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(57) ABSTRACT 

The semantic entity tools and the categorical structure tools 
facilitate creation of a semantic description for content data 
using multiple component semantic descriptions stored 
remotely from the content data. Reference information is 
associated With the content data. When the semantic descrip 
tion is desired, the component semantic descriptions iden 
ti?ed in the reference information are retrieved (e.g., from a 
location on a network, a control dictionary, etc.). Then, the 
semantic description is formed in the manner speci?ed in the 
reference information using the component semantic 
descriptions. Thus, the semantic description does not have to 
be stored in a discrete location, saving storage resources and 
promoting re-use of component semantic descriptions. 
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GENERATING SEMANTIC DESCRIPTIONS FOR 
CONTENT DATA FROM COMPONENT SEMANTIC 
DESCRIPTIONS STORED REMOTELY FROM THE 

CONTENT DATA 

RELATED U.S. APPLICATION 

[0001] This patent application claims the bene?t of US. 
Provisional Application No. 60/189,202, ?led on Mar. 14, 
2000, entitled “Report On The Importance Of Structure In 
Semantic Descriptions”, by HaWley K. Rising III, and Ali 
Tabatabai. This patent application claims the bene?t of US. 
Provisional Application No. 60/189,626, ?led on Mar. 14, 
2000, entitled “Contribution On The Distribution Of Seman 
tic Information”, by HaWley K. Rising III, and Ali Tabatabai. 
This patent application claims the bene?t of US. Provisional 
Application No. 60/191,312, ?led on Mar. 21, 2000, entitled 
“Report On The Importance Of Structure In Semantic 
Descriptions Using Semantic Mosaics”, by HaWley K. Ris 
ing III, and Ali Tabatabai. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention generally relates to the ?eld 
of semantic descriptions for content data. More particularly, 
the present invention relates to the ?eld of methods and 
systems for implementing poWerful and ?exible semantic 
description tools to describe the underlying meaning of the 
content data. 

[0004] 2. Related Art 

[0005] The MPEG-7 “Multimedia Content Description 
Interface” standard Which is being developed by the Moving 
Pictures Expert Group (MPEG) focuses, unlike the preced 
ing MPEG standards (e.g., MPEG-1, MPEG-2, and MPEG 
4), on representing information about the content data, not 
the content data itself. The goal of the MPEG-7 standard is 
to provide a rich set of standardiZed tools to describe content 
data. In particular, MPEG-7 seeks to provide a simple, 
?exible, interoperable solution to the problems of indexing, 
searching, and retrieving content data. More speci?cally, 
MPEG-7 aims to standardiZe a core set of Descriptors that 
can be used to describe the various features of the content 
data; pre-de?ned structures of Descriptors and their rela 
tionships, called Description Schemes; a language to de?ne 
Description Schemes and Descriptors, called the Description 
De?nition Language (DDL); and coded representations of 
descriptions to enable ef?cient storage and fast access. The 
DDL is being based on XML Schema. Moreover, the 
MPEG-7 descriptions (a set of instantiated Description 
Schemes) are linked to the content data itself to alloW fast 
and ef?cient searching for material of a users interest. 

[0006] Continuing, MPEG-7 intends to describe content 
data regardless of storage, coding, display, transmission, 
medium, or technology. MPEG-7 addresses a Wide variety 
of media types including: still pictures, graphics, 3D models, 
audio, speech, video, and any combination thereof (e.g., 
multimedia presentations, scenarios, etc.). Examples of con 
tent data Within the MPEG-7 standard include an MPEG-4 
data stream; a video tape; a CD containing music, sound, or 
speech; a picture printed on paper, and an interactive mul 
timedia installation on the Web (i.e., the Internet). 

[0007] The MPEG-7 standard includes different types of 
Descriptors and Description Schemes. Some Descriptors 

Jan. 31, 2002 

and Description Schemes describe What is in the content 
data in terms of syntactic structure, color histogram, shape 
of an object, texture, motion, pitch, rhythm, etc. 

[0008] On the other hand, semantic Description Schemes 
describe the underlying meaning or understanding of the 
content data. In particular, a goal, advertisement, and 
Madonna are examples of a semantic description (an instan 
tiated semantic Description Scheme). Other examples of 
semantic descriptions includes a storyline for a movie (i.e., 
content data), a description of a scene in the movie, a 
description of an image, a description of a piece of music, 
etc. 

