1. PROBLEMSAND SYSTEMS

1.1 Problems and their associated systems

Models are used to solve problems. There is a problem whencagnitive, volitional, active entity

(person, animal, robot, agent, group or institytants to produce a change in itself, or in its
environment, or both. A problem solving process ey happen. The types of problems are as diverse
as the activities of the active entities (gain milerstanding, creation of a new product, change in
situation, self-transformation, inner inspirati@anaict, amusement). #ational procedure of problem

solving has the following stages:

1. Precisalefinition of the problem. It is not a trivial task. Earlyfiktions usually have omissions and
inaccuracies, which only emerge in the followingpst The aspect of the problem may change. Maybe it

can be concluded that there is no problem at all.

2. Definition of the problem leads to the consideraof a part of the universe. Ittise system
associated to the problem. This consideration is an expansion of the visioou the problem. The
vision may bring into consideration objects actuadliated with the actual problem (synchronic) or
temporally related in the past or future (diachedni he study of the associated system (see 1lavel
can lead to changes in the problem definition. €aay be reductions, enlargements, decomposition in
sub-problems, integration into higher level probdeon the abandonment of the problem if it is
recognized as too difficult, insolvable with theadable resources or irrelevant. The result of this
inquiring process is a conceptual image of theesyghat can be specified imade that is another
system (physical mock-up, verbal description, grapépresentation, mathematical description).
Obviously it may be different models of the samstem. This image of the system depends on the
problem,only the aspects of the system which arerelevant for the solution of the problem might be
included in the modd. |

Example. If the problem is to increase the safety of openan a port the associated system will
include the reliability of material handling, ofrgennel and equipment, the safety in the depags, th



location of the different type of hazardous matsrithe environmental perturbations, the facilities
prevent or control accidents, the alarms, the agtesafety and health institutions, internal health
facilities, attitudes of people about safety, higtof past accidents, etc..

If the problem is to increase the throughput ofgbé (material handling capacity), the system will
include the speed and capacity of all the procegdgsical, administrative, sanitary, supervisions
human relations that made possible the handlirigeofmaterial he coordination and adequate
scheduling of these processesis essential.

The history of variations of throughput is also orant.

The system related to the problem is differentathlzases and so will be the models.

The model also depend on available information tloe people that create the image (background,
intentions, beliefs, situation, capacity of coledimn) on the resources and time available todbiinié

model. In one particular study it may be conventertiuild more than one model.

3. Selection or design ofraethod of solution. That is a manipulation of the modbht extracts the
information to solve the problerihere are a lot of methods to solve standard pnodlevhich are
established by experience, common sense, or ditferanches of science and technology and are
known by the corresponding experts. Usualtiisgur sive manipulation of a qualitative verbal model is
used. However, in many cases complexity and neadafracy make this informal method inadequate.
Formalmathematical models are required that may manage multiple ineractasmsconsider the
guantitative and logical aspects.

Mathematical and computational techniques areisfitatl Analysis, Data Bases, Operations Research
(Linear and Non Linear Programming, Critical Patbtihods, Dynamic Programming, Inventory and
Queue Theory), Numerical Analysis, Logical Calculdsntrol Theory, Stability and Catastrophe
Theory, System Dynamics, Expert Systems, Artifitiéélligence techniques, Mathematical Modeling
and Simulation, Simulation Games.

It is important to stick to the problem and to aldistorting the problem to adapt it to a knowrugoh

or method.

If no satisfactory method is found, one is to beali@ped. Techniques of creativity and ideas geiwarat

may be used (see 2.9).



The technique depends on the problem. Although eaetof the mentioned techniques is the field of a

different expert, the system analyst must have sdeeeof each one to decide what experts to cansult

3. Application of the method results in a setd#cisions that must bemplemented to solve the

problem. This process usually requires resourcdscegation of auxiliary systems.

