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Abstract

During the past 15 years earth science survey data compilation has gradually

o

changed  from a manual process to one almost entirely computer autornated.

Computer methods were at first an optional means for improvement of the speed

and efficiency of certain phases of the work. They eventually became mandatory

as in-flight’ digital data acquisition devices were introduced ansl rates of data

acquisition increased to the point where manual methods became totally

.

inadequate. o T

. As a consequence of the phased replacement of manual systems with digital
ones, and the pressing need to avoid interruptions to the work, the resulting
software is highly specialised.” Software systems are incompatible between
different organisations compiling the same kind of data and even between systems
for different kinds of data within one organisation. The result is wastageﬂ‘of
man'power in maintaining, learning to use, and improving the great variety of

. - A " . . -
existing systems, and wastage of man and computer time in converting data to a

form compatible with the peculiarities of each particular system.

Comparative analysis of highly specialised compilation systems from several
different earth science disciplines -reveals that processes do exist at the
fundamental level which are generally applicable to a range of disciplines. Hence a
generalised -compilation systern capable of eradicating the problems inherent in
multiple specialised systems is at .least conceptually feasible. The most serious
obstacle to its realisation, however, is the diversity of data content and structure

among the various disciplines. To surmount this obstacle, a system with a great

degree of physical and logical independence of data from software will be

‘necessary.
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Existing methods of achieving such independence within data base management

systems are found to be largely inapplicable to earth science survey compilation. The
principle reasons being the very large quantities of data involved and significant
differences between the data retrieval requirements of compilation systems and data

base management systems.

It is found that, although the data contents and structures vary greatly bé‘tween
the various compilation systems examined, a general, abstract, model can be
constructed which adequately represents all of them and which incorporates the means

' . f
for achievement of data independence. '

' i

The logical data structures of current data base management systems are based
variously on relational calculus, set theory and graph theory. The compilation data
structure mode! is based on simple algebra with the addition of some components of

vector algebra.

Tt is further found that simple algebraic manipulation of the model expressions
R -

_faithfully”.simulates the actual data manipulation processes which are applied by the

various compilation systems.

Furthermore, unlike the logical models of the data base management systems,
the logical structure of the compilation data model also represents the actual physical

structure exhibited by the data in its most common, sequential form.

The properties of the model permit symbolic simulation of actual compilation
systems by which means processes common to more thar} ohe system can be more
easily recognized. As a result a relativ:ely small number of abstract processes can be
identified which when implemented as software modules would, in different
combinations, serve the basic compilational needs of a broad variety of earth science
disciplinres, thus becoming the sought after generalized earth science compilation

system.
ii




Au courant des derniéres-guinze annfes, la compilation des. donnfes de rele-

vis gﬁosciéntifiques & praduellement chanréd de procédés manuels 8 des mfthodes
presqu'entiéremen£ aﬁtomatisées par ordinateur. Au dfbut, les méthodes par
ordinateur ne servaient au's ausmenter la rapidit? et 1'efficacité de certaines
phases du trayail. Flles devinrent bientdt mandeteires & mesure que 1'mcqui-
sition des donnfes numfrigues en-vol furent introduites et que les tamux d'acqui-
sition des donnfes augmentérent au point od les méthodes manuelles furent rendues
totalement inadéquates. ) -

T'n conséquence du remplacement par stages des systémes manuels par des
systéﬁeé numériques, autant que par le besoin pressant d'éviter les interruptions
au travail, le logiciel qui en résulte est hautément spéeialisfé. Tl y a incom-
patibilité de proriciels entre différentes orgenisations compilant la méme sorte
de données et méme entre svstémes pour différentes données en dedans d'une méme
organisation. Il en résulte un gaspillare de main-d'oeuvre dans i‘apprentissaﬂe
i, le meintien et 1'amélioration d'une grande verift? de systémes existants.,

On gaspille aussi le temps de la mainmdfoeuvre et de 1'ordinateur en convertissant
les donnfes & une forme compatible aux particularités de chaque systeme,
-

I'analyse comparative de systémes de compilation hautement spécinlis®s

enpliqués &

‘g

lusieurs diseiplines péoscientifiques réveéle alye des procédés
existent qui sont généralement applicables & une variét? d'entre elles. Par
consfquent, il est possible, au moins conceptuellement,.de créer un systémé de
compilation capable d'ﬁ%iminer les problémes inhfrents aux systemes spfcialisis

multiples. lifanmoins, 1'obstacle le plus sérieux & sa rfalisation est la diver-

iv
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sité du contenu et de la structure des données parmi la variétd de disciplines.

o

Pour surmonter cet obstacle, il serait nAécessaire de créer un systéme dont les

~

donnéés seraient au plus haut point logiquement et physiquement ind@Apendantes

1

du logiciel. . B} -

Les méthodes permettant cette indépendance qui existent d&ja en dedans du
rrogiciel de maniement de fichier central se trouvent le plus souvent inappli-
cables d la compilaf&on des donnfes de relevis plfoscientifinues. Les principales
raisons en sont 1'énorme quantité des données en cause, et les différences impor-
tantes entre les exipences de récupfration Qgs donnfes de systémes de compilation
et le progidiel de maniement de fichier central,

En dApit de la rrande varift® dy contenu et des structures, on trouve qu'un

modéle cénfral et abstrait peut &tre construit, représentant d'une fagon adfquate

toute la veriété des systémes de compilation examinés et incorporant les moyens
.4

A'arriver 4 une indfnendance des donnfes. : : \

Los structures loriques des donnfes de lopiciels de maniement de fichier
5 .
. . .

central courants sont fondées d'ure fagon vari®e sur le calcul relationnel, la
thiorie des ensembles, et la thforie praphigue. Le modéle de structure des
donnfes de comnilation a vour fondement 1'alpéltre sirnle avec 1'addition de
certains commosunts de l'alpdébre vectorielle.

I} se trouve aussi aue la sinmple menipulation alpflraicue des expressions
Ay mod8le simule fiddlement les procidds réels de manipulation des donnfes qui

T o

sont aprliaqufs par les systémes de compilation variis. De plus, au contrairc des

]

rodsley lomiaues de proplciels, de maniement de fichier central, la structure

[

-———
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logique Au moddle de compilation des donnfes représente aussi la structure .
phjsique actuelle démontrée paf les donnfes dans leur format sfquentiel le
plus commun. Les prowriétés du moddle permettent la simulation symbolique de

systémes de compilation réels grice 8 aquoi les procédfs communs & plus d'un

systéme peuvent 8tre reconnus plus facilement. Il en résulte qu'un relatiyement
; . =

netit nombre de proc&dés abstraits peuvent &tre identififs. 1tilisés en ta

aue modules de logiciel, et en différentes combinaisons’:.ils serviraient & sitis-
’ . .

faire les besoins de compilation de base d'une grande variété de disciplines -

rfoscientifiques et deviendraient ninsi le systéme de compilation gfoscientifique

[ »

£fnéralis? qu'on recherche:

vi
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1 SUMMARY

Computer automated compilation and cartography of survey data is carried out

in all branches of the earth sciences. With the exception of certain graphics soft)vaz:e\

packages, the compilation systems employed are highly specific to the particular

discipline. Indeed, most are specific to the particular organisation. )
Three significant disadvantages result from this situation.

Firstly, there is an enormous duplication of effort in the creation and
maintenance of the many separate systg&ms. Second!y, any scientist engaged in multi—
disciplinary work must become familiar with as many different systems as there are
disciplines involved. Thirdly, the form and content of digital information is usually

rédically incompatible between different systems.

A consequence of this last fact is that it is difficult to the point of impossibility

to create a general earth science data bank. At a far less ambitious level, simple
. & ’

exchange of one type of inforryftion between two organisations generally involves a

significant expenditure in time and money to convert the data to a form compatible

with the recipient organisation's system.

To solve these prablems would require the creation of a generalised software
system. Such a system would be capable of applying the common processes of

compilation and cartography to a bioad range of earth science data types.

As a result of having passed through the same system, the data structures of end
results would be mutually compatible, thus permitting the creation of a general data
bank. Duplication of effort in creation and maintenance of multiple systems and in

learning to use them would be eliminated.

A
“

s -
.




To determine the feasibility of creating such a system, the first questions to be
answered are: "Are there such things as.'common processes' of compilation and

cartography when referring to a broad range of earth science disciplines? If so, what

are they?™ .

v

This work begins by examining existing automated compilatibn systems as
applied to five difft::rent earth science disciplines. Namely, drift sedimentology,
aeromaé;netics, airborne’ gamma-ray spectrometry, regional geochemistry and
gravimetry. Each system is described in the same manner as it originally appeared in
published literature. Comparison of the descriptions and associated flow diagrams in

~

search of common featur‘es reveals a complex pattérn of helpful similarities and
ot;stinate differences, e.g. from the fundamental principles involved, gravity and
magnetics are closely rela‘éed; from the operational point of view aeromagnetics is
most closely related to airborne gaimma-ray spectrometry; yet airborne gamma
spectrometric results are essentially ge_ocbemistry! Very few truly common features

-

can, however, be found.

It is contended that the reason for the apparent lack of common features is not
intrinsic but stems from the point of view of those who created and described the
individual systems. They were often created as an automated model of pre-existing

manual systems and are described in terms of the earth science practices and

objectives.

When regarded gro'm a more general view poir;t, four fundamental categories of
process appear which are common to all of the compilation systems. Namely -
verification, display, manipulation and development. The:se categories are shown to be’
natural rather than ar-tifically imposed at a later stage of the work when a symbolic

notation is developed for describing data structures and processes.



On examinatioﬁ of these lcategories, the first three show themsel\:’és to be
readily amenable to generalisation. The last category, development, appears at first
to be much less amenable but further investigation shows that many development
processes afeo largely made up of a mixture of the other three types of process, and
only a small residue remains that is highly specific to a particular discipline aﬁd not

easily generalised.

~

Having recognised and surmounted the obstacles to the recognition of generality
within autocompilatio;l systems, the néxt obstacles to be faced are those wﬁich lie in
the way of implementation of general processes. The three major obstacles are,
restrictions imposed by computer capacity, diversity of machines and programming
languages, and diversity of data structures. The first problem is being solved
automatically as computer capacities continue to increase at an ‘exponential rate, The
second problem can be overcome by writing software in the standard version of a
. widely used language. The third problem presents b){ far the greatest difficulties. lt_
'a'!—‘ - could perhaps be solved, or rather circumvgnted, by imposition of a rigid data
structure convention. This however would be very difficult to apply to the broad range
of data types involved and even ii possible would hamper generality and future

development rather than promote it.

The problem is.that of "data independénce“. It is a well known problem not
restricted to the disciplines considered in this work. The most successful solutions to
the problem have been made in the fields of generalised data base management
syétems. Such systems permit effective retrieval of data from a data base with the
actual physical and logical structures of the data base being almost completely

2

independent of the user's concerns. Data base concepts and practices are examined to -

T e s st ;i-.;r,.;_;q,‘ﬁw



determine their relevance to the current problem. It.is concluded that data base
systems as implemented are not suitable for application to the current problem
because of two fundamental differences between the types of data and retrieval
requirements of data base systems as compared to earth science survey compilation,
i.e. i) earth science compilation system; must deal with much greater volumes of data
and ii) although retrieval requirements vary between different compilation systems

and between different phases of any one system, within one phase of one system, they

are predictable in advance.

In order to surmount this obstacle, a prerequisite is a detailed examination of the
fundamentals of data content and structure. Published works exhibit a confusing and
conflicting mixture of terminology with regard to data content. This work, therefore,
establishes and defines what the writer considers to be a necessary and sufficient set

of terms.

The next part of the work is concerned with earth science data structures.

-

A data structure system can always be simple. I natural systematic relation-

ships exist within the data a more complex structure can be developed.

"Sufficient naturél relationships" means that all the records of the data set are
not entirely independent and different from one another, i.e. whereas some part of
each record must be_ unique and independent of all other records (otherwise it is just a
duplicate) some parts of the record may possess features which are common to many
other records, e.g. "all samples have different elemental composition but many have

the same gross lithology".

The stated advantages of the more complex structures are improvements in

storage and retrieval efficiences. More complex structures are more difficult to



create and maintain, however, hence the best type of structure for a particular need

must be an appropriate compromise. ?

One complicating feature of earth science data which is rarely mentioned in
works on data management is the existence of multi-dimensional data. This, plus
other factors peculiar_ to earth science data results in a variety of data structures
which are practical and efficient but which are diffi'cultﬁto 'desc;ribe in terms o.f the

_standard graphic forms of “flat file" "tree" and "network". They are described in this

work by a simple symbolic notation.

+

With the graphic form, data items are represented as nodes on the tree or
network and relationships as lines linking these nodes. The network type of structure
appears to bé a physical simplification over the flat file, as the number of nodes is less

)
in the former. In the actual data set, however, the relationships must alsc: find some
mode. of physical expréssion.’ For some kinds of earth science data sets, the

improvement in storage/retrieval efficiency promised by structural development may

be unobtainable in reality.

The drift sedimentological data file is used as a pertinent example. A fully
developed network structure for this type of data could, perhaps, produce about a 50%
reduction in storage for data items and, in theory, a great improvement in retrieval

efficiency.

The practical realities of the retrieval process,” however, show that the improve--

ment in retrieval efficiency would be much less than expected.
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Many earth science data sets and processing needs appear to be incompatible
with the structural concepts of most data base management systems. The reasohs for
this are that mos{, if not all, data base management systems were created with the
inherent characteristics and processing requirements of business data in mind. The

characteristics and processing requirements of earth science data differ significantly

from those of business data.
' The root of the problem, however, lies much deeper.

Diagrams of networks, through the human sees them as a simplification of the
problem, are two dimensional. Even more complex structural relationships are’

depicﬂc]ed graphically as perspective drawings of three dimensional systems. The

computer is,_however, one dimensional. All multi-dimensional concepts and structures
must be mapped into or;e dims_nsion by the analyst who creates the algorithm to
implement the model. The computer also demands everything in explicit numerical
form. The conceptual simplification of the data set attained by a network or other

type of diagram .is deceptive.

-

The eventual imple‘mentatior?of. a model will have more in common with the
original unsophisticated flat file data set, than either of them have with the
intermediate, multidimensional conceptual model. Hence in (;ertain circumstahces,
' advantage may be gained by keeping the conceptual stage closer to the line between

\

the simple data set and the simple mind of the computer. .

The next section of the work concerns itself with creation of an effective but
linear model of data structure. A model, furthermore, which is capable of adequately

describing those data structures which were difficult to describe as graphic structures.



The model developed allows: description of a data set by a simple algebraic
expression, which can be “qitten in a highly summarized and condensed form. The

[ relationships between data set componenté, which were difficult to describe by graphic
structures are found to be fully describable by matrix algebrauoperations. Further-
more, formal algebraic manipulation of these expressions accurately models the
changes in data structure that take place within compilation processes. The originally

14

chosen, four basic cd!‘npilation processes are shown by the model notation to be a
natural classification. Display involves no output (in digital form). Verification
involves output with no change in physical structure or nominal content from the

input. Manipulation involves output in which the physical structure but not the

content has changed. Development produces output of new content.

~ Al

By simple notational conventions, all pertinent characteristics of a data set
(level of structural development, attribute content, physical order, access routes, etc.)
can be explicitly and concisely expressed. Manipulative processes need no explanatory .

text as the particular manipulation is evident from the notation.

\ Each of the compiJatBn systems described at the beginning is described again
\ using the mode! notation. When described in suificient detail the existence of many

common features becomes clearly evident.

The final part of the work is concerned with implementation of such a system,

i.e. the design of a software system based upon the model structure.




II FOREWORD: The need for a generalised, earth science, computer -

automated compilation system

Whén seeking to determine the contents and mechanisms of the lithosphgré in
depth, unlike many other scientific tasks, both direct observation and simulation by
experiment are largely ruled out. The former because oli the location of the subject
matter. The latter because of the enormous physical and temporal scale of the subject
and its mechanisms. Hence hypotheses regardill'lg the structures, contents, .and
mechanisms of the-lithosphere have had to rely upon limited direct observations

combined with as many indirect observations as can be made.

With the tools of modern science and the advent of automated data acquisition
systems the abundance and variety of indirect observations have become almost an

embarrassment.

Just as it has become physically impossible to manually compile and map the
data as fast as it is acquiredy it is becoming intellectually” impossible to-correlate and
reconcile all the different types of observations that may be applied to a given

subject.

»

With information in digital form, all clearly definable repetitive tasks could be

handed over to the computer leaving the human largely free to pursué only the
esséntially intellectual tasks that remain. To accomplish this would, however, require

’
computer programs to perform those tasks suited to automation.

[}
e

At the current state of development, compilation and mapping software exists
within each separate discipline.” With the exception of certain graphics software
packages, however, the compilation systems employed are highly specific to the

particular discipline. Indeed, most are specific to the particular organisation.



Three significant disadvantages result from this situation. Firstly, there is an
enormous dupiication of effort in the creation and maintenance of the many separate
systems. Secondly, any scientist engaged in multi-disciplinary work must become
familfar with as many different systems as there are disciplines involved. Thirdiy, the
form and content of digital information is usually radically incompatible between

different systems.

A consequence of this last fact is that it is difficult to the point of impossibility
to create a general earth science data bank. At a far less ambitious level, simple
exch;nge of one type of information between two organisations generally involves a
significant expe:nditure in time and money to convert the data to a form compatible
with the recipient organisation's system. To solve these problems would require the
creation of a generalised software system. Such a system would be capable of
applying the common processes of compilation and cartography to a broad range of

earth sciepce data types.

Duplication of effort in creation and maintenance of multiple systems, and in

learning to use them, would be eliminated. As a result of having passed through the

same system, the data structures of end results would be mutually compatible, thus,

'permitting the creation of a general data bank, and facilitating multi-parametric

processes.

A generalised computer automated compilation system for the earth sciences is

needed. The objectives of this work are to identify and surmount the obstacles that lie

in the way of the realisation of such a system.

i bR ik



1.0 Automated Compilation in the general context of the Earth Sciences

Let us Begin by defining some of the terms in the title of this work:

1) Automated compilation

This term, in the current context, means:

"Bringing together the separate components of the data once they are in
digital form and performing by computer processing methods all the

manipulations and computations necessary to create the final, correct,

maEEable data set."

A "mappable" data set is composed of records each of which contains
spatial coordinates defining a point, line or plane within some cartographic
reference frame and also data defining one or more ‘earth science

parameters which relate to the defined spatial element.

The principle_objective of the automated compilation system is the elimination
or minimisation of all errors, aberrations and disturbing or irrelevant influences from

the spatial coordinates and associated earth science parameters.

In the strict sense "automated compilation™-excludes all activities required to
create or acquire the initial digital data- sets and excludes the subsequent cartography
of the final mappable data set. As will be seen’, however, automated‘ compilation
systems must include cartographic capabilities to produce maps in, or close to, the
final desired form as an adjunct to the détection and correction of errors or

aberrations.
it)  Earth Science
Those d'iscipliries whose basic objectives are the definition of the current

and historical contents .and structures of the lithosphere and of the

. mechanisms of change which resulted in these contents and structures; and

Sy
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to which _surirey methods aréL applicable, i.e. geology, geophysics and
geochemistry. Hence, in the current context, those sciences concerned
with the-definition and interpretation of the features of  the biosphére or
atmosphere, the physiography of the earth's surface, or the earth's interior
at great depth (geography, geodesy, demo‘graphy, meteorclogy, planetary

physics etc.) are excluded, v

Figure | illustrates the position of autpmated compilation with respect to the
. L4 .

other components of a complete earth science system.

In the work '"computer sof‘gware for geographic data handling" (Anon,‘l975,
p. 2), the ADAM system (Holroyd, 1974) i;s referred to as a "full géographic
information system”. Figure | makes the distinction that the ADAM system, which is
for automated Compilatéoln of aeromagnetljc data, and similar -systems are @7
geographic inforrnlation system but precursors to such systemns. Many, highly complex
and sophisticatgd'geographic informatiop systems exist. -Several modern systems are
described. in "Mapl;lng software and cartographic data bases" (Anon, 1979).
Blakemore 'and Lloyd {op. cit. p. 1) describe digitizing and display procedures for
spatial data related to industrial plénning. Douglas (op;‘cit. pl. 57) critically compares
different ways to represent the same or similar spatial data sets. McEwen {op. cit,
p.. 136) describes the acquisition of digital cartographic data by the U.S..Geological
Survey and states that (with respect to the eleven different types of'l"napped data

considered)

"Digitization will be done either from available separates of these maps or

-

during their compilation".

The salient points to be noted about these examples quoted (which accurately

represent the general contents of the work cited) is that all begin either with a

PLEN e 'li_m
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Digital acquisition
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Raw Data
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AUTOMATED COMPILATION SYSTEM

Intermediate Data
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\:

Final corrected mappable data set

!

POST COMPILATION
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Geographic information system
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Cartography (manual/digital)

‘Interpretation
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v | N

Archives \\\\\¥‘h‘ Geographic Data Bank

Figure 1. Autocomnilation in the context of a compiete
Earth Science Survey System.
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mappable digital data set or by digitisation from a pre-existing map or spatial
representation (Photos, etc.)
"Compilation" in these cases consists of acquiring or digitizing the data then

correction of errors.

Geographic information systems are not, however, restricted solely to the
manipulation and re-mapping of geographic data in different forms. They are often
concerned with the integration and interaction of several different types of data over
a given region and the development by complex and leng;ﬁhy computation of new types
of data better suited to the lobjectives of the users and interpreters. The
characteristic of all such systems however, is that the significant work begins after

the acquisition of the mappable data sets.

The characteristic of an automated -earth science compilation system,
conversely, is that the significant work takes place between the acquisition of the data

and the output of the final, correct, mappable data set.

Not all of the five examples described in the following sections fit exactly into
this category. The drift sedimentology system for instance is more closely akin to a
geographic information system as its compilational aspects consist almost totally of
error detection and correction of key punched information. It is included mainly for
comparison and contrast with the other systems and because of the peculiar problems

created by the diversity of its data content.

The two aero geophysical examples and the land-gravimetry example, however,

fit very well into the auto-compilation category.

All three begin with decidedly un-mappable data. The principle data

components of the aercgeophysical systems even begin without spatial coordinates at

-
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all and a great deal of computational effort is expended in deriving coordinates for

the in-flight measurements.

A further characteristic of aerogeophysical data — one which creates its own
special problems —is the enormous bulk of the data involved. Newly developed
devices (see section 3.4) are capable of data acquisition rates of up to 30 megabytes

per hour, and are likely to be in use many hours per day throughout the field season.

Even with the more conventional devices very large q;Jantities of data are
acquired as a result of flying regional surveys of great areal extent. Problems which
would appear to be simple (sorting data into geographical order, transposition of
survey network matrices etc.) with moderate'\;‘amounts of data, require complex and
specialized solutions. The Goias survey, for example {Anon, 1977) involved over
300,000line kilometres of survey flight, recording both aeromagnetic data and four
channels of radiometric data. At compilational costs (average computer service
bureau rates) in excess of $20 per line kilometre (S.D. Dods, personal communication)
for this type of data, it would have cost over $6 million in computer time alone to
]ﬁroducethe final mapable data sets. It did not cost this amount in fa'ci&as the volume
of work involved in digital compilation makes computer service bureau charges
prohibitive. Hence all Canadian aerogeophysical companies now en;lploy' in-house
computer systems. The equivalent service pureau cost, however, serves to illustrate
clearly that the central portion of figure IV is not disproportionately large compared
to the pre- and post-automated compilation phases, and that such systems are a

worthy subject for investigation.
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1.1  Examples of computer-automated compilation systems for Earth science

survey data

Five examples of automated compilation systems are described from various
Eall'th science disciplines. Namely, drift sedimentology, aeromagnetics, airborne,
gamma-ray spectrometry, gravimetry and regional geochemistry. The scientific
background to each discipline is briefly described, followed by a description of the

compilational requirements and a flow chart of the cofmpilation systems.

-

The compilation system descriptions are presented in the same manner as they
originally appeared in published literature —or in the way that the workers who

created and employed the systems described them in personnel communication.

One of the flow charts — gravimetry —represents a "generalised" system. i.e.
one whose intent is to show the features common to all or most gravimetric
compilation system.s. The remainder represent specific systems actually in use.
Moreover, these systems ;’;\re all in use within the same organisation, — the geological

. . i '
survey of Canada, this fact serves to emphasise the contrasts between the systems.

The examples vary significantly in their contents and complexity and are not
presented in any special order. The aerbmagnetic compilation system is described in
the greatest detail, partly because this example is the most complex of the ones
chosen and partly because it contains several components which are similar to, and can
therefore be used as illustration of, problems in other disciplines. i.e. the processes of
standardisation and merging of in-flight and flight-path data need not be described for

both aeromagnetics and airborne gamma spectrometry as they are almost identical.
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1.1.1 Airborne gamma ray spectrometry

Gamma ray spectrometry involves the detection, and measurement of the

energy of, gamma rays passing through space. Certain ranges of energy or "windows"

are selected and the number of gamma rays in each energy range are counted over an

-

interval of time.

The origin of gamma radiation and its relevance to the Earth Sciences is
described by Kog:an et al (1971, p. 1-47, p. 256}, In summary, gamma rays result from
radioactive decay of atomic nuclei. . The energy of the gamma ray is dictated by the
particular decay rmechanism and is hence characteristic of the element from which it
is emitted. The three elements responsible for the major part of natural gamma
radiation are Uranium, Thorium and Potassium. The most common arrangenr}ent in a
gamma ray spectrometer is therefore three windows covering the characteristic
gammad ray energy ranges of these three elements. A fourth window is also employed
covering the whole ;'ange of natural gamma ray energies. This is known as the "total

count" window,

e Airborne gamma ray spectrometry is well known as a valuable reconnaissance
tool in the search for uranium deposits {Grasty 1975, p. 503). It is not restricted to
such an application however. Grasty {(1). 1976, p. 257) describes its use for water
equivalent snow measurement: Gamma rays emanating from radicactive minerals in
the ground suriace are absorbed in proportion to the mass of water in the snow cover.
Comparison of the gamma ray intensity over bare ground and over the same terrain
after snow cover allows direct calculation of the water-mass of the snow. Not only is
this method more rapid than taking spot'samples it‘also provides a more even coverage

and measures water mass directly.

-
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The usage of- gamma ray spectrometry most generally related to earth science
is direct classsification of outcrop lithology from airborne gamma ray spectrometry
data. Newton and Slaney (1977) developed a classification algorithm by examination
~ of the characteristics of gamma ray profiles-‘g)ver several known rock types in the

Hearne lake area NWT. When the classification algorithm was applied to other

profiles in the region, 63% of the measurement points gave correct identification of

the rock type beneath them.

The instrumentaﬁon and methods for a typical gamma spectrometry survey are
described by Richardson et al. (1972). The instrument consists of an array of "Doped"
crystals of sodium iodide. "Doping" means the addition of a small guantity of impurity
{usually thallium) to the crystal to modify the quantum energy [évels of -the latter.
When a gamma-ray photon is absorbed by an atom in the crystal, the atom enters an
"excited" energy state. It decays to its base state by emission of a photon of visible
light. .The energy of the emmitted light is proportional to the energy of the original
gamma ray. The light is detected and amplified by a photo multiplier tube producing
an electrical pulse whose voltage is proportional to the energy of the incident light and:
hence to the original gamma-ray. Each such pulse constitutes one "count" of specific
energy. The wusual practice is to compile the counts in each of the four windows
(U, Th, K and total count) ovér successive one-second intervals. The counts and a
fiducial are recorded on digital magnetic tape. The aircraft flies at about 200 km

per hour at a terrain clearance altitude of approximately 150 metres.

Survey area coverage is by parallel flight lines whose separation distance varies
according to the type of Survey (5 to 25 km for regional reconnaissance, 500 metres to

2 km for more detailed local surveys). Either inflight photography or a video system is
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used to record’ pictorially the terrain over which the aircraft passes. A fiducial
corresponding to the one recorded on the digital magnetic tape is also recorded on the
film or video frames. The film or video record is later compared with a topographic or
photomosaic map. Where recognisable terrain features allow correlation between the
in-flight record and the map, the points are plotted on the map and annotated with the

corresponding fiducial number. The survey track information thus recovered is

converted to machine readable form by use of a digitising table.

At this point, all the information necesséry for compilation and mapping of the
survey data is in digital form ready for submission to an automated compilation
system. The data however will have to be submitted to a series of lengthy and
complex processes the compilation processes — before it is in mapable form. The
ultimate objective is to produce "Equivalent" uranium, potassium and thorium maps of

the area surveyed. That is, maps that show ground surface concentrations of these

three elements as calculated from the observed gamma ray flux at the flight altitude.

Fig. 2 shows an equivalent uranium map. This map also represents the

systematic regional coverage of Canada by airborne gamma spectrometry.

As well as the three equivalent element maps mentioned, maps are also
produced of the total count and the U/K, U/Th and Th/K count ratios. A second
method of presentation is also employed. "Stacked" profiles of the count rates and
ratios are produced to permit detailed examination and comparison of the corrected

data. Fig. 3 shows such a stacked profile set.

Airborne gamma radiation measurements are, however, subject to several
sources of error or disturbing influences. Furthermore as it is a flux that is being

measured, the count rates observed depend on the size and geometry of the detector
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\and hence the instrument must be calibrated against a known standard. The disturbing
influences and sources of errors of observation are described by Briener et al (1976)

é\r\d Grasty (1976, 2) describes the calibration procedures.

Three principal disturbing infhjences exist. The first is distortion of count rates
due to "scattering" effects. Gamma rays in their passage through the ground surface,
atrnosp.here énd material of the detector may undergo what is known as inelastic
lscattering". A gamma ray may lose part of its eneréy on collision with an atomic
nucleus. It will therefore no longer bear the energy characteristic of its parent
“element and could lose just sufficient energy to appear to have originated from a
different. element. Thus ﬁot only is one count lost from the parent element window
but a spurious count could be added to %he window of another element. During
compilation a theoretically derived "stripping ratio" or "spectral"' correction is applied

to remove, or at least reduce, this effect.

The second disturbing effect is detection of clounts originating from sources
other than the ground surface. Sources such as atmospheric particulates, atmospheric
radon gas, cosmic rays and trace radioactive elements in the aircraft and instrument
fabric. This effect is known as "Background radiation" unlike the stripping ratio
corrections, backgrohnd corrections cannot be calculated from the;retical bases and
must be deterrﬁined by observation. Water is a good absorber of gamma radiation and
contains relatively few radiation sources itself. Hence measured radiation above a
body of water such as a lake or river should consist mainly of background.
Accordingly, during survey flights, whenever the aircraft is passing over a body of
water a special code is manually entered into the digital data. During compilation all

such background data is extracted and employed to calculate a background correction

for the actual survey measurements made in the intervals between over-water {light.
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The third disturbing influeﬁce is due to variations in the distance between the
ground and detector. As distance from a radioactive source increases, the radiation
flux density will of course decrease as an inverse square. The Flux will also decrease
as distance increases due to increased absorption of gamma rays by the atmosphere.
A‘bsorption will depend on the density 6f the air, which is a funt:tioln of temperature
and pressure. If such variations were not accounted for then each variation in
detector—ground distance due to topography or non—l;evel flight would produce a-
corresponding change - in measured count rates. Accordingly "'altitude“ and

"temperature/pressure”" corrections are calculated and applied so as to correct the

count rates to those that would be observed in level flight over flat ground.

A detailed description of airborne gamma spectrometry compilation is given by

Grasty (1974) in the Geological Survey of Canada Airborne gamma ray spectrometry

data processing manual. The flow chart provided and the description of the programs,

allows construction of a chart showing the general features of automated compilation

of airborne, gamma ray spectrometry data (Fig. 4).

Although of scientifically complex origins, and vital to the creation of the
mapable data set, the actual calculation and applicétion of the ‘correctior}s, is a
straight forward and simple process. [t occupies only a small part of the compilation
system as a whole. The other processes on the flow chart, though possessing
deceptively s;implé descriptions in their flow chart boxes tend to be more complex in

their implementation than the correction process.

Corrections are applied in the same manner to all members of the appropriate
data set. Such processes as extraction and standardisation of data sets, detection and
correction of errors and combination of flight path and inflight data require choices

between several alternative .-courses of action depending upon the outcome of an
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automated logical decision making process. The most complicated of these processes
is merging of flight path and in-flight data. As this process is virtually identical to
that applied to aeromagnetic data, detailed description of it will be left until the

section dealing with aeromagnetics.

1.1.2 Regional geochemical surveys

Mineral exploration directly by geological prospecting may only be applied to
exposed material. Drift covered bedrock is inaccessible. Even with abundant outcrop
the method has its problems as the size of an exposure of economic mineralisation may
be véry small in comparison to its non-economic surroundings. In order to improve the
chances of discovering economic mineral deposits, means must be applied to determine
"targets" —areas with a higher than average probability of economic mineralisation.
Debouched ground waters and rain runoff con‘;ain minute quantities of dissolved
elements rebresentative of the average elemental composition of the rocks with which
they have been in contact. As streams merge, their elemental compositions become
averaged such that when the main drainage channel is reached, composition of its
wAaters should reflect that of entire‘watershed. By s;tematic sampling and analysis of
streams and lake waters, areas of higher than.average concentration of sought-after

elements can be mapped. Thus providing targets for exploration and improving the

chances of success by avoidance of potentially unfruitful areas.

As well as providing targets for other exploration methods, the method itself
can be applied to regional target areas - sampling at smaller and smaller intervals to
"zero in" on the location of an individual deposit.

Less direct and- more generally applicable to the Earth Sciences is the

statistical analysis of geochemical results. Multivariate analyses can establish
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characteristic patterns of trace element composition to distinguish between rocks

which are mineralogically similar but of different provenance.

Airborne gamma spectrometry and aeromagnetics with their high rate of data
aquisition and in-flight digital recording are obvious candidates for autocompilation.
In‘fact the current rates of survey coverage by these techniques make autocompilation
mandatory. One would not, however, normally consider chemical analysis results to
fall into the same category, as the data aquisition rate is much slower and the
compilational process is rﬁuch simpler. In the time taken to analyse a suite of stream
sediment samples by wet chemistry methods for {say) 10 elements, an airborne multi-
channel gamma spectrometer could have covered at least iOOO km of survey traverse
and have recorded on magnetic tape over | million characters of information. The
advantages of computer processinwre not, however, solely restricted to the most
bulky ofu data sets. Furthermore, the rates of aquisition and ahalysis of geochemical
data are constantly increasing as helicopter mou_lnted automatic sampliné devices and
automated analysis methods come into greater use. Bristow (1975) describes a
computer controlled geochemical analysis system employing an atomic absorption

spectrometer. This device is capable of analysing up to 200 samples in a run, at a rate
~. -

_ of approximately 100 samples/hour.

Geochemical surveys are principally used as a’reconnaissance tool for economic
mineral exploration. Cameron and Hornbrook {1976} for example, describe the
application of the method to reconaissance for uranium in the Canadian Shield.
Figure 5 shows a uranium map of the lake superior region. The data‘}aquisition
tecHniques employed by the Geological Survey of Canada are described in detail by

Garrett (1974). They are, in essence, as follows. When samples are collected, a

et
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"field card" is_ filled ouf. This card contains the sample number and such information’
as the altitude of the sample site and description of the immediate environment of the
sample. On return to the office, the field cards are keypunched. Sample sites are
plotted on maps of the survey area and their coordinates converted to machine
readable form on.‘a digitising table. Wet chemistry analysis results are written onto
coding forms and keypunched. Atomic absorption spectrometry analysis results are
produced by an automated spectrome;er.and“emerge in machine readable form on
digital data cassettes. lThus the data necessary for compilation and mapping is
originally resident in four separate data files. Namely the flleld card, station
coordinate, wet chemistry and AA files. These files become available at different
times with their contents ordered differently".' The components of each file are
indexed by sample number which is used as the fiducial to correlate and combine the

inforrmation.

The compilation process for geochemical data is briefly described at the start
of Geological Survey of Canada open-file 506 (Lund, 1977). From this source and
D. Elwood (Pers. comm.) it is possible to construct a.flow chart of the geochemical
compilation system employed by the geolégical Survey of Canada (Fig. 6). The first
stage of the compilation process is to combine the field and the station coordinate
fites to produce a file containing all information auxilliary to each sample.

The wet chemistry results, though derived by batch analysis for one element at
a time, are written on to coding sheets and hence can be arranged by sample number
before keypunching.

The atomic absorption spectrometry results on the other hand, are output

directly in machine readable form. Like the wet-chemistry analyses, however, they
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are performed in batches for one element at a time. An automated compilation sub-
system is therefore required to verify and rearrange the results in the requisite order.
This sufﬁiéystem is described by Holroyd (1975) and depicted in flow chart shown in

Figure 7. A brief description follows.

In the laboratory, the analyst splits some samples into two parts and introduces
"control" samples of known centent and "Blank" samples which are simply pure water.
These additional samples are for quality control and for determining the instrument

drift.

The data from each element batch are checked for "physical" errors (miscoded,
missing or superfluous characters) and a special index word is created for each result.
This index word contains in highly condensed form, the Sample numbgr, the element
name and a "flag" which indicates whether the result is routine, control, duplicate, or
contained on error. When sorted by the index word a file emerges with routine
analyses first, controls second, all duplicates third and all erroneous values last.
Within each group-the results have been re-arranged by sample number. {i.e. all
results for any gi\-fen sample number occur consecutively) The next stage removes the
index word and creates a output file in the st‘andard form required for entry into the

main compilation system. Statistical analysis to determine the overall quality of the

results may also be made at this stage.

