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directional dependencies are quantified as energy transfers in
‘appropriate units (e.g. kilocalories, dB(A), or currie). A
section of the system diagram used to analyse the impacts of a
missile range is shown in figure 1ll. Primary impacts are first
identified by some conventional EI anaiysis method, and then a
measure of the total higher order impact of an action is extracted
by an interpretation of the degree of impact on the energy

pathways.

Primarily, ﬁhe technique is intended as an aid to organizing and
communicating the investigations of an EI analysis (Gilliland and
Risser, 1977,p206). It ﬁas the same disadvantages as the networks
discussed above (Bisset, 1980,p33). In addition, the
guantification of dependencies restricts application to ecological
systems, and makes the approach heavily reliant upon data
resources ({(Clark et al, 1978b,pll4). However, the diagrams
summarize much baseline.data, and can Dbe developed into more
detailed models 1f an EI analysis warrants further research

(Barile, 1978,p203).

2.2.6. Overlays

The concept of overlays was developed by McHarg (1971; originally

1968) to incorporate broad environmental considerations into the

selection of highway routes. The approach has been reviewed as a
valuable EI analysis method for projects of regional or linear

proportions (Warner and Preston, 1974,pl6).

The McHarg overlay is based on a set of transparent maps, each of
which represents the spatial variation of an environmental

parameter (e.g. susceptibility to erosion, or recreational value).



The maps are shaded to show three degrees of parameter
compatibility with the proposed project. A cémposite picture of
the overall social cost of impacting any particular area is
approximated by superimposing all the transparent maps. Any
number of project alternatives can be located on the final map to
investiéate the degree of associated impacts. The validity of the
analysis is related to the type and number of parameters chosen.
For a readable composite map, the . number of parameters in a
transparency overlay is limited to about ten (Munn, l975,p58).‘
Clark et al (1980, pll6) report that the efficiency of overlays
has been extended by computerized techniques for mapping and
combining many characteristicé. For a computerized analysis,
éarameters are quantitatively scored onto a reference grid. In
the aggregation process, parameter scores can be weighted for
significance to give a weight-scaled representation of impact

potential in the final diagram.

‘Although computerized overlays are demanding on data and
analytical resources, +they have a general applicability to
environmental management and can form part of a broad data base
for preliminary EI analyses (Warner and Preston, 1974,pl4).
Parameter maps present data in a summarized and easily interpreted
form (Fuggle, 1979,pl6), but are unable to reflect the possibility

of secondary impacts (Cook, 1977,pl8).

2.2.7. Mocdelling Procedures

Models in EI analysis are simplified representations of the real,
complex systems which may be affected by a project {(Munn, 1975,

p63). Some of the above methods and techniques are in fact
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models. The component interaction matrix, for example, gives a
simple, structural representation of the ‘components and
dependencies within a specified environment. However, functional
processes, rather than structural components, are responsible for
defihing relationships within a system. Therefore the explicit
identification and evaluation of impacts, and secondary impacts in
particular, requires a study of the dynamic mechanisms tha£
control the internal state of a system, (Bisset, 1980,p38). For
this reason, although it is possible to construct modeis at many
levels (e.g. conceptual, descriptive, physical or mathematical),
dynamic ﬁodels based on mathematical representation are best
suited for extending the scope of an EI study (Reichle, 1975,
p263). Mathematical relationships can be formulated to give the

time~base necessary for a meaningful study of processes.

Modelling is a resource intensive procedure, and EI analyses have
- been more likely to draw on existing models than to create new
ones (Clark et al, 1978b,pll9). Reichle (1975,p263) has suggested
that ecosystem models are an,efféctive aid to the assessment of
secondary impacts. Predictive models .for estimating the higher
order impacts of major industrial and urbanization projects have
been developed by Guldberg et al (1977) and members of the
International Biological Program (Jameson, 1976,p2/1). However,
Kane et al (1973,p65) and Holling (1978,p69) have recognized that
the output of such models is not always directly applicable to

particular EI analyses. They place an emphasis on computerized
procedures for interactive simulation modelling within the
framework of an EI analysis. The procedure of Kane et al (1973)
is aimed at giving non-experts in mathematical modelling the

ability to model the processes which are specific to one or more



areas of impact. The interactive aid for computer modelling
created by Furniss (1977) is a similar approach, but it ‘gives

greater control over the form and output of the model.

The latter type of modelling procedures are tractable techniques
for extending the depth of study of an EI analysis. Further, the
modelling of system processes is possibly the most efficient means
of investigating the origins of secondary impacts, and almost

certainly the only way of qguantifying them.

2.2.8. Evaluation Techniques

EI assessment originates as a decision, reflecting the social
values of a community, to consider the environmental cost of
development projects. Economic and environmental costs are both
implicitly related to the value preferences of soéiety, yvet they
differ in their ability to be quantified. The cost of economic
godds is related to the utility attached to them by society and
can be quantified in monetary terms. However, environmental
quality is less easily quantified, as there are no common units
for the utility of environmental fitness (Hjalte et al, 1977,p9%9).
Consequently, the study of environmental impacts is partially
dependent upon subjective judgements (Hart and Cullen, 1976,
n233). The extent to which EI analysis is dependent on subjective
judgements has been discussed in detail by Matthews (1975).
Decisions as to which environmental components and project actions

are to be considered, and as to what constitutes an impact, cannot

be made without reference to some framework of social values.

Once the bounds of an EI analysis have been defined, the
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interpretation of data is normally an objective process. The
guantified evaluation of impacts is, however, an entirely

subjective activity (Matthews, 1975,pl26).

Various technigques have been developed to ensure that the
identification and evaluation of impacts is based upon acceptable
value Judgements. The wvalidity of the subjective content of a
study can be extended by employing a team of multidisciplinary
experts to perfdrm the assessment of impacts (Hart and Cullen,
1976,p231), and also by incorporating public opinion into EI
analyses (Runyan, 1977, pl25). -Both tactics require some means of
structuring the interaction among the group of assessors to arrive
at a broadly representative conclusion on subjective issues.
Runyan (1977} has identified four suitable teéhniques, of which
the delphi (developed by Helmer in 1963) is the most versatile and
widely applied example (Coates, 1976,pll2). The delphi technique
is an integral part of the weight-scaled checklist method of Dee
et al (1973) where it is used to derive commensurate impact scores
to compare.project alternatives. Although alternatives are ranked
in order of total impact scores, the intermediary Jjudgements
supporting the final order are available for inspection (i.e. the

impact weights and scaling functions are explicit).

The meaning and precision of subjective Jjudgements can be
increased by the processes of scaling and normalization. Golden
et al (1979,p28) héve listed the mathematical procedures of
pairwise ranking, multidimensional analysis, multivariate data
analysis, and others, which can be used to extract useful
information from unstructured or subjective assessment scores.

The matrix based procedure, proposed by Kiely~Brocato et al
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(1980), for scaling attitude scores about environmental managemant
options is particularly suited for gauging and structuring public

opinion for EI analyses.

Although there is a wide selection of techniques for processing
the subjective facets of EI analysis, the major concerns that
remain are fhe feasibility of using the sometimes complicated and
computer dependent procedures (e.g. multidimensional scaling) and
the necessity for keeping the supportive value judgenents

available for scrutiny (Coates, 1976; Matthews, 1975,pl30).

2.2.9. Adaptive Methods

Up to ﬁhisZ point no consideration has been given to the
compatibility between the provisions for EI assessment and the
form of EI analysis methods. EI assessment is not an economically
profitable activity over the short term. Therefore the sccial
‘preference for a consideration of eqvirénmental cost is normally
reinforced by legal provisions. The type of analysis methods
which will be acceptable to a particular situation is related to
the level of commifment embodied in the relevant legal provisions

{({Hollick, 1981a,p69).

In the U.S.A., where many EI analysis methods originate, the
conditions of NEPA guarantee that federal impact statements are
incorporated into the decision-making proceés {Council bn
Environmental Quality, 1978,p400). There is also a certain armount
of autonomy afforded to the assessors of environmental impact, ancd
consequently there is a predisposition towards'evaluative methods
(BRisset, l978,p46). Tne provisions of NEPA and the Dbureaucratic

structure of TFederal agencies have made EI analysis a sepavate
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process from the planning and “~develcopment of a project (Jain,

1977,pl9).

In contrast, Catlow and Thirlwall (1976,p67) have conc}uded that
descriptive rather +than evaluative methods would be suitable for
the flexible administrative and planning structures in the United
Kingdom. They are of the opinion that it would be in the
interests of efficient environmental management +to have EI
analysis and project design as interacting activities. This would
avoid the high costs and delays which have been part of EI

assessment in the U.S.A. (Catlow and Thirlwall, 1976,p7).

Clark et al (1976) have devised an adaptive and comprehensive
approach to impact assessment for the United Kingdom (the Project
Appraisal For Development Control ' (PADC) system) based on the
" recommendations of Catlow and Thirl&all (1976). The PADC manual
provides a checklist of activities for conducting an EI analysis
compatible with the existing planning structure. Central to the
approach is an interaction matrix and ten technical advice notes
or checklists for predicting impacts. Firm guidelines are

provided on the communication of impact information.

Holling (1978) has formalized the opinion that a selection of
methods and techniques can be drawn together in a structured
framework to meet the constraints of, and conditions for, EI
assessment in differing circumstances. The central thesis
maintained by Holling is that EI assessment should be part of plan
and policy formulation, rather than of post-design project
appraisal. Nevertheless, an approach is described where matrices
and other traditional methods are accommodated as preliminary
analysis procedures, while simulation modelling is recommended as

the most adaptable iwmpact prediction tool. Interaction between
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the researchers and decision? or policy-makers is facilitated by
workshops throughout the fofmative stages of a development
proposal.

Adaptive methods have also been developed in‘an effort to extend
the capabilities of EI analy;is. A method proposed by Sondheim
(1978) has the ability to consider many project alternatives using
interval scaled impact scores. The co-ordinators of an analysis
define lists of project alternatives and environmental aspécts
(components) . Two assessment panels are chosen : the rating
panel is free to use any method (e.g. matrices, networks, models,
etc.) to evaluate thé impact of each project alternative on each
environmental aspect; and the weighting panel must weight the
aspecté in order of.importance. The normalized and scaled rating
and weighting scores are arranged in matrices which are multiplied
and aggregated to obtain a preferential ordering of the projects
(tﬂe procedufe has similarities to the methods of Peterson et al

(1974) and Ross (1976)).

Although the method stresses an evaluation of impacts, the
subjective processes are separable from the essentially objective
activity of investigating impacts. Further, the subjective base
can be extended by incorporating public representatives in the
weighting panel. Sondheim (1978,p4l) has recognized that the
procedure, although comprehensive in its ability to compare many
alternatives, is entirely dependent upon supportive methods for a

consideration of synergistic or hicher order effects.

Jain et al (1977,p93) and Jain and Webster (1977) have described a
computer-aided approach to EI analysis which has been developed
for the U.S. Army Corps of Engineers by the Construction

Engineering Research Laboratory (Urban et al, - 1975). Thirty
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person years of research into the environmental problems related
to nine army activities (e.g. construction, training, and
procurement} have been structured into an extensive checklist
which can be selectively accessed through a computer-based
retrieval system {(Jain and Webster, 1977,p268). The user provides
information regarding the type of project, the environmental
setting of the project site, and the level of analytical detail
required. Output from the system is partially in the form of
interaction matrices which summarize the range of possible primary
impacts. Further information is retrievable on secondary impacts,
mitigatory measures, and pertinent legal provisions. The form of
the output is structured to meet the procedural and anaiytical

requirements of NEPA (Urban et al, 1975).

The method is atypical ip that it provides access to an 'already
compiled data ©base, while most other methods are concerned with
the collection of such data. A reasonable coverage of secondary
+ impacts is possible because of the specificity of the area of
concern {(i.e. ﬁine army activities). The meihod consolidates
existing data and expertise toc provide a comprehensive,
economically efficient, and easily used approach to EI analysis.
Although the approach is sophisticated and resource dependent, it
is appropriate where there is a formal and defined commitment to

‘Bl assessment.

2.3. Summary and Discussion

In South Africa, as there is no formalized commitment to consider
the final evaluations of an impact analysis, a need exists for
descriptive rather than evaluative methods. There 1is also the

necessity for procedures which can identify important
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environmental concerns during the formative stages of a project
design. These conditions should be met if EI analysis is to be
accepted as a workable extention to the conventional methods of

project appraisal.

Having investigated four adaptive approaches to EI analysis, it
seems feasible that varicus existing methods and téchniques could
be combined to meet the érerequisites stated above. Furthér, if
methods are combined in a sequential manner, an analysis can
progress from a simple investigation of major impacts to a more

detailed study of the areas of concern.

There are methods (e.g. matrices, overlays, and simple checklists)
which can be used in the preliminary stages of a project to guide
develppment in a direction of lminimized environmental impact.
This is achieved by communicating the more obvious environmental
implicétions of a project. Oncé developed, more detailed methods
(é.g. éystem diagrams, weight-scaled checklists, and dynamic
models) can be used to‘assess the more complex implications of the
project proposal, and to evaluate possible mitigatory measures,

and environmental management strategies.

Advanced and preliminary approaches to EI aﬁalysis should not be
seen as separable activities. It should be the task of
preliminary methods to focus attention on important aspects and to
create a data base from which advanced methods can develop.
Output from both stages can be incorporated in an EI statement for

the final evaluation of a project.

Preliminary methods are subject to resource, time, and simplicity
constraints, which makes it difficult to perform even a broad
analysis of impacts. Nevertheless, there 1is a wide range of

approaches for investigating primary impacts at different levels
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of detail. However, of the four main approacheé which are able to
consider secondary impacts - the minimum link mat:ix; networks;
system diagrams: ,ané dynamic ﬁodels - none is able to provide an
explicit procedure for identiinng the range of secondary 1impacts
which‘ may be associated with a project. The first (minimum link
matrix5 gives a very broad indication as to the possibility of
secondary impacts, while thé latter three are only useful once
areas of secondary ihpact have Dbeen identified. Although the
utility of all these approaches is recognized, it would appear
that there is no method or technique available for investigating
secondary impacts at a level appropriate to preliminary EI

analysis.

In chapter three a description is given of how the minimum 1link
matrix can be extended to serve as a preliminary technique for

investigating secondary impacts.
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3. CHAPTER 3 - A TECHNIQUE FOR ADDRESSING SECONDARY IMPACTS

3.1. Introduction

In chapter one, the origin of secondary impacts was.associated
with the inter-relationships between the components of a system.
Such direct dependencies can make components dependent on others
with which they are not directly linked. Consequently, actions
affecting any component can have repercussions on those which‘are

indirectly dependent on it.

For an exhaustive study of secondary impacts, a full understanding
of the structural features and functional processes which define
dependencies within an environmental system would be desirable.
This level of detail may be poésible with advanced analytical
' procedures. For an initial investigation of secondary impacts, it
is sufficient to know about all the possible direct and higher

order dependencies in a system.

A satisfactory technique for a preliminary investigation of

secondary impacts should embody the following attributes :

* The technique should be simple, descriptive, easily applied to
a diverse range of impact Studies, and adaptable to a wide

selection of EI analysis methods.

* It should be able to accommodate a Dbroad definition of the
environment; one which can include both bio-physical and

socio~economic components.

*  There should be a minimal reliance on subjective ‘judgements.

Where subjective judgements are employed, they should be
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adequately substantiated.

* Besides exposing the configuration of all higher order
dependencies, the technique should identify components which
are most likely to originate, or which are most likely to be

affected by, secondary impacts.

The approach developed in this chapter is.based on the component
interéction and minimum link matrices (Lands Directorate, 1974)
which are described in the "Mathematical Matrices" section of
chapter 2. Thé elements of a component interaction matrix record
{normally on a binary scale)} thé oécurrence of direcﬁ dependencies
between similar but perpendicular lists of environmental
components. A minimum link matrix is of the same form, but the
elements record the length of the linkages (in terms of
intervening components)” between all components. From a simple
representation of direct dependencies in a component interaction
matrix (CIM}), a minimum link métrix {MLM} can be derived. This
displays the extent to which each component is dependent on others
in a system. The mathemaﬁical operations for deriving the MLM
process information about higher order dependencies which is lost
to the final matrix repfesentation. However, the information can
be extracted to extend the capabilities of the technique. The
choice of components, and the recognition of direct dependencies
represen£ the full extent of the subiective judgements associated
with the MLM. The opinions of a multidisciplinary team could be
structured by a delphi or siﬁilar technigue to attenmpt a

comprehensive listing of components and component dependencies.

For these reasons, it is felt that the CIM is superior to other
methods and techniques as a basis for the preliminary study of

secondary impacts.
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As the component interaction and minimum link matrices are both
‘constituent parts of the proposed approach, confusion will Dbe
avoided by referring to the procedure as the component interaction
technique (CI technique). In this chapter the theory supporting
the CI technique; and its implementation as a computer programme

are described and discussed,

3.2. A Brief Introduction to Graph Theory.

Berge (;964) has described how graph theory can be used to study
the characteristics of any situation which can be represented as
points Jjoined by lines or arrows. Once a system is fepresented as
a gréph, certain concepts and theorems of graph theory become
available for analysing its connectivity. As the CI technique is
based on aspects of graph theory, some relevant terms are defined
helow {attributed to Wilson and Beineke, 1979,pl and Nystuen and

Dacey, 1961,p33}.7

Graphs are defined as sets of systematically organized points
(termed "verfices") and lines (termed'~"edges"). A graph 1is
“non-planar" if, when 'represented in two dimensions, an
intersection of two edges does not necessarily define a vertex. A
vertex is "adjacent" to another if there is an edge connecting
them. If all edges are of equal value for all adjacencies, the
graph is a “binary graph”. Edges may be assigned some value or
weight in a "weighted graph". If the edges of a graph are
orientated it is a "directed graph", and the orientation of edges
is displayed by an arrow-head on the lines. If a vertex, A, is
not adijacent to a vertex, B, but there exists some sequence of
vertices and edges which connect A and B, then A and B are

"linked" and the sequence of vertices and edges is termed a "path”
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or "linkage". A directed path must have all edges appropriately
orientated. The "valency" w©vf a vertex is the number of edges
incident to it. If a graph is directed, then each vertex has an

i

"out-valency" and an "in-valency" depending on the orientation of

the edges incident to it.

For the purposes of mathematical manipulation, every gra?h can be
associated with an adjacency matrix which com@letely déscribes the
graph. Every point in the graph is represented by a row and a
column in the matrix. Lines of the graph are represented by
elements of the matrix. Using standard matrix’ notation, an
adjacency Dbetween point i and point j in a binary graph will have
element A(i,7j) of the adjacency matrix A, set to one. If these
points are not adjacent, then element A(i,j) is set to zero. If
the line between i and j has some weighting, A(i,j) is assigned an

appropriate value.

Any system described in terms of components and dependencies can
be reduced to a point-line abstraction which conforms to the
definition of a graph. In such a case, the vertices of the graph
represent components, and the orientated edges represent
directional dependencies. Figure 12 illustrates the relationship
between a simple descriptive model of an estuarine system and its
éssociated {(directed, binary, noﬁnplanar) graph. The
environmental model has been compiled as an illustrative aid,
rather than an accurate representation of an estuarine system. A
more accurate estuarine CIM is discussed in chapter four. The
adjacency matrix is alsc shown and can be recognized as the
component interaction matrix of the system. Note that a
dependency of component i on component j is given as i => j in the
graph; énd as A(i,j) = 1 in the adjacency matrix A. The row (i)

components are dependent on the column (j) components. Further,



DESCRIPTIVE SYSTEM'S MODEL

e COMPONENTS

ROOTED VEGETATION

PLANT DETRITUS

BENTWIC FRONEA

ESTURRINE FIi5W

DEFPENDENT C‘QP\PON ENTS —TYPE OF DEPENDENCY-

PLANT DETRITUDS
BENTHIC FRUNA
E5TURRINE FISH
AVIFBUWNA

ROOTED VEGETRTION

PLANT DETRITUS

ROCTED VEGETATION

SOURCE OF MUTRIENTS
NUTRIENTS
MNUTRIENTS

MU TRIENTS

SOURCE

£O00

EOOD /SHEUTER

PLANT DETRITWUS (lelelo)
BEMTIGC BRUMNR OO0
AVERUNA [MARINE BEMTRIC FRUNA EOOD
+UPLAND BIRDS) ESTURARINE FISH FOOD
UM AaNS ESTURRINE FISH FOOR/RECREMTION
NETWORK GRAPH
-_—___‘______,/— =
1 AVIERUMA 5
ROOTED
VEGET ATION
3
BENTM
A Y
FRALUNA
\ *

FIGURE 12.

ESTURRINE
FiSe

[
HUMANS

ADIACENCY OR COMPONENT INTERACTION MRATRIX

SUPPORTING COMPOMNENTS

0 .4, 2. 3 A ) &
5 ROOTED VEGE — e 4 111 4 o
Z TRTION
£ puanrosTRITUS 1 o1 Q] 010 0
b
9 genTwc FRUNA o) L1101 o100
g ESTURRING Fier 1 1 1 o] ) 0]
9 AviFALMA Qi1 07 1 1 o1 0
ul
& HUMANS O O O 1 O 8]
o - :
N - VAL E MLV
21313131160
The descriptive model, network,

49

4
oy
215
g 4 ;_.2 0.3
o 1 g 3.0
1
= >
f 3 91 1.0
d
b 2 4| os
0
1 agl ©
&
GAMMA TNDEX =§!1?(b¥5i
= Q}t}.
graph, and adjacency

matrix of an illustrative estuarine system.



N . . 50

the " dependency i => j is an out—depéndency for i and .an

in-dependency for j.

3.3. Information from the Component Interaction Matrix

H

3.3.1. Component Valency

If the elements of a CIM afe summed acréss each row, the
out-valency of each component is derived. Similarly, summing down
the columns gives the in-valency. These measures give sone
immediate indication' as to the statugzoflegch component in the
system. In figure 12, the in-valency of "benthic fauna" is given
as 3, and the out~valenc§ as 1. This indicates that benthic fauna
is only directly dependent on one other component, while three
components are dependent upon it; This information is summarized

in the valency ratio (in/out valency).

3.3.2. Source and Sink Components

A source vertex has an out-valency of zero, and a sink vertex has
an in-valency of zero (Wilson and Beineke, 1979,p4). "Humans”, in
figure 12, are a sink component and can have no effect on the rest

of the system. A source component has a potentially large

influence on the components to which it is linked.

3.3.3. Measures of Connectivity

Kansky (1963,pl4) has described a number of graph-theoretic
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A .
measures which reflect the degree of connectivity of a network in

various ways. The measures are based on the values of ”eé {the
number of edges to the graph), and "v" (the number of vertices).
For example, the gamma index is given as e/(v(vﬁ@)) for directed
non-planar graphs. The index is bound by 0 on the lower limit
(indicating a graph of vertices with no connecting edges), and 1

on the upper limit (for graphs where every vertex is adjacent to

all others).

Whi;e graph indices, derived from the adjacency matrix
information, can be useful for comparing the struéture of
different systems, they do not explicitly reveal information on
system configuration. Therefore, they have a limited wusefulness
in EI analyéis; possibly as ihdicaters of the relative
susceptibility of different systems  to secondary impacts.
However, as will be sho&n, the MLM itself offers a more effective

means of investigating the internal structure of a system.

3.4. Graph Theory and the Minimum Link Matrix

Shimbel {(1951,pl71) has given a detailed exposition of a theorem

in graph theory which supports the following statements :

If C=A x A where A is an adjacency matrix and C is the product
by matrix multiplication, then' C{i,3j) is the number of paths
between component 1 and j ‘of length 2 (i.e. there are two
dépendencies involved in the 1linkage). Stated in general termns,
if P[n] = A{powered to n), where A is an adjacency matrix, then
P[nl(i,j) is the number of paths consisting of n dependencies

between components i and j.

The results of the powering procedure have been used to derive the
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shortest path or minimum link matrix (Haggett et al, 1977,p319).

The following algorithm applies :

%

- Initialize two binary matrices; A, the adjacency matrix, and

Lin], the minimum 1link matrix, each to describe the graph in

question. The value of "n" denotes the level of powering of

- the matrix A. At this stage n = 1, and L[1] is a matrix of all

paths of length one.

- By conventional matrix multiplication compute P[2] = A x A (n =

2). Every element of P[2] is inspected in conjunction with the
corresponding element in L[1]. A non-zero value for the
element P[2](i,j) indicates one or more two-step paths between
components i and j. If L[1](i,j) = O then there exists a
two~step path which is the minimum link path Between i and j,
(beéause there is no shorter path). Element L[1](i,j) is set
to 2.‘ Once every element of L[1] has been appropriately
adjusted, the matrix shows all the dependency chains of 'length

1 and 2, and is redefined as L[2].

The procedure is repeated for P[3] = P[2] x A {n = 3), and if

0 then L[2](i,3j) is set

i

P[3]{(i,j) is non-zero and L[2](i,])
to 3. On completion, matrix L[2] becomes L[3]. In general

terms the procedure is :

P[n] = P[n-1] x A
for all i and j
if P[nl{(i,3) » 0 and L[n-1]{(i,j) = 0O
then L[n-11(i,j) = n
after all i and i have been considered

Lln] = L[n-1]

The procedure is iterated until one of two conditions are met :
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l):There‘ are no more non=zero élements in L[n], which indicaﬁes
that there is a minimum path between all components in the
system, The system' graph 1is then said to be "strongly
connected" (Wilson and Beineke; 1979,p8).

25 There is no change in L[n] after powering the adjacency
matrix to the levél [n+1], although there are still some
elements of LIn] at zero. This indicates that there are
components in the system which are not directly or indirectly
connected to all the others. If the graph 1is not in fact
"disconnected" (i.e. where some components have no links at
all to the sysﬁem), then the graph is "unilaterally

connected” (Wilson and Beineke, 1979,p8)..

In both these cases the final form of L[n] is the minimum 1link
matrix and will be referred to as LIN]. “N" is taken as the

final value of n.

3.5, Information from the Minimum Link Matrix

3.5.1. Graph Diameter

If a system 1is strongly connected, then the value of N, that is
the maximum value of an element in L[N], is called the diameter
{Berge, §1964,pl26), or solution time {Haggett and Chorley,

1969,p41) of the graph. The diameter of a strongly connected
system is information that every component is dependent on all
others by paths with N or fewer links. For a system which is

unilaterally connected the value of N gives the maximum number of

links in the minimum paths that do exist. Note that a system will
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have a diameter if there are no sink or source components (i.e.
every component has an in-valency and an out-valency greater than

Zero).

3.5.2., Graph Distance

There are various measures which can be derived from the MLM to
give an indication of graph structure. Thei'dispersion measure
(Shimbel, 1953,p501) is the sum of all the elements of L[N], and
offers some indication as to the "compactness" of a graph as a
whole. It follows that if all Eomponents are clgsely linked to
all others, then the minimum paths will be Eshort, - and therefore
the sum of all the minimum path lengths (the elements of L{N])
will be sﬁall. The measure of dispersion may have application to
a graph of components and dependencies if it is accepted that the
influence of any one (non-sink) component is likely to be greater

in a compact, rather than a dispersed system.

The accessibility measure (also attributed to Shimbel, 1953), has
two forms for directed graphs. The out-~accessibility measure is
the sum of the minimum path lengths across a row of a MLM, Aand
indicates how closely the row component is linked to the system as
a whole. Summing elements down a column gives the iﬁ~access~
ibiliﬁy of a component, which is a measure of how closely linked
the whole system is to that component. Carter (1969,p53) has used
the measures in this sense to study tﬁe ‘accessibility of wurban
places, but they could also provide information on the structural
felationship between a given component, and the environmental

system of which it is part.

Both dispersion and accessibility measures are non-metric. A

1
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value for one graph may be equal ’to that of another, without
implying any similarity of structure or connectivity.
Specifically, the values of the measures are ~dependent on the
number of vertices in thé graph. A further problem with the
measures is that a value of zero for ﬁhelelement L{NT(i,3) implies
the shortest poésible path betweeﬁ components i and j, when in
fact there is no connection at all. It would be more appropriate
if the elements were set at infinity. The incorrect "sense"” of
zero values in a MLM contributes toward values which caﬁ give a
spurious indication of a well connected system. Therefore, the
ﬁeasures‘are only useful for strongly connected graphs which, by

definition, have no zeroc values in L[N].

Reed (1970) has overcome the inconsistencies arising from the
presence of zeroces by transforming the acceésibility measures to
measures of "average graph distance”. The revised measure 1is
calculated by averaging the accessibility méasure over the actual
number of‘minimum paths wﬁichvconnect a éomponent and the system
(i.e. the accessibility measure is . divided by the number of

non-zero elements in the summation).

3.5.3. Disruptive Measures

The average graph. distance has been used (Reed, 19?02 to rank the
nodes of a comrmunication network in order of theif disruptive
potential to the whole network. The procedure considers hoth the
direct and indirect connections by which nodes are 1linked in a
svstem, and could therefore, be applicable to a study of the
secondary impact potential of components in  an  environmmental

system.



56

Any componént in a system has ﬁhé bétential to disrupt the
activities of ail other components which are directly or
indirectly dependent upon it. The disruptive potential of a
component can be taken as a function of tﬁe number of dependent
components, and the length of the shortest paths by which they are
dependent. Although both these variables are incorporated in the
average graph distance of a component, the disruptive potential is

not immediately apparent.

If, however, a component is ”rémoved“ from the system (i.e. by
removing all its incident edges) and the average graph distances
are recomputed, the absoclute diffe:ence between these and the
original measures provides an indication of the component’s
importance to the system. Should tﬁe remaining components only be
able to exércise their dependencies through longer paths, the
average graph "distances will increése. ‘Conversely, if fewér

components are now connected, the average graph distances will

rdecrease. The degree of fluctuation‘invthe‘average g:aph distance
of the remaining components is related to both these conditions,
and 1t is the absolute difference in the average graph distances
of the original and reduced systems which is an indication %f the
component's disruptive potential. In practice, the disruptive
measure of a component is Computed as the sum over all components,
excluding the component in question, of the absolute difference
between the average graph distance in the complete and reduced
systems (Reed, 1970,p774). The mathematical representation of
this formula is given in appendix C. By computing the disruptive
measure of all the components in an environmental system, it is
possible to rank the c¢omponents in order of their disruptive
potential to the whoie system. This can be viewed as a ranked

order of the components' ability to give rise to secondary
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impacts.

Disruptivé measures, however,  like the’» dispersion and
accessibility measures, are not commensurate for systems with
differing numbers of vertices. It is proposed therefore, that the
measures be normalized by expressing them'aé a percentage of some
assumed maximum value for a graph of the same number of vertices.
In appendix C, a formula for the upper bound of the disrupti?e
measure of a component has Dbeen derived. If components in
different systems are to be compared, the disruptive measures can
be’ normalized by expressing each as a percentage of the méximum

disruptive value.

A procedure is given below for determining the rank order by

disruptive measure of the components in any system :

*  The minimum link matrix L[n] is derived from the complete
adjacency matrix A. The average othgraph distance, G(i) for
component i, is computed for each component in the system, and

these values are stored in some manner.

* A component x is deleted from the complete adjacengy matrix A
by setting the elements of row x and column x to zero. The
minimum = link matrix, L{Nx] is recomputed from the reduged
adjacency matrix Ax, and the average graph distances, Gx(i),

are calculated for all the non~deleted components.

* The absolute value of G{i) = Gx{i)} is computed and summed over
all components except x (i.e. for all i except i = x). The sum

gives the value of the disruptive measure for component x.

* The previous step is repeated for all x from 1 through to m,

where m is the number of components to the system.
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* Al% the component disruptive values can be normalized to give

the percentage of total disruption, and the components may then

be ranked in order of disruptive potential.

The diSruptive measures 'above référ t§ in-disruptive measures.
Out~disruptive measures can be“computed in a similar way (in-graph
‘distances ére computed), and the normalizing’ procedure 1is
unchangéd. An out~disruptive measure is an indiéation of the
disruptive ‘potential of a whole system on one of its components,
and could be interpréted as the susceptibility of a component to
secondary impacts.  For clarity, therterms Qcémponenﬁ disrupﬁive
potential” and “"component suscéptibility to,disruption“ are used

for the in- and out-disruptive measures respectively.
3.6. "Extracting Information From the Powering Process

3.6.1. Minimum and Non-minimum Paths

The elements of a matrix P[n] used in the powering procedure give
the number of paths of length n connecting any two vertices of a
graph. It is possible to cchstruct, from all the levels of Pln]
which are used to derive the MLM, a total path matrix T (Taaffe
and Gauthier, 1973,pl25) where :

| T = P{1] + P[2] + P[3] + ..... + P[N=-1] + P[NI]
The elements of matrix T specify the total number of direct and
indirect connections between all the vertices of a system.
Summing the values of T across any row gives the ‘"gross vertex
connectivity measure" (Carter, 1969,p45) qf a vertex, which is

similar to the out-accessibility derived from the MLM, The
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connectivity measures’of communication neﬁworks have been used by
Cartgr (1969,p45) and Pitts (1965,pl8) to investigate the relative
importance of network nodes. Taaffe and Gauthier (1973,pl31) have
~recognized that the total path matrix has twé major disadvantages,

pafticularly for the study of communication networks :

1) Many redundant paths are included in the matrix values.
2) The indirect influence of a vertex is a function of the length
of the connecting path, but summing over all P[n] gives an

equal weighting to all paths, irrespective of their length.

Therefore, there is a tendency to favour the MLM (Taaffe and
Gauthier, 1973,pl32; Carter, 1969,945)‘ as it circumvents both
problems by considering only the shortest paths. However, while
redundant Vpaths in communication networks are generally all paths
longer than the minimum path, this need not be 80 for
‘environmental systems. For example, in the system‘éhown in figure
12, there-are four paths by which "rooted vegetation" is dependent

on "benthic fauna® :

1) rooted vegetation -> benthic fauna

2) rooted vegetation -> estuarine fish ~> benthic fauna .

