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 Challenges of « Good functional specification »

« MBSE approach to reach those challenges

e Demonstration
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What is a « Good-Quality » specificati‘

[-Y. Y
m’ﬁggmoupsp ace QEEgﬁPMAEcNED ED SAE ARPA4754 REV. A
PRACTICE Revied 201012
Superseding ARP4754
(R) Guidelines for Development of Civil Aircraft and Systems

Correctness is the degree to which an individual requirement is unambiquous, verifiable, consistent
with other requirements and necessary for the requirement set.

Completeness is the degree to which a set of correct requirements, when met by a system, satisfy the
interests of customers, users, maintainers, certification authorities as well as aircraft, system and item
developers under all modes of operation and lifecycle phases for the defined operating environment

2 CHARACTERISTICS OF REQUIREMENT STATEMENTS ...

22 C2-APPROPRIATE......
23 C3-UNAMBIGUOUS ...
25 CH-SINGULAR. ...
26 CB-FEASIBLE. ...
27 CT-VERIFIABLE ...
29  CO-CONFORMING ..ot

3 CHARACTERISTICS OF SETS OF REQUIREMENTS ... ...

32 C11-CONSISTENT ...
33 C12-FEASIBLE ...
34 C13-COMPREHENSIBLE. ... .. B
35 C14-ABLETOBEVALIDATED. ..
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Consistency is the strongest challe

« Can you ensure there is no conflict in 200 pages spec?

 Can you afford to review the total combinatory of req?
« Example: for 200 requirements it would mean 40 000 checks...

« With rising number of requirements we need help !
* Models can help => A diagram provides “local consistency”
« Butitis not enough... we need to address also global consistency

 Ultimate goal: reach “consistent-by-construction”

Goal: define a MBSE methodology able to formalize requirements as

connected model elements that make a consistent specification
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Key principles of proposed MBSE app:

1. Use of standard System Modeling Language

2. Function based definition (prescribed by ARP4754A)
with support of recursive refinement (different levels)

3. Support of simulation to ease early validation
« Ability to run specification model in its operating context

4. Support of bidirectional traceability
 Prescribed to reach avionics system certification
 Useful for change management (key for long term sustainability)

5. All elements connected (consistent-by-construction)

o

Agile approach (late new or changed requirements)
7. And obviously a Modeling Tool conformant to SysML

J
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Complete and correct requiremen R samares
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« Suggestion #1: structure inputs into UC and actors

* Motivation 1: a UC provides goal for users (actors) and then
ensures completeness of functionality. UC is the right container
to organize future validation scenarios

« Motivation 2: actors provide functional boundaries and then help
ensuring that functional scope for system is correctly understood

. Monitor member system fault
Flight Crew Monitor and analyze aircraft conditions
0.1 th Member System
On ground

View aircraft parametric data Execute ground test Acquire and dis play member
th th system LRU time cycle data
th

0.
Maintenance
Technician Member System
View and print failure report
Upload data to target member system
View Onboard Maintenance
Documentation

View member system
configurations report

View or reset members system fault history

th
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Complete and correct requirement

« Suggestion #2: use black box scenario-based approach

* Motivation 1: capture all intended normal and non-normal
behaviors (completeness) with special focus on interactions = can
check ICD (necessary and sufficient functional interfaces)

« Motivation 2: Capture abnormal behaviors (address safety)
* Motivation 3: Scenarios are easy to review and validate
« Motivation 4: straightforward derived into validation scenarios