Example. In the problem of increasing the throughput pbét, in order to deal with the complexity of
the system amulation model may be adopted. Experiments with different altevea (speed of
cranes, use of containers, administrative orgaoizat addition of piers, increase in the size qfa$is)
and evaluation of the cost of each alternatived teaa decision. After this decision is made, thtaded

engineering of the implementation must be done.

4. Results arevaluated. Difficulties, emergency of new visions, or negatresults in one step can

require to re-examine and change some previous.step

Note the specialndirect approach to solving problems by means of models. The amabfsthe real
systems leads to the building of a model. Aftes,thie effort is concentrated in the analysis ef th
model. The analyst keeps itself separated of tbkel@m. The method enter in some difficulties iciab
and psychological problems in which the analysbbgs$ to the system associated to the problem. In
other approaches to the problems (conducted byiesysirtists, sportsmen) although some modeling
processes also appear, there is a sort of integrafith the real objects and intuitive mental pssas
enter in action (see H. Bergson 1985 and B. Cr@€2)L In this text we will not deal with these ade

except perhaps in some aspects of the refereraedtve thinking.

1.2 System analysis

The objective of system analysis is to get knowdedigout the system. The result is, as it was aaid,
conceptual image anodel of the system that may be handled to learn about the behavitresystem.
Two processes alternate in the study of a systehtrenmodel definition

1. Delimitation and deter mination of the system, i.e. decisions about which are its componentsthad
relations among them and with the environment. Tinedins théuilding of the model.



2. Information gathering and processing to do that delimitation and determination.

It is useless to discuss what process is more itapbor must be the first. Every information search
assumes a certain previous knowledge of the systercture (model) which points to what information
to look for. All knowledge of the system componeats! relations is based in previous informatiore Th
important issue is to decide correctly, in a stdtdhe research, which kind of step, the specuwgativthe
informative, will be the following one. The usuabpedure is: if there is some immediately available
information, build a preliminary image of the syatémodel), whose imperfections, inconsistencies and
deficiencies would indicate the needed informatibthe initial information is not enough to buildat

image, an initial informative general explorationshbe done.

Information ——» allows for better: ——m Model
gathering «4—  points to what - implementation

Figure 1-1 Relation between Information Gathering and Model I mplementation.

These processes must be conducted keeping in hendduiry’s main target: that ighe problem to

solve. However, in both processes some exploration faibthe target, speculation and information
getting, may be allowed. They may lead to disc@adglitional aspects of the associated system that ma
be key elements of the research.

Exploration and representation techniques have eealoped for both processes. In this chapter,
system specification techniques are discussednigdor the next the problems of gathering and
organizing information.

The analysis of the system may procced in thregestanput/output analysis, state analysis andgyst

decomposition. See Fig.1-1.

1.2.1 Input/Output analysis. Whena part of the universe that is supposed to be associated with the
problemisisolated to be analyzed, an artificial segregation is ddméact, the rest of the universe, or at
least a part of it, acts on the system. That ieddheinput. The system, in turn, acts on the rest of the
universe. That is theutput. The part of the universe that sensibly affectis @affected by the system is

called itsenvironment. In the I/O analysis the following rules are usefu



If there aremany inputs and outputs as compared with internal relations among the elements of the
system, this means that the sysiemot well delimited. Some elements or relations must be included or

excluded in the model. See Exercise 1

Outputs should not berelated with inputs. If this is the case, the links and elements tbanhect them
should be included in the system. Otherwise, ifs@alues are given to the inputs these values reay b

altered by the output and the true input may remmaknown. See Exercises 2 and 3.

It is desirable thathe different inputsto be independent. If they are not, when the change in one of
them is taken into account, the change of otherst mgo be considered and estimated from a known

relation. It is better to include the relation egply in the model of the system. See Exercise 4.

The outputs should also beindependent. If they are related the final action on the eoriment has to
be additionally estimated. It is better to inclubis estimation in the model of the system. Sea ¢ise
5.

