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req [Package] Requirements [ requirmer‘rtslj

auirements

ld="F 0"

Text="Adjust the room tempera tfemperature chosen k

zreguirement
¢ Temperature setting
/ i ld="R 01"
/! | arefines |Text="The user shall bhe
refines -x'l;eﬁnh ~, able to se_t the temperature
/ I ~ he wants in the room
T
! | ~
& I - -
zextendedReqguirement = dRequirement: zperformanceReguirements
Comfort ption Accuracy
ld="ER 1" [d="FPR 1"

Text="The system should
adjustthe temperature
within a defined range of
+- degree Celsius”

Text="Adjust the room
temperature to

the chosen
temperature with

no "pumping” of the
system”

Source: https://docs.nomagic.com/display/ SYSMLP182/Requirement+Diagram

© Alejandro Salado, PhD x Z

VIRGINIA TECH.



TOWARDSIRUE
REQUIREMENT MODELS



USER SYSTEM ENVIRONMENT
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«block» «block»
Item2
values values

Type:

Def: IF-2

Id: Environment A

Subtype: temperature
Range: [20, 50] degC

Id: On command
Type: f

Subtype: -
Range: -

Def: IF-3
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FOUNDATIONS

MATHEMATICAL CONSTRUCT Wymore, 1993
INTERFACE TYPOLOGY Various authors
TEXTUAL CONSTRUCT INCOSE, 2012

REQUIREMENT TYPOLOGY Salado &Nilchiani, 2014
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Input = SYSTEM

> Output

A system transforms inputs into

outputs

A set of requirements defines a minimal transformation

set of inputs into outputs
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«Model-based requirements

Requirement
1 (1 Y'I
1
1.% 1.% zModel-based reqguirements
«Diagrams xDiagrams - E—— Mode requirement
Internal Block Diagram Sequence diagram 1. - A - ]
(1] o Mod 1.. ’
1. 1.% 1
1.% connects «Diagrams
«Graphic nodes State machine diagram

Block wGraphic nodex
e 1
Transition |p =
input/output q =
wzraphic nodex
1% Signal
1.*
wGraphic nodes
Interface Attributes
Properties

The system shall provide a signal
through a physical interface.
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USER SYSTEM ENVIRONMENT
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= | | |
| | |
«block» «block»
Item?2
values values
Id: Environment A Id: On command
Type: Type: f
Subtype: temperature Subtype: -
Range: [20, 50] degC Range: -
Def: IF-2 Def: IF-3
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TYPESof interfaces

Physical connection
Energy flow
Mass flow

Information flow

Which ones are usually captured with
seguence or state diagrams?

CanWymore capture them all?
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WHAT Functional transformation
HOW WELL Performance of the transformation
WITH WHAT Resources employed

WHERE Environment where transformation occurs
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What about color?

EXTERNAL
SOURCE CAR

White light
»

<Spectrum A

The system shall exhibit color ABC.

The system shallaccept input light XYZ.

The system shallreflect light ABC when
receiving input light XYZ.
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System I Ext Environment I

1. Sunlight

System Ext Environment
'“ T
| |
| |
i 1: Light ABC |
Sun
| i
| | :
| |
System Ext Environment
L
| | I
i i I
| | |
R | |
| |
I |
| i
| I
T : | |
i Z Light ABC |
|

© Alejandro Salado, PhD

2: Light ABC

-

N

VIRGINIA TECH.



The system shall <action> <object>
<modifier 1> <modifier 2> <modifier 3>
... <modifier n>.

Algorithm (sample)

for each element in Diagram 1
createreg(element)

end
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Algorithm (sample)

for each element in Diagram 1
createreg(element)

end

createreq(lteml):

If item1.type=e &syst.direction(item1)=in
<regl.action>="operate”
<reql.object>="In" &item1l.subtype &

‘range” &item1.range
<regl.modifierl>="when fulfilling

requirements”
<regl.modifier2>=reqs(Diagram1)

BENEFITS

Consistent grammar
Requirement coverage

Requirement inconsistency

<regl.modifier 3>="Note: Interface defined
In” &item1.Def
If item 1.type=f &syst.direction(item1)=in
<regl.action>="accept”
<regl.object>=item1.1d
<regl.modifier>="according to IF defined
In” &item1.Def

If item 1.type=f &syst.direction(item1)=out
<regl.action>="provide”
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WRAPPINGUP



req [Package] Requirements reqwrememsy

areguirements
regulate the temperature

ld="R 0"
Text="Adjustthe room temperature 2n hy the user"
FU— b areguirements
/ | Temperature setting
d | ld="R 01"
/ | - arefines | Text="The user shall he
s ~ able to setthe temperature
arefines arefines | . he wants in the room"
~
/ | ~
/ ~
aextendedRequirements aextendedRequirems eextendedRequirement: aperformanceRequirement s
Comfort Speed i Accuracy
ld="ER 1" ld="ER 2" "ER 3" ld="PR 1"
Text="Adjust the room Text="adjusttl ="Achieve this Text="The system should
temperature to temperature tment with adjustthe temperature
the chosen as fastas po er energy within a defined range of
ternperature with aption” +-degree Celsius."

no "pumping” of the
system"”

| USER | | SYSTEM | | ENVIRONMENT
T T T
"":‘ | | |
o | | |
T
GE) par |
= | | |
3 | | |
o | ¢ —
(7]
- |
e} I A | T 7
Q | | |
3 them2+‘ !
2 ‘ I <2s !
< WltemSA‘ }
3 [ —lItema—»!
| | |
2 T T T
| | |
«block» «block»
Item2
values values

Id: Environment A Id: On command
Type: Type: f

Subtype: temperature Subtype: -
Range: [20, 50] degC Range: -
Def: IF-2 Def: IF-3

Algorithm (sample)

for each element in Diagram 1
createreq(element)

end

createreq( ):

if item1.type=e & syst.direction(item1)=in

<reql.action>="operate”

<reql.object>="in" & item1.subtype & “range” & iteml.range

<reql.modifierl>="when fulfilling requirements”

<reql.modifier2>=reqs(Diagram1)

<reql.modifier 3>="Note: Interface defined in” & item1.Def
if item1.type=f & syst.direction(item1)=in

<reql.action>="accept”
<reql.object>=item1.ld

<reql.modifier>="according to IF defined in” & item1.Def
if item1.type=f & syst.direction(item1)=out

<reql.action>="provide”

Ontology (sample)

The system shall <action>
<object> <modifier 1>
<modifier 2> <modifier 3> ...
<modifier n>.

Resulting textual requirements (sample)

The system shall accept On commands according to IF-3.
The system shall provide On feedback according to IF-4.

The system shall provide On feedback in less than 2 s after receiving on command.

The system shall provide...
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This material is based upon work supported by the
Acquisition Research Program under HQ0034-18-
1-0006. The views expressed in written materials
or publications,and/or made by speakers,
moderators, and presenters, do not necessarily
reflect the official policies of the Department of
Defense nor does mention of trade names,
commercial practices, or organizations imply
endorsement by the U.S. Government.
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THANKYOU

asalado@vt.edu




	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22