« UC is scenario umbrella and provides guidance

« Same scope, start, end, actors | =) EE— 5]
» Can detect inconsistencies early | T
B+ Execute ground test et
B,/ Relations 4 tost roqres nformatiod
E-=4 Sunny day S1 with data - Select target member system and testl «Reviewed Operational Scenari || _
=4 Sunny day 52 with data - Non-interactive, execute target test with inhibit condition reply, manual T ' ‘:”T“J"
E-E4d Sunny day S3 - Non-interactive, uninhibited initiated test with automatic results determination «R i | 6: Test complete message
B-E=d Sunny day 54 - Non-interactive, execute target test with inhibit condition reply, automatic result ¢ ! | e resut
=4 Sunny day S5- Interactive, uninhibited initiated test with automatic results determination «Review :| |
E-Ed Sunny day S6 - Interactive, uninhibited initiated test that later becomes inhibited(classifier behavi ! &: test complete message i
E-E4d Sunny day S7 - Abort execution of ground test «Reviewed Operational Scenario»
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Which SysML concept for function VESNAGMé'EE%
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« Common SysML concepts to formalize a function
 Block or Activity for function definition
« Respectively Port or Parameter for functional interface
« Respectively Part or Call Behavior Action for function call (usage)
« Respectively Connector or Object Flow for functional flow

- retrieve test target «Blocks -4 retrieve test target( target id )
LT target id i - & out target id
ibd [Block] Top level function[ Top level function ] (‘act [Activity] top-level function] top-level function ]
 retrieve test target lfljfﬂfgﬁt id ergetid : start test : retrieve test target id et i
test id | target H e st )
test id | estid

=
; test id
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Function behavior (for simulation) VSAMARES

* Function behavior = Activity or State machine (SM)

* If function is represented by Block and behavior is represented by
Activity =» have to map ports and parameters at each level

-] retrieve test target «Elock»
L-77 target id

-4 retrieve test target behavior( target id )
% retrieve test target behavior
< out target id

 |f function as Block and behavior as State machine, cannot see sub-
functions in the behavior (less intuitive)

* We choose to represent function as Activity as it can be
completed with behavior consistently
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How to combine usages into 1 definitic

 Pattern to identify top-level functions and system
functional interfaces from intended behaviors (usages)

B[ OMS Signals to Maintenance Technician
B/ Relations

- abort finished notification «Functional
— 3 created test information message «Ff
— = early test termination message «Func
— 3 inhibit condition information «Eynct
— 3 initiated test display message t
— = initiated test information «Functigf?
— =] test complete message with tght res
— = test complete message «Fiftional |
L3 test progress information’« tional
B[] OMS Signals to Member System

SIGNALS

8: test complete message

7: Determines initiated test

M

: Maintenance
Technician

: OMS

T
|
|
|
|

«System of Interesty

: Member S

1. Start Test Request

. Inhibit condition message

g o B o B

Mgty

/7 Relations
process start test request

>] in-test message

=] inhibit condition message

e < >

[C» inhibit condition information

[ initiated test run-test command
[> test progress information

process start test request «Top Level

p Level
ag Lewv

o

Scenario is focused on capture of top level functions and interactions, not on function logics

(‘act [Activity] process start test request [ process start test request |J h
-7 B1.0 Extracted Functional Flows Bt ance 'syd“_":::"“h I :—“'s“.—m g I
B[ Execute ground test Technician —_ ! — et
] Maintenance Technician Signals to OMS ! ! - — — | Drogress
70 /7 Relati 9 | 1: Start Test Requesf™ | ) i message information
B Relations 2 Initiated test run-test command initiated
B3 abort request «Functional Interface M ,/ test
i+ clear inhibit conditions message «Fur run-test -
S - 3: In-Test Message
|3 clear inhibit conditions request «Func = = command
— = continue test request «Functional Iny inhibit inhibit
|3 initiated test restart request « 0 4: test progress informiation — — > condtion | — > condition
_____ [ essag information
— = initiated test retrieve re «Funct N | = =
I
— L start test request «F ional Interfad - oo tost — J
[~ target selection request <Funciional i . H @B process clear inhibit conditions message «Top L
'—[3] test creation request «Functional Inte . P e - ge P
B[ Member System Signals to OMS | 6: Test complete messa @B process clear inhibit conditions request «Top Le
1

@B process continue test request «Top Level Functic
@8 process initiated test display command «Top Le
@B process initiated test inhibited test response «T¢
@B process initiated test restart request «To