A frequent error is to omihputs and outputsthat are undesirable, accidental or useless for the
operation of the systems. Pollution, robberies, groiailures, sabotage, aliens action, poisonsades

catastrophes are examples of these. See Exercise 6.

The knowledge of the inputs and outpartsl their relations seems to exhaust the knowledge of the
system. This is all the knowledge neededdeor handle the system: what actions (inputs) are required
to obtain certain outputs. Who uses an automobike ™V set do not care about what happens inside. |
is said that the system idback box for the user.

However, this level of analysis is not enough tedict the system behavior. There might be too many
combinations of inputs and outputs making the systéficult to handle. A most serious problem iatth
to the same set of inputs may correspond different outputs. One morning you apply the usual inputs
to your car and it does not start.

Mathematically: there isot a function that gives the outputs when the inputs are pthesalues of its
argument. It is only a mathematicaation, in which to the same input would correspond dée
outputs. This situation is managed introducingdbiecept oftate.
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Figure2-1 System analysistechniques

1.2.2. State Analysis. It is a common experience to verify that applying same input to a system the
output is different. That may seem a violationhadprinciple of causality. The principle “is saved”
accepting that the system is in different statesthat in each state there are different relatimeta/een
input and output, these relations being each dngeafunction. The procedure could not be seeing as
trick to save the principle of causality. Many y&eaf scientific experience have shown that this
hypothesis not only have been verified, by findiagl differences inside the system in the case of
different behaviors, but the search for such défifees has been one of the most successful guides to
produce new knowledge. The exceptions to theserdetistic explanations using states will be
discussed below when dealing with stochastic mo@#tapter 6). The state analysis reduces the

knowledge to a set of functionsg(Q ) that for each input vector | and state egdive output vector O



However in many situations this reduction to a deiristic unambiguous dependence of inputs of the
outputs is not possible. It may be very difficltget, or it is not necessary. In this casess asscussed
in Chapter 6, a probabilistic relation is assunier. yet possible to extract interesting consegesrof

this class of models.

It seems that now a system may be specified bgehef its states and the 1/O function for eacltesta
However, this specification has two drawbacks: alyrbetoo complex for large systemand it does not
constitute an explanation of the behavior of the system in which the behamaht be deduced from
general laws and principles. Even if one know factestate of a car the relations between all plessib
inputs and outputs this may be enough to use tiit lgiof not use at all to understand its funcirgy

and to diagnose and repair a failure, (See Exerdissend 8) let alone to build a car with only tiyise of

specification.

1.2.3. Decomposition and integration. The system can be decomposed into semi-indepepdes
calledsubsystems. They are parts of the system whose components iave relations among them
than with the rest to the system and the envirointgach subsystem can be further decomposed into
subsystems. The analysis stops when the subsystemple enough to be easily understood and its
outputs (actions on the rest of the system and@mwvient) are function of its inputs (actions of the
environment and the rest of the system on it). Ugti@ese functions can be defined by general
scientific laws or can be determined by speciarsdic researchPutting together these laws of the
parts, the system analyst expectsto explain the properties of the whole system. The method of
decomposition and integration, stated explicitlygscartes and other scientists and philosophdfseof
late Renaissance, has been very successful in pigrsycal systems. The first problem with the method
appears when the existing theory about the submysé@not determine its 1/O function but osbme
possible outputs and their probabilities. This situation precludes the building of a deterstic model.
As will be seen in chaptergochastic models may be developed. The method also enters into
difficulties in very complex systems in which thehavior of some subsystems depends on the processes
of many other subsystems. Or when the relatiorleshents originate a whole with new properties
difficult to predict from the properties of the parThe Systems Approach was developed to cope wit

these difficulties (see Exercise 9).



