to be 
done in each time interval and who is performing the job. 

Following this representation.there are apparently two ways of looking at the system. The 
first begins with the existing organization and finds the best fit of activities onto the given 
organization. eventually with minor ex post adjustments. The second way. is to begin with the 
activities to be performed. and try to build around them the best suitable organization. This 
often drives the need of new activities to implement the new organization. These activities are 
difficult to foresee a priori and. in particular. it is difficult to determine before hand the quantity 
and quality of resources needed. This has serious effects on the performances and produces 
often significant delays in time. 

One of the contributions of the the total quality mouvement has been that of understanding 
that the best solution can be obtained by looking at the system in an integrated way, together 
with a continuous redefinition of the company's resources involved in the organization. in a 
continuous improvement approach. 

In this new approach, a process, traditionally seen as a set of activities and flows. is now 
seen as a set of activities and flows embedded in an evolving organization structure. 

Most of the performance indicators concerning money, materials and informations (and the 
whole control activity) have been traditionally based only on the production flows. Even the 
total quality movement still has difficulties in creating indicators for support and managerial 
flows dimension on one side, and on the organizational dimension on the other side. 

The field measures are taken in particular points of the system, suitably related to the 
transformation process considered (see the above flow chart describing the production flow). 
and are in terms of quantities (flows, levels and time). On the other hand. performance 
indicators are taken at different times or time intervals. and adeguately elaborated. Typical 
performance criteria are: effectiveness. efficiency, productivity, profitability (or budgetability). 
quality. 
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On the other hand, examples of integration indicators, taking into account the organization 
structure and the embedding of the activities, are indicators of flexibility (range, uniformity, 
mobility, ... ) and complexity (connectiveness, procedures path lenght, number of ou 
interconnections, ... ). 

In order to determine what and where to measure, and which are the right performance 
indicators and how they relate to measurements, we must follow two basic directions: internal 
relevance and external consistency. 

As far as internal relevance is considered, it is important to define company goals and 
constraints. To put together goals, measures and performances, you need a conceptual model 
of the transformation process, that can be used to transform performance evaluation into 
improvement decisions. 

As far as external consistency is concerned, it is important that all indicators will be the same 
in all the companies, and therefore they will be comparable. 

The decision making process, its link with the value of a set of performance indicators, 
suitably depicting the company's behaviour, and the organization supponing the process, are a 
cornerstone of the benchmarking building. 

In practice, company decisions lie on different levels. From the viewpoint of this paper we 
can introduce three levels of decisions: strategic, tactical and operational. Using decision 
models' language, we may characterize the three levels as follows: 

<4Jemtionallevel 
Ui:lsm: environment, operational conditions and procedures, information flows, operational 
constraints (different types of technological and organizational contraints), a univocally defined 
objective function, ... ; 
find: the value of decision variables directly connected to the process; 
such that: the performance will be optimized (throughput maximization,lead time minimization, 
ecc.). 

Tactical level 
Ui:lsm: environment, structural constraints difficult to modify, the company goals, a set of 
performance indicators; 
find: operational constraints, information flows, operational procedures and the value of 
decision variables; 
such that: the organization performances will be optimized (flexibility, complexity, ecc.). 

Strate&ic level 
~: environment, global structural constraints and resources, set of interconnected decision 
centers; 
.find: company goals and performance indicators; 
such that: the profitability of investments will be maximized. 

Benchmarking focuses only on cenain types of intermediate decisions, that we have called 
of tactical level. 

These decisions do not concern, typically, basic company stmtegies, such as market 
selection, process selection, joint ventures. In the following, to focus the attention on the 
intermediate level, we will suppose that strategic decisions have been already taken and cannot 
be modified. 

In the same way, benchmarking decisions do not concern operational decisions, such as 
material routing and operations scheduling. We will suppose that, given the set of constraints, 
internal efficiency (Le. a good solution) is always achieved by the decision makers at the 
opemtionallevel. All actions at this level can therefore be considered completely determined by 
the upstream decisions and the environment. For instance, we may suppose that, in the 
constrained optimization of the operational level, where all actions are performed on the ground 
of the choices made at the tactical level, the decision process can be represented in an 
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optimization fonnat with a unique decision maker and complete infonnation, where the output 
of the tactical level produces the constraints of the optimization problem. 

To simplify the notation, in the next section the optimization model of the operational level is 
assumed to be in a linear programming fonnat. 

Benchmarking decisions focus on a tactical level, where you can modify organizational 
constraints, procedures and practices. We have had examples of this in physical material 
handling, distribution systems, assembly lines, production layout, make or buy, precedence or 
concurrency constraints (a usual way to represent the relations introduced by the information 
flow through the organizational units of the system). 

