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(57) ABSTRACT 

Methods and systems for providing start and stop properties 
to Semantic Web structured resources and statements are 
disclosed. The start and stop properties can specify a lifetime 
during Which a resource or statement can be valid. A call or 
query to one or more resources can return statement data 

including the start and stop properties for the resources 
and/or statements. Dates can be speci?ed With the call or 
query such that the returned resources and statements have 
lifetimes including the speci?ed dates. Screen images of the 
data can display subject and object nodes and predicate arcs 
for the selected dates. A sequence of screen images can 
display a timeline of nodes and arcs by adding or hiding 
nodes and arcs to correspond With the start and stop prop 
erties of the statements. Tools are provided for the user to 
navigate through the sequence. 
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METHODS AND SYSTEMS FOR REPRESENTING, 
USING AND DISPLAYING TIME-VARYING 
INFORMATION ON THE SEMANTIC WEB 

RELATED APPLICATIONS 

[0001] This application claims priority to, and incorpo 
rates by reference, the entire disclosure of US. Provisional 
Patent Application No. 60/465,925, ?led on Apr. 28, 2003. 
This application is co-pending With a related patent appli 
cation entitled “Methods and Apparatus for Focusing Search 
Results on the Semantic Web” (Attorney Docket No. 
03-4027PRO1), by the same inventor and having assignee in 
common, ?led concurrently hereWith and incorporated by 
reference herein in its entirety. 

GOVERNMENT INTEREST 

[0002] The United States Government has a paid-up 
license in this invention and the right in limited circum 
stances to require the patent oWner to license to others on 
reasonable terms as provided for by the terms of Contract 
No. F30602-00-C-0178 aWarded by the Defense Advanced 
Research Projects Agency. 

FIELD 

[0003] The methods and systems relate to representing, 
using and displaying information, and more particularly to 
methods and systems for representing, using and displaying 
time-varying information on the Semantic Web. 

BACKGROUND 

[0004] The Semantic Web is an evolving collection of 
softWare tools and content, Which provides information on 
the Internet, or World Wide Web, in such a Way that it can 
be readily used by intelligent agents and other computer 
programs. Information on the Semantic Web, rather than 
being in natural language text, can be maintained in a 
structure Workable by both computers and people. The 
Resource Description Framework (RDF) from the World 
Wide Web Consortium (W3C) underlies most Semantic Web 
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(URLs) that identify Web sites as Well as speci?c Web pages. 
Resources can also be physical objects (such as people) 
represented on Web pages. As With knoWn HyperText 
Markup Language (HTML) META tags, the RDF descrip 
tion statements, encased as part of an Extensible Markup 
Language (XML) section, can be included Within a Web 
page (HTML ?le), or can be in separate ?les. 

[0006] RDF description statements can be represented as 
graphs containing nodes (instances or string literals) and 
arcs (statements). FIG. 6A provides an example of such a 
graph for an RDF statement of the form, “Mike Thornton has 
a father Joe Thornton.” For this RDF statement, “Mike 
Thornton” is the subject, “father” is the predicate, and “Joe 
Thornton” is the object. In the exemplary diagram, or graph 
of FIG. 6A, the ovals can illustrate nodes representing 
resources (ovals 2 and 4), and arcs can represent the named 
property, as shoWn by arc 6. The direction of the arc can be 
from subject (2) to object It can be understood that other 
representations besides the illustrated ovals and directional 
arcs can be used. 

[0007] FIG. 6B illustrates a graph of a collection of 
statements in Which “Mike Thornton” (using an abbreviated 
form to represent a full URI) can be both the subject and 
object of various ones of the statements, including, “Jason 
Thornton has a father Mike Thornton,” and “Mike Thornton 
is married to Nancy Frier.” The subject “Jason Thornton” is 
represented by oval 8 and predicate “father” is represented 
by arc 10 from subject “Jason Thornton” (oval 8) to object 
“Mike Thornton” (oval 2). The object “Nancy Frier” is 
represented by oval 12 and predicate “married to” is repre 
sented by arc 14 from subject “Mike Thornton” (oval 2) to 
object “Nancy Frier” (oval 12). 

