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1 Introduction

The Global Grid Forum Data Access and Integration working group is developing a proposed
specification for middleware that supports the use of multiple distributed data resources [1]. That
document, as befits a specification, is developing definitions, but does not present the rationale for
those decisions. There is also a primer under development [2] that presents examples and tutorials

as to how to use the DAIS services. It focuses on introduction to the facilities and suggests effective - [ Deleted: DAT

programming patterns.

The purpose of this document is to provide the rationale for decisions that lead to the

architecture and high-level design of the DAIS services. It summarizes the motivation for DAIS - {Deleted: DAI

services and discusses their current and eventual scope. It then presents the components of the - { Deleted: DAI

conceptual model showing why they are included, their function and their relationship. Attention is
drawn to the difference between requirements for application interfaces (APIs) and the requirements

for DAIS protocols. The paper concludes with examples that illustrate how the proposed model - [ Deleted: DAI

can serve in a number of typical scenatios.
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2 DAIS: Motivation and Scope

There are an ever increasing number of useful data resources that are independently managed and
geographically distributed. Scientific discovery, engineering design, medical decisions and many
other creative processes benefit from accessing and sometimes updating these diverse, dispersed and
evolving data resources. Typically the creative step in a process is enabled by formulation of a
hypothesis that is then tested by combining data from multiple soutrces using sophisticated models.
constraining it. For further discussion of this motivation see [3], [4] and [5]. The data accessed may
be primary data, metadata describing primary data, or administrative and system data used in the
implementation and operation of distributed systems that enable the computations and data
movement.

1 To respect and comply with the policies and authorization mechanisms established by the
providers of data resources;

2 To minimize the cost of data movement.

The first of these principles dominates where they are in conflict as failure to comply with
conditions of use imposed by information providers would mean that access was denied.

The second principle is manifest in mechanisms for third-party transfers, for avoiding round-
trips that accrue latency and for moving computation close to data. The last of these is currently
based on using database-supported query languages, which in some cases will accommodate
embedded procedures.

The requirement to move code to data is likely to increase as data volumes grow [6]. Data
volumes grow much faster than code volumes as the speed, cost and sensitivity of data collectors
and data generators grow according to Moore’s law, but code is limited by human capacities. For
example, biological sequence and protein databases are doubling approximately every nine months
and astronomic data is doubling every 12 months. Some databases are already large [7].

The current work of the DAIS Working Group focuses on services that facilitate the
interconnection of existing databases held in relational or XML form. This initial focus is motivated
by the large investment already made in establishing, provisioning, operating, understanding and
exploiting such databases. This existing knowledge and supporting software is expected to be the
basis of many scientific and commercial applications.

It is anticipated that the boundaries between structured data and files will be eroded as more
investment is made in metadata describing collections of files [8], [9] and [10]. Files are commonly
used to hold raw and processed observational data and the inputs and outputs of simulations. They
their management (e.g. SRB [xxx]) and replication (e.g. RMS [yyy]), for their transfer (e.g. FTP and
GridFTP [zzz]) and for extracting or deriving data from them (e.g. Data Cutter [aaa]), are well
developed. Data Cutter has recently developed the capacity to accept appropriate Java jar files,
dynamically load them, and run them against local files, thereby enabling a broad class of
computations to brought to the data. These trends mean that the architecture of data access and
integration services must be prepared to accommodate file access. This goal is met by self-
descriptive messages and by a dynamic binding model for activities (see below section ??).
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The set of data models already in use includes object databases, semi-structured data [bbb],
information retrieval systems and systems for extracting data from text documents [ccc]. There is
certain to be progressive development of data models and query languages, and new data
management technologies will be introduced. The architecture for DAIS must be open so that such
advances can be accommodated and so that each stage of each model’s or language’s development
can coexist within systems and applications. This goal is met by self-descriptive messages and by a
dynamic binding model for activities (see below section 7).

The current standard focuses on combining data from a relatively static set of external data
resources (see below for a definition). However, the use of dynamically created and non-persistent
yet complex data resources occurs in several known scenarios. Such dynamic behavior will
eventually need to be managed by DAIS though it will depend on other services. Similarly, DAIS
will need to support co-optimization of data activities and computation activities in workflows and
will raise issues where long-term optimization of data structure and placement will interact with
those immediate work load optimizations. Other important interfaces for DAIS are with
authorization services and accounting services, as data resources often have sophisticated existing
versions of these functions.

