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Background
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Context
Industrial	Software	Processes

Objective
Supporting	the	assessment	and	improvement	of	
Industrial	Software	Processes	by:
• proposing	novel	approaches	
• designing	and	developing	innovative	tools	
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Motivations	1/2

Software	has	a	great
impact	on	our	lives	*
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Economic	Impact

Social	Impact

*

The	apps	we	use	every	
day	are	software

Data	is	driven	by	
software	

Industry	solutions	are	
powered	by	software

Cloud	and	IOT	are	
enabled	by	software	



Motivations	2/2

• Software	complexity	is	growing
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Excerpt	of	http://www.informationisbeautiful.net/visualizations/million-lines-of-code/



The	Research	Topic

Ø Software	crucial	part	of	systems	in	different	
domains

Ø Strict	time-to-market	
Ø Required	compliance	with	Standard	regulations	
and	Software	Quality	Standards

è
Software	Process	is	a	strategic	factor	for	addressing	

the	software	problems	of	costs,	quality,	and	
scheduling
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Software	Process

Complex	phenomenon	for	developing	and	
maintaining	a	software	product	or	a	software-
based	product	[1]
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SOFTWARE	PROCESS

Artifacts

Actors Activities

Tools

Guidelines	Methods
[1] Alfonso	Fuggetta,	Elisabetta Di	Nitto:Software process.	FOSE	2014



Industrial	Software	Process
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Industrial	Software	Process	
Issues	1/2

• Software	companies	are	asked	to	assess if	their	
processes	comply	with	Standards or	Quality	Evaluation	
Frameworks to	be	competitive	on	their	markets	and	to	
guarantee	the	quality	of	their	products.	
– Complex	process	to	be	effectively	executed.	

• Difficult	to	manage	traceability	among	the	software
artifacts involved	in	development	of	software	process,	
due	to	their	complexity	and	their	size.
– This	has	a	negative	impact		on	the	quality	of	the	software	
processes	and	of	the	software	products.
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Industrial	Software	Process	
Issues	2/2

– Artifacts	are	complex,		not	documented	resulting	
hard	to	be	comprehended	and	maintained.	

Need	for	solutions	for	assessing software	
processes	and	improving them	by	effectively	
managing	the	involved	software	artifacts
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Contributions



qAn	approach	for	supporting	Software	Process	
Assessment through	Gap	Analysis	with	respect	to	
Standards	and	Quality	Evaluation	Frameworks;

qAn	approach	for	the	automatic	management	of	
traceability	links among	the	artifacts	involved	in	
software	processes;

qA reverse	engineering	process	and	a	tool for	supporting	
the	comprehension	of	spreadsheet	based	artifacts
involved	in	software	processes;	

qThe	evaluation of	the	proposed	approaches	in	real		
industrial	contexts	exploiting	case	study	research	
method
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Case	Study	Research

• Empirical	research	method	best	suited	to	be	
applied	for	problems	that	need	to	be	studied	
in	context.	

• Phenomena	under	study	cannot	be	separated	from	
context.	Effects	can	be	wide-ranging.	
– How	and	why	questions

• To	gain	a	deep	understanding	of	a	phenomenon	
– Exploratory,	explanatory	or	validation	purposes
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Experimental	Procedure
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Objects	&	
Subjects	

Selection	Step
Training	Step Process	

Execution	Step

Data	Collection	
Step

Data	Analysis	
Step

Data	Validation	
Step



Experimental	Context

The	case	studies	were	carried	out	in	the	automotive	
domain,	in	the	context	of	the	APPS4Safety	Research	Project.
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Software	Process	Assessment



Software	Process	Assessment

• Standard	of	Quality	Evaluation	Frameworks	
– defines	requirements to	be	met	for	reaching	a	certain	
level	of	quality	of	the	software	process	and	
consequently	of	the	software	products.	Examples
• CMMI (Capability	Maturity	Model	Integration)
• SPICE (Software	Process Improvement	and	Capability	
Determination)

• ISO/IEC	61508	(Functional	Safety	of	Safety-related	systems)
• ISO	26262 (Road	vehicles	– Functional	safety)

• There	is	the	need	for	companies	to	assess their	
processes	against	these	Standards	
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Gap	Analysis	for	Software	Process	
Assessment

• Gap	Analysis	allows	to	determine	how	far	is	
the	company	from	implementing	the	
requirements	reported	by	a	Standard
– As	is versus	To	be	situation
– usually	carried	out	through	questionnaire	based	
processes
• execution	affected	by	several	issues	
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Gap	Analysis
Issues

• Survey	conducted	in	industrial	settings	for	understanding:
– how	gap	analysis	processes	are	actually	executed