4

Idea is to ensure it remains simple enough to be validated and to leave logics for further stage

Then we use tool (plugin) to combine scenarios and define function required logics iteratively
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Complete top-level functions and interf

* Once identified, top-level functions are completed
 Definition of their inputs and outputs
* Functional flows between elements

Data continuity guidance principle

* Each function input either comes from parent function input or from another function output
For top-level function, inputs may come from input signal that triggered function => lead to update interface

(‘act [Activity] process start test request [ process start test request initial]J B
- - May lead to new functions
] i
May lead to complete scenarios =» back to previous step
T e | .
gmeifd inhibit 2 i _ 7: Target Selection Request : 8: Set Test Target
— — > condition “ » ==
e selcts member system for {:
\ ) test execution. For instance
MS6.
B[ Maintenance Technician Signals to OMS
B/ Relations
B[ abort request «Functional Interface Messages» «Top Level Function» gy
E—CE clear inhibit conditions message «Functional Interface Messages testid  testid process start test
= clear inhibit conditions request «Functional Interface Message» % request
— =] continue test request «Functional Interface Message» e h
— =] initiated test restart request «Functional Interface Message»
— [ initiated test retrieve request «Functional Interface Message»
—+ = start test request «Functional Interface Message»
O Hestid Synchronization ensured by Cameo
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Specify function validity condition:s

 Functions are not valid at any time
* Have to specify conditions in which their activation is valid

SAMARES

ENGINEERING
Accelerate Systems Design

* We use state machine to represent mission states
* Input signals are put on transitions
» Top-level functions set in states (doActivity) or on transition effect

stm [State Machine] modes and states [ modes and states JJ
e Flight
Parking ) init flight 5[ init avionics
Menitoring of A/C conditions

do / Monitor and analyze aircraft conditions

scheduled start oms
maintenance flight ready
Maintenance
start test request
test running
test complete messaqge / process test complete message do / process start test request
abort request / process abort request J
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e Each function is refined (realized with lower-level
functions) down to the level where :
 Either it can be allocated to existing products
* Oritis fully understood from its specification (no realization risk)

Description of scenarios (operations,

- . —) Top-level Required functions
acquisition, maintenance, deployment...)

J A. Identification of functions from needs and scenarios
Top down ‘ Refinement / Flow down

B. Identification of functions  m

from Domain knowledge Technical functions

duct Bottom up f Reuse / integration
roaucts —
0 Product functions

C. Identification of functions from products data sheets

(‘act [Activity] retrieve test target] retrieve test target ] @8 process abort request
B process clear inhibit conditions message
wallocaten @B process clear inhibit conditions request Fu nct|ona| brea kd own
Component A < B process continue test request

(calculated by Cameo)

» @B process initiated test display command

- @B process initiated test inhibited test response

: load target ) 74 Execute ground test @ - - o
rocess initiated test restart request
from database ®p o ) N ~ 7% create new test
“ @B process initiated test retrieve request @ R
=~ 74 retrieve initiated tests
target I
b ot @B process start test request @ =~ {4 retrieve testtarget o = 74 load target from database

@8 process target selection request @ =~ 74 set testtarget

L. ‘. p test p ge @ = 74 determines initiated test passffailure result

J
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At any time can simulate a scenario (1
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“act [Activity] Maintenance Technician be!

sd [Interaction] Sunny day S1 with data - Select target:

ystem and test1[ Sunny day S1 with data - Select target

system and test1 1]

Init Behavior

information

|

: Maintenance Technician P I

«comment»
Maintenance Technician
requests list of initiated tests

‘OMS sends back that list. For
instance: T2, T3and T7

«comments
Maintenance technician
creates new test. For -
instance T14.

