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Overview

« RE/RM and test-management in practice (with DOORS)
 Model-based specification and analysis

« Variant-management for specifications

 Berner & Mattner MERAN for IBM Rational DOORS

« Applications and experiences
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Automotive Industry Context of

MBA and MBT of Systems

1ISO 26262 will soon
be obligatory

ISO 26262 part 4
regulates system
analysis and validation
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Presenter
Presentation Notes
Frequent specification weaknesses (4-7)

Weak structures

mixing functional and component-orientied contents

general chapters serve as collectors for leftovers

practically approved structures slow/turn down improvements

Requirements positioned in wrong locations, �as a consequence of weak structure

Redundancies and inconsistencies grow in structure weakness

Variants cause extremely high expenses

hard to decide between primary from secondary information

Critical Consequences

Redundancies reduce changeability and increase potential of inconsistencies

difficult to estimate size and completeness

Analyzability and testability on very low level



Current state-of-the-practice is not providing a reliable platform �for model-based integration and system validation

natural-language specs lack formal degree demanded by MBA/MBT

additional efforts needed for creating analysis and testing models

additional analysis/testing models cause additional quality problems

Conclusions

Structural improvements through systemization may improve overall quality

Expenses for managing variants are reducable, if overlapping requirements exist.
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Model-based requirements writing process

* Interviews and Workshop
* Model definition (e.g. Statecharts)

e Specification structure
follows model

» Elicitation and integration of
requirements

* lterative analysis, refinement
and completion of requirements

Workshops,
Interviews,
Brain Storming

) Generic
specification

optional steps
* Specification of
complete test-cases

* Implementation of
executable test-cases

 Formal analyses
and approvals

" be\re!dpmenﬂ
Supplier Production



Presenter
Presentation Notes
Variant-management 

   Creating a generic specification for a complete product-line

Automatic generation of product specifications

Model-based specification supports variant-management through distinct change- and analysability
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Specification and testing of product-lines

e generic requirements > Recunements
specification is created
for product-line nn )
* Options l l
— Create generic v
teSt-Case SpeCS Re\éﬁ;:aerr]r:elnts Re\éﬁirfe“rl::nts Re\clliirﬁrr]r:snts
and generate i ¥ 'y
specific test-cases ik | [rameters
-r: ?Zztl}ls;j‘ Variant 1 Variant 2 Variant 3
- Create SpeCIfIC design Test-Spec Test-Spec Test-Spec
test-cases for specific }
requirements
« amutual parameter base =
. ]
may reduce risk of
inconsistencies between Generic
. > Test-Spec
requirements and test-
cases
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Model-based Specification

» Structure of a specification follows a
functional model

» Semi-formal specification of states
and transitions

« Semi-formal specification
of conditions

Advantages

* Intuitively comprehensible,
functional structure
 Improved
— changeability
— analysability
— testability
» accepted redundancies only
» great basis for following model-

based development, testing and
analyses

@,

BETA

Example HSWC:
Function High Speed Window Control in variant ALPHA warn on
opened window exceeding high speed bound.

Function HSWC in variant BETA, closes windows autonomously on
exceeding high speed bound.

ENABLQ

Chapter X Functional requirements HSWC
Chapter X.1 States
Chapter X.1.1 State HSWC
Chapter X.1.2 State DISABLED
Chapter X.1.3 State ENABLED
Chapter X.1.4 State NOT OPERATIONAL
Chapter X.1.5 State OPERATIONAL
Chapter X.1.6 State INACTIVE
Chapter X.1.7 State ACTIVE
Chapter X.1.8 State ERROR
Chapter X.2 Transitions
Chapter X.2.1 Transition DISABLED-NOT OPERATIONAL
Chapter X.2.2 Transition ENABLED-DISABLED
Chapter X.2.3 Transition NOT OPERATIONAL-INACTIVE
Chapter X.2.4 Transition OPERATIONAL-NOT OPERATIONAL
Chapter X.2.5 Transition INACTIVE-ACTIVE
Chapter X.2.6 Transition ACTIVE-INACTIVE
Chapter X.2.7 Transition ENABLED-ERROR
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Typed Specifications

