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It is of critical relevance that designers are able to comprehend the various kinds
of design-level modifications that a system undergoes throughout its entire life-
cycle. In this respect, an interesting and useful operation between subsequent
system versions is the model difference calculation and representation.

In this paper, a metamodel independent approach to the representation of model
differences which is agnostic of the calculation method is presented. Given two
models which conform to a metamodel, their difference is conforming to another
metamodel derived from the former by an automated transformation. Difference
models are first-class entities which induce transformations able to apply the
modifications they specify. Finally, difference models can be composed sequen-
tially and in parallel giving place to more complex modifications.

1 INTRODUCTION

Model-Driven Engineering (MDE) leverages models to filstse status by shifting the
focus of software development from coding to modeling. lbfiritical relevance that
designers are able to comprehend the various kinds of ddsigsl modifications that a
system undergoes throughout its entire life-cycle. Nimtuthe detection of differences
between models is essential to model development and maweag@ractices, which are
traditionally not neglected in high-quality software diemment processed ().

There have been some work (e.@2[1, 29]) that proposed automated UML—aware
differencing algorithms which, in contrast with traditedriexical approaches, such as
GNU diff-liketools (see 12, 13, 14] among others), are capable of capturing the high-level
logical/structural changes of a software system. Morentgeanother approact2()
based on structural similarity extended differencing tdamedel independency, i.e., to
models conformant to an arbitrary metamodel. However, #pability of tools to op-
erate on change documentation which conforms only to their internal format tends
to lock software development into a single tool comprongsts exploitation as part of
a tool chain. In fact, whilst a number of algorithms and tcare available for detect-
ing structural changes, the visualization of differensesften based on solutions where
the opportunity to harness the power of generic modelinggstas has far been largely
missed.

At the moment, the techniques for visualizing and represgmhodel differences are
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mainly based on edit script4,[21] and coloring techniquep]. The former represents
modifications as a sequence of atomic actions specifyingthevinitial model is proce-
durally modified. Whereas, the latter permits the diffee=o be displayed in a diagram
which is the union of the two base models, with the commonspaftboth base dia-
grams painted black and the specific elements colored. Wmfately, to different extent
both solutions present drawbacks not limited to a certaik ¢d abstraction and compo-
sitionality which compromises their adoption in a genermdaling platform 8]. In fact,
edit scripts are intrinsically not declarative, lengthydarery fine-grained, suitable for
inner representations but quite ineffective to be adopbedlébcumenting changes (e.g.,
see [/]). Coloring techniques presents advantages over proakchathods, for instance
differences are given as a model which enhances intuitsseaed can provide the basis
for a variety of subsequent analysis. However, they tenetddmsely populated, require
dedicated tool support, and subsequent difference célonssare not compositional.

In this paper, we present a metamodel independent approdhk tepresentation of
model differences which is agnostic of the calculation athm, i.e., the proposed tech-
niques do not refer to any differencing methods nor toolsa@ndat providing a mean
to represent version changes. Given two models which contoran arbitrary meta-
model, their difference conforms to another metamodelddrirom the former by an
automated transformation. Interestingly, difference eledre first-class objects which
induce transformations, such that they can be applied tabtiee differenced models to
automatically obtain the other one. This operation can bdeucertain conditions, com-
posed sequentially and/or in parallel in order to represere complex modifications.

The paper is structured as follows: Sextescribes the current approaches to model
difference representation and visualization and outlanesinimal set of requirements a
representation technique should, in our opinion, satisfgxt section presents the pro-
posed approach by defining an automated transformation &ormarbitrary metamodel
to a corresponding difference metamodel. How a differenodehinduces, in turn, a
transformation is given in Sect.by means of a higher-order transformation. Séch-
troduces the dual, parallel and sequential compositiomadpes for differences. Finally,
after discussing some related work we draw some conclusions

2 BACKGROUND

The rationale behind the design—level modifications thatstesn undergoes during its
life-cycle is of key relevance in model development and ngen@ent practices. Detect-
ing differences and identifying mappings among distinesians of a system design is
preparatory to represent at least part of such knowledgenidre the documents increase
in intricacy, the more specialized tools are needed to compaanage, and represent the
different models into a new one that contains all the prop@banges.

As mentioned, we are interested in finding a suitable reptaien for model differ-
ences which abstracts from the calculation method and petmharness the potential
offered by generic modeling platforms (for instandel9]). Thus, we identified a num-
ber of natural properties a representation technique dh@ye according to our view, as
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described below

— model-basedthe outcome of a difference calculation must be repredeasea
model to conform to the spirit of “everything is a model” piple [3] and to en-
able a wide range of possibilities, such as subsequentsisatynflict detection or
manipulations;

— minimalistic the difference model must contain only the necessary rimtion
to represent the modifications, without duplicating pagshmse model elements
which are not involved in the change;

— transformativeeach difference model mustinduce a transformation, swattwthen-
ever applied to the initial model yields the final one. Moregthe transformation
must be applicable also to any other model which is posséftyihchanged in case
the elements specified in the difference model are not auedan it;

— compositiong| the result of subsequent or parallel modifications is aetkffice
model whose definition depends only on difference modelsgoeomposed and
is compatible with the induced transformations;

— metamodel independeie representation techniques must be agnostic dfdke
metamodel, i.e., the metamodel the base models conform tihér words, it must
be not limited to specific metamodels, as for instance hapfoercertain calculation
methods (e.g.,42, 29]) which are given for the UML metamodel.

