Requirements in SysML

Experience gathered working
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Why talk about requirements?

“The most difficult part of requirements gathering is not the act of recording
what the user wants, it is the exploratory development activity of helping
users figure out what they want.”

Steve McConnell Software Project Survival Guide: (1997)

“The most important single aspect of software development is to be clear about
what you are trying to build.”

Attributed to Bjarne Stroustrup - C++ Coding Standards (2005)
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Main Points

Requirements are a core part of Model Based Systems Engineering
Cameo offers tools for managing requirements from other sources
Cameo offers the tools for working directly with requirements

It 1s possible to trace the impact of change

There are open questions and limitations,

There are also possibilities for further investigation
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Requirements - A core part of MBSE

System Engineering is a set of disciplines that when correctly applied will ensure the existence of valid, traceable,
complete and endorsed requirements.

Model-based systems engineering (MBSE) is the formalized application of modeling to support system
requirements, design, analysis, verification and validation activities beginning in the conceptual design phase and
continuing throughout development and later life cycle phases (INCOSE-TP-2004-004-02, Version 2.03,

September 2007).
Within an MBSE approach

* Requirements are not separate from the model but are are core entities

* They have relationship to other aspects of the model

These relationships make it possible to trace all the other entities and artifacts back to the original specified
need.
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Working with externally managed requirements

Cameo Systems Modeler offers 3 different tools for importing and exporting
requirements:

e Cameo CSV Importer
e Cameo Excel Importer
e Cameo Data Hub

None are perfect - but all are workable with

For SKA have had to customise the basic Requirement types offered.
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CSV Importer

——

)

Import File: |C:\Users\kaz27217\Desktop\test.csv Field Separator: | ,
[ LoadimportMap | [ CreateMapGroup | | ExecuteMapGroup | [ setDeimiter |
Target Package Target Element Type Target Stereotype Target Diagram Type
CJpata CollaborationUse ~  interfaceRequirement A Activity Decomposition Map ~
PR R]aRequirements CombinedFragment InvisbleStereotype Activity Diagram B
Comment Metadass =
System
= y‘ 3 CommunicationPath Metalnfo
03 peried propertes T v
ComponentRealization o migrationLog
S)ndlhonalNode Note Properties CSVData
ConnectionPointReference numberOwner Name Type Owner i 1d Name Text Allocated To
Connector NumberOwner _unmarshallActionOfUnma... UnmarshallAction Component A 1 A systemm... Foo
ConnectorEnd objectiveFunction 7 i ce ificati Component 2 me finder s... Foo
ConsiderIgnoreFragment performanceRequirement attribute Property Component 3 _d-;e finder s... Foo,Baz
Constraint physicalRequirement base_Class Class Requirement
Continuation Process g dassifierBehavior Behavior Component
ControlFlow PropertySpecificType dientDependency Dependency Component
CreateLinkAction Realization o WUse C Jse Component
CreatelinkObjectAction Reqlf.Identifiable Derived Requirement Requirement Property Map
CreateObjectAction ReqIF specific DerivedFrom Requirement Requirement Property Name Owner Column Index
DataStoreNode Dia o c ml
= gram iagram ‘omponent d N
DataType RequirementRelated t t Component I Requirement 1
D ~  spDSub =| name Component 2
N feature Feature Component .
< n > Service - Text Requirement 3
generalization Generalization Component
o g S equrenent |
<Back | [LMext> ][ Enish | [Lcancel ][ savemmportmap interfaceRealization InterfaceRealization Component
isAbstract Boolean Component
isActive Boolean Component
isFinalSpecialization Boolean Component
isIndirectlyInstantiated Boolean Component
isLeaf Boolean Component
Remove
Master Requirement Requirement - :
member NamedElement Component ~  Key property
1d [ 1
[ <Back ][ mext> | [ Enish | [ cancel | [ saveimportMap |
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Excel/CSV Importer

1. Selecta fle
) 2. Select sheets

@ 3. Select a package.
) 4. Create a dogram

Create a diagram
Create a diagram to display all mported data.

