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EXECUTIVE SUMMARY

Work package 5 (WP5) aims at creating a framework for supporting the development of
high-performance declarative opsource project analysis workflows. This is
underpinned byCrossflowd a domairspecific language capable of expressopen
source projectraalysis workflowsin a high level of abstractiol€reation and execution

of Crossflow workflows isaided byan Eclipsebasedgraphical editoranda browser

based interfaceroviding feedback during and after the execution of the workflow
respectively Workflows are executed through a scalable execution engine, capable of
both parallel and distributed execution th&trunning against code generated using
appropriate model transformation languages to executable code.

This document expands upon D5.3 byyidong details into the current implementation

of Crossflow by means of an Eclipbased graphical model editor as well as by
presenting new components that include a browased workflow deployment,
monitoring, and executiemanagement interface. First,presents an exemplary use
case showcasing the creation of a Crossflow workflow model, the generation of base
classes from such a model, as well as the specification ofgfaieed behaviour
through implementations extending generated code. Seconpligsents packaging and
deployment of Crossflow workflows as well as their monitoring and execution
management during runtime.

30 June 2019 Version 2.0 Pagev
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1. INTRODUCTION

This document will present the development tools of the workflow component of CROSSMINER.
Workflows allow for the definition of bespoke analysis algorithms in a-feghl domainspecific
language and reqe the creation of appropriate todts create, m@ipulate, generate and monitor
them and their execution.

Figure 1 depicts the integration ofCrossflow in the Crossminer architece On one hand,
workflow specifications, i.e. Crossflow modeaiseated by the employing workflow development
tools described in Section3-4 of this document can be executed by metric providdrg
instantiatingthe CrossflowJava APl On the other hand, Crossflow workflow tasks can retrieve
data from the Crossminer knowledigaseREST API(cf. Section 9.4 in D6.5)nImore detaildata

from the knowledge base can be retrieved within the context of a Crossflokflomorby
submission of HTTP GET/POST requests that are coded into workflow tasks and triggered during

DevOps Dashboard

Advanced integrated development

Environments (IDE) Web Application

J {

REST API
Source cde analysis i

Workflow \% Natural language analysis

D based Cross project
evOps - : . : . .

knowledge relationship System configuration analysis Fact Providers
Backend .

extractors analysis

(Crossflow)

Metric Providers
CROSSMINER Platform
Persistence
Data Bases File System
OSSMETER CROSSMINER OSSMETER COMPONENTS
COMPONENTS COMPONENTS REFACTORED IN CROSSMINER

Figurel: Integration of Crossflow in Crossminer architecture.

theirworkflow execution(cf. Figure 36 in D6.5).

1.1 M OTIVATION

Two important factors when measuring the effectiveness of a software process or prothect are
level of abstraction and the level of reusability. Important aspects in this regard include increasing

30 June 2019 Version 2.0 Pagel
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the developer's productivity, decreasing the cost of software construction while preservieg the d
sired quality and improving the reusability andimtainability of software.

Model Driven Development (MDD), is an approach to software development elewaitys to
first-class citizens of the proce@dohagheghi, Fernandez, Martell, Fritzsche, & Gilani, 2009)
such, itis focused on the creation of semanticaigh models encapsulating the problem and/or
solution domains, while leaving the execution domain to mbdséd code generators.

Suchmodelscan be based on a graphical or textual representation (or a miktoo¢hd andbe
supported by graphical or textual design tools. These tools can either be generic and bound to a
high-level abstract domain (such as object graphs), hence requiring more effort to describe d
main-specific concepts or are bound to the donaid cannot be used for any other purpose. As
such, it is both important to choose the appropriate level of abstraction and the type of @present
tion for the domain in question.

1.2 OUTLINE

Modeling language editors are commonly split into three categoregshigal, textual, and hybrid,;

in D5.3 we presented an overview of those categories and their core differences. In this deliverable
we briefly describe the selection of tools and frameworks upon which Crossflow editor
implementations are built. Moreover, \peesent the current state of the Crossflow graphical and
textual editor implementation in detail and alongside a running example. Next, we present the
Crossflow web application enabling deployment, monitoring, and management of workflow
execution in web towser environments.