3) rooted vegetation -»> avifauna -> benthic fauna

4) rooted vegetation =-> avifauna ~> estuarine fish =-> benthic

fauna

If the greatest proportion of nutrients is not derived directly
from "benthic fauna", then the shortest path may not, in féct, be
the most important path. The cycling of nutrients may be faster,
and therefore more important, via a longer chain of dependencies.
Therefore the complex functional processes which define

dependencies can give non-minimum paths a greater weighting than

expected. For this reason there may be some value in considering
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‘the total path matrix for environmental systems. Unfortunately,
the degree of redundancy in the total path matrix is not readily
apparent, and it is considered preferable to restrict

consideration to the MLM for the CI technique.

Weichting scalars (Katz, 1953,p41) have been used pb’give a more
‘realistic interpretation of the indirect influence of longer than
minimum paths in the totalApath matrix. Further, weighted graphs
can be usefully empioyed to select minimum paths of maximum
influence (Taaffé and Gauthier, 1973,pl138). Both these approaches
extend the subjective base of the approach, and will only be

discussed in chapter 5 as possible extentions to the CI technique.

3.6.2. The Minimum Path Accessibility Measures

As the CI technique will be restricted to information about the
minimum “paths in a system, the total minimum path matrix, T{min),
substitutes for the total path matrix, T. Elements of T(min) give
the total number of minimum paths which connect any two verticeé.
For envirénmental systems, summing elements across a row of the
T{wmin) gives the total number of minimum paths which make a
component dependent on the system as a whole. Column summations
indicate the total number of minimum paths which make the whole
system dependent on a single component. These are respectively,
the out- and in- minimum pa£h accessibility measures, and the

following procedure can be applied for their derivation :

Al

* The procedures for determining L[N} and T{min) are performed -

simultaneously.

* Considering the powering process Pln] = Pln-1] x A, the

foollowing adijustments are made to the conventional mode of
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matrix multiplication :

normally :
P[n1(i,j) = P[n-11(i,1) x A(1,3) + Pln-11(i,2) x A(2,3) + ...
eve + P[n~-13(i,m) x A(m, 3)

where m is the number of vertices in A.

-

however @
P[nl(i,3j) is only set to the sum of products if

P[n-13(i,3j) = 0

* Once the minimum link matrix has been derived, P[N] = T(min),
and the rows and columns can be summed for the out- and

in-minimum path accessibility measures.

The method recognizes that it is>the presence of non-zero elements
(ratherk than the value of the elements) in Pln-1] which is
necessary to derive all the minimum paths. Thérefore, only the
first non-zero  value is carried over from Pln-11}(i,j) to
P[n](i,3), which is the total number of minimum paths between i

and ij.

3.6.3. Configuration of the Minimum Paths - ("tracks")

One of the major tasks of the CI technique is to expose the
configuration of dependencies which make any component dependent
on any éther component. To achiéve this, detailed informaﬁion
must be extracted during the MLM powering process, and stored in a
retrievable manner. Once the question "how is component i
dependent on compénent i" is asked, the stored data is accessed to
define the relevant minimum path or paths:; that is, a “"track" is

perfdrmed to expose the minimum paths which link 1 to j. The
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procedure is not straight forward, and is explained in a number of

stages.

Matrix Multiplication and Higher Order Dependencies

P[nl](i,j) is derived from the matrix multiplication of P[n~1] and

A and the following formula applies :

P(nl(i,3) = Pln-13(i,1) x A(1,3) + ... + P[n~11(i,k) x A(k,j) + ..

e + P[n=13(i,m) x A(m,3)

It follows that if P[nl(i,j) > 0, then one or more of the products
is greater than zero, which is possible, 1if, for one or more
values of %k, Pin-1](i,%k) ana A(k,j} are both greater than =zero.
Non-zero elements of a matrix sigpnal the existence of a
dependency, and for the abﬁve case :

if P[n—l](i,k)’> 0 then i is dependent on k (i -> k)

and if A(k,j) > 0 then k is depéndent on j (k => 3)
Thereforé the product identifies the  logical sequence  of
dependencies, i => k => j. Now, because the dependency of k on j
is derived from the adjacency matrix, }t must be a direct
dependency. However, as the dependency of i on k is indicated by
an element in P{n-1], it must be a depen@ency to the order n-1
(i.e. there are n-1 dependenc@es linking i and k). It is
therefore necessary to inspect the products of P[n~1]{i,k) and all
other matrices down to P[1] to give a full description of the -

dependence of 1 on je.

A Practical Example

In figure 13, the powering procedure for deriving the MLM of the
system described in figure 12 is shown. It may be noticed from

the MLM that L[N](6,5) = 3, i.e. that component 6 (humans) has a
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* Duriﬁg the powering procedure, whenever a minimum path is found
(i.e. when Plnl(i,3) > 0 while P[n-1](i,3j) = 0), then the
values of k which give non-zero products in the equation for

P[nl](i,j) are stored in S8({(i,j).

Once the MLM has been derived, the inforﬁation contained in § is
simply a comprehensive equivalent of that which was extracted in

the example above.

Information Retrieval

For the general case of "how is i (dependent component) dependent
on j (supporting component)"”, the following procedure extracts
information from § to give all the minimum paths of dependence

between i and j

* The value, or values, in S(i,j) are considered. i1f, Thowever,
S{i.j) contains no wvalues, then no path of dependency exi§ts
between i1 and j. If S{(i,j) is equal to j, then there is a
direct dependency between i and j. 1f any other value is
stored in S{(i,j), there is a higher order dependency between i

and j, and the following steps of the procedure apply.

* Let the value in 8(i,]j) equal k; the dependency is i => k =-> ?

eess 2 => j. Further information on the dependency between 1

and j is contained in S{(k,j).

* The 1linkage of the components listed in S(k,j) on j are

developed in a similar way, until for some k, S(k,j) is equal
to j. This indicates that the last {(direct} dependency on to j

has been found.

* If more than one value is stored in any of the elements in 8,

then there is more than one minimum path. The above procedure
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is applied to each branch of the linkage until. all branches

converge at j.

In figure 13 a portion of S is shown for the system described in
‘ figure . 12. All the dependencies which can be tracked using this
portion of & are given. They show how all components are directly

or indirectly dependent upon "avifauna" {component 5).

3.6.4. Critical Components

From T{min) in figure 13 it can be seén that two pairs of
components are dependent by two minimum paﬁhs (rooted vegetation
~-> rooted vegetation; avifauna -> plant detritus). However,
fiéure 14 shows how it is possible'to,have many minimum paths
between any two verticeé. 1f ény of thé vertices A through to N
were removed from thé system, 1 ahd 4 would still be linked by

other minimum paths. This is not the case for vertices 2 and 3.

" FIGURE 14. ~Diagramme of a.  graph = to show critical~- and

cut-components.
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'Remov1ng elther of these‘would dlsconnect vertaces 1 and 4. | A
vertex: whose removal dlsconnects the shortest path between a pair
- of vertlces is crltlcal to that llnkage. _If there is only one
'“fmlnlmum vpath between a palr of vert1ces, every vertex in the path
AlS crltlcal. Crltlcal llnks apply to shortest paths only, and it
;1s always p0851ble that longer paths could prov1de ‘alternatives to

the critical paths 1n,quest10n.,

For aﬁ invéstiéationlof secondary imbact bbteqtial ~of components
'in an environmental fsyétem,‘ it  wduld“bé useful to know which
components are’ critical :to which dependencies. An iterative
‘procedure, basédr én ~the trécking prééess described in the laét
sectlon, can prov1de 1nformat10n on the crltlcal components of a

system :

s For all i and j, if there is a higher order dependency between
i and j (i.e. L[N](l,j) > 1}, a track is performed to give all

the minimum paths of dependence.

* If éome Componént k is critical to the path between 1 and j,
the identities.of i, j, and k are recorded as part of a summary
of all‘critiéal components. A critical component is recognized
as any compénent; k, in thé path of dependence, for which theré

is only one value in S(k,j).

* While the process is repeated for every iand 4, a total is
kept for each component of theAnumber of times it is critical

- to any path'of dépendency. The maximum number of paths to
which a: componant can be critical is a function of the number
of vertices in the svstem. A formula defining this function is
developed .in appendix C. ’Therefore the critical path totals
for components in any system can be normalized by expressing

them'as a percentage of the maximum. This allows comnponents of
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differing systems (i.e. with different values of m) to be

compared in terms of "critical importance®. T ‘ Co

3.6.5. Cut-components

If figure 14 represented a complete graph, vertices 2 and 3 would
be cut-vertices. A cut~-vertex is one which is’ critical to Dboth
minimum and non-~minimum paths, and whose‘removal renders some part
of a strongly or uniléterally connected system completely disjoint

from the remaining system (Wilson and Beineke, 1979,p8).

The significance of minimum and nohuminimum paths in environmental
systems Thas already been discussed. Consideration has been
restricted to minimum paths because the significance of
non-minimum ‘paths is not easily assessed. However, as the
Aimportance of cut-components is obvious and unambiguous, attention

is given to their identification.

The following procedure, which c¢an be performed simultaneously
with the disruptive measure procedure, identifies all the
cut-components in a system and the dependencies which they

disrupt:

* The procedure to determine the disruptive measure of every

component in a system has been described. LIN] is the minimum

link matrix of the complete system, and L[Nx] is the MLM of the
system with component x deleted. The following check is
iterated over all i and j for every x :

if LIN](i,d) is non-zero

and L[Nx](i,j) is zero

then it follows that component x has the ability to totally
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disrupt the dependence of i on j. '

* Wheneyer compgnent X 1is a cut-component in the path of
dependence of i on j. th¢ identities éf i, j, and x are noted.
This gives a summary bf all the components which are
cut-components, and thé indirect dépendencies which they have

the potential to destroy.

* As with critical links, the total number‘of ﬁimes a component
can act as a cut-component may be recorded. The totals are
normaliéed in a similar way to the critical path totals,
allowing components of different systems to be compared in

terms of "absolute critical importance”.

3.7. Implementing the Component Interaction Technique

The CI Atechnique consists of all procedures wﬁich'are able to
extract information pertinent to the identification of secondary
impacts from a component interaction matrix. It is considered
that the interpretation of the CIM, MLM, disruptive measures,
tracks, and other ranked measures mentioned above, is sufficient
for conducting a preliminary investigation of possible secondary.

impacts in any defined environmental system.

As the procedures which generate the information are intricate
and tedious to perform, the technigue 1is unavoidably> computer
pound. This has obvious disadvantages for what is intended as an
elementary analytical procedure, and detracts from the general
applicability of the technigue. However, the subject of system
inter—rélationshipé is complex, and it is unlikely that an.

adequate analysis could be performed by simpler (non-computerized)
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approaches. Further, it is intended that the réliance on
computers be compensated for by structuring and presenting the
computer dependent parts of the technique with the foilowing

points considered :

* The unfamiliar format of computing procedures often results in
resistance to computer wusage (Munn, 19?5,p87y. Interactive
programmes which offer-a simple interface between the user and
computer have been successfully employed to overcome this

problem (Furniss, 1977,pl; Jain and Webster, 1977,p258).

* Although the ‘presentation of output greatly affects the ease
with which it is interpreted, an understanding of the modus
operéndi of the programme is also important. Consequently, a
computer programme which is adequately'described and documented
gives the user a basis for interpreting the meaning and

validity of all output.

*  Sound programme documentation and the use of a universally
accepted programming language can facilitate the transfer of a
programme to differing computer systems. However, the
implementation ‘of; an appfoach is probably better served by an

exposition of the algorithms used in the programme.

An interactive ASCII FORTRAN programme has been written to test
and display the capabiliﬁies of the CI technique. The technical
details of the programme are discussed in the programme-manual
given in the first section of appendix A, and a full 1listing of
the programme follows in section two. The results of a complete
analysis of the environmental system given in figure 12, and a
reproduction of the programme/user commands which created the

output, are given in the first section of appendix B.
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The output of the programme has been structured to facilitate an
effective analysis and interpretation of results. _Information
generated by the subprogramme which pérforms the dependency tracks
is wutilized in a plotting programme tovprovide a diagrammatic

display of the minimum paths of dependence (see appendix B).

The literature on graph theory algorithms contains many examples
of efficient procedures (in terms of computer time and storage
space) for storing and manipulating graph data (Heap, 1972,p50),
computing minimum paths (Dreyfus, = 1969), and identifying
cut-vertices (Read, 1979,p387: Tarﬁan, 1974). However, while the
procedures used in the CI programme are not necessarily efficient
in themselves, they are bettef suited to the multipurpose nature
of the programme. The algorithms described in this chapter form

the basis of the appropriate CI subprogrammes.

3.8, Summary

A set of procedures which constitute the CI technique has been
described. The technique is able to extract information abopt the
structure and hiéher order dependencies of an environmental
system. A simple model of the sYstem, in the form of a component
interaction matrix, is the sole input of data to the technique.
Consequently, the accurate construction of the model is crucial to
the analysis (Matthews, 1975,pl23). Further, the procedure merely
extracts and structures information without providing a direct
evaluation of secondary impacts for an EI analysis. Only after
the CI data is incorporated into some EI analysis method, can an

assessment of secondary impacts be performed.

These two important aspects related to the application of the CI
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technique, (i.e. - the formulation of a CIM, and the incorporation
of the output from the technique into various EI analysis methods)

are discussed in the following chapter.
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4. CHAPTER FOUR - APPLYING THE COMPONENT INTERACTION TECHNIQUE

4.1. Introduction

Having dealt with the theoretical aspects of the CI technique,
points related to its practical application are now discussed.
Guidelines are given for constructing a CIM, and for incorporating
information from the technique into the wvarious EI analysis

methods covered in chapter two.

The CI ‘results of thrgé environmental systems are presented in
appendix B. These are referred to in this chapter. Section one
of appendix B is a full analysis of the illustrative estuarine
system usedyin chapter tﬁree, and is employed to demonsfrate the
capabilities of the <CI technique. Section two presents an
abbreviated listing of results associated with a more. detailed
estuariné system. The detailed estuarine system has a "positive"
and ‘"negative" CIM. Unless otherwise stated, all references are
to the analysis of the positive system, which 1is wused to
demonstrate the practical capabilities of the technique. For
comparative purpoées, section three contains excerpts from a CI

analysis of the Nanaimo Port CIM (Lands Directorate, 1974).

4.2. Deriving the Component Interaction Matrix

The main problems of the CI technique are associated wiﬁh the
representation of complex systems ﬁhrough’a ;ist of componénts and
" an array of dependencies scéred as zeros Or ones. The following
three sectiohs address some of thevproblems associated with, and

suggest certain guidelines for, ' the compilation of component

e s I B BRI .
-t R -
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on the subjective cohtent of an ’EI analysis. Before an
environmental system can be modelled as a CIM, a relatively
detailed understanding Qf the system is regquired. In most cases
this will ensure that a multidisciplinary team of asséssors is
engaged to conduct the study. ‘Tﬁe value of a team approach to EI
analysis has already Dbeen affirmed. Further, étypical of other

metheds and techniqués,‘the‘interdependent nature of the CIM would
require each member of the team to have some insight into the
structure and processes of the environmental system as a  whole.
It is felt}therefore, that the formulation of a CIM can ensure én
assessment of impacts which is based on a broad, but sound

understanding of the system in question.

Regardless of the method to be used, the construction of a CIM
could be usefully incorporated into thé preliminary stages of any
impact analysis, as it facilitates a careful consideration of the
environment. The following guidelines vrelate to a listing of
‘components which would be compatible with the CI technique, and

the variety of methods with which it may be associated :

* The component list should be compiled by an interdisciplinary
team. The training or experience of -each member should be
appropriate to some aspect of the environment, or project

proposal, under consideration.

* The choice of components’ should represent the combined
judagements of the team of assessors. Interaction among team
members can be structured by a suitable evaluation technique to

give a consensus of opinion on the final list.

* The component list must describe the environment for which the
project is intended, and which the project may affect. It is

essential therefore, that the assessors have a clear
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qnderstanding of the nature and scale of the proposed project.
Predetermined checklists (é.g. those of the Leopold or Batelle
methods) may be used as a guide to the choice of components.

However, the list should be tailored to the conditions

particular to the project and associated environment.

Compénents should be included which allow an énalysis of impacts
in both the bio-physical and socio-economic environments. The
choice of components to represent the socio-economic environment
will be the most éuéceptible to bias (intentional ahd
unintenticnal). For urban environments in particular, the
subjective base of the component decisions éould be extended by

giving some form of representation to public opinion.

By definition components should represent environmental

features, rather than environmental processes. This condition
can be relaxéd for steady-state processes which are themselves
- susceptible to impacts. For example, the components "freshwater
(/flow)" and "nutrients (/cycling)" in the detailed estuarine
system, represent not only the physical features of freshwater
and nutrients, but also the fundamental processes with which
they are associated. If a process does not normally assume a
steady-state, and is itself a result of certain impacts (e.qg.
sand—bér destructioﬁ, or river flooding), then it should not be

included in, or as, a component for a CI analysis.

Each component should be qualified by an explicatory
description. It 1is necessary to have the sense and bounds of
components defined so that the user can identify direct

dependencies and interpret the results of the CI technique. For

example, the "W/S biomass" component in the detailed estuarine

system 1is representative of the biomass supported by the
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estuarine catchment’or watershed (W/S) area. The distinction
between this and the biomass supported by the estuarine zone is
significant in this CI analysis. Further, a concise descriptive
summary keeps the subjectiye choice and definition of components
open to external review. As none of the systems presented in
appendix B are related to a specific environment or project, it
is intended that the component 1labels will act as broad

component definitions.

If components are to be ranked using measures derivgd from the
CI technique, 1t 1s necessary +o ﬁavev all components of
comparable ‘"weight" or "specificity". For example, a component
representing all terrestrial vertebrates may have a Dbiased
dominance in a system which includes components representing

distinct species. Difficulties may be experienced' in djudging
the compatibility of bio=-physical with socio-economic

components, but a procedure will be developed later in this

chapter for recognizing unduly “"gross"” components.

The number of components used to model a system is normally a
function of the detail required. However, large (IMs are
difficult to analyse and interpret. The programme used in this
thesis is capable of processing a CIM of up to fifty components.
A CIM of fifty components has 2500 elements, which is a
formidable body of data. It is possibly more efficient to modelx
large or detailed systems first as a small number of aggregated
components, and then to expand the components of interest into
detailed subsystens, That is, the CI analysis is performed at

two levels of detail.
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4.2.2. Determination of Direct Dependencies

While the choice of components\is an activity included in most EI
analysis methods, the determination of all direct dependencies is

particular to the CI technique.

The possible number <of direct dependencies~ which must be
consideredZégji:xxﬂggﬁﬁﬁﬁasquare of the number of components. The
task is, therefores more demanding than choosing components.
Further, the validity of a CI analysis is absolutely dependent on
the exactness in the identification of direct dependencies.
Dependencies can generally be recognized by a process of objective
reasoning. However, the "all or nothing" choice (1 or 0) for
registering a dependency necessitates a value-based decision as to

what degree of dependency should constitute the allocation of a 1.

The following guidelines are offered for the determination of

direct dependencies :

* It should be the task of the assessment team to decide upon

dependencies.,

* Some practical method of considering and récording all possible
dependencies should be employed. An effective approach is to
‘construct a CIM with ﬁhe components listed along both (x and y) |
axes, and to systematically "ask® a standard guestion for each
element of the matrix. For example; "is the existence of

component i {row component)} in any way directly dependent on the

existence of component  j {column component)”. A "yes" answer
will rgsult'in the allocation of a one to element A(i,j) of the

CIM. The consideration of all dependencies can be a tediously

repetative task, especially for large matrices. The CI

programme used in - this thesis allows a user to enter data
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directly as interactive responses +to an exhaustive set of
programme prompts. In this way a complete and structured
consideration of dependencies is ensured (see appendix B,

section 1).

The direction of dependencies must be consistent. In this
thesis the convention is to have row cdmponents as the

dependents and column components as supporting components.

The descriptive summary of components should be consulted to
ensure that the correct sense of a component is used 1in the
decisions on dependencies. A summary should also be constructed
of the type and extent of all direét dependencies. The
descriptive model given in figure 12 of chapter three could act
as a brief dependency summary, and it is important to have some
such record for the accuratev interpretation of CI analysis
results. Dependency summaries are not provided for the systems

presented in appendix B.

Only direct dependencies should be marked in a CIM. Components
may be “short-circuited" if higher order dependencies are
inadvertently recorded. For example, 1in the illustrative
system, it could be coﬁsidered that "benthic fauna" is directly
dependent on ‘"rooted vegetation” @ as a source of nutrients.
However, récording such a dependency between "benthic fauna” and
"rooted vegetation® would short-circuit the "plant detritus”

component.

It is possible to have a wide variety. of dependencies in any one
CIM (e.g. dependencies of food, shelter, economics, aesthetics).
Further, it is also possible to have "positive" and “negative”
dependencies. If component 1 is dependent on component j

because j has a Dbeneficial effect on i, then the 1 -> j
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dependency is positive. However, if j has an inverse control on
i (i.e. an "increase" in j "decreases" i), then the i -> 3
dependency is negative. Both positive and negative dépendeﬁcies
are scoreé as ones in a CIM. Two reasons can be given in
support of a separate consideration of positive and negative

dependencies :

1) A track on the linkage between a pair of compénents may
contain both positive and negative links. This can

complicate the interpretation of the dependency.

2) A negative dependency may short-circuit a linkage of positive

dependencies.

The detailed estuarine system given in appendix B, section 2, is
modelled as two CIMs. The first gives only positive
Ydependencies, which are recorded for all affirmative responses
to the question; "is component i related to component Jj, such
that an increase 1in j gives an increase in i". The second
‘matrix contains only negative dependencies, which are taken to
exist when an increase in j causes a decrease in component i, or
viceversa. PFor example, the dependenpy, "phytoplankton" ->

"industrial effluents"”, is a negative dependency.

Positive and negative dependencies may be represented within a
single CIM, provided that the dual nature of dependencies is

recognized during the interpretation of results.

There may be some value in allocating a measure of degree to
each ldentified direct depeﬁdency. The CI programme used in
this thesis gives the user an option of recording dependencies
on a binary (0 or l)Aor weighted scale (0 - no dependency:; 1

minimal; 2 =~ appreciable; 3 -~ complete dependency). All
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welighted non-zero values are reducéd to ones for the
mathematical operations of the technique. The advantage of the
weighting option is that the CIM and valency summaries (only)
give some (subjective) .indication of the importance of
components. A weighted version of the illustrative estuarine

system is given in appendix B, section 1.

4.2.3. Suitability of Component Definitions

Once the CIM has been constructed, an initial interpretation of
some of the CI analysis results should be performed to assess the
compatibility. among the component -definitions .(in terms of

specificity).

Certain components may dominate a CI analysis simply because they
‘represent a significantiy broader section of the environment than
the other components. The specifiéity of components c¢an be
assessed from the valency and disruptive measure rankings. A
distinct discontinuity in the ranked values of either measures
could indicate an excessively gross component or components.
However, it is possible that the importance of a component, rather
than its Dbroad definition, is resPOnsible for high valency or
disruptive values. An important component 1is one which is
associated with some discontiﬁuity, but which qannot be divide@
into suitable mutually exciusive subcomponents. For example, the
"bacteria" component of the Nanaimo Port CIM has an out-valency of
seventeen, which is significantly larger than the next ranked
component {"birds of prey" at eleven). This probably explains why
it has the hichest value in the out~disruptive or susceptibility
to disruption ranking. The "bacteria® component is not readily

subdivided, and so represents an important aspect of the
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environmental system. The valency measures of the "nutrients
(/cycling)" component of the detailed estuarine system do not show
a marked discontinuity, but in both the in- and out-disruptive

measure rankings, it is a decidedly dominant component. This
indicates that the indirect influence of, and on, “nutrients
(/cycling)" is substantial, ‘Re~defiﬁing the component as organic

and inorganic subcomponents could de-emphasize its indirect

influence.

Conversely, it may be possible, and necessary, to aggregate
certain components. For example, in the initial detailed
estyarine system, it was found that ‘“reptiles®”, “mammals”, and
“avifauna" depended upon, and were depended upon by, similar
components. As\none had excessive valency or disruptive values,

they were combined to form the "terrestrial vertebrate" component.

Once the components have been adjusted if necessary, the validity
of a CIM is largely dependent upon the accuracy in the allocation
of direct dependencies. There is. no explicit procedure for

checking the validity of the direct dependencies.

4,3, The Component Interaction Technique and Impact Analysis
There are three different levels at which a CI analysis can be

useful to an investigation of environmental impacts. They are the

procedural, comnunicative, and interpretative levels.

4.3.1. Procedural Level

It was mentioned in the last section that, Dbesides the purely
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analytical functions of .the CI technique, the activities
associated with the construction of a CIM can have a positive

influence on the procedure for conducting an EI analysis.

4,3.,2. Communicative Level

Many of the objectives of this thesis relate to an efficient
communication of secondary impact potential of an environmental
system to the evaluators of environmental impact. An MLM, as a
constituent part of the CI technique, éan communicate the extent
of the interdependencies in an environmental system. Provided
that there are not too many source and sink components ({(there are
3 source, and 1 sink, components in the detailed estuarine
system), most elements in an MLM will be noh—zero. Anvimpact on a
componeht j can, théoretically, influence every componeﬁt i, for
‘which LInj(i,3) is non-zero. Tﬁerefore, the arrangement of
. non-zero values in an MLM gives a concise indication of the

secondary impact potential within the system.

While the MLM can display the existence of direct and indirect
dependencies, the tracking facility can be used to show how any
component 1is dependent on ény other, and consequently, how an
impéct on a component can indirectly affect another to which it is
not directly. linked. Tracks are included in each of the threek

sections of appendix B.

. 4.3.3. Interpretative Level

Many of the results of the CI technique have little value unless

they are interpreted in conjunction with the component definition

Y
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and dependency summaries.

There are bver 2000 ﬁon-zero valueé in the detailed estuarine
system MLM, but not all of these neéd indicate important
dependencies. The significance of any linkage is related to the
degree of the weakest dependency. As an exampie,;the MILM of the
illustrative system shows that "humans" a}e }dépendent upon
"avifauna" by a path of three 1links. . The significance of the
linkage is related to the degree of the weakest dependency. From

the track given below (figure 15), it can be argqued that the
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DEPENDENCE OF COMPONENT 6 - HUMANS
BN COMPBNENT 5 - AVIFAUNA

FIGURE 15. A “track" on the dependence of "humans" on "avifauna®

in the illustrative estuarine system.
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"humans" -> "avifauna" dependency is not very significant because
the dependence Qf ‘”footed,'vegetation“ on "avifauna" is not
important (i.e. the biomass of rooted vegetation supported by
nutrients supplied to the system as bird faeces and detritus is
not great). The’track diagram (figure 15) is output fromA the CI

programme used in this thesis.

The significance of critical- and cut-components can be assessed
from tracks of the dependencies listed in the c¢ritical-~ and

cut~component summaries.

Once the primary impacts of a project‘have been associated with
the relevant‘environmental components by an EI analysis method,
tracks can be performed to gauge the severity of the associated
secondary impacts. The MLM column for the “rooted vegetatioh“
component in the illustrative’ estuarine system shows that a
‘primary impact (e.g; destruction of rooted vegetation biomass by
dredging activities) can affect all the components in the 5ystem.
The following tracks summarize how every component is dependent on

"rooted vegetation" :

plant detritus ~> rooted vegetation

benthic fauna -»> plant detritus =-> rooted vegetation

estuarine fish -> rooted vegetation
avifauna -> estuarine fish => rooted vegetation
humans -> estuarine fish «> rooted vegetation

It may be contended from an inspection of the tracks, that the
secondary impacts on the ‘“plant detritus" and "benthic fauna”
components are important in view of the total biomass which may be

indirectly affected. -

If a system is modelled as a large number of components, it may
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not be feasible to‘perform and interpret all the tracks relevant
to secondary impacts (a direct impact on all but one component
(industrial effluents), in the detailed estuarine system could
affect 44»other’components)., For larger CIMs an interpretation of
secondary impact potential is more easily tha}ned from arstudy of

~the various summaries and rankings provided by, the CI technique.

The terms rankiﬁgs and measures have been loosély used to describe
output from the CI technique related to the valency; average graph
distance; minimum paths; critical- and cut-positions; and
disruptive pdtential of components.' Eéch component in a systém
has a value for each of these measures; Therefore, for each
measure, the components can be ranked in order of their associated
values. All the measures are on an ordinal scale as they»deriv%
from a continuum dichotomized as two intervals; that is, the
binary scaled representation of direct dependencies (Siegel,

1956,p25). Consequently emphasis must be placed upon the ranked

. position of components rather than on actual values.

In éhapter three, the graph-theoretic meaning of each of the six
measﬁres was discussed. The valency, average graph distance, and
disruptive measures have two forms : the “out" measure relates to
the dependence of a single componentvon the rest of the system;
and the "in" measure refers to the dependence of the system upon a
single component. Where the particular form of these measures isl
not explicitly stated, the "in" version is impliéd as it is of
greater interest to a generalized study of secondary impacts. The
first five measures listed abové have an indirect relevance to

secondary impact analysis.

The wvalency measure 1is a total of the direct dependencies

supported (in-valency), or originated {out-valency) by a
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component . Direct'(primary) and indirect dependencies are similar
in that both give rise only to secondary impacts. By definition,
an impacted component can transmit only secondary imﬁacts to other
components, irrespective of the length of the paths of dependency.
Nevertheless, direct dependencies are the }basic part of all
indirect dependencies and therefore, of aLi'secandary impacts.
Fér this reason, valency is a useful indication of the direct

influence of, or on, a component.

In the detailed estuarine system, 46 out of 47 components (there
is one sink compénent) all support direct and indirect
dependencies on the same set of 44 components (there are three
source components). However, the severity of the secondary
impacts which may be aésociated with these 46‘cbmponen£s could be
seen as a function of their average graph distance. A low average
graph distance indicates that the number of links in the paths of
dependence is, on average, smali. Sﬁort paths of dependence are
more likely to be significént than longer paths.’ While this is
- most probably true for the bio-physical environment, it is
uncertain whether shorter paths will always be more significant

than longer paths in the socio-economic environment.

The in-minimus path accessibility measure (in-minimum path
measure) for a component is the number of minimum paths connecting
a component to all others which are dependent on it. This measurg
has 1little wvalue for the investigation of secondary impacts
because the influence of a component is not affected by the number
of alternative paths which support a dependenéy upon it. The
measure does, however, offer an interesting insight to the
system's structure. Only one component in the detailed estuarine
system has an in-minimum path measure of less than 47 (the number

of components in the system). In fact few measures are less than
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94, which suggests that on "average, each dependency operates

through two or more minimum paths.

The out-minimum path accessibility measure (out-minimum path
measure) does havé some relation to the ' susceptibility of a
component to secondary impacts. A large number of minimum paths
linking a component to others on which it is dependent could
reduce the possibility of secondary impacts on the component.
’Alternativés to an impacted minimum path are more 1likely for

components with a high out-minimum path measure.

" The critical- and cut-~component summaries and rankings have
already received attention. The two measures are not mutually
exclusive, as all cut-components must, by definition, be critical
components. The cut-compcnents of the detailed estuarine system
are the "river mouth" and "beaches and dunes" components. They
‘hold cut-positions in every dependency of "tides” and ‘“currents
and waves" respectively, on all other non-sink components.
However, the dependence of "tides"” and "currents and waves" on the
estuarine system is probably not significant, and in this case the
cut~component summary is not important. The critical-component
summary for the detailed estuarine system has been abbreviated in
appendix B as there are many criﬁical positions in the system.
However, it may often be possible to perform one track to show how
a component is critical to many dependeﬁcies. If component é isl
critical to the dependence of B on C, and the B -> A => C linkage
is part of othér longer dependencies, then a track on the longest
linkage is likely to display a number of the dependencies to which
A is a critical component.  The humber of critical- or
cut-positions held by a component has a direct bearing on the
component's potential to originate secondary impacts, but gives

little indication of its susceptibility to secondary impacts.
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It is propéséd, with some reservations, that the disruptive
measure is the most useful of the CI measures for a direct
indication of a component's importance with regard to sécondary
impact potential, and éuscep;ibility to secondary  impacts
(respectively the "in" and "out" forms of the measure). However,
the disruptive measure does nothualify as an énvironmental index
of secondary impact potential {or susceptibilitf).~ An

environmental index has the form :
index = measure / standard

and is at tleast interval scaled (Inhaber, 1976,p5). The
disruptive measures do not relate to any standard value, and are
ordinal scaled. Further, no standard is immediately obvious as a
suitable denominator for a secondary impact index. it is
suggested | in chapter three ‘thaﬁ the maximum bound of the
disruptive measure could be used to normalize the disruptive
SCOres. The component disruptive potential éf "nutrients
k/cyciing)" in the detailed estuarine system expressed as a
percentage of the upper bound (1104.0) is approximately 1%. A
similar measure for» "rooted vegetation® in tﬁe illustrative
estuarine ~systeﬁ is 25% ; Both components are ranked first in
their'respective disruptivé rankings. The large difference in
values is related to the fact that a component in a small system
is more likely to have a greater influence than one in a large
system. This does not mean however, that a component in the large
system is any‘less imporﬁént. For this reason, it is not possible
to specify some normalized value above which a component could be
considered "important" in terms of secondary impact potential or

susceptibility.

A standard value for the denominator of a disruptive index which
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could be of some vélue to secondary impact studies would have to
be some function of the number of components in the system. No
such function is proposed for the CI technique. It 1is - suggested
rather, that the rankings of the other measures be used to

interpret the significance of the disruptive measures.

