VDA QMC

German Association of the Automotive Industry
Quality Management Center

Joint Quality Management in the Supply Chain

Automotive SPICE®

Process Reference Model
Process Assessment Model

Version 4.1 (Preview)

Title: Automotive SPICE® Process Assessment / Reference Model
Author(s): VDA Working Group 13

Version: 4.1

Date: 2026-04-16

Status: Preview



VDA QMC SSWTIe1ilZd SPICE®

Copyright notice

This document is a revision of the Automotive SPICE® process assessment model and process
reference model 4.1, which has been developed by the Working Group 13 of the Quality
Management Center (QMC) in the German Association of the Automotive Industry.

This document reproduces relevant material from:

e ISOJ/IEC 33020:2019
Information technology -- Process assessment -- Process measurement framework for
assessment of process capability

ISO/IEC 33020:2019 provides the following copyright release statement:

‘Users of this International Standard may reproduce subclauses 5.2, 5.3, 5.4 and 5.6 as part of any
process assessment model or maturity model so that it can be used for its intended purpose.’

e ISO/IEC 15504-5:2006
Information Technology — Process assessment — Part 5: An exemplar Process Assessment
Model

ISO/IEC 15504-5:2006 provides the following copyright release statement:

‘Users of this part of ISO/IEC 15504 may freely reproduce the detailed descriptions contained in the
exemplar assessment model as part of any tool or other material to support the performance of
process assessments, so that it can be used for its intended purpose.’

Relevant material from one of the mentioned standards is incorporated under the copyright release
notice.

Acknowledgement

The VDA, the VDA QMC and the Project Group 13 explicitly acknowledge the high-quality work
carried out by the members of the intacs® working groups. We would like to thank all involved people
who have contributed to the development and publication of Automotive SPICE®.

Derivative works

You may not alter, transform, or build upon this work without the prior consent of the VDA Quality
Management Center. Such consent may be given provided ISO copyright is not infringed.

The detailed descriptions contained in this document may be incorporated as part of any tool or other
material to support the performance of process assessments, so that this process assessment model
can be used for its intended purpose, provided that any such material is not offered for sale.

All distribution of derivative works shall be made at no cost to the recipient.

Document distribution

The Automotive SPICE® process assessment model may only be obtained by download from the
www.vda-gmc.de web site. It is not permitted for the recipient to further distribute the document.

Change requests

Any problems or change requests should be reported through the defined mechanism at the
www.vda-gmc.de web site.

© VDA Quality Management Center 2



VDA QMC SSWTIe1ilZd SPICE®

Trademark notice
Automotive SPICE?® is a registered trademark of the Verband der Automobilindustrie e.V. (VDA)

For further information about Automotive SPICE® visit www.vda-gmc.de.

Document history

Version | Date By Notes

2.0 2005-05-04 | AutoSIG/ SUG DRAFT RELEASE, pending final editorial review
2120050624 | AWOSIGISUG | Lt ges n FDIS 15504-5
2.2 2005-08-21 | AutoSIG / SUG Final checks implemented: FORMAL RELEASE
2.3 2007-05-05 | AutoSIG/ SUG Revision following CCB: FORMAL RELEASE
2.4 2008-08-01 | AutoSIG/ SUG Revision following CCB: FORMAL RELEASE
25 2010-05-10 | AutoSIG / SUG Revision following CCB: FORMAL RELEASE
3.0 2015-07-16 | VDA QMC WG13 | Changes: See release notes

3.1 2017-11-01 | VDA QMC WG13 | Changes: See www.automotivespice.com

4.0 2023-10-20 | VDA QMC WG13 | Complete revision of PAM

4.1 2026-04-16 | VDA QMC WG13 | t.b.c.

© VDA Quality Management Center 3



VDA QMC SSWTIe1ilZd SPICE®

Table of contents

10701 o) V71 o] o) 8 [0 1 (o1 T PSP URRPPPRIPPPR 2
ACKNOWIEAGEMENT. ... . 2
L N =AY 2
[ To o1 .4 1=T 0 A0 £5] 141« TU ) (o o [ 2
CRaANgE FEQUESES. ....uuie ettt et e e et e e e e e e e e e e e et it e e e e eeaeeeaastaaaaaaeaeeeennes 2
Bl = Lo (=T 0 =T o o =R RT 3
(Do o104 1=T 01 Bl 1] (o] VPRSPPI 3
LIz o (=) oo o1 =Y o1 £ 4
LIST Of FIGQUIES ...ttt e e e ettt e e e e e e e e e e e et e e e e e e e e e e eearaaaaaeaaaas 6
I o ) 0 1F= 1 ][ 6
S [0 Yo [ [ 1o o U 7
S R T o o = R 7
2 I =14 o 11 T ] oo P 8
1.3, ADDIreVviations. ... ..o e 11