e Specifications contain
— identifyable
— atomic
— typed objects

 Requirements, must be
distinguishable from structure,
explanations and comments

 Typing allows application of
automated analysis and
processing

basic specification types

Type description

heading structure elements

information | explanations or comments

requirement | separated required product property

conditional specification types

Type description

XOR exclusive digunctive composition of conditions

OR disunctive composition of conditions

AND conjunctive composition of conditions

condition atomic conditional requirement
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State Specification

o State specification template

explanatory information
including short name

optional sub-states and
Initial state

optional state invariant

additional state-related
requirements

Example HSWC State Operational

Type ALPHA | BETA Name Text
heading X X X.1.5 State OPERATIONAL
information X X State The state OPERATIONAL represents
OPERATIONAL the operational function HSWC.
requirement X X Sub-states State OPERATIONAL includes State
OPERATIONAL INACTIVE and State ACTIVE.
requirement Initial State Theinitia sub-statein State
X X OPERATIONAL OPERATIONAL is State
INACTIVE.
AND Condition The function HSWC is operational, if
X X Operation HSWC every of the following conditions
hold:
condition X X Condition oThe function HSWC is enabled; in
HSWC isenabled State ENABLED.
condition X X Condition eThe vehicle speed is greater or
Operation Speed exceeded | equals V. qion-
condition X Condition *On the rear-seats no passengers are
No rear-seat passengers detected.
requirement X X Additional Requirement | HSWC shall ...
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Transition Specification

Transition
Specification Template

— explanatory information

including short name
— initial state
— final state
— trigger condition

— transition-related
requirements

Example HSWC Transition Inactive to Active

Type ALPHA BETA Name Text
heading X X X.1.4 Transition from INACTIVE to ACTIVE
information X X Transition The transition from state INACTIVE to state
INACTIVE-ACTIVE | ACTIVE represents the activation of HSWC.
requirement Initial State Theinitia stateis State INACTIVE.
requirement Fina State Thefinal stateis State ACTIVE.
AND X X Condition The function HSWC is activated if every of the
Activation HSWC following conditions hold:
condition X X Condition eThe function HSWC is operation; the function is
HSWC is operational in State OPERATIONAL.
condition Condition oAt least one window is open.
X X .
Windows are open
condition X X Condition _ eThe vehicle speed is greater or equalSV, . arion-
Vehicle exceeding v,
requirement X Command On activation of HSWC windows must be
closing windows. commanded to close.
requirement X Activation Message On activation of HSWC a message must be
displayed to the driver.
requirement X X Activity Report On activation of HSWC the activity bit hasto be

set.
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Test-case specification

» Test-case specification template
— Optional pre-conditions
— Test-steps
Attributes
* Precondition
Action
Measurement
Postcondition

— Optional post-conditions
* Further Extensions

— Code-Steps

— Test-runs

type

description

test-case

containing pre-/post-conditions, and test-steps

pre-condition

initial system state

test-step

separated input and response pairs

post-condition

final system state
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Generic Test-case Specification

Test-case specification
may reuse variant

definitions
Test-case specifications Example Test-case for HSWC Transition Inactive to Active
may eXtend Varlant Type Mark "Purpose . Input Expected Response
d efl n Itl O nS ALPHA BETA positive negative
test-case X X X X
Test-case design precondiion | X | X | X | X | HSWCisinsateINACTIVE
. . . test-step X X X Open rear-windows. Windows are opening.
— Combinatorial Testing ; _
test-step X X X Close any windows. Windows are closed.
- Sequence Enumerat|on test-step X X X Accelerate car to a speed of Car speed isequal or greater
H Vactivation Vactivation'
— Search-based Testing -
test-step X X X Accelerate car to a speed of Car speed islessthan
(Vactivation_l) vactivation'
post-condition Signa 'Close Windows
X X X emitted.
post-condition X X X Signa 'Close Windows' not
emitted.
post-condition Warning message is
X O displayed.

11
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MERAN for IBM Rational DOORS

 Formal module */BMTB Example Project /Anforderungen,/Funktionale Anforderungen BMTB Example’ current 2.1 - DDOR!