The above discussion outlines a minimal set of requiremehtsh should be taken
into account in order to let a generic modeling platform dei#h advanced model man-
agement facilities. In the rest of the section, the most commisualization techniques
are compared according to a small benchmark case borrowsd[#2] and illustrated
in Fig. 1. In particular, in the final model export functionalitiesviedbeen added to the
initial model through théexpor t class; consequently an abstr&ffiM_Doc El emhas
been created, which is specialized 8yM_Li st andHTM_For m In turn, HTMLLi st
is specialized bHTM_Conbo, while HTMLFor mis composed bHTM_DocEl ens, re-
spectively. These modifications are intended to be manyaiyormed on the initial
model and can be detected by means of an automated tool ireptem one of the ex-
isting differencing algorithms. The visualization of dfeénces can be divided into two
main techniquesdirected deltaandsymmetric deltag21]. The former represents delta
documents as the sequence of the operations needed to ttgaiew version from the
old one, while the latter shows the results as the set difterdetween the two compared
versions. In the sequel, a deeper description of both tgalesiwill be provided by means
of the example introduced above, aiming at highlight pra$ @ns about each of them.

Edit Scripts

Edit scripts represent an implementation of the directdthdgpproach. Sequences of
primitive operations, likeadd, edi t anddel et e for instance, describe in procedural
terms the modifications a model has been subject to. In geseard technique is strictly
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aumpont §: vold

a) initial model b) final model

Figure 1: Different versions of a system design

related to the calculation algorithm because of optimizatssues, such as unexpected
redundancy 21]. In fact, if on one hand the calculation is based on a set ofmat
operations which is independent from any differencing rmdtton the other hand the
optimization requires the calculation to provide a precis®ering of the operations.

A major advantage of this techniques is the compositiopali., the capability of
obtaining a document, which underwent a number of subseédgunedifications, by ap-
plying the composition of deltas to the initial document.isTquality factor combined
with the optimization makes the technique very appreci&bedts efficiency. Unfortu-
nately, the readability and intuitiveness of the outconseiitas limited, especially when
the scripts are largely optimized and the rationale behiedipdates tends therefore to be
blurred. Additionally, the calculation method proposecambination with edit scripts
typically identifies elements among distinct versions of @adel by means of persistent
identifiers. Consequently, delta documents result lockekinvthe tool which has been
used for entering/editing the base models and the opptytahihavingtransformative
deltas is largely missed.

Coloring techniques

Coloring techniques permit the modifications to be displiaiyea diagram which is the
union of the two base models, with the common parts of botk Hegyrams painted black
and the specific elements denoted by colors, tags, or syimiesisectively. It is a sym-
metric delta approach, since it directly compares two wasiof a model and highlights
the changes which took place. 187 a calculation and visualization method based on

168 JOURNAL OF OBJECT TECHNOLOGY VOL 6, NO. 9



3 DIFFERENCE METAMODEL C"VL_’
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Figure 2: An example of difference visualization technique

coloring is proposed and Fig.depicts the resulting delta document applied to the base
models in Fig.l. Alternative representations are possible and usuallgdas element
stereotyping and delta tree arrangeme@8 pmong others. Visualizing modifications
according to this technique is typically beneficial for thresgjner, since the underlying
rationale can be grasped with a glance thanks to enhanagtiviehess and readability.
However, these quality factors are retained only if the lmasdels are not large and not
too many updates apply to the same elements, since theetifermodel consists of both
base models to denote the differences. Finally, this cahsasmethod not to beansfor-
mativeproperty as well.

3 DIFFERENCE METAMODEL

In this section, we propose an approach to model differecapable to meet the require-
ments discussed in Set. For presentation purposes, the simplified UML metamodel in
Fig. 4 is considered throughout the section although the apprgagtneral and is appli-
cable to any metamodel. According to the “everything is a etigorinciple [3], this work
proposes an approach to specify differences as models ahdah be taken as input by
general purpose theories and tools in a MDE setting. Inqaddr, in MDE models are
not considered as merely documentation but precise ddithat can be understood by
computers and can be automatically manipulated. In thisesse® metamodeling plays a
key role: it is intended as a common technique for definingathstract syntax of models
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Figure 3: Difference metamodel generation

and the interrelationships between model elements. Metelimg can be seen as the con-
struction of a collection o€onceptswithin a certain domain formalized in a metamodel
which describes the common properties of its instancesmedels which represent ab-
stractions of real world phenomena. A model is saidddaform toits metamodel like

a program conforms to the grammar of the programming languagvhich it is writ-
ten [3]. In this respect, the four-level architecture illustatan the left hand side of Fi@.
describes theonformanceelation: at the bottom level, the0 layer is the real system. A
model represents this system at leval this model conforms to its metamodel defined at
level M2 that in turn conforms to the meta—metamodel at I&@l The meta-metamodel
conforms to itself.

