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METHOD FOR DETERMINING DIFFERENCES 
BETWEEN TWO OR MORE MODELS 

Cross-Reference To Related Applications 

The present application claims benefit of the 

filing date of U.S. Patent Application No. 60/104,682 

entitled MODELING TOOL SYSTEMS AND METHODS, filed on 

October 16, 1998. 

10 The present application is related to a co-pending 

U.S. Patent Application No. (Atty. Docket 

#22074661-25535) entitled APPARATUS AND METHOD FOR 

MODELING TOOLS, being concurrently filed on the same 

day, which is incorporated by reference herein in its 

15 entirety. 

The present application is related to a co.:.pending 
:?· 

u. s. Patent Application No. (Attorney Docket 

#22074661-25532) entitled METHOD FOR IMPACT ANALYSIS OF 

A MODEL, being concurrently filed on the same day, which 

20 is incorporated by reference herein in its entirety. 

The present application is related to co-pending 

U.S. Patent Application No. (Attorney Docket 

#22074661-25533) enti~led METHOD AND SYSTEM FOR AN 

EXTENSIBLE MACRO LANGUAGE, being concurrently filed on 

25 the same day, which is incorporated by reference herein 

in its entirety. 

The present application is related to co-pending 

U.S. Patent Application No. __ (Attorney Docket 

#22074661-25534) entitled METHOD AND APPARATUS FOR 

3 0 PROVIDING ACCESS TO A HIERARCHICAL DATA STORE THROUGH AN 

SQL INPUT, being concurrently filed on the same day, 

which is incorporated by reference herein in its 

entirety. 
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Field Of The Invention 

The present invention relates to determining 

differences between two or more models. 

Background Information 

5 Comparisons between iteins such as files are 

conventional. Products have been provided that compare 

files such as word processing files and indicate 

differences between each of the files. Such comparisons 

may be made since the problem domain is known and the 

10 semantic content of the files is understood. The 

differences between the two files provided by such 

comparisons are acceptable. 

A need exist, however, to .compare and obtain the 

difference betweeh items such as models where the 

15 problem domain is unknown and the semantic content of 
!· 

the models is not understood. Accordingly, a comparison 

can be made between models without having to know the 

specific format of the data, nor what the data 

represents. As a result, a generic comparison tool and 

20 method may be created. 

Summary Of The Invention 

An aspect of the present invention provides a 

method for comparing a first model and a second model. 

The method includes identifying metadata in the first 

25 and second model, and calculating a first set of 

signatures for objects of the metadata of the first 

model and a second set of signatures for objects of the 

metadata of the second model. The objects of the first 

model and the second model corresponding with each other 

30 have the same signatures. The method also includes 

determining which signatures of the first set of 

signatures match signatures of the second set of 

signatures. The method also includes determining for 

the matching signatures whether the objects associated 
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with the sigI}?:tures of the first set .. ·?f. signatures equal 
. . • .... ,, ·: . :.~' '·;. .. 

the objects associated with the signatures of the second 

set of signatures. 

Another aspect of the present invention provides 

s determining whether the objects associated with the 

signatures of the first set of signatures equal the 

objects associated with the signatures of the second set 

of signatures. The step of determining includes 

determining whether an owner of at least one object 

10 associated with the signatures of the first set of 

signatures matches an owner of at least one object 

associated with the signatures of the second set of 

signatures. The step of determining also includes 

determining. wheth~r at least one ownee of the at least 

15 one object associated with the signatures of the first 

set of signatures equal at least one ownee of the at 

least one object associated with the signatures of the 

second set of signatures. The step of determining also 

includes determining whether at least one non-reference 

20 property of the at least one object associated with the 

signatures of the first set of signatures equals at 

least one non-ref erenqe property of the at least one 

object associated with the signatures of the second set 

of signatures. The step of determining also includes 

25 determining whether at least one reference property of 

the at least one object associated with the signatures 

of the first set of signatures match at least one non-

. reference property of the at least one object associated 

with the signatures of the second set of signatures. 