[0008] While such graphs as illustrated in FIGS. 6A and 
6B can pictorially present the properties of subjects and 
objects, they can do so in a static fashion. For example, FIG. 
6C can illustrate an extended graph for statements concern 
ing “Mike Thornton” taken from a genealogical resource. In 
addition to the statements in FIG. 6B, FIG. 6C can include 
the statements shoWn in Table 1. 

Statement 

Mike Thornton has a 
mother Louise Hensley 
Noah Thornton has a 
father Mike Thornton 
Jason Thornton has a 
mother Nancy Frier 
Noah Thornton has a 

Subject (Identi?er) Predicate (Identi?er) Object (Identi?er) 

Mike Thornton (2) mother (16) Louise Hensley (18) 

Noah Thornton (22) father (24) Mike Thornton (2) 

Jason Thornton (8) mother (20) Nancy Frier (12) 

Noah Thornton (22) mother (26) Nancy Frier (12) 
mother Nancy Frier 

Joe Thornton is married Joe Thornton (4) married to (28) Louise Hensley (18) 
to Louise Hensley 

efforts. RDF consists of statements (subject-predicate-obj ect 
triples) made about instances of speci?c classes (similar to 
an object-oriented programming language). 

[0005] The Resource Description FrameWork (RDF) is a 
general frameWork for hoW to describe an Internet resource 
such as a Web site and its content. An Internet resource is 
de?ned herein as a resource With a Uniform Resource 

Identi?er (URI), including the Uniform Resource Locators 

[0009] It can be seen that Mike Thornton is neither the 
subject nor object of the last three statements in Table 1. 
HoWever, these statements can be included in the graphical 
representation as having both subjects and objects in com 
mon With statements concerning “Mike Thornton.” 

[0010] Without additional statements providing dates for 
such events as births, deaths or marriages, a user cannot 
determine time varying information from the graphs of 
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FIGS. 6A-C. For example, one cannot assess Whether Noah 
is older or younger than Jason, or the relative ages of other 
individuals shoWn. Other time varying information, such as 
multiple marriages, can also present dif?culties for the 
representations of FIGS. 6A-C. Methods and systems are 
needed for determining and graphically representing such 
information from Semantic Web structured resources to a 
user. 

SUMMARY 

[0011] The methods and systems described herein can 
include providing start and stop time properties to Semantic 
Web structured resources and statements. The start and stop 
time properties can specify a lifetime during Which a 
resource or statement can be valid. Acall or query to one or 

more resources can return statement data including the start 

and stop properties for the subjects and objects of the 
statements, and/or the statements themselves. Dates can be 
speci?ed With the call or query such that the returned 
statements have lifetimes that include the speci?ed dates. 
The speci?ed dates can be used by a ?lter after obtaining the 
data for the query. Screen images of the data can display 
subject and object nodes and predicate arcs for the statement 
data. A sequence of screen images can display a timeline of 
nodes and arcs by adding or hiding nodes and arcs to 
correspond With the start and stop properties of the state 
ments and nodes. Tools can be provided for the user to 
navigate through the sequence. 

[0012] In one embodiment, a method of displaying 
Semantic Web statements having start properties and stop 
properties related to lifetimes of the statements includes 
displaying subjects and objects of the statements as nodes, 
displaying predicates of the statements as arcs connecting 
the nodes and labeled by the predicates, and hiding the nodes 
and arcs for subjects, objects, and statements having life 
times outside of a timeframe selected by a user. Hiding can 
comprise painting the nodes and arcs of those statements to 
match a background of the display. One aspect of the 
embodiment includes providing tools by Which the user can 
select the timeframe. The user can be given options to select 
a start timeframe corresponding to an earliest one of the start 
properties of the statements, to select an end timeframe 
corresponding to a latest one of the start properties of the 
statements, and/or to select a timeframe increment for dis 
playing the statements in temporal order corresponding to 
the start properties and the stop properties of the statements. 
Nodes can be labeled With their URI’s or With the value of 
a literal property, such as a name, Which may itself vary over 
time based on the start and stop time properties of statements 
using that property. 

[0013] In one embodiment, a system for displaying 
graphical representations of time varying information for 
Semantic Web structured statements includes a processor 
connected to Semantic Web structured resources and receiv 
ing input from a user, including a query to retrieve selected 
statements matching the query. Application program inter 
faces (APIs) determine the selected statements from the 
resource and obtain the start and stop properties for subjects 
and objects of the matching statements and for the state 
ments themselves. The APIs also determine graphical rep 
resentation data from the selected statements and their 
properties. The processor receives the graphical representa 
tion data and control a display to present the graphical 
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representations of the selected statements. The processor 
controls the display to hide graphical representations of 
those statements Whose lifetime does not include a time 
frame input by the user. The system include an application 
tool set operable by the user to input the timeframe, Wherein 
the user can select timeframe increments corresponding to 
the start and stop properties of the selected statements. 