=loix|

° V H t M t File Edit Wiew Insert Lk Analysis Table Tools User adding | Berner-Mattner Help
ariant-ivianagemen (H&E| & Re U x . = a0 ;U e [F G h @7 b

Keyword Linker

|[oetaut = [[aevels =] Juc +£2 a4 | Vil BEF

Bl =

Furktionale Anforderung

=l

»
hd AUtOl I latlsed I I Iana el I Ient Of =)+ Funktionale Arforderungsn BMTE Example b Signal Linker »
1 Ubersicht BMTE Example Tt Requrement Linker b
- 2 Schinittstellen B —
keywords and signals lists -
2.1 Grundtunktion T N
yW g 32 Sypstemzustande Variant Manager 3 Fkt enabled
»
e Automatised indexing '
»
. 3.2.4 System betrisbsbereit abot... LSRG

Ubergange der Systemzustande Exchange Manager
° A u to m atl S e d I | n kl n I Zustand betishsbersit”sollen pemanent disf | S buth projact archiver
Im Zustand ‘betrisbsbereit sollen pemanent die & -7

- Im Zustand betiebsbersit soll permanent tiberpriif restore haseline r

- Dier Zustand 'disabled' soll der Initialzustand sein
t-3.2.1 Spstem disabled
+- 3.2.2 System enabled

delete incoming finks

delete selected object
setup

=
=
[+ 3.2.3 System richt betriebsbereit
E

Im Zustand betriebsbereit ist BMTE Examn\e.entu S
- Der wechsel in den Zustand 'betrisbsbereit’ fiihit L
. est-management over }

- Die Bedingung flr die Betiizbsbereitechalt istin fc
[} 3.2.5 System inaktiv LT

a whole product-line 2265 m st
33 Funklionen b belriehsbereitem BMTE Example

34 Leistungsanforderungen

SMPC

- 4 Enoranagement BMTB Example

e Test-automation in DOORS
e Improved DOORS handling

e Automatic generation
of statistics

betriebsbereit

“orwartsg ang/’
keinGang

Die Bedingung fir die Betriebsbereitschaft ist in folgendem Entscheidungsdiagramm

nicht
betrigbshereit

 Extended data exchange, d R —

|Usemame: Malett |Exclusive edit mode

th

e.g. Excel, mind-maps, Visio
e Combinatorial testing tool
 Model-based analysis and testing tool

12
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Experiences and Applications

Experiences

» theoretical expense reduction (n-1), where n is the number of variants, is barely
producable in practive, but we

— frequently reduce specification size by 30 % due to model-based approach
— frequently reduce expenses by up to 50 % due to variant-management
» these figures are useful planning guidelines, based on experiences from more than 20
projects
* empirical validation has to be done

Applications
* Variant-Management of Parking Systems at Daimler AG

* Model-based specification and variant-management of several brake-assistance
systems at Daimler AG

 Development and deployment of a car-platform- and company wide test-management
system for the functional integration at Volkswagen AG

* Variant-management for the specification of a flight-system at Airbus

13
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Summary

» Specifications often of low quality

» High expenses for adopting MBA/MBT

 Model-based approach may result in better requirements
and enables efficient variant-management

« Effort savings in requirements and test specifications

14
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End.
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Appendix 1. Generic module HSWC