As well as the duplicates and controls inserted in the laboratory, the original
samples supplied to the laboratory also contain "blind" duplicates and controls to
enable the recipient of the results to assess the quality of the analyses. Every

sequence of twenty sample numbers contains only 16 routine samples. The [irst
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member of the remainder consists of one "field duplicate". (a sample as gathered in
the field is put into two ‘separate containers and annotated with different
sample numbers). A second, simiiar, duplicate is made from another sample. when the
samples are being prepared for analysis. This also receives its own sample number.
The last two members which make up the set of twenty sample numbers consist of
contro] samples of known compositions. The identity of the controls in the suite of 20
samples are not discernable from the samples numbers. Only a special anotation on

the field card distinguishes between routine and control samples. Hence the analyst is

unaware of the identity of the control samples.

The first major task of the compilation system is therefore to extract the
analysis results of duplicate and control samples so that duplicates may be co'mp'ared
with each other, and control results compared with the _known content of the control
sample. The task must be performed rapidly as any unacceptable discrepancies must
be reported and the affected samples sent for re-analysis. Extraction of control and
duplicate analyses requires a temporary merging of the auxiliary and analysis file to

identify these types of sample from the annotation on the field cards.

When all analysis results are received, the three files are merged to produce the
final data set. From this file all results for a particular element can be extracted,

maps produced and statistical analyses made.

1.1.3 Drift sedimentology

The detailed study of recent unconsolidated sediments as a geological and

specifically, resource exploration tool rather than for glaciological, geomorphological,
) } B Pt
or engineering geological purposes is a comparative newcomer to the Earth sciences.
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Dreimanis (1976) describes the origin and propérties of glacial tills, Shilts (1976)
describes the history, development and current techniques of mineral exploration by
/investigation of contents and properties of glacial till. Granath (1978) describes a
study of Heavy minerals in placer deposits in northern Sweden. Mineral exploration
in drift covered areas has generally applied methods to "penetrate" the drift.
Aeromagnetic measurements, for example, to which non-magnetic drift is
"transparent". The drift cover is hence regarded as an obstacle to be overcome by
indirect methods of assessing the likelyhood of bedrock mineralisation. Drift
sédimentology has directed its efforts to employing the drift as an active contributor

¥
to mineral expleration rather than as an obstacle. Investigations of the processes of

transport and deposition of drift and of the physical and chemicél changeszivhich take
place in the transported material are aimed at providing a mineral exploration tool. If
observed properties of drift material can be correlated with the probability of
mineralisation of the source rocks and transportation processes sufficiently well
understood to allow tracing back to the soufce, then exploration targets can be
established by these means. In order that the method be broadly applicable it is
necessary that it not be res‘tricted to the simple, obvious, cases. Very few areas exist
where simple observations can quickly lead to economic mineralisation. e.g. a fan of
clearly visible and highly mineralised boulders pointing directly to a source a few
kilometers away. Hence a great variety and quantity of data must be compiled and
colrrelated for the majority of cases’where such fortuitous simplicity is absent.
0

As with regional geochemistry, drift sedimentological data is presented to the
compilational processes already in, or almost in, mapable form unlike the more
indirect observations of gravimetrics, rmagnetics, and radiometrics, which require

-,

complex and extensive processing tc convert the obse’r'\rf'qd_‘data into mapable form.

+
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Drift sedimentology is, however, intriguing to the computational scientist for the
enormous complexity of its information. The paper by Shilts (19¢8) presenting the

results of a detailed sedimentological study of a single stratigraphic section clearly

demonstrates the complexity of observations to be made and correlated. The intent of

this study was to determine the sampling frequency and distribution and the
parameters to be measured from each sample so as t{a adequately characterise a
particular till sheet. The writer concluded that for }He particular section studied,
twenty one separate parameters were significant. Each parameter however could be
made up of many separate observations and measurements. "Contrasts in Ni Content"

for example, requires analysis for Ni at many points distributed over the section.

Sutterlin and Gwynn (1971) in an assessment of the applicability of computer methods
;

to the analysis of heavy mineral data from tills employed three categories “of

information with regard to each Sample; namely - "locational?auxiliary”, "Bedrock
geology" and "hea'vy minerals". These three categories together contained over
30 data elements descriptive of each sample. The Geological Survey of Canada drift
sedimentological data file contains five categories of information (Shilts, pers. com.)
- Identity and auxiliary information, geochemical, mineralogical,
geotechnical — physical and storagé locations. Each of these categories may contain
many sub-categories. The complete set of entries describing but a single sample could

consist of over 300-data elements. (See section 4.2 below)

All five categories of information are acquired by keypunching from written
coding forms and entered into the digital data bank. Fig. 8 shows a flow chart of the

compilation process.



-

Z34-

key punched data

auxiliary

goochemical

4y
mineralogical

tech/phys

storagc

/

/

\ L
\& \( Y /’ . /’
verify verify verify verify 'verify
3o L o
3n
|
. e
— —<¢
) <
/!

Fig. 8

T

Sequential storage file

{(not merged)

Selective
retricval

.

Y

{reporis, statistical analyses, maps)

Compilotion and retricval of ATt sedinentological data.

AL T TR TRAT TR AT




-35-

(&5
B T 1]

N

-

=

After verification of the éorrectness of:’rie keypuhched data, the five sub-files
are stored sequentially. A dat-a retrieval syst;m is employed to retrieve sample data '
for reports, maps and statistical analyses. The retrieval system must be capable of
selection of information according to complex logical conditions. Sutterlin and Gwy:-m
{1971) give an example which requires the system to find all samples whose rock type
wa; gabbro or diabas:e or andesite or basalt or. diorite, and then output a specified L

selection from the stored information pertinent to these samples.

The problems created by the complexity of the data descriptive of a simple
sam'p"le are compounded by duplications of samples. As with geochemistry, field
samples may be split and the parts analysed separately as a quality control measure.
Added compléxities arise from the fact that a sample may be re-analysed severql
times for the same elements if results'are of questionable accuracy or different parts
of the sample may be subjected to different analyses or tests. Hence, the physical
information structure of the digital data files must be sufficiently complex to match

the logical complexity of the information. X J

1,1.4 Aeromagnetics

-

The earth's magnetic field will induce magnetisation in a ferromagnetic body.
The magnetized body then possesses its own magnetic field. Hence the magnetic field
’
strength in the vicinity of the body will consist of two components; the earth's main

field and the field of the magnetized body. Field strength is defined as the force

exerted on a unit positive pole in the field. Magnetisation of the body consists



T

essentially of the creation of magnetic dipoles throughout the body, each dipole
aligned paraliél to the inducing field. In the intérior of the body, however, the positive
pole at the end o¢f one dipole is nullified by the negative pole at the start of the
immediately following dipole, hence only on the surface of the body can poles exist
which actively contribute to the body's magnetic field - negative poles on those
elements of. surface throug.h which field lines enter the body; positive poles on those
surface elements through which fielq lines exit. The body and its magnetic field are”
therefore dipolar. Hence, the total field at a point in the vicinity of the body is the

vector sum of ithe contributions from the earth's field an{chat of the body. *

Thus any deviation of field strength from that due solely to the earth's field is a

magnetic "anomaly" - an effect presumed due to the -magnetisation of sub-surface

bodies. \

The purpose of aeromagnetic surveys and compilation is to produce maps of
.

these anomalies.

Interpretation of aeromagr{etic data seeks to define the sub-surface lithological

contents and structures which are responsible for the anomalies.

Two basic levels of interpretation are carried out. The first level attempts
visual correlation between the patterns visible on the aeromagnetic map and -known
lithological units or common types of structure, e.g. diabase dykes mapped in a region

where they have exposure at the surface may be traced beneath regions of overburden

by noting the magnetic "signature" associated with the dykes in the regions where they .

arc~exposed and following this signature across the overburden region. Certain

characteristic features may be recognized even when no adjacent exposed region
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exists for direct correlation - for example, sudden termination of a group of linear

anomalies and recommencement of the anomalies after a lateral offset can be

interpreted as a fault. Figure 9 shows structural correlations made upon an

aeromagnetic map.

The second level attempts to define the size, shape and location of bodies by '

mathematical treatment of the observed magnetic field values {(For exa}mple,iMcGrath
and Hood, 1973, p. 349). The resuits of such methods, however, must be viewed with
caution as magnetic (and electrical and gravitational) fields are "no;m—conservative",
i.e. for any distribution of dipoles a unique .mégnetic field distribution can be
calculated. Given a magnetic field distribution however, an infinity of different dipole
distributions exists, each of which could produce‘the observed field, Thus carefgl

boundary conditions must be established and stated in such work, e.g. "If the causative

body is a dyke dipping at 75° then the depth to the top surface will be so-and-so."

Igneous' and metamorphic basement rocks contain a relatively high proportion of
ferromagnetic material, principally magnetite. (The average magnetic susceptibility
of such rocks is from 6 to 3000 times greater than that of sedimentary rocks). The

igneous and metamorphic basement rocks are a major object of study within the earth

sciences. They are, however, mostly covered by drift and/or later sedimentary rocks,

but the very processes of their burial beneath overburden also has provided a means
whereby they -may be observed,.albeit indirectly.  Although magnetite is highly
magnetic, the iron bearing compounc‘lfs produced from it as a result of weathering
processes génerally are not. Non-magnetic material is essentially transparent to
magnetic fields, hence agnetic measuréf‘nents mostly‘ reflect the magnetite

distribution within the basement rocks regardless of thickness of overburden. As

/
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magnetite content generally varies with lithology and a magnetic anomaly occurs only
over a change in magnetisation, then magnetometric maps outline significant
structural boundaries within basement rocks. Any lithological interface across which
the magnetic properties did not change would not, of course, produce a magnetic
anorﬁaly. Most lithological . differenceé, however, are also characterised by a
difference in magnetic susceptibility. In‘fact, high resolution magnetometry is often
cépable of resolving lithological differences not préviously detected by other means.
Hood et al (1976) interpreting the results of an aeromagnetic gradiometer s‘u.rvey were
able to delimit zoning within the White Lake granite in greater detail than previous

non-aeromagnetic SUrveys.

Dobrin (1960, p. 263} describes the instruments and fundamental principles of
rhagnetometry. Prior l'co the mid 19410‘5, the only instruments available were the dip-
needle and the magnetic field balance. These devices were cumbersome and required
a great deal of time and a highly skilled operator to make a reading. As they had to be
carefully leveled and oriented they could only be used for land surveys. Aeromagnetic
surveying suddenly entered the Earth Sciences after the second world war as a
fortuitous offshoot of.anti-submarine warfare. Alt'hlough the fluxgate magnetometer
had little success in locating the belligerent magnetic sources for which it was

designed, it proved of great value to the earth sciences. Wyckoff (1948} describes the

initial development and deployment of this device.

The mid [950's saw the introduction of the nuclear magnetic resonance
maghetometers, the proton magnetometer and later the optically pumped vapour
magnetdfneters. i%od(l‘)?l, p. 422) describes the principles and geophysical

applications of both of these types of device.
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lThese new devices resulted in the majority of survey coverage becorﬁing
airborne. Their lightness, accuracy and ease of operation-' however also resulted in
their extensive L;se for land surveys. Breiner (1973} provides a detailed description of
this application. The most recent development, described by Hood (1975) is the use-nf
twin magnetometers to measure the vertical magnetic gradient as well as the

magnetic total field.

Dobrin (op. cit. p. 321) describes the basic operational procedures of
aeromagnetic surveying. Coverage f.or ox;er—the-land surveys, is usually alohg a set of
parallel traverse lmK with occasional "control lines" flown at r1ght angles to the
traverses. The aircraft's track is recovered post-flight by means of aerial photographs
taken continuously during fllght. From these photographs, track points are plotted on
topographic or photomosaic maps. The in-flight magnetic measurements, originally
recorded on a pen-chart, are now almost univergally recorded digitally on magnetic
tape. The compilational process for aeromagnetics is long and complex. Many sources
of error or disturbing influence éxist which must be removed or reduced before the
data is in mappable form. Aeromagnetiés involves absolute measurements of high
precision. The high sensitivity magnetometer measures to a precision of about
.02 gamma (nanotesla)-‘over a range of about 5000 gamma in a typical survey and up to
20,000 gamma or more in areas of high magnetic relief — a precision of 1 in 10°, This
precision places greater demands upon the compilation system than for other, less
precise, measurements. Airborne gamma spectrometry, for example, has a pre rision
of about I in 102. All corrections and adjustments must be made as pre r}y as
possible so as to honour th? precision of the aeromagnetic values. A grQdient of

1000 gammas/km is quite cpjmmon. Hence if the magnetic measurements are taken to
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be precise to .1 gamma, then the track recovery should, theoretically speakln'g, be

precise to within 10 cm. This precision is not possible with currently available

techniques. Even though the track may be misplacéd by an amount greater than the

theoretical dictate, relative distribution of the data along the track will, however, be

.
. more accurate. : -

Hood et al {1977, p. 77) describe the basic processes and historical development

of digital compilation methods for aeromagnetic data.

The manual compilation process for analogue data was as follows.

i)

i)

ii)

iv)

vi)

Plot the flight path onto base maps and verify its correctness by means of a
“speed check' (knowing the time interval between plotted flight path points,
the aircra-ft's apparent speed can be calculated. An anomalous variation in
apparent speed over a particular track point suggests that the point is

misplaced).

Correlating the pen-chart magnetic measurements with the flight path by
means of the fiducials they possess in common, pick from the pen-chart the

magnetic values on traverses and control lines at their intersections points.

By means of a graphical least-squares method (Dobrin, op. cit. p. 326)
determine the level adjustments to be made to %‘traverscs at their point

of intersection with the control lines.

Plot the adjustment on the pen-chart and join the plotted points by straight

lines so as to establish a corrected chart datum or "base line',

Pick off corrected magnetic values from the chart and transcribe these -

f
values onto their corresponding points along the traverses on the base map.

~

interpolate contour intercepts between transcribedy values and draw

contours.

"
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Several instances of prolonged repetition of simply defined tasks occur dGring
the compilation. e.g. transcription or picking of values from the pen-chart. Such
tasks are idealy suited for computer automation. The initial development of digital
compilation systems employed a digitising table to convert the pen-chart data to
machine readable form so as to gain the advantages of automatic processing. The
logical next step was the introduction of direct in-flight, digital recording to obviate
digitisation of pen-charts. Until the advent of the high sensitivity magnetometer,
digital compilation was still an option taken because of the advantages it offered. The
higf; sensitivity magnetometer made digital compilation mandatory as manual methods

were insufficiently accurate.

Holroyd (1974) describes in detail the "aeromagnetic data automatic mapping"
(ADAM) system employed by the Geological Survey of Canada. Fig. 10 shows the flow
chart of this System. The in-flight data as recordéd, contains elements not required
by this compilation system (altitude, Doppler navigat_dr data). It also contains
superfluous data such as lines.that were subsequently re-flown, or data recorded on the
turns between lines. Furthermore, this data was recorded with a structure best suited
to the airborne environment rather than the computation centre. The first task of the
compilation system is therefore to extract the information sub-set required for

Il

compilation and convert it to a more appropriate structure.

The next task is the detection and correction of physical errors within the data-
such as spikes or noise produced by electromagnetic interference with the data
aquisition system. The flight [:Jath data is converted to machine readable form by
means of a digitising table. The maps upon which track points were marked are placed

on the table and a cursor placed over each track point in succession. The operator
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key-punches the line and point number whilst the digitiser automatically senses and
records the spatial coordinates of the point beneath the cursor. This data must also be

_ standardised and checked for physical errors.

The Cartesian Coordinates of each digitised point are defined with respect to the
axes, and in the units, of the digitising table, They are not true geographical
coordinates. Furthermore the entire survey at the map scale is usually much too large
to fit on the digitising table in one piece. It is therefore digitised map sheet by map
sheet. This means that the flight lines, which are usually continuous across the entire
survey, are digitised in dislocated segments. Unless the digitising table is of an
advanced design and the operator very skilled and diligent, a further problem arises,
namely that the coordinate reference frames of each i'ndividusal ' map will be
independent. These problems have no parél!el in the manual system and their
resolution occupies a substantial part of the automated compilation system. They are

overcome in the following manner: -

i) The coordinates of the corners of each map are digitised:and their
associated latitudes and longitudes entered via the keyboard before the
actual flight path points are digitised. These coordinates are therefore .

defined with respect to the same frame as those of the flight path points:/——-

ii) The system computes the cartographic coordinates {Usually Univeréal
Transverse Mércator) from the latitude-longitude values. Thus the
coordinates of these corner points are known with respect to two different
frames. This permits calculation of the rotation, translation and scaling
factors that relate the two frames. These factors are then applied to
transform the track points on each map {rom the digitiser to the

cartographic reference frame.



iii)

iv)
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The new cartographic coordinates possess the same frame and scale for all
maps hence the segments of lines can be sorted, first by line number, then

by spatial position, and re-joined to produce a continuous data set of each

line.

This process allows detailed verification of the quality of the base maps
employed and the accuracy of digitisation. Although the digitiser reference
frame is arbitrary, it should be rectilinear and isotropic, as is the
cartographic Frame. Hence the distances between pairs of points in one
frame should bear "a fixed proportional relationship with the distances
between the same set of point pairsc_'m the other frame. I[f this is not so then
one {(or both) frames is non-rectilinear or non-isotropic. The cartographic
frame is mathematically rectilinear and isotropic, hence any discrepency
indicates faults in the base map (unstable material or misplaced corner
points.) The system calculates the lengths of/tlwe map sides and their two
diagonals in both frames, compares the lengths between the two frames, and
prints diagnostics if discrepancies occur. 1f the discrepancy is simple (such
as an apparent difference in X and Y direction scale factors on the base map |
due' to differential shrinkage) the system automatically corrects the

discrepancies.

A further automatic verification routine is made possible by the fact that each

base map is constructed with an overlap onto adjacent maps and flight path(

.

‘points are plotted into this overlap region on each sheet. Hence, flight path

points falling in this zone appear in two line segments as digitised. When' the line

segments are sorted and joined, the system compares the coordinates of

duplicated points. This allows further assessment of the quality of the basemaps

and estimagion of the digitising accuracy.
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After the above described process, the next stage is to combine the flight path

and in-flight data sets. A process complicated by two facts. Firstly the in-flight data

is not 'in the same order as the flight path data. Flying a survey in the most

economical manner - economical of time and fuel - results in about half the lines being

flown in the opposite direction to the other half, and the lines being flown in an

irregular order. i.e. not in the sequence in which they are laid out on the survey-base

map. The second complication is that the fligh\ path and in-flight data points do not.

“correspond one-to-one. There are usually about fifty in-flight measurements between

each pair of recovered flight path points. Thus the following processes are necessary.

i)

i}

v)

Each line of in-flight data must be input and stored on a random-access,
mass-storage device and an index compiled to the~storage location of each

line.

The flight path lines are input, one at a time, and the corresponding in-flight

data set recalled irom storage via this index.

The order of the flight path fiducials indicates whether or not the order of

an in-flight data line must be reVersed. Lines so indicated are reversed.

In-flight data points are searched to find a fiducial corresponding to the
first flight path point. The search then continues along the in-flight data
for a fiducial matching that of the second flight-path point. When both are
found, a set of spatial coordinates is interpolated between the two {light
path points for each intervening in-flight data poinf. The second and third
flight-path points are then treated in the same manner, and so on, to the end

of the line.
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Automatic verification takes place during this process. The in-flight data
should extend beyond the ends of the flight-path data, if not, a diagnostic

message is printed and the two data sets reserved for later processing after

the problems have been corrected.

»

When this stage of the process is complete, every measured aeromagnetié value
should possess corresponding spatiai coordinates. The compilation process is, however,
far from completion. The next stage deals with leveling. The problem is similar to
ones encountered in several other survey disciplines, such as gravimetry, and
topographic surveys. In essence, as one travels around a closed loop formed by
segments of control lines and traverses, the difference in the measured parameter
values along each segme:t should add up to zero when one returns to the starting

e .
point. (e.g. If one walks around a closed polygonal path one would expect that on
return to the starting point, it would have the.same elevation-as it did when one first
left it, regardless of the elevation differences encountered along each side of the
polygon.) This however is usually not the case due to errors of measurement. The
method employed in the ADAM System ciepends upon double control lines having been
flown. Le. Each control line was flown in one direction, then the a;ircraft immediately

turned around and re-flew the same line in the opposite direction. The stages of the

leveling process are as follows: -
R

i) The control line data sets are read in and transfered to random-access mass-

storage and an index to their storage locations is retained.

ii)  The traverse data sets are read in one at a time. For each traverse, each

segment of the flight path data (the scgments of flight path between

successive pairs of recovered track points) is then taken in turn.
~ .

-
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" All control lines are recalled one at a time, and for each control line each

flight-path segment is taken in turn in exactly the same manner as for the

traverse segments.

Hence each individual traverse segment can be tested against all segments
of all control lines. The test is to determine if an intersection exists
between given traverse and control line segments. If an intersection exists,
its spatial coordinates are calculated-and the magnetic measurement' on

both the traverse and control lines at the intersection point, are extracted.

The {inal data set produced by this process is a matrix of the form: -
(TR, CL, X, Y, GTR, GCL)i,j

Where: TR is a traverse number, CL is a control line number,
X,Y are the coordinates of the intersection point between TR and CL, and
CTR, GCL are the aeromagnetic total field values on the traverse and

control lines respectively.
i is an index ranging from | to NCL (No. of control lines.)
j is an index ranging from | to NTR (no. of traverses.)

This matrix must be output to some sequential storage device, and as such

must be in linear and not two dimensional form. The order is that of the

sequence of operations described above.

v)

The matrix is transposed from traverse to control line order. Each
consecutive pair of control lines are in fact the two components of a double
control line. The control line values are corrected for deviations from exact
coincidence of their respective flight paths and a single "true value" control

line is created as the mean of the two corrected control lines. The data on

I
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this control-line is adjusted to minimise the mean difference between the

-control line values and the traverse values at all intersection points. The

residual CL-TR differences are then taken as correction factors for the

traverses at the intersection points.

* The intersection data matrix, now containing traverse adjustments, is once

more transposed back into traverse order.

Each complete traverse data set is read-in in conjunction with the leveling

data set for the same traverse. Values are interpolated between the

adjustment points to provide an adjustment factor for every traverse data

. point,

The data set is now in a state from which a usable map can be made. The

automated contouring system for aeromagnetic data requires a "numerical surface”

i.e. data values situated at the nodes of a square grid. In order to produce smooth

: —~—
contours, the grid cell size must be significant smaller than the areal extent of the

smallest anomaly likely ‘'to be present in the data. The grid is generated in the

following manner: -

i) Each leveled traverse data set is read-in in turn. Magnetic [jedd values are

-

interpolated between the traverse data points at regular interws along the

. whole traverse. The interval is the same as the required grid cell size.

Each set ‘of interpolated values for onc traverse is og,fsput. After all
traverses have been so Processed there has been produced a matrix of
values. "Gij” where "i" is an index from | to NGY (No. of grid cells in the y

dimensions of the survey), and "j" is an index from 1 to NTR (No. of

traverses) This matrix is in column (traverse) order.

.
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”gravitational field of the earth — result from inhomogeneity in the density of the sub-
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ii) the matrix is transposed to row order. Each row is a "Transverse data
section"” i.e. a set of values at the points where a straight line across the

survey intersects all traverses.

iii)  Each such row is read in and values interpolated along the row at the grid
interval. Thus producing a totalr survey grid matrix in row order -"Gki".

~ Where k is an index from | to NGX (NGX is the number-ef grid cells in the
X dimension of the survey). Such a grid is suitable for submission to a
contouring pro.grarn or to other processes such as th dimensional anomaly

interpretation routines or digital filters.

This completes the description of the.stages of aeromagnetic auto-compilation.
In practice, the first time that the last stage was reached would probably reveal
flaws in th-e contoured data resulting from errors or aberrations that had evaded
detection at garlier stages. Hence the first "end products" are usually regarded as
verification tools to identify such errors. The final end products only appear after
the erro—rs are traced back\to their source and corrected, and the necessary
reprocessing has been c-arried out.

1.1.5 Gravimetry

Heiskanen and Vening Meinesz (1958) describe in detail the gravity field of the
Earth and the application of gravimetry to the Earth Sciences. For any given volume
of matter, the strength of its gravitational field is proportional to its mass, and

hence, to its density. Gravitational "anomalies" — local variations in the observed

surface rocks. As density differences generally reflect lithological differences,

measurement and mapping of the gravitational field can be used to shed light on the
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[

-

sub-surface structure of the lithosphere. As.with magnetics and gamma spectrometry,

gravity measurements are affected by a variety of disturbing influences which must be

corrected for during the compilation process. .

Gravity anomalies are very weak in comparison witlp magnetic anomalies. The
Bouguer anomaly map of Canada (Fig. 11} produced by Nagy (1977, p. 59) shows a
‘country wide variation from about™ 250 to + 350 milligals. The éarth's main field on
the surface is about 10G0 gals. Henge the gravity anomalies are usually of the order of
less than 0.1% of the earth's main field. Local anomalies are measured and r.napped
which are of the order of 1 in [0° of the earth's main field. In comparison, rmagnetic
anomalies may have a magnitude of more than 30% of the éarth's main magnetic field
although local small anomalies of about 0.01% of the earth's ficld are measured and

mapped.

Heiskanen and Vening Meinesz (op. cit. p. 84) describe the instruments used for
the measurement of gravity. The two principal types arc the pcndulum.and the spring
balance. . The pendulum was the first instfumcnt employed for gravimetry. The
strength of the gravitational field can 1;3(,: calcu!atgd from the physical characteristics
(mass distribution) of the péndulurn and its period of oscillation.  Pendulum

ineasurements take a relatively long period of time and must be carried out under
carcfully monitored c.onditi.ons. Hence such mea;urements arc made today only to
establish the absolute value of gravity at ﬁrincipal reference points. The second type,
the spring balance, employs the effect that as gravity varies 56 does the weight of a
given mass and so also will the cxteﬁsion of a spring from which the mass s

suspended. The properties of such a device vary slowly with time and they can not be



BOUGUER ANOMALY
GRAVITY MAP OF

CANADA

1974

CONTQUR INTERVAL 20 MILLIGALS
220 200 <160 120 80 40 0 4D BD 120 160 200 240 280 320 360
N - T1-EIR sl

Anomalies shown are computed using observed
gravity on 1he IGSN 71 and theoretical gravity on

the Geodelic Reference System 1987,

Reproduced by permissicn of

FIG 11:

GRAVITY DIVISION
EARTH PHYSICS BRANCH

DEPARTMENT CF ENERGY, MINES AND RESOURCES

MILES

OTTAWA, CANADA

0 WiLOWMETRES 590




-53-

permanently calibrated to permit absolute measurements. Hence only relative

measurements of the difference between points are made and absolute values

‘calculated from a measurement made at a principal reference point (a pendulum

-

station).

A gravitational field is indistinguishable from accelerated motion. _Therefore
measuréments made by these two types of iﬁstrumen.t can only be made l.vhile static 01;
at least while in linear ‘motion at a constant speed. Their use in simple form is
therefore restricted to land surveys. Research into inertial navigation systems, led in
the early 1960's, to the development of stable platforms and sensitive accelerometers
which would allow the use - albeit with diminished precision — of a gravimeter within a
ship at séa. Worzel (1966) describes the operation of such a device. In essence, the
stable platform keeps the gravimeter level {i.e. its axis parallel with the direction of
the gravitational field). Whilst the accelerome;cers measure the acé:elerations in this

direction. Although changes in the gravity field also affect the accelerometers, this

effect varies much more slowly than the up-and-down movements of the s'hip. This

frequency differentiation allows the "noise" caused by the ships motion to be filtered
out. A remarkable achievemént as the noise is about 10° times greater than the signal

— the gravity.

»

If terrain permits and the objectivés of the survey requiré, land survey coverage
is similar to that of aerogeophysical surveys. Measurement stations .are‘ located at
regular intervals along parallel traverses. If the terrain does nét pe}'mit such access or
if the survey is of a regional or reconnaissance nature, then measurement stations will
be spac.ed out along lines of least resistance —e.gr.'roads. The slow variation of the
ins-trum.ent sengitivity —referred to as "drift" — must be Gombensated for. To do so

requires that the surveyor establish "base stations" and return to these stations to
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remeasure at intervals of about one or two hours. In populated areas these base
,
stations tend to be located in the parking lots of public houses. To allow reduction of
measurements to an absolute datum, one or more of the base stations must be linked

to a pendulum station. At each survey station the observed gravity reading, the time

and the altitude are recorded — written onto a record sheet,

<

Heiskanen and Vening Meinesz (op. cit. p. 147) describe the theoretical bases of
gravity data reduction. As the objective is to determine the sub-surface structure,
then the final maps must be of anomaly values. That is, the amount by which gravity
varies from that which ;vould be #wbserved if the lithosphere had a ;uniform density. To
produce this data req'uires that disturbing mfluences be removed. The disturbing
influences that must be corrected for during the compilation process, and the

p-]
correction procedures are as follows.

i) Drift. The amount by which the instrument reading has drifted between
successive measurements at a base station is linearly distributed among, and

subtracted from, the readings taken in the intervening period. '

i) Free air correction. The gravitational field decreases as the inverse square
of the distance between the measurement station and the earth's centre of
gravity — by about -0.3 miligals/metre. Unless gravimetric measurements
were cor:rected for this effect, the resultant maps would reflect a confusing
admixture of lithospheric mass distribution and topographic relief. As the
change rof gravitational attraction with distance from the earth's centre of
gravity is essentially linear over the range of elevations encountered by
surficial gravimetry, a linear correction is applied. Observed measurements

are corrected by a factor proportional to their vertical distance from thes

geoid. The geoid is the surface obtained by interpolation of mean sea level

o

across land areas.
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Bouguer correction. The observed gravity at a point above the geoid is
disturbed not only due to its elevation but also by the gravitational
attraction of the mass of material that lies between itself and the geoid. To
correct readings to the geoid requirgs that this effect be removed. Unlike
the Free-air correction this one cg\n not be based solely on theox;etical
constructs. An estimate or assur.nption must be made of the mean density of

the material that lies between the observation point and the geoid. The

i .

gravitational attraction of the estimated mass is calculated and subtracted

from the reading.

Ea'rth tide correétion. “The gravity fields of the moon and sun cause
deformation of the solid earth as well as the hydrosphere. The peak of .this
deformation follows the ﬁoon's rotation about the earth. [t therefore
causes a cyclic variation of gravity with time at any point on the earth. The
magnitude of this effect is calculated or read from tables and subtracted

from the observed reading.

Terrain correction. The Bouguer correction was made on the assumption
that the material between the measurement elevation and the geoid
consisted of an infinite sheet of constant thickness. Which is not, of course,
the real case. Consider, for exam]ﬁle, measurements made at the brink of an
escarpement between a plateau and a lewer plain at geoid level. In this éase
the sheet approximates to a semi-infinite one. The gravimeter therefore
receives only half the effect that the Bouguer correction dictates. A
measurement on a mountain peak results in even greater inaccuracy in the
Bouguer correction. In highly accidented terrain Jit ls.therefore necessary to

assess and compensate for this effect.
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vi) Removal of Earth's main field. Even if the Earth was of homegeneous
composition, it gravity field would not be constant over its surface for two
reasons. The centrifugal force of the earth's rotation acts against the
gravitat_ional force. This effect however is maximum around the equator
"and diminishes to zero at the poles. The centrifugal force also distorts the
-elastic earth into an oblate spheroid. The equatorial radius being greater

than the polar one, as gravity diminishes with distance from the center of

mass this causes a reduction in gravity at the equator as compared with

gravity at the poles. To compensate for this effect, an equation is employed

which can be evaluated o define the earth's main field at any lattitude.

Tanner and Buck (1964) give the equations from which correction factors are
derived in their paper describing a "computer oriented system for the reduction of
gravity data"., The system they describe, though advanced for its time suffered from
the limitations of the computing machinery available. Crain (1972) provides a flow
chart for a more advanced, generalised, system. Fig. 12 reproduces this flow chart. A
highly advanced compilation and management system for gravimetric data, which fully
exploits modern computation machinery and techniques is"describeéd by McConnell
(1977)." In this system, the compilation and reduction of gravity data from observed to
absolute corrected values is merely one component in an integrated data baJse system.
The data base contains the data {rom many surveys and other information such as the
location and gravity value of base stations. As new surveys are carried out, the new
data is entered into the system which calis upon its store of base station and network
information to assist in the reduction. When the survey data is reduced and compiled,

x
it is added to the data base. .
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The basic stages of auto-compilation and reduction of land-gravity data are as

follows.

i)

ii)

ii)

The field data records each contain at least the station number, the time
and the gravimeter reading. The elevation and location of the station may
be recorded in the field or recovered later in a manner similar to track
recovery for airborne surveys. The first task of the compilation system,
after the data has been-converted to machine readable form, is to seek for
detectable errors in th-e data. i.e. such errors as obvious key punch
mistakes (élphabetic characters in numeric fields etc., and numerical values
obviously out of their permissible range.) The next task is to merge with the
basic field data, any spatial coordinates recovered separately. A process

?
similar to, but generally simpler than, that as described for aeromagnetics.

Several measurements of the gravimeter reading differences between each
base station and a pendulu% station have been made to allow removal of
instrument drift. These differences are corrected for drift and multiplied
by the calibration constant of the instrument to produce a true rhilligal
qiiference. This difference, plus the absolute value at the pendulum station,

produces the raw absolute value at each base station.

The field data records consist of many sequences of ordinary survey station
readings. Each sequence begins and ends with a reading at a particular base
station. The next compilation task is to input this data file, and for each
sequence to find the drift between the initial.and terminal base station
readings. Drift values are interpolated. for, and subtracted from each survey

station reading.
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The free air correction is simply derived by multiplication of the station

2
elevation by a constant factor,

The Bouguer correction requires the estimation and input of the mean
density of the rock betweéen the measurement station and the geoid, after
which the correction is derived from a simple calculation involving the

station elevation and this mean density.

4

The Earth Tide corrections can be calculated from the time and date of the
measurement by means of an Earth tide equation. Or it can be read from

tables and entered.

The terrain correction for each reading is the most complex to derive. A
separate program is usually employed into which is input a digital terrain
model. The locational coordinates of each station are then input and the

gravitation effect of the terrain irregularities surrounding each station is

calculated.

These corrections are applied to the base station raw gravi{y values to

provide true absolute gravity values at these bases.

The dr.ift corrected gravimeter reading difference between a survey station
and a base station,. mu-ltiElied by thgicalibration cons¥ant plus th_e absolute
gravity value at_ the base station gives raw absolute gravity valLe at each
survey station. Application of the correction factors to this raw value gives

the true absolute gravity value at each survey station.

The magnitude of the earth's main field at each station is calculated from
the main field equations and subtracted to produce the Bouguer anomaly

value of the gravitational field at these points
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as with aeromagnetics, errors of measurement persist which require a
leveling procedure for their distribution. In/—gjavimetric compilation this is

usually done by establishment of a network of measurement loops. The
~

closure error of each loop is distributed around the'loop periphery. As each

loop error is removed it can re-create an error in a previously leveled,

contiguous loop. With successive passes, however, the loop errors will

eventually diminish to zero.
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2.0 The basic processes of compilation and their amenability to generalisation

]

2.1 An obstacle 1o the recognition of generality

.

: }
When 'we examine the examples given in Chapter | in search of common

features which might point the way to generalisation of compilational methods, a.

bewildering network of helpful similarities and obstinate differences reveals itself.

Gra;.r\ity and magnetics respond to the bulk physical properties of the
lithosphere. Airborne radiometrics responds to the average elemental composition of
the top few centimetres of the ground surface. Geochemical water analys;es, though
made upon small individual samples reflect the-bulk elemental composition of those
parts of the lithosphere, over which or through which, the waters have passed.
Gravity and magnetics are linked in that they are passive measurements of natural
potential fields, and accor'd:ingly possess some similarities in their data reduction and
compilation pr.ocesses. They differ though in that it is the interface between’

lithological units which causes the magnetic anomaly and the bulk of the unit which

Caus'e,s the gravity anomaly.

The biggest difference between these two is that magnetic surveys are mostly
airborne, whilst airborne gravity is not yet practicable. This, plus the fact that
aeromagnetics is usually digitally recorded while terrestrial gravity data is usually
keypunched from hand written coding sheets, causes the major differences between
the compilatiop systems. Airborne gamma ray spectromefry is closely simll'a’r to
aeromagnetics in the surveying technique. 5o similaf, in fact, that the two are often
carried out simultaneously from a single aircraft. This results in similarities in the
initial data structures and the compilational procedures concerned with track

recovery, ctc. Radiometrics is however, geochemistry by other means.

Geochemistry, drift sedimentology and gravimetry have in common the fact that they

Ty

s
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are all point-station measurements, unlike aeromagnetics and\radiometrics which are

pseudo-continuous  linear measurements. Drift-sedimentold incorporates
geochemical analyses but not the geochem’ical compilation system gs it fequires
[

-
validated, final, results.

I's

The flow charts of the systems also reflect similarities and differences. At

.'first glance, however, only a few common features appear which could point the way

to generalisaptn of compilational methods.

It is the contention of this writer that the sparsity of common features is not an

intrinsic propertyA but results from the point of view of those who have created and

described these systems-—\_\ﬂ‘

All the exam;ﬁléé given were taken ‘from works published by, or.personal
Communication’)uith, scientist.s working in the specific discipline concerned. The
processes were though-t of and described in terms of the practices and objectives of
the scientific discipline. Furthermore the basic practices were established long

before the intrusion of the computer and many concepts persist which reflect the

manual origins of the compilation processes rather than the automated present. .