1: Initiated Test Retrieve Request

«System of Interests ‘ MS6

3: Inifiated Test Information

2: Retrieve Initiated Tests

4: Test Creation Request

6: Created Test Information Message

5: Create new test

]

«comment»
Create new test

-1

7: Target Selection Request

8: Set Test Target

«comment»
Maintenance Technician
selects member system for
test execution. For instance
MS6.

«comments
Maintenace Technician requests
execution of test. For instance T14
just created.

OMS has registred target selection
and uses it to run test to concemed
member system.

9: Start Test Request

14: Test Progress Information

10: Initiated Test Run-Test Command

:Member %

|

13: In-test message

11: Perform inhibit condil

12: Perform target inhibit

.

progress on same test: T14

«comments

Later member system provides

(‘act [Activity] Member System behavior for Sunny ¢

Init Behavior

initi ated
test
run-test
command

intest
message
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At any time can simulate a scenario (2)
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v CIET «rBE
i r =R laeas E TS
E.. with data - Select target member system and test1 [ Launch Test - Sunny day S1 with data - Select target member sye r act [Activity] Member System bel
e = o Init Behavior e
Tools «wallocates «allocates «wallocates | = -
= loolsy oms Maintenance Technician Member System ™ = Igh&- Q
- =
& ¥ =X initiated test
¥ & - ¥ & niiaind test
=] '%E}mmm & i i
e B1Cen &l &
Ev =y member
- Maintenance - system L
o Technician [ M
behavior for intest
5. Member System =
: = e S ——
l Select target Sunny day S1 N
L member system Wwith data - - A e
and testl Select target
{}+ th member system {}+ {}+
= Fork Test and test1 o 5 v
A | h B ey Z after (2)
A A . :ﬂ A
A Execute ground | | A A
A T | I A A
3}&- () I N I T Final Join [Es—- (53,
. =
® : - 3.
T D
® . | o J
y e
& J .
y s ¢
L= Final N
e Synchro @ritTast é 3. o .
iy L Do ® .
J > °
3 . o
X . & .
L E ot
a a - a

Snapshot taken during execution

Value

(processing start test request)

Seaf58a

[process start test

: [execute] context = fUML.Semantics.Activities.IntermediateActivities.ActivityExecution@332b4709

1

: [event] Execute activity=retrieve test target
:00: : [execute] Activity retrieve test target completed.

00:00:05,663 INFO: **** Activity retrieve test target execution is terminated. ****

00:00:06,177 INFO: [event] Fire activity=process start test request acti d test test © d

00:00:06,594 INFO: [event] Fire activity=Member System behavior for Sunny day S1 with data - Select target member system and testl action=in-test message
00:00:06,807 INFO: [event] Fire activity=process start test request action=test progress information

>>

‘ (default) a
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Traceability matrix

Legend B [J Al.Stakeholders Requi Legend Bl 3 B1.1 Required functions and performance
2 Refines 8 I"_'Icust?mef ) B 2 Refine El [J Execute ground test
EI’_‘IAlrcraftrequlremgrE] B & [J Functions § -
@ [ 2 Onboard Main ,, . EEEEEBHDGSD@processstartte ® B O T & 3
Bet d EII:EI:E b ER s vEc¥y wlE
@ c € € € k] = S o £ q o 2
etween messages an 28,855 Between messages § ,88fscé EZCE8c E£3E
. EZETES E Lee=gwnd C23ECE Rgb
R = 9 g so5s52ggg g EefEs8gF TSP
source functional LAl and functions - ¢ fEE333F Fgsss5:=’s BE:
o E\::Eg‘yﬁ F] f—';;'é.!.!.! :ﬁgg:ng‘: ':::
requirements - Manual gg 29 automated S Se2sEEfE gEE £5E 833
S48 <o e 2 doo s - £ 8
LE5Lz5338 § EE8§gEEf siEEEgEs 353
EEEEEEOOO P 008888 ORoaRocc®® 000

|2tc- Operalbnél [A2.Lifecycle Concepts] ) B [ 1 - Operational Use Cases and Scenarios
B [J 1 - Operational Use Cases and Scenarios E © Execute ground test . . . . . . .

