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PERSISTENT ARCHIVES

This application claims .the benefit of U.S. Provisional Application No.
60/191,662, filed March 23, 2000, U.S. Provisional Application No. 60/255,795, filed
December 15, 2000, U.S. Provisional Application No. 60/255,794, filed December 15,
2000, and U.S. Provisional Application No. _/ , , Howrey Dkt. No.
02737.0007.PZUSO1, entitled “PERSISTENT ARCHIVES AND KNOWLEDGE-
BASE PERSISTENT ARCHIVES,” filed March. 5, 2001, all of which are hereby
fully incorporated by reference herein as though set forth in full. The U.S.
Government has a paid-up license in this invention and the right in limited
circumstances to require the patent owner to license others on reasonable terms as
provided for by the terms of contract number F19628-96-C-0020 awarded by the
Department of Defense.

BACKGROUND OF THE INVENTION

1. Field of the Invention.
This invention relates generally to the field of data archives, and, more

specifically, persistent archives of collections of data objects.

2. Related Art. '

The long-term storage and access of digital information is a major challenge.
The rapid change of technology resulting in obsolescence of archival storage media
and database management systems, coupled with the very large volumes of data
(terabytes to petabytes in size) involved, appears to make the problem intractable. A
concern is that, when access to data in the archive is desired at some point in the
future, the technology used to create the archive may be obsolete and unavailable, and

the technology existing in the future may not allow access to the data absent time-
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consuming conversion efforts. Another concern is that the data may not be

understandable due to the passage of time and loss of context.

SUMMARY
The invention provides a persistent archive of a collection of data objects
tangibly embodied on a processor readable medium. The persistent archive comprises
a self-describing, infrastructure-independent representation of a logical structure for
the collection, and a self-describing, infrastructure-independent representation of the

data objects.

For purposes of this disclosure, the phrase “self-describing” is a flexible
concept which varies according to the circumstances, but it is generally used to refer
to an element whose meaning is apparent from the element itself or through resort to
no more than generally understood principles; the term “persistent” generally means
the quality or capability of being accessible and usable at an indefinite point in time in
the future; and the phase “infrastructure-independent” generally refers to the state or
quality of being independent of a particular storage or computing platform or
implementation or at most limited to only a generic class of storage or computing

platforms or implementations.

Since the elements of the persistent archive-the logical structure of the
collection and the data objects--are expressed in a self-describing, infrastructure-
independent form, the collection can be re-instantiated and understood at an indefinite
point in time in the future no matter what the specific state of technology is at the

time. Consequently, the archive is persistent.

The logical structure of the collection may be expressed through a variety of

means, but, in one example, the logical structure is expressed in the form of an
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eXtensible Markup Language (XML) Document Type Definition (DTD), which
defines elements of data objects or collections, their interrelationship, and their
attributes. Since an XML DTD is a non-proprietary and widely known mode of
expression, is platform-independent, and is emerging as a standard, it qualifies as a
self-describing infrastructure-independent means of expressing the logical structure of

the collection.

In another example, the logical structure is expressed in the form of Structured
Query Language (SQL) commands for creating relational database tables. Since SQL
is a non-proprietary and widely known mode of expression, and is platform

independent, this mode of expression also qualifies as self-describing.

The data objects of the collection may also be expressed through a variety of
means, but, in one example, the data objects are expressed in the form of tagged XML
data objects, in which components of the data objects are tagged with element or
attribute names from the DTD. Since the DTD defines the meaning and
interrelationship of the elements and attributes, the tagging, in associating element
and attribute names with components of the data objects, qualifies as a self-

describing, infrastructure-independent form of expression.

The persistent archive may also include a self-describing, infrastructure-
independent representation of a presentation mechanism for one or more of the data
objects. The presentation mechanism may capture the “look and feel” of certain
presentation formats for the data objects that may be re-created at some point in the

future when the archive is re-instantiated.

In one example, the presentation mechanism is represented in the form of an
eXtensible Stylesheet Language (XSL) style sheet which specifies one or more

templates for transforming XML-tagged data objects into desired presentation entities,
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such as a HTML page for presentation on a web browser. Since XSL is written in
XML, it as well qualifies as a self-describing, infrastructure-independent form of

expression.

The invention also provides a method of ingesting data objects into the
persistent archive, a method of instantiating the persistent archive as a query-able
mechanism, a method of migrating the archive to a new medium, and a method of
presenting the data objects using a self-describing, infrastructure-independent

representation of a presentation mechanism stored with the archive.

One embodiment of the method of ingesting data objects into the archive
comprises the steps of transforming a representation of the data objects into a self-
describing, infrastructure-independent representation of the data objects, and then
archiving the self-describing, infrastructure-independent representation of the data
objects with a self-describing, infrastructure-independent representation of a logical

structure for the collection.

One embodiment of the method of instantiating the persistent archive
comprises the steps of retrieving from the persistent archive a self-describing,
infrastructure-independent representation of a logical structure for the collection,
creating on a medium a query-able mechanism in accordance with the logical
structure, retrieving from the archive a self-describing, infrastructure-independent
representation of one or more data objects, and then loading the one or more data

objects into the query-mechanism.

In one example, the query-able mechanism is a database management system.
The data objects, once instantiated on the database management system, may be
rapidly accessed using database queries. The retrieved objects may then be presented

using a presentation mechanism retrieved from the archive. In one example, the
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presentation mechanism is an HTML web page which specifies the format for

displaying data objects on a web browser.

One embodiment of the method of migrating a persistent archive to a new
medium comprises retrieving the persistent archive from a first medium, optionally
redefining the logical structure of the collection or the self-describing, infrastructure-
independent representation of the data objects in the archive, and storing the persistent

archive as optionally redefined onto a second medium.

One embodiment of the method of presenting one or more data objects from
the persistent archive comprises retrieving from the archive a self-describing,
infrastructure-independent representation of a presentation mechanism for the one or
more data objects, and presenting the one or more data objects using the presentation

mechanism.

A system for maintaining a persistent archive is also provided. In one
embodiment, the system comprises an ingestion subsystem for ingesting objects into
the archive; and an instantiation subsystem for instantiating the archive onto a query-
able mechanism. The instantiation subsystem may include a plurality of drivers for
instantiating the archive on a variety of media. As new media becomes available, a
driver for providing read and write access to that media may be added to the

instantiation subsystem.

The system may conform to a client-server model in which the archive is
maintained on a server, and the server responds to requests from a client which are
transmitted to the server over a network. Depending on the request, the ingestion

subsystem or instantiation subsystem may be invoked.

The system may also include a migration subsystem for migrating the archive

to a new medium; and a presentation subsystem for presenting one or more data
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objects from the archive using a self-describing, infrastructure-independent

presentation mechanism retrieved from the archive.

As with the instantiation subsystem, the migration subsystem may include a
plurality of drivers for instantiating the archive on a variety of media. As new media
becomes available, a driver for providing read and write access to that media may be
added to the migration subsystem. Moreover, the presentation subsystem may be
configured to present data objects as retrieved from a query-able mechanism, or it

may be configured to present data objects as retrieved from the archive.

In a second embodiment of the invention, a knowledge-based persistent
archive of a collection of data objects tangibly embodied on a processor readable
medium is provided. The knowledge-based persistent archive comprises a self-
describing, infrastructure-independent representation of a logical structure for the
collection, a self-describing, infrastructure-independent representation of the data
objects, and a self-describing, infrastructure-independent representation of knowledge
relevant to the collection. Optionally, the archive may also include a self-describing,
infrastructure-independent representation of a presentation mechanism for presenting

one or more data objects from the collection.

The first two elements of the archive—the self-describing, infrastructure-
independent representation of a logical structure for the collection and a self-
describing, infrastructure-independent representation of the data objects in the

collection—are as described in the previous embodiment.

The third element—the self-describing, infrastructure-independent
representation of knowledge relevant to the collection—represents knowledge not

embodied in the first two elements which is necessary or desirable for the purpose of
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understanding the collection, and which may be included in the archive for the

purpose of enhancing or contributing to its persistent quality.

The knowledge may be in the form of relationships between concepts relevant
to the collection. The relationships may be logical or semantic relationships, such as
mappings between concepts and attributes or elements of data objects. The
relationships may also be temporal or procedural relationships, such as timing
relationships that may exist between data objects in the collection. The relationships
may also be spatial or structural relationships, and embody rules or constraints
between certain elements or attributes of data objects. The relationships may also be
algorithmic or functional relationships, such as algorithmic relationships identifying
features within data objects. The relationships may be used to validate the collection

during ingestion, instantiation, migration, or presentation processes.

In one example, the relationships may be expressed in a language such as
Prolog. Prolog is a non-proprietary and infrastructure-independent language which is
emerging as a standard. Thus, it as well qualifies as a self-describing, infrastructure-

independent mode of expressing the relationships.

During ingestion of data objects into a knowledge-based persistent archive, the
knowledge base of the archive may be used to verify the transformation of data
objects into a self-describing, infrastructure independent form. Similarly, during
instantiation of a knowledge-based persistent archive, the knowledge base may be

used to verify data objects retrieved from the archive.

The knowledge base of the archive may also be used to validate the collection
of data objects contained in the archive. In particular, it may be used to check the
internal consistency of the archive, i.e., determine that it is consistent with several

known rules and any noted exceptions to the rules.
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The knowledge base of a persistent archive may also comprise a self-
describing, infrastructure-independent, or executable representation of a
transformation procedure. Various methods are possible which utilize such a

transformation procedure.

First, a method of transforming data objects into a form capable of ingestion
into the archive is possible which, in one embodiment, comprises the steps of
retrieving the representation of the procedure from the archive, and executing the
procedure to transform the data objects into a form ready for ingestion into the

archive.

Second, a method of transforming data objects into a form capable of
instantiation onto a query-able mechanism is possible which, in one embodiment,
comprises the steps of retrieving the representation of the transformation procedure
from the archive, retrieving from the archive one or more data objects in a self-
describing, infrastructure independent form, and executing the procedure to transform
the data objects in the self-describing, infrastructure independent form into a form

capable of being instantiated onto a query-able mechanism.

Third, a method of transforming data objects into occurrences of attribute or
element values is also possible which comprises, in one embodiment, the steps of
retrieving the representation of the transformation procedure from the archive,
retrieving from the archive one or more data objects in a self-describing,
infrastructure independent form, and executing the procedure to transform the data
objects in the self-describing, infréstructure independent form into the occurrences of

the attribute or element values.
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The occurrences of attribute or element values may also be formed using data
records tagged with attribute or element names. Moreover, inverted attribute indices

may be formed from the occurrences.

These occurrences and/or inverted attribute indices may be used for a variety
of purposes, including (1) validating the collection, (2) identifying knowledge to be
added to the knowledge base of a knowledge-based persistent archive formed from
the tagged data records, such as exceptional conditions, (3) confirming closure of
attribute or element selection for a collection formed from the tagged data records, (4)
obtaining useful information about a collection formed from the tagged data records,
such as the degree of redundancy in the collection, (5) determining transformation
procedures for a collection formed from the tagged data records, and (6) checking the
internal consistency of a collection formed or to be formed from the tagged data

records.

Furthermore, these occurrences and/or inverted attribute indices may be (1)
transformed into tagged data records, (2) transformed into a form capable of being
ingested into a persistent archive, (3) transformed into a form capable of being
instantiated onto a query-able mechanism, or (4) transformed into a form capable of

being presented to a user.

In a third embodiment of the invention, a knowledge-based persistent archive
of a collection of data objects is provided which includes at least one self-describing,
infrastructure-independent or executable specification. The specification may be used
to validate the collection or put it in a form suitable for instantiation, presentation,

migration, ingestion, etc. The archive may be tangibly embodied on a processor

~ readable medium.
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The archive comprises at least one representation of the collection or of the
data objects; at least one self-describing, infrastructure-independent or executable
specification of one or more transformations relating to the collection; and at least one
self-describing, infrastructure-independent or executable specification of one or more

rules encoding knowledge relevant to the collection.

In this embodiment, at least one of the representations of the collection may be
(1) a self-describing, infrastructure-independent representation, (2) raw data, (3) data
in a form capable of presentation, (4) data in a form capable of instantiation onto a
query-able mechanism, (5) occurrences of attribute or element values, (6) one or more
inverted attribute indices, (7) a topic map, or (8) data in a form capable of migration
onto another medium. Furthermore, at least one of the representations of the
collection may be a product of one of the transformations, or an input to one of the

transformations.

Moreover, at least one of the transformations in this embodiment may be (1)
content-preserving, (2) invertible, (3) configured to produce data objects in a form
suitable for ingestion into the archive, (4) configured to produce data objects in a form
suitable for instantiation onto a query-able mechanism, (5) configured to produce data
objects in a form suitable for presentation, (6) configured to produce data objects in a
form suitable for migration, (7) configured to produce occurrences of attribute or

element values, or (8) configured to produce one or more inverted attribute indices.

A method of automatically placing one or more data objects from an archived
collection into a form suitable for instantiation onto a query-able mechanism is also
provided. In one embodiment, this method comprises the steps of retrieving from the
archive a self-describing, infrastructure-independent or executable specification of
one or more transformations relevant to the collection; retrieving from the archive a

representation of one or more data objects in the collection; and executing the

10
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specification to automatically place the one or more data objects into a form suitable

for instantiation onto the query-able mechanism.

Also provided is a method of automatically validating a collection of data
objects within a persistent archive. In one embodiment, this method comprises the
steps of retrieving from the archive a self-describing, infrastructure-independent or
executable specification of one or more rules relevant to the collection; and executing

the specification to automatically validate the collection.

In the foregoing method, the step of validating the collection may be
performed by producing occurrences of attribute or element values; and determining
that the occurrences are consistent with the rules encoded by the specification and any

valid exceptions.

A method of automatically presenting one or more data objects from a
persistent archive of a collection of data objects is also provided. In one embodiment,
this method comprises retrieving from the archive a self-describing, infrastructure-
independent or executable specification of one or more transformations relevant to the
collection; retrieving from the archive a representation of one or more data objects in
the collection; and executing the specification to automatically place the one or more

data objects from the collection in a form suitable for presentation.

A method of automatically placing an archived collection of data objects into a
form suitable for migration to a new medium is also provided. In one embodiment,
this method comprises retrieving from the archive a self-describing, infrastructure-
independent or executable specification of one or more transformations relevant to the
collection; and executing the specification to automatically place the collection into a

form suitable for migration to a new medium.

11
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Any of the foregoing methods may be tangibly embodied on a processor

readable medium.

A system is also provided which includes an engine for executing self-
describing, infrastructure-independent, or executable specifications. In one
embodiment, this system may further include a validation subsystem for validating the
collection by commanding the engine to execute at least one self-describing,
infrastructure-independent or executable specification encoding one or more rules

relevant to the collection.

This system may further include a transformation subsystem for transforming
one or more data objects in the collection by commanding the engine to execute at
least one self-describing, infrastructure-independent or executable specification of one

or more transformations relevant to the collection.

Other systems, methods, features and advantages of the invention will be or
will become apparent to one with skill in the art upon examination of the following
figures and detailed description. It is intended that all such additional systems,
methods, features and advantages be included within this description, be within the

scope of the invention, and be protected by the accompanying claims.

12
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BRIEF DESCRIPTION OF THE FIGURES
The invention can be better understood with reference to the following figures.
The components in the figures are not necessarily to scale, emphasis instead being
placed upon illustrating the principles of the invention. Moreover, in the figures, like

reference numerals designate corresponding parts throughout the different views.

Figure 1 illustrates an embodiment of a persistent archive according to the

invention.
Figure 2 illustrates an example of raw data records.
Figure 3A illustrates an example of an XML DTD.
Figure 3B illustrates an example of an XML encoded data object.

Figure 4 illustrates an example of an XML encoded data object which

incorporates a DTD.
Figure 5 illustrates another example of an XML encoded data object.
Figure 6 illustrates an example of an XSL style sheet.

Figure 7 illustrates an example of an HTML document specifying a format for

a web browser.

Figure 8 illustrates an example of a raw e-mail message manipulated as an

object.
Figure 9 illustrates an example of a DTD for the e-mail messages.

Figure 10 illustrates SQL commands for creating relational database tables for

the e-mails.

13
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Figure 11 illustrates an example of a presentation using Microsoft Notepad, an

XML viewer.

Figure 12 illustrates an example of a web-based presentation formatted

according to an HTML style sheet.

5 Figure 13 illustrates an example of a web-based presentation of the results of a

database query formatted using an HTML style sheet.

Figure 14 illustrates an example of a DTD for Vietnam casualty statistics at

the collection level.

Figure 15 is an example of a DTD for Vietnam casualty statistics at the data

10 object level.

Figure 16 is an example of a SQL command for creating a relational database

table for Vietnam casualty statistics.

Figure 17 is an example of a SQL query to detect incomplete records in a

database of Vietnam casualty statistics.

15 Figure 18 is an example of an SQL query to determine total count, minimum
age, maximum age, and average age at time of death from a database of Vietnam

casualty statistics.

Figure 19 is a flowchart of an embodiment of a method of ingestion according

to the invention.

20 Figure 20 is a flowchart of an embodiment of a method of instantiation

according to the invention.

14
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Figure 21 A-21B are flowcharts of embodiments of methods of presentation

according to the invention.

Figure 22 is a flowchart of an embodiment of a method of migration according

to the invention.
5 Figure 23A illustrates one embodiment of a system according to the invention.
Figure 23B illustrates subsystems within the system of Figure 23A.

Figure 24 illustrates an embodiment of a knowledge-based persistent archive

according to the invention.
Figure 25 illustrates an example of a DTD for legislative amendments.
10 Figure 26 illustrates an example of a DTD for legislative Acts.

Figure 27 illustrates an example of a declaration of an amendment element in
the Act DTD.

Figures 28 A-28C illustrate an example of an XML encoded Amendment.

Figure 29 gives the meanings of file prefixes for an example collection of

15  legislative Acts and amendments.

Figure 30 gives the meanings of file suffixes for an example collection of

legislative Acts and amendment.

Figures 31A-31R illustrate an example of a data dictionary for a collection of

data objects representing artworks and images of artworks.

20 Figures 32A-32K illustrate an example of a DTD for a collection of data

objects representing artworks and images of artworks.

15
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Figure 33 illustrates the transformation of raw data records into XML encoded

data objects.

Figure 34 illustrates an example of a presentation made according to an XSL

style sheet.

Figures 35A-35G is a Perl script embodying a procedure for transforming raw
data records into XML encoded data objects for an example collection involving

artworks and images of artworks.

Figures 36 A-36Z is a Perl script embodying a précedure for transforming
XML encoded data objects into occurrence tuples for an example collection involving

Senate legislative activities for the 106™ Congress.

Figure 37 is an example of a DTD for an example collection involving Senate

legislative activities for the 106™ Congress.

Figure 38 is a Perl script for transforming raw data records into XML encoded

data objects for an example collection involving Vietnam casualty statistics.

Figures 39A-39B is a Perl script for transforming raw data records into a form
ready for instantiation onto a relational database for an example collection involving

Vietnam casualty statistics.

Figure 40 is a flowchart of one embodiment of a method for ingesting data

objects into a knowledge-based persistent archive according to the invention.

Figure 41A is a flowchart of one embodiment of a method of instantiating a

knowledge-based persistent archive according to the invention.

16



WO 01/73611 PCT/US01/09201

Figure 41B is a flowchart of one embodiment of a method of presenting data

objects from a knowledge-based persistent archive according to the invention.

Figure 42 is a flowchart of one embodiment of a method of validating a

knowledge-based persistent archive according to the invention.

5 Figure 43 is a flowchart depicting one embodiment of the process of achieving

closure of attribute selection according to the invention.

Figure 44A is a flowchart of one embodiment of a method of transforming

data objects according to the invention.

Figure 44B is a flowchart of one embodiment of a method of transforming
10 data objects into a form ready for instantiation onto a query-able mechanism

according to the invention.

Figure 44C is a flowchart of one embodiment of a method of transforming

data objects into occurrence tuples according to-the invention.

Figure 45 is a flowchart of one embodiment of a method of forming

15  occurrence tuples from tagged data objects according to the invention.

Figure 46 illustrates one embodiment of a knowledge-based persistent archive

including at least one executable specification according to the invention.

Figure 47 illustrates one embodiment of an ingestion network according to the

invention.
20 Figure 48 illustrates examples of F-logic rules implied by DTD declarations.

Figure 49 illustrates an example of an ingestion network for an example

collection involving Senate legislative activities for the 106™ Congress.

17
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Figure 50 is a flowchart illustrating one embodiment of a method of
transforming data objects into a form suitable for instantiation onto a query-able

mechanism according to the invention.

Figure 51A is a flowchart illustrating one embodiment of a method of

5  validating a collection according to the invention.

Figure 51B is a flowchart illustrating one example implementation of the

method of Figure 51A.

Figure 52 is a flowchart illustrating one embodiment of a method of
transforming data objects into a form suitable for presentation according to the

10  invention.

Figure 53 is a flowchart illustrating one embodiment of a method of
transforming data objects into a form suitable for migration to a new medium

according to the invention.

Figures 54A-54C illustrate an example of a topic map for a collection

15  involving Senate legislative activities for the 106™ Congress.

DETAILED DESCRIPTION
I First Embodiment

A. Persistent Archives

A first embodiment of the invention comprises a persistent archive as

20  illustrated in Figure 1. The archive, which may be tangibly embodied on a processor
readable medium, comprises a self-describing, infrastructure-independent
representation of a logical structure for the collection, identified with numeral 100,

and a self-describing, infrastructure-independent representation of the data objects,

identified with numeral 102. As illustrated, the archive may also include a self-

18
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describing, infrastructure-independent representation of a presentation mechanism for
one or more of the data objects. This representation is identified in the figure with

numeral 104.

For purposes of this disclosure, the phrase “self-describing” is a flexible
concept which varies according to the circumstances, but it is generally used to refer
to an element whose meaning is apparent from the element itself or through resort to
no more than generally understood principles; the term “persistent” generally means
the quality or capability of being accessible and usable at an indefinite point in time in
the future; and the phase “infrastructure-independent” generally refers to the state or
quality of being independent of a particular storage or computing platform or
implementation or at most limited to only a generic class of storage or computing

platforms or implementations.

Since the elements of the persistent archive-the logical structure of the
collection and the data objects--are expressed in a self-describing, infrastructure-
independent form, the collection can be re-instantiated and understood at an indefinite
point in time in the future no matter what the specific state of technology is at the

time. Consequently, the archive is persistent.

The logical structure of the collection may be expressed through a variety of
means, but, in one example, the logical structure is expressed in the form of an
eXtensible Markup Language (XML) Document Type Definition (DTD), which
defines elements of data objects or collections, their interrelationship, and their
attributes. Since an XML DTD is a non-proprietary and widely known mode of
expression, is platform-independent, and is emerging as a standard, it qualifies as a
self-describing infrastructure-independent means of expressing the logical structure of
the collection. In fact, a standards body, the World Wide Web Consortium (W3C),
originated XML and continues to develop a specification for it today. XML 1.0
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became a formal W3C Recommendation in February, 1998. The formal specification
for XML 1.0 is available at www.w3.org/TR/REC-xml, and is reproduced as
Appendix A of “Professional XML,” Wrox Press, 2000, pp. 937-980, which is hereby

fully incorporated by reference herein as through set forth in full. An annotated

version of the specification is available at www.xml.com/axml/testaxml.htm.

An example of an XML DTD is illustrated in Figure 3B. This figure
illustrates a DTD created for the customer records illustrated in Figure 2. As can be
seen in Figure 2, each record associates the following fields with a customer:
Customer 1d, First, Last, City, Email, Phone, and Fax. This association is reflected in
the DTD of Figure 3A. There, the portion identified with numeral 300 creates a root
element, CUSTOMER, and associates it with the following child elements:
customer_name, email, phone, and fax. The + symbol following the customer name
element indicates that element can appear one or more times for each CUSTOMER,;
the * symbol following the email and phone elements indicates that these elements are
optional and, if present, can appear more than once; and the ? symbol following the
fax element indicates that this element is optional and, if present, can only appear

once.

In addition, the DTD, in the portion identified with numeral 302, associates the
following attributes with the root element CUSTOMER: customer ID and city. The
ID nomenclature appearing next to the customer_id element indicates that element is a
unique identifier of the CUSTOMER element. The customer id and city attributes
are further identified as being required for each CUSTOMER element.

Line 304 indicates that the customer name element itself has two child
elements, first and last, each of which can appear one or more times. Portion 306
indicates that the first, last, email, phone, and fax elements may each have content

which comprises PCDATA, i.e., parsed character data.
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In another example, the logical structure of the collection is expressed in the
form of Structured Query Language (SQL) commands for creating relational database
tables. Since SQL is a non-proprietary and widely known mode of expression, and is
platform independent, this mode of expression also qualifies as self-describing. This

form of expression is described farther on in this specification in relation to Figure 10.

The data objects of the collection may also be expressed through a variety of
means, but, in one example, the data objects are expressed in the form of tagged XML
data objects, in which components of the data objects are tagged with element or
attribute names from the DTD. Since the DTD defines the meaning and
interrelationship of the elements and attributes, the tagging, in associating element
and attribute names with components of the data objects, qualifies as a self-

describing, infrastructure-independent form of expression.

Figure 3B is an example of a tagged XML document, and is the first of the
customer records of Figure 2 tagged using the DTD of Figure 3A. Portion 308
indicates that the record is tagged using XML 1.0, and also identifies the
corresponding DTD. Portion 310 consists of the tags identifying the root element
CUSTOMER, and the values of its two attributes, customer_id and city. Portion 312
consists of the tags for the child element customer name, and portion 314 shows the
parsed character strings tagged by the child elements first and last. Finally, portion

316 shows the parsed character strings tagged by the elements email, phone, and fax.

Note that XML allows the integration of a DTD into a tagged XML document.
Figure 4 illustrates an example of such a document. Portion 400 indicates that the
DTD is integrated into the XML document, portion 402 is the DTD, and portion 404
consists of the tagged XML document.
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The persistent archive may also include a self-describing, infrastructure-
independent representation of a presentation mechanism for one or more of the data
objects. The presentation mechanism may capture the “look and feel” of certain
presentation formats for the data objects that may be re-created at some point in the

future when the archive is re-instantiated.

In one example, the presentation mechanism is represented in the form of an
eXtensible Stylesheet Language (XSL) style sheet which specifies one or more
templates for transforming XML-tagged data objects into desired presentation entities,
such as a HTML page for presentation on a web browser. Since XSL is written in
XML, it as well qualifies as a self-describing, infrastructure-independent form of
expression. In December 1998, the standards body W3C made a formal
Recommendation of the transformations portion of XSL (known as XSLT). An
overview of XSL is available in “Professional XML,” supra, Appendix E, pp. 1085-
1099, and pp. 373-418, 692-712, which sections are all hereby fully incorporated by

reference herein as though set forth in full.

Figure 6 is an example of an XSL style sheet for transforming the tagged XML
document of Figure 5 into the HTML page of Figure 7. The HTML page represents a

mechanism for presenting the tagged XML document on a web browser.

A first example of a persistent archive according to the invention will now be
described. This first example is a persistent archive of a collection of e-mails, one of
which is illustrated in Figure 8. The persistent archive in this example consists of the
combination of (1) a DTD specifying elements and attributes for the e-mails,
illustrated in Figure 9; (2) SQL commands for creating relational database tables,
illustrated in Figure 10; (3) the XML-tagged e-mails; and (4) an HTML web page for

presenting e-mails on a web browser.
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Note that the DTD of Figure 9 creates elements for most of the fields in the e-
mail of Figure 8, and divides these elements into three groupings: required, optional,
and other. Note also that the SQL commands of Figure 10 and the DTD of Figure 9
both represent a logical structure of the collection, although for different purposes.
The SQL commands of Figure 10 represent a logical structure for the collection which
1s appropriate for the purpose of instantiating the archive as a relational database. The
DTD of Figure 9, on the other hand, depicts the structure of individual data objects
within the collection for the purpose of validating tagged XML documents using an
XML parser. Although Figure 9 depicts the structure of an individual data object, it
still represents the structure of the entire collection, since the collection is an

accumulation of individual data objects.