The table below (table 1) displays the Spearman‘ rank correlation
coefficients (Siegel, 1956,p202) for the association Dbetween

component rank positions given by the six "in" measures. Data was
taken from the detailed estuarine system, and the analysis
nerformed by computer using a BMDP statistical package (Health

Sciences Computing Facility, 1977). All ccefficients above 0.350

VALENCY GRAPH DIST MINIMUM CRITICAL cuT DISRUPTIVE

MEASURE MEASURE PATHS POSITIONS = POSITIONS MEASURE

VALENCY 1.000

MEASURE

GRAPH DIST ~-0.713 1.000
. MEASURE

MINIMUM -0.105 0.333 1.000

PATHS '

CRITICAL 0.414 -0.416 -0.216 1.000

PATHS

CuT ~0.055 -0.047 0.097 0.258 1.000

POSITIONS : :

DISRUPTIVE 0.408 -0.352 ~-0.005 0.761 0.287 1.000
MEASURE

TABLE 1. Spearman Rank Correlation Coefficients

have a level of significance greater than 0.01 for a one tailed

test - d.e. coefficients > 0.350 indicate a significant
association of ranks (siegel, 1956, p210). Most of the

coefficients related to average graph distance are negative
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because there 1is an inverse relationship between the measure and
disruptive potential. The bottom row of coefficients indicates
the extent to which the disruptive potential ranking correlates
with the rankings of the other five measures. For the detailed
.estuarine system, the disruptive potentialy of a component is
closely associated with the number of critical positions held

(coef. = 0.761), and to a lesser éxtent,'the valency of the
components (coef. = 0.408).  There is .also a fair negative
correlation between the average graph distance and disruptive
potenﬁial (coef. = -0.352). However, the coefficient for average
graph distance and valency (coef. = -0.713) shows that these two
measures are not fully independent. As expected, the significance
of the minimum path measure to the disruptive potential of a

component is minimal (coef. = 0.005).

It is interesting to note that the valency measure 1s not strongly
correlated to the disruptive measure. A coefficient of 0.408
- implies some association, but also shows that the disruptive
measure 1is not fully accounted for by valency. This is evidence
that there are many factors, not all of them obvious,' which
contribute towards a component's importance with regard to
secondary impacts. This in turn gives some support for the

necessity of performing a CI analysis.

Although the disruptive measure cannot be used as an index, or to

compare the components of different systems (an unlikely

requirement in any event), it can "flag" those components within a

system which are of -'secondary impact importance. This 1is a
particularly useful facility for a preliminary analysis of
impacts.

There is no rigorous procedure for extracting information from the
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results of a CI analysis to givera clear indication as to which
components are important, and for what reasons. This is seen as
an advantage of the technique. A thorough understanding of the
environment and careful thougﬁt, rather than strict compliance
with a prescribed procedure, is required by the technique for an

identification of secondary impacts.

The usefulness of a CI analysis 1is —reliant upon a loosely
structured interpretation of - results. The interpretative
dimension of the CI tecﬂnique can be expanded if the CIM data is
easily modified. The interactive programme used in this thesis
allows the user to delete and add components, and to adjust
component definitions at will., Tﬁese facilities can be used to

investigate the effects of different components, and component

definitions upon the analysis of the modelled system.

4.4, The Analysis of Secondary Impacts

This section deals Qpecifically with the compatibility of the CI
technique with the EI analvsis methods discussed in chapﬁer two.
The technique has some value to all the methods. While an effort
has been made to minimize the subjective base of thé CI technique,
there is a significant reliance upon the interpretation of datég
for an analysis of secondary impacts. Rather than reduce the
flexibility of the technique by stipulating set procedures for
interpreting data, a geheral set of guidelines is proposed. The
gﬁidelines describe the possible contributions that the CI
technique c¢ould make to an analysis of secondary impacts within

the framework of each EI analysis method.
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4.4.1. Ad Hoc Approaches, Simple and Descriptive Checklists

Ad héc methods have not been widely accepted as a general approach
to EI analysis, but are sometimes developed specifically for
commdnly occurring ‘projects (e.g. the ad hoc approach to waste
watér treatment facilities, of FitzPatrick et al, 1978), Ad hoc

approaches offer no guarantee that all potential impacts will be
considered. This is an area of some concern {Cook, 1977,pl7), and
is one in which the procedural attributes of the CI technique
could be gainfully emploved. Construction of a CIM offers a
structured procedure for determining the broad areas of concern
related to a projéct. As ad hoc methods are intended for
elementary analyses of environmental impact, a CIM may be
appropriate, but not a full CI analysis. However, the
communicative faci;ities of the technique (i.e. MLM and tracks)
‘may be useful for exposing potential secondary impacts related to

more significant projects.

Most of the remarks above apply equally to simple and descriptive

checklists because of their similarity to ad hoc methods.

4.4.2. Scaled Checklists and Presentational Matrices

Both these broad categories of analysis methods employ a list ofz
environmental attributes against which 1impacts are evaluated.
Normally, only primary impacts are considered. The attribute
lists can be compiled within a CI analysis proceaure, with
advantages which have already been discussed. The secondary
impact potential and susceptibility of components can be evaluated

from the various CI measures.
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Scaled (as opposed to weight=~scaled) checklists do not< offer an
obvious means for registeriﬁg secondary effects. Impact scores
may be arbitrarily scaled to reflect the degfee of .associated
secondary impacts. Alternatively, informatign pertaining to
secondary impacts within the system (an MLM, relevant tracks and
rankings} can be included in the EI statement (particuiarly when

an aggregated impact score is derived).

Weight-scaled checklists, and specifically the environmental
evaluation  system (Dee et al, 1973), are well suited for
distinguishing between components of differing secondary impact
potentials. In the environmental evaluation system, seventy-eight
parameters (components) are weighted by a multidisciplinary team
according to their relative importance. Besides using a delphi
approach to determine the relative weights, there is little that
can substantiate these scores, or insure that the primary and
secondary importance of components is considered. The versatility
- of the environmental evaluation system would be increased if the
list of environmental parameters could be adapted to particular
environments andvprojects. Employing the CI technique in the
preliminary stages of an analysis would provide a structured
approach for determining the component list. Further, the
activity of deriving a CIM, and the information which can be
obtained from a CI analysis, could substantiate and consolidatéz
the basis from which the value functions and parameter weights are

derived.

If the checklist were to be used in its originél form, the
seventy-eight parameters could be used as the componenﬁ list for a
CIM. An interpretation of CI results could determine whether the
original parameter weights do in fact reflect the secondary impact

potential, and susceptibility to secondary impacts of the
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environmental parameters. Should a CI analysis show one or more
components as being exceptionally important, the "red-~-flag" system
could be employed to highlight this fact in the analysis report.
Where necessary, the communicative facilities of the CI technique

can be used to support and explain impact scores which are high

because of associated secondary impacts.

Presentational matrices offer various alternatives for
representing secondary impacts once a CI analysis has been
performed :

* Each component can be assigned some indicator to represent the
probability or severity of possiblé secondary impacts. Some
manner of shading the matrix columns assigned to each component -
is favoured. Symbols or characters could be used if the
secondary impact assessments satisfy ordinal scale conditions.
Numeric indicators should be avoided as interval scaled scores

are not possible.

* Fuggle's combinative matrix (Fuggle, 1979) offers some means of
representing secondary impact potential, and suscéptibility to
secondary impacts within each cell of a matrix. This has added
advantages to the former method as the secondary impacts
associated with/a component are normally related to the type of
impact. For example, a reduction in theV"avifauna" component of
the illustrative estuarine system, caused say, by increased
noise levels (traffic, boating, recreationalists etc.) would
give rise to different secondary impacts than if the avifauna
populations waere reduced by increased industrial effluent
discharges. The former impact may decrease the diversity of the
bird populations, but the biomass may remain constant, or even

increase. The latter impact may decrease diversity and biomass.

Suitable tracks would have to be performed, and the various
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measures interpreted, to give an inéication of; ﬁhe secondary
impacts. While it may appear advantageous to investigate the
secondary impacts of only highly probable, or important primary
impacts, the possibility of synergistic effects from minor

impacts should not be ignored.

One of the major advantages of matrices is their ability to

summarize and display primary impacts. This facility can be

extended within the matrix framework. Figure 16 displays how a
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CIM and MLM can be adjoined to an impact matrix to give some
visual indication of the origins of, and potential for,

secondary impacts.
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4.4.3. Overlays

Only a superficial consideration of secbndary impacts can Dbe
achieved within the overlay approach. If a CIM is constructed for
the environmental system in question, components can be aggregated
until a suitable number of broad parameteré have been derived.
Choosing the mapping parameters in this fashion ensures that most
aspects of the environment are given some representation in the
individual overlays, and composite map. Further, an indication‘of
the secondary impact potential, and susceptibility to secondary
impacts, of each parametef can be assessed from a general overview
of results from a CI analysisrof the syétem. A CI analysis would
be most useful to a weighted overlay approach {possible when
computerized techniques are used to combine the parameter maps).
Information from the éI technique can provide the insight required
for weighting the parameters to reflect their secondary impact

importance.

4.4.4. Networks, System Diagrams, and Models

The CI technique, networks, system diagrams and models could be
seen as as a complementing hierarchy of approaches for the
assessment of secondary impacts. The CI technique is a simplé\
means of modelling an environmental system, and for exposing all
the possible indirect dependencies. The various measures of the
technique, and in particular, the tracking.facilitiy, can be used
to screen  every indirect dependence for those which may be
importanﬁ secondary impact pathways. Important pathways can be
incorporated into a framework for a network analysis. Employed in

this manner, the CI technique provides a substantive procedure for



constructing networks in which all significant dependencies are
r?presented. A network can in turn be used as the basis for a
~system diagram. The direct dependencies between components are
quantified in terms of energy transfers, and system diagrams
therefore give some representation to the processes which define
direct dependencies. An invéstigation of total energy transfers,
critcal- and cut-position measures, and disruptive measures may
bring to light certain subsystems of components and processes
whose importance and complexity would support a more detailed
analysis. For example, from the critical and disruptive‘ measures
in the detailed estuarine system analysis, the “ndtrient
(/cycling)" process, and the components with which it is
associated, would appear to be particularly important. Simulation
or similar models could be constructed to provide a greater depth
of analytical detail for subsystems of obvious importance.
‘Further, modelling the processes of a system is possibly the only

approach by which secondary impacts may be objectively quantified.

4.5. Summary

In the context of an adaptive approach to EI analysis, the CI
technique offers a much needed means of considering secondafy
impacts at the preliminary stage of an EI analysis. The techniquék
can be used in conjunction with all the major EI analysis methods
to identify and communicate information about secondary impacts.
The usefulness .of the +technique is largely dependent upon the
adequacy of the environmental model (the CIM) from which the CI
data 1is extracted, and the interpretative adroitness of the EI

analysts.

The following chapter presents some ways in which the capabilities
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of the technique itself can be extended. In most cases, the
extentions expand the subjective base of the technique. Attention

is alsoc given to other approaches to secondary impact analysis

which achieve a greater level of analytical detail.

The interactive natlire of the compuﬁer vprogramme used in this
thesis to perform the CI analysis was found to have a beneficial
effect on the analytical power of +the CCI techniqgue. Possible

extentions and improvements +to this programme are given in the

programme manual in section 1 of appendix A.
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5, CHAPTER FIVE - EXTENTIONS AND ALTERNATIVES

5.1. Introduction

Most of the aims and objectives for this thesis, which are
outlined in chapter one, are fulfilled by the CI technique. The
reliance on computing facilities remains a minor concern, but
appears to be an unavoidable consequence of any detailed

»

consideration of secondary impacts.

Two of the objectives pertaining‘to the develépment of a suitable
secondary impact technique require a minimal reliance upon
subjective judgements, and on énalytical fesources. If these
restrictions are relaxed, two extentions to the CI technique may

be feasible, and certain alternative approaches could be favoured.

None of the extentions or alternatives have been tried or tested
within this study. Discussion is therefore brief, and intended as

a broad guide to possible further investigations or developments.

5.2. Considering Non-Minimum Paths

The distinction bet&een minimum and non~minimum paths was
discussed in chapter'thfee; where it was decided that the CI
technigue would consider | only minimum link paths. The
" cut-component measure is én exception to this rule. There are two
reasons why it may be advantageous to extend the CI technique

capabilities to consider non-minimum paths in some way :

1) Although it 1is probable that minimum paths define realistic
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dependencies in the Dbio-physical environment, this may not

always be true for socio-economic systems.

2) In terms of impact studies, longer than minimum paths have some
significance. If a critical component is impacted, there may
exist some longer than minimum path or paths which offer

feasible alternative linkages to the disruéted-dependency.

The total path matrix was defined in chapter thréeras one in which
each element, T(i,]j), represents the total number of alternative
‘paths (both minimum and longer) which link i to j. Using the’
notatioﬁs defined in chapter three, an element of the total path
matrix T, is calculated‘as :k |
T(i,3) = PL1](i,3) + .o + P[nl(i,3) + ... + P[N](i,])

where N 1is taken as the diametef or éoluticn time of the system.
(The graph-theoretic terms used here are defined in chapter

three.)

Rows and columns of T can bé summed to give respectively, the
out- and in-gross vértex‘connectivity measures (Carter, 1969,p45),
which are similar to the accessibility\measures,derivé& from the
MLM. The gross vertex connectivityvmeasures can be converted to
"average connectivity meésurés“ by dividing them by the number of
non-zero elements to the summation. The average connectivity and
average graph distance measures afe similar, and the former can be
used to calculate a diéruptive measure (as described in chapter

three} which giveé,consideration to all the possible paths of

dependence between all components of a system.

The accessibility and connectivity measures have been compared in
various communication network studies (Taaffe .and Gauthier,
1973,pl125; Carter, 1969; Pitts, 1965), and found to give

f
noticeably different ranks to network vertices. However, it would
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appear that the total path disruptive measures have not been

previously applied.

Two broad inconsistencies, mentioned in chapter three, detract

from the usefulness of the total path measures :

1) Many redundant paths may be ingluded in the total path matrix

~ values.

2) It is possible that there is an inverse relationship between
the length (in links) and importance of a dependency, but
linkages of all lengths are given an equal weight in the total

path matrix.

Further, there are different ways by which a path can be
redundant, each of which has a different significance to secondary

impacts. Consider the following linkages between components A and

X of some system :

1) A -> B => X

2) A ~->» B ->» C =-» X

3) A => B =-> C => D => X
4y A =-» D ->» E -> X

5) A -> B -> E => B => X

The first is the minimum path linkage between A and X. All the
other paths are redundant in the sense that a shorter path exists.
The redundéncy of the third path is "magnified" by the fact that
it would not offer an alternative to the second linkage if
componeﬁts B or.C were impacted. This is not the case for the
fourth linkage, as it offers an alternative path which does not
include components B or C. The fifth linkage is redundant in the
strictest sense, as the path operates through the same component

twice (i.e. component B).
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Garrison (1960, cited by Taaffe and Gauthier, 1973,pl29)has used a
weight-scaled total path matrix (first described by Katz, 1953) to
study the conﬁectivity of communication networks. The
introduction of a scalar weight 's' to the powering process has
the effect of reducing the influence of indirect and redundant
paths. The weight-scaled total  path matrix, Tw, is derived as

follows:

Tw = s‘P[l] + sth2] + voo + 8PN + ... + SNP[N]

where 0 < 8 < 1

There are no rules of guidelines fof choosing the value of s
- (Haggett and Chorley, 1969,p42). It is clear however, that a low
value of s will give less emphasis to the higher powered matrices
(i.e. to the longer paths). The degree of subjectivity in the
choice of a value for s can be controlled if there is some
understanding of the prdbabilitieS'related toAthe various forms of
redundant paths. For environmental systems, the occurrence of
redundant éaths depends upon the structure of a system, and there

is no obvious means of assessing their predominance.

If a wvalue for s‘ can " be :chosen with some confidence, the
weight~scéled total path matrix can be used to derive disruptive
measures which are ﬁot only based on a;consideration of minimum
paths, but on all paths of dependence. The advantage of extending .
the approach in this ﬁanner should be weighed agains£ the
disadvantageé of increasing the subjective con£ent of the

analysis.
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5.3. Weighted Dependencies

The possibility of weighting direct depeﬁdencies was superficially.
considered in chapter four, mainly for the purpose of displaying
the importance of components in the CIM and  valency summaries.
The "all or nothing" deciéion‘for registeningya dependency is
easier if some range of alternative scores is offered. The
weighted wvalues in such a system are not used in the mathematical
procedures of the CI technique (i.e. all weighted values are

reduced to ones).

The problem of minimum and non-minimum péths could potentially be
resolved if weighted dependency scores Were used in the
mathematical procedu;es of a (I analYSis. Presently, the CI
technique considers the length of a path as a function of the
number of constituent links, and all 1inks are given an equal
status. It is the task of the analyst to interpret the relative
- importance of links. The interpretation of link importance occurs
after a CI analysis has been performed, normally when specific
tracks are considered. None of the CI measures can be ipterpreted
in the light of the variable importance of direct dependencies.
Should it be possible té weiéht the direct dependencies before an
analysis, the relative impqrtance weights can be  used as
information by the CI procedures ‘to ensure that only the most.

important shortest paths are considered in the analysis.:

There are three levels at which weighted dependencies c¢an be
allocated and assessed, related to whether the weights are scored

on an ordinal, interval, or ratio scale.
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Ordinal Scale - "importance weights"

In the illustrative estuarine system (see figures 12 and 13 of
chapter 3), there are two minimum paths which make “"avifauna"

dependent upon "plant detritus". They are 3

2 3 :
1) avifauna =-> benthic fauna =-> plant detritus’
2 B! '
2) avifauna -> estuarine fish ~-> plant detritus

Subjective ' weights have  been assignéd (to all the direct
dependencies (above each dependency arrow in the tracks) according
to the following conventions: 1l - minimal; 2 - appreciable; 3
complete dependence. Assuming that the weights satisfy ordinal
scale conditions, the fist linkage can be recognized as the more
important shortest path, simply because a "3" dependency is more
important than a "1" dependenéy. This is a rather simple example

when compared with the following hypothetical‘tracks :

In this situation ordinal scaled weights are of little use,
because they may not be added and the totals compared (Siegel,

1956,p24). Therefore there is no explicit means of Judging the

relative importance of the linkages.

Interval Scale - "distance” weights

I1f however, the weights could be scored on an interval scale, a
measure of "distance" 1is assigned to each dependency and the
weights can be added to find the ‘"shortest” linkage. For this

approach, the weights must be an inverse of those used above {i.e.



106

1 - complete; 2 - appreciable; 3 -~ minimal dependence). This

gives the linkages as :

2 2 2 .

1) A =-> b = ¢ = X sum = 24242 = 6
3 1

2) A => 4d - > X sum = 3+1 = 4

Adding the weights of each linkage shows thé second path to bev
more important. As the weights have a connotation of distance,
many communication network algorithms are applicable for finding
the most important ‘"shortest" paths (Taaffe and Gauthier,

1973,p139; Dreyfus, 1969).

Ratio Scale - "flow" weights

The concept of distance is not, however, well suited to

environmental systems. Consider the following tracks :

1 3

1) A =-> b => ¢ => X sum = 1+4+3+1 = 5
1 2 » 2

2y A ->» 4 =-> e => X , sum = 1+2+2 = 5§

Both these linkages are of gqual importance if the "distance"
analogue is used. However, it is possibly more correct for the
study of environmental systems to consider dependencies in terms
of "flow". 1In the first linkage above, the dependencies of A on
b, and ¢ on X are complete, but the minimal dependence of b on c¢

is the regulating " weakest link"” in the dépendence of A on-X. If
the weights were rather expressed in terms of "dependence flow"

the linkages become :

3/3 1/3 3/3

N

1) A ==> b ==> ¢ ==> X product = 3/3 x 1/3 x 3/3 = 0.33
3/3  2/3 2/3 '
2) A ==> d ==> e ==> X product = 3/3 x 2/3 x 2/3 = 0.44
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and the second 1linkage 1is the more important shortest path,
because the product of its weights indicates a greater “"flow" of
dependence. It is only possible to multiply weights if they are

scored on a ratio scale (Siegel, l956,p29),

The three examples above use a 1 = 3 scalé_for weighting. This is
in keeping with the CI programme's weighting Op%ion, but there is

no reason why different scales should not be used.

From the discussion above it may be concluded that the advantageé
of a weighted CIM can only be realized if the weights are scored
on an interval or ratio scale. Interval scaled CIMs a?e possible,
and have been employed by Ross (1976) in an attempt to extend the
Nanaimo Port trans-shipment EI‘analysis (see chapter two). The
resource intensive techniques ‘of pairwise-ranking and
multidimensional séaling were applied to derive the scaled

weights. No record of a ratio scaled CIM has been found.

The mathematical procedures for processing a weighted CIM are not
excessively complicated or lengthy. rThe various algoriﬁhms
presented in chapter three would remain largely unaltered. It
would be neéessary however, . to.replace the conventional matrix
multiplication procedure by some boolean equivalent, related to
how theb weights are to be interpreted (?aaffe and Gauthier,

1973,pl4l).

Although it is possible to process weighted CIMs, the effort
involved in deriving interval or ratio scaled weights may detract
from such an approach. weigﬁt scaling would be particularly
difficulﬁ if bio-physical and socio-economic dependencies must be

considered within a single weighted CIM.

¢

Should a weighted analysis be favoured, it may be simpler and less
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H

contrived if the subjective judgements of a team of assessors were
structured by some evaluation technique to provide the direct
dependency weights. The choice o©0f analogue to be used in the
powering procedure (i.e. ‘“"importance", "distance", or “flow"),
would depend upon the degree of confidence }n the allocation of

weights.

A decision as to whether a weighted analysis should be employed in
preference to a conventional CI approach would have to éonsider if
the greater degree of subjectivity and analytical effort is worth
the additiodal detail. Furﬁher,‘entirely different approaches may
inbfact be more useful for similar commitments of analytical

resources.

5.4. Input-Output Models

- The CI technique, in either its binary or weighted form, cannot
give a direct indication of secondafy impacté. Only once the
primary impacts on a system have ‘been identified, can the C(CI
technique measures and tracks be interpreted to assess the extent
of the associated secondary impacts. An input-output model (see
“Mathematical Matrices”, chapterAZ), is a sophisticated form of a
CIM in which the component lists are the producing and consuming
sectors of a system. The values of the matrix elements reflect
the degree -to which a row sector supports a column sector
{Leontief, 1970). Conventionally, - the sectors are egonomic
sectors, and the element valués are coefficients of input to the
supported sector éer unit output of the producing sector. Changes
in the system can be modelled by altering the total output or

input values of the appropriate sectors. Thereafter, mathematical

:
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operations {(matrix inversion) can be performed to produce a matrix
which reflects how the production and consumption of all ‘other
sectors 1is affected by these changes. If it’were possible to
score direct dependencies at a level comparable to a dependence
coefficient, the facilitiesr‘of o an input-ou?put matrix could be
used to give a direct repiesentation of secondary impacts within a
framework similar to that of a CI analysis. Such an analysis
could be, and has been, performed on éocio~economic systems {Lee
and Fenwick, 1973: Hite and Laurent, ; 1971). However, it is
unlikely that dependence coefficients could be derived for a
combined analysis of biq»physical, and; socio~economic systems,
without extending the subjective content of an analysis beyond
reasonable limits. A heavy reliance on valﬁe judgements would be
necessary as there are no common units by'which the ‘“production®
and “consumption” of bio-physical and socio-economic "commodities™
can be evaluated. Nevertheless, the input-output matrix is
potentially the most powerful approach to secondary impacts within

the field of mathematical matrices.

5.5. A Brief Note on Induced Secondary Impacts

In chapter one, a distinction was made between secondary and
induced secondary impacts. No attention has been afforded to
induced secondary impacts because of their widely varying form of
occurrence. However, if the sense of a CIM where qhanéed to that
of an Yactivity interaction matrix" {AIM), a superficial
consideration of induced secondary impacts is possible. For an
AIM, the component lists.are replaced by lists which reflect the

full range of probable activities related to the project, and
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activities which the project may induce (é.g. clearance of site,
access roads, waste removal, service facilities, commercial
growth}). The interaction between all acti?ities is investigaﬁed,
and if a row activity could be directlyy"stimulated" by a column
activity, a one is assigned to the appropria?e matrix element.
The tracking facility of the CI technique could then be used to
diéplay how any activity may induce some other listed activity.
That is, the shortest sequence of events linking any two

occurrences can be exposed.

5.6. Summary and Conclusions

Various useful extentions to the CI technique are possible if the
restrictions on the subjectivity of an analysis are relaxed. The
extentions relate to weighting the CIM information in some manner.’

- The tethnique c¢an also be applied to an inveétigation of induced

secondary impacts.

The strength of the unweighted CI technique 1is its ability to
structure a prelimina}y in§estigation Qf seconéary impacts. 'As
such it is uncomplicated, and ¢ompatib1evﬁith a wide range of EI
appreaches. Extending the :technique may detract from its broad
applicability. Further, the édvantages of the a&aptatiqns may be

more easily achieved if alternative techniques or methods are

employed.

In chapter four, a complement of  three alternative methods was
discussed (networks, system diagrams, modelling procedures).
Network methods give a concise summary of secondary impact paths

and .are an efficient means of communicating secondary impact
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information. A certain degree of quantification can be achieved
by transforming networks to system diagfams. However, it is
recognized that modelling procedures, and simulation models in
particular, are a favourable alternative for a detailed analysis

of secondary impacts.

v

The fact that many approaches to secondary iﬁpact -analysis are
computer~bound has been viewed as something of a disadvantage.
However, the advgnt. of micro-computers allows analysts of
environmental impacts cheap and easy access to computing
facilities. Therefore, it could be expected that ° the
acceptability of computerized approaches will increase for all

levels (preliminary to detailed) of EI analysis.
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6. CHAPTER SIX -~ SUMMARY AND CONCLUSIONS

6.1. Résumeé

This thesis is concerned with the identification of secondary {or
higher order) impacts for environmental impact analysis. A
literature review has exposed the need for a preliminary
environmental analysis . approach able to consider secondary
impacts. Therefore, a computerized technigue has been developed

which is able to structure a preliminary investigation of

secondary impacts.

6.2. The Literature ReviewA

The following issues, central to environmental impact analysis,

were revealed from a review of the literature :

* Secondary impacts can form a large part of the ultimate

environmental impact of a project.

* Of the range of environmental impact analysis methods that
exists, none is able to give adeguate consideration to secondary
impacts, particularly during the formative stages of a project's

desicn.

* Methods offering a quantification of impacts tend to be favoured
in countries where environmental impact assessment is enforced.
In countries where there is little or no legislatién covering
environmental impact assessment, the most favoured approaches

are 1likely to bhe those which offer an effective means of
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identifying, but not necessarily quantifying, environmental

impacts.

* Environmental interests are best served when impacts éan be
identified during, rather than after, the design of a project.
Therefore, in addition to the more detéile& methods used for a
final assessment of impacts, a need exists for comprehensive,

but simple preliminary impact analysis approaches.

As no methods are able to ﬁeet all the requirements for an
adequate environmental impact analysis, an adaptive approach
would be of value. For an adaptive approach, methods ahd
techniques are selectively combined to meet the requirements and
conditions of particular impact assessments. In this way it is
possible to balance the strengths of some approaches against the

weaknesses of others.

Conseqgquently, this thesis has as its main cbiective the
development of a preliminary envirqnmental impact technique able
to identify the secondary impacts of a project within the
framework of an adaptiﬁé approach to impact analysis. The

_component interaction technigue was developed to this end.

6.3. The Proposed Technique

The basis of the approach is a component interaction matrix. The
matrix models the environment as a list of environmental
components (arfanged alonag both axes of the hatrix) and an array
{(the actual matrix) of ones and zeros. The presence (1) or
absence (0) of a direct dependency between all the listed
components is recorded in the matrix. The matrix represents the

sum total of input data to the technique, and it is suggested that
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the model be constructed by a multidisciplinary team of impact

assessors.

Computerized matrix powering procedures are able to structure the
data to facilitate an investigation of the secondary impact
potential in the system. The techniqﬁe pfovides two main forms of

information :

* All higher order dependencies in the system can be recognized
and traced out (i.e. all the shortest paths of dependence can be
exposed). Once the primary impacts of a project have been
identified (using some conventional impact analysis method), the
range of possible secondary impacts can be assessed from a study
of the paths which link the impacted coﬁponents to others which

are dependent on them.

* Certain measures are derived which can be used to "flag" those
components of the system which have a potential for initiating,

or which are particularly susceptible to, secondary impacts.

All information is explicit and can be substantiated by referring
back to the component interaction matrix data. An emphasis is
placed upon the interpretation of data, and no quantification of

secondary impacts is aﬁtempted.

Although the component interacﬁion technique is computerized, it
was considered that the increasing availability of resource
efficient computing facilities, and the advantages of using
interactive programming approaches, should minimize the

restrictions on implementing the technique.

It was recognized that problems related to value judgements are
unavoidable in any approach to environwental impact analysis. The

technique, however, has a minimal reliance on subjective
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judgements. Further, the procedures for constructing the
interaction matrix can be used to substantiate and control the

subjective content of an impact: study.

While the results of a component interaction analysis offer a
means for considering secondary impacts, the activity of
contructing a matrix model does much to ensure that a preliminary
analysis of impacts 1is based on a comprehensive and structured
consideration of the environment. These two attributes of the
technique support its application in conjunction with other

methods of impact analysis.

Various extentions to the approach have been considered in this
thesis, particularly in the form of weighting the direct .
dependencies in some manner. However, it was concluded that the
technigue ié best served by a binary representation of direct
dependencies. Extending the technique wouid increase either the
subjective content of an analysis, or the dependence on analytical
resources. Nevertheless, the technigue is able to éupport,. or
form the basis of, more detailed analyses of impacts by advanced

analytical methods.

6.4, Conclusions

The major objective of this thesisvis realized in the component
interaction technique in so far as it isolates those features
related to secondary impacts geeding more investigation. However,
it is recognized that the detailed analysis énd evaluation
{(quantification) of secondary impacts is an area still requiring

attention.

In conclusion, it is held that the proposed technique is a useful
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and needed addition to the range of existing approaches for

analysing environmental impacts. The component interaction

technique constitutes an effective tool for conducting a

preliminary investigation of secondary impacts.
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8. APPENDIX A - COMPONENT INTERACTION PROGRAMME / MANUAL

8.1. PROGRAMME MANUAL

8.1.1. Introduction

The component interaction programme has been written - to berform
component interaction analyses of environmental systems modelled
as a list of components and an array of ‘zeros and ones. The
proéramme performs all the procedures mentioned in chapter three
of this thesis. Chapter three should be read as a preface to this
manual as many of tﬁe terms and algorithms used are described

there.

The programme is written in ASCII FORTRAN (Sperry Univac 1100
Series, level 9R1l)} for the University of Cape Town Univac 1100/81
téme—sharing computer. It is an interactive programme intended
for VDU terminals (a caﬁhode ray tube screen and keyboard) or
teletype terminals.A Data files are created and accessed within

the programme {these functions are transparent to the userlmpy

interfacing with the EXEC8 control language.

In its most efficiently segmented form, the absoclute programme .
element executes ‘by occupying under 25K of core space. A full
analysis of the. largest possible component interaction matrix was

found to take two minutes of central processing time on average.

Section two of this appendix 1lists the programme and related
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runstreams. Some of the interactive commands from the programme
are presented in aﬁpendix B. From these it may be seen that if a
user understands the terms related to the component interaction
technique, few additional instructions are required to perform the

computer analysis.

8.1.2. Programme Structure

The programme has four main parts related for four specific

functions:

* the data input routines
* data editing routines
* component interaction analysis routines

* data output routines

While all input/output routines aretcontrolled by the programme
only, other functions are controlled by user responses to
programme prompts. User replies are checked for format and
content errors (as far as 1is ©possible} to avoid runstream
termination. A& recognized ‘error solicits a standard error

message, and corrective options are offered in most cases.

Data Input

Data is entered as a set of structured interactive responses, or
by accessing a specified data file from within the programme. All
file manipulations are performed by programme calls to the system
function "FASCF2" (which avoids runstream termination if errors
are detected in the specified file ‘names). A component

interaction programme data file stores information on the size of
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the component matrix, whether it is weighted or unweighted, the
component labels (names), and the array of matrix elements (which
records the presence or absence of direct dependencies between the
listed components). The programme is capable of processing
component ihteraction matrices which are dimensioned 50 x 50 or

less.

Data Editing

The edit mode can be selected at any stage after the data has been
entered to the programme. Once in edit mode (i.e. control is with
the "editor" subroutine), various editing options are offered.
Matrix elements and component labels can be altered, or whole
components (i.e a row and a column of the interaction matrix) can
be added or deleted. Once the data has been edited, and if a data
file 1is Dbeing used to store the matrix information, the néw

version of the matrix can be stored in the old data file, a new

file, or given no permanent storage. All edited versions of the
component interaction matrix are printed to the hardcopy
printfile.

Component Interaction Analysis

At any stage after the data has been entered, any of the component
interaction procedures can be requestéd by the user. There is one
restriction enforced by the programme. The minimum link matrix
must first be derived before other measures or tracks are
performed. This is because the powering process in the minimum
1ink subroutine ("minInk") provides much of the information used

in the other procedures.
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The following information can be obtained:

* the initial matrix

* edited matrices

* minimum link matrices

* wvalency rankings

* average gréph distance rankings

* minimum path accessibility measure rankings
* critical-position summary and rankings

* cut-position summary and ranking

* disruptive measure rankings

*  dependency tracks

The matrix data can be edited and analysed repetitively.

Data Output

,None of the analysis results are printed to the active terminal.
All output is written to an alternative printfile (controlled
entirely by the programme), which is ‘'"sym'ed" to the systém
printer at the end Qf a run. The user is given instructions on
how to retrieve the hardcopy, and the programme allows a printout
heading to be specified for each version of a matrix. Dependency
tracks performed by the programme are plotted by  the system
plotter. Plotting information is written to two files {(unit 2
/plotinfo/; and unit 3 /plotdata/). At the end of a run, if
tracks have been performed, a call to "FASCF2" starts a plotting
prograﬁme which uses the data in the plotfiles to create the

tracks. The user is instructed on how to retrieve the tracks.
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8.1.3. Technical Features

Most of the comments which follow are pertinent to the programme

listing.

The programme has been fully documented, and in addition, the
programme commands do much to make the programme "readable”. The
subroutines, arrays, and variables have been named to give some
compliance with the terms introduced in chapter three, or to give
an indication of their function. All two dimensional arrays begin

with "mx~", and character variables and arrays end with "§".

Files

The files used in the programme are the following:

* ynit 1 -~ data file

* unit 2 - alternate printfile

* unit 3 - plotting information file (headings etc.)

* ynit 4 - plotting data file (actual track information)

* unit 13 - direct access file for track information (S in

chapter three)

A call to the system function "ADATES" is used to obtain the date

and time of the run, and this information is used to specify a
unique name for the alternate printfile. The date and time also

appear on all printouts.

