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METHODS AND SYSTEMS FOR MODEL 
MATCHING 

CROSS REFERENCE OF RELATED 
APPLICATIONS 

[0001] This application is a continuation of co-pending 
US. application Ser. No.10/028,912, ?led on Dec. 12, 2001, 
entitled “Methods and Systems for Model Matching,” and 
identi?ed by Attorney Docket No. MSFT-0591/164153.01. 

COPYRIGHT NOTICE AND PERMISSION 

[0002] Aportion of the disclosure of this patent document 
may contain material that is subject to copyright protection. 
The copyright oWner has no objection to the facsimile 
reproduction by anyone of the patent document or the patent 
disclosure, as it appears in the. Patent and Trademark Of?ce 
patent ?les or records, but otherWise reserves all copyright 
rights Whatsoever. The folloWing notice shall apply to this 
document Copyright ® 2001, Microsoft Corporation. 

FIELD OF THE INVENTION 

[0003] The present invention relates to model or schema 
matching, or more generally to the matching of separate 
hierarchical data sets. More particularly, the present inven 
tion relates to methods and systems for matching models, or 
schemas, that discover similarity coef?cients betWeen 
schema elements, including analyses based on one or more 
of schema names, schema data types, schema constraints 
and schema structure. 

BACKGROUND OF THE INVENTION 

[0004] Match is a schema manipulation operation that 
takes tWo schemas, models or otherWise hierarchically rep 
resented data as input and returns a mapping that identi?es 
corresponding elements in the tWo schemas. Schema match 
ing is a critical step in many applications. For example, in 
Ebusiness, match helps to map messages betWeen different 
extensible markup language (XML) formats. In data Ware 
housing, match helps to map data sources into Warehouse 
schemas. In mediators, match helps to identify points of 
integration betWeen heterogeneous databases. Schema 
matching thus far has primarily been studied as a piece of 
other applications. For example, schema integration uses 
matching to ?nd similar structures in heterogeneous sche 
mas, Which are then used as integration points. Data trans 
lation uses matching to ?nd simple data transformations. 
Given the continued evolution and importance of XML and 
other message mapping, match solutions are similarly likely 
to become increasingly important in the future. 

[0005] Schema matching is challenging for many reasons. 
First and foremost, schemas for identical concepts may have 
structural and naming differences. In addition, schemas may 
model similar, but yet slightly different, content. Schemas 
may be expressed in different data models. Schemas may use 
similar Words that may nonetheless have different meanings, 
etc. 

[0006] Given these problems, today, schema matching is 
done manually by domain experts, sometimes using a 
graphical tool that can graphically depict a ?rst schema 
according to its hierarchical structure on one side, and a 
second schema according to its hierarchical structure on 
another side. The graphical tool enables a user to select and 
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visually represent a chosen mapping to exact matches auto 
matically, although even minor name and structure varia 
tions may lead them astray. Despite match being such a 
pervasive, important and dif?cult problem, model matching 
has not yet been studied independently except as it may 
apply to other more narroW problems, such as those named 
above, and thus a generic solution for schema matching that 
can apply to many different data models and application 
domains remains to be provided. Moreover, such a Wide 
variety of tools Would bene?t from a matching solution that 
an independent match component or module that can be 
incorporated into or doWnloaded for such tools Would be of 
great utility. 

[0007] For a more detailed de?nition, a schema consists of 
a set of related elements, such as tables, columns, classes, 
XML elements or attributes, etc. The result of the match 
operation is a mapping betWeen elements of tWo schemas. 
Thus, a mapping consists of a set of mapping elements, each 
of Which indicates that certain elements of schema S1 are 
related to certain elements of schema S2. For example, as 
illustrated in FIG. 1, a mapping betWeen purchase order 
schemas PO and POrder may include a mapping element 
that relates element Lines.Item.Line of S1 to element Item 
s.Item.ItemNumber of S2, as shoWn by the dotted line. 
While a mapping element may have an associated expres 
sion that speci?es its semantics, mappings are treated herein 
as nondirectional. 

[0008] Amodel or schema is thus a complex structure that 
describes a design artifact. Examples of models are Struc 
tured Query Language (SQL) schemas, XML schemas, 
Uni?ed Modeling Language (UML) models, interface de? 
nitions in a programming language, Web site maps, make 
scripts, object models, project models or any hierarchically 
organiZed data sets. Many uses of models require building 
mappings betWeen models. For example, a common appli 
cation is mapping one XML schema to another, to drive the 
translation of XML messages. Another common application 
is mapping a SQL schema into an XML schema to facilitate 
the export of SQL query results in an XML format, or to 
populate a SQL database With XML data based upon an 
XML schema. Today, a mapping is usually produced by a 
human designer, often using a visual modeling tool that can 
graphically represent the models and mappings. To reduce 
the effort of the human designer, it Would be desirable to 
provide a tool that at a minimum provides an intelligent 
initial mapping as a starting point for the designer. Thus, it 
Would be desirable to provide a robust algorithm that 
automatically creates a mapping betWeen tWo given models. 