Figure 11 illustrates a presentation of the e-mails using Microsoft Notepad, an
XML viewer. Note that the viewer displays the tagged XML documents directly, and
does not utilize the HTML page for this purpose. Figure 12 illustrates a query to the
e-mails after they have been instantiated onto a relational database. Figure 13
illustrates the results of the query displayed according to the HTML page stored with
the archive. As can be seen, the results are stored in blocks of 10, and the text of the

e-mail currently clicked on is displayed in a separate tinted window.

A second example of a persistent archive in accordance with the invention will
now be described. This second example concerns Vietnam casualty statistics. Here,
the collection comprises a plurality of data objects, each of which is a record
documenting a Vietnam casualty. The persistent archive in this example comprises
(a) a DTD for the collection as a whole, illustrated in Figure 14; (b) a DTD for the
individual data objects within the collection, illustrated in Figure 15; (c) SQL
commands for creating relational database tables for the collection, illustrated in

Figure 16; and (d) XML-tagged casualty records.
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Note that the DTD of Figure 14, the DTD of Figure 15, and the SQL
commands of Figure 16, each represent the logical structure of the collection,
although for different purposes. The DTD of Figure 14 is for the purpose of defining
elements at the collection level, and the DTD of Figure 15 is for the purpose of
defining elements at the individual data object level. The tables created by the SQL
commands of Figure 16 are for the purpose of instantiating the collection as a
relational database. Note also that the XML-tagged records represent the data objects

of the collection.

Referring to Figure 14, the DTD indicates that the collection has one or more
databases, and the remainder of the DTD indicates that each database has a creation

date, a record size, and one or more records.

Referring to Figure 15, the DTD indicates that a record has no child elements,
but instead is defined in terms of required attributes, such as social security or service

number, date of death, date of birth, cause of death, age at time of death, etc.

Referring to Figure 16, the SQL commands create a relational database table
with entries for each of the required attributes in the DTD of Figure 15. Other records
which are added include a unique record number and a record indicating that the

social security number/service number is the primary key for querying the database.

Figures 17 and 18 illustrate examples of queries which can be made once the
collection has been instantiated as a relational database. Figure 17 illustrates a SQL
query seeking all casualty records where the date of birth or date of death is
incomplete or null. Figure 18 illustrates a SQL query seeking a total count of the
casualty records where age at time of death is available, the minimum age and
maximum age represented by all these records, and the average age determined over

all these records.
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B. Methods Involving Persistent Archives

The invention includes several methods involving persistent archives such as a
method of ingesting data objects into a persistent archive, a method of instantiating a
persistent archive onto a query-able mechanism, a method of presenting one or more
data objects from a persistent archive, and a method of migrating a persistent archive

from a first medium to a second medium.

Figure 19 is a flowchart of one embodiment of a method of ingesting one or
more data objects into a persistent archive according to the invention. This method
may be practiced when the archive is first created, or when an existing archive is to be
supplemented. As illustrated, the method comprises steps 1900 and 1902. Step 1900
comprises transforming a representation of the data objects into a self-describing,
infrastructure-independent representation of the data objects. In one example, this
step comprises tagging the content of the data objects with XML element and attribute
names, thus giving rise to XML-tagged data objects. Step 1902 comprises archiving
the self-describing, infrastructure-independent representation of the data objects with
a self-describing, infrastructure-independent representation of a logical structure for

the collection.

In one example, the self-describing, infrastructure-independent representation
of a logical structure for the collection is a DTD for the individual data objects in the
collection. In a second example, it is a DTD for the overall collection. In a third
example, it is a representation of the collection suitable for instantiation on a query-
able mechanism. This representation may comprise SQL commands for creating one
or more relational database tables embodying a relational database schema. In a

fourth example, this representation may comprise combinations of the foregoing.

Figure 20 is a flowchart of a method of instantiating a persistent archive onto a

query-able mechanism according to one embodiment of the invention. This method
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may be practiced when it is desired to re-establish the archive onto a query-able
mechanism which is able to access and retrieve the data objects in response to specific
queries. That may occur many years after the archive is first created, and may even
involve instantiating the archive onto technology which was not in existence at the

time the archive was created.

As illustrated, the method comprises, in step 2000, retrieving from the
persistent archive a self-describing, infrastructure-independent representation of a
logical structure for the collection; in step 2002, creating on a medium a query-able
mechanism in accordance with the logical structure; in step 2004, retrieving from the
archive a self-describing, infrastructure-independent representation of one or more
data objects; and then, in step 2006, loading the one or more data objects into the

query-mechanism.

In one example, the query-able mechanism is a database management system,
such as a relational or hierarchical database management system. The data objects,
once instantiated on the database management system, may be rapidly accessed using
database queries. The retrieved objects may then be presented using a presentation
mechanism retrieved from the archive. In one example, the presentation mechanism
is an HTML web page which specifies the format for displaying data objects on a web
browser. In another example, the presentation mechanism is a XSL style sheet which

specifies a format for displaying XMIL-tagged data objects on a web browser.

Figure 21A is a flowchart of a method of presenting, according to one
embodiment of the invention, one or more data objects from a query-able mechanism
onto which a persistent archive has been instantiated. The method comprises, in step
2100, retrieving from the archive a self-describing, infrastructure-independent
representation of a presentation mechanism for one or more data objects in the

archive; in step 2102, querying the query-able mechanism for one or more data
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objects, in step 2104, retrieving from the query-able mechanism the one or more data
objects queried in the previous step; and, in step 2106, presenting the one or more

data objects using the presentation mechanism.

Figure 21B is a flowchart of a method, according to one embodiment of the
invention, of presenting one or more data objects retrieved from a persistent archive.
The method comprises, in step 2108, retrieving from the archive a self-describing,
infrastructure-independent representation of a presentation mechanism for one or
more data objects; in step 2110, retrieving from the a:rcﬁive a self-describing,
infrastructure—independent representation of one or more of the data objects; and, in

step 2112, presenting the one or more data objects using the presentation mechanism.

Figure 22 is a flowchart of a method, according to one embodiment of the
invention, of migrating a persistent archive from a first medium onto a second
medium. For purposes of this disclosure, a “medium” is any processor accessible
device capable of storing data, including without limitation RAM, ROM, EPROM,
EEPROM, PROM, disk, floppy disk, hard disk, CD-ROM, DVD, flash memory, etc.
This method may be practiced on a periodic basis to guard against physical
degradation or obsolescence of the medium on which a persistent archive is stored.
The second medium may even embody new technology which was not in existence at

the time the archive was stored on the first medium.

The method comprises, in step 2200, retrieving the persistent archive from a
first medium; in step 2202, optionally redefining the logical structure of the collection
or the self-describing, infrastructure-independent representation of the data objects in
the archive; and, in step 2204, storing the persistent archive as optionally redefined

onto a second medium.
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Each of the foregoing methods may be tangibly embodied as a series of
processor-executable instructions stored on a processor-readable medium. Again, for
purposes of this disclosure, a “medium” is any processor accessible device capable of
storing data, including without limitation RAM, ROM, EPROM, EEPROM, PROM,
disk, floppy disk, hard disk, CD-ROM, DVD, flash memory, etc.

In one example, one or more of the foregoing methods are tangibly embodied
as a Perl script stored on a processor readable medium. Examples of Perl scripts for
performing various ingestion and instantiation functions are illustrated in Figures

32A-32K, 35A-35G, 36A-36Z, 38, and 39A-39B, which are discussed infra.

C. Systems For Maintaining Persistent Archives

A system for maintaining a persistent archive according to one embodiment of
the invention is illustrated in Figure 23A. As illustrated, in this embodiment, the
system conforms to a client-server model, but it should be appreciated that
embodiments are possible which conform to other models, such as a typical processor
configuration in which a processor is tightly coupled to one or more storage devices
or media, and one or more input/output (I/O) devices through an address and data bus,

and also possible an I/O bus.

Referring to Figure 23A, the system comprises one or more clients 2300a,
2300b, 2300c capable of accessing one or more servers 2304a, 2304b, 2304c over one
or more networks 2302. The network 2302 may be a proprietary network or a public
network such as the Internet. Moreover, the clients may be coupled to the network
through wireline or wireless communications links 2310, and the servers may be

coupled to the network through wireline or wireless communications links 2312.

One or more of the servers 2304a, 2304b, 2304c may include a medium 2306a,

2306b, 2306c¢ capable of holding a persistent archive or a query-able mechanism onto
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which a persistent archive may be instantiated. One or more of the clients 2300a,
2300b, 2300c may be capable of holding a presentation mechanism for presenting
data objects from one of the archives or query-able mechanisms maintained on the

SCIVErs.

One or more the clients 2300a, 2300b, 2300c may be capable of issuing
requests which are provided to one or more of the servers 2304a, 2304b, 2304c over
the network 2302. Responsive thereto, one or more servers receiving the requests are

configured to respond to and handle the requests appropriately.

Referring to Figure 23B, one or more of the servers 2304a, 2304b, 2304c may
comprise an ingestion subsystem 2310 for ingesting data objects into a persistent
archive, responsive to a request from a client, and an instantiation subsystem 2312 for
instantiating a persistent archive onto a query-able mechanism, again responsive to a
request from a client. The instantiation subsystem 2312 may include a plurality of
drivers 2314a, 2314b, 2314c for instantiating the archive on a variety of media. As
new media becomes available, a driver for providing read and write access to that

media may be added to the instantiation subsystem 2312.

Again referring to Figure 23B, one or more of the servers may also include a
migration subsystem 2318 for migrating an archive onto a new medium, perhaps
maintained by a different server, responsive to a request from a client, and a
presentation subsystem 2316 for presenting to a client, responsive to a request from a
client, one or more data objects from an archive maintained either on the server or a
query-able mechanism maintained by the server onto which the archive has been
instantiated. The one or more data objects may be presented to the client, and the
client may in turn present the one or more data objects to a user, using a self-
describing, infrastructure-independent presentation mechanism retrieved from the

archive.
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As with the instantiation subsystem 2312, the migration 2318 subsystem may
include a plurality of drivers 2320a, 2320b, 2320c for instantiating the archive on a
variety of media. As new media becomes available, a driver for providing read and

write access to that media may be added to the migration subsystem 2318.

As discussed, the system may conform to a client-server model in which an
archive is maintained on a server, and the server responds to requests from a client
which are transmitted to the server over a network. Depending on the request, the
ingestion subsystem 2310, instantiation subsystem 2312, presentation subsystem
2316, or migration subsystem 2318 may be invoked. Requests for ingestion are
handled by the ingestion subsystem 2310, requests for instantiation are handled by the
instantiation subsystem 2312, requests for presentation are handled by the
presentation subsystem 2316, and requests for migration are handled by the migration

subsystem 2318.

In one implementation, the system is a Storage Resource Broker as developed
and maintained at the Supercomputer Center on the campus of the University of
California, San Diego. In this implementation, the SRB is middleware which brokers
requests from clients in a client-server system to servers. When a request by a client
is initiated, the SRB spawns a broker to handle the request. The broker then examines
system resources and selects one or more servers to handle the request. The broker
then passes the request on to the selected servers which then handle the request. The
broker monitors the situation and remains active until the request has been handled.
At that point, the broker reports any results back to the client, and also updates it on

the status of the request, i.e., whether it was satisfactorily completed or not.

The SRB may also employ a meta-data catalog (MCAT) for keeping track of
where data is stored throughout the system. When a request from a client necessitates

access to data stored on the system, the broker which is spawned to handle the request
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may first access the MCAT to determine where the data is located on the system. If
the request results in the data being altered or modified in any way, the broker may
update the MCAT to reflect these modifications and changes. Similarly, if the request
results in the addition of data to the system, the broker may create records in the

MCAT indicating the location of, and possibly other attributes, of this data.

IL Second Embodiment
A. Knowledge-Based Persistent Archives

In a second embodiment, the invention provides a knowledge-based persistent
archive of a collection of data objects tangibly embodied on a processor readable
medium. Referring to Figure 24, one embodiment of the knowledge-based persistent
archive comprises a self-describing, infrastructure-independent representation of a
logical structure for the collection, identified with numeral 2400, a self-describing,
infrastructure-independent representation of the data objects, identified with numeral
2402, and a self-describing, infrastructure-independent representation of knowledge
relevant to the collection, identified with numeral 2404. The archive may optionally
include a self-describing, infrastructure-independent representation of a presentation

mechanism for one or more data objects in the collection.

The first two elements of the archive—the self-describing, infrastructure-
independent representation of a logical structure for the collection and a self-
describing, infrastructure-independent representation of the data objects in the
collection—are as described in relation to the previous embodiment. Similarly, the
fourth  optional  element—the  self-describing,  infrastructure-independent
representation of the data objects in the collection—is as described in relation to the

previous embodiment.
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The third element—the self-describing, infrastructure-independent
representation of knowledge relevant to the collection—represents knowledge which
may not be embodied in the first two elements and which may be necessary or
desirable for the purpose of understanding the collection. Accordingly, this element
may be included in the archive for the purpose of enhancing or contributing to its

persistent quality.

The knowledge may be in the form of relationships between concepts relevant
to the collection. The relationships may be logical or semantic relationships, such as
mappings between concepts and attributes or elements of data objects. The
relationships may also be temporal or procedural relationships, such as timing
relationships that may exist between data objects in the collection, or procedures for
transforming data objects into a form ready for ingestion into the archive, instantiation
into a query-able mechanism, or presentation to a user. The relationships may also be
spatial or structural relationships, and embody rules or constraints between ceitain
elements or attributes of data objects. The relationships may also be algorithmic or
functional relationships, such as algorithmic relationships between data objects and

features of data objects.

In one example, the knowledge may be expressed in a language such as
Prolog. Prolog is a non-proprietary and infrastructure-independent language which is
emerging as a standard. Thus, it as well qualifies as a self-describing, infrastructure-
independent mode of expressing the knowledge. In a second example, the knowledge
may be expressed in the form of Knowledge Interchange Format (KIF). In a third
example, the knowledge is in the form of a topic map which maps concepts relevant
to the collection to attribute and elements of the data objects in accordance with the
ISO 13250 Topic Map standard (set forth in ISO/IEC 13250 Topic Maps,

International ~ Organization for  Standardization and the International
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Electromechanical Commission, which is hereby fully incorporated herein as though

set forth in full).

A first example of a knowledge-based persistent archive according to the
invention will now be described. This archive concerns a collection of data objects
each representing a particular legislative action, i.e., bill, amendment, resolution, etc.,
taken during the 104™ Congress. The raw data for ingestion into the archive consists
of a plurality of files, each representing a legislative action, with a prefix to the file
name indicating the origin of the legislative action, and a suffix to the file indicating

the specific type of legislative action represented by the file.

Referring to Figure 29, the possible prefixes to the files are indicated.
Generally speaking, the prefixes identify whether the legislative action originated in
the House or the Senate. Figure 30 lists the possible suffixes to the files. For
example, the suffixes “eah” and “eas” both indicate that the corresponding legislative
action is an amendment, and the suffixes “eh” and “es” both indicate that the

corresponding legislative action is an Act.

The ingestion process in this particular example consists of creating a separate
DTD for each possible type of legislative action, and then tagging each of the files
with the elements and attributes of the corresponding DTD to create XML encoded

data objects, each representing a legislative action.

In this particular example, the knowledge base that is considered important is
the timing relationships between the various legislative actions represented by the
suffixes in Figure 30. This is considered important because these timing relationships
embody relationships that exist between the various data objects in the collection. For
example, consider that an enacted piece of legislation starts out as a bill in one of the

bodies of Congress (House or Senate). That bill is eventually referred to a
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Committee. After emerging from the Committee, the bill is eventually referred to the
full House or Senate, where it may be read on the floor of these bodies. In addition,
that bill spawns a bill in the other body of Congress. That bill in turn is also referred
to a Committee, and eventually to the full House or Senate. A joint Committee then
resolves differences between the House and Senate versions of the bill. The data
objects representing these legislative actions all bear a relationship to one another, and
the purpose of the knowledge base in this particular example is to capture these
relationships. In one implementation, this information is captured and expressed in a

language such as Prolog.

The persistent archive in this example comprises (a) the DTD for each of the
possible legislative actions; (b) the XML-tagged data objects each representing a
legislative action taken during the 104™ Congress; and (c) the timing relationships

between the various legislative actions expressed in Prolog.

Figure 25 illustrates an example of a DTD for amendments, i.e., those files
having a suffix of “eas” or “eah”. The core portion of this DTD is the element
RESOLUTION. As indicated, the element RESOLUTION consists of (1) zero or
more instances of the element TYPE or (2) the element STATEMENT.

Moreover, the element STATEMENT consists of (1) the element OPENING
or (2) zero or more instances of the element STRIKEOUT or the element INSERT or
(3) the element CLOSING.

Figures 28A-28C illustrate an example of an XML tagged data object for an
amendment. In this particular example, there is an OPENING, two STRIKEOUTS,
two INSERTS, and a CLOSING.

Figure 26 illustrates one example of the DTD for an Act, i.e., those files

having a suffix of “eh” or “es”. The core portion of this DTD is the element ACT.
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As indicated, this element consists of zero of more instances of the elements
PURPOSE or SECTION. The element SECTION consists of zero or more instances
of (1) HEADING or (2) STATEMENT or (3) SUBSECTION. The element
HEADING consists of zero or more instances of (1) character data or (2) the element
SHORTTITLE.

The element STATEMENT consists of zero or more instances of (1) character
data or (2) the element AMENDMENT or (3) the element SECTION or (4) the
element ATTESTATION.

The element AMENDMENT consists of zero or more instances of (1) the
element CODE or (2) the element STRIKEOUT or (3) the element INSERT or (4) the
element REDESIGNATE.

The element INSERT consists of zero or more instances of (1) character data
or (2) the element PARAGRAPH or (3) the element SUBSECTION or (4) the
element INSERT.

The element PARAGRAPH consists of zero or more instances of (1) the
element TOPIC or (2) the element TEXT or (3) the element PARAGRAPH. An
attribute NUMBER is associated with each PARAGRAPH.

The element SUBSECTION consists of zero or more instances of (1) the
element TOPIC or (2) the element PARAGRAPH. An attribute NUMBER is
associated with each SUBSECTION.

Note that, in this example, an Act can be an original Act or an amendment.
Thus, the DTD of Figure 26 can also be used in lieu of the DTD of Figure 25 to tag
files representing amendments. Figure 27 illustrates the portion of the DTD of Figure
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26 which gives it the flexibility to handle amendments: the declaration that the
element STATEMENT can consist of the element AMENDMENT.

-A second example of a knowledge-based persistent archive according to the
invention will now be described. This example involves a collection of data objects
each of which represents an art object as well as one or more images of the art object.
Accordingly, the DTD in this example specifies elements and attributes of both the

underlying art object as well as any images of the art object.

This combined DTD is illustrated in Figures 32A-32K. As indicated, for each
art object, the DTD creates elements for classifying the work (am_classification),
describing its appearance (am_appearance), identifying its creators (am_creators), etc.
In addition, the DTD creates an element (am_media metadata) which contains links
to images and multimedia files relating to the art object and to data which further

describes these images and multimedia files.

This DTD is in accordance with a data dictionary supplied by the producer of
the archive. This data dictionary, which is expressed in the form of a Microsoft Excel
spreadsheet, is illustrated in Figures 31A-31S. In particular, note that the DTD
specifies atomic elements for the record fields described in the data dictionary. For
example, Figure 31A of the data dictionary describes a OTY record type for
identifying the kind of art work involved, and Figure 32B of the DTD specifies the

atomic element OTY _object type as a child of the am_classification element.

This DTD can be used to tag raw data records for each of the art objects and
their corresponding images/multimedia files. Figure 33 is a screen shot showing on
the left an example of a raw data record, and also showing on the right the XML-

tagged version of that data record.
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An XSL style sheet can be used to display the XML tagged data objects on a
web browser in a prescribed format. Figure 34 is a screen shot showing at the upper
left an XSL style sheet, showing on the lower left XML-tagged data objects, and
showing on the right a screen shot of the data objects presented in accordance with the

XSL style sheet.

A Perl script can be used for the purpose of automatically transforming the
raw data records into XML tagged data objects. This script is set forth at Figures
35A-35G. Note that Perl is a standard language capable of being executed on a
variety of platforms. Thus, it qualifies as a self-describing, infrastructure-independent
representation of the process of transforming the raw data records into the XML

tagged data objects.

The knowledge base in this example consists of two items. The first is the
data dictionary of Figures 31A-31S expressed in a suitable self-describing,
infrastructure-independent form such as Prolog or KIF. This data dictionary is useful
to archive because it contains a definition of each of the record fields, and thus the
atomic elements in the DTD. Thus, it can be used to facilitate understanding of the

archive at the time of instantiation.

The second element is the Perl script of Figures 35A-35G. This script is
useful to archive because it can be used for the purpose of ingesting additional data
records into the archive at some point in the future. When it is desired to supplement
the archive with new data records, this script could be retrieved and used to transform
the raw data records into XML tagged data objects which would then be added to the
archive. In addition, since this script provides the processing steps used to create the
data objects in the collection, it can facilitate understanding of the collection at some

point in the future.
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The knowledge-based persistent archive in this example thus comprises: (1)
the DTD of Figures 32A-32K; (2) the XML tagged data objects representing the art
objects and their associated images/multimedia files; (3) optionally, one or more XSL
style sheets for presenting the data objects; (4) the data dictionary of Figures 31A-31S
expressed in a language such as Prolog or KIF; and (5) the Perl script of Figures 35A-
35G.

A third example of a knowledge-based persistent archive in accordance with
the invention will now be described. This third example involves Senate legislative
activities for the 106™ Congress. Raw files each represent a legislative activity,
whether a bill, resolution, or amendment, by a Senator during the 106™ Congress.
Each of the files is encoded into an XML -tagged format in accordance with the DTD
of Figure 37. As can be seen, this DTD specifies a Senate legislative activity (SLA)
collection consisting of zero or more senate files. Each senate file may have a
header page which identifies the Senator by first name, middle name, last name, and
state. In addition, each senate_file may have zero or more sections, with each section

associated with one or more bills, amendments, or resolutions (bars).

A Perl script, illustrated in Figures 36A-36Z, is capable of processing the
XML tagged data objects and producing a list of occurrence, attribute, value (oav)
triplets. Each oav triplet represents an occurrence of an attribute of the data object
(element using XML terminology), and identifies (1) the attribute, (2) the value
associated with that attribute for the particular occurrence, and (3) the location of that

occurrence in the XML tagged data objects.

These oav tripletes may be used for a variety of purposes. First, they may be
used to confirm that the selected XML elements and attributes are suitable for
representing either the collection or the data objects. For example, if an XML

element is selected, but there are no oav triplets for the element, that suggests the
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element may not be needed to represent the data objects, and that a new element may
be appropriate. As another example, the oav triplets may help to determine that a
combination of elements, e.g., first and last name, may not be sufficient to uniquely
identify a Senator and that it may be necessary to add the state of the Senator to the
combination in order to form a unique identifier for a Senator. This helps achieve

closure faster during the element or attribute definition phase.

The attribute selection process is represented in Figure 43. In step 4300, the
accession template, i.e., the fields of the raw data records to be ingested into the
archive, is analyzed, and in step 4302, attribute and elements relevant to the collection
are initially selected. Then, in step 4304, the raw data records are tagged using the
attribute and elements identified in the previous step. Step 4306 is then performed.
There, oav triplets as described previously are produced. Step 4308 is then
performed. This step comprises inverting the oav triplets to result in the following
format: attribute(value, occurrence). This form facilitates determination of whether
closure has been achieved. Step 4310 is then performed. This step comprises
analyzing the oav triplets and/or the inverted triplets to ensure both completeness and
consistency. Completeness may be identified when all attributes are populated, and
the information content is fully annotated. Consistency may be identified when all
attribute values fall within defined ranges, and when other relevant consistency

checks are satisfied.

Second, the triplets may form a flat database which may be queried to obtain
useful information about the collection. For example, these queries can help
determine the amount of redundancy in the collection, and thus suggest
transformation rules for reducing the size of the collection. In one instance, an
analysis of the occurrence for the bar id attribute revealed that only about 5,600
unique bars are represented by 44,000 SLA data objects. As another example, the

queries can help determine if there are any exceptional or surprising conditions, such
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as no legislative activity for a particular Senator, which would be useful to add to the

knowledge base of the archive.

Third, the oav triplets may help check the internal consistency of the
collection. For example, a particular Senator may be either a sponsor, co-sponsor, or
submitter of a bar. Thus, it would seem reasonable to conclude that the total number
of SLA files would equal the number of Senators identified within the collection as
being a sponsor, co-sponsor, or submitter of a BAR. The oav triplets can be analyzed
to determine whether or not this condition is satisfied, or whether exceptions exist
which must be added to the knowledge base so that complete;ness and/or consistency

can be declared.

Fourth, the oav triplets may be readily transformed into other useful data
structures. For example, the oav triplets may be readily converted into a form ready
for instantiation onto a query-able mechanism, such as a relational database. As
another example, the oav triplets may be readily converted into a form, such as XML

tagged data objects, ready for ingestion into the archive.

In this example, the knowledge base may consist of the Perl script of Figures
36A-36Z, the oav triplets, or the oav triplets in combination with the Perl script. The
knowledge-based persistent archive in this example may thus comprise (1) the DTD
of Figure 37; (2) the XML tagged data objects representing the SLA activities; and (3)
the Perl script of Figures 36A-36Z and/or the oav triplets.

A fourth example of a knowledge-based persistent archive is based on the
Vietnam casualty archive discussed in relation to the first embodiment. Here, this
archive is extended to include a knowledge base. The knowledge base in this
example may have two components. The first is a Perl script for automatically

transforming the raw casualty records into XML tagged data objects using the DTD of

40



10

15

20

25

WO 01/73611 PCT/US01/09201

Figure 15. This first Perl script is illustrated in Figure 38. The second is a Perl script
for automatically transforming the raw casualty records into a form ready for
instantiation into an Oracle relational database. This second script is illustrated in

Figures 39A-39B.

B. Methods Relating to Knowledge-Based Persistent Archives

The methods described previously in Section I.B. apply equally to knowledge-
based persistent archives. However, there are several refinements and/or additions to
these methods that take advantage of or utilize the knowledge base of the archive for a

particular purpose.

During ingestion of data objects into a knowledge-based persistent archive, the
knowledge base of the archive may be used to verify the data objects after
transformation into a self-describing, infrastructure independent form. A flowchart of
one embodiment of such a method is illustrated in Figure 40. As illustrated, the
method comprises, in step 4000, transforming a representation of data objects into a
self-describing, infrastructure-independent representation, and, in step 4002, verifying

the transformed data objects using knowledge relevant to the collection.

In one implementation, where the self-describing, infrastructure independent
representation of the data objects are data objects tagged with attribute or element
names, this verification step may occur by forming occurrences of attribute or element
values, inverting the occurrences to form inverted attribute indices, and using the
mverted attribute indices to confirm that attribute and element values are within

defined ranges, and that internal consistency of the collection is maintained.

Step 4004 follows step 4002. In step 4004, the self-describing, infrastructure
independent representation of the data objects is archived with the self-describing,

infrastructure independent representation of a logical structure of the collection and a
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self-describing, infrastructure independent representation of knowledge relevant to the

collection.

Similarly, during instantiation of a knowledge-based persistent archive, the
knowledge base may be used to verify data objects retrieved from the archive. A
flowchart of one embodiment of such a method is illustrated in Figure 41A. As
illustrated, the method comprises, in step 4100, retrieving from the archive a self-
describing, infrastructure independent representation of a logical structure of the
collection, and, in step 4102, retrieving from the archive a self-describing,
infrastructure independent representation of knowledge relevant to the collection.
Step 4102 is followed by step 4104, in which a query-able mechanism is created in

accordance with the logical structure of the collection.

In step 4106, a self-describing, infrastructure independent representation of
one or more data objects is retrieved from the archive. Then, in step 4108, the
retrieved data objects are verified to ensure that they are consistent with the

knowledge relevant to the collection.