Provided that, given two models being differenced and thafarm to a given meta-
modelMM, their difference conforms to another metamaddi®iD that can be automat-
ically derived fromMM. In particular, the new metamodel has to provide the coatsru
able to express the modifications that have to be performéaeaanitial version of a given
model in order to obtain the final one. The proposed approaahigs the representation
of changes that can classified as follows:

— additions new elements are added in the final model likeHA®&LDoc El emab-
stract class in Figl.b not present in the initial version of the specification;

— deletions some of the existing elements are deleted as a whole likeotimposition
relation between thelTM_Doc andHTML_Li st classes in Figl.a;

— changesa new version of the model can consist of some updates @hirexisting
elements. For example, some structural features (atksband operations) of the
HTML_Li st class in Figl.a have been modified giving place to the new version in
Fig. 1.b.

In particular, letMC be a metaclass of a given metamodel, then it definesddedMC,
DeletedMC andChangedMC metaclasses that enable the representation of additieles, d
tions and changes, respectively, of elements conformitiigtdC metaclass (see the right
hand side of Fig3). For instance, the metaclasgetdedC ass, Del et edCl ass and
Changedd ass in Fig. 5 are derived by the metacla€sass depicted in Fig4. The
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+type
Primitive Data Type Chssifier
[ FretumType
+name:String
+type
pare it
+=source
Ass ociation Chss + attributes Attribute
+isCompaosition:Boolean +isAbstract: Bool « [ +name:String
+isAggregation Boolean
gares +target
operations
Pararmeter {ordered} - Operation .
e i - I
+name:String T parameters | +name:String

Figure 4. Sample UML metamodel

resulting metamodel allows the representation of the idiffees among two distinct ver-
sions of a UML model, as in Figr where only part of the differences between the
two versions in Figl are reported. For example, thEM_DocEl emclass in Fig.1.b

is represented as adddedCl ass instance since it is not present in the initial ver-
sion of the model in Figl.a. The deletion of elements is represented by means of
instances of the correspondimgleted metaclass like the composition association be-
tween theHTMLDoc andHTML_Li st classes which is represented as an instance of the
Del et edAssoci at i on metaclass. Whenever the deletion concerns a container, the
metamodel prescribes that also its contained elements Inoeudenoted as deleted, al-
though this may appear redundant if not counterintuitiiee Totivation is that a differ-
ence model must be a self—contained unit, i.e., in case thma elements of a deleted
container are not explicitly marked as deleted, such in&tiom could only be deducted

by navigating the initial model. This is shown to be relevanBect.5 when discussing

the dual notion.

Changes of already existing elements are representedgth@hanged elements as
the class updates which are given by meanStaingedCl ass instances each of them
associated with a correspondingdat edEl enent class. The latter specifies how
Changedd ass has to be modified in the new model version in terms of atteibaind
associations. Thehanged modification is kind of shortcut which groups simple modifi-
cations consisting oAdded andDeleted only reducing the size of the overall difference
model. For example, the modifieM_Li st class in Fig.7 is composed by the attribute
name and the operatioadd; both features are not present in tinedat edEl enent
class which consists of theunpCont operation only. This means that all the struc-
tural features which are given in ti@hangedCl ass instance but not in the associ-
atedupdat edEl enent will be deleted in the new version. The features which are not
represented in thEhangedCl ass instance will remain unchanged and will be simply
copied in the new version of the given element (like the ojp@ma oSt ri ng or the
attributerrul ti Sel in theHTMLi st class). Finally, the features specified both in the
Changedd ass instance and in the associateddat edEl enent will be modified
according to descriptions given in the last one.

Modifications occurring in ordered references (eRg, anet er metaclass in Figd)
require to be treated with some additional support. Moresiaitl theorderedassociation
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AddedAttribute DeletedAttribute 8] dAttribute
Attribute
+name : String
updatedElement Cl d Operation
* | attributes
parent updatedElement
Class Operation Deleted Operation
- N -
updatedEleme nt +isAbstract : Boolean i
operations
Y
AddedOperation
| * | parameters
] dClass AddedClas s DeletedClass Parameter
+positionindex : Integer
updatedElement
AddedParameter DeletedParameter Changed Parameter
+positionindex : Integer +positionindex : Integer

Figure 5: Fragment of the extended UML metamodel

ends induce in all the metaclasses of the difference metarbatitheDel et ed ones an
additional attribute callegosi ti onl ndex. This enables the management of ordered
sets in terms of absolute positioning. For instance, leuppgse to have an initial UML
class having the operatiayp( a: i nt, b: i nt) and due to a manual intervention, the
parameter order changed giving placeof@( b: i nt, a: i nt), then the corresponding
difference model (restricted to the only operatay) is in Fig. 6.