[0009] Again, the semantic description is based on the 
underlying meaning of the content data. Typically, the 
semantic description is expressed With Words. Unfortu 
nately, computer systems or other computational systems are 
not able to usefully manipulate (e.g., create, exchange, 
retrieve, etc.) semantic descriptions expressed With only 
Words. HoWever, if structure is incorporated into the seman 
tic descriptions, a computer system or other computational 
system can usefully manipulate semantic descriptions hav 
ing structure. For example, it is not suf?cient to describe the 
movie Zorro as having the entities Zorro, Zorro’s girlfriend, 
a bad guy, a ?rst sWord ?ght, a second sWord ?ght, etc. 
Relationships betWeen these entities are needed, hence pro 
viding the structure. 

[0010] Numerous proposals have been made to limit the 
types of structure to be incorporated into the semantic 
descriptions of the MPEG-7 standard. In particular, these 
proposals advocate creating speci?c, static semantic descrip 
tion schemes having only certain types of structure. More 
over, these proposals further encourage setting-up and run 
ning experiments to verify these speci?c, static semantic 
description schemes. 

[0011] There are several problems With these proposals. 
First, these experiments can conclude that these speci?c, 
static semantic description schemes function Well during 
these experiments because of the conditions of the experi 
ments. Yet, these speci?c, static semantic description 
schemes can still fail When applied to neW descriptive 
situations. For example, if these speci?c, static semantic 
description schemes can be applied to describe a soccer 
game, there is no Way of knoWing Whether these speci?c, 
static semantic description schemes can be applied to 
describe a human birth. Secondly, these experiments do not 
indicate or help to determine the range of semantic descrip 
tions that are impossible to implement or no longer capable 
of being implemented With these speci?c, static semantic 
description schemes because of the limitation on the types of 
structure incorporated. 

SUMMARY OF THE INVENTION 

[0012] Instead of focusing on speci?c, static semantic 
description schemes, emphasis and focus is placed on deter 
mining What is necessary and needed to create any type or 
kind of semantic description for content data in various 
applications such as MPEG-7. In particular, numerous 
semantic description tools are selected. These semantic 
description tools provide sufficient ?exibility and poWer to 
create any type or kind of semantic description. Numerous 
semantic entity tools and numerous categorical structure 
tools Were identi?ed as necessary and needed to create any 
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type or kind of semantic description. Semantic entity tools 
are tools that represent entities in a semantic description. 
Categorical structure tools are tools that represent categori 
cal structures of semantic entities and relations among these 
categorical structures. 

[0013] The process of developing semantic descriptions 
Was analyZed using principles from cognitive science. This 
analysis shoWed that the process of developing semantic 
descriptions typically did not involve transferring or com 
municating entire semantic descriptions from one person to 
another person. Instead, each person developed his/her oWn 
semantic description based on prior experiences Which Were 
recalled, modi?ed, combined, and extracted in various Ways. 
From this observation, it Was determined that semantic 
entity tools Which had operational properties resembling 
these cognitive operations Were needed to create any type or 
kind of semantic description. 

[0014] Moreover, the principles of category theory Were 
examined to determine Whether categorical structures (struc 
tures observing the principles of category theory) could 
provide sufficient ?exible structure to create any type or kind 
of semantic description. This examination revealed that the 
semantic entity tools could be mapped onto categorical 
structures such as a graph. Hence, categorical structure tools 
such a category, a graph, a functor, and a natural transfor 
mation Were needed to create any type or kind of semantic 
description. 

[0015] In another embodiment of the present invention, 
the semantic entity tools and the categorical structure tools 
facilitate creation of a semantic mosaic description for 
content data. The semantic mosaic description is formed 
from multiple semantic descriptions. These semantic 
descriptions are integrated With each other such that each 
semantic description is modi?ed at a local level Within 
localiZed regions Without substantially changing each 
semantic description outside these localiZed regions. In 
particular, the semantic mosaic description facilitates navi 
gation or broWsing through the multiple semantic descrip 
tions and the content data. 

[0016] In yet another embodiment of the present inven 
tion, the semantic entity tools and the categorical structure 
tools facilitate creation of a semantic description for content 
data using multiple component semantic descriptions stored 
remotely from the content data. Reference information is 
associated With the content data, Whereas the reference 
information includes the identity of the component semantic 
descriptions needed to form the semantic description, the 
location of these component semantic descriptions, and the 
manner of processing these component semantic descrip 
tions to form the semantic description. When the semantic 
description is desired, the component semantic descriptions 
identi?ed in the reference information are retrieved (e.g., 
from a location on a netWork, a control dictionary, etc.). 
Then, the semantic description is formed in the manner 
speci?ed in the reference information using the component 
semantic descriptions. Thus, the semantic description does 
not have to be stored in a discrete location, saving storage 
resources and promoting re-use of component semantic 
descriptions. 