In one implementation, the self-describing, infrastructure independent
representation of the data objects comprises data objects tagged with attribute or
element names. In this implementation, the verifying step may occur by forming
occurrences of attribute or element values from the tagged data objects, forming one
or more inverted attribute indices from the occurrences, and confirming that the
attribute or element values are within defined ranges, and/or follow prescribed rules

and/or exceptions to the rules, and that the collection is internally consistent.

Step 4108 is followed by step 4110, in which the verified data objects are

loaded into the query-able mechanism.
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Once the data objects have been loaded into the query-able mechanism, they
may be retrieved in response to queries for presentation to a user. At that time, they
may be again be verified using the knowledge relevant to the collection as described

above.

A flowchart of one embodiment of such a method is illustrated in Figure 41B.

- As illustrated, this method comprises, in step 4112, retrieving from the archive a self-

describing, infrastructure-independent representation of a presentation mechanism for
one or more of the data objects, and, in step 4114, retrieving, responsive to queries,

one or more data objects from a query-able mechanism.

Step 4114 is followed by step 4116, which comprises verifying that the one or
more retrieved data objects are consistent with the knowledge relevant to the
collection. Again, this step may occur by forming occurrences of attribute or element
values from tagged data objects, forming inverted attribute indices from the
occurrences, and analyzing the inverted attribute indices to ensure that the attribute or
element values are within prescribed ranges and/or that the attribute or element values
follow prescribed rules and/or exceptions to the rules, and that the collection is

internally consistent.

Step 4116 is followed by step 4118. There, the one or more verified data

objects are presented using the presentation mechanism.

The knowledge base of the archive may also be used to validate the collection
of data objects contained in the archive at arbitrary times. A flowchart of one
embodiment of such a method is illustrated in Figure 42. As illustrated, the method
comprises, in step 4200, retrieving from the archive a self-describing, infrastructure
independent representation of knowledge relevant to the collection, and, in step 4202,

using the knowledge to validate the collection.
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Again, this step may occur by forming occurrences of attribute or element
values from tagged data objects, forming inverted attribute indices from the
occurrences, and analyzing the inverted attribute indices to ensure that the attribute or
element values are within prescribed ranges and/or that the attribute or element values
follow prescribed rules and/or exceptions to the rules, and that the collection is

internally consistent.

The knowledge base of a persistent archive may also comprise a self-
describing, infrastructure independent, executable representation of a transformation
procedure, such as a Perl script. Various methods are possible which utilize such a

transformation procedure.

First, a method of transforming data objects into a form capable of ingestion
into the archive is possible. One embodiment of such a method is illustrated in Figure
44A. As illustrated, this embodiment of the method comprises, in step 4400,
retrieving the representation of the procedure from the archive, and, in step 4402,
executing the procedure to transform the data objects into a form ready for ingestion

into the archive.

Second, a method of transforming data objects into a form capable of
instantiation onto a query-able mechanism is also possible. One embodiment of such
a method is illustrated in Figure 44B. As illustrated, the embodiment of the method
comprises, in step 4404, retrieving the representation of the transformation procedure
from the archive, and, in step 4406, retrieving from the archive one or more data
objects in a self-describing, infrastructure independent form. This is followed by step
4408, which comprises executing the procedure to transform the data objects in the
self-describing, infrastructure independent form into a form capable of being

instantiated onto a query-able mechanism.
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Third, a method of transforming data objects into occurrences of attribute or
element values is also possible. One embodiment of such a method is illustrated in
Figure 44C. As illustrated, the embodiment of the method comprises, in step 4410,
retrieving the representation of the transformation procedure from the archive, and, in
step 4412, retrieving from the archive one or more data objects in a self-describing,
infrastructure independent form. This is followed by step 4414, which comprises
executing the procedure to transform the data objects in the self-describing,

infrastructure independent form into the occurrences of attribute or element values.

The occurrences of attribute or element values may also be formed using data
records tagged with attribute or element names. An embodiment of such a method is
illustrated in Figure 45. As illustrated, this embodiment of the method comprises, in
step 4500, receiving data records tagged with attribute or element names, and, in step
4502, forming from the tagged data records occurrences of attribute or element
values. The embodiment of the method may also include forming inverted attribute

indices from the occurrences.

These occurrences and/or inverted attribute indices may be used for a variety
of purposes, including (1) validating the collection, (2) identifying knowledge to be
added to the knowledge base of a knowledge-based persistent archive formed from
the tagged data records, such as exceptional conditions, (3) confirming closure of
attribute or element selection for a collection formed from the tagged data records, (4)
obtaining useful information about a collection formed from the tagged data records,
such as the degree of redundancy in the collection, (5) determining transformation
procedures for a collection formed from the tagged data records, (6) checking the
internal consistency of a collection formed or to be formed from the tagged data
records, and (7) confirming that the attribute or element values fall within prescribed
ranges, and/or that the attribute or element values follow prescribed rules and/or

exceptions to the rules.
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Furthermore, these occurrences and/or inverted attribute indices may be (1)
transformed into tagged data records, (2) transformed into a form capable of being
ingested into a persistent archive, and (3) transformed into a form capable of being

instantiated onto a query-able mechanism.

Each of the foregoing methods may be tangibly embodied as a series of
processor-executable instructions stored on a processor-readable medium. Again, for
purposes of this disclosure, a “medium” is any processor accessible device capable of
storing data, including without limitation RAM, ROM, EPROM, EEPROM, PROM,
disk, floppy disk, hard disk, CD-ROM, DVD, flash memory, etc.

III. Third Embodiment

A. Knowledge-Based Persistent Archives With At Least One Self-
Describing, Infrastructure-Independent Or Executable
Specification
In a third embodiment of the invention, a knowledge-based persistent archive
which includes at least one self-describing, infrastructure-independent or executable
specification is provided. Referring to Figure 46, in this embodiment, the archive
comprises at least one representation of the collection of data objects, identified with
numeral 4600; at least one self-describing, infrastructure-independent or executable
specification of one or more transformations relating to the collection, identified with
numeral 4602; and at least one self-describing, infrastructure-independent or
executable specification of one or more rules encoding knowledge relevant to the
collection, identified with numeral 4604. Optionally, the archive includes a self-
describing, infrastructure-independent representation of a presentation mechanism for

one or more of the data objects in the collection.

Referring to Figure 47, an ingestion network 4720 is illustrated. This network

represents all the possible states of the data objects as they are transformed from the

46



10

15

20

25

WO 01/73611 PCT/US01/09201

form in which they were received from the producer 4700 of the data into a form
suitable for ingestion into the archive 4718, into a form suitable for presentation to a
consumer 4716, into a form suitable for instantiation onto a query-able mechanism,
and into a form suitable for migration onto a new medium. The transitions between

the states represent the transformations that the data objects undergo.

In this ingestion network, submission information packages (SIPs) are
received from producer 4700 and form the initial representation of the collection in
state so which is identified by numeral 4702. Typically, this data is in the form of raw

data records.

The data in state sy then undergoes a transformation t; to form the data in state
s;, identified by numeral 4704. In the example illustrated, the data in state s; is
assumed to be in a form ready for archiving to archival storage 4718. Thus, this data

may be referred to as an archival information package (AIP).

The transformation t; is assumed to result in data which is lossy, and therefore
is unusable. That is why there are no transitions out of the state s, identified by

numeral 4722.

The transformation t; transforms the data in state s; to state s;, which is
identified by numeral 4706. Similarly, the transformation t, transforms the data in
state s to state sq4, which is identified by numeral 4708. This data is assumed to be in
a form ready for archiving to archival storage 4718, and thus may be referred to using

the AIP nomenclature.

The transformation ts transforms the data in state s; to state ss;, which is
identified by numeral 4710. This data as well is assumed to be in a form ready for
archiving to archival storage 4718, and thus may also be referred to using the AIP

nomenclature.
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The data in state s; may also be transformed into a dissemination package
(DIP) in state s, which is identified with numeral 4714. The DIP is in a form ready
for dissemination to consumer 4716, either through presentation to the consumer, or
by instantiating it onto a query-able mechanism, at which point it may be queried by

the consumer.

Similarly, the data in state ss may be transformed into a dissemination package
(DIP) in state s7, which is identified by numeral 4712. Again, the DIP is in a form
ready for dissemination to consumer 4716, either through presentation to the
consumer, or by instantiating it onto a query-able mechanism, at which point it may

be queried by the consumer.

The process of migrating the archived data to a new medium may also be
represented in the ingestion network. More specifically, migration may be
represented as the process of retrieving data from archival storage 4718 and inputting
it to an ingestion network at state so. This step is identified by numeral 4724 in Figure
47.

Turning back to Figure 46, the representation of the collection 4600 may be
any one of the representations of the collection within ingestion network 4720,
including the data in any of the states s, s1, 3, Ss, Ss, S, and s7. Moreover, there may
be more than one of these representations present in the archive. Multiple
representations of the collection introduces redundancy into the archive, and thus

helps ensure that the content will be preserved.

For example, a representation may be the initial data provided by the producer
4700. Or, it may be a self-describing, infrastructure-independent form of this data,
such as the initial data records after being tagged with attribute or element names.

The representation may also be data in a form capable of presentation to the
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consumer, data in a form capable of being instantiated onto a query-able mechanism,
or data in a form capable of being migrated onto a new medium. Or it can be
occurrences of attribute or element values, or one or more inverted attribute indices,
as described in the previous section. It can also be any representation of a knowledge
base, such as a topic map. Or it can be any combination of the foregoing, such as a
combination of the raw data records and the data records tagged with attribute or

element names.

Referring again to Figure 46, the one or rﬁore transformations 4602 included
in the archive can be any of the transformations t;, t3, 14, ts, any of the transformations
between AIPs and DIPs, i.e., between states 4708 and 4714, and between states 4710
and 4712, and any transformation required to place the archived data into a form for
migration onto a new medium, as indicated by identifying numeral 4724. Moreover,
there may be more than one transformation included in the archive. As with the
representations of the collection, multiple transformations introduces redundancy, and

thus helps ensure that the content will be preserved.

The one or more transformations 4602 may be content-preserving and
therefore invertible. They may also be configured to produce (1) data objects in a
form suitable for ingestion into the archive, (2) data objects in a form suitable for
instantiation onto a query-able mechanism, (3) data objects in a form suitable for
presentation, or (4) data objects in a form suitable for migration onto a new medium.
They may also be configured to produce occurrences of attribute or element values, or
one or more inverted attribute indices, as described previously. They may also be
configured to produce a knowledge base, such as a topic map. Or they may include or

comprise any combination of the foregoing.

The transformations are expressed in a (1) self-describing, infrastructure-

independent, or (2) executable form. (These requirements are expressed in the
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disjunctive for the reasons stated in Section III.C.) In one example, the
transformations are expressed in the form of Perl scripts. Also, a self-instantiating
archive is possible in which the one or more transformations are configured, upon
execution thereof by an appropriate processor,'system or engine, to automatically
transform one of the representations of the collection stored with the archive into a
form ready for instantiation onto a query-able mechanism, or presentation to a

consumer.

Furthermore, a representation 4600 of the collection may be a product of one
of the transformations 4602, or may be an input to one of the transformations 4602. If
multiple representations are included, one of the representations may be the input to a

transformation, and another may be the product of the transformation.

Referring back to Figure 46, the one or more rules 4604 may be rules (and any
valid exceptions) useful for validating the collection at any time. The rules are
expressed in a (1) self-describing, infrastructure-independent, or (2) executable form,
such as Perl scripts, or F-logic. (Again, these requirements are expressed in the
disjunctive for the reasons stated in Section III.C.) A self-validating archive is
possible in which the one or more rules may be retrieved and, upon execution by an
appropriate processor, system or engine, automatically validate the collection, i.e.,
determine that the one or more representations 4600 are consistent with the rules and

valid exceptions.

The one or more rules may bear a relationship to a DTD discussed previously.
A DTD may be viewed as an embodiment of rules and constraints between attributes
and elements. These rules and constraints may simply be expressed in declarative

form to become the one or more rules 4604 stored with the archive.
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Several examples of a mapping between DTD statements and corresponding
rules expressed in F-logic are illustrated in Figure 48. Numeral 4800 refers to the
rules used to implement the DTD statement <!ELEMENT X (Y,Z))>, which specifies
a parent element X which has two and only two child elements Y and Z. As shown,
this DTD statement implies the following rules which can be applied to determine if a
tagged data object conforms to the DTD: (1) return false if the first child is not Y; (2)
return false if the second child is not Z; (3) return false if there are no children; and

(4) return false if there are other children besides Y and Z.

Numeral 4802 refers to the rules used to implement the DTD statement
<!ELEMENT X (Y|Z)>, which specifies a parent element X which has one and only
one child element which in turn may be either Y or Z. As shown, this DTD statement
implies the following rules which can be applied to determine if a tagged data object
conforms to the DTD: (1) return false if there is a first child other than Y or Z; (2)
return false if there are no children; and (3) return false if there is a child other than a
first child.

Numeral 4804 refers to the rules used to implement the DTD statement
<!ELEMENT X (Y)*>, which specifies a parent element X which has zero or more
instances of Y as child elements. As shown, this DTD statement implies the
following rule which can be applied to determine if a tagged data object conforms to
the DTD: return false if there is a child other than Y.

In one example, a self-validating, self-instantiating knowledge-based
persistent archive is formed from the Senate Legislative Activities (SLA) collection
described previously in Section ILA. To summarize, this collection represents the
activities of Senators during the 106™ Congress. A legislative activity can be either a
bill, amendment, or resolution (BAR). The files in the collection are organized by

Senator, and each file sets forth the legislative activities for that Senator.
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An ingestion network 4918 for this example is illustrated in Figure 49. A first -
transformation from state sy (numeral 4900) to state s; (numeral 4902) occurs outside
the ingestion network. According to this transformation, SLA files in the form of
Microsoft Word (file suffix .DOC) are transformed into Microsoft Rich Text Format
(file type .RTF) files according to the accessioning policies of the producer.

The files are organized as follows: a Header section identifies Senator name
(e.g., “Paul S. Sarbanes”), state (e.g.,”Maryland”), reporting period (e.g., “January 6,
1999 to March 31, 2000”), and reporting entity (“Senate Computer Center Office of
the Sergeant at Arms and Committee on Rules and Administration”); Section I sets
forth Sponsored Measures; Section II, Cosponsored Measures; Section III, Sponsored
Measures Organized by Committee Referral, Section IV, Cosponsored Measures
Organized by Committee Referral; Section V, Sponsored Amendments; Section VI,
Cosponsored Amendments; and Section VII, Subject Index to Sponsored and

Cosponsored Measures and Amendments.

Sections III and IV contain the same BARs as Sections I and II, but grouped
by committee referral (e.g., “Senate Armed Services” and “House Judiciary”).
Section VII contains a list of subjects with references to corresponding BAR
identifiers: “Zoning and zoning law — S 9, S.Con.Res.10, S.Res.41, S.J.Res.39”. A
measure can be any of the BAR types, i.e., a bill, amendment, or resolution. A
resolution can be simple, joint, or concurrent. Initially, the following fourteen data
field are identified for extraction and tagging: abstract, bar id, committee,
congressional_record, cosponsors, date_introduced, digest, latest status, official_title,
sponsor, statement of purpose, status_actions, submitted by, submitted for. The

initial collection contains 99 files, representing the activities of 99 Senators.

Referring to Figure 49, the .RTF files then enter the ingestion network 4918.

A transformation is first attempted according to which the files are transformed into
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HTML files at state s; (numeral 4904). However, this transformation drops Sections

III and IV, and is not continued since it is lossy and clearly not content-preserving.

Next, the .RTF files are transformed into tagged XML files using an rtfxml
module and OmniMark, a stream-oriented, rule-based data extraction and
programming language. This transformation is represented in the figure as the

transformation from state s; to s3 (numeral 4906).

The transformation from s; to s4 (numeral 4908) is the main wrapping step
used to extract and tag the files with the fourteen initially defined data fields. In
addition to tagging attributes, this step also tags occurrences of the attributes. To
perform occurrence tagging, the Perl script of Figures 36 A-36Z is used. The output of
this transformation is a flat file of occurrences of the data field (=attribute) values.
Each occurrence is expressed as an oav 3-tuple (occurrence, attribute, value) where an
occurrence in turn is expressed in the form of the 2-tuple (ﬁlenéme (=senator_id), line
number). Thus, assuming the attribute ‘date _introduced’ shows up in the file for
Senator Paul Sarbanes (senator_id = 106) at line 25 with a value 1/19/1999 and at line
55 with a value 3/15/2000, the following 3-tuples result: ((106, 25),
‘date_introduced’, ‘1/19/1999) and ((106,55), ‘date_introduced’, ‘3/15/2000%).

An additional transformation occurs from state s4 to s4. This transformation is
identified with numeral 4910. In this transformation, some of the initial candidate
attributes may be decomposed further to capture all the relevant information content,
or they may be redefined to ensure that all attributes are populated. For example, as a
result of this process, the initial attribute ‘list_of-sponsors’ is further decomposed as
follows: list_of sponsors— (sponsor) and sponsor—(name, date). At the conclusion,
of this process, closure of the attribute selection process may be declared (see Figure

43 and related discussion).
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As part of this process, the occurrences could be converted into a XML
preservation format and queried using XMAS, XQL, or QUILT (an emerging XML
standard). Or, they could be converted into a relational model, and queried using
SQL queries. These queries may be used as part of the attribute closure process. For
example, the attribute ‘abstract’ is determined to be empty, and thus a candidate for

dropping.

The oav tuples can also be inverted to form inverted attribute indices. In one
example, the oav tuples are inverted to form Prolog assertions which can be used for
completeness checking. For example, the oav ((105,20), senator, ‘RICHARD G.
LUGAR of INDIANA’) could be inverted to form the Prolog assertion
senator(105,20,"RICHARD G. LUGAR of INDIANA’).

The transformation from s4 to ss (numeral 4916) builds the desired archival
information packages (AIPs) in XML. The content and structure of the original SIPs
is preserved by assembling data objects from subobjects using the oav tuples. The
result of this process is a collection of XML tagged data objects which reflect the
DTD illustrated in Figure 37.

The transformation from s, to s¢ (numeral 4912) creates a consolidated version
of the collection. The desirability of consolidation is apparent from an analysis of the
oav tuples which reveals that there are 44,145 occurrences of BARs, yet there are only
5,632 distinct BARs. To perform this consolidation, the collection is reverse
engineered to create a database of 5,632 BARs. The SLA collection may then be re-
expressed as a particular view of this database in which the individual BARs are

grouped by Senator.

As part of this consolidation transformation, integrity checks can be performed

to ensure completeness of the collection. For example, through execution of the rules
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portion of the archive, the collection could be checked to ensure that there is file for
each Senator appearing somewhere in the collection. The analysis reveals that there
are three Senators for which corresponding files do not appear: John Chafee of Rhode
Island, Phil Gramm of Texas, and Zell Miller of Georgia. To handle this condition,
an exception is created to the rule indicating that each of the Senators appearing in the
collection must have their own file. This exception specifies that individual files need
not appear for the three Senators listed above. This exception then becomes a rule
when it is added to the rules portion of the archive. This allows collection validation
and integrity to be declared even when individual files for the three Senators are not

present.

The transformation from s4 to s7 (numeral 4914) creates a topic map version of

the collection. This topic map provides a map between concepts and attributes.

An example of a topic map expressed in XML for the SLA collection is
illustrated in Figures 54A-54C. The format of the topic map conforms to an emerging
Web-based standard under development by XTM, the standards body for the web-
based standard. This standard has its genesis in the ISO topic map standard. For

more information on the XTM web-based standard, the reader is referred to

WwWWw.xtm.org.

The purpose of the topic map is to define the semantics of the collection. In
the example of Figures 54A-54C, these semantics are defined in terms of topics and
relationships between the topics. In addition, in the example illustrated, the semantics
are defined in terms of links between topics and occurrences of these topics in the

XML-tagged documents representing bills, amendments, and resolutions.

The first portion of the topic map is an embedded DTD defining the structure

of the topic map. In this example, the topic map consists of topics and/or
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associations. A topic has a name and links to occurrences of that topic in the
underlying tagged documents. A link has two attributes. The first is the role played
by the topic in the occurrence. The second is a physical link to the occurrence of the

topic.

Following the embedded DTD is an XML document with a listing of the
occurrences of four topics which have been tagged: First, there is a listing of
occurrences of the topic t1 (Apartment houses). The topic “Apartment houses” has an

occurrence in the Senate bill S.463. The role “Discussed In” indicates that the topic is

discussed in the bill S.463.

Second, there is a listing of the occurrences of the topic t2 (Children). This
listing indicates that the topic “Children” is discussed in the following bills and
resolutions: S.300, S.463, S.1638, S.1673, S.1709, S.Res.125, and S.Res.258.

Third, there is a listing of the occurrences of the topic t3 (Welfare). This
listing indicates that the topic “Welfare” is discussed in the following bills and
resolutions: S.463, S.1277, S.1709, S.Con.Res.28, S.Res.125, and S.Res.260.

Fourth, there is a listing of the occurrences of the topic t4 (Yoﬁ.th
employment). This listing indicates that the topic “Youth employment” is discussed
in the Senate bill S.463.

As indicated in the embedded DTD, an association has a type, and may have
one or more rules (element “assocrl”). Each such rule has two attributes. The first is
the role of the topic in the association, and the second is a link to one of the other

topics or an occurrence of the topic in the tagged data objects.

Following the listings, there is a section which identifies associations relevant

to the collection. In the particular example illustrated, two associations are identified.
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The first is an association of topics which all appear together in one and only one bill.
All four topics are identified in this association, since each appears together in one
and only one bill: S.463. The second is an association of topics which all appear
together in two or more bills. In this association, two topics are identified, t2
(Children) and t3 (Welfare), since both appear together in three bills and resolutions:
S.463, S.1709, S.Res.125. In lay terms, the first association attempts to identify those
topics that are only very loosely related, while the second attempts to identify those:

topics that are more closely related.

A topic map such as illustrated in Figures 54A-54C may serve a variety of
purposes. First, it can express hidden information and relationships about the
collection, which can be useful when the archive is re-instantiated. For example, this
information may be helpful for purposes of understanding the collection or issuing
queries against it. Second, it may be used to create different views of the archive for
different audiences, e.g., a researcher vs. an archivist. Third, it may be helpful for
purposes of identifying rules and constraints that may exist in relation to the topics
and data objects. These rules and constraints provide additional context which may
be helpful for purposes of understanding and validating the collection. For example,
if a relationship is found to exist between topics A and B, then the topic map could
specify constraints and rules that must be satisfied by topic A. These rules and
constraints could be added to the topic map as well, and therefore, extend the
knowledge base of the archive. Fourth, the topic map can embody the knowledge
base of any of the persistent archives which are the subjects of Sections II or III of

this disclosure.

Note that the dissemination information packages (DIPs) may be formed from
the database resulting from the transition to state sq (numeral 4912) and the topic map
resulting from the transition to state s; (numeral 4914). The database represents a

form of the collection which may be instantiated onto a query-able mechanism such
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as a relational database, or an XML database such as TAMINO. The topic map

represents a form of the collection which may be presented to a consumer.

At the conclusion of this process, one or more representations of the collection
suitable for archiving can be declared. Any of the intermediary or final products
referred to above could form a collection representation suitable for archiving.
Candidates include the original .RTF files, the XML tagged files from state ss
(numeral 4916) coupled with the occurrence tuples from state s4 (numeral 4908), the

BAR database from state sg, and the topic map from state s; (numeral 4914).

In addition to one or more of the foregoing collection representations, the
archive is formed from a self-describing, infrastructure-independent, or executable
specification of one or more of the transformations used to create these various
collection representations. One example of such a specification is the Perl script of

Figures 36A-36Z.

The archive is also formed from a self-describing, infrastructure-independent,
or executable specification of one or more rules relevant to the collection. One
example is an executable specification of F-logic embodying the rules implied by the
DTD of Figure 37 augmented to include any additional rules and/or valid exceptions
needed to declare validation of the collection. For example, the rule that a file must
appear for each Senator mentioned in the collection coupled with the exception that
an individual file need not appear for the three Senators Chafee, Gramm, and Miller

could be added to this rules specification.

B. Methods Involving Knowledge-Based Persistent Archives With
Executable Specifications

A method of automatically placing one or more data objects from an archived

collection into a form suitable for instantiation onto a query-able mechanism is also
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provided. Referring to Figure 50, one embodiment of this method comprises, in step
5000, retrieving from the archive a self-describing, infrastructure-independent or
executable specification of one or more transformations relevant to the collection; in
step 5002, retrieving from the archive a representation of one or more data objects in
the collection; and, in step 5004, executing the specification to automatically place the
one or more data objects into a form suitable for instantiation onto the query-able

mechanism.

Also provided is a method of automatically validating a collection of data
objects within a persistent archive. Referring to Figure 51A, one embodiment of this
method comprises, in step 5100, retrieving from the archive a self-describing,
infrastructure-independent or executable specification of one or more rules relevant to
the collection; and, in step 5102, executing the specification to automatically validate

the collection.

Referring to Figure 51B, in the method of Figure 51A, the step of validating
the collection may be performed by, in substep 5104, producing occurrences of
attribute or element values; and, in substep 5106, determining that the occurrences are

consistent with the rules encoded by the specification and any valid exceptions.

Referring to Figure 52, a method of automatically presenting one or more data
objects from a persistent archive of a collection of data objects is also provided. One
embodiment of this method comprises, in step 5200, retrieving from the archive a
self-describing, infrastructure-independent or executable specification of one or more
transformations relevant to the collection; in step 5202, retrieving from the archive a
representation of one or more data objects in the collection; and, in step 5204,
executing the specification to automatically place the one or more data objects from

the collection in a form suitable for presentation.
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A method of automatically placing an archived collection of data objects into a
form suitable for migration to a new medium is also provided. Referring to Figure 53,
one embodiment of this method comprises, in step 5300, retrieving from the archive a
self-describing, infrastructure-independent or executable specification of one or more
transformations relevant to the collection; in step 5302, retrieving from the archive
one or more data objects from the collection; and, in step 5304, executing the
specification to automatically place the collection into a form suitable for migration to

a new medium.

C. Systems Involving Knowledge-Based Persistent Archives With
Executable Specifications

A system is also provided which includes an engine for executing self-
describing, infrastructure-independent, or executable specifications. This system may
further include a validation subsystem for validating the collection by commanding
the engine to execute at least one self-describing, infrastructure-independent or
executable specification encoding one or more rules relevant to the collection. In one
example implementation, the engine is part of a deducﬁve database. In another, it is
an XSLT engine. In a third example implementation, a single engine is provided that
performs ingestion, instantiation, and validation by executing appropriate
specifications. For purposes of this disclosure, the term “engine” refers to any
mechanism, whether software, hardware, or a combination of hardware and software,
that is capable of executing or being built or written to execute one or more of the

specifications.

This system may further include a transformation subsystem for transforming
one or more data objects in the collection by commanding the engine to execute at
least one self-describing, infrastructure-independent, or executable specification of

one or more transformations relevant to the collection.
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At the time the transformation is to be performed, the one or more
transformation specifications should either be (1) self-describing and infrastructure-
independent, so that a suitable system or engine for executing the specification can be
built or written or so that the specification can be put into a form which is executable
by a pre-existing engine or system, or (2) executable, so that the specification may be

executed by a pre-existing system or engine.

Similarly, at the time validation is to be performed, the one or more rule
specifications should either be (1) self-describing and infrastructure-independent, so
that a suitable system or engine for executing the specification can be built or written
or so that the specification can be put into a form which is executable by a pre-
existing system or engine, or (2) executable, so that the specification may be executed

by a pre-existing engine or system.

In one embodiment, a single engine is capable of executing both the one or

more transformation specifications, and the one or more rule specifications.

While various embodiments of the invention have been described, it will be
apparent to those of ordinary skill in the art that many more embodiments and

implementations are possible that are within the scope of this invention.

