A read, append, prune (RAP) formalism for spatio-temporal information
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1.0

INTRODUCTION

In the land administration domain, there is a need for software applications that are capable of faithfully
recording the history and state of national land resources, which are easily adaptable to meet varying needs that
occur within and across jurisdictions, and which are easily evolvable to meet growing sophistication in the
requirements and uses of such spatio-temporal information (see, for example, Van der Molen, 2002). The faithful
recording of history includes the chronology and causes of changes to spatial and thematic value data, the full
retention of data in the face of continuous updating, and the faithful representation of the many and widely
varying and evolving concepts and practices underlying land, its use, and its associations with people,
organisations and government.
Critical to long-lived, authentic, and evidential record keeping software applications is their ability to also
accommodate change over time in the concepts and practices they implement while at the same time maintaining
support for existing information and its representation that accumulates over time. These needs are not wellsupported by conventional geographic information systems (GIS) and this has been attributed the inadequacy of
the relational model in representing the temporal dimensions of time-varying information and evolving schema,
and structural limitations in the representation of domain concepts and record keeping practice in general (Raper,
2000, Gounaris and Theodoulidis, 2003, Ekweozor and Theodoulidis 2004).
In response to these needs, this paper proposes a read, append, prune (RAP) information theory that addresses
domains where the concepts and practices of information are non-stationary with respect to both space and time.
The model mirrors the essential concepts and practice associated with formal record keeping and as such is not
limited to the land administration domain. Conceptually, the variation (or heterogeneity) in the concepts and
practices that occurs across contexts (and space), is similar to the variation that occurs across time since the
impact of these heterogeneities on implementation is essentially the same (Galante et al, 2005, Roddick et al,
2001). An implementation that allows varying conceptualisations (e.g. schema, processing modules) to coexist
can be more easily evolved since there is less need to migrate existing representation as new concepts and
practices are implemented. Such an implementation should thus be capable of supporting the spatially varying
conceptualisations. This alludes to an implementation that supports an emergent and evolving representation
through a non-delete amendment-based temporal model of information and implementation.

2.0

RELATED WORK

Append-only and non-delete strategies for data have long been considered essential concepts in temporal record
keeping and faithful history recording (see, for example, Hunter, 1988; Roddick et al., 2000). Associated with
this is the notion of limitless data storage capacity and the conclusion that removing the concept of delete makes
database operations generally simpler (Copeland, 1982). Entity, attribute, value (EAV) models of data have been
employed successfully in medical applications to address the problems of record heterogeneity that results in
large numbers of nulls in records (Nadkarni et al, 1999). The ideas of flexible schema and emergent schema have
also been considered in response to the problems of schema evolution in application areas that require rapid
response to changes in the problem space, and areas where the schema is difficult to know in advance of
implementation or for which there are competing hypotheses (Roddick et al, 2001, 2007).
Some of these ideas date from the early days of computing. However, they were generally ignored due to the then
predominant focus on efficient use of limited memory and processing capacity that resulted in systems that do not
allow redundant data, which require data to be deleted (or overwritten), and which rely on essentially static and
predefined models that are difficult to evolve and reuse. Interestingly, the technological basis of the ‘cloud’
supports the reinvigoration of these ideas and a result has been a move away from conventional relational
technologies and methods in favour of more evolvable and less ridged information models (see, for example,
Cattell, 2011; Strauch, 2011; Taylor, 2009). The `cloud’ essentially assumes spatio-temporal non-stationarity in
both its applications and data models. For example, similar in concept to EAV models, Facebook and Google
utilise multidimensional maps of key/value pairs which do not have a predefined list of columns and, as such, are
able to add dynamically new attributes to records and can thus support varied and emerging conceptualisations
(Chang et al., 2006, Sarkissian, 2009, Lakshman and Malik, 2010). Through its promise of unlimited storage and
processing capability, the concept of ‘the cloud’ provides a platform in which concepts of time and record
keeping associated with an append-only information model can be reconsidered (Furht, 2010).