[0017] These and other advantages of the present inven 
tion Will no doubt become apparent to those of ordinary skill 
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in the art after having read the folloWing detailed description 
of the preferred embodiments Which are illustrated in the 
draWing ?gures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

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

[0019] FIG. 1 illustrates an exemplary computer system in 
Which the present invention can be practiced. 

[0020] FIG. 2 illustrates semantic entity tools and cat 
egorical structure tools in accordance With an embodiment 
of the present invention. 

[0021] FIG. 3 illustrates numerous mental spaces in 
accordance With an embodiment of the present invention, 
shoWing creation of a neW mental space by recruiting frames 
and borroWing structure from other mental spaces. 

[0022] FIG. 4 illustrates numerous mental spaces in 
accordance With an embodiment of the present invention, 
shoWing creation of a blend mental space by integrating or 
blending input mental space1 and input mental space2. 

[0023] FIG. 5A illustrates a morphism in accordance With 
an embodiment of the present invention. 

[0024] FIG. 5B illustrates a ?rst functor, a second functor, 
a ?rst category, and a second category in accordance With an 
embodiment of the present invention. 

[0025] FIG. 5C illustrates a natural transformation in 
accordance With an embodiment of the present invention. 

[0026] FIG. 5D illustrates a graph in accordance With an 
embodiment of the present invention. 

[0027] FIG. 5E illustrates a graph morphism in accor 
dance With an embodiment of the present invention. 

[0028] FIG. 6 illustrates a semantic descriptions and a 
semantic descriptionl in accordance With an embodiment of 
the present invention. 

[0029] FIG. 7 illustrates a semantic mosaic description 
based on the semantic descriptionl of FIG. 6 and the 
semantic description2 of FIG. 6. 

[0030] FIG. 8 illustrates formation of a semantic descrip 
tion for content data using multiple component semantic 
descriptions stored in locations on a netWork in accordance 
With an embodiment of the present invention. 

[0031] FIG. 9 illustrates formation of a semantic descrip 
tion for content data using multiple component semantic 
descriptions stored in a control dictionary in accordance 
With an embodiment of the present invention. 

[0032] FIG. 10 illustrates a How chart shoWing a method 
of forming a semantic description for content data using 
multiple component semantic descriptions stored remotely 
from the content data in accordance With an embodiment of 
the present invention. 

[0033] The draWings referred to in this description should 
not be understood as being draWn to scale except if speci? 
cally noted. 



US 2002/0013783 A1 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0034] Reference Will noW be made in detail to the pre 
ferred embodiments of the present invention, examples of 
Which are illustrated in the accompanying drawings. While 
the invention Will be described in conjunction With the 
preferred embodiments, it Will be understood that they are 
not intended to limit the invention to these embodiments. On 
the contrary, the invention is intended to cover alternatives, 
modi?cations and equivalents, Which may be included 
Within the spirit and scope of the invention as de?ned by the 
appended claims. Furthermore, in the following detailed 
description of the present invention, numerous speci?c 
details are set forth in order to provide a thorough under 
standing of the present invention. HoWever, it Will be 
recogniZed by one of ordinary skill in the art that the present 
invention may be practiced Without these speci?c details. In 
other instances, Well knoWn methods, procedures, compo 
nents, and circuits have not been described in detail as not 
to unnecessarily obscure aspects of the present invention. 

Notation and Nomenclature 

[0035] Some portions of the detailed descriptions Which 
folloW are presented in terms of procedures, logic blocks, 
processing, and other symbolic representations of operations 
on data bits Within a computer memory. These descriptions 
and representations are the means used by those skilled in 
the data processing arts to most effectively convey the 
substance of their Work to others skilled in the art. In the 
present application, a procedure, logic block, process, etc., is 
conceived to be a self-consistent sequence of steps or 
instructions leading to a desired result. The steps are those 
requiring physical manipulations of physical quantities. 
Usually, though not necessarily, these quantities take the 
form of electrical or magnetic signals capable of being 
stored, transferred, combined, compared, and otherWise 
manipulated in a computer system. It has proved convenient 
at times, principally for reasons of common usage, to refer 
to these signals as bits, values, elements, symbols, charac 
ters, terms, numbers, or the like. 

