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Abstract

Innovation in automotive is principally due to the market-driven demand of electronic
devices on the vehicles. Car manufacturers usually acquire software-intensive components
from different suppliers, and they need to carefully manage such acquisitions to avoid losses
in terms of time and quality of the final product. In the last decade, in Europe, many car
manufacturers adopted Automotive SPICE-based mechanisms to face such a situation. In this
paper we discuss the results achieved by adopting such approaches, and we show that the
overall software supplier management would be improved by means of a better usage of the
information Automotive SPICE assessments are able to provide.

1. Introduction

Modern vehicles are definitely “software-intensive/stems (someone says “computers
with wheels”). Software is now implementing and&ontrolling a growing number of
traditional functions as well as new innovative dtions, made possible only by software.
Moreover, increasing competition among car manufacs is demanding for more and more
basic and sophisticated functions, ranging from cantrol and passenger comfort to
continuous information exchange between vehiclestheir echo-environment. This has led
the software to play a key role in the whole casigie, now scoring an 80% of the whole
project. [1, 2]

Although Software Engineering as a discipline mayw be sufficiently mature to
guarantee the trustworthiness of software-contlafigstems, what is not guaranteed is that
ECU manufacturers are actually adopting the masalsie techniques and practices.

Consequently the software acquisition process becamcritical activity for car
manufacturers. In fact, because the high importaosicéhe supplied software-intensive
systems, they need to track and control the soé&wlavelopment of their suppliers in order
to avoid losses in terms of time and quality of fimal product. This paper focuses on a
widely adopted technique aiming at allowing car afanturers to control and understand the
supplier's way to produce software: supplier’'s waite process assessment. Many European
car manufacturers use the software process assasama principal way to qualify software
suppliers on the basis of the rating, in termsrocess capability, they obtain according to
the Automotive SPICE assessment approach [14].alieof this paper is to light-up some
drawbacks of the massive usage of process assdssimerupplier’s qualification purposes
made in the last years and, at the same time, #aivwhe amount of information potentially
available with an Automotive SPICE [7] assessmeay nepresent a resource to improve the
car manufacturer’s acquisition process of softwatensive components.

This paper is structured as follows: in section € pvovide a view of the state-of-the-
practice in the software-intensive components aiiom in automotive. In section 3 we
discuss the results the automotive industry obthinethe last years applying Automotive
SPICE-based methods. In section 4 we show how Aativsn SPICE assessments can be
used also to support the tracking and control dfwsse suppliers. Finally, in section 5,
conclusions are provided..



2. Software-Intensive Components Acquisition in Autmotive

The increasing importance of the electronics inoemabiles made acquisition a key
process for car manufacturers. The time-to-marketwvall the overall functionality of the
vehicle may depend on the car manufacturers’ ghitit interact effectively with its own
software suppliers.

In the recent past a huge amount of resources bhaga lost because an insufficient
management of the technical aspects of the acigmgitocesses. That caused late releases
and after-market problems.

Achieving a formal agreement on single requirentegelines can be insufficient if not
accompanied by a continuous communication all aver development of the supply.
Customers should improve their ability of assist@mgl monitoring the software development
of their suppliers and suppliers should be morendpecustomer involvement.

To face this challenge, in practice, car manufartiadopt different techniques (often not
in isolation) as joint reviews [4, 17] with theioféware suppliers as well as process-
evaluation-oriented approaches from the “traditiofaO 9001 to CMMI and SPICE [5, 6,
8,9, 10, 11].

While different car makers set up their own improeat program, a policy commonly
adopted by the European automotive industry is dheice of the SPICE model as the
principal mean [7] to assess the capability ofghepliers’ software process. This choice has
been supported by some large-scale awakening :gfiorear 2001 an initiative was launched
by the Procurement Forum [12] with the principatdpean Car Makers, their assessors and
representative bodies to address the problemsdetatsoftware assessments in automotive.
In the framework of this initiative, a Special Irgst Group (SIG) has been founded with the
aim to design a special version of the SPICE m¢ckdled Automotive-SPICE) tailored on
the needs and peculiarities of the automotive lmssinarea [13]. The initiative aimed at
creating consensus on commonality of approachderaio avoid that suppliers face multiple
assessments from multiple manufacturers usingrdiitemodels and criteria and consume
resources that put additional pressure on delitrargs.

