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(57) ABSTRACT 

A method for providing a polyhierarchical classi?cation 
includes identifying properties of objects useful for distin 
guishing objects under classi?cation. A plurality of criteria 
are identi?ed for specializing the identi?ed properties. A 
form is chosen for attributive expressions that describe 
classi?cation categories. The attributive expressions are 
customizable and encode compositions of object properties 
in terms of attributes from the plurality of criteria. A domain 
of applicability is identi?ed for each criterion that is repre 
sentable by attributive expressions, and a dependence rela 
tionship betWeen criteria is de?ned by the inclusion of 
attributes in the attributive expressions, Where a selected 
criterion depends on another criterion if its domain of 
applicability includes at least one attribute by the other 
criterion. A generating polyhierarchy of criteria is automati 
cally established by the dependence relationships betWeen 
the criteria. The generating polyhierarchy of criteria implic 
itly de?nes an induced polyhierarchy of classi?cation cat 
egories. 
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. IC . Electric Manufacturer Model Engme . Fuel Gasolme Battery Car Model Engme Power 
Name Year Type Family Type Grade source Type 

A4 3.0 Audi 2003 IC Piston Gasoline Premium N/A N/A 

A-class Mercedes 2002 Electric N/A NIA N/A Fuel Cell NIA 
Azure 6.75 Bentley 2003 IC Piston Gasoline Premium N/A N/A 

Blazer LS Chevrolet 2003 IC Piston Gasoline Regular N/A N/A 
Caravan SE Dodge 2003 IC Piston Gasoline Regular N/A N/A : 

CivicGX Honda 2003 IC Piston Nggéa' N/A N/A N/A ‘ 

CL3.2 Acura 2003 IC Piston Gasoline Premium N/A~ ‘NIA 
Corolla CE Toyota 2003 IC Piston Gasoline Regular NVIAI NIA 
Crown \?ctoria Ford 2001 IC Piston LPG NIA N/A N/A 

E320cdi Mercedes 2003 IC Piston Diesel N/A ' NIA NIA 

Escape XLT Ford 2003 IC Piston Gasoline Regular N/A N/A 

EV1 General Motors 2003 Electric :N/A N/A N/A Battery FCX Honda 2003 Electric N/A N/A N/A Fuel Cell N/A 

Focus FCV Ford 2003 Electric ' N/A N/A N/A Fuel Cell 'N/A 

Golf GLS TDI Volkswagen 2000 IC Piston Diesel N/A NIA N/A 
HD F-250 Ford 2003 IC Piston Diesel N/A 'N/A / NIA 

HD F-350 Ford 2003 IC Piston Diesel N/A N/A N/A 

Intrepid SE Chrysler 2003 IC Piston Gasoline Regular ' N/AY" ' NIA 

Jimmy SLS General Motors 2003 IC Piston Gasoline Regular N/A 1 tN/A; 

M5 BMW 2003 IC Piston Gasoline Premium - N/A, N/AY 

Necar2 Chrysler 2004 Electric N/A N/A N/A Fuel Cell NIA] 

PT Cruiser Chrysler 2004 IC Piston Diesel N/A N/A :hlfA" 
RX-8 Mazda 2004 IC Rotary Gasoline Premium NIA ’ NIA 

sso CNG Volvo 2002 IC Piston N325" N/A ‘N/A" '"N/A 

Sierra 2500 HD General Motors 2003 IC Piston Diesel N/A NIA N/A 
Sierra 3500 General Motors 2003 IC Piston Diesel N/A NIA NIA 

THINK Ford 2003 Electric N/A N/A N/A Battery NiCd 
TopKick C4500 General Motors 2003 IC Piston Diesel N/A N/A N/A 
Vanquish V12 Aston Martin 2003 IC Piston Gasoline Premium N/A N/A 
285.0 BMW 2003 IC Piston Gasoline Premium NIA N/A 
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representable as a classification category defined by an attributive 
expression composed of attributes from other criteria, or by the empty 
attributive expression. 

logical operations operable for composing elementary specializations 
encoded by individual attributes. 