Page? Version2.0 30 June 2019
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2. CROSSFLOW WORKFLOW L ANGUAGE

This section provides a short overview of the Crossflow lang{&gevos, Neubauer, Barmpis,
Matragkas, & Paige, 201®)y describing its concepts and thus updating earlier deliverables such as
D5.1. The Crossflow language is defined by the Crossflow Ecore metamodel (cf. simplified version
in Figure?2) that is referenced by both graphical and textual language implementation of Crossflow
presented in SectioB.2 and4.2, respectively, as well as used by the Crossflow code generator to
produce stronghyped scaffolding Java code from workflow models.

Workflow
name : String
types Y extending  streams T tasks r languages Y
input
Type Stream P Task Language
type language
name : String name : String output name : String guag name : String
impl : String masterOnly : boolean package : String
isMany : boolean multipleOutputs : boolean outputFolder : String
fields ? genOutputFolder : String
parameters
Field
- Stri Parameter

name . string Queue Topic Source Sink
many : String name : String
type: String value : String

Figure2: Simplified version of the Crossflow languageetamodel (crossflow.ecore).

Workflow. In detail, instances of a Crossfloworkflow may containtypes , streams , tasks ,
andlanguages .

Type. Instances ofType represent data types and may specify multiplicigjgny attribute),
existing (or intended) implementations through the value ointhie attribute as well as instances
of Field detailed by aame, multiplicity (isMany attribute), andype .

Stream. Instances ofStream either represent queues or topics in a workflow model. Streams
manifest either as instances @fieue or Topic and receive input from tasks as well as produce
output for tasks. Queues and topics are following the ftoipbint and publisksubscribe
subsciption model, respectively.

Task. Instances ofask are defined byiame, execution restriction to only allow the master node to
execute them nfasterOnly  attribute), and output multiplicity n{ultipleOutputs attribute).
Moreover, tasks may manifest as inst ofSource or Sink . Sources and sinks produce input
and output for their containing workflow, respectively.

Language. Instances oifanguage are defined by name, package, generated source code output
directory putputFolder attribute), and generated bassource code output directory
(genOutputFolder  attribute). Moreover, languages may own parameters. Instarrgapfeter

are defined byname and value to represent additional information required by a particular
language. For example, the Python languagguires the specification of a parameter named
module for modularization, i.e. splitting programs into several programs to enable reuse and ease
maintenance.

30 June 2019 Version 2.0 Page3
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2.1 RUNNING EXAMPLE

This subsection provides a brief introduction of the running example appearngltibut the
remaining sections of the document.

In summary,the initial activity in therunning examplgi.e. TechnologySource in Figure 3,

entails reading tuples consisting of keyword and file extension from a comma separated file
(CSV). Next, theCodeSearcher activity involves looking for instances of files from specific
modelng technologies on GitHub, i.e. by using their file extensions and a keyword contained in
the file as the matching metrithe repositories containing such files are then cloned locally and
various analysistepsare performed to calculate the number gfostories, files and authors for
each such technolodggf. RepositorySearche  r). Finally, this analysis data is aggregated and
output to consolécf. Repository  ResultSin k).

More specifically, thdirst time the example workflow is executed in a distribudetlip, different
worker nodes will end up with different cloned Git repositories as a result of the execution of their
repository searchiasks (cf. RepositorySearch  Dispatcher ). The next time the workflow is
executed (e.g. after a bug fix or after addingrentechnologie$o theinput CSV file), repository
searchobs i.e. executing queries to the GitHub ARigrouted to nodes that already have clones

of relevant repositories from the previous executibavailable). Thusunnecessary cloning of

the same repositories in different nodas required by subsequent repository analysis jobs, i.e.
requiring access to repository clones, is prevented.

'—)CTechnoIogySource)—)( CodeSearcher >—>< RepositorySearchDispatcher >
I

( RepositorySearcher H RepositoryResultSink >—>©

Figure3: Crossflow Running Example Activity Diagram.

2.2 CODE GENERATION

The capabity of generating base classes and executables from models created by either one of the
Crossflow editors (cf3.2 and4.2) has been made available to the Eclipse environment through
context menu entries. Note that this capability requires the installation of Crossflow as outlined in
Section60. Moreover, make sure that Crossflow executables have been created beforehand

Crossflow models, i.e. files wWitthe extensionrossflow_diagram andcrossflow_model , can

be employed for base class code generation by-cightt c k and sel ection of
by fAGenerate CROSSFLOW Base Cl asHgered) Indetail,t h e
this will generate base classes and skeletons of implementations classes in the location defined by
the property fAGen Out put Latgurde dnstances, aespectivelyD(aft p u t
Figure 5). The keywordsoutputFolder and genOutputFolder of Language instances in

textual Crossflow models serve the equivalent purpos€iire6).