It is not sufficient to blame this situation on resistance to change. Many sound
practical reasons can be found to account for its existence. Aeromagnetic

/

compilation provides a good example.

. = ’

The computer began to intrude significantly upon the hitherto maﬁua.l processes
of aeromagnetic comptlation about 15 years ago. Its share of the work increased
steadily, keeping pace with the increasing power and decreasing costs of the
compute}t—. The advent of eff_ectlve and affordable digital data aquisition systems and

graphics output of cartographic quality gave the final boost; resulting in the last few

years, in the development of many, almost fully automated, compilation systems.
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\

Most of the early development work was carried out by private industry and was

subject to strict éost-effectiveness standards and production deadlines. It was
neither feasible to cease production until a comblete digital system could be created,
nor to develop a duplicate, bu.t digital, system in parallel with the manual system.
Hence the practical compromise was taken of gradually phasing in digital processes
to replace manual ones as the digital processes were developed and more
SO[-)histicated and efficient devices became available. This method- also gave a
valuable opportunity to compare manual with automated processes at e,E.l.Ch stage

thereby er{suring that the digital system functioned as required.

‘Phased replacement of manual processes however, required that the digital

A,

processes closely mimic their predecessors. The resulting systems, while far superior

to the manual systems in rate of throughput and repeatability, and easy to understand

from the traditignal view point, tend to be inflexible and hard to maintain in the

computer environment with its rapid rates of change and development.

Subsequent software development decreased this disadvantagé by increased

generalisation within individual processes and by the development of general utility”

packages, but always within the confines of one type of survey and one basic system
plan.,

@

Twenty. years ago manual compilation methods for aeromagnetic surveys were
larg(-?ly standardized across the ind'ustry. One company could take over from another
at almost any stfage of the work with little delay. The consequence of ad-hoc
software development is that there are about as many auto-compilation  systems

today as there are organisations engaged in-aeromagnetics. No ’cw,bt of which could be

-coffsidered fully compatible. To transfer digital data from one organisation to

another in mid-stream would require at best substantial effort to create "Interface"”

software. At worst it would require much of the previgus work to be completely re-

done. o

*
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2.2 Abstraction of compilational processes

Whatever its causes, the viewpoint from which Earth Science autocompilation
systems tend to be conceived of and described, presents an obstacle to the detection
of intrinsic similarities between different systems. To overcome this obstacle it is

~ therefore necessary to adopt a more abstract viewpoint. That is, one less closely

bound to any one particular Earth Science discipline and more appropriate to the

study as a whole.

One thing that all the systems.described do have in common, is their use of the

computer. From this viewpoint one can say that all autocompilation systems consist

of various combinations of the basic computer processes - namely input/output,

separation-sorting-merging of data sets and subsets, and computation. This viewpoint
is no more helpful than that of any one specific earth science discipline as it provides

no hints as to how to generalize compilation processes. It is, in fact, joo general.

The preferred viewpoint lies somewhere in-between these extremes — a view-
point which remains within the specialised realm of Earth science survey compilation
but which permits the compilation processes to be viewed in the abstract. That is,

not tied to any one specific discipline.

Examination of the systems described in cﬁapter ong, from the viewpoint of
compilation processes in general, reveals four basic categories of process. None of

which are restricted to any particular discipline. Namely:-~

i} Verification — the detection and Eorrection of errors.

ii)  Manipulation — the re-structuring of data sets to put them in the form
- \

] required for some subsequent process.
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iti) Development — the derivation of a new data set by computation involving

one or more pre-existing data sets.
iv)  Display - thé presentation of data in a form intelligi@.e toe the human.

The boundaries betwéén these processes may in some cases be indistinct. For
example verification may involve display. Furthermore their‘relative importance and
juxtaposition will vary significantly between differt_ant systems. They do however
serve. their intended purpose - they are independent of individual disciplines and all of

the systems described in chapter one could be adequately described in their terms,

Having established these categories we may now examine them individually, in

greater detail to determine their respective amenabilities to generalisation.

2.2.1 Verification ‘

This process involves ensuring, at all stages, that the data is as it should be;
that no errors or observations were carried through from a previous stage or were

introduced during a stage:

a

The very features which make automated compilation systems advantageous -
speed, repeatability and objectivity, also give rise to their principal disadvantage.
The processes are invisible, and even 1_f they were visible, would progress too fast for,
the human eve to follow. Their objectivity and repeatability is due to the fact ‘that
they follow pre-defined instructions to the letter. No deviation Iromll_the pre-
programmed instructions can take place, regar‘dies§. of the situation. - Tﬁe
consequence of these facts is that unforeseen situations can produce aberrations
which propagate, invisibly and rapidly, through the system. The best that can be
hoped for in such a case is that the aberration is severe enough to quickly cause a

program "crash" or abnormal fermination, after which the cause must be determined,

. f’“‘“\\
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rectified and the corrected data reprocessed. The worst that can happen is that the
aberration remains ulndetected and is passed on through subsequent stagéé to the end
product. The more automated systems become, the more likely it is that such can
occur. In manuakgystems, the ir;formation and 'processg:s' were continually under
S
human scrutiny. Hdman ‘beings possess the capability to detect and respond to
unforseen situations and hence the likelyhood was small’of a serious error propagating
unseen through the entire manual process. To minimise reprocessing and to maintain
“the standard§ of the end product it is therefore necessary to put into the automated

system, as far as possible, an automated form of constant scrutiny. t.e. verification

processes.

Verjfication can be broken down into two sub-stages - inspection and
correction. The former consists of detecting errors or aberrations, -the latter,
removing them or replacing them with correct values. Inspection may involve
presenting the data in a form suitable for human inspection or defining the inspection
criteria digitally and letting the computer apply an inspection algorithm. Correction
may involve simple editing to remove or r;eplaée a f‘éw data values, the completé
reprocessing of one phase of the data or the rejection and re-acquisition of a part of

the initial data set, depending on the nature and severity of the problem.

The types of error or aberration encountered also fall into- two catégories -

physical and logical, equivalent to syntactic and semantic errors.

1) Physical verification

Physical verification involves the detection and correction of physical errors.
That is; miscoded, absent, or supernumerary information, from individual characters

to large data blocks,
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BN
Mistakes frequently}are made when writing information on coding forms and

.
during the subsequent keybunching. Théy are also made by the electromechanical
card readers. Thus geochemistry, drift sedimentology and gravimetry whose primary
data is almost all aquired by these meaﬁs‘, require stringent error checking routines.
'l.'his can be done manually by combafing_},_a print-out of the punched card file with the
ofiginai {ield notes, but errors will s‘tilbévade thi;(\;hecking proceduré. [t is therefore
necessary to submit \the data l[gjéme form of automated checking procedure before
allowing it to enter the mainstream of the compilation process. Digitisation of
track-data for aeromagnetics and gamma spectrometry involves manual entry of
fiducial numbers which- i‘é as error prone as Kkeypunching from coding forms.
Automated data aquisiii(c\fm‘syste_:ms, such as are employed for the position coordinates
on the digitisation system and the airborne‘ magnetometer and spectrpmeter, are '!ess
prone to error. In these last two devices however, although the fredﬁency of errors is
less than for manual data entry, the enormous bulk of the data results in significant

numbers of errors being present. The bulk of the data also prohibits manual checking

of the data values and hence an automated verification process is &g{datory.

From the point of view of the abstract numerical process, all the exemplified
disciplines share the same physical verification requirements. Namély the facilities

to examine the contents of a"data set at all levels from the overall gross contents ("i;
4

. . , . \

every map sheet, {light line or sampie suite of the intended data set present?'Kto the

]

specific details of individual data elements ("are there any illegal characters present?

within any of the coded data elements, such as an NTS 1:50,400 scale map sheet. .

reference with a code letter beyond "'p" in the alphabet or an alphabetic character 4n

a numeric element?).
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The physicabl \:erification process could therefore be generalised as the ability

s

to:- .
+ i} ‘describe the contents of a data set,

ii) compare individual data elements with criteria laid down by the user and

identify elements which failed the tests.

a

iii) Insert or delete data items or subsets of data items.

¢

ii) Logical verification

- 2
"Logical verification means the detection and correction of physically correct
but logically aberrent data.- e data which would pass the physical verification
tests | but whose logical significance ("meaning" or "implication_”) is at fault.
Detection of logical errors requires a deeper knowledge of the context of the
information than does detection of physical errors. It may require a knowledge of the
. .

scientific bases of the discipline concerned or the intuitive ability to detect a flaw as

a result of long experience of survey compilation. -

For example, an aeromagnetic anomaly of half-wavelength much smaller than
the. flight altitude is clearly aberrant only to those familiar with the relevant
geophysical theory. If one writes down a sample number as "12X" rather than "123"
this is detectable as a physical error as it contains a non—nume\rf‘ character. If the

\
worker wrote down "122" instead of "123" this could also be q;egefcted tf the .system .
noted the absence Bf "123" and the duplication of ‘;122" in thé list of sample numbers.
If the writer hgwever, transposed "123" and "122" the data could pass throughout the

system without detection as no evident physical error exists.

N
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The only way that such an error would be likely to be detected would be if a
geochemist noted some incongruity in the final results or an incompatibility between
the reported eler.nental abundance of the sample and the purported rock type of its
origin.

As can be expectéd, automated logical verification requires far-greater subtlety
of method than physical verification. It is however, still amenable to generalisation
as it can, at least in part, be carried out by processes similar to those used for
physical verification. That@ by comparison ﬁot only of individual data elements
with acceptabllity criteria but also by cemparing the evaluation of seme Iogiéal or
mathematical function of the data elements against stated criteria. Hood, for
example, (1'975) describes a method fer detecting "noise" in aeromagnetic data by
comparison of a function of the fourth differences of successive data values against

an acceptability criterion.

If the characteristics of logical errors are toe complex or too subtle to be pre-
defined by a mathematical function, an alternative course, still amenable to
generalisation, exists. That is to display the data in the manner most suited to the

detection of errors by visual ipnspection e.g. by plotting geochemical analysis results

/'\—/\

in the form of their deviation from the average values in the surrounding

/

neighborhood, or some such. /

i

E |

2.2.2 Manipulation

"Manipulation" refers to processes which essentially consist of the movement
and re-arrangement of data so as to form a data set whose content and order are as

required for some subsequent verification, development.or display process. Many

e
ERE T
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examples of this type of process can be found within the systems described in chap}:'er
one. In every case components necessary for the final data set become available
from different sources at different times and usually are in different order than that

which is, or will be, required for the compilation process.
The following examples illustrate this process. - '

The first geochemical data set to be produced is one labeled "field data" on
N h
Fig. 6. Such information as the sampl¢ number, NTS sheet no., rock type, date, and
parameters describing the environs of the sample and other auxilliary data are
written onte a coding sheet for_later. keypunching. For both wet chemistry and
atomic absorption analysis, a given suite of samples is analysed for one element at a
time. Hence the data is originally derived as "element (- several samples -},
Next element (- several samples -)" etc. The order of the data required for the
compilation system is the inverse .i.e. "Sample No. (-several elements -}, next
sample no. (- several elements -} etc. The wet chemistry results are rééorded
manually and hence the rearrangement of the data takes place on the coding form on
which the results are written. i.e. the results are written in columns and read-off and
keypunched by -rows. Atomic absorption spectrometer results, on the other hand, are
recorded digitally in t.He order of analyses and must be re-ordered by a pre-
compilation system before merging with the other data sets. When compilation is
complete, the users of the data generally require data subsets subdivided by
geographical area and selected element. Thus requiring a further re-arrangement of
the data file.
A second illustrative example concerns aerorrjagnetics. The geophysical
parameter(s) concerne.d are measured in flight at pbints along a traverse line crossing

from survey boundary to survey boundary. The order in which the traverses are flown
% .

is dependent upon economic and aeronautical considerations. The spatial coordinates

[
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associated with each geophysical measurement are usually recovered later, from
flight path plots made on photo-mosaics whose boundaries conform to topographic
rnbap sheets. Thus, when the two data sets are first brought together, they are
radically incompatible in their order. The {first tasl_< therefore, is to sort each data
set to a ‘common order, then to merge the two sets so that each geophysical

measurement is grouped with its associated spatial coordinates.
The general requirements for data manipulation are:-

i) Separation of a given data set into two or more data subsets.

ii} Re-arrangement of the order of data within a set. N
iii)  Combination of two or more data sets.

These types of operation are readily carried out by "Sort-merge" packages

which are, to a large degree, data independent. Hence prosbects for the

generalisation of data manipulation are favorable.

2.2.3 Display

This process involves conversion of data from its rmachine form to a form
intelligible to the human being, namely printed listings and graphics. Data displa

not merely the means by which final results ~tables, graphs and maps - are presgnted
o

to the end-user, it is required throughout all stages of the work as a vital adj nct to

-

the verification processes. .

1

Appropriate display is often the most efficient means ;af solving the more
difficult problems of logical verification. Not all error-recognition processes can be
defined in terms of computational algorithms. Many others gxist which, though they
can be so dgfined, produce inefficient and ineffective ;‘esults as compared to non-

computational methods. This is one of the most striking examp_les of the limitations
) ¥

%
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of computer vis-a-vis human capabilities. Namely the pattern recognition process.
Failure to exploit such a capability to its fullest would be highly detrimental to tpe
efficiency of the compilation system. Accordingly, the interests of generality,
simplicity and efficiency of many of the error recognition processes are best‘ served
by providing the means to display the information as appropriate "patterns". In
compilation these take the form of listings, graphs, charts, diagrams, maps, etc. | e.g.
the initial error checking process for keypunched data is to print out the file as

possessed by the computer for comparison with the original field notes or coding

forms. ]

A

An example demo@‘ating the effectiveness of appropriate display for the
logical ferification is shown in Fig. 13. This is ‘a listing with graphical features
produéz by a "speed check" program (Dods, 1975). Such programs are used to detect
positionat errors in the recovered flight path points of airborne surveys. The
apparent ground speed of the aircraft along each leg between recovered track points
is calculated and listed in the column headed "GSP-MPH" this is also listed in units of
"Map speed-\inches/sec" (column headed MPS-IPS). The next column (PCDIF) lists as
a percentage, the apparent change in speed across a recovered point. Excessive
change in apparent speed could .be due to a misplaced track point rath;er than an
actual speed change. To assist the compiler in detecting anomalous values the speed
is also displayed ir: graphic form at the left hand side of the printout. Sudden
fluctuatioris stand out clearly and detection is made far easier“than by readilng the
columns of figures. Three blank columns are printed, headed by "new ‘fid,:new X, new

R

Y" ipto which the compiler can insert corrected values. In this figure the compiler

has written 'delete" opposite the two anomalous features. This "display" thus

combines graphics, listing and coding form for correction. A highly effective and

user-efficient combination.
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Most graphics applications can be met by graphics software "packages" which
already exist in a generalised form hence generalisation of display processes seems

quite feasible.

2.2.4 Development

1
"Development" refers to that category of processes which derive a new data set

by computation applied to one or more pre-existing data sets. It is the broadest
category of the four established and the one whose amenability to generalisation is

the least obvious.

Examination of the compilation systems described in chapter one reveals

‘ »
several subcategories of the developmental process which are common to more than -
one, if not all, disciplines described and which may be generalised to some degree.

‘For éx}-lmple:—

i) Statistical analyses. Both drift sedimentological and geochemical
compilation systems include the statiﬁtical analysis of final results. A
large part of this proces's consists merely of presenting the data to the
analysis. This is es;entially a manipulation process which has already been
noted as amenable to Ezi_ne.rallsation. The remaining part, calculation of
the statistical parameters, could be carried out by a generally applicable
statistics "package" an example of such a package is "SPSS" (Nie et al.,
1975) though initially designed for use within the social sciences

" (Statistical Package for the Social Sciences) its generality .alIows its use in

a wide range of other disciplines.
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ii) Interpolation. . \J

The removal of instrument drift (Atomic absorption spectrometer,
gravimeter).
1

the removal of diurnal variation (aesromagnetics),

" the removal of background radiation (airborne gamma spectrometry),

the distribution of measurement points between recovered track points

(aeromagnetics, airborne gamma spectrometry),

are widespread examples of one dimensional interpolation processes. .

All the types of data mentioned in chapter one are acquired as discrete point
observations. Some, however, are pseudo-continucus in one dimensicon (i.e. along the

measurement track, the point separation":?s much less than e natural wavelengths of

variation of the data in thi

data points produces an apparé ly smooth and 'ugus curve), None of these

measurements are pseudo-continuous™ dimensions. The map plane is howeter,
two dimensional and many processes, such as certain display forms and numerical
analyses, require the data to be pseudo--continuous or at least evenly distributed over
the plane. (e.g. The contour mapping process, two dimensional spatial filtering, the
application of two dimension anomaly routines for gravity and magnetic

interpretation, the estimation of areal extent or bulk volume of sediments, the

terrain correction for gravimetrics).

To 'produce pseudo-continuous two dimensional data requires the application of
two dimensional interpolation routines. As with statistical analyses, a large part of
~ what is thought of as an interpolation package in fact consists of data manipulation.

In the two-dimensicnal grid interpolation program in use in the ADAM system
(Holroyd, 1974, ibid), the actual interpolation routine takes up less than 20% of the
- program's FORTRAN statements. The remainder consists mainly of yerification and

manipulation routines. S "

h - ' L L

e

direction and hence a simple linear interpolation between -

i

o

A e ety
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Differént types of interpolation algorithms, however, are required for different
types of data. “Plecewise Continuous" polynomials are ideal for gravity and

magnetics (Bhattacharyya, 1969, p. 402), but not for less densely sampl’éd, or

* inherently more '"tough" data such as geochemical' data. Among the meth‘ods,‘

reviewed by Crain (1970, p. 71) is "neighborhood" or "weighted" averaging, a method

more suited to geocchemical data.

Hence some bases for generalisation can be found within interpolation

processes. The key lies in separation of the inherently more general manipulation

processes from the interpolation per-se, &nd then the provision of a selection of

interpolation methods, each of which may be applicable to two or more types oi~data.

iti) Removal of extraneous influences.

¢
For most types of Earth science data, development includes the process of

- removing from measured quantities, interference from sources other than the
A

+

4 -

geological structures that the survéy seeks to investigate. e.g. for gravity this

includes the removal of time dependent instrument drift and earth tide effect,

topography dependent effects, and the altitude dependent free air correction; for

radiemetrics this includes the removal of altitude and meteorologically dependent

background and scatter effects; for aeromagnetics this includes the removal of time

dependent diurnal variations and other effects introduced by altitude variations.

——,
4

As noted above, some of thes:e' processes fall partially into the sub-categories of

interpolation. Others, tho¥gh the>\m’ay require interpclation at some stage,-'é-till
* A

A%

remain lar.gely distinct from this category. But once again, manipulation routines
still form a sfg_nificant part of such. processes thus allowing for partial generalisation

at the outset. - . : % \

| N |
o - o | ;u:,. - 'j:jY“



2.2.5 Levels of complexity , %

a

The amenability to generalisation of these processes --or rather, the weight of
specialised process that would be r'equired, depends upon their structural complexity
which varies siéniﬁcantiy.

The lowest level of complexity is where each data record contains all the
information required for' the subsequent process independently of other data records
or other data sets. An example of this type is the "Free air" correction for a gravity
measurement. Assuming that the altitude of the station is one of the elements of the
record, each record can be taken in 'isoléti_on and the conversion factor calculated by

a simple formula. Further examples are 'the stripping ratio correction for

radiometric data and an altitude correction for aeromagnetic gradiometer data.

The next level of complexity involves interaction between two or more '"co-
incident” data sets. "Co-inci'dent" means that there is a oﬁeutq,-one correspondence _
between members of the data sets. i.e. the I\!th re’su!t is derived by computation
involving the Nth member of each of the data sets concerned. Such a situation
results*from the interpelation processes described above. Ae.g. after interpolation 'of
the drift values between gravimetric drift measurements, there exists a drift value
for each gravi'ty measurement. After a manipulation process wheréin the data sets
are merged to bring together corresponding elements, this process. becomes

equivalent in complexity to the previous described one. i.e,each new data record

now contains all the information necessary to compute the correction factor.

The highest level of complexity concerns those cases where interactions are
required not only between non-coincident data sets but for each result, between many
members of one or more other data sets. The "terrain" correction for gravity data
_and the "levelling" cdrrection for gravity, magnetics or radiometrics all fall into this

-

category.




. generalised. At the first level of complexity however this featyre is likely to be

merely a simple function evaluation. At the second level, the major part of the work

- involves interpolation and manipulation routines previously assessed as suitable for

generalisation. After which, once again, the only specialised feature is a simple
function evaluation. At the third and highest level of complexity a significant

proportion of the process will be unavoidably specialised. But careful construction of

the routines would permit an equally significant part to be carried out by more

general manipulation and development sub-processes.

To demonstra‘e that this is the case let us consider the example of
aeromagnetic "levelling"- a quite complex, ostensibly highly specialised, adjustment

processes.

The magnetic field values along the traverses contain a long wavelength

)

component of non-geological origin.  This disturbing influence stems from a
combination of several factors. Mainly altitude variaﬁon by the surveyAaircraft,
errors in flight path recovery, and-discrepancies between the actual diurnal variation
along the traverse lines.and the diurnal variation as recorded at the ground monitor

station some distance away. Were a contour map to be made of the data as jt stands

7
A .

the errcneous amplitude shifts between adjacent traverses would resuit in an

-

oscillation of the contours known as a “herring-bone" effect. The contro] lines

perpendicular to the traverses were flown expressly for the purpose of leveling.

‘Many different techniques exist for the derivation of the leveling corrections

but all employ in some way the magnetic values on both the traverses and control

lines at the points where the two sets of lines inter’sect/ To calculate if and where a
;r';
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segment of traverse intersects a segment of control line, andto extract the.magnetic

values at this point, requires only a simple coordinate géometry routine. In order to

do this for every ‘possible traverse - control line .intersection point requires
P .

B -

‘considerable data manipulatjon. EYSEEN
- N

\
After the intersection data set is derived there follows substantial data -

- . : «
manipulation to re-arrange the data set in the form required Eir_jcalculation of the.

adjustments te be made to the traverses. The adjust;rpent ca\culat}'b'n routine though- _ ..
. . 7 .

specialised is usually not overly large or complex. )

s t ¥

The adjustment to the traverse are calcilated [)nly for those peints where thef.

+
s

s b -.. N . > -..—-‘ .
traverses intersect control lines. The final phase of adjustment therefore requires .
A . R B

further data manipulation followed by interpolation and app#i_i:ation of adjust?nen't P

o
. .
v

values at each and every magnetic measurement along the tra}c‘,&e. - -

Thus when aeromagnetic leveling is viewed in greater detail it Is shown to

contain many components which b\elong to other classes of compilation process more

-

amenable tc generalisation. : .

In conclusion, we may state that although development processes appear to be

highly specialised - restricted to one or two different types of data i they still can )

largely be carried out by a specialised combination of less specialised sub-processes.

What specialised sub-processes remain could be attached to the outside of a

framework of more general processes.
~ ‘ T

2.3 Obstacles to implementation of generalisation

The preceding section identified, and attempted to surmount, the obstacle that
lay in the way of recognition of .the generality of many compilation processes. That
is, the creation and description of compilation systems from the narrow viewpoint of

the discipline concerned rather than from the viewpoint of the process per-se. ~Ih

13
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discussion resulted in the creation of general statements - general with regard to the

described earth science compilation systems as a whole. The next question to be

answered is whether or not generalisation can extend further than merely as a

'statement. That is, can processes be truly generalised in real terms? In real terms
the box on the flow chart becomes a process carried out by a computer software

module:” In“this context, real generalisation means that the same box-name appearing

>
. . f

in two or-more different flow charts.represents the same software module in two or
more different compilation’systems, or the same module applied to more-than one:
type of data, a significantly higher order of generalis:ation than that of the general

statement.. .

At this point we must therefore seek out and attempt to surmount the next.-

series of obstacles. Namely obstacles to the realisation of generalisation.
€ : . N

An obvious and fqrrhidable obstacle that'workérs in this field encounter is the
multiplicity of mutually incompatible data set contents and structures:emp}oyed.
Another obs;cacle is the' diversity of_ programming languages and types of computer
emplc;ifed. Attempts to establish a generally F;tc‘cessible earth science data bank even
withih one countl;y and withlpé narrow range of disi:iplines have failed becau.se of the
insurmountability of these- obstacles. Each.participapt was pleased to-com_:ribute,
provided that everyone élse .a-dop;c. tr_Leir. particular data structur.'e,\ccin/tfynd means
‘'of manipulation® " One migh‘t expect however, that different types of data colleéted
-by a single organisation and processed by the same machine,' would provide an ideal
environment for generalisation.  Shih (1973) describes the "shipboarcj'\)cor%puter '
system for processing and displaying Bathymetric, Gravimetric and magnetic data at
sea" employed by the” Bedford Institu‘-c‘e of Oceanography. Three types of data

collected at the same time, by the same organisation, to be processed on the same

» machine. Reading the description of the 36 programs listed in this work, however,
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" reveals only two which appear to be of a ‘gruly general nature. "Plot axes for plotting

profiles" and "read x,'y fron:‘u,paper tape and plot x, y on plotter”. "Plot bathymetry

v

profiles" "plot inagnetic; anomaly profiles" and "plot gravity anomaly profiles" appear

in three separate programs. The obstacle to generalisation in this case was probably

the very small‘memory capacity of the computer being used. Generalisation may

“have demanded too much core storage.

To summarize, obstacles to the realisation of gereralised methods of earth

science survey compiJation are:-

i) Restrictions imposed by computer capacity.

ii)  Diversity of machines and programming languages.
iii) Diversity of data structures.

The first obstacle has been, or is being, surmounted, simply.by the rapid rate of

. hise
development of E.D.P. hardware. Random-access and mass-storage memory
¥ .
capacities that were inconceivable ten years ago, are now commonplace. Hence, if
generalisation does in fact make greater demands upon computer capacity these

demands can be met at minimal extra costs.

The second obstacle, that of diversity of machines and programming languages,

. b
is also surmountable as a result of hardware developments and the system-software .

development that have accompanied them. Compilers for all the commonly used
programming languages“‘are today available even for mosti types of mini-computer.
Modern microp:.*.bceslsor based computers are capable _:qf "emulating" other types of
machine. j.e. are capable of being made to mimic a'-'?'i'iiariety of other types of
machines thus -facilit‘;‘t'ing the transfer of software. Hencé, if generalised
'compilational software was written in the standard form af one of the mor; common

computer languages, or designed to be so written, then this obstacle could be

overcome. o N

timy
A7
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2,3:1 The principal obstacle: diversity of data content and structure

The .third obstacle, that of the diversity of data structure and contents-is the
most formi('iable one. It.is- possi.ble to impose a rigid structure and content
co-ﬁvéntion on a given type of data provided that consensus can be attained among the

‘
workers in the discipline. -Dampney et. al. (1978, p. 216), for example, make
retesmmmEndations for an industr:}-wide standard formats for the .djgital recording of
seismic data. It would be very“difficult to establish rigid con.tent and structure
conventions for all types of earth science survey data.- Even if it weré feasible it:
would only assist in generalisation within a discipline and not across several
digciplines. .

Such conventions could .ln fact, retard rélther than advance the interests of
generalisation as si‘gnificant new developments in technique or instrumentation could

require a revision of the standards.

This problem, the third obstacle, is not unique to earth science compilation

systems. It is to be found in all realms of computer activity — science, commerce,

- Industry, etc. — and has been solved with varying degrees of success for many specific

T, ¢ -
and’some generalﬁpplications. It does not appear to have been solved for specifically

geophysical applications. A search by this writer though of over 700 references
containing the highly genera! keywords "computer" and "geophysics" failed to reveal a

solution specific to the problem at hand. ;

. An examination of work in other fields may, howevef, reveal a solution close

[l
'\

enough to be adaptable to the current problem. At least, it could provide useful

guidelines or hints as to a solution in the current field. R

Accordingly, the next chapter will address itself to such an examination..
) b




3.0 Existing solutions to the problem of diversity bi data structure and content.

The problem, in essence, is as follows: :

With all high level programming languages in common use, it is a simple matter
to create a program which'applies a specific process to a data set of ‘specific
form and content. This means one data form — one‘module. Hepce, as has been
P described. in the examples in Chapter one, essentially the same process ma}“be
expressed in many:different -modules, each one tailored lto a specific form of

data.

In the context of this work, "generalisation" requires programs which are

u

independent of the data content and structure, and Vice versa.

In their standard forms, the high level languages have some limited facilities
for data indepenaénce. FORTRAN, for example, permits a program to read the data‘
record format at run-time. Thus different data formats may ‘be input to the sam:r
prografn without requiring internal changes. The facility does not, however, permit
higher level structures to be definea. Thus if not just the record structure changed
but also the juxtapo_sition of records of different structure then program changes

.

would have to be made.

A further disadvantage arises from the fact that it is preferable to include the
data sttyctl‘Jre'definition with the data set rather than maintain it separétely. If this
was done using the ”run-t;me formant iﬁpljt" facility, ‘then the data set would become
"language dependgnt", i.e. a data set defined by a FORTRAN format at its head could -

not be interpreted by a COBOL program unless quite ‘complex "translation routines"

were specially written for the COBOE‘Program.
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-

. Hence, for comprehensive data indepé_;wdence, specialised software modules .
must be created (either with a high level language or in an assembly language) which
may be called from a user program to effect data transactions which, from the user's

viewpoint at least, are independent of data structure.

3.1 Data base management systems (DBMS)

The most widespread use of data-structure-independent software is within "data

base management systems" (or "information retrieval systems"). At one time the

.

bulk unit ofr'd'ata was regarded as the "file" in which all records were of the same
form and content, hence data specific software was adequate. Modern usage now
regards the bulk unit of data as the "data base" — a collection of several files which
will have different contents and which may also have different structures. If the
same software module is to be applicable to all data within the da'ta base it must

perforce be data-structure independent.

Martin (1975, p. 19) defines a data base as follows:

"A data base may be defined as a collection of interrelated data stored together
without, harmful or unnecessary redundancy to serve one or more applications in an
optimal'fashion: the data are stored so that they are independent of programs which
use the data; a common and controlled approaclf is used in adding new data and in
modifying and retrieving existing data within the data base. One system is said to
contain a collection of data bases if they are entirely separate in structure",

Date (1976, p. 1) provides a much briefer definition:

"A data base is a collection of stored operational data used by the application
system of some-particular enterprise'.

Olle (1976, p. 389) defines the data base in contrast to the above mentioned file

AR
as follows:

"The difference between a data base and a file, in terms used prior to the
advent of data processing, is perhaps analogous to the difference between a
thoroughly cross-referenced set of files in cabinets in a library or-in an office and a
single file in one cabinet which is not cross-referenced in any way. "~
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The important difference is that the data base must be stored in the computer
.- on direct-access storage {such as disks) in order for the computer's central processing
unit to be able to utilize the cross-references within a reasonable time."

: o
The relationship between the data base and the data bhse management system

(DBMS) is described by Olle (1976, p. 390) as:

"A data base is a set of data stored in some special way in direct access
computer storage A DBMS is the software that handles the storage and retrieval of
the records in this data base."

' ! 2

Describing in greater detail the'role of a DBMS Martin (1975, p. 66) lists«the
following; eleven events which take place when an application program reads a recp'rd

by means of a DBMS (see Fig. 14). ¢

"]. Application program A issues a call to the data-base management system to
read a record. The program states the programmer's name for the data
.type and give the value of the key of the segment or record in question.

2. The data-base management system obtains the subschema (or program data
description) that is used by application program A and looks up the
description of the data in question.

3. The data-base management system obtains the schema (or global logical
data description) and determines which logical data type or types are
needed. '

4., The data-base management system examines the physical data-base
description and determines which physical record or records to read.

5. The data-base management system issues a command to the computer
operating system, instructing it to read the requisite record(s).

6. The operating system interacts with the physical storage where the data is
kept.

7. The required data are transferred between the storage and the system

buffers. \

8. Comparing the subschema and schema, the data-base management system
derives from the data the logical record needed by the application program.
Any data transformations between the data as declared in the subschema

and the data as declared in the schema are made by the data-base
management system.

9. The data-base management system transfers the data from 'the system
buffers to the work area of application program A.

10. The data-base management system provides status information to the
application program on the outcome of its call, including any error
indications.

11. The application program can then operate with the data in its work area".

Lo,
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Fig. T4 The sequence of events whén an application program needs

a record,

using a data base management system. (after Martin).
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3.2 Data independence within the DBMS

All" the authors cited above in this chapter rank "Data independence" as b'eing of

paramount importance to the DBMS.

Martin (1975, p. 27) extends the concept to two levels — logical ard physical
independence. - Physical independence means that the content of the basic data
aggregate (number, type and order of attributes) and locations of each aggregate may

change without changes to the application programs. Logical independence means °

o
'

that the overall logical structure of the data set may change without riecessitating

: i
changes to the applications programs. !

The basic means by which the DBMS achieves data-independence as revealed in

Martin's "eleven events" above - specifically by events 2,;3, 4 and 8, are:

i) There exists a "sub-schema" which describes the data from the viewpoint
of the program (e.g. the program needs a string of consecutive pairs of -X,

Y coordinates to plaot a graph)

i)  There exists a "schema" which describes the "entire logical data base" e.g.
what, inclusive of X and Y, does the data base contain and what

relationships exist between different components.

-

Hi) There exists a physical data base description which relates the names and

tv) The progftam calls for its X, Y data set; the DBMS employs the physical

datafdescription to isolate X, Y from the other contents and retrieve them.

If thenstructure of X, Y as defined in the schema differs from the program

requirement ined In the subschema, the DBMS transforms the data to

the form required by the program.-
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Hence, regardiess of changes to the data content and structure of the data

base, the programmer may call for data simply by kame and retrieve it. Hence

data-independence is achieved.

-

Date (1976) has a somewhat different viewpoint with almost entirely different
terminology. In essence, Martin's "schema" is Date's "Data model" and martin's ";ub-
schemg" is\ Date's "sub-model". Martin's "physical description" does not find a

‘counterpazjg I Date, due to an essential difference in their concepts and method of
presentation. \ Figures 15 and 16 illustrate Martin’s and Date's viewpoints én.d'
terminologies.” Note that in Martin's diagram the sub-scr{ema, scﬁtma and physical
.description are independent. On the diagrah? (15) there appears "mapping" which
floats in space outside of the sub-schema. It is indicated that this mapping is carried

out by the data base management system". However: -

If i) the schema contained only a description of the logical data base,

ii) the physical.description was purely of the physical data base,

iii) | the mapping (relationship of one to the other) was carried out by thesdata

base management system,

then iv). the DBMS would have to contain the mapping relationships between schema
and physical description. In order to do so it would also have to contain an
image of both the schema and physical description thus making their

independent existence superfluous, i.e.

Schema DBMS ' Physical
($) (S=P) (P)
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Applicatian
program 4

Subschema
B

Schema

Mapging
-subschema 8
to’schema

Physical storage mapping

Physica!l
data base
description

———

Application
pregram 5

N

Carried out by
the data base
management
system

’

-

Fig. 15 Architecture for a data base system (Martin)
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Date's depii:tion is a much clearer and realistic description of how data independence
is maintained. As can be seen in Fig 16, the data sub-model incorporates the mapping
relationship between itself and the data model. * The data model in turn incorporates

the mapping rellationship between itself and the physical storage.

If the physical storage changes, the data model need not-change. All that is
needed are cor,respohding modifications to the mapping; data model-storage {physical
independence). If the data model changes, all that is required are changes to the
mapping; — data sub model-data model (logical independence). To retrieve a user
record, the DBMS merely follows the "map instructions" from the sub model to

physical storage.

The DBMS concept therefore, clearly exhibits the Sought after ‘property of
"data independence" i.e. the top-level user proéram may request data by name only
and continue to have the request fulfilled regardless of differences in data content
and structure between different files within the data base, and regardless of changes
made to these the contents and structures over the course of f}me. Such is the
capacity required of a generalized Earth Science compilation. Eystem. i.e. to plot a
profile of radiometric data or aeromagnetic data with the same module requires that
the systems, not the user, take care of the differences.in structure and content

between the two data sets.

3.3 Implementations of the DBMS Concept

Current implementations of the DBMS fall into three general categories on the
basis of the uhdef!ying structural model. The categories are "Hierarchical",
"Network" and "relational". The mathematical bases of such structures are described

in detail by Berztiss (197 5).
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Hierarchical systems are based upon the "tree" stl:ucture, and network systems
on the network or pléx structure (see Section 4.1). Description and comparisons of
several such systems may be found in Canning (1971) and a CODASYL report (1971,
no. 1). Tsichritizis and Lochovsky (1976) present a survey of hierarchical systems.
The commonly cited work on net‘work systems is a further CODASYL report (1971,
no. 2). Relational systems appear to be implemented only in experimental» fofm

(Date, 1976, p. 41).

Deutsch and Fong (1978) describe the characteristics which differentiate
individual DBMS software packages and provide a list of fifty seven currentiy

available systems.

3.4 Applicability of the DBMS to the generaliation of Earth Science Survey
compilation

Sutterlin (1979) categorizes many DBMS's of different types on the basis of
their capacities, i.e. general vs specialized; single file vs multifile; machine

dependent vs machine independent.

