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Abstract:

The VIDE project aims at a visual, Unified Modelihgnguage (UML) compliant actio
language, the VIDE language, suited to businesBcapipns. The language is to be useq
the model driven software development process (whiises the requirements of

standard-compliance). Further development of tlogept also includes the integration o
business oriented modelling, aspect-oriented fasli and means for quality assura
provided inside a powerful, platform-independentedepment toolset.

This deliverable is intended to describe the ewvaloaresults of VIDE concepts and t
software prototype against measurable results dhdr alesired features. In addition,

includes a comparison with other tools availabletlom market. The evaluation consistg
the "vertical" view — where the tool chains avaléabre compared with the VIDE toolset

a

whole, and the "horizontal" view — where particulaatures are evaluated in terms of fhe
benefits they bring individually to particular mdidey steps. Most of the horizontfl
evaluation work was performed in the form of worgs using the VIDE prototype softwgre

with participants from outside the project team.

The VIDE consortium:

Rodan Systems S.A. Partner Poland
Institute for Information Systems at the GermandResh Partner Germany
Center for Atrtificial Intelligence
Fraunhofer Partner Germany
Bournemouth University Partner United
Kingdom
SOFTEAM Partner France
TNM Software GmbH Partner Germany
SAP AG Partner Germany
ALTEC Partner Greece
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1 Introduction

Work Package 11 completes the implementation worth® VIDE project with a practical
evaluation of the software solution that has beewvebbped. The evaluation work uses the
results of all preceding packages — especiallystitvare prototypes developed in the course
of WP9, and investigates their features againsttheria set out in the project's Description
of Work document and further elaborated in Workkaae 1.

WP1

-~
-
‘‘‘‘‘‘‘‘‘‘‘‘
e —— A
-

——
- -
-, -,
bl . T
- =

-------------- Y WP11

Lo T

Figure 1: Role of the work package 11 in the structre of VIDE project

Because the goal of the VIDE project was to ramegdroductivity of software development
through the introduction of an integrated, platformdependent toolset, the evaluation is
focused on:

= investigating the potential productivity gains framaividual VIDE component solutions,

= jdentifying the advantages of the VIDE working asiraform modelling suite covering
MDA's CIM and PIM layers and beyond (vertical intatgpn).

It is necessary to note however, that not all athges of the tooling could be evaluated this
way, as various limitations result from the profmynature of the evaluated software, in
addition to the limited timeframe (hence for exaenpghe long-term gains for model
maintenance are not considered here).

The evaluation work described in this deliveraldesinot produce any new component of the
VIDE, but instead investigates the toolset as alalisee Figure 2), with special focus on
VIDE modelling tool components (marked with bolad) that were also the subject of
individual horizontal evaluation.

-11 -
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process definitions -

Service interfaces

Figure 2: Main subjects of WP11 evaluation work
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2 VIDE evaluation approach

The direct aim of the evaluation is in verifyingetiMeasurable Results formulated at the
outset of the project (VIDE-Annex, 2005) and othssential features created in the course of
research and implementation. These features wereetdenchmarked against the tools
available on the market. However, it has been sacgsto take into consideration the
prototype nature of VIDE software where the usgbiland overall productivity were

compared.

Table 1 specifies the Measurable Results as seébe aeginning of the project.

Table 1: Measurable results as specified in the Desption of Work document

Measurable| Domain Measurable result How will it be verified?

result

number

1 Visual With VIDE, at least 90% of the code Typical real-life applications covered by
coding of applications covered by Executablexecutable UML will be defined and VIDE as
on the PIM UML will be coded visually on the |well as the other leading tools we be used to
level PIM level. implement them. The amount of code delivered

fully visually will be measured and compared.

2 Application | Applications covered by Executable The development time of applications

development| UML will be developed with VIDE in described above will be measured and

time

1/2 of the time needed now using b
Executable UML tools or more
traditional Rapid Application
Development (RAD) tools.

pttompared.

3 AOP Expressiveness in terms of joinpoint The achieved AO modeling and composition
composition | models and possibilities of structuralfacilities will be compared with existing AQP
at PIM-level | and behavioural adaptation comparggpproaches at programming language lavel,

to existing AOP approaches. considering in particular the adaptation
The (visual) aspect composition at | semantics and expressiveness at PIM level.
PIM-level will be sufficient to cover | Representative scenarios will be chosen fol the
at least 90% of typical AOP-scenaripsomparison with respect to the business
in those parts of an application, that application domain.

can be defined in the VIDE language.

4 Quality  of| With the discovery of quality defects The quality of PIM developed with and withqut
Platform and following model refactorings thethe quality defects discovery will be analyzgd,
Independent| qualitative and quantitative quality asneasured, and compared. Measurement will be
Models measured against a specific quality| conducted qualitative as well as quantitative

model (probably based on ISO using existing design metrics and new maqdel
9126/25000 but for MDA) will metrics.
increase by at least 20%.

5 Skill  level| The required skill level is the basic | The individuals with basic UML tool
needed to useknowledge of a UML-tool. knowledge but no programming knowledge
the Individuals who have the knowledgewill participate in
programming from a 1 week preliminary UML 1 week courses
tool course will need = of VIDE

1 week of training to be able to create = of other leading programming
small Executable UML applications. languages and environments
Then the abilities of the participants to program
simple business systems will be compared. A
report summarizing the students achievements

and their opinions about VIDE will be
delivered.

Measurable Results 1, 2 and 5 were evaluated ircdese of two workshops devoted to
VIDE PIM-level language and editors functionality:

© Copyright by VIDE Conso
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» VIDE Textual Editor and Visual Expression Buildeorkshop
= VIDE Visual Editor workshoj

In both cases a programming assignment was givargtoup of individuals from outside t
project team and the results were compared betVIDE and traditional programming toc

Measurable Result 3 was evaluated by a featurgsisaivhile the Measurable Result 4 v
evaluated through a dedicated workshop and questic

Apart from the planned features reflected in theaMegable Resul, VIDE evolved and wa
extended towards a broader C-level functionality. To consider it in the evaluati an
additional workshop was conducted to investigageghbtential benefits of the business
oriented features offered by the Domain Analysiol.

Another area identified during the project, ' the fact that VIDE covers several modell
layers and attempts to achieve uniformity, tradegband automation between thetthus
bringing another potential advantage: the combination ofimber of features into a sing
toolset to make them usable in a common developm@aess. Hence the evaluation w
has been complemented by the "vertical" view, wlikeerelevant tool chains for colete
development processes available on the market w@rgared with VIDE according to
number of features identifie

The approach is illustrated iFigure 3. The "horizontal" evaluation is mainly (but n
exclusively) concerned with the PIM leveThe "vertical" evaluation provides an analysis
27 essential features of VIDE against 10 tool chawailable on the mark

other Soft Dev Process ather Tooks chan

|

Pre CIM

CIM

FIM

FREARiEb

Code

Figure 3: Two dimensions of VIDE evaluatiol

© Copyright by VIDE Consortiul



FP6-IST-2005-033606, Visualize All Model Driven Bramming Work Package 11 — Deliverable D11.3
Version 1.0 Date 2009-01-14

3 Horizontal Evaluation

In the course of horizontal evaluation, individdeatures considered the most specific and
vital for VIDE have been evaluated in the coursewairkshops using VIDE software or
through comparison analysis. The main subject ef ¢lvaluation consisted of the five
Measurable Results formulated at the outset of V|&ect that are focused on the CIM
level plus the pre-CIM solution that emerged dutimg project as a new functionality.

3.1 VIDE PIM language evaluation workshop (PJIIT)

3.1.1 Workshop Goals

The workshop was intended to present the VIDE lagguand tool to a group of students and
to verify if the measurable results have been aelielt consisted in presenting our students
on two different levels of studies with a data-mgi¥e programming task which will be
described in the next section. The main goal of Wwkshop was gaining additional
experience with using the PIM-level VIDE languagel @0 collect feedback from users with
different level of expertise. Apart from that, tleorkshop was intended to verify the
measurable results 1, 2 and 5 specified in the rijwn of Work (VIDE-Annex, 2005).

1) With VIDE, at least 90% of the code of applicat covered by Executable UML will pe
coded visually on the PIM level.

2) Applications covered by Executable UML will /eloped with VIDE in 1/2 of the time
needed now using both Executable UML tools or mipaglitional Rapid Application
Development (RAD) tools.

5) The required skill level is the basic knowledgea UML-tool. Individuals who have the
knowledge from a 1 week preliminary UML course wided 1 week of training to be able
create small Executable UML applications.

—
(@]

The students participating in the evaluation wodgskvere divided into a number of groups
working with various tools: traditional programmirignguage, VIDE textual and VIDE
visual. We recorded the completion rate of theqmbas well as the time needed to complete
each subtask. This way we gained data to assesadasurable result 1 (by comparing the
teams working with visual and textual VIDE toold)e measurable result 2 (by comparing the
teams working with VIDE and traditional tools) atitte measurable result 5 (by selecting
students with basic UML knowledge and providingnthavith a short tutorial on using
VIDE). The students were selected from undergrad (@@ and Management faculties) and
graduate groups (IT, Software Engineering profieefind out, how the general knowledge of
query languages influences the result of the wangstxercise. Additionally, in the graduate
group a realisation of the workshop assignmentgugure ODRA platform was tested in
order to evaluate ODRA prototype and to check, haweh of the VIDE productivity results
from a seamless programming / query language asesthlso a feature of ODRA.

The number of students involved and the scope efasignments do not allow to draw
precise conclusions in terms of quantifiable valuesvertheless they provide important
feedback from outside the VIDE project team.

-15 -
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3.1.2 Workshop design

3.1.2.1 Team composition

The workshop was devised for four kinds of teanto(3 students each) which will be called
using the names of the applied tools.

1. VIDE visual editor (2 undergraduate teams agdatuate team).

2. VIDE textual editor (3 undergraduate teams 2igdaduate teams).
3. Java/SQL (1 undergraduate team and 1 graduate.te

4. ODRA (1 graduate team)

We also conducted the same experiment with two Idpees working for PJIIT within the
VIDE project. Both of them know the tool very wedjthough they did not have much
experience in writing applications in VIDE. This p=ximent allows comparing the
productivity of a skilful VIDE user and a team adwbies.

3.1.2.2 Comparison to other tools for action modelling

One of the comparisons assumed at the beginnitigegbroject for Measurable Result 2 was
the development time measured for VIDE and “otheedttable UML tools”. Initially,
respective comparison to Topcased or IBM Ratioradtwire Modeler activity and action
visual editor was considered, because these to®lsased on UML 2 —compliant metamodel
implementations. However, due to substantial litiotes of those features in abovementioned
tools (see section 4.4.4 for details), it was inglae to conduct direct comparison. The most
important limitations include:

» incomplete support of activities, in particular trustured Activities (for example — lack of
support for SequenceNode. This would enforce udlog-based modelling and hence
following a radically different style of represami method behaviour

» lack of features available that would allow a fotraad fully transformable to metamodel
instance representation of ConditionaNode or Declisode

e very difficult and error-prone editing of behaviadue to the lack of visual distinction among
different kind of action constructs and very lingiteontextual hints.

However, it is necessary to note that even in chsmprovement of those editors in terms of
differentiated visual symbols and contextual hibig, maintaining the existing approach (that
assumes 1:1 visualisation of respective UML metaghetements) the development would
rather still suffer from too fine-grained styleggecification.

To illustrate that problem, consider the exampleaadimplified method behaviour shown
below, that was possible to specify using Topcasede the method intentionally avoids
using conditional statements).

-16 -
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activity Activity-calculateProvisior )

AN
AN

m

‘ Read_UserOffer_StructuralFeatureActi

[Call_winnln%_(ﬁ)perath]

]
| Read_bid_price_StructuralFeatu ‘

calculateCommissionlie

[

[
{ Reduce-Sum_the_commission_itel J

[L]

[
returnSummarizedCommisssi

Figure 4: Topcased action editor specified sample the “calculateProvision()”
method’s behaviour

To draw this, it was necessary to put o the diaggdmodes of appropriate kind, assign their
names, specify the types for most of them (input antputpins in particular) and connect
them with 9 flows. Due to the current limitationstbe Topcased editor it was easy to pick
mutually incompatible types or to refer to a featbelonging to a different class but having
the same name as the intended one. Moreover, eilerthis amount of diagram constructs,
the behaviour is not yet specified formally — as #hgorithms of calculating the commission
(rate * bidPrice) and the way of reducing collestmf commission items (sum) were set here
only as comments to appropriate action nodes. Réspecode for VIDE textual language —
having a complete mapping onto UML 2 and OCL 2 metde! is:

-17 -
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provision : Real = 0.0;
of fer.wi nningBid() foreach { b | provision:= b.price * rate; }

return provision;

Similarly, the same behaviour can be specified DB/ visual editor with following
constructs:

[4] provision : Rea [1..1]]

| A provision ;= 0, III]

u<>:| provision := b.price * rate

lfneath b : offer.winningBid()

& return provision

Figure 5: VIDE Visual Edltor specified sample of tke “calculateProvision()” method’s
behaviour

To sum up — limitation of alternative action ed#atid not make it possible to conduct a workshop
evaluation for this kind of comparison. Howeverséa on the above small example and the structural
characteristics of abovementioned editors (e.gthe-number of elements that need to be created,

named and connected), authors if this report exp@#dE could be at least 2-3 times faster than
Topcased action editor in its current

-18 -
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3.1.2.3 Introductory Tutorial

First, a short tutorial (120 minutes) has been ootell and a simple example was coded with
all the teams. Apart from that tutorial and theiepous knowledge of UML (especially —
class diagram modelling) — the students were onbywided with three short manuals 5-10
pages each (written in Polish), devoted to texXIBIE language, visual VIDE language and
Visual Expression Builder. The following “Simple &if example was built during the
tutorial. Below the data model of the shop togethath the description of behaviour
(methods) can be found.

package SimpleShop J

Order Product
+customerlMame : String + productMame : String
+discount : Integer +price - Integer
+placedOn : Date +onSale : Boolean
+shipped : Boolean + checkQuantityMeeded() : Integer
+calculateTotal () : Real
+addltem (p : Product, gty : Integer) : Boolean 1 s+orderedProduct

+containingOrder

+orderltern
{ unique }
+orderltern
{ unique }

Item
+quantity : Integer

<<module=>

SimpleShop
+prod : Product[*] { unique }
+ord : Order[*] { unique }
+ pickOnSaleProducts (howMany : Integer)
+calculateQrderTotalForCustomer (customer - String) - Real
+WRITE_SAMPLE_DATA()
+TESTER()

Figure 6: UML class model for the workshop’s introductory tutorial

Order.calculateTotal() : Real
Return the total value of the order after subtracthediscount.

Order.addItem(p: Product, qty : Integer) : Boolean
Add a line item foigty pieces of produga.

SimpleShop.pickOnSaleProducts(howMany : Integer)
ReturnhowMany cheapest of products currentgSale

-19 -
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SimpleShop.calculateOrderTotalForCustomer(customer String) : Real

Find the customer and return the total net valuenisfher orders (hint: use the method
Order.calculateTotal()).

Product.checkQuantityNeeded() : Integer
Return the quantity of the product in all orderschihare still not shipped.

3.1.2.4 Experiment on application development

The real experiment (120 minutes) was conducteagusie “Auction Site” example with the
following structure model.

-20 -
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User

+userMame : String
+realMame @ String
+password : String
+ [+email : String

—|t rating : Integer

+observe (a @ Auction)

+createAuction (aMame : String, aDesc : String, cPrice : Integer, minPrice : Integer, eTime : Date, cat : Category, rLimit : Integer)
+getMotifications (since : Date, til : Date) : String { unique }
+getMewSubscribedCategoriesltems (since : Date) : Auction { unigue }

+subscriber { unique }

+placedBid { unique }

Bid

*

+date : Date

+price : Integer
+cancelingDate : Date[0..1]
+cancelingReason : String[0..1]

+cancel (reason : String)

+observer|{ unique }

+observedAuction { unique }

*

1 +won { unique }
+huyer
=
1| +seller
+offer { Linique } 1

Auction

+name : 5fring
+description : String
+ratingLimit : Integer
+calledPrice : Integer
+minimumPrice : Integer
+startDate : Date
+endDate : Date

1

+bid { unique }

+auction

Purchase

+refused : Boolean

+settle

+leaveSellerFeedback (rt : Integer, com : String) : Boolean +sfSubject
+leaveBuyerFeedback (rt : Integer, com : String) : Boclean
: 1 | +bfSubject
+result { Ynique }
+offer
0.1 | +sellerFeedback
0.1 Feedback
+rating : String
+buyerFeedback +comment : String

+ hid {biddingUser : User, maxPrice : Integer...
+winningBid { : Bid

+ prolong (till : Date)

+cancel( : Boolean

+calculateCharge 0 : Real

+resolve

+sellersOtherltems ¢ Auction { unigue

+categoryltem { unique }

1 | +auctionCategory

Category
+categoryMame : String

<<module ==
AuctionSite

+categary
+auction :

+user : User[*] { unigue }

: Category[®] { unigue }
Auction[*] { unigue }

+registerlser (UName : String, riName : String, pass : String, mail : String) : Boolean
+ getAuction {cName : String, aName : String, aDesc : String, cPrice : Integer, mPrice : Integer, eTime : Date, uName : String) : Boolean
+WRITE_SAMPLE_DATAQ

Figure 7: UML class model for the workshop’s expernental assignment
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Students were to create implementations of theviotig behaviour (methods).

User.observe(a : Auction)

CreatesobservedAuction link to the a auction. Before this — checks if the auction i$ no
linked already to avoid duplicates.

User.createAuction(aName : String, aDesc : String;Price : Integer, minPrice : Integer,
sTime : Date, eTime : Date, cat : Category)

Creates nevAuct i on object, filling its respective mandatory attribsit@Nane, aDesc,
cPrice, mnPrice, eTinme, rLimt), and linking it to the target usesdl f) and
category provided as a parameteat().

User.getNotifications(from : Date, till : Date) : Sring [0..*]

Returns a collection of strings, each formulatedras of the following (only the events dated
between from and till are to be included):

* New bid in your auction <auctionName> placed ord<date>. Current price <amount>
* Your auction <auctionName> ended - winning offgrdoiserName> at price <amount>
* Your auction <auctionName> ended with no sufficieiat placed.

* You won auction <auctionName> with price <amount>

User.getNewSubscribedCategoriesltems(since : DateAuction [0..*]

Returns a collection ofAucti ons that belong to the categories connected by a
subscri bedCat egory link to the currentUser and that began after teé nce date.

Bid.cancel(reason : String)

Set optional fields for thiBi d object -cancel Reason andcancel i ngDat e (the latter
using the current date read from system).

Auction.bid(bidder : User, maxPrice : Integer) : Bomolean
Check if the User's at i ng is greater or equal toat i ngLi m t . If not — return false;

Otherwise, create Bi d object, filling its date and price fields with cent system date and
maxPri ce parameter values respectively. Connect this objetit bi dder link to the
User and with auction link to théucti on. Invoke thewi nni ngBi d() method and
calculate the result to be returned. If the resutqual to the currently creat®l d object
AND the price offered matches thict i on’s minimum price — return true. Otherwise
return false.

Auction.winningBid() : Bid [0..1]

Select the bids that are not cancelled and sorhthecording to their dates and then —
according to theipr i ce (descending) and return the first item as the ap@r’s result.
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Auction.prolong(till : Date)

Check if the newti | | date is indeed later than the one currently $etol— update the
endDat e field.

Auction.cancel()

Check if the current date is earlier than AucticersiDat e. If so, do the following: For each
Bi d placed invoke iteancel operation setting “Auction cancelled by seller”.

Auction.calculateCharge() : Real

Calculate thébase value as the maximum aofi ni munPri ce andcal | edPri ce. If the
value is lower than 5 — return 0.2, if lower thah-2return 0.8, if lower than 100 — return 5,
otherwise — returbase * 0.04.

Auction.resolve()

Invoke thewi nni ngBi d operation to determine the best bid. If a non-gmpsult was
returned, check if its price is higher than theni munPr i ce of the Auction. If so, create a
Pur chase object and connect it with its links buyer (retrieved from the Bid). Connect
the Auction’sr esul t link to thePur chase created.

Auction.sellersOtherltems() : Auction [0..*]

Determine the current date. Then return the reduhe query that navigates from auction to
the seller and from it — back to the Auction usihg of f er link, selecting only those
auctions whosendDat e is later than the current date.

Purchase.settle()

Set ther ef used field to true. Decrease the buyersti ng by 20. Then, follow the
algorithm like inAucti on. w nni ngBi d() : Bid [O0.. 1], but here additionally filter
out from the result the bid or bids by the refusimgyer. If another satisfactory bid is
determined this way — create tRar chase object for respective user — analogously like in
Auction.resol ve().

Purchase.leaveBuyerFeedback(rt : Integer, com : sing) : Boolean

Check if thebuyer Feedback link already contains sonfeeedback. If so — return false.
Otherwise — create respectiFeedback object, provide values of its fields from paramgte
and connect it to thBur chase with thebuyer Feedback link. Update the at i ng field
of the seller (you need to determine the propeedalpy navigating through th&uct i on)
by the value of the rating (it is expected to béod “positive”, 0 for “neutral”, or -1 for
“negative”). Return true.

Purchase.leaveSellerFeedback(rt : Integer, com :rghg) : Boolean

Perform the steps for the buyer awel | er Feedback link analogously like in case of the
above method eaveBuyer Feedback. The only structural difference is that determgnin
the buyer object is more straightforward, as directly linked to thePur chase object.
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AuctionSite.registerUser(uName : String, rName : Sing, pass : String, mail : String) :
Boolean

Check in the user property for existence of an alijeat already containsser Nane equal
to theuName parameter — if found, return false. Check indls@r property for existence of
an object that already contains email equal tonttad parameter — if found, return false.
Otherwise, create "Hser objects filling its fields with respective paramet and store it in
the user property. Return true.

AuctionSite.setAuction(cName : String, aName : Strig, aDesc : String, cPrice : Integer,
mPrice : Integer, eTime : Date, uName : String) : Bolean

Locate in thauser property a user withser Nanme equal touName parameter. If not found
or if the usermr ati ng is lower than O — return false. Locate in thet egory property a
category withcat egor yNanme equal tocNane. If not found — return false. Invoke the
creat eAuct i on operation on the User object retrieved, providiegpective parameters to
it. For the rating limit{ Li m t parameter) assume 0 by default. Return true.

As can be seen, due to limited duration of the wholp, the structural part of the application
was provided as ready-made in order to focus tiperaxent on the features that are specific
for VIDE — namely, the behaviour specification.

The teams implementing their assignments in VIDEtge Topcased UML class model as
the starting point. The teams working in Java a@d. Svere provided (apart from the UML
diagram) with SQL schema specification. Similathe tteam working with ODRA got the
UML diagram and ODRA module definition skeleton geated using VIDE ODRA model
compiler.

3.1.2.5 Experiment on query writing

While the previous part of the workshop was aimetesting the overall functionality of the
VIDE language and the technologies being compariid ity the last part was intended to
provide more insight into the expression part apeetive languages. This was realised by
writing ad-hoc queries. The assignments for reppeteams were as follows:

* VIDE Textual evaluation tean® OCL queries

« VIDE Visual evaluation team3 OQBE diagrams offered by VIDE Visual
Expression Builder

» Java/SQL evaluation tearws SQL queries
* ODRA evaluation tear SBQL (ODRA platform language) queries

The same model as described in previous sectionug@d and provided with sample data.
The following queries were to be formulated by stig in SQL, SBQL, VEB and OCL.:

1. List all users withr at i ng above 100.

2. List all users withr ati ng above 100 and having set up at least one aucttore
2000-11-28.

3. List all non-cancelled bids in auction named ‘VIQBokbook’ sort them according to
their dateslfi dDat e) and then according to their i ce (descending).
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4.

List all auction that ended in a period (2008-11-2808-11-30) inclusively and return
for each of them a structure containing of fiel@aicti onName (containing
auction’s name) and auctionCharge (containing the result of
cal cul at eCharge() ).

For auction named ‘VIDE Cookbook’ list all bids ptad within a period (2008-11-28,
2008-11-30) inclusively. For each bid list thedDat e andof f er edPri ce

List all auctions that were active in a period (2da-28, 2008-11-30) inclusively and
have any bids.: For each such auction - list itee@and its winning bidder name.

7. List all failed auctions ended after 2008-11-28, auctions without a sufficient bid.

8. For a user ‘Brown’ and period (2008-11-28, 20083D}-inclusively, list all auction

won by this user (take into account only the sighit price offers)

Subsequent queries in the assignment belongedaodfdetection” theme and involved more
navigation:

9.

Find a user who made a bid in an auction suchtti@aseller and bidder have the same
r eal Name.

10.Find pairs of users who placed bids in each otheti@ns such that the bids were not

the winning ones.

11.Find pairs of users who placed bids in each otletiens such that at least one of

those bids were winning and the user refused thehpse.

12.Find triples of users U1, U2, U3, such that Ul ptha bid in an auction of U2, U2

placed a bid in an auction of U3, an U3 placeddarbian auction of U1l.

13.Limit the above queries to “circles” that occuttle ‘Other’ category entirely.

3.1.3 Results

In the tables below we summarized the result ofwibekshop. In these tabld&Sc means a
team of undergraduate studeMksc means a team of graduate studentseang are the two
individual VIDE project employees. Four main colurdapict teams working with VIDE
textual editor, VIDE visual editor, ODRA target fitam and in Java. The numbers in this
table are minutes used to complete the subtaskash dheans the failure of the team in this
particular subtask.
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Table 2: VIDE PIM language evaluation workshop partl results

Behaviour VIDE textual editor VIDE visual editor ODRA | Java

BSc | BSc | MSc | MSc |Emp |BSc |BSc | MSc | Emp | MSc BSc | BSc | MSc
User.observe 1 3 15 3 3 15 10 5 3 20 15 -
User.createAuction 20| 13 30 5 6 5 15 1( 8 40 10 -
User.getNotifications 50| 55 30 20 61 40 - - 3( - - - -
User.getNewSubscribedCategoriesltems - - 10 3 1 y - 3 5 - - -
User.subscribe - - 2 1 2 5 - - 2 - - -
Bid.cancel 3 1 2 1 1 2 15 5 3 - - - -
Auction.placeBid 8 10 5 5 7 10 10 20 8 10 - - -
Auction.winningBid 5 - 5 5 2 5 20 - - -
Auction.prolong 1 1 8 1 1 - - - -
Auction.cancel 5 1 20 2 2 2 - 10 4 10 - -
Auction.calculateCharge 5 6 10 1 4 - - 10 1( 7 - -
Auction.resolve 8 - 4 5 8 - - 15 11 - - - -
Auction.sellersOtherltems - - - 3 1 - 20 2 - - - -
Purchase.refuse - - - 10 8 - - 11 - - - -
Purchase.leaveBuyerFeedback - - - 5 - - - 15 - - -
Purchase.leaveSellerFeedback - - - - - - 3 - - -
AuctionSite.registerUser 13| - - 5 4 - - - 8 10 - - |-
AuctionSite.setAuction - - - 10 8 - 30 - 13 - - - -
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This table shows that the Measurable Result 2 kas Imet. Apparently both VIDE editors
performed much better than Java. Furthermoreugtrne noted that the students working in
Java had background and experience in this langualgée no one has those for VIDE.
Moreover, it was not possible to perform a moredhgh training in VIDE in the course of
the workshop, hence it was much shorter that thew&ek course” suggested in the
Measurable Result 2. It make these results moreaing. The ODRA target platform
behaved similarly, albeit a little bit worse. Thengarity is caused by the fact the ODRA’s
SBQL is also a high-level programming and quengilamge and shares many features with
textual VIDE language. The Measurable Result 1 se@mbe met as well, since all the
functionality of the workshop assignment model \passible to encode using VIDE Visual
Editor solely. However, due to some functionalityitations of the Visual Editor prototype,
the teams using it were a little handicapped. Ttheroreason might be that for programmers
the textual syntax was more familiar than the JisBath notations still beat Java and other
traditional approaches — not necessarily by thedhasing a visual notational concept but by
high abstraction of the language (as this is troih lhor visual and textual variant of VIDE
PIM). The Measurable Result 5 seems to be met ds Weere is no dramatic difference
between BSc teams and more skilled MSc teams. tifedatter performed better, but it does
not look like a difference of an order of magnitudiae results from thEmp columns have
similar interpretation (although experienced VIDEogrammers performed better, the
difference is not spectacular).

Below you can find a table summarizing the resaftthe query part. Students worked with
VEB (Visual Expression Builder), textual OCL, SBQInd plain SQL. The numbers in this
table are minutes used to complete the subtaskash @neans the failure of the team in a
particular subtask to complete respective quetiértime frame of the experiment.

Table 3: VIDE PIM language evaluation workshop part2 results

VEB OCL SBQL | SQL

ey BSc | BSc | MSc | MSc | MSc BSc MSc MSc BSc BSc
1 2 2 5 2 10 1 3 1 1 1
2 10 | 3 5 10 5 10 10 2 2 3
3 20 | 10 5 5 10 20 12 10 10 4
4 5 15 10 20 10 2 15 4 4 5
5 10 | 10 9 1 4 5 40 8 2 2
6 15 | 10 12 8 10 10 10 15 8 -
7 10 5 5 10 6 5 3 2 -
8 15 5 8 - 11 5 5 -
9 - 5 3 - 15 7 4 -
10 10 | - 15 20 15 - - - - -
11 20 | 10 10 20 10 - - - - -
12 1 - 5 5 - - - - -
13 5 - 10 - - - - -
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The results are unmistakable. VEB was the most @aient tool for writing queries. In case
of queries and VEB the Measurable Result 2 was fhieé visual notation for queries
outperformed the other. The same remark concerrasiable Result 2 in case of VEB: all
teams working with VEB achieved much better resthizn all other teams. All textual
languages behaved similarly, although only SQL 8B@L (the latter on a basic level only)
has been known to students prior the workshop. @med expect that SQL will be the
champion here, which definitely is not true. Alettextual notations turned out to be difficult
in complex fraud-detection queries 10-13. The Mesde Result 5 also seems to be met,
since also this part of the assignment was possiblee completed by students after their
short training in VIDE.

The Measurable Result 2 was not met in case of@@le (which is a part of VIDE textual
language). The OCL notation amounted to be compasaith other textual syntaxes. Hence
it may be assumed that the boost of programmemslymtiveness observed in VIDE comes
from the seamless integration of queries and fersis into the language rather than from
specific features of its expressions.

3.1.4 Detailed remarks and participants’ comments

In this section we present detailed participargsarks and their interpretation. Most of those
remarks are complaints, which is understandabtbeastudents dealt with a software that is a
research prototype. Users were presented protddge with a number of flaws, while they
still achieved better results than using traditldoals. This further emphasizes the results.

3.1.4.1 Textual VIDE editor
Remarks:

* The class definition in the model browser must gbvhe clicked prior to execute a
query.
» Facilities of syntax completion and syntax hints kacking.

 The syntax is sometimes unusual: OCL arrows, Satiellike postfix operators
(especiallyforeach).

» Semicolons are inconsistently used. There are pladeere they are unexpectedly
forbidden and places where they are unexpectedhdatary.

» A database object browser would be helpful.
» The values of nested objects are not displayedsults of queries.
Praises:

» Although the language looks strange, after a siioe it turns out to be convenient
and speeding the coding process.

e Using VIDE textual language, more emphasis is anuary solutions than on the
language itself.

» The workshop showed that one can code applicatastsand joyfully focusing on the
applications logic and not the language constructs.

3.1.4.2 Visual VIDE editor
Remarks:
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Some inconsistencies occur when switching betweenidl and visual syntax.
The way to add items to the diagram is not inteitiv

The content of textual fields is cleared when altyatext is entered (one cannot
correct it after failed mode verification, becaitsdisappears).

It would be nice to have the tab key moving theufbaround.

One cannot open more than one visual editor (e.copy and paste items between the
windows).

The copy&paste facility is not working.

The item names could be more intuitive (it is pidipea feature of UML and not the
Visual Editor).

3.1.4.3 Visual Expression Builder

Remarks:

A precise description of VEB semantics is lacking.

A copy & paste facility for VEB diagrams would b&rmauch help.

A comparator edge should be also applicable tdteestiOCL expressions.
It happens that developed models do not save.

Deleting the «output» flag is not easy.

There is no syntactical and semantic check in eadxtextual OCL expressions.

For some kinds of queries the advantage of VEB egaecially visible. To demonstrate it we
attach a solution of one of the assignments onaadejueries. Please find below the VEB
guery “Find pairs of users who placed bids in eattter auctions such that at least one of
those bids were winning and the user refused thehpse.” The picture is really intuitive and
is almost a direct mapping of the query formulati@zlow the picture you can find the
generated OCL query, which is rather awkward.
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: Auction auction

sellel - Bid

user: User placedBia
«outpute userl
: User

«outputs user2

placedBid : Bid

seller
: Auction

auction

result

buyer : Purchase

== refused

Figure 8: A “Fraud detection” query sample specifiel using VEB

user->col l ect (u |
user->col lect (v | Tupl e{
ul u,
u2 v}

)

- >sel ect (ul<>u2)
->sel ect (ul. pl acedBi d
->exists(b
(b. auction. sel | er =u2)
and (b.auction.w nni ngBi d() =b)
and (b.auction.result->exists(refused))

)
->sel ect (u2. pl acedBi d
->exists(y |
(y.auction.seller=ul)
and (y.auction.w nningBid()<>y)
)
->col | ect (Tupl e{
user1l = ul. user Nane,
user2 = u2. user Name
}

Figure 9: A “Fraud detection” query sample written in OCL
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3.1.4.4 Java/ SQL
Remarks:

The amount of allotted time was too small. The tasis not a hard one, but we
needed more time to complete it.

More complex tasks in SQL (ad-hoc queries, 10-E8uires much more effort and
time. A visual tool generating SQL queries wouldvieey valuable.