• Gap	Analysis	Questionnaire	Design,	Questionnaire	Completion,	
Questionnaire	Analysis

– the	involved	artifacts	
• Document	of	the	Standard,	Questionnaires,	Assignment	Forms,	
Reports

– the	required	actors	and	their	roles
• Questionnaire	Designer,	Respondents,	Responsible,	Reviewer,	Internal	
Assessor

– the	exploited	tools
• Spreadsheets,	Word	Processors

– the	main	issues
• lack	of	proper	methodology,	tool	support,	management	of	artifacts	
lifecycle
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Gap	Analysis
Issues

Need	for	techniques	and	tools	supporting:

• the	Gap	Analysis	process	design

• the	Gap	Analysis	process	execution
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Proposed	Solution	for	Software	
Process	Assessment

• Approach	for	supporting	Gap	Analysis	Processes	
execution	exploiting	Application	Lifecycle	
Management (ALM)	features	that	can	be	tailored	
according	to	the	company	needs	and	the	
considered	Standard

• A	Model	Driven	Engineering	approach	and	tool,	
GADGET,	for	designing	a	Gap	Analysis	Process	and	
automatically	developing	a	software	
infrastructure	supporting	its	execution
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The	MDE	Approach

• Realization	of		novel	conceptual	models	
abstracting	the	characteristics	of:
– Gap	Analysis	Processes	
– Application	Lifecycle	Management		
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The	GADGET	Tool

• Realization	of	a Graphical	Workbench[2] for	
easing	the	design,	in	a	systematic	way,	of		Gap	
Analysis	Processes
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The	Automatic	Transformation	Process

• Realization	of	an	automatic	transformation	process	
for	realizing	an	ALM	project	for	the	execution	of	the	
designed	Gap	Analysis	Process.
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The	Gap	Analysis	ALM	Project
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Software	Process	Assessment
Case	Study	1/2	

Goal:	Evaluate	the	feasibility of	the	approach	for	
supporting	Software	Process	Assessment
• RQ1.1 How	does	the	GADGET	tool	support	the	design	and	

development	of	ALM-based	tools	for	aiding	the	Gap	Analysis	
Processes?

• RQ1.2	How	does	ALM-based	tools	affect	the	Gap	Analysis	
Processes	execution?

Objects:	2 Gap	Analysis	processes	with	respect	to	the	part	6	
and	part	9	of	the	Functional	Safety	Standard	ISO	26262
Subjects:	12 Employees of	an	Automotive	Company
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Software	Process	Assessment
Case	Study	2/2	

RESULTS

RQ1.1	GADGET	well	supported	both	the	Questionnaire	
developers	in	carrying	out	their	design	and	
development	tasks.

RQ1.2	The	adoption	of	ALM	for	supporting	Gap	Analysis	
Processes	positively	affected	their	execution,	improving		
the	process	visibility,	acceptability	and	supportability	
from	the	point	of	view	of	all	the	involved	actors.
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Tool	Integration	Approach



Tool	Integration	Approach
The	lack	of	tool	integration	negatively	affects	software	
process	quality	in	terms	of:
• Visibility Absence	of	accurate,	reliable	and timely	information.	

Difficult	to follow	the	process	progress	and	results.

• Rapidity High	software	process	execution	time	due	to	long	time	
needed	to	exchange	data	between	the	different	tools

• Ineffective	Traceability	ManagementManual	creation	of	the	
needed	traceability	links,	that	was	time	consuming	and	error	
prone

• Acceptability actors	involved	in	the	process	have	to	use	many	
different	tools	at	the	same	time	and	execute	tedious,	time	
consuming	and	error	prone	manual	tasks
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Software	Traceability

• creation	and	the	use	of	links	(or	connections)	
between	different	kinds	of	software	artifacts	such	as	
requirements,	models,	source	code,	test	cases,	or	
test	results.	It	is	required	by	Quality	Evaluation	
Frameworks and	Safety	Standards.
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Test Case Software 
Component

Composed of To test a
Test Run

Implements a
Requirement



Current	Approaches	for	
Traceability	Management

• Traceability	management	is	not	well	supported	in	the	
practice
– Use	of	spreadsheet	for	defining	traceability	links	(time	
consuming,	error-prone)

• Different	approaches	proposed	in	the	literature	for	
recovering	possible	trace	links	a	posteriori
– No	approach	have	been	proposed	to	automatically	create	
them	when	they	are	established
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The	proposed	Tool	Integration	
Approach	1/2
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The	Tool	Integration	Approach	aims	at:	
• automating	repetitive	and	time	consuming	tasks	
according	to	a	defined	workflow	

• enabling	the	integration	among	the	software	
process	tools

• managing	the	involved	artifacts	and	for	the	
automatic	creation	of	trace	links

It	was	realized	by	adapting	Commercial	Off-The-
Shelf	solutions	to	exploit	already	provided	
functionality	and	improve	maintainability.	
– It	exploits	ALM	and	Continuous	Integration	Systems.