Strategic level 
better performances through 
structural changes 

Basic elements of the system and of the transfonnation process 

Decision units Ways of interaction Strategic resources 

Market, product and process selection, joint ventures, service planning. 
Structural constraints and strategic planning. 

D 
Tactical level 
better performances through 
constraints modification 

Resources allocation and management. 
Operational constraints and choice of the automation level. 

G(t) 

Set of feasible actions X(t)=X'(t) u X"(t) 

Decision process 
to produce actions 

x'(t) 

Perfonned actions 
A(t) 

Operational level 
better performances through 
constrained optimization 

Transfonnation process for 
materials and infOimations S(t+ l)=f{ S(t),A(t) I 

Production 
process 

Set) 

S(I+I) 

Measures and evaluation process 
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Traditionally, in managing a production system, you generally start by defining the activities 
of all the organizational units, then the interconnection network that links them, taking only 
implicitly into account the support services' need. Starting from this breakdown into units' 
activities, you aggregate the units on the basis of the interaction network in order to define 
aggregated processes and their coordination needs. But in this way the breakdown becomes an 
organizational constraint, and the performance optimization process is typically done in the 
framework of a given organization structure. 

On the other side, organization structure is often the main obstacle to improvement, and the 
optimization of such a structure is a problem much too wide and undefined. 

Benchmarking, as it will be better explained in the next sections, is a way to handle this 
problem. The activity breakdown is performed on the ground of a set of different organization 
structures and for each of the resulting systems, the performances can be evaluated. Instead of 
looking among all possible organization structures, we limit our search to existing ones. To 
make this effective, you must be able to compare not only similar companies, but also very 
different ones, and therefore we must work on subsystems that have the same input-output 
functional model. The subsystems to be compared are found bottom up, aggregating the unit 
activities on the ground of the relationship among units. The breakdown is performed on the 
process implemented by the two subsystems. 

We may therefore say that we compare two companies where the same function is 
performed in two different ways, corresponding to two different breakdowns (i.e. two 
different organizations and/or two different assignments). These breakdowns are, in our 
opinion, one of the main aspects of benchmarking. 

In order to make an activity breakdown, it is important to describe, the functional relations 
among input, transformation activities and output, the resources consumed and the resources 
available for the activities, the aggregation of resources into OU, the links among ou and set of 
Oil. Given the resource/activity connections and the relations amongst activities, we can define 
the resource allocation process and plan our activities in time. 

3. THE OPERATIONS BREAKDOWN TREE 

Let P be a given process which transforms, in a suitable time interval, a given input in a 
given output. P is composed by a set of interdependent operations. Let U and uP be the sets of 
ou in charge of performing the process P in company C and in a partner company CPo In fact, 
for benchmarking, we assume the point of view of company C and we will use company cP as 
the benchmarking partner; as already said, benchmarking is not a redesign from scratch of a 
process, but a redesign based on the transfer of processes existing in other companies. 

Several structured metodologies and tools developed for organizational analysis may be of 
help to us for finding technological coefficients for resource constraints and for expressing 
performance indicators, usually defined in terms of products and final outputs, as a function of 
the activities in which the process breaks down and of the ou in which the company resources 
are partitioned. To do this we need to associate products to activities and activities to resource 
consumption. 

The standard breakdown of activities required by the benchmarking analysis produces a 
decomposition useful for comparing processes in different companies and may be used for 
finding standards of performance for some types of processes. 

In developing the activity breakdown, some subsets of activities corresponds to well defined 
Oil, with formalized interactions with the other Oil and with the external organizations, other 
activities cannot be properly embedded in the process' ou and must therefore be considered 
separately. In the following, these activities are considered part of the support. In general, 
support activities are only partially devoted to the process we are considering, but they are also 
included in different extemal processes. 
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The hierarchical breakdown produces a breakdown tree. Each breakdown of a node of the 
tree produces a set of nodes corresponding to a partition of the activities of the transformation 
process and. in case. two additional nodes: one for all support needs not included in the 
transformation process considered above (e.g. maintenance. purchasing. delivery. 
administration •... ). another for the interconnection among set of activities belonging to different 
elements of the partiton and the interconnection between them and the outside environment 
(e.g. transportation systems. information network. rules and procedures •... ). In the following. 
we will indicate the nodes of the tree as process. support and network nodes. Process nodes 
correspond to all the different phases of the transformation process at different levels of 
aggregation. Support nodes enable process nodes to operate effectively. Network nodes 
correspond to connection and integration procedures among all its brothers; more precisely. 
each network node induces an interaction graph among a set of process nodes (e.g. precedence 
constraints. information flows •... ). Support and network nodes have no sons and represent 
part of the organization structure. 

input 

network node: connection 
and integration procedures ~ 
among all its brothers 

output 

t 
process nodes: different phases of the transformation 
process at different levels of aggregation 

The breakdown's first level of decomposition 

Each leaf of the tree corresponds to a set of activities which are assigned to a unique ou; for 
process nodes. each ou is typically in charge of only one leaf. This is often the case when the 
organization has been designed ad hoc for the process. 