2. Statement Of COMPLIANCE.........ooiiie e e e e e et e e e e e e e e eeaaees 12
3. Process capability determination..............ooui i 13
3.1. Process reference MOUE........coooe i 14
3.1.1. Primary proCesses Category.......ccoouiiii oo 14
3.1.2. SuppPOrting ProCESSES CALEYONY ....cevviiiiiiiiiiiiiiiiiiiiiiieeiee ettt ee et ettt ee et eeeeeeeeeeeeees 16
3.1.3. Organizational processes CategOrY .........ooviiiiiiiiiii e 16

3.2, Measurement frameEWOrK .........coooe i i 17
3.2.1. Process capability levels and process attributes ............cccciiiiiice 17
3.2.2. Process attribute rating ..........coooo oo 18
3.2.3. Rating and aggregation method......... ... 20
3.2.4. Process capability level model ... 22

3.3. Process assessSMeNnt MOAEI........coooii i e e e e e eaeees 23
3.3.1. ASSESSMENT INAICATIOrS .....cceeeeei e 23
3.3.2. Understanding information Items and work products............cccccceeiiiiiiiiiiiiiciiee e, 24
3.3.3. Understanding the level of abstraction of a PAM............coooiiiiiiii e 25
3.3.4. Why a PRM and PAM are not a lifecycle model or development process blueprint 26

4. Process reference model and performance indicators (Level 1).......cooooiiiiii, 28
4.1.  Acquisition process group (ACQ).......eeeeeiiiuiiiiiiiae et e e e e e e e aaaaas 29
4.1.1. ACQ.4 Supplier MONILOMING ......ciii et e e 29

4.2.  Supply process group (SPL) ... 30
4.21. SPL.2 Product REIEASE.........covveiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeeeeeeeeee e 30

4.3. System Engineering process group (SYS)......cuuiiiiiiiiiiiiiiiiiiiiieieeeeeeeeeeeeeeeeeeeee e 33
4.3.1. SYS.1 Requirements ElCitation ... 33
4.3.2. SYS.2 System Requirements ANalysis...........coovvvviiiiiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeee 35
4.3.3. SYS.3 System Architectural Design ............uueeiiiiiiiiiiiii e 37
4.34. SYS.4 System Integration and Integration Verification ..............cccccoeeeeiiiiniinnnn. 39
4.3.5. SYS.5 System Verification ..........coouviviiiiiiiiiiiiiiiiiiie 42