The framework of the guts of the solution had todasigned from scratch. This
caused a lot of problems and cost a lot of work.Waéeld be happy to focus on very
business logic.

The java.sgl package is very complex and user-emdiy.

There were some problems with the chose NetBeaks(itOs still being developed
and not 100% stable).

There were problems with Oracle dialect of SQL.

Lack of skills needed to quick creation a solutiobamework and rapid switch to
implementation.

Praises:

Java/SQL is a well documented technology.
Solution to problems can be found easily in literatand Internet.
There is a lot of free integrated development emvitents (IDE).

In general the part of the task which consists @thod implementation was not even stared.
Much time has been used to organize the work, debig persistency solution and implement
it. Eventually, a solution framework has been dsthbd. The decision was to generate the
skeleton using UML designer of NetBeans IDE. Alkthlasses were generated without
laborious pounding the code. Furthermore, many tmas consumed in order to develop
simple facade class responsible for the interaatibim the database. Although its simplicity, a
poor quality class has been developed, since s was obliged to cater for ResultSet’s
closure and SQLException handling. Also the lacknbierent multithreading makes such a
solution useless. Adding to the developed codepibssibility of running more than one

thread safely would require a lot of work.

The participants confirm that Java is not a vergdyohoice as a tool for fast development of
data-intense business application. They wonderad would other powerful attested tools
behave (like Hibernate) in this setting.

3.1.4.5 ODRA/SBQL

Remarks:

Lack of mechanisms facilitating codingntelliSense€'.
Problem with unintuitive SQBL ref/deref operators.
The VIDE method skeleton generator did not procetern statements and braces.

There were problems with ODRA server — it usedatsea OutOfMemory exception.

-31-
© Copyright by VIDE Consortium



FP6-IST-2005-033606, Visualize All Model Driven Bramming Work Package 11 — Deliverable D11.3
Version 1.0 Date 2009-01-14

» Two buttons to execute queries are misleading.

* It's hard to write queries in textual cli.bat clten

* Results of ad-hoc queries were not readable.

» ODRA'’s error reports are horribly bulky and almasteadable.

* The cli.bat client allows entering and executingyamne query at a time.

3.1.5 Conclusions

Due to the limited amount of time and limited numbé participants, the results cannot be
interpreted as statistically proven quantifiabléduea. Nevertheless, interesting observations
and feedback from outside the VIDE team were ctdbcThey show that although VIDE is
only a limited research prototype, it has a po#&nt significantly improve the development
productivity (at least for less experience usershase who participated in the experiment).
The comparison with other technologies and the mx@at involving ad-hoc queries writing
allow to conclude that the main source of VIDE atege are:

» seamless integration of query and programming cacistin a single language
» simple design of the language

* integration with visual structure design using Uklass diagrams

* assuring data persistency inside the language.

The particular choices of concrete syntax had ahnmmaller impact, though the contextual
hints and validation where available are very hdlgdn the other hand, the concept of Object
Query By Example offered by the VEB component oD¥I provided significant benefits
especially in case of more complex queries inv@voins, selections and navigation — at
lease for the groups of users who are not queguiage experts.

Apart from that a number of interesting commentsuttthe VIDE tool design and its
desirable features were collected.
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3.2 VIDE PIM visual language evaluation workshop (SAP)

In the following, we report on the user study thais conducted at SAP to evaluate the PIM
level visual notation of VIDE and the VIDE PIM visueditor. In this study, we had in total
16 participants and it took 60 to 90 minutes fazhed his evaluation activity was not planned
in the Description of Work.

3.2.1 Workshop Goals
The user study has two goals:

e The main purpose was to find out whether learnimg tisual notation and the respective
editor is easier than learning a new textual pnogning language and the respective {DE
gain in terms of learning time would contribute to Measurable Result 5, as indiduals
will be able to program simple business applicatiopafter a short training.

« In addition, we wanted to get through the survest fimpressions on the gain in application
development time when using the visual editor camgbdo a traditional IDE for a textual
programming languagé\ gain in terms of application development timevould contribute
to Measurable Result 2, as applications will be dedoped faster with VIDE than with a
traditional programming language and its IDE.

* We also had other questions in mind that wantedetdy, e.g., about the kinds of
mistakes that are prevented by the visual notaéibout the situations where using the
visual notation is better, about the user-frieneitm of the visual editor, etc.

3.2.2 Workshop Design

The survey had the following underlying hypothe&iEhe participants will learn the visual notation
faster and thus need less time to solve the taskpared to the textual notatidnrhe main targets of
the study are users that do not program frequeetly., users with UML knowledge and basic
knowledge about the concepts of object-orientedqamming or users who learned programming in
the past and then concentrated on other task$, gate.learn the visual notation faster than a new
textual programming language.

First, we had first to select a textual object-otéel language. Since several users are familidr @ijt
C++, and Java, we decided to take a less usedgmuoging language and specificaynalltalk. We
selectedSqueak as an IDE for development with Smalltalk. Both \A@nd Smalltalk support the
Object-Oriented Programming paradigm and they lsawéar language concepts and features.

After choosing the contender of VIDE, we had toide®n the tasks the participants should
solve. As we were especially interested in finding how fast can the participants learn the
language and the notation, we decided to give ttsemple tasks from the business

applications domain. We also observed them andowideorded their actions while they

made their first steps with the new language, rymsolve the tasks. As an indication of how
fast each language was learned the time neededofeing the tasks was measured. The
correctness of the provided solution was also obeck

3.2.2.1 Participants

In total, we had 16 participants in the study. éflthem had some programming experience
but that experience varies from basic knowledgexpertise in a specific language. The
participants were all familiar with UML as a modied} language but only for static structures;

! IntegratedDevelopemenEnvironment
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they did not know about UML actions. Moreover, @llthem did not know Smalltalk before.
About 2/3 of the participants have never used aaliprogramming language before.

A within-groupsdesign was chosen, i.e. every participant solliedsame tasks using both languages
VIDE and Smalltalk. In this way, fewer participantere required (for the statistical relevance) and
the variation of personal programming skills issle$ a problem.

To account for the transfer of the solution inte thither language, every second participant
started with Smalltalk. Additionally, the tasks wetesigned in such a way that they were not
challenging in an algorithmic sense.

3.2.2.2 Schedule
The evaluation took 60 to 90 minutes for each ofigipant. The schedule was as follows:

e Briefing: The purpose of the study was explained to thégiaants and the next steps in the
schedule were presented.

» Understanding the task¥he participant read the tasks printed on a sh&@aper and the
supervisor ensured that he/she understood the ¢astetly.

» Reading the tutorial for the first languadmar every second participant we switched the order
of the first language to be learned and used. Uitogiél is 2 to 3 pages long and concentrates
only on the basic concepts and those conceptsaitbateeded for solving the task

e Solving the tasks using the first language andréispective toolThe participant then starts
solving the tasks based on the tutorial.

» Reading the tutorial for the second language

» Solving the tasks using the second language

3.2.2.3 Tasks

In addition to the short tutorial for the visualtatwon and for Smalltalk, the participants got a
1 page document with three tasks in total. Thaudwmnt is shown in shown in the listing
below.

Moreover, the participants were given a framewoitk whe classes needed for the solving the
tasks in both Smalltalk and in UML. Thus, the pap@ants can focus on modelling method
behaviours. Figure 10: shows a class diagrannatf framework that was provided to the
participants in VIDE and Figure 11: shows the sfimmework in Smalltalk.

Your Tasks:

You will learn two programming languages: Smalltalikd the VIDE visual notation fq
action modelling. . In the following tasks, you Wihplement or modify methods. Stubs |of
the methods are provided for you, so you only neachplement the method bodies.

-

Before you do the following tasks, make yoursethifgar with the simple shop scenario given
as an UML class diagram.

-34 -
© Copyright by VIDE Consortium



FP6-IST-2005-033606, Visualize All Model Driven Bramming Work Package 11 — Deliverable D11.3

Version 1.0 Date 2009-01-14

In the case of the UML activity diagram, all attribs of the classes (presented in the ¢

lass

diagram) are public, so you can access them djteltl the case of Smalltalk, there are

methods with the same name as the attributes iUME diagram to access the instan
variables.

Try to finish the tasks as quick as you ead in the given order

ce

If you are done with a task, ask the supervisantmduce you to the next task. You can ask

the supervisor for advice at any time.

Task 1
Implement the methodalculateOrderTotalForCustomen the classSimpleShop

This method returns the total price of all ordemde by a certain customer. To compute
total for a customer, the method should iterater alleorders of theSimpleShomnd sum ug
the totals of those orders belonging to the custotdee the methodalculateTotalof the
class Order to compute the total of a single order.

Hints: The calculated total is of the type Integer (omievant for the VIDE case). The nar
of the customer is passed as an argument to tHeochand is named customer. Two custol
names can be compared using the operator “=" (ih lamguages).

Task 2

Modify the methodcalculateTotalof the clasgOrder to include only those products in t
total of the orders that are on sale.

Hints: whether a product is on sale is determined byattrdouteonSaleof the clas$®roduct

Task 3

The methodshipOrdersof the classSimpleShogships all those orders of the shop wh
items are all on sale. However, the case that lhiteens of an order are on sale is hand
elsewhere now. Your task is to remove the checkthaneall items of an order are on s;

the

mer

pse
led
nle

from the methodhipOrders.
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simpleShop |
=«Persistents: =«Persistent=> ==Persistent=:
Order ltem Product
+customerfame :© String +guantity : Integer +productMame  © String
+iterns : lterm[™ +product : Product +price : Integer
+shipped : Boolean +onSale : Boolean
+calculateTotal ) : Integer
+ship ()
<<madule==
SimpleShop
+products - Product[”)]
+orders . Order"]
+calculateOrderTatalForCustomer  (custamer @ String) @ Intege)
+shipOrders ()

Figure 1C: Provided Class Framework in VIDE

® B System Browser: SimpleShop =g
Thiverses-Server = Item 8 --all - #!  calculateOrderTotalForCustomer: ™
Thivetrses-Cliefit (2] | opder Al laz vet unclaszzified & orders —
Thiverses-Installers Product products

Thiverses-Meszages SimpleShop zhipOrderz

Thiverses-Serializati

YML-Parzer

Morphic-Modela o

SimpleShopScenario g |instance "? "-::lass |

v v

|t:-ru:uwse " zenders " implementors " Versions || inheritance " hierarchy || inst vars || clazs vars " su:uurce|

Otqect subclazs: #SimpleShop =
instanceVariableNames: 'products orders’ =
clazzVariableNames: *
poolDictionaries:
category! 'SimpleShopScenaria’

THISZ CLASS HAS NO COMMEHNT!

Figure 11: Provided Framework in SmallTalk

In the first task, the participants are asked tplé@ment a method body. The participahave
to iterate over a collection, picking up speciflereents (using a conditional statement)
then use these elements to retrieve partial tétata them (using an operation call). Af
that, the partial totals have to be accumulated iatal vaiable, which contains the value
be returned as the result of the opera

In the second task, a conditional statement hae toserted in the right place. The third t
requires the identification and then the removaleaisting code to adapt thmethod
behaviou as described in Task
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3.2.2.4 Time Measurement and Correctness Criteria

All participants were given unlimited amount of &nio complete each task. The time
measurement was started as soon as the partisiateid working on the task and stopped as
soon as the participant was certain that the wskinpleted.

There was only one condition for the solution: Bamalltalk, the program had to compile and
for VIDE, all fields of all actions had to be fileout (text input is compiled immediately). As

a consequence of this condition, there were noagyetrors in the programs created by the
participants.

To collect information about the kinds of syntaxoes the participants made, they were
observed and video-taped while solving the tasks.

3.2.3 Workshop Results

The time needed for solving the tasks was measamddve also video-taped the participants
when doing that. In addition, the solution filesViDE and in Smalltalk were saved so that
we can check the semantic correctness of the enlufiyntactic errors did not exist because
we set the requirement that the solution had to pilem Moreover, the participants
impressions on which language was easier to leachuse were not considered as self-
reported data is not objective.

The figure below shows the mean time needed fatirspthe tasks in both languages.

14:24
12:58
11:31
10:05
08:38

07:12 M v IDE

05-46 B Smalltalk

Time [MM:SS]

04:19
02:53

01:26

00:00

Task 1 Task 2 Task 3
Figure 12: Mean time for solving each task in eactanguage
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Table 4 shows the time needed for solving the task&malltalk and using Squeak whereas
Table 5 shows the time needed for solving thedestasVIDE visual notation and using the
respective editor. Under minor errors we referitioez a forgotten variable initialization in T1
or a semantically correct solution in Task3 withbaving removed all unneeded code in Task
3.

Table 4: Time needed for solving the tasks in Smadlk

Participant Task 1 Task 2 Task 3 Total [s] Correctness
P1 00:20:15 00:03:37 00:03:18 1630 2errorsinT1

P2 00:16:37 00:01:33 00:02:13 1223 correct

P3 00:06:47 00:03:29 00:05:25 941 correct

P4 00:14:00 00:04:00 00:04:00 1320 correct

PS5 00:15:08 00:03:32 00:02:10 1250 correct

P6 00:08:36  00:03:11 00:02:42 869 correct

P7 00:13:40 00:02:09 00:04:41 1230 1 minor errorin T1

P8 00:21:01 00:05:16 00:05:09 1886 1 minor errorin T1

P9 00:12:42 00:04:06 00:03:11 1199 correct

P10 00:20:29 00:02:34 00:04:57 1680 correct

P11 00:11:46 00:02:59 00:00:40 925 2 errorsin T1, T3 not solved
P12 00:05:38 00:01:12 00:00:50 460 correct

P13 00:05:57 00:01:04 00:00:34 455 correct

P14 00:17:34 00:02:59 00:05:53 1586 lerrorinTl

P15 00:08:41 00:03:05 00:02:29 855 1 error in each task
P16 00:15:32 00:03:12 00:03:21 1325 2errorsin T1

Mean 00:13:24 00:03:00 00:03:13 1177,125

Table 5: Time needed for solving the tasks in VIDE/isual Notation

Participant Task 1 Task 2 Task 3 Total [s] Correctness
P1 00:12:26  00:01:17 00:02:09 952 3errorsin T1

P2 00:14:37 00:01:36 00:02:30 1123 correct

P3 00:06:49 00:01:20 00:02:17 626 correct

P4 00:13:00 00:02:00 00:01:00 960 correct

PS5 00:11:40 00:02:17 00:01:11 908 correct

P6 00:06:22 00:01:35 00:00:40 517 correct

P7 00:10:06 00:02:21 00:01:51 858 minor error T1/error in T2
P8 00:17:27 00:02:02 00:01:17 1246 minor errorin T1
P9 00:11:06 00:02:12 00:01:12 870 correct

P10 00:05:37 00:02:49 00:01:30 596 minor errorin T1
P11 00:08:48 00:01:15 00:00:58 661 minor errorin T3
P12 00:04:55 00:01:17 00:01:12 444 correct
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P13 00:04:40 00:01:01 00:01:51 452 correct

P14 00:08:13 00:01:33 00:02:48 754 correct

P15 00:04:05 00:00:59 00:00:15 319 minor errorin T3

P16 00:11:00 00:01:17 00:03:13 930 2errorsinT1

Mean 00:09:26 00:01:41 00:01:37 763,5

3.2.4 Discussion

The mean time data shown in Table 5 shows thahede tasks were solved more quickly
with the visual notation. It also shows to whateettthe solution is correct. Note that no
significant differences between the quality of sodutions generated with the visual language
and Smalltalk were found.

To ensure that the observed results are not doeete chance, a paired, two-tailed Student” s
t-test was used as a significance test. The seetallll hypothesis (i.e. the performances of
both notations do not significantly differ) coulé bejected at the 0.1% level for task 1 and 2
(with p1 = 0.0009 and p2 = 0.0002) and at the 19¢lléor task 3 (with p3 =0.0012). Hence,
the differences are statistically very highly sfgrant and highly significant, respectively.

The statistical significance supports the trend wes observed during the study: Participants
had fewer difficulties with the VIDE visual notatidhan with the syntax of Smalltalk. In fact,
the visual notation helped to reduce syntax hasslgylting in significantly lower times
needed to generate the solutions. We observedtlteatsisual notation of VIDE mainly
prevents several types of error such as the wraagei of blocks, forgetting termination of
statements.

There were a number of factors that could haveigmited and biased the results. Although
such factors were minimized, not all could be ehfiprevented. Presumably the two main
factors were the knowledge of similar languages, @her programming environments with

features that help in programming such as auto-tetitop and automatic syntax formatting

(which was used for Smalltalk in Squeak).

This data shows clearly that VIDE visual notatioasweasier to learn for the participants than
a new textual programming language. Thus, this datiesMeasurable Result 5to a large
extentas the participants were able to program simple bsiness applications after a
short training.

In addition, this data shows to a certain exgegain in the application development time
that verifies Measurable Result 2, as the basic delopment tasks of this study were done
faster with VIDE than with a traditional programmin g language and its IDE. In
average, there is a gain 3% in the development time needed for Taskl, a ga#4éo in
the time needed for Task 2, and a gaib@# in the time needed for Task3.

3.3 pre-CIM evaluation workshop (BU)

One of the motivations for VIDE is to provide maecessible models for end-users, who
may not share the modelling perspective and expezi®f software engineers. To this end,
VIDE has suggested a sequential modelling approskith allows users to move, via guided
transformations, from simple models through theoter MDA stages.

As part of the tool set, we proposed what were ¢erpre-CIM notations.
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This deliverable reports upon experiment to asadsther our proposed pre-CIM models do,
indeed, provide a more accessible or palatabldirggapoint for users, and also, as an
additional research question, attempts to gaugentpact on resultant quality of software
models.

In brief our results suggest that the pre-CIM madieés enhance the modeller's experience
(with subjects reporting that comparable tasks veaiser with the additional notation, than a
control group without.

3.3.1 Introduction

The VIDE project attempts to improve the involverneh a variety of stakeholders within
early, particularly CIM, modelling phases by prdmgl an accessible modelling toolset. In
particular, one of the findings of our work to dégehat existing, even CIM, notations appear
to be a barrier to many who do not share a softwaréelling background. Therefore, simple
accessible notations have been developed (as parheo tool), which via guided
transformations, are intended to provide a moratphle introduction to the modelling.

The intention, therefore, of our study (this evéilug is to ascertain the impact of such (we
have termed pre-CIM) notations. Thus, the followttegcribes a number of distinct aspects of
the evaluation undertaken, including an outlin¢ghef experiments undertaken, their rationale,
processes and protocols, analyses of the resutsineld, and general discussion of the
implications of these results.

In brief, in order to assess the value of the pidd-@otation, as a crucial part of the VIDE
tool chain, two separate workshops were desigreth assessing the utility of the notations
devised.

Each workshop consisted of a number of separaterexents that aimed at investigating
each stage of the pre-CIM notation process. Indeed; to conducting the workshops much
research and planning was conducted to ensuredbleaffective evaluation could be written.

This involved researching papers on evaluatingrtiegtes and likewise topics including prior

case tool evaluations. After establishing the s$tmacof the workshops and developing the
experiment documentation, a dry run was condugcteatder to minimize disruptions during

the live run of the workshop.

The remainder of this document is organised asowal The conducted survey of the
previously reported approaches to the tool chamluation is briefly presented in Section
3.3.2. Section 3.3.3 presents the summary of tlegded workshops including detailed
description of each stage and the applied protdd¢w.results of the experiment are discussed
in Section 3.3.4, and analysis of the data (inclgdiescriptive statistics and hypotheses tests)
are given in section 3.3.5. Finally, conclusions ba found in Section 3.3.6.

3.3.2 Research

A great deal of research was conducted prior tcsidening any aspect of the evaluation.
Although there is much work within the general domaf empirical software engineering,

and significant experience of empirical studieshwitboth the BU research group, and the
wider consortium, we were keen to revisit the #itare in order to provide an experimental
framework which would allow us effectively, fairlgnd thoroughly evaluate the Pre-CIM

notation. In addition, we wished to provide a cleerd transparent set of experimental
guidance for experimenters, and clear instructfonsubjects, typically volunteers.

In drawing up our methods and procedures, we deavily on two particularly pertinent and
relevant sources. Al-Khilidar et al (2007) highligha format for conducting an evaluation
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which, whilst still retaining sufficient rigour, g@s a clear structure sets out the essential
requirements of such studies in a clear and corfasigion. Budgen and Thomson (2003)
expand upon these ideas, providing detailed degums of the process that they adopted in
evaluating a particular CASE tool. For example timgghlight the importance of creating
suitable experimental protocols, something whichuldgrove particularly valuable to our
workshop, since it had to be conducted in diffefecations.

3.3.2.1Propositions

One of the themes of the VIDE project is that ¢émpting to increase the involvement of the
business or client stakeholder in the requiremantsspecification (typically CIM), phase of
development. Such increased involvement will leathtreased alignment of business needs
and IT. However, it has become apparent that thdetscavailable, whilst they might offer
suitable notational capability, may not be accdsdibsuch an audience, who are often not IT
specialists. Hence, the VIDE tool provides whateisned a pre-CIM phase of modelling,
which, it is conjectured, lowers the barrier torgrninto systems development by allowing
unskilled individuals with limited or no previousoakelling experience to not only participate
in the systems development process, but to drive it

To do so the notation would need to be intuitivecessible and simple. With these
considerations in mind, there are two main resequastions the study sought to answer.

1) Whether the VIDE Pre-CIM notation provides a moedapable (less onerous)
route into systems development?

2) Whether the use of the pre-CIM notation has a p@sitnpact on quality

These research questions are reflected in ourndsédasign, the nature of the data collected,
our hypotheses and resulting analyses.

3.3.3 Workshop Planning

There were many areas that required planning befeenorkshops. An overall plan was
defined from the start which helped provide guidanthis proved successful, particularly
when the workshop had to be rescheduled for a Waek The ambitious deadlines allowed
for a considerable headway.

The location and structure of the workshops alspired careful planning. In a best case
scenario over 200 students were to be availablieagitihe workshop, of which we had to split
and take one group to an alternative location. Was arranged far in advanced as a number
of classrooms were booked because no other rooatsctiuld cater for that number of
students were available. This was considered insthg of the protocol, covered later in
Section 3.3.3.2. Another important part of the plag and protocol was the sequence in
which each group were to conduct the separate expets as this would support our
evaluation. It was decided to conduct each workshqeriment sequence as shown in Table
6.
Table 6: Sequence of experiments execution for botroups of participants

Analysis
VCLL VCLL
¢ Scrap Palette ¢
TID4 TID3
Group 1 | then TID2 then
TID6 TID5
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TID3 TID4
Group 2 TID1 then than
TID5 TID6

With this sequence the value of the sequence eCpvethrough to CIM can be assessed by
comparing group 2 who would conduct the experimémtthis order against group 1 who
would not. The following Section 3.3.3.1 addresbesdetailed description of the developed
sequence of the experiments, whereas the issuatedeio the protocol development are
highlighted in Section 3.3.3.2.

3.3.3.1Experiments

It was decided to conduct five experiments, fouwbich were essential and one optional, if

there was enough time in the workshop. Becausehgpothesis was to prove that the pre-

CIM notation lowers the barrier to entry it was ided to run a number of separate

experiments to test different stages of using tbh&ation on two groups and to make

comparisons of the results. Each experiment wasdapon a cross selling opportunity

scenario, with each group conducting the experimantlifferent sequences. To improve the
credibility of each group’s results it was decidedhave the students work in pairs. This

decision was based upon past experiences, buttdsEsne extent seem to be supported by
Al-Kilidar et al (2005). The detailed descriptioi @ach of the conducted experiments is
presented further in Sections - 42 -3.3.3.1.1 -3313b.

3.3.3.1.1 TID1 and TID2

Group 1 was given TID2 and group 2 TID1. TID1 inved participants modelling a scenario
using the bloop notation to identify Roles, Actieg and Data Objects. TID2 involved
participants identifying Roles, Activities and Da@bjects using their own modelling
technique. The aim of this experiment was to shoevuvalue and intuitiveness in the bloop
notation to help identify correct Roles, Activitiaad Data Objects.

3.3.3.1.2 TID3

Each group was given TID3. This experiment involeetnpleting a partial analysis palette
model of the scenario. Again this was to build upoa intuitiveness of the notation, but this
time at the later analysis palette stage. It walsd support the value of the bloop notation
and subsequent pre-CIM stages in the desired pves€uence.

3.3.3.1.3 TID4

Each group was given TID4. This experiment involeednpleting a partial VCLL model of

the scenario. This was to support the particulgusece from pre-CIM to CIM and for

comparison with TID3. The results from this expeimhwould clearly show whether there
was value in the pre-CIM notation in building a4@8 model before a CIM.

3.3.3.14 TIDS

Each group was given TID5. This experiment involveddelling an additional requirement
onto a pre-drawn analysis palette model of the ae@nThe aim of this experiment was to
further explore the possibility that not only ithbre-CIM notation intuitive to understand,
but also to adapt.
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3.3.3.15 TID6

It was optional for each group to do this experitragpending on time. This experiment was
similar to TID5 but made use of VCLL models insteddnalysis palette. Again an additional
requirement was suggested and a pre-drawn solutaanto be selected as the answer. This
experiment could have been used to further argeievtiole process from starting from bloop
notation and progressing sequentially helps useusnitlerstand deeper the modelling issues at
the later stages of system development at the @Wéll Unfortunately, due to the limited
time scale of the workshops, this experiment wasnobuded in the live run.

3.3.3.2Protocol

Budgen and Thomson (2003) suggested a protocoldheuwritten so the experiment could

be replicated. This was particularly important watlr workshop which was to be conducted
in two locations, and the sequence in which expemtswere to be completed was vital to the
evaluation. Much positive feedback was given frdrase helping us when conducting the
experiments. There were however areas that coulek Heeen improved. Budgen and

Thomson identified the need for a protocol to cawer process from start to finish including

the analysis of data and write up. Time constramésnt we could not consider this which

has resulted in separate analysis of the datholild be noted the importance in including the
gathering and analysis of the data procedures thiéeworkshops to avoid replication.

3.3.4 Data Collected

The experimental protocol was devised in order ioimise, and ameliorate, significant
threats to validity. For example, in order to eestlvat assignment to groups did not introduce
any bias, a questionnaire was given to all pawitip. Both groups reported comparable
levels of modelling experience in the questionrapeovided. Therefore, it a straightforward
comparison of the results achieved by both groupswat add bias to the conclusions made.

The evaluation of the collected experimental datas vearried out from two different
perspectives.

Firstly, the overall performance of each participdor each experiment was assessed.
Following that, the data was analysed regardingdiberimination in handling each element
of the TID1/TID2 and TID3 between two groups of nigserlD4 and TID5 were excluded
from the second part of the evaluation, as no extdit discrepancy in the interpretation of
results was possible due to the straightforwardryilsystem of assessment (correct/incorrect)
for these exercises.

Comparing the averaged accuracy of the participiats both groups for each stage of the
workshop (see Figure 13), it can be seen that geowgho were using the pre-CIM notation
in sequence, show more accurate results than dgrodghen producing this estimation the

following practical constraints were introduced:

* When assessing the results of TID1/TID2, TID3 atid4Tthe answer was considered
correct, if no or one mistake was done when idgntf correct keywords and

assigning object type.

* When assessing the results of TID3, only answensagung the identification of the

objects type were considered.
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This estimation gives an overview of the particigan each group who produced correct

answers for each task.

70.0% ~
60.0% -
50.0% -

40.0% -+

mGroup 1

m Group 2

30.0% -

20.0% -+

10.0% -

0.0%

TID1/TID2 TID3 TID4 TIDS

Figure 13: Accuracy of answers for both groups

Preliminarily, it can be stated that the fact thedup 2 outperformed group 1 in all exercises
(with an overall performance of each participantdach experiment assessed) supports our
hypothesis. Interestingly, group 1 also found thgpeeiments slightly harder, which is
analogous to, and suggestive of added value icdhsequent execution of models from pre-
CIM or ‘bloop’ analysis model - to Analysis Palettedel — through to VCLL model. This is
shown in Figure 14.

4
£ 3

=

(=

o

=>' Groupl
2

£ 2 Group2
[a)

TID2/1 TID3 TID4 TID5

Figure 14: Comparison of difficulty rankings averaged by group, estimated by each
participant for each exercise, with 1 standing fothe easiest and 5 for the hardest
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Moreover, the detailed analysis shows that the arsproduced by Group 2 are characterised
not only with better accuracy on average, by witaker rate of standard deviation (see

Table 7 and
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Table 8).

Table 7: Comparison of performance of two groups apre-CIM level of modelling

(TID1/TID2). Group 2 uses bloops notation.

Keywords

Group 1 (total 39 pairs, TID2)

Group 2 (total 23 pairs, TID1)

o Data o Not Role Activity Do Not

Role Activity Object Relevant %Correct Object Relevant %Correct
Customer 36 1 2 0 92.31% | 23 0 0 0 100.00%
Staff Member 32 1 1 5 82.05% | 13 0 0 10 56.52%
Book Keeper 25 3 4 6 15.79% | 4 0 0 19 82.61%
Personalised 0 19 5
Homepage 2 4 21 12 53.85% 2 82.61%
Enter Order 0 37 2 0 9487% | 1 22 0 0 95.65%
Confirm Order 0 37 2 0 94.87% | 1 20 2 0 86.96%
Order Dispatched 1 32 4 2 82.05% | O 18 1 4 78.26%
Administrator 25 2 1 11 9231% | 9 0 0 14 100.00%
lé’zqni‘lilrmation 0 21 17 1 97.44% 0 1 12 0 100.00%
Update Stock 2 26 11 0 94.87% | O 18 5 0 100.00%
Payment Details 0 6 33 0 84.62% | O 2 20 1 86.96%
Item Selected 0 15 19 5 87.18% | 1 11 11 0 95.65%
Log In 3 33 2 1 84.62% | 1 21 0 1 91.30%
;I:;;:ctlinnal 1 14 22 2 92.31% 1 > 16 1 91.30%
Order Received 0 15 19 5 12.82% | O 12 5 6 26.09%
IP Address 1 1 8 29 74.36% | 1 1 5 16 69.57%
Average accuracy 77.27% 83.97%
Standard
deviation 26.78% 19.62%
*Green indicates what we perceived as correct results.
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Table 8: Comparison of performance of two groups athe Analysis Palette level of
modelling (TID3)

Group 1 (total 23 pairs) Group 2 (total 11 pairs)
Keywords Data Data
Role Activity object n/a Role Activity object n/a
Order Confirmation - 17.4% - - 27.3% 9.0%
Check Product Availability - 30.4% - - - 45.4% 9.0% -
Staff 8.7% - - - 9.0% - - -
Customer 100.0% - - - 100.0% - - -
Payment Details - 17.4% 60.9% - - 8.7% 27.3% -
Book Keeper 13.0% - - - 9.0% - - -
Cancel Order - 26.1% - - - 36.4% - -
Dispatch Order - 78.3% 8.7% - - 81.8% - -
Save Order - 26.1% 4.3% 4.3% - 9.0% 9.0% -
Product - 4.3% 56.5% 4.3% - - 72.7% -
Log Out - 26.1% - 4.3% - 36.4% - -

*Green indicates what we perceived as correct ssul

3.3.5 Data Analysis
There were two fundamental research issues thasthily sought to address:

1) Whether the VIDE Pre-CIM notation provides a moedapable (less onerous)
route into systems development?

2) Whether the use of the pre-CIM notation has a p@sitnpact on quality

These concepts are reflected in the choice of bkmsa(data collected) and resulting
hypotheses. Notably, we attempt to gauge qualitgxgmination of direct attributes of the
models created by the subjects, in both a poséne negative manner, that is, we consider
the correct identification of objects, mistakes mad identifying object types, the correct
identification of keywords, and mistakes made eniafying irrelevant keywords. Hypotheses
1,2,4,5, 6, and 7 (given below) relate to tesearch question (on resulting model quality).

The barrier to entry is clearly more subjectivet Wwe attempt to assess this aspect by asking
participants to score the difficulty of the taskeyt have undertaken. Clearly, this is a measure
of the perception of difficulty rather than an albs® measure of difficulty. However, we
believed that this reflects the reality of gettioients involved in the CIM phases of
development. If they perceive notations to be clfi or onerous, they will not engage,
whereas, in contrast, if they perceive the tasksitsn their capabilities and experience they
will more readily contribute.
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3.3.5.1Hypotheses

H1: Group 1, using the pre-CIM notation, will makevér mistakes in identifying object
types (in TID1/2) than the equivalent group without

H1A: There will be no significant difference in the ammt of mistakes made in either group.

H2: Group 1, using the pre-CIM notation, will makever mistakes in identifying irrelevant
keywords (in TID1/2) than the equivalent group with

H2A: There will be no significant difference in the ammt of mistakes made in either group.

H3: Group 1, using the pre-CIM notation perceivedeg@a the tasks (TID1/2) more difficult
than as easier (lower difficulty score) than gr@up

H3A: Both groups perceived the tasks as equally difficu

H4: Group 1, using the pre-CIM notation, will idegtiinore correct keywords (in TID3) than
the equivalent group without.

H4A: There will be no significant difference in the noen of keywords identified correctly
by either group.

H5: Group 1, using the pre-CIM notation, will idegtifnore correct object types (in TID3)
than the equivalent group without.

The alternative hypothesis being

H5A: There will be no significant difference in the noen of object types identified correctly
by either group.

H6: The group with pre-CIM will perform better at kafsve than the group without
H6A: There will be no difference in the performanceyajups on this task

H7: Group 1, using the pre-CIM notation, will idegtiinore correct keywords (in TID4) than
the equivalent group without.

The alternative hypothesis being

H7A: There will be no significant difference in the roen of keywords identified correctly
by either group.