[0009] Also, there is a related problem of query discovery, 
Which operates on mapping expressions to obtain queries for 
actual data translation. Both types of discovery are needed. 
Each is a rich and complex problem that deserves indepen 
dent study. Query discovery is already recogniZed as an 
independent problem, Where it is usually assumed that a 
mapping either is given or is trivial. Herein, the problem of 
schema matching is analyZed. 

[0010] It is recogniZed that the problem of schema match 
ing is inherently subjective. Schemas may not completely 
capture the semantics of the data they describe, and there 
may be several plausible mappings betWeen tWo schemas, 
making the concept of a single best mapping ill de?ned. This 
subjectivity makes it valuable to have user input to guide the 
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match for user validation of the result. This guidance may 
come via an initial mapping, a dictionary or thesaurus, a 
library of known mappings, etc. Thus, the goal of schema 
matching and one not yet adequately achieved by today’s 
algorithms is: Given tWo input schemas in any data model, 
optional auxiliary information and an input mapping, com 
pute a mapping betWeen schema elements of the tWo input 
schemas that passes user validation. 

[0011] The folloWing is a taxonomy of currently knoWn 
matching techniques. Schema matchers can be characteriZed 
by the folloWing orthogonal criteria. With respect to schema 
based vs. instance-based criteria, schema-based matchers 
consider only schema information, not instance data. 
Schema information includes names, descriptions, relation 
ships, constraints, etc. Instance-based matchers either use 
metadata and statistics collected from data instances to 
annotate the schema, or directly ?nd correlated schema 
elements, e.g., using machine learning. 

[0012] With respect to element vs. structure granularity, an 
element-level matcher computes a mapping betWeen indi 
vidual schema elements, e.g., an attribute matcher. A struc 
ture-level matcher compares combinations of elements that 
appear together in a schema, e.g., classes or tables Whose 
attribute sets only match approximately. 

[0013] With respect to linguistic-based matching, a lin 
guistic matcher uses names of schema elements and other 
textual descriptions. Name matching involves: putting the 
name into a canonical form by stemming and tokeniZation, 
comparing equality of names, comparing synonyms and 
hypernyms using generic and domain speci?c thesauri and 
matching substrings. Information retrieval (IR) techniques 
can be used to compare descriptions that annotate some 
schema elements. 

[0014] With respect to constraint-based matching, a con 
straint-based matcher uses schema constraints, such as data 
types and value ranges, uniqueness, requiredness, cardinali 
ties, etc. A constraint-based matcher might also use intra 
schema relationships, such as referential integrity. 

[0015] With respect to matching cardinality, schema 
matchers differ in the cardinality of the mappings they 
compute. Some only produce one to one mappings betWeen 
schema elements. Others produce n to one mappings, e.g., 
matchings that map the combination of DailyWages and 
WorkingDays in the source schema to MonthlyPay in the 
target. 

[0016] With respect to auxiliary information, schema 
matchers differ in their use of auxiliary information sources 
such as dictionaries, thesauri and input match mismatch 
information. Reusing past match information can also help, 
for example, to compute a mapping that is the composition 
of mappings that Were performed earlier. 

[0017] With respect to individual vs. combinational 
matching, an individual matcher uses a single algorithm to 
perform the match. Combinational matchers can be one of 
tWo types: hybrid matchers and composite matchers. Hybrid 
matchers use multiple criteria to perform the matching. 
Composite matchers run independent match algorithms on 
the tWo schemas and combine the results. 

[0018] In light of the above taxonomy, there are a number 
of knoWn matching algorithms. The SEMINT system is an 
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instance-based matcher that associates attributes in the tWo 
schemas With match signatures. The SEMINT system 
includes 15 constraint-based and 5 content-based criteria 
derived from instance values and normaliZed to the [0,1] 
interval, so that each attribute is a point in 20-dimensional 
space. Attributes of one schema are clustered With respect to 
their Euclidean distance. A neural netWork is trained on the 
cluster centers and then is used to obtain the most relevant 
cluster for each attribute of the second schema. SEMINT is 
a hybrid element-level matcher, but does not utiliZe schema 
structure, as the latter cannot be mapped into a numerical 
value. 