In particular, many alternatives to XML as a tagging language are possible,
including SGML (Standard Generalized Markup Language). In general, any tagging
format 1s possible as long as the tagging mechanism is reasonably apparent from the
tagged data, and the language can be parsed. For example, the following tagged
format in LISP syntax is possible:

(book (author “Jeff)
(title “All’s Well That Ends Well”)

)
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In addition, many alternatives to HTML as a presentation language are
possible, including DHTML (Dynamic HTML), XHTML (Extensible HTML), RDF,
PDF, etc. Moreover, many alternatives to XSLT as a presentation mechanism are
possible. In general, the presentation mechanism should be able to map a
representation of a collection or a data object (e.g., an XML DTD) into a presentation
language such as HTML, and XSLT, as a scripting language, is a good choice.
However, other candidates include scripting languages such as Perl, Python, etc., but

any general purpose langnage could also do.

Also, many examples of query-able mechanisms are possible, including (1)
relational databases such as DB2, Sybase, Informix, Illustra;, (2) hierarchical
databases such as Ariel; (3) XML-based databases such as TAMINO or Excelon; (4)
mechanisms for querying tagged documents such as XQuey (the current W3C
recommendation), Quilt, a UCSD/SCDS developed language known as XMAS
(equivalent to MIX mediator), XPath, XQL, etc., and (5) file systems.

Moreover, many alternatives to DTD and SQL create table commands are
possible for the purpose of representing the logical structure of a collection, including
XML Schema, RELAX, RDF, RDF-Schema, SOGX, DSP, Schematron, XML-Data,
DCB, and Xschema/DDML. In general, any schema language is possible provided it
allows for expression of the constraints on the structure of conforming documents or
data objects and allows one to distinguish between documents/data objects that

conform to the schema, and those that do not.

There are also several possible ways to express topic maps other than through
the ISO/IEC 13250 standard. Other examples include a XML Topic Map DTD, or
XTM (XML Topic Maps).
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There are also several possible ways of specifying a knowledge-base other
than through KIF, Prolog, or XTM. Additional examples include DAMLAOIL (see
www.daml.org) and XOL (XML-Based Ontology Exchange Language). In general,
any mode of expression is possible that allows one to express basic relationships,
and/or that has an inference mechanism (e.g., Prolog rules) that allows one to derive

new relationships from existing ones.

Accordingly, the invention is not to be restricted except in light of the attached

claims and their equivalents.
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CLAIMS
‘What 1s claimed is:

1. A persistent archive of a collection of data objects tangibly embodied
on a processor readable medium, the archive comprising:
5 a self-describing, infrastructure-independent representation of a logical
structure for the collection; and

a self-describing, infrastructure-independent representation of the data objects.

2. The persistent archive of claim 1 further comprising a self-describing,
infrastructure-independent representation of a presentation mechanism for the data

10 objects.

3. A method of ingesting one or more data objects into a persistent
archive as claimed in claim 1, comprising:
transforming a representation of the one or more data objects into a self-
describing, infrastructure-independent representation of the one or more data objects;
15 and
archiving the self-describing, infrastructure-independent representation of the
one or more data objects with a self-describing, infrastructure-independent

representation of the logical structure of the collection.

4, The method of claim 3 further comprising performing the following
20  steps prior to the transforming step:
forming a self-describing, infrastructure-independent representation of a
logical structure of the collection; and
forming a self-describing, infrastructure-independent representation of the data

objects.
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5. A method of instantiating a persistent archive as claimed in claim 1
comprising:

retrieving from the persistent archive a self-defining representation of a logical
structure for the collection;

creating on a medium a query-able mechanism in accordance with the logical
structure;

retrieving from the persistent archive a self-describing, infrastructure-
independent representation of one or more data objects; and

loading the data objects into the query-able mechanism.

6. The method of claim 5 further comprising:

retrieving from the persistent archive a self-describing, infrastructure-
independent representation of a presentation mechanism for the one or more data
objects;

querying the query-able mechanism for one or more data objects; and

presenting the one or more data objects using the presentation mechanism.

7. A method of presenting one or more data objects from a persistent
archive as claimed in claim 1 comprising:

retrieving from the persistent archive a self-describing, infrastructure-
independent representation of a presentation mechanism for the one or more data
objects;

retrieving from the persistent archive a self-describing, infrastructure-
independent representation of one or more data objects; and

presenting the one or more data objects using the presentation mechanism.

8. A method of migrating a persistent archive as claimed in claim 1, the
archive being maintained on a first medium, the method comprising:

retrieving the persistent archive maintained on the first medium;

65



10

15

20

25

WO 01/73611 PCT/US01/09201

optionally redefining the logical structure of the collection or the self-
describing, infrastructure-independent representation of the one or more data objects;
and

storing the persistent archive as optionally redefined in the previous step onto

a second medium.

9. A processor readable medium tangibly embodying the method steps of

any of claims 3-8.

10. A system for maintaining a persistent archive as claimed in claim 1
comprising:

an ingestion subsystem for ingesting one or more data objects into the archive
by transforming a representation of the one or more data objects into the self-defining
representation of the one or more data objects, and adding the one or more
transformed data objects to the archive; and

an instantiation subsystem for retrieving from the archive the self-describing,
infrastructure-independent representation of a logical structure for the collection,
creating a query-able mechanism on a processor readable medium in accordance with

the logical structure, and loading the data objects into the query-able mechanism.

11.  The system of claim 10 further comprising a migration subsystem for
retrieving the persistent archive from a first medium, optionally redefining the logical
structure of the collection or the self-describing, infrastructure-independent
representation of the one or more data objects in the collection, and storing the

persistent archive as optionally redefined onto a second medium.

12. The system of claim 10 further comprising a presentation subsystem
for retrieving from the archive a self-describing, infrastructure-independent

presentation mechanism, retrieving from the archive one or more data objects, and
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presenting the one or more data objects using the self-describing, infrastructure-

independent presentation mechanism.

13. The system of claim 10 further comprising a presentation subsystem
for retrieving from the archive a self-describing, infrastructure-independent
presentation mechanism, querying the query-able mechanism for one or more data
objects, and presenting the one or more data objects using the self-describing,

infrastructure-independent presentation mechanism.

14.  The system of claim 10 wherein the instantiation system includes a
plurality of drivers each configured for retrieving data from or storing data to a

processor readable medium.

15.  The system of claim 11 wherein the migration system includes a
plurality of drivers each configured for retrieving data from or storing data to a

processor readable medium.

16. A knowledge-based persistent archive of a collection of data objects
tangibly embodied on a processor readable medium, the archive comprising:

a self-describing, infrastructure-independent representation of a logical
structure for the collection;

a self-describing, infrastructure-independent representation of the data objects;

and

a self-describing, infrastructure-independent representation of knowledge

relevant to the collection.

17.  The persistent archive of claim 16 wherein the knowledge comprises

relationships between concepts relevant to the collection.
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18.  The persistent archive of claim 17 wherein the relationships are logical

relationships.

19.  The persistent archive of claim 17 wherein the relationships are

semantic relationships.

5 20.  The persistent archive of claim 17 wherein the relationships are

mappings between concepts relevant to the collection and attributes of data objects.

21.  The persistent archive of claim 17 wherein the relationships are

temporal relationships.

22.  The persistent archive of claim 17 wherein the relationships are

10 procedural relationships.

23.  The persistent archive of claim 22 wherein the relationships embody

one or more procedures for transforming one or more data objects in the collection.

24.  The persistent archive of claim 23 wherein the relationships embody
one or more procedures for transforming a representation of the one or more data

15  objects into a form ready for ingestion into the archive.

25.  The persistent archive of claim 23 wherein the relationships embody
one or more procedures for transforming a representation of the one or more data

objects into a form ready for instantiation onto a query-able mechanism.

26.  The persistent archive of claim 23 wherein the relationships embody
20 one or more procedures for transforming a representation of the one or more data

objects into a form ready for presentation.
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27.  The persistent archive of claim 17 wherein the relationships are spatial

relationships.

28.  The persistent archive of claim 17 wherein the relationships are

structural relationships.

5 29.  The persistent archive of claim 17 wherein the relationships embody

one or more rules applicable to attributes of the data objects.

30.  The persistent archive of claim 17 wherein the relationships are

algorithmic relationships between data objects and features of the data objects.

31.  The persistent archive of claim 17 wherein the relationships are

10 functional relationships between data objects and features of the data objects.

32. A method of ingesting one or more data objects into a knowledge-
based persistent archive as claimed in claim 16, comprising:
transforming a representation of the one or more data objects into a self-
describing, infrastructure-independent representation of the one or more data objects;
15 verifying the transformation of the data objects using knowledge relevant to
the collection; and
archiving the verified self-describing, infrastructure-independent
representation of the one or more data objects with a self-describing, infrastructure-
independent representation of a logical structure of the collection and a self-
20 describing, infrastructure-independent representation of the knowledge relevant to the

collection.

33.  The method of claim 32 wherein the transforming step comprises

tagging attributes of the data objects, and the verifying step comprises tagging
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occurrences of data object attributes and their corresponding values and verifying that

these occurrences are consistent with the knowledge relevant to the collection.

34. A method of instantiating a knowledge-based persistent archive as
claimed in claim 16 comprising:

retrieving from the persistent archive a self-defining, infrastructure-
independent representation of a logical structure for the collection;

retrieving from the persistent archive a self-describing, infrastructure-
independent representation of knowledge relevant to the collection;

creating on a medium a query-able mechanism in accordance with the logical
structure;

retrieving from the persistent archive a self-describing, infrastructure-
independent representation of one or more data objects;

verifying that the one or more data objects are consistent with the knowledge
relevant to the collection; and

loading the data objects into the query-able mechanism.

35.  The method of claim 34 further comprising:

retrieving from the persistent archive a self-describing, infrastructure-
independent representation of a presentation mechanism for the one or more data
objects;

querying the query-able mechanism for one or more data objects using the
relationships between concepts relevant to the collection;

verifying that the one or more data objects are consistent with the knowledge
relevant to the collection; and

presenting the one or more data objects using the presentation mechanism.

36. A method of validating a knowledge-based persistent archive as

claimed in claim 16, comprising:
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retrieving from the archive a self-describing, infrastructure-independent
representation of knowledge relevant to the collection; and

using the knowledge to validate the collection.

37. A method of transforming raw data records into a form capable of
ingestion into a knowledge-based persistent archiveas claimed in claim 16, which
includes as the knowledge base a self-describing, infrastructure independent, or
executable representation of a transformation procedure, comprising:

retrieving from the archive the self-describing, infrastructure independent, or
executable representation of the transformation procedure;

executing the procedure to transform the raw records into a self-describing,
infrastructure independent representation of data objects; and

adding the self-describing, infrastructure independent representation of the

data objects to the archive.

38. A method of transforming a self-describing, infrastructure independent
representation of data objects into a form capable of instantiation onto a query-able
mechanism, the data objects being from a knowledge-based persistent archive as
claimed in claim 16 which includes as the knowledge base a self-describing,
infrastructure independent, or executable representation of a transformation
procedure, the method comprising:

retrieving from the archive the self-describing, infrastructure independent, or
executable representation of the transformation procedure;

retrieving from the archive the self-describing, infrastructure independent
representation of the data objects; and

executing the procedure to transform the self-describing, infrastructure
independent representation of the data objects into a form capable of instantiating

onto a query-able mechanism.
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39. A method of transforming a self-describing, infrastructure independent
representation of data objects into occurrences of attribute or element values, the data
objects being from a knowledge-based persistent archive as claimed in claim 16
which includes as the knowledge base a self-describing, infrastructure independent, or

5  executable representation of a transformation procedure, the method comprising:
retrieving from the archive the self-describing, infrastructure independent, or
executable representation of the transformation procedure;

retrieving from the archive the self-describing, infrastructure independent
representation of the data objects; and

10 executing the procedure to transform the self-describing, infrastructure
independent representation of the data objects into the occurrences of attribute or

element values.

40.  The method of claim 39 further comprising using the occurrences to

validate the collection.

15 41.  The method of claim 39 further comprising using the occurrences to

identify exceptional conditions which are added to the knowledge base of the archive.

42. A method of forming occurrences of attribute or element values
comprising:
20 receiving data records tagged with attribute or element names; and
forming from the tagged data records occurrences of attribute or element

values.

43.  The method of claim 42 further comprising using the occurrences to
confirm closure of attribute or element selection for a collection formed from the

25  tagged data records.

72



WO 01/73611 PCT/US01/09201

44.  The method of claim 42 further comprising using the occurrences to

obtain useful information about a collection formed from the tagged data records.

45.  The method of claim 44 further comprising using the occurrences to

determine redundancy in a collection formed from the tagged data records.

5 46.  The method of claim 42 further comprising using the occurrences to
determine transformation procedures for a collection formed from the tagged data

records.

47.  The method of claim 42 further comprising using the occurrences to
identify knowledge to be added to a knowledge base of a knowledge based persistent

10 archive formed or to be formed from the tagged data records.

48.  The method of claim 47 further comprising using the occurrences to
identify exceptional conditions to be added to a knowledge base of a knowledge based

persistent archive formed or to be formed from the tagged data records.

49.  The method of claim 42 further comprising using the occurrences to
15  check the internal consistency of a collection formed or to be formed from the tagged

data records.

50.  The method of claim 42 further comprising transforming the

occurrences into an inverted attribute index.

51.  The method of claim 42 further comprising transforming the

20 occurrences into tagged data records.

52. The method of claim 42 further comprising transforming the

occurrences into a form capable of being ingested into a persistent archive.
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53.  The method of claim 42 further comprising transforming the

occurrences into a form capable of being instantiated onto a query-able mechanism.

54.  The methods of any of claims 32-53 tangibly embodied on a processor

readable medium.

5 55. A knowledge-based persistent archive of a collection of data objects
tangibly embodied on a processor readable medium comprising:
at least one representation of the collection of data objects;
at least one self-describing, infrastructure-independent or executable
specification of one or more transformations relating to the collection; and
10 at least one self-describing, infrastructure-independent or executable

specification of one or more rules encoding knowledge relevant to the collection.

56.  The archive of claim 55 wherein one of the representations of the

collection is a self-describing, infrastructure-independent representation.

57.  The archive of claim 55 wherein one of the representations of the

15  collection is raw data.

58.  The archive of claim 55 wherein one of the representations of the

collection is capable of presentation.

59.  The archive of claim 55 wherein one of the representations of the

collection is capable of instantiation onto a query-able mechanism.

20 60.  The archive of claim 55 wherein one of the representations comprises

occurrences of attribute or element values.

61.  The archive of claim 55 wherein one of the representations comprises

one or more inverted attribute indices.
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62.  The archive of claim 55 wherein one of the representations comprises a

topic map.

63.  The archive of claim 55 wherein one of the representations is capable

of migration onto another medium.

64. The archive of claim 55 wherein one of the transformations is content-

preserving.

65. The archive of claim 64 wherein one of the transformations is

invertible.

66. The archive of claim 55 wherein one of the transformations is

configured to produce data objects in a form suitable for ingestion into the archive.

67.  The archive of claim 55 wherein one of the transformations is
configured to produce data objects in a form suitable for instantiation onto a query-

able mechanism.

68. The archive of claim 55 wherein one of the transformations is

configured to produce data objects in a form suitable for presentation.

609. The archive of claim 55 wherein one of the transformations is

configured to produce data objects in a form suitable for migration.

70. The archive of claim 55 wherein one of the transformations is

configured to produce occurrences of attribute or element values.

71. The archive of claim 55 wherein one of the transformations is

configured to produce one or more inverted attribute indices.
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72.  The archive of claim 55 wherein one of the representations of the

collection is a product of one of the transformations.

73.  The archive of claim 55 wherein one of the representations of the

collection is an input to one of the transformations.

74. A method of automatically placing one or more data objects from a
persistent archive as claimed in claim 55 into a form suitable for instantiation onto a
query-able mechanism comprising:

retrieving from the archive a self-describing, infrastructure-independent or
executable specification of one or more transformations relevant to the collection;

retrieving from the archive a representation of one or more data objects in the
collection; and

executing the specification to automatically place the one or more data objects

into a form suitable for instantiation onto the query-able mechanism.

75. A method of automatically validating a collection of data objects
within a persistent archive as claimed in claim 55 comprising:

retrieving from the archive a self-describing, infrastructure-independent or
executable specification of one or more rules relevant to the collection; and

executing the specification to antomatically validate the collection.

76.  The method of claim 75 further comprising validating the collection by
performing the following substeps:

producing occurrences of attribute or element values; and

determining that the occurrences are consistent with the rules encoded by the

specification and any valid exceptions.

77. A method of automatically presenting one or more data objects from a

persistent archive as claimed in claim 55 comprising:
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retrieving from the archive a self-describing, infrastructure-independent or
executable specification of one or more transformations relevant to the collection;
retrieving from the archive a representation of one or more data objects in the
collection; and
5 executing the specification to automatically place the one or more data objects

from the collection in a form suitable for presentation.

78. A method of automatically placing a persistent archive as claimed in
claim 55 into a form suitable for migration to a new medium comprising:
retrieving from the archive a self-describing, infrastructure-independent or
10  executable specification of one or more transformations relevant to the collection; and
executing the specification to automatically place the collection into a form

suitable for migration to a new medium.

79.  The system of claim 10 further comprising an engine for executing

self-describing, infrastructure-independent, or executable specifications.

15 80.  The system of claim 79 further comprising a validation subsystem for
validating the collection by commanding the engine to execute at least one self-
describing, infrastructure-independent or executable specification encoding one or

more rules relevant to the collection.

81.  The system of claim 79 further comprising a transformation subsystem
20  for transforming one or more data objects in the collection by commanding the engine
to execute at least one self-describing, infrastructure-independent, or executable

specification of one or more transformations relevant to the collection.

82.  The methods of any of claims 74-78 tangibly embodied on a processor-

readable medium.
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83. A persistent archive of a collection of data objects tangibly embodied
on a processor-readable medium, the collection having a logical structure, comprising:
first means for representing the logical structure of the collection; and

second means for representing the data objects in the collection.

84.  The persistent archive of claim 83 further comprising third means for

representing knowledge relevant to the collection.

85. A persistent archive of a collection of data objects tangibly embodied
ona processor-readable medium comprising:

first means for representing the data objects or the collection;

second means for specifying one or more transfomations relating to the
collection; and

third means for specifying one or more rules relating to the collection.
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DATABASE RECORDS:

Customer Id: ¢1500

First: Joe

Last: Smith

City: San Diego

Email: joesmith@company.com
Phone: (555) 555-5555

Fax: (555) 551-5555

Customer Id: c1600

First: John

Last: Smith

City: San Diego

Email: johnsmith@company.com
Phone: (555) 552-5555

Fax:  (555) 553-5555
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CUSTOMER.DTD

<!IELEMENT CUSTOMER
(customer_name+, email*, phone*, fax?)>
<!ATTLIST CUSTOMER customer_id ID #REQUIRED>
<!ATTLIST CUSTOMER city #REQUIRED>
<! -- 7 = zero or one; * = zero or more; + = one or more --->
<ELEMENT customer_name (first+, last+)>
<ELEMENT first (#PCDATA)>
<ELEMENT last (#PCDATA)>
<ELEMENT email (#PCDATA)>
<ELEMENT phone (#PCDATA)>
<ELEMENT fax (#HPCDATA)>

FIGURE 3A

XML DOCUMENT:

<?xml version="1.0" standalone="no”?>
<IDOCTYPE CUSTOMER SYSTEM “customer.dtd”>
<CUSTOMER customer_id="c1500” city="san diego’>
<customer_name>
<first>Joe</first>
<last >Smith</last>
</customer_name>
<email>joesmith@company.com</email>
<phone> (555) 555-5555</phone>
<fax> (555) 555-5555</fax>
</CUSTOMER>

FIGURE 3B
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<?xml version="1.0" standalone="yes”?>
<IDOCTYPE CUSTOMER
[ .
<!IELEMENT CUSTOMER
(customer_name+, email*, phone*, fax?)>
<!ATTLIST CUSTOMER customer_id ID #REQUIRED>
<IATTLIST CUSTOMER city #REQUIRED>
<! -- 7 = zero or one; * = zero or more; + = one or more --->
<ELEMENT customer_name (first+, last+)>
<ELEMENT first (#PCDATA)>
<ELEMENT last (fPCDATA)>
<ELEMENT email (#HPCDATA)>
<ELEMENT phone (#PCDATA)>
<ELEMENT fax (#PCDATA)>
>

<CUSTOMER customer_id="c1500” city="san diego”>
<customer_name>
<first>Joe</first>
<last >Smith</last>
</customer_name>
<email>joesmith@company.com</email>
<phone> (555) 555-5555</phone>
<fax> (555) 555-5555</fax>
</CUSTOMER>

FIGURE 4
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XML DOCUMENT (INPUT DATA):

<sales>

<division id="North">
<revenue>10</revenue>
<growth>9</growth>
<bonus>7</bonus>
</division>

<division id="South">
<revenue>4</revenue>
<growth>3</growth>
<bonus>4</bonus>
</division>

<division id="West">
<revenue>6</revenue>
<growth>-1.5</growth>
<bonus>2</bonus>
</division>

</sales>

FIGURE 5§
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XSL STYLE SHEET:

<html] xsl:version="1.0"
xmlns:xsl="http://www.w3.0rg/1999/XSL/Transform"
lang="en">
<head>
<title>Sales Results By Division</title>
</head>
<body>
<table border="1">
<tr>
<th>Division</th>
<th>Revenue</th>
<th>Growth</th>
<th>Bonus</th>
</tr>
<xsl:for-each select="sales/division">
<!-- order the result by revenue -->
<xsl:sort select="revenue"
data-type="number"
order="descending"/>
<tr>
<td>
<em><xsl:value-of select="@id"/></em>
<ftd>
<td>
<xsl:value-of select="revenue"/>
</td>
<td>
<!-- highlight negative growth in red -->
<xsl:if test="growth &lIt; 0">
<xsl:attribute name="style">
<xsl:text>color:red</xsl:text>
</xsl:attribute>
</xsl:if>
<xsl:value-of select="growth"/>
</td>
<td>
<xsl:value-of select="bonus"/>
</td>
</tr>
</xsl:for-each>
</table>
</body>
</html>
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HTML OUTPUT:

<html lang="en">

<head>

<meta http-equiv="Content-Type" content="text/html; charset=iso-8859-1">
<title>Sales Results By Division</title>

</head>

<body>

<table border="1">

<tr>
<th>Division</th><th>Revenue</th><th>Growth</th><th>Bonus</th>
</tr>

<tr>

<td><em>North</em></td><td>10</td><td>9</td><td>7</td>

</tr>

<tr>

<td><em>West</em></td><td>6</td><td style="color:red">-1.5</td><td>2</td>
</tr>

<tr>

<td><em>South</em></td><td>4</td><td>3</td><td>4</td>

</tr>

</table>

</body>

</html>

FIGURE 7
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{PRIVATE}___ NARA_article_begin

Path: news.sdsc.edu!newshub.csu.net!newshub.sdsu.edu!newsfeed.berkeley.edu!
news.cis.ohiostate.edu!news.rootsweb.com!rootsweb-gw

From: Casivers@aol.com

Newsgroups: soc.genealogy.hispanic

Subject: Passenger Lists for Ships from Spain To Cuba

Date: 22 Mar 1999 16:20:37 -0800

Organization: RootsWeb Genealogical Data Cooperative

Lines: 7

Message-1D: <2376321.36f6de03@aol.com

NNTP-Posting-Host: localhost

Mime-Version: 1.0

Content-Type: text/plain; charset=US-ASCII

Content-Transfer-Encoding: 7bit

X-Trace: bl-1.rootsweb.com 922148437 3147 127.0.0.1 (23 Mar 1999 00:20:37 GMT)

X-Complaints-To: usenet@news.rootsweb.com

NNTP-Posting-Date: 23 Mar 1999 00:20:37 GMT
Xref: news.sdsc.edu soc.genealogy.hispanic:3156

Does anyone know where I can get passengers lists for
ships that transported Spaniards to Cuba circa 1860°s?
Any help would be appreciated.