3.35.1.1 Description of Data

For each of the hypotheses above, for which we maweerical data, this is depicted as a
standard box plot. That is the results from theugrwith pre-CIM notation are represented
alongside the group without.
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The box itself represents the inter-quartile rarigat is, that portion of the data between the
25" and 7% percentile, with the whiskers being the lower amper values that are not
outliers or extreme values. The bold line acrosdiibx represents the median.

Hence, these plots give a simple visual representaif the relative performance of each
group, for each hypothesis, which is then suppleeteby simple statistics and the formal
hypothesis test.

3.35.1.2 Statistical Tests Undertaken

Hypotheses tests were carried out using indepersimples t-tests, utilising SPSS version
16.

In each case a pre-test of group statistics shbesaimber from each group (missing data
items for each variable being omitted for indivatltests rather than across all tests, in order
to provide as much data as possible for each tesfgddition, in each case a Table is given
showing:

* Levene's Test for Equality of Variances,

* the t-value,

» the calculated degrees of freedom,

* and the significance or p-value for a two tailest.te

Based on our propositions we had taken the posstep of forming single tailed hypotheses.
Our tables of tests, generated by SPSS, howeiar,agsignificance assuming two-tailed
tests, therefore, we refer to the equivalent sitgled value (half of the table figure for a 5%
test of significance) in the accompanying explanatext for each hypothesis.

Rather than explain the data provided in genenmde analysis of hypothesis one provides
further commentary on the statistical assumptiémsgxample, tests of variance), and further
hypotheses tests, allowing remaining tests, by t@apghe same results format, to provide
more concise commentary.

3.3.5.2Mistakes in Identifying Object Types

Recall that, in order to judge whether the pre-Gibtations have a positive impact on the
quality of models, we wish to measure these qualitiybutes both in terms of mistakes made
and items correct. One of these measures of quality consider the number of mistakes
made in identifying objects (in the comparable $a8kD1 and TID2).

Our formal hypothesis is that:

H1: Group 1, using the pre-CIM notation, will makever mistakes in identifying object
types (in TID1/2) than the equivalent group without

The alternative hypothesis being
H1A: There will be no significant difference in the @mmt of mistakes made in either group.

The box plot (Figure 15: Box plots for Hypothesjsshows the performance of both groups
side by side. Note that although the medians appmaitar the group without pre CIM
models clearly appears to have far more pairs ngakigher numbers of mistakes.
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Figure 15: Box plots for Hypothesis 1

This is also suggested by the mean and relatedipiige statistics for this data (Table 9).

Table 9: Descriptive Statistics for Hypothesis 1

Group Statistics

Pair_ID N Mean Std. Deviation | Std. Error Mean
Object_Mistakes >=2.00 23 1.5217 1.41001 .29401
<2.00 39 1.9487 1.91873 .30724

The most important statistic to note (Table 9jhat the means of the two groups appear to be
different, that is the second group, without the-@tM notation have a mean error rate of
1.95 (3 s.f.), compared to only 1.52 (3 s.f.) fug group with the pre-CIM notation.

However, though these results are suggestive of tteatment (pre-CIM) leading to
improvements in model quality, in order to examntimis hypothesis (and others to follow) we
undertake an independent samples t-test.

Although standard deviation appears slightly ddfdér as one might expect, this does not
mean that we need to assume a different underlyargnce. Indeed, Table 10: Tests for
Hypothesis 1, presents the results of a numbertatisscal tests (including the main
independent samples t-test), for both equal vagiaassumed and not assumed, on the same
data. Importantly, Levene’s statistic has a p-valu€®99, greater than 0.05, which means that
we can assume equal variances. (Further hypothafiesiso include this data and assume
equal variances unless there is evidence to thieacgh

The t-value, with a calculated degrees of freedd®0o is -.928. The two tailed significance
value for this data is .0357, therefore a onedaiue would be half of this (or 0.1785).
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Hence, despite the appearance, from both box-glots means, that the pre-CIM group
performed better, the test does not show a sigmifidifference between these means, and we
must accept the null hypothesis. That is, althaihgine does appear to be some improvement,
that is fewer mistakes were made when using theCfivk notation, the difference is not
statistically significant.

Table 10: Tests for Hypothesis 1

Independent Samples Test

Levene's Test

for Equality of

Variances t-test for Equality of Means
95% Confidence
Std. Interval of the
Error Difference
Sig. (2- Mean Differen
F Sig. t df tailed) | Difference ce Lower | Upper
Object_Mistakes Equal variances
2.816] .099 -.928 60 .357 -.42698| .45994( -1.34700| .49304
assumed
Equal variances
-1.004| 56.960 .320 -.42698| .42525| -1.27854| .42459
not assumed

In summary, examination of means and of the botsfgaggests that the group using the pre-
CIM notation does indeed make fewer mistakes intifigng object types, but this
improvement is not sufficient to be statisticaligrsficant.

3.3.5.3Keyword Mistakes (Irrelevant Keywords)

A similar measure of quality is to consider the i@mof mistakes made in identifying
keywords.

Our hypothesis is that

H2: Group 1, using the pre-CIM notation, will makever mistakes in identifying irrelevant
keywords (in TID1/2) than the equivalent group with

The alternative hypothesis being
H2A: There will be no significant difference in the ammt of mistakes made in either group.
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Figure 16: Box plots for Hypothesis 2

The figure above appear to suggest that the groitipowt pre-COM tend to make more
mistakes than the group who used the pre-CIM models

Table 11: Descriptive Statistics for Hypothesis 2

Group Statistics

Pair_ID N Mean Std. Deviation | Std. Error Mean
Keyword_Mistakes  >=2.00 23 1.6087 1.03305 .21541
<2.00 39 1.9487 1.12270 .17978

This is borne out by the descriptive statisticg $able 11, in that the second (no pre CIM)
group has a higher mean, for the amount of mistaiade in correctly identifying keywords.

For the hypothesis test, Table 12, the t-valueh wélculated degrees of freedom of 60, is -
.1.186. The two tailed significance value for tdeta is 0.240, therefore a one tailed value
would be half of this (or 0.12). In other words rinés a p value of approx 12%. Hence,

although this is suggestive of an improvement itasstatistically significant.

Table 12: Tests for Hypothesis 2

Independent Samples Test
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Levene's Test

for Equality of

Variances t-test for Equality of Means
95% Confidence
Interval of the
Difference
Sig. (2-| Mean |Std. Error
F Sig. t df tailed) |Difference |Difference| Lower | Upper
Keyword_Mistakes Equal
variances .003| .955| -1.186 60 .240| -.34002 .28675] -.91360| .23356
assumed
Equal
variances not -1.212| 49.436 .231| -.34002 .28057| -.90372| .22368
assumed

3.3.5.4Difficulty of Task (T1&T2)

The previous two hypotheses related to direct nreasof the quality of models, by
examination of errors or mistakes made. In conttast following hypotheses relates to the

perceived difficulty of the previous tasks.

H3: Group 1, using the pre-CIM notation perceivedegda the tasks (TID1/2) more difficult
than as easier (lower difficulty score) than gr@up

The alternative hypothesis being

H3A: Both groups perceived the tasks as equally difficu
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Figure 17: Box plots for Hypothesis 3

The box plot (Figure 17) shows that the group it CIM appear to do much better. Indeed,
the median for the group without pre-CIM is at anparable error rate to the top of the box
(75" percentile) for the group with pre-CIM, and thexdittle overlap in inter-quartile range.

Table 13: Descriptive Statistics for Hypothesis 3

Group Statistics

Pair_ID N Mean Std. Deviation | Std. Error Mean

DifficultyTID1 ~ >=2.00 20 2.3500 .93330 .20869]

<2.00 38 3.3158 1.21043 .19636

This picture is also borne out by the descriptiatistics (Table 13), where, from examination

of mean scores, it appears that the pre-CIM growp @ much lower mean rating for
difficulty, 2.35 (3 s.f.) than the other group, 3.3 s.f.)

Table 14: Tests for Hypothesis 3

Independent Samples Test
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Levene's Test

for Equality of

Variances t-test for Equality of Means
95% Confidence
Interval of the
Std. Difference
Error
Sig. 2-| Mean |Differen|Lowe
F Sig. t df tailed) |[Difference| ce r Upper
DifficultyTID1 Equal variances -
assumed 1.333| .253( -3.110 56 .003[ -.96579| .31053|1.587| -.34372
86
Equal variances -
not assumed -3.370| 48.152 .001| -.96579| .28655|1.541| -.38970]
88

Furthermore, the significance of the t-test (0.0@8)2 tailed, (0.0015 for single tailed) shows
a highly significant (P<0.01) difference in the gaived difficulty of the tasks (see Table 14).

Hence, it is clear that the group using the pre-Qiddation perceived the task to be easier
than the group without.
3.3.5.5Number of Keywords Identified Correctly (TID3)

The following hypothesis attempts to gauge whether pre-CIM notation has a positive
impact on the quality of the model, the variablel@emscrutiny being the number of keywords
identified correctly (from task 3).

H4: Group 1, using the pre-CIM notation, will idegtiinore correct keywords (in TID3) than
the equivalent group without.

The alternative hypothesis being

H4A: There will be no significant difference in the noen of keywords identified correctly
by either group.
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Figure 18: Box plots for Hypothesis 4

The box plot in figure above shows that both grougse a similar median, and similar values
for the 7%' percentile (top of the box), and upper and lowalues. The main difference
appears to be that the™percentile for the group without pre-CIM is lowandicating that a
greater proportion of the group have lower scores.

Table 15: Descriptive Statistics for Hypothesis 4

Group Statistics

Pair_ID

N

Keywords_Correct  >=2.00

<2.00

Mean Std. Deviation | Std. Error Mean
23 3.2174 1.24157 .25889]
37 2.8108 1.17468 .19312

Indeed, despite similar medians, these lower scaesgly impact the mean, see Table 15,
with a mean of 3.2 correct for the pre-CIM groupiagt only 2.8 for the other (no pre-CIM)

group.

Table 16: Tests for Hypothesis 4

Independent Samples Test
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Levene's Test
for Equality of
Variances t-test for Equality of Means
95% Confidence
Std. Interval of the
Error Difference
Sig. (2-| Mean |Differen
F Sig. t df tailed) |[Difference| ce Lower | Upper
Keywords_Correct Equal
variances .011] 918 1.275 58 .207 .40658| .31877| -.23150(1.04466
assumed
Equal
variances not 1.259( 44.816 .215 40658 .32298| -.24401)1.05717
assumed

For the t-test, the significance of 0.207 equates single tailed p value equivalent to 0.1035
(see Table 16). Although this is not significanthe normal 5% level, and we must accept the
null hypothesis, it is extremely close to the 108gel which is sometimes seen as a less
rigorous indicative level of significance.

3.3.5.6Number of Correct Object Types Identified (TID3)

The following hypothesis attempts to gauge whether pre-CIM notation has a positive
impact on the quality of the model, the variablelemscrutiny being the number of object
types identified correctly.

H5: Group 1, using the pre-CIM notation, will idegtifnore correct object types (in TID3)
than the equivalent group without.

The alternative hypothesis being

H5A: There will be no significant difference in the noen of object types identified correctly
by either group.
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Figure 19: Box plots for Hypothesis 5

The box plot (Figure 19: Box plots for Hypothes)sshows an extremely unusual pattern, in
that, for both groups, the median is also the maxrinvalue. This is explained by the fact
that, of the data present, many of the subjecttified correctly the maximum 5 of 5 objects,

and only very few only 3.

Table 17: Descriptive Statistics for Hypothesis 5

Group Statistics

Pair_ID N Mean Std. Deviation | Std. Error Mean
Objects_Correct  >=2.00 11 4.7273 46710 .14084
<2.00 22 4.7727 .52841 11266

Hence, the means are also very similar (see Tableahd the standard deviation relatively
small for both groups. This is unusual in our as&lyso far, and, even without recourse to
statistical analysis it is clear that there iddittlifference in the performance of each group.
Nevertheless, for completeness the t-test statiatie computed below (Table 18).

Table 18: Tests for Hypothesis 5

Independent Samples Test
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Levene's Test

for Equality of

Variances t-test for Equality of Means
95% Confidence
Interval of the
Std. Difference
Error
Sig. 2-| Mean |Differen|Lowe
F Sig. t df tailed) |[Difference| ce r Upper
Objects_Corre Equal variances -
ct assumed .043| .838| -.242 31 .811| -.04545| .18812|.4291 .33823
4
Equal variances -
not assumed -.252| 22.504 .803| -.04545| .18035|.4189 .32809]
9

Clearly, there is no significant difference in tlesults from each group, and thus it does not
appear that the use of the pre-CIM notation leadsy improvement in the number of object
types identified.

3.3.5.70verall model considered correct / incorrect

H6: The group with pre-CIM will perform better at kafsve than the group without

H6A: There will be no difference in the performanceajups on this task

Task five is judged as either correct or incorreather than having a score. Hence, it is
difficult to assess the significance of any resdibwever, 54.54% from the group with pre-
CIM were considered correct against 42.1 for tfwigrwithout.

3.3.5.8Number of Keywords Identified Correctly (TID4)

H7: Group 1, using the pre-CIM notation, will idegtiinore correct keywords (in TID4) than
the equivalent group without.

The alternative hypothesis being

H7A: There will be no significant difference in the noen of keywords identified correctly
by either group.
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Figure 20: Box plots for Hypothesis 7

The box plots (Figure 20) show a higher median, laott 28" and 7%' percentile for the pre-
CIM group, once more suggesting that the group wiCIM models fared better, in this

case correctly identifying more keywords correclgd this is also reflected in a higher mean
for the pre-CIM group.

Table 19: Descriptive Statistics for Hypothesis 7

Group Statistics

Pair_ID N Mean Std. Deviation | Std. Error Mean
Keyword_CorrectTID4  >=2.00 23 1.7826 1.50625 .31407
<2.00 39 1.3846 1.54945 .24811

Once more it appears from the means that the gnatlppre-CIM appears to fare better, in
that the mean keywords correct is 1.78 against ard®g for the group without pre-CIM
models (Table 19). However, as Table 20 shows (aitlwo-tailed significance of 0.325,
equating to a single tailed of 0.16) this improveirie not statistically significant.
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Table 20: Tests for Hypothesis 7

Independent Samples Test

Levene's Test

for Equality of

Variances t-test for Equality of Means
95% Confidence
Interval of the
Std. Difference
Error
Sig. (2-| Mean |Differen|Lowe
F Sig. t df tailed) |Difference| ce r Upper
Keyword_Corr Equal variances -
ectTID4 assumed .008| .929 .987 60 .328 .39799| .40323|.4085| 1.20458]
9
Equal variances -
not assumed .994| 47.351 .325 .39799| .40025(.4070 1.20304
5

3.3.5.9Summary of Hypothesis Testing

H1: Group 1, using the pre-CIM notation, will makevér mistakes in identifying object
types (in TID1/2) than the equivalent group without

H1A: There will be no significant difference in the @mmt of mistakes made in either group.

Group 1 perform better, but this is not statisticalgnificant. Therefore reject H1 in favour
of H1A.

H2: Group 1, using the pre-CIM notation, will makever mistakes in identifying irrelevant
keywords (in TID1/2) than the equivalent group with

H2A: There will be no significant difference in the @mmt of mistakes made in either group.

Group 1 perform better, but this is not statisticalgnificant. Therefore reject H2 in favour
of H2A.

H3: Group 1, using the pre-CIM notation perceivede@d the tasks (TID1/2) more difficult
than as easier (lower difficulty score) than gr@up

H3A: Both groups perceived the tasks as equally ditficu

Group 1 perform much better, and this improvemsrtighly significant. Therefore accept
H3.
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H4: Group 1, using the pre-CIM notation, will idegtiinore correct keywords (in TID3) than
the equivalent group without.

H4A: There will be no significant difference in the noen of keywords identified correctly
by either group.

Group 1 perform better, and this is on the bourfdseak significance (p of approximately
0.10). Therefore reject H4 in favour of H4A.

H5: Group 1, using the pre-CIM notation, will idegtifnore correct object types (in TID3)
than the equivalent group without.

H5A: There will be no significant difference in the noen of object types identified correctly
by either group.

Very similar performance from both groups; therefaccept the alternative hypothesis H5A.

H6: The group with pre-CIM will perform better at kafsve than the group without
H6A: There will be no difference in the performanceajups on this task

Group 1 perform better, with a higher percentageect, but no tests of significance
undertaken.

H7: Group 1, using the pre-CIM notation, will idegtiinore correct keywords (in TID4) than
the equivalent group without.

H7A: There will be no significant difference in the roen of keywords identified correctly
by either group.

Group 1 perform slightly better, but this is natitically significant. Therefore reject H7 in
favour of H7A.

3.3.5.10 Discussion of Findings (Analysis of Data)

For each of our hypotheses, the data shows thagringp who used the pre-CIM model
performed better. This can be seen from our bosspland from the descriptive statistics,
such as the mean. However, in all cases bar oaggtults were not statistically significant,
with one of the results being very close to the Kigfificance level.

Given, however, that in all cases there appeab®ta consistent positive effect, in favour of
the group using pre-CIM, our conjecture is thatshedy undertaken had sufficient power to
be able to show the impact of the treatment (tkattnent being the use of the pre-CIM
notation against our baseline of no pre-CIM).

In other words, though there appears to be a pesitpact on quality, this effect is not great
enough to be demonstrated within this study. Witidéight, using uneven group sizes we
were constrained in the statistical tests thatatdad applied, and coupled with the use of
pairs, which reduced the number of separate suhjelse power appears insufficient to
demonstrate statistical significance.
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Hence, in terms of the original propositions, warga provide any significant statistical
evidence that the use of pre-CIM models improvesdhality of resulting models. Despite
this, the results are consistent and promising,samgdjestive of the need for further, perhaps
larger, study.

The only strongly significant result is was for thgpothesis (H3) which attempts to gauge
difference in the perception of difficulty. Hendeappears that, irrespective of the fact that
the models cannot be demonstrated to be of highalitg, the subjects felt that the task was
easier (or at least reported that it was) when tiseyl the pre-CIM models.

3.3.6 Conclusions

This evaluation has sought to investigate thetytilf proposed VIDE modelling notations. In
particular, the evaluation sets out to gauge tlfiecebf our treatment, introducing a ‘pre-
CIM’, notation as part of a series of models witttie VIDE tool chain.

The motivation for our introduction of such notawsois that current modelling approaches
appear to act as a deterrent factor in the invohrérof the very stakeholders who often best
understand the needs and requirements for propegsttms development. Hence, by
providing a more accessible entry point, we wouwg@éto improve stakeholder involvement
within the crucial CIM phases of development.

In doing so, we would hope that such models wowddpkrceived, by the modellers as
providing a modelling experience which was lessrone than the alternative. In addition, if
such a modelling experience improves involvemeng would hope that it does so without
any detriment to the resulting software designebd] in our study questions we took the
even bolder step of suggesting that the models|stvimproving the perception of the
modelling phase, might also actually improve resltsoftware models. This provided two
principal research questions: 1) Whether the VIDE-©IM notation provides a more
palatable (less onerous) route into systems deredap and 2) Whether the use of the pre-
CIM notation has a positive impact on quality?

This was investigated by comparing the performasfd®o comparable sets of subjects, one
using our pre-CIM notation, and one without, acr@series of sequential tasks (mirroring the
proposed VIDE tool chain). Performance on theskstagas scored, and participants were
also asked to rate their assessment of the diffiaflthe tasks for both groups. Data for this
performance was analysed visually, e.g., usingfiots, descriptive statistics (such as means
and standard deviations) were generated, anddgstgnificance (principally t-tests) carried
out.

In brief our findings were that the treatment grouping the pre-CIM notation, did find the
tasks less difficult than the control group, anat tihe difference in mean difficulty score was
highly significant. In addition, we found that ifi ather tasks the treatment (pre-CIM) group
fared better, but, we conjecture due to the limpesver of the tests, these did not appear
statistically significant improvements.

Hence, the main motivator for introduction of suebtations, reducing the deterrent of
existing notations appears to be validated by stusly. In addition, rather than concern for
the possible negative impact of introducing suckatians on software model quality our
results suggest (though a larger study would baired to show this effect statistically) that
model quality may also be improved.
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3.4 Evaluation of VIDE-Defect Detector (IESE)

One goal of VIDE was to explore techniques fqudlity assurance, which decreases the
number of quality defects and should be appliethéoplatform-independent level to become
even more effectivgVIDE-Annex, 2005). As a measurable result weteslathat With the
discovery of quality defects and following modéacéorings the qualitative and quantitative
guality as measured against a specific quality nh@oebably based on ISO 9126/25000 but
for MDA) will increase by at least 20%(VIDE-Annex, 2005).

Therefore, the overall goal of this empirical studyto evaluate the effect of the context-
sensitive quality defect diagnosis approach redlineVIDE-DD on quality improvement and
acceptance by users. VIDE-DD supports software ieoslevith the presentation of quality
defects (prioritized according to a given qualitgdrl) within the model diagrams as well as
a list view. The features of VIDE-DD should sengiblthe software modellers about potential
problems, focus the attention to important qualiyect, improve the model quality if quality
defects are removed, and result in a positive temepy software modellers.

To approach this evaluation, we analyzed, measwaad, compared the quality of PIM
developed with and without the quality defects dgjs approach realized within VIDE-DD.
Measurement will be conducted subjective as wetiasctive.

3.4.1 Study Design

3.4.1.1 Hypotheses about VIDE-DD effects
Based on the features of VIDE-DD we suspect thiafiness of the following hypotheses.
Regarding quality improvement, we state the folloyvalternative and null hypotheses:

* H;a Using VIDE-DD has gositive effect on the model qualtgmpared to the manual
inspection of the software model (in the same tpaes.

* Hoa There is no significant effect on quality improvent.
Regarding the diagnostic efficiency, we state til®Wwing alternative and null hypotheses:

* Hjp Using VIDE-DD results iltmore quality defects diagnosedmpared to the manual
inspection of the software model (in the same tpaes.

* Hop: There is no significant effect on the amountiebdiosed quality defects.

Regarding the handling efficiency (i.e., statingcid®ns or context factors), we state the
following alternative and null hypotheses:

* Hie Using VIDE-DD results inmore quality defects handlesbmpared to the manual
inspection of the software model (in the same tpae3.

* Hoe There is no significant effect on the amountiaigtdiosed quality defects.

Regarding acceptance and use of QDD technologgtate the following alternative and null
hypotheses:

* Hiq Quality defect diagnosis tools (such as VIDE-CHave a significanpositive rating
towards acceptancand intention to be used.

* Hog: There is no significant rating on the acceptaanue intended use.
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3.4.1.2 Arguments and Conjectures about VIDE-DD effects

Beside these hypotheses, which were evaluateceisttidy, we did also have the following
arguments that advocate the diagnosis of qualityotie on the PIM level. While no empirical
evaluation will be conducted to prove these argumese state them as conjectures:

e Conjecture 1: In anulti-platform scenario, quality defect diagnosis and removal on PIM
level reduces the amount of warktimes, as it is only required once on PIM leveaisusn
times on PSM and/or Code level (In the envisionadtif®SM vision of MDA with 1
PIM, n PSMs, anch Code-level systems).

» Conjecture 2: In gingle-platform scenariq quality defect diagnosis and removal on PIM
level reduces the amount of work to 50% (or 33%)i & only required once on PIM level
versus once on PIM and once on PSM level (33% M R8d Code is used).

» Conjecture 3: Instead of checking for defects endbde level and reverse-engineering the
changes up to the PIM only the PIM is changed -dfiort for reverse-engineering and
supervision of changes to PIM required).

» Conjecture 4: The persistent storage of contexiofacand decisions within the PIM is
used to block and hide mis-diagnosed or inevitgpiality defects and, therefore, reduces
the amount of work as the software modeller dogéaee to re-inspect the mis-diagnosed
or inevitable defects.

3.4.1.3 Factors & Data Collection

This section states the variables considered inattadysis of the causal relationship of the
effect of VIDE-DD. In order to measure the effe¢ct\dDE-DD on the dependent factors
several independent and confounding factors hae wbserved as well.

3.4.1.3.1 Impact on Quality — Hia

Currently, the quality of models and software systeén general is hard to determine. Several
frameworks to develop quality models have been Idpeel (Ortega et al., 2003) or
standardized (ISO/IEC-9126-1, 2003). However, nocoete metrics-based model is widely
accepted — most organizations construct their omgs asing the frameworks. Furthermore,
we do not have a tool to measure all necessaryianetecessary for some of the documented
quality models. Furthermore, the effects of somaligudefects, such as “Type Embedded in
Name” or “Uncommunicative Name”, are not captureshg model metrics.

Hence, in order to evaluate the improvement ofrtfeglel quality, we collect the following
data:

» The subjectively perceived quality improvement gsan 1SO9126-based questionnaire
(for Hia - subjective

* The number of quality defects diagnosed (and reshareotherwise handled) used as an
indicator for the improvement of 1ISO9126 qualitpests (for H, - objectivg

The indirect factor used to evaluate Hubjectivepart of hypothesis H is perceived quality
(PQ). For a subject i this is calculated via thikofeing formula (based on the characteristics
of 1IS09126):

_ QM, +QR +QE +QR +QF +QU,
6

PQ
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The indirect factor used to evaluate tigectivepart of hypothesis H is removed quality
defects (RQD), which is based upon the followingtdes:

* Number of quality defects removed (NR)
* Number of quality defects handled with decision®N
* Number of quality defects handled with context éast(NC)

For a subject i this is calculated via the follogriformula (based on the characteristics of
1ISO9126):

RQD =NR +ND, + NG
The quality characteristics maintainability (QMyrability (QP), efficiency (QE), reliability

(QR), functionality (QF), and usability (QU) willebcalculated from the associated sub-
characteristics (see post-test questionnaire 0).

However, as the currently diagnosed quality defedts not cover all these quality
characteristics we will evaluate differences in tperceived quality improvement for
individual quality characteristics (e.g., only maimability).

3.4.1.3.2 Diagnostic efficiency — Hp,

The efficiency of the diagnosis is based upon tiewing factors:

* Number of quality defects diagnosed (NQD)

» Time required for the diagnosis by the subject (DT)

The indirect factor used to evaluate the hypothekisis diagnosis efficiency (DE). For a
subject i this is calculated via the following fasta:

pE =D
DT,

3.4.1.3.3 Handling efficiency — Hi

The efficiency of the handling is based upon thHe¥ang factors:
* Number of quality defects handled with decision®}N

* Number of quality defects handled with context dast(NC)

» Time required for the diagnosis by the subject (DT)

The indirect factor used to evaluate the hypothekisis handling efficiency (HE). For a
subject i this is calculated via the following farta:

HE = ND.* NC
DT

3.4.1.3.4 Acceptance and Use of VIDE-DD (UTAUT) — Hly

One part of the evaluation was focused on the @aanep and potential use of VIDE-DD by
the subjects. The Unified Theory of Acceptance adwske of Technology (UTAUT)
(Venkatesh et al., 2003) was used as it represeatsiost mature instrument to measure the
individual acceptance of information technology. AT consists of three direct
determinants of intention to use (performance ebgymy, effort expectancy, and social
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influence) and two direct determinants of usageabur (behavioural intention and
facilitating conditions). This model captures tbédwing aspects:

» Performance Expectancy captures the expected personal benefit regardisgjdip
performance and is defined as “the degree to warcindividual believes that using the
technology will help him or her to attain gaingab performance.”

» Effort Expectancy captures the expected effect on the effort inr jodis, which is defined
as “the degree of ease associated with the use aéchnology.”

» Social influence captures social factors influencing the use of tdehnology and is
defined as “the degree to which an individual peethat important others believe he or
she should use the technology.”

» Facilitating conditions captures technical, administrative, or other fectofluencing the
use of the technology and is defined as “the degreehich an individual believes that an
organizational and technical infrastructure existsupport use of the technology.”

» Behavioural intention captures the intended usage of the technologlarfuture and is
defined as “the degree to which a person has fatadlconscious plans to perform or not
perform some specified future behaviour.”

Besides the core factors of UTAUT, we also analyaedociated factors such as attitude
towards, anxiety, and self-efficacy with the tedogy:

» Anxiety captures negative emotions regarding the techgpadogl is defined as “evoking
anxious or emotional reactions when it comes tdopeing a behaviour (e.g., using the
technology).”

« Attitude towards using technology captures positive or tiegg@motions regarding the
technology and is defined as “an individual's oVlegdfective reaction to using the
technology.”

» Self-Efficacy captures the impression made by the technologgrdety ease of use and is
defined as the “judgment of one’s ability to use technology to accomplish a particular
job or task.”

UTAUT states that the first four factors play angigant role as direct determinants of user
acceptance and usage behaviour. As depicted imdRe figure, the factors gender, age,
experience, and voluntariness are confoundingisaritfiuence.

-67 -
© Copyright by VIDE Consortium



FP6-IST-2005-033606, Visualize All Model Driven Bramming Work Package 11 — Deliverable D11.3
Version 1.0 Date 2009-01-14

Independent Factors Dependent Facors

Performance

Expedancy \\
N—
Effort q
Expedancy S o — - Use Behaviour

/ Intention

—_— _/‘-/ /
Socal Influence — ]

-—/
--/-—/

Faciitatng  |——

Qonditions

Voduntariness of

Gender Age Experience U

Confounding Factorsfor UTAUT
Figure 21: Model for the Unified Theory of Acceptarte and Use of Technology
(UTAUT)

In order to measure the subjects feedback regartiagitems used in the questionnaire
multiple choice questions were used wherever plessithey were based on a seven-level
Likert scale later encoded from 1 (strongly disayr® 7 (strongly agree), as these are more
likely to be answered, and it is easy to statififianalyze the answers.

Furthermore, the UTAUT (Venkatesh et al., 2003)ebasstrument was adapted to the
experiment by exchanging every mentioning of “systey “VIDE-DD” in every item (i.e.,
guestion). Besides the core factors (PE, EE, FC,aBdl Bl) used in UTAUT, we also
collected information on related factors used emWTAUT evaluation (AX, AT, and SE).

In order to evaluate if QDD technology such as VDB is accepted and will be used, we
collect the following data:

* The questions (items) for the UTAUT factor BlI, tedictors PE, EE, SI, and FC as well
as the associated factors AX, SE, and AT.

» The moderators of UTAUT: gender (G), age (A), exgrae (E), and voluntariness (V)

 The UTAUT factors will be calculated using the asated items, if the load onto the
factor. Furthermore, experience will be measuredngusseveral questions (see
questionnaire 0).

The indirect factor used to evaluate the hypothékiswill be the UTAUT factors and
especially BI, while individual factors will alsekevaluated.

3.4.1.4 Plan & Execution

As VIDE-DD cannot be compared to similar systemswi compare it against a manual
inspection of a PIM regarding the implemented dyalefects using two different models of
software systems. These systems have to be imphovéte subjects in two different runs of
software developers. As depicted in the next figtire first run uses System1 (SalesScenario)
and VIDE-DD while the control group in the seconbyp manually inspects System?2
(BelAMI system). Both used the same base of 1lityudefect currently implemented in
VIDE-DD.
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Figure 22: 1x2 factorial design of the experimentifcl. timeline)

Due to this design earning effect will BelAMI/EMERGE , however, as VIDE-DD is used
in the first run and the manual approach in th@seécun this will only improve the results of
the manual approach.

3.4.1.5 Subjects

The experimental subjects used were all softwareeldpers and software engineering
scientists, which studied computer science at theysity of Kaiserslautern (3), University
of Heidelberg (1), and the University of Appliedi&twes in Mannheim (2) both in Germany.

3.4.1.6 Materials

3.4.1.6.1 Analyzed systems

» System 1 (SalesScenario¥-or the first evaluation the SalesScenario system used,
which was developed in the VIDE project as a derystesn. It operationalizes the
Opportunity Management step within a Customer Rwlahip Management (CRM)
process.

» System 2 (BelAMI System)For the second evaluation the BelAMI system waslu$he
goal of this system is to support elderly peopléhwnnovative BelAMI/EMERGEnNcy
monitoring and prevention approaches using amlaiedtunobtrusive sensors.

3.4.1.6.2 Diagnosed Defects

During the evaluation of VIDE-DD the following quigl defects were used. The three
thresholds represent three priority levels low nmal; and high.
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* Long Method: A method with far too many statements (resp.oasii to be understandable
and which probably tries to do too much on its oWwhe diagnosis was based on the
number of semicolon with a threshold of 15.

» Large Class A class with too many attributes and methods ¢oubderstandable and
which probably tries to combine too many respottiids. The diagnosis was based on the
number of methods with a threshold of 9.

* Lazy Class A class with too few attributes or methods argreéfore, doesn’t pull its
weight. The diagnosis was based on the number tifods with a threshold of 3.

» Clingy Class A class with too many relations (e.g., associgtior generalizations) with
other classes within the system. The diagnosisheasd on the number of relationships
with a threshold of 6.

» Long Parameter List: A method with too many parameters to be undedsthle. The
diagnosis was based on the number of parameteravitreshold of 4.

» Comments While comments are great, refactoring may makestmoomments
superfluous. If an element is heavily commentegrabably is too complex and may need
refactoring. The diagnosis was based on the lihesmments with a threshold of 7.

» Data Class Dumb data holders may provide better functiogafitgiven more things to
do. The diagnosis was based on the number of epesatvith a threshold of 0), attributes
(with a threshold of 1), getter-operations, andeseiperations.

» Indecent Exposure A public attribute that unnecessarily exposeittiernals of a class.
The diagnosis was based on the number of publicatipas (with a threshold of 6), public
attributes (with a threshold of 3), getter-openagioand setter operations.

» Swiss Army Knife: Excessively complex class that attempts to pevigk too many
possible uses of the class. The diagnosis was b@asé¢lde number of implemented roles
with a threshold of 6.

* Type Embedded In Name A name where the type of an element within theteay is
embedded (and have to be changed). Often it israthendant and forces you to change
the name if the type changes. The diagnosis wasdbais the number of types (names)
within the elements name with a threshold of 0.