*) 1. Selecta fie

©) 2. Select sheets

*) 3. Select a package
© 4. Create a diagram
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[V Create a new diagram

Type dagram name:

L Requirements dagram

Select diagram owner:
B2 Data

[ CSV Imports.

[ Derived Properties «derivedPrope essuite
B[] System

< Back

Create Clone
[P ][ concdl ]
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Requirement Mapping

class SKA-TEL-SKO-0000008-AG-REQ-SRS-6B-Level_1_System_Requirements_Excel_Format mapping [ [ffj SKA-TEL-SK0-0000008-AG-REQ-SRS-6B-Level_1_System_Requirements_Excel_Format ’nappnnpu

«fileSchemas
ska-tel-sko-0000008-ag-req-srs-6b-level_1_system_requirements_excel_format : SKA-TEL-SKO-0000008-AG-REQ-SRS-6B-Level_1_System_Requirements_Excel_Format

ID : String ‘Description : String [ Parent Requirement : String ’ Priority : String [“Status : String Requirement : String I Verification : String ‘ ‘ Allocation : String ] Rationale : String

[TracedTo : NamedElement [*] NerifiedBy : NamedElement ['] |

Id : String [1] «valueTypes | «valueTypes avalueTypes ] avalueTypes | | Text: String [1] avalueTypen T O —
Description : String | ' Parent Requirement : String |, Priority : String | Status : String | Verification : String | «valueTypes | !ISatisfiedBy : NamedElement [] |
________________________ Jibeeeenrc  |MSeseecc | JISSSSSET | Bessesee ) Suggested By : String | ! l
base_Class : Class [0.1] | | avalueTypes |

Modified By : String

T wvaueTypes |
Phase : String

‘/ReﬂnedBy : NamedElement [] base_Class : Class | «valueTypes |
Date : String |
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A quick note on stereotype extensions

bdd [Package] L1 Requirement[ L1 Requirement_Definition JJ

«stereotypex» (3]
Requirement
[Class]

+Text : String [1
+id : String [1]
+/Derived : Requirement [*]
+/DerivedFrom : Requirement [*]
+/SatisfiedBy : NamedElement [*]
+/RefinedBy : NamedElement [*]
+/TracedTo : NamedElement [*]
+/\erifiedBy : NamedElement [*]
+/Master : Requirement

«stereotypex» a
SKA L1 Requirement
[Class]

+Description : String
+Priority : String

+Status : String

+Parent Requirement : String
+Verification : String
+Phase : String

+Date : String

+Modified By : String
+Suggested By : String
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Working with requirements within Cameo

« Requirements lists and tables

* Linking Requirements to other SysML artifacts

* Modeling relationships between different levels of requirements
* Reporting to stakeholders
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Requirements Table

nistration® [Read-Only] ] 10. User & Community Sup... [Read-Only] ] @ 3. Reviewers [Read-Only] ] E:] L2 requirement allocatio... [Read-Only] ] E L2 requirements listing ... [Read-Only] 4 E Functional Requirements [Read-Only] X | E] temy

& 9 % : B AddNew [ AddExistng W Delete Hjf RemoveFromTable | @ # ¥ Show Columns Export : @ ifk v ia
Criteria
Element Type: |Requirement Heading, TM Reg Scope (optional): |ification,Packaging,Outstanding Actions Filter: | O

# Name id Text Source Verify Method
The TM shall allow a user to limit certain functionalities and operate the TM in a limited functionality mode to
assist in isolation of failures.

7 | [ Limited Operation functionality TM REQ_194 [RD30] par. 6.2 Demonstration

The TM shall perform any required dosure of functionality and confiquration to ensure no failures can be
introduced and that the system can initialise properly during Start-up. The TM shall not be allowed to perform
any operations and interactions with its external environment when it is in the Shutdown state.

Note: The TM is not required to perform any functions in the Shutdown state.

stration

8 | [0 Shutdown TM REQ_195 [RD30] par. 7.2

The system shall perform normal operations but with the additional condition that some functionality has been
detected not to perform as specified. During the Failure Mode state an operator shall have the ability to
perform isolation and recovery procedures.