Partially ordering the plurality of classification criteria into a generating 
polyhierarchy of criteria by identifying domains of applicability of the criteria 
in terms of root categories of the criteria or an equivalent form. 

categories, wherein the form of attributive expressions depends on a set of 
Choosing a form of attributive expressions for describing classification 

Identifying a plurality of classification criteria for specializing classifiable 
traits of objects, wherein a domain of applicability for each criterion is 
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PolyHDL (Polyhierarchy Definition Language) 

branch_list ::= branch_name | branch_list, branch_name 
criterion_de?nition_statement ::= 

Criterion criteri0n_name { branch_list} | 
Criterion criteri0n_name : de?niti0n_domain { branch_list } 

//minimum 1 branch, maximum unde?ned. 

brunion ::= criterion_name::branch_name | criterion_name::{ branch_list } 
brunion_de?niti0n_statement ::= 

BrUnion bruni0n_name brunion 
//minimum 1 branch, maximum = number of branches in the criterion. 

collection_element ::= brunion_name | brunion 
collection_element_list ::= collection_element I c0llection__element_list, 
c0llection_element 
collection ::= { collection_element_list } 
c0llection_de?niti0n_statement ::= 

Collection collection_name collection 
//minimum 1 brunion, maximum unde?ned 
//every brunion in the list must follow its direct parent. 

coluni0n_element ::= collection_name | collection 
colunion_element_list ::= colunion_element | colunion_element_list, 
colunion_element 
colunion ::= { colunion__element_list } 
colunion_de?nition_statement ::= 

ColUnion c0luni0n_name colunion 
//minimum 1 collection, maximum unde?ned. 

de?nition_domain ::= collecti0n_element I colunion_element | colunion_name| 
colunion 

category_de?niti0n_statement ::= 
Category category__name de?niti0n_d0main 

Figure 21 
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Criterion Manufacturer_Name 
{ Acura, Aston_Martin, Audi, Bentley, BMW, 
Chevrolet, Chrysler, Dodge, Ford, GM, Honda, 
Mazda, Mercedes, Toyota, Volkswagen, Volvo } 

Criterion Model__Year 
{ 2000, 2001, 2002, 2003, 2004 } 

Criterion Engine_Type 
{ Electric, IC, Hybrid } 

BrUnion Hybrid_OR_IC 
Engine_Type: : { IC, Hybrid } 

Criterion IC_Engine_Fa.mily : Hybrid_OR_IC 
{ Piston, Rotary } 

Criterion Fuel_Type : Hybrid_OR_IC 
{ Diesel, Gasoline, LPG, Natural_Gas } 

Criterion Gas0line_Grade : Fuel_Type: :Gasoline 
{ Regular, MidGrade, Premium } 

BrUnion Hybrid_OR_Electric 
Engine_Type: : { Electric, Hybrid } 

Criterion Electric_Power_Source : Hybrid_OR_Electric 
{ Battery, Fuel_Cell } 

Criterion Battery_Type : Electric_Power_Source: :Battery 
{ Lithium_Ion, NiCd, NiMH, PbACid } 

Figure 22 
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METHOD OF BUILDING PERSISTENT 
POLYHIERARCHICAL CLASSIFICATIONS BASED 
ON POLYHIERARCHIES OF CLASSIFICATION 

CRITERIA 

RELATED APPLICATIONS 

[0001] This application claims the bene?t of US. provi 
sional patent applications METHOD OF BUILDING HIER 
ARCHICAL CLASSIFICATIONS BASED ON HIERAR 
CHIES OF CLASSIFICATION CRITERIA, Ser. No. 
60/498,313, ?led Aug. 27, 2003, and METHOD OF BUILD 
ING PERSISTENT POLYHIERARCHICAL CLASSIFI 
CATIONS BASED ON POLYHIERARCHIES OF CLAS 
SIFICATION CRITERIA, Ser. No. 60/514,273, ?led Oct. 
24, 2003, hereby incorporated by reference in their entire 
ties, as if set forth beloW. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] This invention relates generally to construction 
and/or description of polyhierarchical classi?cations, and, in 
particular, to construction and/or description of computer 
stored polyhierarchical multi-criteria classi?cations With 
intrinsic recognition of domains of classi?cation criteria 
applicability and simultaneous (random) access to appli 
cable classi?cation criteria. 

