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 The problem

e Cognitive approaches

e Cognitive engineering

« Cognitive requirements and test offerings
* Benefits of cognitive tools

e Future of cognitive engineering

« Summary & challenge

e Q&A
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The problem & -y
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SOLUTIONS

e Poor requirements are widely understood to be the cause of
numerous project/product failures

— Schedule delays, cost overruns, poor quality, going to market
with reduced functionality compared to the original plan, going to
market with the wrong product or solution

— These impacts have been studied and long understood
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e But, there’s more to this picture

— Poor validation & verification
practices also lead to failures

Validation,
Verification,
and System
Testing

System
Requirements

System
Architecture

Integration
Testing

— Test development and execution
typically consume lots of resources
and schedule

* Only amplified when test cases
are written poorly

Mech

E/E

SW

— Poor requirements result in poor test
cases

« Compounded by poor test case
develOpment pra@m@@cﬁse.org/glrcmw 5



The problem underlying the problem ‘Q
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« Human language, aka natural language (NL), still the primary
engineering specification language

— Ambiguous by nature, even for humans
— Computer comprehension still far behind human
60+ years developing computer comprehension of NL

— Procedural

— Formal specification

— Cognitive computing

— Combinations of above

www.incose.org/glrc2018



Procedural approaches b -7y
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 Conventional programming and information models to process
natural language

— Text parsed based on rules-based and/or pattern recognition
techniques

* Rules/patterns based on linguistics knowledge

— Graph of text parts and relationships created and used to
“understand” current and new text

— Works better when requirements written within constraints
 The <entity> shall <action verb> <object> <per some
measure>

www.incose.org/glrc2018 7



Formal specification A -y
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e Avoid issues with natural language by not using it
— Formal languages
e Structured, rigorous textual expressions
 Range from sets of rules/constraints to highly formal expressions
 Difficult to write - even more difficult to read
— Modeling (graphical languages)

» Graphical expression of structure, relationships, behavior,
constraints, etc., e.g., SysML

e Valuable but limited abllity to express richness available in NL
« Use of modeling + NL specifications expanding rapidly
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. Cognitive computng
— Technology apps/services/platforms based on Artificial
Intelligence (Al) technigues, including deep learning
 Deep learning

— A non-procedural computing approach based on neural network
model of human brain
— Training needed to “teach” the network to recognize patterns
e Supervised learning stage: Guided by SMEs
* Requires input corpus of known “good” and “bad” patterns
e Semi-supervised and unsupervised learning

www.incose.org/glrc2018 9



Natural Language Understanding A @

and Processing (NLU/NLP) ™

e NLU
— Machine comprehension of parts of speech, interrelationships,

and meaning in a body of text
— Based on deep learning over a corpus of knowledge
 NLP: Apps and services that utilize NLU

— Ex: Digital assistants: Apple Siri, Amazon Alexa
— Ex: Sentiment analysis: IBM Watson, MS Azure

— Language translation: Google Translate

www.incose.org/glrc2018 10
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e Cognitive computing in engineering tool chains
e Tools can finally begin to assist engineers
— Improving quality
— Reducing errors, oversights, time, cost, ...
— Requirements are getting most of focus currently

— Testing Is next logical choice
e Also based heavily on NL
« Derived directly from requirements

e Cross-domain, cross-lifecycle traceability next

www.incose.org/glrc2018 11
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Improving quality of requirements & test =%

 Requirements

— Numerically score guality — Rationale behind it
— Recommendations — Rationale behind them

e Test

— Numerically score guality — Rationale behind it
— Recommendations — Rationale behind them

www.incose.org/glrc2018 12



Cognitive engineering
Cognitive requirements and test offerings

A sample of the avallable offerings:

* QRA Corp QVscribe
e Argosim STIMULUS
e Qualicen Scout

« The Reuse Company offerings

www.incose.org/glrc2018
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QVscribe from QRA Corp A @

Requirements analysis for quality & consistency RIVER NORTH

Uses Natural Language Processing (NLP)
* Auto-detects requirements

« |Ds and corrects ambiguities

« |Ds duplicate or conflicting requirements
 Checks terminology and units consistency

 Quality Indicators

* Imperatives (e.g. shall), Options (e.g. can, may), Vagueness (e.g. pronouns),
Weaknesses (e.g. adequate), Subjectiveness (e.g. larger), Continuances (e.g.
below), Universal quantifiers (all)

 Produces quality scorecard
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QVscribe from QRA Corp

Requirements analysis for quality & consistency
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QVscribe from QRA Corp

Requirements analysis for quality & consistency
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Argosim STIMULUS & -
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SOLUTIONS