4.4. Software Engineering process group (SWE).........cooviiiiiiiiiiiiiiiiieeeeeee 44

© VDA Quality Management Center 4



VDA QMC SSWTIe1ilZd SPICE®

44.1. SWE.1 Software Requirements ANalySis ........ccccoevviiiiiiiiiiiieeeieeeceee e, 44
442 SWE.2 Software Architectural Design ...........ccouvveviiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeee e 46
4.4.3. SWE.3 Software Detailed Design and Unit Construction............cccccceeiiiiiiniininnnn. 48
444, SWE.4 Software Unit Verification.............ooooviiiiiiiiiiiiiiieeeeeeeeeeeeeeeee 50
445, SWE.5 Software Component Verification and Integration Verification.................... 52
4.4.6. SWE.6 Software Verification ... 55
4.5. Validation process group (VAL) ..ot 58
451. RV I V=1 T = 11T o 58
4.6. Machine Learning Engineering process group (MLE) ...........ccooiiiiiiiiiiiciie e, 61
46.1. MLE.1 Machine Learning Requirements Analysis ...........cccccccvviiiiiiiiiiiiiiiiiiiiiieeee, 61
4.6.2. MLE.2 Machine Learning Architecture ............cccccooei i, 63
4.6.3. MLE.3 Machine Learning TraiNing ..........ccoouiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e 65
4.6.4. MLE.4 Machine Learning Model Testing ... 67
4.7. Hardware Engineering process group (HWE) ........coooiiiiiiiiiiiiiiiiiiieeeeeee 70
4.71. HWE.1 Hardware Requirements AnalySiS........cccovuiiiiiiiiiii e 70
4.7.2. HWE.2 Hardware DeSIgN ........cciiieiei ittt e e e e e e e e e e e 72
4.7.3. HWE.3 Verification against Hardware Design ..., 74
4.7.4. HWE.4 Verification against Hardware Requirements ..............ccccoooiiiiiiiiiceeene, 76
4.8.  Supporting process group (SUP) .....oouueeiiii i 79
4.8.1. SUP.1 Quality ASSUIGNCE. ......cciiiiiiiiiiiiiiiiiiiiiiiiiiieeeeeeee ettt eeeeees 79
4.8.2. SUP.8 Configuration Management.............oooovvviiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeeee e 81
4.8.3. SUP.9 Problem Resolution Management.............cooooiiiiiiiiiiiiiiceee e 83
4.84. SUP.10 Change Request Management ..........cccooovvviiiiiiiiii e 85
4.8.5. SUP.11 Machine Learning Data Management ..............coovvviiiiiiiiiiiiiiiiiiiiiiiiiiieeeee 87
4.9. Management process group (MAN) ... 89
491. MAN.3 Project Management ... 89
4.9.2. MAN.5 Risk Management ............oouuiiiiiiii i e e e e e e e eeennes 91
4.9.3. MAN.B MEASUIMEMENT ... .. e e e e et a e e e e e e eeeenees 93
4.10. Process Improvement process group (PIM).........coouiiiiiiiiiiiiiiiiiiiiieeeeeeeee 95
4.10.1.  PIM.3 Process IMpProvemMeENt.........cciiiiiiiiiiiiiieee et e e e eenenes 95
4.11. Reuse process group (REU)........oooiiiiiiiiiieeeeeeeeee 97
4.11.1. REU.2 ReUSE Of PrOQUCES ........uuuuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieeeneesnesenennnnnnnnnnne 97
5. Process capability levels and process attributes ... 99
5.1.  Process capability level 0: Incomplete proCess...........ceeiiieiiiiiiiiiiiiii e 99
5.2.  Process capability Level 1: Performed proCess .........ccoovveeieeeeieieieeeeeeeeeeeeeeeeeeeeeeeeee 100
5.2.1. PA 1.1 Process performance process attribute ... 100
5.3.  Process capability Level 2: Managed ProCeSS ........uuuiiiiiieiiiiiiiiiiiieeeeeeeeeeiiaaa e e eeaaeenees 100
5.3.1. PA 2.1 Process performance management process attribute............................... 101
5.3.2. PA 2.2 Work product management process attribute ...................ce 104
5.4.  Process capability Level 3: Established process............cccovvvviiiiiiiiiiiiiiiiccee e 106
54.1. PA 3.1 Process definition process attribute.............cooooeiii 106
5.4.2. PA 3.2 Process deployment process attribute..............cccovviiiiiiiiiie 108
5.5.  Process capability Level 4: Predictable process ........ccccooevvviiiiiiiciiiiiieiceeiieee e, 110
5.5.1. PA 4.1 Quantitative analysis process attribute .............cccooiii 110
5.5.2. PA 4.2 Quantitative control process attribute ..............cccoooe 112

© VDA Quality Management Center 5



VDA QMC SSWTIe1ilZd SPICE®

5.6.  Process capability Level 5: Innovating proCess.........cccooeeeeiiiiiiiiiiii e 114
5.6.1. PA 5.1 Process innovation process attribute ... 114
5.6.2. PA 5.2 Process innovation implementation process attribute............................... 116

Annex A Conformity StatemMeENtS..........cooiiiiiii s 118

Annex A.1 1] 1o o 18 o { o o U URRPPPUPP 118

Annex A.2 Conformance to the requirements for process reference models ..................... 118

Annex A.3 Conformance to the requirements for process assessment models ................. 119

Annex A.4 Conformance to the requirements for measurement frameworks ..................... 121

Annex B Information Item Characteristics ...........cooviiiiiiiiiii e 122
ANNEX C  KBY CONCEPLS ...ttt e e et e e e e e e e e e et e e e e e e e e e eraaaaas 153

Annex C.1 The "Plug-in" CONCEPL.....oeieii et 153

Annex C.2 Integration of Machine Learning Engineering Processes...........ccccoccceeieeeeniennn, 154

Annex C.3 Example of an ML ArchiteCture ... 156

Annex C.4 Traceability and CONSISIENCY ..........oiiiiiiii e 157

Annex D Reference standards ..o 159

List of Figures

Figure 1 — Process assessment model relationship............viiiiii 13
Figure 2 — Automotive SPICE® process reference model - OVEIVIEW...........c...cccvueeeeveeeicveeeeennnn. 14
Figure 3 — Possible levels of abstraction for the term "process”..........cccooeiiiiiiiiiiiei i, 26
Figure 4 — Performing a process assessment for determining process capability ........................ 27
Figure 5 — Annex C.1: The "Plug-in" CONCEPL......coiiiiiiiicee e 153
Figure 6 — Annex C.3: Integration of MLE ProCeSSESs ........cccceeiiiiiiiiiiiiiiieeeeeeeeeeee e 154
Figure 7 — Annex C.3: Interdependencies within MLE and SUP. 11 ... 155
Figure 8 — Annex C.4: Example of an ML Architecture ............cccooviiiiiiii 156
Figure 9 — Annex C.4: Consistency and traceability between system and software work products
................................................................................................................................................... 157
Figure 10 — Annex C.4: Consistency and traceability between system and hardware work products
................................................................................................................................................... 157
Figure 11 — Annex C.4: Consistency and traceability between ML work products...................... 158
List of Tables