Runstreams

Runstreams associated with the programme are listed after the
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programme listings. Thése -are for accessing ‘and executing the
programme, and for initiating the plotting of tracks. Note that
the plotting is initiated by a runstream which is "started" within

the run, but performed by a separate plotting programme

{Y"abstrack®").

Plotting

The plotting programme is written in the "CALCOMP" plotting
language, and the "Graphics Display Package" of the University of
Cape Town 1is used to interface with that system's plotting

hardware. The plotting is completely transparent to the user.

¥
8.1.4. Improvements and Extentions

Experience with the programme has shown that the following
improvements would be Dbeneficial to the component interaction

programme:

* The input of data 1s a long process for large component
interaction matrices. The programme could offer a means of
suspending and resuming the process to allow the wuser to

terminate the programme without losing the data already entered.

* The input and editing of data is efficient as an interactive
process, but computing the component interaction measures 1is
time consuming in ‘demand’ mode . A run 'started' from the
programme to perform the analysis of data in ‘batch' mode would

be preferable.

* The programme can access data files, but not the direct access
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files on which the track information is stored (unit 13). If
both these files could be accessed, it would not be necessary to
perform the minimum link procedure every time a component

interaction matrix is analysed in different programme runs.

* Many of the algorithms used to extract the component intefaction
analysis data are taken direcﬁly from chapter three. No effort
has been made to optimize the procédures used for powering
matrices, and for performing the other mathematical functions
included in the technique. Further, the method used for writing
and reading to files can be improved upon by more advanced

input/output routines available within ASCII FORTRAN.

8.1.5. Reference Manuals

The following computer language manuals were used:

 Exec8 Hardware/Software Summary. Sperry Univac 1100 Series,

Upr-7824.

FORTRAN (ASCII) Level 9R1 - Programmer Reference. Sperry Univac

1100 Series, UP-8244.1-A, June 1979.

Programming Calcomp Pen Plotters (Exec II and Exec VIII Offline).

California Computer Products Inc., September 1969.

Graphics Display Package (GDP). University of Cape Town, October

1978.



8.1. COMPONENT INTERACTION PROGRAMME

The following pages list of the component interaction
and associated plotting programmes developed and used
for this report. The runstreams associated with each
programme are also given. The programmes aré stored on

a file at the University of Cape Town Computer Centre.
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INTEGER VANTAGLEI F07 USEIR REPLY 7O QUESTIONS (lsZesss }
CHARALTER VYARIABLE FOR TOSTING FORMAT OF USER IKPUT
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5 IED] % CHTORING ThY TLESENTS ROS DY ROS
N fay 3
. 203y LaLN 582 ELEE IF pNLPLYULe2) THEIN
il 853 PSGAALEe "TO LNYEY THE ELEMENTS OF THE COMPONEMT MATFIX  #°
c 2o IF(IMAX T 9011 THEN
RIRT BTLe 1T WAS yoo LONG? X MAGEELs CTYPE "1™ FOR & DEPENDENCY EETNLLN COMPONENTS N
PIIRT "ACTERS OR LES 284 MEGYEdk= CTYFLD Y% FON ND INTERACTION BETACEN COMPONENTS =°
G0 Y0 an? ¥3GH = 3
LBE BEa ELSL IFUIMAX«ELS3) THEN
MTLBLISLELYY & CHECKEL1:2U) - nge MSGR{2Y= YTYPE M0 FOR NGO !NTERACTION BETHELN COMPOMENTS &°
P uDIF . 89.) MEGEL3rs ¥ TYPg 1% FOR A LIMITED DEFLNLONCE &%
11% CONTINUL avi MEGErdy= v TYRE "2 roa 4 APPRECIATLY DEIPCNDENCE «!
- gaz MEGGEIGY= F TYPE 3% FOR A COMPLETE DEPENDINCE #®
e THY USYR SPECIFIES MOY THF MAaTRIN CLEMEHTS WILL BE ENTERED. 393 MOGN = 5§
o FOE sHATDVLW METHOD 1S USED, THL INPUT 1S CHECKED FOR MAGNITUDE 894 rNDOTF
®  AMD FORM: IF CARQOES ARE DETECTED THD USER NE~ENTLRS THE ZLEMENT. 895 LA L
& 1F THE ELEMENTS ARE ENTERLD ROX DY RO¥, THE NUMGER OF ELEMENTS IS 8396 CALL MSGPRT(MSGE,MSGN,SKIP)
& 1S CHECKED BY FIRST RUADING THE INPUT AS A CHARACTER VARIABLE (°CHECks®y 027 MEGEL = PTO ENTES THE ®ATTIX, TYPEL In ONE ROW AT & TIME s¥
®  AND TFSYING THy FPRESENCE OF DLANKS AND CHARACTERSG. IF ALL CORRECT THE B0 PEGE(ZIT YHITH ND COMMAS 0% SPACES BETREEN YHE ELEMENTS. s°*
s IMPUT IS SFREAD INTO *MXCHPTS ane MES6H = 2
a : - 90 SKIP = 1
MEGEELISPTYPD "1™ 10 EHTER THE MATRIK DATA AS PEPQLS of A5 ONES s* 04 CALL MSGPRYIMSGS MGGN,TKIPY
MOGEE2I="TYPE "2" T3 ENTER THE DEPENDENIIES ON A REIGHYED SCRLE ¢ 2432 By 2u5 1 e L.mTOMSN .
M3GH = 2 L& 188 PRINTS, ¢ ¢
125 CALL r,apgvgqccs wesh,sx[p) 9y GRITEI® ,¥4** weso INTERACTIONS #ITH %P A%y MTLBLSLIY
BUABLS, 8, § = 31251 REPLY 905 PRINT®,? *
IF(¢EPLY‘£Q~I) THEN ens PRINT® 22220000’
1#win = U ) 90y &
TMAY = 208 #  CHECKING JF THE CORRECT NUMBER OF ELEMENTS ARE PRESENT
FLSE IFEREPLY EQe2) THEN 989 . . : .
TN = § 91U READES, *(AS53Y, ERR = 1953 CHECKS
IMAX = 3 911 TFEECHECKS (MTDMSNT HTDHSN)oKO. TRaOR. ECHECKSEMTOMGNS LS
ELSE 2412 . MTIDHSN 53 « NE» 33 THEN
PAINTS LAKSGT 913 19% PRINT® , *wuse RE-ENTER THE LAST ROM. 1T WAS FAULTY.®
GO To 125 914 60 YO 18% ..
Yl 1F . L33 ELSE
MEGSE11= TTYPE “1” 10. ENTER THE CONPDNFMY INTERACTION w? P16 /e A)lu. TISOEEI3FY, EAR = 195 MKCHMPTEL,J 3, J & 1, MYDUSN
M365(2)= TRIX ELEMENT BY ELEMENT. st 217 END IF N .
MIGLL{d= 'TYP; "2“ TQ ENTEWR Tue CUHPON£M1 INTERACTION % w18 @
MEIGEEaya ¢ MATRIX RO® BY RO®. ' g9 o CHECKING EACH LLUMENT ’
HSGH = 4 - R 921 #
I35 CALL MSGPRTIMGGE (MSGN,SKIPS . 921 DO 295 4 = 1 ,MTDMSH
READCa, %, LRR = 2653 REPLY : 27 205 T CAMECMPT (] 3 ol T o JMINT QR IMICHPTLT , J0 6T IMAXI) THEN
° 923 ARITEER; "L/l % nwes THE *9,02,°° FLEHENRT IN THE LAST *°,
o ENTERING THE ELEMCNTS ONT AT A TEME 924 * CAROA IS FAULTYL''3'3 J : .
* 925 ARITECS, "L/ ,3% 8,/ ,2X,50121%) MTLBLS((Y,
IFINEPLY U @e1) THEN . oL 906 + IHECHPTEL N N = tonfomiNG
M5G844d= *T0 tmvea YHE ELEMENTS OF THE COMPONENT narrxx L 227 M568019= PTYFE ™}" 10 RE-ENTER THE ELEMENT ®*
TFCIMAXEGael). THE : o @2a ‘ MSCSLZIs TTYPE V2" TO RE~ENTER THE UHOLE ROW »*
MIGEL2)= STYFE "1" FOR & DEPENDENCY BETWEEN COMPONENTS - .o 92y e M3GH » 2 )
MS5GE138a TTYPL 0% FOR ND JNTERACTION BETHEEN COMPONENTS #° 933 215 CALL MSGPRT(NSG*.HSGM,SK!P!
MSGN = 3 931 HEAD(w, o, EXP = 2353 REPLY
ELSE IF{IMAX.LGad) THLN . 932 IFEREPLYEQell THEN
MEGR{2)= *YYPE YnY FOF HO INTEnqcrton BETHEEN conpouznts e - 933 MEGTEL = EFNTLR THE CORRECTED VALuﬁ »?
LETA TR YYPE "™i™ FOR A LIMITED DEPENDENCE st L . 924 HSGN = |
M5GEEYs= * TYPE "2 FOR A APPRFCIADLE DEPENDENCE g-m . 935 22% CALL MSGPRTIMGGE ,MSGN,5KIPY
LELLR S FYPE 3% FOR A COMPLITE DEFPENDENCE R L IR P93 REATUI®, @, ERR = 2253 HEC#PT{[,J}
HSGN = & ; «© . N . c 737 0 10 0%
ENDOIF - . . 738 ELSE IF(RLPL Y.Eq 7) THEN
MEGH = 3 . 939 10 18%
SKIP = " e R PR 3 . fLSE
CALL MIGPRTE¥LGE, “SGN, SR IPY . . o : T e UL 235 ) PRINT® ERNSGS
Do 175 1 = 1:ntunsn - o L o Lo 92 : 60 Y0 215 - .
HRITEL@, P47 wves INTERACTIONS mITH **,a3%F MTLBLSEIY. 943 : LENDOLF . R R T
: DOISS g w1 LMTDHGN L : S 9uR . END 1P . [
AL PRiNTe, " * . . . ) 945 . 245 CANTINUE . o R sl
- CORRITELe, YT THE DEPEMDENCY OF *f,A3¢3 MTLBLBO1Y . o 246 25% CONTINUE ' T
ERITL (%, *q¢¢? . ON PV A)TE MTLSLE (S R Co7aF - . L - -
FRINTS ¢ PPTaecs ? ) . . . oua 265 PRINTG £RMSGE o
FLapin, 8, ENY = 155! MECUPTLT L HY . .. . H89 B . Go Te 135
. : . : . } 78y S 2 L o
#® CHICK I NG THE THPUTY . 951, - g . Do ;
£ : . 952 a controL f TUPNED TO MAIN PROGRAMME
TR CPT T U b el TalMTIN aORAMACHPTI] JF.6TTMAND) THEN 953, . » ) - R
155 : SO T, BTG 5 . RETURN
69 T [4n 945 . o FVB
Fun {F 754 )
16% ConyINUL . . . 957 L : R . . . ; .
175 Lot iINUL 958 FEHUEREFHOE VRS I RS I F AU B R L E AT A BB H OGP N R C O S VATHR PRI GBI SE DD AT B H QG HT S
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THYIS POUTINE ~RITLS THED COMPONEMT MATSIY DATA TC A PERMANENT DATA FILE

ARGUMENTS

MXCUPT = ISTEGED ARRAY {(5H7X5J) OF THE COMFONENT MATRIX DATA

MYLBLE = CHARACTER ARRAY §353 OF THT COMPONENT LARELS

MTOMSk = THE OIHMENSION OF THE COMFONENT MATRIEX

IMIM = T4HF MINDIMUM (INTEGRRS VALUE OF 4 MATRIX ELEHMENT

THAY = THE MAXIUUM (INYTZGUR} VALUE OF A HMATHIX ELEMENT (EITHER & OR 3%

FIuers
UMET 1 = THE PORMANENT DAYA FILE CREAYEID BY THE PROGRAMME AND NAMED
B8Y THE USER

THE DATA 15 XRITIEN TO THE FILE 1IN THE FOLLONING ORDER:=

LR T E R RN R R I RN A

RECORD 1 = THE MATHIX DIMECMSION *MTDMSN®
RECORD 2 = THE MINIMUM AND MAXIMUM CLEMENT VALUES, *IMIN® AND *IMAK®
RECORD 3 -~ LARLL ONEZ .
RECOAL 4 =~ ROW ONE OF YHI COMPONUNT MATRIX STORED IN ARRAY *MXCHPT®
RECORD 5 <= LABCL TwO.
RECORD & = ROw T¥0
RECORD 7 = £TC.
ALL THE RECORDS ARE FORMATTED AND ARE RCAD WITH THE SAME FORMAT
BY THE ROUTINE °*MXFRD® WHEN [NPUTTED TO THE PROGRAMME

INTEGER MXCMPTES3,50},

. IMInN, IMAX

CHARACTER MTLOLS22NE50)

WRITECT, "(12)%) MTOMSH

SRITELE, *4201233°%) IMIN, IMAX

PO 105 1 = | ,HYDHSH

ARIVECL, *¢At") MTLBLSCE)
CRITE(L, (5001280 ) CMXCHPTIE,dbs J = 1,MTOMSNY

10% CONTINUE

CInFILE

REEIND |

¢ CONVTROL KETURNED TO THE %AIN PROGRAMME
L
RETURN
END

BOEOR PO REBE BRI 0T RRE LSRR AR EURIINPERILBAEIIEIRGOITOICIRGGC O PO G
SURROUTINE MAFRDIMACHMPTY ,MTLBLS (HTDMSN,IMIN, IMAY)

BY THE FROGRAMME
THL DATA IS READ IN THE ORDLR AND FORMAT SPECIFIED IN ROUTINE *MXFWRT®

INTEGER MXCMPT(GN,500, 1%IN, JMAEX

CHARACTER NMT L“L%O‘WIS')
READLL, "€2€1230°) IMEN, [MAYX
DU 135 I = [MTOMSN
READE1,°¢420)°%) MTLBL® (]
KEADEL S 4S00I232°%3 €MUCH T(l.J). J = 1,MTDESN}
105 ConTIsyE
RELIND

L
s CONTPOL FOTURNED T0 MAIYN PROGFAMNE
RYTURN
Lo B

LR R R R R LR L R A L R R N L L s d
SUNROUTINE EDITOTINXCHAPT o NTLOLE, SO pMTIMAN FIYPT FRFND, IMIN, IMAX,
eTTLN g IPNGGE g HEND Ty HIGE sFNANL T, DATER , TIMES S

*
B THIS ROUTINE OFFERS THI USER YARIOUDS MEANS OF {DITING THE COMPONINT
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- THIGS ROUTINE RLADS THE COMPONENY MATRIX DATA INTO THE PROGRAMME FROWN
L] A PEEMANENT DATA FILL REFERENCED BY THE USER, ASSIGNED BY THE PROGRAMME
w

@ ARGUMENTS

o MXCMPT - [INTEGER ARRAY (%M,50) TO HOLDO THE COMPONENT MATRIX ELEFENTS
* MTLOLS - CHARACTER ARRAY (50G: OF THE COMPONENT LABELS

- MTIDMSN = THE COMPONENT MATRIX DIMENSION

w IMIM - THL MINIMU% C(INTEGER) VALUE OF A MATRIX ELEH NT (SEY TO Np

#* IMAY ~ THT ™mMAXIMUM VALUF OF A MATRIX ELEMENT (i OR 3}

L]

s FIlLCs :

= UNIT 1 - THE PCPMANENT DATA FILE SPECIFIED BY THE USER AND ASSIGNED
L

&

&

et R R e ]
R 2R -2 )

VBN PNE WS QT NE VI SN =D

MATDIX

APGUMENTS

MYCHPT

MTLPL®
MSGE -

MTDHRSN

FYYPE

FNIND

EFMSSR
HEAD S

HDGS =

FNAMES
OATES

TIvCS

Data

.

INTEGER ARWAY OF THL COMPONSNT MATR

- IX DATA

~ CHARACIF® ARRAY OF THE COMPONEMT |LABELS

CHARACTLR AHRAY OF UF T) SIX %ESSAGC LINE T0 EE FRINTED 8Y

TO THE TERMINAL SCREEN BY °*MSGPRY?

= INTEGER VARIAILE OF THE COMPONENT MATRIX DIMENS JON
INTEGER INDICATOR OF THL MODE OF DATA ENTRY (1=F£XISTING DATA
FILE, 2=NOWLY ASSIGHED FILE., 3=NO PCRMANENT COPY)

INTEGER INDICATOR OF THI WNUMBER OF CHARACTERS TO THF USER
SUPPLIED DATA FILE NAME

INTEGER INDICATIFP OF THE MINIMUM VALUE IN *HXCMPT® (ZEROS

INTEGER INDICATI® OF THE MAXIMUM VALUE IN °*MXCMPT® (1 OR 3}

INTEGER INDICATOR OF THE FORM OF A MATRIX TO #f PRINYVED BY

PRYSET® (1=INITIAL, 2=EDITED, 3=MIN LINK, 9=LAST VERSION)

- CHAHRACTLR VAFIAQDLLD WITH STANDARD ERROR MESSAGE

CHAPACTER VARJARLE OF A PPOGRAMME SUPPLIED HEADING FOR
HARDCOPY PRINTOUT FROM °*PRTWRT®

CHARACTLR VARTABLE OF A USER SUPPLILCD HEAD!NG FOR THE HARDCOPY

PRINTOUT CREATED BY *PRY&RT®

= USER SUPPLIED MAME FOR THE DATA FILE (UNIT 13

CHARACYLCR VARIARLE FOR THE DATE SUPPLIED 8Y A CALL TO THE
SYSTEM FUNCTION “ADATES$®. USED [N *HEADS®

CHANACTER VARIABLE FOR THE TIME SUPPLIED BY & CALL TO THE
SYSTEM FUNCTION *A0ATELS . USED IN *HEADS®

NAME (I1cEs “PF + °TIMES®™)

AND THE PRINTFILE

OTHER ARRAYS AND VARIABLES .
THE WUMBER OFf MESSAGE LINES IN MSGS FOR PRINTING BY °MSGPRT®
INTEGER INCICATOR VO °*HSGPRT®* TO PRINT THE USER PROMPT .

BME5GN =

REPLY
STATUS

HDGE D
FACSF2

ASGHNED

REPLYS

®
+

+
&
+

INTEGER VARIABLE FOR USER REPLIES TO PROGRAMME OPTIONS

éN;ECER VARIABLE OF THE STATYUS RETURNED BY & CALL TO
ASCF 2

!NTLGER COUNTECR OF THE CHARACTERS IN THE USER SUFPLIED

HDGS \
UNIVAC SYSTEM INTEGER FUNCTION TO EXECUTE EXECSHS COMMANDS !
FROM KITHIN A PROGRAMME (SEE SPERRY UNJVAC PROGRAMMER
EFERENCE MANUAL UP-8244.1, ASCII] FORTRAN LEVEL 9RI, P7<31)
INTEGER VARIAILE SET AT EQUIVALENT OF AN OCTAL VALUE TO
TEST THE STATU‘ RETURNED BY A CALL TO FASCF2 TO ASSIGN A
FILEs IF °"STATUS® = "ASGNED® THEN THE FILE 15 ALREADY ASSIGNED
CHERACTER VARIABLE FOR USER REPLIES YO PROGRAMME QUESTIONS

X

INTEGER MXCMPTISO,%00,
MTOMSN, FYYPE, FNEND, [MIN, IMAX, TTLN,
MSGM, SKIP, REPLY, STATUS, HOGEND. FACSF2,
ASGNED/010032000000G7
CHARACTER MTLBLE®20(5%0), MSGSe&01s1t,
ERMS56S%50, HLADE®BS, HDGSOSS. FNAMES® 12,
DATES=0, TIMES3R,
REPLYS#®3 - -
THE EDITING OPTION IS BELO®W. FOR OPTIONS

3 AND 4 THE STATYUS OF

CHOSEN FROM THE LISY
PMTOMSH® S CHECKE?;l EN ALL OPTIONS
2]

A SUBROUTINE 15 CALLED T0O FERFORM THE E

*TYPE ™1™ TO CHANGE AN INDIVIDUAL ELEMENT 8
TTYPE 2" Y0 (HANGE A COMPONENT LABEL L
O DELETE A COMPONCHMT(COL & RO®) »°f
D ADO A COMPONENT TO THE HATRIX =°*
O TERMINATE THE PROGRAMME L
N

¥

sMYDHSON o I¥IN, IMAX ,ERMSGEY
sHTDMSN s ERMSGE)

AN INDICATOR TO *EDSRTR® AS 10 WHETHESR 1T
10N YO CELETE ®MORE THAN ONE COMPONENT AT A
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SHRIP =
CALL MSCFRTIMBGH JHSGH . SKIP)
Gh YO IRS
ENRIF
CaLL anzrpthcarr eMTLBLE 49563 HTDORSH ERMSGE Y
MINHMSN = MTDHSHw]
ggg:(nr? PRFUNTHER COMPOMENT OLLETIONS 7 {YES/ND) of
13% CALL MSGPRTIMSGE ,HSGH,SK1P)
Heaple, "ia33%, ERF = 1353 RFPLYS
JFIREPLYS . tu.'ves') THEN
G0 10 12
FLSE lr(aanrs.na.'No') THEN
PRINTS ERMSGSE
GO TO 138

F

IREFLY.EQe4}) THEN

DMEN*13.GTaBNY THEN

PHAXIMUM DIMEHSIONS (50 X 50} FOR THE COMPONENT &°
FMATRIX AILL BE EXCEEDED IF A FURTHER COMPONENT &
‘15 ADDED. DO YOU #ISH TO CONTINUE #ITH THE af
SPRISENT MATRIX ¥ {YES/ANDY »*

EN
ELSE IF
1449 TR
506
M55
G

"3

-1 .
-

T
¥
%
%
3
L

T(H§G$ $MSGN,TK1P
33 FR? = 1853 REPLY$
G«'YES‘) THIN

A
c
5
PLYSWNF o *NO*} THEN
B’

MMmms w3
Y

@ % Hyd A
F82s YHIMY 2/
IF & DATAFILE 15 BEING USE
VERSION OF THE ®aTRIX IS P
CALL 70 "PRTWRT?®

IFIFTYPL oHE <3 THEN
HEADS = * » THE FOLLOWING LISYS THE LA
* F/PMATRIX DATA IN FILE = ®//FNAMESTI:F
TTLN = 4
- CAL% FRYARTIHXCHMPT yMTLEBLS ,MTDHSN, TTLN  HD
CEM .

D1

HEADS = *ABDRY®

PETURN

LHD IF
END IF
CALL ECQADTHNIMXCMPT MTLALS (MSGS MTDMSN,, IMIN,IMALERNSGS)
MIOMSH = MTDMSNe ]
B5GL{its PFURTHER C(OMPONENT ADDITIONS 7 E(YES/MOR #°

MIGN = |
165  CALL MSGPRTIMSGS ,MSGN,SLIP)
READ s, *tA31%, LR = 1851 RIPLYS
IFIREPLYE LQ@o®¥ES7 ) THEN
GO TO 145
FLSE IFIREPLYSoND.*ND®) THEN
PRINT® ,ERN3GE
60 10 145

BORTED = HMATRIX AT
P28 4777 5855 ,R"S

D 4TILN NOT EOUAL
RINTED YO THE aLT

ENg IF
CLSE JFEREPLY.FG.5Y THEN
THE SAME ROUTIHE FOR TESMINATING THID PROGRAMME 1S USED &S ADOVE

HEADT = ¢ L4 BUN TERWMINATID #HILE E£DITING ot
KRITE U2y POVl P oMK G AWI 7 7S 2 7 W A0X JBY ) HDGL JHLADS
IFEFTYPL oL o 30 THEN
ucanx = % e THU FOLLOKING LISTYD THE LAST VERTION OF THE *#/
- 7«!”3! DATA IN FILE = P/7FNAMERELIIFNENDISAY ol
TTLN = 4
rxghk% PRINKYCUACHPT JPTLOLE  MTDUMSN TTLN  HOGS , HEADS Y
]
HEADT = *aAppwy?
RETURN

FLST

BINEAR

hedhviin ol
[ EEFEE ]

3

e e

MNP VN LN, G0 NPT I eN L Qe IR LN GNPV E W N=IC O N GRS SN PSP d0 N0 WS P D W O UT St (]
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PHINT 2 L HM56GT

LTSI ¢ 2 B
EqD ¥ 3
ANOOPTION 15 GIVEN TO PEAFURM FURTHER EDITING. IF FOITING
IS CO»PLITE, THL USTR 15 OFFLBID THf OPTION OF CHANGING THE
HEADIMG 1IN *HDGY. IF THE PROGRAMME DATA [5 ON FILL {FTYPE = 2%,
THE UTER I3 OFFERED YARIOUS UPDATE OPTIONS
IHS MEGSELEYs *FURTHER €OITING OF ANY KIND % (YES/RCY =°
HLGN = |
CALL P?G“HT‘“SG»,MSGN,:?IP)
REEDEw, *(A3) ERR = 1953 REPLYS

IF (REPLYT.Can"YES®Y THEN
60 T 1%
ELSE JF(REPLYS.NE *NO'E THEW

GO 195
END IF
ME3GE{{3= *DO YOU «1su TO REVISE Tnt PRINT-OUT HEADING 2 ot
MEGE{2da T(YLSINOG et
MEGN = 2 S : .
CHLL MSGPRT(MSGE MEGN,SKIPY
READCw, "¢43)*, €AR = 2353 REPLYS
IF(REFPLYSAEQa*YES®) THEN
:ggz(x:: SENTER THE NEH HEADING § € 80 CHARS i. s
-
CALL MSGPRTEMSGS ,M5GN ,SK1P) .
READL®, *(A55)*, ERR = 2315) HWDGY )
HOGEND = §S L
!F((HQGEND.GT.ﬂl.&NO-(HDGS‘HDGENO uoceuo).io. *33 THEN
. MOGEND = HDGEND i o .
60 1o 225 '
END IF
Irtinezuo.cr.sa: THEN .
PRIlT#,EQK
GO TO 21% .
END IF .
ELSE IF({REPLY$«NE-"NO®) THEN
PRINT® . ERMEGS
60 10 205
END IF ;
xrtrrvpc.wz.at Tnew R ' - )
CHEAD® DATE : *//DATES /Y TIME 3 $/7TIMESZ/
® nATA FILE {ASSIGNED) : *//FNAHES
KSGEOde PTYPE 1™ TD OVERNRITE YOUR DATA FILE ¥ITH THE »°
HS5G3{2)= F REVISED COMPONENT INTERACTION MATRIXK. #°
MSGS 4= SPTYPE ™2% TO ARITE THE REVISED COMPONENT INTER s8*
M565 04w * ~ACTION HATRIX TO A NEW FILE. s°
MSGS (5= *TYPE ™3% FOR ND FERMANENT COPY OF THE REVISED =°
Mgs?ib)- * COMPOWENT INTERACTION MATRIX. - . w
MIGN = & : .

CALL MSGPRTIMSGE,4SENLSKIFD L
READIE, #, CRR = 3151 REPLY - -
iFereplv. 2o 13 THE S

FILE §S OVERBRITYEN BY A CALL TO *MEF®RT?

L CALL nxrnRTthawPT'HYLBL$,Ht$H$N.lHlN.IAA
HEAD oA TES27 TIME
DATA FILE (OV’Q-ﬂR!YYENt D PSIFNAME

LSEC IFIREPLYSEGa2) THEN

§
PR ASTINES Y

USER SUPPLIES A NAME FOP THE OATA FILES THIS lg CHECKED FOR
QUINESS . OMCE THE FILE 15 ASSIGNED, THE DATA 15 WR{ITTEN TO IY
A CARLL TO *MYAFSRTY, THE OLD UﬂTBFILr 15 FREED FROM THE FUN.
€ YHE NEX¥ FILE [S ASSIGNED, YHE HEADING TN *HEADT® IS FPEVISED.

STATUS & FACSF2EYRFREE "J/FMAMES €] IFNERDIZZ® o ')
MOGLEiY= YENTODR 8 NAME (A4S ANY CONMBINATION OF 1 Y0 12 »?®
MSGRE0¥> TALPHANUMNERIC CHAPACTERS) FOR THE DATA FILE. &t
M3GN = 7 .

CRLL MESGPRYEMIGE MEGN,TSKIPY

PEADEe, TLRIZ23Y, E7A o« 2FB) FNAMES

FHE LLNGTH OF THE FILE KAME IS CHECKID YO 05 LESS THAN |2

FHEND = 12
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DATA FILE
FACSF2(*%
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Tl =

PERMANEN
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BY A CALL T2

an oy

EY -t
TR =T
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G @vigem =P

Tt
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TFE(FNLEND e GToil s AND LENAMLSEFNENDIFHNENDIEQe® *3 ) THEN

-t

PLIFNAMES LI IFNEND I/ /e sF 2 & %)

IO FACSFZ 1S NOY IN ORDFR, (CORRECTIVE

"A FILE OF THIS MAME ALREADY EXISTS UNDER .®
SYOUS PROJECT-ID- b
TTYPL 1% 10 ENTER SNOTHER MAME FON THE FILE =°¢
sYypo ®
STIYPE ®3% 1O TERMINATE THE PROGRAMME et

" 70 OVER-#RITE THIS EXISTING FILE #°

T{MS3GE MSGN ,SKIP}
ERR = 3053 REPLY
Qs 3} THEIN

£9
» &
AC

"H‘!l

BAS G, A C//FNAMESCIZFNENDIZ/Y » %%

S SIDATESSI® TIHE ¢ *Z/TIMES//
R-*RITTEN) 3 °//FNAMES
&

8 MDD Vyie
om

~=T > w B IO
T Miee

oW OF THE MATRIX IS
. A TEMPOHRARY FILE

‘//FNAHES(I:FNEND)II
);) HEA
N MESCLIFNENDYI//® o

MSN, TTLN HDGS HEADS )

PRINT® ERMSGE
95

DAT P t270ATES//® TINE ¢ *//TIMES//
tASSIGNEDY & *//FNAMES :
£ 1,"//FNAMES{IIFNENDIZ/Z® o "}
;LBL!,MYDHSN.IHIN.IHAX)
N
DATE PLIDATESS TIME : *//TIMES//
copPY or EDITLD MATRIK

£

A

us
RT{UNCHPT o
Ta

T

ND APPPOPRIATE UPDATE CPTIONT M
15 WRITTEN TO THE ALTERNATE PR
HOTTLH SET 70 2

-

HONR1 HFADE)
BT OINVTERACT
h YOUR PRINTF

THE £h

11 ON u?
HAY 3FgN FEC 3

1
L

1
a4
S FOR FREEING IN SRUNFIN®
TO *RUNFIN® ®HEN CONTROL

Ds
HE LAST VERSION OF THE '

MAGRAELOC IV IBWOCTITIADTITDA NN TN LA N ANPFOTL0 2T 20
OO W e OB MO P SWI LD Q0 NP D E W I 0D N VT E WiV e,

LAY 2

]
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I T T T I 1

) o0 nd o Lk h? 1 B L B NP NGRS
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Lot BLLE

L A L R T R T P T T E L R L R 2
SUBRCUTIMNE EDELMTEMACMOT (MGG ¢ MTDNSH  IMIM, IMAX ERMEGE)D

THIS ROUTINE CORFOCTS JHDIVIDUML TLEMENTS OF FTHE COMPONTHT MATRIX
AH’U!ENT<

GLP ARRAY OF THE (OYPOMENT HMATRIX ELEMFNTS

TCR ARRAY FOR UP 70 & MUSSAGES FOR PRINTING TO THE

TEEMINAL SCRLEN BY °*MIGPRY?*

GER VARIAZLE OF THE COMPONENT MATRIX DIMENSION
INGICATOR OF THE MINIMUM VALUL N *MXCHMPT® (7}
INDIChTﬁr_ﬁF THE MAXTIMU®R VALUE IN *MXCMPT® (I

CTER VARIADLE FOR THE STANDARD ERROP MESSAGE

ARTAZLLS
AZLE TOo RECEIVE AND CHECK UYSER INPUT

NTHIN A v

1 3
?NYER OF THL NUMBER OF MESSAGES IN MSGS TO BE PRINTED
8]

Flx -
OGN =

SKEF -

ICATOR VO °*MSGPRT® TO PRINT THE USER PROMPT
REPLYS

FACTLR VYARIABLE FOR USER REPLIES TO PROGRAMME QUESTIONS

INTCGER MXCHMPTIGD,50
uTDMSN, iM1

s

&

i

gRroacsBaONBBIRGEDGHE
i
3
[0 Sdbt 4
PO XA

s

. . ]HAX,
+ FIXs MSGN KiP

CHA ACTER “SG‘”&“(

ERMSGEnY

+ n:PLY?OJ

1
L
S
LI

SPRCIFYING AND CORRECTING THE ELEHENf

CaC R

105 MG 1= *ENTER THE ROW NUMBER, COLUMN HUMBER, AND CORRECT. #°

Y= *VALUE OF THS MATRIX ELEMENT TO BE CORRECTEDS %
XeL@al) THEN .‘
t3d= (ROW,COLUMN, 0% OR "1%3 &7

.
3
. t3y= * (ROW,COLUMN,INTEGER BETHEEM ZERO AND THREE) e
TN ) .
3
G

SGPRY{MSGE ,MSGN,SKIP)
s ®y KRR = IQS) fs e FIX

UT 1S CHECKED 7O SEE IF THE ELEMENT EXISTS, AND WHETHER THE
ENT VALUE IS ®ITHIN THE LEMITS OF IMIN AND [MAX

O 1e0R{ | «GT-MTIDMSNIY GU TO 135
N J.0Rel J +GTHTDMSNEY GO TO 135
MINFoOR (FINGTIMAXED THEWN

563

@u o4

as e
-
o 7Y -4 S
nDe e

i
G

1.—

ECHOING THI CORRECTION AND EN

[ 3}

ERING THE CORRECTED VALUE ¥O MXCHMPT

WRITE (%, *qA,124R,12,
+¢ soas THE DEPURDENCY
+* HAS REEN CHANGED FR
MACHMPT L JF = FIX

]
1,% AND ’.J! R
§1,03,°% TO *,FIX

% &8

OPTION FOR FURTHE®R CORRFCTIONS OR TO RETURN TO PEDETOR?®

IFEIMAXE0Qa1) THEN
WEGEELYE PONTER ROW, COLUMN, "0% 08 "1™ (O0R "EXIT®) »°

Th

“SGHEL1I="SHTOR RO¥, COLUMN, INTEGER BETNEEN O & 3 (OR “EXIT™P of
END IF
MIGN =

1
CALL MSGPRTLASGE yMEIN,,SKIPY
GJ _FC 123
145 RITUNN
]

B GERET A E AR EIE LA C R OB E AT E A BB ARG NEEROE 0ROV BEUPRY AR DEEEODSE
SUBTOUTING L OLPLRIMTLIELD 3508 MTDMSH (ERMSGTY