[0004] 2. Description of the Related Art 

[0005] Classi?cation of sets of arbitrary entities such as 
objects, relations, processes, concepts, subjects, etc, is a 
basic paradigm used by both the human mind and present 
day information technologies for storage, retrieval, analysis 
and systematiZation of knoWledge. The kernel principle of 
classi?cation is decomposition of a classi?ed set into a 
number of classes (categories) in accordance With a system 
of rules (criteria). If categories are ordered by a directed 
relationship, such as “abstract-concrete”, “general-speci?c”, 
or “parent-child” they form a polyhierarchical structure. The 
term “polyhierarchical structure” is intended to include both 
single and multiple inheritance relationships betWeen cat 
egories. In other Words, a category in a polyhierarchical 
structure may have one or more than one parent. 

[0006] Polyhierarchical classi?cations provide a dramatic 
increase of functionality as compared With classi?cations 
constructed Without ordering categories by their abstraction 
level. In fact, the latter can be used only to store, search for, 
and retrieve information. In contrast, the former creates a 
Well-developed formalism for manipulating systems of 
interrelated abstract entities, thus providing the ability to 
process information across different abstraction levels, cre 
ate neW languages, formalisms, concepts, and theories. 

[0007] Persistent polyhierarchical classi?cations include 
structures that are relatively stable. Persistence of a classi 
?cation denotes that a set of categories and system, for 
example, of the “general-speci?c” relationships betWeen 
them must be pre-designed and stored in a permanent 
descriptive repository. Further extensions and re?nements of 
a persistent classi?cation may include the introduction of 
neW criteria, categories, and relationships. Previously devel 
oped parts of a persistent classi?cation ordinarily remain 
unchanged When extending a classi?ed set, adding neW 
selection options to existing criteria, and introducing neW 
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criteria. Moreover, a run-time modi?cation of a persistent 
classi?cation is generally not permitted. This means, in 
particular, that the accessible search options including key 
Words and ranges of parameters are permanently stored in 
the descriptive repository. 

[0008] Persistent classi?cations are a foundation for col 
laborative development of general, reusable, and standard 
iZed systems. For example, hierarchies of classes, subjects, 
and aspects in object-oriented (‘0O’), subject-oriented 
(‘SO’), and aspect-oriented (‘A0’) programming, respec 
tively, are persistent classi?cations. The classi?cations used 
in natural sciences, such as taxonomies of species, classi? 
cations of minerals, chemicals, astronomical objects, natural 
languages, fundamental particles, mathematical abstrac 
tions, and countless others are persistent as Well. 

[0009] Classi?cation schemes are used in the vast majority 
of modem computer-aided information systems such as 
electronic data repositories, computer modeling environ 
ments, expert systems, and many others. In particular, elec 
tronic data repositories are increasingly being used to store, 
search for, and retrieve data. These repositories are capable 
of storing and providing access to large volumes of infor 
mation. 

[0010] The Internet is one factor that has contributed to the 
demand for electronic data repositories and to their prolif 
eration. A large number of Websites on the Internet, for 
example, alloW users to search though data repositories and 
retrieve information free of charge. Several Well-known 
examples include Websites advertising vehicles available for 
purchase. These Websites typically alloW the user to search 
though the repository by entering search criteria, such as the 
make of the vehicle, the model, price range, color, and the 
like. Internet search engines are another example of an 
application that searches for, and retrieves information from 
an electronic repository. Other applications include cata 
logues and directories, online documentation, and compo 
nents of operating systems, as Well as countless others. In 
short, the ability to electronically search for and retrieve 
information has become essential in a number of different 
softWare and commercial environments. Data repositories 
are often very large in siZe. Managing, organiZing, and 
classifying the data is essential in maximiZing the usefulness 
of the repository. The usual approach is to organiZe and 
manage the repository using a multi-criteria classi?cation 
scheme, Which can be hierarchical and/or persistent depend 
ing on the desired functionality. 

[0011] A number of advanced applications Work With sets 
of abstract entities rather than plain data. These applications 
may include 00, SO, and A0 programming environments, 
as Well as, component based softWare engineering (CBSE) 
systems, intelligent databases, content management and 
expert systems. Such applications explicitly use persistent 
hierarchies of classes, aspects, etc. as formal schemes for 
de?ning entities of different abstraction levels, describing 
relations betWeen them, and manipulating abstract entities 
rather than speci?c objects. 