Paged Version2.0 30 June 2019
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[# Package Explorer &

«" Refresh F5
v 14> org.eclipse.scava.crossflow.examples.techanalysis | Assign Working Sets...
» =\ JRE System Library [JavaSE-1.8]
» m\ Plug-in Dependencies Validate
=\ Referenced Libraries @ Coverage As >
» #META-INF © Run As >
«5 build.properties % Debug As 'S
Profile As >
Epsilon Flock >
Apply copyright... . Generate Deployment Artifacts
Team > = Deploy Artifacts
Compare With > = Deploy Artifacts and Run (new browser window)
techanalveis rrascflnw dianram - ara eclinee crava erncsfla Replace With > :

Figure4: Crossflow context menu in Eclipse Package Explorer view.

=] Properties &2

4 Language
P Property Value
Gen Output Folder  '=src-gen
Appearance Name = Java
Output Folder '=src
Package '= org.eclipse.scava.crossflow.examples.techanalysis

Figure5: Running example warkflow JavaLanguage specification in Properties view.

languages {
Language Java {
package "org.eclipse.scava.crossflow.examples.techanalysis.xtext"
outputFolder "src"
genOutputFolder "src-gen"
}

}// workflow languages

Figure6: Running example workflow Javieanguage specification inCrossflow textual model editor.

Addi tional l vy, a folder named Aexperaupmedatad i s
directories, a web browsérased representation of the Crossflow model for the web browser
(abstract.graph ), and a configuration file for the Crossflow model deployment, execution,
monitoring, and management web applicatetpériment.xml ).

Finally, the generation of executables of the selected Crossflow model as well as their assembly
into a readyto-deploy ZIP archive is accomplished by righitking on the Crossflow model in

the Package Explorer vi ew and eseeteeDedloynmegt i Ct
Ar t i fFagaré 7ssbows the running example in the Package Explorer in its 4teedigploy

State.

30 June 2019 Version 2.0 Pageb
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f# Package Explorer &2 ==

&

v 4> org.eclipse.scava.crossflow.examples.techanalysis [scava-

» 2\ JRE System Library [JavaSE-1.8]
» &\ Plug-in Dependencies
> (Fsrc
> [® src-gen
=\ Referenced Libraries
¥ (7 > experiment
> %in
» Hout
-» abstract.graph
¥l experiment.xml
I, in.zip
35 org.eclipse.scava.crossflow.examples.techanalysis.jar
I; TechnologyAnalysis.zip
» % META-INF
5 build.properties
., techanalysis.crossflow_diagram

Figure7: Running exanple project readyto-deploy state in Package Explorer view.
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3. GRAPHICAL WORKFLOW MODELING

This section provides background on graphical editors and in particular EuGBtGsovosS,
GarciaDominguez, Rose, & Paige, 201&hd GMF, i.e. the opesource (modeling) language
graphical editor creation tool chosen to implement the Crossflow graphical editor. Crossflow is the
domainspecific language created for constructing and editing workflows in CROSSMINER and is
described irD5.2, Section 2.

3.1 BACKGROUND

Graphical editors focus on the use of shapes and images to providelavieigtepresentation of

the domain model. Such editors often provide common grapéliated functionalities like
inserting, deleting, moving and resigi graphical elements, which are directly linked to the
domain model elements themselves; as such, any ddev@ihchanges made in these graphical
elements (such as the addition of a reference to another element) will be mirrored in the relevant
domain malel elements.

This type of editor is well suited for rapid creation/prototyping of models from stoathedium

sized languages with the use of deagidrop or copypaste techniques. When the language starts
becoming sufficiently large, graphical editarsay end up overtly complex to use, as finding
appropriate elements or connections in the Ul may start becoming laborious. Similarly, when the
model itself is sufficiently large, navigating such a visual space may end up taking substantial
amounts of timerad effort. Techniques like views and filters can alleviate some of these concerns
but the core issue of managing large models in a graphical environment is a complex one,
nevertheless.