E O Execute ground test
El =4 Sunny day S1 with data - Select target member system and testl

— asynchSignal Created Test Information Message
— asynchSignal In-test message
— asynchSignal Initiated Test Information
— asynchSignal Initiated Test Retrieve Request
— asynchSignal Initiated Test Run-Test Command
— asynchSignal Start Test Request
— asynchSignal Target Selection Request
— asynchSignal Test Creation Request
— asynchSignal Test Progress Information
4 synchCall Create new test

4 synchCall Perform inhibit condition check

5 synchCall Perform target inhibit test

4 synchCall Retrieve Initiated Tests
o

=+ synchCall Set Test Target
[=4 Sunny day S2 with data - Non-interactive, execute target test with inl

B =4 Sunny day S1 with data - Select target member
—+ asynchSignal Created Test Information Messa
—+ asynchSignal In-test message
—+ asynchSignal Initiated Test Information
—+ asynchSignal Initiated Test Retrieve Request
—+ asynchSignal Initiated Test Run-Test Comma
— asynchSignal Start Test Request
— asynchSignal Target Selection Request
— asynchSignal Test Creation Request
— asynchSignal Test Progress Information
<4 synchCall Create new test

<4 synchCall Perform inhibit condition check

< synchCall Perform target inhibit test
<4 synchCall Retrieve Initiated Tests

<4 synchCall Set Test Target

=4 Sunny day S3 - Non-interactive, uninhibited initiated test with automa [=4 Sunny day 52 with data - Non-interactive, execi
(=4 Sunny day 54 - Non-interactive, execute target test with inhibit condit (=3 sunny day S3 - Non-interactive, uninhibited init
&3 Sunny day S5- Interactive, uninhibited initiated test with i res =4 Sunny day 54 - Non-interactive, execute target

=4 Sunny day S5- Interactive, uninhibited initiated
=4 Sunny day S6 - Interactive, uninhibited initiated
(=4 Sunny day 57 - Abort execution of ground test

> Monitor and analyze aircraft conditions

2 Monitor member system fault

O Upload data to target member system

< View aircraft parametric data

< View and print failure report

0 View or reset members system fault history

[=4 Sunny day S6 - Interactive, uninhibited initiated test that later become
=4 Sunny day S7 - Abort execution of ground test

> Monitor and analyze aircraft conditions

O Monitor member system fault

> Upload data to target member system

O View aircraft parametric data

O View and print failure report

O View ber system confi ions report

E 2 View Onboard Mail e Doc i

O View or reset members system fault history
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End to end traceability

19
£ synchCall Start Test Request e< 21
27

< synchCall Start Test Request 5 16
— asynchSignal Start Test Request @ 16
17
— asynchSignal Start Test Request
ynchSig queste—" _ o
— asynchSignal Start Test Request @ [ 16
— asynchSignal In-test =] R 17

, Z]in-test message @

@18
— asynchSignal In-Test Message 9—<
[’ 24

m17
—+ asynchsSignal Inhibit condition message E|—< 1o
= > inhibit condition message 3
m17
— asynchSignal Inhibit Condition Message El—< m20

@B process start test request 5

A (D retrieve testtarget @ = T4 retrieve testtarget g
— asynchSignal Inhibit condition information @ R 18
A [ inhibit condition information E|<
--» reply Inhibit condition Information & & 18
| — asynchSignal initiated test run-test command g [®19
| — asynchSignal initiated test run-test command g & 18
“‘D"ﬁtdtt test d chSignal Initiated test run-test d —<L_E'ZO
initiated test run-test comman — asynchSignal Initia st run-test comman
=] Y 9 =] m25
— asynchSignal Initiated test run-test Command @ R 18
— asynchSignal Initiated Test Run-Test Command 5 [® 16
--3 reply test progress information w7
— asynchSignal Test Progress Information Ej—< 20
[ test progress information = =
IRE]
— asynchSignal Test Progress Information Ej< [® 20
[’ 104

[® 16
— asynchSignal In-test message 9—< ——

SAMARES

ENGINEERING
Accelerate Systems Design

Legend
Behavior
we Owned Element
Refine

= [H8
&9

= (O :load target from database g

~[@10

= 74 load target from database

This representation is only
for pedagogical purpose.
Need other representation

for whole System!!!
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System functional requirements? R sAMARES

* Where is system functional specification ? Where are
system functional requirements?