[0012] The use of hierarchical classi?cations provides a 
mechanism for logical operations, such as generaliZation, 
specialiZation, and composition of information. For 
example, the OO programming paradigm is based on class 
hierarchies formed by inheritance relationships. Under this 
approach, a child class includes the data (instance variables) 
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and functions (class methods) of its parents, along With some 
additional ones. In other Words, the child class is similar to 
its parents except for some additional features. This creates 
a so-called abstraction mechanism (i.e., a Way of accessing 
a class object by reference to its abstract parent class With 
automatic data mapping and class method dispatch). Object 
oriented hierarchies can be treated as multi-criteria classi 
?cations Whose criteria are represented by sets of inheritance 
relationships sharing common parent classes. 

[0013] Modern approaches to multi-criteria classi?cation 
schemes generally use representations in terms of trees, 
directed acyclic graphs (‘DAGs’), compositions of trees, or 
set based formulas. These approaches, hoWever, do not 
provide ef?cient support for development, maintenance, and 
use of general persistent polyhierarchical classi?cations. 
Several disadvantages of present-day multi-criteria classi? 
cation schemes are discussed beloW for the case of a 
simpli?ed classi?cation of automobiles. 

[0014] In FIG. 1, an illustrative tree-structured hierarchi 
cal classi?cation scheme 100 is presented, Where boxes 
(nodes of the tree) denote categories. The tree structure 100 
graphically presents one illustrative example of a system of 
parent-child relationships, described above. For example, 
node 104 is the parent to nodes 108 and 112. Likewise, node 
112 is the parent to nodes 116, 120, and 124. 

[0015] The criteria in this example include manufacturer 
name, model year, engine type, internal combustion (IC) 
engine family, electric poWer source, fuel type, gasoline 
grade, and battery type. Some criteria are applicable to only 
speci?c kinds of cars, but not to other types of cars. For 
example, the “gasoline grade” criterion is applicable only for 
cars With IC engines requiring gasoline fuel. Likewise, the 
“battery type” criterion, in this illustrative example, is 
applicable only for electric cars With battery poWer sources. 
Such criteria can be called conditional criteria because their 
applicability depends on speci?c selections made under 
more general criteria. 

[0016] Information on available cars in a hypothetical 
electronic data repository may be organiZed and searched 
based on the criteria shoWn. For example, data entries 
related to Toyota cars manufactured in 2003 With internal 
combustion piston engines fueled With regular gasoline 
should be classi?ed under node 128, While data on electric 
Toyota cars manufactured in 2003 With Lithium Ion batteries 
should be classi?ed under node 132. To retrieve information 
on these cars, the corresponding attribute values (i.e., 
Toyota, 2003, IC engine, etc.) may be entered in succession. 

[0017] Unfortunately, the tree-structured hierarchical clas 
si?cation scheme 100 forces the developer to decide early on 
Which criterion is most important. For example, in FIG. 1, 
the most preferable (i.e., most signi?cant) criterion in the 
classi?cation scheme 100 is “manufacturer name”. The 
second and third most preferable criteria are “model year” 
and “engine type”, respectively. The developer is forced to 
rank the importance of the different criteria because tree 
hierarchies require strictly prede?ned sequence of selec 
tions. The applicable, but loWer ranking criteria are not 
searchable until the higher ranking (i.e., more preferable 
criteria) are satis?ed. For example, the classi?cation 100 
does not provide the capability to search for electric cars 
directly. Instead, the search begins With the most preferable 
criterion, the make of the car. After this selection, the search 

Mar. 24, 2005 

progresses With the next most preferable criterion, the model 
year, and so on. If information on all electric cars had to be 

retrieved, using this classi?cation scheme, a variety of 
combinations of makes and model years must be broWsed by 
moving logically up and doWn the tree 100. This limitation 
is commonly referred to as the “prede?ned path” problem. 

[0018] Another disadvantage of tree-type hierarchies is 
the mutual exclusivity of subcategories corresponding to 
different selection options of a criterion. When a category of 
objects is specialiZed by a criterion, only one of the available 
options is selectable (i.e., different options are considered to 
be mutually exclusive). This may be confusing, for example, 
if a feature de?ned by a loWer-ranking criterion is equally 
applicable for several options of higher-ranking criteria. For 
example, cars With internal combustion engines in the clas 
si?cation 100 are supplied With engine speci?cations like IC 
engine family, fuel type, etc. A practical classi?cation 
scheme should include the same speci?cations for hybrid 
engine cars, since they are also equipped With IC engines. In 
other Words, the sub-tree rooting from node 104 has to be 
duplicated starting from node 136. If, for example, infor 
mation Was needed on all cars having a rotary internal 
combustion engine, the information is not capable of being 
retrieved in one step. Instead, the selection of engine type 
(e.g., internal combustion, hybrid, etc.) is made ?rst, thus 
requiring separate searches of hybrid cards and regular cars 
With IC engines, and the results are then manually com 
bined. This problem is made more confusing if access to a 
feature of interest required multiple selections for every 
combination of appropriate higher-ranking options. 