The focus on software capability determination bgams of software process assessment
has determined in the last years a common trendch@rtiee European Car manufacturers in
using Automotive SPICE as a mean for determinimgiaification mechanism for suppliers
of software-intensive components. Such a qualificainechanism is based on the definition
by the car manufacturer of a target capability ipFothat the suppliers shall reach to be
admitted in the supply selection. [14, 15,16]. Tpmeocess assessment-based approach
requires significant investments both by the canuf@cturer and the software suppliers.

3. Automotive SPICE-based Initiatives in Europe: Ae Them Really

Successful?

European car manufacturers have promoted in theéass hundreds of software process
assessments of their software suppliers. Todaytiitie to evaluate the outcomes obtained
and the effects produced by such an approach ierda understand what are possible
improvement directions for the next years.

To contribute in such an evaluation we start fréma statement of the expectations the
adoption of the Automotive SPICE-based initiatigemerated at the beginning and then we
compare them with the actual situation in order utaderstand at what extent these
expectations have been satisfied.

To do that we take advantage from the experienagedasince year 2001 with the co-
operation between Fiat Group Automobiles and th&te3y and Software Evaluation Centre
of the CNR-ISTI (SSEC). Fiat Group Automobiles defi an Automotive SPICE-based



capability profile to be used as a software supgligualification criterion. During this time,
SSEC performed several software process assessarebehalf of Fiat Group Automobiles
[14].

While the initial general objective of the AutomaiSPICE-based qualification initiatives
was to achieve an increased degree of satisfatiothe quality of the acquired software
products, other expectations by European car matw&xs can be summarized as:

1. better supplier selection (only supplier havidchigh capability profile can be
selected);

2. better project monitoring (customer can idgnttie principal phases and work
products to be controlled during the supplierdwafe development process);

3. better relationship with own suppliers (cleatiean before, because based on a

deeper knowledge of the suppliers organization @odesses and on a common
technical language);

4, identification of internal improvement areas tfbdor customer and suppliers)
addressing specific processes (e.g. Requirement addanent, Testing
Management, etc.) and work products.

3.1. Benefits for Car Manufacturers

We can observe, on the basis of our experience,tiieaexpectations 3. and 4. in the
above list have been substantially obtained by déwe manufacturer. In fact, the mutual
knowledge and the degree of understanding of thmpl®uws’ way to produce software-
intensive components is today better than befark$ to the Automotive SPICE assessment
results. Also the car manufacturers’ awarenesdsobwn role in the software acquisition
process and consequently the improvement of soawipes has been largely obtained.

Unfortunately, the expectations 1. and 2. in thevallist can be considered only partially
obtained. In fact, the contribution of the perfonoa of Automotive SPICE-based software
process assessment didn’t impact significantly len dapability of the car manufacturer to
control and monitoring the supplier.

One of the main causes of that shall be foundeéntherent nature of Automotive SPICE
mechanism for assessing the software process.

In fact, to assess the capability of the softwan@c@ss, assessors use process instances
(i.e. projects being representative of the orgdming business goals) to collect evidences
and consequently rate the Automotive SPICE proattsbutes.

Nevertheless, car manufacturers do not have theagiee that the project the supplier
undertakes for a specific supply has the same ctaairstics of the projects used as process
instances by the assessors at assessment time.

In other words, a new project might be designeanmpéd, managed and conducted with a
different level of care, effort and resources withéollowing the same good practices as
respect the project used as process instancesufontive SPICE assessments.

That should not be surprising. Performing an assest means to determine, in a
disciplined manner, the capability of a set of skld processes.

Process capability is a characterization of théitplof an organization’s process to meet
current and predicted business goals, it is nobvluied with the evaluation of the specific
techniques and management choices of a project.

In other words, determining the capability of a ggss means rating the ability of an
organization of achieving the outcomes associatéla avparticular process, no matter how
and no matter according what technical or manalggulations.



So, there is no contradiction if an organizatioayihg a process with high capability
level, implements that process in a different (amodsibly worse) way as respect as the
standard way it performs. Such a situation doesdefiend neither on a defect in the SPICE
assessment model, on a bad assessment made bgsH#ssas, nor on the fact that the
organization undertaking the assessment (the saftwapplier, in our case) was cheating
during the assessment. It is simple due to manageoheices of the supplier. It can decide
to devote different care in project without makeaiid the results of the assessment already
performed.