«1: ChangedClass €2 : Class

updatedElement

Toperatons Lperations

opl: ChangedOparation op?2: Operation
name = op updatedElement name = op
Tparameters parameters
name = a updatedElement |name = a
positionIndex = 0 positionindex = 1
parameters parameters
p3: ChangedParameter
name = b name = b
positionindex = 1 updatedElement | positionindex = 0

Figure 6: Sample ordering difference

As a side remark, please consider that analogously to thépiecontainer situation also
in this case the class the operation is defined in must be el@ast“changed” as well.

As previously pointed out, the approach is metamodel indeéget and a given meta-
model can be automatically extended with the metaclasseedeo represent the mod-
ifications among base models that conform to that metamodke discussion given
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above about thadded, Deleted andChanged concepts has been done by taking into ac-
count theClass element of the sample UML metamodel in Fgor descriptive purposes
only. However, the explained behavior is valid for any metdei and the resultingener-
icity permits the specification of a canonical metamodel extendiofact, according to
the general picture in Fig, a model transformatioMM2MMD to yield the difference
metamodeMMD associated wittMM must be defined. Introducing new metaclasses
to denote updated, deleted, and added model elements ittisenonly way of modeling
modifications, but provides a mean for mapping them to angrmete syntax, as tagging or
annotations. Besides, specialization conceptually gt kind of modifications related
to a base metaclass and makes the transformations (whicpplied to the difference
model) simpler in their formulation.

In the current implementation (available for download%j},[the MM2MMD trans-
formation is given in ATL L8], a QVT compliant language part of the AMMA frame-
work [4]. Due to space limitation, Listing illustrates only a fragment of the implemen-
tation. In particular, we reported those rules which modifg source metamodel w.r.t.
the structure shown in Fi@.disregarding the simple functionalities, such as copyiamf
the source to the target metamodel.

ATL is a hybrid language which contains a mixture of declas&and imperative
constructs. Transformation definitions in ATL consistnaddul es each containing a
header section,i nport section, and a number dielpers(that will be described in
the next section) anttansformation rulesThe header contains declarations, such as the
module name, the source and target models (lin@swith their typing metamodels. The
keywordcr eat e denotes the target model, whereas the keywardm indicates the
source one. In the following code, the source and targetmdals are both KM316]
which is a metamodeling language part of the AMMA framewankl @ased on the same
core concepts used in OMG/MORJ3] and EMF/Ecore%]: classes, attributes and refer-
ences. In other words, the current implementation is ang&ous transformation over
KM3 metamodels.

1 nmodul e Met anodel 2Met anodel Di f f;
2 create QUT : KMB fromIN : KM3;
3 ...

4 rule O ass2C assDiff {

5 from

6 s : KMB! C ass

7 (

8 not s.isAbstract

9 )

10

11 to

12 t : KM3!Cass ( --topd ass
13 name <- s.nane,

14 e

15 )

16

17 a : KMB!Class ( --addedd ass
18 nane <- 'Added’ +s. nane,

19 -

20 IE

21

22 d : KMBIClass ( --del etedC ass
23 nane <- ’'Del eted’ +s. nane,
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)

c : KMB!Cdass ( --changedC ass
name <- ' Changed’ +s. nane,

o

ass : KMB! Reference ( --updatedEl enent reference
name<-’' updat edEl ement’ ,
owner <- c,

type <-t

Listing 1: Fragment of th&iM2MMD transformation

Helpers and named rules are the constructs used to speeityatiisformation func-
tionality; relations betweesourceandtarget patternsre given as declarative rules, called
matched rulesin particular, the source pattern of the rule (li%e8) consists of aource
typeand a OCL 4] guard stating that only non abstract classes must be matched. The
target pattern (line41-39) is composed of a set @lementseach of them (as the one
at lines12-15) specifies aarget typefrom the target metamodel (for instance, the type
Cl ass from theKMB metamodel) and a set bfndings

A binding refers to a feature of the type, i.e., an attribatesference or an association-
end, and specifies an expression whose value initializedetitere. The elements,
d, andc of the target pattern (lines1-39) are devoted to the generation of the added,
deleted and changed sub-classes of the matched sourcesclesspectively. Finally,
the referencass is created as a structural feature of the elenceimt order to provide
with the possibility to refer to the new version of a givenggad class by means of the
updat edEl enent reference. Difference models are first-class artifact<iyhin turn,
induce other transformations, such that they can be apiaiede of the differenced mod-