Table 1 — TeIMUNOIOGY ... 11
Table 2 — Abbreviation List ... e e e aaaee 11
Table 3 — Process capability [EVEIS........ oo 17
Table 4 — Process attribDULES .......ccooiii e 18
Table 5 — RatiNg SCale ... .. 19
Table 6 — Rating scale percentage ValUEs.............uuiiii oo 19
Table 7 — Refinement of rating SCale ............c.uueiiiiiiii e 19
Table 8 — Refined rating scale percentage values ... 19
Table 9 — Capability levels and corresponding process attribute ratings.............ccccccceiiiiiiinne. 22
Table 10 — Template for the process desCription ........cccoeeeeieiiiiieeee e 28
Table 11 — Template for the process description .........coooooiii oo 99
Table B.1 — Structure of information item characteristics (lIC) table.................cccooei 122
Table B.2 — Information Item CharacteristiCs ... 152
Table D.1 — Referenced StandardS..........ccoooeiiiiiiiiiiii e a e 159

© VDA Quality Management Center 6



VDA QMC SSWTIe1ilZd SPICE®

1. Introduction

1.1.Scope

Process assessment is a disciplined evaluation of an organizational unit's processes for product
development against a process assessment model.

The Automotive SPICE® process assessment model (PAM) is intended for use when performing
conformant assessments of the process capability on the development of embedded automotive
systems. It was developed in accordance with the requirements of ISO/IEC 33004:2015.

The Automotive SPICE® process reference model (PRM), which was developed based on the
ISO/IEC 12207, has further developed and tailored to the specific needs of the automotive industry.
If processes beyond the scope of Automotive SPICE® are needed, appropriate processes from other
process reference models such as ISO/IEC 12207 or ISO/IEC/IEEE 15288 may be added based on
the business needs of the organization.

The PRM is incorporated in this document and is used in conjunction with the Automotive SPICE®
process assessment model when performing an assessment.

This Automotive SPICE® process assessment model contains a set of indicators to be considered
when interpreting the intent of the Automotive SPICE® process reference model. These indicators
may also be used when implementing a process improvement program.

© VDA Quality Management Center 7
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1.2. Terminology

[0 AUTOMOTIVE KZld 3

Automotive SPICE® follows the following precedence for use of terminology:

o ISO/IEC 33001 for assessment related terminology
o |SO/IEC/IEEE 24765
e Terms introduced by Automotive SPICE®
e PMBOK® Guide — Fourth Edition
e PAS 1883:2020
e Oxford Dictionary
Term Origin Description
Activity Automotive Execution of a task by a stakeholder or an involved party.
SPICE® V4.0
Application Automotive An application parameter is a software variable containing data that
parameter SPICE® V4.0 can be changed at the system or software levels; they influence the
system’s or software behavior and properties. The notion of
application parameter is expressed in two ways:

e The specification (including variable names, the domain
value range, technical data types, default values, physical
unit (if applicable), the corresponding memory maps,
respectively).

e The actual quantitative data value it receives by means of
data application.

Application parameters are not requirements. They are a technical
implementation solution for configurability-oriented requirements.
Approval Automotive Written statement that a deliverable is fit for its intended use, and
SPICE® V4.0 compliant with defined criteria.
Baseline Automotive A defined and coherent set of read-only information, serving as an
SPICE® V4.0 input information for the affected parties.
Deliverable PMBOK® Guide | Any unique and verifiable product, result, or capability to perform a
— Fourth Edition | service that must be produced to complete a process, phase, or
project. Often used more narrowly in reference to an external
deliverable, which is a deliverable that is subject to approval by the
project sponsor or customer.
Functional ISO/IEC/IEEE A statement that identifies what a product or process must
requirement 24765 accomplish to produce required behavior and/or results.
Hardware Automotive Assembled and interconnected electrical or electronic hardware
SPICE® V4.0 components or parts which perform analog or digital functions or
operations.
Hardware Automotive Logical (e.g., functional block) or physical group of hardware parts
component SPICE® V4.0 realizing a functionality, which

e cannot be realized by any of its hardware parts alone, e.g.,
voltage monitoring, power supply.

e may be organized hierarchically, i.e., a hardware
component can contain lower-level hardware components.

NOTE: Depending on the application, e.g., the populated
PCB, a system-on-chip, a microcontroller, or an SBC can be
considered a HW component.