[0036] It should be borne in mind, hoWever, that all of 
these and similar terms are to be associated With the appro 
priate physical quantities and are merely convenient labels 
applied to these quantities. Unless speci?cally stated other 
Wise as apparent from the folloWing discussions, it is appre 
ciated that throughout the present invention, a variety of 
terms are discussed that refer to the actions and processes of 
an electronic system or a computer system, or other elec 
tronic computing device/system. The computer system or 
similar electronic computing device manipulates and trans 
forms data represented as physical (electronic) quantities 
Within the computer system’s registers and memories into 
other data similarly represented as physical quantities Within 
the computer system memories or registers or other such 
information storage, transmission, or display devices. The 
present invention is also Well suited to the use of other 
computer systems such as, for example, optical, mechanical, 
or quantum computers. 

Exemplary Computer System Environment 

[0037] Aspects of the present invention are discussed in 
terms of steps executed on a computer system or any other 
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computational system. Although a variety of different com 
puter systems can be used With the present invention, an 
exemplary computer system 100 is shoWn in FIG. 1. 

[0038] With reference to FIG. 1, portions of the present 
invention are comprised of computer-readable and computer 
executable instructions Which reside, for example, in com 
puter-usable media of an electronic system such as the 
exemplary computer system. FIG. 1 illustrates an exemplary 
computer system 100 on Which embodiments of the present 
invention may be practiced. It is appreciated that the com 
puter system 100 of FIG. 1 is exemplary only and that the 
present invention can operate Within a number of different 
computer systems including general-purpose computer sys 
tems and embedded computer systems. 

[0039] Computer system 100 includes an address/data bus 
110 for communicating information, a central processor 101 
coupled With bus 110 for processing information and 
instructions, a volatile memory 102 (e.g., random access 
memory RAM) coupled With the bus 110 for storing infor 
mation and instructions for the central processor 101 and a 
non-volatile memory 103 (e.g., read only memory ROM) 
coupled With the bus 110 for storing static information and 
instructions for the processor 101. Exemplary computer 
system 100 also includes a data storage device 104 (“disk 
subsystem”) such as a magnetic or optical disk and disk 
drive coupled With the bus 110 for storing information and 
instructions. Data storage device 104 can include one or 

more removable magnetic or optical storage media (e.g., 
diskettes, tapes) Which are computer readable memories. 
Memory units of computer system 100 include volatile 
memory 102, non-volatile memory 103 and data storage 
device 104. 

[0040] Exemplary computer system 100 can further 
include an optional signal generating device 108 (e.g., a 
netWork interface card “NIC”) coupled to the bus 110 for 
interfacing With other computer systems. Also included in 
exemplary computer system 100 of FIG. 1 is an optional 
alphanumeric input device 106 including alphanumeric and 
function keys coupled to the bus 110 for communicating 
information and command selections to the central processor 
101. Exemplary computer system 100 also includes an 
optional cursor control or directing device 107 coupled to 
the bus 110 for communicating user input information and 
command selections to the central processor 101. An 
optional display device 105 can also be coupled to the bus 
110 for displaying information to the computer user. Display 
device 105 may be a liquid crystal device, other ?at panel 
display, cathode ray tube, or other display device suitable for 
creating graphic images and alphanumeric characters rec 
ogniZable to the user. Cursor control device 107 alloWs the 
user to dynamically signal the tWo-dimensional movement 
of a visible symbol (cursor) on a display screen of display 
device 105. Many implementations of cursor control device 
107 are knoWn in the art including a trackball, mouse, touch 
pad, joystick or special keys on alphanumeric input device 
106 capable of signaling movement of a given direction or 
manner of displacement. Alternatively, it Will be appreciated 
that a cursor can be directed and/or activated via input from 
alphanumeric input device 106 using special keys and 
keysequence commands. 
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Category Theory and Cognitive Science in the 
Design of Semantic Descriptions for Content Data 