[ dassi:ChangedClass | ,pdaredflemens class? : Class :
name = HTMLDoc | | = HTMLDoc name = in
source parameters
urce
opearations
[eneratlont. ChangedOperad.. | telarion: AddedAssodation
name = dump ‘ isAggregation = false operation? : AddedOperai..
isComposition = true name = add
relation] : DeletedAssociation target operations returnType
isAggregation = false — _ _ A
isCompasition = true dass2: AddedClass erations| eerations : AddedOperati... dataTypel ; PrimitiveDataTy..
isAbstract = true g name = dumpCont name = void
name = HTMLDocElem
typ
parent attributes typel
- TTed AT dataType? ; PrimitiveDataType
target atrribute? : AddedAuribute
Class3: ChangedClass Tlassd:Class name = name [——>{name = String
updated Element| P
name = HTMLList name = HTMLList
operations
attributes operations

name = name name = add name = dumpCent

Figure 7: A difference model fragment
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Figure 8: Difference application

els to automatically obtain the other one. Next section riless the techniques behind
such atransformativequality of the illustrated difference models.

4 DIFFERENCE APPLICATION

The transformative property introduced in Séotlenotes the important capability to em-
ploy modifications by interpreting the difference modela@fygng them. The difference
application is twofold: it can be used to “reconstruct” th@afimodel starting from the
initial one, but it can also be applied to any model confognio the base metamodel
giving possibly place to an idempotent application in caskes not overlap the initial
model. In summation, difference models can be viewgubasheperating over models,
even though the induced transformations are somewhat,@&ctlo not comprises any
fuzziness factor or adjustability of their applicationgs®ect.7 for a discussion about
that).

The model difference interpretation is intrinsically diffit since it requires a higher-
order transformation, i.e., transformations taking ottnensformations as input and/or
transformations producing other transformations as dygjuln particular, according to
the lower side of Fig8, the model transformatiofMMD_MM2MM) can be applied to
a source model/; in order to obtain a target/, with respect to the differences speci-
fied in a modeMD. Such a model conforms to the metamoli®D automatically ob-
tained fromMM as discussed in the previous section. More in detailMhD_MM2MM
transformation implements the rules to apply on a mddektheadditions deletionsand
changespecified in the modeMD. More precisely, considering the dashed part in Bjg.
for each metaclasgC in the metamodeMM, the transformatiodMMD_MM2MM con-
tains the following rules:

— AddedMC2MC: it manages the elements in the difference mddBl that conform
to theAddedMC metaclass. For each element, the rule creatds,ia new instance
of MC setting the corresponding structural features accordirige specification of
theAddedMC element;

— ChangedMC2MC: it updates already existing elements in the initial modeype
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O wWNPEF

MC according to the modifications specifiedNtb throughChangedMC instances;

— UnchangedMC2MC: it copies the unmodified instances of the metaciSsvhich
have to be the same both M; andM,. The source pattern of this rule has a guard
matching only theMC elements which have not been changed nor deleted.

Concerning the management DéletedMC instances, no rules are provided, since the
guard in the source pattern of tbechangedMC2MC rule guarantees that elements which
have been specified as deleted in the difference model amaatched during the trans-
formation phase (hence, not copied in the target madgl

The following ATL code is a fragment of tHéMLD_UML2UML transformation that
applies on a given UML model the modifications expressed iiffardnce model (that
conforms to the corresponditgMLD metamodel like the one in Fi§) generating the fi-
nal UML specification. Due to space limitation, only the cdolemanaging the metaclass
Cl ass is considered providing theddedC ass2C ass, ChangedC ass2C ass,
andUnchangedC ass2Cl ass rules that reify the general behaviors of the transfor-
mation MMD_MM2MM previously illustrated. The transformation rules can u3é A
helpers, i.e., read-only functions, to navigate the d#ifele model to find the values to
be assigned to the structural features of the new version@¥ven element. For in-
stance, the new value of the attributame of a changed class (lir@8) is reached in the
difference model by navigating thepdat edEl enent association of the considered
changed class. The dedicated helpet ChangedCl assnane is used for this purpose
and given a changed class it returns the new value for thbwggmame (see liness).

nmodul e UMLD_UM_2UM_;
create OUT : SinpleUML fromINL : SinpleUM, IN2 : SinpleUWMDiff;

hel per context SinpleUWD ff!Changedd ass def: get Changedd assnane : String =
i f not self.updatedEl ement. ocl | sUndefined() then self.updatedEl ement. nane el se
Ccl Undefi ned endi f;

rul e Addedd ass2C ass {
from
s : SinpleUM.Di f f! AddedC ass
(
s. ocl | sTypeO (Si npl eUMLDI f f! Addedd ass)
)
to
t : SinpleUM! C ass(

.