[0019] The DELTA system groups all available metadata 
about an attribute into a text string and then applies IR 
techniques to perform matching. Like SEMINT, the DELTA 
system does not make much use of schema structure. 

[0020] The LSD system uses a multilevel learning scheme 
to perform one to one matching of XML Document Type 
De?nition (DTD) tags. A number of base learners that use 
different instance-level matching schemes are trained to 
assign tags of a mediated schema to data instances of a 
source schema. A metalearner combines the predictions of 
the base learners. LSD is thus a multi strategy instance 
based matcher. 

[0021] The SKAT prototype implements schema-based 
matching folloWing a rule-based approach. Rules are for 
mulated in ?rst order logic to express match and mismatch 
relationships and methods are de?ned to derive neW 
matches. The SKAT prototype supports name matching and 
simple structural matches based on isA hierarchies. 

[0022] The TranScm prototype uses schema matching to 
drive data translation. The schema is translated to an internal 
graph representation. Multiple handcrafted matching rules 
are applied in order at each node. The matching is done top 
doWn With the rules at higher level nodes typically requiring 
the matching of descendants. This top doWn approach per 
forms Well only When the top level structures of the tWo 
schemas are quite similar. The TranScm prototype repre 
sents an element level and schema-based matcher. 

[0023] The DIKE system integrates multiple Entity Rela 
tionship (ER) schemas by exploiting the principle that the 
similarity of schema elements depends on the similarity of 
elements in their vicinity. The relevance of elements is 
inversely proportional to their distance from the elements 
being compared, so nearby elements in?uence a match more 
than ones farther aWay. Linguistic matching is based on 
manual inputs. DIKE is a hybrid schema-based matcher 
utiliZing both element and structure-level information 

[0024] ARTEMIS, the schema integration component of 
the MOMIS mediator system, matches classes based on their 
name af?nity and structure affinity. MOMIS has a descrip 
tion logic engine to exploit constraints. The classes of the 
input schemas are clustered to obtain global classes for the 
mediated schema. Linguistic matching is based on manual 
inputs using an interface With WordNet. ARTEMIS is a 
hybrid schema-based matcher utiliZing both element and 
structure-level information. 

[0025] HoWever, each of the above solutions does not 
provide an adequate solution to the generic problem of 
matching schemas. While some of the above solutions may 
be adequate for a given matching task, due to a design for 
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the particular task, the solution is not a general all purpose 
approach to model matching. Others Were not designed for 
matching per se, but rather Were designed for some other 
purpose such as schema integration, and thus the techniques 
applied to matching for these solutions make compromises 
that do not generaliZe adequately. Still other existing algo 
rithms are too sloW on today’s hardWare for interactive use, 
as a result of exhaustive calculations and the like. 

[0026] There is thus a need for a mechanism or component 
that provides a complete general purpose schema matching 
solution. There is further a need for a general solution that 
considers all of the issues surrounding the above-described 
taxonomy, and includes a plurality of optimally combined 
algorithms. There is further a need for a method that 
automatically generates similarity coef?cients for use in 
mapping tWo models. There is still further a need for a 
solution that is as consistent as possible With a given set of 
similarity relationships betWeen elements of the tWo models. 
There are additional needs to be as consistent as possible 
With key and foreign key de?nitions in the tWo models, to 
relate objects of similar structure, to relate objects that have 
similar subtree structure and to relate objects that have 
similar leaf sets. There is also a need for an algorithm that 
achieves the above needs, but that is also fast enough to be 
used in real-time, e.g., by an interactive design tool. 

SUMMARY OF THE INVENTION 

[0027] In vieW of the foregoing, the present invention 
provides systems and methods for automatically and generi 
cally matching models, such as may be provided in a 
matching application or matching component, or provided in 
a general purpose system for managing models. The meth 
ods are generic since the methods apply to hierarchical data 
sets outside of any particular data model or application. 
Similarity coef?cients are calculated for, and mappings can 
be discovered betWeen, schema elements based on their 
names, data types, constraints, and schema structure, using 
a broad set of techniques. Some of these techniques include 
the integrated use of linguistic and structural matching, 
context dependent matching of shared types, and a bias 
toWard subtree structure Where much of the schema content 
resides. 