®

B THIS FOUTINLD ERITH THL COMPONEHNT LARILS

E

®  CARGUMENTS
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® qTLNLE : tg»vhcrue AREAY OF YHD COMPONENT LABELS . 1527 N p
ks #E5% =~ LHIBACTEN ARRAY OF UP TO 51X HESS&GE LINES FOR PRINTING o MO - 5 » 12 TN - E 4 "5 1 MEGE
: AT ";nnu LMD TR BLx HLssh : }33£ AR i ® %3“‘;%2 ,1'rnk NUMHIR OF MESSAGES 14 MSGE TO BE
& MTLIN - THE DIXLNSION OF TeD COMPONENT wATRYY 1573 & SEIF e f2 3 INDICATOR YO *MSGPFI® TD PRINT THE USKK FROMPT
* LRMTGTF =~ CHARACTEIN VARIADLT FOR THL STANUARD FRPOR HMESSAGE ;ézq s grng5 - ACTL? VARIADLE roﬁ USER ANSEERS TO PPO&;!RM‘ QULSTIONS
=
1525 .
®  OTHER ARNAYS AND VARIABLES 52 HTTGE? MACHMPTISD 538
e LALN = THE NUMOER OF THE COMPONINT LAGEL T0 8L CORRICTED 1258 R A A AR L
s BEPLYS = CHARACTLE VAF[ABLE FOR USER REFLIZS 70 FROGRAMME QUESTIONS 1524 M APFN, MSGN, SKIP
* CHECKS = CHAPACTER VARIASLE USELD TO CHECK USER INPUT BEFORE ADJUSTING (539 CHARACTES ”IL&LMGZU(j Yy MEGIE8UE4}
» THE PHOGRAMNE RAaTa 1539 . T remigrent, ’
- 4 s REPLYS®
INTEGER mTDMsk, :§§§ N AtE
LRLH 1633 e 1F THIS (S THE FIAST ZN¥THY T0 THE ROUTINE THLD COMPOMENT LARTLS ARE
CﬂkRACT;° gibqgieg?caa). HSGEe4U6, 1334 * PRINTED ¥leie IF MS5G7(83 = YIN[TIAL® AS SET IN 'EDITOR‘}
LHMEGheh, - . 1535 L]
. - REPLY¥®e 3, CHECKE®»2Z5 1538 IFI¥SGL06 1. KR« HEFEAT? ) G0 TO 1us N
G LYY = YT LOMP ENYS ARE N RE A3 FOD £
®  CNTERING THE LANEL MUMAEYT AND THC NE# LABEL -i;i; M§é~‘2’1 OnE £ NumBERSD LLoKS -
# < -
135 M5GR(17= TERTCS THE NUMBER OF THE LAREL TO OE CHANGED o 1033 X0 mek ey Bescs  nsan, sKie) ;
1] . R WR % 2 H . "y L N 5]
11% cALL MSEPRTIASES JHSGN  SKIP) BREN m RITYRQ -1 216 12, 2X0R2DIN/IT] SH MTLELEIND . N+ 1, NTDNSNS
N DADER, », LRR = 1233 LBLN 1543 . %“1?“&"8 T?chuﬁh%? gF §?Erconpouenv TO BE DELETEID AND CHECKING
34 5 * SUCH » NEN £
o CHECKING IF THE LAREL 70 BE CORRECTED ACTUALLY EXISTS igqs « H 0 ® s
= . oo = ff ® T NyH ¥ THE COHRP T0 BE D TED of
17 CLELALLE <37 0B o (LPLN-GT 2 mTDNSND ) THEN §§J$ 1C mggét:sl ENTE HE NUMBER O E COMPONERT TO ELETE
125 PRINT S, LEASEY 1548 115 CALL HSGPRT(HSG*.MSGN.SKIP)
. .,80 To 1is 4547 READ{s, =, ERR = 1253 (HP
Cup 1F S . » 1553 :r¢tcusrw.Lr.x:.oR.(CMan.rt.nTOﬁSM)» THEN
PRINTe, b ¢ : . ) L 1551 125 PRINT® LCRMSGE
ERITEER, *{(*® esva LABEL **,12,"°% IS SRESENTLY « **,A)"} L1582 G To 1
eLili, MTILBLS(LELN) P 1553 CHD IF
MSGS{iy= *ENTER THE MEW LABEL { 12U CHARACTERS ) e° 1505 s )
HSGH = | ) 1555 & THE PROCLDURE 15 TO MOVE THE ELEMENTS IN THE ROW AND THEN THE COLUMN
B35 CALL MSGRRTAMSGE MSGH,SK1P) 158%6 * OF THE COMPONENT 10 BE DELLTED TO THE OUTERMOST ROK OF COLUMN IN THE
. RIACLe, "LAZ5YY, EAR = 353} CHECKS 1557 & ARRAY TMXCMPTE, AND THEN TO REDIMENSION THE MATRIX TO EXCLUDE THL
K5 T ® AST ROW AND it ]
®  CHECKING THEC LENGTH OF THE NEW LABEL §522 b cory
. )
1560 ° If THE COMPGNINT TO BE ODSLETED IS IN FACT AY THE EXTRENE POSITION
’F§§¥§$KSS§!:§5$§NEQ;ER ru”L;gEE IT ¥AS 10D LowG. * 1561 7 €leFfo CMPTN = MIDMSNY THEN CONTROL IS IMMEDIATELY RETIURNED TO *
LI T . . GED s AN THE MA L1 R MERN M
PRINTe,'emes (LABEL 70 BE 20 CHARACTERS OR LESS)  * 1253 5 'FRITIORT ARD THE MATRIX IS SISPLE REDIMENSIONED
rLgn T0 £3% 1564 IFICMPT.EQMTDHINY GO YO 175 .
- . 1565 ® .
{HngththﬂLn) = CHECKSEL:D 1566. v MOVING THE COMPONENT ROW 10 THE EXTREME POSITION
ND 1567 -
- e A 20 145 K MPTN, (MTDMSN=1)
= PROCEDURE 1S REPLATED OR CONTROL IS RETURNED TO *EDITOR™ :gig “JH%LSL;,i,‘n n?ia:s:2+i)
s ;
7! DO 135 K = MTCNSY
REGYIL1l= PFURTHEN LABILS 70 CHANGE ? (YES/NOS #* ;gy: yxcnpr(w,é; x MXCMPTEIN® 1D K3
MSGH = i . L1572 1235 CONTIRUD
E4s CaLL “QGPnTtwsﬁi,HSuU.SK!P 1679 148 CONTINUE N
READIS, *fA3) ERR = (45} REPLY® 1574 B - - ) . :
'F}g£$;Y?J§°-'Vﬁ°" THIN 1675 % MOVING THE RO® TO THC EXTREME PDSITION
. P .
LLSE IFSREPLYT«NFLPNOYY THIN }2;? * 00 165 N o= CMPTN, {MTDMSNe)
PRINTEERMSGL 1578 NG OI55 K = L, MTDYUSN
LG8 To las 1577 MXCHPTIK N} = MXCHPTIKIMe13)
wor 15£0 155 CONTINUL O
TRy 1601 165 CUNTINUE
<0 1582 ® L
. 1543 ®  SHOUING THE HC=8KRANGED DRDER OF THE COMPONENTS
1584 * ) .
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& £, K
& THIZ AOUTIND DELETEZ A CONPONDNT FR9% THE COMPONIHT HATHIX enl R Aclentinsar esn.sxir)
= b i1TE tezner 2X,A200 T) O EELMTLBLINY, N.o= 1, {MTDMEN=1}}
T ARGUMENTS §523 gzéx‘;:'=‘?§{p}2§3‘2’ X,A2013231 %) . N s
® HMYCHMERT w INTE AY NOF THE CDMPONYNT MATRIX TLEMINTS laéf " - B
& MTLPLT = CHAKA LRAAY OF THE COMPONYINT LASELS T4 R TURMES "y e
s MAST e CHAGACTE AY aF uP TO SiX NMCSSAGE LENES FAR POINTING 1O 1393 § COMTROL RATURNIZ TO TEoTOR
®  THC TEZ®Ihab 3¢ QY 'MesPRT” 1594 2ITHE N
v MTLMEN « Tl O] CHT UATRIX GIAcueiow {oesg eun
2 ERNMSGE -~ CHAGA VARLAGLL OF TRE STALTARD LRROI MF3RAGE 1595 :
i ;
1697 .
* DYHTR ARFAYS &
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THIS ROUTINE ADGL A COMPONINT TO THE COMPUNENT MATREX

ARGUMENTS

MYCHPT = ISTEUGLE ARFAY OF THE COMPONIDNT MATRIX

MTLULS = CHAXACTER AHOAY OF THE COYPONUNT LABTLS

M5h% = CHARACTOR ARFAY OF UYr Yo 31y HE;SAG_ LN
THE TEPHMINAL SCYEEN BY "HSGPRT*

MIDNSH « DIMENHSI0N8 OF THED COMPONUNRT MATRIX

Pnin - IHTEGER (HDICATOR OF THE MInIMUM VALUC OF PMYXCHPT® (03}

PHAX =~ IHTCGLI THDICATON OF THE MAXIMUS VALUE OF *MXCMPTY ¢(f OR 33

LRMSGE ~ CHARSCTER VaAR[AQLD of 7RF STANDARD LOROR MESSAGE

OTHIR ARKAYS AND VARTAZLES
MEGh ~ INTEGLE COUNTER NF THE WUMRER AF “ESSAGES [N *MSGE® TO BE
PRINTYL BY YmsGPRT®
SEIP w INTEGLR INDICATOR TR PHMSEPET® TO PRINT ToHE USCR PROMPY
REPLYS « CHARACTUR VARIABLED OF USER ANSWERS T0 PROGPRAMME QUESTIONS
CHECKT = CHAR&CY VASTAILE TO USEN USER INPUT OF COMMONENT LABELS
TO TNGURD THAT THEY ARE NOT 700 LOMG

MEKRTS
PS

Le
5 FoR PRINTING TO

FATEGIR MXCHMPTIS T, 53,
1M1N, l AX g
k3 MEGN, SKIP
CHARBCTER HTLPL TINMH0Y, HSGSebUEbT,
» ERMSGE 557,
+ PEFPLYS 03y CHECKS 2%

THE ML COMPONENT |5 AGGEG ON TO PWYCHPT® AS AN EXTRA ROW AND
CoLumy CINDICATED A5 °NE

NIDXT = MYDMGMe]

ENTERING THE COMPONINT LAREL AN INFORMING THE USER OF THE STATUS
CF THE Wi COMPONINT, AND COMPONLCNT MATFRIX

H&?:t{ T SENTLP THE LABEL FOR THE NEW® COMPOHNENT &%

AGN =

F0S CALL ®SGPRT (% Q,MSGN.SKI ¥
SCANLS, '{Azﬁ) RR = 1N5Y MTLBLSINFXTS
PRitTa,* ¢
HE1TEEn, Tl4X,°%% & THE RATRIX HAS DECN RE-DIMENSIONED TO *9,12,
€ FE o TR IR, #tt /7, MX,"Y 8 THE NEW COMPONENT 1§ NUMBER fel2
» LK Pet Rty HEXTY GHEXT, NEXT

CHTFRING THE ELIMTHTS OF THE NEY COMPOMENT

MaGR{lle YTO ENTRER THE ELVMENTS OF THE COMPORENT MATRIX [
IFLIMAYEN-1Y THLN
M3GT€20= PTYPE 1" FOR A DEPENDENCY BITSEEN COMPONENTS  #¢
ggg;(l'; PIYPE O™ FOR NO INTEPBCTION BETWEEN COMPONENTS &%
sLse ’
MEGEL{I = *TYPE W &N INTUGER VALUE BETAHCFN ¥N® ANnD ¥3% «f
PRGN = 2
N OHF
i

SKIP = |
CALL MSGPRTIMSLE MSEN,5KEPY
ENTHHING THE 4P« (OMPONENT RO™ Ep EMENTS

i.n:xf
vgve THF CLPEMDINCY OF "%, A703°) RTLHLSED)
Fgre OH 'Y LA203%) MTLBLEEINTXTS
?7Fa0e ¢
S, URH = 1253 MXCMPTEL NFXT}

CHICKING THAT TRLD ELIDUMENT 13 41THIN BOUNDS

It’tt‘x(,""’\’ ;J’T)-Lftl?ﬂ'ﬂ-ﬂ’“-i"h{("'}Pfll. TXTYa5TeImax)y THEN

135 ‘H'TI“U’
LCETELING THE Y COMPOUINT COLUMYN

DG 14 J = [ .mToMin
T4 FRIYT«,* *

Sam
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LIRS

THT DEPENDENCY OF *0,a201%) rILGLLENENTS
ON L A24¥%F =TLBLSE Y

* » M
T RR3F MXCHAPT(NEXT, 0
CHICKING IF THE ELEBINT IS SiYHIN BOUNDS

ML PYINIR T s sl Vo IMIN s DR {MACHPT(NEX T, Ut GTa IMAX ] THEN

15% PHRINT® ,CRHTGE

16% CO'?INU
COMTROL RITUANTD TO M“EO]TOR®

R TURN
D

LA A SRR RAREEEFR LIRSS SRR A AR R AR RS RR N ER Y RIS TSRS RY S

SURKOUTINE MINLNKEMXCHPT pmULINK yPXMIMA MXMIND ,MTDHSN oNFILERD

THIS SURROUTINDG DERIVES Al THE MINIMUM CINK MATRIX
B MIMIMUM PATHS ARRAYS
L3 TRACKING INFORMATION

ARGURENTS

MYCMPY = INTEGIR ARRAY OF THE COMPONENT INTERACYION MATRIX DATA

MAL P9¥ » INTUGER AFRAY FOR THE MINIWMUK LINK RATRIX

MYMINA AND MXMIND = IRTFGER ARRAYS FOR THI OUT- AND IN-MINIMUM
PATHS TOTALS FOR FACH COMPONENY

MEMULY « INTEGLR ARRAY FOR STORAGE DURING THL ﬁlTRl! MULTIPLICATION

PROCESS (STORES THE PRODUCT ¥ALUES?
HEUNLT = INTEGER ARPAY FOR STORAGE DUR!NG THE MATRIXY MULTIPLICATION

PRCLESS (STORES THE MATRIX 70 Bt MULTIPLIED WITH MRCMPT)
HXTRAK ~ INTESER ARRAY FOR TEMPORARY STORAGE OF YALUES Tg BE WRITTEN
T THE DIRECT ACCESS FILE 13. ONLY 31 RECORDS CAN BE ¥R1TTEN
TO ANY OY¥E RECORD. : :
IHDEX ~ INTEGER COUMTER OF THE NUMBER OF VALUES IN MXTRAK T0 BE
WRITTEN 1D FILE 13
PROD = INTEGE® STORAGE FOR MATRIX MULTIPLICATION PRODUCTS
WFILER ~ INTEGER INDICATOR TG COMTROU ACCESS TOD RECORDS IN THE DINECT
ACCESS FILE 13
KILLER = INTEGER INDICATOR 70 TERMINATE THE MATRIX POWER {NG PROCESS
UHEN THE MINTMUR LINK MATRIX HAS BECEN DERIVED
FILLER ~ INTEGER VARIAILE SET TD 7ERD TO RECORD THD NO INFORMATION
SITUATION IN THE DIRECT ACCESS FILE 13
TRDCTR ~ INTUGLR INDJCATOR TO REGISTER ONE OF T8O YYPES OF IRREGULAR
RECONDS 1N THE DIRECT ACCESS FILE 13 INOCTR < -1 SHORS THAT
HO TRACK EXISTS FOR THE COMPONENTS: AND INDCTR s =2 SHOR
e MARInus RECORD LLNGTH INFILE 13 1S RXCEEDED FoR THAT
PARTICULAR RECORD. THIS INFORMATION I5 USED IN *TRACKS®
FILES .
UHTT 13 = DIPECT ACCESS FILY CAZATED IN THE MAIN PHOGRAMEE To STORE
THFORMATINN USED IN THE PTRACK® SUDFOUTINE,
EACIH RECORD IN FILE 13 RECORDS INFORMATION ABOUT THE
LinKAGF RETHICN COMPONLCHT 1 AND J, ®HERE THE RECORD NUMBER
1S GIviw AS {ATOMSN(I~1) » J3a THE FIRST vALUE OF THE
EITHER INDICATES v IRREGULAR RLCORD, OF THE NUMBER OF
VALID VALUES STORED 14 THD RECORD.
INTEGER MECMPTIS73,53), MALINKIDD,500, MXMINALSD), MEMIND(SN,

* MXHPLTEON) , NYUNITESD,503, SYXTRAKE{ILD, .

. Iun ¥, PROG, NFILER, KILLE®, FILLER/R/, INGCTF
IMITIALTZING THE STOREGE ARRAYS AND THE ARKAYS USED IN THf MATRIX
MULTIPLICATIOR PROCESS

L9 IRG 1 = 1 LeTDMSH
BEBIHALEY = 7
MIMINDILY) =
DD 175 J = 1 HTURS

TF{MXCNPT I 310

MXURIL Y, MULIHNE AxS SOV
KON=ZORO VALUPS [N sYC4r
FIee 13, KOTE THAT FILL
COLUMN MAJON FARSHION. T
ELEFINTIL sJd3 THll [GuaTio0

x-Cﬂ?Y, ARDO ALL DIRTCY DEFCMDY
TORTCARDLE 1N THE ArEPg
TS A HTDESN X #TP
THT RECOTD CORPESPOND
DHANSEIel 203 15 UWED.
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GENP VL W= SR NP P DWWl 3R NP PRt G AONIV I W L0 TN VB Wi 2D N0

=

ER A 2 LR B R

G ok o G o b G0 T G B DI RE B Pk P  B ToD NS NS 2k e o ko S it B it e 1)
#R BE e

BYULITOL ) = 7 M
SEud L) =l 1 wo LF THE MIHEMUM LINK MRS 3TEY COMPLETCSLY DERIVEG. THE VALUFS FOR
PR dnbiaar =1 2 » 1LOYOTAL 4101MUM PATHS AGSOCIATED #ITH EALH COMPONENT
wElL bR LI c 3 = £ OERITTON TO MXAI'JA -AND #XINO FROM MXUNIT, AND THE FILE 13
WEAILER = fIMYOMSHslI-13) « J) “ 4 RECOYLS aH1CH HAVE NOT WEEN @KITTCHN TO ARE MARKED ACCORDINGLY (USING
SHITE CP3*™FILFR) INDEX, 1 g & INDCTE = =13
LS et "
gy 9 - Y & ®
RS R E 7 PFEEEILLER LR M) o0 (ILIHKEQ-HTOMGNI ) THEN
GMELINKED ) v 2 a INPETE 2 ~1
N L ° £0 155 1 = I, HTDMSH
9B ConTINgs f D0 155 4 = 1, MTDMIN
» . Fin 3 £Q.5
ILERG TUOICATES THU LEVEL OF POSERING CF THE COMPONENT INTERACTION EAS SRR S MRS S P m
HATH X, MYXIMPT, e v I -
KILLAE 15 507 TO 2650 3TFOAE £VIRY MEw POAZRING LEvEL. LF CILLER e FHEGMSTITILERY INDETR, FlLLER
ES MOT CHANGE VALUE 10 1, THE MINISUM LINK WATRIX HAS BEEN DERIVED ’ e
L AND J COMTROL THE MATHIX SULTIPLICATION PROCEDURE M S i I E R AR R T )
THE AULTIPLICATION PROCEOURL FOR ELEMENT (1,91 DNLY OCCURS IF 15 CONTIMUE ’
THE “In1MUM LINK SLEMONTEL,J03 HAS NOT YEY BEEN ALTEREG FROM ZERO ? €6 To 13%
ENO 1E
B0 16% LINK = 2,MTUMGN ;
CkiterRE s u - , 1en CONTInUE '
DO 145 1 = 1,nTORSY T URNE e
BO,éfoJI= l;pyquN ’ S , : CONTROL 15 RLTURNED TO THE MRAIN PROGRAMME
BXL ¥ )J)nGTQ &0 o 125 - x
kUl T2 175 AR URN
INDTX = g 4
DO 115 K = 1;4TDMSN — .
HEER AR ORGPV B ST IS H UG ORI C A FABE NSRS HHI P RRE RO P ARG S S P IR R G AP S OO E
A NON=2FRO PROGUCT IN THE MULTIPLICATIGN PROCESS INDICATES A NEW U . b
MINTAUH UINK PATH. THE IWFORMATION ABOUT THE FATH IS RECORDED 1N Gl DA TES  ERNGCL) (MLINKLMTLELS  HTDHSN ANTRACK SHFILER S HDGEND
#mETFAK . B
THIS POUTINE EXTRACTS INFORMATION FROM FILE 13 Y0 PERFORM TRACKS OF
LFEAMXCAPTEK 153 2GEL 1) o AUD . (RXUNIT (L 2K)2GEL1D) THEN EPE M ¢ PATR M
MRS MR A A TR : o JDENCE BETRLLN A RATR COMPONENTS SPECIFIED BY TRE USER

INDLY = IHDEX ¢ | AFIGU‘\'!ENTS

MELINK INTEGER ARRAY REPRESENTING THE HINIMUR LINK BATRIX

1F “ORE THAN THIRYY HINIYMUM PATHS HAVE BEEN FDUND, THE HAXIMUN MTLBLE = CHARACTER ARRAY OF THE COMPONENT LARELS
STORAGE IN FILE 13 15 CXCEEDED AND THE INDCTR VARIABLE 1S USED in - & .
T RECoRD IuiS conniTion TR htTaAL, KTOMSN ;gsh?égeﬁéégssor THE COMPONENT INTERACTION MATRIX AND OTHER
¢ NDE ¢ NTSACK = INTEGER COUNTLR OF THE NUMBER OF TRACKS PERFORMED
TFLINDER.OT 310 THEN NFILER ~ INTEGER POINTER ASSOCIATED #ITH THE DIRECT ACCESS r;tc 13
,‘l ) “To HOGEND INTEGER COUMTER OF THE NUMBER OF CHARACTERS IN HDG
HFILER 2 6 (47D RSNs(1~11) o 41 HUGT - CHARACTER VARAISLE OF & U3ER SUPPLIED MEADING FOR THE HARDCOPY
ARITEALAPNFILERY [NDCTR, FILLER, FILLER FRINTOUT OF THE PROGRAMME OUTPUT
CHGOirO } P4 DATES «» CHARAMUTER VWARIABLY FOR THF DATE OBTAINED BY A CALL TO SYSTEM
EYTRAK (INDEXD = ¥ FUNCTION *AQRATCSY USED FOR HEADIANG IN THE PLOTTING PROGRAMME
) cno 1t = ERMSGY - CHARACTER YARTADLE OF THE STANDARD ERROR MESSAGE
t1s CONTINUE OTHER ARRAYS AND VARIA3LES
P - 4 R M e MEN "
1F & MON-ZEDO VALUE HAS BECN DERIVED IN THE PORERING PROCESS FOR HxuPER rﬂi%s?se‘égmézwcw; w}1u!¢Héﬂ;agggnusgggragnguénﬁtgnéz$lgﬁggga
PAGRITEL oY THEN ALL THE INFORYATION ADQUT THE MINIMUM PaTH/S SUFPORTS & LINK IN THL TRACK FOR THE SYEF BEING ?RﬂCESSEo
piyREER Eavnausin § o o lE mRLTIEN mRom axTRAK To FILETIR lamo ereomn -TTNTECER kAo th WS TRTN Senthrtof U MReky iR E e
HE £ i * ™ 4 H NE T '* L] b3
8 Tt TR Pt b AL e i THAT THE COMPONENT ®ITH THE SAME NUMBER AS THE CLEMENT NUHBER

TEAMINATLS A LINK ORJGINATED BY SOWME COMPONENT IN MXUPPR
MEXTMFM = INTEGER ARNAY OF THE COMPONENTS {3y COMPONENT NUMBERS WHICH

IF (XML T4 06T o] THEN APPEAR IN THE TRACK {USED AS INFO FOR THE PLOTTING PROGRANMED
13

NFILER = ({4TDHSHe{]l=133 «

QNN LA R OSEN NN LD PO NN NA NN N HAG TP PO OUTANOIMA AT AL L LE D ER RS

DO WP N L W I IE NPV LW GNP LR D B WPNIWN =G FENI VR WN» ST LGP P LWINeI0 DS U St

. 90 s o e o . s o e B g (. 8 e 9 B S Bt G kS S8 . P B i S B B ek B D 50 o Pt S e i A B0 3 i e B B S S e o K P R B B e o P A 1 Bkt ok £
G RO ILD L LI G L ARG I LDP LB TODLDPONPAANTTLOIGDICIONNOCORITOCDDIDRLDVOCOERODLORE SO LI 2UOE 3P0

IR RN EEER R XX B3N R 2 I RN R 2N - AR R R

£ b i MXTRAK = [NTZGER ARRAY 70 STORE THE DATA READ FROM FiLE
SYLIRATIUTILER A0SR (MXTRAKIND, INGFTs INOEXD STEP ~ INTEGER COUNTER Of THE N0 OF LINKS TO BE PROCESSED IN_THE TRACK
AR i TSTEP - [N1ECER INDICATOR OF THE MAXIMUM NUKOER OF LIGKS [N THE TRACK
cr re ee . . , . 3 (KEAD FroM MXLINKC],
KILLZR 'S STT TO | TO INDICATL THAT SOME CHANSE TO MXLINK HAS UCCURFED jon TNONE = THE RUSRCR OFLOSPORENTS WHICH RPPEAR TN THE TRACK 1.E. THE
DUKING THE POFCRING PPOCLSS & NUMBLR OF VILUES [N MATNFM
CrLLEr = 1 ¢ Pa - INTEGER COUNTER FOF FINOING THE ORIGIVATING COMPONENTS OF & LINK
e TYEE = NB - THE NUMSCR OF COMPONENTS @HICH TERMINATE ANY LINK ORIGINATFD BY
125 continbt 3 A COMPONENT % MYUPPE (RCAD AS FIRST VALUEC IN RECOPD OF FILE 13}
R £ f = INTEGCR COUNTER OF THE NUMRER OF COMPONENT NUMBERS TO BF OFSD FROM
] £ s o T . » ¥ 4 ? 3 3 MKFE
MEURIT 1S IMITIALIZEO FOT DME NIAT LIVEL OF BOGCRING T WXCHPT i e P and, 1 oT e THL COMPORUNTS WuICH TERMINATE LINKS
A 79“' - _VALYE “X““!’ 13 ORLY Cuanagy ONCES Thow FEF0 10 i PE o« INTEGER INDICATON FOR PROCTSSING CACH COMPONERT SPECIFIED IN MITRAK
THE FIRST 0 THAY OLCURS, —THIREFORF THE FINAL VALULS i MIGH - THE NUPDTH OF FROGRAMHE SURPLIED MESSAGES 1a MSGT 10 BE PRINTED
17 MYUNIT i MINIMUY PATH INFOFMATION FOR MXMIMNA AND #SXMIND 1 Yy OTHE TURMINAL GERESEN DY “MEGPRT™
GO 135 9 = 1, 1THSE 1 SX1P = INTEGER INDICATOR TH “HSGPRT™ T PRINT THL USER PROMPY
) S g o= f, M ; TEGER INDICATOR PRYY F0 PRIN UTER P r
TFEv¥UNTIT Ol g eclra 13 THEYN 1 REPLYYL = CHAPACTLE VAHIASLL FOR UZEP REPLICZS YO PROGRAMML QUESTIONS
MHUNTITO! o3 = MXBYUL Iy 1 FILES .
- €
13 cortingt 1 UNIT 3 « A DATAFILE CRIATED AY THE PROGRA®ME (CALLID FLETINFOY USED 10
145 anTINGE 1 SUPPLY THE PLOTTING PROGRANME “ARSTRACK™, eHICH 13 STARITD AY
s pEELEVL 1 PRYNF U™, &ITH PLOTTING INFOFRMATION (HFADINLS, DATT, ETC).
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IV D VLQDIAVLRWETDBDLIXT VDD AN G N d GNP OO0 o> NN
L

QN LY B e

UNET 4 = A DATAF LY CFiATLQ QY THT PROGRAMME (CALLED PLOTDATAY USED 1O

RE PR ’AT[ON OF ALL THE VALID TRACKS PERFORMED BY THE USER.
UNIT 13 - PXP 1 ACCESS FILs CRTATED IN THLD MAIN PROGRAMME TO STORE
CIMFORMATION USE0 1N THE 'TRACK® SURROUTINE.
IHTEGET MXLINK{S 4517
PXUPPR{DIT) MEXTNIMEIS0), MXTRAK{31),
MIDOSN, NTRACK . HF HOGEND 5

e v

KUPPLV 1H" LATTING FROGRANME 717TH THE DATA PEQUIRED TO PLOT

SYLP, TSTEP
CHARACTLR "TL"L’M)
HOGEESG, DﬂTE 00, CRMSGi*EO.

TIPLYR®3 .

Ha, P, PE, MSGEN, SKIP

IHFOR™ATION 04 EACH TRACX IS SRITTEN To THE FILES 3 anD 4y AND THEN

THE

COMPLETE SET 15 PLOTTLD DY THE STARTED PLOTTING PROGHAMME “ABSTRAK™.

(STARTED IN "“RUNFIN*).

*ALL TKACKS ARE ORATN AS DJAGRAMS ON THE PLOTTING @t

N3Geiile
MSGEE2= "MACHINT AND ARE RETURNED TO YOU UNDLUR YOUR RUN-JD. #°
MIGH = 2
SKIP = 1

CALlL MSGPRTEHMSGE $MG0N, SKIF)

ENTFRING THE TRACK INFORMATION

i

=

c}

11%

M363{1¥= *TYPE THE NUMBER OF THE DEPECNDENTY COMPONENT ¢
6N = .