3 Application Programming Interfaces and Protocols

A basic goal of DAIS is to facilitate the implementation of a wide range of applications. Such
facilitation should mean that simple programming tasks are still simple and that familiar application
patterns can be reused. On the other hand, there must be mechanisms that enable skilled
application programmers to design, implement and precisely control data intensive workflows. The
following architectural strategy:

1 The protocol used for activating DAIS services, particularly data resources, is generic,
extensible and extremely powerful — it is based on transferring data sets (see section ??), which
are bundles of data requests (see section ??) as inputs and outputs to synchronous and

asynchronous portTypes (performImmediate and performAsynchronous respectively).

2 'There are high-level APIs proposed as libraries in popular hosting languages (Java, C, C# and
Perl) that replicate well-established APIs, such as Java JDBC and C# ANO.NET DataSet and
map them to the protocol using the low-level API".

3 There is a low-level API used by servers and by application components, such as clients,
analysts and consumers.

The low-level API will provide sufficient direct manipulation of datasets so that, in combination
with direct use via SOAP of other portType operations, all forms of precise and sophisticated

results”. In both APIs there must be functions for constructing, populating and dispatching a
dataset; we’ll call this the construction APL. In both APIs there must be functions for obtaining,
inspecting and reading data from a dataset; we’ll call this the acess AP In the high-level APIs,
much of the detail is hidden.

4'The DAIS-WG should spawn a working group per hosting environment to develop the definition of these APIs. The
output from these working groups will be a precise set of use-cases for the DAIS specification.
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Figure 1 illustrates the relationships between the APIs and the protocol. The explicit
introduction of the APIs to support application programming also has the advantage of insulating
the protocol (portType and parameter) designs from the majority of application programmers. This
should permit optimization of these protocols in response to issues exposed by real use while
maintaining stability for most users. As always in data-intensive systems great care has to be taken in
the design and implementation of these APIs to avoid multi-stage copying and multiple coexistent
representations of the data, as these are performance killers.

Suggested features and behaviors of these APIs are presented in section ??.

Client,
Analyst or
Consumer
Con Data Set
struct-
ion
i API Other SOAP calls
High-
Level
(A Access
API Data Set

Figure 1: The structure of APIs shielding the dataset-based protocols

4 Conceptual Architecture

The concepts required for the architecture are described and their relationships, functions and raison
d’étre are presented. The concepts to be introduced are:

1 External Data Resources
2 Data Resources

3 Data Activity Sessions

4 Datasets

5 Activities

These concepts are introduced to explain the architecture and ate chosen to separate concerns.
They are suggestive of an implementation, but different implementations will be developed that
exhibit equivalent behavior. For example, in some implementations, one service may perform a
number of these conceptual services.

4.1 External Data Resources

The term “external” is used to identify data resources that exist independently of data access and
integration services. These will often be well-established systems, operated autonomously, known to
the application developers or application users who will be aware of facilities, content policies and
authorization mechanisms pertaining to these resources. At least for a transition period, these
developers and users expect to explicitly identify such resources and to use their existing knowledge
about them. An important property of many external data resources is that they are in use by many
other mechanisms besides the DAIS mechanisms. These may result in independent updates,
schema changes and service changes that are often of interest to the applications and users that
access them via DAIS mechanisms.



The organizations that operate such external data resources, or provide the software and support
these external data resources will not adapt to data access and integration requirements until these
requirements are pervasive, stable and of proven value. Therefore, these facilities will frequently be
used indirectly, exploiting their existing services, interfaces and functions.

An installed database management system instance, such as Xindice [ddd], Oracle 9i or DB2, is
considered to be an external data resource. Such a system may manage zero or more other external data
resources, each of which is a distinct database over which requests may be phrased. The repertoire of
operations available may vary, e.g. between database management system instances and databases,
and between databases that correspond to different data models. Figure 2 illustrates external data
resources.

DBMS

external data resource

Figure 2 — External Data Resources

External data resources are not themselves services in the DAIS model. Instead they are
represented by data resources. Data resources that represent a known external data resonrce will need to
identify that external data resonrce and may present status information about that data resource, such as
its name, data model, access policies, and DBMS version.