- 3.2.7 Transition from INACTIVE to CLOSE Wik

E 'Functional Requirements’ current 0.0 in /BMTB State-based Example Project/Requirements {(Formal module) - DDORS I |
File Edit “iew Insert Link A&nalysis Table Tools Discussions User  Add-Ons MERAM  MeuPro Tau Help
EEERETTEN | | B g P Etadh | aalg
| wiews [Edit view Hlarees 5 || & B % [|[fd7 <8 7 # AL 3
State Diagram for High Speed Window Cantral #D";I Wariants | Ohbject Type | K.urzname Furktionale &nforderung Feferenzen :I
=+ 3.1 States of High Speed Window Control 4
- 31.1 State DISABLED ALPHA condition  Condition Activation I & The gystem vehicle speed is below #param([Lower ¥ SCWL_KEY_1: system wehicle
=-3.1.2 State ENABLED BETA speed not exceeded Activation Speed Bound].
- The State ENABLED represents the active ALPHA headin
- The State ENABLED contains the State O - : 7 3.1.6 State WARN - _
- The initial state of State Enabled is State b ALPHA information  State WARN The state WaARHN repr_esentﬁ the warning gnabled by the function
- The function HSWE is in State ENABLED, HSWIC, when exceeding the upper activation speed bound.
E-3.1.3 State NOT OPERATIONAL ALPHA AND - Invariant INACTIVE IThe function HSWC is in State WARN, if every of the following ® SCWL_A1: State WwaRM
. The State NOT OPERATIONAL represent ronditions hold:
21 The function HSWE i in State NOT OPEF ALPHA condition  Condition HSWC is |I s The function HSWC is in State OPERATIONAL. ¥ Sowil_S4: State OPERATIONAL
The function HSWEC is in State ENABL operational
El- The function HSWE is suppressed, if ¢ ALPHA condition  Condition Activation I & The system vehicle speed exceads #param[Upper ¥ SowiL_KEY_1: systerm vehicle
- The speed of the system vehicle is speed excesded Activation Speed Bound].
=l The function H.SWC i_S SUpRISssEC ALPHA  requirement  Enable Waring An optical warning message is displayed on the DDU, while the ¥ ool B1: State WARN
: ;het:a"w'”dDT is locked to 2 Message furiction HSWC is in State WARN, SCWIL_126: DDU
= Un the rearseatls passengers . .
-~ When State NOT DPERATIONAL is enter BETA heading 3.1.7 State CLOSE WINDOWS i
- In State MOT OPERATIOMAL the functior BETA information  State CLOSE The state CLOSE WINDOWS represents the closing of any open
- 3.1.4 State OPERATIOMAL WINDOWS windows enabled by the function HSWC, when excesding the
- 3.1.5 5tate IMACTIVE Upper activation speed bound.
- 31,6 State WaRN BETA AMD Inwariant CLOSE |IThe function HSWE s in State CLOSE WINDOWS, if every of ¥ SCWL_176: State CLOSE WINDOWS
- 3.1.7 State CLOSE WINDOWS WINDOWS the following conditions hald:
= 3.2 Transitions H3w/C BETA condition  Condition HSW is |I & The function HSWC is in State DPERATIONAL, ¥ SCwL_S54: State OPERATIONAL
&- 3.2 Transition from DISABLED to NOT OPEF operational
- 3.2.2 Transition from ENABLED to DISABLED BETA condition  Condition Activation » The system vehicle speed exceads #param(Upper ® SCwiL_KEY_1: systam vehicks
-- 323 Tlans?t?on from MOT OPERATIOMAL tol speed exceeded #ctivation Speed Bound).
- 324 T'ans?tpn from DPERATIONAL to NOT { BETA condition Condition Windows & The WG signals at least one open window, ® SCWL_124: WWClU
-- 3.2.8 Transition from INACTIVE to wWARN are opan Sowil SIG 10
- 3.2 B Transition from WARN to INACTIVE - : - - - - - > - =
3 BETA requirement  Closing windows Any open windows are closed automatically, while the function SCWL_176: State CLOSE WINDOWS
.

dl

-3.2.8 Tranzition from CLOSE WINDOWS to INT

| I3 T

rorirarmont

I cvallikm Walrno

IHSWC iz in State CLOSE WINDOWS.

Tha vnlirma of Ha ctaran cwvetara ic lovallaod #norarmlSharan | o

|L| zerhame: Mallstt

|Exclusive edit mode

sLIL
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Appendix 2: Parameter module HSWC