Thanks,

Cheryl Sanchez-Sivers
___NARA_article_end

FIGURE 8
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<IELEMENT rfc1036_mesg (headers, body)>

<!ELEMENT headers (required_headers, optional_headers, othér_headers)>
<IELEMENT body #PCDATA>

<!ELEMENT required_headers (From, Date, Newsgroups, Subject, Message-ID, Path)>

<IELEMENT optional_headers (Folloup-To?, Expires?, Reply-To?, Sender?, References?, Control?, Distribution?,
Keywords?, Summary?, Approved?, Lines?, Xref?, Organization?)>

<IELEMENT other_headers other+>

<!ELEMENT From #PCDATA>
<!ELEMENT Date #PCDATA>
<IELEMENT Newsgroups #PCDATA>
<!ELEMENT Subject #PCDATA>
<!IELEMENT Message-ID #PCDATA>
<!IELEMENT Path #PCDATA>

<IATTLIST From seqno CDATA #REQUIRED>
<!ATTLIST Date seqno CDATA #REQUIRED>
<!ATTLIST Newsgroups seqno CDATA #REQUIRED>
<IATTLIST Subject seqno CDATA #REQUIRED>
<!ATTLIST Message-ID seqno CDATA #REQUIRED>
<IATTLIST Path seqno CDATA #REQUIRED>

<IELEMENT Followup-To #PCDATA>

<!ELEMENT Expires #PCDATA>

<IELEMENT Reply-To #PCDATA>

<!IELEMENT Sender #PCDATA>

<{ELEMENT References #PCDATA>

<IELEMENT Control #PCDATA>

<!ELEMENT Distribution #PCDATA>

<!IELEMENT Keywords #PCDATA>

<!ELEMENT Summary #PCDATA>

<!IELEMENT Approved #PCDATA>

<IELEMENT Lines #PCDATA>

<IELEMENT Xref #PCDATA>

<IELEMENT Organization #PCDATA>

<!ATTLIST Followup-To seqno CDATA #REQUIRED>
<!ATTLIST Expires seqno CDATA #REQUIRED>
<!ATTLIST Reply-To seqno CDATA #REQUIRED>
<!ATTLIST Sender seqno CDATA #REQUIRED>
<!ATTLIST References seqno CDATA #REQUIRED>
<!ATTLIST Control seqno CDATA #REQUIRED>
<!ATTLIST Distribution seqno CDATA #REQUIRED>
<!ATTLIST Keywords seqno CDATA #REQUIRED>
<!IATTLIST Summary seqno CDATA #REQUIRED>
<!ATTLIST Approved seqno CDATA #REQUIRED>
<!ATTLIST Lines seqno CDATA #REQUIRED>
<IATTLIST Xref seqno CDATA #REQUIRED>
<!ATTLIST Organization seqno CDATA #REQUIRED>

<!ELEMENT other #PCDATA>
<IATTLIST other

keyword CDATA #REQUIRED
seqno CDATA #REQUIRED>

FIGURE 9
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create table ngrps_headers_core (
internalMsgld  integer not null,

FromInfo varchar(200) not null,
MsgDate varchar(50) not null,
Newsgroups varchar(1900) not null,

Subjectinfo varchar(1900) not null,
Messageld varchar(200) not null,
PathInfo varchar(1900) not null,
FollowupTo varchar(1900),
ExpiresOn varchar(50),
ReplyTo varchar(200),
SenderInfo varchar(200),
ReferencesInfo  varchar(1900),
Controllnfo varchar(1900),
DistributionInfo  varchar(500),
KeywordsInfo varchar(1900),
Summarylnfo varchar(1900),
ApprovedInfo  varchar(500),
LinesOfEmail integer,
Xreflnfo varchar(500),
Organizationinfo varchar(500),
FromSeqNum integer,
MsgDateSeqNum  integer,
NewsgroupsSegNum  integer,
SubjectSeqNum  integer,
MessageldSeqNum  integer,
PathSeqNum integer,
FollowupToSeqNum integer,
ExpiresSeqNum  integer,
ReplyToSeqNum  integer,
SenderSeqNum integer,
ReferencesSeqNum  integer,
ControlSeqgNum integer,
DistributionSegNum integer,
KeywordsSeqNum integer,
SummarySeqNum  integer,
ApprovedSeqNum  integer,
LinesSeqNum integer,
XrefSegNum integer,
OrganizationSeqNum integer,
primary key (internalMsgld),
unique (Messageld,MsgDate)

)

create table ngrps_headers_othr (
internalMsgld  integer not null,
HdrKeyName varchar(50),
HdrKeyValue varchar(2000),
HdrKeySeqNum integer,
foreign key (internalMsgld) references ngrps_headers_core (internalMsgld)

)

create table container_info (

internalld integer not null,
data_id integer not null,
posinContainer  integer,
sizeOfMsg integer,

foreign key (internalld) references ngrps_headers_core(internalMsgld),
foreign key (data_id) references MDAS_AD_REPL(data_id)

)

FIGURE 10
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FORMATTED MESSAGE USING XML DTD
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<!ELEMENT caccf_collection (caccf database)*>

<!ELEMENT caccf database (
date id,
record_size,
caccf_records
>

<!ELEMENT caccf records (
caccf _record*

)>

list of CACCF databases

a single database

creation date, identifies the database
size of each record (bytes)

the actual data records

list of cacef records

FIGURE 14
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>

>

ms
cc
tc
m
na
dp
sn
mg
pg
dd
he
hs
oc
db
Ic
ai
ra
re
le
ma
se
ci
pp
dt
Ir
br
ag
39
co

ty
pc

Provinces &

mc

pr
fl

<IELEMENT caccf _record EMPTY

<!ATTLIST caccf_record

CDATA #REQUIRED
CDATA #REQUIRED
CDATA #REQUIRED
CDATA #REQUIRED
CDATA #REQUIRED
CDATA #REQUIRED
CDATA #REQUIRED
CDATA #REQUIRED
CDATA #REQUIRED
CDATA #REQUIRED
CDATA #REQUIRED
CDATA #REQUIRED
CDATA #REQUIRED
CDATA #REQUIRED
CDATA #REQUIRED
CDATA #REQUIRED
CDATA #REQUIRED
CDATA #REQUIRED
CDATA #REQUIRED
CDATA #REQUIRED
CDATA #REQUIRED
CDATA #REQUIRED
CDATA #REQUIRED
CDATA #REQUIRED
CDATA #REQUIRED
CDATA #REQUIRED
CDATA #REQUIRED
CDATA #REQUIRED
CDATA #REQUIRED
CDATA #REQUIRED
CDATA #REQUIRED

CDATA #REQUIRED
CDATA #REQUIRED
CDATA #REQUIRED

all info is in the attributes

length meaning

RN m DN W — OV e = = = DR e 00 LA NN 00N B O N~

[CS I8 ST (8

Military Service (DoD Component)
Country of Casualty

Type of Casualty

Reference Number (File Ref. No)
Name (of Casualty)

Date Record Processed (YYMM)
Social Security OR Service Num.
Military Grade (Grade or Rate)
Pay Grade (Grade or Rate)

Date of Death (MM/DD/YY) (Casualty)
“Home of Record™ City (Place)
“Home of Record™ State Code
Service Occupation Code

Date of Birth (MM/DD/YY)
Reason (Cause of Casualty)
Aircraft or Not Aircraft

Race

Religion Code (Religious Denom.)
Length of Service in Years
Marital Status

Sex

Citizen Code

Posthumous Promotion

Date Tour in Southeast Asia

Last Record Code

Body Recovered or Not

Age at Time of Casualty
Component (Service Component)
Comments

Type

Province Code (South Vietnam

Military Regions)
CORPCD
PROCD

Flag

FIGURE 15
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create table CACCF (
REC_NO int not null, -- DICE: no. as found in the source
MIL_SERVICE char (1), -- Military Service (DoD Component)
CASUALTY_COUNTRY char (2), -- Country of Casualty
CASUALTY_TYPE  char (2), -- Type of Casualty
REF_NO char (5), -- Reference Number (File Ref. No)
NAME char (28), -~ Name (of Casualty)
PROCESSED char (4), -~ Date Record Processed (YYMM)
SSN_SERVICE_NO  char (9), -- Social Security OR Service Num.
GRADE char (4), -- Military Grade (Grade or Rate)
PAY_GRADE char (2), -- Pay Grade (Grade or Rate)
DIED date, -~ Date of Death (MM/DD/YY)(Casualty)
HOR_CITY char (20), -- “Home of Record” City (Place)
HOR_STATE char (2), -~ “Home of Record” State Code
OCCUPATION char (5), -~ Service Occupation Code
BORN date, -- Date of Birth (MM/DD/YY)
CASUALTY_REASON char (1), -~ Reason (Cause of Casualty)
AIR char (1), -~ Aircraft or Not Aircraft
RACE char (1), -- Race
RELIGION char (2), -~ Religion Code (Religious Denom.)
SERVICE_LENGTH char (2), -- Length of Service in Years
MARITAL _STATUS char (1), -- Marital Status
SEX char (1), -~ Sex
CITIZEN char (1), -« Citizen Code
PH_PROMOTION char (1), -~ Posthumous Promotion
SEA_TOUR date, -- Date Tour in Southeast Asia
LAST_RECORD char (1), -- Last Record Code
BODY_RECOVERED char (3), -- Body Recovered or Not
AGE char (2), -- Age at Time of Casualty
COMPONENT char (1), -- Component (Service Component)
COMMENTS char (29), -- Comments
TYPE char (2), -- Type
PROVINCE char (2), -- Province Code (South Vietnam Provinces and
+  Military Regions)
CORPCD char (2), -- CORPCD
PROCD char (2), --PROCD
FLAG char (2), -- Flag
NOTES varchar (1000) -- DICE: notes/corrections made
PRIMARY KEY (SSN_SERVICE_NO),
UNIQUE (REC_NO)
D)

FIGURE 16
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/* Find records with incomplete BORN or DIED date: */
SQL> select REC_NO, NAME, BORN, DIED, AGE from CACCF
where BORN is null or DIED is null;

REC_NO NAME BORN DIED AG
2114 SEVENBERGEN JERRY L 16-MAR-66 0
3882 DOMINGUEZ MICHAEL J 10-SEP-66 0
3883 JORDAN ALLAN H 10-SEP-66 0

33997 HALIBURTON MICHAEL R 08-AUG-700

17 rows selected.

/* How many entries do NOT have a valuc for *Date Tour in Southeast Asia*? */

SQL> select count (*) from CACCF where SEA_TOUR is null;
COUNT(¥)

FIGURE 17
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/* What is the number and min/max/average age of the casualties over entries where AGE is
available? */
SQL> select count(*), min(AGE), max(AGE), avg(AGE)

e from CACCF

e where not AGE = ‘0’;

COUNT(*) MI MA  AVG(AGE)

58164 16 62 22.7932742

FIGURE 18
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1900 TRANSFORMING REPRESENTATION
OF DATA OBJECTS INTO SELF-
DESCRIBING, INFRASTRUCTURE-
INDEPENDENT REPRESENTATION OF
DATA OBJECTS

1902 ARCHIVING SELF-DESCRIBING,
INFRASTRUCTURE-INDEPENDENT
\ REPRESENTATION OF DATA OBJECTS
WITH SELF-DESCRIBING,
INFRASTRUCTURE-INDEPENDENT
REPRESENTATION OF LOGICAL
STRUCTURE OF COLLECTION

FIGURE 19

2000 RETRIEVING FROM ARCHIVE SELF-

DESCRIBING, INFRASTRUCTURE-
INDEPENDENT REPRESENTATION OF
LOGICAL STRUCTURE OF COLLECTION

2002
\ CREATING QUERY-ABLE MECHANISM

IN ACCORDANCE WITH LOGICAL
STRUCTURE OF COLLECTION

2004

\ RETRIEVING SELF-DESCRIBING,
INFRASTRUCTURE-INDEPENDENT
REPRESENTATION OF DATA OBJECTS

2006

LOADING DATA OBJECTS INTO QUERY-
ABLE MECHANISM

FIGURE 20
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2102

2104

2106

2108

2110

2112

20/118

RETRIEVING FROM THE ARCHIVE A
SELF-DESCRIBING, INFRASTRUCTURE-
INDEPENDENT REPRESENTATION OF
A PRESENTATION MECHANISM FOR
THE DATA OBJECTS

QUERYING THE QUERY-ABLE
MECHANISM FOR ONE OR MORE OF
THE DATA OBJECTS

RETRIEVING FROM THE QUERY-ABLE
MECHANISM THE ONE OR MORE DATA
OBJECTS

PRESENTING THE ONE OR MORE
DATA OBJECTS USING THE
PRESENTATION MECHANISM

FIGURE 21A

RETRIEVING FROM THE ARCHIVE A
SELF-DESCRIBING, INFRASTRUCTURE-
INDEPENDENT REPRESENTATION OF
A PRESENTATION MECHANISM FOR
THE DATA OBJECTS

RETRIEVING FROM THE ARCHIVE A
SELF-DESCRIBING, INFRASTRUCTURE-
INDEPENDENT REPRESENTATION OF
ONE OR MORE OF THE DATA OBJECTS

PRESENTING THE ONE OR MORE
DATA OBJECTS USING THE
PRESENTATION MECHANISM

FIGURE 21B
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2200

RETRIEVING THE ARCHIVE FROM A
FIRST MEDIUM

2202

N

OPTIONALLY REDEFINING THE
LOGICAL STRUCTURE OF THE
COLLECTION OR THE SELF-
DESCRIBING REPRESENTATION OF
THE DATA OBJECTS

2204

N

STORING THE OPTIONALLY
REDEFINED ARCHIVE ONTO A SECOND
MEDIUM

FIGURE 22

PCT/US01/09201




PCT/US01/09201

WO 01/73611

22/118

VEZ uNOIS

H3IAN3S

E — X
090gZ N

\_ 21ez
ov0ez

HIAYIS

cogee

B00EC



WO 01/73611 PCT/US01/09201

23/118

INGESTION SUBSYSTEM

INSTANTIATION SUBSYSTEM

2314c 2314b 2314a
DRIVER #3 DRIVER #2 DRIVER #1

\ PRESENTATION SUBSYSTEM

2318
MIGRATION SUBSYSTEM
e o o | 2320C .| 2320b 2320a
DRIVER #3 DRIVER #2 DRIVER #1

FIGURE 23B
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2400
\ SELF-DESCRIBING, INFRASTRUCTURE-INDEPENDENT

REPRESENTATION OF LOGICAL STRUCTURE OF
COLLECTION

2402
SELF-DESCRIBING, INFRASTRUCTURE-INDEPENDENT
REPRESENTATION OF DATA OBJECTS
2404 SELF-DESCRIBING, INFRASTRUCTURE-INDEPENDENT
\ REPRESENTATION OF KNOWLEDGE RELEVANT TO
THE COLLECTION
2406

"~~~ SELF-DESCRIBING, INFRASTRUCTURE-INDEPENDENT
REPRESENTATION OF PRESENTATION MECHANISM
(OPTIONAL)

FIGURE 24
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<IELEMENT DOCUMENT (CONGRESS|RESOLUTION|ATTESTATION)* >
<!ATTLIST DOCUMENT DOCID CDATA #IMPLIED>

<!ATTLIST DOCUMENT REFERENCENUMBER CDATA #IMPLIED>
<!ATTLIST DOCUMENT CLASS CDATA #IMPLIED>

<IELEMENT CONGRESS (NUMBER|SESSIONNUMBER|(BODYOFCONGRESS)*DATE) >
<!IELEMENT NUMBER (#PCDATA)* >

<!ELEMENT SESSIONNUMBER (#PCDATA)* >

<IELEMENT BODYOFCONGRESS (#PCDATA)* >

<IELEMENT DATE (#PCDATA)* >

<IELEMENT RESOLUTION (TYPE|STATEMENT)* >

<!ELEMENT TYPE (#PCDATA)* >

<!IELEMENT STATEMENT (OPENING|(STRIKEOUT|INSERT)*|CLOSING) >
<IELEMENT OPENING (#PCDATA)* >

<IELEMENT STRIKEOUT (#PCDATA)* >

<IELEMENT INSERT (#PCDATA)* >

<IELEMENT CLOSING (#PCDATA)* >

<IELEMENT ATTESTATION (#PCDATA)* >

FIGURE 25
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<!IELEMENT DOCUMENT (CONGRESS|ACT)* >

<IATTLIST DOCUMENT DOCID CDATA #IMPLIED>
<IATTLIST DOCUMENT REFERENCENUMBER CDATA #IMPLIED>
<!ATTLIST DOCUMENT CLASS CDATA #IMPLIED>

<IELEMENT CONGRESS (NUMBER|SESSIONNUMBER|BODYOFCONGRESS|DATE) >
<IELEMENT NUMBER (#PCDATA)* >

<!ELEMENT SESSIONNUMBER (#PCDATA)* >

<IELEMENT BODYOFCONGRESS (#PCDATA)* >

<!ELEMENT DATE (#PCDATA)* >

<IELEMENT ACT (PURPOSE|SECTION)* >

<!ELEMENT PURPOSE (#PCDATA)* >
<!ELEMENT SECTION (HEADING|STATEMENT|SUBSECTION)* >
<!ATTLIST SECTION NUMBER CDATA #IMPLIED>

<!IELEMENT HEADING (#CDATA|SHORTTITLE)* >
<IELEMENT SHORTTITLE (#PCDATA)* >

<!ELEMENT STATEMENT (#PCDATA | AMENDMENT | SECTION | ATTESTATION |
TEXT)* >

<!ELEMENT AMENDMENT (CODE|STRIKEOUT|INSERT/REDESIGNATE)* >
<IELEMENT CODE (#PCDATA)* >

<IELEMENT STRIKEOUT (#PCDATA)* >

<!ELEMENT INSERT (#PCDATA|PARAGRAPH|SUBSECTION|INSERT)* >
<IELEMENT PARAGRAPH (TOPICTEXT[PARAGRAPH)* >

<IATTLIST PARAGRAPH NUMBER CDATA #IMPLIED>

<IELEMENT SUBSECTION (TOPICIPARAGRAPH)* >
<IATTLIST SUBSECTION NUMBER CDATA #IMPLIED>

<!ELEMENT TOPIC (#PCDATA)* >
<!ELEMENT TEXT (#PCDATA)* >
<!ELEMENT REDESIGNATE (#PCDATA)* >
<IELEMENT ATTESTATION (#PCDATA)* >

FIGURE 26
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CLASS="Concurrent Resolution”s>

i CONGRESS >

<NUMBER>104"" CONGRESS</NUMBER >

<SESSIONNUMBER>2d Session</SESSIONNUMBER>
<BODYOFCONGRESS>Senate of the United States</BODYOFCONGRESS>
<DATE>March 21, 1996</DATE>

That it is the sense of the Congress—

<DOCUMENT DOCID="f:hcl48eas.txt” REFERENCENUMBER = “H. CON. RES.

< /CONGRESS>
<RESOLUTION>
<TYPE>AMENDMENTS</TYPE>
<STATEMENT >
<OPENING>
Resolved, That the resolution from the House of Representatives (H. Com.
Res. 148) entitled “Concurrent resolution expressing the sense of the
Congress that the United States is committed to military stability in the
Taiwan Strait and the United States should assist in defending the
Republic of China (also known as Taiwan) in the event of invasion,
missile attack, or blockade by the People’s Republic of China.”, do pass
with the following
</OPENING>
<STRIKEOUT>Strike out all after the resolving clause
</STRIKEOUT>
<INSERT>

(1) to deplore the missile tests and military exercises that the
People’s Republic of China is conducting from March 8 through March 25,

148"

1996, and view such tests and exercises as potentially serious threats to
the peace, security, and stability of Taiwan and not in the spirit of the
three United States-China Joint Communiques;

(2) to urge the Government of the People’'s Republic of China to cease
its bellicose actions directed at Taiwan and enter instead intoe
meaningful dialogue with the Government of Taiwan at the highest levels,
such as through the Straits Exchange Foundation in Taiwan and the
Association for Relations Across the Taiwan Strait in Beijing, with an
eye towards decreasing tensions and resolving the issue of the future of
Taiwan;

(3) that the President should, consistent with section 3® of the
Taiwan Relations Act of 1979 (22 U.S.C. 3302%), immediately consult with
Congress on an appropriate United States response to the tests and
exercises should the tests or exercises pose an actual threat to the
peace, security, and stability of Taiwan; (4) that the President should,
consistent with the Taiwan Relations Act of 1979 (22 U.S.C. 3301 et
seq.), reexamine the nature and quantity of defense articles and services
that may be necessary to enable Taiwan to maintain a sufficient self-
defense capability in light of the heightened military threat; and

(5) that the Government of Taiwan should remain committed to the
peaceful resolution of its future relations with the People's Republic of
China by mutual decision.

</INSERT>
<STRIKEOUT>Strike out the preamble</STRIKEOUT>
<INSERT>

Whereas the People’s Republic of China, in a clear attempt to intimidate
the people and Government of Taiwan, has over the past 9 months conducted
a series of military exercises, including missile tests, within
alarmingly close proximity to Taiwan;

Whereas from March 8 through March 15, 1996, the People’s Republic of
China conducted a series of missile tests within 25 to 35 miles of the 2
principal northern and southern ports of Taiwan, Kaohsiung and Keelung;
Whereas on March 12, 1996, the People’s Republic of China began an 8-day,

28A

28B
FIGURE 28A 280
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</ INSERT>
<CLOSING>

live-ammunition, joint sea-and-air military exercise inm a 2,390 square
mile area in the southern Taiwan Strait; ’

Whereas on March 18, 1996, the People’s Republic of China began a 7-day,
live-ammunition, joint sea-and-air military exercise between Taiwan’s
islands of Matsu and Wuchu;

Whereas these tests and exercises are a clear escalation of the attempts
by the People's Republic of China to intimidate Taiwan and influence the
outcome of the upcoming democratic presidential election in Taiwan;
Whereas through the administrations of Presidents Nixon, Ford, Carter,
Reagan, and Bush, the United States has adhered to a “One China” policy
and, during the administration of President Clinton, the United States
continues to adhere to the “One China” policy based on the Shanghai
Communique of February 27, 1972, the Joint Communique on the
Establishment of Diplomatic Relations Between the United States of
America and the People’s Republic of China of January 1, 1979, and the
United States-China Joint Communique of August 17, 1982;

Whereas through the administrations of Presidents Carter, Reagan, and
Bush, the United States has adhered to the provisions of the Taiwan
Relations Act of 1979 (22 U.S.C. 3301 et seq.) as the basis for
continuing commercial, cultural, and other relations between the people
of the United States and the people of Taiwan and, during the
administration of President Clinton, the United States continues to
adhere to the provisions of the Taiwan Relations Act of 1979;

Whereas relations between the United States and the Peoples’ Republic of
China rest upon the expectation that the future of Taiwan will be settled
solely by peaceful means; Whereas the strong interest of the United
States in the peaceful settlement of the Taiwan question is one of the
central premises of the three United States-China Joint Communiques and
was codified in the Taiwan Relations Act of 1979; Whereas the Taiwan
Relations Act of 1979 states that peace and stability in the western
Pacific “are in the political, security, and economic interests of the
United States, and are matters of international concern”;

Whereas the Taiwan Relations Act of 1979 states that the United States
considers “any effort to determine the future of Taiwan by other than
peaceful means, including by boycotts, or embargoes, a threat to the
peace and security of the western Pacific area and of grave concern to
the United States”; W

hereas the Taiwan Relations Act of 1979 directs the President to “inform
Congress promptly of any threat to the security or the social or economic
system of the people on Taiwan and any danger to the interests of the
United States arising therefrom”;

Whereas the Taiwan Relations Act of 1979 further directs that “the
President and the Congress shall determine, in accordance with
constitutional process, appropriate action by the United States in
response to any such danger”;

Whereas the United States, the People’s Republic of China, and the
Government of Taiwan have each previously expressed their commitment to
the resolution of the Taiwan question through peaceful means; and

Whereas these missile tests and military exercises, and the accompanying
statements made by the Government of the People’'s Republic of China, call
into serious question the commitment of China to the peaceful resolution
of the Taiwan question: Now, therefore, be it.

Amend the title so as to read: “Expressing the sense of
Congress regarding missile tests and military exercises by the
People’s Republic of China.”.

FIGURE 28B
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</CLOSING>

</STATEMENT>

< /RESOLUTION>
<ATTESTATION>Secretary</ATTESTATION>

k< /DOCUMENT>

FIGURE 28C
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Prefix Meaning
h House of Representatives
hc House of Representatives concurrent

resolution

hj House of Representatives joint resolution .
hr House of Representatives resolution
S Senate
sc Senate concurrent resolution
§j Senate joint resolution
ST Senate resolution

FIGURE 29
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Suffix Count Meaning
as 3 amendment in the Senate
ath 97 considered and agreed to in the House
ats 251 considered and agreed to in the Senate
cdh 6 considered in the House (and committed to a
committee)
cds 1 considered in the Senate (and committed to a
committee)
cph 19 considered and passed in the House
cps 20 considered and passed in the Senate
eah 36 resolved with amendments in the House
eas 115 resolved with amendments in the Senate
ch 887 enactment resolved in the House
es 270 enactment resolved in the Senate
enr 413
hds 3 held at the desk in the Senate
ih 4947 introduced in the House
is 2271 introduced in the Senate
ips 4 indefinitely postponed in the Senate
Ith 8 laid on the table in the House
_pch 1 placed on calendar in the House
pcs 184 placed on calendar in the Senate
PP 31 ordered to be printed as passed
rch 8 re-referred to the same or a different committee in
the House
1cs 6 re-referred to the same or a different committee in
the Senate
rds 187 received in the Senate
rfh 103 referred to a committee in the House
rih 1 referred to a committee for a limited time in the
House
1is 44 referred to a committee for a limited time to report,
or be discharged and placed on the calendar in the
Senate
th 742 report in the House
6] 471 report in the Senate
th2 1 2-part report in the House
152 3 2-part report in the Senate
rth 1 referred to committee in the House
1ts 5 referred to committee in the Senate -
sC 1

FIGURE 30
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1. COMBINES amico-objects.dtd and amico-media.dtd into a

SINGLE DTD.

2. Defines an ADDITIONAL LEVEL on top of the AMICO elements,

corresponding to the abstract classification of AMICO elements
in the data dictionary:

am_classification?, What is it?

am_titles, What is it called?
am_appearance?, What does it look like?
am_creators, Who made it?
am_creation_date, When was it made?
am_creation_place?, Where was it made?
am_context?, What is it about?
am_criticism?, What does it mean?
am_exhibitions?, Who showed it?

am_owners, Whao owned it?

am_related_works, What is it related to?
am_documenters?, Who documented it?
am_version_control?, Version Control?
am_media_metadata Media Metadata

PCT/US01/09201

NAMING CONVENTIONS FOR ELEMENTS:

The AMICO data dictionary has a
" 0 TAG column defining a 3-letter abbreviation, and a
0 AMICO-FIELD column with the full name of the field.
These two components make up the XML tag name as follows:
o0 XYZ__AMICO_FIELD_NAME
For elements which are *groups*, i.e., contain subelements,
just one underscore is used.

Example:
o CLG_classification (group)
0 OTY__object_type _ (atomic element)

NOTE: OLC is not modeled, as it is listed under "deleted fields'

32A

32B

32C

32D

32E

32F

32G

MULTIPLICITY OF ELEMENTS IN DTDs:
* = zero-or-more
+ = one-or-more
? = zero-or-one
otherwise: exactly one

NOTE: OLC is not modeled, as it is listed under "deleted fields

FIGURE 32A

32H

321

324

32K
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<IELEMENT am_objects (am_object*) >

<IELEMENT am_obiject (
AID___amico_identifier,
am_classification?,
am_titles,
am_appearance?,
am_creators,
am_creation_dates,
am_creation_place?,
am_context?,
am_criticism?,
am_exhibitions?,
am_owners,
am_related_works?,
am_documenters?,
am_version_control?,
am_media_metadata
>

<IELEMENT am_classification (
OTY__object_type*,
OPP__object_parts_pieces*,
CLG_classification*
>

<IELEMENT CLG_classification (
CLS__ classification_scheme?,
CLT__classification_term?
>

<IELEMENT am_titles (
OTG_object_title_name+,

OST__state*,
OEN__ edition*
»

<!IELEMENT OTG_object_title_name (
OTN__object_title_name?,
OTT__title_type*
»

FIGURE 32B
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<IELEMENT am_appearance (
OPD__ physical_description?,
OPA_physical_orientation_arrangement?,
MET__measurements_text*,
MEG_measurements®,
OMG_materials_and_techniques®,
OIN__inscriptions_and_or_marks*,
OCH___condition_examination_history*,
OTH__treatment_conservation_history*
>

<IELEMENT MEG_measurements (
MCM__measurement_component_measured?,
MED__measurement_dimension?,
MDV__measurement_dimension_value?,
MDU__measurement_dimension_units?,
MEQ__measurement_qualifier?
>

<IELEMENT OMG_materials_and_techniques (
OMD__materials_and_techniques_description?,
OMT__materials_and_techniques_process_technique_term*,
OMM__materials_and_techniques_materials_term*,

OMS___materials_and_techniques_support*
>

<IELEMENT am_creators (

CRG_creator*
>

<IELEMENT CRG_creator (
CRQ___creator_qualifier?,
CRT__creator_name_text,
CRN___creator_name?,
CRC__creator_culture_nationality?,
CDT__creator_dates_locations_text?,
CBD___creator_birth_date?,
CBP___creator_birth_place?,
CBQ__creator_birth_qualifier?,
CDD__creator_death_date?,
CDP___creator_death_place?,
CDQ___creator_death_qualifier?,
CAD__creator_active_date?,
CAP___creator_active_place®,
CGN___creator_gender?,
CRB___creator_biography?,
CRR_creator_role*,
CNO__ creator_notes?
>

FIGURE 32C
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<IELEMENT am_creation_dates (

OCG_creation_dates*
>

<IELEMENT OCG_creation_dates (
OCT__creation_date_text,
OCS__creation_date_start?,
OCE__creation_date_end?,

OCQ__creation_date_qualifier?
)i

<IELEMENT am_creation_place (
OCP__creation_place*
)i

<IELEMENT am_context (
STG_style_period*,
SUG_subject_matter*,
CXG_context*
>

<IELEMENT STG_style_period (
STD__style_period_description?,
STT__style_period_terms*
»

<IELEMENT SUG_subject_matter (
SUP__subject_matter_preiconographic_description?,
SUI__subject_matter_iconography”,
SUT__subject_matter_index_terms*

>

<IELEMENT CXG_context (
CXD__context_description?,
CXP__context_related_person*,
CXS__context_related_site_place®,
CXT__context_time_period_dates?
»

<IELEMENT am_criticism (
OCR__critical_responses*

>

<IELEMENT am_exhibitions ( ,
OEH___exhibition_or_loan_history*
>

<IELEMENT am_owners (
O0G_owner*,
OPO__provenance_prior_owners_text",
ORG_rights_copyright*
>

FIGURE 32D
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<IELEMENT OOG_owner (
OON__owner_name,
OOP__owner_place*,
OOA__owner_accession_number*,
OOC__owner_credit_line+
>

<IELEMENT ORG_rights_copyright (
ORS__copyright_statement,
ORL__copyright_link?
»

<IELEMENT am_related_works (
RWG_related_works_of_art*,
RIG_related_images*,
RMG_related_multimedia*,
RDG_related_documents*
>

<!ELEMENT RWG_related_works_of_art (
RWD_related_works_description?,
RWR__related_works_relationship_type?,
RWL__related_works_identifier_link?
>

<IELEMENT RIG_related_images (
RIP__related_image_preferred?,
RID__related_image_description?,
RIR__related_image_relationship_type?,
RIL__related_image_identifier_link?
»

<IELEMENT RMG_related_multimedia (
RMD__related_multimedia_description?,
RMR_related_muitimedia_relationship_type?,
RML__related_muiltimedia_identifier_link?
»

<IELEMENT RDG_related_documents (
RDD__related_document_description?,
RDR_related_document_relationship_type?,
RDL__related_document_identifier_link?
>

<IELEMENT am_documenters (
DCG_documentation_cataloguing_history”
>4

<IELEMENT DCG_documentation_cataloguing_history (
DCB__documented_cataloged_by?,
DCD__documented_cataloged_date?
)

FIGURE 32E
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<IELEMENT am_version_control (
AVD__amico_validated_date?,
AVV__validation_dictionary_version?,
ADP__amico_data_processing*,
DEL__amico_deletion_flag?,
ALY__amico_library_year?
>

<l ======== MEDIA METADATA === =z=== === == ==== -

<IELEMENT am_media_metadata (
XID__dc_resource_identifier?,
XTI__dc_title*,
XCN_dc_creator*,
XDE__dc_description*,
XPU__dc_publisher?,
XDN_dc_contributor®,
XDA__dc_date”,
XRT__dc_resourcetype?,
XAM__amico_mode?,
XFO_dc_format*,
XRE_dc_relation*,
XRS__dc_rights+,
XMN__amico_media_note?,
XVD__amico_metadata_validation_date?,
XVV__amico_data_dictionary_version?,
XPR__metadata_data_processing_note*,
XDL__metadata_delition_flag?,
XLY__metadata_library_year?