In summary: the external data resource concept is introduced to catry the concern for identifying
and inspecting external, independent data systems that may be known to programmers and users. It
provides access to the large investment in those systems but does not require them to change.

4.2 Data Resources

To present a uniform service model that allows these diverse external data resources to be used we
introduce a data resonrce that provides standard DAIS portTypes and normally implements theit
functions by interacting with exzernal data resources. Frequently a data resource will represent just one
external data resource, but it may represent many, e.g. presenting a federation of their facilities, or it
may provide its functions independently. The data resonrces are therefore the “work-horse” services
for delivering data access and integration. This is illustrated in Figure 3. They may be viewed as
proxies for external data resonrces or adapters or wrappers for those external data resonrees.

DBMS

-------------- o
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Figure 3 — Data Resources interfacing external data resources

The design of the data resource service has to meet two apparently conflicting goals:

e It must present a regular and simple structure of functions that can be readily
understood by service implementers and application developers.

e It must make available the wide variety of models, languages and operations that are
provided by all of the versions of all of the database management systems, file systems
and information systems that occur in external data resources that DAIS users may wish
to access.

These are jointly met by a performlmmediate portType that provides an immediate
synchronous response to a data request packaged in a dataset (see section ??). The response is similarly
encoded in a dataset. Datasets are defined to be sufficiently general to accommodate all of the
variations of data required for the full variety of operations that may be encountered. A data request
will be formulated in terms of activities (see section P?). Activities are an extensible set of operations,
that may carry any of the versions of the prevailing data manipulation and query languages, and
thereby they enable the independent consideration of different data models, database management
system versions and different categories of database and data transformation functions.  This
synchronous interaction with a data resource is illustrated in Figure 4.
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Figure 4 — Synchronous request-response pattern of data resource use

The communication between the data resource (dr) and the external data resource (edr) it is
representing, shown as a dotted arrow, can be by any mechanism chosen by the implementers of the
dr service. For example, if they implement in Java and the edr is a relational database they might
communicate via JDBC.

The synchronous interaction pattern is suitable for many data operations that involve relatively
small amounts of data, where as networks gain bandwidth, the issue of avoiding latency becomes
paramount. For these sufficient information is passed to complete the requested activity (or
activities), and the client has no further interaction with the data resonrce until the response is received.
This has the additional advantage that the failure modes that must be considered by the client are
simplified compared with those that may occur in asynchronous interactions made available via daza
actiity session services (see section 7).

Data resources will present their capabilities and some state information, such as available
resources, via the usual service data element (SDE) mechanisms [eee]. This will normally include
information about what activities they are prepared to enact. One such activity may be schema



enquiries that give fuller schema information than the SDEs provide. The SDEs will normally
indicate which external data resources (if any) are being represented. As data resources only support
synchronous behavior, they do not require SDE's that reflect progress with data activities.

Certain activities may create a new data resource, e.g. activities that request the creation of a
database, a view or a materialized view. Some data resources, e.g. those representing an instance of a
DBMS, may be able to reveal the existence of other data resources that they are able to make available.
In each case, we can think of these data resources as being derived data resources. As a multiplicity of
data models are considered, these derived data resources may offer all or many of the operations of their
primary data resource, e.g. a file server may yield derived directories as data resources. Consequently, it
does not make sense to introduce a different class of services for the primary data resources, as was
suggested in the GGF8 version of the DAIS draft specification.

A data resource discovery mechanism, e.g. a registry of data resources, will need to hold a set of
primary data resources, with which clients can initiate their interactions. The registry may also provide
information about derived data resources.

Some of the possible relationships among data resources are illustrated in Figure 5.
o
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Figure 5 — Example configurations of data resources

In summary the conceptual role of a data resource is to support synchronous request-response
patterns of use for a wide range of data models, data languages and co-existing versions of systems.
They have a further role; that of creating data activity session services to support asynchronous activity.

4.3 Data Activity Sessions

The role of a data activity session service is to support longer-running activities including asynchronous
requests, sequences of activities that are being orchestrated by a client, transactions, processes where
progress monitoring is required and those where deferred delivery of results is required. A data
activity session therefore accumulates state throughout the session.

Initially data activity sessions may be limited to supporting one client and to existing only as long as
they can be maintained in memory. It is expected, however, that persistent and re-startable sessions
will be needed, and there may be a case for allowing multiple clients, e.g. multiple participants in a
transaction. The architecture should permit such variations.