* Uncommunicative Name An abbreviated or extremly short name that midpet
misunderstood. A name should clearly describe whakethod, class, or attribute is good
for? The diagnosis was based on the length of lkmments name with a threshold of 3
(using a whitelist for common term such as “i” @™).

3.4.1.6.3 Info Materials

Previous to the actual experiment the subjects Wweaeded regarding software quality, quality
defects, refactoring, and quality aspects. The nahtevhich was available during the whole
study, explained all used quality defects, methafdietection, and potential treatments.

3.4.1.6.4 Questionnaires

» Before the first run the subjects were briefed alibe study and completedbaiefing
questionnaire about their background. This pretest was aimedyiiucing information on
the expertise of the subjects with the technologiesed, their experience with
programming, as well as their understanding otais&.
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» After every runs posttest questionnairewas conducted in order to collect information on
the influence of the experiment on the subjectwalsas their opinion about the perceived
quality improvement (using 1ISO9126).

» After both runs adebriefing questionnaire had to be completed, which captured their
opinion about the system (using the UTAUT instruthethe study, as well as other
factors, such as motivation.

3.4.2 Data Preparation & Assessment

3.4.2.1 Data Quantification

The answers of the subjects on the paper-basedingrieposttest, and debriefing
guestionnaires were transferred to Excel (2003) @nath SPSS (version 15) - using the
following mapping:

* Yes/No Answers: yes =1, no =0
» Agreement scales: Highest Agree = 7; Highest Desagr 1
» Experience Scales: Highest Experience = 7; Higbesixperience = 1

» Other Scales: Highest Agree = 7; Highest Disagrée =

3.4.2.2 Anomaly Analysis

Not always are the values given by the subjectsecgrunambiguous, and readable. They
might even forget, overlook, or decide to ignoiguastion. However, probably due to the low

amount of subject we did not have any missing coinplete data and no ambiguous answers
were found.

3.4.2.3 Data Set Reduction & Reliability Analysis

After preparing the data, they need to be analyizeeveral items load onto the more general
dimensions and which of them can be used to cartstinese factors in order to reduce the
further analysis and testing efforts.

3.4.2.3.1 Reliability Analysis

The reliability of the identified components (refgctors) about the subjects experience from
the briefing questionnaire was checked using cronlsaalpha. The following table shows the
cronbach’s alphavalues (based on standardized values) for the fleeors regarding the
subjectexperiencelevels.

Table 21: Reliability analysis of factors for expeience levels

Disturbing Factor Name Cronbach’s Reliability [N of

Factor Alpha Items
exp_dev Experience Development 0.77 High 4
exp_jp Experience Java Programming 0.88 High 6
exp_ref Experience Refactoring 0.95 High 4
exp_ga Experience Software Quality Assurance 0.93 High 5
exp_main Experience Software Maintenance 0.95 High 6

The results show that the PCA produced six higkhiable factors, which will be used in
further statistical evaluations.
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Similarly, theUTAUT instrument on the debriefing questionnaire wesgetd if they load on
the “higher” factors. While UTAUT is a proven instnent to measure the acceptance and use
of technology, it was not used in a context suctinescontrolled experiment. The table below
shows thecronbach’s alphavalues (based on standardized values) for thet éagitors of
UTAUT regarding the subjects acceptance and paiensie of a technology such as VIDE-
DD.

Table 22: Reliability analysis of factors of UTAUT

Dependent Factor Name Cronbach’s Reliability [N of

Factor Alpha Items
PE Performance expectancy 0.55* Low 4
EE Effort expectancy 0.85 High 4
SI Social influence 0.82 High 4
BI Behavioural intention 0.98 High 3
FC Facilitating conditions 0.45* Low 4
AX Anxiety 0.93 High 4
AT Attitude toward VIDE-DD 0.82 High 4
SE Self-efficacy 0.51* Low 4

The results show that UTAUT is a fairly reliablestrument with three low, three medium,
and one highly reliable factors. The Cronbach Alphahe factors marked with an Asterisk
(*) can be increased by removing respective itehhsis, the items PE1, FC4, and SE1 were
removed in order to increase the Cronbach alphadeatel close to 0.7.

Finally, thelSO9126 quality sub-characteristics on the post-test wwested if they load on
the “higher” factors. While the characteristics asub-characteristics of 1SO9126 are not
designed as an instrument for a questionnaire,ldading of sub-characteristics to their
characteristics were checked as they are supposepitesent them. The table below shows
the cronbach’s alphavalues (based on standardized values) for théasbors (resp. quality
characteristics) of 1S09126 regarding the subjemsceived quality improvement of a
technology such as VIDE-DD using the abovementianeality defects.

Table 23: Reliability analysis of factors of ISO 926

Dependent Factor Name Cronbach'’s Reliability [N of

Factor Alpha Items
QM_E Maintainability 0.50* Low 5
QP_E Portability 0.65* Medium 4
QE_E Efficiency N.A. 2
QR_E Reliability 0.86 High 3
QF E Functionality 0.99 High 5
QU_E Usability 0.95 High 3
QM _C Maintainability 0.62* Medium 5
QP_C Portability 0.74 High 4
QE C Efficiency N.A. 2
QR C Reliability 0.91 High 3
QF C Functionality 0.99 High 5
QU_C Usability 0.58* Low 3

The results show that using 1ISO9126 sub-charatitayigy a questionnaire results in highly
reliable instrument with one low and five highljiable factors, which will be used in further
statistical evaluations. For QE_E and QE_C (Effici® the Cronbach Alpha is not available
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because there are only two items. The Cronbachatphhe factors marked with an Asterisk
(*) can be increased by removing respective items

3.4.2.4 Outlier Analysis

Tukey’s methodvas used to identify outlier based on the box-ahdsker plots (boxplots) to
visually identify potential outliers. The analysiSoutliers was limited texperience We did
not find an outlier, thus all data sets are usedhfe further evaluation.

3.4.2.5 Descriptive Statistics

Graphical, tabulatory, and summarative descriptibtihe data is needed for the identification

of outliers, the distribution model, visual anadgti or to better understand the data. The
following tables describe the measured data ofaltijects as well as for each group. The
means can be used for a first evaluation regardifigrences of the dependent factors (in
UTAUT and 1S09126). However, confounding factorslswas experience are still not

integrated.

Skewness is a measure of the lack of symmetry.tA skt is symmetric if it looks the same to
the left and right of the center point.

Kurtosis is a measure of similarity to a normatriisition. A data set with high kurtosis has a
distinct peak near the mean, declines rather rapatid has low tails. A Data set with low

kurtosis has a flat top near the mean rather thsimagp peak, declines slowly, and has high
tails.

Data for the factoexperienceare described in the table below. As these arepi@ddent resp.
confounding factors they stand for themselves aadat further analyzed.

Table 24: Descriptive statistics for experience faors

Factor Factor Name N | Min Max | Mean Sg/
exp_dev |Experience Development 7 0 1 0.68 0.37
exp_jp Experience Java Programming 7 | 233 | 5.67 4.4 1.20
exp_ref  |Experience Refactoring 7 1 5.25 3.29 1.7
exp_ga Experience Software Quality 7 1 48 266 137

Assurance
exp_main |Experience Software Maintenance | 7 1 4.33 2.62 1.51

The descriptive statistics for théTAUT factors, as presented in the table below, show that
the subjects don’t perceive the system as a bufelort expectancy). There is a positive
attitude towards a system such as VIDE-DD (Attijudand an expected performance boost
(performance expectancy). The participants are rakeuegarding the availability of an
environment to use it (facilitating conditions) amegarding the future use of such a
(behavioral intention).

Table 25: Descriptive statistics for UTAUT factors

Factor Factor Name N | Min Max | Mean [S)gf/
PE Performance expectancy 5 1333 6 4.6 0.95
EE Effort expectancy 5 4 5.8 5.14 0.76
AT Attitude toward VIDE-DD 5 | 35 6 4.76 1.10
Sl Social influence 5| 23 4.5 3.76 0.84
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FC Facilitating conditions 5 | 2.67 | 5.33 4 1.05
SE Self-efficacy 5 | 267 | 4.67 3.73 0.80
AX Anxiety 5 1 3.3 2.02 0.83
BI Behavioural intention 5 1 6 4 1.87

The data for thdS09126 factorsin the

table below show that the experimental grou
perceives the improvement of all factor except neanability of the system better than the
control group. Other quality aspects are almoshtidal with a slightly lower value than
average — an expected expression as mostly mabihip-oriented quality defects were used
and the subject are more likely to state that tlogiser quality aspects are not improved.

Table 26: Descriptive statistics for ISO9126 fact®

Factor Factor Name N | Min Max | Mean S(tg/
QM_E Maintainability (Experiment) 7 2 6.33 4.23 1.44
QP_E Portability (Experiment) 7 3 6.33 4.43 1.29
QE_E Efficiency (Experiment) 7 1 6.5 3.93 2.20
QR_E Reliability (Experiment) 7 1 6 3.97 1.64
QF_E Functionality (Experiment) 7 1 6 3.6 1.91
QU _E Usability (Experiment) 7 1 6.7 4.96 1.95
QM_C Maintainability (Control) 5 3 6.25 4.9 1.26
QP_C Portability (Control) 5 2 4.8 3.78 1.06
QE C Efficiency (Control) 5 1 4.5 2.9 1.75
QR C Reliability (Control) 5 1 5 3.4 1.52
QF_C Functionality (Control) 5 1 4.8 3.64 1.51
QU C Usability (Control) 5 4 6 4.7 0.84

The data for theefactoring protocol factors for the first day (the “own” DCGA system) in
the table below show that the experimental grougestigated and treated more quality

defects than the control group (Table 28).

Table 27: Descriptive statistics for Refactoring potocol factors (experiment group)

Factor Factor Name N | Min Max | Mean S‘g
IC_ E # Classes investigated 7 8 24 16.72 6.04
IE_E # Elements investigated 7 9 26 18.14 6.57
IQD_E # Quality Defects investigated 7 10 64 31.71 18.80
Treats_E [# Treatments conducted 7 7 35 17.86 11.47
IgOD_E |# QDs ignored 5 1 23 13.6 9.34
TPQD_E |Treatments per QD 5 1035 1 0.61 0.28
IPQD_E |lgnores per QD 51004 | 058 0.37 0.20
QDPC_E |QDs per Class 7| 12 2.7 1.8 0.56
TPC_E Treatments per class 7 | 05 1.9 1.1 0.52
IPC_E Ignores per class 5] 01 1 0.66 0.36

While slightly more elements were investigated bg experimental group, the ratio of
treatments (TPQD) vs. ignore activities (IPQD) alenost identical. Additionally, more
guality defects per class were investigated ancermr@atments and ignore activities per class
were conducted.
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Table 28: Descriptive statistics for Refactoring potocol factors (control group)

Factor Factor Name N | Min Max | Mean [S)‘t;/
IC C # Classes investigated 5 6 22 11.8 6.38
IE_C # Elements investigated 5 8 38 15.8 12.56
IQD_C # Quality Defects investigated 5 8 38 17.8 11.67
Treats_C |# Treatments conducted 5 2 27 10.2 10.59
IgOD_C |# QDs ignored 5 2 8 4.6 2.61
TPQD_C |Treatments per QD 5 (1014 | 0.88 0.53 0.35
IPQD_C |lgnores per QD 51013 | 0.62 0.30 0.20
QDPC_C |QDs per Class 5 | 1.2 2 1.48 0.36
TPC_C |[Treatments per class 5| 0.2 1.2 0.76 0.47
IPC_C Ignores per class 51 0.2 0.7 0.44 0.24

3.4.3 Subject Analysis

In order to evaluate the transferability to othevieonments and comparability of the results
with other studies we analyzed the background ameepisting knowledge of the subjects.
Here we used the briefing questionnaires (0) ireotd elicit information from them.

As the questionnaires asked several questions aheytersonal background, experience and
knowledge of the subjects. In the following sectitve answers from these questions are
further analyzed and evaluated.

3.4.3.1 Background data

The background data from the briefing questionnaanmesists of six main information blocks.
It includes information on the number of semestd#rs,number of practical courses already
completed, the type of study conducted, as wethasnajor and minor subject of the study.

Six participants have a background in informatgsereas on participant has a background in
education. However, this participant has 20 yehexperience in programming.

3.4.3.2 Experience of the Subjects

The briefing questionnaire was also used to idgritie experience of the subjects with the
main topics of the experiment. Based on the pradcgpmponent analysis (PCA) of the
guestions on the questionnaire, five experiencmifaavere identified and confirmed. These
factors are experience with development, experientteJava programming, experience with
refactoring, experience with software quality aasge, and experience with software
maintenance. These factors were measured usingeat [Scale. However, in raw years the
following data was also measured:
Table 29: Descriptive statistics for experience afubjects

Factor N Min Max Mean S
Dev.

How many years of computer

programming experience do you have, if 7 6 20 11.29 5.25

any?
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How many different applications have you 7 3 20 943 6.13
programmed?

How many different applications have you

programmed in Java? [ ¢ = [ S8

How many years were you involved in

maintaining & improving a software 7 0 3 0.86 1.07

system?

As it can be seen in above table, the participanésquite experienced regarding software
development. However, they are not very experiemegdrding maintenance.

3.4.4 Hypothesis Testing

3.4.4.1 Impact on Quality — Hi4

The effect of the prioritization used in SQuaH be perceived quality improvement was the
main aspect of the controlled experiment. To inges¢ this effect of the independent factors
on the dependent factors the hypotheses havedtatistically analyzed. The hypothese§H
M H.QE HQP HR H.@F, and H?Y will be analyzed using a dependent sample t-test.

* Hix Using VIDE-DD has gositive effect on the model qualitpmpared to the manual
inspection of the software model (in the same tpae3.
Table 30: Dependent Sample t-test for ISO9126 faat® (experimental group vs. control

group)
sig. |sd |
: Confidence

Dependent | o Name t df (2- Error I FOEr
Factor ; Interva

tailed) |Mean

Lower |Upper

Qb ML 104 | 4 | 036 | 099 | 172 | 379 | NA
QP Portability 083 | 4 | 046 | 043 | 154 | 083 | NA.
QE Efficiency 050 | 4 | 064 | 1.00 | 328 | -2.28 | N-A.
e el 032 | 4 | o077 | 050 | 155 | -123 | NA
QF Functionality 099 | 4 | o038 | 060 | 108 | -228 | NA
QU Uil 021 | 4 | o084 | 115 | 342 | 294 | NA

Concluding from the results of the t-test, we aveable to reject the null-hypothesis.

3.4.4.2 Diagnostic Efficiency — Hp,

SQuaH as realized in VIDE-DD is aimed at improvithng goal-oriented presentation of
quality defects to software engineers. Beside aprorement of the software’s quality it

should also improve the treatment of the softw@iceinvestigate this effect on the dependent
factors, hypotheses;H¢, H,"'?®, and H" "% have to be statistically analyzed. In order to
do that a dependent sample t-test is used.

* Hjp Using VIDE-DD results iltmore quality defects diagnosedmpared to the manual
inspection of the software model (in the same tpae3.
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Table 31: Dependent Sample t-test for ISO9126 faat® (experimental group vs. control

group)
Sig 95%
: Confidence
Dependent Factor t df (2- Std. Interval Power

tailed) |E"TO"
Mean |Lower |Upper

Number of Classes investigated 295 4 0.09 231 | 11.62 | -1.22 0.34

Number of Quality Defects investigated 3.33 4 0.03 354 | 2163 | 1.97 0.4

Number of Treatments conducted 0.95 4 0.40 6.13 | 22.81 | -11.21 | N.A.

The results from the t-tests show that the paditip investigated significantly more quality

defects when they were using the VIDE-DD. In additithe number of investigated classes
can also be considered as significant, assumingeaaled significance, which would result

in a p-value of 0.04. Due to the low number of jggraints the power is quite low. A raise in

the number of participants, e.g., to a total sarsj@e of 12, would yield an acceptable power,
higher than 0.8 in both cases.

However, the results do not show any significarffedence regarding the number of
treatments conducted.

3.4.4.3 Handling Efficiency — Hyc

* Hje Using VIDE-DD results inmore quality defects handlecbmpared to the manual
inspection of the software model (in the same tpaes.
Table 32: Dependent Sample t-test for handling effiency (experimental group vs.
control group)

: 95%
Sig.  |Std  |confidence
Dependent Factor t df (2- Error  |interval Power
tailed) |Mean
Lower |Upper
Handling Efficiency 1.62 3| 0.20f 0.06] 0.30{ -0.1] N.A

Concluding from the results of the t-test, we ayeable to reject the null-hypothesis. There is
no significant difference regarding handling e#iecy when using the VIDE-DD or doing the
task manually.

3.4.4.4 Acceptance and Use of VIDE-DD (UTAUT) — Hy

In order to investigate the effect of the independmctors on the dependent factors the
hypotheses have to be statistically analyzed. §potheses kf®', H "5 HAFE, HAM,
H,"°E, and H*** will be analyzed using a one sided t-test as & uneasures are based
upon an interval scale.

* Hiq Quality defect diagnosis tools (such as VIDE-CHave a significanpositive rating
towards acceptancand intention to be used.

After the independent and confounding factors drecked, the actual hypotheses are to be
evaluated. The results of the normality analysmsagd that S| and AT do not have a normal
distribution and have to be tested using non-patértests.

Using a one-sample t-test against the value 4 wehgeresults as listed in the table below.
They show that the UTAUT factors regarding effoqpectancy and anxiety have a significant
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difference from the neutral value 4. The posithaetdrs performance expectancy has a
positive difference from 4 and the negative fackmxiety has a negative difference. In
addition the power for these factors is high enowghccept the hypothesis.

For the other factors, the test did not yield digant differences.
Table 33: One Sample t-test for UTAUT factors agaist test value 4

5 - Sig. M 95% Confidence
ependen Factor Name t df (- | rean Interval Power

Factor N Differ.

tailed) Lower | Upper
PE Performance expectancy 1.41 4 0.23 0.60 059 1.79 N.A.
EE e 335 | 4 | 003 | 114 | 020 | 208 | 100
AU Al 154 | 4 | 02 | o076 | -061 | 213 | NA
Sl ol i tenss 064 | 4 | 056 |-024| 120 | 081 | NA
FC Facilitating conditions 0.00 4 100 | 000 | -1.31 1.31 N.A.
=k elielineasy 075 | 4 | 05 |-027| ‘125 | o072 | NA
- ADEY] 536 | 4 | o001 |-198| -301 | -095 | 093
BI Behavioural intention 0.00 4 1.00 | 000 | -2.32 232 N.A.

3.4.5 Conclusions
Based on the results from the empirical study westate the following statements:
» 80% more defects are found using VIDE-DD than mhmspections.

» VIDE-DD is perceived as useful, especially regagdits potential to reduce the effort
required for the refactoring

» The use of QDD tools such as VIDE-DD are signifibamfluenced by the factors effort
expectancy and anxiety.

We cannot state that VIDE-DD improves the qualigngicantly. However, the indications
go in that direction. The low number of participgrdnd the fact that two participants did not
finish the second part of the experiment for schiedureasons, might have yielded these
results. We assume that in practice the effeciso@imore visible.

In general, we can extract the following informatioom the UTAUT factor analysis:

* QDD Technology is perceived to have a low efforuse (EE) and is not intimidating for
software engineers. However, the influence on tterofactors is neither significantly
positively nor negatively affected.

» The original UTAUT model does not perform very wigllthis evaluation. Explanations
for the bad performance might be the low humbesubjects, the supportive resp. assisting
nature of QDD Technology, or cultural differenceTAUT was evaluated in the context
of companies in the United States).

* The best model to predict the intention to use QDHE2hnology is based upon Attitude
(AT), Self-Efficacy (SE), and Social Influence (SI)

While the logical model significantly explaines % of the variance in Bl, the results should
be seen as preliminary. More subjects are needadtdaevaluation of this model, however, as
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no information of the basic population of softwargineers exists, so far, the exact amount
and mixture of subjects cannot be stated.

3.4.5.1 Future work

A future replication of the experiment using papants from industry would be helpful in
order to provide more realistic data.

3.5 Evaluation of the aspect-oriented Modelling approale in VIDE
(FIRST)

One part of the VIDE project was the investigatiadrihe aspect-oriented techniques to allow
for suitable modularisation of crosscutting conseand to integrate the aspect weaving
activity into the model driven development processithe VIDE tool chain.

The VIDE environment allows for using aspect-orgshteatures (at PIM level and partially

also at textual level) to realize so called cro#soy concerns in a modular way and to adapt
the behaviour of a base application in a non-inkesvay. The required aspect-oriented
constructs are defined in an UML Profile. The aspeodel, which makes use of the AO-

related constructs, is stored in a separate maldelHence, the base model has not to be
modified or adapted.

The Aspect Weaver consumes the base model withakie application and the aspect model
with the additional behaviour and produces one erkrgbject-oriented model at the same
abstraction level, which covers the functionality thbe base application as well as the
additional functionality, originally specified witihthe aspect. The resulting model conforms
to the VIDE metamodel and can be processed by durtomponents without support of

aspect-oriented semantics (e.g. execution engiadehtompiler).

The approach was partially implemented in the cdnté the work package 9. The UML
profile for representing aspect-oriented construas fully implemented. The more complex
aspect weaver component was fully implemented har scenario. This scenario includes the
matching of different join point types (operatioallcaction, read structural feature action,
write structural feature action, etc.) and the wegwof VIDE conform aspects, using the
binding kind around. This is the most complex case, so that all otheses can be
implemented in an analogous way without additiopabblems. The aspect weaver
component was developed using new model-based dkxjies, such EMF and ATL
(http://www.eclipse.org/m2m/atl/). The corresporgliaclipse plug-in was developed using
Java, which realizes the seamless integration dmed launching of the ATL model
transformation engine.

To sum up, we have developed a extension to theEMi@bl chain, which provides the
capabilities for modelling crosscutting concernsainmodular way using aspect-oriented
concepts and which provides a fully VIDE compliant seamless integrated aspect weaver.

Since the aspect weaver supports the one mentssesthrio, it is not possible to verify the
measurable results in a competition between VID&gm@mmmers and programmers using
other development tools as stated in the descniifavork. The fact, that the aspect-oriented
components do not implement all proposed concewt® fechnology, low resources) would
adulterate the results.

Therefore the measurable results will be verifiethie following survey.
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3.5.1 Measurable results

The measurable result, stated in the descriptiomook, can be spitted into two separate parts,
which of course partially relate on each otheithimfollowing, the two parts are described.

MR3a: Expressiveness in terms of join point models anskipdities of structural and
behavioural adaptation compared to existing AOPrapphes.

How will it be verified?

The achieved AO modelling and composition facditigll be compared with existing AOP
approaches at programming language level, consmderin particular the adaptation
semantics and expressiveness at PIM level.

Description:

One part, this criteria focus on, is the join paimddel, which describes the points/events in
the execution of a system. These events can beepted and the behaviour can be adapted
or modified. The types of join points with diffetgoroperties define the join point model.

Since different AOP approaches can have differeint point models, the expressiveness of
these approaches with respect to the selectallepgmints can vary. Typical join point types
are for example invocation of methods, executioomethods, exceptions. Join point types,
which relate to the control statements (e.g. ifditon join point or loop join points in
LogicAJ2) are usually not included in the join pamodel.

To capture certain join points, a pointcut selectioechanism is required. Pointcut selection
mechanisms can differ in the flexibility and exmi@eness. The most approaches tries to find
a compromise between flexibility and understandgbiPointcut languages can quantify over
static information (lexical structure, containmesiatic typing, inheritance, additional meta
information, etc.) and over dynamic information igalale at runtime such as call stack,
dynamic argument values, the full execution tratéhe application, the structure of the
dynamic heap, etc.

In the ALPHA approach (Ostermann et al., 2005), ifmtance, pointcuts are perceived as
logical queries on different models or structusesh as AST, Execution trace and Heap.

The second part, the criteria focus on, is the ipog of structural and behavioural
adaptation in a non-invasive way. For the behavamaptation, the following issues play a
relevant role:

» Binding kind

* Mechanisms for managing advice precedence andtaspererence
» Static restriction of modules to be adapted

» Kinds of aspect instantiation

* Available context information

The structural adaptation is about extending thecgire of different modules in the program,
such as adding new attributes and methods.

MR3b: The (visual) aspect composition at PIM-level wal sufficient to cover at least 90%
of typical AOP-scenarios in those parts of an aggtion, that can be defined in the VIDE
language.
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How will it be verified?

Representative scenarios will be chosen for thepasison with respect to the business
application domain.

Description:

The requirements with respect to the features, @rapproach have to provide, depend on the
scenarios. Each scenario may make use of difféeantres.

The measurable result MR3a will be verified asdie. The key features, related to the
comparison, of the WP3 approach will be briefly atésed. After that, different approaches
for aspect-oriented programming will be introducaad compared to our aspect-oriented
modelling approach.

To verify the measurable result MR3b, some typsmdnarios will be defined. The features
required for realization of the scenarios will bentioned. A discussion will follow, weather
our approach is suitable for the realisation ofgh@posed scenarios. Here, of course, we have
to consider the fact, that a scenario can be impiteed in different ways.

3.5.2 Comparison of aspect-oriented approaches

Various aspect-oriented approaches are availablexesnsions for different programming
languages and frameworks. The AOP approaches, hoskee described and compared in
this section, represent a small subset of the iegisapproaches and differ in various
characteristic features. The following descriptioouses on the key features and does not
give a full introduction to the aspect-orientedgaages.

3.5.2.1 AOM approach in VIDE

In work package 3, an approach for modelling anéwvey aspects was developed. The
developed concepts for aspect-orientation at Pix¢llevere inspired by Aspectd (AspectJ
2008) and the AOM approach, presented by FuentdsSamchez (Fuentes et al.). We
focussed on behaviour adaptation of base modela mon-invasive way. This kind of
adaptation is more complex and consists of an @kpgbin point model, an approach for
defining pointcuts and a weaving mechanism for mer@spect models and base models.
Therefore a mechanism for structural adaptation masdeveloped, however our approach
can be easily extended to support the structuraliflmation of modules within the base
model. For this reason, the example scenarios, asithe Consistency Check example, were
designed in such a way, that the structural adaptét not required.

Structural adaptation can, for instance, be usestde additional context information in an
object, which is intercepted by an advice. Sinceswgport different instantiation mechanisms
(one aspect instance per system, once aspect d¢espmr each callee or caller, one aspect
instance per each join point), in some cases #usirement can be realized by storing the
context information within the aspect instance.

Our pointcut model, in fact, could include any kimfdaction, but we have explicitly restricted
it to the typical behavioural join points, like ibwation of an operation, execution of an
operation, setting and reading an attribute.

We have decided to allow for modelling of named #retefore independent advices, which
can be explicitly bound to an advice. This featallews for reusing advices in different
contexts. An explicit binding (called al€@onnectorin other approaches) is used to connect
the advice and the pointcut. The binding definestimding kind, such asefore after and
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around In general, the binding kindster andbeforeare special cased of the binding kind
around but the separation of the binding kinds simpdifiee handling in several cases.

As already mentioned, the binding connects thecagwontaining the additional behaviour to
the pointcut. The pointcut defines the join poitttshe selected and consequently where the
additional behaviour has to be injected in the baseel. Similar to AspectJ, our pointcut
mechanism makes use of different so called poirggpressions. The pointcut expressions
are represented as detailed metamodel instancebasoo textual parser is required. This
decomposition of pointcuts facilitates the pointeuoatching process using model-driven
technologies.

Our AOM approach offer a various set of pointcupressions and possibilities (see D3.2),
which can be used to describe the join points,ecsélected. To allow for passing context
information into the advice, the advice itself aallvas the pointcut contains a signature. The
pointcut signature can be seen as a uniform irderta the selected join points and the
corresponding contexts. The so called context axgopointcut expressions are used to
define, which context information should be passedwhich argument in the advice
signature. The available context information is tadler object, the callee object and the
arguments of the captured join point.

Within the advice we offer the possibility to invlexplicitly the capture join point and pass
the corresponding argument to it. Our approach doe®ffer the capability to get reflective
information about the join point, because thisdeatvas not required by the initially defined
scenarios. In our approach we also do not handdeattvice precedence and the aspect
interference.

In our AOM approach, the corresponding aspect weanaides a static weaving approach at
the platform independent model level. The aspedtase models are at the same abstraction
level as the woven model. This kind of weavingnalagous to the source code weaving at
programming language level. The weaving approachsists of two phases: Pointcut
matching and aspect weaving. The Pointcut matcpnogess tries to find all points, which
match to the pointcut declaration. If the pointdefinition makes use of properties, which are
only available at runtime, the pointcut matchingchrnism only can find potential join points
in a static way. Another approach is an approxwonabdf runtime properties using a static
program analysis.

Since our approach do not support dynamic pointiesignators likecflow, all join points
(respectively the corresponding model elements)l@ated during the pointcut matching.
The aspect weaving process does not weave additonditions into the base model, but
rather focuses on the waving/injecting of the adddl behaviour.

Our weaving mechanism does not inline the addititedaviour into the base model, but
rather encapsulates the aspect in a separate thssations of the advice methods are
woven at the places, where the join points weratified. Since the aspect is encapsulated in
a separate class, different instantiation mechanismcording to the modelled aspect
properties can be realized in a more elegant way.

3.5.2.2 Aspectd

The most known and widespread AOP approach is A3gAspectd 2008), which is realized
as an aspect-oriented language extension to JasfeecA) provides the functionality for
behavioural and structural adaption of the bastesysStructural adaptation is realized using
Inter-type declarations. Using this feature, thegpammer can declare attributes and methods
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which cut across multiple classes and interfacaghErmore, Inter-type declarations can be
used to modify inheritance relationship betweess#a.

For reasons, which were already mentioned, our caghr does not support structural
adaptation. The realisation of structural adaptafar platform independent models would
result in a straightforward model merging mechanismthat this feature could be integrated
easily.

AspectJ provides a dynamic join point model. Jaamf{s are certain well-defined points in
the execution of the program and not program elésn&insource code level. Each invocation
of a method, for example, is a separate join pewn if this point is represented by only one
program element in the source code. The correspgngiiogram elements at source code
level are called join point shadows. AspectJ presidiot only for kinds of join points like
method call, method execution, field get and fiskt (AO approach in VIDE), but also
includes join point kinds like exception handlingdaadvice execution (For complete
reference see AspectJ documentation (AspectJ 2008))

The pointcut language of AspectJ provides pointiasignators to specify static and dynamic
properties and to compose and reuse pointcutsléBiefiect is achieved by our composition
of pointcut expressions using thaersectionPCEIn contrast to our approach, advices are
bound directly to pointcuts and cannot be reused suitable way. Theroceedstatement,
which allows the invocation of the captured joinmacan be invoked without arguments, if
the arguments were not passed to the advice. Shieny useful for advices without any
modifications to the arguments. This convenientuargnt buffering mechanism is not
realized in the VIDE AO approach.

Since the AspectJ approach allows for using dyngmoiatcut designators, the join points
cannot be fully resolved in a static way. The Asperompiler checks the static properties
during the pointcut resolving. The result is a @epotential join points. During the aspect
weaving phase, corresponding behaviour for checltieguntime properties is woven before
the advice call. Only if the woven condition is drat runtime, the advice is executed
(Vanderperren et al., 2005). This mechanism forwvepadditional conditions or explicit
behaviour for identifying join points at runtimengcessary, if the pointcut mechanism shall
support the specification of dynamic pointcut prbies.

Aspectd is one of the first commonly used AOP apgines. A multitude of aspect-oriented
languages are inspired by the functionality of Atpe Hence, the descriptions of the
following aspect-oriented languages will focus be significant differences.

3.5.2.3 JBoss AOP

JBoss AOP (JBoss 2008) is an aspect-oriented eatens Java. It was developed in the
context of JBoss, but still can be used without whele JBoss application server context.
Overall, JBoss AOP offers similar features like &sfd. JBoss AOP is not only a framework,
but also a prepackaged set of aspects that areedpjh annotations, pointcut expressions, or
dynamically at runtime. Some of these include aaghiasynchronous communication,
transactions, security, remoting, etc. Similar tw approach, JBoss AOP use named advices
and named pointcuts, so that these advices camobedltonnect in a flexible way. The
aspects and interceptors (aspect with only onecajlare defined as pure Java classes. To get
context information within an advice, a special ARl used (Constructorinvocation,
MethodInvocation, FieldWritelnvocation, etc.). Tpeintcuts and the bindings are defined
either using a XML descriptor or as Java annotation
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JBoss AOP provides a lot of useful features (expticecedence handling, dynamic pointcut
designators, the ability to add and remove adviedibgs at runtime, Introductions, etc.), but
one of the most important advantages with respecbour approach is the capability to
guantify over additional information, added as Jawaotation to all constructs, which can
serve as a join point. Using the Java annotatidie, programmer can add additional
semantics to the program elements. This additionata information can be used in
combination with the properties of the program edatrto specify pointcuts. This approach
partially makes the pointcuts robust against sorogram evolution.

3.5.2.4 JAsCo

JAsCo (Vanderperren et al., 2005; JAsCo 2008) megd is an advanced AOP approach,
hence, only the key features will be discussed r(siEgences for detailed information).

The JAsCo approach focuses mainly on reusabilitgspiects amongst multiple applications.
Crosscutting concerns are modularized in so callepgectBeans which do not refer to
concrete component types and APIs. The aspect laearfally independent of the base code.
On the other side, €onnectorinstantiates an aspect bean within a concrete coer
context. The Connector approach is similar to andibg, but works on aspect level and not
on advice level. The Connector serves as a deplolymechanism. The Pointcut-Advice
combinations are defined in so callelboks which are a special kind of inner classes of
aspect beans. Pointcuts are defined within the loolstructor in an abstract way. They do
not refer to concrete program elements, but rather kind of template, which is defined in
the hook constructor signature. The concrete poistare defined within the connectors,
which instantiate the hooks and pass the conctequts to them.