)id

<IELEMENT XCN_dc_creator ( '
XCP__dc_creator_personainame®,
XCC__dc_creator_corporatename®,
XCR__dc_creator_role*
)i

<IELEMENT XDN_dc_contributor (
XDP__dc_contributor_personalname®,
XDC__dc_contributor_corporatename”,
XDR__dc_contributor_role*
>

<IELEMENT XFO_dc_format (
XFE__amico_format_encoding?,
XFP__amico_format_colorpalette?,
XCM_amico_format_colormetric?,
XFD__amico_format_dimensions?,
XFF__amico_format_filesize?,
XFC__amico_format_compression?
>

FIGURE 32F
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58/118

RETRIEVING FROM ARCHIVE SELF-
DESCRIBING, INFRASTRUCTURE-
INDEPENDENT, OR EXECUTABLE

SPECIFICATION OF OF ONE OR MORE
TRANSFORMATIONS

RETRIEVING FROM ARCHIVE ONE OR
MORE DATA OBJECTS FROM THE
COLLECTION

EXECUTING THE SPECIFICATION TO
AUTOMATICALLY PLACE THE ONE OR
MORE DATA OBJECTS INTO A FORM
SUITABLE FOR MIGRATION TO A NEW
MEDIUM

FIGURE 53
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<IELEMENT XRE_dc_relation (
XRY__dc_relation_type?,
XRI__dc_relation_identifier?

PCT/US01/09201

<IELEMENT ADP__amico_data_processing

(#PCDATA)>
<IELEMENT AID__amico_identifier

(#PCDATA)>
<IELEMENT ALY__amico_library_year

(#PCDATA)>
<!ELEMENT AVD__amico_validated_date

(#PCDATA)>
<IELEMENT AVV__validation_dictionary_version

(#PCDATA)>
<IELEMENT CAD__creator_active_date

(#PCDATA)>
<IELEMENT CAP__creator_active_place

(#PCDATA)>
<IELEMENT CBD__creator_birth_date

(#PCDATA)>
<IELEMENT CBP__creator_birth_place

(#PCDATA)>
<IELEMENT CBQ___creator_birth_qualifier

(#PCDATA)>
<!ELEMENT CDD__creator_death_date

(#PCDATA)>
<!IELEMENT CDP__creator_death_place

(#PCDATA)>
<IELEMENT CDQ__creator_death_qualifier

(#PCDATA)>
<!ELEMENT CDT__creator_dates_locations_text

(#PCDATA)>
<IELEMENT CGN__creator_gender

(#PCDATA)>
<IELEMENT CLS__ classification_scheme

(#PCDATA)>
<IELEMENT CLT__classification_term

(#PCDATA)>
<IELEMENT CNO___creator_notes

(#PCDATA)>
<IELEMENT CRB__creator_biography

(#PCDATA)>
<IELEMENT CRC__creator_culture_nationality

(#PCDATA)>
<IELEMENT CRN__creator_name

(#PCDATA)>
<IELEMENT CRQ__creator_qualifier

(#PCDATA)>
<IELEMENT CRR__creator_role

FIGURE 32G
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<IELEMENT CRT__creator_name_text
(#PCDATA)>
<IELEMENT CXD___context_description
(#PCDATA)>
<IELEMENT CXP__context_related_person
(#PCDATA)>
<IELEMENT CXS__context_related_site_place
(#PCDATA)>
<IELEMENT CXT__context_time_period_dates
(#PCDATA)>
<IELEMENT DCB__documented_cataloged_by
(#PCDATA)>
<!ELEMENT DCD__documented_cataloged_date
(#PCDATA)>
<IELEMENT DEL__amico_deletion_flag
(#PCDATA)>
<IELEMENT
MCM__measurement_component_measured
(#PCDATA)>
<|ELEMENT MDU__measurement_dimension_units
(#PCDATA)>
<IELEMENT MDV__measurement_dimension_value
(#PCDATA)>
<lELEMENT MED__measurement_dimension
(#PCDATA)>
<IELEMENT MEQ__measurement_qualifier ,
(#PCDATA)>
<IELEMENT MET__measurements_text
(#PCDATA)>
<|[ELEMENT OCE__creation_date_end
(#PCDATA)>
<IELEMENT OCH__condition_examination_history
(#PCDATA)>
<I[ELEMENT OCP__creation_place

(#PCDATA)> .

<IELEMENT OCQ__creation_date_qualifier :
(#PCDATA)>
<IELEMENT OCR__critical_responses

(#PCDATA)>
<IELEMENT OCS__ creation_date_start

(#PCDATA)>
<IELEMENT OCT__creation_date_text

(#PCDATA)>
<IELEMENT OEH__ exhibition_or_loan_history

(#PCDATA)>
<IELEMENT OEN__edition

(#PCDATA)>
<IELEMENT OIN__inscriptions_and_or_marks

(#PCDATA)>

FIGURE 32H
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<IELEMENT OMD__materials_and_techniques_description

(#PCDATA)>
<IELEMENT OMM__materials_and_techniques_materials_term

(#PCDATA)>
<IELEMENT OMS___materials_and_techniques_support

(#PCDATA)>
<IELEMENT OMT__materials_and_techniques_process_technique_term

(#PCDATA)>
<I[ELEMENT OOA__owner_accession_number

(#PCDATA)>
<IELEMENT OOC__owner_credit_line

(#PCDATA)>
<IELEMENT OON__owner_name

(#PCDATA)>

- <IELEMENT OOP__owner_place

(#PCDATA)>
<IELEMENT OPA__ physical_orientation_arrangement

(#PCDATA)>
<IELEMENT OPD__ physical_description

(#PCDATA)>
<IELEMENT OPO__provenance_prior_owners_text

(#PCDATA)>
<IELEMENT OPP__object_parts_pieces

(#PCDATA)>
<I[ELEMENT ORL__copyright_link

(#PCDATA)>
<I[ELEMENT ORS__ copyright_statement

(#PCDATA)>
<IELEMENT OST__state

(#PCDATA)>
<IELEMENT OTH__treatment_conservation_history

(#PCDATA)>
<IELEMENT OTN__object_title_name

(#PCDATA)>
<IELEMENT OTT__title_type

(#PCDATA)>
<IELEMENT OTY__object_type

(#PCDATA)>
<IELEMENT RDD__related_document_description

(#PCDATA)>
<IELEMENT RDL__related_document_identifier_link

(#PCDATA)>
<I[ELEMENT RDR__related_document_relationship_type

(#PCDATA)>
<IELEMENT RID__related_image_description

(#PCDATA)>
<IELEMENT RIL__related_image_identifier_link

(#PCDATA)>
<I[ELEMENT RIP__related_image_preferred

(#PCDATA)>

FIGURE 321
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<IELEMENT RIR__related_image_relationship_type
(#PCDATA)>
<IELEMENT RMD__related_multimedia_description
(#PCDATA)>
<IELEMENT RML__related_multimedia_identifier_link
(#PCDATA)>
<IELEMENT RMR__related_multimedia_relationship_type
. (#PCDATA)>
<IELEMENT RWD__related_works_description
(#PCDATA)>
<IELEMENT RWL__related_works_identifier_link
(#PCDATA)>
<IELEMENT RWR__related_works_relationship_type
(#PCDATA)>
<IELEMENT STD__style_period_description
(#PCDATA)>
<|ELEMENT STT__style_period_terms’
(#PCDATA)>
<IELEMENT SUI__subject_matter_iconography
(#PCDATA)>
<IELEMENT SUP__subject_matter_preiconographic_description
(#PCDATA)>
<IELEMENT SUT__subject_matter_index_terms
(#PCDATA)>

<IELEMENT XAM__amico_mode
(#PCDATA)>
<|ELEMENT XCC___dc_creator_corporatename
' : (#PCDATA)>
<IELEMENT XCM__amico_format_colormetric
(#PCDATA)>
<IELEMENT XCP__dc_creator_personainame
(#PCDATA)>
<!ELEMENT XCR__dc_creator_role
(#PCDATA)>
<IELEMENT XDA__dc_date :
(#PCDATA)>
<|ELEMENT XDC__dc_contributor_corporatename
(#PCDATA)>
<IELEMENT XDE__dc_description
(#PCDATA)>
<!ELEMENT XDL__metadata_delition_flag
(#PCDATA)>
<IELEMENT XDP__dc_contributor_personainame
(#PCDATA)>
<IELEMENT XDR__dc_contributor_role
(#PCDATA)>
<IELEMENT XFC__amico_format_compression
(#PCDATA)>
<!ELEMENT XFD__amico_format_dimensions
(#PCDATA)>

FIGURE 32J
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<IELEMENT XFE__amico_format_encoding

(#PCDATA)>
<IELEMENT XFF__amico_format_filesize

(#PCDATA)>
<IELEMENT XFP__amico_format_colorpalette

(#PCDATA)>
<IELEMENT XID__dc_resource_identifier

(#PCDATA)> -
<IELEMENT XLY__metadata_library_year

(#PCDATA)>
<IELEMENT XMN__amico_media_note

(#PCDATA)>
<IELEMENT XPR__metadata_data_processing_note

(#PCDATA)>
<IELEMENT XPU__dc_publisher

(#PCDATA)>
<IELEMENT XRI__dc_relation_identifier

(#PCDATA)>
<IELEMENT XRS__dc_rights

(#PCDATA)>
<IELEMENT XRT__dc_resourcetype

‘ (#PCDATA)>

<IELEMENT XRY__dc_relation_type

(#PCDATA)>
<IELEMENT XTI__dc_title

(#PCDATA)>
<IELEMENT XVD__amico_metadata_validation_date

(#PCDATA)>
<IELEMENT XVV_amico_data_dictionary_version

(#PCDATA)>

FIGURE 32K
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#!/usr/local/bin/perl -w
use strict;
# amico2xml AMICO records to XML conversion
# Author: Bertram Ludaescher <ludaesch@sdsc.edu>
#
# call: amico2xmi file
#returns:  XML-ified version
#
# 2do: extend escXML, handling of binary data
# $ld: amico2xml,v 1.1 1999/04/06 08:43:40 ludaesch Exp $
my $output; # handle for current output stream
my @record = ();  # current record (= array of fields)
my $tab = 2; # current output tab position
sub ind { # indent according to current tab position
return " " x $tab
}
my %long_tag = # hash of defined tags (long names currently
# not used)
"ADP" => "ADP__amico_data_processing",
"AID" => "AID__amico_identifier",
"ALY" =>"ALY__amico_library_year",
"AVD" =>"AVD__amico_validated_date",
"AVV" =>"AVV__ validation_dictionary_version",
"CAD" => "CAD__creator_active_date",
"CAP" =>"CAP__creator_active_place",
"CBD" =>"CBD__ creator_birth_date",
"CBP" =>"CBP__creator_birth_place",
"CBQ" => "CBQ___creator_birth_qualifier",
"CDD" => "CDD__creator_death_date", 35A
"CDP" => "CDP__creator_death_place",
"CDQ" =>"CDQ__creator_death_qualifier", 358
"CDT" =>"CDT__creator_dates_locations_text",
"CGN" => "CGN__creator_gender", 35C
"CLG" => "CLG_classification”,
"CLS" => "CLS__ classification_scheme", 35D
"CLT" => "CLT__classification_term ",
"CNO" => "CNO__creator_notes", 35E
"CRB" => "CRB___creator_biography",
"CRC" =>"CRC___creator_culture_nationality", 35F
35G
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"CRG" => "CRG_creator",
"CRN" => "CRN__creator_name",
"CRQ" => "CRQ__creator_qualifier",
"CRR" => "CRR__creator_role",
"CRT" => "CRT__creator_name_text",
"CXD" => "CXD__context_description",
"CXG" => "CXG_context",
"CXP" => "CXP__context_related_person",
"CXS8" => "CXS__context_related_site_place",
"CXT" => "CXT__context_time_period_dates ",
"DCB" => "DCB__documented_cataloged_by",
"DCD" => "DCD__documented_cataloged_date ",
"DCG" => "DCG_documentation_cataloguing_history",
"DEL" => "DEL__amico_deletion_flag",
"MCM" => "MCM__measurement_component_measured",
"MDU" => "MDU_measurement_dimension_units",
"MDV" => "MDV__measurement_dimension_value",
"MED" => "MED__measurement_dimension",
"MEG" => "MEG_measurements”,
"MEQ" => "MEQ__measurement_qualifier ",
"MET" => "MET__measurements_text",
"OCE" => "OCE__creation_date_end",
"OCG" => "OCG_creation_dates",
"OCH" => "OCH__condition_examination_history",
"OCP" => "OCP__creation_place",
"OCQ" => "OCQ__creation_date_gqualifier”,
"OCR" => "OCR__critical_responses”,
"OCS" => "OCS__creation_date_start",
"OCT" => "OCT__creation_date_text",
"OEH" => "OEH__exhibition_or_loan_history",
"OEN" => "OEN__edition",
"OIN" => "OIN__inscriptions_and_or_marks",
"OMD" => "OMD__materials_and_techniques_description",
"OMG" => "OMG_materials_and_techniques",
"OMM" => "OMM__materials_and_techniques_materials_term",
"OMS" => "OMS__materials_and_techniques_support",
"OMT" => "OMT__materials_and_techniques_process_technique_term",
"O0A" => "O0A__owner_accession_number”,
"O0C" => "00C__owner_credit_line",
"O0G" =>"00G_owner",
"OON" => "OON__owner_name",
"OOP" => "O0P__owner_place", ,
"OPA" => "OPA__physical_orientation_arrangement",
"OPD" => "OPD__physical_description",
"OPQO" => "OPQ__provenance_prior_owners_text",
"OPP" => "OPP__object_parts_pieces",
"ORG" => "ORG_rights_copyright",
"ORL" => "ORL__copyright_link",
"ORS" => "ORS__copyright_statement",
"OST" => "OST__state",
"OTG" => "OTG_object_title_name",
"OTH" => "OTH__treatment_conservation_history",
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"OTN" => "OTN__object _title_name",

"OTT" =>"OTT__title_type ",
"OTY" =>"OTY__object_type",
"RDD" => "RDD__related_document_description”,
"RDG" =>"RDG_related_documents",
"RDL" =>"RDL__related_document_identifier_link",
"RDR" =>"RDR__related_document_relationship_type",
"RID" => "RID__related_image_description”,
"RIG" => "RIG_related_images",
"RIL" => "RIL__related_image_identifier_link",
"RIP" => "RIP__related_image_preferred",
"RIR" => "RIR___related_image_relationship_type",
"RMD" => "RMD_ related_multimedia_description",
"RMG" => "RMG_related_multimedia",
"RML" => "RML__related_multimedia_identifier_link",
"RMR" => "RMR__related_multimedia_relationship_type",
"RWD" =>"RWD__related_works_description",
"RWG" => "RWG_related_works_of art",
"RWL" => "RWL__related_works_identifier_link",
"RWR" => "RWR_related_works_relationship_type ",
"STD" =>"STD__style_period_description",
"STG" => "STG_style_period",
"STT" =>"STT_style_period_terms ",
"SUG" => "SUG_subject_matter",
"SUI" => "SUI__subject_matter_iconography",
"SUP" => "SUP__subject_matter_preiconographic_description",
"SUT" => "SUT__subject_matter_index_terms ",
"XAM" => "XAM__amico_mode",
"XCC" =>"XCC__dc_creator_corporatename”,
"XCM" => "XCM__amico_format_colormetric”,
"XCN" =>"XCN_dc_creator",
"XCP" => "XCP__dc_creator_personalname”,
"XCR" =>"XCR__dc_creator_role ",
"XDA" => "XDA__dc_date",
"XDC" =>"XDC__dc_contributor_corporatename",
"XDE" => "XDE__dc_description",
"XDL" => "XDL__metadata_delition_flag",
"XDN" => "XDN_dc_contributor",
"XDP" =>"XDP__dc_contributor_personalname”,
"XDR" =>"XDR__dc_contributor_role ",
"XFC" =>"XFC__amico_format_compression”,
"XFD" =>"XFD__amico_format_dimensions",
"XFE" => "XFE__amico_format_encoding",
"XFF" =>"XFF__amico_format_filesize",
"XFQO" =>"XFO_dc_format",
"XFP" =>"XFP__amico_format_colorpalette”,
"XID" =>"XID__dc_resource_identifier",
"XLY" =>"XLY__metadata_library_year",
"XMN" => "XMN__amico_media_note",
"XPR" =>"XPR__metadata_data_processing_note",
"XPU" => "XPU__dc_publisher",
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"XRI" => "XRI__dc_relation_identifier",
"XRS" =>"XRS__dc_rights",
"XRT" =>"XRT__dc_resourcetype",
"XRY" => "XRY__dc_relation_type",
"XTI" =>"XTI__dc_title",
"XVD" => "XVD__amico_metadata_validation_date",
"XVV" =>"XVV__amico_data_dictionary_version"

)

sub name { # long or short tagnames
return $_[0] # short

# return $long_tag{$_[0]} # long

}

my %is_group = (); # what tags are groups?

while ((my $tag, my $long) = each %long_tag) {
$is_group{$tag} = 1 if ($long !~ /__/);

my %group_members = # members of each group
(
"CLG" =>"CLS CLT",
"CRG" =>"CRQ CRT CRN CRC CDT CBD CBP CBQ CDD CDP CDQ CAD CAP CGN CRB CRR
CNO", .
"CXG" =>"CXD CXP CXS CXT",
"DCG" =>"DCB DCD",
"MEG" =>"MCM MED MDV MDU MEQ",
"OCG" =>"OCT OCS OCE ocQ",
"OMG" =>"OMD OMT OMM OMS",
"O0G" => "OON OOP O0OA 00C",
"ORG" =>"ORS ORL",
"OTG" =>"OTN OTT",
"RDG" =>"RDD RDR RDL",
"RIG" => "RIP RID RIRRIL",
"RMG" => "RMD RMR RML",
"RWG" => "RWD RWR RWL",
"STG" =>"STD STT",
"SUG" => "SUP SUI SUT",
"XCN" =>"XCP XCC XCR",
"XDN" => "XDP XDC XDR",
"XFO" => "XFE XFP XCM XFD XFF XFC",
"XRE" =>"XRY XRI"

)

FIGURE 35D



WO 01/73611 PCT/US01/09201

70/118

my %group = (); # inverse: returns the group of a member

while ((my $group, my $memstr) = each %group_members) {
my @members = (Smemstr =~ m/[A-Z]{3}/g);
foreach (@members) {
$group{$_} = $group;
}
}

sub escXML { # escape characters: EXTEND/FIX!
$_=8_[0};
s/</&lt:/g;
s/&/&amp;/g;
s/alalg;
s/alalg;
s/alalg;
sl/élelg;
s/élelg;
s/iinig;
s

}

- sub output_fields { # output all fields from current record

@record = @_;

my $field = shift @record; # get the next field

if (defined $field) {
&output_field($field); # output it (and more if group!)
&output_fields(@record); # recurse through the remains

# of @record
}

}

sub output_field { # output the given field PLUS follow-up group
# members!
(my $field) = @_;
if ($field =~ /([A-Z}3N(.*)) { #is it a 3 letter tag + data?
my $tag = $1; my $data = $2;

if ($long_tag{$tag}) { # do we know this tag?
if (Bis_group{$tag}) { #is it a group?
print &ind, "<", &name($tag), ">\n";
$tab +=2;
&output_group($tag); # and output closing tag!
else { # it's a simple recognized tag
print &ind, "<", &name($tag), ">",
&escXML($data),
"</, &name($tag), ">\n";
}
} else{ # don't know this tag!

print "<am_ERROR type = \"unrecognized tag\">";
print &ind, "<$tag>", &escXML($data), "</$tag>\n";
print "</am_ERROR>\n";

}
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}else { # don't understand that field!
print "<am_ERROR type = \"unrecognized field\">", $_;
print "</am_ERROR>\n";

}

}

sub output_group { # output fields WHILE in same group
(my $grp) = @_;
my $field = shift @record; # get the next field

if (defined $field) {
if ($field =~ /([A-Z]}{3})/) {# should be a tag
if (defined $group{$1} and $group{$1} eq $grp) {
# still in the same group??
&output_field($field);

&output_group($grp); # STAY in the same group
} else { # LEAVE group!
$tab -= 2;

print &ind, "</", &name($grp), ">\n"; # closing tag for group
&output_field($field);
}
} else { # don't understand that field!
print "<am_ERROR type = \"unrecognized field\">", $_;
print "</am_ERROR>\n";

}
} # empty @record => done
}
sub get_record {  # read the next record and return first tag
chomp;
@record = split A}~/; # End-Of-Record = "|\n"
my $last = pop(@record); # get EOR
if ($last ne "|") { # ...and check
print STDOUT "** ERROR: unknown delimiter <$last>\n";
}

if (@record) { # check if non-empty
return substr($record[0],0,3) # return the tag name

} else {
print STDOUT "*** WARNING: empty record\n";

return O

}
}
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MAIN

I3 I

open(AM_OBJS, ">amico_objects.xml") or die "*** ERROR <@_>\n<$?>\n";
open(AM_MEDIA, ">amico_media.xml") or die "*** ERROR <@_>\n<$?>\n",;

print AM_OBJS <<EOF;
<am_objects>
EOF

print AM_MEDIA <<EOF;
<am_media>
EOF

# print AM_OBJS <<EOF;

# <7xml:stylesheet type="text/xsl" href="amico_objects.xs|"?>
# <am_objects>

# EOF

# print AM_MEDIA <<EOF;

# <7xmi:stylesheet type="text/xslI" href="amico_media.xsl"?>
# <am_media>

# EOF

while (<>) {
if (my $tag = &get_record) { # get next record and tag name
if (Stag eq "AID") {
select(AM_OBJS);
print &ind, "<am_object>\n";
Stab += 2,
&output_fields(@record) ;
$tab -= 2;
print &ind, "</am_object>\n";
} elsif ($tag eq "XID") {
select(AM_MEDIA);
print &ind, "<am_media_metadata>\n",
$tab += 2;
&output_fields(@record) ;
$tab -= 2;
print &ind, "</am_media_metadata>\n";
}else {
print STDOUT "** ERROR: unknown tag <$tag> in record: <@record>\n"

} else {
print STDOUT "** ERROR: get_record failed\n";
}
}

print AM_OBJS "</am_objects>\n";
print AM_MEDIA "</am_media>\n";
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# Perl Script to convert XML SLA version
# into software independent OAV
# representation, ready to.be # loaded
# into a variety of engines:
# - Prolog engine, or
# - relational database engine, or
# - XML database engine, or
# - other
M 36A 36N
# SCRIPT devised by Richard Marciano &
# Bertram Ludaescher & 36B 360
# Reagan Moore
# August 20, 2000, copyright RiM + BL + ReM 36C 36P
# ________________________________________
#!/usr/local/bin/perl 36D 36Q
#use strict;
" 36E 36R
@boa; %boatype_hash = (); my $bill_count = 0; 36F 36S
my $amdt_count = 0; my $con_res_count = 0;
my $j_res_count = 0; my $res_count = 0;
36G 36T
@abstract; %a_value = ();
@congressional_record; %cr_value = (); 36H 36U
@cosponsors; %cs_value = (); @date_introduced;
$di_value = (); edigest; %d_value = ();
@latest_status; %ls_value = (); @status_actions; 36! 36V
$sa_value = (); @official_title; %ot_value = ();
@sponsor; %s_value = (); @statement_of_purpose; 364 36W
$sop_value = (); @submitted_by; %sb_value = ();
@submitted_for; %$sf_value = (); @filename_senator; 36K 36X
@filename_period; @prepared by; @senator;
@occurrence_section; ®occurrence_committee;
36L 36Y
@topic_index; %ti_value= ();
Bommmmmmm o s s 36M 36Z
my $MORE_SIZE = 20;
my $bill_index 2 = "';
my %tempH = {();
my $line; my $hl; my $h2 = ""; my $h3; my $h4; my $h5; my $hé6_1 = ""; my $hé6_2

= mw,

my $prev_h2 = "";

my $section = 0; my $committee = "';

my $senNAME "w. my $state = ""; my $senid;

my $filename;
my $line_number;
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my ®llfile;

opendir THISDIR , "XMLDATA" or die "can't find DIRECTORY: $!';
@allfile = grep /_LAR/, readdir THISDIR;

closedir THISDIR;

open( LOG, ">logfile" ) || die "*ERROR: can't open logfile\n" ;

foreach my $sen (@allfile) ({

#my $sen = "D_$ARGV[1] LARSARGV([0] 106.xml";
#my $sen = "D_1CP_LAR_S106_106.xml";
#my $sen = "D_1CP_LAR_S216_106.xml";
#my $sen = "D_1 LARI_S272_106.xml";

$sen =~ m/.+\_.+\_.+\_S(\d+)\_.+/;
$senid = $1;

$senid = $1;

$senNAME = "v;

$filename = $sen;
$line_number = 0;

open( SEN106, "XMLDATA/$sen" ) || die "*ERROR: can't open S$sen\n" ;
#open( SEN106, "$sen" ) || die "*ERROR: can't open $sen\n" ;

&process_header( S$sen );

Nl:while( $line = <SEN106> ) ({
$line_number++;
N2:;
# DETECT SECTION headers
if ( $line =~ m/hidden="on">(.+)<\/string>/ ) ({

$hl = $1;
# <p align="left" bold="on"><string bold="on">SECTION I. SPONSORED
MEASURES</string></p>
if { $hl =~ m/SECTION I\./ ) {
$section = 1; $h6_1 = ""; $h6_2 = "v;
my $ov = $senid . "_" . "$line_numbexr";

my $len = S$Hoccurrence_section;
$occurrence_section[ $len + 1 ]
$section, $hl) ];

[ ($senid, $line_ number,

}

elsif ( $hl =~ m/SECTION II\./ ) {
$section = 2; $h6_1 = ""; $he 2 = "";
my $ov = $senid . “"_" . "$line_number";
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elsif ( $hl =~ m/SECTION IV\./ ) {
$section = 4;

my $ov = $senid . *_" . "$line number";

my $len = $#occurrence_section;
$occurrence_section| $len + 1 ] = [ ($senid, $line_number,

$section, $hi) ];

elsif ( $hl =~ m/SECTION V\./ ) {
$section = 5; $h6_1 = "'; $he_2 = "v;

my $ov = $senid . "_" . "Sline number";

my $len = $i#occurrence_section;
$occurrence_section( $len + 1 ]
$section, $hil) ];

}

elsif ( $hl =~ m/SECTION VI\./ ) {
$section = 6; $h6_1 = "*; $h6_2 = "v;

[ ($senid, $line_number,

my $ov = $senid . "_" . "$line number";

ny $len = $#foccurrence_section;
$occurrence_section| $len + 1 ]
$section, $hil) ];