A data  activity  session is  created by a data  resource by calling its
CreateDataActivitySession portType. There will be an immediate response
indicating whether the creation was successful and returning the identity, e.g. Grid Service Handle



(gsh) [ece], of the newly created data activity session. The dataset supplied in the creation call may
contain a data request that is sent directly to the new data activity session, so that computation on
behalf of the client is initiated asynchronously.

A data activity session will provide SDEs that report on progress with requested activities. Many
data activity sessions will be capable of deferred delivery. In this case, the SDEs will also indicate
readiness of the constructed dataset for collection. Some data activity sessions may use other services
for deferred delivery, or may offer a dataset holding service (see sections ?? and ?? respectively). The
responses which provide information to enable deferred collection include a data collection recipe
(see ??). A data collection recipe is a “collection note” which when delivered as specified, retrieves the
identified dataset. This design avoids coupling the deferred delivery mechanics with clients that use
the data activity session service, that is, the client does not need to know how deferred collection is
arranged and a data activity session can use different data access and delivery mechanisms for different
datasets.

Creation and use of a data activity session is illustrated in Figure 6.
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Figure 6 — The creation and use of a data activity session

In summary, the data activity session is introduced as a location in which to accumulate state
pertaining to one or more activities and hence as a means of supporting asynchronous data
operations. It is the locus for all aspects of data access and integration services that need to
accumulate state about the progress of activities on behalf of client processes.



4.4 Datasets

The dataset is a packaging mechanism, so that various items of data, required as inputs and outputs to
data intensive activities, can be collected together and then handled as a unit. Such data intensive
activities are common in data access and integration, but also occur in computation intensive and
data management applications. Therefore the definition of datasets is of jnterest bevond the scope of - {Deleted: wider ]

the DAIS working group.

It is helpful to think of the dataset as a padded envelope of arbitrary capacity into which an
arbitrary sequence of separate data items of any form, table, XML document, DFDL file [9], DIME
value [fff], etc. may be put during the creation of the dataset. That dataset is then sealed, and may be
stored, moved or copied. Then another process may access the dafaset and obtain the data items that
were placed in it. There is a further discipline on datasets; that is, their contents are described, so that
a recipient can inspect a dataset to discover what it contains and how to recover the information.

An additional property used by data access and integration services is that the dataset construct is
recursive, that is, a data item in a dafaset may itself be a dataset.

The motivations for datasets in this form are:

e To provide a convenient mechanism for sending and storing heterogeneous collections
of values, so that developers of systems and applications are encouraged to group
together values to be managed, stored or moved.

e This in turn, will reduce accumulated latency, handling and management overheads.

e To meet the requirement to deliver the same information as is transmitted for a vatiety
and extensible set of possible values and mechanisms for describing values — the latter is
helpful in permitting established practices to continue.

e To separate out the issues of data movement, storage, etc. from the issues of
constructing or accessing a message.

- . . T . _ | Deleted: tw
The dataset concept is inspired by datasets in ADO .NET, but it differs in three respects: P { o J
1. The DAIS version sets out to accommodate a wide variety of values and - - {Deleted: DA )
representations to respond efficiently to the long-term goal of accessing and
integrating all forms of data resource.
2. The DAIS version distributes its description of items as it may be impracticable - - { Deleted: DAr )
with large, incrementally transferred messages, to defer sending the header until
the complete contents are known.
3. The DAIS version does not specify the nature of the data contents and does«- -~ {Formatted: Bullets and Numbering J

have an extensive API for manipulating those contents. The ADO.Net DataSet
class carries its data as data tables includes support for manipulation and
updating of the data tables that are contained in a DataSet.

It is an open issue whether the mechanisms for propagating updates in ADO .NET datasets
should be assayed. They are likely to be expensive in the large scale distributed systems and require
| the maintenance of_service relationships. It is also difficult to find mechanisms that will work with
the full range of data models. One possibility is to make these mechanisms available in selected

‘ cases by higher-level services.