[0041] The present invention is applicable to the MPEG-7 
standard or to any other application Which uses semantic 
descriptions. 
[0042] FIG. 2 illustrates semantic entity tools 210 and 
categorical structure tools 220 in accordance With an 
embodiment of the present invention. Instead of focusing on 
speci?c, static semantic description schemes, emphasis and 
focus is placed on determining What is necessary and needed 
to create any type or kind of semantic description for content 
data in various applications such as MPEG-7. In particular, 
numerous semantic description tools 210 and 220 are 
selected. These semantic description tools 210 and 220 
provide suf?cient ?exibility and poWer to create any type or 
kind of semantic description. Numerous semantic entity 
tools 211-217 and numerous categorical structure tools 
221-227 Were identi?ed as necessary and needed to create 
any type or kind of semantic description. Semantic entity 
tools 211-217 are tools that represent entities in a semantic 
description. Categorical structure tools 221-227 are tools 
that represent categorical structures of semantic entities 
211-217 and relations among these categorical structures. In 
an embodiment, the semantic entity tools 211-217 and the 
categorical structure tools 221-227 are implemented as 
Description Schemes. 
[0043] The semantic entity tools 210 include core seman 
tic entities 211-214, constructed semantic entities 216-217, 
and a context semantic entity 215. The core semantic entities 
211-214 include a semantic object 211, a semantic state 212, 
a semantic event 213, and a semantic episode 214. The 
context semantic entity 215 includes a frame 215. Moreover, 
the constructed semantic entities 216-217 include a mental 
space 216 and a descriptive structure 217. In an embodi 
ment, each constructed semantic entity can include a core 
semantic entity 211, a context semantic entity 215, and 
relationships among these. 
[0044] The categorical structure tools 220 include a rela 
tion 221, a morphism 222, a graph 223, a category 224, a 
functor 225, a natural transformation 226, and a character 
istic function 227. 

[0045] Referring again to FIG. 1, a semantic object or 
object 211 in a semantic description is derived from a 
physical object or an abstraction of the physical object. In 
particular, the semantic object 211 describes a physical or 
abstract object semantically. Physical objects have spatial 
contiguity, and temporal duration. Physical objects are 
described in various Ways. Moreover, the change in a 
semantic object 211 over time, or the particular circum 
stances, or type of a generic semantic object 211, are 
described With reference to attributes, Which are qualities of 
the semantic object 211. The collection of these qualities 
changes over time, and can be called the semantic state or 
state 212 of the semantic object 211. Thus, semantic objects 
211 have semantic states 212. 

[0046] Physical objects are frequently divisible. The sub 
sets of the material of a physical object can be physical 
objects in their oWn right. These subsets can be referred as 
physical subobjects. Thus, semantic objects 211 can have 
semantic subobjects. The collection of semantic subobjects 
of a given semantic object 211, or the collection of semantic 
subobjects of a collection of semantic objects 211, admits a 
partial order, by inclusion. 
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[0047] LikeWise, since semantic states 212 are frequently 
complex, containing more than a single attribute, they can 
have subcollections. These subcollections can be semantic 
states 212 if these subcollections have semantic meaning. 
Thus, semantic states 212 can have semantic substates. 

[0048] A change in semantic state 212 is a semantic event 
or event 213. Since, as Was remarked above, semantic states 
212 are complex, a semantic event 213 may likeWise be 
complex, since the semantic event 213 may indicate the 
change in a large number of attributes. Consequently, if such 
a set of attributes admits a subset With semantic meaning, 
and that subset can change independently from the rest, a 
semantic event 213 can have semantic subevents. 

[0049] Thus, a semantic description formed With a seman 
tic object 211 may or may not describe semantic subobjects, 
semantic states 212, semantic substates, semantic events 
213, or semantic subevents. More importantly, the semantic 
description may contain relationships other than inclusion of 
parts. 

[0050] A semantic episode or episode 214 denotes an 
inclusive semantic description of What transpires over a 
period of time, from some (possibly implied) starting time to 
(also possibly implied) ending time, With a duration greater 
than Zero. A semantic episode 214 can be a temporal 
designation With semantic meaning. If there are time periods 
of shorter duration betWeen the start of the semantic episode 
214 and the end of the semantic episode 214, Which have 
semantic meaning, these may be called semantic subepi 
sodes. 

[0051] The semantic description includes relationships. 
One relationship that has already been seen and holds for all 
of the above identi?ed semantic entities 211-214 is that of 
inclusion, in the manner of a semantic subobject, semantic 
subevent, semantic subepisode, or semantic substate. The 
lists of relationships betWeen such semantic entities 211-214 
can be quite long. The formal de?nitions of tWo mathemati 
cal concepts, Which Will facilitate them, are the de?nition of 
a relation 221 and the de?nition of a morphism or mapping 
222, Which are illustrated in FIG. 2. 

[0052] A relation on a group of mathematical objects is a 
subset of the formal cartesian product of the mathematical 
objects. For instance, a binary relation is a subset of the set 
of ordered pairs of mathematical objects. A partial order is 
a subset such that if (a,b) and (b,c) are in the set, so is (a,c), 
and if (a,b) and (b,a) are in the set then a=b. Inclusion is a 
partial order. Moreover, containment is a partial order (i.e., 
When one mathematical object is contained in another). 
Containment and inclusion are not the same: One Would 
hardly say that a ?sh is part of a ?sh tank, but it is likely to 
be found there. 