[ ($senid, $line_ number,

elsif ( $hl =~ m/SECTION VII\./ ) {
$section = 7; $h6_1 = "v; $h6_2 = "n;

my $ov = $senid . "_" . "$line_ number";

my $len = $#occurrence_section;
$Soccurrence_section[ $len + 1 ] = [ ($senid, $line number,

$section, $hil) J;
&process_index;

else {
print LOG "!!! exror:COULD NOT RECOGNIZE SECTION NUMBER !!!!\n";
}

}

# DETECT #**** BILL NUMBERS

elsif ( $line =~ m/>\*\*\*\* (.+)<\/p>/ ) {
$h2 = $1;
$h2 =~ s/\s*//g;

if ( $prev_h2 ne v ) {
# S.123 1 dot
# S.Amdt.123 2 dots
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$boatype hash{ bill }{ $bill }++;
}
}
else {

if( $list([1] eqg "Amdt" )
$amdt_count++;

my $bill;
foreach $bill ( sort keys %{$tempH{$prev_h2}} ) {
if ( $boatype_hash{ amdt }{ $bill } eq "" ) {
$boatype_hash{ amdt }{ $bill } = 0;
}

$boatype_hash{ amdt }{ $bill }++;
}
}
elsif ( $1list{1l] eqg "Con" ) ({
Scon_res_count++;

foreach my $bill ( sort keys %{$tempH{$prev_h2}} ) {
if ( $boatype hash{ con_res }{ $bill } eq "" ) {
$boatype_hash{ con_res }{ $bill } = 0;
}

$boatype_hash{ con_res }{ $bill }++;
}
}
elsif ( $list[1] eq "J" ) {
$j_res_count++;

foreach my $bill ( sort keys %{$tempH{S$prev h2}} ) |{
if ( $boatype_hash{ j_res }{ $bill } eq "" ) {
$boatype_hash{ j_res }{ $bill } = 0;
}

$boatype hash{ j_res }{ $bill }++;
}
}
elsif ( $list[1l] eq "Res" ) {
$res_count++;

foreach my $bill ( sort keys %{$tempH{$prev_h2}} ) {
if ( $boatype_hash{ res }{ $bill } eq "" )
$boatype_hash{ res }{ $bill } = 0;

}
$boatype hash{ res }{ $bill }++;

}
}
else {
print "$prev_h2\tERROR in recording boatype_hash\n";

}
}
$list = "u;

}

$prev_h2 = $h2;

FIGURE 36D



WO 01/73611 PCT/US01/09201

77/118
# SKIP OVER header SECTIONS
#<headers
#<p align="center" bold="on" italic="off"><field><fldinst> PAGE
</fldinst><fldrslts><string charstyname="" bold="on" italic="off">2</string>
# </£fldrslt></field></p>

#<p align="right" bold="on" italic="off"><string bold="on" italic="off">Paul
S. Sarbanes</strings</p>

#<p align="left" bold="on" italic="off"><string bold="on" italic="off">SECTION
IV. COSPONSORED MEASURES</string></p>

#<p align="left" bold="on" italic="off"s<string bold="on"
italic="off">&tab;&tab; ORGANIZED BY COMMITTEE REFERRAL</strings></p>

#<p align="left" bold="on" italic="off"><string bold="on"
italic="off">&tab;&tab; SENATE: AGRICULTURE</string></p>

#<p align="left" bold="off" italic="off"></p>

#</header>

elsif ( $line =~ m/<header/ ) {
my $i = 0;
while( $line = <SEN106> )
$line_number++;
if ( $line =~ m/<p align=.+>(.+)<\/p>/ ) {

$h4 = $1;
Si++;
if ( $i == 3 && ( $section == 2 || $section == 3 || $section
==4 ) ) {
$h4 =~ w/SECTION (.+)\. .+<\/string>/;
$hs = $1;
if ( $h5 eg "III" ) {
Scommittee = 3;
elsif ( $h5 eqg "IV" ) {
$committee = 4;
else {
$committee = "";
}
}
elsif { $i == S && ( $committee == 3 || $committee == 4 ) ) {
$h4 =~ m/SECTION (.+)\. .+<\/strings/; -
$ha =~ m/&tab;&tab;\s+(.+)<\/strings/;
$h6_1 = "COMMITTEE";
$h6_2 = "g1v;
my $ov = $senid . "_" . "$line_ number";
# $occurrence_value{ $ov } = "";
my $len = $#occurrence_committee;
$occurrence_committee[ $len + 1 ] = [ ($senid,
$line_number, $committee, $hé6_2) 1;

}
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my $ov = $senid . "_" . "$line number";
$di_value{ $val } = "v;

my $len = $#date_introduced;
$date_introduced[ $len + 1 ] = [ ($senid, $line number, $val) ];

if ( $section == 1 || $section == 3 ) {
$tempH{$h2 ) {SPONSOR} = "$senid";

my $ov = $senid . "_" . "-1";

my $s = $senid;
$s =~ s/ /_/9;
$S_value{ $s } = v,

my $len = S#sponsor;
$sponsor{ Slen + 1 1 = [ ($senid, "-1", $s) ]:

elsif { $section == 2 || $section == 4 ) {
$line = <SEN106>;
$line number++;
<p bold="off" italic="off">SPONSOR: Daschle</p>

if ( $line =~ m/<p .+>(.+): (.+)<\/p>/ ) {
my S$mysponsor = $1;
my $value = $2;
$tempH{$h2} {SPONSOR} = $value;

my $ov = $senid . "_" . "$line_number";

my $s = $value;
$s =~ s/ /_/9;

$s_va1ue{ $s } = nn,

my $len = $#sponsor;
¢sponsor[ $len + 1 1 = [ ($senid, $line number, $s) 1;

elsif ( $section == 5 )
<p>SUBMITTED FOR: S. 4&tab; CONGRESSIONAL RECORD: S1830</p>
$line = <SEN106>;
$line_number++;
if ( $line =~ m/<p>(.+)<\/p>/ ) {
my $submit = $1;
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my $ov = $senid . "_" . w-1v;

my $s = $senid;
$s =~ s/ /_/9;
$s_value{ $s } = "v;

my $len = $#sponsor;
$sponsor{ $len + 1 ] = [ ($senid, "-1", $s) 1;

$line = <SEN106>;

$line_number++;

if ( $line =~ m/<p>{.+}: (.+)<\/p>/ } {
my $submitted_by = $1;
my $value = §$2;

$tempH{$h2} {SUBMITTED_BY} = $value;

my $ov = $senid . "_" . "$line number";
my $sb = $value;

$sb =~ s/ /_/g;

$sb_value{ $sb } = "v;

my $len = $#submitted_by;

PCT/US01/09201

$submitted_by[ $len + 1 ] = [ ($senid, $line_number, $sb)

elsif ( $line =~ m/<p align=.+>(.+)<\/p>/ ) {
$h3 = $1;
goto N¢4;

}

elsif ( $section == 6) {

<p>SPONSOR: Murray</p>

<p>SUBMITTED BY: Bingaman</p>

$line = <SENL106>;

$line_number++;

if ( $line =~ m/<p>(.+)<\/p>/ ) {
my $submit = $1;
my ($partl, $part2) = split(/&tab;/, S$submit);
my ($partl_1l, -$partl_2) split(/: /, S$partl);
my (s$part2_1, $part2_2) split(/: /, $part2);

o

$partl_2 =~ s/\s*//g;

$tempH{$h2} {SUBMITTED FOR} = $partl_ 2;
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$tempH{$h2} {CONGRESSIONAL_RECORD} = S$part2_2;
# _______________________
$ov = $senid . "_" . *gline number”;
my $cr = $part2_2;
$ex =~ s/ /_/9;
$cr_value{ $cr } = "v;
$len = $#congressional_record;
## $congressional_record([ $len + 1 ]

$line number, $cr, $h2) J;

$congressional_record[ $len + 1 ] =

$line_number, $cr) 1;

(.+)<\/p>/ ) {

(.+)<\/p>/ ) {

S
}
$line = <SEN106>;
$line_number++;
if ( $line =~ wm/<p>(.+):
my $mysponsor = $1;
my $value = $2;
$tempH{$h2} {SPONSOR} = $value;
Bommmmmmm e
my $ov = $senid . "_"
my $s = $value;
$s =~ s/ /_/9;
$s_value{ $s } = "u;
my $len = S$#sponsor;
$sponsor [ $len + 1 ]
Bommmmmmmmmmmm e e
}
$line = <SEN106>;
$line_number++;
if { $line =~ m/<p>(.+):
my $submitted by = $1;
my $value = $2;
$tempH{$h2} {SUBMITTED BY} = $value;
# _______________________

my $ov = $senid .

my $sb = $value;
$sb =~ 8/ /_/9;

$sb_value{ $sb } = "v;

non

my Slen = $#submitted_by;
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N4:if ( $h3 eqg "COSPONSORS" ) {
# <p bold="off" italic="off"s>Edwards; Bayh; Kerry; Bingaman (A-
11/05/1999) :</p>
$line = <SEN106>;
$line_number++;
if ( $line =~ m/<p .+>(.+)<\/p>/ ) {
my $mycosponsors = $1;

if ( ($mycosponsors ne "") && ($mycosponsors ne "NONE") ) {
$StempH{$h2} {COSPONSORS} = $mycosponsors;
my Sov = $senid . "_" . "$line_number";
my $cs = $mycosponsors;
$cs =~ s/ /_/9;
$cs_value{ $cs } = "v;
my $len = $#cosponsors;

$cosponsors[ $len + 1 1 = [ ($senid, $line_number, $cs) 1;

else {
$tempH{$h2 } { COSPONSORS }

"NONE" ;

my $ov = $senid . "_" . "$line_number";

my $cs = $mycosponsors;
$cs =~ s/ /_/g;

$cs_va1ue{ scs } = ",

my $len = $#cosponsors;
$cosponsors{ $len + 1 ] = [ ($senid, $line_number, $cs) 1;

else {
print LOG "!!! error:$senid:$h2:$h3 COSPONSORS tag !!!!\n";

}

elsif ( $h3 eq "OFFICIAL TITLE" ) {
# <p bold="off" italic="off">....... </p>
$line = <SEN106>;
$line_number++;
if ( $line =~ m/<p .+>(.+)<\/p>/ ) {
my Stitle = $1;
$tempH{$h2) {OFFICIAL_TITLE} = S$title;

my Sov = $senid . "_" . "$line_ number";
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elsif ( $h3 eqg "LATEST STATUS" || $h3 eq "STATUS ACTIONS" ) {

# <p bold="off"><string bold="on">Oct 25, 1999&tab;Became Public
Law No: 106-80.</string></p>
# <p><string>May 27, 1999&tab;Proposed amendment S.Amdt. 387
withdrawn in Senate.</string></p>
# <p><string>May 27, 1999&tab;Proposed by Senator Levin for Senator
Sarbanes.</string></p> )
# <p align="center" italic="off">ABSTRACT</p>

my $cumulative_content = "%;

my $i = 0;

my $save_line number;
while ( $line = <SEN106> )
$line numbexr++;
if ( $1 == 0 ) { $save_line_number = $line_number; }
Si++;
if ( $line =~ m/<p.*><string.*>(.+)<\/string><\/p>/ ) {
my $content = $1;

$cumulative_content .= "Scontent CCCRRR "; # replace \n
with " CCCRRR "
}
else {
if ( $h3 eq "LATEST STATUS" ) {
$tempH{$h2} {LATEST STATUS} = $cumulative_content;
elsif ( $h3 eqg "STATUS ACTIONS" ) {
$tempH{$h2)} {STATUS_ACTIONS} = $cumulative_content;
# _______________________
my $ov = $senid . "_" . "$line number";
if ( $h3 eqg "LATEST STATUS" ) {
my $status = $cumulative_content;
$status =~ s/ /_/g;
$1s_value{ $status } = "";
my $len = $#latest_status;
$latest_status| $len + 1 ] = [ ($senid, $line_number,
$status) 1;
}
elsif ( $h3 eq "STATUS ACTIONS" ) {
my $status = $cumulative_content;
$status =~ 8/ /_/9;
$sa_value{ $status } = "";
my $len = $#status_actions;
$status_actions({ $len + 1 ] = [ ($senid, $line_number,
$status) 1;
}
Bomommmmmmm e
goto N2;
}
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}

elsif ( $h3 eq "ABSTRACT" ) ({
<p italic="off">NONE</p>
$line = <SEN106>;
$line_number++;
if ( $line =~ m/<p.*>{.+)<\/p>/ ) {
my $abstract = $1;
$tempH{$h2} {ABSTRACT} = $abstract;

my $ov = $senid . "_" . "$line number";

my $a = $abstract;
$a =~ s/ /_/9;

$a_value{ $a } = "v;

my $len = $#abstract;
$abstract{ $len + 1 ] = [ ($senid, $line_number, $a) ];

else {
print LOG "!!! error:$senid:$h2:$h3 ABSTRACT tag !!!!\n";

}

elsif ( $h3 eq "STATEMENT OF PURPOSE" ) {
<p align="center" italic="off">STATEMENT OF PURPOSE</p>

<p italic="off"s...</p>
OR

<p align="center" italic="off">ABSTRACT</p>
OR

</section>

$line = <SEN106>;
$line_number++;

my $ov = $senid . "_" . "$line_number";
if ( $line =~ m/<p italic=.+>(.*)<\/p>/ ) {
my $stmt = $1;
if ( $stmt eq "* ) {

$tempH{$h2} {STATEMENT_OF PURPOSE} = $stmt;
else {
S$tempH{$h2} {STATEMENT OF PURPOSE} = $stmt;

my $sop = $stmt;
$sop =~ s/ /_/9;
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my $SOp = u n,.

$sop_value{ $sop } = "v;

my $len = $#statement_of_purpose;

$statement_of_purpose[ $len + 1 ] = [ ($senid, $line_number,
$sop) 1; :
Homomcmmmmm e

goto N2;

else {

print LOG "!!! error:$senid:$h2:$h3 STATEMENT OF PURPOSE tag

1111\n";

}

elsif {-$h3 eq "DIGEST" ) {
# <p italic="off">NONE</p>
$line = <SEN106>;
$line_number++;
if ( $line =~ m/<p .+>(.+)<\/p>/ ) {
my $mydigest = $1;
$tempH{$h2}{DIGEST} = S$mydigest;

Hom oo
my $ov = $senid . "_" . "$line_number";
my $d = $mydigest;
$d =~ s/ /_/9:;
$d_value{ $d } = "";
my S$len = $#digest;
$digest[ $len + 1 1 = [ ($senid, $line_number, $d4) 1:;
Bom oo o
else {
print LOG "!!! error:$senid:$h2:$h3 DIGEST tag !!!!\n";
}
}
else {
print LOG "!!! error:$senid:$h2:$h3 UNKNOWN tag !!!!\n";
}

} # END WHILE

THEEND: ;
$prev_h2 = $h2;

} # comment out foreach loop

my $Sbuff = v,
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PROCS :

if ( $inputstr eq "q" )
elsif( $inputstr eq "b" )
elsif( $inputstr eq "a" )
elsif ( $inputstr eq "ha" )
elsif( $inputstr eq "cr" )
elsif( $inputstr eq "hecr" )
elsif ( $inputstr eq "cs" )
elsif( $inputstr eq "hecs" )
elsif( $inputstr eqg "di" )
elsif( $inputstr eq "hdi" )
elsif ( $inputstr eq "d" )
elsif( $inputstr eg "hd" )
elsif( $inputstr eq "ls" )
elsif( $inputstr eqg "hls" )
elsif( $inputstr eq "sa" )
elsif( $inputstr eq "hsa" )

{ goto MYEND; }

{ sprint_table( "boa" ); }

{ sprint_table( "abstract" ); }

{ sprint_hash ( "a_value" ); }

{ sprint_table( "congressional_record" ); }

{ sprint_hash ( "cr_value" ); }

{ sprint_table( "cosponsors" ); }

{ sprint_hash ( "cs_value" ); }

{ sprint_table( "date_introduced" ); }

{ sprint_hash ( "di_value" ) }

{ sprint_table( "digest" ); }

{ sprint_hash ( "d_value" ); }

{ sprint_table{ "latest_status" ); }

{ sprint_hash ( "ls_value" ); }

{ sprint_table( "status_actions" ); )}

{ sprint_hash ( "sa_value" ); }

elsif( $inputstr eg "ot" ) { sprint_table{ "official_title" ); }

elsif( $inputstr eq "hot" ) { s&print_hash ( "ot_value" }; }

elsif( $inputstr eq "s" ) { sprint_table( "sponsor" }; }

elsif( $inputstr eq "hs" ) { sprint_hash { "s_value" ); }

elsif ( $inputstr eq "sop" ) { &print_table( "statement of purpose" ); }

elsif ( $inputstr eq "hsop" ) { &print_hash ( "sop_value" ); }

elsif( $inputstr eg "sb" ) { sprint_table( "submitted by" ); }

elsif ( $inputstr eqg "hsb" ) { &print_hash ( "sb_value" ); }

elsif( $inputstr eq "sf" ) { sprint_table( "submitted_for" ); }

elsif( $inputstr eq "hsf" ) { &print_hash ( "sf_value" ); }

elsif ( $inputstr eq "ti" ) { sprint_table{ "topic_index" ); }

elsif( $inputstr eq "hti" ) { &print_hash( "ti_value" ); }
{
{
{
{
{
{
{
(0]

gprint_table( "filename senator" ); }
&print_table( "senator" }; }
&print_table( "filename_period" ); }
sprint_table (- "prepared_by" ); }
&print_table( "occurrence_ section" ); }
&print_table( "occurrence_committee" ); }
&pretty_print_tables( "106" ); }
PTION ***#\n"; }

elsif( $inputstr eq "1" )
elsif ( $inputstr eqg "2" )
elsif( $inputstr eq "3" )
elsif( $inputstr eq "4" )
elsif( $inputstr eq "S" )
elsif( $inputstr eq "6" )
elsif( $inputstr eqg "pp" )
else { print "\t\t**** WRONG

&print_prompt;

}

MYEND: ;

close LOG;
exit;
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print w\t\"4\". digest ...t \"hd\". d_value\n";
print "\t\"ls\". latest_status ........... \"hls\". 1s_value\n";
print "\t\"sa\". status_actions .......... \"hsa\". sa_value\n";
print "\t\"ot\". official_title .......... \"hot\". ot_value\n";
print "\t\"s\". SPONSOL vt tvvnnnnennnnnn \"hs\". s_value\n";
print "\t\"sop\". statement_of_ purpose .... \"hsop\". sop_value\n";
print "\t\"sb\". submitted by ............ \"hsb\". sb_value\n";
print "\t\"sf\". submitted_for ........... \"hsf\". sf_value\n";
print "\t\"ti\". topic_index ............. \"hti\". ti_value\n";
print "\t\n";

print "\t\"1\". filename_senator --- \"2\", senator\n";

print "\t\"3\". filename_period --- \"4\". prepared_by\n";
print "\t\"5\". occurrence_section --- \"6\". occurrence_committee\n";.

print "\t\n";
print "\t\"pp\". pretty print (Prolog)---\n";
print n *********************************\n";

pretty print_tables {
my $sid = $_[0];

my $DIR = "Prolog/sen_$senid";
mkdir $DIR, 0755;

open{ PP, ">$DIR/boa.P" ) || die "*ERROR: can't open\n"
&pretty print( "boa" );

close PP;

open( PP, ">$DIR/abstract.P" ) || die "*ERROR: can't open\n"

&pretty print( "abstract" );

close PP;

open( PP, "5$DIR/congressional_record.P" ) || die "*ERROR: can't open\n" ;
&pretty_print ( "congressional_ record" );

close PP;

open( PP, ">$DIR/cosponsors.P" ) ]] die "*ERROR: can't open\n"
&pretty print( "cosponsors' );

close PP;

open( PP, ">$DIR/date introduced.P" ) || die "*ERROR: can't open\n" ;
&pretty_print( "date_introduced" );

close PP;

open( PP, ">$DIR/digest.P" ) || die "*ERROR: can't open\n"

&pretty print( "digest" );

close PP;

open( PP, ">$DIR/latest_status.P" ) || die "*ERROR: can't open\n"
&pretty print( "latest_status" );

close PP;

open( PP, "s>$DIR/status_actions.P" ) || die "*ERROR: can't open\n"
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open( PP, ">$DIR/statement of_purpose.P" ) || die "*ERROR: can't open\n" ;
&pretty print( "statement_of_purpose" );

close PP;

open( PP, ">$DIR/submitted by.P" ) || die "*ERROR: can't open\n"
&pretty print( "submitted_by" );

close PP;

open{ PP, ">$DIR/submitted_for.P" ) ]] die "*ERROR: can't open\n"
&pretty print( "submitted_for" );

close PP;

open{ PP, ">$DIR/topic_index.pP" ) || die "*ERROR: can't open\n"
&pretty print( "topic_index" );

close PP;

open( PP, ">$DIR/filename_senator.P" ) || die "*ERROR: can't open\n"
&pretty print( "filename_senator" );

close PP;

open{ PP, ">$DIR/filename_period.p" ) || die "*ERROR: can't open\n"
&pretty print( "filename_ period" );

close PP;

open{ PP, ">$DIR/senator.P" ) || die "*ERROR: can't open\n"

&pretty print({ "senator" );

close PP;

open( PP, ">$DIR/prepared_by.P" ) || die "*ERROR: can't open\n"
&pretty print ( "prepared by" );

close PP;

open{ PP, ">$DIR/occurrence_section.P" ) || die "*ERROR: can't open\n"
&pretty print( "occurrence_section" );

close PP;

open{ PP, ">$DIR/occurrence committee.P" ) || die "*ERROR: can't open\n" ;
&pretty_ print( "occurrence committee" );

close PP;

sub pretty print {
my Sarg_table = $_[0];

# digest ('quoted strings', .., .. , ..).
my $buff = "v;
my @arr = "";

my $inputstr = "";

no strict;
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else {
print PP "\'$aref->{$jI\',";
}
}

$aref->[$n] =~ s/_/ /g;
if{ $arg table eq "latest_status" || $arg table eqg "status_actions" )

$aref->[$n] =~ s/ CCCRRR /\n/g;
my @list = split(/\n/, $aref->{$nl);
my S$len = $#list;
my $newstr = "{[";
foreach my $1i ( 0 .. $len ) {
my ($ls_date, $ls_mesg) = split(/&tab;/, $list($i]l);

$newstr .= "d(\'$ls_date\',";
$newstr .= "\'$ls _mesg\')";
if( $len > 0 && $i < $len )
$newstr .= ", ";
}
}
$newstr .= "]";

Saref->($n] = $newstr;
print PP "Saref->[$n]";
print PP ")\.\n";

}

elsif( $arg_table eqg "cosponsors" )
#Dodd; Bryan; Leahy; Edwards; Hollings; Breaux (A-02/08/2000):

if ( $aref->[$n] =~ m/.+:/ ) {
chop $aref->[$nl;

my @colist = split(/;/, S$Saref->[%n]);
my $newstr = "[";
foreach my $item (@colist) {
my S$items = "¥;
Sitem =~ m/\s*(.+)/ && ($items = $1);
my $co_name = "";
my $co_amend = "";
# Mikulski (A-11/08/1999)
if ( gitems =~ m/(.+) \{((.+)\}/ ) {
$co_name = $1;
$co_amend = $2;

$newstr .= "d(\'$co_name\',\'$co_amend\.), “;
else {

my $cosponsor_val = $items;

$newstr .= "\'$cosponsor_val\',6 ";

}
}
chop $newstr;

chop $newstr;
$newstr .= "]";
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#=============================================================================
sub print bills {

my $bill;

my $field;

foreach $bill ( sort keys %HoH ) {
print "<bill name=\"$bill\">\n";
my $flag NONE = "false";
foreach $field ( sort keys %{ $HoH{$bill} } ) {
if( $field eq "DATE INTRODUCED" ) {
print ©
<date_introduced>$HoH{$bill}{$field}</date_introduceds>\n";

elsif( $field eqg "SPONSOR" ) {
my $sponsor val = $HoH{$bill}{$field};
my Sval = "v;
ny $print_field;
$sponsor_val =~ m/*{\d+)/ && ($val = $1);
if ( $val ne "* ) { # then it's a number
my $key = $senNUMHash{ $val };
$print_field = $keypeopleHash{ $key }{ nameURI }; # use of
uninitialized value!!!
print " <sponsors>$print_field</sponsors>\n";

else { '
$sponsor_val =~ s/ //g;
$sponsor_val = lc $sponsor_val;
if ( exists( $keypeopleHash{ $sponsor val } ) ) {
$print_field = $keypeopleHash{ $sponsor_val }{ nameURI

}i
print " <sponsor>$print .field</sponsor>\n";
}
else {
print LOG "1!! In print_bills: in SPONSOR section:
keypeopleHash{ $sponsor_val } DOES NOT EXIST!\n";
print " <sponsor>$HoH{$bill} {$field}</sponsor>\n";
}
}
}
Hommm e e mmmm e mam o
elsif( $field eq "COSPONSORS" ) {
my $cosponsors = $SHoH{$bill}{$field};
if { $cosponsors =~ m/.+:/ ) {

chop $cosponsors;
} #=== COMMENT if you want COSPONSOR=NONE to disappear
print " <cosponsors>\n";
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if ( $items =~ m/(.+) \((.+)\)/ ) {
$co_name = $1;
$co_amend = $2;
my $cosponsor_val = $co_name;
my $va1 = lrn,.
my $print_field;
$cosponsor_val =~ s/ //g;
$cosponsor_val = lc $cosponsor_val;
if ( exists{ $keypeopleHash{ $cosponsor_wval } ) )

{

}{ nameURI };

$print_field = $keypeopleHash{ $cosponsor_val

print " <Co_name a-
date=\"$co_amend\">$print_field</co_name>\n";

else {
print LOG "!!! In print_bills: in COSPONSORS
section: keypeopleHash{ $cosponsor_val } DOES NOT EXIST!\n";
print *® <Co_name a-
date=\"$co_amend\">$co_name</co_name>\n";
}
else {
my $cosponsor_val = $items;
my $va1 = ""/'

my $print_field;

$cosponsor_val =~ s/ //g;

$cosponsor_val = lc $cosponsor_val; .

if ( exists({ $keypeopleHash{ $cosponsor val } ) )

{

}{ nameURI };

$print_field = $keypeopleHash{ $cosponsor_val

print "
<co_names>$print_field</co_name>\n"

else {
print LOG "!!! In print_bills: in COSPONSORS
section: keypeopleHash{ $cosponsor_val } DOES NOT EXIST!\n";
print "
<co_name>$items</co_name>\n"
}
}
print " </cosponsor>\n";
}
print " </cosponsors>\n";
# ) === UNCOMMENT if you want COSPONSOR=NONE to disappear

elsif ( $field eq "OFFICIAL TITLE" ) {
print "
<official_title>$HoH({$bill}{$field}</official_title>\n";

}

elsif ( $field eqg "LATEST STATUS" ) {
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elsif ( $field eq "ABSTRACT" ) ({
print " <abstract>$HoH{$bill}{$field}</abstract>\n";
) -

elsif ( $field eq "COMMITTEE" ) {
my $len = $#{ $HoH{$bill}{COMMITTEE} };

print " <committees>\n";
foreach my $i ( 0 .. $len ) {
print

<committee>$HOH{$bill}{$field} [$i]</committee>\n";

print * </committees>\n";

} .

elsif( $field eq "SUBMITTED_FOR" ) {
print

<submitted for>$HoH{$bill}{$field}</submitted_for>\n";

elsif( $field eg "CONGRESSIONAL RECORD" ) {

print *
<congressional_record>$HoH{$bill}{$field}</congressional_record>\n";
}
Bo oo oo
elsif( $field eq "SUBMITTED BY" ) {
my $submitted by val = $HoH{$bill}{$field};
my $val = "v;
wy Sprint_field;
$submitted_by val =~ s/ //g;
$submitted by val = lc $submitted_by_val;
if ( exists( $keypeopleHash{ $submitted by val } } ) {
$print_field = SkeypeopleHash{ $submitted_by val }{
nameURI };

print "
<submitted_by>S$Sprint_field</submitted by>\n";

else {
print LOG "!!! In print_bills: in SUBMITTEED BY
section: keypeopleHash{ $submitted_by val } DOES NOT EXIST!\n";
print "
<submitted by>$HoH{$bill}{$field}</submitted by>\n";
}
elsif ( $field eq "STATEMENT OF PURPOSE" ) {
print "