Such a.categorization allows ;che majority of systems to be rejécted at the
outset as being inapplicable to generalization of Earth Science survey compilatlion,
l.e. machine independence and multifile capability are essential requirements. T_his
leaves only one remaining degree of freedom of choice - specialized vs general. The
literature search having failed to dilscover any systems specially designed for the
compilation of earth science surveys, only generalized systems remain. The outlook
is, however, bleak in this direction also. Hemperl and Ries (1979) state that an

adequate system for generalized scientific data management does not exist today.
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It must further be stated that the current work does not seek for generalization

within the sciences as a whole, but merely for generalization of compilation systems

applied to Earth Science survey data — a double specialization.

o

The general éompilation processes for the five exemplified disciplines were
described in Chapters | and 2. Chapter % will deal with details of data structures in
these 'discipline's. For the. moment, however, we may briefly examine the
characteristics of earth science survey compilation parficulérly relevant to the

applicability of an existing generalized system.

Two consideration are paramount; volume of data and types of retrieval. _

[N "

i)  Volume of data

Bristow (1979) describes a newly developed airborne garﬁma—ray
spectrometry system. Such a system is capable of sampling up to 1024 energy
channels at rates of up to 4 samples per second. Each channe?/sample isal6
bit word, hence the maximum data acquisition rate is.8k bytes/secc;nd or
approximately 30 M bytes/hr. During the field season as mug:h as 1000 hours of

190
on-survey flight may be executed resulting in the acquisition of 3 x 10  bytes

of digital data by a single acquisition system.

All of the cited general works on data base managem.ent systems state that
the data base must be on some direct access storage device. The largest
capacity of cernmonly available devices is approximately 3 x 158 bytes on a disc
system. Thus 100 high-density disc devices would be necessary to contain the
maximum output from a single season's operatidn of a single multi-channel

gamma-ray spectrometer.
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This is an extreme case of course, The output c;f aeromagnetic data per
season is considerably less. It is still large enough, however, to rule out the use
of disc storage for more thaf, temporary residence. Gravimetric data output is
still less, but again large enough when accumulated over several years to make
permranent_ on-line storage very costly. Geochemistry and drift sedimentology

a : o
alone fall within the data -volume limits that would make permanent on-line
storage a reasonable proposition. Though reasonabile, in terms of cost, such
storage is, how‘ever, not ﬁec'essary for the compilational processes. As will be

J—
explained below

i) typS% of retrieval

Most compilation process retrieval requirements are satisfied by linear-
sequential input from,' for example, a digital magnetic tape device. The
compilation of aerogeophysical and gravimetric data, however, requires, for at
least one stage in the process, "direct" or "randem" access. The rétr_ieva!
requirement for these stages, though, is well known in advance and is not
random access at the record level but random access to (very) large block; of
sequential data (e.g. sorting the lines of traverse data into geographical order;
combining and sorting flight .path data segments, transposition of levelling or
numerical surface matrices, etc). As such, the sophisticated unpredefinable,

: Ed
random access to individual records that the DBMS provides is not required of

. . A
an earth science compilation system. This is not to say that they could not be

“
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employed, but to do so would incur an enormous penalty of computational
overhead. The "eleven events" that Martin Q!gscribes as taking place when an -
application program gets a record from the data base via a DBMS would become
about 11 billion :events during the course of compilation of a large

aerogeophysical survey. . =

The only advantageous application of a generalized or sj‘).ec(ialized data base
management system would be to drift sedimentological or geochemical data
alone, after compilatic;n is complete.- As will be demonstrated, however, the o
provisions for processing duriﬁg compilation may thehselves prove satisfactory

.

for post-compilational requirements.

In conclusion, we may note that the concept of data-independence as
demonstrated by thedpgeneralized DBMS remains as a vital requirement for a
generalized earth science survey compilation system. The problem of achieving it,
however, also remains, as the implementation of the concept within a DBMS is not

<

applicable to the needs of earth science survey combilation.

What must be sought for and found is a concept of data structure pertinent to
the needs of survey data and compilational overheads. It is the opinion of this writer

that the best place to begin the search is within these very data and processes

t_hemselves.
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4.0 Content and structural characteristics of Farth Science survey data sets

4.1 Fundamental concepts of data content and structure

4.1.1 Content

A great amount of work has been done and a great amount written on the
subject of data content and structure. The language employed is necessarily
complex, different workers)use different words to describe the same thing (e.g.
"record" = "segment" = "tu;rale") and sometimes use the same word for different
things. Martin (1975, p. 44) .1n describing the nature of data i‘nvoke; three "realms",
namely "reality” "information" and "data". The first is where things exist, the second
refers to How we conceive of the information pertinent to these things and the third
1s where the information is stored in digital form. In ti:me realm of reality there exist
"entities" ;»'hich possess "properties”. In the realm of information the property is

represented by an "attribute" which has an "attribute value". In the data realm the

attribute is represented by a "data item" which has a "'data item value".

Sutterlin et. al. (1977) illustrate the variety of termino_logy by providing
commonly used alternatives for rﬁany of the terms they employ. Théy define four
"levels of structure" which have influence in the design of a data base namely "the
natural data structure level" (Martin's "real realm"), the "seemiﬁg data structure
level" {(Martin's "information re'alm"l, the "abstract data structure level (No parallel
in Martin) and the "storage data s#ucture level". {(Martin's "data realm"). Sutterlin
et.” al. then go on to describe the "entity" as the "basic unit" of the data base. Where
Martin fiad "data element name” Sutterlin et. al. have "field name" for which they
provide the alternative terms "element," "property", or "characteristic®. Martin's

"data element value" is referred to as "Field Content (Item, Property, or Measure)".
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Martin and Gordan €1977} state:—

"An entity is an object or event of interest, attributes have values which
describe an entity." d

These authors then go on to give an example referring to the analysis of a

' <collection of geological field data: They state:—
"STATION is an obvious candidate to be considered an entity in the data model

for this application, attributes of the entity STATION could include location,
observer's name, and reference number."

A statement with which this writer cannot but agree. They continue in the next

paragraph, however by stating: -

"A petrologist might insist that another entity be PETROLOGY with attributes
name, coclor, grain size, mineralogy etc. — — — this model then would include a
relationship ~ '"HAS' ~ between the entity STATION and the entity LITHOLOGY".

It is this writer's opinion that the latter paragraph creates unnecessary
complexity by permitting one entity to "have" another entity as it necessitates that
the set of entities be divided into sub-sets, according to their states of "possession”

and "possessedness".

This complexity can be obviated by redefining PETROLOGY as a "property"

rather than an entity, e.g. "STATION" possesses the property of LITHOLOGY.
Let us therefore establish the terminology to be used in this work.

The entity, thé object of interest, we 'will retain strictly in the real world.
Data sets do not contain entities, We can specify the nature o} our entities more
apprbpriately by referring to them as "samples", a geologica_lly familiar term. That
disciplines such as aerogeophysics do not collect actual physical samples is no

obstacle to this usage as one can simply invoke the existence of an immaterial

sample = i.e. the sampled point in gpace and time.
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We will state  that entit'ies possess-properties which can be measured or
observed and the measurement or observation is an attribyte of the sample. All
things.tﬁat can be recorded which are pertinent to the sample are. attributes. To
have some data items known as attril;u—tes and others as entities and yet others as
"identit.ies" is not only confusing, it lS superfluous. Furthermore, qualitative
differentiation between data items at such an early stage tends to channel the ways
in which we think about them at later- stages. This in turn tends to channel the
methods we des.ign to manipulate them which leads to artificial and unnecessary

restrictions on their manipulation.

-

~ An attribute, therefore, is a specific value of an Earth science or related
property. As such, an attribute must consist of two components, the attribute type

. ——y > .
(the property being measured or observed) and attribute value (the result of the

measurement of observation.) When the attribute is digitally encoded, the attribute

value becomes a ""data element value'" the attribute type a "data element type".

All the attributes related to an individual entity, when put together, constitute
an "aggregate". A grouping of the attributes of more than one entity will be referred

to as a "super aggregate" and a grouping of a subset of the attributes of a-single

14

entity will be referred to as a "sub-aggregate".

Surveying consists of sample {entity) collection. Data aquisition is observing or
measuring and recording the attributes of the entities. The data set is the collection

of all the aggregates of attributes recorded. To summarise:-
i) ENTITIES possess PROPERTIES

ii} SPECIFIC VALUES of properties are measured or observed.

iii)  the specific value of a particular property is an ATTRIBUTE of the entity.

E g
4
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. v} An attribute has two components its TYPE (the particular property) and its
VALUE (the observation or measurement as quantified).

v)  All attributes of a particular entity constitute an AGGREGATE which

defines and describes the entity.

vi)  the digitally encoded form of an attribute is a DATA ELEMENT. Attribute
type becomes DATA ELEMENT TYPE. Attribute value becomes DATA _
ELEMENT VALUE.

vii)  the'digitally encoded form of all attributes of all entities is the IYATA SET.

4,1.2 Structure

"Structure" of the data set refers to the manner in which the above mentioned
data contents are put together to form the data set, and the pathways that are
provided to allow retrieval of desired data items. The lowestorder of structure would
be one with no deliberate structurei at all. Retrieval would consist of selection and
examination of items in turn until the desired item was found. The highest order of
stru;:ture would consist of the iiae'rns being stored in labelled locations to which
existed a comprehensive cross reference catalogue allowing the location of any item
possessing a given set of attributes to be found directly by reference to the
cata}o'gue. i.e. in any search, regardless of the criteria for selection of the item, on]y

that or those items which satisfied the criteria would be handied.

The most appealing feature of the "no structure, no catalog" system is the ease
of "updating" the filé or daté set.- Any changes required are-simply made — no other
action is necessary — and the retrieval system functions just as well as before. With
the highly structured, fully catalogued system s'uch as: the library, deleting or addiﬁg

a single book requires that an entry be deleted from or added to all the various

s
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catalogues. The most extreme example of the cost of updating a c;atalogue is
provided by the case where the collection of items is also c.atalogued by some
sequential position index. In which case-a single addition to or deletion from the
collection requires every catalog reference to items further down the sequence to be
| changed. (e.g. the index of contents of a book; If an extra chapter is added, the page

numbers of every succeeding chapter will very likely have to be changed.)

It is evident that the appropriateness of a structural System depends upon the

contents of the data set, and on the manipulations to which it will be subjected,

Three basic categories of structure can be described as graphic forms. Namely
"flat files," trees" and "networks." (Martin, 1975). In a flat file, relationships bet\;veen
items .are implicitly expressed by placing all related items together in the same

"record" or aggregate. With trees and networks relationships between "nodes" (items)

are explicitly expressed by linkages which join the related nodes. A tree structure is,.

N e

in reality, a special case of the network with'as?ércti‘faié properties. [t is hierarchical.
The uppermost level of the tree has only one node (the root). Every other node has
one and only one node related to it at the negt higher level, (its "parent") and may
have zero, one or more nodes related to.it at the next lower. lev-el (its "children").
With a network any node may be related t;) any other node or nodes without

restriction,
Figure 17 shows these three types of structure.

Certain physical implications are, present in these graphic forms. It can be
seen, in the case depicted by figure 17, that a network may be decomposed to a tree
or group of trees and a tree may be decomposed to a flat file or group of flat files.

The penalty for this decomposition is the necessity to replicate nodes which

.
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o () ' O

B) TREE

C) NETHORK

Fig. I “on basic |
g. 17 The.thnue.ba51c types of structure. These three examples are equivalent.
Cmay be decompused Lo B, B may be decomposed to A
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previously occurred only oncfe. The system shown in figure 17 requires 6 nodes to
express it as a ﬁetwork, 7 nodes as a tree and !2 nodes as flat file. For more complex
networks the redundancy would be much greater. The consequence of this in terms of
the data set and its manipulation is that structural simplicity is a requirement which

may conflict with economy of storage and efficiency of retrieval.

We can say in conclusion that with regard to data structure, a certain freedom

-

of choice exists i.e. if we can impose a complex structure we could also impose a
simple one. The actual choice should be the best compromise between structural

simplicity and economy of storage/retrieval.

It is also evident that the degree of complexity of structure that can be
advantageously achieved depends to some degree upon the existence of natural
relationships in the data. i.e. A network may be decomposed all the way down to a
ﬂat file but if the nodes of a flat file contain no repeated valdes then we could not

reduce the number of items stored by development of a network.

We will now examine’ the content and structural characteristics exhibited by

real cases of Earth science survey data.

4,2 Earth Science Survey data Sets

We will define the '"cardinal form" of the Earth science survey data set as

follows.

i) All-the entities described belong to the-same class (e.g. aeromagnetic

measurements not mixed up with drift sedimentology data)

ii)  All the.aggregates belong to the same class (i.e. each aggregate contains

the same number ‘and type of attributes, only the attribute values differ

from aggregate to aggregate)
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iii) There is a ,unique/c;ue-to-o'ne relationship between the entity set and the
aggregate set. Hence no aggregate can describe more than one entity and

no entity can be described by more than one aggregate.. Thus aggregates

have an independent existence related formally only to their entity and not

to each other. e.g. ’

aggragate No. 1) = N, X, Y, A, B, C (1)

aggregate No. 2) =N, X, Y, A, B, C _ (2)
ﬁ\p . etc ...

.m“
Where "N" could be a sample number, X, and Y spatial coordinates and A, B, C,

etc, other attributes of the particular sample.
1

We have, in fact, shown that most data sets should be reducible to this form.
But we h&ve also shown that even if the data set is reducible to this form it may not

always be efficient to do so.

We may therefore expect valid Earth science survey data sets and subsets to
possess some other form, either because they are still in the process of compilation

or because it is more efficient. N

o
o ark

Lt

The two important reasons for employing some alternative form are those of
economy of storage and efficiency of handling, but often, the principal dictator of

the actual form is the "dimensionality” of the data.

ar
¥

Although digital measurement and digital processing must de;l solely with
discrete quantities, one may conceive of data as being spatially continuéus in one or
more dimensions according to the type of data. The aggregate described above as the
cardinal form, though possessing X-Y coordinates is in fact zero-dimensional,
referring only to a single point in space. Other types of data may differ and we may

speak of "point", "line", "plane" or "volume" data, each of which will possess its own,
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most appropriate structure dictated by its dimensionality. Hruska (1976, p.7299) in

discdssing the problems of data' management systems applied to economic geology
notes that the "environmental" sciences, have perhaps the greatest need for improved
data management systeﬁ‘ns due 'to this fact. A basic aggregate form may be.gmployed
however, wHich appears to be similar to the cardinal form i.e.;— 5?

(SD) A,B,C, )
where (5D) is a definition of the spatial region, point line, plane or volumé, to which
the attributes A f‘ztc. apply. Exanilples of all four types of spatial region exist within
aigitised geological information. Other than the obvious point-sample data, the
spatial dffinition (SD) could consist of’the depths to two points on a core sample, the
core between which possesses a single aggregate of geol‘qgical attributés. A single
aggregate of“geolog_ical attributes could likewise ke applied to a spatial region which
was planar (an outcrop upon a geological map) or Xo a volume of space (a stratum

whose upper and lower boundaries are defined over an area).

In all the above mentio;_led'-cases a spatial region is defined to which a

succeeding aggregate of attributes e{ﬁplie‘s. An attribute has been defined as a single "™
F

specific value of a particular property. Then'\yith this form of aggregate each of the
specific attributes must apply to the spatial region as a whole, i.e. the attributes are
constants within the spatial region :}NB dimensional spatial definition of a stratum

followed by the attribute "Limestone" means that all points within the space possess

this,attribute.

Cases exist however, where one or more of the attributes are not constant
~ throughout the spatial region referred to, and for which a single specific attribute

value is inadeqilate. Twb alternative means may be taken to satisfy this requirement.

-

N\

~J
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The simplest is to subdivide the region into sub-regions over which' the attribute or
attributes in question can be considered to be constant. This allows the original

spatial region to-be described by a set of several aggregates of the same form as

previously employed, each of which describes a sub-region'of the original.

The other alternative is to retain the definition of the complete spatial region
as a separate entity but employ some means within the aggregate to define the

~ variation of the attribute (s) over the region. This type of aggregate could take the

form:—

-

(SD) F(A), E(B)...... (%)

where F(A) etc. are a set of mathematical functions of the attributes which describe

their behaviour over a region of space rather than a constant value applicable

‘ throughout the region. ‘ :

Within the realm of Earth science surveys the "Function" describing the
behaviour of "an attribute over a region of space is only rarely available as an
.analytical algebraic expression. Variations over a region are usually defined by a
numerical expression i.e. a set of discrete numerical values distributed at points
throughout the region. (to distinguish this case from that of the algebraic function,

the notation "Ai, Bi" will be employed where "Aj" represents a string of several

values of the attribute "A" etc.).

This faclt fnakes the first alternative — subdivision of the spatial region - a
commonly enco(m:ered case. Many.cases can still be found however, which adopt the
second alternative even though the attributes within the region are.defined only as a
set of spot values. 1"he, practicability of such a usage depends upon the spatial

distribution of the spot values within the spatial region. If the distribution is
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undefinable by some separate function, then each spot value must possess its own
definition of location and no advantage is to be gained by separating the spatial
definition from the attribute list. N

If however a simple-means exists to separately define the distribution of the

spot values then a different aggregate structure can effectively be employed.

The simplest form of separately definable distribution, and the one most
commonly encounterea, is a regular ‘distribution, i.e. the spot values are
distributed at points separated by constant distance in each of the applicable
dimensions ~ equispaced in one dimension at points along a line; equispaced in two or

[l

three dimensions at points falling on the nodes of a regular grid.

Definition of the distribution is a necessary component of the aggreéate but it
can be stated separately from the attributes and the spatial region to which they
apply; the aggregate thus taking the formr:—

(SD) (DD) Ai, Biyeres (5}

where (DD) is the distribution definition of the attributes.

This being the most complex form of aggregate so far described, a pertinent,
res:al example is appropriate, e.g. consider a data set containing the definition of
magrjetic total field over a 1:50,000 scale NTS Map sheet at points situated on the
nodes of a regular UTM grid. The data set could be structured as a flat {ile cardinal
form. For each data point the aggregate would contain the elements

XY, G (6)
where X and Y could be Lat-long, or UTM coordinates (or bofh) and G is the total
field. The definition of the spatial region covered is implicit; that is — all coordinates

specified lie within the particular NTS sheet. Such a’ data set would be simple tor
~. .
"o
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construct but would‘require at least three elements for each data point. (storage
inefficiency) Furthermore, with such a structure it would be difficult to predict the
location of individual/at‘tkributes in the data set according to tll;eir spatial location;
(retrie\}al inefficien-cy). A much more economical structure, and one ‘which facilitates
data retrieval is possible as the data points fall upon a regular grid. The aggregate
would be in the above mentioned "compiex" form:—

(SD} (DD) Gi (7
where (SD) would define the map area (NTS sheet number, Latitude-~longitude
boundaries); (DD) would define the data distribution (UTM of grid origin, north & east
grid cell dimensions, number of rows and columns) and Gi would define the total figld
values over thé grid simply as a listing of values to be encountered by passing along
successive grid rows by the conventional route (left to right, lowest row first), By
these means only the attribute whose variation cannot be predefined in a concise
manner need be present for each data point. The locational attributes are fully
described by a few elements preceding the list of specific values of the other

attribute,

As the number of aeromagnetic data values within the map sheet increases, the
space saving over the cardinal form approaches 66% and the position of a magnetic
field value within thé data file may be predicted from its spatial location on the map.'
(e.g. A total field value in column K on row L will be the N element in the data set,

where; N = K + (L-1)*NGR, and NGR is the number of grid points per row)

By our original definition of terms, an aggregate is an assemblage of the
attributes of an entity. We may name our entity the "sample" — in this case merely a
sampled point in space and time, and the spatial coordinates of samples aré just as

much attributes of the entity as are geophysical or geological observations. The last
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example, (the "complex" form of aggregate for gridéled aeromagnetic data) however,
refers to not one, but several "samples" and should be described as a "super-..
aggregate”. j.e.-a vrestructL‘xred c‘ollecticfn- of many iﬁdividual aggregates in a'f'orm
best suited to the needs of data retrieyal and economy of storage. Something, ‘though,
has been lost by the re-structuring, and conversion from cardinal to ‘complex form

_ =
and back again invelves more than mere re-arrangement &f the data.

This introduces the: concept of implicit "informatién" which must be held in
mind when actual instances of-data structures are ‘being examined from theoretical
viewpoints. In the above example for an aeromagnetic grid, the data set contain's..rthe
parameters of a function whigh allows the spatial coordinates of the aeromagnetic
values to be generated. It does n.ot contain the spatial c.oordinates themselves. Hence
aeromagnetic values laying in some sub-region of the map could not be retrievéd.
directly. A computation module must be included in the retrieval systefn to create

the cardinal form aggregates.

We will now examine two specific, and contrasting examples, in greater detail.”

4.2.1 Aeromagnetic data

The compilation process for aeromagnetic data (Section 1.4) involves a
progression through several data sets of different content. The three principal data
sets are the two initial ones - In-flight data and Post-flight track data and the finai
combined mappable data set. In addition thére exist several intermediate or derived
types of data set such as the leveling data sub-set and the interpolated regular
grid data for contouring. The in-flight data essentially consist of a set of in-

flight aeromagnetic measurements "each of which possesses an associated
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l"s?mple number" — a fiducial number. The post-flight-recovered track data
ehssentially consists of a set of pair.s of spatial coordinates each pair of which also
possesses a fiducial number. The essential content of the final, mappable data is a
set ‘of corrected aeromagnetic measurements each of which possesses a pair of

spatial coordinates. The purpése of the fiducials in the first two data sets is to allow

correlation between the two so that they may be combined into the third data set.

As stated, the above components are the essentials. Such data, would be
sufficient to.allow the compilation processes to be applied and a map produced. The
simplicity of this data content, However, would require that the data be handled and
processed record by record - i.e. one aeromagnetic value and fiducial at a time, one
pair of track coordinates with associated fiducial at a time, etc. The retrieval
requirements of the first compilation stages — physical verification — are simple, and
retrieval of one record at a time would be adequate. For the later processes,
however, logical verification, sorting and merging, leveling etc. — the retrieval
requirements are more complex, and though it would be possible “to fulfill the-
requirements from such basic data the processes would be protracted and‘costly and
the detection of errors hindered. Accordingly further attributés have always been
included in thé data set, which have the effect of identifying a larger quantity of
data that may, in logical terms, be handled and processed as a unit. Such elements
include Line number, Flight humber, Map sheet number, etc. This allows the

retrieval, for example, of all data on a given map sheet as a logical unit.

The stage at which the in-flight and post-flight data sets are merged has as its
objective the assignment of spatial coordinates to aeromagnetic measurements, The
required spatial order of the resulting data set will have been defined before this

stage and hence each of the two data sets can be sorted into this order before being



-110-

merged. This obviates retrieval of elements of one or both sets at random. By
sorting, the elements are positioned within the data set in the same order that they

‘will be called on by the merging program — a relatively simple retrieval requirement.

The next stage, leveling, has more complicated requirements. The normal
survey practice is to fly a set of control lines perpendicular to the" principal survey
traverses. The first goal of this stage is to retrieve the data from some or all of the
points where traverses and control lines intersect. The purpose 1s to form a set of
data aggregates each{of which éaﬁtains the data from a traverse and from a control
line at the point where|the two intersect. The control line data could be broken -into

short segmepts, e one covering an intersection point, labeled with the traverse

number at the point, then the segments sorted by traverse number and spatial
coordinate into the same order as the traverse data itself. The elements of the
respective data sets would then be arranged in the order that they would be called by
the first stage of the leveling process. This would once again obviate the need for
non-sequential t:etrieval of data elements. Non-sequential access to data will
eventually be required at some stage of the work, and for the efficiency it gives,
might as well be incorporated at this point. In this context, non-sequential retrieval
means that neither the control nor traverse data sets need be re-ordered before
submission to this stage. The traverse data can be taken in sequential order with no
ne;ed to backtrack, but elements from the control line data will be ‘required in non-
sequential order. (i.e. The int_ersection points may be taken in order of occurrence

along each traverse. One traverse at a time. But each traverse could cross all control

lines, therefore segments of all control lines will be required'for each traverse.)
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Though such a. retrieval requirement is not strictly random it is definitely
nonsequential and may be régarded as random for all practical purposes. A further
retluirement for non-sequential retrieval may arise at the gridding stage, depending

,upon the type of interpolation function and gridding algorithm employed.

We may describe the data structures of the various stages of the aeromagnetic

survey data set as follows:—

1) In-flight data set.

The common form is a super-aggregate:—
L, Gi, Ai (8
where; L contains information pertinent to a whole flight line of data, such as line

Number, direction, date etc.; Gi is the set of aeromagnetic measurements and Aj is

)

the set of auxiliary informationosuch as fiducial number, altitude etc.
Lo
il)  Digitised track data.

.

The data is often output from the digitiser in a cardinal form as a result of

design peculiarities and limitations of such devices, e.g.:-
M,L,F, X, Y (9)
where;— M = Map Number; L = line number; F = fiducial number and X, Y are the

cartesian coordinates of the digitised point.

Often, the first process applied to the data is super-aggregation by map or line
number to the form:-
M, L, (X, Y,F)i (10)

iii)  The leveling data sub-set.
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Such data provides a good example of the advantages of separation of a data
distributi'on. function from the data itself. The basic form of the aggregate is cardinal
e.g.

T,C,GT,GC, X, Y (11)
where: T and C are traverse and control line identifiers; GT and GC are the gaml:na
values on the traverse and control line t"espectively, and X, Y are the spatial

coordinates of the point at which the traverse and control line intersect.

The points of intersection of all traverse and control lines will not lie on a
regular spatial grid therefore pre-definition and separation of this distribution
function is not feasible. Each intersection however may be considered to possess
another sét o.f coordinates — the traverse and control lines concerned — which when
ordered to suit the needs of the leveling process, can be made to possess a regular
distribution.. i.e. The intersections are ordered as the nodes of a grid where each row
is a controll line and each column a traverse. (The fact that not all traverses will

. necessarily intersect each control line — a fact which would destroy the regularity of
m‘che distribution — presents no obstacle. One merely creates null aggregates for the
missing intersections.) The distribution function may then be separated as a list of
the‘ control line identifiers followed by a list of the travérse identifiers. After this
definition the sub-aggregates Idefining each intersection are listed in the conventional
matrix order with each Sub-aggregate containing only the attt‘ibL\ltES GT, GC, X, Y.
The super aggregate now has the form:-
Ti, Cj, {GT, GC, X, Y)i, j (12)
where; "i" is an index ranging from | to NTR (No. of traverses)

and j is an index ranging from  to NCL (No. of Control lines)
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It can be seen that the principal component now contains only 4 rather than the

previous 6 elements, a valuable saving of space. Furthermore, the location within the
data file of any particular intersection can be predicted from the indices of the

particular traverse and control line involved.

iv}  The final-mappable data set.

This data set contains all the survey inf;)rmation, in a verified and corrected
state, required to produce a map. Auxiliary information will generally have been
deleted by this stage. The necessary attributes of each data point are G, the total
field and X, Y the coordinates of the point of observation. A usable data set would
therefo?‘g be a set of aggregates each in the cardinal form G, X, Y. Examination of
the major processes to which this data is submitted suggest that a more compl-'icated
structure would ‘be more efficient. The production of stacked proﬁle maps or the
generation of an interpolated grid for proquction of a contour map require that the
data be retrieved as‘groups each of which contain the data from a complete traverse,
or that segmentiof a traverse which lies upon a particular map sheet. Furthermore,
both types of map often require that the flight path, as recovered, be plotted as an

underlay to the profiles or contours.

To facilitate these requirements a data structure of the following type can be
~ employed.

LD, (P, Q, F)i(X, Y, G) | (13)
which represents a super-aggregate preceded by the line identification information,
LD, followed by the recovered track data, which is then followed by the geophysical
data where:-P, Q are the spatial coordinates of each traverse track point; F is the
fiducial number of the point; X, Y, are the spatial coord}nates of each aeromagnetic

measurement peint and G is the aeromagnetic measurement value.
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v) Gridded data.

For automatic contouring and for other development processes, a prerequisite is
a regular grid of interpolated data values for which a super-aggregate form, as
previously described, is appropriate. i.e.:—

(SD) (DD) Gi ’ (14)

where:—

(SD) defines the spatial element, in this case the map or survey boundarijes containing
;che data. (DD) defines the distribution of the data within the space i.e. grid origin
and spacing; G, is the set of grid values in conventibnal order.

The above data set structures would apply, with only minor medifications, to
most o;her linear or two dimensional Earth science-data sets (e.g. Airborne gamma
spectrometry, Marine gravimetry.) Although the cardinal form aggregate of each of

the data sefd is~quite simple, data mantpulation and storage requirements result in a

much more complex "super-aggregate" form being necessary.

The second example we shall consider has a decidedly non-simple cardinal form.

4.2.2. Drift sedimentology data

Shilts (pers. comm.) gives the following list of attributes which are present in

the Geological Survey of Canada drift sedimentology data file.

The types of attribute fall into five major categories: Namely:—
identity and locational information, geochemical, mineralogical, geotechnical-

physical, and storage locations.
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Each of these categories may contain many sub-categories. i.e.:—

1} Identifying information:—
sample no.
Single, split or multiple sample
NTS sheet no. \
UTM coordinates
Collector /
Depth ‘
Sample type
Stratigraphic position
Oxidation state
Underlying bedrock (1)
Underlying bedrock (2)
Laboratory sample type identification
Colour (field) |

Colour (laboratory)
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2) Geochemical data

_____

g Fraction Analysis method . Results for:—
type 1 (=250 mesh) : A.A & fluorimetry Cu, Pb, Zn, Ni Cr,

CO, Ag, Fey Mn) U!
Cd.

Spectrometric 33+ Elements

Neutron activation u
type 2 (Sand-size lights) _ Ni, Cu, M,
Al, Si, Na, Mg

type 3 (Meth. Tod. heavies) : Same as for type |,

but mostly Ca, Pb,Zn,

¥ Fe, Ma, Ag, U, Ni, Cr
type & ("Wet" clay) _ Same as type |
type 5 ("Dry" clay) ' a '~ Same as type |
type 7 (Sand size) B Cu, Pb, Zn, Co, Ni, Cr
Ni, Cr

Magnetic fraction

type & (Crushed rock) Same as type |



-117-

3) Mineralogical

h Calcite % (Chittlik)
Dolomite % "
Total carbonate "
.Total carbonate % (Solution)

\ Organic Carbon %

Magnetic minerals wt % .
Magnetic susceptibility of sand

Heavy minerals wt %

Cléy Minerals2 % |
Chlorite
Ilite L
Kaolinite
Vermiculite
Smectite
M—};ed layer

Serpentine

Exchange capacity

ph
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\

&) Geotechnlcal-physical properties{
Liquid limit %
Plastic limit %
Plasticity index %
.Natural moisture content (actual) %

" " " (minimum) %
Grével %
Sand %
Silt % ' 4
Clay %
Mean grain size §
Sorting @
Kurtosis § -
Skewness
% in grade at @ intervals (17 values)
Bulk density |
Specific gravity
Porosity %

-

Permeability

<4
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5) Storage location

Address of Bulk original sample

Sand & gravel washed from clay_

Clay remanent

no Hea;«y mineral slide

" Clay mineral slide (s}

M Heavy minerals . ' '
" " " crushed
" Light minerals

" 250 mesh separate

" Magnetic separate

The above list of attributes for a single sample would occupy approximately 300 or
more data elements. Of the attributes noted, very'/ few ‘are likely to occur as common
factors among many such records, with the exception of the NTS sheet number and
"Collector". Hence little reduction in the bulk of data will be gained by super-

aggregations.

In fact, this data file, as is mentioned in section 1.3, contains sub-aggregates.
L.e. All attributes of each sample are not collected into a single aggregate. The file
consists of the identity and locational sub-aggregate for all samples, followed by the

geochemical sub-aggregates for all samples etc.

The compilation process per se for this data is short and simple, consisting
- essentially of verification of each sub-aggregate, then placement of it in the final

storage file. Hence no prolonged and repetetive manipulation process oceur which
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T

would enforce some more developed structure — as is the case with aeromagnetic

data. The subsequent retrieval of the data for analysis etc, is however, very

complicated. So complicated, in fact, as to further inhibit creation of a more

developed structure.

Typical retrieval requirements could range from a relatively simple "UTM

coordinates and copper concentration fo all samples in a specific NTS sheet"; to the

. more complex "Ni congentration and netic susceptibility in type % fractions for

all Surface tills that lie on Basic Volcanic Rocks" or some such.

The data file could be structured in cardinal form as fixed format records, as is
the cardinal form of aeromagnetic data. Thereby, each time a 300 element record

was read in, the identity of an attribute would be given by its position in the record.

]

Such a structure has certain advantages, _mainly-" that of simplicity, but in this

case it has also two major disadvantages.

The contents of the aeromagnetic data set, are the same regardless of the
agency carrying out the éompilatidn, and have remained essentially the same since
the inception of aeromagnetic surveying. The comp]c\:xity of the drift
sedimentological data however, makes it almost certain that the content will differ

significantly between organisations and will change frequently in time.

-

The first disadvantagé of the above mentioned structure therefore, is that

. progréms have to be changed every time the data changes. The second disadvantage
is that the set of attributes that a sample can possess, or those whose values are
available for recording will vary from sample to sample and over the course of time.

The fixed length, fixed format record type of structure, requires that a space be
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3

reserved in each aggregate of the data set for all attributes that are pqtential
inclusions. The data set would therefore contain a lot of empty space — an inefficient
state of affairs. The above described problems could also be found in other forms of

earth science survey data, though probably not to the same degree.

In summary, we can say that for drift sedimentology and similar types of data
the situation is opposite to that for aeromagnetics and those type.s of data similar to
it. In the later casé, the simplicity of the basic éégregate permits, and the prolonged
but repetetive retrieval processes demand, the development of several complex
structures, In the former case, the complexity of the basic aggregate and the

variability of the retrieval requirement positively inhibit such development.

In conclusion it would seem reasonable to state that Earth science survey-data
sets possesses distinct content and structural characteristics. But characteristics of
great complexity and variability. The statement by Hruska (ibid) was not an

overstatement.

Let us now examine some of structures described in terms of the "graphic"

-

structures.

4.3 Earth science data-sets as graphic structures

As concluded in- section (4.1.2) above, the degree of structural complexity that
a data set should exhibit, is that producing the best compromise between simplicity
and the efficiency of storage and retrieval. The degree that it can exhibit depends

upon the natural relationships present in the data.

Whatever the structure, it should be expressable as one of the three

fundamental structural forms — Flat file, Tree or Network.
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It should be noted at this point, that as Martin (1975, p. 79} points out, the
"relationships" implied by the branches of the tree or the links of the network are
solely "logical" relationships: The tree or network diagram does not, and can not, say
anything about how these logical relaticnships are to be expressed in a ‘physical
implementation of the data set. The only physical implication 1s that one data item or
group of data items exists for each of the nodes on the diagram. Hence the physical

relevance of the mcrease of redundant storage as a network is decomposed, via a .

tree, to a flat file.

We will now examine graphic forms of some of the real data sets described in

chapter 4.0 above,

Digitised flight path data A

o

The aeromagnetic flight path data is an excellent example of reduction of
redundancy by development of structure. The data as it emerges from the digitiser is
‘in flat-file form. Each aggregate contains all the attributes pertinent to an md;wdual
sample. In this case the "sample" is a point on a map. The a:stributes are:— the map
upon which. the 'point lies (M), the flight line on which it lies (L), t;ﬂe X and Y
coordinates of the point with respect to the digitiser frame and the fiducial number
(F). Two well developed natural relationships exist. Eacﬁ individual map number is
related to mar{y line numbers and to an even greater number of track points, and each

line number is related to'many track points.

The first task of the compilation system. is to improve storage/retrieval

efficiency by development of the {lat file into a tree structure.

The physical implementation honours the logical representation of the tree in
that any given value of "Map No." is stored once only and within any map, any given
value of "Line No." is stored once only. On the tree diagram one may descend from

"Map" directly to any one of the lines and from the line to any one of the data values.
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This relationship however is not explicitly honoured in the physical implementation as
a sequential file on magnetic tape. One cannot "jump" to any point on a tape. The file
structure on the tape is therefore more accurately depiéted by a symbolic

representat'ion as follows : l.e—
File = (Map, {line, (X'Y’F)i)j)k ) (L5)
Where "i" indicates repetition from 1 to NP (No. of points on the line)
Where "j" indicates repetition from | to NL (No. of lines on the map)
Where "k" indicates repetition from | to NM (no. of maps)

During the compilation process of s'orting and joining the line segments a
random access mass storage device is used. The logical structure therein is closer to
the tree representation in that one can "jump" directly to any map and from there to
any line. _The individual data “values however are still inaccessable by random
© access - they must still be accessed sequentially. Hence the most accurate depiction

of this structure would be a hybrid combination of the tree and the above symbolic

notation.

Aeromagnetic grid data

i

This data, as shown in section 4.0 above, has a "super-aggregate" structure
which was depicted symbolically as

(SD), (DD), Gi (16)

Where:— "SD" is the definition of the region of space involved (map sheet no. lat.,

long. of map boundaries etc.)

Where:—  "DD" is the "disttibution definition" {the grid origin, X and Y grid ‘cell
dimensions and the number of rows and columns in the grid) and "Gi" was the set of

-all grid values.
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The symbolic nota;.tion depicts the data file exactly as it lies on the magnetic
tape. The relationships are clearly stated in the explanation of the meaning of the
symbols. To depict this structure as a tree or any other graphic structure is, however,
somewhat difficult. i.e. the physical and logical relationships of the elements are
evident when described as above, but the linkages are not direct. As noted in chapter
4 “implicit" relationships are present which require computation to develop them into
explicit ones. The structure is eminently practical and well suifed to the needs of
Earth science compilation, but clearly unsuited to depiction as a graphic strL;cture in

any one of the three possible forms.