[0028] Other features and embodiments of the present 
invention are described beloW. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0029] The system and methods for model matching are 
further described With reference to the accompanying draW 
ings in Which: 

[0030] FIG. 1 illustrates tWo exemplary schemas repre 
senting an exemplary matching problem solved in accor 
dance With the present invention; 

[0031] FIG. 2A is a block diagram representing an exem 
plary netWork environment having a variety of computing 
devices in Which the present invention may be implemented; 

[0032] FIG. 2B is a block diagram representing an exem 
plary non-limiting computing device in Which the present 
invention may be implemented; 

[0033] FIG. 3 illustrates tWo exemplary schemas and 
corresponding mappings based upon similarity coefficients 
generated in accordance With the present invention; 
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[0034] FIG. 4 illustrates an exemplary second pass cal 
culation of structural similarity betWeen tWo models in 
accordance With the invention; 

[0035] FIG. 5 illustrates an exemplary non-limiting top 
level architecture of an exemplary system in Which the 
present invention may operate; 

[0036] FIG. 6 illustrates an exemplary process diagram 
for processing tWo schemas to produce a mapping therebe 
tWeen in accordance With the invention; 

[0037] FIG. 7 is a block diagram illustrating exemplary 
relationships among model elements in accordance With a 
generically de?ned object model of the invention; 

[0038] FIG. 8 illustrates exemplary handling of multiple 
paths from the root of a model to a particular model element 
in accordance With the invention; 

[0039] FIG. 9A illustrates exemplary modeling of a for 
eign key With respect to tWo SOL tables in accordance With 
the present invention; 

[0040] FIG. 9B illustrates an exemplary RefInt model 
element that represents a referential integrity constraint in 
accordance With the invention; 

[0041] FIG. 10A illustrates an exemplary model repre 
sentation of a RefInt in a relational schema in accordance 
With the invention; 

[0042] FIG. 10B illustrates an exemplary model represen 
tation of a RefInt in an external Data Representation (XDR) 
schema in accordance With a non-limiting exemplary 
embodiment of the invention; 

[0043] FIG. 11 illustrates exemplary encoding of a RefInt 
in a data tree for an SQL schema in accordance With the 

invention; 

[0044] FIG. 12 illustrates exemplary disambiguation of 
matchings betWeen elements that are referenced by a RefInt 
in accordance With the invention; and 

[0045] FIG. 13 illustrates exemplary introduction of a 
node in response to encountering a referential constraint, 
such as a foreign key, in a schema in accordance With the 
present invention. 

DETAILED DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

[0046] OvervieW 

[0047] In accordance With the present invention, methods 
and systems are provided for automatically creating simi 
larity coef?cients betWeen elements of tWo given schemas or 
models. A mapping betWeen the models can be produced 
from the similarity coef?cients. For example, the algo 
rithm(s) described by the present invention can automati 
cally create similarity coefficients and a mapping betWeen a 
SQL schema and an XML schema, although it Will be 
appreciated that the invention is generic and not limited to 
any particular model type or schema. This is primarily 
accomplished by computing similarity coef?cients betWeen 
pairs of elements, With a pair of elements including one 
element from the ?rst schema model and one element from 
the second schema model. 
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[0048] The model match algorithm of the invention is 
driven by at least three kinds of information in a data model: 
linguistic information about the names of model elements, 
type information about model elements and structural infor 
mation about hoW model elements in a model are related. In 
addition to the models themselves, the algorithm may make 
use of dictionaries and thesauri to interpret the linguistic 
information. 

[0049] The present invention thus provides algorithms for 
generic schema matching, outside of any particular data 
model or application, shoWing that a rich range of tech 
niques is available based upon the taXonomy described 
above in the background. The invention proposes neW 
algorithm(s) that discover similarity coefficients betWeen 
schema elements based on their names, data types, con 
straints, and schema structure, using a broader set of tech 
niques than past approaches. In various embodiments, the 
invention includes the integrated use of linguistic and struc 
tural matching, context dependent matching of shared types, 
and a bias toWard subtree structure Where much of the 
schema content of the subtree’s root node resides. 

[0050] In various non-limiting embodiments, the inven 
tion provides a solution to the schema matching problem (1) 
that includes automatic model matching that is both ele 
ment-based and structure-based, (2) that utiliZes the simi 
larity of the subtrees of the tWo schemas and that is biased 
toWard similarity of atomic elements, e.g., leaves, of a 
hierarchical tree, Where much content describing the degree 
of similarity is captured, (3) that eXploits internal structure, 
but is not overly misled by variations in that structure, (4) 
that eXploits keys, referential constraints and vieWs Where 
they eXist, (5) that makes conteXt dependent matches of a 
shared type de?nition that is used in several larger structures 
and (6) that generates one to one or one to n mappings, (7) 
Wherein adjustments may be made if desired and Wherein a 
user may make input or correction to the process. 