* They live in the model ! They can be derived from all
functions and their definitions, starting from top-level
functions down to leaf functions

* Functional requirements shall take into account
» Activity parameters
« States that restrict function validity
« Activation condition (end of other functions, signal event)
 Specification of actions to perform if any (design excluded)
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Big picture (work presented in orang R sAMARES
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ollect stakeholde Requirements Architecture
eeds and constra capture and definition
definition of top (functional and
d . o level functions physical)
dog - .
doc SR .

Define functional
architecture

T

Formalize physical S - oo
interfaces : T . Define physical

Wil “Il!
I
i

architecture
and system design
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Demonstration (if remaining time) R saMARES
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« UAV for agriculture
 Treat field against pathogenic agents

B , A B ) 7L
A

* lteration 1
 Structure input requirements into UC and scenarios
* |ldentification of top-level functions
* Refinement of functions and identification of missing behavior...

* |teration 2

Go back to scenarios and updates
|dentification/update of top-level functions
Refinement of functions

Simulation
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Complete formalization of requirements
 Design and Physical constraints
« Complete function definition with performance and safety concerns

Connection of operational context with 3D animation
framework

Generate / update textual requirements from pattern

Automated impact analysis (through traceability)

Functional design and architecture trade-offs
« Ability to represent different function realizations
 Ability to select a given set of realizations for simulation
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Thank You for your attention ' VESNAGMé'EE%
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* Any question ?
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Appendix - Import/synchronization of '* B ARES
I‘eqUIrements ) ENGINEERING
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&8 Cameo DataHub Explorer ]’ Cameo DataHub Properties I--OIS-inputs: (IBM Rational DOORS-DOORS Database) ]

Cameo DataHub Explorer 28 X

F B2

Operation: [Copy Data with Sync ']
Type text to search |(‘ >)

E"MCameo DataHub -
S8 D00RS  Database
E]& sample
E= Avionics System Requirements Definitions
B~ =/ 2 Onboard Maintenance

Crew 1interface Requirements
.2.0-2 AVIONICS shall provide the capability to allow the maintainers to print
.2.0-4 AVIONICS shall provide the capability to allow maintainers to access ang
.2.0-6 AVIONICS shall provide the capabilitvy to displav maintenance data in su
.2.0-8 AVIONICS shall provide data upload capability to support onboard maintens

B Functional Requirements

B Q23 Safety Requirements

[}Q2.4 Additional Certification Requirements

[}“Q 2.5 Derived Requirements

BEH= FMS Requirements

Member System Requirement for OMS

1 SCOPE

Q 2 APPLICABLE DOCUMENIS

: 3 OVERVIEW

B[] « ReqUIREMENTS

. D 4.1 General.

E" 4.2 Central Maintenance Function

4.2.0-1 During normal operation, the OMS continuously monitors the health state
4.2.1 Member system status.

4.2.2 Fault Detection and Reporting Function
4.2.3 Initiated Test Function

4 2 4 Fault Historv Retrieval and Reset Function.
4.2.4 1 Description and philosophv.

m

4.2.4.2 Requirements.

Q4.2. 4.2.0-1 [COM] The Fault History Retrieval and Reset Function requiremen
4.2.4.2.0-2 [COM] Further, there are two protocols available for fault his
4.2.4.2.0-3 [COM] The OMS will encode “Fault History Get First Block Comm

Q 4.2.4.2.0-4 The member system shall store fault history data in persistent

< | m »
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