The aeromagnetic leveling data set

The symbolic depiction of this data set in chapt'er 4 above was:-
TRi’ CLj, (X, Y, GC, GT) i j (17}

Wherey — TRi is the set of all traverse names

CLj is the set of all contrel line names

and (X, Y, GC, CT) ilj is the set of data from all control line — traverse intersections.
= b} .

This structure is well suited to formal depiction as a network. (Fig 18).

The logical relationships are exactly as shown by the network linkages. But
once again, in the physical implementation these relationships are implicit and must
be made explicit by computation. This does not present any disadvantage. On the

contrary, the very nature of the data makes this approach advantageous.

Regardless of how an explicit link is made, it will require at least one "word" of
storage to define the link. This means that for each traverse number a linkage item

would have to be stored for each and every control line (ten or twenty in the average

survey), Each control line would require a link for each and every traverse
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cL cL cL
TR INT INT INT
i ¢
TRg———>INT INT INT
X : A
- Rg—> INT) : _yw/ wr&”
X 7

TR - unique traverse number
~ €L - unigue control line number

INT - data from one TR-CL intersection

Fig. 18  Aeromagnetic levelling data set network structure.
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(several hundred in the average survey). Thus for N control lines and M traverses, N x
M linkage items would have to be’ stored. Not prohibitive, but unnecessary. The
intersection data is in the form of a rectangular matrix stored in the conventional
manner and hence the links can be generated as required. i.e. The intersection
th , L th , th , :
data for the K~ control line and the L~ traverse is the 1 entry in the file

where [ = K + (L-1)*M

Drift sedimentology

The drift sedimentology data set. is a flat file. In a flat file, relationships are
expressed implicitly by placing all related items together. All the data elements in
one sub-aggregate are attributes of a g‘iv‘e_n samﬁle and atf'e related to each other by
these means. Somé of the elements are likely to be replicated in several sub-
aggregates throughout the file. i.e.~ Specific values of "NTS map sheet No.",
"collector" and others, are likely to re-occur many times. Hence a more complex
structure could be developed. The first question to be asked though — as we have
stated several times — is "does a more complex structure produce a better
compromise between simplicity and storage/retrieval efficiency?" We have already
noted thgt the retrieval criteria, in this case, are highly complex and variable. A fact
which has inhibited the development of a more complex structure. If, however, there
was a well developed natural relationship which was also likely to occur frequently in
retrieval criteria this could be us.ed as the root of a _ti'ee. For example, "NTS map
sheet no." This is a well developed natural relationéhip. i.e. it is likely to };ave a

fairly large degree of replications among the sub-aggregates.
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Let the file be broken down into sub sections, each one preceded by a "map
header" and containing all the sample descriptions which lie in the particular map.
Storage efficiency is marginally improved — The element "map no." now occurs once
at the head of the sub section rather than in every aggregate, producing a reduction
of about 0.3% in storage space. Retrieval efficiency could, hoﬁvever, be substantially
improved, if "NTS map sheet no.” was one of the retrieval criteria. i.e. If samples
were sought within a particular map sheet, then only the subsection headed by that
map no. need be examined. All other sections could be bypassed entirely if their map
number was not the one sought. In the flat file form, every aggregate would have o
be examined to determine if its map sheet number was the one sought. In the minimal
tree structure, only every subsection need be examined. If there were 100 samples

per map sheet, then retrieval efficiency would have been improved by 99%!

A remarkable improvement; but a conditional one. Conditional not only upon
the nature of the retrieval criteria but also on the existence of some efficient
physical ifnplementatibn of this logical relationship. Evén 50, the potfantial is worth
considering., It can also be extended. The _tree could be developed into several.
branches of relationship e.g. Second branch — '"sample type"; third branch
stratigraphic position etc. As the number of levels of branciling increases, so however
does the complexity, and the potential improvement in retrieval efficiency suffers
diminishing returns. This is because the branch structure is created as a model of the

most likely retrieval hierarchy. As the tree Hevelops, the retrieval hierarchy it

models becomes more and more specific and therefore, less and less likely.

As the retrieval criteria for these data are so variable, the best structure, in

the logical sense, would be a network. With a tree, one must start at the top (root!)

/

-
-
[
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and work down. If the root quantity is not'-one of the retrieval crltefie; then retrieval
is so much le_ss efficiént. With a network one may start at any node and branch in any
ma‘nner. Hence one could begin at the node representing the principle member of the
retrieval criteria then branch to the node represent'ing the next retrival criterion.
Logically simple and efficient. Let us consider the physical pros and cons of a fully
developed network. No attribute value would be replicated in the file. If specific
values of many attributes in the flat file are likely to recur often, the network

structure could possibly result in a 50% or greater, saving in data storage space.

The linkages must somehow, also have a ﬁhysical expression. This could take the
form of "pointers” i.e. Indices which give the storage address of a related attribute,
Each unique attribute value would possess pointers to the storage addresses of those
values of the other types of at;cribute with which it was associated and also pointers
to all the members of its own type. e.g. Each unique map no. would possess pointers
to each of the rock types with which it was associated. That is, which ‘occurred

within the map sheet. Each rock type would possess pointers to those map sheets in

which it occurred, etc.

The logical model would thereby become a 'physical realit)lf. e.g. If .the
requirement was "retrieve all samples in map number NTS 75, collected by Shilts,
where the bedrock was granite". The system would skip directly from one unique map
number to the next until "NTS 75" was found. It would then go directly to all
"collectors" associated with this map until "collector = Shilts" was found. From this it
could go directly to all bedrock types until the unique occurrence "granite" was

found. What then? .the ‘Sy'stem_ could go-to all sample numbers related to granite.
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But this set is not the one sought. The required set is "sample no. where map = NTS
75 and collector = Shilts and bedrock = granite) which is a very specific sub-set of all
the sample numbers associgted with the broader case "bedrock = grdnite". The
problém is illustrated as a Venn diagram in figure 19. The entire data file is the set
labelled "A"., When the system finds the MAP node with "value NTS 75 it Ijas
immediate access to all sample numbers associated with this node. (Sub-set B). The
system tf:nen moves to the BEDROCK node with value GRANITE and has immediate
access to all sample numbers associated with this node '(sub'set C). Finally at the
COLLECTOR node wi.th value SHILTS, it has direct access to all sample numbers
associated with this node (subset D). The region of interest is however, subset E, the
intersection of subsets B, C and D. Subsets B, C and D are defined by "bundles" of
pointers each one emanating from a single node. (Imagine figure 19 as a stage. Above
the stag\é are many spot lights, each spotlight is a node in the network. The cone of
light from each spotlight makes a circular patch of light on the stage. he bundle of
rays in each cone is analogous to the bundle of pointers emanating from éggh network
node. No node eXists which has a bundle of pointers which defines all of, but no more

than, subset D.)

The computer can "consider" only one thing at a time. The inescapable physical
reality is therefore, that the system would have to:— .

i) Find the node NTS 75. Store all associated sample numbers. (set B)
ii)  Find the node GRANITE. Store all associated sample numbers (set C)

iii)  Find the node SHILTS. Store all associated sample numbers (set D)
&

iv)  Retrieve each member of set B in turn then test for its presence in both of

sets C and D. If not present in both, discard it.
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Fig. 19: Venn diagram of the drifl sedinentology deta retricval problea.
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The target set, E, would be those members of set B remaining at the end. Thus the
" S
"improvement" in retrieval efficiency promised by the logical properties of the

structure becomes somewhat less of an improvement in physical terms. Still a
potential improvement though, ancéI one not necessarily beyond the bounds of physical

?

realisation.- We must still, however assess the effects of this system on storage
economy. As stated, the/umber of actual attribute values to be stored would

diminish by 50% or more. Given a moderately sized file — 300 attributes for each of
1000 samples, say — we would end up with a few as 100,000 unique attribute values.
There still are 300 types of attribute though, and for a fully developed network, each
type would require(a pointer to‘all the specific values of every other type with which

) .
it was associated. e.g. each unique value of map number would require a poinfyo all

rock types that occurred within it, to all collectors who collected within it, to all

bedrock types encountered within it, etc etc.

Little more need be said. The increased complexity of the network system does
create some "logical" improvement in retrieval efficiency in this case. It also could
create more than 50% data storage reduction — of attriﬁute valu'e storage. If fully
developed however, it would require the storage of several thousand pointers for each
unique attribute value thus increasing the size of the file more than one thousandfold
‘and cons_equer;tly, (eyen if possible to impleme::t such a monster) causing a

catastrophic -d7tline in \retrieval efficiency which would eciipse any "logical"

improvement.

The . inapplicability of a fully developed network structure to the drift

sedimentological data file seem to have been proven.

e ———
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It was, however, a proof by reductio ad absurdurﬁ, and it is reasonéble to

protest that the application need not be carried to absurd limits. One could stop at a

R

"reasonable" depth of netwo-rking perhaps.

» A reasonable depth however, implies once again that preferred retrieval paths
- can be pre-determined. If 'so a simple tree structure offers clear advantages not
N ' .

burdened with the éxponentially increasing complexities of a network.

It has been sﬁown that ;'.-1 network can be broken down into a tree or several
trees. One possible compromise would be the provision of means to take the cardinal
form, flat file, /and generate trees from it as required. Thus if a,‘)large number of
retrievals was foreseen for which a preferred structur:jl_l hierarthy could be defined,

the appropriate tree structure led be generated ad hoc. The hierarchies found to be

in greatest demand could be retdined as alternative versions of the master file.

It is, however, evident that the apparently cumbersome flat file has distinct

practical advantages over its more logically "streamlined" cousins.

4.4 Earth science data sets compared to other types of data

As noted, the examples cited by Martin concern business data sets whose
inherent characteristics differ from those of Eérth science data. Almost every data
base management system in existence was created to servelbusiness neéds and hence
was taylored to the characteristics of the struc;tures inheremt in business data. Ii
these structures are similar to those found in Earth science data then one could

employ the systems for Earth science data. The characteristics of Earth science data

however, differ from those of business data in several crucial aspects. e.g.;—



_ Business data sets have natural, externally imposed limits to their size, and
‘p“ . Py .

na;turally imposed limits_ on their rate of growth. Consider a payroll system for
example. The number of employees in any given organisation will fluctuate but ‘will
remain fairly constant. Barring economic catastrophy its rate of change will also be
fairly constant. Likewise an inventory system,.the numbér of items in stock, the

suppliers and the customers will fluctuate within fairly narrow limits over a long

period.

Furthermore, business data sets are usually self limiting. Employee records are
removed from the file soon after the employee leaves the company. Hence no extra

space is required for the records of the replacement:

The Earth science data sets on the other hand shave naturally, externally
imposed drives to continually grow. Technological aéd scientific advances are
constantly increasing the rate of data aquisition and the number of different

parameters that are observed or measured. Furthermore Earth science data sets tend

to be cumulative, New8bservations rarely replace old ones.

Hence the designer of the business system can .expect, with reasonable

confiden;:e, that the system{ll)bi adequate to future needs. -

-The designer of the Earth science system, howjéver, is faced with the clear
possibility, that by the time a system is implemented, its capacity and capabilities

will have been outstripped by the growth in size and complexity of the data set.

In the matter of commonality of attributes which 'lends itself to advantageous
. . \‘_’___-—.

development of physical structure, business data is usually more tractable. Unique

values of . the business data attribute are generally members of a small set.

o
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(5 depaftments, 12 subdivisions, 25 salary codes, etc). Many Earth science attribute
values however are members of very large sets. (UTM Northing in metres from the

equator. Elemental compositions from percent to p.p.b., aeromagnetic field

measurements with a dynamic range of 1 in 106, several thousand known mineral

types etc.) Those attributes which may be members of a reasonably small set within
any given survey, such as NTS map sheet or geologistfs Name, tend to be largely
iridependent' variables resulting in a many-to-many relationship. This, plus the added
problems of multi-dimensional data inhfbits the development of complex data

structures for Earth science data sets as compared to business systems.

Before it is thought that this writer considers that the problems of business .

systems are trivial in comparison with those of the Earth sciences, we will redress

. the balance’with the third comparison. That of volatility.

As noted above, entries in an Earth science data bank are very rarely changed
or removed, Theké)‘verwhelming majority of transactions consist of additions to the
file and retrieval of selected parts without changing the file content. Furthermore,
althcugh the Earth scientist requires efficient (cheap) ﬁ effective retrieval, he or
she is rarely in a greatr hurry. Retrievals are usually made for a purpose known well in
advance. Hence the \Earth science data system could be created so as to permit one
or two autho.rized persons to update the file periodically and a larger {(but still
relatively small) number of people to "queue" their retrieval requests and still receive

satisfactory service. If the occasional error or delay occurred it would be bearable,

Compare the above requirements with those of, for example, the international
airline reservations system, thousands of data elements are deleted, chahged or added
each minute, day and night. The change must be made virtually instantly lest the

same seat be sold to several people (as often happens, one must admit).

ORS
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In summary we can say that fundamental differences exist between the
characteristics of Earth science and business data,. Consequently, the structural
precepts and systems developed to suit the characteristics of business data and its

manipulation requirements may be difficult to apply to Earth science compilation.

4.5 Conclusions

’
.

It is stated that all data structures can be represented as one of the
fundamental forms - Flat file, Tree or Network. We have seen, however, that some
structures — real ones of demonstrable practical-value — are difficult to express as
any one of these forms due to the presence of implicit information, the explicit form

of which must be computed.

It is also stated that, given the presence of natural relationships, the flat file
can be developed into a tree. or network structure. This produces an improvement in
logical access tﬁ_ data items and ‘a. reduction in the number of data itéms stored. We
have seen however that in the physical implementation the improvement in retrie;/al
efficiency can be significantly less than promised and may, in some cases, be
negative. l.e. a lowering of efficiency. We have also noted that the linkages, so
simply drawn on the graphs of trees and network, must also ‘have some physical |
expression if the data set is to honour the properties of the model. Physical
expression means stored numbers, and lipttle is to be gained in storage economy if
.more linkage items are created than replicated data items eradicated. On the

-contrary, storage requirements can increase substantially in the real case, unless a

fortuitous simplicity of data structure exists.
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’

\ - One. problem is that the structural concepts employed and their potential
a?d\vantages as real systems, were concewed of in the light of the characteristics and-
manipulation needs of business data. We have: deémonstrated that - fundamental
differences — pertlnent to structural development — exist between busmess and Earth

science data. Hence one mlght expect to encounter some difficulty in reahzmg these

advantages with Earth science data.

This writer contends however, that the root problem lies in_the great gap

p

between the remarkable ability of the human being to comprehend complex patterns

and the pedantic simplicity of the computer "brain." ‘ E

Diagrams of networks, though the human sees them as a simplification of the
problem, are two dimensional. Even more complex structural relationships” are
depicted graphically as perspéctive drawings of th:re'e dimensional systems. A perfect
example of this is to be found in a work by Boﬁille (1976), presenting a model of a
scientific'da:ta‘ bank. Among many other complex illustrations is one depieting a

hierarchical structure. The illustration closely resembles a perspective drawing of the

wings of a triplane with all the struts and bracing wires in place.

The computer is however, one dimens?onai. All multi-dimensional concepts and
structures must be mapped into one dimenslion by the analyst who creates the
algorithm to implement the model. The computer also demands everything iﬁ explicit
numerical form. The concebtual simplification of the data set attained by a network

or other type of diagram is deceptive.
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The eventual implementation of a model will have more in common with the
original unsophisticated flat file data set, than either of them have with the
intermediate, multidimension\al, conceptual model. Hence in certain circumstances,

advantage may be gained by keeping the conceptual stage closer to the line between

the simple data set and the simple mind of the computer.

-

It was previously seen that a simple symbolic notation could oiten describe a

data set more accurately than a graphic diagram.

The next section will address itself to the creation of a one dimensional,
symbolic .notation, data structure model which both accurately represents Earhw

science survey data, and is appropriate to the limiting realities of the computer.

N
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5.0 A linear model for Earth Science data structure.

We have defined the data setras a digitally encoded deécription
of a set of entities. All of the entities possess the same set of
attributes. To use the perminology of the relational data base, each
attribute constitutes a “domain”. Each individual entify is described
by its attributes. For exaﬁplq, if the entities were people, we could

describe each individual person by the attributes of height, weight, |

_sex, colour of hair, age, etc.

We have defined an attribute as possessiné two components — a "type”
and a "value”. The "attribute type" 1s a real-world property of the ¢
entity. "Mass" and “colour” are two examples of real-world properties
of physical objects. The "attribute value” is an observed or measured
value of the property. e.g. "50 kilograms” is a possible value for the

attribute type "mass"; "blue" 1is a possible value for the attribute

type "colour”.

We have stated that the attribute in the information world is
equivalent te the “"data element” in the data world. Data elements
possess type and value components corresponding to the attribute type

and value components.

The group of attributés which describe an individual entity was
called an- "aggregate” (equivalent to "tuple” in relational terminology.)
The data set is composed of ﬁg%y such aggregates, one for each of the

entities that the data set describes.
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5.1 Notation for symbolic representation of the data set.

On the basis of these definitions we will establish a notational
convention for representicn of the data set in a, concise symbolic form.
The sole purpose of the notational convention is to permit investigation

of the abstract properties of the data set in isolation from real-world

physical connotations.
Definition of the rules of the. notational convention follows:

1) Properties of entities are represented by a string of omne or
more upper case alphabetic characters. Different character
strings serve only to distinguish between different properties.
e.g "M" could represent the propérty of mass, "COL" the
property of colour, etc. The character strings may be mnemonic

but need not be so.

Whether the properties are real or abstfact, quantitative or
qualitative 1s irrelevant. The sole consideration is that the
property be measurable, obsefvable or definable in some manner
for the purpose of describing or identifying the entities

P,

concerned.

11) A specific value of any property is représented by an integer
number. Different numbers serveronly to distinguish between
.different'values of the same property. e.g. For the property of
colour, "3" could represent “red"” and "17" could repfasent

™~ “blue”. The numbers do not represent a quéntification of the

=Y
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property, they merely identify a single specific value. What

the actual value is, 1is irrelevant .

111) As noted above, an attribute consists of a type/value pair.

. The type refers to a specific property of the emtity, the value
is a specific value of the property. Hence, by the two
preceeding rules, an attribute is represented as an alphabetic-
string Ftype) and an integer number (value.) e.g. "A7" could
represent "mass: 7 grams” and "B3" represent "colour: blue"
1f a value exists for an agtribute but the actual value is
not important, a lower case alphabetic subscript can be used
in place of the number e.g. “Bi" would represent the general

case of a value "i" of property "B".

iv) An aggregate.of attributes describing a single entity is
repreéentedgby a string of attribute symbols separated byd
commas. e.g. "A7,B3,C5" could represent the height, weight
and age of a specific person. It.could equally well represent
the uranium, thorium and potassium content of a specific rock

sample.

We will state, by definition, that the relationship between
.attributés of the same entity 1s equivalent to -the
multiplication operator. i.e. in the notation, the comma
separating the attributes of an individual entity stands for

“"multiplied by".

7,". /
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v) The data set containing the descriptive aggregates of many
entities 1s represented by & sequence of aggregates separated
\J'r A
by plus signs. e.g. "A7,B3,C5 + A2,B3,Cl + AB ,B5,C2" could

represent measurements of the U, Th and K concentrations for

each of three separate rock samples.

We will state, by definition, that the relationship between the
aggregates of different entities of the same class is equivalent
to the addition operator. Hence the plus.sign in the notation

has its usual arithmetical significance.

v

5.1.1 Summary of notation,

To summarise the notational convention defined up to this point:-

1) An-attribute consisting of two components, type and value, is
represented by an upper case alphabetic stringg for the type (a
particular property) and an integer forlthe specific value of

"the property. e.g. -
A7
- could represent "wmass: 10 grams” or "colour: blue”. An alphabetic
string followed by a lower case alphabetic subscript represents
the general cése. e.g., 1f "A" represented the property of colour,
’

then -

%

— would represent “some or any particular colour".
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2) An aggregate of the attributes of one entity 1s represented by a
string of attribute symbols separated by commas. e.g -
 A7,B5,C2 - )
- could represent a deseription of a particular entity by the
~attributes "colour: blue"”, "mass: 10 grams”, “"volume: 220 M1".

The comma represents the multiplication operator.

3) A data set containing the aggregates describing many entities is
represented by a sequence of symbolic aggregates separated by plus
sigﬁs. e.g -

A7,B5,C6 + A2,Bl,Cl + Al,B1,C9
- could represent a dgta set describing three entities of the same

class. The plus sign represents the addition operator.

5.2 Symbolic repfesentation of an aeromagnetic data set.

We will now employ the above defined notation to symbolically represent

an actual data set.

5.2.1 Representation of the cardinal form of the data set.

The "cardinal form" of.a data set has been defined as follows:’

All of ‘the entities described by the data_sat belong to the same class
(i.e. all are described by the same Qet of attribute types), and there

is a unique one—to-one correspondence between entities and aggregates.

\ The symbolic representation of the cardinal form of the aeromagnetic

- flighr-path data described in section 4 above, 1s as follows:—
N

M1,L1,X1,Y1,Fl + M1,L1,X2,Y2,F2 + ... Ml,L2,Xi,Yi,Fi +

.. M2,L1,X3,Y5,Fj + ... Mk,Lk,Xk,Yk,Lk ... etc. (1)
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The entities are points along flight lines marked on maps, the

-

attributes of each entity are as follows:-

M map number

L line number

X X positionél coordinate, .

Y Y positional coordinate, )
F fiducial (serial) number.

The first aggregate (M1,L1,X1,Y1,Fl) describes the first entigy - the
first point on the flight path - by the mﬁp and line upon which it -,
lies, by its X and Y coordinates with respect to some reference frame,
and by its fiducial number. The second aggregate (Ml,Ll,XZ,YZ,Fé)
describes the second flight path point, ete, etc. Note that, according
to the rules of the notational convention, the second point is on the
same map and line as the first, but has different coordinates and
fiducial number. Successive aggregates describe points on different

lines, then on different maps.

LN

The elipsis (...) in the expression indicates that a sequence of

aggregates, unspecified in number, has been omitted. As defined above,

the lower case alphabetic subscripts ("i", "j" and "k") as attribute

values indicate "some/any specific value”. i.e. these indicate the

general-case of the aggregate.

All of the information available for description of the first entity
resides in the first aggregate and this aggregate contains no
information descriptive of any other entity. The same 1s true for all

other aggregates, hence by definition this is a representation of the

cardinal form of the data set.
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5.2.2 Representation of the super—aggregéte forﬁ'of the data set.

The above representation of the cardinal form of-the'data set was
derived simply by observation. i.e. The original, non—-symbolic,
déséription of the ﬁata set was examined and its symbolic equivalent
written out, attribute by attribute, aggregate by aggregate, according

to the rules of the notational convention.

\

.The representation of the super—aggregate form could alsc be derived
in the same way. Another means exist%, however. Once having cfeated a
symbolic re;resentation of the data set, no further referemnce to
actual data is necessary to derive the representation of alternative

forms. These can be derived by formal processes applied to the

symbolic representation. T

-

With the SAmma between attributes of the same entity representing
multipiication and the plus sign between aggregates representing
addition, expression (1) is a conventional algebraic expressién. As
such, it may be subjected to the formai processes of algebra;c

manipulation.
5

As previously noted, and as can be seen in expression (1) above, A

specific value of the Map Number attribute is common to many lines and

S
data points. Furthermore, A specific value of the Line Number attribute
is common to many data points. Removing these common factors of
expression (1) to a higher order of placement‘Q"factorisation") results

~

in the following expression:- .

Ml ( L1 ( X1,YL,FI + X2,Y2,F2 + ...) + L2 ( Xi,¥i,Fi +

vee M2 (L1 ¢ Xi,Yi,Fi + ...) + L2 ( Xi,Yi,Fi ... (2)
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Expression (2) exactly describes a super-aggregate form of the data set
as 1s developed from the cardinal form by the first aeromagnetic data

compilation process (section 4.2.1).

5.3 The fundamentals of the model.
The representation of the data set by an algebraic expression and
the derivation of alternative structural forms of the data by formal

algebraic manipulétion as demonstrated above, are the bases of the model.

The data set contents and structure.are modeled by the content and
structure of the algebraic expression. The processes of data

oL

manipulation are modelled by conventional algebraic manipulétion.of

the expreifﬁgz;

The modei_has been defined in terms of the “information world” of
attributes. By the definitlons in this work, however, there is a
one-to—one correspondence between components in the information world
and components of the data world. Hence the model alsoc describes the

data world.

El

5.3.1 Symbolic representation of the model.
Expression (1) is an expanded form of the conctss expression for
the data set. The general-case aggregate in expression (1) was given
as -

Mk,Lk,Xk,Yk,Fk (3)
As aggregates are jolned by the addition operator, the entire data set

in its cardinal form can therefore be defined as ~
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-t

Jp—

k=1

- where N is the number of aggregates within the data set.”

Or with alternative notation; ¥
SHM ( Mk,Lk,Xk,Yk,Fk ) k = 1,N o ()
The factorised form of. the data set is defined ‘as =
NM O NLi NP1 §
- —w b 4
. - \ A \ K
PR ' VA ¥ B Xk ,Yk,Fk - (6)
[Rp—— - PUSIE. § : -
i=1 i=1 k=1
- where NM ° is the total number of Maps
’ NLi is the total number of lines on Map i -
- S— . .

NPij is the total number of flight—-path points on Line j

of Map 1. : .

Expressions (4) and (6) above, employing the SIGMA to indicate
summation, though formally correct are also cumbersome. We can,
however, extend the notational convention to produce a less éﬁmbersome

form whilst retaining the features neccessary for symbofic "

representation of the moael and investigation of its properties.

.
n

'/ Mk,Lk,Xk,Yk,Fk | (4)

=
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The SIGMA serves to indictate that the specific members of the
general-case aggregates are joined by the addition operator. This
has been established by definition and actual application of the
summationloperator will never tgi; place. i.e. the addition—op;;ator
relationship between aggregates is burely alggﬁraic and does not

e

represent a potential computational operation. He?ce we can dispense
) s

with the SIGMA.

We could retain the lower case subscript indicating the presence of

attribute value, however:-

a) this is superflous to most of the requirements toacome, and

b) the range of the summation>i§ irrelevant if the.summation operator
 will never be invoked.

Hence for general representation of the model, the sybscript can &lso

be omitted. It can, however, be employed wherever neccessary to

illustrate a specific case.

—_—

Enclosure in parenthesese will be émployed, as in expression (5), to-
indicate that the contents of the parentheses are replicated. On these

ses, the conclse notation for expression (4), the cardinal form, is -
C{ M,L,X,Y,F ) ' . (7)

Levels of parenthesés will be employed in their normal algebraic sense,
as in expression (2), to indictate the order of factorisation. Hence,

the concise notation for expression (6), the factorised form is -

-

(M (L CRE,F))) ' 8)
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‘5.4 Further properties of the model and other Earth Science data sets.

The capability to derive the hierarchical (factorised) form of the

aeromagnetic flighn-path data set from the flat~file original

(cardinal form) solely by algebraic manipulation of the model has been

demonstrated . in section 5.2.2 above. /

e
—_

Other types of data, however, are described in chépter'&.O whose
\

struiijfe can-qot properly be described or formally developed solely by,

" this/category of manipulation. Further properties of the model must be

explored to accomplish this.

5.4.1 The dot—-product operator and the Drift Sedimentology data set.
The cardinal form of the data set requires that each entity be
described by a single aggregéte: In the drift sedimentology data set,
there exists a set of sug—aggpegates whicp describe the identity and
location properties of all entities, followed by a set of sub—aggregates
which describe their geochemical properties, followed by a set which
describe their mineralogical properties etc, etc (see section 4.2.2.)

Each entity is described by five separate and dispersed sub—aggregates.

The data set therefore, is not in cardinal form. Nor is it in the
factorised form of expression {8) as the separate sub—aggregates do not

represent commen factors removed to a higher order of placement.
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To illustrate, let us assume a simplified form of the drift
sedimentology data set with a singfe attribute in each sub—aggregate.
The cardinal form would be —

(A,B,C,D,E) (9)

-
- with all attributes in a single aggregate, the aggregates repeated to
describe eacn entity once only (by the notational convention, enclosure
in parentheses denotes repetition.) In contrast, the actual form appears
to be -

(4) (B) (©) (D) (£) o S (10)
e.g. the first attribute repeated for each and every entity folloned
by the second attribute for each and every entity, etc. There is,
however, a serial, one-to-one correspondence between the repeated
sub-aggregates in (A) and (B) and (C) etc. Corre3ponding members are
attributes of the same entity. The relationship between such
attributes has been defined as that of the multiplication operator.

The multiplicative combination of corresponding members of two related
groups 1is achieved by taking the dot product of the groups. Hence, this
date Structure can be defined correctly and completely by employing the
dot product operator. The correct model expression for this data set,
therefore, is -

(A).(B).(C).(D).(E) . (11)
Expanding this expression according to the rules of dat product
multiplication and expressing the result in model notation, produces -

(A,B,C,D,E) : ers

= which is the cardinal form.

-7
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As was demonstrated for the factofised'féfﬁ gf‘the aeromagnetic dat;
set, the drift seﬂihentolbgy data structure can also be derived from
the cardinal form and vice-versa, solely by.fbfmal_algebraic

" manipulation, yet the derived expressions maintain an exact description

of the actual, real data structures described. ”

1

5.4,2 The cross—product operator and the aercmagnetic levelling data set.

. The cardinal form of the aeromagnetic levelling data set {see section

'4.2.1,‘expression (11) and section 4.3.) can be summarised as -

(c,T,I) (13)

. -
-

- where C is a control line number/ T is a traverse number a&nd 1

describes the intersection of the traverse and control line, All

possible traverse—control line pairs are covered by the da a set.

Hence, each fﬁﬁividual specific value of C will be repeated forevery

value of T. This means that each value of C is a common factor in

many aggregates, hence the data set can be restructured in a factorised
. A

form as — !

/
/

(¢ 1,1 (14)
i.e. each unique value of C occurs once only in the data set, followed
by its intersections with all traverses. Then the next unique control

~

line number followed by all its intersectiomns, etc.

The same logic applies to traverses also, however, and an équally
valid factorisation would be -

(T (CI)) .as
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The form that the actual data set takes, however, 1s apparently -

(c) (T) (L) . (16)
i.e. All unique values of C stated once only, followed by all unique
values of T, followed by a value of I for all possible combinations of
a values of C with a value of T (all possible intersections.) This is
not a cardinal fprm, nor 1s };ﬁa factorisation in the form of expressions
(l14).and (15), nor is it ¢t é same structure as that of expression (10)
as there is no necessary onme-to-one correspondance between (C) and {T)

or between (T) and (I).

The numbers of aggregates in (T) and (C) (the numbers of traverses and
control lines respectively) are independent. The number of aggregates

in (1), howeve;, is not an independent variable. It is the product of

the numger of traverses and the number ofacon;rol lines (e.g. 10

traverses and 4 control lines makes 40 possible intersections.)

In this:case,lthe entity 1s the "intersection". The traverse and control
line numbe?s of a given int;}section are attributes of the same entity
and hence are related by tﬁe multiplicati&n operator. The cardinal form
.coﬁtains all possible traverse /.control line pairs. The multiplicaéivé
combination of all possible pairs of members of two independent groups
C o is achié&ed by taking the star product (vector outer product) of the
groups. Hence the cénstruct - . |
© * (1) . | | (17)
- when the star produét is taken, would produce a Sub—-aggregate set -
(c,T) : (18)
- containing'all possible:pairs of the individual members of (C) and (T)

-



152

This sub-aggregate set 1s now in serial, one—to-one correspondence with
the members of (I) in (16) and is therefore related to it by the dot
product operator. Hence a model expression can be written which
correctly and completely describes the aeromagnetic intersect;on data

set structure. i.e:-

(c) * (T) . (1) : (19)
Efpanding this expression according to the rules of star and dot

product multiplication and eké?éssing'the result in model notation,
produces -~ .

(c,T,I) : (200
- wﬁich is the cardinal form. Hence, the aeromagnetic levelling data set
structure can be derived from the cardinal form solely by formal

algebralc manipulation, and vice-versa.

5.4.3 The null Operétor and the aeromagnetic archival déta set.
The aeromagnetic archival aata set structure (see section 4.2.1) can be
gsummarised by the model expression -

(M (L F) G (21)
1t is a factorised form similar to expression (8), grouped hierarchically
first by Map (ﬂ), then by flight line (L), then with the lowest level
sub-aggregate groups (F) and (G). The first of these, (F), describes the
set of navigational fixes along thefflighc line. The second group (G)
describes the in-flight aeromagnetic measurements at peints in space
along the flight line. The coordinates of the measurement points were

» ~

derived from the navigationa;'%ixes but the measurement points differ

in number and location from the navigation points.
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Hence, there is no one-to-one correéﬁondeﬁce between (F) and (G).
Furthermore, taking all possible pairé of navigational and measurement
points 1s meaningless. Therefore, neither the dot nor the star prodﬁct
operatdr can be used to express formally.the relationsﬁip between
these two groups. What, therefore, is the relationship ?
To detérmine this, we obgerve that M and L are higher order factors‘of
both (F) and (G), and therefore we can exband expression (21) by
multiplying out the higher order factors to produce -

(M,L,F) (M,L,G) _ (22)
This result is exactly what we should expect. It consists of two
separate, Independent, cardinal forms. Refering to the description of
the aeromagnetic compilation process (section l.1.4), we see that the
process does indeed begin with two independently acduired data sets -
the track recovery data and the In-flight data. These two data sets
describe two different entity sets — navigational fixes on a map, and
in-flight measurements. Hence, two separate ggrdinal forms aré 5

unavoidable.

Although we have two separ cardinal forms, there are common factors
(M and L) between the tw6 forms. The legitimacy of grouping common
factors from different cardinal forms to produce expression (21), is
demonstrated by the fact that the indépendent components retain their
independence in.(Zl) and that the, original independent cardinal forms

are recovered on expansion.
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The legitimacy can be formalised by stating that two sub—aggregate

groups at the same level, which can not be related by any other
operator are relafed by the "null"” operator. The operations which
change the levels of sub—aggregate groups (factorisation and expansion)
can be applied across the null operator but it will not, itself, be
affected by these operations. The null operator is indicated simply by
the absence of any other operator between two a@jacept lowest level

aggregate groups.

Hendé, the sought for relationshjp between the lowest level
-sub—dgéfegate groups of expression (21) is that of the null operator —
an indication that the subraggregates were originally derived from
sepa;ate, independent cardinal forms.

5.5 Data manipulation operations.

Changing the structure of a data set from its basic cardinal form to one
ef the more advanced structures described abeve is a data manipulation
operation.'i.é. attributes are moved — manipulated — relative to each

other, Sub—aggregate contents change but the overall attribute content

of the data set remalns unchanged. We can extend the symbolic notation

for the model to permit the.description of such operations by employing _

an arrow to denote development of one structure from another.
e.g. the expression - *

(AB,C) > (A (B (T (23) |
describes the development of the factorised form. Other operations

are the development of dot product groups:-—

( A,B,C ) —> (A).(B).{(C) (24)

D
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and the development, of star product groups by compound factorisation:-

( A,B ) —> (A)*(B) : (25)
The development of the aeromagnetic leveling data set is a combination
of the operations shown in expressions (24) and (25). The combination
of two distinct cardinal forms under a common factor ag was the case
with the aeromagnetic archival data set, is expressed ;s:-

( A,B) (A,C) —> (A (B) (C)) {26)

Note the preservation of the null operator.

All of these operations can, of course be carried out in reverse to

reconstruct the cardinal form from a develOpéd form.

5.6 The physical structure of data.

The model, as established to tﬁis point, is a "logical" model of the
data set. f.e. the logical relationships between attributes and
aggregates are expressed by the non-alphabetic symbols in the model
expression. The logical content of the data set is expressed by the

alphabetic symbols - the attribute descriptors,

-

Figure 17‘(section 4.1.2) illustrates the logical structures of other
types of model. Tree and network diagrams can be drawn giving the
identity of the data items in the nodes. e.g. a tree diagram could be
drawn for the aeromagnetic data set in expression (8) with M as the
“parent” branching down to many L as first generation "children”; then
each L in turn branching down to many X,Y,F children. Figure 18
(section 4.3) actually depicts the deromagnetic levelling data set of

expression (19) as a network and identifies the attribute content of the

nodes.
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The tree and network diagrams, whilst .deplcting logical structure,
-provide no information whatsoever about the physical storage of the
data and hence how individual data items might be accessed. This is

presumably all that one should expect given that we are dealing with a

"logical™ model.

The algebraic model, however, can exceed this expectation to a

significant degree and provide valuable information on the physical

storage of the data.

5.6.1 Sequential access structure.

The scientific data sets described possess two crucial characteristics:-
A) they are large and hence demand ef}icient access methods; but -

B) sequential acces; satifies a majority of the processing needs.
Accordingly, the optimum storage medium is digital magnetic tape.
Magnétic tape 1s a linear storage medium. Regardless qf the logical
rélationships between data items, the physical manifestation of data
item values 1s as groups of byteé stored in linear sequence along the
strip of magnetic tape. There is no way to access the Nth item without

first passing physically over the preceeding N - l items in sequence.

Hence the term "sequential access”.
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The algebraic model, as is cl rly demonstrated by the non—summarised

form shown in expressyom\(1)4 is also gtrictly linear - a linear
sequence of charac re senting/attributes and their relationships

to each other.