To be more concrete, the pointcut definition obglgudepends on the base code (lexical

structure, containment, etc.). To achieve the talisaof such aspect beans, JAsCo excludes

the part, which deals with the lexical informatidrgm the aspect bean. This fact makes the
aspect bean independent of the concrete lexicatnrdtion and therefore more abstract. The

structural part of the pointcut is defined withirethook (part of the aspect bean), the lexical

part of the pointcut is defined within the Conneaad is than passed to a concrete instance
of the corresponding hook.

The join point model is similar to Aspect]. JAsCoowides a lot of features such as
customisation of hooks, introductions (called VaitiMixins), precedence mechanism and
combination strategies, which are able to managectioperation of aspects (see JAsCo
language description (JAsCo 2008)).

As a solution for the problem of td@mping Aspect@richau et al., 2000), JAsCo provides a
very powerful mechanism, which allows for matchicmmplete sequences of events rather
than singular events. This approach is called fstatespects. These approach bases on the
state machine construct. Abstract Pointcuts seagesgvents, which trigger the transitions
between specified states. Advices can be bounttess Summing up, the occurrences of join
points, which are captured by a pointcut, trigdper transition of the specified state machine,
but do not directly cause an invocation of an aglviche advice is invoked not before a bound
state is reached or entered. The listing 1 giveisngnession, how to define stateful pointcuts
(Example taken frorttp://ssel.vub.ac.be/jasco/documentation:stateful
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package test:

class ExamplelLoggerBean
hook StatefulHeook

StatefulHook istartmethod (. .argsl), runningmethod(..args2),stopmethod(..args3
start>pl;
pl: execution startmethed) > p3||pZ;
p3: execution (stopmethod) » pl;
p2: execution (runningmethod) > p3||p2;

before pZ2
Ffdo the logging:
Syztem.out.println("executing: "
tzalledmethed. getName (1 +7 "
tcalledmethod. getClassName

Figure 23: Example of a Stateful Pointcut

Our approach does not support such stateful aspeatsto some extent, it is possible to
“simulate” this behaviour by implementing the statachine logic within an aspect manually.
This is shown for example by the M4JPDD generatoAspect]. Using JPDDs (Stein et al.,
2006), stateful and pattern-based pointcuts camdmelled. Some of the modelled constructs
do not have the corresponding counterpart in Agpect that the addition logic is generated
as a state machine implementation within the aspect

3.5.2.5 LogicAJ

This approach also addresses the problem, thattagpented languages in general increase
the modularity but negatively influence evolvaliliby introducing lexical dependencies to
the base program (Kniesel et al., 2005). In consparito out approach and to Aspect],
LogicAJ introduces a concept calledgic Meta-VariablegLogicAJ 2008). A meta-variable
captures one base program element. Meta-variabdekka named wildcards, but in contrast
to the wildcards for instance in AspectJ or in approach, one can refer to the value matched
by a meta-variable by using the same meta-variebknother expression within the same
scope. All occurrences of the same meta-variabéesoope must match the same value. This
mechanism is used also by the JPDD pointcut maodebipproach. In this approach, it is
possible to refer to values by using the same wtiable (identifier) in further expressions.
JPDD therefore allows for expressing stateful pmitg, which makes use of value-based
dependencies between different events.

The example in the listing below gives an impressimw the logic meta-variables are used.
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———— LogicAdJ Implementation m— AspectJ Implementation
aspect MockAspect | -y Jogic variables used In the advice body aspect Mocklispect |

Object aroluﬂ(?:m;c.k, Pargs) - : Object aroundi) :

& Bind ?class tothe name of the instantiated class calli* new(. .1}

call{?class.new(._}} && {
Class clazz = thisJoinPoint. getSignature!). gecbeclaringTypel)
____________________________________________________ String name = clazz.getHNawme();
& Check Iif g class with name ?class +"Mock” exists T Class week; T
concat {?class, "Mock", %mock) 44 try |
class (fmock) &4 mock = Class. forName (name + "Mock");

} catch (ClassNotFoundException ex) {

return proceed!);

args [ Pargs ) Object[] arguments = thisJoinPoint. getlrogsi();
{ try |
A Return Instance of mock class, weave time check for constructor Constructor constr = resolveConstructorimock, arguments);
A
return new fmock(fargs); . return constr. newlnstance(arquments) ; 1
I3 } catch (Exception ex) { |
I3 throw new huwtimeException("Instance creation failed") ;:
P
A
L
' '
fails at runtitme if the Invoked constructor addiitional method
does hot exist in the mock class 38 lines of code)

}
Figure 24: Implementation of a MockAspect using LogAJ and AspectJ

Furthermore, LogicAJ provides an advanced mechari@nthe analysis of interferences
between aspects (LogicAJ 2008).

3.5.3 Typical AO Scenarios

The following sections will give an overview of tseenarios to be used for the evaluation of
our approach. Features, required for the corregpgnetalisation will be mentioned and it
will be discussed, whether the scenario can béseshin sufficient way. This survey focuses
on the following categories:

e Join point model

» Expressiveness of the pointcut language

» Structural adaptation

* Behavioural adaptation
o Context information
0 Modification of the context passed parameter
o0 Invocation of the captured join point

* Binding

Criteria like reusability and aspect interference laard to measure and go beyond the scope
of this survey.

3.5.3.1 Monitoring

Monitoring can be done on various levels and fdfedént purposes. Commonly used
middleware platforms already provide built-in cajiies for monitoring. On application
level, often an individual monitoring mechanism bha$e developed. What and when should
be monitored, depends on the individual scenarixe code/model which contains the
business logic as well as the monitoring functigpat difficult to maintain, increases the
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complexity and decreases the understandability.ifdong is a typical crosscutting concern
so that aspect-oriented concepts can be usedcfumaete realisation.

A possible process model for Performance Monitodag be described as follows:

Define performance targets

Derive/select metrics for performance measurement
Identify required measurement points

Inject Code/behavioural model for measuring

Define monitoring scenarios

o 0k~ wdhPF

Integrating of monitoring

From the aspect-oriented point of view, during skepnd 3, the aspect oriented approach
plays a significant role. After the definition dig measurement points, the aspect-oriented
approach has to be checked, if the join point mpdeVides the required types of points in
the execution of the system. If the join point mlodler instance, only consists of join points
for field access, it is not possible to capturehmdtinvocations.

Furthermore, the capabilities of the pointcut medsa, which allows for selecting join
points using different information, decides, whettltee defined measurement points can be
captured. For instance, if we want to select simy&thod invocations to be monitored, we
only need a simple pointcut mechanism. But for norimig of complete execution patterns,
an advanced pointcut mechanism (see e.g. JAsCejisred.

If the identified measurement points do not haweilar properties on model or code level,
the pointcut mechanism cannot select the requiceatg by quantifying over model or code
properties (e.g. lexical structure, containmertignitance, cflow, etc.). In this case, additional
meta information for the measurement points inntieglel is required. This information has to
be inserted manually into the model at the corredjpg places. The pointcut mechanism
than have to provide the capability for selectioig points based of these meta information.

On the other hand, the monitoring can be realineslich way, that all join points are calling a
main aspect, which implements the logic concerfangnstance the type of the join point, the
name of the method and the caller/callee of thehatktThis alternative requires the AO
approach to provide extensive context informatibjoim points within the advice.

Regarding step 4, our weaving mechanism is suifableehavioural adaptation of the model.
The additional behaviour is injected into the basedel according to the waving strategy,
described in deliverable D3.2.

Considering all the mentioned issues, a common tmang functionality can be realized
using the VIDE AOM approach.

3.5.3.2 Logging

Logging aspects log several activities and evehtie system and can for instance be used
for Tracing, Debugging and Profiling. The applidapiof the selected AO approach depends
strongly on the issues to be logged and on thegoint model and the pointcut mechanism.

On the one hand, the aspect (what and when shalddged) can be on the one hand
realized using an advanced pointcut mechanism withay logic within the aspect. On the
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other hand, the simple pointcut mechanism can cagatii possible join points and the aspect
logic decides by using context information of thmjpoint, whether to log the activity.

A logging mechanism with standard requirements lmanmplemented using the VIDE AO
approach.

3.5.3.3 Error handling

Similar to logging, the error handling aspect olesfiogs the activities and events of the
system. However, the error handling aspect focosethe observation of errors, occurred in
the system. Often, error handling aspects baséherjoin points, triggered by exceptions.
Possible behaviour can be realized within an dramdling aspect, such as:

+ Sett attributes to uncritical values
» Switch to safety state

* Dump the system state and shut down the system

The behaviour, executing during the error handtiag be expressed and woven into the base
model using the VIDE approach, but our join poimidal does not support exception join
points, so that the error handling based on exaeptin points cannot be realized.

3.5.3.4 Security

Security is a typical application area for aspearied concepts. Security can be realized on
different levels and can contain for instance autibation and authorization. The kind of
security, which is described in this section, fau®n the access authorisation for various
methods.

If we want to ensure, that only users with the ectrpermissions are allowed to invoke a
method, the aspect has to check the current usehiarpermissions. If the user is not logged
in or do not have the right permissions, the meikatt executed.

To achieve the effect, that a method is executed gonditional way, the aspect-oriented
approach needs to offer the binding kiadound which allows replacing the method
invocation with an advice invocation. Furthermome,case of the right permissions, the
invocation of the intercepted method has to bewath The aspect has to check the
intercepted method, the user and his role. Usiigitiliormation, the aspect decides whether
to execute the intercepted method or rather t@ raisorresponding exception. This look-up
can be done completely within the aspect usingctirgext information of the intercepted
method and a kind of look-up table for allowed gg®tes for this method. In this case, the
AO approach has to provide the capability to detleenthe name of the intercepted method.
On the other hand, the information with respectthe roles having the permissions for
executing the methods can be added directly irgoctide or model as meta information. In
this case, the aspect has only to check, whetleeculrent user is associated to the required
role. Otherwise, a corresponding exception is thise

Summing up, the AO approach in VIDE do not provadpport for evaluation of additional
meta information (neither for pointcut matching neithin the advice). Nevertheless our
approach can be used for realizing the securitgaspithout meta information in the base
model. The whole logic can be implemented withim ¢rresponding advice.
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3.5.3.5 Business rules / Consistency Checks

In the domain of business applications, certairinass rules may not be violated during the
lifecycle of the business application. A speciadeca@f such business rules is our example
dealing with consistency checks of several businegscts.

Several consistency checks are performed whertdke af the opportunity business object or
some of the associated objects changes. The aetiwhactivities that enforce the consistency
checks cut across different modules. The followisging depicts an example of consistency
check (for detailed description, see D3.1 and 3.2).

(C3): Oportunity.processStatusValidSinceDate
SalesForecagxpectedProcessingDatePeriod.StartDate

The consistency checks are performed when a relexdime or state of a business object is
going to be modified. From the point of view of th&® approach, these points in the
execution of the system have to be captured. Ifjaire points are captured and the advice
performing the consistency check is executed, itasessary to get access to the involved
business objects to perform the consistency chef€ks.this purpose, the capability for
context exposure has to be provided.

Various consistency checks exist for various bissrabject types. It has to be decided, which
consistency check have to be applied for whichriass object. On the one hand, individual
pointcuts can contain the type checking, so that lbund advice only consists of the

corresponding consistency check for one businegibtype. On the other hand, a general
pointcut can capture all points relevant to thesestency check concern. All rules for the

consistency checks are described in one advicehmdiso contains the logic for resolving the

type of the business object and the corresponaingistency check to be applied.

Both cases can be realized using our aspect-odientelelling approach.

3.5.3.6 Measurement of code coverage using AOP

Coverage measurement is a relevant mechanism,ttangalea, which program or model
elements are covered by a test suite. This meanaras be used during test execution or for
the test generation process to achieve the seleoigztage criteria. Various coverage criteria
on source code and on model level are used. Ghenfunctionality is realized using code
instrumentation.

Again, if we, for instance, want to measure stat@neverage for method invocations and/or
field accesses using aspect-oriented conceptgpwupoint model, described in D3.2, seems
to be sufficient. On the other side, criteria lt@ndition coverage cannot be analysed using
our approach, because we cannot intercept the arsguof conditions e.g. within “if”
statements.

The LogicAJ2 (LogicAJ2 2008) approach provides gy\generic code pattern base pointcut
mechanism. The listing in figure below (taken  fronittp://roots.iai.uni-
bonn.de/research/logicaj/logicaj2/pointcuts) shdkes possibility to match an “if” statement
with the corresponding condition.

-89-
© Copyright by VIDE Consortium



FP6-IST-2005-033606, Visualize All Model Driven Bramming Work Package 11 — Deliverable D11.3
Version 1.0 Date 2009-01-14

pointcut if with bool condition{ ?jp , ?condition , ??stmbs |:

binary boolean expressions( ?condition , 2?2 ., ? ] &&
stmt ( ?jp , if | ?condition ){ ??stmt=} ):
Figure 25: Pointcut for “if” statements

3.5.4 Conclusion

The comparison of the aspect-oriented approacheshwvn, that the approach, developed in
the VIDE project provides features, which are samtb the features provided by the AspectJ
approach. The pointcut mechanism of our approaels dot support dynamic properties like

cflow and advanced mechanisms like stateful potstcun contrast to Aspectd, the

introduction of named advice and an explicit bimdlvetween pointcut and advice improve
the reusability of aspects. The main objective bé tworkpackage 3 was not the

implementation of a large variety of AO features$ tather the integration of aspect-oriented
concepts into model-driven software engineeringcgsses and into the VIDE language,
which makes use of a seamless integration of intiperand declarative language constructs.
The flexibility of our approach provides the capidypifor various extensions such as

modelling and matching of dynamic properties.

The second part of the survey introduces someefypical AO scenarios and discussed the
feasibility with respect to the VIDE AO approacton®e of the required features are missing
(e.g. exception join point), but nearly all scenarcan be designed in such a manner, that the
VIDE AO approach provides capabilities for a sugatealisation.

3.5.5 Future work

To make the AOM solution fully useful, from our poiof view the following areas has to be
addressed:

Aspect Editor:

The creation of aspects consists of three partmeétsstructure, Advice behaviour and
Pointcut definition. Since the structural part loé taspect is realized as UML stereotypes of
existing elements, the aspect structure can betetteasing common UML tools, like
Topcased. The advice behaviour is created usindetkteal editor, which was extended to
advice-specific constructs. The pointcuts and tbeesponding Pointcuts expressions are
realized as additional meta classes and therefotecreatable by using the UML editor
without a corresponding extension. In a further kvg.g. separate project) the following
items could be addressed regarding the AspectiEdito

» Creation of the advice behaviour using the visdébe

» Convenient creation of pointcut definitions
0 textual pointcut language and integration intoTe&tual Editor
0 visual pointcut language and integration into theud| Editor

* Integration of existing approaches for modellingnpeuts (e.g. JPDD)

» Extension of the expressiveness of our Pointcutagmi with respect to the specific
features of the VIDE language (e.g. history andegpatbased pointcuts)

* Using dynamic pointcut expressions, which refershi dynamic/runtime properties
of the behavioural model
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Additional tool support, such as

0 Refactoring of Aspect-Oriented behavioural modeld.iupdate/rephrase of
pointcut definitions

0 Automatic generation of pointcut definition fromesgted elements

Aspect Weaver:

In our prototype the aspect weaver supports onBulaset of the proposed features. The
following functionality could be addressed in fugtiwork:

Completion of the proposed features

Weaving of dynamic conditions into the behavioumabdel to allow support for
dynamic properties with the pointcut language

Realizing of different weaving strategies and a parison of the resulting model with
respect to different criteria (e.g. performance)

Traceability between the aspect-oriented modebfertkand handled by the user) and
the object-oriented result model (intended to becessed only by further
components). This functionality is required if #xample a generated object-oriented
model produces errors during the execution ancethers have to be mapped to the
aspect-oriented model, which was created by theettertliser.

During the work on the aspect-oriented conceptthenVIDE context, some new research
guestions come into existence, which could be gfddllowing projects:

Behaviour adaptation in declarative constructs (O&dpressions), which do not
represent the control flow in an explicit way

The VIDE language provides initialization blockshish can be used to initialize the
attributes. In this declaration block only a subsét actions is allowed (e.qg.
AddStructuralFeatureAction). During the aspect iegwadditional behaviour cannot
be injected in such initialization block, because wge invocations of advice methods
to adapt the behaviour. The weaving mechanism dd trefined to consider these
restrictions

Investigate the integration of aspect-oriented tants at CIM level
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4 \lertical Evaluation

4.1 Introduction

The VIDE toolset is designed to assist in the psecef the development of data intense
business applications using a model driven approdtle components are outlined in a
process view in Figure 26.
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Domain analysis
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CIM Editor
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Figure 26: VIDE Components in a process view

The development of the toolset has been the resuéisearch and prototype development by
the VIDE consortium. The effectiveness of the teblsnay be evaluated against the
commercial offerings already in the market place tinis report outlines this process. Section
4.2 outlines the value added features of VIDE facheof the MDA levels and Section 4.3
outlines ten of the major toolchains that havengilar scope to the VIDE toolset. Section 4.4
presents the tool chains feature by feature andusis®s their coverage. The results are
presented as a comparison matrix in Section 4 &réebncluding in Section 4.6.
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4.2 The value added features of VIDE

4.2.1 Introduction

The VIDE toolset consists of a set of interconngéct®mmponents which provide the
stakeholders a number of unique features for dat@nsive systems development. This
section outlines the features available at theedhfit levels and identifies the stakeholders
which are likely to find that feature-set usefulshould be pointed out that in some cases an
individual component gives little added value, kaden in conjunction with further
components the value-added is quite clear.

4.2.2 Pre-CIM level

4.2.2.10verview

The VIDE toolset provides among other things, a@h& set of components which provide
various functions. For example, the Scrapbook caorapballows users to store descriptions
of the problem domain, including business requinetsieand operational procedures. The
Analysis Palette allows the informal communicatb@iween domain specialists and business
analysts.

4.2.2.2Pre —CIM Stakeholders

The stakeholders at this level of the toolset #ely to be domain specialists, business
managers and business analysts, using this p#redbolset as an aid to communication and
to allow informal modelling.

4.2.2.3The selection of features for evaluation

The Scrapbook component allows users to selecs parhe domain description in order to
build a visual (informal) scrap model as an inittempt to comprehend the described
problem domain issues.

An additional pre-CIM component is the Analysis & which allows for selection of
scrapbook model elements for further analysis amstruction of an Analysis model. One of
the key tasks of analysis within the Analysis Ralebmponent is the refinement of originally
unclear (bloops) domain items (scraps) scrapboeknehts into roles, activities, or data
objects. The Analysis Palette component allowselds of the analysis model to be selected
and exported for creating an initial business pgegaodel at the CIM level.

4.2.2.4Evaluation criteria
Table 34: pre-CIM evaluation criteria

* Creating and storing descriptions of the domain
(including descriptions of business requirememis |a
operational procedures)

* Selection of desired scrap text from the domain
description to create a visual informal scrap model

Pre-CIM

» Selection of scrap model elements for further agialy
and creation of an informal analysis model.

« Refinement of domain model elements into roles,
activities or data objects.
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» Selection of analysis model elements for use in
creating an initial business process model

4.2.3 CIM Level

4.2.3.10verview

The CIM level component can either work stand-almnereate a VCLL model from scratch;
or import the informal models created by pre-CiMIsoand automatically create a first cut
business process model. The model can be refinénchade organizational structure, data
structures and business rules. The process motlenseither exported to create a workflow
or a high level first cut UML2 model.

4.2.3.2CIM Stakeholders

The stakeholders at this level of the toolset heeldusiness analysts and maybe the systems
analysts with knowledge of BPMN.

4.2.3.3The selection of features for evaluation

The VCLL editor can import elements from the AnayBalette and transform them into a
basic VCLL model. A business analyst can now creafeer structure together with the
domain expert in order to have a model understdadabnon-IT-people but a good starting
point for a PIM model. The next transformation et made by the PIM prototyping tool.
The VCLL consist of four views structuring the damdescription, namely the process view,
data view, organizational view and business rules.

4.2 .3.4Evaluation criteria
Table 35: CIM evaluation criteria

* Import of un-structured requirements information

» Creation of Business Rules from both data structure
and organisational structure model elements| in
addition to natural language.

» Enhanced business process modelling using extended
BPMN

CIM

 Creating such things as multi-media
artefact information

» Creating data elements, organisational data
and business rules inside the process.
(These can be used singly or combined.

» Creation of organisational and data structuresgusin
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elements helpful to the non-IT person.

* Export of information from the process model |as
XPDL (for a workflow engine.)

» Use of the export of a process model as a bluearint
allow creation of UML2 diagrams

4.2.4 CIM to PIM transition

4.2.4.10verview

The CIM to PIM transition is performed by using hstics to transform the process model
from the CIM editor into a high level UML2 modelhiB allows the analyst to refine the
information to create more detailed models.

4.2.4.2CIM to PIM Stakeholders

The stakeholders at this level of the toolset arsirtess and systems analysts and analyst
programmers.

4.2.4.3The selection of features for evaluation

One of the main activities that follows businesscgess modelling is the creation of a design
model for a software system that would addresssparthe business process. In VIDE, the
PIM Prototyping (PPT) component provides functidigafor designers to apply a set of
heuristics to derive high level class models frombusiness process model automatically.
Similarly, the PPT component provides functionafity the automatic derivation of a high
level behaviour model (activity chart) from a giviemsiness process model.

4.2 .4 .4Evaluation criteria
Table 36: CIM to PIM transition evaluation criteria

 Automatic creation of class model from busingss
process model (by use of heuristics for BPM-to-€las

mapping).
« Automatic creation of activity chart from busingss

process model (by use of heuristics for BPM;to-
Activity mapping).

CIM to PIM transition

4.2.5 PIM level

4.2 .5.10verview

PIM is the most extensively supported layer of VIRIBling. It is aimed at achieving at the
PIM level the degree of precision analogous to @ogning languages, but at the same time
— to benefit from its being a model-level artifadthis means on one hand, having the
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structure and behaviour stored in relatively alostend flexible form — to make it easily
explorable, traceable and transformable and pa@ssilvisualize, and, on the other hand,
precise enough to test run it and to derive workiode from it.

Hence, the core of VIDE PIM-level functionalitynsodel repository compliant with a UML 2
tool for high-level modelling, and accompanied bylU compliant textual and visual
language for precise behaviour specification. T&eta bigger advantage of model
executability, web service interfaces and wrapger®xisting (XML and relational) data
sources are provided. The flexibility of having alktd behaviour represented into UML
model is demonstrated by PIM level aspect compmsiind quality defect detection tools, as
well as platform-specific code generators.

4.2 5.2PIM Stakeholders

The stakeholders at this level of the toolset artwsre modellers — analysts, PIM-level
programmers and testers.

4.2.5.3The selection of features for evaluation

42531 Model execution at the PIM level

Having precise behavioural constructs implementeide modelling tool and backed with
executable semantics, allows not only to considdly fautomated construction of target
platform applications, but also test-running modekide the modelling tool using sample
data. This way, an additional advantage of compbeteaviour specification is exploited —
testing a model and validating its behaviour witlogpective users becomes much more
straightforward: comparing to tools that do not dlwe detailed PIM-level behaviour
specification — this avoids coding in the targedtform’s language. In turn, comparing to
tools that support precise models but do not aliowlirectly running them — this allows to
avoid the deployment at the target platform fotitgs

4.25.3.2 Textual language and editor for UML action modellirg

A modelling tool supporting executable models reggiappropriate modelling constructs

both in terms of underlying metamodel, as wellrasancrete syntax. The most common and
proven approach to providing this is defining atw@k language with its mapping to the

metamodel. As far as UML-based solutions are cansdti this would involve a language that
maps onto UML Actions and Activities. The lack afch language would force the user to
manually construct low-level behavioural construotthe UML metamodel instance which is

definitely unproductive due to the effort involved.

4.2.5.3.3 Visual language and editor for UML action modelling

This feature refers to the availability of an apgprate visual notation for behaviour modelling
with UML actions. Such an appropriate notation nprstvide a different visual representation
of the different actions. Such a notation would@ifg modelling with UML actions as the
users do not have to work directly with the metadelo The existence of such a notation
without supporting tool is not helpful. For thisas®n, this feature refers to the availability of
a visual editor that supports the visual notation.

42534 OCL used as a high-level expression and query langge

This feature directly refers to OMG standardizegregsion language. Putting it in more
general terms, we are going to look for modelliagguages means of semantically precise
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specification of behaviour, offering a level of abstion similar to the one of database query
languages. Without this, the modelling language ld/gonstitute a step backward in terms of
the level of abstraction compared to its platfoqmefic counterparts, with respective losses
in terms of expressiveness and optimization pdgsssi

4.25.3.5 OCL query expressions visualized

For dealing with non-trivial data structures, thx@ressiveness of expression language may be
of high importance. Te context of a modelling toahere significant amount of models,
including behaviour is visualized, brings an addhitil incentive to consider query
visualization. This would naturally complement \asuepresentation of actions; it may be
also used for ad-hoc queries construction. Visatibn of queries allows to replace textual
guery language and provide more tool assistance whestructing an expression. Finally, a
bit higher level of abstraction / declarativenesmpared to the language like OCL can be
achieved.

4.2.5.3.6 User-friendly action modelling

This feature refers to the availability of concrefgntaxes that shield the users from
complexities of the UML Actions Meta-model. In fadhe meta-model defines several
constructs such as object flows, control flows,uin@nd output pin, etc. This makes
programming with UML Actions very complex. The aadility of a concrete syntax (visual
or textual) simplifies this task by hiding the cdmpties of the abstract syntax.

4.25.3.7 PIM-level aspect-oriented modelling

The aspect-oriented extension provides the capaboli modelling crosscutting behaviour in
a modular way using aspect-oriented concepts. Risr gurpose, the UML-based VIDE
metamodel was extended using the UML Profile meshan This profile allows for
modelling required aspect-oriented constructs sashaspects pointcuts advice The
pointcuts are defined using so called pointcut esgions, provided also by the AO profile.
The pointcut expressions provide a flexible appnd@c describing the model properties. All
model elements, which conform to these properéiescalled join points. The metamodel for
the pointcut expressions is extensible so thatireduut not included features can be added
easily.

The structural elements (aspect, advice, etc.beacreated using a UML conform modelling
tool, such a§opcasedThe advice behaviour can be specified using thdull Editor, which
was extended to provide advice-specific constructs.

Since the common tool chains in the MDA processidibsupport aspect-oriented concepts,
this extension provides also an aspect weaver,hwbinsumes the aspect-oriented models
and produces object-oriented models, which confiarithe VIDE metamodel. The input and
the output models are at the same abstraction (Bl level).

The modeller/developer at PIM level can benefitnfrthe aspect-oriented modularization
concepts (reduced complexity, increased maintdibghetc.), while the further components,
like model execution engine and code generator, pracess the woven models without
providing AO support.

4.2.5.3.8 PIM-level quality defect detection

The VIDE Quality Defect Detector (VIDE-DD) is regmsible for the automatic diagnosis and
presentation of quality defects within platform épe&ndent models. It uses information about
the software model, stored within the VIDE PIM rspory, to analyze the model, diagnose
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quality defects, and annotate the model using UMindtations. The information stored
within these Annotations is then used by the qguatiefect presenting mechanism (an
extension to the diagrams presentation mechanitgmglually enrich the diagrams (within
the VIDE visual editor) with information on thesefects. These defects are symbolized using
icons at the defective elements on the diagram) sisca class, a method, a relation or the
diagram itself. Furthermore, VIDE-DD supports s&tes modelers with the presentation of
quality defects (prioritized according to a givaratity model) within a list view.

The features of VIDE-DD sensiblize the software eltmts about quality defects, focus the
attention to important quality defects, improve thmedel quality if quality defects are
removed, and result in a positive reception byvearfé modellers.

The defect detection feature, as realized in thBE/DD system, consists of the following
sub-features:

= Model Analysis
= Support for single-characteristic defects
= Support for multi-characteristic defects
= Use of model metrics
= Use of model characteristics (e.g., element idientifames)
= Defect Diagnosis
= Support for single-location defects
= Support for multi-location defects (interconnectafrdefects)
= Support to persist Ignore decisions
= Support to (De-)Emphasize defect priority
= Support to remove individual defects
= Support to annotate Context Factors (Design Patt&ata Class, ...)
= Defect Annotation/Storage:
= Annotation of all UML elements (Entities, Relations)
= Use of EAnnotations within a diagram
= Defect Presentation:
= Use of eclipse marker, eclipse decorators, andsigathin a diagram
= Defect differentiation by Type using different I&on
= Defect Differentiation by Priority using color
= Support for prioritization of defects (based on QM)

= Support for nested defects (e.g., at Comments oanker) PIM-level
publication of web services - modelling and exemuti

This feature refers to the ability to specify ire thodel that a class should be published as a
web service and the ability to select the methddd will be exposed. This feature also
includes the ability to generate all code artifabtst are necessary for deploying and running
the published web service.
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4.2.5.3.9 PIM-level consumption of web services - modellingral execution

This feature refers to the ability to model openatcalls that target web services and not only
classes of the local model. The feature includesntodelling of service consumption (i.e.,
the ability to specify a call operation action thderact with an external web service) and the
execution of that service consumption (either diyear after code generation)

4.25.3.10 Platform independent means for GUI development

Graphical user interface implemented with WebFauelme published as Java applications or
as Java Applets in a web browser. As a runtimerenrient, they only need a Java Runtime
Environment, which is available for many operatgygtems (for example Windows, Linux,
Solaris, Mac OS X). The same GUI can be used a&pgtet or as an application without
change, the GUI must only be published again.

4.2.5.3.11 Availability of a logical structure of GUI

In contrast to other available Java Developmentiiénments (for example Netbeans), a GUI
developed with TNM:WebFace provides an interfacethte internal logical connections
between the various graphical components. Traditialava development environments
implement the connections between the componerits génerated Java code. In a GUI
generated with WebFace, these connections are nmeplied as a logical data structure, no
code is generated in order to connect the compsneifhis functionality can be used to
implement complex help systems. During runtime, lile¢p system can easily monitor the
actions of the user by analyzing the events betwhencomponents. For example, in the
research project Smartkomyw.smartkom.oryy the graphical user interface was developed
on base of TNM:WebFace. In this project, the datavided by the GUI was used to
implement a graphical presentation agent, who guittee users through the running
application

4.2 .5.4Evaluation criteria
Table 37: PIM level evaluation criteria
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* Model execution at the PIM level

 Textual language and editor for UML action
modelling

» Visual language and editor for UML action modelling
» User-friendly action modelling

e OCL used as a high-level expression and query
language

* OCL query expressions visualized

* PIM-level aspect-oriented modelling

PIM level

* PIM-level quality defect detection

* PIM-level publication of web services - modelling
and execution

* PIM-level consumption of web services - modelling
and execution

» Platform independent means for GUI development

» Availability of a logical structure of GUI

4.2.6 PIMto PSM

4.2.6.10verview

The translation from PIM to PSM is the processrafslating VIDE/UML static model with
the whole behaviour of operations described in\tHeE PIM level language into a PSM
model, taking into account language (platform) fpeconstructs like Java or ODRA.

4.2.6.2PIM to PSM Stakeholders
The stakeholders at this level of the toolset eyl to be VIDE programmers.

4.2.6.3The selection of features for evaluation

The evaluation will be based on the code generdéature of each tool. The structural code
generation, i.e. generation of class skeletond,neil be evaluated but the focus will be on
code generation of the behaviour. This behaviour lma described using high level (PIM)
language like OCL or UML dynamic diagrams (Activiand Sequence).

4.2.6.4 Evaluation criteria
Table 38: PIM to PSM evaluation criteria

e Code generation of behaviour from PIM
(method/constructor bodies)

PIM-PSM

-

* Complete and compile-ready Java code generatio
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4.2.7 Conclusion

This section has highlighted the stakeholders atdevadded features of the VIDE toolset at
each of the MDA levels from pre-CIM to the PIM tsdtion level. Section 3 will investigate
the toolchains which VIDE can be compared withpgshese features.

4.3 Tool chains

4.3.1 Introduction

There are a large number of MDA tools availabletie marketplace today. The Object
Management Group has 58 committed companies listeits web site, and the work in
Deliverable 5 outlined the various features of ¢hamls. There are fewer companies which
offer tools that cover the whole spectrum from @i® to code. To perform a fair tool
comparison, it is necessary to select those tbalisdover most of the development cycle and
thus allow a direct comparison with VIDE. Thus, teal chains have been selected which are
closest to the depth of functionality of VIDE. Sermf these tool chains are well known and
the list has been prioritised in order of theirtfie consortium) perceived popularity amongst
developers.

Table 39:Tool chain summary

Tool Chain Constituting
Tools
Pre-CIM CIM PIM Code
generation
1-1BM Rational Websphere Rational Rational
Requisite Pro | Business Software Software
Modeler Architect Architect
2 - Borland Borland CaliberBorland Borland Borland
Definel T Together Together Together
3 - Visual| Visual Paradigm Business Visual Paradigm Visual Paradigm
Paradigm for UML Process Visual for UML for UML
Architect
4 - Telelogic Telelogic Telelogic Telelogic Rhapsody/Tau
DOORS System Modeler/Rhapsqg
Architect dy/Tau
5 - Eclipse Topcased Eclipse S[TPopcased /STRAcceleo
BPMN SOA
6 - Artisan Telelogic Artisan Studio Artisan Studio Artisan Studio
DOORS
7 - openAmeos | openAmeos (oopenAmeos openAmeos openAmeos
Telelogic
DOORS
8 - NoMagic &| Magic Draw Magic Draw Magic Draw Arcstyler
InteractiveObjec
s
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9 - Select] Select Solution] Select Architect| Select SolutiorBelect
Business for MDA for MDA synchronizers
Solutions
10 - MID Innovator Innovator Innovator Object Innovator Object
Business 4+ Business +
Innovator Object Innovator Object
4.3.2 IBM
Vendor link: www.ibm.com/
Table 40: IBM tool chain availability

Tool Version License

Link

Description
IBM Rational | 7.0.1 15 day trial available, registration required
RequisitePro www-01.ibm.com/software/awdtools/reqpro/
IBM Websphere | 6.2 30 day trial available, registration required
usness

0l1.ibm.com/software/integration/wbimodeler/index.html
IBM Rational | 7.5 30 day trial available, registration required
e

01.ibm.com/software/awdtools/modeler/swmodeler/index.h

tml
IBM Rational | 7.5 30 day trial available, registration required
Arehiteet -

01.ibm.com/software/awdtools/swarchitect/websphere/

Table 41: IBM Toolchain and MDA levels

MDA step Tool
Pre-CIM, domain analysis IBM Rational RequisitePro*
CIM: Business Process | IBM Websphere Business Modeler®
Modelling
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PIM-Modelling IBM Rational Software Modeler (part of

RSA)
Code generation IBM Rational Software Architect”

1) Requirements Management: Drag-and-drop assogiafiRequisitePro®requirements. It
Create and leverage a domain specific modelinguages (DSMLS) to represent the unique
business problem and solution domain.