To face such a situation the car manufacturers ldhmerease the efficiency of the
assessment. The assessment activities should mniycdimed at the mere determination of
the capability profile of the software suppliersit they should be organized in order to be
integrated in the project tracking and control ta manufacturer shall perform on their
suppliers.

In Section 4. we present a mechanism to systenligtiteed the software supplier
management activities with evidences obtained bipmotive SPICE assessments.

3.2. Benefits for Software-Intensive Component Supiers

The Automotive SPICE-based initiative carried outrbiany European car manufacturers
had important positive side-effects on the supsglarsoftware-intensive components too. In
the following a list the principal benefits is prded:

- the requirements, in terms of capability profilaposed by the car manufacturers
determine a general awareness of the importans®fhivare process improvement
in the automotive software companies and, consdlyyengeneral enhancement
of the quality culture. The European car manufaegiy by means of the definition
of a required Automotive SPICE capability profiler ftheir software suppliers,
triggered a software process improvement accederai the automotive software
community.

- Automotive software suppliers have been providéth a de facto benchmarking
mechanism. In fact, the capability profiles reqdirey the car manufacturers
become a target to be aligned with the competitors.

4. Using Automotive SPICE Assessment Evidences t@@rol Software
Acquisition

The effectiveness of the software supplier managénmeterms of development project
tracking and control depends on the amount andtgualinformation the car manufacturer
can have at its disposal. In fact, only having englete set of information allows the car
manufacturer to get full understanding of the Statiithe supplier’s project.

The information collected during the Automotive SBIAssessment represents a valuable
source for the tracking and control of suppliersftware development project. Such an
information set, if well organized, stored, classlfand made available, can support the
improvement of the control and tracking activitedghe supplier. In this section we draw up
a way to manage such data according to the proagsg in terms of capability level.

Supplier's software development project trackinghgsts of document analysis and
communications aiming at controlling the suitapjlieffectiveness and efficacy of:

A - Technical solutions adopted in the specificjgco

B - Management choices adopted in the specificeptoj

Moreover, such a tracking should aim at verify the:



C - Quality of Work Product (i.e. documents, adifg ...) developed
D - Content of the Work Products developed

The kind of evidences collected during an assessthahcan be used to perform project
tracking depends on the level of capability achieleg a specific process. In fact, the higher
the capability level high the more the amount afukinformation available.

In the following we discuss the nature of inforroatithat can be obtained from an
assessment according to the capability level aelidy the process assessed.

The ISO/IEC 15504 standard, as well as every ca@anplassessment model including
Automotive SPICE, has a five-value scale for maaguthe capability of single processes.
Processes having the capability level rated agri’t grovide relevant information to be used
for our purposes. In fact, capability level 1 metret the process outcomes are obtained but
neither the project is managed nor a standard psoce in place, then the information
collected unlikely can be used to support the iragland control of projects different than
the ones they have collected in..

For this reason, we consider in this paper theesdds derivable from assessments that
have reached a capability level 2 or 3. We donfisader capability levels 4 and 5 because, in
the practice, the most common assessment pro#ggired in automotive don’'t ask for
Automotive SPICE capability levels higher than 4]

A process capability level 2 means that the orgsrtin is able to manage the process-
related activities and artifacts of its own progedh some sense, evidences collected about a
process rated at capability level 2 indicate theepitality of the organizational unit. Then,
the evidences on how the projects used as proostances in the assessment have been
managed can be useful because it is possible tahaskustification of possible under-
management of the current project.

Having a process rated at level 3, means thatraatd process is adopted, then the same
process (i.e. technical and managerial practicewedsas documentation characteristics),
should be expected also for the current projecbéotracked and controlled. Possible
differences shall be justified by the supplier.

In Table 1. a list of possible evidences colleaabla process assessment that can support
the supplier control and tracking is provided. Sewultdences are grouped by capability level
and cross-mapped with the four different purpog$esaject tracking described above.

The evidences described in Table 1 are all avalafter an Automotive SPICE process
assessment. These evidences and information, tébdyimanaged, can support supplier
software project tracking. In the following a fewaenples are provided in order to better
explain how assessment evidences in Table 1 caisdmk by a car manufacturer to track and
control a supplier’'s project.