The relationship between_attributes of the same entity 1is multiplicafive.
Henceyit is éo;mutative. i.e. in terms of content and relationshipg;
(4,B) = (B,A) , _ (27)
Therefore, we can make the order of attributes within an aggregate the
same as the physical order of the corresponding data items in a-data
record without violating any of the rules of the modelé_ﬂence the model
can serve as a physical deqcription of the d;ta as well as a logical
model. (An alternative'employment of the property of commutivity is

given in section 5.7 below)

The legitimacy of this concept can be demonstréted by consideration of
expression (5) in which the summation of the data set, implied by the
existence of the addition operator between the aggregaies? is explicigly
stated.
If we replace the arithmetical operationm "SUM" in e;;;;;:Z;n (5) with
the computer operation "READ", we create a formally correct instruction
for retrieving the data set. i.e. the instruction:-

READ ( Mk,Lk,Xk,Yk,Fk ) k = I,N (28)
; is the equivalent of the FORTRAN statement:—

READ ( LUN ) (M(K), L(K), X(K), ¥(K), F(K), K =1, §) (29)
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Which would serve to input the data set from external sequential storage
- :
to internal random access storage in arrays in the computer meﬁofy.'
Replacement of "READ" by “WRITE" produces the corrollary statement
required to output the data arrays from memory to external sequential

storage.

The' same applies to all of the other structural forms defined as model
expressions. Every occurrence of a right hand parenthesis implie%
physical access via an iteration of the form "I = l,N", where N is the

number of members in tﬁe group delimited by the. right parenthesds, and

I is the identity 4index to each individual member.

L

Hence tﬁé model does provide information about the physical structure
of the data. Sufficient, in fact, to generate formal instructions for

-

physical data input and ouput.

It is stated in section 5.3.1 that "... actual application of the
summation oberation will never take place.”, for which reason, the
‘fgrmal summation symbols were deleted. It 1s interesting to note,
however, that the summatiqn symbols were not entirely redundant. Thﬁy
do, in fact, represent an operation which will, in fact, take placey

Actual physical data input/output is represented by the summation of a

model expression.

/]
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5.6.2 Direct access structure. ' :

—
it is stated in section 5.6.1 above, that "sequential access satisfies
a majority of the processing needs [of the scientific data sets
described]”. The remainder of the processing needs could also be met
by sequential access but only at the cost of a prohibftively large
amount of redundant data input/output. To meet these remaining qﬁgds

efficiently, direct access to data is requifed.

" The principal direct access data storage wedium is the magnetic disk.

On a disk, data is still stored’ in a linear sequence, hefice the linear . ~

L

model is still applicable. On the disk, however, chosen ﬁbints in the

data can be accessed directly without sequential passage over the
.preceeding data.items, After acdéssing fhivchosen polnt, data
retrieval proceeds sequentially until the requisite amount of data

has been recovered. ,

+ -

™ _
Various means exist to implement direct data acceés,.but all have
essentially the same structure — an index exists to the poiﬁts which
- may be accessed directly. The index can be structured hierérchically

[

if required.

A data set to which direct access may'be'mpde is therefore in(a
sigpificam&ly different state to one which must be accessed L\w
- sequentially and means must be found to indicate this in the modgi

;”expreSSions describing datansets.
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As noted above, once a direct access jump 1s made to a point in the -
data set, ret¥ieval is sequential from that point onwards. Processing

b gl : :
quirements dictate, therefore, that the direct access points

’

coincide with natural structuralgboundariég. i.e. 1f direct access was
b .

made ‘'to the\%égg}é”of a group of subwaggreéates, only the latter half
of the group would be retrievable by the subsequent sequential access.

v

*

The grouping of sub—-aggregates in the model expressions represent
strﬁctural boundaries. The parenthesese indicate reﬁetifion of the
group they enclose. e.g. in the data set -

(M UL (XY,2)0) (30)
- the outer parenthesese indicate repetition of the M (map) group and
its two subordinate grouﬁs. The next lower level of parentheses indicate

that the L (line) group and its single subordinate group is repeated

for each individual map. The lowest level parentﬁesese indicate that

the X,Y,Z group is repeated for each individual 1line.

If this datg/fsgfméé stored on a direct access deﬁice, we could create
an index to the start ‘of each individidual map group and then be able to
retrieve all the data for any one ﬁap directly without sequential

DN F
passage over the preceeding map groups. We can extend the symbolic

notation for the model to indicate the existence of such an index. If
direct) access 1s possible to individual members of a group, a bar will

ced over the first attribute within the group., e.g. for the case

scribed above, the expréssion would be;

— 3
(M (L (XY,2))) 2N _ (30)
L D |
. N s _"é.c.;,‘



There 13 no bar over the L group in expression (31), hence individual -

members of this group for any given map can ‘only be accessed sequentialy

after direct access to their parent map group. However, 1f the

expression was;

(M (L (XY,2))) : (32)
Then after direct access to any individual map group, a second level

of direct access could be mades to an& individual line group that the

&
map contained.

The process of converting a data set from sequential access to direct

access 1s described an expression of the form;

(A(CB)) —> (A(B)Y (33)

5.7 Considerations of the physical content of data.
The logical content of the aggrégates and sub—aggregates i1s defined by
the names of the attributes they contain. Physical content refers to

the actual values'aﬁsigned to individual attributes.

5.7.1 Physical order.
In‘actual data dets, groups of-related déta items (1.e. individual
aggregates) can be, and often are, ordered according to the value(s}
of one of more “key"” dgta items in the group. For example,
aeromagnetic in-flight data records are in ascending order of the
fidgcial number data item.

&1 '
I1f our concern is to describ@ processes which are sensitive toﬁ or
which altér the physical order of, aggregates according to thé values
of key attributes, we can exploit the prgperty of éomﬁutivity an a

. 5
different way.
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We can define that the individual members of a parenthesised group are

-

arranged in order -according to the physical content (values of the

sub—aggregates in the group.) The order in which the sub—aggregate

' descriptors are written, defines the precedence, e.g.:—

( B,Q,R) . (34)
Indicates that-the individual aggregates are physically ordered
according to rhe values of P. If two or more consecutive members have

the same P values, then these will be ordered'by,Q, etc. The expression -
. /

{ P,Q,R )Y —> ( Q,P,R) , (35)

.~ describes the process of sorting from order by P to order by Q.

This rule applies to factorised gréups in the same sense. e.g. for:-
(M (L{P,QR))) - . (36)
- individual members of the major group are ordered by M. Wi;hin each of
these, the members of fhe next lower sub—group are qrderéd by L, and
within each of these, the residue group is crdered by P, Q and R in

precedence as written.

" The word "within" is important. Once factorised, an ordered sequence

cannot exceed the bounds of a sub-group.

-

i.e. in the above example, the ordered sequence of M continues

throughout thé whole data set - buE}the first level sub—group could not

-
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be 6rdered by L continuocusly throughout the wholeé data set exept by a
fortuitous combination of regate values. The sequence for L can only
be continuous within an individual M group. In general, the sequence

will be broken between M groups. To illustrate, consider a cardinal foi:i

with apecific values as ;;IISBBF-

‘primarily ordered by L, which would not be so immediately after the
- ]

M1,L2 + ML,L3 + M£,Ll + M2,L4 + M2,L6... (37)
When this data set 13 factorised, the result is -

MI( L2 + 13 ) +M2( L1 + Lh + L6 ... o (38)
Note that the L values are in order cnly within a group. The sequence is

broken between groups.

A quite common process is the deletion of data items that are *
superfluous to the needs of the next and subsequent processes. If the M

Sub-aggregate were deleted, the resulting data set could be expressed as

(L)

-9 (39)

This expression is:misleading, however, as it implies that the data is

deletion of M. If we delete the M factor from expression (38), the
result is -
L2 + L3 + L+ L4 +L6 ... ‘ (40)

Local "pockets” of order exist; but the data set must be sorted before

it can be described by expression (39) which implies order by LLValue.

N
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|
This condition can be indicated by an addition to the notational

convention. 1f deletion of a sub-aggregate would resultein a disordered

data set, then the deleted sub aggregate can be replaced by a minus sign

Eo]ipdica;e the fact. i.e. After deletion of M but before re~ordering by
L,-taé cor?ect expression 1is -
(=-CL ) . (41)
In general, the collating sequence for ordering the sub-aggregates will
‘be ascending order of value. If an alternative sequence is used, a

'numerlc superscript can be employed to indicate this. e.g:-

1
(p,Q)—>(P,Q) ' C (42)

— could serve to Iindicate a process of sorting from .ascending order of

P value to some other (e.g. descending) order. The zero superscript can

be reserved to describe gn un—ordered data set.

5.7.2 Entity sub—clasgses.

Cases can be found, within the given examples of compilation
systems, of the.development of a logical sub-class of the bhasic. .
entity. Members of the differept sub—classes and the aggregates

which describe them ‘are physically identical but possess

~

R

=
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5
certain logical characteristics which 1distinguish one sub-class from another. Fer
éxarﬁple. In the Geochemjcal com.pilation system the entity is (say) a water sample
and the aggregate which describes each sample is of t_he form:—
SN, LOC, AR ' (43)
— where:— SN is a Sample Number, LOC a locaticnal sub-aggregate, and AR a sub-
aggregate containing the results of the various apalyses.
This is the case during the initial stages of the compilation system, but at one
point the entity suddenly divides into several sub-classes. i.e. The simple water
sample suddenly becomes either a routine sample, a field-duplicate, a ‘lab duplicate a

. J
control sample or a blank, and it is necessary to correctly identify the sub-class to

which each aggregate belongs.

‘ .
-A similar case exists in the aeromagnetic compilation system. During the first
part of the compilation {verification, standardisation, coordinate transform) all lines

are treated equally.

\A\t the start of the second part of the compilation (sorting, combining and

leveling adjustment calculation) two sub-classes of line develop - traverses and

contro/ lines. During the third and final part (application of adjustment, gridding etc.)

control lines disappear and we are once more left with just "lines."

One could@tigthese cases by setting up different entity classes at the outset

and maintaining them throughout. This however is unacceptable for three reasons.

A 1) It would make the symbolic expression too long. -

P e &

< a
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ii) It is artificial.” The system does see only "sample" or "lines" before

recognition of sub-classes. And all aggregates are treated equally. "¢

i) "Members of the sub-classes before recognition are intermixed at random.
The fact that they. are all equal in the eyes of the processes applied, allows
description of an ordered data set. If the sub-classes were to be identified
explicitly by the notation. 'Their presence as a random admixture would’
produce a disordered data .set no longer describable as one of the cardinal

" or factorised logical forms.

. Hence recognition of separate entity sub-classes should not be made until the data

set undergoes the first process which required this recognition. By these means the
symbolic description honours the realijcy of the processes and the data sets remain
describable as logical structtires. A simple notational convention will be employed to
indicate such cases. ie. if class A contains sub-classes B, C, D etc. this will be stated
by a simple equation:-—

A=B+C+Detc. (Lh)
This equation wil]r-t;e placed beneath the symbo] representing the process which first
recognizes the existence of subclasses and separates them. e.g. In the case of the

—A

aeromagnetic data set, when the class of lines is separa: e?:!-into the two sub-classes

. v . :
of control lines and traverses the notation will be as follows:—

(M(L{X, Y

> (MIT(X, Y)) (M(C(X, Y)) ) (45)
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5.8 Non-conformable data structures

Althbugh the notation so far created is ca’pabb of accurately describing all the
data sets developed within the various compilation systems described, we cannot
assume that it will describe every data set that the Earth scientist could contrive. A
counter example can in fact be found from the aeromagnetic compilation system. It
1s the data set as created by the airborne -data aquisition system and presented to the
start of the compilafion system. [t contains an unfortunate interaction between
logical and physical structure. The cardinal form aggregate would be:—

(F, L, A} (46)
where:— F is a fiducial number, L is a line number and A is a sub-aggregafe containing
measured magnetic field value, altitude, Doppler etc. The real physical structure
.how,ever is neither cardinal or factorised. The data is in physical blocks of a constant
length. Each block begins with a header record stating the line number and other
information. The rest of th{e block is filled out with required F, A aggregates. It takes
seve)‘al. blocks to contain all the data from a given line. Hence the same line number

will occur at the start of several consecutive blocks.

When a block is encountered which contains a line number different from that
of the previous block this indicates that we are on a new line. The data is certainly
not in cardinal form as the line attribute is not present in every aggregate. Neither is

the data completely factorised as more than one occurrence of each unique line

number is present. v

The outstanding feature of this data set however, the one which merits the
name we shall give to all such structures, is that a change in line number indicates

that the line changed somewhere in the previous block. Just where, is impossible to

faue
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Ydefine. The situation is saved from disaster, however, by the fact that all lines begin '
with a run-in of superfluous data. Hence taking the start of the new-line block as the

actual start of the line, works. /

We will call this and all such structures "illogical”. i.e. structures which do not
conform to the rules of the logical model and which therefore cannot be described by
model terms. We will represent this structure by a list of its sub-aggregate
descriptors enclosed in triple parentheses to indicate that some, albeit illogical,
grouping exists, e.g.:—

- ((F, L, A (WT)
Every such occurrénce requires special ad-hoc software to decypher and untangle.
Such structures are often unavoidable, and therefore forgiveable, as products of an

automated data aquisition system with its built in-restrictions. They are avoidable,

and therefore unforgiveable, as computer output.

5.9 Summary of Notation

To summarise these additions to the notation:—

i} The order in which sub-aggregate descriptors are written indicates the
precedence of these sub-aggregates in the ordering of the members of the
groups or sub-groups, e.g.:— the members of the set:— (P, Q, R} - are

ordered by P, Q, and R in that precedence.

If it is necessary to indicate that the order is not common ascending order
but some special collating sequence. A numeric superscript may be
appended to indicate the fact and to provide reference to the description

o of the sequence. e.g.:—
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?p,Q)-> (p,Q) ~ (48)

denotes sorting from special order No. 2 to special order No. 3.

ii)

iii)

v}

v)

Deletion of a sub-aggregate, if such would leave a disordered group, is
indicated by replacement of the descriptor by a minus sign until such time
as the group is re-ordered by the remaining sub-aggregates.

e.g.:— deletion of M from:—

(M(L(P, Q) | (49)
— results in:- - |
(L(P, QM) \ (50)

- until sorted by L to produce:- |
) (L(P, Q) / (51)

(s

Random‘ access may be made directly to individual members of a group via
an index, this is indicated by the-presence of a bar over the sub-aggregate
descriptor(s) to which the index refers. e.g.:—

(M(L(P, Q) Y (52)

Indicates that indivi

ual members of the highest level group may be

accessed diectly on the basis of the value of the sub-aggregate M. After

ition and separation of sub-classes of aggregate is indicated by a
: A

sub-4lass composition equation beneath the symbol for the process which

7 (T Y) (€ vy o (53)
Any data set so structured as to be incapahle of description by the model
nptation will be termed an "illogical" stru/cture and indicated as such by

enclosure of its sub-aggregate descriptors in triple parenthesis e.g.:—
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(((L,F,A)) (sh)
The proc‘ess which converts this' data to logical structure will be an ad-hoc

software module.

13

.10 Software/data independance

As noted in the quotation from Martin in chapter 3, data elements are

méaningIESs unless data element type can somehow be associated with d(ata element

value.

In the model, the sub-aggregate descriptor is an abbreviated representation of

one or more data element type-value pairs e.g.- "P" could stand for "Al, B5, C3".

Hence the association is a physical one within the data set. Such is rarely the
case in practice. In most program applications the data, element name has no
physical existence in digital form. What do exist are the names of variables within

the program to which data element values are assigned by input.

The common method is to specify, within‘the program, an input lists of vari;ble
names ' whose order™gxactly matches‘ that of the data elements on tt‘?e;’?r recording
medium and whose cghtent changes to match the gross S‘tl’UCtl‘Jl‘e of the data set.
This is th'e nature ofgthe FORTRAN "READ" statement. The method is simble,
e-fficient, and adequate in most cases. _One disadvantage Is that if the structure of a
particular data set does not match ‘tpgt preset within the program then either the
data ;r the program must be changed to suit. In most cases this is an easy task and

an infrequent requirement and hence Erovides no serious hinderance to the working of

a system.

If however, a-system is intended to be capable of processing many different and

widely varying data types which can not be forced into the same structural form,
) iy N



- 171 -

then this disadvantage becomes crucial and it is necessary to eliminate it. Jeffery
and Gill (1976} state that "Independehce of data from the processing software is
essential for any synthesis of scientific data because it is impossible to define all

.possible combinations of data format and structure at the time of writing the

software."”

Data could be allowed to assume a variety of forms and be independent of -

softwar:s if the data possessed a structure exactly the same as that of the model (i.e.

element name-value pairs).

Implementation of such a form in real terms would be by preceding each digital
data element with the digitally encoded version ?}its nam.e. Hence a set of analysis
results for example would be recorded digitally as:-

Cr, 103, Cu, 22, Ni, 36, Pb, 125, ~# A oy

This would work in practice but would double the size of the data set as

compared with a recol;ding such as:-

103, 22, 36, 125.
- ‘Whiclvw is the commonly used form. In such a form the-connection between at’;ribute
typf—: and value is mainta“ined externally to the 'Higital data set, ie. the user has the.
connection documented. ‘Pf'qvided that the documentatisﬁ is not.lost, and that the
person preparing the data does not change the.order-of the values, then the user can

‘write into a program:- -

* READ Cr, Cu, Ni, Pb A

-

. ¢ : .
which will cause the attribute values to become correctly re-attached to their type

J1ames.
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Though economical of storage space, this method in practice has certain
disadvantages. External maintenance of the data significance, correct statement of
it within a program, and correct modification of the program whenever the data

order or content chariges, all require human effort and are all subject to human error.

The preferable compromise would be to have the attribute type separated from

k]

its value for the sake of economy but the connection somehow retained within, the

-
r

daté for the sake of efficiency.

A

This. can be done within the model by further exploitation of its algebraic

properties.

5.10.1Factorisation by attribute type.

The way that presents itself is to ascribe a multiplicative relationship between

the type and value of an attripute, ‘A relationship identical to that already ascribed
between different att:;ibutes with“i‘;"\. the same aggregatg, ie. "Al, B6, C5" may be
considered as "A, 1, B, 6, C, 5" thus attribute types may be separated from their
values and removed as common factors themselves. e.g.:- -
AL, B6 + A2, Bl, + A3, B2 ' (55)
- 'can be factorised as:-
A,B('l,6+2,l+3,:2) - - (56}
Thus,. the att.rib_ute type factoré have been extracted and sent lto the head of the data

set, where they occur only once rather than being fépeated in every aggregate.

) '
> Although the problem would appear to have been solved, interpretation of the

o

v

solution in terms of data elements and real implementation has certain unsatisfacfory

"aspects.. ie:-

I's ’ _y_

o

v

€



'\\J\_ - 173 -
¥
i) For maximum condensation of the data set, both .whole attributes (type and °
value) and attribute types alone would have to be extracted as corh‘fﬁonl
factors thus the data set:- | )
Al, B5, G2 + AL, B, C7 + Al, B3, Cé6 (57)
- could be factorised as:-
ALB C(52+41,7+3,6) (58)
- The‘ factor group extracted contains a mixture of whole and part attributes,
Thus some means would have\ to be incorporated to distinguish between these -
two categories of 1nformatxon
ii) The original form of aggregate representation in which attribute type and
value were inseparable, permitted algebraic manipulation to any degree
while maintaining the integrity of the data. The new form allows
manipulations which could destroy the integrity of t.h'e data. In“algebraic
terms, variables are commutative. eg:-
Al, B5 = B5, A2 (59)
Likewise, in terms of integrity of information:- "colour = blue, weight = 3.0" is
equivalent to "weight = 3.0, colour = blue". Thus in the original form the property of
commutivity could be applied freely to the model without unacceptable consequences TN
in terms of the information being modeled. The same property applied to t.he new
form would, in algebraic terms, allow that:- |
A, 2,B,5=A,B,52=2 B, 5 A etc o (60)
which is tantamédht to saying that "colour = 3.5, weight = blue", or wérge still

"weight = colour, 3.5 = blue", i.e. the integrity of the information is lost. Hence if

advantage is to be gained by factorisation of attribute types in isolation, then formal
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means must be taken to protect the integrity of the data. Attribute type and value
must be regarded as a special kind of "ordered pair" not subject to all ordinary

algebraic rules.

Fortunately the practical realities of Earth Science data and compilation
processes themselves enforce a structure which promotes factorisation of attribute

types..

é\t us, consider an aeromagnetic data set which contains the ;along track total
field Weasurements. The cardinal aggregate form of the data set could be:-
map ‘no., line ne.,” X coord, Y coord, gamma value.
It is a natural property of the data set, that only a few values of "map no." will exist |
and each will be common to a great number of aggregates; that many values of
"line no.”‘ will exist but each will still be common to many aggregates; and.finaglly,

-that ver“}\many values of "X-coord", Y-coord" and "gamma" will exist with very few

values (if any) common to more than one aggregate.

It is a property of the processes that are to be applied to the data, that
factorisation by the first two attributes will order the data in the way it is most

likely to be required.

Hence factorising the aeromagnetic data file‘by whole-attriﬁﬁtes would produce
a result of the form:-
MI(LL(XI, YL, Gl + X2, Y2, G2...} + L2 (Xn, Yn, Gn +...) + L3...) + M2(L1 (etc). (61)
Further factorisation after this by types in isolation eventually produces the results:-

My L, X, Y, GUO U1, 1+2,2,2..) + 2, 1, 1...)...)+2) (62)
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»

i.e. the cardinal form "M, L, X, Y, G" has "floated" to the head of the entire data set |

. ) it .
thus being separated from, and hence no longer to be confused with, attribute values.

The order of attribute values must however be rigidly conserved within the sub-
aggregate if nonsensic\fal resylts are to be avoided when the data set is expanded to a
less factorised form. This howevec. is the natural state of affairs within a data set.
If no action to the contrary is taken the order of elements will not change.

"

A further convention can also be adopted to permit not only a description of

-

the cardinal form content, but also description of the factorisation state of the data
égt. This can be accomplished by giving to the attribute type group "the same
structural levels as possessed by the data e.g., the attribute type gro;Jp:
"™, L, X, Y, G", can be constructed as M(L (X, Y, G)) with the group of attrii:ute
types being nested in the same way that the actual data groups of element values are

nested.
)

Such a group, containing attribute type definitions only, will be given the name

of a "data definition group" as opposed to data groups per-se.

Thus the desired compromise has been achieved. The data element names have
been separated from their values thus producing an almost 50% reduction in storage
volume. The association between the names and values however relmains in digitally
encoded form within the data set. If the structure and/or content of the data set
change, the structure and content of the factorised group of element t.ype ﬁames will

also change accordingly. Thus the data set becomes internally "self defined" and does.

not rely upon external, non-digital, definitions. -

To implement this structure would require software that did not "expect" any
particular structure (i.e. djd not have the required data structure programmed into its

input statements). The program would merely expect the presence of data elements
N ) * /

L . .
.
. .

b



pertinent to its process. .At program run time the first mformatl,on read from the

7

r. ar

- data file would be the factored- out «data element names. Théir ]uxtaposmon would °

inform the program of the physical locanons of the cerresponding data element

-
A .

values. “Hence the 'systetp would be "data independent™. It should be noted that the

term "data mdependent" realy means data structure mdependent as’ no program -

t»

whlch is not a-null process can be entjrely independent.pf dé‘ta content. -e. g -é )

: program to calculate the free air correctlondor gra\uty data must be supplied wL;h

‘ 7z
gravity values and altitudes. It could not "make do" with drift sedimentology data.
] 4 Y, . s
e « Lo
- s ’ ¥ )
. i | P “» * . »:
5.10.2 Unfactorisable or inhomogeneous data sets . S -e: .

L
I’ ‘-‘»'

The hierarchical group structure represented by Qhe model provides a meBnS/oI
reducing the bulk of a data set by factorisation of bp{ecommon attribute values and
. N - . :

common attribude types. o

Factorisation by attribute value presupposes that at least one -attribute within a

'

&
data set possesses only a small number of unique values, (smaller than the number of

aggregates). Then'by sorting and factorisation, this attribute can be removed from
many individual aggregates and recorded once only at the head of the group to which
it Is common. Factorisation by attribute typ'e presupposes that the given attribute

type g}ructy:e is common to many aggregates. Real cases exist however for which

one or both of these presupposes are invalid.

If the first supposition (that attributes exist which arg common to several

aggregates), is invalid, then the data set simply cannot be condensed by attribute

value factorisation. It may however, still be possible to abstiract the attribute type

definition. For example, consider the following symbolic data set:-

-

'

i

o

+
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Ak, B3, C2 + A2, Bl, C5 + Al, B2, Cl A (63)
This set cannot be f;;ctorised by rémpving _common' attributé‘s to E;. higher olrder
of plécement as no common attributes exist. The same ‘attribu_te type structure,
however, is common to all three aggregates and this can be remoyed and placed at

the head of the set as a data definition group. e.g.:-

a =

(AB,C)(4,3,2,+2,1,5+1,2,1) . ' C o (6k)

Hence a data set which is un-factorisable by -attribute value may still, be

. amenable to ‘factorisatic'm by attribute type. All data sets which are not composed of

identical aggregates will in fact contain an unfactorisable residue at the lowest level.
He'nce_inv'alidity of the first supposition still permits appreciable condensation by

attribute type factorisation.

An-examp!é 0; such a case is found in geochemical compilation. E)ne data
subset- has the form:- )

(SN, RES) ' (65)

-where SN is sample number and RES the set of analysis result for se.veral-elements.

SN has all unique yvalues by definition‘and any analysis results w—h}ich were common to

more than on.e aggrega;te v../.ould be purely f;)rtuitous. e.g. a copper .co‘ncentration of

50 p.p.m. in two’ separate sarnp.les is coincidence, Unlike.common values of "Map

number” or "collector” which are systematic: Hence even if common values exist,

factorisation would be inappropriate.

Such a data set could however be advantageously factorised by attribute type
e.g.: 1 ~
(Sn, Cu, Ni, Pb, Zn)1, 1, 1,1, 1, + 2, 2, 2, etc... (66)

which obviates the appendage of a type narge to each and every value.
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.
-Invalidity-of the second suppositié%ﬁ _i's: shown by the following symboli(; data set.
Al,B5+ C3 + DI, E5, F4 | - / _ (67)

This represents the Righest attainable degree of inhomogeneity of a data set. Its

aggregates are not oﬁ!y all different in their logiéal content (attribute type structure)

but also in the number of attributes in each aggregate,

Such a case could arise if the entity set were inhomogenedus. i.e, if each entity
belonged to a different class and therefore possessed a different set bf’properties to

A

be observed and recorded. : K

Earth science data sets, however, rejer always to a homogeneous entity SEt;.
e.g. All geochemical samples or all grévimetric measurements. A data set
reéembling the above symbolic form can still arise though as a development of a
"sparse" data set. One in which a large préportion of the data elements possess null
values (i.e.. ;cheir value is not available for recording.) Such can be the case with drift
sedimentological data. Of the 300 potential attribute values, perhaps _SO%W;;F-more
may not be available at a p;articular time. Furthermore, the absen;c group will not be
the same for each sample, e.g. some samples may have been analysed for copper and
not uranium and vice versa. The data set could still be structured with a constant
attribut'e content for each aégregate by employing some conventién to denote that
the recorded value was a null, e.g. a negative number for an analysis result could
serve to indicate that the result was unobtainable. This would then permit, at least,
factorisa_w.;ion by attribute type with the r'esultinh condensation of the data set. The

S

redundant storage of null values would still, however, remain.

Voh e
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If the proportion of null values was sufficiently high one could optimise storage
efficiency by taking the opposite approach. Namely sacrifice the storage redugtion
afforded by attribute type factorisation so as to avoid storage. of null values. By
these means, an inhbmogeneous data set of the form shown symbolically would arise.
Each real value would ’be recorded in direct associat_ion with a digitally encoded type
name. Attributes for which‘no value exists would simply be left out. Thus the data
integrity is maintained. In this data set the setf-definition is'no: "globally implicit"
(i.e. stated once at the start and applied implicity to all aggregates) but "locally

explicit". (Each aggregate contains its own definition).

Hence exploitation of this property of the model would allow even the most

intractable data set to be structured in a self defined, software-independent form.

5.11 Formal definition of the model syntéx

Figure 20 defines the model syntax in Backus-Normal form.

Further constraints are as follows:

i}  The "bars" indicating a direct access data set must begin over the leftmost
o

and extend to the right over as many ‘subaggregates as are indexed for
‘:'\?
direct access.

ii) The subaggregate .composition (number and type) of the data set
description to the left of a module must be identical to the composition of

h
+ the data set to the right unless
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bl

<PROCESS>::=(INPUT><HODULE>(OUT?UT>

CINPUT>::=<DATA SET> I<DATA SET><INPUTS fo\\\N

CGUTPUT : 1=C THPUTY : \

CHOBULE> : 12— 1> <SUB-CLASS EQUATIGHY | {<NANED} .
CHAVED 1 1=<ALPHD | CALPHY <HAMED | ‘

| CSUB-CLASS EQUATIOND ::=¢ATTRIEUTEP a€SUB-CLASSES>
<SUE-CLASSES)ndATTHIEUTEY
- 1<SUE~CLASS ECUATIOND<SUB-CLASS ECUATIONY
CSUE~CLASSES> 1 :=CATTRIEUTE> +<ATTRIBUTED I<ATTRIBUTES 44 S5 ECLASSES
SDATA SET>::s<HESICUAL GRUUED | (CAGGREGATE><RESITUAL SROUPD)

<RESLDULAL GROUP> 1 1= { CAGIRACATE >)l(n:bI GEL uﬁOUP)(GPEHATCﬁ)
CHESIOUAL SROUED

<CPERATOR> 1:= |, | %

SASGREGATED 1 1=< A THIBUTED |CATTRIBUTED , <230
| <SUPERSCR IPT><AGGRAGETE

CATTRIBUTED ¢ :=<ALEHE DCALPHY CATTRIEU e | —
<ﬂL9n>:::Alélclﬁlal?lulhlllthllelnlulelclﬂlslrlululhlxlf!z
CSUPERSCHIPT> t 1=<INT> |KINTOCSUPERSCRIPTY

RZGATE
>I<E Fh><AOGP:bFTL>

0,142 4,5,0,7 g
<IT>iz= || PIEPIPIE

<EAB> 3= - o

Fig. 20  Formal definition of the syntax of the model notation.
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A) the composition of the data set to the right is a sub-set of that to the

left (deletion),
o

or B) the difference in cpmposition is exactly resolved by the sub-class

equation(s),

or C) the module is a development process of the form {name}
" iii) The subaggregate* composition of the data set(s) to the right of a
development process m%g'gonltain at least one subaggregate description

not present in the subaggrqgate composition of the data set(s) to the left (Y

the module.
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6.0 The compilation model

S
We now possess a means to accurately describe the structure and logical content of

the data set regardless of the léve} of structural development.

Changes of form of the data set are brought about by submission of the data to
orie or other of the four fundamental types of compilation processes described in

chapter 2. Manipulation processes are accuratély modeled by algebraic manipulation
8

of the data m(del. We can therefore represent a manipulation process simply by an

A

arrow connecting two different data forms. e.g.:—

(P, Q—>(P(Q) : (1)

The particular manipulation process which took place is evident from the differefice
L.

between the two data set descriptors.’ e

Hence, the various categories of manip(lation ap iar as follows

i}  Sort. "

(P, Q25(Q, P) (2)
or

(%P, Q—(’P, Q) _ (3)
ii) Merge physic?lly separated sut_)agéregate sets.
| Q- P ()
iii) ~ Separate into subaggregate sets.

(P, Q—3(P)(Q) | 5)
iv) " Create a matrix |

(P)*(Q— (P, Q) (6)
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r
v} Delete sub-aggregates
(P, Q—(P) . ' 7)
vi) - Change from sequential to random access by index.
- ' (PQQ)-—EF, Q) . (8)

vii)  Recognition and extraction of sub-classes of aggregate

(P, QTWER T3P, R) (B, 5) - O
Data manipulation processes do not change the overall sub-aggregate contenits of the
data set(s) involved. Only the data set structure changes. In a verification or dlsplay
process neither the sub-aggregate content nor the 'structure changes. In the for:mer-
case the data emerges from the verification process with the same structure and
logical content that it had on entry. Only "the physicallc:onterit, which is not
represented in the model, may have changed. i.e. Erroneous values of certain data
elements may have been corrected or deleted but.the order and nominal content of

the data is unchanged.

In the case of display processes, a data set as we have described it, does not
emerge from the process at all. Hence the data set can not be said to have changed.

What emerges is.a man-readable form of the data, 1

We will represent verification and display processes by a V and a D respectively

in the following manner:~

. (P(Q—V | (10)
(PQ)—D ‘ o (11)

The remaining type of process,' aevélopment, differs from the previous three
types iﬁ that the logical content of the data set changes. New types of sub-aggregate

are created. In many cases," whole new data sets with their own particular structure

hat

‘.-
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are created. As the nature of development processes varies considerably throughout a
given system and the content of the new data set .depends upon this nature, we will
represent this type of process by a process name in-brackets. e.g.:—

¢

* (X, Y, 2) {Interpolate} (P, Q, R} (12)

Unlike verification and display and most types of manipulation,‘two or more

~. separate daté sets may be required as input "co 'a_'deve!opment process and two or
more output data sets may result. Tt has already, been stated that the model is not .

concerned with the physical location of the data, hence, two or more data sets would

be represented simply as.a concatenat%on. The rul‘es of the'?yodel notation ensure that

the concatenation is correctly interplreted. N

(P, Q) (X,Y) {Process} (R, S) (A, B) : (13)

* The outer set of parentheses always encloses the entire data set. A right, followed
immediately by a left parenthesis indicates t\;.'o grou;ﬁs at. the same level. The”

absence of an operator between the groups indicates their independence. Hence the

formulation shown, exactly describes the case of two independent data sets being

1 b4
input’ to the same process, and two independent data sets being output.

People may argue that it also appears to imply that they are input or output one |,
after the other, which mgy not be the case. If not so, and if it matters that the case
be.distinguished, the data set descriptors can be s:tacked to indicate parallel input or
output. e.g.:—

(P.Qprocesy® 9 (14)
(X, Y) (A, B) . (15)

#
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Two data sets between which exists a dot product relationship have'a one to-

one correspondence between their individual members. Hence if the same sub- -

aggregate descriptor appears in both data sets this denotes a duplicate sub-
aggregate set. e.g. In the case of geochemical field data and station coordinate

data, the .sub-aggregates describing the field information in the former will

sdiffer from the sub-aggregates describing the locational information in the

latter. But both will possess the same sub-aggregate set of sample numbers.
— =

Hence the notation for the field da{ta would be:—

J S, F) (16)

—-where § is the.sample number sub-aggregate and F the field data sub-aggregate.

For locational data, the notation would be:—

(S, L} ' (17)

— where S is the same samplé’ number set as before and L is the locational data.

When the two sets are merged it is evident that there is no need to retain the
sample number data element from both_. Hence the process wold be described
as:—

(S, FI(S, =3 (S, F, L) . (18)
If two(sets are o be merged in the above manner or if two sets are to be input
in parallel tothe same development process; one which requires corresponding

sub-aggregétes from each set; then it is evident that both sets must be in the

same order or at least one set be in random .access form. Hence the following

+ operations are immediately recognizable as invalid:—

(P, QX(s, P)—= (P, Q, S) (19)
(P, ?p,5)>(P,Q,5) | (20)
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valid operations are:—

)

e P,Q)'(IP,S)—? (Ip,0,5) 1)
(P,Q)«(P,5}=(P,Q,S) (22)

L )
Two'groups between which a star product relationship exists need not be in one-
to-one correspondence. Hence the order within each group is irrelevant to the
execution of the star product operation. The order in which the two groups are
written however, derl?tes the order in which the operation will be carr-'ied OL:t
and hence the order within the resultant group. e.g.:—

(PY*(Q) =3 (P,Q) (23)
- the operation that took place was that the first member of P was grpuped
with ever)'/ member of Q in turn, then the second member of P with every
member of Q etc. C;nsequently a formulation such as:—

(P)*(Q)+(R) (24)

Impiies that R is ordered’as it would be in the case:—

(PIQ(R)) | @)

Note 3

Single, upper case, alphabetic characters are not mandatory as sub-aggregate
descriptors. Combinations of letters may be used as a mnemonic to assist in

the .interpretation of complex expressions. The comma or parentheses delimit

the individual sub-aggregate descriptors. @
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« | . S N

Not; 4 -

If a particular data set is not in common order but in some special order but

the order does not change throughout a long series of processes, then the

special order superscript can be omitted and the special order described by a

»

foot-note if necessary.

4
We will now employ the model notation to describe actual compilation systems.

6.1 Examples of autocompilation systems described by the model notation

6.1.1 Aeromagnetic Auto Compilation

i)

i)

iii)

iv)

In-flight data
(((L, FI, GR, AUX)-X L (FI, GR))-V-3 D
Flight path data ' |
N (M, L, XD, FF)3{M(L(XD, FF)))#V-)D
~» {Coord. Trans}(M(L(XU,FF)X~(L(XU, FF))->
—> {Join line segmeng(L(XU, FF)
Combine in-flight and flight path data.
("L(F1, GR) (L(FI, GR))
(L(FI, GR)) (L(XU, FF)-)(L(XU, FF) (Fl, GR))—>
{interpolatd(L(XU, FFXXP, GR))

Calculate intersections and extract intersection data set.

(];(XU, FF) (XP, GR))%(T(XU, FF) (XP, GR)) {C(X U, FF) (XP, GR))
L=T+C

{calculate/extracil(c, T, X1, GINCI*(T)-(XI, GI

(26)

(27)
(28)
(29)

(30)
(31)
(32)

(33)

(34)
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vi)
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e |
(CT)<{X1, GH{CL adj}(C)*(T)(X1, GI, AC)
(CT)XI, GI, AC)> (T)*(C)+(X, GI, AC)

—3 (T(XU, F(XP, GR, AG))

Interpolate regular grid and contour

Interpolate (G@)

Sub-aggregate descriptors

L
FI
GR

AUX

XD
FF
Xu

XP

XI
Gl
AC

AG

-Flight line number
-In-flight fiducial
-Aeromagnetic measurements

-Auxiliary (altitude, Doppler etc.)