The	proposed	Tool	Integration	
Approach	2/2
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To	realize	the	proposed	approach	requires	reverse	
engineering	of	

• process	workflow	
– for	supporting	its	automation

• data	models	of	the	involved	artifacts	and	their	links
– to	enable	their	interoperability

• the	tools	involved	in	the	process	
– to	wrap	of	the	features	of	legacy	tools	for	make	them	expose	

callable	APIs



The	proposed	Tool	Integration	
Architecture
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Tool	Integration	Approach
Case	Study	1/2

Goal: Evaluate	the	effects	of	the	Tool	Integration	Architecture	
on	the	quality	of	real	software	processes	against		the	usual	
company	practices
• RQ2.1	How	does	the	adoption	of	the	proposed	solution	

affect	the	process	rapidity?
• RQ2.2	How	does	the	adoption	of	the	proposed	solution	

influence	the	effectiveness	of	the	traceability	links	
management	related	to	the	process?

• RQ2.3	How	does	the	adoption	of	the	proposed	solution	
impact	on	the	process	visibility	from	the	point	of	view	of	the	
Project	Manager?

• RQ2.4	How	does	the	adoption	of	the	proposed	solution	
impact	the	process	acceptability	from	the	point	of	view	of	
the	Test	Engineers?
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Tool	Integration	Approach
Case	Study	2/2

• Objects:
– Software	processes	for	the	testing	of	3 different	
Software	Components	

– (Speedometer,	Tachometer,	Trip)	
• Subjects:
– 1	Project	Manager	and 3	Test	Engineers	of	an	
Automotive	Company
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Case	Study	Results	1/4

• Process	Rapidity

Speedup	Percentage	=		
!"#$%$&'()!&*+

!"#$%$&'(
∗ 100
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SWC MIL

Speedometer	 7%

Tachometer	 9%

Trip	 14%

MIL =	Entire	MIL	
Testing	Process
CTR =	Create	Test	Run
STC =	Select	Test	Cases
LTC =	Launch	Test	
Cases
ITCR =	Import	Test	
Cases	Result

CTR STC LTC ITCR

0% 73% 0% 79%

0.1% 81% 0% 90%

0.1% 91% 0.3% 96%



Case	Study	Results	2/4
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• Effectiveness	Traceability	Management

SWC ITLRP MTLRP

Speedometer 100% 100%

Tachometer 100% 100%

Trip 100% 100%

ITLRP =	ITL	Reduction	Percentage	=							
/!0"#$%$&'()/!0&*+

/!0"#$%$&'(
∗ 100

MTLRP =	MTL	Reduction	Percentage	=		
1!0"#$%$&'()1!0&*+

1!0"#$%$&'(
∗ 100



Case	Study	Results	3/4
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• Visibility
– Improved	from	the	point	of	view	of	the	Project	
Manager
• He	report	the	possibility	to	monitor	the	progress	and	
results	of	the	MIL	testing	process	execution	when	
needed
• In	the	past	he	could	obtain	the	needed	information	
only	on	defined	milestones	or	by	directly	querying	the	
involved	Test	Engineers



Case	Study	Results	4/4
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• Acceptability
– Improved	from	the	point	of	view	of	the	Test	
Engineers
• No	need	to	switch	between	different	tools	since	the	
execution	of	their	tasks	is	carried	out	through	one	tool	
(the	ALM).	The	need	for	manual	interventions	was	
reduced
• In	the	past	they	had	to	switch	between	different	tools	
executing	tedious	manual	tasks	(e.g.	storing	of		the	test	
results)



Comprehending	Spreadsheet	
based	Artifacts



Comprehending	Spreadsheet	based
Artifacts

Spreadsheet	based	artifacts	are	widely	adopted	in	different	industrial	
software	processes

– for	supporting	several	of	its	phases,	i.e.	requirement	and	test	case	
definition,	activity	reports,	etc.	