Example. Consider a brick in isolation, for example in a\gty free region of space. If a force is
applied in one of its faces as input, the outplithd an accelerated movement. On the other hand th
brick does not produce elastic forces on the didnegs. If the brick is put as component of a sysfem
example a wall on the earth, the property of beiocelerated under a force disappears. Besides new
elastic forces appear as outputs acting on thewuding bricks. So the study of the parts of aesysin
isolation cannot predict its behavior when theyiategrated in a system.

Chaotic systems, which are non linear systemsh@retjuations that represent their behavior appear
products and /or powers of the variables) may sadehavior highly sensitive to imperceptible change
in conditions. They are intractable by the decontmosintegration approach. The same happens with
systems that show creative or undetermined behéasosystems that include human beings or
elementary particles). All these processes arethevobject of an active research in the so called
Complexity Theory and Structural Change theory. Besrcise 10.

It is necessary to realize that in complex and demphanging systems the designed model may depend
on the initial approach and the background ancefsebf the people involved in the design. The
consideration oflifferent modelsfor the same problem or situation may be important in these cases.

This is related with thecenario techniques that will be considered later on.

The above analysis often requires simultaneouslimgnof information about many elements and
relationships. This is not possible by the unaidechan mind and discursive expression. Many
techniques have been developed to represent thnafion in such a way that facilitates the analysi

The main techniques are described in the following.

1. Lists. The simple expedient of putting in a list all tHeneents of an aspect of the system may be very
useful. Lists containing the elements, inputs, otgprelated systems, bibliography, sources of
information, isolated ideas and suggestions, danged opportunities perceived, possible changeks, an
many other types of information may be done. Theartant attitude is not to relay in simple memory.

It does not work when dealing with complex systeSee Exercise 9.



2. Images. Mock-ups schemata, pictures, films, maps, videos, are isangly important by the
introduction of graphic processing and Geographicrmation Systems.

3. Graphs. Mathematical graphs consist in points (or geomaitiinits) callechodes, united by lines or
arcs. There are many types or graphs. The nodes maysepirsubsystems, operations, decisions,
beginning and end of activities, processes, vagldoncepts. The arcs may represent relations@mon

these entities. Some graphic types are mentiongekifollowing.

System graphs. The nodes may indicate components or subsystemayscs, relationships or
interactions. In directed graphs (digraphs) eacthas an arrow that may show the direction of the
interaction. Atrajectory is a set of successive ar€osed cycles can be formed in which the end of a
trajectory coincides with the beginning. The nodes/ be geometrical figures (rectangles, ovalskdall
boxes, in which the names and some information abouttimeponents can be written. Some
information can also be written on the arcs. Tretesy graph allows perceiving at a glance the génera
structure of the system.

See Exercise 11, Fig.7.
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Sequential procedure graphs (flow charts). They are widely used to represkagram algorithms or
other sequential set of tasks . In general the :\{fal@xes) indicate operations to be done or dewsio
the arrows indicated the sequencing of the operatiSee Exercise 12, Fig.3.

It can be shown (C.Bohm and G.Giacopini 1966) witt two types of box, one representing
assignation of values to a variable and other sgmting a decision, it is possible to build a graph
describe any algorithm. For programming commodiheoboxes are introduced describing more

complex procedures (multiple alternatives, itemfiwocedures, etc.)
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Parallel procedure graphs (networks) are directed graphs that start in ayaerof which one or many

Figure 4-1 Payroll flow chart

arcs depart in the form of paths or trajectoriesugh many nodes. From these nodes new trajestorie
may start that may interconnect each other, batlfirall converge in a single end node. There are n
closed cycles. These networks are used to reprassitof interrelated operations each of one ggdin
span of time, but they may overlap in time, asmluilding of a house. Each arc represents an
operation or task that ends in some node, in whibkr tasks may also finish. Tasks departing from o
node only may start when all the tasks ending énibde are finished. This representation can be
handled mathematically to estimate the total tirnhe whole work, the trajectory with the tasks wbo
delay or advance produce a delay or advance itothktime (critical path) and many other
characteristics important for the scheduling anthogation of the work. See Exercise 13, Fig.4.
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Figure 5-1 Critical Path Method. Installation of two underground pipes