3) Integration withIBM WebSphere Business Modeler (WBNhe SOA for WebSphere
transformations generate service component spatidits and behaviors expressed as SDCL
and BPEL, suitable for deployment\téebSphere Process Serasd for further development
and testing usingvebSphere Integration Develogercreate composite service applications.

4) Includes IBM® Rational® Application Developerdamises transformations to generate
Java, JEE 5 and EJB code to be deployed on theRBtibnal Deployment

4.3.3 Borland
Vendor link: www.borland.com/
Table 42: Borland tool chain availability

Tool Version License

Link

Description
Borland 2008 15 day trial available, registration required
Together www.borland.com/us/products/together/index.html
Borland Caliber | 2008 30 day trial available, registration required
DefinelT www.borland.com/us/products/caliber/defineit.ntml

Table 43: Borland Toolchain and MDA levels
MDA step Tool
Pre-CIM, domain analysis Borland Caliber DefinelT, Domain-Specific
Language (DSL) Toolkit

CIM: Business Process | Borland Together*
Modelling
PIM-Modelling Borland Together
Code generation Borland Together?

1) Business Process Modeling Notation (BPMN) widtidation checking and
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Import/export of BPEL for Web Services (BPEL4WS).

2) Code generators for Java, J2EE™, C++, and C#.

4.3.4 Visual Paradigm
Vendor link: www.visual-paradigm.com/

Table 44: Visual Paradigm tool chain availability

Tool Version License
Link
Description
Visual Paradigm | 3.4 http://en.wikipedia.org/wiki/Software licen8e
Suite prietary with Free Community Edition
(Registration required)

www.visual-paradigm.com/product/vpuml/

The Visual Paradigm Suite 3.4 combines Visual
Paradigm’s  development tools to visually and
diagrammatically design, integrate and deploy enterprise
applications. Visual Paradigm Suite can be integrated into
several IDEs using the Smart Development Environment
(SDE) adapter.

Visual Paradigm | 6.4 http://en.wikipedia.org/wiki/Software_licen3e
for UML prietary with Free Community Edition
(Registration required)

www.Visual-paradigm.com/product/vpuml/

Part of Visual Paradigm Suite.

Business 2.4 Proprietary with Free Community Edition
Process Visual (Registration required)
Architect

www.visual-paradigm.com/product/bpva/

A business modelling tool designed for visualizing,
understanding, analyzing, improving and documenting
business processes, document flow and information in
your organization (Part of Visual Paradigm Suite).

The Visual Paradigm Suite 3.dombines Visual Paradigm’s development tdolssisually
and diagrammatically design, integrate and deplagrerise applications/isual Paradigm
Suitecan be integrated into several IDEs using $ineart Development Environme(8DE)
adapter.

Table 45: Visual Paradigm

MDA step Tool

- 104 -
© Copyright by VIDE Consortium



FP6-IST-2005-033606, Visualize All Model Driven Bramming Work Package 11 — Deliverable D11.3

Version 1.0 Date 2009-01-14
Pre-CIM, domain analysis Visual Paradigm for UML*

CIM: Business Process | Business Process Visual Architect®

Modeling

PIM-Modeling Visual Paradigm for UML

Code Generation Visual Paradigm for UML

1) Requirements analysis using Textual Analysis,CCBard diagrams and Requirement
diagrams.

2) A business modelling tool designed for visualigi understanding, analyzing, improving
and documenting business processes, document fidwnéormation in your organization.

4.3.5 Telelogic
Vendor link: www.telelogic.com/

Table 46: Telelogic tool chain availability

Tool Version License

Link

Description
Telelogic 9.0 No trial available.
DOORS

www.telelogic.com/products/doors/index.cfm

Telelogic 11.2 15 day trial available, registration required
System Architect

www.telelogic.com/products/systemarchitect/index.cfm

Telelogic 4.2 http://en.wikipedia.org/wiki/Software_licensee
Modeler e Download, registration required

www.telelogic.com/products/modeler/index.cfm

Telelogic 7.3 30 day trial available, registration required
Rhapsody

www.telelogic.com/products/rhapsody/index.cfm

Telelogic Tau 3.1 30 day trial available, registration required

www.telelogic.com/products/tau/index.cfm

Table 47: Telelogic Toolchain and MDA levels
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MDA step Tool

Pre-CIM, domain analysis Telelogic DOORS

CIM: Business Process | Telelogic System Architect

Modelling

PIM-Modelling Telelogic Modeler / Telelogic Rhapsody /

Telelogic Tau

Code Generation

Telelogic Rhapsody / Telelogic Tau

4.3.6 Eclipse
Vendor link:

www.eclipse.org/

(www.eclipse.org/stp& www.topcased.org® www.acceleo.org)

Table 48: Eclipse tool chain availability

Tool Version

License

Link

Description

Eclipse SOA
Tools Platform

1.0.1

http://en.wikipedia.org/wiki/Software_licenSg
en source

(STP) Project

www.eclipse.org/stp/

Topcased 2.2.0 http://en.wikipedia.org/wiki/Software_licenSe
en source
gforge.enseeiht.fr/frs/?group _id=52
Acceleo 2.4.0 Open source
http://en.wikipedia.org/wiki/Software license
www.acceleo.org/pages/download-acceleo/en
Table 49: Eclipse Toolchain and MDA levels
MDA step Tool
Pre-CIM, domain analysis Topcased
CIM: Business Process | Eclipse STP Project
Modelling
PIM-Modelling Topcased
Code Generation Acceleo
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4.3.7 Artisan
Vendor link: www.artisansoftwaretools.com/

Table 50: Artisan tool chain availability

Tool Version License
Link
Description
Artisan Studio 7.0 30 day trial available, registration required

www.artisansoftwaretools.com/products/artisan-studio/

Artisan Studio is an all-in-one integrated development tool
suite which provides systems and software modeling and
component based development.

Automatic Code | - 30 day trial available, registration required
Synchronizer

www.artisansoftwaretools.com/products/tool-
set/automatic-code-synchronizer/

Studio’s Automatic Code Synchronizer (ACS) supports the
continuous synchronization between model and code.

Template - 30 day trial available, registration required
Development Kit

www.artisansoftwaretools.com/products/tool-
set/automatic-code-synchronizer/

Studio’'s Template Development Kit (TDK) enables the
ability to extend the existing code generation capabilities
offered by Artisan Studio, in order to make them fit any
specific development process.

Artisan Studias an all-in-one integrated development tool suitech provides systems and
software modelling and component based development.

Table 51: Artisan Toolchain and MDA levels

MDA step Tool

Requirements analysis Telelogic DOORS (Artisan’s synchronizer)*

Pre-CIM, domain analysis Telelogic DOORS (Artisan’s synchronizer)®

CIM: Business Process | Artisan Studio

Modelling

PIM-Modelling Artisan Studio

Code generation Automatic Code Synchronizer?, Template
Development Kit® (as part of Artisan Studio)

1) Artisan Studio includes a bi-directioriglelogic DOORSynchronization. This allows the
creation modification or removal of requirementsl &raceability in either Studio or DOORS
through the synchronization of the contents oftt tools.
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2) Studio’'s Automatic Code SynchronizéACS) supports the continuous synchronization
between model and code.

3) Studio’sTemplate Development KiTDK) enables the ability to extend the existirayle
generation capabilities offered by Artisan Studio,order to make them fit any specific
development process.

4.3.8 openAmeos
Vendor link:  www.openameos.org/

Table 52: OpenAmeos tool chain availability

Tool Version License
Link
Description
OpenAmeos 10.0 Open source

www.openameos.org/download

Table 53: OpenAmeos Toolchain and MDA levels

MDA step Tool

Requirements analysis OpenAmeos (or Telelogic DOORS?)

Pre-CIM, domain analysis Ameos/UML Profile support (or Telelogic
DOORS)

CIM: Business Process | OpenAmeos

Modelling

PIM-Modelling OpenAmeos

Code Generation Script Manager (as part of OpenAmeos)

1) The integration of Telelogic DOORS allows Opergas objects to be sent to DOORS and
allows DOORS to manage the details of linking thasjects to requirements.

4.3.9 NoMagic & InteractiveObjects
Vendor link:  www.nomagic.com/dispatcher.p@pwww.interactive-objects.com/
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Table 54:NOMagic tool chain availability

Tool Version License
Link
Description
MagicDraw 15.5 http://en.wikipedia.org/wiki/Software_licenSe
mmunity Edition available, Registration
required

www.magicdraw.com/

Arcstyler 5.5 30 day trial available, registration required

www.interactive-objects.com/products/arcstyler/arcstyler-
overview.html

Table 55: MagicDraw Toolchain and MDA levels

MDA step Tool
Pre-CIM, domain analysis MagicDraw
CIM: Business Process | MagicDraw
Modelling

PIM-Modelling MagicDraw
Code Generation Arcstyler

4.3.10 Select Business Solutions
Vendor link: www.selectbs.com/
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Table 56: Select tool chain availability

Tool Version License

Link

Description
Select Solution | - trial with reduced functionality available,
Factory registration required

www.selectbs.com/products/select-solution-factory.htm

Select Solution Factory is an integrated set of products
and modeling tools for Component Based Development,
design review, service/component management,
requirements management, code generation and reuse.

Select Solution | - trial with reduced functionality available,
for MDA registration required

www.selectbs.com/products/select-solution-for-mda.htm

Upgrade of Select Solution Factory.

Select Architect | - trial with reduced functionality available,
registration required

www.selectbs.com/products/select-architect.htm

Part of Select Solution Factory.

Select - trial with reduced functionality available,
synchronizers registration required

www.selectbs.com/products/select-jsync.htm

Part of Select Solution Factory.

Table 57: Select Toolchain and MDA levels

MDA step Tool

Pre-CIM, domain analysis Select Solution for MDA

CIM: Business Process | Select Architect

Modelling

PIM-Modelling Select Solution for MDA

Code Generation Select synchronizers (e.g. Select JSync)
4.3.11 MID

Vendor link: www.mid.de/MID-Homepage.startseite.0.html?&L=&L=1
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Table 58: MID tool chain availability

Tool Version License
Link
Description
MID  Innovator | 2008 74 day trial available, registration required

Object Edition | vy mid.de/Object.inno_object.0.htmi?&L=1

As part of the modeling platform Innovator, Innovator
Object is the flexible tool for object-oriented modeling with
UML 2.

MID  Innovator | 2008 74 day trial available, registration required
Business Edition

www.mid.de/Business.inno business.0.html?&L=1

As part of the modelling platform Innovator, InnemaObject is the flexible tool for object-
oriented modelling with UML 2.

Table 59: MID Toolchain and MDA levels

MDA step Tool

Pre-CIM, domain analysis MID Innovator Object/ Innovator Business
CIM: Business Process | MID Innovator Object/ Innovator Business
Modelling

PIM-Modelling MID Innovator Object

Code Generation MID Innovator Object

4.3.12 Conclusion

This section has presented the ten tools with wthiehconsortium will compare VIDE. It has
outlined how the different tool sets are combinedorm a chain and the availability of the
tools including their licensing arrangements. Thextnsection takes each of the features
outlined in Section 4.2 and compares them to thiévidual tool chains presented in this
Section.
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4.4 Vertical evaluation

This section takes each of the unique featuree@MIDE toolset defined in Section 4.2 and
compares them to each of the toolchain compondrniisat level as defined in Section 4.3.
Therefore each level shows an overview of the &iodmd then describes the features and

iffwhere they are found in the tools.

4.4.1 Pre-CIM
Table 60: Tool chain summary CIM Level
Tool Chain Constituting
Tools
Pre-CIM CIM PIM Code
generation
1-IBM Rational Websphere Rational Rational
Requisite Pro | Business Software Software
Modeler Architect Architect
2 - Borland Borland Borland Borland Borland
Caliber Together Together Together
DefinelT
3 - Visual Visual Business Visual Paradigm Visual Paradigm
Paradigm Paradigm for Process Visual for UML for UML
UML Architect
4 - Telelogic Telelogic Telelogic Telelogic Rhapsody/Tau
DOORS System Modeler/Rhapsqg
Architect dy/Tau
5 - Eclipse Topcased Eclipse STP Topcased /ST Acceleo
BPMN SOA
6 - Artisan Telelogic Artisan Studio Artisan Studio Artisan Studio
DOORS
7 — openAmeos | openAmeos or | openAmeos openAmeos openAmeos
Telelogic
DOORS
8 - NoMagic & | Magic Draw Magic Draw Magic Draw Arcstyler
InteractiveObje
cts
9 - Select Select Solution | Select Architect| Select SolutiorSelect
Business for MDA for MDA synchronizers
Solutions
10 - MID Innovator Innovator Innovator Object Innovator Object
Business + Business +
Innovator Innovator Object
Object
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4.4.1.1Creating and storing descriptions of the domain (ioluding descriptions of
business requirements and operational procedures)

This function addresses the need to create desmmgptof the problem domain, including
operational procedures that often become an impurt@ference point for analysts and
developers during a software project.

44.1.1.1 Rational Requisite Pro

This component of the Rational suite addressesntexrl to record any type of textual
information, including domain information. RequésPro enables users to build statements of
requirements and assign priorities to such statésriased on organisational needs. Requisite
Pro, however, does not provide a means to diracthy the information in any subsequent
stage of the software project.

44.1.1.2 Borland Caliber DefinelT (BCD)

BCD is a requirements recording tool with a datedasckend that allows a tree structure for
storing requirements, and their characterisatiosertl can associate stakeholders to specific
requirements. Targeted at business analysts, th@rovides a visual means for depicting the
requirements as scenarios see Figure 27.

ﬂRequiremenls Elicitation - Yalidate Login - Borland Caliber DefinelT 2008

File Edit Mavigate Search Project Window Help
=T s B ¥ =] E 50 Shory Boarding

' Requirements, . |

:’3_— Scenatio Mavigator 23 =0 -_" ‘alidate Login &3 = O ||%) scenario 52 = Propertie | — O
2 s I =t
- =5 Overview @ L =
= R productTestl 1.
= (3% Actors General Info Metrics =>.1‘ Walidate Login
i S
5y administrator This section describes general infarmation about this Scenaria: Scenario metrics: & ) o
o -.d’_ system ) Mame: Walidate Login | Steps:1 i
= -:/\\‘A_a;ldate Lagin Decisions:0
%A Scenario Laocation: | g-_.‘_n_lJ_uL_:_-r_.iu Branches:0 - ) -
1, Yalidate user information
Primary actor: System w Resources:0
The system must validate the login of every user
? e * Eﬂ Open Scenario O
%;f Select in Scenario Mavigator
2} Start Story Boarding
) Generate HTML Site
| Editor
Crverview | Scenatio
] yalidation Problems 5% #% Synchrorize SNE: ™ g =
e Resources View 52 = [ Derrars, 0 warnings
S : Diescripti Praject S
&9 : escription rojed nurce
Element "1, Validate user information”
resources:
£ >

RE_Simplestep

Figure 27: Borland Calibre DefinelT showing textualrequirements

Despite the rich environment for allowing domaimeated information to be noted and
recorded, Borland Calibre does not provide a méanse the recorded requirements directly
in trying to produce further models during a softvedevelopment project.
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44.1.1.3 Visual Paradigm for UML

This tool provides standard UML modelling capalaBt including use case modelling,
recording of textual descriptions to provide detdibut use cases or problem domain, class
modelling, activity charts, etc.

Whereas the tool provides a means to record tegesdriptions of the main diagrams, or the
problem domain, such descriptions cannot be ugedttyi to build subsequent visual models.

44.1.1.4 Telelogic DOORS — System Architect

Telelogic DOORS is a mainly business change managetool allowing the interrogation
and alignment of business strategy to IT solutidige tool aims to enhance communication
among stakeholders regarding business processas wisual models. Analysis of business
processes is purely done by viewing of the visuatlehs. There is no way to derive those
models from any previous textual descriptions efdlomain or business context.

44.1.15 Topcased

This is a UML modelling tool that also provides iategration infrastructure with Eclipse.
Like many UML tools, Topcased allows users to bwisual UML models and additional
textual descriptions to supplement those modeldisfoint though is that there is no way for
users to build the visual models directly from téxtual descriptions. Hence, any descriptions
of the problem domain, can only be referred toeathan used directly in deriving the visual
models and these are UML models as opposed to Mer@dels.

44.1.1.6 Telelogic DOORS - Artisan Studio or Doors Analyst

DOORS is a modelling tool that enables analystsupplement textual requirements with
visual models whilst maintaining traceability ofetimodels back to requirements. Textual
descriptions of requirements or other informatian de automatically updated with the
subsequent visual models. This is an interestirjufe of Doors that would benefit the
scrapbook modeller in terms of traceability.

4.41.1.7 OpenAmeos

OpenAmeos is a UML tool that supports diagram tltange via XMl files. It is possible to
produce fragments of a problem domain descriptismgy XMI, and importing that in
OpenAmeos to produce a UML diagram. This is quastricting because a user has to be
conversant with XML, and also has to decide whidfiLllidiagram to produce. There is not
direct support of the problem domain descriptiogation, nor the use of such description in
producing informal visual models of the domain.

44.1.1.8 Magic Draw

MagicDraw is a UML modelling tool that can be intagd into Telelogic DOORS, and has
pluggable commercial components for requirementslaiiog and management. Textual
requirements descriptions can be exported into & Wbk case diagram. There is no support
for informal modelling similar to that of the sctagpk or analysis palette.

44.1.1.9 Select Solution for MDA

The main component is Select Architect. The MDA poment is model transformation tool
to generate models and reverse engineer them lomstéte UML notation set. The vendors
claim the support for CIM, PIM and PSM, but there ao trial copies to verify this support.
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Additionally, there is no support for documentatmproblem domain issues, nor the use of
such documentation in subsequent MDA phases.

44.1.1.10 Innovator

It is essentially a MDA tool that supports businessdelling using the concept of a business
use case, and other modelling constructs such ak Bidfivity charts. Whereas there are
various features supporting MDA-type of modellirthere is no support for building of
descriptions of the problem domain that may subsety be used to feed into MDA phases.

441111 Feature Summary

IBM Borland Visual Telelogic | Eclipse Artisan Dpen Magic Select MID
Paradigm
Ameos Draw
Key:
No cover
Partial
Complete

4.4.1.2Selection of desired scrap text from the domain desgption to create a visual
informal scrap model.

This is an important feature of the domain analysd, the Scrapbook modeler in particular.
It concerns the ability to import files containipgoblem domain descriptions, and selection
of desired content from the files to create a Visidormal scrap model.

44.1.2.1 Rational Requisite Pro

Requisite Pro is a requirements management compafid¢he Rational Suite that supports
recording and prioritisation of textual requirengenthe tool however does not support the
selection of parts of such text to create any syueset models.

44.1.2.2 Borland Caliber DefinelT (BCD)

BCD is a tool with rich features for requirementsdealling and allows for the association of
stakeholders to requirements. There is no supporsdlection of such requirements or parts
of them to produce visual models of the domain.

4.4.1.2.3 Visual Paradigm for UML

This is a widely used UML modelling tool, but doest provide the feature of selecting
descriptions of a problem domain to produce any UiMadel during standard modelling
activities or MDA development.

4.4.1.2.4 Telelogic DOORS — System Architect

The Telelogic family of components is quite a rigML modelling suite, and widely used in
MDA development. Like many UML and MDA supportingpts, Telelogic DOORS does not
provide a means to select problem domain descniptfor visual model production during
problem domain analysis.
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4.4.1.2.5 Topcased

This UML modelling tool is commonly used as an gsé plug-in, and supports importing of
XMI descriptions to produce UML models. There isway to select non-XMI descriptions

and use it to build informal visual models of thegin.

44.1.2.6 Telelogic DOORS - Artisan Studio

This tool does not provide a feature for selecéfegments of problem domain description for
building an informal visual model.

441.2.7 OpenAmeos

This tool does not provide a means to annotatealismodels with text, nor support
production of textual supplements of the visual siledHence, there is no way to select any
text which is then used to produce informal moaéthe domain.

44.1.2.8 Magic Draw

MagicDraw is a mainly UML modelling tool, with noaugport for selection of problem
domain descriptions for automatic creation of imal models of the domain for analysis
purposes.

44129 Select Solution for MDA

This toolset does not provide a feature for probtlermain documentation, nor a means to use
any such description to build informal, visual misdgirectly.

4.4.1.2.10 Innovator

Innovator does not support the building of deswip of the problem domain, nor is there
any capability to select elements of descriptioburiding a visual model for analysis.

4.41.2.11 Feature Summary

IBM Borland Visual Telelogic | Eclipse Artisan Dpen Magic Select MID
Paradigm
Ameos Draw
Key:
No cover
Partial
Complete

4.4.1.3Selection of scrap model elements for further anagis and creation of an informal
analysis model.

This feature concerns the function of the domagiyais tool allowing the selection of some
elements of the visual scrap model for further gsialand the creation of a domain model,
termed the Analysis Palette model.
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44.1.3.1 Rational Requisite Pro

There is no concept of domain analysis within ReitgliPro, and any associated modelling is
typically UML use cases, classes and other UML alisuodels. In any case, Requisite Pro
documents do not feed into any associated models.

44.1.3.2 Borland Caliber DefinelT (BCD)

The tool does not support analysis of problem damaddels, or their refinement. There is no
way to select informal model elements and they otaha created in the first place.

4.4.1.3.3 Visual Paradigm for UML

The tool does not support creation of scrap moaelsselection of any such model elements
to refine them into an analysis model of the domain

4.4.1.3.4 Telelogic DOORS — System Architect

The tool does not support creation of scrap moaelsselection of any such model elements
to refine them into an analysis model of the domain

44.1.35 Topcased

Topcased has no support for informal modelling,therproduction of UML models from any
other source other than XMl files.

4.4.1.3.6 Telelogic DOORS - Artisan Studio

The tool does not support creation of scrap moaelsselection of any such model elements
to refine them into an analysis model of the domain

44137  OpenAmeos

The tool does not support creation of scrap modesselection of any such model elements
to refine them into an analysis model of the domain

4.4.1.3.8 Magic Draw

The tool does not support creation of scrap moaelsselection of any such model elements
to refine them into an analysis model of the domain

4.4.1.3.9 Select Solution for MDA

The tool does not support creation of scrap modesselection of any such model elements
to refine them into an analysis model of the domain

4.4.1.3.10 Innovator

The tool does not support creation of scrap moaelsselection of any such model elements
to refine them into an analysis model of the domain

4.41.3.11 Feature Summary

IBM Borland Visual Telelogic | Eclipse Artisan Dpen Magic Select MID

Paradigm
Ameos Draw

Key:
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No cover

Partial

Complete

4.4.1.4Refinement of domain model elements into roles, deities or data objects.

This feature concerns the functionality of the dionaenalysis tool to enable refinement of
elements such as bloops into roles or activitiesn @eed, the changing of some activities

into one or more activities or data objects. Iaigeature that is central to problem domain
analysis and comprehension.

44.1.4.1 Rational Requisite Pro

There is no concept of roles, activates or dat@aidj and any such refinements are not
supported.

4.4.1.4.2 Borland Caliber DefinelT (BCD)

There is no concept of roles, activates or dataaib] and any such refinements are not
supported.

44.1.4.3 Visual Paradigm for UML

There is no concept of roles, activates or dat&adjand any such refinements are not
supported.

44.1.4.4 Telelogic DOORS — System Architect

There is no concept of roles, activates or dataaib] and any such refinements are not
supported.

44.1.45 Topcased

There is no concept of roles, activities or datgecis and any such refinements are not
supported. However, when a user produces an gctikert or BPMN model, some of these
concepts might become evident. This however isuitbin domain modelling or analysis.

4.4.1.4.6 Telelogic DOORS - Artisan Studio

There is no concept of roles, activates or dat&adjand any such refinements are not
supported.

4.41.4.7 OpenAmeos

There is no concept of roles, activates or dataaib] and any such refinements are not
supported.

44.1.4.8 Magic Draw

There is no concept of roles, activities or datgecis and any such refinements are not
supported. However, when a user produces an gctikert or BPMN model, some of these
concepts might become evident. This however iswititin domain modelling or analysis
palette levels. A user would need to download a BPBr UML stencil to produce
appropriate models.
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h) Select Solution for MDA

There is no concept of roles, activates or dataatbjand any such refinements are not
supported.

i) Innovator
There is no concept of roles, activates or dat&adjand any such refinements are not
supported.

44149 Feature Summary

IBM Borland Visual Telelogic | Eclipse Artisan Dpen Magic Select MID
Paradigm
Ameos Draw
Key:
No cover
Partial
Complete

4.4.1.5Selection of analysis model elements for use in @téng an initial business process
model

This feature concerns the functionality of the Domanalysis Tool to allow selection of desired

domain model elements for creation of an initiasimess process model (using the VCLL component)
44.15.1 Rational Requisite Pro

Requisite Pro does not support any form of busipeesess modelling, nor the use of any
analysis model elements for such business procedslhmg.

44152 Borland Caliber DefinelT (BCD)

The closest to a business model is a UML activiggchm, and there is no support for
deriving such a model from analysis models. No iekgbusiness process model seems to be
supported.

4.4.15.3 Visual Paradigm for UML

No known support for using elements of a domain ehod building a business process
model.

4.4.15.4 Telelogic DOORS — System Architect

No known support for using elements of a domain @had building a business process
model.

44155 Topcased

Topcased does support importing of XMI files toateerespective visual models. There is a
possibility to select elements of an analysis mauohel use them as targeted process elements
based on predefined concepts. However, this ignboilt into the tool, and a user would need
to write a custom application to format and prodbesXMl file accordingly
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44.15.6 Telelogic DOORS - Artisan Studio

No known support for using elements of a domain @had building a business process
model.

44157  OpenAmeos

No known support for using elements of a domain ehod building a business process
model.

44.1.5.8 Magic Draw

One can download a BPMN stencil to construct bssingrocess models, but there is no
automated support for selecting domain models édmusreating the business models.

44159 Select Solution for MDA

No known support for using elements of a domain ehod building a business process
model.

4.4.1.5.10 Innovator

No known support for using elements of a domain @had building a business process
model and there is no consideration for domainyamsbr modelling.

441511 Feature Summary

IBM Borland Visual Telelogic | Eclipse Artisan Dpen MagicDra | Select MID
Paradigm w
Ameos
Key:
No cover
Partial
Complete
4.4.2 CIM
Table 61:Tool chain summary at the CIM level
Tool Chain Constituting
Tools
Pre-CIM CIM PIM Code
generation
1-I1BM Rational Websphere Rational Rational
Requisite Pro Business Software Software
Modeler Architect Architect
2 - Borland Borland Calibg Borland Borland Borland
DefinelT Together Together Together
3 - Visual| Visual Paradign] Business Visual Paradigm Visual Paradigm
Paradigm for UML Process Visual for UML for UML
Architect 1
-120 -

© Copyright by VIDE Consortium



FP6-IST-2005-033606, Visualize All Model Driven Bramming Work Package 11 — Deliverable D11.3

Version 1.0 Date 2009-01-14
4 - Telelogic Telelogic Telelogic Telelogic Rhapsody/Tau
DOORS System Modeler/Rhapsqg
Architect dy/Tau
5 - Eclipse Topcased Eclipse STP Topcased /STPRAcceleo
BPMN SOA
6 - Artisan Telelogic Artisan Studio Artisan Studio Artisan Studio
DOORS
7 - openAmeos | openAmeos | OpenAmeos openAmeos openAmeos
Telelogic
DOORS
8 - NoMagic &| Magic Draw Magic Draw Magic Draw Arcstyler
InteractiveObjec
ts
9 - Select Select Solutior] Select Architect| Select Solutigrbelect
Business for MDA for MDA synchronizers
Solutions
10 - MID Innovator Innovator Innovator Object Innovator Object
Business 4 Business +
Innovator Object Innovator Object

4.4.2.1import of un-structured requirements information

44211 IBM Websphere Business Modeler

In this tool, the first step of work is named “Busss Process Discovery”, which can create
very simple models, but the tool has no import fiomcof unstructured information.

442.1.2 Borland Together
No known support for importing un-structured regquoients information.

4.4.2.1.3 Visual paradigm Business Process Visual Architect

It supports textual analysis to identify candidétens from a problem statement, and to create
actual models from the candidates.

44214 Telelogic System Architect

Allows for rapid building of data models from saiat checking for basic referential integrity,
but has no explicit import of unstructured requiens information.

4.4.2.1.5 Eclipse STP BPMN
No known support for importing un-structured regquoients information.

4.4.2.1.6 Artisan Studio
Provides imports from Rational Rose, Telelogic DCB)Rimulink as well as HOOD bridge.
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4.4.2.1.7 openAmeos no explicit support for unstructured reqirements
information

4.4.2.1.8 MagicDraw

Provides integration of Borland Caliber RM to captiand manage business, technical,
functional, and operational requirements.

44.2.1.9 Select Architect

This tool supports reverse engineering from Rati®t@se and XML Schema into models to
aid understanding, but no explicit capturing of timstructured information is provided.
4.4.2.1.10 MID Innovator Business + Innovator Object

This tool includes templates for the developmentess and aid installation of requirements,
but has no import of the unstructured information.

442111 Feature Summary

IBM Borland Visual Telelogic | Eclipse Artisan Dpen MagicDra | Select MID
Paradigm w
Ameos
Key:
No cover
Partial
Complete

4.4.2.2Creation of Business Rules from both data structur@nd organisational structure
model elements in addition to natural language

44221 IBM Websphere Business Modeler
No known support for creating natural language bksiness rules.

44222 Borland Together
No known support for creating natural language bksiness rules.

4.4.2.2.3 Visual paradigm Business Process Visual Architect
No known support for creating natural language bksiness rules.

4.4.2.2.4 Telelogic System Architect
No known support for creating natural language bksiness rules

44225 Eclipse STP BPMN
No known support for creating natural language bksiness rules.
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4.4.2.2.6 Artisan Studio
No known support for creating natural language bksiness rules

4.42.2.7 openAmeos
No known support for creating natural language bksiness rules

4.4.2.2.8 MagicDraw

No known support for creating natural language hbksiness rules, but OCL rules to ensure
model integrity.

4.4.2.2.9 Select Architect
No known support for creating natural language bksiness rules

4.4.2.2.10 MID Innovator Business + Innovator Object
No known support for creating natural language bksiness rules

442211 Feature Summary

IBM Borland Visual Telelogic | Eclipse Artisan Dpen MagicDra | Select MID
Paradigm w
Ameos
Key:
No cover
Partial
Complete

4.4.2.3Enhanced business process modelling using extend@BMN
» Creating such things as multi-media artifact infation

» Creating data elements, organisational data andhdsss rules inside the
process. (These can be used singly or combined.)

44231 IBM Websphere Business Modeler
Only support for process flows.

4.4.2.3.2 Borland Together

No known support for creating multi-media artefamtsadditional elements inside the process
view.

4.4.2.3.3 Visual paradigm Business Process Visual Architect

Data objects can appear in every part within ar®ss process.
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4.4.2.3.4 Telelogic System Architect

This tool can do it partly, as it is possible tdesd Visio diagrams with new constructs, but it
is not known if there is a semantics behind thusegly created objects.

4.4.2.3.5 Eclipse STP BPMN

One can extend the Intalio BPMN.model in order #deed the palette, but no direct
semantical support for it.

4.42.3.6 Artisan Studio

With UML and SysML this tool allows for extendingpet modelling palette, but has no
support for BPMN.

4.4.2.3.7 openAmeos
No known support for BPMN, it is a UML modellingdiowith support for MDA.

4.4.2.3.8 MagicDraw

A new product Cameo Business Modeler with the stpjpo BPMN 2.0 should be coming,
but at the time no support for BPMN.

4.4.2.3.9 Select Architect
No known support for data or organization modelkvithin BPMN diagrams.

4.4.2.3.10 MID Innovator Business + Innovator Object
UML activity and structure diagrams, but no knowpgort for BPMN.

442311 Feature Summary

IBM Borland Visual Telelogic | Eclipse Artisan Dpen MagicDra | Select MID

Paradigm w
Ameos

Key:

No cover

Partial

Comélete -

4.4.2.4Creation of organisational and data structures usig elements helpful to the non-
IT person

44241 IBM Websphere Business Modeler
No known support for creating organisational oladsttuctures.

44242 Borland Together
Support for data modelling.
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4.4.2.4.3 Visual paradigm Business Process Visual Architect
Full support of data and organisational structures.

4.4.2.4.4 Telelogic System Architect
Constructs for modelling data and organizationpaiozided

4.4.2.4.5 Eclipse STP BPMN

Data modelling within BPMN, also associations betwelata object possible, but no data
view per se. Organizational modelling possible tigitothe use of BPMN lanes.

4.4.2.4.6 Artisan Studio

Provides support for UML, SysML, DoDAF and MDA, bab known support for data and
organizational modelling except for UML.