[0019] These disadvantages arise, at least in part, due to 
the conjunctive logical structure of tree hierarchies. Elemen 
tary specialiZations performed by selecting options by dif 
ferent criteria describe a set of traits connected by the logical 
operator ‘AND’. For example, node 124, in FIG. 1, 
describes a subcategory of cars “manufactured by Toyota” 
AND “made in 2003” AND “having internal combustion 
engines” AND “having piston IC engine” AND “fueled With 
gasoline”. A one-step search for cars With rotary engines 
Would conceivably be possible by using the disjunctive 
formula “internal combustion” OR “hybrid” engine. HoW 
ever, tree hierarchical structures do not support disjunctive 
superposition of properties (i.e., they do not alloW the 
developer to describe sets of traits combined by logical OR). 

[0020] Another disadvantage of tree-structured classi?ca 
tions relates to fast multiplication of sub-trees With increases 
in simultaneously applicable criteria. Continuing With the 
example of FIG. 1, if the simpli?ed classi?cation 100 
includes tWenty manufacturer names and ?ve model years, 
then the sub-tree starting from the criterion “engine type” 
Would have to be repeated for all meaningful combinations 
of these options (about 100 times). If the classi?cation 
includes three additional criteria: “brand” (10 options on 
average), “exterior category” (10 options), and “price range” 
(10 options), the total number of sub-trees duplicated 
increases up to about 100,000. 

[0021] Furthermore, a more comprehensive specialiZation 
of technical characteristics of piston engines (ICP) may 
require introduction of at least three more criteria: “ICP 
family”, “number of cylinders” and “cylinders volume 
range” With approximately 6 to 8 options each. In this case, 
the sub-tree starting from the criterion “fuel type” Would be 
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repeated 20,000,000 to 50,000,000 times. Finally, a full 
scale commercial version of the car classi?cation Would 
implement about 70 criteria in total, and the respective tree 
structure Would contain an astronomical number of nodes. A 
vast majority of these corresponding categories are interme 
diate abstract categories and empty leaf categories because 
there are only a limited number of different car models in the 
World. HoWever, to support the appropriate sequences of 
transitions betWeen categories and retrievals of respective 
criteria, in most cases, a large percentage of the intermediate 
nodes must be enumerated and stored. Therefore, such a 
structure Would become unmanageable due to the amount of 
data stored in a repository or incorporated in a computer 
program to support the tree hierarchy. 

[0022] Directed acyclic graphs (‘DAGs’) that can be 
vieWed as generaliZation of trees are one approach used to 
reduce the aforementioned prede?ned path problem. Similar 
to trees, DAGs represent hierarchical classi?cations as cat 
egory sets strictly ordered by directed relationships, such as 
“abstract-concrete”, “general-speci?c”, “parent-child”, etc. 
HoWever, in contrast to trees, DAGs alloW each category to 
have more than one parent (i.e., DAGs utiliZe the so-called 
multiple inheritance concept). 

[0023] FIG. 2 illustrates a relatively small topmost frag 
ment of a DAG representing the same sample classi?cation 
of automobiles shoWn in FIG. 1. Vertices of the graph 200 
(boxes) and its edges (arroWs) denote, respectively, classi 
?cation categories and inheritance relationships betWeen 
them. Due to simultaneous applicability of some criteria the 
shoWn polyhierarchical classi?cation uses multiple inherit 
ance. For example, the vertex 216 of the graph 200 has tWo 
parent vertices: 204 and 208. Likewise, the vertex 228 is a 
common child of the vertices 216, 220, and 224. When 
performing a search, multiple inheritance mechanism pro 
vides an opportunity to use any criterion applicable at the 
current level of specialiZation. 