EuGENia. EuGENia(Kolovos, GarcieDominglez, Rose, & Paige, 2017 a graphical editor
generation language as part of the Ep3ilmndeling suite. It is described as a fremd to GMF,

aimed at speeding up the process of creating biEed graphical editors. Simple editors can be
generatedwith the addition of a small number of annotations to the language (metamodel)
denoting which elements are to be represented visually in the diagram (and which shape they will
be), which references in the language (from one element to another) are igibbe which
element represents the diagram itself, etc. Further enhancements to the editor can be achieved in
multiple ways, such as by editing the generated Java code of the editor and adding any custom
logic regarding the representation of any diagelements and their interactions, as well as any
additional Ul elements that may be useful for the current domain. An alternative is to create a
polishing transformation (written in the Epsilon Object Langdpgeat has access to and can
manipulate both #language model and the graphical model that is used to create the generated
editor.

3.2 CROSSFLOW GRAPHICAL M ODEL EDITOR (EUGENIA-BASED)

In order to use EuGENia to generate a graphical editor for Crossflow, the Crossflow language had
to be augmented with levant annotations denoting the various visual semantics of each element.
Details on concepts available in the Crossflow language are described in SQeddoreove,

! https://www.eclipse.org/epsilon/d@&uUGENid
2 hitps://www.eclipse.org/epsilon/
? https://www.eclipse.org/epsilon/doc/eol/

30 June 2019 Version 2.0 Page7
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Appendix A: Crossflow Graphical Modeling LanguaBefinition (crossflow.emf)provides a
complete copy of the Crossflow graphical workflow modelling language definitie. by means
of crossflow.emf, that is current as by the time of the submission of this document. It shows a
textual representation of the enhanced language, including the aforementioned annotations.

3.2.1 Editor Updates

In comparison tahe previous versin of theeditor (cf. Figure8), the current version of the editor
(cf. Figure9) reflects the followingadjustments

U The graphical element of queues has been customized by replacing the circle shape with the
shape of a cylinder.

U The graphical element of sources and sinks has been customized by replacing the shape of
rounded rectangles withapezoid.

U The rectangularhshaped concept abnguage and fields to select the language for instances
of tasks, i.e. includin@ource andsSi nk, i.e. specific forms ofask, has been introduced to
conform to the latest version of the Crossflow metamodel.

<4 Config: No5:2, NoCP5:4

<> String < Tuple < Repository

4 f0 ¢ fl

4 countRepos
< MDETechnologies 4 getRepos < CloneRepos < countFiles 4 prettyPrinter

< countAuthors

Figure8: Running eample workflow visualized in the previous version of the Crossflow graphical model editor (cf.
D5.3).

Page8 Version2.0 30 June 2019
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Figure9: Running example workflow visualized in the current version of the Crossflow graphical-mo
el editor.

The Crossflow  Diagram Edit ing editor enables populating Crossflow graphical models, i.e.
files with the extensioncrossflow_  diagram , with elements of the Crossflow language by the
use of the editorodés pal ette panRepbsitorgSeattherpr oper t

30 June 2019 Version 2.0 Paged
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of type CommitmentTask uses a configuration of typ®echnologyCollection and produces
multiple outputs to th&epositoryResults queue (cfFigurel0).

ghmde.crossflow_diagram 2 sl
.* Palette
¢ Java IE&; S
= Objects Ll
%: MDETechnology %: MDETechnologyCollection & CommitmentTask
fileExt:String technologies:MDETe... 4 CsvSink
MDETechnologySource techKey:String < CsvSource
< Field
4 Language
+ OpinionatedTask
MDETechnologies CodeSearcher 4+ Parameter
4 Queue
. < Sink
%u AnalysisResult
= + Source
fileCount:int 4 Task
| <+ Topic
authorCount:int RepositorySearcher RepaositorySearches P
repository:String %: Type
. = Connections @
technology:String
2 Extending
name:String 4 Inputof
RepasitoryResults RepositoryResultS < QOutput
4 Type
[ Properties 2 E% o ~v=n0
< CommitmentTask
Core Property Value
Cached =
Appearance Commit After =y
Configurations % Type MDETechnologyCollection
Input + Queue RepositorySearches
Languages
Master Only '=false
Multiple Outputs =true
Name '=RepositorySearcher
Qutput 4 Queue RepositoryResults
Parallel =
Parameters