[0053] A morphism or mapping 222 is an assignment 
consisting of ordered pairs from a set called the domain and 
a set called the codomain. It can have more distinction than 

that, for instance, a function is a mapping Where the 
codomain is the real (or complex) numbers, and for each 
element a of the domain, there is exactly one element b of 
the codomain. 

[0054] Thus, a relationship betWeen mathematical objects 
is either a relation 221 or a morphism/mapping 222. Since 
relations 221 can be expressed as compositions of mappings, 
(a and b map to (a,b) Which maps via the characteristic 
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function 227 of the subset mentioned above to either true or 
false. A generalization of the characteristic function 227 
maps to a discrete set, and is called a subobject classi?er.), 
a relationship is a morphism or mapping 222. There are 
several kinds of relationships. Inclusion Was mentioned 
above. Moreover, containment, similarity, example of, and 
relative position are also relationships. 

[0055] Since inclusion is a relationship on all of the 
categories of semantic entities 211-214 identi?ed above, 
semantic objects 211, semantic events 212, semantic states 
213, and semantic episodes 214 can all have relationships. It 
is also possible to have relationships betWeen these semantic 
entities 211-214, the most obvious being betWeen semantic 
objects 211, semantic events 213, and semantic states 212, 
but semantic episodes 214 may sometimes be effectively 
described by relationships as Well. As noted above, semantic 
events 213 are described as a change in semantic state 212, 
a semantic state 212 being a collection of attributes for a 
semantic object 211. Furthermore, a relationship is a mor 
phism or mapping 221. Mappings may be parametriZed. 
Thus, a change in the parameters of a mapping betWeen tWo 
of the above identi?ed semantic entities 211-214 ?ts Well as 
a semantic event 213. In fact, it is possible for semantic 
entities 211-214 of the above categories to be described by 
a complex set of mappings. This set is also a relationship. A 
change in the relationship betWeen members of the above 
identi?ed semantic entities 211-214 is a semantic event 213. 
That change may as easily be a change in the mapping that 
describes the relationship, as a change in the parameters of 
that mapping (It is possible to Write this all in a Way that 
makes every semantic event 213 a change in parameters, by 
using a function space and indexing it over an appropriate 
parameter set). 
[0056] The process of developing semantic descriptions 
Was analyZed using principles from cognitive science such 
as “input mental spaces”, mappings betWeen “mental 
spaces”, and “blend mental spaces”. Cognitive science pro 
vides schemes for interpreting semantic content in language. 
The understanding of “mental spaces” and their mappings is 
apropos to creation of semantic descriptions for content 
data. In particular, mappings, precedences, and contexts that 
really imbue semantic descriptions With meaning depend on 
the rules governing perception and interpretation. This can 
be described by a “mental space”, mappings betWeen “men 
tal spaces”, and integration of part or all of a set of “mental 
spaces” into a neW “mental space”. The interpretation of 
speech, Which is, after all, the prototype for semantic 
description of content data, requires the construction of a set 
of “mental spaces” Which provide context for the commu 
nication. These “mental spaces” are built by importing a lot 
of information not included in the speech (Which is inter 
preted as semantic description). The maps by Which this is 
done include recruiting “frames”, Which are prede?ned 
constructs for interpretation, projecting structure from one 
semantic description to another, and integrating or abstract 
ing imported material from more than one other semantic 
description. This process is not limited to descriptive speech 
per se. 

[0057] Each “mental space”, then, is an extended descrip 
tion containing entities, relationships, and frames, and sev 
eral “mental spaces” may be active at once, in order to 
properly de?ne all the entities in the semantic description. 
These “mental spaces” enter into relationships With each 
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other. Since these “mental spaces” borroW structure and 
entities from each other, there are mappings necessarily 
betWeen such “mental spaces”. The Whole composite forms 
a backdrop to the expressed description, and completes the 
process of attaching semantic meaning to the entities 
involved in the speech. 