>
CALL MSGPRT(MSGS «MS55,5K1IP}
READ(w, », ERR = 115} I
IFE0lGT MIDHSNI s ORe (1 aLEL")) THEN

PRILT* ERM5GY

60 10 1us :
END IF . . Lt
Hsgb!l)T *TYPE -THE NUMBER OF THL SUPPORTING COMPONENT &
MGGN = - c.
CALL »SGPRT{MSGS MSGN,SKIPY
READ(®, =, ERR = 1353 J
IF(0JoGT.MTDOMSNY «0R. (JaLToT33 THEN

PRINTS ,ERMSGS A

GO 10 12% : .
END IF

CHECKING 1F A TRACK CAN BE PIRFORMED

1FIMXLINKEE ,JB-EQa0) THEN

HRITE(s, *(** eese THURE 15 NO INTERACTION BETWEEN *P,

PUCOMPONENT *°,12,%% AND COMPONENT ®°,12,%%,%%,./,

** seen THEREFORE A TRACK CANNOT BE PERFORMED.?®'1®3) [, U

3 10 215 ;
END IF :

INITIALIZING THE INTERNAL ARKAYS FOR A NEW TRACK

148

NUMPER OF LINKS It THC TRACK IS
THE TRACK 13 TRACED FHQM THE SsSuee

THE

CONTINULD

EA , FROM MYLINK INTO VTSTEP
ORTING TO THE DEPENDENT COMPONENT

R

STLP = axLINK(],J}
N(UPrH(J) = 1
MATHNFREJ) = §

LINK Countes

CJI 9% STepP = 1,TS7LF

FINDING ALL COMOLRINTS “HICH agI0IMATE A LINX FOR THE CUHRRENT STEP

fiig
]I

gy FROM FILD 13 1870

A H

no 170 PA o= | L
" Fea13 TN

T
1rCaxyyen (s .

s
~}
TS PILATED TO ANY ORIGINATING COMPONENT ARE
Thag

TERMINATING Cnueg

NFILER = ¢4nT0~5Mstl=1)) 7 Pa)

J
1

e % & &8

AT

CENCVEUN=C IDNO L SN O 0E N N S NG00S0 L Whsmy, €38 30 L1 s
L

LX)

@

£ RSB W L W LDl e L RO P TR R RS IR B e e e e e 60 ane e v oo
® & B

P N 4

DI RUIRERRV IR ERER T
L2

WD WU BN (S

CCCLOUDODDCOCONSCOONOLOC QU GRUNOCOUCOOLGOOIC LML G OOTOMLITAIMNCH (5 0 5 0 Ol

[

(PR
& 8o

[NENINTRINERY ST S SYRENTY)
[STSTR T« FRE oS #L W Fl ¥ g o
ol o N
SO s

LR

FIADUI3 NI ILLR, £3R = {55) NB, (MXTIAK{NI, N = 1. M8y +13
qu FROARANML CAM QL DLE THIRTY TERMINATING COMPONINTS FOR A
ANY OFICINATING COMPQ LIMITATION 1S WITHIN FILE 13 AND
AND 1S RLCORDED A% 4 THE APFROPRIATE RECORD

i85 IFINB .
ARET es THERE ARE MOPE THAN THIRTY :HORTEST LN
. 2Epy COMPONENT #0 .32,9¢ AnNG COMPOMENT ¢
. ;‘.; TNFFEFORE No TRACK WILL BE PERFORMLD.")')
® [
G0 T
TND OIF
PEQCISSING TACH LINK BITATEN THE ORIGINATING AND TERMINATING COMPONENTS
OF THRE CURRENT ST0P. INFORMATION 1S WRITTEM TO THE PLOTFILE He
DO 165 B = 1, HNB
Pl = MXTRAXK{B}
MAXLOKR(PRY =a | .
HMATHNFMIPRY = | oo I
WRITE (N, *"(2¥,12,2%,123%F PaA, STLP
ARITEG4, %82X,1Z2.2%,12%%) PR, (STEP=1}
145 CoONTINUE ’ :
END RF

175 COMT INUE

ALL TERMINATING COMFONENTS ARE SET 70 ORIGINATING COHPONENYS
FOR THE NEXT STEP

DO 18S K = J,MTDMSN
HMYXUPPRIKY = MXLOWRIKS
MXLOXRIXY = O : .
185  CONTINUE
19% CONTINUE -

ERITING PLOTL INFORMATION TO FILE 3 . -
PO Z0% K = § MTDMSN ‘

ONLY THE COMPONENTS BHICH APPFAR In THE TRACK ARE RECORDED OW FILE 3

TFEMYTNERMIK ) <EQe il THEN L
WRITE(Dy "(2XKsE242%4A200%) Ko MTLBLECK)
FND IF R
205 CONTINUE

NIRACK = NTRACK + §
WRITE(I, *(2X,A243Y) *99 (RANRING STOP CARDR®
VRITECA, *42X,12)°%) TVSTEP . R
BRITELD, "€2X,A8,2X,A50,2X,123%) DATES, HDGS, HDGEND
BRITE(I, 12X, 12,2KeR20,2Xs12,2X,A200°%) R
ST, MTLBLE(IY, J, MTLBLSIJ) . '
RITE43, "12K,A4i3,121°1 °"TRACK NUMBER °, NTRACK
WRITE(A, "12X.Al3,123°%) "END OF TRACK ®, NTRACK

CFFERING THE REPEAT OR RETURN T3 MALN PROGRAMBE OPTTON

215 M36%¢
BSG

1 *0DO YOU #I5H TO PERFOFM FURTHER TRACKS 2 (YLS/NO} »°
225 CALL ®
C E
il

! .
G

SGPRTEMGGS (MSEN,SKIFP)
s PEADYYY FrPLYS
LY?EQe*YES®Y THEN
TO fus
FURLPLYSLeRNT « "NO®) THEN
NTa ERMSGS .
A

RETURNID TO THE AN TROGRAMME

END

AR L L AR LS RAS SR LA AL AL R A ALESEEL ERAS ST R LIRS AREELENRES T RS EN 2 X

SURFOUTINE VALHCYIPYCHPT (M TLALF,MTOMSN,IHAY)

THIS BOUTINT COMPUTES AND PRINTS THE IN= AND QUT= VALENCITS
NF ALL THE COMPONENTS 1M RAHRED ORDER

TWWYEDO0Hd NOTLOVIALNI LNANOJAWOD
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AFGIPAE

NT ] 2164 MXCKDACL] = MXORDA(J)
vrcwn. - EGER ARVAY OF THE (OMPOMLNT INTERACTION MATRIX DATA 2161 MEORNRALJY = S¥OP
MTLBLY » CHARASTER ARPAY DF THI COMPOMENT LARELS I162 SH0F = FAA3I(LS
MTDMSN = INTIGUR DIMENSION VALUS OF THE COMFONVENT MATRIX AND R[ELATED 2163 MXA3EE} T MYA3id)
ARRAYS 2164 wXAILIY) = 3E0R
IMAY = [N ED INDICATOR OF THL MAXIMUM VALUE IN MXCMPT, U3ED N 2165 ENDOIF
TH OUT I%E TO IXNDICATE #HOTHEIR A YEIGHTEDR COMPONENT “MATRIX FATYS IFEMADIEI Y ol ToMAD 34003 THEN
TS BEENG USED . 2167 SLOF = MYURDDUT)
. 2168 MXIFNDCLY = PXO«"D(J)
OTHER ARRAYS AND VAR 183LTS 2169 MAQRDD(IY = S90P
MXORDA = [NTEGEY ARIAY TO SORT THE OUT=YALINCY VALUES 1MT0 RANKED ORDER 2194 3¢713
MXOKDL = [MTEGER ARRAY TO SORT THE INM-VALENCY VALUES INTO RANKED QRDER 2171 IXDItJ
MXAL 42,3 ~ INTIGLR ARRAYS 7O STYORE THE OUT-VALENCY VALUES. MX&l USED 2172 oP
FUR UNSEIGHICD MATRICES, ALL US[D FOR WEIGHTED MATRICES. 2173
MEAGE,2,3 = A5 AJUVE FOT Tuf IN=VALINCIE 3174
S0P = INTEGLR GTORAGE USCH 18 THE vUFYING PROCLCOURE 2175
UNLME - CHARACTCK VARIABLE USKD TO UNDERLINE THE PRINT HEADINGS 2178 .
FILES 2177 ®  THE PRINTING ROUTINEZ. XEIGHTED AND UNHWEJGHTED COMPONENT MATRICES
] 2173 ¢ - ARE PRINTEC ] FFENENT FORMAT M s € " F
UNLT 2 « ALTERNATE PRINTFILE FOR MARDCOPY OUTPUT TO USER 2{79 s ;SETU &c'uggé. DEFFERENT TATSs IMAXK 1S USED TO CHECK WHICH FOPM
z1e9 ®
INTEGER MXCHPTIGO 508, 2161 IF(IMANEUa1) THEN
’ MXORDAISNY, MXORDD(SI, 2iB2 °
* MXALI50), MAAZISC), MXAIISD, z1nd ® NAE JGHTED COMP T INTERACTION HMATRICE
+ MXDIIS50), MXD2(LG), MADIESDY, 5184 ° FGRGGD COMPONTH ° N ®
: MngQN, TMAX, 2105 RRITEE2, *ULHL /36X, A050 A0/ 96Xy IUTASY JAZ, SN, 90AS) A1) ")
21868 . THE NUMBER OF COMPONENTS EACH COMPONCNT DEPENDS UPON?
CHARACTER MTLALSS20150), 2187 + PICUT=-VALENCY RANKINGI®, = *
. UNLN32E/ P eaneaty 2108 + (YUNLNE, N = §,101, '——', {UNLNS , N=I,4)’ =t
‘ i Z189 WRITECZ, €7/, 600 A%9, 50,81 0,2X,A%,2X,A93°%}
IHETIALIZING ALL THE STORAGE AND SORT ARRAYS 2199 o SRANKY, TCOMPONCNTS?, PCOMPONENT's SCOMPONENT®
2191 WRITE(Z, $C12X,A13,2X,A%,b6X,4527}
DO 10% X = &, MTDMSH 2192 +« 'DEPENDED UP"N'. ‘MUHBER'. PLABREL®
MXDRDAIK)D = K 7193 WRITE(2Z, "(6XaAu,2X, B13,2X5A9,2X,A91 %)
MXORDDIKY = & 2194 » '-___,l' l___._._-----..-_ |_..--.--..-.-l' B oo wwmem
MYXAL(KY = 0 2196 DO fe5 K = 1, MTDONSN
HXD(K) = © 2198 FRITEL2, * 07X 1248002 00X02,6X,8200%)
MXARZIK) = N 2197 . Fo MYAZEK), MXORDAIXY, MTLBLS{MXORDA(K)}
MEDZ(XY = D 2198 165 CORTINUL
NXA3€K’ = 7 2199 WRITE(Z2, ®€//,7TXoAl0,123°%) °HMAXIMUM = °, MTDMSN
DIIKY = 0 2200 WRITE(Z2y “CIHL o/ 06X oAgBX A/ 60X 1UTAS) gAY, SX 4RSI )
195 CONI!NUL 2291 ¢ THL NUMBER OF DEPENDENCIES SUPPORTED BY EACH CCMPONENT?®,
2202 + P{IN-YALENCY RANKING) ' .
COMPUTING THE IN= AND DUT-VALENCIES 5203 5 (UHLNSe N=Isl0), fmmme®, GUNLNE, N=i, 4}
. . 2204 FRITEEZ, *0/7/7,6KaA %, 2N A82,2X:A9,2X:A93%)
DO 125 [ = 1, MTDMSN 2208 +  YRANK®', 'DEPEMDENCIES®, °COMPONENT®, °"COMPONENT®
DO 115 J = §, MTDMSN - 2206 MRITE(2, *E19XeA9,6K A6 ,SXABI"Y
TFEMXCUPTOI ,JEEQa 3 THEN 2207 + YSUPPORTED®, *NUMIER®, TLABEL®
MXALE1) - MXALEL} o | zZara WRITE(Z, *46X A4 2K o AR222X 4AP,2X AT %)
MXDLEJY = MADEESY + | 22609 4 Vemem?, lecemceccmsoas?, !---------i. L
ELSE 17 4HXCHPT(1,J1oEQe2) THEN 2217 + DO OE75 K = 1, MTDMSH
MXAZET) = MXAZEL) s 7211 BRITEN2, P (7X,12,8X,02,10K,12,6K,8200°)
MXD2UJ) = MXD2EJ) + 1§ 2212 * Ky MXDI(K), MXORDDEK?, MTLBLS(MXORDD(K})
FLSE [FIMXCMPTIl o JYefQe3} THEN s213 17¢ CONT INUE
MXAZ(L) = MXA3C(I} o 1§ 2214 ARITEC2y *(/77,7X,A80,123%) *HAXIMUM = MTDMSH
MADICS) = MXD3ICI) & 1} 221S ELTE
Fun Ir 2216 . . N
115 COnTINUE 2217 ¢ WEIGHTYD COMPONENT INTEIACTION MATRICES ,
12% CamTINUE 2218 . .
- - 2219 WRETE (2, P€1HL o/ 06X oAs5XoAs/ abX o IUTAD) AZ BX HCASY JALD®Y
IF AN UNWZIGHTED COMPONTNT MATRIX 1S PEING USED, MXAl IS SET TO 227 + STHE NUMAER OF COMPOMENTS FACH COMPONENT DFPENDS UPON®,
MXA3 TO CONFORY WiTe THE SORTING AND PRINTING PROCEDURES 2221 +  P{OUT-YALONCY RANKING) T,
2222 +  (UNLNS, N = ) Patd
TFEINAYLE D, 2223 PRITE (2, "0/ X z 2ALRT 42X 893 %)
PO 132 K 2224 s YRANKT, TLIMITED ] TCOMPLETE €3)¢,
MAAD (K 222% s 'COMPOKENT?Y, 0
) RX03 (K 2226 WRITECLZ, *(1 A 252X sASEY)
13% COMTINUT 2227 « YOEPENBENCIL CIE CIES®,
END P 2228 ¢ TNUMREW®, 'LAREL .
2229 ARITE EX oAU 2K AL, 2K A ZHSAL2,2X A9 42X 4A9) %)
THE SORTINS WOUTINL.  I'f= AND OUT=VALENCY TOTALS #RT SORTED INTO 5233 . -EI-‘, IR - _1-:-_--_-1-_' i,
RANK, ORDLE AND THT COMPONENT MUMOER3 ARE ADJUSTED (IN MXORD ARRAYS) 5331 4 Temmmmcece? | femcccnaaa?
SO THAT THL THE (IMPONINT 29DTR 1S RECOFPRLO.  THE HXA3 ANEAY 1S USED 2232 DO 109 K = 1, “VTDMSN
FOR THEZ SORT.  FUS YE1GTHIOD ™ATRICLS, THL DTHER ARRAYS (MXAZD 261) 22313 FRETOE2, " 07X 124079 02 13 02, 10X, 02,1 1% 402,50 ,A253%)
ART NOT CONZIDLNRCD, 2234 + Ky MXLLCHXUFDDIKIY, MXD2¢MXORODEKYIY, “XDIIKD,
2234 MAOKRODIK Y, MTLRLE{“KORODIK D
PO IBS | o= b, EMTDMSHN-1} 2236 185' CONTINUL N nex
Bo 18 S = dlsly, MTUMON 2237 ERITE AL Y4/, 7 A1, 12, 13K, 12,14%,128%) "MAXIMUY =
IFEMXAICTI-LToNKATEII] THEN 2236 s MIUMSN, MTDM3N, MTOMSY
SHOP = MXORCACT) 2739 BRITEE2Z, *{/7,6X,A0°%) * ssee THE CIYPONENTS ARD RANXED IN '//7
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BRITECZ2, P06k 84,2X,812,2X,A15,2X,417,
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4

 eess THE COMPONLCNTS ARE FANKED IN *//
OF COMPLETE (3} QEPENDENCIES®

w CONTROL RETURNED TO MAIN PROGRAMME

RUTURN
END

EEAALRABOSEHER L EOUAE SO UNIEEIN BN S0 E2G T ¢OLEEREBELLILEECUEEBEEE
SUBROUTINE DSTANSEMALINK MTLBL Y ,MTOMSN}

THIS ROUTINE COMPUTIS THE QUT= AND IN-AVERAGE GRAFH DISTANCES
OF THE SYSTEY REPRESENTED M THC COMPONENT INTERACTION MATRIX
FROM THE VALUES IN THE MINIMUM LINK PATRIX

ARGUMENTS

MALINK -~ INTEGER ARRAY OF YHE MINIMUM LINK MATRIXs DERIVED N THE
PMINLNK® SUBROUTINE )

MYLRLS = CHARACTER ARRAY OF THE (OWFONENT LABELS

MTD* SN = INTEGER VALUT OF THE MINI®UM LINK MATRIX DIH[NSION ARD
THE DIMENSION OF OTHER RELATED ARRAYS

OTHER ARRAYS AND VARIAZLES

DISTANCES RESFRECTIVILY
NA AnND ND - REAL COUNTERS OF THE TOTAL NUMBER OF VALUES OVER ®MICH
THL AVLFAGLS ARE COMPUTED (1.Es THE NUMBER OF NON=ZEROD
VALUES T0 THE RESPECTIVE SUMMATIONSS
590 = REAL STORAGY ORI Tug S50STING PROCEDUPE

GRAPH DISTANCES RESPECTIVELY
UNLNS ~ CHARACTL RIABLE 7O UNDERLINE HEADINGS IN THE ALTERNATE
PRINTFE NIT 23
FILES
UNIT 2 = ALTIRNAYE PRINFILY FOR HARDCOPY OQUTPUT TO THT USER

IR E N NS N R I EEEEERE NN

RUAL MYALSTY, “XD(50),

+ NAg hDy Za0P
INTEGES ™XLINK{%Y,0.40,
* MYOKDALG) , MADRDDIUSTDE,
+ MTDMSN
CHARACTER MTLDL®223(05J1,
+ UHLNTe 3/ twanmwty e

ERHITEALTZING THE SORYT AND ST0%AGE ARRAYS

LN 1

[ERC I R U
HEALHY =
HEPgNY =
MYQAFDA(N]
RADSOD AN

10% ConTinu

1 MTOIMSN

&
& COMPYTING THt AVLRAGE GFaPh DISTANCTS
L3

[FENP )

RNWNP VS

W NG VNI WN OGO NE LW N e

f=

MEKA AND MXD ~ REAL ARFAYS USED TO SYOFE THE OUT- AND IN-AVERAGE GRAPH

MXOROA AND HMXOROD « INTEGEIR APRAYS FOR RECORDING THE RANKED ORDER OF
OF COMPONSNTS WHEN SORTED BY OUT=- AND IN-AVERAGE

B T R R e I R N R s e ek el st U R TR TE RE SR R R K R S 8 S-SR WE TR W LW R WEREWT PN ST XY N AT NSNS N

ODNCTEWUHR U IR NC VLW 0N P LI WN eI 0SS WwN QTN U Sw N

RN RN NNN?‘JNNNNNNNNNNNBJNNNK:NPJNNNNNNNN'JNNP-‘I\J")NPJNNNNNPJ\JMNNNN RN MNNNNINP RTINIIRNNNN NN NND NN
b Lod ol R o Lt b Ll Lo Con? G ot e b o Ml b d Lad L Sod R ) Dot Lt L Kl Cd (o bt K s Cod Ll el L e o e L e (et ) ) (d L ad 0 ) R G0 K R el B b Lod G s s ek L Lot ) ) G (ol o L L b et Ll L b L o Ll
I B I TG T O TR I s I Iy e R Y37

D 125 1 = 1y “TDHSY
A = 3.l
D= el
flg 115 3 = 1, MTOMSK
FFEAXLINKST 03 G6Tal THEON
HA = NA ¢ 160}
MEALTY = HXAL{]) & FLOATEMRELINKTL J03
ENDOBF
JEAMXLINK (I 13 oGTa0) THEN
pH = ND o+ 1.7
MXDETY = MXD{I) ¢ FLOATEMALINKES, 13
ExD IF .
115 CONTINUE

EX'Y

ENSURING THERL IS5 NO DIVIDL OVERFLOW [F NA OR ND 5 ZEROD

IF{NAGTeiled
IFIND.GT» Js U
125 CONTINUL

{MYXAE I} /NAS

}oMXACLT:
} 13 (HXDC I3 /ND}

nxD{

(]

*
# THE SORTING PROCEDURE
*

D0 45 | = jy (MTDHSN=1}
DO 135 J = (le}}), MTOMSHN

IFEMEACTIToLTaMXACJIE THEN
SHOP = mMXA{l}
MYX4¢1) = MXALJSD
MXACJY = SROP
540P = MEXORDA{T}
MXORDALLI} = MXORDA(J)
MXORDAEJY = SAONP

END IF

IFEMADELI-LT - MXDEJID THEN
S%0F =2 MXDIL}
MEOgiy = MAD{JS)
#XDEJY = S80P
S80P = HMXORDD{IL}
MXORODIIY = MAQRDDEJSY
MYORDDI(J} = SAQF

EXD IF

135 CONTINUE
145 CONTINUE

%
* THE PRINTING PROCEDURE (70 UNEIT 23
%

ERITEGZ2, PUEIHL s/ bR o R/ sbX AsbNpAs/obXs I0CAS) SX,7CA)
+fTHE AVERAGE NUMBER OF LINKS PER CONNECTION BETREEN®,
+'A COMPONENT AWD OTHERS UPON BHICH [T 1S DEPENDENT®,
+ P {AVERAGE OUT=-GRAPH DISTANCE RANKING)I®,

S{UNLNS , N = 1, J73; C(UNLNS, N=1,7), '=°

HRALTE L2, (/77 36K ehs 2R AN 2XeATo2XgATI %D
+"RANK®, “AVE. No.', SCOMPONENT®, SCOMPONENT®

KRITE(Z, ®QI2X,AB.:S5X A4,6X,A51"%}
+fOF LINKES®, *NUMBER®, *LABEL®

BRITELZ, *€oX 84,2802 X:A9:20,A93°%)
4Pecnel, leaucwwormw?, foccocccoemnd, focaccwcwst

DO 155 K = 1, MYDMSN

wnl?Elz. PL7X p 12 04N oFUhel 9K, 12,5X,A208°%8
MXA{K), MXORDA(K}, MTLDLE {MXORDAIK})
155 CONTINUE .
QeBe(FLOATEMTUMSNY + 1.0}

WRITE(:. L/ 3R G A U,F Y. %) TOMAXEIMUR = f, NA
KRITEAUDy "HIHE o7 38X 3hA o fy6XoAs7X 3R/ bXa1TEAB) 5K, 7
SUTHE AVERAGEL NUMBER OF LINKS PTR CONNECTION BETWEEN
+03 COMPONENT AND OTHIRS WHICH ART DEPENDENT OnN JTe,

ST LAVERAGE IN=GRADH DISTAMCE RANKINGY®,
SUUNENY, M = B, 133, (UNLN%, N=1,7)
{2y "4/7,6%:29, 2K 3A8,2R:A9:2X 493 %)
P, YAYI . NO.%, "COMPQNENT®, °"COMPONENT®
$29 "LL2XK AR50 AHB6X,A5) ")
1NKS?, *"nHuUnagR® 'LAR(L*
€25 6N B0 02U 22X A2, AT )
" '-——--_--0. ‘..-._-.-.-_-- N Pmommnem e
TOK o= e MINDMSY
FEE2, PHTX 12,4 oF9al,9%,12,5X 420"}
PXDEKY, MYOPDDIKY, MTLOLS tMXURDOCK) )
NUE
D56 {FLOATEHTOMENY + 1,.°1)
€2y *H/7/7,3XsBEU,FUe11%) *MANIMUM = *, NA
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% ConNTapL % RUTURKRED TO THL “AIN PROGRAmMNE IHed dERANK & A, Iyt COMEONENT Y, PLQUPQMENT®
” 4Rl BRITUL2: " 14900 AT T4 XA 46X ,A%0 %)
zut: SEPATHOGE . TNUMRIRS . TLADCLT
AL R WR[TEC?, PLAR g AN JX AT 32X 3 AT 0%, \’7’)
2404 ttament e g B S I R
2485 DU 12 K s 1, HTDHGN
APE IR ST IS IS VR B I I DB IR AN LIV U VTS G A GO O RGBS O IOV C OO US N D ERN RO OORBE D cNBgG VEITECZy "HETC B3 e3¥ e 13 ,0K 482 40X A%
CYTPOUTINE MHDATHIMENINAGHXMIND MTLELS 4MTOMSEN) 24n7 - s MXMIRALKY, MXDRUAEKY, MTLEL® (“xsﬂsatxl)
@ . z4n8 12% CONTIRUE
% THIS KQUTINT RANKS AND PRINTS THE NUMBER OF MINIMUY PATHS ASSOCEATED 2469 &%177(2. PLIHL s/ s bRyl bR B GX A /bl 2 FIADY S TLAGY JAHTYY
@ WITH £ACH CONPUONENT 24833 PPIME NUMDES DF MIMIMUM PATHS LINKING A CONPa?® .
a PA LS O‘Oﬁle TO OALL OTHIRS ¥HICH ASE DEPONDEINT ON IT7,
o APLUMENTS ) . z4%2 B (I INIMUS PATH ACCISSIRILITY RANKINGD®,
m MXMINA o~ INTEGER ARRAY OF THE NUMRER OF HINFHSUM FATHS CONNECTING 293 TEUNLINT, N = 1,93, {JINLNt, HNof,7}, femwe
« A CPYPONTNT T DTHERS ON WHICH T IS DIPERDENT. ARRAY 249y . WRITA (2, 'ffl,b!,nq 2XGAT 3R AT 2R A9 %Y
@ VALULS SET BY YHINLANK 2495 FERANKY , PMINTHUN®, PCOMPONENT®, *COMPONENT®
» MXMIND = SIMILAR TQ mXMINL, YN’ NUMBER OF MINIMUM PAYHS LINKING 4 2996 BRITFEZ, "(149%, AJ,SX.Rbabx.AS)'D
® COMPONENT YO JTHERS YHICH ARE DEPEND EQY aN i7 CEPATHYY , fumE FLADEL Y
3 MTLBLY = CHARACTER ARRAY OF THE COMPONENT LA&PEL SRITELD, '(bx.'Q,zx AT 2Ky A9, 2%, AQ&')
® MIDMEN - [NTLGIR VALUE OF THE COMPONENT IMTERACTION MATHIX DIMENSION P ¥ e NI s
® AND THE DIMONSION OF ASSOCIATEDR ARRAYS DO 135 K o= 1, MTDRSN
“ lRITE‘Z, TETC L1250 I3 4BXal2 B, A2 %Y
L4 OTHER ARRAYS AND ¥YARIAJLES . HAMIND LK Y, XOINDIR Iy MTLBLS{MXORDDIRD Y
» MEOPUA = INTCGIR ARWVAY INTD wHICH “XMinNA IS RANKED 13% CONTl HUE
k4 MXOPOD ~ TNTEGEIR ARWAY [NTO BMICH MXMIND JS RANWNKED L
= SYOP - INTEGER VARLIABLL FOR TEMPORARY STORAGE OF DATA 1IN SORTING e CONTROL IS RLYURNID TC THE MAIN PROGRAMME
2 UNENS = CHAPACTIR VARIADLE FOR UNDES-LINING MEADINGS ON PRINTOUT ¥ L
i 2577 RETURR
= FILLS 2508 £ND
®  UNIT 2 ~ ALTERNATE PRINTFILE FOR PROGRAMME OUTPUT 7O USER 2509
® 2510
INTEGER MXMINAISDY, MAMINDISDD, 2511 TRV PR L IF IS L ANVGLRILEFCP PSSO RCS G ROEB AR IR SRR CRNEDRSDEEB B SRSIREBRS
¢ RYORDALS ), MAORDD (B, 2512 SUDBROUTINE CRITCLUMXLINK HTLOLS BMTDRSH NFILER?
¢ SHAP 4 HTU"SH 2513 -
CH&RACYER HILDL®e 201G, 2514 - THIS ROUTINE DOTEHMINEGS ALL THE CRITICAL COMPONENTS [N THE SYSTER
UVLN!‘S/'----*'/ 2515 L4 A SUMMARY OF TrE CRITICAL POSITIONS, AND & RANRED ORDERING OF THE
w 2516 L CRITICAL POSITION I1MPORTANCE OF THE COMPONENTS IS DERIVED
Ll INMITIALIZING THE RANKING ARRAYS 2517 &
= FASY:] o ABRGUMENTS
G 195 N = |, HTOMSIY £517 ® ML INK = INTEGER ARRAY REPRESUNTING THE RINIYMUM LINK BATRIX
MXQRDALH Y = N 2524 L4 MYILBLY o (HAFACTER ARRAY OF THE COMPFONENT LABELS
RXOIDDEIKE = N 2521 # MYOMEN « THID DIMENSION OF THE CONPONERT [NTERACTION MATRIX AND OTHER
10% CONTINUE T2z L RELATED ARAAYS
A 2523 ®  NEILER « INTUGER PODINTIR ASSOCIATED #1TH THE DIRECT ACCESS FILE 13
5 THE JANKIMG PROCEDURE 524 w
- BOTH MYXMINA AMND MXMIND ARD RANKED [N DESCENDING OFRDER, AND TME 252% * OTHER ARR&YS ANf} YARIABLLS
= CORRESPONDING ARRAYS, MUOGRHDA ANO MIOROD ARE ALSO REARRANGED SO THAT INTs @ HXTRAK INTEGLR ARRAY T3 STORE THE DATA READ FROW FILE 123
- THL CORKECT NUMBERS AND LAUELS CAN BE ASSOCIAYED WITH THE RANKED 2527 ® MAOPDR « INTCGER ARRAY TO SORT THE ORDLR OF COMPONENTS ACCORDING T
® ¥ALUES 1IN THE PQ}NTOUT. 25928 " THEIR CRITICAL POSITION TYOTALS
= . 2529 = MACRET = IMYEGER ARRAY OF THE CRITICAL POSITION TOTALS FOR EACH
DO 115 1 = I, trran LB 1! 253 © COMPONENT .
DO LS J = fieid, MTIOW S531 o MAUPPR -~ INTEGER ARRAY @ A& “1*™ (nN ANY ELEMENT OF THE ARRAY I[NDICATES
IF(MXﬂ!nf(!).LT.NXHLNi(Jh’ THEN 2532 * THAT THE COMPONENT plTu THE SAME NUMBER AS THE ELEMENT NUMBER
SanP = MXMINALL} 2533 & SUPPORTS A& LIANK IN ?HE TRACK FOR THE STEP BEING PROUCESSED
HMYXMINAEL] =~ MAMIMALD) 2534 o MXLOAR -~ INTEGER 4ARAY @ A ™1™ N ANY ELEMENT OF THE ARRAY INDICATES
MEMINA{JSY = SﬂOP 253% L4 THAT THE COMPORINT #1TH THE SAME NUMBER AS THE ELEMENT NUNQER
SROC = MENRADALTS : 2534 - TLRMINATES A LIMK ORIGINMATED BY SOME COMPONERT N mxue
MXORDALLY = BXOFNACI) 2537 & NR - INTEGER ARRAY OF THE HUMBER OF VALUES TO AN ASSOCIATED RECORO IN
MXOPDATIY = SEFOT 2838 - FiLL 13.
run iF e« FA = INTIGER (QURTER FOR FIND!NG THE ORIGINATING COMPONEWNTS OF A LINK
FFAMXUMIND LTI LT »XMINDLI ) THEW & HCHECK = INTEGER INDICATOR THAY A CPIT!CAL COMPONENT EXISTS IN A
SAAN = MXMINDELS * TRACK UNDER COHSIDERATIO
MAMINOLLY = BX“INDOSY s CYLOCMY = [NTEGE® STORAGE FOR THD NUﬁafp OF AN IDENTIFIED CRITICAL
HMEMINDE G = SANF = COMPORENT
SwOP = MAQRDPDEE " e B o~ IMNTEGER COUMTER OF THE NUKBER OF COMPONENT NUMBERS T0 BE READ FROM
HYORDGIIE = MIQICDLJSY I i A RECORD In FILT 13 (1.8 THE COMFOMNENTS aHIlH TEPMINATE LINKS
MEORDOLSD = ANV * SPFECIFINO BHY “XUFPR)
FRe 1 & SWIP - INT SEIARLE FOP YEMPORARY STORAGL OF DATA 1M SORTING
LIS Can¥inug * LINES [5ch) CUNTER OF THEL NUMBER OF LINES PRINTED YO THE
* . o | * ALY FEIMTFILE $UNTT 2%, A MEY PAGE IS CALLED #HEN
% THE GANKLD ARPAYS ANL ZRITISN 7D Tef ALYTCPNATL PRIRTEILD UNIY 2 ® 1
O OEMHION IS THE DULY OUTPUTYT OF THE REYRKING 1O THD USTK. THE FILE e UNLNE < VAR TADLE TD UNDERLIY: PRINTFILE READINGS
0 JS GYRYED TD O THL PRINTOS BY YRUNFINY, 'S
s L FILES
WRIFE LD,y "1/ sa¥ 38,7 X A DX R, 2 AX  HIRS) A%, 2, 8{A%1") «  UNET FILY FO8 PAOGRAMKE OUTPUT Tn (SER
L 8 1IN \U“v»% aF ‘!hIHU“ ?5‘H» LINPING & CoMr-® ® ULy FILE CRPATEN IN THL MALw CROGREMKI TR STOSE
B NEMT FU ALL LTI UG OM HICd (Y 1S ch:n)ﬁnT' * SED [N THE *TRACKY SUSROUTING .
STLOUT-MINEMUY PATH ACCIASIPILITY RENxINGE?, INFEnER %AL}4 .
SLUNLMY, N 2 By A, Teemad o QUNLYT, NE]ehd * s
ERITE L2, PUS7 00, Au.*x.a?.vx.nv,zx.nvy'a - XCATTID Yy MXUPFRE50), MILOYRIGTY, NBISTS,