rul e Changedd ass2d ass {
from
s : Sinpl eUMLDi ff! ChangedCl ass
(
s.ocl | sTypeO (Si npl eUMLDi ff! ChangedCl ass) and not s.updatedEl enent. ocl | sUndef i ned()
)
to
t : SinpleUM!d ass(
name <- s.get ChangedC assnane,
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33 rul e Unchangedd ass2d ass {

34 from -
35 s : SinpleUM! d ass

36 (

37 s.ocl | sTypeOf (Si npl eUML! A ass) and not s.isChanged and not s.isDel eted

38 )

39 to

40 t : SinpleUM!d ass(

41 A

42 )

Listing 2: Fragment of th&MLD_UML2UML transformation

The UMLD_UML2UML transformation above has been automatically generated by
means of a higher-order transformation applied to the UMietknce metamodel shown
in Fig. 5 according to the upper side of Fi§. Such a generation is feasible since the
behaviors of the building blocks of a model difference (tisaadditions, deletions and
changes) are “parametrically” defined and can be instaatiah the elements of a given
metamodel. For example, the generic transformation @hengedMC2MC described
at the beginning of this section can be instantiated on thtactessCl ass of the UML
metamodel producing théhangedCl ass2C ass rule of theUMLD_UML2UML trans-
formation. Alternative to a higher-order transformatian fienerating ATL transforma-
tions is serializing models into code by means of a temgatmechanism. However,
ATL is part a set of coordinated languages and tools, as &iante Textual Concrete
Syntax [L7] (TCS) devoted to bridging abstract and concrete syntaxieih make tem-
plating for ATL model/code generation unnecessary.

An ATL implementation of this higher-order transformatimnavailable for down-
load at P], since because of space limitation only a very small fragintan be ac-
commodated in the current work (see ListiBg The implementation consists of three
main rules that ardddedCl ass (lines4-23), Unchangedd ass (lines25-39), and
Changedd ass (lines41-52). They are dedicated to the generation of the three kinds
of rules needed for the management of each metaclass sgeuitige source difference
model. For instance, the match of the followiAddedCl ass rule with the metaclass
AddedAssoci at i on of the UML difference metamodel, generates in the transéerm
tion UMLD_UML2UML the ruleAddedAssoci at i on2Associ ati on.

1 nodul e MVD2ATL; -- Modul e Tenpl ate
2 create QUT : ATL fromIN : KM;

3
4 rul e Addedd ass {

5 from

6 s : KMB! O ass (

7 not s.isAbstract and s.nane.startsWth(’ Added’)
8 )

9 usi ng {

10 newHel per : Sequence (ATL! Hel per) = Ccl Undefi ned;
12}

13 to

14 t : ATL! vat chedRul e (

15 name <- s.nane + 2’ +s.nane.regexRepl aceAl | (* Added’,’"),
17 )
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18

19 do {

20 e

21 newHel per <- t hi sModul e. Cr eat eAddedHel per(s);
22

23}

24

25 rul e Unchangedd ass {

26 from

27 s : KMB! d ass (

28 not s.isAbstract and (not s.nane.startsWth(’' Added’)) and
29 (not s.nane.startsWth(’ Deleted )) and

30 (not s.nane.startsWth(’ Changed’))

31 )

32 C

33 to

34 t : ATL! Mat chedRul e (

35 name <- 'Unchanged’ +s. nanme+’ 2’ +s. nane,

36

37 )

38

39 }

40

41 rul e Changedd ass {

42 from

43 s : KMB! d ass (

44 not s.isAbstract and s.nane.startsWth(’ Changed’ )
45 )

46 C

47 to

48 t : ATL! Mat chedRul e (

49 name <- s.nane + 2’ +s.nane.regexRepl aceAl | (’ Changed’,’ "),
50 )

51

52 }

Listing 3: Fragment of th&®MD2ATL higher-order transformation

Depending on the structural features of the matched mewadanumber of helpers (like
the one in the lin&t of Listing 2) are created. Since such generations are quite complex
and it is difficult to specify them in a declarative way, A€hlled rulesandaction blocks

are used. In particular, a called rule is a rule called by otimes like a procedure. An
action block is a sequence of imperative statements and earsé&d instead of, or in
combination with a target pattern in matched or called rulesr instance, line$9-22
implement an action blocks where the called rGteeat eAddedHel per is invoked in
order to generate the target helpers needed for the managefraelditions specified in a
given model difference (see the lower side of Fy.

5 DIFFERENCE OPERATORS

The evolution of a model consists of the initial model and enhar of difference models
in such a way the final model is obtained by applying all the rincations to the origi-

nal one. Starting from a difference model it is useful to aatically generate its dual
model, i.e., an inverse difference model that when appbetthié final model returns the
original one. This allows the designers to operate and stagethe final model and even-
tually rollback to previous versions until the original nebdFurther useful constructions
would be the compositions of delta documents, like seqakatid parallel merging of
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several versions independently developed. The former eaaxploited to group two or
more subsequent modifications in a single difference madale the latter enables the
concurrent manipulation of the same artifacts, which wekd a fusion step to obtain the
overall resulting delta with respect to the previous varsio

In the sequel, the mentioned operators will be discussedggest how to implement
them by means of the proposed approach.