- -Map Number

bl

-Track point coordinates w.r.t. digitiser frame.-
-Track point fiducial

-Track point coordinates w.r.t: iJTM frame. -
-In-flight data point coordinates. (UTM)

- Traverse number

-Control line number

-Coordinates of C—T_intersection

-Aeromagnetic values on C and T at intersection
-Leveling adjustment to control line

-Leveling adjustment to each data point.

(TI(C)=(X1, GI, AC) (T(XU, FFXXP, GR){interpolate/Apply} >

(T(XU, FFXXP, GR, AG)){pick grid intersections}(XG, IG, GC)

e

(35) -
(36)
(37)

(38)

(39)

(40)
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XG -X coordinate of traverse/grid line intersection .
1IG ) -Grid line index number.

GC -Aeromagnetic value at traverse/grid line intersection

.GG | -Interpolated aeromagnetic value at nodes of grid.

Special ordering sequences

L -  When not otherwise noted, in E-W order across survey.

‘T _ - asforL 1
C - N-Sorder across survey.
G& - Conventional matrix order. L-R along rows. Rows bottom to top.

6.1.2 Geochemical Compilation

i) Field and positional data.

(s, F)—>V - (1)
(5, L~ v-{Convert to UTM}(S, U) (42)
(S, F)«(S,U)=~> (5, F, U) - ' (43)
il) Wet Chemistlry data
(S(EW, RW) =V | (44)

iii) Automated AA analysis data
(EA(S,RAN-HEA,S,RA)>(S,EA,RA)> (SEA,RA)) _ (45)
—3 {Stats}—) D 7 (46)
iv) Mergé to extract duplicates and control

(S,F)*(S(EA,RA)*(S(EW,RW)) ————> (S,F(E, R))

EA + EW = E W)
\ RA +RW =R
(S, F(E, R)) ——— > (D(E,R))+ (C{E, R)) (48)

S:O+D+C
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'v)  Final merge etc.

(S, FIS, LMSERIS(G, F, LE, RDHS, F, L, E, RIHE, S, F, L, R)

Sub—aggrégate—desériptors .

S - Sample No.
F - Fiéflddata -

- Digitised station coordinates

U - Station Coordinates in U_.T.M.
"‘EA -  Element analysed for by atomic absorption
RA -  Result of this analysis
EW -  Element analysed by wet chemistry ‘
RW -  Result of this analysis
O -  Ordinary sample
D - Duplicate sample
c - Control sample
E - Element

6.1.3 Drift sedimentology autocompilation

i} System as described. . - g
W ¥ - T oo
@ - (51)
M)V ‘ i 52
(T)—>V 5 (53

, (S} —V : s

(A) (G) (M) (T) (S)2(A)(G)+(M)+(T)=(S) (55)

s
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Possible extension of system. Produce cardinal form and factorise'as

simple tree according to preferred retrieval criteria.

(D)

(A)'(G)'(M)'(T)'(SH (AsG:M:T:S) A+G+M+T+S=D\'
Dm (RA,RB,RC)¥{RA(RB(RC)))

. N »

Sub-aggregate descriptors

= O >

—

o

)

D

1

-~ Auxiliary

-  Geochemical
- Mineralogical
-  Tech/phys

- Storage

- All attributes &

RA,RB,RC-etc-selected retrieval criteria.

6.1.4 Airborne gamma spectometry autocompilation

i)

it)

\¥
In-flight data

(((L,F, A, C)=HLF(A, O

(56)

(57)

(58)

Extract background measurements. Compute and apply background and

other corrections.

(L{F(A,C))) ——>»(L(H(A,CR))) (L(G(CB)))
C=CR+CB -

F=H+G .
(L(H(A,CR)) (L(G(CB)YInterpolate BackgroundKL(H(BCH)
(L(H(A,CR))) (LIH(BC))subtract backgroundj{L(H(A,CC))
(L(H(A,CC))){Compute a;nd apply other correctionsj{L(H(A,CF)))

(L(H(A,CF))){Convert to equivalences}(L(H(A,EE,TC)))

(59)

(60)
(61)
(62)
© (63)
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iii}  Merge with flight path and separate elements, plot profiles and contour

(L(H(AEE, TCM-(L{H, X))=> {(L(H,X(A,EE,TC))) £ (64)
{lnterpolate daté point coérdinates}(L(Y,A,EE,TC)) T (65)
(L{Y,A,EE,TC)) EE:EU+EK+E'F'(L(Y’A’EU’EK’ET’TC)) (66)

=S (LY, A, EUN LY, A, EKN(L(Y,A,ET)(L(Y,A, TC))>D (67)

Sub-aggregate des,i:riptors

L
F
A -
C

CC .-
.CF -
EE -

TC -

- ET -

EK -

Line number

Fiducial

Auxiliary

Count rates for four \yindows

Count rates for routine measurements
Background count-rates

Fiducial for routine measurements
Background rﬁeasurement fiducials
Backgrouscf‘corrections‘interpoiated at routine measurement points.
Background corrected count rates,
Final corrected count rates./‘
Elemental equivalences

Coorainage:s; of fiducial point
Coordinates of data point

Total count

Equivalent uraniﬁm

Equivalent thorium

equivalent potassium
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6.1.5 Land gravimetry auto-compilation

i) Field data; calculate.and apply drift correction, convert to absolute gravity

(68)

units.
(T,A,R,BS, TR)$(BS(TR(T, A, R))} \
(RS(TR(T, A, R)))——-—)(BS(TR(TS AS, RS)) (BS(TR(TB, AB, RB))),(69)
T=TS+TB .
A7 AS + AB
- R =RS + RB

{Imerpolate}(Ess(TR(Tgi AS, RS)+(DCY)»(BS(TR(TS, AS, RS, DC))
- {APPIY}(BS(TR(TS, AS, RC))
(BS(TR(TS, AS, RC)) (BV)fadjust}(TS, AS, GA)
ii}  Calculate and apply corrections.
(ET(TS,AS,GA)@arth tidgTS,AS,GE)
(TS,AS,GE){Free Aifl(TS,AS,GF)
(DXT5,AS,GE)}Bouguer}(Ts,AS,GB)
iii)  Merge with positional coordinat'es. ‘
(TS,AS,GB)-(X,Y)—>(Ts,AS,GB,X,Y)-a(x,Y,Ts,As;GB) ’
iv)  Terrain Correction -

(C,P,Q)*(x;'?,TS,AS,GB){Caiculate}(x,Y,Ts,ﬁs,cc)

Sub-aggregate descriptors

BS - Base stlation ‘number
TR -  Traverse number

T - Time of reading

A - Altitude of station

R - Gravimeter reading

(70)
(71)

(72)
(73).
(74)
(75)

(76)

(77)
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TS, TB

AS,AB T times, altitudes and readings at survey stations

RS,RB

and base station respectively
DC - Drift correction —
RC - Drift corrected reading
BV -  absolute gravity value at base station
GA - Absolute gravity value at survey station
ET -  Earth tide corrections .
GE - Grdvity value corrected for earth tide
‘GF -  Free air anomaly
GB -~  Bouguer an:)maly

D .— Density ofr material bengath each station'

X,Y - Station positional coordinates : /
C - Gravity cohtrifaution from vertical prism - A
P,Q -  Positional coordinates of vertical prism
GG -  final gravity value on geoid. '

6.2 Common ptocesses

The generality of different processes and types of process as described verbally

in section 2 can now be seen in the formal notaticn of the model,

All-verification routines are essentially the same and as such the single symbol

V honours this' generality.



- 195 ~

I?isp]ay routines will vary in their generality. i.e. Highly specialised displays
such :as fenée .diagrams are very limited in the breadth of data types toc which they
can apply. We have alreaﬂy noted, however, that we are concerned with a basic
system and withir.fsuch, many generalised display routines could exist, e.g. Genéral

»

profile plotting or a contour package. .

The generality of rrianipulation routines is evident from the model. e.g.:—

| (P,Q—>(P(Q) ' (78)

is a factorisation process totally independent of the significance of P ane Q. .

Development croutines also exhibit generality when their components which are

' r
strictly manipulatory are isolated. e.g.:~

{P, Xl)———)(Q,Y) (R,W)ﬁnterpolate}(Q, Y)f(S)-)(Q,Y,S){épply}(T,Y) - (79
P-Q:R o
X ;'\}+Z

-
<

describes all of the follcfwing specific compilational processes.

L t
i)  Extract the base station subset in gravimetric compilation. Interpolate the

. drift value for all readings between base stations, and subtract it from the

station reading.

ii) Extract the congrol reading subset from a sequence of automated AA
analyses and interpolate and subtract the drift from all routine analyses

between.

‘iii)  Extract the background measurement subset from an airborne gamma
spectrometry data set and interpolate and apply the background correction

for intermediate values.
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’

iv) Aeromagnetic diurnal removal (not show} in the compilation system

-example) is essentially the same with the exception of the first stage. The
diurnal data set is already separ‘atef |

All of the above examples' employ a linear interpolation function. Other functions

would not hamper generalisation if the interpolation module was kept separate from

4

the other processes.

-

Aeromagnetic leveling, ostensibly highly specialised, contains only one process
not found in many other places .in the various systems. Namely "Calculate C-L

adjustment"” the remaining processes are commor manipulation processes and

"interpblate and apply" identical to the above example.

We can, therefore, in abstract but formal terms, describe a general linear
system whose components could be re-arranged to suit most of the specific
compilational needs of five very diffef‘etrg Earth Science disciplines leaving only a

LI o,

few specialised sub-processes to be accounted for by ad-hoc software. By dint of such

generalisation « it could be expected that the system would be applicable to

compilational requirements beyond the five examples given.

»

The next, and paramount, question to be answered is "how can such a system be

implemented in real terms". i.e. working software.

Our search for an answer is simplified by the choice that was made to create a
»

linear model. One that had more in common with the nature of the data and the

linear mind of the machine. .

. The next part of this work will devote itself to finding that answer. i.e. to

determination and specification of the means to create a software implementation of

the model.
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1

7.0 Realisation of the model data structure

L

The model exists as a symbolic expression of algleb_raic form. Its properties .as a
R mode! have beén demonstrated. It lies, however, in Martin's "information world".
The next task is to create its analog in the data world. That is, to design the means
to express the symbolic model in a digital form whic.h retains its valuable logical

properties.

. The practical objectives of the structural design are to achieve in reality the
potential improvement in efficiency promised by the theory. These are two-fold;.
data storage economy and retrieval eifi'ciency.‘ It has been shown that the mode} as
so far defined can afford greater storage efficiency that a flat file form. The
attainable storage efficiency will depend upon the extent to which the data set can
be condensed by. factorisation. This will in turn depend upon the‘ logical and physical
~ content of the individual data set. Hence little more need be said about this aspect
of efficiency until specifié, real data sets are considered. We _will now examine the

other aspect of efficiency.

7.1 Levels of selectivity in dafa retrieval

Retrieval efficiency is the dominant aspect of overall efficiency of a data -

model design. Retrievals may be categorized in three different ways, i.e.

i) Bulk retrieval _
All data within the data set is to be input to the process. (Though not all
data so input Will necessarily be actively involved in tﬁe process
" computations). A verification routine would very likely employ this type of

retrieval.
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it)  Type selective retrieval
Certain types of data within the data set are required by the process.
Other ‘types within the same data set are to be bypassed by the input
r

routine. Such retrievals characteristically occur with data sets containing

groups between which the null relationship exists, e.g.
(M(L(FPXIF))) (1.

An aeromagnetic data set is factorised by M (Map), then by L (l’ine) within
the map group. At the lowest level however, there exist two independent

residues, FP (flight path data) and IF (In-flight measurements). -

~ To plot the base map would require the M, L and FP groups to be retrieved,
but not the IF groups. When the input routine-encountered an IF group, it

would bypass it in search of the next relevant group.

iit)  Content selective retrieval
This category is the most complex one in terms of the mechanisms

required. It could also involve pre-selection by type (category ii above).

In this category of retrievals, data groups whose physical contents satisfy
certain criteria are passéd on to the process. Those groups which do not

satisfy the criteria are bypassed.

The drift sedimentology retrieval problem previously discussed 15 a case of

content selective retrieval o

In a real system, the routines to carry out each of these three categories of
retrieval would be present as a chain of -increasing selectivity. Categoriés ii and iii
both require initial input from a categéry i routine. Category iii may require input

via both categories i and ii or via category i alone. .
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~
Category ii requires control input specifying the group type(s) required.
Category iii requires control input specifying the content criteria for retrieval. In a

truly general system, category i would also be to some extent selective as it would

require control input 3pecifying the data set required. Figure 21 shows this

»
-

-selectivity hierarchy.

7.2 Data identity

-

The lowest level &f data identity is that of the individual data element. This
will be taken care of by the data definition éystem. The next level concerns the
identity of the individual data group, i.e. the means whereby one can distinguish
between two indiv’i.dual groups of the same type. This level of identification is
required for content selective retrieval and is determined by the actual value;of
data elements within the group, e.g. the data set:— |

(M (L (FPXIEY) I 2"

— contains many M (map) groups. To retrieve a particular map would require that,

actual values within the M sub-aggregate, which define individual maps, be examined.

Thus the individual is identified. Individuals, however, belong—”%'c‘;é "family" j.e.
the group type. All FP groups for example, belong to the same family. For type

selective rétrieval the type must be identified.

Within a data set, there exist data definition groups as well as data groups per
se. Other kinds of group different from both of these could be conceived of, such as
documentary tex;c groups or g‘roups which contain an index to the contents of the data
set. This introduces a still further higher level of identity - a "species" of group in
fact. It is evident that the species must\also be identified so that the system can

take appropriate action in each case.
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7.3 Location of data :

In a real system, not only must data be identifiable, it is also necessary to
, d:l.i-mit the various groups in some physical way so. that fhgy can be found when
gought. It is also necessary that the hierarchy of groups and their interrelationship
{(dot, star or null) be indicated. One means to achieve this would be to store the

-

element values concatenated into sub-aggregates as shown in the model, and delimit
these sub-aggregates with special "control" elements representing tﬁe parentheses
and the plus signs. So recorded, the string of digital data elements would be an exact

-

analog of the model notation.

For bulk input, each successive group would be retrieved as those data elements
enclosed by a pair of control elements. Crossing a left parenthesis would 'signify a
descent of one level in ‘the'hiera‘irchy. Such a system would work for bulk retrieval
and similar methods are comhmnly employed fo delimit data "records” or blocks, i.e.
a special value or character combination in one or more eIement.s is used to indicate

"end of record” or "end of data" etc.

The interrelationship could be indicated by a special character between: the
groups, or better still stated once and for all in the data aefinition group. The
physical location of every group boundary could not be predefined unless every group

of each type was of the same length-an unacceptable restriction.

) :
Eo\r type or content selective retrieval, the system would compare the group
type or content with the specified selection criteria. When an irrelevant group was
encountered, scanning would continue, with no transference of data, until the next

.relevant grou;S was found. At which point transference of data would recommence.

r
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Hence the data model could be e>‘cpressed in digital form in a manner closely
analogous to the symbolic notation. A form which would permit al! three categories
of Iretrieval. Unfortunately, the differences between the mechanisms of the
computer and those of the human being make the closeness of the analogy

disadvantageous.

For the humén, to scan a string of characters in search of a particular
combination-is far easier than attempting to scan along a specified number of
characters. For the computer the opposite is true. It takes less computatlonal effort
for the central processor to "jump ahead" a large number of "characters" than it dees
to "scan ahead" a single character and determine if the character represents data or

a control element.

The improvement in retrieval efficiency afforded by the model structure is due
to the fact that the data is "parcelled” into large groups. If some element (a group
‘name or a high level factor) characteristic of the group as a whole, fails a retrieval

criterion, then the whole "parcel” can be rejected.

The parcel could be as long as an entire map group in an aeromagnetic data set.
A group” which could contain tens of thousands of aggregates. To have to examine
every character of every element of every-aggregate of an unwanted group in search

of the next control element would be highly inefficient.

A further problem arises due to fact that not all data sets are composed of
binary encoded characters. When dealing with numerical data it is far more efficient
to store and transfer data in pure binary form. In a pure‘ binary number any
t

configuration of bits is permissible and likely. Hence no éonfiguration can be

reserved for exclusive use in representing controb.elements. Fatal ambiguity would
ik,
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therefore arise. The system would have no way to determine whether a bit

configuration represented a group boundary parenthesis or whether it was merely a

—

fortuitous combination of -bits within an actual data element.- The above two

a

considerations, low efficiency and potential ambiguity, rule out data locatian by

means exactly analogous to the symbolic model.

7.4 Necessary structural elements

The preceding sections have establjshed that structural elements must be
employed within the data per-se to identify the "family” and "species" of group and?c')
delimit group boundaries. The definition of the relationship between adjacent groups”’
at the same level, and the identification of individual data elements, can be taken

care of in data definition groups preceding the data proper.

7.4.1 User and system group type names

kThe "species" of group refers to whether a group contains actual data or is a
data definition group or other special type éf group. Identification of "species" and
corresponding appropriate action would be a matter for the main system software to
take caré of. The user need and should not have to be concerned with such matters. )

An element will be needed to contain this parameter and will be referred to as the

"system type" of the group.

The "‘family" of group refers to the general type of data that a data group
contains, e.g. aeromagnetic flight path data or geochemical analysis results etc..

This parameter is also a matter for $ystem concern as it-will provide the means for

relating data definition groups to its associated data group. The parameter is,
i
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.however, very much a user concern as its content will be created by the user to label

the data and be. emplqyed by the user as criteria for retrieval. It will therefore-be

referred to as the "user-type" of the group.

v

Both user-type and system-type names would have to be physically placed at
r .
the start of the group and would hence reptesent the group's left parenthesis of the

\

symbolic notation.

'7.4.2 Group external pointer

It has been agreed that to examine every element in a large group solely in
search of a terminating control element, would be highly inefficient. The stated
practical alternative is to jump directly to the group termination. This can be

achieved by addition of a "pointer" to the control elements.

This pointer would indicate the location, in terms of number of elements ahead,

of the group's terminating right parenthesis. No actual physical expression of this

parenthesis need be present.

Skipping the requisite number of elements would move out of the current group

’

to the start of the next group. This pointer will therefore be referred to as the

"external" pointer.

7.4.3 Group internal pointer

If a group type, or its highest level factor(s) does not meet the retrieval
criteria, the external pointer allows immediate transfer to the next group in
sequence. If the group was not factorisecﬂ this pointer would permit all necessary

navigation through the data set. We must, however, allow for factorised groups. If a
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factorised group was entered at its hiéhest level and, at this level, satisfied the
retrieval criteria, the neéd to descend to the next lower level would arise. e.g. in the
given example of the data set: ‘

M (L (FP) UF)) (3)
—the external pointer permits successive M (map) groups to be skipped until a
required M content is found. Once found, however, fhe next step would be to descend
to the lower L (line) level. Thus a second pointer is needed in addition to the
"éxternal” pointer. The external pointer defines the location c;f the imaginary right
parenthesis closing a‘group and hence defines the start of the next group at the same
level.  The internal pointer -defines the location of the next embedded left

parenthesis, i.e. the start of the next lower level sub-group.

7.5 The contro} aggregate(group label)

The necessary control elements described above when placed in physical

juxtaposition within the data set form the control aggregate. This in effect, stands

for the group's opening left parenthesis and will be referred to as the group lable.
The group labels act as "stepping stones” for navigation through the data set.

Just as a left parenthesis begins the symbolic expression of the data set:

(M (L (FPXIF)) (%)

—a group label would being the real data set.

The system, on encountering the first label, would firstly peruse the system
type name of the group, then branch to the appropriate process. e.g. a data
definition system type would elicit a response to establish the data aggregate content

for the forthcoming data set.
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kY

If the system type identified the group as a data group, the system would
examine the user type name. In the case of type-specific or content-specific
rf:trie\‘.ral, an unwanted group would have to be bypassed. This would be accomplished

by forward spacing the data set according to the dictate of the external pointer.

In the case'of a wanted group, the highest order factor would be input and
attention would be transferred, via the internal pointer, to the next lower order

factor.

7.5.1 Defining the hierarchy

Observing the symbolic expression of the data set, it can be seen tﬁat left
parentheses always occur singly, separated from each other either by sub-aggregate
descriptors or by descriptors and right parentheses. "Each left parenthesis is also
explicity represented by the pgroup label. Hence when navigation consists of
descending to successively lower order factors (i.e. movement through successive left
parentheses) the hierarchy remains well giefined. That is to sa.y, each time movement
is made following the internal pointer, the system knows that one level has been
descended in the hierarchy. By keeping count of the levels descended, the current

level is always known. When the lowest level is reached, this can be indicated simply

by the convention of a zero-value internal pointer, i.e. "no lower level™.

. The case of navigation through right parentheses is not as simple. Firstly, it
can be observed in the symbolic notation that several right parentheses can occur

contiguously. Secondly, it has been stated that the right parenthesis has no explicit
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? . : :
representation in the data set. Where the right parenthesis would be, is simply the

boundary between two elements of the data set. The left hand side of the boundary is
the last element of a data agg}egate, the right hand side is the first element of the

next control aggregate, i.e. the next group label.

" When one crosses this boundary in the symbolic notatiop, the number of levels
that one rises in the hierarchy is indicated by the number of right parentheses
traversed. In the data set these.parentheses are absent .50, therefore, are the means
to maintain knowledge of the current hierarchical level. This is an untenable
situation. It could be resolved by the addition of a control element which stated 'ghe

number of levels risen at this point. A simpler method exists however.

" 50 as to permit the navigator.to "escape" from within a group when required,
the system will remember the values of the external pointers of the current
hierarchy. e.g for content selectiveare;rieval, the user may be finishec.ilwith the IF
data before the end of this group is reached. In order to skip to the next line (L), the
external pointer of the current superior L group is required. The nature of the

transaction could also be that the user is finished with the entire map {M) whilst still

in the IF group. The next map can be found via the external pointer of the current M

.superior group.

The ambiguity resulting from the absence of explicit right parentheses
essentially consists of not knowing if the end of the current group is also the end of

the higher order group(s). 3

If the external pointer of a group is set to zero whenever the end of that group
is also the end of the next higher group, the problem is resélved, i.e. when wishing to

escape from a group its external pointer must be employed. If when recalled, the
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value of this pointer is“zero, the system then knows to test the value of the pointer of

the next highest level group. This continues up the hierarchy until a non-zero pointer
N

is reached which is then employed to escape to the end of the group. The number of

zero pointers encountered is the number of levels risen in the hierarchy on traversing
*

the end-of~group boundary. The zero value pointer will be referred.to as an implicit

pointer.

Although the modé! is basically a tree structure, usage of this implicit pointer

permits a complex network of navigation paths through the data set. Fig. 22 depicts

this network.

7.3.2 Retrieval paths through the hierarchy.

Navigation through the data set shown in figure 22 could follow any.path that it
is possible to trace along successive arrows in the figure. This is a great number of
possible paths. More complex data sets will provide even more al’é;arnative routes.
Many of the possible roufes will, however, be unlikely to be fdllowed in practice.

. Certain preferred types of route will predominate, i.e.:

J

i) Bulk retrieval
" In the case where all groups within the data set are to be retrieved, the
retrieval path is simply defined. The ‘Pl pointers are followed until a zero
value PI is encountered. -The‘n the PX pointers are followed until a zero
, value of this pointer is also encountered. The route then rises in the
hierarchy via the implicit pointers and repeat‘s;-the proces;s from where the

first non-zero PX pointer is encountered.

it}  Type or content specific retrieval .

Type of content specific retrieval would progress by the previous route if

the type or content was specified for residue groups only. If, however, the



Fig. 22 Data navigation network provided by the pointers
PX = external pointer

P, = internal pointer ___gr'oup
—— == implicit pointer fabel

ol

I
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type or content of hiéher order factors was also specified more efficient
routes exist. Using the example given in figure 22, if a particular MAP,

LINE and FP combination was specified. Navigation would begin along the

'MAP level using the PX pointers, until the required MAP gfoup was found,

all subordinate groups would be bypassed directly. Once the MAP group
sought was found, névigation would descend to the LINE level. Agai'n

progressing by PX only and bypassing all lower groups until the requisite

LINE group was found.

Hence descent to the residue level would not be made until the residue
groups so qualified by virtue of their higher factors. As a single bypassed
map group could contain thousands of” residue groups, this route is

enormously- more efficient than the previous route described.

Retrieval by index

An index,\--»@s compiled to permit random access to some level of the
hierarchy (by means to be described in section 8.2.5). The nature of the
pointers in the control aggregate permits creation of a different type- of
index, one that will perrﬁit movement ‘within a sequential data set directly
to a specified group.

The numerical value of either a PX or PI pointer defines the number of
actual elements (data and control) between the start of a group and the
start of either the next lower order group or next group at the same level.

Hence the addition of successive pointers can create a "super pointer"

capable of allowing many successive groups to be bypassed in one jump.
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A single pass through .the data could copy out e_ijl control aggregates, and if
appropriate, a summary of group content sufficient to p;:rmit identification
of individual groups. The index thus compiled could be placed at the head
of the data set and employed to determine the exact location of any-
particuf‘ar‘ group within the data set, e.e. given the three level hierarchial

data set:—

(A(B(C)) . (5)
' . th . th . th
-and the need to find the N°° C group in the M~ B group in the L A
group, then its position PE (in terms of number of elements from the start
of the data set) is given by
L-1 M-1 N-1 .
PE =1 PX(A) + & px(a)j + W PX(Q), (6)
i=1 j-1 k=1

e

where PX(A)i are the values of PX pointers of successive A groups etc.

By these means, a single "jump ahead" is sufficient to retrieve any

specified group at any level.

7.6 Definition of residual sub-aggregates

Structural elements have so far been defined which carry out the functions of

the parentheses in the symbolic model.

In the most concise notational form, the anly "control elements" are
parentheses. In the expanded form which is predecessor to the concise form,
however, there exists another structural element - the plus sign e.g.

(M1 (L1 (FP1 +FP, .. .)(IFl +1F, .. g+ L, (FP....etc (7)
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This plus sign separates the repeéted occurrences of each type of group at each level,
and also separates the repeated sub-aggregates in the lowest level, unfa;:yorisable -
residue, groups. It is evident that in the implementation of the model we must
‘separate the elements_oi one sub-aggregate from the next within this residue; and

that physical inclusion of a coded plus sign is not allowable.

The plus sign which appears before the repeated occurrences of whole groups,:
e.g.:
+ L2 {FP...etc) (8)
- presents no problem as it occurs at a group boundary and is therefore represe-;ntedr
by the group label. Residual sub-aggregates, however, do not possess labels, not at
this stage of develc;pment that is. (It will be shown~ later that certain types of data ‘
lend themselves to treatment of these residuals as groups in their own right a$ a
practical measure.} At this stage, however, the resi_dual sub-aggregates ;:\re of

constant composition, i.e. each residual within a group of a particular type, contains

the same number and type-of attributes.

No formal means need therefore be taken to represent the plus signs. The data
definition group will inform .the system of the composition of the residuals. The
system can then separate and retrieve individual residuals on the basis of this
information, e.g. if the data definition group informs the system that the residual
contains three elements, then successive extraction of each three consecutive
elements in the lowe;t level group will meet retrieval needs without explicit

delimitatiqn of the residuals.
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7.7_Comparison of the current system with DBMS concepts

" Certain aspects - -. may be described atthis point to illustrate the
sirﬁﬁarities to, and differences between the current approach-anc-i that of the_)
DBMS.

As noted (Sectic;n 3.2) the DBMS, in order to support several {(possibly
simultaneous) users, | maintains several levels of definition and mapping
relationships independent of the, user program. Thus when the user program
calls for a record by name the DBMS must:

i)  Obtain the data sub-model employed by the user;

ii) Relate the record name to its description in the sub-model and determine

the mapping relationship between the su.b—model and data model. -

iii)w the data mode! and isolate the required segment of the data model

via the determined mefpping relationship;

iv) Determine the secondary mapping relationship between this desired

segment and the physical storage.

v)  Follow this second mapping felationship to the phy.sical storage, retrieve
the data requried then transpose it back through the chain of mapping
relationships to the‘ user's work space in the form required by the user.

After this the DBMS is free to carry out the same -pr.bces"s via different mapping

relationships for another user or for a different request by the same user.

A compilation system is, however, in a quite different situation. It will not be

bombarded b% a hgst of unpredictable requests from a variety of users with widely

differing needs. At any one time only one "user" will exist —a module applying one or
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\
another of the described compilation processes to one or another of the described

3
data sets. The system ﬁill make thousands, even millions, of requests during the
application of the process, but in the overwhelmipg@jority of cases the form of the
request is clearly established before commencement df the process, e.g. "Determine

the apparent change in aircraft ground speed over every flight path fixed point in the

survey'".

The above request couid, howev.er, be put to several different data sets (one
after the other —not simultaneously) of different content and structure. 'l;?us the
logical model seen by the progra'm must be independgnt of the physical data set and
mapping relationships must be ést.ablished to ensure that program employs spatial
coordinates to compute apparent speedé—,', not aeromagnetic measurements or some

o

such.

The number of requests makes a simple't' relationship maﬁda ory. Conceptually

the same requirements exist as in the DBMS, i.e.

i)  The program possesses a "data sub-model" — e.g. tl‘grecords (X, Y,"I')l and
(X, Y, T)Z; where {X, Y, T) 1 and 2 are the spatial coordinates and time of

passage over a consecutive pair of flight path fixed points respectively.
‘ ' .
i)  There exists a "data model" which defines the content and logical structure

of the data set aggregateé, e.g. the aggregates a_::e factored by line and

contain 5 other attributes in addition to X, Y, and T.

iii) There exists a physical description which defines the storage addre$s of the
aggregates on the sequential storage medium, e.g. the X, Y, T data

elements are the 3rd, 4th and 7th elements within the group "IFREC".

-
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iv) | Mapping relationships are necessary to cause transfer of a data element
value to a program vériable name. ' 3 |

The predictability of the requests, however, permits most of Martin's "eleven

events" (Section 3.1) to occur once, and once only before the process proper begins

thus greatly reducing the number of events which take place subsequently for each

individual request.
The mechanism, in summary, is as follows:

i) Within the program there exists a correspondence table
which defines the name and working space address of each

program variable requiring input. ("Dat& sub-model" equivalent).

ii)  The first event in the program run is that the usér supplies a
"correspondence list" which specifies the name of the data elements which
correspond to each of the program variable names and the names of the
groups in which these elements reside. Thi; information is entered in the

-

correspondence table. (Mapping; Data submodel — data model).

iii) At the head of the data set is é data definition group which defines the.
logical structure (factorisation state) and nominal content (data element
names) of the data set (the data model). The physical structure of the data
set corresponds exactiy with the logical/physical structure of the data
~defintion g:\-oup. Thé data element values occur in the data groups in the
same order- that their names occur in the definition group {mapping; data

model-physical storage).
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v} The process proper can now begin. The program calls to "find" the start of
the first data group to be input. If other groups precede this, the FIND
routine employs the pointers to bypass them. Once the group has been found

the program calls to "BRING" the data into the work space.

vi) In the given case (és‘_ghe majority of cases) the data at this point is in a
lowe)s_t level t.'esidual repeating) group. To transpose and transport each
successive "data: record" to its equivalent "wor.k space record” ranks, in
Martin's terms, as only a single event, i.e, "Advance the base value of the
input buffer pointer by the lengtﬁ of the residual group then transier the
contents of buffer address ID to working array address IV for all program

variable-data element pairs." (See ‘Fig. 23).

The actual process may be slightly more complicated in the case of mismatch
between program variable type and data element‘tlype N
but is still comparatively simple. Thus the equivalent of ten of Martin's eleven
events have been consigned to occurrence once only at the start of the program run. ‘
An extra minor event (get the group start) occurs once only for each group. As the

group in the majority of cases is a repeating group containing a large number of

residual aggregates, this is a negligeable overhead.

In conclusion, we may note that thfa concept of dafa independence via variable
mapping relationships between constant and independent logical and physical
definitions is employed by both the current system and the DBMS but that the widely
differing real conditions encountered by the two, necessitate a considerable

difference in the mode of implementation.
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- 8.0 REALISATION OF THE GENERALISED COMPILATION SYSTEM
' . i ~s

The data structure system so far designed is applicable to all the types of data

described, in all of their respective levels of development. The data

-

structure/content definition being included in the data set permits -its exclusion from
A

the processing software. ' This permits the creation of structure-

independent software modules. Hence if a particular process is pertinent to more

than one type of data, it should be capable of being applied to the different data

types without modification of the process software, i.e. a generalised module.

The next requir'ement is to det.ermine'the software modules' necessary for a
generalised earth science compilation system. A Todule is an independently
Compilafale set of program statements (i.e. a sub-program, several sub-programs, a
main program with or without sub-programs or several main programs each with “,or
without sub-programs). A set of program statements that is not independently

compilab[e may not be described as a module. Modules are characterized solely by

having a definable purpose and by being interchangeable according to requirements.

Modules may be made up of combinations of other modules, in a hierarchical

groupif,g. As one descends in such a hierarchy the purpose of the modules becomes

more and more limited and specific.

A system may therefore be described first as a few very high level modules.
Then each of these moedules may be described in terms of its own component modules
in every-increasing detail. This process continuing until the "atomic" level of

indivisible sets of program statements is reached.
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8.1 Degrees of generality of software modules

The genérality of modules will differ, and certain categories of generality can

be defined: R

i)

i)

iii)

Utilities
These will be found at all stages of all systems. They are ndt concerned
with higher level compilation objectives but with execution of the most

fundamental processes of the system such as basic input/output etc.

General applications

These are concerned with a particular compilational task but are basic
enough to be independent of data type. Hénce they will be found at
specific stages of all systems, e.g. a verification module. In some cases

they may be made up, in part or in whole, of utilities.

Special Applications

These are modules which perform a particular compilation task applicable
to one, or only a small number of, da.ta types. In many cases they w'ma-y
simply be a specialised combination of more general modules. Some,

however, will inevitably be indivisible and data type specific, e.g. "one-

off" routines.

The most fundamental utility routines such as input/output are too distant from

our concerns with the structural model and earth science compilational objectives

and need not be described in detail at this point. They are described in Appendix I.

" We will restrict ourselves to concern with the higher level modules more relevant to

the subject of earth science compilation. Therefore, unless explicitly stated, it will

be implicit that fundamental utilities are provided.
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. /
We will determine the necessary modules for each of the four basic types &f

compilational process. in turn.

.

8.2 Manipulation modules

The compilation models in chapter é provide the basis for determination of the

necessary manipulation modules.

8.2.1 Development of structure by factorisation

Beginning with a cardinal form data set the first requirement that presents itself is
to develop structure by factorisation. At.the implementation level, this involves two

stages, i.e.

i) Sorting
Having decided upen a factorisation hierarchy, the cardinal form
aggregates must first be arranged in sequence according to this hierarchy.
e.g.. if the data set is to be factorised by M(map) then T(traverse).
aggregates must be (;fdered in that seq.uence; by map in order then within

each map in traverse order,

if)  Reduction to factorised form
Sorting in the above described manner would bring all aggregates with the
same map number into contiguity. Likewise for all aggregates with the
same line number within each map. The next process-would be to scan the
sequence of aggregates, implant the group labels and delete the redundant

recurrences of common factors.
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This process would.require that each individual aggregate be examined in
turn. The residue sub-aggregates not involved in the factorisation process
weould be automatically transferred to the output file. Factor attributes
would be retained in memory. Whenever a boundary was encountered
across which the value of a factor attribute changed, the appropriate group

label and the new value of the factor would be implanted in the output file.

Sorting a séquence of aggregates and creation of a hierarchical data set by
implanting labels are both likely to be needed elsewhere. Thus this task is
best divided into three modules - a main "management" module, an

"aggregate sort” and "labelled group creation".

8.2.2 Re-creation of cardinal forms.

A(B(CN) —>(A,B,C) (2)
This'is the' reverse of the previous process. A factorised data set is to be expanded to
| cardinal fortm. The process requiréd is: ’
Input factorised form grc;up by group
ii)  Retain higher factors in memory
\/m;— Add higher factors to each residual and output,
8.2.3 Refactorisation.
(A(B(CM—> (C(B(A) ‘ (3)

This module is simply a combination of the two previous modules i.e. the data set

would first be expanded to cardinal foerm then sorted and re-factorised to the new

form.
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8:2.4 Merging and separating of dot-product groups

(AY(B)—>(A,B) - (4)

For this process, the sub sets need not necessarily be in cardinal form. The process is
essentially the same whether they are or not. It involves parallel input of two or
more sub-sets, combination of the residuals, then output of the combined form, or

vice versa. A single module would suffice in each case.

The "separate" module also takes care of the deletion process:
(A,B)—>(A) (5)

which is merely separation into two streams, one of which is a cul-de-sac.

»

8.2.5 Creation of an indexed random access data set.

(ABCM—>(ABC)) (6)
This process is as follows: -
i) Input the aata group
i) Store in memory the information chosen to identify the group

iii)  Output the group to a random access storage location defined by a

numerical key

iv)  Append this same key to the identifying information in the index table to
permit retrieval.

If the hierarchical level of the indexed group is high, the amount of information it

contains may be tco much to permit transfer in a single input-output operation.