Variables graphs. When the conceptualized system is describedn ¢ variables it may be useful to
represent their relationships using a digraph ircivkhe nodes are variables and the arcs indibate t

dependence. Each variable, in which node someaarie®, depends on the variables in which such arcs
originate. See Exercise 14, Fig 5.
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Figure6-1 Impact of buying T trucks

Dynamic systems graphs. They are variable graphs used to represent systdimse mathematical
expression includeslations between variablesand itsrates of changes, i.e. ordinary differential
equations. Symbols are provided by variables thatidbe accumulated values for some variables
(levels), rates of changdlpws) of the variables and their relations. Each laggu@rcontinuous

simulation has its particular type of representation. Seedise 15, Fig.6.
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Figure 7-1 Tank with input and output. Schema and System Dynamics graph

Lifecyclesgraphs. These graphs are used to represent the movernentities through a set of
subsystems. In each subsystem the entities arsliisystems interact and some of its properties
change. The system may be a department store arhtities may be clients that flow through the
different departments and sections, or the systembme an assembly line through which parts flow
while they are assembled. Each languagelifaar ete event ssmulation has its particular type of

representation. See Exercise 16, Fig. 7.
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Figure 8-1 Port with threepiers. Lifecyclediagram.
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Fish bone graph. In these graphs, a long arrow represents the aigattive or process. Other arrows
that fall upon the main arrow represent the factorsauses that influence that objective. Factors
influencing each factor may also be added. Theeggmtation is used when a single result has mejtipl
rather independent causes, as frequently happestial processes. See Exercise 17, Fig.8. The
diagram may also be useful to represent the denedapof a system produced by the contribution of

many factors like a branch of science, culturabueses, external influences, etc.

EXTERNAL CONDITIONS

STATE EDUCATION
. To take advantage of
One party .. Strong ¥ international
Pary Autoritarian 'Hl%h Investment 3, bonds Geosirategical *  contradiciions
Zovernme government In hasic position
i a:d“““"“ Family colaboration Mundial demand of
Administrative Low politic with school intensive lah
arranged partcipation Social cohesion Geopolitical miensive Jahor
government reinforcement position
change Tecnological
. . Access to USA
Lo . Vertically Cultural values % learning market
Institutional relations [:e]lt[‘a]-.l.'.‘.ed and economy as Economic issues as Inspiration
hetwee_n government authotity sovereigniy familiar and school . del
and private sector i JEpanese mo
P issues responsability
DEVELOPMENT I>-
Key indusiries .
n]icmi?; E::u_n{]m.u: and investment High savings and ﬁgﬂ:ﬂlm Lobhing for
P political investment rates anses markets
Conirolled conirol elites hlocks
Promwtion C
Market Tis oniroel of
Hierarchical of pension z:f:x:ﬁnn hanking and
instutionalized funds financial secior
. relations . Experiments
C].l.enml Puh].u: and with economdc Budget based in halance
Capitalism Planification private Export special zones of paymenis
of indusirial consumptiion promotion
sector resiricton
REELATIONS BETWEEN SAVINGS AND WORLD TRADE
STATE AND INVESTMENT

PRIVATE SECTOR

Figure 9-1 Developing plan for underdeveloped South Asiatic country

4. Matrices. Matrices are rectangular arrays of values. A vauwdetermined indicating the number of
the row and the number of the column in which thki® is. So an array may be considered as a functio
of two integer variables. Matrices are used ineysainalysis to represent the binary relation batwee
the elements of a finite set (numerated as the)rand the elements of another (or the same) fagte