[0058] This analysis shoWs that the process of developing 
semantic descriptions typically does not involve transferring 
or communicating entire semantic descriptions from one 
person to another person. Instead, each person develops 
his/her oWn semantic description based on prior experiences 
Which are recalled, modi?ed, combined, extracted, and 
mapped in various Ways. From this observation, it Was 
determined that semantic entity tools Which had operational 
properties resembling these cognitive operations Were 
needed to create any type or kind of semantic description. As 
illustrated in FIG. 2, the mental space 216, the descriptive 
structure 217, and the frame 215 are semantic entity tools 
originating from cognitive concepts. Frames 215 are preas 
sumed or prede?ned sets of rules for interpreting or describ 
ing a set of semantic objects 211. As such, frames 215 may 
be prototypical semantic descriptions themselves, or they 
may be sets of rules, de?nitions, and descriptive structures. 
Descriptive structures 217 are abstractions of semantic 
objects 211, semantic episodes 214, semantic states 212, and 
relationships (Which are either relations 221 or morphisms/ 
mappings 222 as described above) to graphs 223, With or 
Without extra properties. Mental spaces 216 are collections 
of semantic objects 211, relationships (Which are either 
relations 221 or morphisms/mappings 222 as described 
above), and frames 215, together With mappings Which 
embed descriptive structures 217 from semantic descriptions 
or from other mental spaces. 

[0059] FIG. 3 illustrates numerous mental spaces 310, 
320, and 330 in accordance With an embodiment of the 
present invention, shoWing creation of a neW mental space 
330 by recruiting frames 360 and 362 and borroWing 
descriptive structure from other mental spaces 310 and 320. 
In particular, the mapping 340 indicates that neW mental 
space 330 borroWs descriptive structure from mental space1 
310. The mapping 345 indicates that neW mental space 330 
borroWs descriptive structure from mental space2 320. 
Moreover, the recruitment arroW 355 indicates that the neW 
mental space 330 recruits the frame 362 from the set of 
frames 360-363. In addition, the recruitment arroW 350 
indicates that the neW mental space 330 recruits the frame 
360 from the set of frames 360-363. 

[0060] FIG. 4 illustrates numerous mental spaces 410-440 
in accordance With an embodiment of the present invention, 
shoWing creation of a blend mental space 440 by integrating 
or blending input mental space1 420 and input mental 
space2 430. The generic mental space 410 has structures that 
are found in both the input mental space1 420 and input 
mental space2 430. The blend mental space 440 integrates 
borroWed descriptive structures from the input mental 
space1 420 and input mental space2 430 to form neW 
structures. 

[0061] Thus, the structure required to represent the com 
plex nature of semantic description for content data may 
need to be as complex. At ?rst glance, one might be tempted 
to limit the structure in some Way, so that the semantic 
description Would be less complex. Necessarily, this is done 
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at the price of decreasing the type of semantic descriptions 
that can be constructed, and it may not be obvious hoW. For 
instance, the mapping Which projects structure from one 
mental space to another mental space is properly knoWn 
as-metaphor, or analogy. One is tempted to throW this out, 
given that one only Wants a semantic description of content 
data (e.g., audiovisual material). HoWever, metaphors are 
used daily Without realiZation of its use. The expression 
“getting close to the deadline”, borroWs spatial structure to 
talk about time. In a World Where this has been formalized 
in mathematics and physics, it may not seem to be an 
analogy, but it is. It is also quite imperceptible. The point is 
that unless all semantic descriptions for content data are to 
be Written out in formal Well formed propositions, or a 
language Which properly restricts them is to be created, it 
Would be dif?cult, if not impossible, and quite possibly 
undesirable to restrict semantic descriptions for content data 
as advocated by those proposing the speci?c, static semantic 
description schemes. 

[0062] In revieWing the semantic entity tools 210 in FIG. 
2, the importance of structure is evident. Semantic objects 
211 are descriptions of real objects, or of composites or 
abstractions of these real objects. They contain semantic 
states 212. Semantic objects 211 may have semantic sub 
objects. The semantic states 212 may have semantic sub 
states. Semantic states 212 are collections of attributes. 
Semantic states 212 may be attached to semantic objects 
211, relationships (Which are either relations 221 or mor 
phisms/mappings 222), and semantic episodes 214. By 
extension, they may be attribute collections of mental spaces 
216. Semantic states 212 may have semantic substates. 
Semantic events 213 are changes in semantic states 212. As 
such, a semantic event 213 may be a change in any of the 
constituents of a description of a semantic object 211, a 
semantic episode 214, or a relationship (including What 
represents the mental spaces 216). Since semantic states 212 
may have semantic substates, semantic events 213 may have 
semantic subevents. 