9 | [ Failure mode M _REQ_196 [RD30] par. 6.2

ation

The TM shall complete the shutdown process (i.e. enter and exit the Shutdown state) in an average time of 10
minutes. TBC35.

Rationale:

This time is determined by how long INFRA can maintain power to equipment after a power failure, and by the
ratio of temperature rise in case of INFRA cooling system failure. Note that power down of equipment on
cooling system failure results in less heat generated.

INFRA-SA: Can provide power in order of during power failure. For critical failure of cooling system, 10
minutes can be used, will be confirmed later.

INFRA-AUS: Can provide power for a few hours during power faliure (depending on fuel storage). For critical
failure of cooling system, 10 minutes can be assumed.

¢« 103 Shutdown time TM REQ_187 [RD30] par. 7.2
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Traceability (derived requirements)

Ddd [Package] TW rary_Reaurements [ emp raceabity 1]
L1 requrements eas L1 requrements
T Reas
T Central location for data bases. SRS et rwpository SR Closed loop calibration.
external information |Allocation = “TM" gwnngiﬂw : oco a9 éllncalm 'SOP, TM™
- |Compliance = "comply as per ependancy desc = "0CD may ompliance = “comply as per
el cerved L2 requirements: foanppetice o141 derived L2 requirements™
“SYS_REQ-2282" Compliance Type = "Derived to L2* management on site.~ Compliance Type = "Derived to
“External sources of IASSYS REQ. 22675 oraor = a7 Id ="SYS_REQ-2319"
information used by the Text = "External sources of = = "SYS_REQ:
Elements shall be cached _«derveReats ___linformation used by the Elements | <deriveReats 15K =LOW aderveReats _ _ {Text="The telescope
Brssepe sl | [Shalt b cached by Telsscope - uee-sys REQ2s |- - — calibration shall be solved by
Unless otherwise specified, Manager. No sources other than S: ST comparison of observed with
no sources other than those cached by TM shall be _REQ-2734 (GSM predictions with a time
those cached by TM shall used” SYS_REQ-2472° - scale appropriate to the
be used. The definition and Verification = "Demonstration™ [Text="The TM shal colectand |~ component and physical effect
R Whormiaion 10 50 7 make availale to other ~ o being calibrated and fed backto
e eUshan ey P Elements information ~ . the telescope.”
speciied under paragraph - regarding RFI sources inthe ~ Veriication = ‘Demonstration”
Srasantec - ™ Rrsvest paviod ~ e
cderveReats \ of TBD43" ~
4 / \ verifyMethod = Demonstration S
«derive N rive te
7 e, cdervereats — «dernereat .
- v \ < .
. / \ \ederneReqts \
- L1 requrements
TEC repository - THReas \ \ . y Rl fagging.
Id="TI_REQ_51" e oy ons T Reas. \ ‘Allocation = "LFAA, CSP, SDP, Compliance Type = Derived to
order ="3272° repository N M, DSH" 52
risk = Low 1d="TM_REQ_52 T "comply as per Id ="SYS_REQ-2734"
source ="SYS_REQ-2314 order ="3273° Girisd derived L - Text = There shall be 3
SYS_REQ-2282° risk=Low, mpliance Type = "Derivs database holding information
Text=The T shal store source ="SYS_REQ.2315 s B sbout RFL-
the TEC for dual frequency SYS_REQ-2282 Id = "SYS_REQ-2472" Verification = "Demonstration”
GPS for a past period of Tosi =T T sl coect % B oris SiChd Riascopes e
TBD38, resolution of TBD38 and make availadle to other
2nd aceuracy of TED36.~ Elements information ik Scakibie 0 cher source ="SYS_REQ-2318 ::::::g’::;‘:":;":fmmm
= regarding unusual T o aton) SYS_REQ-2262"
[ eioc = Anatysls’ 9 g trusus fora regarding satellite data Text = “The TM shall collect of one channel and time data to
<eriveReats past period of TBD39, TBD41 Including trajectories, and make available to other FIa soR T on of e ot grance
! resolution of TBD39 and orbit Information emissions Elements information :’;’]‘_""‘“ gk comupled by
- d owner for a past period rdi I flight:
accuracy of TBD39. > " regarding commercial flights.
e sty verifyMethod = Analysis. 0 TBD41 in the relevant area for a past PO TS
3 period of TBD42" N
Allocation = TM" |ederiveReats N = N
[Compliance = "comply as per N
erived L2 requirements” o N N
(Complance Type ="Dered o s sothy, T R
Id ="SYS_REQ-2314” Allocation = TH" —— =
Text = “There shall be data on Compliance = "comply as per Allocation = "TM" o «L1 requirements
Total Electron Content (TEC) derived L2 requirements™ Compliance = "comply as per [EECoRyerch SOb S
from dual frequency GPS.” Compliance Type = "Derived to derived L2 requirements™ Allocation = TM™
Verification = “Inspection” L2" ‘Compliance Type = "Derived to ="comply as per
“SYS_REQ-2315 L2 derived L2 requirements™
T “There shall be timely Id = "SYS_REQ-2317" ‘Compliance Type = "Derived to
access lo information from Text = "There shall be 3 L2
other relevant sources &.g. IPS database of relevant satellte 10 = "sYS_REQ-2318"
concerning unusual rajectories, including orbit Text = “There shall be a data
ionospheric activty or alerts.” information, emission base of commercial flights in the
Verification = Test characteristics and owner.” Ineighbourhood of the site.*
Verification = "Demonstration” Verification = “Demonstration”
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Matrix relationships