It is expected that libraries or objects for efficiently creating and accessing dazasets will be
implemented (see 3) and Appendix 2. It is also expected that there will be efficient mechanisms for
moving datasets. These are both concerns for implementers but are not explicitly addressed by the
architecture. The architecture requires a SeNnd operation, that indicates a dataset is complete and can
be handed to a transmission or storage service, and a g€t operation that obtains the dasaset and
allows the access operations to commence. Note that this pair will allow incremental transmission,
e.g. once a dataset is partially constructed, those populated parts can be sent’, the send in this case,
causes buffers to be flushed and an “end-of-dataset” transmitted. Once data has started arriving the
get can return, and access operations can block if they request access beyond the data transmitted
so far. The get can pull data or find it already delivered. The Se€nd can push data or arrange its
storage for deferred collection.

4.4.1 Dataset Contents

A dataset will consist of a header, a summary, a body and a tail. The header will indicate it is a dataset,
which version of dataset formats it complies with, and a hard-to-forge indication of where it
originated’. The summary will normally say how many data items are in the body and give their
identifiers. The exception may be datasefs which are effectively endless streams of data items. The
body holds the sequence of data items as described below. The 72/ holds sufficient information to
indicate that the dataset is complete and has a low probability of having been corrupted.

A data item is a self-describing value. It has an zentifier, unique within this dataset, a #pe and a
valne, which is used in the construction and access interfaces to operate on a specific data item. The
valne is often composite, containing for example a schema that describes the specific value, an
indication of how the value is encoded and then the value. Any of these which can be inferred from
the type may be omitted. This permits separate and incremental definition of types and there
formats by groups working contemporaneously.

Figure 7 illustrates the internal organization of a dataset.

Sum- Ident Ident Ident Ident Ident
mary Type Type Type Type Type
Value o | Valueq | Valueo | Value 3 | Value 4

header tail

Figure 7 — the internal organization of a dataset

4.4.2 Specific dataset contents

contain a status response corresponding with each data request in the request message.

These two examples of specific datasets were introduced in Figures 1 and 4. Focusing only on
the body in each case, we illustrate the specific contents in Figures 8 and 9 respectively. The text
and XML is illustrative and not prescriptive, i.e. established nomenclature and schemas should be
used.

> For this reason, the interfaces provided to datasets should not permit data already written to be updated.
6 'This is where the dataset was created. It may be being delivered from some quite different service after being handled
by intermediaries.
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The request dataset must begin with a data request element recognizable by being one of a set of
specified types. In this case it requests an activity that performs an SQL query that uses a table as a
value, e.g. in an IN clause. The table has been sent as a separate data item in some table
representation, e.g. row set, perhaps because it was large or because it was convenient to copy it
unchanged from some other dataset.

Sum- Ident Ident
mary Type Type
Value o | Value 1

header tail

GetLargeFires PrestigeBuildings
DataRequest.xsd RelationalTable.xsd
<SQLQuery> <table>

... PrestigeBuildings ...

</SQLQuery> </table>

Figure 8 — An example request dataset

Sum- Ident Ident
mary Type Type
Value ¢ | Value ¢

tail

header

Responsel GetlLargeFiresResult

DataResponseStatus.xsd Relational Table.xsd

<status> <table>

GetLargeFires .

DataRequest.xsd </table>

<SQLQuery>

... PrestigeBuildings ...

</SQLQuery>

<OK/>

<results>

<identifier>
GetLargeFiresResult

</identifier>

</results>

</status>

Figure 9 — An example of a corresponding response dataset

In the response dataset the first data item must be a response status data item, which (a) identifies
the data request to which it responds, (b) indicates that the activity was completed OK or transmits
exceptions indicating errors encountered, and (c) names the set of data items that are the result. In
this case there is one represented as a table.

A request dataset may carry multiple data requests, in which case the destination dr or das is being
asked to perform all of these requests. If every data request is performed successfully there will be a
corresponding data response in the response dataset.

about transactional behavior and its interaction with these data requests, and about processing after
an error is detected that have yet to be explored.

4.4.3 Data Collection and Delivery Recipes

Data collection and delivery recipes are intended to allow an activity to specify third-party data collection
and delivery, deferred delivery and so on. Indeed, they are a general mechanism that can cause a
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- /[ Deleted: There ate issues about whether ]




output data. They are a special class of data items in a dataset that can be recognized by their
specified types.