[0014] In one embodiment, a method of displaying graphi 
cal representations of time varying information for Semantic 
Web structured statements from Semantic Web resources 
includes receiving a query to retrieve selected statements 
that match a query, determining the selected statements from 
the Semantic Web structured resources, obtaining start and 
stop properties for subjects and objects of the selected 
statements and for the statements themselves, determining 
graphical representation data for the selected statements and 
the properties, ?ltering the graphical representation data to 
control a display to present graphical representations of the 
statements, and controlling the display to hide the graphical 
representations of those statements Whose lifetimes exclude 
a selected timeframe. 

[0015] In one embodiment, a computer-readable medium 
includes instructions for controlling a processor to associate 
a lifetime With a Semantic Web structured statement by 
implementing a start property for the statement that denotes 
a start time When the statement becomes valid, and imple 
menting a stop property for the statement that denotes a stop 
time When the statement ceases to be valid, Wherein the 
lifetime of the statement is denoted by a time interval 
betWeen the start time and the stop time. The start property 
and the stop property can be implemented as an XML 
Schema Datatype, including an Xsd:dateTime datatype, an 
Xsd:date datatype and/or a xsdzgYear datatype. 

[0016] The instructions include instructions for control 
ling a processor to display a plurality of statements on a 
display by displaying subjects and objects of the statements 
as nodes, displaying predicates of the statements as arcs 
connecting the nodes, and hiding nodes and arcs for par 
ticular statements When a selected display timeframe is 
outside the lifetimes of those particular statements. The 
instructions include instructions for controlling a processor 
to hide the nodes and arcs by painting the nodes and arcs for 
those particular statements to match a background of the 
display. 
[0017] The instructions include instructions for control 
ling a processor to display a toolset operable by a user to 
select said timeframe. The toolset can be operable by the 
user to select a start timeframe corresponding to an earliest 
one of said start properties of said statements, to select an 
end timeframe corresponding to a latest one of said stop 
properties of said statements, and/or to select timeframe 
increments for displaying the statements in temporal order 
corresponding to their start properties and stop properties. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] The accompanying draWings, Which are incorpo 
rated in and constitute a part of this speci?cation, illustrate 
several embodiments of the invention and together With the 
description, serve to explain the principles of the invention. 

[0019] FIG. 1 illustrates a screen image of a graphical 
representation of statements taken from a Semantic Web 
resource; 
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[0020] FIGS. 2A-2I illustrate time varying graphical rep 
resentations of the statements of FIG. 1; 

[0021] FIG. 3 illustrates a system for providing time 
varying graphical representations of statements from a 
Semantic Web resource; 

[0022] FIG. 4 illustrates a How chart of a method of 
implementing time varying graphical representations of 
statements from a Semantic Web resource; 

[0023] FIG. 5A illustrates a statement associated directly 
With start and stop properties; and 

[0024] FIG. 5B illustrates a statement having multiple 
Interval instances. 

[0025] FIG. 5C illustrates a rei?ed version of a statement. 

[0026] FIGS. 6A-6C illustrate prior art graphical repre 
sentations of statements from Semantic Web structured 
resources; 

DETAILED DESCRIPTION 

[0027] To provide an overall understanding, certain illus 
trative embodiments Will noW be described; hoWever, it Will 
be understood by one of ordinary skill in the art that the 
systems and methods described herein can be adapted and 
modi?ed to provide systems and methods for other suitable 
applications and that other additions and modi?cations can 
be made Without departing from the scope of the systems 
and methods described herein. 

[0028] Unless otherWise speci?ed, the illustrated embodi 
ments can be understood as providing exemplary features of 
varying detail of certain embodiments, and therefore, unless 
otherWise speci?ed, features, components, modules, and/or 
aspects of the illustrations can be otherWise combined, 
separated, interchanged, and/or rearranged Without depart 
ing from the disclosed systems or methods. Additionally, the 
shapes and siZes of components are also exemplary and 
unless otherWise speci?ed, can be altered Without affecting 
the disclosed systems or methods. 