An easy way to see at a glance

 Trace

* Derived

« Refines

* Copy

* Verify (test)

« Satisfy (implementation)
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3.5.1Pointing Control
Q_111 Coordinate system conversion (Mid ang

2 Pointing corrections - earth orientation

2 Pointing corrections - refraction

4 Send pointing commands - Dish

5 Send pointing commands - MeerKAT Dis

& Send pointing commands - ASKAP Ante

7 Send pointing commands - LFAA

Send wind velocity - ASKAP Antenna

Coordinate system conversion (Low)

3 Coordinate conversion resolution accur,

2 Frequency Control

d 122 Frequency Configuration

Assist Understanding and Interpretation of Telg

39 Report telescope behaviour

40 Determine and Report current state of actiy

+1 Determine and Report timing characteristic

12 User interface for reporting telescope beha
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«requirement»
Maximum Acceleration

«requirement» averify» d=*1.48 | drace .
Composite Text = “The vehicle shall
Id = “5" accelerate from 0-60 mph

Text = “The system shall do A and B" in less than 8 seconds
under specified conditions”

T «requirement»
Maximum Acceleration

«requirement»
Engine Power

«requirement» «requirement» |d ="1.48" ( «deriveReqt»
A B Text = “The vehicle shall Id="2.1

accelerate from 0-60 mph Text ="The max engine

Id="5.1" d="5.2" in less than 8 seconds horsepower shall be
Text = “The system shall do A” Text = “The system shall do B” under specified conditions” greater than ..."
«requirement»
Maximum Acceleration
«block» .
satis = " refine
«hardware» ------«----f-yf----)l ? lfrﬁ hicle shall I L =S
Power Train exES “The VeiNce Sia
accelerate from 0-60 mph
in less than 8 seconds
under specified conditions”
«requirement» «COpy» > «requirement»
Slave Master
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Managing changing requirements

No intrinsic concept of version control within Cameo for requirements.

Could be modelled either as a field on each requirement, or by having each iteration
copied to a new location.

Either way can use smart folders to manage the impact on relationships to the rest of
the model
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Puzzles and limitations

 Tracing requirements between models

* Working with large number of model elements

* Problems with smart folders - search

* No easy way to manage requirement versions

» Manual effort required for round-trip, though could be
automated with effort
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Possibilities

* Generation of test matrices from requirements
* Measuring and reporting of AIV activities
» Measuring the impact of change

& . . . SiKA
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Conclusions

Requirements are a core part of Model Based Systems Engineering
Cameo offers tools for managing requirements from other sources
Cameo offers the tools for working directly with requirements

It 1s possible to trace the 1mpact of change

There are open questions and limitations,

There are also possibilities for further investigation
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Thank You
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