© VDA Quality Management Center
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Hardware Automotive Generic term; can represent a hardware component, a hardware
element SPICE® V4.0 part, a hardware interface, or the hardware.
Hardware part Automotive Fundamental HW element the purpose and functionality of which
SPICE® V4.0 cannot be further subdivided or separated.
NOTE: Examples are transistors, resistors, diodes, non-
populated PCB.
NOTE: Depending on the application, e.g., a system-on-chip,
a microcontroller or an SBC can be considered a HW part.
NOTE: the term ‘unit’ is considered to apply to the software
domain only. The term ‘hardware part’ can be viewed as the
hardware counterpart of ‘software unit’.
Hyperparameter | Automotive In machine learning, a hyperparameter is a parameter whose value
SPICE® V4.0 is used to control the training of the ML model. Its value must be
set between training iterations. Examples: learning rate, loss
function, model depth, regularization constants.
Information Automotive The need for characterizing process or product related
need SPICE® V4.0 effectiveness and efficiency (used by MAN.6 and PA 4.1).
Machine Automotive In Automotive SPICE® Machine Learning (ML) describes the ability
Learning (ML) SPICE® V4.0 of software to learn from specific training data and to apply this
knowledge to other similar tasks.
Measure Automotive An activity to achieve a certain intent.
SPICE® V4.0
Measurement Oxford The activity to find the size, quantity or degree of something.
Dictionary
Metric Automotive A quantitative or qualitative measurable indicator that matches
SPICE® V4.0 defined information needs.
Operational PAS 1883:2020 | Operational Design Domain (ODD) is operating conditions under

Design Domain

which a given overall system or feature thereof is specifically
designed to function.

This includes, but is not limited to, environmental, geographical,
and time-of-day restrictions, and/or the requisite presence or
absence of certain traffic or roadway characteristics.

Project ISO/IEC/IEEE Endeavor with defined start and finish dates undertaken to create a

24765 product or service in accordance with specified resources and
requirements.

Release Automotive A product delivered to a customer, including a defined set of
SPICE® V4.0 functionalities and properties.

Regression Automotive Selective re-verification of elements to verify that modifications

verification SPICE® V4.0 have not caused unintended effects.

Risk ISO/IEC/IEEE The combination of the probability of occurrence and the
24765 consequences of a given future undesirable event.

© VDA Quality Management Center
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Software Automotive Software component in design and implementation-oriented

component SPICE® processes:

V4.0 The software architecture decomposes the software into software
components across appropriate hierarchical levels down to the
lowest-level software components in a conceptual model.
Software component in verification-oriented processes:

The implementation of a SW component under verification is
represented, e.g., as source code, object files, library file,
executable, or executable model.

Software Automotive A software element is subject to integration within the software.

element SPICE® V4.0 Can represent a ->SOFTWARE COMPONENT or —SOFTWARE UNIT

Software unit Automotive Software unit in design and implementation-oriented processes:

SPICE® V4.0 As a result of the decomposition of a software component in a
conceptual model, the software is decomposed into software units.
A software unit is decided not to be further subdivided.

Software unit in verification-oriented processes:
An implemented SW unit under verification is represented, e.g., as
source code files, or an object file.

Stakeholder Automotive Any type of requirement for the stakeholders in the given context,

requirements SPICE® V4.0 e.g., customer requirement, supplier internal requirements

(product-specific, platform etc.), legal requirements, regulatory
requirements, statutory requirements, industry sector requirements,
international standards, codes of practice etc. ...

System Automotive A collection of interacting components organized to accomplish a

SPICE® V4.0 specific function or set of functions within a specific environment.

System Automotive System elements can be:

Element SPICE® V4.0 e Logical and structural objects at the architectural and
design level. System elements can be further decomposed
into more fine-grained system elements of the architecture
or design across appropriate hierarchical levels.

e Physical representations of these objects, or a
combination, e.g., peripherals, sensors, actuators,
mechanical parts, software executables.

Task Automotive A definition, but not the execution, of a coherent set of atomic

SPICE® V4.0 actions.

Validation Automotive Validation measure can be:

measure SPICE® V4.0 e Operational use case testing under real-life conditions

Highly accelerated life testing (HALT)
Simulations under real-life conditions
End user trials

Panel or blind tests

Expert panels

© VDA Quality Management Center
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Verification Automotive Verification measure can be:
measure SPICE® V4.0 e Testcases
e Measurements
e Calculations
e Simulations
e Reviews
e Analyses
Note, that in particular domains certain verification measures may
not be applicable, e.g., software units generally cannot be verified
by means of calculations or analyses.