3·0 Brief Description Of The Drawings 

FIG. 1 illustrates a block diagram of two models 

including metadata and objects in accordance with an 

exemplary embodiment of the present invention. 
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FIG. 2 illustrates a flow diagram of an exemplary 

embodiment of a method of the present invention for 

determining differences between models. 

FIG. 3 illustrates a flow diagram of an exemplary 

5 embodiment of conditions of the present invention for 

determining equality of objects. 

Detailed Description Of The Invention 

FIG. 1 illustrates an exemplary embodiment of a 

pair of models 100, 150, i.e., Model One 100 and Model 

10 Two 150, such as the object/property model disclosed in 

co-pending U.S. Patent Application No. (Atty. 

Docket #22074661-25535), filed on October 15, 1999, 

entitled APPARATUS AND METHOD FOR MODELING TOOLS, the 

disclosure of which is incorporated by reference herein 

15 in its entirety thereto. As shown in FIG. 1, Model One 

100 includes Metadata A and B 10, 20, respectively, and 

Objects A-E 11, 12, 13, 21, 22, respectively, and Model 

Two 150 includes Metadata A and c 30, 40, respectively, 

and Objects A-C, F, G 31, 32, 33, 34, 41, respectively, 

20 in accordance with an exemplary embodiment of the 

present invention. Metadata A, B, A, c 10, 20, 30, 40, 

respectively, is information about data; the data may be 

objects belonging to the metadata. For examP.le, 

metadata may be a type "cars" and the data described by 

25 that rnetadata may be objects such as specific brands of 

cars, i.e., Ford™, Chrysler™, etc. 

FIG. 1 illustrates Model One 100 and Model Two 150 

having common rnetadata, i.e., like rnetadata, Metadata A 

10, 30. FIG. 1 also illustrates Model One 100 and Model 

30 Two 150 having uncommon metadata, for example, Metadata 

B 20 and Metadata C 40. For purely illustrative 

purposes, FIG. 1 shows objects grouped together 

according to like metadata such as Metadata A 10 and 

Metadata A 30 in Model One 100 and Model Two 150, 
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respectively ..... Like metadata 10, 30, however, may be 
... ~ ' . 

spread randomly in any given model. 

FIG. 1 shows.Model One 100 having Object A 11, 

Object B 12 and Object C 13 being described by Metadata 

5 A 10 in which Object A 11 owns Object B 12 and Object C 

13, and Object B 12 owns Object C 13. An object own 

another object if the objects are in a hierarchical 

relationship and the owning object, i.e., owner, is at a 

higher level than the object being owned, i.e., ownee. 

10 An ownee is an object that is aggregated into an owner, 

i.e., a constituent component of the owner. 

Further, in Model One 100, Object C 13 and Object B 

12 are the ownees of Object A 11 and Object C 13 is the 

ownee of Object B; 12. In Model One 100, Object D 21 and 

15 Object E 22 are described by Metadata B 20. As a 
:t· 

hierarchical relationship does not exist between Object 

D 21 and Object E 22, one is not an owner or ownee of 

the other. 

FIG. 1 shows Model Two 150 having Object A 31, 

20 Object B 32, Object c 33, and Object F 34 being 

described by Metadata A 30 in which Object A 31 owns 

25 

30 

Object B 32 and Object c 33, Object F 34 and Object B 32 

own Object c 33. Further, in Model Two 150, Object c 33 

and Object B 32 are the ownees of Object A 31 and Object 

C 33 is the ownee of Object B 32 and Object F 34. In 

Model Two 150, Object G 41 is described by Metadata C 

40. As a hierarchical relationship does not exist with 

Object G 41 with respect to other objects, Object G 41 

is not an owner or ownee. 

Objects may include properties, for example, non­

reference properties and reference properties. A 

reference property includes a pointer or address that 

points to, for example, another property or object. A 

non-reference property includes a value not a pointer. 
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If an object is deleted so are the objects and 

properties that it owns. Each of the objects not owned 

by the object being deleted, however, will still exist 

upon the object being deleted. 