They will be illustrated using the example application process shown in Figure 10.

dataset

Client 3

Reques
Con- |1

tion dr

High | API Request

o Ac- . dataset
RS . esponse

Figure 10 — An application requiring third-party data collection and delivery

Step 1 sends the initial data request containing two recipes, one stating how to collect some data,
the other stating how to deliver a result. In step 2 dr sends a dataset that was in the data collection recipe
to the performImmediate portType (or performAsynchronous if it chooses) of the
supplier specified in the data collection recipe. In step 3, that supplier responds with the requested data.
In step 4, the dr reports on the processing of the activities in the data request and delivers any results
that were not specified for third-party or deferred delivery. In step 5, the dr assembles a dataset,
which is that supplied in the data delivery recipe with additional data items appended that contain the
data to be delivered. This dataset is now sent to the consumer specified in the data delivery recipe. The
data request(s) in the dataset supplied in the data delivery recipe will state how to handle the incoming data
items, e.g., it might create a table to hold each one and fill it with a bulk load, or create files, etc.

This mechanism is very general, for example, it can be used to pick up a result from one dr and
then send it to another dr, with a data request that uses it in a further query, and so on. It can also be
used to provide deferred delivery. The deferred items can be stored by the das, or by some other
service on behalf of the das, and then the response will contain the data collection recipe that will allow
the client or its delegate to perform the collection.

Data collection and delivery recipes, pre exchanged as data items_within request and response

documents and, ate related to the activity that uses or generates them via the data item identifier.

They are recognizable by being of type CollectionRecipe.xsd and

DeliveryRecipe.xsd respectively. They then contain the identity of the supplier or the
identity of the consumer, e.g. the gsh. The fourth item is the identity they will use, in the response
to the collection request in the data collection recipe case, and to identify the data in the case of a data
delivery recipe. Finally, there follows the complete dataset in the case of collection and the incomplete
dataset in the case of delivery. This is illustrated in Figure 11, which partially expands the dataset
transmitted in step 1 of Figure 10.
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Sum-

header mary

Ident Ident Ident
Type Type Type

Value o | Value ; | Value o

GetLargeFires
DataRequest.xsd
<SQLQuery>

... PrestigeBuildings ...

PrestigeBuildings

CollectionRecipe.xsd

<gsh portType =pl ...>
a supplier’s gsh </gsh>

LargeFires

DeliveryRecipe.xsd

<gsh portType = xY ...>
a consumer </gsh>

</SQLQuery> <identity> <identity>
PrestigeBuildings yourDataSir </identity>
</identity> <dataset>
<dataset> .
.. </dataset>
</dataset>

Figure 11 — Examples of data collection and delivery recipes

In the example the possibility of annotating the gsh to indicate which portType and which
function to use is illustrated.

In summary, the data collection and delivery recipes are powerful and general purpose and could
be used by a wide range of services. In the DAIS context they enable third-party transfers, deferred - {Deleted: DAI ]
delivery and multi-service cascading operations. As they are constructed by the party arranging for
the data or for its collection, they allow a service to be asked to transfer data without that service

having to know about the service with which it is making transfers.

4.4.4 Section to be added on DataSet APIs - { Formatted: Bullets and Numbering J
Riccardi working on this. - - {Formatted: Normal ]
4.4.5 Dataset Summary - ‘[Formatted: Bullets and Numbering J

The dataset is used to group a heterogeneous sequence of data items together so that they can be
handled and moved as one unit. The dataset is not a service and may be manifest as an object in
many hosting environments. It provides for very flexible and extensible functionality in a
framework that is self-describing and has regular properties.

4.5 Activities

Activities are introduced to name classes of functional capability supported by data resources. This
serves three purposes:

1. It provides a mechanism for incremental definition. As it is required and implementation
effort is available, a new activity can be defined and added to the repertoire of various data
resources and data activity sessions. In some implementations extensions to the available - {Deleted: this activity extension J
activities may be supported by dynamic binding.

2. It provides a capability description mechanism; a service can advertise the activities it is
prepared to perform, e.g. by listing their names and schemas in a SDE.

3. It provides a succinct notation for discriminating classes of functionality, when this is useful
for system and application implementers.

There is a case for allowing limited forms of activity composition in order to permit several
activities to be pipelined without intermediate data storage or data transfer. This must be limited to
those cases where the composition behaves as a transaction, so that clients are not involved in
recovery from partially computed compositions of activities. More complex compositions will be

13
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