Table 1 — Terminology

1.3.Abbreviations

BP Base Practice

CCB Change Control Board

CPU Central Processing Unit

ECU Electronic Control Unit

EEPROM Electrically Erasable Programmable Read Only Memory
EOL End-of-Line

FMEA Failure Mode and Effect Analysis

FTA Fault Tree Analysis

GP Generic Practice

IEC International Electrotechnical Commission
IEEE Institute of Electrical and Electronics Engineers
ISO International Organization for Standardization
MISRA Motor Industry Software Reliability Association
ML Machine Learning

ODD Operational Design Domain

PA Process Attribute

PAM Process Assessment Model

PRM Process Reference Model

RAM Random Access Memory

ROM Read Only Memory

SPICE Systems/Software Process Improvement and Capability dEtermination
WP Work Product

Table 2 — Abbreviation List

© VDA Quality Management Center 11



VDA QMC o0 AUTOMOTIVE KZld 3

2. Statement of compliance

The Automotive SPICE® process reference model and process assessment model are conformant
with the ISO/IEC 33004:2015 and can be used as the basis for conducting an assessment of process
capability.

An ISO/IEC 33003:2015 compliant Measurement Framework is defined in section 5.

A statement of compliance of the process assessment model and process reference model with the
requirements of ISO/IEC 33004:2015 is provided in Annex A.

A statement of compliance of the measurement framework with the requirements of ISO/IEC
33003:2015 is provided in Annex A.

© VDA Quality Management Center 12
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3. Process capability determination

The concept of process capability determination by using a process assessment model is based on
a two-dimensional framework. The first dimension is provided by processes defined in a process
reference model (process dimension). The second dimension consists of capability levels that are
further subdivided into process attributes (capability dimension). The process attributes provide the
measurable characteristics of process capability.

The process assessment model selects processes from a process reference model and supplements
with indicators. These indicators support the collection of objective evidence which enable an
assessor to assign ratings for processes according to the capability dimension.

The relationship is shown in Figure 1.

Measurement framework
* Capability levels
* Process attributes
e Rating
e Scale
e Rating method
e Aggregation method
e Process capability level model

A

PA 5.2
~PASY <« GP,.II/IIC
| PAS2 o Process assessment model
PA 4.1 ' .
' (Automotive SPICE)
| PA3.2 P E e Process capability indicators
PA 3.1 3 e Process performance indicators
PA 22 :
~pA2g € GP.W/NC
— PAll €— GP =------ BP, I/IIC  ==eee-

| | 1 >

Outcomes of Outcomes of Outcomes of
. process1 process 2 process 3

. -
. -
.
- .
- -

Process reference model

(Automotive SPICE)
* Domain and scopes
*  Process purposes
* Process outcomes

Figure 1 — Process assessment model relationship
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3.1.Process reference model

o0 AUTOMOTIVE K d33

Processes are clustered into process groups according to the domain of activities they address.

These process groups are organized into the process categories: Primary processes, Organizational

processes and Supporting processes.

For each process a purpose statement is formulated that contains the unique functional objectives
of the process when performed in a particular environment. For each purpose statement a list of
specific outcomes is associated, as a list of expected positive results of the process performance.

For the process dimension, the Automotive SPICE® process reference model provides the set of

processes shown in Figure 2.

: Supporting Process Group || System Engineering Process Group (SYS) Validation Process
(sup) y Group {VAL)
sYsa
SuP.a | Requiresents Bicisation VALl
Qudity Auurince Validation
TR SYS.5 —
= System Heouirements RN Yol
sUP.8 | Analysin Syatem Verdfication
Cantigar ation S
Maragemant §YS.3 SYS.4
— Systom Architoctural System Imtegration and
B Design Insegracion Verification
SuPs = A
M';::T_::f::':m i Software Engineering Process Group (SWE) Hardware Engineering Process Group (HWE)
- 1 SWE.1
g | somtwisrs Reqiuvements S“flf-" HWE HWE.A
. ‘ Arkhosts Software Verification HW Regqurements Verification against
rango Request ¥ | _ Analysis | W Requiremenes
Maragemert e — o
8 SWE.2 SWE.S |
Softearo Architectural Software Component Verficat .'nJ HWE.2 HWE.3
supP.11 Design and htegration Verification | S ke | Venification against
Machine Lasrning Data [ SWES3 : s° HW Desyin |
Marsigemwnd l Software Detatled Desgn Sof s”w'E,'“ " |
| arxd Unit Conatraction | oftware Unit Verilication
< . 3 2 Acquisition Process
Machine Leaming Engineering Process Group (MLE) 6 ‘ A_CQ)
MLE.1 MLE.2 . MLE3 MLES ACQA
Machne {eprning Machine Luarning Machine Loarning Machine Leatming Suppbor Monltaring
Requirements Analyshs || Architedture _Training Model Testing % i
Primary Processes _.[ _Organizational Processes I Supporting Processes