Fig. 2 is a flow diagram of an exemplary embodiment 

of the present invention for comparing models to 

determine the differences, if any, between the models.· 

As shown in FIG. 2, in 201, metadata is identified in 

Model One 100 and Model Two 150. For example, as shown 

10 in FIG. 1, identifying the metadata may result in 

identifying common metadata, i.e., Metadata A 10, 30 in 

Model One 100 and Model Two 150, respectively. 

In 202, signatures are ca~culated for objects of 

the metadata identified in step 201. The signatures 

15 calculated for respective objects in FIG. 1 and.FIG. 2 
.:· 

that correspond with each other will have the same 

signature. For example, in FIG. 1, Objects A 11, 31 of 

Model One 100 and Model Two 150, respectively, 

correspond with each other. Accordingly, Objects A 11, 

20 31 in Model One 100 and Model Two 150, respectively, 

will have the same signature. Similarly, Objects B 12, 

32 and C 13, 33 correspond with its respective objects 

in Model One 100 and Model Two 150, respectively. Thus, 

each of Objects B 12, 32 and each of Objects C 13, 33 

25 will have the same signatures, respectively. Objects, 

however, that do not have corresponding objects, for 

example, Objects D 21, E 22, F 34 and G 41 will have a 

signature calculated that uniquely identifies each of 

the objects. Objects corresponding with each other are 

30 parallel objects. In an exemplary embodiment of the 

present invention, the calculation of the signatures of 

the objects may be based·on at least the metadata which 

describes the objects. 
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In 203, :i,t is determined which signatures in Model 

One 100 and Mbdel Two 150 match. Signatures match if 

they are the same. Accordingly, parallel objects have. 

matching signatures. In 204, whether objects of Model 

5 One 100 and Model Two 150 having matching signatures are 

equal is determined . 

. In an exemplary embodiment of the present 

invention, determining whether objects with matching 

signatures are equal may include whether or not a series 

10 of conditions such as whether any non-matching owners 

exist and whether any ownees, reference properties and 

non-reference properties are not equal are satisfied. 

FIG. 3 illustrates an exemplary embodiment of a method 

of the present invention for determining whether 

15 respective objects having matched signatures are equal. 

If each of the conditions 301, 302, 303, 304 are not 

satisfied, the respective objects having matching 

signatures are equal. If any cme of the conditions 301, 

302, 303, 304 are satisfied, the respective objects 

20 having matching signatures are not equal. For each of 

the respective matched signatures, a determination is 

made whether any of th.eir respective owners do not match 

as illustrated in 301. In FIG. 1, for example, for 

Objects B 12, 32 in Model One 100 and Model Two 150, all 

25 of the owner(s) are the same-Objects A 11, 31. In 

contrast, Objects C 13, 33 in Model One 100 and Model 

Two 150 are not equal because there are non-matching 

owners. Object C 13 of Model One 100 does not have 

Object F 34 as an owner, however, Object C 33 of Model 

30 Two 150 does have Object F 34 as an owner. 

In 302, for respective objects having matched 

signatures not having non-matched owners, a 

determination is made whether any ownees are not equal, 

as opposed to just matching. In FIG. 1, for example, 
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Objects B 12, 32 in Model One 100 and Model Two 150, 

respectively,· do not have any unequal ownees. Objects c 
13, 33 are respectively owned by each of the Objects B 

12, 32 and Objects B 12, 32 do not have any other 

5 ownees. 

In 303, for respective objects of the matched 

signatures not having non-matched owners and not having 

unequal ownees, a determination is made whether any non­

reference properties are not equal. A non-reference 

10 property is not equal if the binary representations of 

the values are not the same. In 304, for respective 

objects of the matched signatures not having non-matched 

owners, not having unequal ownees and riot having non­

referenced properties that are not equal, a 

15 determination is made whether any reference properties 

are not matched~ In an exemplary embodiment of the 

present invention, if any of the four conditions 301, 

302, 303, 304 are satisfied, the models 100, 150 include 

differences. If none of the four conditions 301, 302, 

20 303, 304 are satisfied, the models 100, 150 will not 

have differences with respect to each other. 