Dual Notion

The dual calculation consists of the following operatioasthe added anddel et ed
specializations are transformed to the correspondeiget ed andadded ones, respec-
tively; b) thechanged specialization is moved to the linked element and the doecif
the association between them is reversed. The previousdédipe a general model trans-
formation which can be easily derived from the source metlgh@s shown in SecB
and Sect4 for difference representation and animation, respegtivelessence, a differ-
ence model and its dual induce two transformations whichirereénverse one with each
other.

As mentioned in the previous sections, a difference modsdlis-contained and min-
imalistic or, in other words, it must contain all and only ttedevant information. This
is particularly relevant for the deletion of containers,jeftrequires that all its contained
elements are denoted as deleted as well. What appears acegsagy repetition is in-
deed a requisite which prevents the dual calculation frowigadéing the base model: in
fact, from a difference model which “deletes” a containeg,lvave to derive a dual model
which “add” both the same container and whatever it contavwhsch is left undetermined
without referring to the initial model.

Sequential and Parallel Compositions

As mentioned above, an evolution consists of an initial nh@gel a number of sub-
sequent modification documents. For the sake of simplitgtyus consider only two
subsequent modifications over the initial model. The setiglesomposition of such ma-
nipulations corresponds to merge the modifications cor/éyethe first document and
then, in turn, by the second one in a resulting differenceehoantaining a minimal dif-
ference set, i.e., only those modifications which have nehlmerridden by subsequent
modifications. Given a couple of subsequent modificatiofexcahg the same element,
the optimization management will behave as summarized lheTh when a édded,
del et ed) sequence occurs it is possible to ignore both the manipukgbeing one the
dual of the other, while in the case of@hanged, del et ed) it is possible to perform

01\ 02 added changed del et ed
added \ added @ changed
changed \ changed & changed | del et ed
del et ed | added \ \

Table 1. Optimization cases.
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N chss ; Class

name = HTMLDoc
ishggregation = false
isCom position = true -

name = name
class ; Added Class
> isAbstract = true -

name = HTMLDocElem name - add @ |name = in

name = HTMLDoc name =dump name = HTMLDocElem [4———{name = dum pCont
class ; Class chss ; Class

name = HTMLDoc name = HTMLDocElem

Figure 9: A delta composition example.

only the deletion of the element since the changes would $tealoyway. To compact

a (del et ed, added) couple an update should be built which changes the verdion o
the element depicted idel et ed with the re-added one iadded. In the situations
where a §dded, changed) or a changed, changed) occurs, it is possible to group
the manipulations in a singkedded andchanged delta, respectively. In particular, in
the former case the addition can be completed with the sules¢ghanges, whereas in
the latter the updates can be composed in a single mergedramally, the other cou-
ples can be ignored simply because it is not possible thelglameur; for instance, it is
not possible to update an element before creatinghtfged, added) or to modify a
previously deleted elemend ¢! et ed, changed). In the work in R2], where the dif-
ference example used in this paper has been taken, thesoiamlintermediate version
with respect to the initial and final ones shown here, whiai loa exploited to illustrate

a possible application of composition. In the top of Fg.it is depicted the addition

of the HTMLDocEl emclass and the composition relation fradTM_Doc class to the
just added one. In the lower part of the same figure can be seefutther changes to
HTMLDocEl emandHTM.Doc classes. As said above, when added, changed)
sequence occurs on the same element, it can be possiblddatsingle addition com-
pleted with the subsequent modifications. Therefore, ird#ia document of Figr it is
possible to see a singdded difference in which the changes contained in the second
part have been included.

In a distributed development environment modificationsloamperated also diverg-
ing from the same ancestor in parallel. In case both modificatare not affecting the
same elements (or in other words are parallel independwit)domposition is obtained
by merging the difference models. This property can be gabibwn by performing the
parallel independent modifications by interleaving thgkrchanges and assimilating it
to the sequential composition. Unfortunately, the resuttvo parallel modifications can
give place to conflicting results, i.e., elements in the inagmodel which are changed
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by both difference models without converging to a commonlte$n this case, con-
flicting modifications either have to be resolved by the cpoanding designers (see for
instance 1), or they need some mechanism to support such a 8skipwever, conflict
resolution is a current research topic but it goes far beybadcope of this paper.