HARYYOO0Ad NOTLOVYHALNI LNINOAHOD
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1587 . MILASN,
2561 + NEILEAR, Pa, NCHECK, CTLCMT, B, S8&0P, LINES 26473 [ R CONTINUL
25£2 CHARACTER MTLOLI®Z2(H0), : 2641 IF{NCHECK-ERe 1) THEN
2563 B UNLNT 35/ S emmun®y 2642 MACRITECTLEMTY = MACRITECTLCHTY + 1}
2564 » 2643 IFILINCSeGTL%31 THENM
7564 s IMITIALIZING VARJARLES AND ARRAYS 2644 . ERITECZy " UIHL 35K o A9 ok 7X yAL U4 17X 4ABY 7)
2566 3 244 + PREPLHDENT®, ’SUPPORHNG'. *CRITICAL®
5267 LINES = % 2648 SRITEGZs *HoX 39,100 A9, 16X,A53°}
2568 00 10 24647 . YCOMPONENT®, *COMPONENTY, PCOMPONENT®
2569 MXORDR 2648 ZRITD A2, PH6X%X,A9,17X, A\!J,lbx,Aq,/)')
2573 MYCRLT 2649 + LT o § [ DSOS LI
2571 MXLOPR 24651 LINES = 0
2572 HXureR 2651 CND IF
2573 N (K ) 2632 KETTEAD, *3W,3(30,12,1%,42031°)
2374 135 CanTlyug Z453 . Fo MTLELICIY, Jy MTLOLSCJY, CTLCMT, MTLBLSICTLCMT)
2575 * 2654 LINEZS = LINCS 1 .
2576 ®  ARITIKG THE SUMMA®PY KLOADING TO THE ALTERNATE PRINTFILF, UNIT 2 2855 Eno O IF
2577 s 26%6 175 CONTINUE
2578 BRITEC2, "(1HL /06X ,8,20X,A3/ 06X s60R5) A1,20%,5(A5) ,A3}°} 2657 tes  CONTINUE 3
5579 +TTHE MTNIMUM PATH CAITICAL LINKS®, *(CRITICAL COMPONENT SUMMARY:®, 2658 195 CORTINUE
2582 SAUNLNT, M=1,60, "=°, (UHLNS, N=],5), ?~==? 2659 *
2581 GRITE 42,y /77 ,6X A9, I7X, AT, 17X, 800} 2661 4 SORTING THE COMPONENTS RY THE TOTAL NUMBER COF TIMES THEY HOLD
2582 +*DEPENDENT®, *SUPPORTING®, *CRITICAL? 2661 ® CPITICAL POSITIONS. THESS VALUZS ARE STORED IN.THE ARRAY YMXCRITY™,
2583 ERLTEA2, *{6X A7, 10X A%, 16X 8917} 28662 4 : . L o .
25584 e COMPOUNINTY, YCoMrONENTY, *COMPONENT® 2863 DO 215 1 = 15 (MTOMSKN-1} BN . : -
2A5RE WRETEE2, '(6.‘(:A s 17X, A[J‘ HX,A93 %) 2664 ° D0 205 J = i]¢3), MTDMSK c oL
2516 PRV TpeeRpp A R P Pupap.aguied (RSO | 2665 FFEMACRITEIILLTLMXCRITEIY) THEN N
asu7? b4 . 2666 SHOP = MXCRIT(L} . vl - -~ .
2588 3 TRACK 1S PERFORMLD (AS [N THE ROUTINE “IRACKS™) FCR THE 2667 MEXCRITEI) = RMXCRITOJS) o T R
2509 ° L! NKAGE BETAULN CVERY COMPIONENT 1| AND EVERY OTHER COMPONENT Je 2a6n MUCRIT(J) = S20P : o e T = :
2591 s THE TRACK 15 ONLY PERFORMED IF THE LINKAGE 5 LONGER THAN 2, 2669 S&0F = HMXORDR{i} o R ’
2571 & AND IF 1 MNOT SQUAL T0 J.  THE TRACK FROCEDURE 1% SIMILAR TO THAT 2670 MYORDR{L) & MXORDR{J} - ST
2592 *  USED IM "TRACKS™. CRITICAL COMPONENTS ARE RECOGMIZED #MEN THERE 1% 2671 MXORDRIJY = SHO : o T i
5233 *  OMLY ONE VALUL 1N MXLOAR (leF NCHECK = I3+ THE IDENTITIES OF I, J 26;2 ) o§¥ogxr I
] s AND AMY CRITICAL COMPONINT FOUND ARE PRINT 10 TH T 2673 235 c ThNUE
110 oo £p 1o E ALTERNATE PRINT 2673 378 coitagl ) ; A o R
2596 . 26795 * o . : e N
NEILER = | 2676 s  PRINTING THE RANKED ORDER AND ASSOCIATE n YALUES oF, . THE SDRTED.
DO 195 1 = 1, MTDMSH 2677 #  COMPONENTS TO THE ALTERNATE PRINTFILE.
®RITE(Z, *(a3®) ® ¢ 2679 . . o - o
LINES = LINES + 2679 _ CRITEQ2,. ®CIHE /796X 9AsSh oAl s6X o IDIASY sR SN sSUAS) (AR Y .
MXCRDRILY = | 2683 4PCOMPONENTS RANKED IN ORDER OF CRITICAL PATHS SUFPDRY;D' S
B0 125 J = 1, MTOMSH Z68Y +*{CRITICAL IMPOFRTANCE RANKIWNG)®, R
READCII'NFILER, ERR = 11%) NBUJ), - 2682 . *HUNLNS, N31410G), Pwmeeed, (UNLNE, NxEy5), b=meet -
. TEXTRPAKII NI, M = 1, NR(JY, <]} 26973 . WRITE (2, "1//7,6X A0 20 A0, 2X,A9,2X,89) %1 :
26 115 IFINP(J)olGo=2) THEN 2684 SYRANK®, *'CRITICAL®, *COMPONENT®, ®COMPONENT?®
2406 BRITECS, P07/ 04X oA s/ a4y RAu/ o X sA o/ pHX A ") 2a85 URETELZ2, "H15K A5 DN Ab,6XA5)%) ;
2617 3 *saes THIRE ARE MORE THAN THIRTY MINJMUM PAYTHS LINKING s8¢, 2606 +*PATHS®, "NUMBER®, °"LABEL® . | : Lo
268 . Poewe AT LCAST ONE PAIR OF COMPONENTS. THIS EXCEEDS THE #° 2&6R7 BRITE(Z, PE6X,A442N AR, 2K,89,2X,A90°%) . . o
2609 ) Posas CAPARILITIES OF THE PROGRAMME. CRITICAL LINK ANA- e', J5&08 #Peoemel, Vonomecnmw?, fuccsmescas?, fomcesewest P "y
2610 + tseue LYSIS CANNOT BE PLRFORMED s® 2689 DO 225 K = 1, “MIDMSN
2511 50 10 23% 28694 GRITEC2, U7X, 012,40, 14,9X,52,5%X,A200°%)
2612 ENDIF 2691 + K, MXCRITI(K}, MXORDR(K}, MTLOLS¢(MXORDRI{K}}
zel13 125 CONTINUE 2692 225 CONTINUE
2514 DO 1B% J = 3, MTOMSN 2&6%3 HAY = (MTDMSHN-1)2{MTDMSN-1}
2614 IFHMxL]\IKH,J) LE«11sCRe{l-EQsJd}? GO TO 1I0S 2694 PRITERZ, *H//7 32,800,143 %) *MAXIMUB = ®, HAX
2584 B0 175 HSTF = &8, (MXLINKELI,J} = [} 2650 =
2617 1rt~<rfr.- « 13 THLN 2698 » CONTROL 1S RLTURNED TO THE MAIN PROGRAMME
2618 DO 13% K = §, MTIODMSHN 2697 * :
2617 MXUPFRIKY) = © 2899 235 PITURN
2604 cHXLOFT(KY = & 2899 END
2431 135 CORTINUE 2704
2622 MXYPPP(JY) = | 2751 .
2&23 gL 80 27302 ATHUBEAIEEBP O AN F O ORISR VR I VIR OEH DI RO A CN TRV ECR G AT E NS LR TR DR EIRBRY
2624 NO I45 K = 1, MTDMIN 27173 SURROUTING CUTTER(MXCMPT yMXLTINK MTLBLS MTOMSNY
262% MAUMPPREKY = MYLOOREK) 270y *
2656 “XLC’R(K) = 2 2705 s THIS ROUTINE DETERMINES ALL THE CUT-COMPOMINTS TO THE svsrhn
2627 145 2708 o REFRISENTFD N THE COMPONENT INTERACTION M&aTRIX, AMD RANKS
2623 2777 ¢ TUL CCMPOMENTS IN THL DRDER OF TOTAL NUMBER OF CuT-POS]TIONS
2629 7708 ®  HLln .
2633 2709 »
2631 THTN 2710 v ARGUMEANTS
2632 4 PAY 2711 * HACHPY = ARRAY CF THE COMFPFONENT MATRIY TLYMENTS
2633 CAYRARKIP A D)3, 0,00 THEN 2712 4 ® EYLINE - MHRAY RESRTITNTING THD MINIu» LiNE mATRYX
2634 T-’AK("I\'b)) = 2743 B BTLELE = BOARPAY QF THE SUPOMNUNT LABELS
2635 NCHECK » 1 2714 & HIPWEN = TNS10N OF THD COMPONTNT INTEEACTIAN MATO X AND QTHES
2534 MYTEAK (PR 1) 27%1% A4 AFFAYD
2637 2716 3
2638 155 2717 s OTHEN ARRAYS A%D ¥AT[ARLTS
2439 2718 L4 MYFPATH = THL STORAGE ARFAY FOF A CURRENT PINIMUM LIMR MAaTRIY
2717 ®  MXUMIT = INTEGER STORAGE ARRAY FOR THD FOPERING PFOCESS. STORES THT
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MATRIX Y0 BE JPLRATID UPON FOR THE NEXT PORER LEVEL Tulh ffF
BYPMRLY » INTEGEPF STORASE AZHAY FOR THE FOSERING PPOCLSSe SIORES THF 12% CONTINUE
rE INFORMAT LGN IF{MXMULTEI) 5T} THES
i S 10 SR CHRAY 10 RLCORD THE NUMEEE OF TIYES A COMPONENT 1S A KILLER = 1
CUT=COMPGMENT., HEXPATHLE 3B = LIN
MXORDR ~ INTFGLR ARFAY TO RECORD THE PANKED ORDER OF THE COMPONENT END IF
nu”n.ﬁs It THI On’!NG PROCEZSS ON “MXCUT® 135 CONTENUL
CMPY = INTEGES VARIAQGLE DF 1WE COMPONENT BEING CONSIDERED FOR CUT- DO 145 J = 1, MTDMSN
POSITIONS 28608 IFOENXUNITLL, J)-Eu.u).hND.(MXMULT(J)-GT-“).AHD-
KILLER = INTEGER JNDICATOR 70 TERMINATE THE FOWERING PROCESS ANCE THE 2ang + (JeNECMPTIY THE
MINIMUM LINK MAT®IX HAS BEEN DERIVED 26817 MXUNITEI 00 = MXHULT(J)
LINE = INTIGER COUNYER OF THD POaZRING LEVEIL IN THE DERIVATION OF 2811 MDD LT
THE MINIMUIY LINK MATRX 2812 {ug CONT InLUL
SWOP = INTIGER STNPAGE USED IN THE SORTING PROCEDURE 2813 - 158 CONTINY
LINDS = INTEGER COUNTER OF THE NUMBER OF LINES ON THE CURRENT PRINT 2ELY °
FPAGE IN THE ALTERNATE PRINTFILE. 28ts % ONCE THE CURRENT XINI®UM LINR MATRIX HAS BEEN DERIVED, FVERY SLEKENT
URENSD = CHRARACTEH VARTADLEL FOR UNDERLINING THE HILADINGS IN THE 28316 * I MAFPATH 15 COMPARIC #ITH THE ’OQRESPORD[NG ELEMENT IN ML INK. CUT=
ALTORNATE FRINYFILE 2817 ® FOSITIONS ARE RECOGNIZID wHEN THER IS A NON-ZERQO ELEMENT IN MXLINK,
2819 & AND A ZEWQO ELEMENT [N MXPATH., IF A CUT=POSITION IN FOUND IN THIS
FILES 2919 ® WAY, THME CUT-COMPONENT (CMPT3, 1, AND J, ARE RECORDED IN THE CuUT-
UNITY 2 = THE ALTERNATL FRINTFILY FOR OUTPUT 70 THE USER 2AZQ ¢ COMPONENT SUMMARY. TOTALS FOR THET NUMBER OF TIMES A COMPONENT HOLDS
UNLEY 13 -~ OIRECT ACCESS FILE CREATLD IN THE MAIN PROGRAMME TO STORE 2821 o A CUT=POSITION ARE KEFT 1IN MXCUT.
INFORMATION USED IN THE *TRACK® SUBROUTINE. 2822 M
2623 IFCEKILLER«ERQ-MN) o DR (L INK o EQo {MTDMSN=133) THEN
INTEGER MXC®PTES0,501, MXLINKISD,50), 2829 H#RVITEQ2, *tap®y °* ¥
* MEPATHISN,50), MXUNITISU,57), MYXMULTISOY, 2825 LINES = LINES + |
. MYCUT{50), MXORDRISO), 2626 £0 17% 1 = }, MTDMSK
. MTDMSN, 2827 IFglEweCHMPT) GO TO 175
> CMPT, KJLLER, LINK, SWOP, LINES - re2n 00 165 J = 1y MTDMSH
CHARACTEH MILBLEF20CS0), 2529 IFEIJoEQetMPTIoORS(JalBo13) GI TO 165 -
UNLKE#5/ oo maty 2820 TFEAMEPATHEL s ) bEQ=0) e AND (MALINKET ) oGT oI} THEMN
2831 MXCUTLCUPT) = MXCUT(CHPT) & |
INITIALIZATION OF VARIABLES AND ARRAYS 2132 IFELINESGT.531 THEN
2813 FRITEC2, “{LHI SXeAT 17X ,810,21X,A43°%3
LINES = 4 2834 + *DEPENDENT®, *SUPPORTING', *CUT-?
60 105 8 = 1, MTDMSN 2P35 SRITEC2, *C(bXoAT o 1BX AT, 16X, A9)°%)
MXORDRIN) = N ze3s . PCOMPONENT?, *COMPONENT®, 'corPONENT'
MXCUTINY = O 2837 WRITELZ, '(bX,A?.l7X.Alu.lbl 493 %)
1US CONTINUE 2838 . Tmrmmommem? bmolnelnent, $hcmemmmeo?
2rie LINES = D
PRINTING THE CUT-COMPONENT SUMMARY HEADINGS TO THE ALTESNATE PRINTFILE 7agn END IF .
’ 2843 ARITEQZy *€3X,3€3X,12,1X,A2000°%
WRITELZ s "T1HL /bR BX A,/ ,6X,88850 A3, B, 44AS) A3} 2842 - 1 PTILOBLIEIY, J, MTLBLECIY) , CWMPT, MTLBLEI(CHPT
SEMINTMUM AND NON-MINIMUM PATH CRETICAL LINKS®, 2343 LINES = LINES & |
+9(CUT-COMPONENT SUMMARYD?, 2auq END 1F
FEUNLNTy Nzlofidy Pmmm?, (UNLNS, Nml 84}, ‘wawt 2745 165 CONTINUE
HRITE (2. *0/7/7,6% 489, 17X 810,21 X.A437) 2848 175 CONTINUE
*CCEPENDENT®, 'IUPPORTING®, *CUT-* N 2847 GO TO 195
PRITE (2, (A% A9, 18X ,89,06X,A93%) 2648 END 1T
¢ COMPONINTY, "COMPONEINT®, ‘COMPONENTS® 2849 105 CONTINUE
WRETE (2 *HEX A9, 17X ALu,16X,A98%) 2850 195 CONTIRNUE
4P commemann? | Vemencnwn?, Vomcnmmnan? 2851 ° X .
2052 s THE VYALUES IN HMXCUT AND THE COMPONSNT ORDER IN MXORDR ARE SoRTEo_
THE MINI¥UM LINK MATRIX IS DERJVED IN MXPATH FOR THE COMPONENT 2653 e INTO RAMK OMDER FOR THE CUT=-COMPONENT RANKING
INTERACTION MATRIX (CUPT = 33, AND THEN FOR THE MATPIX ®wiTH ONE zacy P
COMPOn ELET (CHPT = J4MTOMSN)s THE PROCEOURE DOCUMENTED FEuA N N0 ZI5 1 = le tATDMSKef}
In my £S USTD. 2656 29% 9 = (l+1), MTDMSHN
28%7 IFEMXCUTIII-LT-4MXCUTIJI ) THENR
to e s MTOMIN 28%8 S0P = MXCUT{L)
MYDYUSN 2259 MACYTELY = MXTUTLJSY
s MTDHEN 2860 MACUTECLY = SHQP
€1 5d3oCT ol oAND (L eMESCHPTIAAND LS NELCHPTY ) THEN 2361 SWOP = MXORDRE1}
s} = ] 2882 MEXORDRE(TY = F(OHDH(J)
pdd = 1 2863 - MXORCRUJ4Y = S&
. 2864 END IF .
s = O ZB6S 208 CONTINUE
s} o= 2066 21% ComTiInUE
2887 ®
B3] 2860 ® ?AQKFD VALUES 1% MXCUY, AND THE RANKED COMPONFNT POSITIONS Iw
28469 - MPOARE PRINTED YO THL ALTEANATE PRINTFILE
= 2273 »
51 JaTL WRITE L2, " UIRL /6N g DX A/ 36X 9§AS) 23,50 ,491803,433°%)
1280 55 2972 S PCOMPONENTS HANKTD I onwxc OF CUT FPOSEITIONS HELDY,
13% : 2873 P PLCUT~COMFONENT GANKING) Y
TFetde” SAMYPATHOE UYL 5T 73 GO TO §35 2874 SAUNLNE, Nzl ,9), "wwet, tUNL
MXMULT S 2475 CRITCA2s 077 45X AN, TX Ak, 2
0o 2% K o= 1, MIDMON 2876 stuanke, ey tet, icodrodent’
IF IR T H.CHP T 60 10 128 2877 CRITEED, PEI2X,A%,0X 06
TR LY CMOT I 3 e 00 e 1 JaAND L IMYUNITLL, )- F o101 THEIN Ja78 s POSITIONS *\Ur\',a._; 'LM
PXNULT S v PEPULT LD o MxXUNITIL X 2079 WRITEED, ‘(b%.\“.?X.A?.ZX.A
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Vet e, ety temmmeaas 296 " TRUMOVEDY COMPONENT, THT ODISRUPTIVE MEASUSES oOF
=i 2vel . P_STORTD [M MXINKA AND MXRNKD. THE AVERAGL GRAPH
R e I e 12 eX AZRY Ty Zegz o FULL SYSTEM AMICH ARE USED FOE FACH CALCULATION ARE
s Ky PXCUTOK), MXORDRIXD, MTLOLL (AXORDRIKI) z963 : IND L MECNTD.  THE VALUES OF MXCMTA/D ARE CIMPUTED FOR
220 conlnse : 2764 . 1ok OF CAFT (fsEe CHPT = f)o  THE PROCEOURES FOR
MAX = (RTOMSN=1)e(nTDMIN-1) 2985 s SIMUN LINK MATREX TS SIMILAR TO THAT IN YHINLNK™, anD
BITTECD, "0/7 1% A1 1407} 'HAXIMUM = 7, MAX 2ae3 . FUTING THE BVERAGL GRAFH DISTANCES ARL DOCUMENTED IN
&
w 2 o ¢ 1948 ©
® CONTHCL IS RETURNED TO THE MAIN PROGRAMME 2969 . mTousy
SET N <910 s MTDMSH
FtSUR\ 2971 1, “TDMSN
- 2972 ks
_ 2973 s PONERING MATRICES FOR A NE® MINIMUM LINK PROCESS
Sﬂﬁﬂﬁﬁv0300“@0*000000".300Qﬁﬂﬁﬁcﬁﬁﬂ‘ﬂu°°ﬂﬂ..“.‘0““#.“..""‘.‘ 5;;: ° P
ARSI S oSNNI A 2975 FTU14) 6T o0 AND e (1 oNELCHPTILAND o (JoNESCHPTI) THEN
‘ »
* THIS ROUTIME DENIVES THE DISHUPTIVE YEASURES ASSOCIATED WITH EACH 3% oy =1t
+ COMPONENT ANL RANKS THZ COMPOMENTS ACCORDINGLY tore s = &
Y EY = L
s ARGUMENTS a8 thedy = 0
*  MXCPFT ~ [NTEGER ARRAY OF THE COMPONENT MATRIX SLEMENTS 158 Lis N
® MTLBLS = CHAWECTLR ARRAY OF THL COMPONENT LABELS 2903 ® coNg ENuE
“TBMSK ~ ; 2o :
s DM3K ~ THE DIMENSION OF THE COMPONENT INTERACTION MATRIX AND OTHER 3754 e DLALVING THE MINIMUM LINK MATRIX
s OTHER ARRAYS AND VARIABLES Sbe *
s MXRNKA AND MXRHKL - REAL AGRAYS £O% THE OUT~ AND IN-DISRUPTIVE 2a8e PR pa LIk = 2. MTDESN
s MEASURES RESPECTIVELY FOR EACH COMPONENT Zoas SeNvEE T Ut
+ MXCHMTA AND MXCMTD = THE OUT= AND IN~AVERAGE GRAPH DISTANCES £328 TP It FE
s RESPECTIVELY OF ALL COMPONENTS IN THE FuULL 2389 JEElER.CHPTY 00 10155
N INTERACTION MATRIX EREAL STORAGE ARRAYS) : 0o 135 J = 1. NTDASH
® MA AND ND - REAL COUNTERS OF THE NUMBER OF NON=ZERO VALUES To 2oel LA L23503CNo L) -OR - MXLINKLT, U 6T I GO TO 135
" OUT= AND IN-GRAPH DISTANCE SUMMATIONS RESPECTIVELY 2933 pxrULTigr = 0 :
s STORA ANLC STORD = REAL STORAGE FOR THE ADD{TION OF VALUES FOR THE ‘aas 0o las x = ‘; Srossy - » ‘
N AVLRAGE GRAPH DISTANCES (OUT= AND IN= RESPECTIVELYS 2004 IEinacQ.CanTh S0 10 125 ocEoirh TeEN
S SUMA AND SUMD - ReAr EReE AT D ISIANGES fouTS AND N RESTECTIVELY 2995 TP CAXCanT (K)o el ) AND L (HXUNTT (L K DuGESE D) THEN
: 34 ARG A 2996 L EXMULTOU) = MXMULT(J) » MXUNITED, AR
*  RSS0P = REAL STORAGE USID IN THE SORTING PROCEDURE 7% L% ' co;??ulg' ' -
] MK - " 3 £ S age i PV
: ML 1Y ::gr“}(mrun LINK MATREX OF THE CURRENT FORM OF THE INTERACTION 2799 IF EMXMY L”J,.Gf 31 THEN
s PKUNIT AND ®XMULT - INTEGER STOIAGE ARRAYS FOR THE PORERING PROCESS 3ial KILLER 3 . L1t
s MXORDA AND NXORSD - INTSGER RRAYS 10 RECORD THE RANKED ORGER OF THE 3eaL e L INKET I = LNk
. COMPONENTS SORTED FOR THE OUT= AND IN=MEA S L35 contIneE
© CMPT = THE INTEGEP VALUL OF THE COMPONENT NUSBSH UNDER CONSIDENATION 9 5 onTiNuE . .
u FOR THE DISRUPTIVE MEASURES gzhf PO 145 J = 1, MTDMSN
s s DT Ry T AR care wren THE mingwum Link Conedx 35y IFCEMXUNT Tl o 1ol ot o AND . EHXHULTLJ926T 200 ANDS
. INTECER INDICATO L diie . (J-NELCHPTIY THEG
¢ LINK = INTEGET INDICATOR OF THE LEVEL OF POFERING [N THE MINIMUK LIRK 3337 FApXYRITEL S = HxMULT ED
* DERIVATION PROCESS a9 145 CONT INUE
© 1540p - INTEGER STORAGE FOR THE SORTING PROCEDURE : e LS continny
« UNUNT ~ CHARACTER VAR1ABLE FOR THE UNDERLINING DF PRINTED HEADINGS gt R : :
M ,
S Fiies uis & COMPUTING THE AVEPAGE GRAFH DISTANCES FOR EACH COMPONENT
- |4 5 £ £ Y] - N
¢ UNIT 2 = THE ALTESNATE PRINTFILE ONTO WHICH THE RANKINGS ARE PRINTED aia IF K ILLER +ER o3 a0R o (LINKsEQeHTDMENS) THEN
x . gls » :
RE 4 s
JSERL R ENTALRN)y mxcNssea: Gle ®  THE FULL 3YSTEM AVFRAGE GRAPH DISTANCES
4 T 5103 3 we 14 *
'1~raaéa'«¥?ﬁp715i“aa?3°*°' SUMAL sumt. asEQL cis IF(CHPTLEQaT) THEN
. MYLTDR (57,501, MXUNITEST,5303, hd oo 175 1 = 1, MTDKSH
. MXMULTEENT, MAORDACSD), MYORODEST), g na v
- MTDMON , -
. po TOMSN

CHPET, KILLET, LiWN®, [S5%W0P
CHANACI’ R ®VLEL2®2 E

UVLN‘°5/'- 4
rdUlVALL”(L (MXORDAEL . MXUNITUL100, EMXORDDELIl, MXMULTELD)

2XCHTA([' * FLOATEMERLINKE] U3

31 3eGTo 00 THEM

= INITIALEZING THE VAPIABLIS AN AREAYS
: i 4 3 ~ 0 3 = NXCMTDUEY ¢ FLOATUFXLINKCS 13
~

ol el ol S 1L R SR Wi lol SR ET el s |
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o) X om ., MTRMSN i 3
¥ AN 1.
M RIS e 165 co
H AENY iF EXCHTAGL)Y) = (MxCMTA(]I/NA)
“XCMTDLRD = "o ¥ MXCHTLEI) = (MXCMTD(II/ZND)
1965 COANTINUE € 175 [SUIR
. 1F B . g o
« CMFT 15 USED TO cn11an 1o RA0CESS AF PIEMOVING® ONE 2 ©  THL AVIFAGL GSAPKE DISTALCES FOR THE REQUCED SYSTEMS
2 COMPONENT FROM SYSTo MINTHUN L1 MATRIX 8 ¢ eLse
=I5 THEN DERIVED ror EAlH e THE AVOSAGE $7aPH DISTANCES B “L§Gu- .
L S2UR N = -

ASE COMPUTED FOR TACH 3Y3 Y- My COMPUTT THE DISRUPTIVE
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END IF
1es CONTINUE

COMPUTING THE DISVUPTIVE MEASURES FROM THE DIFFERENCES BETAEEN THE
FULL SYSTIM AND REDUCED SYSTEM AVERAGE GRAPH DISTANCES OVER sLL THE
REVAINING COMPONOCNTS TN THE

IFLNA6Tda )
BUMA = GUHA
ELSL
SUMA = ZUMA
END JF
IFINDaGToUe )
SU”D = SYMD

UMD = FUMO
: END IF
195 CORTINGE

HX?N&&(CMPT} = SUM4&
RHKDICMPTY = SUND

l
GU T 24§s
N0 IF .
2% COnT INUE
235 CONTINUWE

BORTIMG THE COMPONENTS INYO RANKED ORDER OF THEIR DISRUPTIVE MEASURES
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$THUASURC®, CNUMBER®, 'LAHLL'
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...... y twmw --~~.
i anM
Pi7X ,!2,3k F7elaWXsl1RebX, A2 0)
£

« XRUKD 3 BADADODUIKY, MTLELY{MXCARUOERD}
2uE (0 Y
Py s (FLOATEUTRESR=13afLOATEMTONSNRI) /20
WRITEAD, U2/ 0% A 0 F T4 ®) SMAXIMUM = O,
SRITE (2, 'ilHl./,eX,ﬁ,/.bx.a.sx.A,/,bx.V(Ar) A2 BX HEAGLYYIS
STCOMPORENTS RARKEDR IN ORDLPR OF THEIR DlsRuPtIv:
TPOTFATIAL OH QTHIN COMPONINTS OEPENCONT ON THtH'
STLCOFPONENT DISRUPTIVE POTENTIAL RANKINGIY,
e{UNLINE g M = by §F, *P=w®, JUNLNZ, N=2],0%
FRYTE (2, '(//.b!‘AN,ZX,A!R.BX.A9,23:A9)’)
vPeANKY, 'DESRUPTIVEY, YCOMFONENT®, YCOMPONENT®
WOETERZ2,) "TI1UX4A7,5X,Ab,0XeA5}37%)
vEMEASURE®, YNUMRER®, SLADLL®
BRITEL2, PN A4 2% AL 2N AT, 21 A9 %) .
e by o_----_-,---, L RPevtRuphs Aty A SRR AR |
PO 265 K = 1y MTDKSH
GRITELZ, PE7X, 12.3X,F7.1.QX.Iz.sx,aza»‘1
+ K, PXRNRA(K), MXORDALKY, MTLELS(MXORDA(KD)
26% COARTINUL

SARETEED, P4/7/7,0KA0,F7,50%8 *HMaRIMUNM = ', Ka

”

w CONTROL IS RETURNED TO THE MAIN PEOGRAMME

-
RETURN
END

O LT T T T D A A SN
SURRCUTINE RUNFINIMXCHPT ;MTLBLS HM5GE MTOMSKH  TILNIMIN
*HNTRACK (ERMSGS ;HDGS o TITHES )

BEH BB R
.

THIS ROUTINE PERFORMS THE TERWINATING FUNCTIONS OF THE PROGRAMME
ARGUMENTS

HMXCHPT -~ INTEGER ARRAY OF THE COMPONEWT INTERACTION MATRIX OATA
MTLBLS = CHARACTER ARRAY OF THL COMPONENY LABELS
HSG6S « CHARACTER ARRAY OF THE PROGRAMKME MESSAGES FOR PRINT NG
TO THE TERMINAL SCREEN BY THE ROUTINE *MSGPRY®
HTOMSH = INTEGER VARIABLE OF THE COWMPONENT MATRIX DIRENSION
TTLN -~ INTEGER INDICATOR OF THE FORM OF THE MATRIX ToO 8‘ PRINTED YO
THE &LfERtATE PREINTFILE (UNIT 2% BY THE ROUTINE "PRYART®
IRIH o~ THE MINIMUM VALUL (INTEGEREF OF &4 COMPONENT MQ‘RI! ELERENT
JMAX = THE MAXIMUM VALUTD (lNTEGﬁRl OF A COMPONENT M X ELEMENT

TR
ODE OF DATA ENTRY USED BY THE
USER TO ENTER DATA TO VTHE PROGRAHH‘
HIRACK « INTEGER COUNTIR OF THE NUMBER OF TR%CKS REQUESTED EY
THE USER THROUGH THE ROUTINE *fIRACK
ERMSGS = CHARACTER VARIABLE OF THE STANDARD ERROR HSSCAGE
HOGS ~ CHARACTER VARIABLE OF A& USER SUPPLIED HEADING FOR THE
‘ HAPGCOPY PRIMTOUT OF THE PROGRAMME OUTPUT
Tinfs ~ CHARACTER VARIABLE OF THE UNIVAC SUPPLIED TIME {(CALLED
BY PADATES® N MAIN PROGRAMMED), USED F0 SPECIFY A UNIQUE
FILE FOR THE ALTERNATE PRINTFILE - UNET 2

FIYPE = INTEGER INDICATOR OF THE

OTHER APRAYS AND VARIAZLLS
HEGN = IMTEGLR VARIABLE OF THE NU”SER DF MESSAGES 1IN #SGs TO BE
PRINTED BY °*HSGPRY*®

SKIF = INFEGER INODICAYOR TO *HMSGPRT® Y0 PRINT THE USER PROMPT

FRIND = INTEGER WARITIADLE OF THE NUMBER OF CHARACTERS IN THE USER
SUPPLIED UATA FILE NAME. NEEDED FOR A Call 7O SFacCsE2e

REPLY = IKTUGER ¥ARAIBLE FOR USIR REPLIES TO PROLCRAMKE CPTIONMS

FACSF2 = UNIVAC SYSTE™ INTEGER FUNCTION TO EXECUTE EXFCH COMMANDS
FROM KITHIN THE PROGRAMME (SEE SPERRY UNIVAL PROGRAMMER

STATUS RETURMNED BY THE FUNCTION

FOR Aw EXEC RIQUEST TOD ASSIGN & FILE. SET

REPLYS® =~ CHARKACTLR

FUARTT - CNAnACTLW AFF&3LE OF THE USER SUPPLIED DATA FILE funiv

(AR A SRS SRR E R E AR RN RS ERE AR R L EEESE SN ENYE RS RN X

Fiens
Uh1T § =~ PE RMAWENT DATA FILE CONTAINING THI [OMPONENT MATFIX DATA
UNIT 2 = BLYLMNATE FRYMTFIUE

s IMAX ,FTYPE,

AWWTIO0dd NOILOYVYELNI LNINOIWOD

REFERENCE MANUAL UP~B2H44.1, ASCII FORTRAM LLVEL 931, P7-31}
STaTUs - !NTCGLR VARIABLE SET 8Y THE FUNCTION FACEF2 TO REFLECY THE

ASGHED - INTLGER VARIAZLL USED TO CHECK THE STATUS RETUBNED BY FACSF2
: TO THE EQUIVALENTY

aeTal VALUE INDICATING FILE ALREADY ASSIGNED TO PROGRAMME

ARIABLE FOR USER REPLIES TU PROGRAMME QULSTIONS
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UNET 3 ~ DATA FILT USL3 FOoR THe PLOTT]N’ INFOPMATION CREATED
By 'T”A(K‘
UNIT 4 = ?%Fg;g CATA FILE FOR PLOTTING INFORMATION CREATED BY

o 2%

CHEF2{PRBIKPFT 2. *3
T.ul THEW

aial }'
9»
o

’)

- -
LR FEYE
%

.

VEIRTEGER MXCMPTiLN 811,
- MTDMSH, TTLN, I, I¥&x, F
* MEGN . SK{P, g
ASGMEDRAD T 0L
CHARACTER MTLELLsZ
. ERM5GEen D,
+ HLADv°ﬂJ’

. 1 ok ot TP ek
P Y DVCHEY B O I
is 3 e
-y .
L AR ]
o

E MU A O T e
R B e s e A k271

Eatatal
[Ae BV ER-RT ]
s

-
o
it
TS
=

K3 BUREFISTRREIIV S ot

2%

- - -

Crewig o 4 8 % 00 )

PRT(MSGS 4 MEGNSK 1P}

TING THE USER THL JPPORTUNITY OF SRITING IMPEFMANENT
FE = 33 "UATA TO 8 PRRMARENY F ILES THE PROCEDURE FOR
LE AND SRITING THT MATRIX DATE TO THE FILE {UNIY 1¥ F

FAFTYP

- - -
¢ CONTROL RETURKNED TO MAIN PROGRAMME WHERE THE RUN 15 TERMINATED
RETURN '
b

DATA . :
ASSIGNING
OLLOWS

Ut o Lk Lok 5l G bk 4ok ot o b fad o K 4o 03 B Lt L
RN A LY NSNS W LY B N ] N TR ST VL
CEOBL0R SIS DD
E R N S e Ll SR KR S R Rt Y WE STy

LQe3) THEN

= "JOULD YOU LIKE 1D CH
= tTHE compovrnr INTERA
= PPESYANENT DATAZ FILE?
3
L3

GPRT(MSGI , MIGY,SKIP}

A1, ERR = 105} REPLYS

FWa®YES®) THEKW
PEMTER A NAME (A5 ANY COMBINATION OF .f To 12 «®
CALFHANUMERIC CHARACTERSY FOR THE DATA FILEs oF

TEM563 MSGN,5K(P )
1214, r”ﬂ = 125F FuNAMES

A
?T O)oﬂﬂ?o(FNAWESKFNEND SFNENOIERS"® *3) THEN

YOUR MIND AND RRiTE 0‘
MATRIX DATA To
5/K03 0' -

£ e
it ANGE

i CTIonN
3 £YSE

HEND -

. o TD 125 . '

C TTASG,UP P SAFNAMESLILFNEND I/ S F2 & %
»NE THEN
= ® ILE OF THIS NAME ALPEADY EXISTS UNDER °
= ¢ 7 PROJECT=]10. ®®
® £ %% T0 ENTER ANOTHER FILE NAME “®
= CTYPE ®2% Y0 OVER-RRITE THIS cxlstxna FILE #°
; PTYPE "3 TO TERMINATE THE PROGRAMHE ®*
5

VAW U =~ T o2
e Y B VYOV i O E e O 7Y
TEOWD D TS AR I

145 PRT(“SGipﬂﬁﬁvésxlpl

&
y ERR = (553
£

=Y NREILLTELT ez

~
™ mm

&56; CZIFNAMESCITTNENDIS /% » 0 -

s

Faid
b
Mmovm g

= WO FERMANENT COPY OF DATA »°®
7715 ,43 %) WEADS

- bt
o 4 T3 G D

sam
T ph T g oo
k3

-
0w
5l
I
-
i
-y
1
-

STATUS = FACSFI(*®
CALL «xr&nrtnxc e
HEADT = ¢ Tup way

* PETORED Ok FORM N
TILN = 4
CaLL VWYJ&'(“%r%PY,"TLV

ELSE TFIREPLYT.HTL"N0Y
PRINT&,LAMEGE
60 TO {07
LI 12
£He 1F

i1

s
i
8

£ et/ /P MAMERL LT ¢ 3

TLELE wrnqen,t%im

DATA (PPINTED BE
¥
L

3 14
: HAS BLEN */7

L
T
Ll
& T ILE = 277 %ap

”t dHTUMSN , TTLHHDGEHIAD B

LTERNATE PRINWE FILLD (UMIT 2
NTINGs  THED BATA FILE (UMY |
N OPLRFORMID {leLa “TT20K (PTA
EASEE AND THI FLOTTING PROGRA
LT FALSFZ.