(numerated as columns). A matrix is expressedmgnae and the names of the two related sets, in
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subscript form or in functional form. For instartbe elements of the matrix A that relate the eldsieh
the sets | and J are represented;oyr ali,j] where i€ | and je J. The value in the i row and j column
represents the value of the relation of the i-@ment of the first set with the j-th element of seeond
set. In particular a digraph of n nodes can beasgted by a nxn matrix. If the i-th node has an ar
towards the j-th node the [i,j] value of the maisgxL, otherwise it is 0. The matrix representabbthe
graphic of a system has two advantages: firstigr ces one to consider all the relationships between
the elements of the system, by exploring all rows and colun®mse Exercise 18 Fig.9. Secondtymnay
be managed by algorithmsto find interesting properties of the graphic (dfemnof connections of each
node, existence of a path between two given notfessflow of entities among some paths is spedifie
many important properties of the traffic can benfduThe matrix may be transformed, changing the
order of rows and column and this may be usetbtompose the system into loosely related

subsystems. See Exercise 19 Fig.10 .

In a graphic or matrix of a system it is importemtiscoverclosed loops, since they may correspond to
causal chains that may produce stability or infitgbn the system. It may be also interesting ébeatt
origins orsour ces (nodes without input) and endssonks (nodes without outputs) and the number of
relationships of each node. In complex systemsriifigos may be use to detect these characteristics.

Arrays with more than two subscripts may be use@poesent relations of many sets. (See Exercise 20

1.3 A classification of problems
There are many types of problems and it is impéssilzlassification that claims to be exhaustive. A

interesting one is based in which of the three mamponents (Input, System, Output) are known.

| and O known, to find S. When S exists, this is ¢tassic problem adxperimental sciences orreverse
engineering. Applying known inputs to a system and observimgdutputs, to determine the structure of
the system. As it was seen (1.2.1) the solutiortsvell determined as the O depends not only ah®

S but also on the state of S. The solution is vedys unique, since different structures may predie
same O for the same I. If S does not exist, thisagproblem ofystem design: to build a structure to
obtain something given the actual resources oesigd a procedure to transform a given situatica in

desired one.
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I and S known, to find O. Is the problem of thegluction or direct calculus. For example, given a
circuit S and the voltages applied I, to find theulting electric currents O. There are many swuti

methods depending of the particular system. Iralirsystems the solution is unique.

S and O known, to find I. If S exists this is thelgem ofinduction orinverse calculation in sciences.
For example: knowing the organism S and the symptOnto determine the illness I. The solution is

generally difficult and seldom unique.

O known, to find S and I. If O exists this is thelplem ofobservational science. The geologist
observes the relief O of a given area , from tki®hshe must imagine the original structure Staad
perturbations | that produce the actual structifi®.does not exists this is the problendesign a

productive system and the necessary resour ces to obtain some product or situation.
| known, to find S and O. It is, for example, thelgem of using some available resource |, theinbth
product O and the system S to produce the transftiwsm must be find. The solution is usually not

unique.

S known, to find I and O. It is, for example to @mi a new use for a known structure.
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EXERCISES
1. An arbitrary part of an organism ( like a pdradiving being, a city, a river, a branch of edr etc.) is

usually a bad delimitation of a system. Why?

2. A monopolistic enterprise may fix the expectals and the prices of its output. However, because
the market does not fix price, the customers adhest purchases to their income. So the salesndepe

on the prices. What must be included in the system?
3. An animal consumes oxygen and produces cariooxide. These inputs and outputs may be
considered each one as dependent only of the tyatifvihe animal.

What happens if the animal is enclosed in a sohadled place. What must be included in the system?

4. A dam receives water from two inputs: a rived archannel originated upstream in the same river.

This last contribution depends on of the first dnhat must be included in the system?

5. An industrial plant emit two pollutants in aeiv They react producing a gaseous contaminantt Wha

process must be included in the system to estithatpollution?

6. Enumerate the undesirable outputs of a carbarrygu

7. An electric circuit consists in a battery of 1% connected to a resistor of @0 In parallel with the
resistor there is another resistor in series wikviich. The system has two states according tettte

of the switch ON or OFF. Find the output (totalremt | ) in each state.