E ‘Parameter” current 0.0 in /BMTB State-based Example Project,/Parameter {(Formal module) - DDORS - |EI|£|
File Edit Wiew Insert Link Analysis Table Tools Discussions User Add-Ons MERAM MeuPro Tau Help
| d&E || =5 | | | B 8 X t8 5 || e X af i@
| wiew [Detau H|fmeves B || & 24 || %27 <E 7 F 4% 41
Function | Parameter Mame E | Default Valus | BETA Walue | ALPHA Value Parameter Type Parameter Dezscription ;I
HSEWC parameters -
State Diagram
/_ ENABLED | / EJ“.ELB\\
i OPERATD AL Fm
NOT
[ OFERATIRA .r_ l DFB.?I:L MAL MACTIVE
CLOZE
e
Upper Operational Speed Bound 100 110 [krn/] The speed limit whick
Lower Operational Speed Bound 90 100 [krnh] The speed limit whick
Upper Activation Speed Bound 130 120 [krn/] The volume to set afb
of the rage from 0-10
Lower Activation Speed Bound 120 110 k] The volume to et aft
of the rage fraom 0-10
Stereno Low Level &0 50 [dE]
“| | _'|_I
|Usemame: b allett Excluzive edit mode A

17
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Appendix 3: Variant module ALPHA

E ‘Functional Requirements variant ALPHA® current 0.0 in /BMTB State-based Example Project/Requirements/ALPHA {Formal module) - DOORS - |E||£|
File Edit Wiew Insert Link Analysis Table Tools Discussions User Add-Ons MERAM MNeuPro Tau  Help
|d@F || === | | | g & FF e ||y
| View [EatVien Ao 5 || & 74 |2 <8 Y P AL
S| F:unc:tional Hequirgmenls variar?tALF'Hﬂ D El Ohbject Type | Kurzname Funktionale Anfordening Referenzen ;I
[=- 1 Owerview High 5peed Window Contral [H5WC) o I e L B Il e It e T Iv e TTIE T L T T 15 M1 S Ld e NG TIvE, T e 1 ot P L) 1) [ e L L1 =0 P Vo e
- The goal of the function HSWC iz to clase the windows af | \WL_59 the following conditions hold:
¢ 311 Model range and variants ALPHA_SC condition  Condition HSWS is » The function HSWC is in State OPERATIONAL . SCWwL_54: State
- 2 Interface _ WiL_147 oper ational OPERATIOMAL
B 3:F““°“°”‘3_| Heq“"eme_’“s HSWE ] ALPHA_SC condition  Condition Activation speed » The gystem vehicle speed is below 120 [knh], SCWL_KEY_1: system
State Diagram for High Speed Windomw Control WL 153 not exceeded vehicle
= 3:1 States of High Speed Window Control — -
311 Stats DISABLED S\T_é%ﬁc heading 3.1.6 State WARN
| [-3.1.2 State ENABLED -
. R-3.1.3State MOT OPERATIONAL ALPHA_SC information  State WARN The state WARMN represents the warning enabled by the
- 3.1.4 State OPERATIONAL Wil 61 function HSWIC, when exceading the upper activation
. [ 3.1.5 Stats INACTIVE speed bound.
. [#-3.1.6 State WiaRMN ALPH#_SC AND - Inwariant INACTIVE The function HSWC is in State WARN, if every of the SCWL_A1: State WARN
= 3.2 Transitions HSWE WL_149 following conditions hold:
[#- 321 Transition friom DISABLED to NOT OPERATION | ALPHA_SC condition  Condition HSWC is * The function HSWC is in State OPERATIONAL. SCWL_S4: State
-- 3.2.2 Transition from EMNABLED to DISABLED WiL_150 operational OPERATIONAL
- 3.2.3 Transition friom MOT DPERATIONAL ta INACTI | 4 pHa S condition  Condition Activation speed * The systerm vehicle speed exceeds 130 [kmhl. SCWiL_KEY_1: system
- 3.2.4 Transition from OFERATIONAL to NOT OPERAT [y 151 exceeded vehicle =]
& ggg Iram!?m :mm $EEL|\:E|E:§¢E’; ALPHA_SC requirement  Enable Waring Message An optical warning message is displayed on the DDU SCWL_B1: State WARN
&-3.2.6 Transition from o WL_155 whila the function HSWC is in State WARN. SCWiL_126: DDU
ALPHA_SC heading 3.2 Transitions HSWC
WiL_B63
ALPHA_SC heading 3.2.1 Transition from DISABLED to
B4 NOT OPERATIONAL
ALPHA_SC requirement  Initial State DISABLED-MOT This transition starts in State DISABLED. SCwWL_43: State DISABLED
WiL_B5 OPERATIOMAL
ALPHA_SC requirerent  Final State DISABLED-MOT This transition ends in State INACTIVE. SCWL_58: State INACTIVE
<| | sl 4