Figurel0: Crossflow Graphical Editor palette panel and properties view usage example.
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4. TEXTUAL WORKFLOW M ODELING

This section provides background on textual editors and in particular*fysholdt & Behrens,
2010) i.e. the opersource (modeling) language textual editor creation tool chosen to implement the
Crossflow textual editorand Flexmi (Kolovos, Matragkas, & GarciBominguez, Towards
Flexible Parsing bStructured Textual Model Representations, 20I&pssflow is the domain
specific language created for constructing and editing workflows in CROSSMINER and is
described in D5.3, Section 3.

4.1 BACKGROUND

Textual editors focus on using structured textrfanaging domain models. This text is often a
simplified view of the domain elements themselves, often augmented with small textual or
graphical queues to aid the understanding of the structure. Such editors often offdrasdrkee
view of the model, wheby each domain element is displayed as a separate line of text, containing
any of its features nested inside it; other views can include table views, commonly used for editing
the features of domain elements.

This type of editor can easily represent ttantainment structure of a model and offers an
alternative development approach for those more adept at creatisigasext documents. Whilst
textual editors can show the structure of arbitrarily large models, managing such models can still
remain challenigg as one may need to find and manipulate specific elements in the model that
they may not be able to uniquely identify without navigating a large portion of the model itself.

Xtext. To support the development téxtual DomairSpecific Modeling Languaged®SMLS)

(Kelly & Tolvanen, 2008) frameworks, such as XteXEysholdt & Behrens, 2010kemerged,
enabling language designers to easd speedip languagalevelopment by leveraging aalvwces

in editor technology of mainstream IDEs. Such frameworks automate, for instance, the creation of
language specific parsers, serializers, and editors providing basic syntax highlighting,-content
assist, folding, jumyto-declaration, and reverse refece lookup across multiple files.

The kind of languagereated by employing Xtext, which relies on the EM&) range from small
DSMLs to fully-blown General Purpose Languages (GPL). This also includes textual
configurations files or humareadable requament documents. The motivatiaf Xtext is to
automate the generation bésictooling supportfor language specifications and thuerease
readability, writability and understandability of documts written in those languages.

Starting with a grammar definition, Xtext generates a parser, serializer dasi@editor
implementationfor the specified language.Moreover, generated artifactan beadaptedvia
dependency injection and the use of the Xtext API. Thus, generatedctartdan include
customized implementations, such as for validation and linking/scoping.

Flexmi. Flexmi is a flexible algorithm for parsing weibrmed XML documents into Ecore
metamodektonforming irmemory models. The parser developed for Flexmi pedoandepth

first traversal of the elements in the XML document, expects to find a nsuri processing instruction,
i.e. declaring a unique namespace identifier, and employs a stack to keep track of its position
during document parsinghe Flexmi implementatimalso includes a renderer that is accessible as
an Eclipse view named AFIl ex mi Renderero.

* http://www.xtext.org
® hitps://www.eclipse.org/epsilon/doc/articles/flexmi/
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4.2 CROSSFLOW TEXTUAL MODEL EDITOR (XTEXT-BASED)

In this section we present the Crossflow textual DSML, i.e. conforming to the structural-comp
nents of the Crossflow tguage as defined by the Crossflow metamodeF{gtire2).

Appendix A: Crossflow Graphical Modeling LanguaBefinition (crossflow.emf)provides a
complete copy of the language grammar that is current as by the time of the submission of this
document.

The Crossflow  Editor  editor enables populating Crossflow textual models, i.e. files with the
extension.crossflow_  model, with elements of the Crossflow language either by inserting
textual tokens or by wusing of the editod 0s
shortcutCTRL + Space followed by the selection of an element offered by the displayed list of
viable textual tokens to be inserted at the current position of the cursor. For example, selecting
CodeSearcher as viable value for th&epositories g u e uoetfut®f attribute (cf.Figure

11).

Figurell: Crossflow Textual Editor content assis

usage example. Figurel2: Crossflow Textual Editor validatic

and quick fix usage example

Moreover, the editor offers validation and quick fix features. The former is triggered as a result of
any change performed to the textual model. The latter is accessible by clicking lgytttoeilb
error indicator and selecting an appropriate solutiorHiglure12).
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