6 RELATED WORK

This paper is related to numerous aspects of modeling, dvenly few of them are
pertinent to difference representation. In fact, therstaxiethods and algorithms for de-
tecting differences between documents (&6, 27, 30] for UML—aware calculations
and R0] for a metamodel independent approach, respectively) ahdfew focus on vi-
sualization issues. As discussed in S&ctdifference representations are usually given
by means of edit scripts or coloring techniques. These fbrzatéons present limita-
tions since their lack of abstraction and declarativenesggmts them from being repre-
sented by suitable metamodels and processed in standaedingpglatforms. In §] the
problem of representing changes between data structutesiin Service Data Objects
(SDO) is addressed. Change summaries are used for recondidifications within data
graphs which consist mainly of trees of data objects; dedplts are serialized to XML
and change summaries make use of XPath for querying docam@fith respect to our
proposal, change summaries do not meet the requirementsdslrbased, metamodel
independence, and transformability.

Although our approach is agnostic of the calculation methbdan be interesting
to consider the way certain difference calculations aréop@ed. In fact, some UML—
differencing techniques are based on persistent idestifibich are assigned to all model
elements. This characteristic locks the designer withimohgince models realized with
different modeling tools have different identifiers and #rerefore not comparable. A
solution to this problem is introduced i89] where algorithms based on similarity anal-
ysis are able to detect changes without referring to persistientifier. This approach is
based on the notion of longest common subsequence. Thentagse is usually realized
by means of change tree visualization introduced in tweedzffit versions which are es-
sentially the same but follow the inheritance— and contaimtspanning tree of software
model, respectively. Such representation requires adtdadsupport. Persistent iden-
tifiers could have been employed also in difference reptasen avoiding to have deep
copies of model elements and keeping models relativelylsmsize. Unfortunately, us-
ing persistent identifiers poses a number of questions,rincpkar: a) it tends to lock a
model life-cycle within a specific tooh) it reduces the applicability of the induced trans-
formation since models edited independently (even withendame tool) from the base
model have different identifiers although conceptualhated;c) finally, it would likely
restrict the adoptable calculation methods to those methased on persistent identifiers.

An approach to compare models which conform to arbitraryametels is proposed
in [20]; difference calculation is performed by means of a sintiaanalysis technique,
while the representation exploits a coloring method basedr@e arrangement of the
detected structural changes. From our point of view thakvean be considered as a
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possible candidate technique to perform a metamodel imdkgpe: differentiation whose
results can be represented with similar techniques as presented in this paper.

An interesting initiative related to this work is the FAMO@®ject [L1], whose goal
is to build a framework to support the evolution and reengjimg of object—oriented
software systems. In particular, the language—indepdrd&il X metamodel B8] is
often used for modelling snapshots in approaches whichlaaine history as a first class
entity, as for instance irlp] where the Hismo metamodel is introduced. In our approach
subsequent versions are represented by models which asiblyaglated via difference
models. In contrast with Hismo, we cannot explicitly modstbry and versions. Thus,
as far as we know, it seems that the approaches are somewlwgjamal since we are able
to specify arbitrary snapshots which are linked by autochttinsformations induced by
the modifications.

Darcs P5| is a text-based revision control system (not dissimilaCt¥S) which is
based on a theory of patches, whose properties enable tamiependent manipula-
tions. Several concepts and issues in this paper have aemlegh such theory. In par-
ticular, every patch is required to be invertible. Sequer@omposition of patches may
be subject to a reordering which can fail because of missepeddencies. Moreover,
concurrent patches (i.e., patches that are applied on the saurce tree) can be merged,;
the result of a set of merges is independent of the order iclwtiie merges are per-
formed. Darcs can be a relevant source of inspiration fomark since there is at least a
perfect analogy across the corresponding domains.

7 CONCLUSIONS AND FUTURE WORK

This paper discussed the problem of representing diffeeamong models conforming
to an arbitrary metamodel. Differences can be thereforergas a model which adheres
to a difference metamodel obtained by an automated tranatoon. Interestingly, differ-
ence models, regardless of the metamodel the base modelsrdormant to, are given
a behavior which transforms an initial model to the final oger®ans of a higher-order
transformation. The proposal has been devised to comphetéeverything is a model”
principle and to be accommodated in a generic modeling fnarieas shown by the im-
plementation 9] upon the AMMA framework. Compositional operators whichrdaine
models sequentially and in parallel have been introduced.

Future work will address the problem of conflict detectionl @esolution. Parallel
modifications can give place to conflicts which are usuallfeded by means of tradi-
tional lexical approaches which lack of abstraction and giae place to false positive
and negative issues. Our goal is to define a weaving metanfadile specification of
conflicts in such a way designers camstomizeheir notion of conflict according to the
specific stage in the development process they are dealthg Avpreliminary investiga-
tion has been recently presented&h [Model differences present an analogy to the patch
utility. Since the induced transformations do not presemgtaajustability of their applica-
tion, we intend to investigate how to introduce a fuzzinessdr. In particular, we plan to
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adopt weaving modelsg] for setting — at different level of granularity — relatidngs be-
tween model elements and modifications to be applied tohEurtore, the composition
of difference models has been partly investigatedin thus the implementation of the
corresponding higher-order transformations has not betatiyt realized and it is planned
to be covered in the near future.
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