|Usemmame: Malet |Exclusive edit mods

o
A
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Appendix 4: Variant module BETA

|Usemame: I allett Excluzsive edit mode

E 'Functional Requirements variant BETA' current 0.0 in /BMTB State-based Example Project/Requirements,/BETA (Formal module) - DDORS 1Ol =l
File Edit Wiew Insert Link Analysis Table Tools Discussions User Add-Ons MERARM MeuPro Tau Help
| d&E || === | | [EEEEEFTEEETT
| v [Egtven o 5| % 2% |57 <8 Y £ 40
S| F:unctional Requirements variant BETA D El Ohiject Type | K.urzhanne | Furiktiotale Anfardeming Referenzen |;I
- 1 Overview High Speed Window Contral [HEWT) - - — - - -
The gaal of the function HSWE is to clase the windows BETA_SC condition  Condition Activation * The gysterm vehicle speed is below 110 [kmh]. SCWL_KEY_1: system vehicle
- 1.1 Model range and variants Wl _153 speed not exceeded
-2 Interface BETA_SC heading 3.1.6 State CLOSE WINDOWS
2.1 System Lewvel WlL_175
; 2.2 Component Level BETA_SC infarmation  State CLOSE WINDOWS | §The state CLOSE WINDOWS represents the closing of any open
(=l 3 Functional Requirements HSw'C WL_176 windows enabled by the function HSWC, when exceeding the
State Diagrar far High Speed Window Control Lpper activation speed bound.
31 States of High Speed 'window Control BET4_SC AMD  Invariant CLOSE The function HSWC s in State CLOSE WINDOWS, if every of  SCWL_176: State CLOSE WINDOWS
- 3.1.1 State DISABLED WwiL_178 WINDOWS the following conditions hald:
::; g:ate EE%I'BDLEEHATIDNAL BETA_SC condition Condition HSWC is & The function HSWC is in State OPERATIOMNAL. SCWIL_54: State OPERATICOMNAL
N ale .
WiL_179 operational
1.4 State OPERATIOMAL -
215 St:t: INACTIVE BETA_SC condition  Condition Activation * The gystem vehicle speed exceeds 120 [km/Mh] SCWL_KEY_1: system vehicle
- 3.1.6 State CLOSE WINDOWS Wi._150 - speed exeeded _ ,
B 3.2 Transitions HSWC BETA_SC condition  Condition Windows are o The WEUsignals at least one open window, SCWL_124: WiCl
- 3.2 Transition from DISABLED w0 NOT ORPERATIC | YWL_181 open SCWL_SIG_1:
7 3.2.2 Transition from ENABLED to DIS&BLED BETA_SC requirerment  Closing windows Ay open windows are closed automatically, while the function  SCWL_176: State CLOSE WINDOWS r
3.2.3 Tranzition frarn HOT OPERATIOMAL to INACT | WL_182 HSWC is in State CLOSE WINDOWS.
3.2.4 Transition from OPERATIONAL to MOT OPER | BET&_SC requirement  Levelling valume The volume of the stereo system is levelled S0 [dB].
2.5 Transition fram "WaRM to INACTIVE Wil_183
326 Trangition from INACTIVE o CLOSE WINDOW ; iy
BETA_SC headin
B 3.2.7 Trangition from CLOSE WINDOWS ta INACTI WL 6_3 £ 3.2 Transitions HSWC
BETA_SC heading 3.2.1 Transition from DISABLED to NOT
Wl_o4 OPERATIONAL
BETA_SC requirement  Initial State DISABLED- This transition starts in State DISABLED. SCWIL_43: State DISABLED
Wl _B5 MOT OPERATIOMAL
BETA_SC requirement  Final State DISABLED- This transition ends in State INACTIVE. SCWL_58: State INACTIVE
WL _G66 MOT OPERATIOMAL
<I ! 2 ] Y
A
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