[0051] While the invention shares some general 
approaches With knoWn algorithms, the invention does not 
implement any particular one of the algorithms themselves. 
For instance, While aspects of the overall techniques of the 
invention include a rating match quality in the [0,1] interval 
and a clustering of similar terms (SEMINT) as Well as 
matching structures based on a local vicinity (DIKE, ARTE 
MIS), none of the prior art techniques generate similarity 
coe?icients for each node pair of tWo models being matched 
based upon both linguistic and structural similarity, Wherein 
similarities associated With the subtree of a root node are 
updated in accordance With the similarity coe?icient calcu 
lations for the root node. Other novel aspects of the inven 
tion are described in more detail beloW. 

[0052] The invention is schema-based and not instance 
based and assumes some hierarchy to the schemas being 
matched. In this regard, the interconnected elements of a 
schema hierarchy are modeled as a tree structure having 
branches and leaves. A simple relational schema is an 
eXample of a schema tree since such a schema contains 
tables, Which contain columns. An XML schema With no 
shared elements is another simple eXample. With such an 
XML schema, elements include subelements, Which in turn 
include other subelements or attributes. The model may also 
be enriched to capture additional semantics, making the 
invention apply as generically as possible, as described in 
the beloW section on modeling and the generic object model. 
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[0053] The present invention provides systems and meth 
ods that are consistent With a given set of similarity rela 
tionships betWeen elements of the tWo models. For eXample, 
the given similarity relationships may include that “PO” is 
similar to “purchase order” With Weight 0.8 and that “PO” is 
similar to “post office” With Weight 0.7. So, an element of 
one model named “PO” is more similar to a node in the other 
model named “purchase order” than one named “post 
o?ice.” Therefore, if modell contains an element named 
“PO” and model2 contains tWo elements named “purchase 
order” and “post o?ice,” then all else being equal, “purchase 
order” is a better match for “PO” than “post o?ice.” 

[0054] The present invention further provides systems and 
methods that are consistent With key and foreign key de? 
nitions, if any, in the tWo models. For eXample, When 
matching tWo relational schemas, if a column C1 is a key of 
a table T1 in modell, then it is desirable to map C1 to a 
column C2 that is a key of its table T2 in model2. 

[0055] The present invention further provides systems and 
methods that relate objects of similar structure. For eXample, 
if an object m1 of modell is mapped to an object m2 of 
model2, then the objects in ml’s neighborhood are mapped 
to the objects in m2’s neighborhood and those neighbor 
hoods are assigned a similar structural relationship to re?ect 
the similarity of object m1 to object m2. 

[0056] The present invention further provides systems and 
methods that relate objects that have similar leaf sets. For 
eXample, if the leaf elements under InvoiceInfo in one model 
are more similar to those under BillingInfo than to those 
under EmployeeInfo, then it is better to map InvoiceInfo to 
BillingInfo than to EmployeeInfo. 

[0057] Lastly, the algorithm(s) of the present invention are 
fast, i.e., the algorithm(s) are fast enough, for eXample, to be 
used by an interactive design tool or other real-time appli 
cation. 

[0058] The invention recogniZes that tWo nodes are similar 
if (1) the model elements corresponding to the tWo nodes are 
inherently similar, such as if the model elements are lin 
guistically similar, and if (2) the subtrees rooted at the tWo 
nodes are similar. The invention also recogniZes that the 
similarity of tWo subtrees is not alWays re?ected by the 
similarity of their immediate children. The leaves of the 
subtree give a better estimate of the data described by the 
subtree, since they refer to the atomic data elements that the 
model is ultimately describing, and since intervening struc 
ture may be super?uous. The invention further recogniZes 
that the similarity of tWo leaves in hierarchical tree struc 
tures depends on their similarity and the similarity of their 
structural vicinity. 

[0059] The matching algorithm of the invention Works 
generally as folloWs. The structural similarity of each pair of 
leaf nodes s and t in the source (domain) model and target 
(range) model, respectively, are initialiZed. For eXample, the 
structural similarity may be initialiZed to the compatibility 
of the nodes’ corresponding data-types. Then, the nodes of 
the tWo trees are enumerated in inverse topological order, 
such as post-order. For each node pair (s,t) encountered 
during traversal of the tWo trees, a Weighted similarity 
calculation is made that takes both inherent and structural 
similarity of the node pair into account. Inherent similarity 
takes into account only the individual nodes being compared 






