[0029] FIG. 1 shoWs a screen image of a graphical rep 
resentation of RDF statements from a Semantic Web 
resource. For simplicity, the graphical representation of 
FIG. 1 can include the statements from the genealogical 
resource as in FIG. 6C. The elements in FIG. 1 having 
numbering offset by 100 from those of FIG. 6C refer to 
corresponding elements of the statements described With 
respect to FIG. 6C. It can be understood that the numbering 
of elements in FIG. 1 and other ?gures described further 
herein, is shoWn for ease in describing the features of the 
graphical representations and need not be vieWable by a 
user. 

[0030] In addition to the subject, predicate and object for 
each statement, the RDF statements and Semantic Web 
resources for use With the methods and systems described 
herein can have associated start and stop properties. The 
time interval starting With a speci?ed start time and before 
a speci?ed stop time can be referred to as the lifetime of the 
statement or resource. Closed lifetimes include lifetimes 
having both start and stop times speci?ed. Open-ended 
lifetimes include those having one of the start or stop times 
speci?ed. In?nite lifetimes include those having neither a 
start or stop time speci?ed. 
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[0031] The Resource Description Framework (RDF) from 
the World Wide Web Consortium (W3C) can underlie most 
Semantic Web efforts. While implementation of the start and 
stop properties can include various knoWn protocols or 
datatypes for providing and communicating such properties 
among resources and applications, the use of standardiZed 
protocols, properties, and datatypes can be preferred so as to 
provide for Wide use of the methods and systems described 
herein. Thus, in one embodiment, the start and stop prop 
erties can make use of the xsd:dateTime datatype from the 
W3C XML Schema Datatypes Recommendation, though 
other datatypes, e.g., xsd:date or xsdzgYear, can be used. 

[0032] If multiple time intervals are associated With a 
given statement or resource (instance), e.g., a marriage 
relation betWeen tWo people Who divorce and then remarry 
each other, then instances of the class Interval can be used 
to group start/stop intervals. Thus, rather than having start 
and stop properties associated directly With the object or 
statement, the statement can have multiple Interval 
instances, Which each can have its oWn start and stop 
properties. 

[0033] FIG. 5A illustrates an example of statement 502 (a 
rei?ed verstion of statement is shoWn in FIG. 5C) having 
start property 504 and stop property 506 directly associated 
With statement 502. FIG. 5B illustrates the example of FIG. 
5A, Wherein statement 502 has multiple instances 508, 510 
of the class Interval 512. Instance 508, With respective start 
and stop properties 504 and 506, corresponds With the 
interval for statement 502 of FIG. 5A, While instance 510 
shoWs the addition to statement 502 of a second interval With 
start property 514. For the marriage relation example dis 
cussed above, the ?rst interval 508 of the marriage can 
indicate the marriage (statement 502) began in 1960 (start 
property 504) and ended in 1970 (stop property 506). The 
second interval 510 can indicate that the same marriage, i.e., 
marriage betWeen the same tWo people, began again in 1980 
(start property 514). Intervals can be associated With 
instances as Well as With statements. 

[0034] In addition to its start and stop properties the 
lifetime of a statement can also be constrained by the 
lifetimes of resources that it can reference as a subject or 
object. For example, a marriage relation ends When one of 
the participants dies. 

[0035] Start and stop properties Will typically be associ 
ated With statements by using RDF statementIDs. The use of 
RDF statementIDs can result in both asserted and rei?ed 
statements. The technique can be equally applied to content 
involving only rei?ed statements. When applied to such 
content, the graph structure for each rei?ed statement can be 
constructed explicitly Without the use of statement IDs. 

[0036] The screen images of FIGS. 1 and 2A-I can be 
described With relation to the systems 200 and method 400 
of FIGS. 3 and 4, respectively. FIG. 3 illustrates an 
exemplary system 200 for presenting time-varying informa 
tion to a user 202 from one or more Semantic Web structured 

resources 204. User 202 can connect to netWork 206 via 
processor 208. One or more servers 210 can facilitate 

connections to netWork 206 by user 202 and resources 204, 
though it can be understood that processor 208 and/or 
resources 204 can be con?gured for direct connection to 
netWork 206. Processor 208 can include a display 212 by 