3.0

READ, APPEND, PRUNE (RAP)

An append-only theory assumes that all data are retained. Implicitly, it assumes that all schemas associated with
data are also retained, and that the schemas of data can evolve over time without intervention. Schema evolution
that only involves the addition of elements does not impose the need to migrate data which is required when
schema elements are to be removed. Logically, if schema can evolve seamlessly, then so must the applications
and ‘stacks’ that rely on them. An append-only theory therefore should include the notion that not only are data
appended, but their schema, and the implemented applications that provide processing and query, and human
interaction, are also append-only and can accumulate. Essentially, once an item has been appended and has
impacted the stored information, its impact can never be removed. This does not, however, preclude the notion
that data or implementation can be removed from use, i.e. retired or made inaccessible. This, and all other change
including schema change can be achieved with the concept of amendment.
Amendment is logically required in an append-only theory since data values and implementation artefacts cannot
be deleted from the reality they have impacted. Amendment relates to the appending of new information or
understanding, and to an intention with regard to an effect on existing information and understanding. An
amendment conceptually modifies an existing value, attribute or entity or creates new attributes and entities.
Various specialised amendment intentions can be defined and these include retirement, expiration, invalidation,
and accumulation. Amendment is logically a bi-temporal concept since amendments are time-ordered both in the
order in which they are recorded and the order associated with the time at which their intention becomes valid
and affects a domain. Thus, amendments can be logically arranged into chains of facts representing, for example,
time-varying attributes and their values, or the logical evolution of implementation artefacts that comprise a
software deployment.
In addition, an amendment can, as part of its implementation, impose new kinds of understanding as well as
create new values. This notion underpins the concept of variable and evolvable schema where the appending of a
new value may in fact add a new attribute to an entity instance. Thus, individual entities may have unique and
time-varying schema. For spatial data, this means that each spatial object instance may have an independent and
unique set of attributes. The evolving understanding can be imposed through the appending of a new version of
an implementation artefact such as a user interface application or service that contributes a new process or
understanding and which potentially imposes a different understanding for new records.

The concepts of read and append are interrelated in the sense that the particular understandings imposed by an
implementation through its set of valid append operations may also be used to understand the results of read
operations. This alludes to a dual nature to service implementation and is an extension of the application-based
transaction and query paradigm associated with cloud-like application models described above, and the idea of
cloud services and software-as-a-service (SaaS) (Furht, 2010).
The conventional concept of pruning relates to the removal of nodes (whether they are attributes, value data,
semantic descriptions, or implementation artefacts) that are redundant or irrelevant to a context. Pruning does not
relate to the management of the large volumes of data that might be expected to accumulate under an appendonly theory. Here, pruning simply acknowledges the legal requirements of privacy and authentic archival or
destruction of records associated with retention and privacy policy implementation. Pruning is a function that
processes intentions defined by amendments. Generally, pruning makes inaccessible certain facts (or
implementation) either within a specific context (which might be a temporal context) or for all contexts and
hence does not violate the append-only theory.

4.0

CONCLUSION

The RAP theory alludes to an architectural model that separates time-referenced amendments, semantic
descriptions, and application or implementation modules such as services and service applications, allowing these
to vary across space and over time. The theory is eminently suitable for underpinning a cloud-like
implementation of formal record keeping that supports spatially, contextually varying and evolving data,
understanding, and implementation.
The theory has impacts for the way in which spatial information and spatial change is managed and recorded and
potentially for the implementation of GIS which are conventionally reliant on relational databases for the
implementation of thematic attributes. A RAP-based data store allows the domain specific or contextual
information to be recorded separately from the spatial representation thus allowing the form of individual records
to vary across space and across spatial records, and for the particular spatial representation to vary across
thematic records. Hence, it also allows the particular spatial representation to vary both in sophistication and
accuracy across records and over time for individual records, thus potentially modelling more closely actual and
evolving reality. It also allows temporal relations, for example, parent/child associations, between spatial objects
to be explicitly recorded and for temporal relationships to be considered along with spatial relations, for example,
spatial and temporal overlap where objects can be allowed to overlap in space only if they do not overlap in time.
Ultimately it reduces the coupling between spatial representation, the implementation of which is reasonably
stable, and the domain specific models that are highly variable across space and context. The RAP model for
evolvable spatio-temporal record keeping forms the basis of an approach to the development of a widely
applicable and long-lived GIS for land administration described by Hay (2013).
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