[0024] A search may be started With any of thee criteria, 
“manufacturer name”, “model year”, or “engine type” appli 
cable to all cars. After a selection, the search progresses With 
the remaining originally applicable criteria (if any), as Well 
as With other criteria that may become applicable due to the 
selection just made, and so on. For example, if “internal 
combustion” of the criterion “engine type” is selected, the 
next selection available includes one of the remaining cri 
teria “model year”, “manufacturer name”, or the neW crite 
rion “IC engine family” applicable to all the cars With IC 
engines. In contrast to trees, DAGs provide simultaneous 
(random) access to all currently applicable criteria, and a 
sequence of selections corresponds to a particular path on 
the graph. For example, the vertex 228 can be reached from 
the root “ALL CARS” by any of six paths: (Q204—>216—> 
228), (Q204Q220—>228), (Q208Q216—>228), (Q208Q 
224%228), (Q212Q224—>228), or (Q212Q220Q228) 
corresponding to six respective criteria transpositions. 

[0025] Directed acyclic graph structured polyhierarchical 
classi?cations resolve the prede?ned path problem at the 
expense of an even more dramatic increase in the amount of 
descriptive data. To provide a full variety of possible selec 
tion sequences, all meaningful combination of options from 
different criteria, and all possible transitions betWeen them 
must be represented by graph vertices and edges. To illus 
trate by example, a topmost sub-graph re?ecting only ?ve 
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globally applicable criteria of the car classi?cation: “manu 
facturer name”, “model year”, “brand”, “exterior category”, 
and “price range”, Would contain 167,706 vertices and 
768,355 edges. Due to the large amount of mandatory stored 
data, DAG representations are not relevant for a vast major 
ity of practical applications. 

[0026] As described above for tree-type hierarchies, 
DAGs also include the disadvantage of the mutual exclu 
sivity of different selection options of a criterion, discussed 
above. Thus, logical disjunctions of traits are not alloWed 
When developing and using DAGs structured polyhierarchi 
cal classi?cations. Directed acyclic graphs introduce an 
additional limitation in relation to testing for the “parent 
child” relationships betWeen mutually distant categories. In 
FIG. 2, for example, this problem is illustrated When testing 
Whether vertex 228 is a distant child of vertex 232. 

[0027] A DAG is usually stored in a computer as an array 
of vertices, Where each vertex is supplied With lists of its 
immediate parents and children. Continuing With the 
example shoWn in FIG. 2, to check Whether vertex 228 is a 
distant child of vertex 232, a ?rst step is to determine 
Whether the list of immediate parents of vertex 228 includes 
vertex 232. If it does, then the latter is a parent of vertex 228. 
If not, the next step is to check the immediate parents of 
vertices 216, 220, 224 for the presence of vertex 232. If 
vertex 232 is found in one of these lists, then it is a 
grandparent of vertex 228. OtherWise the test is continued 
With lists of immediate parents of the grandparent vertices, 
and so on. If vertex 232 is not found, the algorithm ?nally 
reaches the root vertex “ALL CARS”. In this case, it is 
concluded that vertex 232 is not a distant parent of vertex 
228. From this example, it is clear that the test requires a 
combinatorial search over all levels of intermediate parents; 
hence its cost exponentially groWs With the increase of the 
number of levels. Therefore, a test for distant inheritance 
may consume an unacceptable large amount of computer 
resources When processing relatively large DAGs. 

[0028] To reduce the described problems With trees and 
DAGs, modern “synthetic” classi?cation methods use com 
positions of multiple trees, changing the most preferable 
criteria for each tree. In particular, this approach may be 
implemented via the concept of “faceted classi?cation”. 
FIG. 3 illustrates one application of facets to the sample 
classi?cation of automobiles shoWn in FIGS. 1 and 2. In 
this example, instead of arranging classi?cation categories 
into a single polyhierarchy, the method uses a number of 
facet hierarchies, each re?ecting an independent and persis 
tent classi?cation aspect. 

[0029] The classi?cation aspects represented by different 
facets are mutually exclusive and collectively form a 
description of object properties identifying classi?cation 
categories. Mutual exclusivity of aspects means that a char 
acteristic represented by a facet does not appear in another 
one. In this example, the sample classi?cation 300 includes 
?ve facets: “manufacturer name”, “model year”, “engine 
type”, “fuel type”, and “battery type”. In contrast to trees 
and DAGs, a faceted classi?cation does not de?ne catego 
ries in advance. Instead, it combines the properties described 
by different facets using a number of loose but persistent 
relationships. For example, the category 124 of the tree 
classi?cation 100 corresponds to a composition of the four 
categories 304, 308, 312, and 316, pertaining to different 
facets. These categories are called facet headings. 
























