Hence the data may have to be segmenteq. This could necessitate a sub-index to

each segment.
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If the index is to extend to the lowest levels of the hierarchy, the amount of
data in each indexed unit will probably be transferable by a single input-output
operation. 1:1 this case, however, the i.ndex will have to be hierarchical itself, and
could contain too many items to remain resident in memon;y. Although this woulld
depend upon the sizg and complexity of the data set, it would be bes_t to allow for it

in the design of the module.

This would be done by placing the lower levels of the index itself on the mass
storage dévice, e.g. given the process: ' C

(AB(C(DI) —> (A(B(CD) o

The index would itself be compiled as a hierarchical group structure, in the standard

form, i.e. the index would have a structure identical to the factorised data set. The

difference would be that each group would contain the identifying information and

mass storage address of its associated data, rather than the data itself.

~ S

If, at any time, the available memory.' space became used up, the data

\

throughput and indexing process wou_l‘d come to a temporary .halt. The system would
then re-process the indéx sa& far compiled, all lowest’ level (C)Ventries would
themselves be despatched to mass storage leaving only a storage address in their
place. The index could then be repacked iﬁto a much smaller space. When data
throughput and indexing recommenced, indices to the C groups would only be
temporarily compiled in memory. Each one when complete would be despatched to

mass storage. Only the A and B levels of index would be retained in memory.
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If his summarized index .itself became too large for memory, the whole re-
capitulation process could be repeated to produce an index at the A level alone, both
B and C indices thereafter being compiled temporarily then despatched to mass

storage.

An index, once compiled, could be used in an immediately following process for
random data retrieval. It could also be output to a sequential storage device then
followed by the entire data set retrieved.from random access storage. In this form it
could be used to impi‘&ve sequential retrieval efficiency as described in section 7.5.2,
It would also -permit the data to be placed directly on a random access device without

having to recompile the index.

8.2.6 Group sort

(' AB) — CABY | (3)

When sorting aggregates, the largest aggregate encountered in the compilation
systens described (Drift sedimentology=300 attributes) is still small enough to be

handled by the simple "bubble sort" type of routine,

Many requirements exist however in which the unit of data involved in the
rearrangement is a whole group which can be far too large to handle by a simple
sorting process. The best way to carry out this task is to pass the data through the

J't

mass storage, forming an index-of the sort keys. Then the index itself is rearranged

into the required order and hence the groups as retrieved also fall into this order.

This module is simply the previous random access indexing routine with the
addition of a simple sort routine. If the index was so large as to require placement
“on random access storage itself, the module would apply itself twice, first to group-

sort the index then to group-sort the groups per se.

-
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'8.2.7 Sub class recognition and separation

(A,B)m(P,B) (Q,B) 9

This process is similar to tﬁe previously described separation of parallel sub-
aggregate sets. The difference is that with parallel —s-tjb—aggregate sets, each
_ individual aggregate is broken into two or more parts to form the output stream,
whereas with sub-class separation whole aggregates are diverted into one or other of

-

the output streams according to content.

This module can therefore be formed from the one for separation of parallel
sub-aggregate sets, with the addition of a routine to recognize the sub-class of a

particular aggregate.

3.3 Display Modules

Display, as noted, concerns the conversion of digital data into a form

o
intelligible to the human being. The two basic types of display are print and graphics.

8.3.1 Print

Much of the necessary printed output will be taken care of within individual modules,

e.g. such things as summary reports of process progression and diagnostic messages.

One thing to avoid within a module, however, is automatic lengthy listing of the
contents of the data set. Such practices are time consuming and expensive and tend

Frather to bewilder the users than help them.
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From time to time though, it will become necessary to examine the contents of
the data set in some degreg of detail. ‘This.case often arises as a result of peculiar
problems with the data which are not amenable to solution by an automatic
verification routine. In the kinds of system described in Chapter 1, this is usually
taken care of by a hoslt of ad-hoc "dump" routines, each one tailored to the particular
structure of one type of data at one stage of its development. The existence of data
whose content and st-ructure is self defined presents a golden opportunity to discard
this untidy collection of narrow-minded routines and replace the lot by a single,

universal, data set content description routine (acronym -DSCD).

When a separate print routine is necessary for every stage of every data set, no
one is willing to lavish great care and attention upon them to provide a choice of

several forms of well ordered, easy to read output.

When only one routine is required, such becomes*worth the effort. Hence a
data set content description module (a sizeable program with many subroutines) is to

be included in the display routines.

Such a program would, according to user needs, describe the contents of data
set in a variety of ways from the.briefest of summaries (overall group structure) to
detailed listings of some or all data element values. It would also produce its output
in a well structured, easily readable manner. (Such programs are known in data base

management system circles as "Report writers", a somewhat exaggerated term).

This module would, in large part, be composed of other lower level modules
such as.type and content specific retrieval processes. It would also need a reasonably
sophisticated "cosmetics" routine to paginate, tabulate, annotate etc., the output

\

data. ' . -
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Such is the advantage of the self-defined data sets that this single module is the
- “
only specialised print display routine necessary within the whole generalised

compilation system.

8.3.2 Graphics '

T ~

As noted in Chapter 2, many graphics packages exist which have within limits,
general applicability. Some provide the user with a large variety of graphic facilities
for a limited variety of data types. Others take the converse approach apd provide
the user with a limited variety of facilities for a broad range of data type. (Practical
consid?rations prohibit, at the current state of the art, a graphicijxs_,jcem which can

provide all facilities for all data types.)

Any one of such packages, however, requires its input data in a specific form.
Hence, to allow advantage to be taken of existing graphics packages, a utility module

will be necessary which will convert our standard data form inio that required for

input to the external graphics package.
y ‘

Such a module, however, is closeiy similar in purpose to the previously
described DSCD. This module converts data to the special form needed for well-
organized printer output. The basic components of this module, with a different

/

supervisor modyle should largely suffice to produce output in the form required for

external graphics packages. It, however, would require a greater degree of

generality, as the variety of forms required for input to graphics packages greatly

exceeds the variety needed for output to a printer. This module, therefore, having

/

/
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achieved the level of generality capable of coping with the demands of a variety of
graphics package-s, can be elevated to the status of an Interface to External Systems
(ITES). A high level utility for conversion of internal standard data to the specific

form necessary for an external processing system - graphics or other.

One cannot expect, however, that all graphics dispiay .needs.will be served by
existing package§. Furthefmoré, it would be highly inefficient to Rave to exit fre
the system for every siﬁple graphics reqluirement. It would be preferable 'if, f:)
exam{éle, simple graphs and profiles etc. could be creatéd within the system. The
system, however, is not designed to serve any one partiéular graphics output device.

‘Hence to majntain geperality, .graphics definition within the system should be in a

ependent fdrm. Special, quite simple, modules can be created to convert

this general form to that required for each specific device.

Graphics definition will be an important part of the system and deserves a
detailed analysis before deciding on the forms to be implemented. ‘Such an analysis’
however, being only 'indirectly concerned with earth science survey compilation per

se, will not be made at this point.

ecd

\ ) ‘

8.4 Verification

As is the case with \sﬁﬁt displays, many modules will contain their own
verification routines. This is not a deviation from the principle of modularity but a
necessary consequence of the nature of errors. Certain types of error, "syntactic"
errors, are immediatley detectable at any pointy alphabetic input when numeric was

expected for example. Other types of error exist, however - "semantic errors" -

r



which are less immediately evident. Such errors are context depéndent, i.e. no errors
can be detected when the data-is viewed in isolation. They only become apparent in

-»

the context of the process to which the data is submitted. : ha

Accordingly, the test for correctness needs to be placed within the appropriate
context, i.e. close to, or within the process module concerned. As a matter of good
programming style, all process modules should contain some degree of self

diagnostics.

The need still exists, however, for external independent verification processes.
When a serious data error is detected within the process module, it is often too late
to do anything about it. The process will often have to be aborted and processing up

to this point will have been wasted unless some means exist to salvage the results.

It is obviously preferable to preview the data so that all detectable errors can
be removed in advance, thus improving the chances of a clean run when the\data is

submitted to the process proper.
v

Again, as with print display, the self defined data permits a single set of
general purpose modules to execute this task for all forms of data. Its two basic

components will be inspection and correction, e.g.:"
1 \ . ". " Rl . »
i)  Test each relevant element against a set of acceptability criteria;

ii)  Take action as specified in the cases of test failure.

1.
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8.4.]1 Inspection

It is interesting to note that once again.hidden instances of common processes
have been brought to light. i.e. the first component above is identical to that’

required for content selective retrieval, and also to the previously d bed

agggegate type recognition module required for.sub-class recognition and geparation.

In all three cases a condition is stated against which the values of data elements
within an aggregate are compared. For content selective retrieval‘the response when
an aggregate meets the condition, was simply to transfer it to the recipient process.
If the recipient process was Ot;tput to one stream rather than anoth;ar, this covers the

needs of sub-class separation. In the current case, the recipient process is the

correction routine.:

Simple cases of these needs coulc-i all be met by a single module. ~In the
interesté(;f a more péwerful and flexible system, Rowever, at least two mc;dules
" would be preferable. Both would be capable of application to all three of the above
ta.sks, but at different levels of complexity @nd hence cost of operation). The
modules will be named ACT (for aggregate content tester). The lowest level of
complexity\ (ACTI1) wpuld test'-'_eac':h' épecified element against a set of
acce;ﬁténce/rejection ranges of value. Actions would be taken either on the basis of
each individual test of an element or after completion of testing of all elements

within an aggregate. In the latter case action would result only if all tests were

positive, i.e. an automatic AND relationship would apply to the test results, e.g. "If
™. - .

¢

\
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test 1. is positive AND test 2 is positive AND test 3 is positive etc. then act;

otherwise continue with the next aggregate". The second level of complexity (ACT2)
]

. would permit submission of element values to a more complex logical function

(allowing conditions containing AND, OR™and EOR) or to an arithmetical function.

This would allow:
. .

1) recognition and separation of more subtly distinct sub-classes,

‘
1

ii)  Complex conditional retrieval as described for drift sedimentology; ’

iif)  Logical verification functions to be applied.

8.4.2 Correction

This process also has broader applicability than merely within the verification
module. It falls in fact, in the general category of data editing, and it too would best

be provided for by several routines of increasing level of complexity. b

]

The simplest level of complexity allows for replacement of an erroneous
element or aggregate. The element can either be nullified or corrected. The former

involves replacement of the element with a special value which alerts subsequent

\

~
processes to bypass it. The latter involves replacement of the element with a value

which will be acceptable to subsequent processes. This replacement value could
either be predefined or could be caiculated by a sir'hple funct‘ion,.e.g. linear

interpolation between the adjacent two elements.

In some cases it may not be appropriate or feasible to automatically replace an

element i.e. the decision as to corrective action may have to be made by the user

according to the particular situation. In these cases the program would report the

/,,;"""_1.

A4
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= condmon and flag the erroneoss values After inspection by the user and decision as
“to \:or&ectwe actlon, a second program run would be made to make the replacements
as decided upon. All of the above actions would be carried out by very simple

modules attached to the ACT module.

The second level of complexity allows for physical deletion of erroneous data

and/or insertion of erroneously absent data.

Unless the number and type of aggregates removed is equal to the ry.lrnber and
type of insertions within any particular group, then changes to the control aggregates

also become necessary. This requirement can, however, be satisfied by a two stage

process.

The first stage will indicate the nature and location of errors. This can be done
by the previously described modules of the first level of complexity. The second

stage involves a génerally applicable editing utility.

8.5 Development Modules- ’ !

+

As noted in Section 6.2 above, quite specific development needs can often be
met with a specialised combination of general purpose modules. In the examples °
given, the majority of the processes are manipulatory. The remainder consist of two

specific development processes - "Interpolate' and "apply™.

] ’

~ 5 i . -

The "apply" routine involves the retrieval of aggregates one at a time then’
submission of selected elements to an arithmetical function, by which the value of
existing elements will be changed or new elements created. This type of routine

“occurs in many places throughout several of the systems discussed. It is of the lowest

level of complexity described in section 2.2.5.
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A simple "unit agéregate development function" routine with provision for
attachment of user specifié‘ functions would fully satisfy all the variety of such needs

encountered within the systems described.
~

The "interpolate" routine is an example of the second level of complexity
described in 2.2.5. It involves interactioﬁ between several"different aggregates
within each part of the data set. It is still amenable to generalisation however.
Several different types of interpolation functioﬁ will be required to meet the various

needs. These, however, can reside in a-subroutine library to be attached and

__

Development requjrements will therefore be satisfied by two complimentary

executed by the user as required.

means:

i} Creation of special purpose modules by specialised combination of general

purpose modules;

ii) Creation of a sub-program library to meet those requirements not satisfied

by i) above.

Existing development programs may be used via the ITES external interface. Such

software as statistical packages etc. can be accessed in this manner.

Description of necessary specific development routines will be made’in chapter

9 when the needs of whole systems are considered.
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8.6 Summary of Software Modules Thus far identified

i) {\CT Aggregate content tester

i) SLSA Separate parallel sub-aggregate sets

iii) MPSA Merge parallel sub-aggregate sets

iv) AGSO Sort contiguous aggregates or sub-aggregates
v) FACF Factorise cardinal forms (includes iv)

vi) EXFF Expand factorised fonf/

vii) REFA Refactorise (includes v and vi) -
viii) INST Creaté an indexed mass storage-data set

ix) GRSO Group sort (includes iv and viii)

x) SCRS Sub-class recognition ‘and separate (includes i)

xi) DSCD °~ Data set content description
xii) ITES Interface to ext.ernal system
xiii) REEC - Replace erroneous elelgnentg,‘by corre;:tions
Xiv) DICI- Data inspection and correction version 1 (includes i and xiii)
xv) ‘UADF Unit aggregate development functions.

An example of actual working software (Basic Input/Qutput and Manipulation) is
N
presented in Appendix 1.~

B
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9.0 MODULAR CONSTRUCTION OF SPECIALISED COMPILATION‘PROCESS

In the interests of brevity we will not ‘attempt to reconstruct all the
compilation systems described in Chapter ! as individual, complete assemblages of
modules. In fact, to do so would be to oppose the advances of generality made thus
far. The intention of this work is to define a generalised base from which a great
variety of more specialised sys;tems can be constructed as needed. The same
manipulation, general verification and display modules \:vill re-occur in all systems.

Individual systems will be characteri_sed only by specialised combinations of general

modules and by a small number of particularly specialised routines.

Specialised routines will in most cases reside in a subroutine library and be
attached to a main program according to needs. This main progrém will de no
development itself. It will exist solely as a management module to direct data to the
pertinent processes. In consequence, the general design of this program can be

established.

9.1 General Management Module Structure

All management modules in the compilation systems will have essentially the

same design, i.e7
i) Initialise the process.
ii)  Input control information.
iii)  Find the first group of required type in the data.

iv) Descend the group hierarchy submitting ;che data at each level to the

appropriate process along with control or background information.

v)  Direct the results of the process to output and/or storage as background. .
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vi)  Repeat from iii) until the data set is exhausted or some other terminating

condition occurs.

vii)  Finalise the process.

T

In theory, at least, a single general master program could be written to which
control information would be input which specified the groups to be retrieved, the

processes to which they were to be submitted, and the destination of the results.

This possibility should be kept in mind but in most if not all real cases to be

encountered such a level of generalisation would be too much.

v
3
i

The ease of creation and maintenance, and the realistic needs'of generalisation

are adequately served by managefnent modules individually tailored to the particular

purpose.

.The concept of the master program should however be the design basis for each
management module, i.e. a consistent structure should be employed throughout. This

is a matter of good programming style which will greatly help in maintenance of the

software.

We will now describe the modular content and structure of three major types of

application module.

9.2 Coordinate transformation of digitised track data

In aeromagnetics and airborne ganﬂma spectrometry, as described in Chapter I,
track data is plotted on base-maps and then digitised. Initially each base map has its
own reference frame and its units are arbitrary. - The objective of this process.is to
_relate all track points to a single reference frame, with true cartographic

coordinates. Figure 24 depicts the structure of this module.
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MANAGEMENT MODULE SUBROUTINE MODULES
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Fig. 24 The track data co-ordinate transform module.
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The management module design is as exactly descrﬁbed previously. After
initialisation and control input, the highest level groups are sought (MAP). From each
one, the latitude-longitude values of the map corners are submitted to a general
carfographic projection sub-routine which returns the cartographic coordinates of the
corner points. These data and the digitiser coordinates of the map corners are then
submitted to a second, general-coordinate-frame-relation, sub-routine. This routine,
given the coordinate of a set of points in both of two different reference frames,
calculates the rotation, translation and scale factors of the second frame with

respect to the first.
i

The process now descends in the hierarchy of the MAP group to seek the LINE

group. The process-associated with this data is simply to output the line header.

One further descent retrieves the TP group, a lowest level residue of repeated

values of track point coordinates.

These values, plus the transform factors, are supplied to the third subroutine, a
general coordinate transform routine, which transforms all points to the cartographic

reference frame.
_

These processes are repeated for all lines in all maps.

Included with each subroutine would be a context-dependent verification
routine, e.g. in the context ‘of the standard map sheet, the latitude-longitude
coordinates of the corners should describe a geographic "rectangle" whose frame is
orthogonal to the geographic frame. A test to see if this was in fact so would detect
most miskeyed latitude-longitude values. Likewise, only two points are needed to

determine all the transform factors between two frames. Four points are suppliéd.
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This gives sufficient excess information to determine the isotropy of the digitiser

frame, which assists in the detection of misdigitised points or distorted base maps.

While derived from the existing aeromagnetic compilation system, this module
is applicable to any form of digitised track data, and the process sub-routines are of .

\
an even more general nature.

R

9.3 Extraction of intersection point data from & track network

In many survey disciplines one of the compilational processes involves finding
an intersection point between ordinary traverses and control traverses. Once found,

certain data items pertinent to the intersection points are derived or extracted and

used to form the "intersection data set".

Each traverse and control line are described by a set of points along the track.
Each point possesses at least a pair of spatial coordinates and usually an identifying
parameter (a "fiducial"). Thus the traverse as a continuous line is made up of the

‘notional straight lines {segments) which join each consecutive pair of track points.

Although ostensibly a quite complex and specialised two dimensional process, it
can be reduced to a sequence of largely general linéar processes. The first stage,
carried out by completely general manipulation processes is to form separate data
sub-sets of control lines and traverses respectively. A good practice with such data
sets is to determine the limiting X and Y coordinates of each line and place this
information in the line header data group. This having been done the control module

1

for the intersection data set extraction once again follows the standard design, i.e.
i) Initialise

ii)  Get a control line LINE group
&
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iii)  Get a traverse LINE group

iv)  Submit the limit data from both to determine if any intersection is

possible. If not, the relevant process is "Null", i.e. simply get the next

traverse LINE group and repeat the process.

v) \'f_an intersection is possible, descend to the FP track point group of both

control line and traverse.
vi)  Take each control line segment in turn.

vii})  Take each traverse segment in turn.

W

viii}  Submit both segments to general . coordinate geometry routines to

determine if and where the. segments intersect. Output the intersection

coordinates.

-

ix) Repeat from vii) for all traverse segments.

’ x}  Repeat from vi) for all control line segments.
xi)  Repeat from iii) for all traverses.

xii)  Repeat from ii) for all control lines.

Figure 25 depicts the structure of this module. As can be seen the management
module is involved solely with navigation up and down the hierarchy of the data set,
and transfer of groups to necessary processes.

- ~ ) L)

The navigation in this case is somewhat more complex than the previous case

due to the two-dimensionality of the task. It is still, however, basically simple and

~

adheres to the general structure described.

-

In the aeromagnetic compilation system,; the intersection data set is submitted,

with the main data set, to a levelling system. This system .through in objective is
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¥

highly specialised, is in fact largely made up of a sequence of 'standard manipulation

routines between which occur small development routines,.as is demonstrated in

section 6.1.1 above,

"~ Extraction of an intersection data set as described-is a common requirement.

The actual levelling process to which it is submitted is much more specialised and as

such will not be described at this point.
. ;\

.

9.4 Grid interpolation from pro\file data

-

The pre-cartographic stage of all earth science autocompilation systems which
require an isoline map, includes a grid interpolation system. This p:"oduces a
regularly defined numerical surface accrosé which isolines can be traced. The
gridding system described for aeromagnetics is not restricted solely to that
discipline. It is specialised only insofar as it is restricted to densely sampled data,
i.e. sampling frequency in excess of the maximum spatial frequency within the
qLEBtity beir‘lg sample;j. It is therefore general enough' to wérrant description at this
point. As with the levelling system, it too consists of a sequence of separate

modules. The processes are as follows:

"

Phase 1
i} Initialise etc. ' .

if)  Input profile group (a chain of spatial coordinate pairs each with a value of
the variable to be gridded) -

iii)  Interpolate and evaluate along the profile at the specifiléd grid interval.

iv)  Output the interpolated profile

L]

v)  Repeat from ii) for all profiles.



o P
Phase I] '

1) Refactdrise interpolated profile data set, delete profile sub-aggregate, sort
residue by X. This produces a set of X-direction sections across all

profiles, i.e. ] g

-

(P(Y, X, IR)— (Y(X,IP)) (1)

-~
wherg P is the profile identifier,

Y is the Y coordinate of an interpolated point,
2

X is the X coordinate,

IP is the value interpolated at this point on the profile.
Phase 11l

i) Initialise ete.

ii)  Input profile section group

ili)  Interpolate and evaluate along the section at the specified grid interval to

produce a grid row.
. -

iv) Output the grid row

v)" " Répeat from-iij for all s_ectiohs.

- This is often followed by a second re-factorisation phase to segment the grid for
presentation to the mapping package. In this system, it is interesting to note that the
management.modules for Phases I and IIl are identical. The only likely difference'
between the two phase_s is in the choice of interpolation function employed.
Interpolation functions belong to a_general class of subroﬁtines, specific members of
which can be attached as required. Hence in 'general terms only one basic module is

required. (See figure 26).

~
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Fig. 26 Basic module for grid interpolation of well sampled profile data.
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This chapter‘ could continue at length, describing module after module for all

. . " '

possible compilation tasks. A brief look-ahead, however, :atisfied this writer that
they would all come out essentially the same - at least within the five disciplines
studied. (airborne, gamm® spectrometry, drift sedimentology, regional geochemistry,
aeromagnetics and gravllmetry.) _l.e. each would consist of a-management module of
the same general form, calliné upon members of a §1§:ve19pmental sub-routine library.
As these five 'disc_iplines represent a broad'énd representative c‘ross'-section of the

earth sciences to which survey compilation is relevant, it is reasonable to predict

that modules would be essentially the same for other disciplines also.

This prompted the writer to decide that the originally stated objectives of this

work has been achieved.
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10.. CONCLUSIONS

We will briefly recapitulate the stages of this work and compare-the results

with the originally stated objectives.

10.1 Recapitulation

Recognition and definition of the four basic types of compilational process

allowed us to escape from the narrow viewpoint of the individual discipline.

The principle obstacle to generalization of the software system was recognized
to be the diversity of data content and structure. To surmount this obstacle, a high

~

degree of data independence from software would be necessary,

Currently existing methods of achieving data independence within Data Base
Management Systems (DBMS) were examined. Though their essential concepts were
pertinept their practical applicability was severely limited due to the peculiarities of
the data and processing requirer,ng;c.s of compilation systems. This fact instigated a

search for an effective data structure model peculiar to the needs of earth science

survey compilation.

Examination of the highly effective structures encountered within the various
discipline specific compilation systems, and recognition of the advantage of linearity
in a model, led to the develbpment of a discipline-independent data structure model

which effectively described all previously encountered real cases of data structure

Formal algebraic manipulation of the model expressions were shown to be
exactly analogous to the manipulation processes of compilation systems. Thus

proving that at least this type of process could be made independent of discipline.



Mamtenance of data descnptmn within the data set 4i[dwed for data-structure

1ndependent software, This in turn allowed generalisation of verification and display

processes,

The last type of process, development, was-admitted t& be the least amenable

'to generalisation. However, when the developmental processes shown on the ;yst m

flow charts were analysed in detail_and expressed in the model notation it was
. demonstrated that many such protesses were made up in greater part of a specialised

combination of more general routines.

When the most specialised parts of these processes were analysed and process
modules synthesised, it was found that the same, quite simple, general form of
management module was applicable to all cases. The management modules wouid

call upon a library of subroutines of varying degrees of generality,

10.2 M'eeting the objectives

The goals of this work were to establish the viability of, and a design for, a
generalised automated compilation system for earth science survey data. The
objective being toleradicate the problems inherent in a multiplicity ‘of i-ndependent,
discipline specialised, systems. These problems were duplicafion of effort in

L

creation, maintenance and education, and incompatibility of data structure.

The data structure system designed employs tlge. same set of input/output
modules regardless of data type or degree of structural development. This, in
essence, is the --meaning of compatibility of data structures. All data structures
'regardless of the degree of factorisation or the physical ordering of the aggregates,
can be r'educed to ca.rdinal form, sorted to any specified order and refactorised in any

way permitted by the common factors that exist. Thus two organisations dealing
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with the same type of data, can structure the data differently if their individual
needs differ, but if so, then either organisation can restructure their data tb.be

compatible with the other simply by specifying the factorisation hierarchy to the

REFA module.

[f it makes scientific sense to combine two or more types of data in a

multiparametric process (e.g. correlation of geochemical and airborne gamma

:spectrometry data), then if they are not already in compatible order they can be

made so without creation or modification of software. Even the need to refactorise
will not be'a common event. Major processes such as verification and many display

applications are independent of the factorisation state of the data.

Regardless of the factorisation state, all attributes are accessible and every
¢
cardinal form aggregate can be temporarily reconstructed in full by retaining higher

order factors in memory as the lowest order residue passes through.

Any definable-'process, manipulation, display, verification or development can
be expressed In a single software module. So expressed,it can be applied to any type
of data to which it is pertinent. Hence the number of different modules needed will
represent the number of fundamentally different processes to be applied.
Previously, different modules were necessary to apply the same process to different
data types. In many cases the situation was worse, different modules were needed to
apply essentially the same process at different stages within a single compilation
system. e.g. Several different input/output, verification and print display routines
were needed within a given system due to changes in content and structure as the

data passed through the system.

. -

|



— 249 -

This writer's estimate is that the _nuhqir of program statements required to
fulfill the needs of the five described disciplines via the generalised system as
proposed, would be greatly reduced. As there would be not only a reduction of
redundancy between systems, but also within indiﬁdual systems. The system as

established meets the specified objectives.

10.3 Limitations of the system

10.3.1 Computational efficiency

The principal limitation of the system is one that affects any generalised
system and any modular system, namely computational efficiency. The proposed

system being both generalised and modular, it is doubly prone to this ill.

Generalisation necessarily means that things are done in the most general
manner, What is generally applicable to many cases may not be the most efficient
way in the individual case. e.g. any data structure in the system can be converted T
any other by the refactorising process carried out by a single module. Many real
cases will be encountered, however in which the desired struct'ural change could be
effected much more cheaply by an ad-hoc procelss which moves aggregates directly

from one place to anot without explicit expansion and refactorisation.
P a . P P

The cost of modularity is due to "overheads" incurred by- the transfer of data
- and control. Computation via a set of subroutines can be more expensive than by "in-
line code", i.e. a single program unit which contains all the processes necessary

without having to transfer data to and from an external subroutine. The proposed
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system will be highly compartmentalised being made up almost entirely of

subroutines. Even though the choice of subroutine categories and their design will be

made with strict attention to machine efficiency, the system could still be

significantly more costly to run than a monolithic system.

This limitation is real. The questions to be answered are "How critical is it?"

and "How can it be avoided or reduced®!

f
To answer the last question first; A well designed general purpose module or a -

subroutine based system,v can be more computationally efficient than a poorly
designed special purpose module or monolithic systems As far fewer general purpose
modulesflc_lre needed than special purpose modules, much more time can be dedicated
to good design of the former than of the latter. Nothing, however, prevents.the users
from creating their own special purpose, more efficient modules to suit any need tha‘.c

arises.

With rega-rd to the problem of modularity, if subroutine overheads are
unbearable, the subroutine processés‘ are there, ready made, for the user to combine
into in-line code in a large}r} module. This is an enormously_szmpler task than having
to break down a monolithic system into gubroutines if the overhead of complexity

becomes too great.

Hence means do.exist to avoid or reduce these two forms of inefficiency should.

they become critical.

In answer to the first guestion "How critical is it?" it must be remembered that

the «objectives are concerned with improvements in human rather thin machine
efficiency (reduction in manpower resources expended on creation, maintenance and
learning to use a variety of systems; reduction in both man and machine costs in

writing and applying interface software to convert from one form of data to another.)
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Hence a potential increase in processing time can be balanced against a certain
decrease in manpower time. As the costs of computation have decreased 100 fold per
decade, each of the past three decades, and the cost.of manpower has doubled each
decade over the same period, it is evident that imprO\.fement in manpower efficiency

at the expense of machine éfficiency is the wisest investment.

10.3.2 Constraints upon data content >

In principle there are no constraints upon data content. In practice, ease of
application will diminish with increase of data complexity, setting a practical upper

limit on the data complexity.

A vitally important requirement is that users correctly interpret their data
contents in terms of tﬁe concepts of entity sets, attribute sets and group
relationships etc., described in Chapter 4 and 5. Otherwise manipulation processes
could produce false results, e.g. if the wrong relationship (dot, star or null} s ascribed

to two or more cohtiguous residue groups then automatic expansion will produce

nonsensical results.

-

As data complexity grows, so will the likelihood of mis-interpretation. The
practical upper limit to complexity will, however, be limited by the interpreters skill

in this case, and can be expected to rise with experience.

As the inhomogeneity and variability of aggregate content increases, a
different type of limit will impose itseif. At some point, when the data set is for all
practical .burposes unfactorisable, and so inhomogeneous that a separate data
description is required for almost every aggregate, then the practical advantages of

the system break down, i.e. the data structure system is not applicable to such data.

One need not worry too much about this limitation, however.
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" If the applicability of the data structure system breaks down due to this case,
so also does the applicability of compilation itselff The system was designed
expressly for the needs of earth science survey data compilation. Whatever

applicability it might find elsewhere is fortuitous.

Earth science surveying may be characterised as repeated measurement of one
or more earth science parameters at systematically distributed locations over a

defined region of space.

"Repeated measurements" and a "systematic distribution" of the location of
these measurements, guarantee a data set suitable for treatment by the system.
Extreme inhomogeneity and variability of aggregate content is not characteristic of
earth science surveys (though, as noted, extreme variability of attribute value is

distinctly characteristic of earth science data).

Certain cases will be encountered where a degree of inhomogeneity exists -e.g.
a "sparse'" data set whose ultimate aggregate content will be quite homogeneous but
whose data is acquired slowly and creates inhomogen'eity in the early forms of the

data set. Means exist within the system to deal with this however.

10.4 Direction of future work

The general direction of future work is clear, develop algorithms and writé

>
specifications for sgr{%m modules, then encode, test, document and release for use.

The overall pricrities are also quite clear. Modules must be implemented in
decreasing order of generality as more specialised modules contain and depend upon
less specialised ones, i.e. the general system utilities must be created first to permit

creation and retrieval of data, sets; followed by the general print display system to
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permit examination of data sets so created. The next set of modules to be created
will be the manipulation routines then the general ve'rification, graphigs display anci
system interface. 'Finally, more specialised development modules can be constructed
from the modules so far created with the addition, where necessary, of development

subroutines specially created for individual needs.

Hence, in keeping with the basic philosophy of this work, compilation systems
for individual disciplines will not be created separately one after the other. The
relative compléxity of the various systems and the necessary progression from
general to specific, however, dictates that‘ the means to create simpler systems will

become available before the means to create more complicated ones.

Utilities, basic verification, basic manipulation to allow appropriate structurés
< .

to be developed, and a selective retrieval routine would be sufficient for the n'e;eds of
a drift sedimentology compilation system of the type described in Chapter 1. More
advanced manipulation routines added to this would form the core of a geochemical
compilation system. Creation of an aeromagnetic, airborne gamma spectrorheter, or
gravimetric compilation system would depend upon which type of development
modules were created first. The similariﬁes between certain phases of aeromagn:a-tic

and airborne gamma spectrom#&try compilation, however, makes it preferable to

approach these two systems first, i.e. more generéi—-l:oaﬁﬁes are involved.

10.5 Extension of the work to fields beyond compilation systems

Althbugh the system is specifically intended as a means to improve the
technique of automatic compilation, the compilation methods and the form of the

results in any particular case should take into consideration the eventual end use of .
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the -data, i.e. interpretation of data in terms of the géological conténts and
structures of the lithosphere. In the cases where interpretation ('at least the
computér automated aspects of it) concerns only one type of data, the essential needs
are provided for with the system as described, i.e. the retrieval and manipulation

processes permit the data to be presented to the interpretation "development"

modules with whatever form and ¢ontent is necessary.

Cases have been mentioned, however, which employ two or more types of data
for interpretation purposes. As mineral resources become scarcer and the search for
them becomes increasingly more costly, more and more sophisticated methods will

have to be employed to irhprove the probability of success in any given case.

Principal among such methods are th'ose which attempt to redL:ce the aréas of
uncertainty by integration of several forms of dafa. This can be '\done
deterministically, for example, by combined m§gnetic-gravimetric' interpretation.
Both gravity and magnetics, as noted, have inherent uncertainty in their respective
interpretations. A causative‘ body may be determined which could give rise to the
observed f.ield, but no absolute means exist to determine whether the body is in fact
that which lies beneath the surface. Boundary cc}.n,diti.ons must therefore bé
prescribed to keep the interpretation within "reasonable” limits. The assumption that
the body responsible for a magnetic anomaly corresponds to some degree wi1.:h the
body responsible for a gravity anomaly restrains the interpretation of either to a
form compatible with the other. Better still, a direct theoretical method, based upon
potential field theory, could be used to create an interpretation at once compatible

with both data forms.
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The system as defined would appear to satisfy the needs of either of these
cases, as the interpretation per se would become just another development module to

be supported and supplied via the general modules.
p

-

The cases, however, which are amenable to such a deterministic approach, as in
i

the cited case, are mostly concerned with speciﬂce{lly identified targets. The major

problems occur before this stage. They are concerned with the(process of deciding -

v:fhere to look far targets. They involve not just two or three but many more forms of
information, and by the very nature of the information involved are probabilistic not
deterministic. The probabilistic nature.of geology is noted by Agterberg . (1979,
p. 201) who also states that "It will become increasingly necessary to iﬁtegrate the
results obtained by the various subdisciplines... The re]atively new field of resocurce
analysis provides one good reason for the integration of geoscience data o;f different
types." Fox (1979, p. 141) mentions-two specific examples —correlatioﬁ between
airborne gamma spectrometry data and corresponding geological maps to determine
baékground and anomalous values for various geological units; and correlation of
. aeromagnetics with topography to\gdetermine which an_o.malies have st’rong terrain

correlation and are hence suspect as indicators of sub-surface features.

Integration of different types of data requires physical and logical compatibility

between the contents and structures of the- different types of d%iaf To attempt to

establish a comprehensive but rigid standard covering all possible types of geoscience

data that might conceivably be put in an integrated data bank would be a monumental

task. Even if a standard could be established, it would be likely to meet with
opposition whenever its implementation would require a structdre to be imposed on

some form of data which was radically different from the structures that the workers

-~in the field were used to.

-

——



@Thus,' while comprehensive in theory, it is highly unlikely that such a "table of

standard ft§mats for geoscience data" would ever become comprehensive in practice.

-

The success’of multivariate analysis for prediction of mineral occurrences, however,

depénds upon’obtaining the greatest possiblé quantity and variety of relevant data.
e .

-

On the basis of .the well known laws of perversity it is probable that the one

type of data not availa_ble for the analysis would be th_e'key ingredient'thai would

result in effective predictions.

The proposed algebraic group data structure and generalised software system
could actively assist in the development of a truly comprehensive integrated data

o\ .
bank by acting as an "interlingua".

It' can be seen in examples in Chapter # and in the compilatiornal médels in
Chapter 6, that sensibly structured dat:a sets need little or no change to their content
and order to convert them to an-algebraic-group structure. All that is ::equired is the
addition of group labels. Conversely put, the algebraic group s‘tructure is flexible
enough to adapt- to any-well organized data set, regardless of its content, with

minimal change to the original form.
s

I

/_ﬂeﬂt{one could expect resistance to conversion to this type‘ of standai'd to be

less than for conversion to a rigid standard. Once data Is converted to the algebraic
group structure it"is essentially compatible with any other form of data with

algebraic group structure; expansion, re-ordering, re-factorisation, separation and

. /
merging of data sets all being routine matters.

As was the case with the drift sedimentological data set, creation of highly

structured compatible forms within the data bank may not be necessary. Provided

c

%
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¥
that all data was in algebraic group form, .the'data sets could be left in their original

form and each user could convert all selected types of data to a more developed form

most appropriate to[ that user's needs only when the occasion arose.

A corollary to the above is that if data is not logically structured then it would

be more difficult’ to convert to the proposed standard. ‘This, however, is in itself

beneficial. The logically sound data structures described in Chapter & were not

created on theoretical principals but as a reasoned but ad-hec approach to particular

individual cases. The example giQen of the illogical data structure was also'created
in an ad-hoc manner- but as necessitated by the limitations of an in;flight 'data
acquisition system and not by the needs of compilation. In the absense of .abstract
guidelines and definitions of loéicality for data structures, little exists to restrain the

emergence of illogical structures.

Even if the only outcome of this work is to providé a theoretical framework by
o

which the "correctness" of a proposed data structure can be judged and thereby assist

“in the avoidance of illogical structure, then the effort of carrying out the work wil!

-

have been well spent.
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