8. Represent in a Cartesian graph, for the exerGidee relation between E (as independent vajabl

and I, showing that it is not a function.
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9. Consider a port, in which the following actiesitake place: charge and discharge of merchandises
(essential activity) supply of fuel to ships, sanjtcontrol, reparation and maintenance of ships,
immigration control, custom activities, workersigities, storage of merchandises, reception and
delivery of imports and exports, sedimentation aar(dredging), port pilots and tug activities,
passenger attention, smuggling, handling of dangeneaterials, etc.. Ports require also a lot opbep
and produce some kind of pollution that must berodled. Give arguments and examples to show that
to improve the port operation it may be uselesmfrove the activities, even the essential onesatih

important? Why is the system approach necessary?

10. Which may be the difficulties of making a modékeconomic competition?

11. Complete the system graph representation oftaHy. 7. Including some of the activities

mentioned in 9.

12. Complete details in the flow diagram for a pewg for payroll Fig. 3.

13. Fig.4 describes the activities of the constoumcdf a drainage. The time that each activity sailke
indicated. From this the duration of the whole teak be estimated. The set of activities whoseydela
will delay the total time can also be determinadti¢al path). Make a similar diagram for the

construction of a small deposit or other systerhyba are familiar with.

14. Fig. 5 describes the impact of the acquisitibfm trucks; in a small enterprise. Add details.

15. Fig.6 describes the graphic representationsystem in System Dynamics graphics (Dynamo
Language). The system is a water tank whose irgflb\W) depends on time and whose output (a flow)
is proportional to the level in the tank. Add te tiraphic another tank, whose input is the outpthe
first one and it has constant output. In this fask, when the level exceeds a certain valya lpart of

the excess goes back to the first tank.
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16. Fig. 7 describes the life cycle of entitiesgshin the system (port) described in Exercisewlifh
the icons of the GLIDER language. The figure cquogsls to different sections of the program to

simulate the system. Modify the diagram for a path two canals, one entry and one exit canal.

17. Fig. 8 describes the factors brought on oridened to develop south Asiatic countries (see £eja
2001). Make a similar diagram (fish bone diagréon¥he development of another national economy or

a complex institution.

18. Fig. 9 is a matrix describing ecological impaican industrial plant near of a small town. Thatnx
consider the impacts and the receptors. Add othpacts and describe the impact type in each element
of the matrix. Some impacts, that do not proceenhfthe industrial plant may be added to establish
comparisons and detect interactions. The matrix bgageneralized including interactions between
impacts and processes generated for the impadiotice established, maintain by themselves
(regresive erosion is an example). These matrigksdcAPR (Actions, Processes, Receptors) may be

very useful in the analysis of ecological impa&se C.Domingo 1997.
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lue Rive Jood: eadow: |k Village [tmospher
Smoke X X X X
Pier X
OilTank X X
Sewage X X X

Figure10-1 Impact Matrix (Actions-Receivers). Contamination from Industrial Plant
19. Fig. 10 shows the partition of a graph in culadependent sub-graphs using matrices. Imagine a

method to rearrange the matrix. It may be verymem Design an algorithm to detect the important

properties of the graphic mentioned in the text.
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1 1

311 1

411 1 1 1

2 1 1

7 1 1|1
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3 1|1 1|1
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9 1 (1

Figure 11-1 Decomposition of a graph using a matrix

20. In a sociopolitical model there are many acfmrstitutions and social groups) that have différe
attitudes, from strong support (+3) to strong ojipms (-3) to a list of solutions about many issues
Design a three subscripts matrix to represent tbpseons. How can it be used to give a measutbef
agreement or disagreement of two actors?

21. Select a problem related to a complex systemay be ecological, economical (regional, urban,
national, international), industrial, social, bigical or physical, and apply the system analys@esign
a model.
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