Figure 2 — Automotive SPICE® process reference model - Overview

3.1.1. Primary processes category

Management Process
Group (MAN)

MAN,.3
Project Management

MAN.S
Risk Management

MAN.6

Meosurement

Process Improvement
 Process Group (PIM)
PIM.3

Provess rprovement

Reuse Process Group
S e S

REU.2
Management of Procksts
tor Rewuso

Supply Process Group
{sPL)

SPL2

Product Release

The primary processes category consists of processes that may apply for an acquirer of products
from a supplier or may apply for product development when responding to stakeholder needs and
delivering products including the engineering processes needed for specification, design,

implementation, integration and verification.
The primary processes category consists of the following groups:

the Acquisition process group

the Supply process group

the System Engineering process group

the Validation process group

the Software Engineering process group

the Machine Learning Engineering process group
the Hardware Engineering process group

© VDA Quality Management Center
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The Acquisition process group (ACQ) consists of one process that is performed by the customer, or
by the supplier when acting as a customer for its own suppliers, in order to acquire a product and/or
service.

ACQ.4 Supplier Monitoring
The Supply process group (SPL) consists of one process performed by the supplier in order to supply
a product and/or a service.

SPL.2 Product Release

The System Engineering process group (SYS) consists of processes addressing the elicitation and
management of external and internal requirements, the definition of the system architecture and the
integration and verification on the system level.

SYS.1 Requirements Elicitation

SYS.2 System Requirements Analysis

SYS.3 System Architectural Design

SYS.4 System Integration and Integration Verification
SYS.5 System Verification

The Validation process group (VAL) consists of one process that is performed to provide evidence
that the product to be delivered satisfies the expectations for its intended use.
VAL.1 Validation

The Software Engineering process group (SWE) consists of processes addressing the management
of software requirements derived from the system requirements, the development of the
corresponding software architecture and design as well as the implementation, integration and
verification of the software.

SWE.1 Software Requirements Analysis

SWE.2 Software Architectural Design

SWE.3 Software Detailed Design and Unit Construction

SWE .4 Software Unit Verification

SWE.5 Software Component Verification and Integration Verification

SWE.6 Software Verification

The Machine Learning Engineering process group (MLE) consists of processes addressing the
management of ML requirements derived from the software requirements, the development of the
corresponding ML architecture, the training of ML model, and testing of ML model against ML
requirements.

MLE.1 Machine Learning Requirements Analysis
MLE.2 Machine Learning Architecture

MLE.3 Machine Learning Training

MLE.4 Machine Learning Model Testing

The Hardware Engineering process group (HWE) consists of processes addressing the
management of hardware requirements derived from the system requirements, the development of
the corresponding hardware architecture and design as well as the verification of the hardware.

© VDA Quality Management Center 15
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HWE 1 Hardware Requirements Analysis

HWE.2 Hardware Design

HWE.3 Verification against Hardware Design
HWE.4 Verification against Hardware Requirements

3.1.2. Supporting processes category

The supporting processes category consists of processes that may be employed by any of the other
processes at various points in the lifecycle.

SUP.1 Quality Assurance
SUP.8 Configuration Management
SUP.9 Problem Resolution Management

SUP.10 Change Request Management
SUP.11 Machine Learning Data Management

3.1.3. Organizational processes category

The organizational processes category consists of processes that develop process, product, and
resource assets which, when used by projects in the organization, may help the organization achieve
its business goals.

The organizational processes category consists of the following groups:

¢ the Management process group
e the Process Improvement process group
o the Reuse process group

The Management process group (MAN) consists of processes that may be used by anyone who
manages any type of project or process within the lifecycle.

MAN.3 Project Management
MAN.5 Risk Management
MAN.6 Measurement

The Process Improvement process group (PIM) covers one process that contains practices to
improve the processes performed in the organizational unit.

PIM.3 Process Improvement

The Reuse process group (REU) covers one process to systematically exploit reuse opportunities in
organization’s product portfolio.

REU.2 Management of Products for Reuse

© VDA Quality Management Center 16
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3.2. Measurement framework

The measurement framework provides the necessary requirements and rules for the capability
dimension. It defines a schema which enables an assessor to determine the Capability Level of a
given process. These capability levels are defined as part of the measurement framework.

To enable the rating, the measurement framework provides process attributes defining a measurable
property of process capability. Each process attribute is assigned to a specific capability level. The
extent of achievement of a certain process attribute is represented by means of a rating based on a
defined rating scale. The rules from which an assessor can derive a final capability level for a given
process are represented by a process capability level model.

Automotive SPICE® defines its own measurement framework.