The differences between Model One 100 and Model Two 

150 of FIG. 1 are Model One 100 includes Object D 21 and 

Object E 22 which is not included in Model Two 150. 

25 Also, Model One 100 does not include Object F 34 

included in Model Two 150. Further, Object C 13 of 

Model One 100 matches but does not equal Object c 33 of 

Model Two 150. 

In another embodiment of the present invention, 

30 synchronization may be performed to models 100, 150 

having differences between them. Synchronization is 

achieved by alleviating the differences between mod~ls 

100, 150 such as changing memory images in one or both 

of the models 100, 150 so that the memory images in the 
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models 100, 150 are the same. For e){ample, when an 
' 
a~;an object such owner or ownee exists in one model bul: 

not in the other model, the missing object may be 

created in the model not previously having the object-. 

5 As shown in FIG. 1, for example, Model One 100 is 

missing Object F 34 of Model Two 150. As a result, 

missing Object F 34 can be created in Model One 100. 

Furthermore, when an object exists in one model but not 

in another model, the object may be removed from the 

10 appropriate model. For example, since Object D 21 and 

Object E 22 of Model One 100, shown in FIG. 1, are not 

present in Model Two 150, they 21, 22 may be removed 

from Model One 100. Approaches. similar to the ones 

previously described can also be used when a property 

15 · exists or has a different value for an obj~ct in one 

model with respect to a parallel object in another 

model. 

"The embodiments described above are illustrative 

examples of the present invention and it should not be 

20 construed that the present invention is limited to these 

particular embodiments. Various changes and 

modifications may be effected by one skilled in the art 

without departing from the spirit or scope of the 

invention as defined in the appended claims. 
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What is claimed is: 

1. A method for comparing a first model and a 

second model, comprising: 

identifying metadata in the first model and in the 

5 second model ; 

calculating a first set of signatures for objects 

of the metadata of the first model and a second set of· 

signatures for objects of the metadata of the second 

model, wherein the objects of the first model and the 

10 objects of the second model corresponding with each 

o~her have the same signatures; 

15 

20 

determining which signatures of the first set of 

signatures match signatures of the second set of 

signatures; and 

determining for the matched signatures whether the 
.r 

objects associated with the signatures of the first set 

of signatures equal the objects associated with the 

signatures of the second set of signatures. 

2. The method for comparing a first model and a 

second model as set forth in claim 1, wherein the step 

of determining whether the objects associated with the 

signatures of the first set of signatures equal the 

objects associated with the signatures of the second set 

25 of signatures, further comprising: 

determining whether an owner of at least one object 

associated with the signatures of the first set of 

signatures matches an owner of at least one object 

associated with the signatures of the second set of 

3 O signatures; 

determining whether at least one ownee of the at 

least one· object associated with the signatures of the 

first set of signatures equal at least one ownee of the 
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at least one object associated with the signatures of 

the second s~t -of signatures; 

determining whether at least one non-reference 

property of the at least one object associated with the 

5 signatures of the first set of signatures equals at 

least one non-reference property of the at least one 

object associated with the signatures of the second set 

of signatures; and 

determining whether at least one reference property 

10 of the at least one object associated with the 

signatures of the first set of signatures match at least 

one non-reference property of the at least one object 

associated with the signatures of the second set of 

signatures. 

15 
.r 

3. The method for comparing the first model and 

the second model as set forth in claim 1, further 

comprising: 

synchronizing at least one memory image of the 

20 first model with at least one memory image of the second 

model when at least one of object associated with the 

signatures of the f irE?t set of signatures are unequal to 

at least one object associated with the signatures of 

the second set of signatures. 

25 
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