AT

1S BRYARPOINTEN ANU QULUSD FpR

LAS ALTG FRECD. 1T TRACKS MAVE

8 OTHAN JLRUY, UN]TS 3 AUD 4 RRE .

(PLOTW3TARTY 14 STERTED 2Y A .

-5

S = FACSFI{PLFIEL | » %3

JHNYEO0Ud NOILDVHEINI LNANOJWOD
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PLOTTING PROGRAMME

LI R TR R N L R R A A L A L R R Y Y S R R T R TR T ] 12384 @ CORRELATED £1TH THEER FOS'TIU’\'S i* THE TRAZX GRID
s 81 ]
¢ THIS FEROGRAMME PIRFORM3 THE PLGTTING OF DEPENDENCY TRACKS FOR THE €2 READCRANKR(TNODE Y, *¢12)°%, £RR = 30» INTER
* COMPORINMT INTCRACTION PROGRARME AN AASOLUTE FLEMENT OF THIS 83 ORDERCINTERY = TNODZ
E PEGGIAMIE [5 EXTECUTID BY A LONTQOLLING RUNSTREAM WHICH 1S STARTED AY 24 TRODY = TNCPT e« |}
s THE CCMPOMENT INTERACTION PROGRAMMI a5 G TO 23
@ 26 39 TRODE = TNNDE = i
e THE DATAFILES USED TC SUPFLY THE FLOTY) 6 DATA TO THE PROGRAMME ARE 67 PLADE3, *E2X,020%) T3T:P
' CHRIATED [t THU RAIn FROGRAMME, AWD RRITTEM TO IN THE “TRACKS® ROUTINE 83 FEADCD, "(2XsA0,2XsA%0,2Xs12)°%3 DATER, HDGS, HDGEND
L OF THF COMPONENT INTIRACTION PROGRAMME 7 DOy (2K AT 42X 3A20,2%,A2,2X A28 "} ANT, ALPL%, BNS, PLSLY
¢ . 45 DE3s ®(2X4A153%) TRKNS
3 VARJABLES AND ARRAYS 71
[ ONDER = IMTEGER ARRAY TO STORYL THE OXICER OF THE COMFONENTS [N ANY ONE -
L] TRACK s OALY THE COMPONENTS UGED IN A TRACK FORM PAFT OF THE 93 u
£l JRACK PLOT, THE COMPONENT NUMBERS ARE FANKED [N THE ORDER {n Ty = THE TRACK I35 INITIALIZEIDS. THZ 3128 OF THE PAGE 15 DETERMINED FROM
'Y AHICH THELY AFFPLAR IN THE TRACK GRID. ?5 * THE NUMBER OF LINFKS 1IN THE TRACK {(TSYEP), AND THE NUMBER OF NODES
®  RANKI ~ CHAFACTEHR ARRAY OF THE COMPONENT NUMSERS OF THE COMPONENTS 95 ° (TNDDE)}. IF THE MUMSTR OF NODES 15 LESS THAN 7, THE DEFAULT S12Zf
* USED IN a4y OMNE TRACK a4 L4 {IN THE X DIRECTION) 15 USED TO ENSURE THAT HEADINGS WILL FET.
L LABELY = TaI COMPINENT LARILS OF THE COMPONENTS USED IN ANY ONE TRACK 4] * b
®  HDGY - CHARACTER VARIABLE OF THE MEADING FOR THE TRACKS READ FROM fFiLE i IF(CHARS.{{.'STAQT‘) CALL NE&XPAG
® 3y AND USER SUPPLIED IN THE MAIN COMPOMENT INTERACTION PROGRAMME 07 CALL PAGNAMITRENS)
© ODATE® = CHARACTER STORAGY FOR THE DATE RcCAD FROM FILE 3 151 IF CTHNODE oGToe 73 THEN
e AMT &L BRE® -~ (HARACTCR VARIABLE FOR THC NUMBER OF THE DEPENDENT 02 XPAGE = ({TNODTZ22eT) + Ba5H
L] AND OFIGINATING COMPONENTIS OF THE TRACK 113 YPAGE = ({TSTEP®2.5) + {(CaeB}
*  ALELOE AND BLDLS® ~ CHARACTER VARIABLES FOR THE COMPONENT LABELS OF THE jnag CALL PAG3IZEIXPAGE ,YPAGES
* DEPENDENT AND ORIGINATING COMPONENTS OF A TRACK 105 CALL PLOT(DaB3:0eB0e33
@ TREN® = CHARACTER VARIABLE OF THE TRACK NUMBER (EVERY TRACK MAS A 106
- SEGUENTIAL NUMBER) 147
“ CHAFT = CHARACTLR VARIABLE FOR CHARACTER INFOAMATION TO Br FLOTTED 1™a ®
¢ UY & CALL TO SYMS0L A0e ® FLOTTING THE BORDER
“ 113 *
*  FILES 113 XPAGE = (XPAGE = 1.0}
¢ UNIT 3 - FLOY INFORMATION FILE, ASSIGNED T3 THE RUN BE THE STARTING 112 YPAGE = (YPAGE = §e0}
- RUNSTREAM, i 113 CALL PLOTIXPAGT 410,21}
® UNIT ¥ - PLOT DATA FILE, ASSIGNEID TO THE RUN BY THE STARTING RUNSTREA® 3.4 CALL PLOT(XPAGE »YPAGE 42}
= X 11s% CALL PLOTUIN.D,YPAGE ;2
&  PROCEDUFEL . 116 CALL PLOTID:D,0e0,2}
* INFORMATICN AZSOUT EACH PLOT 1S READ FIRST FROM FILE 3. THES |3 USED 117 .
- IO PETERNINE THE SEZE OF THE PLOT, TO PLOT THE HEADINGS, AND TO PLOT 113
- THE REFEHRENCD GRID FOP THE TRACKS. 119 P -
B THY BATAR IN FILY 4 15 THEN READ AND USED TO PLOT THE TRACKS ONTO THE 120 * PLOTTING THE HZADINGS
* REFERENCE GRIDe END TIACK CONDITIONS ARE RECOGNIZEQ IN THE VARIOUS 121 & - -
®  RCAD STATEMENTS, AND Nid TRACKS ARE INITIATED BY BEGINNING AT STATEMENT 137 CHARS = ' DEPENDENCE OF COMFONENT *//ANS//% = *//ALELS
& 16.. GNCE THE FILES MAVE BEEN RCAD THE ENDy THE PROGRAMHE 123 AFPAGE = {TNODE = &.20% : o
s TERMINATES, AND THMS CONTROLLIMG RUNSTREAM DELETES VHE PLOTDATA FILESs 134 caLL SYMBQLIIPAGE,l.75,9.35.CHﬂR$ 04511
* 125 CHARS = ° ON COMPOMENT /IBNE//IY = PrrBLBLS
®  THD FROGRAM IS ¥RITTEN IN THE CALCOMP PLITTING LANGUAGE,; WEITH SOME 176 APRGE = (XPAGE ¢ 4.2}
¢ KON~ COhFDﬁthG srnttu{urs AMICH ALLO¥ THE PROGRAMME TO INTERFACE &ITH 357 CALL SYMBOL(XPAGE,1:0,7:35,CHARS 03539}
$  UNIVERSITY OF CAPF TO®Y °GDP® LANGUAGE AMHICH 1S COMPATIBLE ®ITH THE 123 YPAGE = {(TSFEP®2Z.5) ¢ Bo9}%
% SYSTLM FLOTTER AND OTHER HARDWARE . 139 CHARS = SDATE - *J7DATES .
* 130 CALL SYMOOL(1:1sYPAGE Ds35,CHARS 04130
HAVERILF S L ORI ENCC RO LB BB L E VP COBY IR TAREVRL OB RILTIEH R HO BB ITAB DGR D i3 APAGE = {{TNODE#2.08 = :.75’
!N"rrﬁ OFOCR(SQ). 132 CALL SYMROL{XPAGE ;YPAGE 4035, TRKNS 3,153
~YLP. THODZ s HDGEND, X, Y, INTER ' 133 YPAGE = {((TSTEP®22.5) ¢ B.07}1
CHAF#CT T OHDGIEED, DATES®8, ANSeZ, BNS%2, ALBLESZ0, BLOLS¢20, fa4 XPAGE = ({THODE % 24753 = {HDGEND#(Ue175}3}
- TRENTS 1S, CHAREARG, 135 CALL SYMDOLUXPAGE 4 YPAGE 4135 ,HDGS s D, HOGEND S
s RANMKT®2(5.)3, LABELS®ZESD) 138
137
f1an £y
e 137 2 FODEFINING THE OKIGIN FOR THE TRACK GRID
* THE YARTARLD CHART T5 30T S0 THAT THE PLOTTING 1S ONLY 147 Ed .
* INITIALIZED ONCE 41 APAGE = ;,(
® 142 ¥YPAGE = 3.
Cuixt = T8TARYS 143 CALL PLOTUXPAGE (¥PAGE 4=3)
1uy FL3E
145 #
= 144 L IF THE DEFAULY SEZEIS USID THE FOLLOWING FLOTTING PERFOPMS SIMELAR
& FTADING THE PLUY INFOSMATION FRO UMIT 3 147 2 PLOTTING YO THAT ABOVE .
“ 149 L
10 CALL NERFUR(L) 195 XFPAGE = 24025
TNECE = 1 1575 YOAGE = ((TSTEPS2.5) ¢ 1M.3)
b & A PAGSII(YPAGE  YPAGE )
& AN FNE OF FILE CCUDITIOM THE FLdD STATEMENT CAUSES THE {5§ CAtt pLgf(u,S_ne,:-Jy
* PLATTING 10 &5 TEa»INATHY NUMITR 8T, 153
® 3
20 FTADER, FUTYL,AR,IR,AT PANKBCTNODEY, LARELTETNODED {gg YPAGE = (YPAGE = 1o 313
TFERANKE (THADL T ol 3?99 %) 156 XFAGE = (XPAGE = (.01
& £ A TUEPAGE , 2,0, 2}
©  THE CONPOUNDNT HUMPLRS 3F THE COMPONENTS uSZn IN THE TRACK &KE M it ;tg,leAn_;,Pngc.z,
159 CALL PLOTHL a2, YPAGH 42}

HWWYID0dd DNILLOTA
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CALL PLOTE )T %afl,n) 244 Go To 74
241 €2 CALL ENDPLY
o 242 5TOP
CLHAPSE = * [ICENDINCE OF COMPONENT *//ANE//° = //ALOLS €43 £HO
CALL SYMEOL{ e740a7%,Ue35,CHARZ 0,5 244
CHART = * NN CONPIYENT "/7/73N$/7°% - */7BLOLS B
CALL SYMBOL (4.7 4100, 7435 +CHARS ,(3,39) : : ;
YPAGE = ((TSTEP&2,5) ¢ 8.8)
CHARE = TQATE = ®//DATEER .
CALL SYMBOL(1a7 ,YPAGE ,2a35,CHARS ;0,133
CALL SYMLOL 13 e55YPAGE yDe35 4 TRKNS . 05351
YPAGE = (ETSTEPe2.5) + A.y)d v
XEAGE = ({55 = HDGENDI®JI.3572.0)
CALL SYMHEOLIXPAGE ,¥PAGE ,M.35 ,HDGS , 0,HIGENDD
XCLGE = {7,875 - TNODU}
YPAGT = 3.9 ,
Catl PLOT(YPAGT ,YPAGE,=3)
£ 1F
THE TFACK SRIPD AND LARCLS ARE PLOYTED
CHARY = °LINK ¢ . : : ) : o
XPAGE = (THODL®2.0} ’ : : ) a i
DO 47 K = 1, TSTEP
YPAGE = (].0j75 ¢ ((X = 1)82:5)} .
CALL SYMBOL (XPAGE ,YPAGY ,J¢35,CHARS ;0,57 i . o '
YPAGE = FLOATI(TSTCR = (K=1}} . C
CALL NUMBER(999,.,999s,135,YPAGE 30,~1) : .
47 CONTINUE to . : i
THE TRACK DIAGRAMME S SCALED YO 2.5 THE PRESERT PLOT SCALE
CALL FACTORE2.7}
PLOTTING THL COMPONENT NUMBERS ANO LABEL3 ON THE GRID
DO 50 K = 0,(THODE=1}
CHARS RANKS{K+1} . I o . . . .
XPAGE (K = 02263 . \ ) - . oo
YPAGE -3s225 - S : ’ :
CALL SYMROL(XPAGE ,YPAGE ,Js175,CHARS,0,2)
XPAGE FLOATI(X)
CALL FPLOT(XPAGE ,3.2,3} . N -
YPAGT (T575pele2t}
CALL PLOTEXPAGE sYPAGE .23 : .
XPAGE (K = 3s26) . N . U "
YPAGE LETSTEP®[225) + DeN5} . R . : . R
CALL SYMBOLtXPAGE s YPAGE ;Do) 75,CHARS 4N, 2} i )
XFAGE FLOATEK) .
YPAGE (ETSTEP2.25) & Ge275)
CaLL ROLIXPAGE ,YPAGE ;Do ISNLABELSEX 13 ,30.%,200
59 COUNTLIHULD
¥PRGE = (TYNODE = a3}
D0 off K = 0, TSTEF
YPAGE = (Kela25)
CALL PLOT(O,YPAGE, 1)
CALL PLOTIXPAGT ,¥24GE,2)

&7 CONTINUE

PEADING THZ PLOTING DATA FROM FILE 4, 4nND PLOTTING THE TRACKS ONTO
THT REFCRCNCE L,RIT. A IND CONDITION [S RICOGMNIZED WwHEN A& NONe
VINTEGER VARTARBLED IS <7TAD FRIM THO FILY (°0ND OF Track'i.
17 X, ¥
FLADE Y, = 17 Ke Y
APAGT =

HRWTEDHOYd DNILLOTIA



RUNSTREAMS 154

hkdkdddkkhdkhhhhhkhhkhkhhkkkkkhhdkhkhkhkkhdk
THIS RUNSTREAM CQNTROLS THE PLOTTING OF

THE DEPENDENCY TRACKS
dekkk Rk Rk kR Rk kR ko khk ko k kR kh Rk kh Ak b hhhkkk®k

* the system run statement

~ @run runid, account,matrix, 10,100
* assigning the plot data and information files

@asg, axk plétinfo.
fuse 3,plotinfo.
@asg,axk plotdata.
fuse 4,plotdata.
* The GDP programme at the University of Cape Town
* interfaces with the system plotting hardware
@gdé*abs.input
* the plotting programme is executed

@xqt plot.abstrack

*

the plot data files are released and deleted

@free 3.

@free 4.

* the dummy file "checker" is deleted to indicate to any

*  gubsequent runs of the component interaction programme

* that the last plot run is complete

fdelete checker.

@fin



RUNSTREAMS 155

khkhkhdhhhhhbhhhhbhkhdhhhhhhhhhhhhhhhhhhdhdhdd

THIS RUNSTREAM ACCESSES AND EXECUTES THE

COMPONENT INTERACTION PROGRAMME

hhkhkkhkhhhhhhbhhhhhhhkhhdhhhhhhhhhdkdhkhkdhdhdd

- Brun statement

security statement

4

* assigning the programme file
.
@asg,a component*matrix.

*

* executing the programme

*

@xgt matrix.analysis
*

* the programme commands and user replies

*

@fin
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9. APPENDIX B - COMPONENT iNTERACTION ANALYSIS EXAMPLES

9.1. IllustrativeyEstuarine System

9.1.1. Unweighted Illustrative Estuarine System

component interaction matrix o
* minimum link matrix

* valency rankings

average graph distance rankingé

minimum path accessibility measure rankings
critical-component summary and ranking
cut—component summary and ranking

disruptive measure rankings

* dependency track examples
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ILLUSTRATIVE ESTUARINE SYSTEM
.#00‘00’3.#0#"#&3‘04###f0$‘¢‘¢*

THE COMPONENTS ARE AS FOLLOWS=

I ROOTED VEGETATION
2. PLANT DETRITUS
3 BENTHIC FAUNA
& ESTUARINE FISH
-5  AVIFAUNA
& HUMANS
THE INITIAL COMPONENMT INTESACTION MATREX ‘ THE MINIMUM [INK MATRIX
1z 3 % s 1 2 3 8 5 &
VERELBPAPSA S FI S ITHCHAS EREETE A BN B BE R BB SR FE
1+ 0 t t 1 1 3 & 1 ROJTED VEGETATION i+ 2 1 I 1 1 0 % 1 RODTED YEGETATION
2® ¢ 0 3 0 9 0 ® 2 PLANT ODETRITYS 2% § 2 2 2 2 § » 2 PLANY DETRITUS
3+ 0 1 ¢ G 0 0 e 3 BENTHIC FAUNA 38 2 } 3 3 3 0 ¢ 3 DENTHIC FAUNA
4 %« 1 1 1 0 fo& 4 ESTUARINE FISH § ¢« 3§ 1 Pz 2 0O % 4 ESTUARINE FISH
58 0 0 L 1 T 4 = 5§ AVIFAUNA 5 e 2.2 47§ 3@ e 5 AVIFAUNA
& 3 0O 0 1 © 0 % & HUNANS &% 2 2 2 1 "3 0 & & HUMANS
I E T IR TAL ER SRR & . BEeBESEEDE EREBREFRED
P2 3 4 5 & £ 23 4 5 & . o
~y THE NUMRER OF COMPONENTS EACH COMPONENT DEPENDS UPDN  THE NUMBER OF OEPENDENCIES SUPPORTEZD BY EACH COMPONENT i
UF B oo e 5 o e o U e 0 0 N K e D O e G 3 e WP A e S T 0 O T R o T . e . o 0 O 20 S e O G W 0 o O ol L G R DY A 00 T B O o o 2 106
i' " b o o " o v g :f
“ RANK COMPONEN c ENT ¢ ‘ : : [
=1 ! QMPONENTS  COMPOREN DMPONERT : RANK DEPENDENCIES COMPOMENT. COMPONENT
is CEPENDED UPON NUMBLR - LABEL SUPPORTED © NUMBER LAanElL HE
o0 o o " - - hbataitntutetuted o o e 1 A o e 0 o o e o D W A e 3z
.t 1 4 1 _ROOTED VEGETATION 1 3 z PLANT DETRITUS 10
U 2 3 4 ESTUARINE FI5H 2 3 3 BENTHIC FAUNA il
2 3 2 5 AVIFAUNA 3 3 4 ESTUARINE FISH B
t 4 1 2 PLANT DETR1ITUS 3 2 1 ADOYED VEGETATION Y
at 5 1 3 BENTHIC FAUNA 5 g 5 AVIFAUNA . »z
> 8 6 ! 6 HURANS & 3 & HUMANS in
5i : 15
23 HAXIMUR = 6 HAXIMUM = & V-

THE AVERAGE NOMARLY OF LINKS PEIR ICONNECTION BETNEEN THE AVEE#G{ Nunsé? OF LINKS3 PER CONNECTION BETHEEN
A COMPONENT ANMD OTHERS UPON SHICH {T 15 DEPENDENT A COMPONENT- AND OTHERS xutén ARE DEPECMDENT On 17T ’

e o B e o T W W A s e 0 O e O e e O e B M S e A A O O AT W A0 0 W BB W 0 GO I R S

RANK  AVEe. NC, COMPOMENT COMPONENT

CRANK AVE. NOs COMPONENY COMPONENT
GF L IHKS MUMBLR Lafre g OFLLINKS : NUMBER LASEZL
i 2.4 3 SENTHIC FAUNA TTYTOTTIITTTOTTTTTETTT dvieauma
2 Ze0 & HUMANS . 2z fe? 3 SENTHIC FAUNA
3 1e5 5 AV IFAULA 3 La? % ESTUARINE FI3H
# j-8 2 FLANT DITRITUS # 1«7 i RAOOTED VEGETATION
5 1-4 4 LS TUARTNE F1SH 5 1% 2 PLANT DETRITUS
& 122 1 FOOTED VEGLTATION & e 0 & HUMANS
MAXIMUM = 3,5 MAXIMUM = 3.5

3OVEIAYD

GISATIVNY WALSAS ANIYVALSH IAILVILSOTII

BINGISTO HAvEO=NT )

(EhTM oY

LST



ToUT=MINIMUM PATH ACCESSIAILITY HANKIYG)

THE NUMGEF{ DF MINTAUN PATHE LINKING A COMP = THE NUPFBER OF mIfl“Um PATHY LIN&ING A CD"’"-
ONENT TOD ALL OTHERSZ ON GHICH IT I3 DIFENDERT OMEMT TO ALL OTHLRS WHICH ARE DIPT .

T " D > o e W D o D A O O R G K S O R L O e W O DR T A 0 ke W e

RANK MINIMUM  COMPONENT COMPONINT ’ R & NK KINTMUN  COMPONENT  COMPONENT

PATHS CNUMBER LA3EL ' PATHS HUMBER® LAy
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9.1.2. Weighted illustrative estuarine system

* component interaction matrix

P

* valency rankings
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9.1.3. Programme / user commands



USER/PROGRAMME COMMANDS

# 411 data and cosputed information associated #
# with this run will be available to you as a
¥ hardcopy print-out listed under your userid, #
* Enter a descriptive heading of up to fifiy #
# characters for this prist-out. ¥
T

HE RN

# In order to enter the component matrix data #
¥ type "1" Lo assign @ permanent data file *
* type "2% 1o access a permanent data file  *
¥ type "3  for wo permanent dutas record *

TPV,

)
# enter the name of the data file #*
TP ume

FRanEE
+4ERTRAN ERROR #+  BAD STATUS:400010000000 FOR CALL FACSF
2asg,a NONEX: .

# The above error message indicates why your #
# file cannot be assigned to this yun. #
& type "1" to re-eater @ data file name &
t type 2% to usge another way to enter data #
¢ type “3" to terminate the progeanme %

£ In order to enter the component matrix data +
# type "1 to assign o pereanent data file =
¥ type “2"  to smccoess a permament data file *
¥ type "3I"  for ne permanent data vecord 4

T
#3

# What is the dimension of the component matrix 7 #
# (enter an inteser value betueen one and Fifty) #

L A
b

# Note sy mistakes you mav make when entering #
# data. You will be able to covrect them later #

# Enter the component labels (any combination #
# of betueen 1 zmd 20 alphsmumeric characters)

il

- component 10
srooted vegetation

component 27
spdant detreitus
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# type "1" to enter the matrix data as zevoes or a@s ones #
* type "2" to enter the dependencies on a weighted scale #

7797

=1
# type "1" to enter the component interaction #
* aatrix element by element. *
¥ type "2' Lo enter the component interaction #
# natrix row by rou. *

# To enter the elements of the component matvrix #
* type 1" for a dependency betuween components  #
£ type "0" for wno interaction between components #

#24% interactions with rooted vegetation

The depevddency of
on
777

>0

The dependency of
on
(R

LR

The dependency of
: an
s

HENCR"

The dependency of
on
72?

=1

vooted vegetation
rooted vegetation

rooted vegetation
plant detritus

rooted vegetation
benthic fauna

rooted veqetation
sstuarine fish

#kkk interactions with plant detritus

The dependency of
on

The dependency of
on
77

The depeyudency of
oan
Y

99

aan

w4 Reg-enter the last vesponse.

The dependency of
on
i

LRy

-
Sad

plant’detritus
rooted vegetation

plant detritus
plant detritus

plant dJetritus
beathic fauna

plamt detritus
henthic fauna

It was faulty.
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# A copy of the component interaction matrix #
# has been yecovded on yvour printfile. #*

# type 1" to edit or corvect the matrix data

# type 2" to compute the minimum link satrix

¥ type "3" to do selected intermction traces

# type "4" for measuves of cosmponent isportance
¥ type "3" to terminate the projgramme

® W B w @

TTRY
21

# . bype "1 to change an individual element
~* type "2" to change 3 component label

¥ type "3" to delete a component{col & row)

# type “4" to =add a component to the matrix

* {ype "5" to tersinate the programme

# Enter the row nusber, column nusber, and correct #

# value of the matrix element to be Corvrected. #
* {row,colum,integer between zero and three) #
G A
R

wgk The dependency between & and 4 has been changed from 2 1o 1
% Enter row, Golﬂnn, integer between 9 & 3 (or "exit™) #

YT
et

®m oW

# Further editing of any kind 7 {yes/no) #

TP .

10

# [y vou wish 0 revise the print-out heading 7 #
£ {(yes/na). ¥

7797

s ou .

N0 .

* Lype 1Y Lo overwrite vour data file with the
* revised conponent interaction matrix.
¥ type "2° to write the vevised component inter
* —action matrix Lo @ new file.
* type "3 for no persanent copy of the revised
* conponent interaction maleix.

7Y

=1



USER/PROGRAMME COMMANDS

pa——

# A copy of the minimum link matvix has been written #
V *

)‘1“
Il‘jll
4

‘03"
”4“

ue
o

to edit or corvect the matvix data
to compute the minimum livk matrix
to do selected interaction traces
for measures of component iaportamce
to terminate the programme

# to your printfile.

# 411 tracks ave drawn as Jdiggrams on the plotting

ﬂ-‘ i3]
nzn
Nzll
“4“

Y411
W

to edil or correct the matrix data
to compute the miniaum link mateix
to do selectéd interaction traces
for measures of component impovtance
to terminate the programes

i

# machine and are vreturned to you under your run-id, #

* type the nsber of the dependent component #

# type the number of the supporting component

# [o you wish to pevfors further tracks 7 (yes/nod @

&s“ ¥
nwan
wyw
g
gy

* type
% type !
* Lype
+ type
* type
TP uun
w2
* type
* type
* type
* type
* type
Ck S S
&
LT I
i3
‘???"é’“‘”.
24
2997 .. ..
i)
* type
* {ype
¥ Lype
* type
* type
TP
w4

to edit or correct the matrix datas
1o compute the minimum link matrix
to do selected interaction traces
for measures of cosmponent importance
to tersinate the programae

# ALl vankings will be written to your printfile.

# type

ok type

¥ type

LA

p—

ll" 11
ey n
2

kil

]
!t4(l
HSH

L3 1]

<

for the valency rankings of components

to
to
to
to

compute
compute
comprite
comparte

the
the
the
the

average pabh rankings
mivimum Link vankings
cvitical path vaabkings
cub-component ranbings

for the disvuptive messure vankinds

#ow & %

166
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# Do you wish to initiate a new vun T (yes/no) #

PR
yas

waen

# ALl data and computed information associated #
* with this vun wWill be available to you as & #
¥ hardcopy print-out listed under your userid. *
# Enter a descriptive heading of up to fifty #
* characters for this print-out. *
PPV _
endiv b o~ weighted illustrative estuarine system
 Re-enter the last response. It was faulty.

All date and computed information associated =
with this run will be available to you as a #
hardcopy print-out listed under your userid. *
Y
4

Enter & descriptive heading of up to fifty
# characters for this print-out.

TR

HEN A I Y

Fappendix b~ weigqhted CIN

% In ovder to enter the component matrix data

i
# type "1" to sssign a permement data file | #
t type "' to aocess a persanent data file  #
# type "3 for na permanent datzn vecoed *

ERACA
el

# Enter @ name (as any combination of 1 to 12 #
# alphanunervic chavacters) for the data Tile. ®

TRy

nue oG

Fastomring

# A file of this name alveady exists undey

# your project-id,

* type "1 to enter another name for the file
# type "2" to over-write this existing file

# type 3" to use another way Lo enter datn

* type "4" to terminzte the prograsse

EE I I I

A
.

# Enter @ name (as any combination of 1 to 12 %
+ alphanumeric characters) for the dats file. #

KA

R

gy e

Ar————

E.T.C.
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9.2. Detailed Estuarine System

9.2.1. The Positive Component Interaction Matrix

* componént interactibn/minimum link maﬁrix

* in-valency ranking

* in-average graph distance ranking

* in-minimum path accessibility measure ranking

* critical=component summafy (abbreviated) and ranking
* cut-component summary and ranking

* in-disruptive measure ranking

* dependency track examples
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THE #INIMUM PATH
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DEPENDENT SUPPORTING CRITICAL
COMPONENT COHPONENT COMPONENT
I FRESHAATER (/FLOW) 2 NUTRIENTS €4CYCLING) 37 FamMs3
I FRESHNATER (ZFLOW) 4 RIVER BEG 34 DAMS
] FRESHAATER (J/FLOW) S RIVER RANKS 46 RCAD/ALRPORT/GRIDGES
1 FRESHNATLR (/FLOA) . 5 RIVEIR BANKS 27 W75 RUNDFF
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! FRESHNATFR (/FL 04} 10 CURRENTS & WAVES 27 W5 RUNOFF :
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I FRESHWATER (/FLOW) 21 MUDFLATS 2 NUTRIENTS (/CYCLING)
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I FRESHAATER (/FLOW) 23 DETRITUS 2 NUTRIENTS §/CYCLING)
I FRESHAATER (/FLOW} 23 DETRITUS © 37 FARMS.
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9.2.2. The Negative Component Interaction Matrix

* component interaction/minimum link matrix

* dependency track examples
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9.3. Nanaimo Port Component Interaction Matrix Analysis

* component interéction/minimum link matrix
* critical-component summary and ranking

* cut-component ranking

* disruptive measure rankings

* dependency track examples
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10. APPENDIX C - GRAPH THEORY DEFINITIONS AND FORMULAE

10.1. Symbols and Formulae

A - the adjacency matrix of any non-planar directed graph

Ax - the adjacency matrix of ?A' with vertex ‘x' removed (i.e row
and column X are set to zeros)

X - any single vertex in 'A‘

m - the number of vertices in 'A‘’

L[N] - the minimum link matrix of ‘'A°

L[Nx] = the minimum link matrix of ‘Ax'

. m
the in-valency of any vertex j in A = = A(i,J)

s

m
the out-valency of any vertex i in A = < A(i,3)
J=1

m
the average in-graph distance = < L[N](i,j) / n
of any vertex j in A : i=1 :
' where n = the sum of the non-zero
elements in column j of L[N]

m,
G(i) = the average out-graph distance = € L[N](i,j) / n
of any vertex i in A j=1
: where n = sum of non-zero

elements in row i of L[N]

m
Gx(i) - the average out-graph distance = < L[Nx1(i,3j) / n
: of any vertex i in Ax i=1
' where n = sum of non-zero
elements in row i of L[Nx]
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D(x) - the (in-) disruptive measure of vertex x in graph A where :

X=-1 m
D(x) = = |G(i) - ex(i)| + = |6(i) - 6x(i)
i=1 i=x+1

1=
The alternative forms of the last three measures (i.e. in- or
out-forms) can be computed by summing down columns or across rows

‘as is appropriate.

10.2. The Maximum Values of Some Graph Measures

Maximum Valencies

Many applications of graph theory (e;g. for the study of
communication networks) do not consider the possibility of a
_vertex linked to itself. However, for environmental systems, an
edge A(i,j), where i=j, does have a useful meaning. 'The maximum
valency for ahy vertex is therefore equal to the total number of

vertices in the graph (i.e. the value of m).

N

Maximum Average Graph Distance Measure

The maximum value of G(i) occurs when each vertex is connected to

one and only one other vertex because :

* A graph, A, with each vertex connected to one and only one

vertex has the form :
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and any row i in L[{[N] will contain a sequence of values from 1

to m. Row 1 for the above graph would be :

jooe= 1 2 x-1 x x+1 m~1 m
m
i=1l; LEN](i,3j) = l 1 l 2 I ce e I g1 I X l x+1 ] oo s I m-1 ! m‘J
3=1 |

m N
Therefore LIN](i,j) = m(m+1l)/2 (which is the sum of the

i arithmetic progression)

and G(i) = (m+l)/2 as n =m (there are no zero values

in row i)
It is not possible to have an element in L[N]»>m as this would
not be a minimum linkage (i.e. a path with more than m linkages

must pass through at least one vertex more than once). For any

longest minimum path in row 1 there must be a sequence of

shorter paths. That is, if i1 and j are connected by a minimum
path of m links, there must be some vertex k, such that i -> Kk

by m~1 links, and k => j by one link; and so on.

Adding an edge to A (to give A') either produces more
connections, or leaves the linkage the same. I1f more
connections are created in the graph, one or more elements of
row i in L'[N] must decrease in value (i.e. some minimum paths

are shortened by the addition of a non~-duplicating edge).

- Therefore G'(i) is equal to or less than G(i).
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* Removing an edge from A (to give A") reduces one or more
elements in row i of L"[N] to zero. However, the sequential
increase in the row elements must still occur, and for .a row

with one zero value there will be values from 1 to m-1.

Therefore :

m
£ L"[N](i,3) = m(m-1)/2
J=1

and G"(i) = m/2 as n = m=1 in this case (there is one zero
value in row i)

Therefore G"(i) is always less than G(i).
The maximum value of G(i) is (m+1)/2.

G(i)max = (m+1)/2
Maximum Number of Minimum Paths to which a Vertex can be Critical

A critical vertex is one whose removal from a system disconnects

one or more minimum paths.

From the figure above 1t may be seen that a configuration is
always possible such that the removal of a vertex (X) disrupts a
minimum linkage ‘between every other vertex. As each vertex is
linked to m=~1 other yertices; the maximum number of minimum .paths

to which a vertex may be critical is (m-1)(m-1).
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Maximum Number of Paths to which a Vertex may be a Cut-vertex

-
A cut-vertex is one which is critical to minimum and non-minimum
paths. As X 1is also a cut-vertex to all paths in the case
described above, the maximum number of paths to which a vertex may

be a cut-vertex is also {(m-1){m-1).

Maximum Value of the Disruption Measure - D(Xx)

Given :
m
D(x) = = G(i) - Gx(i)
i#x '
D(x)max occurs for G(i) a maximum, and Gx(i) a minimum, or

viceversa. 1In general the minimum value of G(i)>»0 for any graph

with a non-zero number of edges. Therefore :
_ m
D{x)max < :EZIG(i)max - Of
i#FEx

< (m-1)] (m+1)/2 - 0]

< (m+l)(m-1)/2

In fact it can be shown, considering particular cases, that
FD(x)max = {(m=-3m+4)(m~1)/2m for m>7; m{m+1l)/4 for 4<m<8; and
(2m=1) (m=1)/m for 1<m<5. However, for this thesis, and the (I
programme listed in Appendix A, D(x)max is taken as the proven

upper bound, which is :

D{x)max =. (m+l){(m-1)/2