[0063] Continuing With FIG. 2, semantic episodes 214 are 
semantically signi?cant time spans. They may coincide With 
the behavior of semantic objects 211, With the occurrence of 
semantic events 213, With changes in relationships, or 
changes in the mental spaces 216 used to provide context to 
the semantic objects 211, semantic events 213, and relation 
ships. If semantically signi?cant time spans are properly 
contained in a semantic episode 214, these semantically 
signi?cant time spans are semantic subepisodes. Frames 215 
are preassumed or prede?ned sets of rules for interpreting or 
describing a set of semantic objects 211. As such, they may 
be prototypical descriptions themselves, or they may be sets 
of rules, de?nitions, and descriptive structures 217. Descrip 
tive structures 217 are abstractions of semantic objects 211, 
semantic episodes 214, semantic states 212, and relation 
ships to graphs 223, With or Without extra properties. Mental 
spaces 216 are collections of semantic objects 211, relation 
ships (Which are either relations 221 or morphisms/map 
pings 222), and frames 215, together With mappings Which 
embed descriptive structures 217 from semantic descriptions 
or from other mental spaces. 

[0064] Furthermore, the principles of category theory 
Were examined to determine Whether categorical structures 
(structures observing the principles of category theory) 
could provide suf?cient ?exible structure to create any type 
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or kind of semantic description for content data. This 
examination revealed that the semantic entity tools 210 
could be mapped onto categorical structures such as a graph 
223. Hence, categorical structure tools 220 such a category 
224, a graph 223, a functor 225, and a natural transformation 
226 Were needed to create any type or kind of semantic 
description for content data. 

[0065] As is evident from the discussion above, a semantic 
description of content data (e.g., audiovisual material) is 
therefore characteriZed by structure. The relationships 
betWeen semantic objects 211 form structure. The mapping 
of semantic objects 211, semantic states 212, and semantic 
events 213 into a semantic episode 214 is structure. The 
mappings that make up the underlying mental spaces 216 are 
structure. It is possible to represent semantic states 212 as 
maps from the entities they describe to spaces of attribute 
values. 

[0066] As shoWn in FIG. 2, the categorical structure tools 
220 take many forms. Morphisms 222 are directed arroWs 
betWeen mathematical objects or entities. The above iden 
ti?ed relationships betWeen semantic objects 211, semantic 
states 212, and semantic episodes 214 have been described 
by maps such as these (morphisms). FIG. 5A illustrates a 
morphism 510 in accordance With an embodiment of the 
present invention. The morphism 510 is a directed arroW 
from entity 525 to entity 520. Any of the entities 520 and 525 
can be a semantic object 211, a semantic event 213, a 
relationship, a semantic states 212, a semantic episode 214, 
a frame 215, a descriptive structure 217, a mental space 216, 
or any other entity. 

[0067] With reference to FIG. 2, a graph 223 has a set of 
morphisms betWeen mathematical objects and a set of 
mathematical objects, With the morphisms as edges and the 
mathematical objects as vertices or nodes. FIG. 5D illus 
trates a graph 570 in accordance With an embodiment of the 
present invention, shoWing the edges 571 and the nodes 572. 
FIG. 5E illustrates a graph morphism 593 betWeen 
graph1 591 and graph2 592 in accordance With an embodi 
ment of the present invention. As illustrated in FIG. 5E, the 
graph morphism 593 is a pair of mappings: a mapping of 
an edge betWeen tWo nodes and a mapping of the tWo nodes. 
Moreover, the graph morphism 593 has the property that 
S(F(¢))=F(S(‘°/)) and t(F(¢))=F(I(‘°/)) 
[0068] Referring to FIG. 2, When graphs 223 obey cat 
egorical constraints (i.e., they respect identity and compo 
sition on the mathematical objects),-the graphs 223 are 
categories 224. Graphs 223 can also be regarded as math 
ematical objects in their oWn right (i.e., making mathemati 
cal objects out of maps). This Was done above When a 
change in the semantic state 212 of a relationship Was 
alloWed to be a semantic event 213. 

[0069] With reference to FIG. 2 again, When the mor 
phisms 222 betWeen categories 224 obey categorical con 
straints (i.e., the identity maps to the identity, the morphisms 
respect composition), the morphisms 222 are called functors 
225. FIG. 5B illustrates a ?rst functor 530, a second functor 
531, a ?rst category 536, and a second category 535 in 
accordance With an embodiment of the present invention. 
The functor1 530 and the functor2 531 are directed from the 
categoryl 536 to the category2 535. 

[0070] In FIG. 2, if the functors 225 map according to 
categorical constraints, the functors 225 are called natural 
transformations 226. This is the end of the line: 