Let T and TP be two operations breakdown trees (obf) of P. 

In general. T and TP will have several subsets of equivalent nodes. By equivalent we mean 
that input and output (therefore the transformation process) are the same. although the 
transformation may be obtained with a different set of operations. different decision variables 
and using a different set of resources. 

Notice that. if we consider a transformation process of company cP (node of TP) and we try 
to transfer this process to company C substituting it to the corresponding node. we must 
anyway redesign the process and adapt it to the caracteristics and features of company C. When 
we redesign the process. we may either find that the transformation is the same as the original 
one in company C. or that it is different. In the first case the two nodes are called identical. In 
the second case an opportunity for benckmarking becomes possible. Two equivalent nodes can 
be both leaves. both internal nodes. one leave and one internal node. 

If a node of a tree has no equivalent node in the other tree. then it may belong to a subtree 
which have a corresponding alternative subtree in the other tree; the roots of the two subtrees 
are equivalent nodes. although not identical. In this case a benckmarking opportunity becomes 
possible. by replacing the whole subu·ee. 

Every time that we find the opportunity of substituting a node or a subu-ee of C with a node 
or a subtree of Cp. we introduce an or node representing this choice. 

Let roo be a tree with and-or branches. obtained as the union of T and TP (always from the 
point of view of company C). The set of or nodes represents the set of choices available for the 
benchmarking. Each or is the root of two subtrees (that may also be a single node. the left 
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subtree is a subtree of T. the right subtree is a subtree of Til) which perfonn the same input
output functions (although in a different way. with a different set of decision variables and 
using a different set of resources). 

and-or branches are obtained 
by integrating in the breakdown 
tree the benchmarlcing partner's 
processes. ways to operate and 
best practices 4- the partner's process 

A detail of the and·or tree 

Even though. in principle. all combinations are possible (with a different set of constraints). 
to better clarify the benchmarking process. we may consider separately meanigful aspects. 

The most important aspect is organizational benchmarking. which studies the possibility of 
substituting only subtrees corresponding to different breakdowns of subactivities. In this case 
we suppose that company C has designed at best the elementary tranfonnation processes. their 
interconnection and the support; the only constraint in obtaining better perfonnances is a not 
optimal breakdown. 

A second aspect is integration benchmarking. which studies the possibility of substituting 
only network nodes. This means either a different set of interconnections. or a different way to 
manage them. 

A third aspect is implementation benchmarking. which studies the possibility of substituting 
only single process and support nodes (supposing therefore that the interconnections and the 
nodes are the same in the two trees). In this case we suppose that the design of some single 
units may be improved. 

A fourth aspect is goal benchmarking. which studies the possibility. for two trees with all 
identical nodes and a benchmark expressed in terms of a set of values of perfonnance 
indicators. that the actions of company C does not fit the benchmark. 

4. A BENCHMARKING MODEL 

The decisions associated to the operation breakdown tree T introduced in the last paragraph. 
produce actions given in tenn of a vector of variables xe X (where X is the decision space of 
company C for process P). Each entry of x belongs to a unique leaf of T. It may be a 
continuous variable (tipically associated to process leaf) or a binary variable (tipically associated 
to a network node. where it represents a link). Variables associated to identical nodes belong to 
the same decision subspace. 

The constraints of company C (in a linear programming fonnat) can be written as Ax~ b. 
where A is a generalized technology matrix and b is a generalized resource vector. The value of 
the entries of A results from the design of the units and the network. In our model. we assume 
that the value b cannot be modified by benchmarking; this means. in particular. that b must 
support both the activities of T and the activities of'Jil redesigned for C. 

The objective function of company C (to be maximized) can be written as f(x) and can often 
be expressed as a linear combination of perfonnance indicators. We can suppose that 
perfonnance indicators can be expressed as function of the decision variables that drive the 
process. In fact. such variables. together with the initial state of the system. determine the state 
in all the following time frames (because of the assumption of a deterministic system). the state 
of the system detennines the output and the output determines the performances. When. in 
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order to find better performances, we incorporate some processes of another company into our 
company, the decision variables can change, but the performance indicators remain the same 
(even though, hopefully, with a better numerical value). 

Let us indicate as I(x) the performance indicators vector function of a given decision vector 
x and 1* the best performance vector, obtained examining the performances of the best 
companies (competitors or companies perfonning that function better then the others). 