<statement_of_purpose>$HoH{$bill}{$field}</statement_of_purpose>\n";

elsif( $field eg "DIGEST" ) ({

print <digest>$HoH({$bill} {$field}</digest>\n";
else {
print LOG "!l! WRONG TAG:$field !!! in sub: print_bills\n";

}
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no strict;

my $len = $#{Sarg_table} + 1;
print "$arg table: COUNT=$len\n";
for my $i ( 0 .. $#{%arg_table} ) {

if ( t(%1 % SMORE_SIZE ) && !($i == 0) )

my $percent = ( ($i+1) / $len )
print "--More--V%;

printf( " (%1d)", $percent );
print "\% -- g: to quit\n";
read (STDIN, S$buff, 1);

for ( my $i = 0; ; read(STDIN,
if ( 81 == ) { earr="n; }
Sarr[$i++] = Sbuff;
if ( $buff eq "\n" ) ({

* 100;

$buff, 1) )

$inputstr = join '', @arr;

chop $inputstr;
goto NEXT;

}

$buff = "n;

}

NEXT:

sub

{

if ( $inputstr eq "q" ). { goto END_PRINT TABLE; }

my $aref = ${$arg_table} ($i];

my $n = @Saref - 1;

printf ( "\t%s5d:", $i );

formy $j (0 .. $n ) {
print "\t$aref->[$j1";

}

print "\n";
}

END_PRINT TABLE: ;

print_hash {
my $arg_hash = $_[0];

no strict;

my $buff = "v;
my @rr = "";
my $inputstr = "";

my $len = scalar keys %{$arg_hash};
print "$arg hash Hash: COUNT=$¢len\n";
my $1 = 0;

foreach my $key( sort keys %{$arg_hash}

if ( ! (51 % $MORE_SIZE ) && !($1i ==

) |
) ) |
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for (
i
$

i

)
$

}

NEXT2:

if( $inputstr eq "g" )

Si++;
print "\t
}
END_PRINT_ HAS
}
#
#<section>

my $i = 0
£ ( $1i ==
arr [$i++]
f ( $buff eq "\n"

$inputstr

I O~

goto NEXT2;

buff = "n,;

* $key* \nvl ;

H:;

; read (STDIN, Sbuff,
) { earr=""; }
Sbuff;

) A

join '',
chop $inputstr;

93/118

1)

@arr;

#<p fontname="Courier New" fontsize="20"></p>

#<p align="center
STATES SENATE</p>

#<p align="center"
#<p align="center"
#<p align="center"
#<p align="center"
#<p align="left"
bold="on">

fontname="Courier

fontname="Courier
fontname="Courier
fontname="Courier
fontname="Courier

New"

New"
New"
New"
New"

fontname="Courier New" fontsize="48"

#<p align="left"
#<p align="left"
ACTIVITIES</p>
#<p align="left"
bold="on">

</p>

fontname="Courier New" fontsize="48"

fontname="Courier

fontname="Courier

#<p align="left"
#<p align="1left"
HONORABLE</p>
#<p align="left"
SARBANES</p>
#<p align="left"
MARYLAND</p>
#<p align="left"
#<p align="left"
PERIOD</p>

#<p align="left"
1999 TO MARCH 31,
#<p align="left"
#<p align="left"
bold="on">

fontname="Couriexr
fontname="Couriexr

fontname="Courier
fontname="Courier

fontname="Courier
fontname="Courier

fontname="Courier
2000</p>

fontname="Courier

fontname="Courier

New" fontsize="48"
New" fontsize="48"
</p>
New" fontsize="48"
New" fontsize="36"
New" fontsize="36"
New" fontsize="36"
New" fontsize="36"
New" fontsize="28"
New" fontsize="28"
New" fontsize="28"
New" fontsize="48"
</p>

)

{ goto END_PRINT HASH;

fontsize="28"

fontsize="28"
fontsize="28"
fontsize="28"
fontsize="28"

bold="on"></p>
bold="on"></p>
bold="on"></p>
bold="on"></p>

bold="on"></p>

PCT/US01/09201

bold="on" >UNITED

bold="on">LEGISLATIVE

bold="on"></p>
bold="on">THE

bold="on">PAUL S.
bold="on">0F

bold="on"></p>

bold="on">FOR THE

bold="on">JANUARY 06,

bold="on"></p>

#<p fontname="Courier New" fontsize="20" bold="on"></p>
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#<p fontname="Courier New" fontsize="20"
#<p fontname="Courier New" fontsize="20"
#<p fontname="Courier New" fontsize="20"
#<p fontname="Courier New" fontsize="20"
#<p fontname="Courier New" fontsize="20"
#<p align="left" fontname="Courier New"

by:</p>

#<p align="left" fontname="Courier New"
Computer Center</p>

#<p align="left" fontname="Courier New"
Sergeant at Arms</p>

#<p align="left" fontname="Courier New"
#<p align="1left" fontname="Courier New"
Rules and Administration</p>
#</section>

sub process_header {
while( $line <SEN106> )
$line_number++;
if ( $line =~ m/<p align=.+>(.+)
$h4 = $1;
if ( sline

$line <SEN106>;
$line_number++;

$line =~ m/<p align=.+>{
$senNAME= $1;
my $first_line

$line <SEN106>;
$line_number++;

$line =~ m/OF (.+)<\/p>/
$state = $1;

my @senlist = split(/ /,

bold="on"></p>
bold="on"></p>
bold="on"></p>
bold="on"></p>
bold="on"></p>
fontsize="20" bold="on">Prepared

fontsize="20" bold="on">Senate

fontsize="20" bold="on">0ffice of the

fontsize="20"
fontsize="20"

bold="on">and</p>
bold="on">Committee on

<\/p>/ ) {

~ m/THE HONORABLE/ ) {

-+)<\/p>/;

$line_number;

‘

$senNAME) ;

my $firstname = $senlist[0];

my $lastname
my $middlepart
foreach my $i (1

$middlepart
}

chop $middlepart;

nn .
7

$len $#senator;
$senator[ $len + 1 ]
$middlepart, $lastname, $state) 1;

$line = <SEN106>;
$line_number++;
$line = <SEN106>;

$line_number++;

$senlist [$#senlist];

($#senlist-1)) {
.= "$senlist[$1]

",
r

[ ($senid, $first_line, $firstname,
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$line = <SEN106>;
$line_number++;

$line = <SEN106>;
$line_number++;

while( $line = <SEN106> ) {
$line_number++;
if ( $line =~ m/<p align=/ ) {
goto BEGIN_Prepared by;
}
}

BEGIN_Prepared_by:;
my S$first_line2 = $line_number;
$line =~ m/>(.+)<\/p>/;
my $cumulative content = "$1 ";

$line = <SEN106>;
$line_number++;

$line =~ m/>(.+)<\/p>/;
$cumulative_content .= "$1 V;

$line = <SEN106>;
$line_number++;

$line =~ m/>(.+)<\/p>/;
$cumulative_content .= "$1 ";

$line = <SEN106>;
$line_number++;

$line =~ m/>(.+)<\/p>/;
$cumulative_content .= "$1 ";

$line = <SEN106>;
$line_number++;

$line =~ m/>(.+)<\/p>/;
$cumulative_content .= "$1";

my $ov = $senid . "_" . "$line_number";
$len = $#prepared by:

$prepared by[ $len + 1 1 = [ ($senid, $first_line2,
$cumulative_content) 1;

}
$he = $1;
elsif ( $line =~ m/<\/section>/ ) ({
goto PHL;
}
}
PH1:;
if ( $filename eq "D_1_LARI_S272_106.xml" ) {
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while( $line = <SEN106> ) {
$line_number++;
if ( $line =~ m/<\/section>/ ) {
goto END_process_header;
}
}

END_process_header:;

# <p><string italic="off" hidden="on">SECTION VII. SUBJECT
INDEX</string>ACADEMIC PERFORMANCE&tab; S.7, S.514, S.564</p>
# <p>ACCESS TO HEALTH CARE&tab; S.6, S.1678, S.1690</p>

sub process_index_old ({
$line =~ m/<p>.+<\/string>(.+)&tab; (.+)<\/p>/;
my $subject = $1;
my $bill_seq = $2;

#<p align="right">Administrative procedure--Department of Health and Human
Services&tab; S.331, S.1327</p>

#<p>AGED&tab; S.10, S.51, S.331, S.391, S.472, S$.718, S.784, S.792,</p>

#<p align="right"> S$.1023, $.1074, $.1142, S.1327, S.1499, S.1678, S.1760</p>

N3:while( $line = <SEN106> )
$line_number++;
if ( $line =~ mw/<p.*>(.+)&tab; (.+\d) {.*)<\/p>/ ) {
my $subject = $1;
my $bill_seqg = $2;
my Scomma = $3;
# IS THERE A CONTINUATION...
while ( Scomma eq "," )
my $buf = <SEN106>;
$line_number++;
$buf=~ m/<p.*>(.+\d) (.*)<\/p>/;
my $bill_seq = $1;
my $comma = $2;
if ( $comma eq "" ) {
goto N3;
}

}

elsif ( $line =~ m/<p><\/p>/ ) {

#<p></p>

else {
goto THEEND;
}

}
}
# <p><string italic="off" hidden="on">SECTION VII. SUBJECT
INDEX</string>ACADEMIC PERFORMANCE&tab; S.7, S.514, S.564</p>
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#<p align="left" fontname="Courier New" fontsize="20" bold="on">Committee on
Rules and Administration</p>

#</section>

#<section>

#<headers>

#<p align="center" fontname="Courier New" fontsize="20"
bold="on"><field><fldinst> PAGE </fldinst><fldrslt><string charstyname=""

# fontname="Courier New" fontsize="20"
bold="on">2</string></£fldrslt></field></p>

#<p align="right" fontname="Courier New" fontsize="20" bold="on">

# <string fontname="Courier New" fontsize="20" bold="on"sLincoln D.
Chafee</string></p>

#<p align="left" fontname="Courier New" fontsize="20" bold="on"><string
fontname="Courier New" fontsize="20" bold="on">

# SUBJECT INDEX TO SPONSORED AND COSPONSORED MEASURES AND
AMENDMENTS</string></p>

#<p align="left" fontname="Courier New" fontsize="20" bold="off"></p>
#</header>

#<p>ACCESS TO HEALTH CARE&tab; S.494</p>

#<p>ACCIDENT PREVENTION&tab; S.149, S.936</p>

sub process_index {

$line =~ m/<p>.+<\/strings(.+)&tab; (.+)<\/p>/;
my $subject = $1;

my $bill_seq = $2;

my @bill list = split( /,/, $bill_seq );:

my $sub = $subject;
$sub =~ s/ /_/g;
$ti_value{ $sub } =,

foreach my $item (@bill_list) {
$item =~ s/\s*//g ;

my $len =" $#topic_index;
S$topic_index[ $len + 1 ] = [ ($senid, $line number, $sub,
$item) 1;

}

#<p align="right">Administrative procedure--Department of Health and Human
Services&tab; $.331, S.1327</p>

#<p>AGED&tab; S.10, S.51, S.331, $.391, S.472, S.718, S.784, S.792,</p>

#<p align="right"s S$.1023, S$.1074, S$.1142, S.1327, S.1499, S.1678, S.1760</p>

N3:while( $line = <SEN106> ) {
$line_number++;
if ( $line =~ m/<p.*>(.+)&tab; {.+\d) (.*)<\/p>/ ) {
my $subject = $1;
my $bill_seq = $2;
my $comma = $3;
my @bill list = split( /,/, $bill_seq );
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# IS THERE A CONTINUATION...
while ( $comma eq "," ) {
my $buf = <SEN106>;
$line number++;
$buf=~ m/<p.*>(.+\d) {(.*)<\/p>/;
my $bill seqg = $1;
my Scomma = $2;
my @bill list = split( /,/, $bill_seq );
foreach my $item (@bill_list)
$item =~ s/\s*//g ;
my $len = $#topilc_index;
Stopic_index[ $len + 1 ] = [ ($senid,
$line_number, $subject, $item) ];

if ( Scomma eq " ) {
goto N3;
}
}
}
#<p></p>
elsif ( $line =~ m/<p><\/p>/ ) {
}
else {
goto THEEND;
}
}
}
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<IELEMENT SLA_collection = (senate_file*)>
<!ELEMENT senate_file = (filename, header _page?, section*, subject_index?)>
<!ELEMENT header_page = (senator?, report_period?, prepared_by?)>

<!ELEMENT senator = (first_name?, middle_part?, last_name?, state?)>
<IELEMENT report_date = (start_date?, end_date?)>

<!IELEMENT section = (sec_number, sec_name, bar*)>

<!ELEMENT bar = (bill | resolution | amendment)>

<IELEMENT resolution = (joint_resolution, concurrent_resolution, simple_resolution)
<IELEMENT bill = (bar_id, date_introduced, sponsor?, cosponsors?, official_title,

(latest_status | status_actions), abstract, committee?)>
<IELEMENT amendment = (bar_id, date_introduced, submitted_for, congressional_record,
’ sponsor?, submitted_by?, cosponsors,

statement_of purpose, (latest_status | status_actions),
abstract)>
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#1/usr/local/bin/perl -w
use strict;
# caccf_xml FILE REC_SIZE
my S$REC_SIZE = 164ﬁ
die "*** Record size must be 164!\n" if ( $SARGVI[1l] != 164 );
my S$rec_count = 0;
my $rec;
my $fsize;
open(IN, "< S$ARGV([0]") || die "can't read from: $!";

$fsize = -s IN;

print "*** WARNING: file size ($fsize) is no multiple of record size
($REC_SIZE) \n"
if ( $fsize % SREC_SIZE != 0 );

open (OUT, "> $ARGV[0].xml") || die "can't write to: $!";
open (LOG, "> $ARGV[0].xml.log") || die "can't write to: $!";

print OUT "<caccf_records>\n";

while (read(IN, $rec, $REC_SIZE) == $REC_SIZE) (
print OUT “<rec no=\"", ++ $rec_count, "\" *;
print OUT "ms=\"", substr(Srec,0,1),"\" ";
print OUT "cc=\"" , substr ($rec,1,2), u\u ",
print OUT "tc=\"", substr($rec,3,2),"\" ";
print OUT "rn=\"", substr($rec,5,5),"\" ";
print LOG "*** ERROR, >", (substr(Srec,10,1)), "< instead of blank in #11,

rec $rec_count:\n[[$rec]l]\n\n"

if (substr($rec,10,1) ne " %);

print OUT "na=\"", substr($rec,11,28),"\" ";
print OUT "dp=\"", substr($rec,39,4),"\" ";
print OUT "sn=\"", substr ($rec,43,9),"\" ";
print OUT "mg=\"", substr($rec,52,4),"\" ";
print OUT "pg=\"", substr(Srec,56,2),"\" ";
print OUT 1dd=\"", substr ($rec,58,8),"\" ";
print OUT "he=\"", substr($rec,66,20),"\" ";
print OUT "hs=\"", substr(Srec,86,2),"\" ";
print OUT "oc=\"", substr($rec,88,5),"\" ";
print OUT "db=\"", substr($rec,93,8),"\" ";
print OUT "re=\"",substr($rec,101,1),"\" ";
print OUT "ai=\"", substr($rec,102,1),"\" ";
print OUT "ra=\"", substr($rec,103,1),"\" ";
print OUT "re=\"", substr{$rec,104,2),"\" ";
print OUT "le=\"",substr($rec,106,2),"\" ";
print OUT "ma=\"", substr($rec,108,1),"\" ";
print OUT "se=\"", substr($rec,109,1),"\" ";
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#!/usr/local/bin/perl -w
use strict;

# caccf2oracle FILE REC_SIZE

my $REC_SIZE = 164;

#die "*** Record size must be 164!\n" if ( S$ARGV(1l] != 164 );
my $rec_count = 0;

my Srec;
my $fsize;

my %$month = ("01" => "JAN",

“02" => Ll FEB " ,
"03" => |IMARII'
"04 L ITAPR" ;
ll05|l => llMAYll,
“06“ => IIJUNI"
"07" =5 IIJUL"’
"08'] => IIAUG",
ll09ll => IISEPII'
"loll => IIOCT“,
llllll =5 |INOV" R

wi2" = “DEC" );

sub mm_dd_yy {
my ($a_date) = @_ ;
if ($a_date =- m]([0-9]{2})/([0-9){2})/([0-9){2})] ) {
return "TO_DATE('$2-$month{$1}-19$3')";
} else {
print "*** ERROR Rec #$rec_count, mm_dd_yy, not a date >>>$a_date<<<\n"; |
return "NULL";
}
}i

sub yymmdd {
my ($a_date) = @_ ;
if ($a_date =~ m|([0-91{2}) ([0-9]1{2}) ((o-91{2})]| ) {
"TO_DATE ('$3-$month{$2}-1981')";
} else {
print "*** WARNING Rec #$rec_count, yymmdd, not a date >>>$a_date<<<\n";
return "NULL";
}i -
}i

sub escapeQuote {
my ($a_string) = @_ ;
if ($a_string =~ s/\'/\'\'/g) {

print "*** NOTE Rec #S$rec_count, quote escaped >>>$a_string<<<\n";
}
return $a_string;
}
39A
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open (OUT, "> $ARGV (0] .sql") || die "can't write to: $!";
open (LOG, "> $ARGV (0] .sgl.log") || die "can't write to: $!";
while (read(IN, $rec, $REC_SIZE) == $REC_SIZE) {

print OUT "insert into CACCF values (";

print OUT "'", 4+ $rec_count ,"',"; # internal record number

print OUT "'"',substr($rec,0,1),"',"; # wms

print OUT "'",substr($rec,1,2),"',"; # cc

print OUT "'",substr($rec,3,2),"',"; # tc

print OUT "'",substr($rec,5,5),"',"; # rn

print OUT "'",escapeQuote(substr($rec,11,28)),"',"; # na

print OUT "'",substr($rec,39,4),"',"; # dp

print OUT "'",substr($rec,43,9),"',"; # sn

print OUT "'",substr($rec,52,4),"',"; # ng

print OUT "'",substr($rec,56,2),"',"; # pg

print OUT mm_dd_yy(substr($rec,58,8)),","; # dd

print OUT "'",escapeQuote (substr($rec,66,20)),"',"; # hc

print OUT "'",substr($rec,86,2),"',"; # hs

print OUT "'",substr($rec,88,5),"',"; # oc

print OUT mm_dd_yy(substr($rec,93,8)),","; # db

print OUT "'",substr($rec,101,1),"!,"; # rc
print OUT "'",substr($rec,102,1),"',"; # ai

print OUT "'",substr($rec,103,1),"',"; # ra
print OUT "'",substr($rec,104,2),"',"; # re
print OUT "'",substr($rec,106,2),"',"; # le
print OUT "'",substr($rec,108,1),"',"; # ma
print OUT "'",substr($rec,109,1),"',"; # se
print OUT "'", substr($rec,110,1),"',"; # ci
print OUT "'",substr($rec,111,1),"',"; # pp

print OUT yymmdd (substr($rec,112,6)),","; # dt
print OUT "'',substr($rec,118,1),"',"; # 1lr
print OUT "'',substr($rec,119,3),"',"; # br

print OUT "'",substr($rec,122,2),"',"; # ag
print OUT "'",substr($rec,124,1),"',"; # sc
print OUT "'", escapeQuote(substr($rec,125,29)),"',"; # co
print OUT "'",escapeQuote(substr($rec,154,2)),"',"; # ty
print OUT "'", escapeQuote(substr($rec,156,2)),"',"; # pc
print OUT "'",substr($rec,158,2),"',"; # mc
print OUT "'",substr($rec,160,2),"',"; # pr
print OUT "'",substr($rec,162,2),"'"; # fl
print OUT ");\n";

}i

print LOG " [$ARGV([0]: read ",$rec_count*$REC_SIZE, " bytes = $rec_count
records x $REC_SIZE]\n";

print LOG "*** WARNING: file size = $fsize\n"
if ( $rec_count*$REC_SIZE != $fgize );
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4000

TRANSFORMING REPRESENTATION
OF DATA OBJECTS INTO SELF-
DESCRIBING, INFRASTRUCTURE-
INDEPENDENT REPRESENTATION OF
DATA OBJECTS

4002

N

VERIFYING TRANSFORMED DATA
OBJECTS USING KNOWLEDGE
RELEVANT TO COLLECTION

PCT/US01/09201

HIVING SELF-D , INF CTURE-
4004 ARC S ESCRIBING, INFRASTRU

INDEPENDENT REPRESENTATION OF DATA OBJECTS

\ WITH SELF-DESCRIBING, INFRASTRUCTURE-

INDEPENDENT REPRESENTATION OF LOGICAL
STRUCTURE OF COLLECTION AND SELF-
DESCRIBING, INFRASTRUCTURE-INDEPENDENT

REPRESENTATION OF KNOWLEDGE
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4100

4102

4104

4106

4108

4110
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RETRIEVING FROM ARCHIVE SELF-
DESCRIBING, INFRASTRUCTURE-
INDEPENDENT REPRESENTATION OF
LOGICAL STRUCTURE OF COLLECTION

RETRIEVING FROM THE ARCHIVE A
SELF-DESCRIBING, INFRASTRUCTURE-
INDEPENDENT REPRESENTATION OF
KNOWLEDGE RELEVANT TO THE
COLLECTION

CREATING QUERY-ABLE MECHANISM
IN ACCORDANCE WITH LOGICAL
STRUCTURE OF COLLECTION

RETRIEVING FROM THE ARCHIVE A
SELF-DESCRIBING, INFRASTRUCTURE-
INDEPENDENT REPRESENTATION OF

DATA OBJECTS -

VERIFYING THAT THE DATA OBJECTS
ARE CONSISTENT WIiTH THE
KNOWLEDGE RELEVANT TO THE
COLLECTION

LOADING DATA OBJECTS INTO QUERY-
ABLE MECHANISM
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4114

4116
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105/118

RETRIEVING FROM ARCHIVE SELF-
DESCRIBING, INFRASTRUCTURE-
INDEPENDENT REPRESENTATION OF
PRESENTATION MECHANISM FOR ONE
OR MORE DATA OBJECTS

RETRIEVING ONE OR MORE DATA
OBJECTS FROM QUERY-ABLE
MECHANISM

VERIFYING THAT THE ONE OR MORE
DATA OBJECTS ARE CONSISTENT
WITH KNOWLEDGE RELEVANT TO THE
COLLECTION

PRESENTING THE ONE OR MORE
DATA OBJECTS USING THE
PRESENTATION MECHANISM

FIGURE 41B
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RETRIEVING FROM ARCHIVE SELF-
4200 ~  DESCRIBING, INFRASTRUCTURE-
INDEPENDENT REPRESENTATION OF
KNOWLEDGE RELEVANT TO THE
COLLECTION

4202

\ USING THE KNOWLEDGE TO VALIDATE
THE COLLECTION
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ACCESSION || CLOSURE P ATTRIBUTE
TEMPLATE |~ CONCEPT/ATTRIBUTE |~ INVERSE INDEXING
A
4304 4306
4302 . AN AN

\ ATTRIBUTE .| ATTRIBUTE .| OCCURRENCE
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%%% Rules for {{ELEMENT X (Y. Z))
false «P: X, not (P.1):Y.
4800 false « P: X, not (P.2):Z.
false « P:X, not P[_.—+].
false « P:X[N=+_] not N=1, not N=2,
%%% Rules for ({ELEMENT X (Y| Z})
false « P:X[1—+A| not A:Y not A:Z
false « P:X, not P[]
false « P:X[N—.] not N=1.

4804 %%% Rule for {/ELEMENT X (V}*)
false ¢ P:X[-~C], not C:V.

4802
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#_
# An excerpt of an example of a Topic Map for the SLA (Senate)
# Collection.

#

# 4 Topics are shown: t1, 2, t3, and t4 of type "SubjectEntry"

# --> These are actually Subject Index Entries found in the
# raw data
: #
# For each topic, there is an occurence list of locator elements
# corresponding to the bills that discuss that topic.
#
# In addition, topics are related to each other through associations.
# Here we created two types of associations:
# <assoc types="CoDiscussedinExactlyOneBill">
# <assoc types="CoDiscussedinTwoOrMoreBills">

#

# showing the "degree of connectedness” between two topics.

# These would be value-added relationships, as they are implicit
# in the raw data, and discovered by our topic map building
# routines.

#

# Bertram Ludaescher & Richard Marciano -- March 20, 2001

.

s

<IDOCTYPE topicmap [
<IELEMENT topicmap (topic | assoc )* >
<IELEMENT topic (topname | occurs)* >
<JATTLIST topic
id ID #REQUIRED
types CDATA #IMPLIED
>
<!ELEMENT topname (basename, dispname, sortname)>
<IELEMENT basename (#PCDATA) >
<IELEMENT dispname (#PCDATA) >
<!ELEMENT sortname (#PCDATA) >
<!IELEMENT occurs (locator*) >
<IELEMENT locator EMPTY >
<IATTLIST locator
role CDATA #REQUIRED
href CDATA #REQUIRED
>
<IELEMENT assoc (assocrl*) >
<IATTLIST assoc
types CDATA #IMPLIED
>

<IELEMENT assocrl EMPTY >

<IATTLIST assocrl 54A

role CDATA #REQUIRED i

href CDATA #REQUIRED 54B
>

> 54C

FIGURE 54A
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<topicmap>
<topic id="t1" types="SubjectEntry">
<topname>
<basename>Apartment houses</basename>
<dispname>Apt. Houses</dispname>
<sortname>APARTMENTHOUSES</sortname>
</topname>
<occurs>
<locator role="DiscussedIn" href="#S.463" />
</occurs>
</topic>

<topic id="t2" types="SubjectEntry">
<topname>
<basename>Children</basename>
<dispname>Child.</dispname>
<sortname>CHILDREN</sortname>
</topname>
<occurs>
<locator role="DiscussedIn" href="#S.300" />
<locator role="DiscussedIn" href="#S.463" />
<locator role="DiscussedIn" href="#S.1638" />
<locator role="DiscussedIn" href="#S.1673" />
<locator role="DiscussedIn" href="#S.1709" />
<locator role="Discussedin" href="#S.Res.125" />
<locator role="DiscussedIn" href="#S.Res.258" />
</occurs>
</topic>

<topic id="t3" types="SubjectEntry">
<topname>
<basename>Welfare</basename>
<dispname>Welf.</dispname>
<sortname>WELFARE</sorthame>
</topname>
<occurs>
<locator role="DiscussedIn" href="#S.463" />
<locator role="Discussedin" href="#S.1277" />
<locator role="DiscussedIn" href="#S.1709" />
<locator role="DiscussedIn" href="#S.Con.Res.28" />
<locator role="DiscussedIn" href="#S.Res.125" />
<locator role="Discussedin" href="#S.Res.260" />
</occurs>
</topic>

FIGURE 54B
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<topic id="t4" types="SubjectEntry">
<topname>
<basename>Youth employment</basename>
<dispname>Youth empl.</dispname>
<sortname>YOUTEMPLOYMENT</sortname>
</topname>
<occurs>
<locator role="Discussedin" href="#S.463" />
</occurs>
</topic>

<assoc types="CoDiscussedInExactlyOneBill">

<assocrl role="DiscussedInSameBill" href="t{1" />

<assocrl role="DiscussedInSameBill" href="t2" />

<assocrl role="DiscussedInSameBill" href="t3" />

<assocri role="DiscussedIinSameBill" href="t4" />
</assoc>

<assoc types="CoDiscussedinTwoOrMoreBills">

<assocrl role="DiscussedInSameBill" href="t{2" />

<assocrl role="DiscussedInSameBill" href="t3" />
</assoc>

</topicmap>

FIGURE 54C
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