Example 1: let’'s suppose to have the Software DediNG.5) process rated at capability
level 2 by an Automotive SPICE assessment. Thahmt®t the evidences corresponding to
the first line of table 1 should be available. brtcular, the needs in terms of personal skills
(see third bulled in the Management Choices coluang the correspondent responsibility
allocation (see second bulled in the Managemenic&bhacolumn), shall be available. Then,
if the projects used as process instances dur@sessment has characteristics similar to
those of the project under tracking, it should keeeted that the characteristics of the human
resources allocated in both cases are almost the.sa

Table 1: Evidences collectable in process assessment by capability level

Automotive SPICE Capability Automotive SPICE Capability
Level 2 Level 3

A — Technical | - Criteria for resource allocation - Necessary infrastructures and work




Solutions defined (tools, facilities, environment identified
infrastructures ...) Necessary infrastructures and work
environment allocated

Data and analysis on the suitability and
effectiveness of technical solutions
used in project available

B - - Project’s objectives (in terms of - Tailoring guidelines existing
Management quality of artefacts, process - Interaction with other processes
Choices cycle, resource usage) defined| described

- Criteria for responsibility Roles and competencies identified
allocation in the project defined| - Project conformance to the standard
- Skills profiles needs for the process verified
project defined Necessary competencies identified
Data available and analysis made on
the suitability and effectiveness
Necessary resources allocated to the

project

C — Quality - Requirements for work products - necessary resources allocated to the
of Work (structure) defined project
Products - Review and approval criteria for

work products defined

- Dependencies among work

products identified
D — Content - Requirements for work products - Project conformance to the standard
of Work (contents) defined process (including work products)
Products - Review and adjusting of work verified

products performed

Example 2: let's suppose the Software Testing (EBY@rocess rated at capability level 3,
in this case, the effectiveness and suitabilityhef technical solutions adopted in the project
have been evaluated. The same evidence shouldaldelde for the current project. Then, at
monitoring time, the supplier can be asked to mtewuch evidences in order to understand if
the project is conducted with appropriate techrscgport.

A way to use effectively the information availalilem Automotive-SPICE assessments is
its integration in the joint reviews.

Generally speaking, joint reviews are meeting whpeesons having different roles,
responsibilities and perspectives join togetheramtalyse the status of an activity or the
content of a product. The purpose of such an aisalyto ensure that agreed objectives and
requirements are satisfied. Joint reviews are coteduwith a substantial degree of formality
and are regulated by precise requirements. [3]

The object, scope and goals of joint reviews can difeerent depending on the
project/product development phase. They can adissgss at both project management and
technical levels and are held throughout the lifa development project. [4]

The integration of software process assessmenteatetnal joint reviews is able to
provide an added value respect the performandeeskttwo techniques in isolation.

In [17] we presented a mechanism to transfer sofivwaocess assessment results and
related evidences supporting joint reviews with shpplier. Such a mechanism is composed
of three phases:

Phase 1: Software Process Assessments: the canfaotmer sponsors software
process assessments to suppliers of software-imeengomponents.
Sponsorship is important because it allows the osime of the assessment
results.



Software Process Assessment reports should be @hpivith the
requirements contained in the ISO/IEC15504 Pam@ & addition, should
provide specific information to be used to supploetexternal joint reviews.

Phase 2: Process mapping: the processes in thesamsd scope are mapped on the
planned Joint Reviews. Each Joint Review has agsespa set of input items
and a scope (in terms of activities and work prodade reviewed); they are
to be used to guide such a mapping.

Phase 3: Joint Reviews: the external joint revieWwsuld be prepared and conducted
taking into account the additional information frohe process assessment the
supplier involved in the joint review undertook.

5. Conclusions

Supplier’s software projects control and trackiagvery important for the automotive

industry. European car manufacturers undertookAtiemotive SPICE initiative, with the
aim of defining an automotive-specific framework gupplier's software process evaluation
and qualification.

Today, after almost a decade and hundreds of s@tmacess assessment made, a first
cost-effectiveness evaluation can be done. Ouri@pirbased on a wide experience in
software process assessment and improvement ivesain automotive, is that to be cost-
effective, Automotive SPICE assessments, shoulddeel for supporting supplier’s project
control and tracking also.

We described, by means of examples, how the usbhdeitomotive SPICE assessment
can be extended over the mere process capabiligrmimation In particular, we discuss
how Automotive SPICE evidences collected duringohubtive SPICE assessment can be
used for supplier’'s software project tracking andtool purposes.
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