The whole operational level decision model can therefore be written as: 

(OL) 

max f(x) 
xeX 
Axg, 

In the following we will present a model based on organizational and goal benchmarking. 
The analysis can be easily extended to the other two aspects mentioned above. We therefore 
assume that in -p!o there are no or nodes between single nodes (i.e. all the single leaves are 
designed at best) and k or nodes between two subtrees with different breakdowns (i.e. for 
each path from the root to a leaf there is at most one or node). 

The colums of matrix A and vector x are divided into blocks: one block for all the variables 
belonging to the leaves corresponding to identical nodes in T and TP; one block for each or 
node, corresponding to the variables belonging to the leaves of the left subtree of the or node 
(the subtree belonging to T). 

A=[AoIAI 1A21.··IAk] 
xT=[XOTlxITlx2TI. .. Ixk T] 

The bloks from 1 to k can be replaced by a suitable redesign of the corresponding processes 
of the company CPo Let us indicate such blocks and the correponding variables (assumed to 
belong to a given decision space Y) as: 

R=[R,IR21. .. IRk] 

yT=[y/ly2TI. .. IYk T] 

Company C verifies that its performance is lower then the market needs, decides that the 
performance benchmark in given by 1* and tries to reach such performance by introducing a 
suitable subset of the k alternative processes of CPo Let 6 be a 0-1 k-vector, each value of B 
corresponds to one of the 2k subsets of activities belonging to cP (Bj=O if the T activities is 
taken, 6j=1 if the TP activities is taken). In practice k is relatively small and all possible 
combinations can be easily analized. 

Let z be a decision variables vector obtained by chosing the decision variables x or y 
depending on the value of 6 and Z the correspondent decision space: 

T[TITITIIT][TI T . TIT TilT T] z = ZO zl z2 ... zk = XO XI 01 1 YI x2 or2 Y2 ... xk ork Yk 

where or; chose Xj if Bj=O, chose Yj if 6j=1. In the same way we can obtain a new matrix D. 

Notice that the number of entries of z is equal to the number of columns of D. 
As the performance indicators are function of the decision variables, when we introduce 

activities of company cP into company C, they become functions of the new decision variables. 
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We will indicate as I(z) the indicators vector obtained by chosing the decision variables x or y 
depending on the value of 8. 

The organizational benchmarking model can be written as: 

ModelBMCBl 

Given: A,R,I'" 

Find: z (Le. x,y) 
Such that: D(8)zSb (Le. AO xO+I.j=l .... .k ((l-8j) Aj Xj+ 8j Rj Yj}Sb) 

ze Z(8) (Le. xe X and ye Y) 

d[l*-I(z)]+ is minimum 

where d[.]+ is a weighted sum of the positive values of the argument entries. 
In practice BM(8) is a goal programming problem. 
Notice that, if I(z) can be approximated by a linear function and there are no binary 

variables, we can apply the results of Data Envelopment Analysis [ccgss] in order to find the 
optimal value of 8. 

If 8=0 we have an example of what we have indicated in the former section as goal 
benchmarking. In fact, if BM(O) has a solution with d=O (Le. I(z)~I*), then C has the 
possibility of reaching the benchmark 1* without structural changes, but the company goal f(x) 
pushes the company in a wrong direction. We must therefore change the company objectives, 
and consequently change the activities, to reach the goal. 

S. CONCLUSIONS 

The paper presents a modelling approach to benchmarking. The paper tries to produce a 
structured methodology for benchmarking: four types of benchmarking are put into evidence. 

One type of benchmarking is goal benchmarking, which studies the possibility, based on the 
improvement of performance indicators, of trying to get the values of the benchmark. 

Even more important, according to our opinion, is organizational benchmarking, as we have 
called it, which studies the possibility of substituting sets of activities of the whole process with 
other sets of the breakdown activities of the same process in the best practice company. 

Another aspect is integration benchmarking, which studies the possibility of changing the 
interconnection pattern for the same activity breakdown (this case is fairly rare on its own, 
because, in general, only few interconnections are possible). 

The last aspect is implementation benchmarking, which studies the possibility of redesigning 
process or support units. In this case we suppose that the design of some single units may be 
improved. 

An optimization model, based on a linear programming format, has been introduced, to 
exemplify the approach. combining the goal and the organizational benchmarking. 

From an algoritmic point of view. the solution of the benchmarking problem formulated here 
is related, for linear indicators, to data envelopment analysis. 

The paper tries to give a frame for benchmarking analysis; a future aim is to validate the 
approach in a few meaningful cases. This validation activity is now in progress in two different 
fields: information systems for manufacturing and information systems for university services. 
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