4.42.4.7 openAmeos
No known support except for UML 2.0 Profiles

4.4.2.4.8 MagicDraw
No known support except for BPMN 2.0 modellinghie toming Cameo Business Modeller.

44249 Select Architect

No known support for data or organization modelkvithin BPMN diagrams, but outside of
BPMN data Modelling is supported.

4.4.2.4.10 MID Innovator Business + Innovator Object
This feature is partly supported through data modgl

442411 Feature Summary

IBM Borland Visual Telelogic | Eclipse Artisan Dpen MagicDra | Select MID

Paradigm w
Ameos

Key:

No cover

Partial

Complete

4.4.2 .5Export of information from the process model as XPIL (for a workflow engine)

44251 IBM Websphere Business Modeler

It allows enhancing of models with technical detadreation of execution models that will be
used by process engines for business process digoma
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44252 Borland Together
It supports the export into BPEL4WS.

4.4.25.3 Visual paradigm Business Process Visual Architect
No known support for XPDL export.

4.4.25.4 Telelogic System Architect
No known support for XPDL export.

4.4.255 Eclipse STP BPMN
No known support for exporting XPDL, but providegpport for BPEL export.

4.4.2.5.6 Artisan Studio
It provides only XMI 2.1 output and Rational Rosgert for model interchange.

44257 openAmeos

No known support for any type of export formats eptcfor HTML and RTF report
generation.

4.4.2.5.8 MagicDraw
Support for transformation to XML Schema, WSDL, EMWML2, MOF XMI.

44.25.9 Select Architect
Support for UML XMI serialization.

4.4.2.5.10 MID Innovator Business + Innovator Object
Support for transformation into BPEL4AWS

442511 Feature Summary

IBM Borland Visual Telelogic | Eclipse Artisan Dpen MagicDra | Select MID
Paradigm w
Ameos
Key:
No cover
Partial
Complete

4.4.2.6Export of a process model as a blueprint to allowreation of UML2 diagrams

44.26.1 IBM Websphere Business Modeler
No known support for creating UML2 diagrams.

44.2.6.2 Borland Together
Support of model transformations.
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4.4.2.6.3 Visual paradigm Business Process Visual Architect
No known support for creation of UML2 diagrams.

4.4.2.6.4 Telelogic System Architect
Partial support for MDA in Telelogic Tau and Rhaghgo

4.4.2.6.5 Eclipse STP BPMN
No support for UML diagrams.

4.4.2.6.6 Artisan Studio

The software itself is an UML2 modelling tool wiglupport for MDA open architecture and
pattern-based code generation.

4.4.2.6.7  openAmeos

The software itself is an an UML2 modelling tool itlw support for MDA model
transformations

4.4.2.6.8 MagicDraw
UML support and integration with AndroMDA MDD tool.

4.4.2.6.9 Select Architect — UML support and MDA model transbrmation support

4.4.2.6.10 MID Innovator Business + Innovator Object
Support for UML in Innovator Object.

4.4.2.6.11 Feature Summary

IBM Borland Visual Telelogic | Eclipse Artisan Dpen MagicDra | Select MID
Paradigm w
Ameos
Key:
No cover
Partial
Complete

4.4.3 CIM to PIM Transition
4.4.3.1Automatic creation of class model from business press model (by use of
heuristics for BPM-to-Class mapping).

This feature concerns the application of heuristindbusiness process models (build using VCLL) to
produce class models as an initial design model.

443.1.1 WebSphere Business Modeller

Websphere supports business process modelling llowdsahe definition of services. No
support is provided for producing class diagrarosfbusiness process models
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443.1.2 Borland Together

This Borland tool allows construction of UML cladisgrams, but does not support derivation
of such diagrams from any other model. There iowcept of heuristics for class model
creation either.

4.4.3.1.3 Business Process for Visual Architect

No known support for using elements of a businesdahto create a class model, nor the use
of any heuristics to determine mappings betweervilbenodels.

44314 Telelogic System Architect

No known support for using elements of a busineesgss model to create subsequent class
diagrams.

44.3.15 Topcased

Topcased does support importing of XMl files toateerespective visual models. Topcased
can be used to create activity charts as part sihbas modelling, but there is no way to use
XML descriptions of such models to produce classdef® within standard Topcased
functionality.

44.3.1.6 Artisan Studio

One can build UML class models, no known suppont @mnerating class models
automatically from business process models

4.43.1.7 openAmeos

No known support for using elements of a businessgss model to create a subsequent class
model as initial attempt to design.

4.43.1.8 MagicDraw

One can download a BPMN stencil to construct bssngrocess models, but there is no
automated support for applying heuristics on a BPMbldel to produce a class model as
initial design model.

4.43.1.9 Select Solution for MDA
No known support for producing class models fromiess process models.

4.4.3.1.10 MID Innovator

Whereas one can build class models from scratehe tis no known support for producing
class models from business process models.

4.4.3.1.11 Feature Summary

IBM Borland Visual Telelogic | Eclipse Artisan Dpen MagicDra | Select MID
Paradigm w
Ameos
Key:
No cover
Partial
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4.4.3.2Automatic creation of an activity chart from a business process model (by use of
heuristics for BPM-to-Activity mapping).

This feature concerns the application of heuristindusiness process models (built using the VCLL)
to produce an activity chart as a behaviour modeiry design.

44321 IBM Websphere

Websphere supports business process modellingglives definition of services. No support
Is provided for producing activity charts from busss process models.

4.43.2.2 Borland Together

This Borland tool allows construction of UML actiicharts, but does not support derivation
of such models from any other model. There is nacept of heuristics for activity chart

creation either.

4.4.3.2.3 Business Process for Visual Architect

No known support for using elements of a businesdahto create activity chart, nor the use
of any heuristics to determine mappings betweervibenodels.

4.4.3.2.4 Telelogic System Architect

No known support for using elements of a businessgss model to produce activity charts.

4.4.3.2.5 Topcased

Topcased does support importing of XMl files toateerespective visual models. Topcased
can be used to create activity charts as part sihbas modelling, but there is no automatic
way produce activity charts from business processlaels using standard functionality
provided by Topcased.

4.4.3.2.6 Artisan Studio

One can build UML activity models, but there is kimown support for generating activity
models automatically from business process models.

4.4.3.2.7 openAmeos

No known support for using elements of a busineesgss model to create an activity chart
as part of behaviour modelling at PIM.

4.43.2.8 MagicDraw

One can download a BPMN stencil to construct bissingocess models and most of UML
diagrams, but there is no automated support fotyagp heuristics on a BPMN model to
produce activity as part of behaviour modelling? ¥l level.

4.43.2.9 Select Solution for MDA
No known support for producing activity charts fremnsiness models.
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4.4.3.2.10 MID Innovator

Whereas one can build activity models from scratteére is no known support for producing
such models from business process models.

4.43.2.11 Feature Summary

IBM Borland Visual Telelogic | Eclipse Artisan Dpen MagicDra | Select MID
Paradigm w
Ameos
Key:
No cover
Partial

Complete !
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4.4.4 PIM
Table 62:Tool chain summary PIM level
Tool Chain Constituting
Tools
Pre-CIM CIM PIM Code
generation
1-I1BM Rational Websphere Rational Rational
Requisite Pro | Business Software Software
Modeler Architect Architect
2 - Borland Borland CaliberBorland Borland Borland
DefinelT Together Together Together
3 - Visual| Visual Paradigm Business Visual Paradigm Visual Paradigm
Paradigm for UML Process Visug for UML for UML
Architect
4 - Telelogic Telelogic Telelogic Telelogic Rhapsody/Tau
DOORS System Modeler/Rhapsqg
Architect dy/Tau
5 - Eclipse Topcased Eclipse S| Topcased /STPAcceleo
BPMN SOA
6 - Artisan Telelogic Artisan Studio | Artisan Studio Artisan Studio
DOORS
7 - openAmeos | openAmeos |joopenAmeos openAmeos openAmeos
Telelogic
DOORS
8 - NoMagic &| Magic Draw Magic Draw Magic Draw Arcstyler
InteractiveObjec
s
9 - Selectl Select Solutior Select Architect | Select Solution Select
Business for MDA for MDA synchronizers
Solutions
10 - MID Innovator Innovator Innovator Object Innovator Object
Business + Business +

Innovator Object

Innovator Object

4.4.4.1Model execution at the PIM level

44411

verification.

IBM Rational Software Architect
No. Rational Software Architect can only executeLO&pressions on a given model for its
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44412

Borland Together

No model execution feature is present in the tool.

4.4.4.1.3
No PIM execution is available. It is only possilidegenerate a complete database schema.

Visual Paradigm for UML

4.4.4.1.4
No model execution feature is present in the tool.

Telelogic Modeller

4.4.4.1.5
No model execution feature is present in the tool.

Topcased

444.1.6 Artisan Studio

No, simulation techniques (animations) are onlyduk® validating models — as shown in
Figure 28 .

I Animating - Balance Lookup | Iof=]
File  Edit View Run Help

2| Blelz BlE alal[Fs s Hie 2

ey |

— Current Step

bu_l,lersAccont[Cec

F; : Sender:
\1> Animation Complete Instance - buyersBank(Bank)

Feceiver:

Instance -
IbuyersAccount(CheckingAccount)

Operation:

Igmﬂalﬂnce

Parameters:

= |
+| [ ¥

Figure 28: Simulation for model validating in Artisan

44417
No model execution feature is available in the.tool

openAmeos

44.41.8
No model execution feature is available in the.tool

MagicDraw
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4.4.4.1.9 Select Solution for MDA
(Tool availability issues — we were unable to easduthis toolchain)

444110 MID Innovator
No such feature present in the tool.

444111 Feature Summary

IBM Borland Visual Telelogic | Eclipse Artisan Dpen MagicDra | Select MID
Paradigm w
Ameos
Key:
No cover
Partial
Complete

4.4.4.2Textual language and editor for UML action modellirg

44421 IBM Rational Software Modeller

No. Rational Software Architect can perform a UMgdava transformation but only
including structural diagrams.

44422 Borland Together
No textual action modelling feature is presentia tool.

44423 Visual Paradigm for UML
No textual action modeling feature is present attol.

44424 Telelogic Modeller
No textual modeling of UML Actions present in tlool

4.4.4.25 Topcased

Not present in Topcased. The behaviour body caattaehed to an Operation as C, C++,
Java, Ada or Python textual code in the form ofrptaxt only as shown in Figure 29.
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Figure 29: Editing behaviour in Topcased

4.4.4.2.6 Artisan Studio
No, only textual coding is supported for Ada, C€+t,Java and stored as plain text.

44427
No textual action modelling is supported by thd.too

openAmeos

44428

No; although behaviour can be specified in anyusixtanguage but there is no dedicated
editor and the code is not mapped onto its metahioskance representations.

MagicDraw

4.4.4.2.9 Select Solution for MDA
(Tool availability issues — we were unable to easduthis toolchain)

4.4.4.2.10
No such feature present in the tool.

MID Innovator

444211

IBM

Feature Summary

Visual Artisan Select MID

Paradigm

Borland Telelogic | Eclipse Dpen MagicDra

w
Ameos

Key:

‘ No cover ‘ ‘
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Partial
Complete

4.4.4.3Visual language and editor for UML action modelling

44431 IBM Rational Software Modeller

IBM Rational Software Modeler supports visual actimodelling by providing an editor for
activity diagrams, shown in Figure 30. Differentiac types can be selected from a palette.

§2 Modeling - ActivityDiagram1 - Eclipse Platform _ =] x
Fle Edi Wavigate Search Project Diagram Data Modeing Run Window Help

S |@ |- - | F | E @ - e 7 |Gl Modeling

| (FAE= Sk T = | T ~ [ Resource

|[Tshoma

€] ClassDiagram!

=g

~||—Palette —
[y Select

5% Activity-checkéwailability +_ Zoom

= Mote

astructureds I UML Common
i MethodBody . Activity Diagram

= Pailition

- @ Initial
il InitResultvariable targets

Activity Final
: ProductDB - y

_— e Action

e object - productld . % Acoept Event

i ReadSel 7Z1 ReadProductD (& getOnStock 5ol Signel
 Shuctured Aotivity

=L Contral Node

result: Intsger ) Activity Parameter <

/" Dbject Flow

/" Confrol Flow

(= Actions #|

#. Conditional Node. -+

@) Reply

18 Call Operation
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(7) Link &ctions
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f4) Fead Stiuctual

= rephalus ,, Feature
%3 ReadResultVariable 8 ReplyResult 52, Read Varibls

< _»]_I [ Geomeiic Shapes

| 7% |
Figure 30: IBM Rational Software Modeler — UML Action modeling

IBM Rational Software Modeler only implements tlesvfaction notation proposals contained
in the UML specification. Thus all Actions excepalf©perationAction look the same, apart
from an action-specific symbol left of the actioanme. Important properties of the actions,
e.g. the chosen variable in VariableActions, aredmplayed.

Regarding the overall activity notation Variablag aot visible, only to be specified via
property view of structured nodes. No SequenceN®deailable. It is unclear how to specify
the test section of conditional nodes.

44432 Borland Together

Borland Together provides an editor for behaviounablelling in activity diagrams shown in
Figure 31. However, there is no way to specifygtle-type of the actions.
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Figure 31: Borland Together — UML action notation

The activity diagram editor of Borland Together yoirhplements the few action notation
proposals contained in the UML specification. ThalisActions look the same. Important
properties of the actions, e.g. the chosen variabl&ariableActions, are not displayed.

4.4.4.3.3 Visual Paradigm

Visual Paradigm for UML provides an editor for betoairal modelling in activity diagrams
shown in Figure 32. However, there is no way tacgpéhe sub-type of the action.
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Figure 32: Visual Paradigm for UML — action notation

The activity diagram editor of Visual Paradigm onigplements the few action notation
proposals contained in the UML specification. ThalisActions look the same. Important
properties of the actions, e.g. the chosen variabléariableActions, are not displayed.

44434 Telelogic Modeller

Using Telelogic Rhapsody the system’s behaviourbmaspecified with UML 1.4 Statecharts

and SequenceDiagrams.
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Figure 33: Telelogic Modeler — statechart diagram

However, no fine-grained behavioural modelling gsspecific actions in activity diagrams is
supported. The implementation of the operation’salveour must be provided in platform-
specific code format (Figure 34).
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Primitive Operation : getWaterLevel in Dishwasher
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Figure 34: Telelogic Modeler - Operation implement&on

4.4.4.3.5 Topcased

Topcased provides support for behavioural modelhith activity diagrams. Different action
specifications can be chosen from a palette (Figaje
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Figure 35: Topcased - Activity diagram

Topcased only implements the few action notatioomppsals contained in the UML
specification. Thus all actions (except CallOp@m#iction) look the same. Important
properties of the actions, e.g. the chosen variabléariableActions, are not displayed. There
is no way to model the body of a sequence node.
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4.44.3.6 Artisan Studio

Artisan Studio only supports action modelling in UM.4 activity diagrams (Figure 36).
Specific sub-types of actions can not be seletkesdte is no visual syntax for specific types of
actions

Customer Filling $tation $ystem
Dispersar Kiosk Unit

remiowe o2z le form holste
Y etect customer request on Iosk Controlier
e peciic EH Lhit :

dispengerid — "
—— =

\ o - T
[ nozzle remowed \ servioe reqest
: ' i id
hardle data comms /

Dispenser Controller update Kosk Display to show
iz pensing 3uthonzed )

H“-h_,
] o

Dispensar ma,k i dlepiy ok — \k
; p— =
) i i

inzan nozzle in @k and squesze Eoﬁue EH Lhil] [h:mledxu mmms]

Tl type

Wone created ©oreach gustomertransaction)

Fueltransaction data |~
(uolume, cost, Tl
bype ) bor cument

customer transaction.

Figure 36: Artisan Studio — Activity diagram

4.44.3.7 openAmeos

OpenAmeos only supports action modelling in UML Hhdtivity diagrams (Figure 37).
Action subtypes can not be specified; there isisaal notation to clarify the specific task of
the actions.

DENOEC &® @[5 N R

Actionl Ohjectl Action?
_—} J 7

Figure 37: OpenAmeos — Activity diagram

4.4.4.3.8 MagicDraw
MagicDraw supports action modelling in activity giams (Figure 38).
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Figure 38: MagicDraw - Activity diagram

MagicDraw only implements the few action notatiorogmsals contained in the UML
specification. Thus all Actions (except CallOpava#ction) look the same; they are marked
by automatically added Stereotypes. Important ptagse of the actions, e.g. the chosen
variable in VariableActions, are not displayed.

4.4.4.3.9

Select

Select Solution for MDA
Solution for MDA supports only action modsjlin UML 1.4 activity diagrams, as

shown in Figure 39.
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Figure 39: Select Solution — Action modelling
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Select Solution does not provide a visual actiortatan that goes beyond the UML
specification (all actions look the same apart fréallOperationAction). The subtype of the
action is indicated by a corresponding stereotypgortant details of the actions, e.g. the
variable in AddVariableValueAction, are not visuza.

4.4.43.10 MID Innovator

MID Innovator only supports UML 1.4 style activitiagrams. As shown in Figure 40, the
visualization of the actions can be adapted ustngs — however, UML 2.1 action subtypes
cannot be specified.
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Figure 40: MID Innovator — Activity diagram

444311 Feature Summary

IBM Borland Visual Telelogic | Eclipse Artisan Dpen MagicDraw Select |MID
Paradigm
Ameos
Key:
No cover
Partial
Complete

4.4.4 4User-friendly action modelling

44441 IBM Rational Software Modeller

The behavioural editors of IBM Rational Software déter do not help the user by
abstracting from complex concepts as e.g. the rindalf pins and flows.
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The Editors do not enrich their activity and actioatation to provide element-specific
information required to understand the model. Tinupre-selection of important properties is
integrated; the editors do not use drop-down listssupport the modelling process. The
activity diagram editor has pin error detectiontetal Expressions (e.g. Boolean “true”) are
available but are not shown in the editor.

44442 Borland Together
The behavioural editors of Borland Together dosugport modelling of specific actions.

44443 Visual paradigm for UML

The behavioural editors of Visual Paradigm do ngp®rt modelling of specific actions. No
additional abstraction is implemented, e.g. hiding need to deal with pins and flows. The
modelling of non-specific actions comes with soregpér functionality, e.g. to create a new
InputPin, as shown in Figure 32.

4.4.4.4.4 Telelogic Rhapsody

The action modelling of Rhapsody does not suppuet gpecification of UML 2.1 action
subtypes — thus there is no user support.

4.4.4.45 Topcased

Topcased does not help the user by abstracting éamplex concepts as e.g. the modelling
of pins and flows. There is no wizard and no edfmecking concerning the input and output
pins of actions.

The activity diagram editor does not enrich theivégt and action notation to provide

element-specific information required to understah@ model. Thus pre-selection of
important properties and corresponding drop-dovsts liare integrated only in a separate
properties view, not in the model visualizatiorelts

4.4.4.4.6 Artisan Studio
Artisan Studio does not support UML 2.1 action mnitig.

44447 openAmeos
OpenAmeos does not support UML 2.1 action modelling

44448 MagicDraw

MagicDraw does not help the user by abstractingnfrcomplex concepts as e.g. the
modelling of pins and flows. However, there is agtspecific support for adding pins, error
detection and quick fix in case the user does notlehthe pins required by the action.
Additionally, MagicDraw provides error detectiondaquick fix in case the number and types
of the parameters of the specified method do nohptp with the modelled Activity
parameters / ActivityParameterNodes.

The activity diagram editor does not enrich theivégt and action notation to provide

element-specific information required to understathe@ model. Thus pre-selection of
important properties and corresponding drop-dowets liare integrated only in a separate
properties view, not in the model visualizatiorelfs Variables are not illustrated in the
Activities view, they can only be added via contemnu.
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44449 Select Solution for MDA

Though the user is able to choose specific actionthe activity diagram view of Select
Solution; but there is no way to set the actioncgpeproperties, e.g. the structural feature of
an AddStructuralFeatureValueAction. Only UML 1.4erents are supported, e.g. no
StructuredActivityNodes (SequenceNode, Conditional®l LoopNode, ExpansionRegion).

4.4.44.10 MID Innovator

The visualization of the actions can be adaptedgugions — however, there is no support or
visualization of UML 2.1 action subtypes.

444411 Feature Summary

IBM Borland Visual Telelogic | Eclipse Artisan Dpen MagicDra | Select MID
Paradigm w
Ameos
Key:
No cover
Partial
Complete

4.4.4.50CL used as a high-level expression and query langge

44451 IBM Rational Software Modeller

No. OCL is only applicable for constraints in theodel OpaqueExpressiomused with
LanguageOCL). OCL expressions may be executed on metaraodel

4.445.2 Borland Together
OCL is available in the tool only for defining carzsnts.

44453 Visual Paradigm for UML
No such feature is present in the tool.

44454 Telelogic Modeller

No PIM level query language functionality. Only straints are possible to specify — as plain
text.

44455 Topcased
No OCL or other platform-independent query languiagevailable in the tool.

4.4.4.5.6 Artisan Studio
No OCL queries or other PIM-level query languagpresent in the tool.

44457 openAmeos

No OCL queries or other PIM-level query languagpr&sent in the tool.
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4.4.45.8 MagicDraw

Not as a query language. For OCL it is possiblédfine preconditions and postconditions as
constraints for Activities with specifications inGD. The OCL expressions are textual (they
are stored as a plain text) with syntax checkimgpsued — as shown in Figure 44.
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Figure 41: Editing constraints in MagicDraw
44459 Select Solution for MDA
(Tool availability issues — we were unable to easduthis toolchain)
444510 MID Innovator
No such feature present in the tool.
444511 Feature Summary
IBM Borland Visual Telelogic | Eclipse Artisan Dpen MagicDra | Select MID
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Ameos

Key:

No cover

Partial

Complete
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4.4.4.60CL guery expressions visualized

44.46.1 IBM Rational Software Modeller
No. Only textual syntax although with context aissis

4.4.4.6.2 Borland Together
No query visualization feature is present in th@.to

4.4.4.6.3 Visual Paradigm for UML
No model level query visualization feature is prése the tool

44.46.4 Telelogic Modeller
No query visualization feature is present in thd.to

4.4.4.6.5 Topcased
No model-level query visualization is present ia tbol

4.4.4.6.6 Artisan Studio
No model level query visualization is supportedtiog tool.

4.4.4.6.7 openAmeos
No model level query visualization is supportedtiog tool.

4.4.4.6.8 MagicDraw
No model level query visualization is supportedtiog tool.

4.4.4.6.9 Select Solution for MDA
(Tool availability issues — we were unable to ea#duthis toolchain)

4.4.4.6.10 MID Innovator
No such feature present in the tool.

4.4.46.11 Feature Summary

IBM Borland Visual Telelogic | Eclipse Artisan Dpen MagicDra | Select MID
Paradigm w
Ameos
Key:
No cover

Partial

Complete !
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4.4.4.7PIM-level aspect-oriented modelling

4.447.1 IBM Rational Software Modeller

Aspectual FSP Generation Tool

The approach presented by Abeywickrama and Ranmedens [2] allows for modelling of
crosscutting context-dependent behavior of serviassaspect-oriented model. For this
purpose, a custom UML profile is used. Model transfations are used to transform the
aspects into state machine based behavioral repadiems. The presented approach bases on
the process calculus Finite State Processes (H3R).corresponding tool calleélspectual
FSP Generation Todransforms the modelled aspects into the texeesentation of FSP.
The aspect and base state machines are then mesiggdan explicit weaving mechanism at
the executable state machine level. The tool isdas the IBM Rational Software Architect
and his transformation authoring feature, whichased on Java Emitter Templates (JET).

MATA: Modeling Aspects Using a Transformation Approach

MATA provides capabilities for creating aspect-ated UML models [3]. The modelling
approach can be applied to any modelling languatfe awvell defined metamodel but focus
on UML class diagrams, sequence diagrams and ditegeams. The aspect weaving process
is considered as a special case of a model tranafmm. In contrast to our approach, there is
no explicit join point model. Each element of thedal can serve as a join point.

In MATA, aspects are defined as graph rules. Irtremh of all most known approaches, these
rules are defined at the level of the concrete asyntodel and not at the meta level. The
aspect definition in MATA contains the additionabdel structure as well as the weaving
mechanism/strategy and the definition, where to #uel additional structure (pointcut
definition). In our approach, the weaving strat¢ggnsformation rules) is defined within the
aspect weaver.

The MATA tool works currently on top of IBM’s Ratial Software Modeler (RSM). The
created graph rules are executes using the gréglexacution tool AGG. MATA transforms
the created UML model into a instance of a typeplgravhere the type graph represents a
simplified UML2 metamodel. The results are transfed into an RSM compliant
representation, so that the results can be displenytihe Rational Software Modeler tool.

4.4.4.7.2 Borland Together

Groher and Schulze presented an approach for nmgledispects [{]) using the UML
lightweight extension mechanisms (UML Profile). Tiesulting aspect-oriented models can
be created and processed using UML compliant tdolsontrast to our approach, no aspect
weaving at PIM level is done. The approach prop@sesapproach for generating AspectJ
code. The aspect-oriented concepts are not resavatie modelling level but are also
presented at code level and have to be considem@ugdhe PIM to PSM transformation and
during the code generatiomogetherfrom Borland was chosen to realize the AspectJ code
generator. Since the current version of Borlangelloer bases on Eclipse, the Eclipse based
AOM approaches can also be integrated (see Edpseon).
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4.4.4.7.3 Visual paradigm for UML
There are no Aspect extensions

4.4.4.7.4 Telelogic Modeller
Motorola WEAVR

The most known and important AO related extensinTelelogic TAU is the Motorola
WEAVR [5]. The Motorola WEAVR allows for modellingrosscutting behaviour based ob
state machines in a modular way using aspect-@denbncepts. The add-in for Telelogic
TAU provides support for the modularization of @ostting concerns throughout the system
modelling, verification and code-generation phases provides the following functionality:

» UML 2 Profile that allows users to define aspects

« Join point visualization engine that allows theeefé of the modelled aspects to be
visualized and validated

* Full aspect weaving at model level

« Simulation engine, that allows the simulation of ispect models without breaking
the modular structure of the aspects

Similar to our approach, an aspect is represergea iereotyped class. It contains pointcuts
and connectors. The connectors, commonly calle@tadare connected to the pointcuts using
a binds dependency. The pointcuts in the WEAVR @@t are modelled using state
machines, while our approach provides an own masimaffor constructing pointcut and
pointcut expressions.

Furthermore, the WEAVR UML Profile provides capdélek for dealing with the order of
precedence of connectors (advice), which are apphiehe same join points within an aspect.
The scope of the aspect can be restricted statibgllusing explicit dependencies from the
aspect to packages or classes. To allow seleatifmin points with respect to state machines,
the WEAVR provides action based and transition tgsentcuts.

Before processing the fully aspect weaving and ageleeration, the user can simulate the
aspect-oriented models.

4.4.4.7.5 Topcased
Execution of aspect-oriented behavioral models usgnPopulo

Fuentes and Sanchez presented an approach foingreatd executing aspect-oriented
behavioural models [4] based on UML Action Semanti€he additional aspect-oriented
constructs are provided using an UML2 Profile. bntrast to our approach, Fuentes and
Sanchez use a generic join point model that focesesnessage communication between
objects. The context exposure for advice constrigatsalized by using reflective actions. Our
approach uses explicit advice and pointcut sigeatthrat allow for typed context information.
Therefore, the information provided by selectedh j@oints can be statically validated
regarding the parameters expected by advice.

For visual debugging and inspecting the behavidlie, aspect-oriented models can be
executed. Before the execution, the aspect-orientedel is woven into a UML conform
model, which can be then executed wusing the Populotual machine
(http://caosd.lcc.uma.es/populo/). During the wegvprocess the crosscutting behaviour
specified in the aspects is injected into the mesltihese aspects crosscut as specified by the
pointcuts.
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The aspect weaving is not required for the furtbede generation. The code generation
process maps the aspect-oriented concepts usbd aspect models into an implementation
on an aspect-oriented middleware platform for pgmeasystems.

openArchitectureWare:

The openArchitectureWare platform (http://www.opemgtectureware.org/) is an eclipse
based MDA framework, which supports the developnaatording to the MDA approach
(modeling, model to model transformation, text todal transformation, code generation,
textual DSLs, etc.). The openArchitetureWare platf supports aspect-oriented concepts at
different levels.

First, oAW allows for non-invasive adaptation oétMDA process. The oAW workflow as

well as the transformation (at template level ahXi@nd level) can be adapted in a non-
invasive way. This kind of adaptation is well sditeg. for developing different variations of
generators and transformations according to théymtdine engineering.

Second, the XWeave component [7] provides the dbfyato weave physically a so called
aspect model into a base model. The base and aspel have to conform to the same
metamodel. The XWeave weaver can be used to iadditional properties, relationships or
additional elements into the base model. The siraadf the aspect model is partially used to
decide, where to weave. The aspect model can msd&eofufunctions, which represents a
certain kind of pointcuts. This pointcuts are defirusing the oAW expression language.

Third, oAW comes with a join facility called XJoixXJoin take two or more existing meta
models and add relationships joining them.

AMW

The Atlas Model Weaver (http://www.eclipse.org/gantiv/) is provided by INRIA as part of
the ATLAS Model Management Architecture. The magattire of AMW is to establish links
between two or more models or meta models. Thétreflthis process is the weaving model.
The building of the weaving model can be done mlyoa semi-automatically. Based on the
weaving model, model transformations can be geeérafhe linked models can than be
merged using the generated transformations.

The weaving metamodel can be extended to add fumbpping semantics.

The main areas for using AMW are metamodel comparisraceability, model matching,
model annotation, interoperability. This generip@ach can also be used for aspect-oriented
modelling (see use case at http://www.eclipse.ongamw/usecases/AOM/).

M4JPDD

The Join point designation diagrams (JPDD) [6] pteva well designed notation for
expressing pointcuts in a visual way. The M4JPDdset focus on modelling pointcuts using
different concepts of join point selection and pésnthe developer to model control flow-
based, state-based, workflow/dataflow-based, akagestructural join point selections. The
modelled pointcuts can be exported in differentespntations (state charts, AspectJ, JAsCo,
etc.)- If the target pointcut language does nottaionsuitable pointcut designators, the
pointcut generator generates additional code taemehthe modelled semantics within the
target language. If the JPDD contains for exampliégepn based pointcut and is exported to
AspectJ, the code generator generates a implenmnt#ta state machine within the advice
to realize the pointcut semantics without explatntcut designators.
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4.4.4.7.6 Artisan Studio
There are no Aspect extensions.

4.44.7.7 openAmeos
There are no Aspect extensions

4.4.4.7.8 MagicDraw
There are no Aspect extensions

4.4.4.7.9 Select Solution for MDA
There are no Aspect extensions

4.44.7.10 MID Innovator
There are no Aspect extensions

444711 Feature Summary

1BM Borland Visual Telelogic | Eclipse Artisan Dpen MagicDra | Select MID
Paradigm w
Ameos
Key:
No cover
Partial
Complete

4.4.4.8PIM-level quality defect detection

The PIM-level quality defect detection can be refininto the following detailed list of
features provided by VIDE Defect Detector and hgwmly a very basic support among the
analysed tool chains.
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Table 63: Detailed defect detection feature evaluiain against the tool chains analysed

Tool IBM Visual Telelogic | Eclipse SOA Select MID
Rational | Borland Pagt\j/i%rgalsuite Mogeler PL(:%fm Artisan | Open | Magic | Solution| Innovator
Softvyare Together Paradiam for | Rhapsod STP) Proiect Studio | Ameos| Draw for Opjgct
Architect 9 psody | ( ) Proj MDA Edition
Features UML & Tau & Topcased
Model Analysis
Support for single-characteristic* defects
Support for multi-characteristic defects* x x x x
Use of model metrics
Use of model characteristics x x x x
Defect Diagnosis
Support for single-location defects
Support for multi-location defects x x x X x x x x x
Support to persist Ignore decisions x x x x X x x x x x
Support to (de-) emphasize defect priority x x x x x x x x x x
Support to remove individual defects x x x x x x x x x
Support to annotate context factors x x x x X x x x x x
Defect Annotation/Storage:
Annotation of all UML elements x x x x x x x
Use of EAnnotations within a diagram x X x x x x x x x x
Defect Presentation:
Use of eclipse marker, eclipse decorators, andsicd « « « « « « « « « <
within a diagram
Defect differentiation by Type using different Icon x x x x x x x
Defect Differentiation by Priority using colour x x x x x x x
Support for prioritization of defects (based on QM x x x x x x x
Support for nested defects (e.g., at Comments or « « « « « « « < < M
Parameter
*Regarding metrics we found several tools thatsisgle metrics to assess the model quality, bueradrthem supported more complex defects compridiffigrent
mutually related metrics.
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4.448.1 Feature Summary

IBM Borland Visual Telelogic | Eclipse Artisan Dpen MagicDraw | Select |MID
Paradigm
Ameos
Key:
No cover
Partial
Complete

4.4.4.9PIM-level publication of web services - modelling ad execution

44491 IBM Rational Software Architect

IBM Rational Software Architect provides suppont feeb application development targeting
JEE 5 and EJB. Web services can be modelled arattexipas WSDL document.

4.4.4.9.2 Borland Together

Borland Together allows J2EE modeling (Figure 4&) both export of the WSDL interface
and deployment of web application implementatioh&AR archives.