These	artifacts	are	complex	and	difficult	to	be	comprehended		since	
they	lack	of	a	clear	separation	between	the	presentation,	business	
logic	and	data	presentation

– Negative	impact	on	the	quality	of	software	processes	where	they	are	
adopted

Different	approaches	already	proposed	in	the	literature	that	did	take	
into	account	just	formulas	or	their	data.	They	did	not	consider	their	
business	logic	and	the	possible	dependencies	that	they	may	create.	
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Proposed	Solutions
Definition	of	a	conceptual	model	of	Spreadsheet	based	
artifact	and	of	a	reverse	engineering	process	and	a	
tool,	named	EXACT,	for:
ü recovering	the	data	model	from	the	spreadsheet	artifacts
ü analyzing	their	business	logic,

ü recovering	dependencies	among	their	composing	elements

ü providing	interactive	views	supporting	their	comprehension	and	
maintenance	

ü enabling	their	integration
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Conceptual	Model	of	Spreadsheet	
based	Artifacts
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The	Reverse	Engineering	Process	1/2

Vincenzo	De	Simone 46

It	supports	spreadsheet	based	artifacts	
comprehension	by	providing:
• Analysis	features	through	static	and	dynamic	
analysis	for	abstracting	the	conceptual	model	
of	the	artifact

• Visualization	features	for	generating		
interactive	views	aiding	the	users’	
comprehension



The	Reverse	Engineering	Process	2/2
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The	reverse	
engineering	process	
consists	of	the	
following	steps:
• Step	1:	Analysis	of	

the	application	to	
reconstruct	its	
model

• Step	2:	Analysis	of	
the	VBA	code

• Step	3:		Views	
Generation



The	EXACT	Tool	
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Visualization:
• Reports	the	

artifact	composing	
elements

Interactive	views:
• By	clicking	on	an	

element,	further	
details	are	
reported	along	
with	a	view	
showing	its	
dependencies.



Case	Study	1/2
Goal: Evaluate	the	validity	of	the	reverse	engineering	tool	
EXACT for	comprehending	and	maintaining	real	
spreadsheet	based	artifacts
• RQ3.1 How	does	EXACT	support	professional	end	users	
to	comprehend	VBA-based	spreadsheet	artifacts?

• RQ3.2 What	are	the	main	limitations	of	EXACT	according	
to	the	end-users’	point	of	view?

Objects:	3	maintenance	projects	of	different	spreadsheet	
based	artifacts	corpora	
Subjects:	15	Employees	of	an	Automotive	Company
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Case	Study	2/2

Results

RQ3.1	EXACT	features	helped	end	users	in	
accomplishing	their	tasks	avoiding	them	tedious	
and	repetitive	tasks.	They	exploited	both	systematic	
and	ad-hoc	comprehension	strategies.

RQ3.2	The	end	users	lamented	a	lack	of	
– advanced	searching	features,	
– features	for	the	analysis	of	Charts
– clustering	mechanisms	for	improving	views	readability
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Conclusions

qBy	exploiting	Software	engineering	methods	
and	enabling	technologies	I	was	defined	
different	approaches	and	tools	for	assessing
and	improving Industrial	Software	Processes.	

qThe	proposed	approaches	were	evaluated	
with	real	industrial	case	studies were	they	
proved	their	effectiveness.
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Future	Directions
qFurther	improvement	of	the	proposed	
approaches	and	tools

qWider	evaluation	of	their	validity	through	case	
studies	involving	software	processes	in	different	
domains,	considering	a	greater	number	of	
subjects	and	objects.	

qIntegrate	the	validated	approaches	in	a	
collaborative	and	configurable	environment,	
based	on	MDE	and	ALM	technologies,	for	
supporting	Software	Process	Improvement	
initiatives
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Thanks	for	your	attention
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Questions?	Feedbacks?
Possible	Collaborations?

Further	Information:
reverse.dieti.unina.it

@REvERSE_UNINA

vincenzo.desimone2@unina.it
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Gap	Analysis	Process	Issues
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Gap	Analysis	Processes	Metamodel
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ComplianceRating

[1..*] questions

[1..1] standard

[1..1] goal

[0..*] levels

[0..*] requiredApplicabilities

[1..1] requirement[1..*] structuralElements

[1..*] requirements

[0..*] evidences

[1..*] employees

[1..*] role

[1..*] reports

[1..1] standardCompliance

[1..1] elementCompliance [1..1] capability

[0..*] questions

[0..1] level

[0..*] referencedElements[0..*] containedElements
[0..*] containedRequirements

[1..1] openAnswer [1..1] closedAnswer

[0..1] ratingMethod

[0..*] assignedQuestions

[0..1] identifiedGap

[0..1] improvementAction



ALM	Features
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ALM	Metamodel

Vincenzo	De	Simone 63

[1..*] identity

[0..*] projectSegments

[0..*] workUnits

[0..*] workUnits

[0..*] relatedWorkUnits

[0..*] workItems

[0..*] competencies

[0..*] identities

[1..*] roles

[0..*] customFields [1..1] workflow

[1..*] transitions

[1..1] startingState

[1..*] reportedWorkItems

[0..*] transitions

[1..*] roles

[1..*] startingMemberEnd

[1..*] endingMemberEnd

[1..1] endingState



Artifacts	Model
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Process	Workflow
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