Note: The Automotive SPICE® measurement framework is an adaption of ISO/IEC 33020:2019. Text
incorporated from ISO/IEC 33020 within this chapter is written in italic font and marked with a left
side bar.

3.2.1. Process capability levels and process attributes

The process capability levels, and associated process attributes are described in detail in chapter 5.

Process attributes are features of a process that can be evaluated on a scale of achievement,
providing a measurement of the capability of the process. They are applicable to all processes.

A capability level is characterized by one or more process attributes whose implementation results
in a significant improvement in the capability to perform a process. Each attribute addresses a
specific aspect of the capability level. The levels constitute a rational way of progressing through
improvement of the capability of any process.

There are six capability levels as listed in Table 3:

Predictable process

Level O: The process is not implemented or fails to achieve its process

Incomplete process purpose.

Level 1. The implemented process achieves its process purpose

Performed process P P P purpose.

Level 2: The previously described performed process is now implemented in a

Mana é d brocess managed fashion (planned, monitored and adjusted) and its work
geap products are appropriately established, controlled and maintained.

Level 3: The previously described managed process is now implemented using

Established process a defined process that is capable of achieving its process outcomes.

The previously described established process now operates
Level 4: predictively within defined limits to achieve its process outcomes.

Quantitative management needs are identified, measurement data are
collected and analyzed to identify assignable causes of variation.
Corrective action is taken to address assignable causes of variation.

Level 5:
Innovating process

The previously described predictable process is now continually
improved to respond to organizational change.

© VDA Quality Management Center
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Within this process assessment model, the determination of capability is based upon the nine
process attributes (PA) as listed in Table 4 — Process attributes.

Attribute ID

Process Attributes

Level 0: Incomplete process

Level 1: Performed process

PA 1.1

Process performance process attribute

Level 2: Managed pro

cess

PA 2.1

Performance management process attribute

PA 2.2

Work product management process attribute

Level 3: Established process

PA 3.1

Process definition process attribute

PA 3.2

Process deployment process attribute

Level 4: Predictable process

PA 4.1

Quantitative analysis process attribute

PA 4.2

Quantitative control process attribute

Level 5: Innovating process

PA 5.1

Process innovation process attribute

PA 5.2

Process innovation implementation process attribute

Table 4 — Process attributes
3.2.2. Process attribute rating

To support the rating of process attributes, the measurement framework provides a defined rating
scale with an option for refinement, different rating methods and different aggregation methods
depending on the class of the assessment (e.g., required for organizational maturity assessments).
3.2.2.1. Rating scale

Within this process measurement framework, a process attribute is a measureable property of
process capability. A process attribute rating is a judgement of the degree of achievement of the
process attribute for the assessed process.

The rating scale is shown in Table 5 — Rating scale.
Note: The rating scale is identical to ISO/IEC 33020:2019.

. There is little or no evidence of achievement of the defined process
N | Not achieved . )
attribute in the assessed process.
Partiall There is some evidence of an approach to, and some achievement of,
P 1aly the defined process attribute in the assessed process. Some aspects of
achieved ) ) )
achievement of the process attribute may be unpredictable.
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There is evidence of a systematic approach to, and significant

L Largely achievement of, the defined process attribute in the assessed process.
achieved Some weaknesses related to this process attribute may exist in the
assessed process.

There is evidence of a complete and systematic approach to, and full
achievement of, the defined process attribute in the assessed process.
No significant weaknesses related to this process attribute exist in the
assessed process.

F Fully achieved

Table 5 — Rating scale

The ordinal scale defined above shall be understood in terms of percentage achievement of a
process afttribute. The corresponding percentages shall be:

N | Not achieved 0 to < 15% achievement

P | Partially achieved > 15% to < 50% achievement
L | Largely achieved > 50% to < 85% achievement
F | Fully achieved > 85% to < 100% achievement

Table 6 — Rating scale percentage values

The ordinal scale may be further refined for the measures P and L as defined below.

P- | Partially achieved: | There is some evidence of an approach to, and some achievement
of, the defined process attribute in the assessed process. Many
aspects of achievement of the process attribute may be
unpredictable.

P+ | Partially achieved: | There is some evidence of an approach to, and some achievement
of, the defined process attribute in the assessed process. Some
aspects of achievement of the process attribute may be
unpredictable.

L- | Largely achieved: There is evidence of a systematic approach to, and significant
achievement of, the defined process attribute in the assessed
process. Many weaknesses related to this process attribute may
exist in the assessed process.

L+ | Largely achieved: There is evidence of a systematic approach to, and significant
achievement of, the defined process attribute in the assessed
process. Some weaknesses related to this process attribute may
exist in the assessed process.

Table 7 — Refinement of rating scale
The corresponding percentages shall be:

P- | Partially achieved - > 156% to < 32.5% achievement
P+ | P