#® apply Transformation Wizard -0l x|

Select transformation to apply

Select transformation File

'[5"'- TestJavaCutput
205 L to J2EE
- WSDL ko ML
=00 WSDL to UML2
== src_generated

...... El Wadl_To_lml_Mapping. java

(7 = Back Mext = | Eirish I Cancel

Figure 42: Borland Together — Web service support

4.4.4.9.3 Visual paradigm for UML

Visual Paradigm supports the generation and depmoyraf web applications, as shown in
Figure 43.
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Figure 43: Visual Paradigm — Web application deplognent

4.4.49.4 Telelogic Rhapsody

Telelogic Rhapsody supports the generation of WSEgure 44). No support for platform-
specific web service implementation.
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Figure 44: Telelogic Rhapsody — WSDL generation

GENErate Wikl aticn

44495 Topcased
No pre-defined support for the publication of welbvices could be found.

4.4.4.9.6 Artisan Studio
No pre-defined support for the publication of welbvices could be found.

4.4.49.7 openAmeos
OpenAmeos has no pre-defined support for the patindic of web services.

4.4.49.8 ArcStyler

Arcstyler comes with a set of cartridges for J2EE dnd .NET development, including the
generation and deployment of EJB 2.1 web servig(E 45). Currently there is no cartridge
for JEE5 / JAX-WS.
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44499 Select Solution for MDA

Select Solution Factory includes support for WSbie development and deployment of web
services.

4.4.49.10 MID Innovator

Web services can be modelled and exported to BRitle.cAdditionally, Innovator comes
with a set of profiles to support the modellingwadb applications (Figure 46). However, the
predefined cartridges do not produce web applinadiatput.
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Figure 46: MID Innovator — Web application
444911 Feature Summary
1BM Borland Visual Telelogic | Eclipse Artisan Dpen MagicDra | Select MID
Paradigm w
Ameos
Key:
No cover
Partial
Complete
4.4.4.10 PIM-level consumption of web services - modellingral execution

4.44.10.1 |IBM Rational Software Modeller

IBM Rational Software Architect provides suppont feeb application development targeting
JEE 5 and EJB. However, a WSDL import could notdumd.

4.4.4.10.2 Borland Together

Borland Together comes with a QVT transformatioojgxt that converts a WSDL file into a
UML model.
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4.4.4,10.3 Visual paradigm for UML

No WSDL importer could be detected to support tbesamption of web services on PIM
level.

4.4.4.10.4 Telelogic Rhapsody

The Net-centric systems pack, a Telelogic Rhapsatt-on, provides the ability to import
WSDL files is provided as part of the design motidreover, there is round-trip engineering
support for Web services interfaces (WSDL). No supfor platform-specific proxy class
generation

4.4.4.10.5 Topcased
No pre-defined support for the consumption of wetvises could be found.

4.4.4.10.6 Artisan Studio
No pre-defined support for the consumption of wetvises could be found

4.44.10.7 openAmeos
OpenAmeos has no pre-defined support for the copgsamof web services.

4.4.4.10.8 Arcstyler

The Arcstyler cartridges allow the generation ofnptete web applications. MagicDraw
supports import and export of XMI 1.2 documentsgl#img the full roundtrip for e.g. WSDL
definitions.

444109 Select Solution for MDA

Select Solution Factory can be used to build cotapleb applications, especially for the
.NET technology platform.

4.4.4.10.10 MID Innovator
No WSDL import could be detected.

4.44.10.11 Feature Summary

IBM Borland Visual Telelogic | Eclipse Artisan Dpen MagicDra | Select MID
Paradigm w
Ameos
Key:
No cover
Partial
Complete
4.4.4.11 Platform independent means for GUI development

Graphical user interfaces implemented with Webkarebe published as Java applications or
as Java Applets in a web browser. As a runtimerenment, they only need a Java Runtime
Environment, which is available for many operatgygtems (for example Windows, Linux,
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Solaris, Mac OS X). The same GUI can be used a&pgtet or as an application without
change, the GUI must only be published again.

Each tool chain consists out of tools for Pre-COMV, PIM and code generation.

44.4.11.1 |IBM Rational Software Modeller

This tool chain provides tools for the platform épéndent development of a GUI, because
Java is used as a target platform and there areobiponents which can be arranged by
dragé&drop.

4.4.4.11.2 Borland Together

Borland Together includes a GUI designer. The gaedr graphical platform independent user
interfaces are based on Java.

4.4.4.11.3 Visual paradigm for UML

Visual Paradigm does not provide a designer foplyal user interfaces. If a GUI is needed, a
designer of a supported external IDE is used.

44.4.11.4 Telelogic Modeller

Rhapsody Graphical Panels provides the possiltdityreate mock-ups or prototypes of the graphical
user interface based on Java

444115 Eclipse

The development of graphical user interfaces in Eclipse is supported by other Eclipse plug-ins
(for example Jigloo, Visual Editor, Window Builder).

4.4.4.11.6 Artisan Studio
Artisan Studio provides no integrated GUI builder.

4.44.11.7 openAmeos
OpenAmeos provides no integrated GUI builder.

44.4.11.8 MagicDraw
There is no integrated GUI builder.

4.44.11.9 Select Solution for MDA
There is no integrated GUI builder.

4.4.4.11.10 MID Innovator
There is no integrated GUI builder.

4.44.11.11 Feature Summary

IBM Borland Visual Telelogic | Eclipse Artisan Dpen MagicDra | Select MID
Paradigm w
Ameos
Key:
No cover

Partial

Comélete -
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4.4.4.12 Avalilability of a logical structure of GUI

In contrast to other available Java Developmentiianments (for example Netbeans), a GUI
developed with TNM:WebFace provides an interfacethte internal logical connections

between the various graphical components. Traditialava development environments
implement the connections between the componerits génerated Java code. In a GUI
generated with WebFace, these connections are nmeplied as a logical data structure, no
code is generated in order to connect the compsendifiis functionality can be used to

implement complex help systems. During runtime, liledp system can easily monitor the

actions of the user by analyzing the events betwhencomponents. For example, in the
research project Smartkomyw.smartkom.or)y the graphical user interface was developed
on base of TNM:WebFace. In this project, the datavided by the GUI was used to

implement a graphical presentation agent, who guittee users through the running

application.

In none of the tools mentioned above, does suolgiadl structure exist. In all cases, the tools
generate Java code which implemented the eveminéss of the graphical components.
Because the connections are only implemented inJthe& code, they are not directly
accessible by another process.

44.4.12.1 Feature Summary

IBM Borland Visual Telelogic | Eclipse Artisan Dpen MagicDra | Select MID
Paradigm w
Ameos
Key:
No cover
Partial
Complete

4.45 PIMto PSM
4.4.5.1Code generation of behaviour from PIM (method/constuctor bodies)

445.1.1 IBM Rational Software Modeller
No code generation of behaviour is provided by tis.

Nevertheless BLU AGE ‘build’ from IBM provides sonlenited code generation for the
behaviour.

BLU AGE ‘build’ is as described from their web site

BLU AGE ‘build’ is an integrated modelling enviroant built in Eclipse for UML models
elaboration. It offers business application's saurcode transformation and generation
features. This module is designed for consultamd developers who use it on their
workstations, set around a UML source repositairany.

The source code is automatically generated in atip&e project form, allowing the
applications' execution in the same environmenbiider to validate their compliance to
modelled functional specifications described by Udiaigrams.
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Figure 47 shows an example of activity diagram ikatised to generated code. Note that
MagicDraw modelling tool is used, because BLU AGHitd’ is mainly a generator tool.
Taking a look at the partition name, we can sedefmal screens’, ‘server’, ‘screen’ and
‘reports’ which are concepts at the PSM level, abtthe PIM level as VIDE language.
Therefore we can conclude that, despite this teolegate behaviour, it is not comparable to
VIDE model compiler.
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Figure 47: BLU AGE code generation from activity dagram

445.1.2 Borland Together
Not supported.

445.1.3 Visual paradigm for UML

Behavioural code generation based on actions g @avsilable for general actions and call
behaviour actions in the context of State Machifdgere is no mapping for other specific
actions modelled in Activity diagrams

445.1.4 Telelogic Modeller

This tool generates code only for the UML statassl diagram. It can also generate sequence
diagram from code execution but this is not ouippse.

Telelogic Rhapsody generates code from behaviowodkel! views to C, C++, Java, Ada code.

The pre-defined mappings of actions in activitygilgans however do not take into account
the specific UML action sub-types.
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445.15 Eclipse

Acceleo modules are available for e.g. JEE andT®#se use annotated class diagrams to
generate code — a mapping for behaviour modellegpasific actions in activity diagrams is
not provided.

445.1.6 Artisan Studio

Artisan Studio includes the Automatic Code Synclrentargeting C, C++, C#, Java, Ada
and Spark Ada, and a Template Development Kit #ilws the customization of the
mapping. Though behavioural code can be generated UML 1.4 behaviour diagrams,
Artisan Studio does not provide the possibilityplatform-independently specify a method
using UML 2 actions and generate code from it.

44517 openAmeos
This tool generates code only for the UML staterssl diagram.

445.1.8 MagicDraw & Arcstyler

The Arcstyler cartridges can only handle behavibir@rmation from UML 1.4 diagrams,
specific actions in UML 2.1 activity diagrams aret isupported. This tool can also generate
sequence diagrams from code execution but thistisur purpose.

445.19 Select Solution for MDA

This tool provides some features to generate casta dode (also C# and C++) from the
UML static class diagram and also from predefinechhical design patterns and typical
architectures (3 tiers, client/servers) but thisas at the level of PIM and it generates only
skeletons.

4451.10 MID Innovator

This tool provides some features to generate caneb&haviour based on the Nassi-
Shneiderman diagram notation. The figure below shaw example for such a diagram at a
high level of abstraction. The main difference WAIDE language are:

& Atomic instruction are expressed in target langu&j€++ and Cobol
& There is no integration with UML models

Sub to Determine Wiki- Article

\\ Select Favowrite Geenre
History Science Geography Other
Type in
Click Click Click sl odom
History Science Geography link
link link Press Go

End

Figure 48: Example Nassi-Shneiderman diagram
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445111 Feature Summary

No tool provide the same level of code generat®VHEDE toolset. BLU AGE from IBM is
the closest one even though it is far from PIM. MiBo provide some very limited behaviour
modelling and code generation.

IBM Borland Visual Telelogic | Eclipse Artisan Dpen MagicDra | Select MID
(BLU Paradigm w

AGE) Ameos

Key:

No cover

Partial

Complete

4.4.5.2Complete and compile-ready code generation

This section should be read with the previous anmeind; we consider only tools that provide
some form of dynamic modelling at PIM level and eagkneration.

445.2.1 IBM Rational Software Modeller
Complete and compile-ready code generation is availwith BLU AGE.

44522 Borland Together
Complete and compile-ready code generation is veitadle

4.45.2.3 Visual paradigm for UML
Complete and compile-ready code generation is veitadble

4.45.2.4 Telelogic Modeller
Complete and compile-ready code generation is veitadble

44525 Topcased
Complete and compile-ready code generation is veitadble

4.45.2.6 Artisan Studio
Complete and compile-ready code generation is veitadble

44527 openAmeos
Complete and compile-ready code generation is veitadble

4.45.2.8 MagicDraw
Complete and compile-ready code generation is veitadble

4.45.2.9 Select Solution for MDA
Complete and compile-ready code generation is veitadble

- 162 -
© Copyright by VIDE Consortium




FP6-IST-2005-033606, Visualize All Model Driven Bramming Work Package 11 — Deliverable D11.3
Version 1.0 Date 2009-01-14

4.45.2.10 MID Innovator
Complete and compile-ready code generation is veitadble

445211 Feature Summary

IBM (BLU Borland Visual Telelogic Eclipse Artisan Dpen MagicDra Select MID

AGE) Paradigm w
Ameos

Key:

No cover

Partial

Complete
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4.5 Comparison Matrix

IBM Borland |Visual Telelogic |Eclipse Artisan  gpen Magic | Select | MID

. L Paradigm Ameos Draw
Evaluation Criteria

e Creating and storing descriptions
of the domain (including
descriptions of business
requirements and operational
procedures) .

» Selection of desired scrap text
from the domain description to
create a visual informal scrap
model.

* Selection of scrap model
elements for further analysis and
creation of an informal analysis
model

* Refinement of domain model
elements into roles, activities or
data objects.

e Selection of analysis model
elements for use in creating an
initial business process model

No cover

Partial

Complete -
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Key:

Evaluation Criteria

IBM

Borland  |Visual Telelogic
Paradigm

Eclipse

IArtisan

q

Dpen

Ameos

Magic

Draw

Select

MID

e Allows the import of un-structured
requirements information

» Allows the creation of Business
Rules from both data structure
and organisational  structure
model elements in addition to
natural language

« Enhances business process
modelling using extended BPMN
» Creating such things as
multi-media artifact
information
 Creating data elements,
organisational data and
business rules inside the
process. (These can be
used singly or combined.)

« Allows the creation of

organisational and data structures
using elements helpful to the non-
IT person

e Exports information from the

process model as XPDL (for a
workflow engine.)

» Uses the export of a process

model as a blueprint to allow
creation of UML2 diagrams

No cover

Partial

Complete _
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IBM Borland  |Visual Telelogic |Eclipse |(Artisan Open Magic Select | MID
Paradig

Evaluation Criteria m Ameos Draw

* Automatic creation of class model
from business process model (by use
of heuristics for BPM-to-Class

mapping).

e Automatic creation of activity chart
from business process model (by use
of heuristics for BPM-to-Activity

mapping).

Key:

No cover

Partial

Complete
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IBM Borland Visual Telelogic |Eclipse Artisan Open Magic Select | MID
Paradig

Evaluation Criteria m Ameos | Draw

* Model execution at the PIM level

e Textual language and editor for
UML action modelling

e Visual language and editor for
UML action modelling

* User friendly action modelling

* OCL wused as a high-level
expression and query language

* OCL guery expressions visualized

e PIM-level aspect-oriented
modelling

* PIM-level quality defect detection

* PIM-level publication of web
services - modelling and
execution

*  PIM-level consumption of web
services - modelling and
execution

e Platform independent means for
GUI development

* Availability of a logical structure of
GUI

No cover
Partial

Complete -
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IBM Borland

Evaluation Criteria

Visual
Paradig
m

Telelogic

Eclipse

IArtisan

q

Dpen

Ameos

Magic

Draw

Select

MID

» Code generation of behaviour
from PIM (method/constructor
bodies)

R «  Complete and compile-ready
code generation (including web
services)

Key:

No cover

Partial

Comélete -
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4.6 Vertical evaluation conclusions

This chapter outlined the vertical evaluation & tHDE toolset and shows that VIDE has 24
functional features which will help business usersate data intensive applications, and
which are missing from the major MDA toolchains.

Section 4.2 outlined the value added features @MHDE components at the different MDA
levels. Section 4.2.2 outlined the stakeholders\&mE functionality at the pre-CIM level,
before defining five value added features. This wegseated for the CIM level in Section
4.2.3 where 6 features were outlined and the CIRIM transition in Section 4.2.4 where 2
further features were defined. Section 4.2.5 dseddhe PIM level and its stakeholders and
identified 12 features which added value to the Kl@olset and finally The PIM to PSM
transition was discussed in Section 4.2.6 when rthdu two value added features were
identified. Thus 24 features were selected inS#dktion 4.3 then presented the ten toolchains
which were selected to compare the VIDE toolchgairst. These were selected on the basis
that they covered the entire scope of the VIDEgebband that they were well known in the
MDA and business development environment. Inforamaton each toolchain was made
available including licensing arrangements to alteaders to compare the toolset against the
available components named.

Section 4.4 details the presentation of the resofitthe investigation for each toolchain,
feature by feature. These results are presenteddomparison matrix in Section 4.5. The
evaluation of VIDE against the named tool chaireaghthat VIDE has 24 functional features
that are mostly missing in all the major tool clsain
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5 Conclusions

The evaluation work described in this deliverablieended to validate the measurable results
assumed in the Description of Work and further nesqments specified in the course of the
project, consists of two main views.

One of them was called "vertical", as it is focusedcomparing whole toolchains across the
modelling layers and development process phasensigtie VIDE tool set. 27 essential
features of VIDE were identified, classified intedelling layers:

+ pre-CIM

« CIM

e CIM-to-PIM
 PIM

« PIM-to-PSM and code

and compared with 10 commercially available tooletaf similar area of application. The
comparison has shown that the VIDE features idedtifare indeed unique — either
completely, or at least in combination inside martr toolchains.

The other part of evaluation work was called "honial" as it was aimed at investigating
selected features of VIDE inside particular layefshe framework. This part complements
the vertical evaluation by checking if the VIDE gue features identified there actually bring
an advantage. In other words, the workshops, catigret and study performed there have
the purpose of verifying the expectations expressethe project's description of work
Measurable Results and the other intended featdrt® VIDE tooling. The possibilities for
experimentation and comparison were limited by fe that VIDE constitutes an proof of
concept prototype implementation, which makes wbjgmatic to compete with mature
industrial tools in terms of usability. Neverthedemost of the horizontal evaluation work was
possible to be performed in the form of workshomaisactual working VIDE functionality
and comparing it against traditional solutions.

The results can be considered promising. They siggesignificant productivity gain
resulting from the simplicity and seamless desifrthe VIDE PIM language. The visual
syntax was found intuitive for novice users, wihle visual expression solution substitutive
to OCL textual coding allowed them to realise nowidl queries. The comparative analysis
of the VIDE AO features confirm they offer at thiMPlevel analogous expressive power as
the AO solutions of programming languages. The sloop on VIDE Defect Detection shows
that the tool allows a significantly higher qualitjefect detection rate than a manual
inspection. Also the non-IT user oriented VIDE simns offered by the "pre-CIM" tooling
have been found, in the course of workshop experiatien, much more approachable than
traditional modelling solutions that would congiua communication barrier for domain
experts.
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Appendix A: VIDE Defect Detector evaluation
guestionnaires

Briefing Questionnaire

Please answer the following questions. This wiketayou about 5 minutes. During the
analysis of the data, the data will be anonymizgdu name will be removed.

Subject- <the ID will be inserted by the evaluators>

ID

Name: Start Time:
ID: End Time:

University Education

<B1> |Education

<B1.1> [Name of study (e.g., “Angewandte
Informatik”)

<B1.2> |Major Subject (i.e.,
“Hauptfach/Vertiefung”):

<B1.3> [Minor Subject (i.e.,
“Nebenfach/Wahlfach”):

(if more than one, please mention all)

<B1.4> [Which lectures regarding “Software
Engineering” (e.g., “SE 1-3”, “GSE”, ...)
have you completed?

<B1.5> [Number of terms (Fachsemester)
completed (including the current one):

<B1.6> |In how many practical courses (i.e., SE-
oriented “Praktika”) have you participated?

Practical Software Engineering Experience

<B2> |Practical Software Engineering Experience Yes| No

<B2.1> [Have you ever written software system with more than 5 classes or 1000 lines of
code?

<B2.2> [Have you ever written software outside of university programs (e.g., private,
commercial, OSS)?

<B2.3> |[Have you developed software in a large team (>4 persons) with distributed roles?

<B2.4> [Have you developed software in a project with long duration (>6 months)?
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Experience with Programming & Object-oriented Languages

<B3> [Questions on Experience with Programming & Object-oriented Languages

<B3.1> [How many years of computer programming experience do you have, if any?

<B3.2> [How many different applications have you programmed?

<B3.3> [How many different applications have you programmed in object-oriented
languages?

<B3.4> |How many years were you involved in maintaining & improving a software system?

<B4> |What is your experience with ... LA L
<B4.1> (e)tgj()act—oriented Languages APIs (such as java.util, java.io, java.net, ololololololo
<B4.2> |Object-oriented Languages GUIs (such as AWT, Swing, SWT, etc.) O|0|0|0|0|0|0
<B4.3> |(Creating object-oriented programs from scratch O|0|0|0|0|0|0
<B4.4> |Debugging large programs in object-oriented languages O|0|0|0|0|0|0
<B4.5> |(The eclipse IDE (as an user, not plugin-Developer) O|0|0|0|0|0|0

<B4.6> |Other IDE such as Netbeans, Visual Studio, jBuilder, etc. (as an user,
not plugin-Developer)

O
O
O
O
O
O
O

Experience with Refactoring & Code Smells

<B5> |General Questions

<B5.0> [Have you heard of refactoring before?

<B5.1> |How many years of experience do you have with refactoring?

<B5.2> |How many different applications have you refactored? (all object-oriented
languages)

<B5.3> |How many different applications have you refactored in Java?

<B6> |What is your practical experience with ... Eig:)r;rience —
<B6.1> |ldentifying code smells, anti-patterns, pitfalls, design flaws, etc. O|O0|0|O|0|0|O
<B6.2> |Applying Refactorings manually O|0|0|0|0|0|0O

<B6.3> |Applying Refactorings such as “Extract Method” build into an IDE
(except the “rename” refactoring)

<B6.4> |Working with design patterns, design heuristics, design principles, etc. |O|O|O|O|O|O|O

Experience with Quality Assurance & Maintenance

<B7> What is your practical experience with ... E;%Zrience L
<B7.1> |Quality models (such as ISO 9126, FURPS, Dromey, Boehm, ...) O|0|0|0|0|0|0
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<B7.2> [Testing a software system? O|0|0|0|0|0|0
<B7.3> [Inspecting a software system regarding quality issues? O|0|0|0|0|0|0
<B7.4> |Software measurement (Metrics)? O|0|0|0|0|0|0
<B7.5> |[Code checking tools such as PMD, checkstyle, etc.? O|0|0|0|0|0|0O
<B8>  |What is your practical experience with ... . s
<B8.1> |Maintaining a software system? (e.g., managing defects, applying ololololololo

changes, etc.)

<B8.2> |Porting a software system to another platform? (e.g., Java 1.2 to 5.0,

Java to C#, etc.) 0|0|0|0|0|0|O

<B8.3> (Improving a software system regarding efficiency (time behaviour, ololololololo
resource behaviour)?

<B8.4> |(Improving a software system regarding reliability? (i.e., ololololololo
“Zuverlassigkeit”)

<B8.5> |Improving a software system regarding usability? O|0|0|0|0|0|0

<B8.6> |(Improving a software system regarding functionality (suitability, ololololololo

interoperability, security)?

Learning Style

<B9> |What is your most preferred learning style? (select one option)
<B9.1> |Reading textbooks (with exercises) O
<B9.2> |Classroom lectures (with exercises) O
<B9.3> |Group work (interaction with peers and teacher / including exercises) O
<B9.4> |Web-based training modules (with computer interaction / including examples and ©)
exercises)
<B9.5> |Trial and error approach (e.g., program, debug, repeat) @)
Experience with Software Modelling & UML
<B10> |What is your experience with ... e R
<B10.1> [The UML / UML diagrams O[|0|0|0|0|0|0
<B10.2> |[Modeling of software systems (not necessarily with UML) O|0|0|0|0|0|0
<B10.3> |Creating software using UML from scratch O|0|0|0|0|0|0
<B10.4> |Debugging large software models O|0|0|0|0|0|0
<B10.5> [Using the Topcased modeling environment O|0|0|0|0|0|0O
<B10.6> |Other modeling environments such as Objecteering, Omondo, etc. O|0|0|0|0[0|0O
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<B11> |Questions on Experience with Modeling & UML

<B11.1>|How many years of modeling experience do you have, if any?

<B11.2>|How many different applications have you modeled?

<B11.3>|How many different applications have you modeled using UML?

<B11.4>/How many years were you involved in maintaining & improving a software model?

Refactoring Protocol

Please answer the following questions. During thelysis of the data, the data will be
anonymized — your name will be removed.

Subject-1D <the ID will be inserted by the evaluators>

Name: Start Time:
ID End Time:
Class Element Smell - Refactoring / Decisions (

Test.java getString() Unc. Name — changed to getSurename()

calculateOffset() |Long Method —ignored (necessary due to complex algorithm)
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Post-Test Questionnaire

Please answer the following questions. This wiketayou about 5 minutes. During the
analysis of the data, the data will be anonymizgdur Name will be removed.

Start Time:
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ID End Time:

Quality Improvement (Subjective)

The following questions are targeted towards thegeed effects of the manual approach or
VIDE-DD on the software quality (Based on ISO 9126)

Maintainability
The effort needed to make specified modifications.

VIDE-DD improved the following aspects of Maintainability Agree Disagree

Analyzability :
Attributes of software that bear on the effort needed for diagnosis of

Y : . R O|0O|O0O|O|O|0O|O
deficiencies or causes of failures, or for identification of parts to be
modified. (ISO 9126: 1991, A.2.5.1)

Changeability :
Attributes of software that bear on the effort needed for modification, Ol0O|O0O|O0]|O0|0O |0
fault removal or for environmental change. (ISO 9126: 1991, A.2.5.2)

Stability :
Attributes of software that bear on the risk of unexpected effect of O|lO0l0|O0|O0|0|0O
modifications. (ISO 9126: 1991, A.2.5.3)

Testability :
Attributes of software that bear on the effort needed for validating the O|0j|O0O|O|O |0 |0
modified software. (ISO 9126: 1991, A.2.5.4)

Understandability (Code), Readability
Attributes of software to be understood by the developer, tester, or O|l0|O0|O0|O0|0O|0O
maintainer. (Boehm)

Portability
The ability of software to be transferred from @myironment to another.

VIDE-DD improved the following aspects of Portability Agree Disagree
Adaptability :

Attributes of software that bear on the opportunity for its adaptation to

different specified environments without applying other actions or O|l0|O0|O0|O0|0O|0O

means than those provided for this purpose for the software considered.
(1SO 9126: 1991, A.2.6.1)

Installability :
Attributes of software that bear on the effort needed to install the O NORNORNONNONNORNG)
software in a specified environment. (ISO 9126: 1991, A.2.6.2)

Conformance :
Attributes of software that make the software adhere to standards or O|O]|O0O|O|O|O|O
conventions relating to portability. (ISO 9126: 1991, A.2.6.3)

Replaceability :
Attributes of software that bear on the opportunity and effort of using it ololololololo
in the place of specified other software in the environment of that
software. (1ISO 9126: 1991, A.2.6.4)
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Efficiency

The relationship between the level of performantethe software and the amount of
resources used, under stated conditions.

VIDE-DD improved the following aspects of Efficiency Agree Disagree

Time behaviour :
Attributes of software that bear on response and processing timesand |O [ O | O |O | O |O | O
on throughput rates in performing its function. (ISO 9126: 1991, A.2.4.1)

Resource behaviour :
Attributes of software that bear on the amount of resources used andthe] O | O | O | O | O | O | O
duration of such use in performing its function. (ISO 9126: 1991, A.2.4.2)

Reliability

The capability of software to maintain its levelpgfrformance under stated conditions for a
stated period of time.

VIDE-DD improved the following aspects of Reliability Agree Disagree

Maturity :
Attributes of software that bear on the frequency of failure by faults in Oj|0j|O0|O0O|O|0O|O
the software. (ISO 9126: 1991, A.2.2.1)

Fault tolerance :
Attributes of software that bear on its ability to maintain a specified level

. L ; O|l0|O0|O0|O|O|O
of performance in cases of software faults or of infringement of its
specified interface. (ISO 9126: 1991, A.2.2.2)

Recoverability :
Attributes of software that bear on the capability to re-establish its level

) ) : O|l0|O0|O0|O|O|O
of performance and recover the data directly affected in case of a failure
and on the time and effort needed for it. (ISO 9126: 1991, A.2.2.3)

Functionality

The existence of a set of functions and their §ipdgproperties. The functions are those that
satisfy stated or implied needs.

VIDE-DD improved the following aspects of Functionality Agree Disagree

Suitability :
Attribute of software that bears on the presence and appropriatenessof |[O| O | O | O |O | O | O
a set of functions for specified tasks. (ISO 9126: 1991, A.2.1.1)

Accuracy :
Attributes of software that bear on the provision of right or agreed results| O [ O | O | O | O | O | O
or effects. (ISO 9126: 1991, A.2.1.2)

Interoperability :
Attributes of software that bear on its ability to interact with specified Ol0|O0|O0|O0|O |0
systems. (ISO 9126: 1991, A.2.1.3)

Compliance :
Attributes of software that make the software adhere to application ololololololo
related standards or conventions or regulations in laws and similar
prescriptions. (ISO 9126: 1991, A.2.1.4)

Security :
Attributes of software that bear on its ability to prevent unauthorized O|lO0lO0|O0|O0|0|0O
access, whether accidental or deliberate, to programs and data. (ISO

-179 -
© Copyright by VIDE Consortium



FP6-IST-2005-033606, Visualize All Model Driven Bramming Work Package 11 — Deliverable D11.3
Version 1.0 Date 2009-01-14

9126: 1991, A.2.1.5) NN

Usability

The effort needed for use, and on the individuakasment of such use, by a stated or implied
set of users.

VIDE-DD improved the following aspects of Usability Agree Disagree

Understandability (System)
Attributes of software that bear on the users' effort for recognizingthe |O | O[O |O|O|O | O
logical concept and its applicability. (ISO 9126: 1991, A.2.3.1)

Learnability :

Attributes of software that bear on the users' effort for learning its ololololololo
application (for example, operation control, input, output). (ISO 9126:

1991, A.2.3.2)

Operability :

Attributes of software that bear on the users' effort for operation and Ol0|O0|O0|O0|O|0O
operation control. (ISO 9126: 1991, A.2.3.3)

Debriefing Questionnaire

Please answer the following questions. This wiketayou about 5 minutes. During the
analysis of the data, the data will be anonymizgdur Name will be removed.

Subject-1D <the ID will be inserted by the evaluators>

Name: Start Time:

ID End Time:

<J1> Agree Disagree

<J1.1> | found the presentation of quality defects helpful O|0|0|O0|O0|0|0O

<J1.2> | found the presentation of refactorings helpful O|0|0|O0|0|0|0O

<J1.3> The complexity of both runs were comparable O|0O|O0|O0O|O|0O|0O

<J1.4> The system in Run 1 (SalesScenario System) was more ololololololo
complex

<J1.5> The system in Run 2 (BelAMI System) was more complex O|O|O0|O0O|O|0O0|0O

<J1.6> The system in Run 1 (SalesScenario System) was harder to ololololololo
understand

<J1.7> The system in Run 2 (BelAMI System) was harder to understand| O [O| O |O O | O |O

<J1.8> Ihavg_gxperiencewith the domain of system 1 (i.e., project ololololololo
acquisition / CRM)

<J1.9> | have experience with the domain of system 2 (i.e., diagnostic ololololololo
systems / AMI)
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<J1.10> Thetlmewas_sufflmentto understand the system in Run 1 ololololololo
(SalesScenario System)
<J1.11> |The time was sufficient to understand the system in Run 2 ololololololo
(BelAMI)
Motivation
<M> Motivation Agree Disagree
<M1.1> | was interested / motivated to perform in the experiment O|O|O0|0O|O|0O0|0O
<M1.2> |The topic was too new for me to comprehend it O|0|O0|O0|O0|0 |0
<M1.3> | would like to know more about refactoring and code smells O|O|O0|O0O|O|O0|0O
<M1.4> The experiment kept me from doing more important work in the
lab (i.e., “GSE Praktikum’) ©10101010010

| would like to make the following comment(s) / improvement sugge stion(s) (can be in
German)

| had a problem with ... <please explain (can be in German)>:
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|

Evaluation of the Use and Acceptance of VIDE-DD

The following questions are based on the UTAUT {ledi Theory of Acceptance and Use of
Technology).

Performance expectancy Agree Disagree
| would find the system useful in my work. O|lO0lO0|O0|O0 |0 |0
Using the system enables me to accomplish tasks more quickly. Oj0j|O0|O0|O|O0|O0O
Using the system increases my productivity. O|lOlO0|O0|O0 |0 |0
If I use the system, | will increase my chances of getting a raise. (e.g., by ololololololo
being faster)

Effort expectancy Agree Disagree
My interaction with the system would be clear and understandable. O|O0l0|O0|O0 |0 |0
It would be easy for me to become skillful at using the system. O|lO0lO0|O0|O0 |0 |0
| would find the system easy to use. O|lO0l0|O0|O0 |0 |0
Learning to operate the system is easy for me. O|O0l0|O0|O0 |0 |0
Attitude toward using technology Agree Disagree
Using the system is a good idea. O|lOlO0|O0|O0 |0 |0
The system makes work more interesting. O|lO0l0|O0|O0|0|0O
Working with the system is fun. Oj|0j|O0|O0|O0|O0|O0O
| like working with the system. O|lOolO0|O0O|O0 |0 |0
Social influence Agree Disagree
People who influence my behaviour think that | should use the system. |O | O[O |O|O|O|O
People who are important to me think that | should use the system. O|lO0l0|O0|O0 |0 |0
The senior management has been helpful in the use of the system. O|l0|O0|O0|O|O|O
In general, the organization has supported the use of the system. O|lO0l0|O0|O0 |0 |0
Facilitating conditions Agree Disagree
| have the resources necessary to use the system. Oj0j|O0|O0|O0 |00
| have the knowledge necessary to use the system. (ONNCN NOR RO NONNONNO)
The system is not compatible with other systems | use. O|lOlO0|O0|O0 |0 |0
Qi f?lréiﬁllfel(; .person (or group) is available for assistance with system ololololololo
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Self-efficacy :
: : Agree Disagree
| could complete a job or task using the system...
... if there was no one around to tell me what to do as | go. Oj0j|O0|O0|O|0O|O0O
... if I could call someone for help if | got stuck. Oj|0j|O0|O0|O |00

...if_I had a lot of time to complete the job for which the software was ololololololo
provided.

... if I 'had just the built-in help facility for assistance. O|l0|O0|O0|O0|O |0
Anxiety Agree Disagree
| feel apprehensive about using the system. O|lOlO0|O0O|O0 |0 |0
It scares me to think that | could lose a lot of information using the ololololololo

system by hitting the wrong key.

| hesitate to use the system for fear of making mistakes | cannot correct. | O | O O | O | O | O | O

The system is somewhat intimidating to me. Oj|0j|O0O|O0O|O |00
Behavioural intention to use the system Agree Disagree
| intend to use the system in the next 6 months. O|lO0lO0|O0|O0 |0 |0
| predict | would use the system in the next 6 months. O|l0|O0|O0|]O0|O |0
| plan to use the system in the next 6 months. O|lOlO0|O0|O0 |0 |0
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