* Requirements-in-the-loop
— Executable requirements and system specs

« Automated requirements validation and verification

— Based on formal requirements specification language and system
models
— Conflicting/missing requirements and functional coverage
» Formal language and system models automatically converted to
software-in-the-loop (SIL) validation tests

— Based on conversion to executable SIL test code via the
Functional Mockup Interface (FMI) standard
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[ LS.RQ_001 [When

LG_cmd is 'DOWN
Do

| gears_extended shall be true
afterwards

| gears_extended shall be true

| doors_closed shall be true

and doors_closed shall be true within 15[second]

[ LS.RQO02 |When

LG.cmd is 'UP,
Do

| gears_retracted shall be true
afterwards

| gears_retracted shall be true

| doors_closed shall be true

and doors_closed shall be true within 15[second]

[ LS.RQ 003 |When

[ LS.RQ 004 |When

LG_cmd is 'DOWN ,
Do
| gears_extended shall be true

afterwards
gears_extended shall be true

LG_amd is 'UP,
Do

| gears_retracted shall be true
afterwards

| gears_retracted shall be true

within 12[second]

within 12[second]

18



Argosim STIMULUS for Requirements 4

i STIMULUS Editor

File  Edit

View Navigate Layout

O & B8

Projects ¥

Libraries *

» [&] Drone

» ] Automotive
¥ [&] Landing_Gears System_v2018_01_26
¥ ysre

<4

4

4

<4

ibraries
omponents
Landing_Gear System
v o8 Text
{e} Landing_System R
¥ B8 Architecture
{} Landing_System_Block _Diagra
ﬂ Landing_System_Architecture
28 Digital_Part_IHM
v B8 Text
{r} Digital_Part_IHM_R
B8 Analog_Part
v OB Text
E Analog_Part_R.
v BB Architecture
D Analog_Part_Block_Diagram
28 Analog_Switch
v OB Text
{E} Analog_Switch_R
¥ 0B State_Machine
{} Analog_Switch_SM
A
{8} FMLimport
L} FMIwrapper
ressure_Detector
v o8 Text
{r} Pressure_Detector R

22 Doors

¥ B8 Architecture
ﬂ Doors_Block_Diagram
¥ B8 subcomponents
m Doors_reaction
28 Gears
BB Text
E Gears_R
v BB Architecture
D Gears_Block_Diagram
¥ BB subcomponents
E Gears_reaction

4

Transform  Insert  Tools

Help

M® £ o @2 X

Start page X | Landing System_Architecture X | Landing System R X

& [ ¢ o

RIVER NORTH

SOLUTIONS

LY
\Ql

close_general EV

pressurized

L

close_doars

open_doors

doors_dosed
4

§|  Digital Part IHM R

doors_open

b

extend_gears

retract_gears

gears_extended

L

gears_retracted

*

Paragraph

|Landmg_5ystem_R requires LG_cmd constrains gears_retracted, gears_sxtended)

iz STIMULUS Editor

File

i

Projects v

Edit View MNawvigate Layout
Libraries ¥

4 Ia] Drone

> [a]Autothive

v I'a] Landing_Gears_System_v2018_01_26
¥ Ty src

Libraries

Components
T

Landing_Gear_System

m Landing_System_R
Architecture
Digital_Part_IHM
Text

{#} Digital_Part_IHM_R
HH Analog_Part
¥ am lext

m Analog_Part_R
Architecture

Transform

D Analog_Part_Block_Diagram

¥ B8 Analog_Switch
Text
m Analog_Switch_R
State_Machine
[} Analog_Switch_SM
¥ QB suT
D FMI_import
D FMI_wrapper
¥ B8 Pressure_Detector
¥ am lext
m Pressure_Detector_R

Doors

Architecture

D Doors_Block_Diagram
subcomponents

m Doors_reaction

v B8 caaee

Insert Tools Help
2 ® £ <«

Start page X | Landing_System_Architecture X

S H e

Analog_Switch_SM X

X 1 % 20 B T

Landing_System_R. X

o

Automaton

Intermediate 2

| out shall be false
I State shall be 'open
| Wait 1.2[second]

(not Handle |

[ AS_SM_001 ]
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Scout from Qualicen

Rapid user feedback
provides strongest learning
Integrations

« Word, DOORS, PTC Integrity
Trend analysis key capability

e Users want quality
Improvement over time

P \

RIVERNoRTH o

SOLUTIONS

Key quality indicators

Long, complicated sentences
Passive voice

Multiple negations

Vague phrases and pronouns
Comparatives and superlatives
Dangerous slash

Ul detalls

Cloning (same data not in sync
ToDos



Scout from Qualicen A -
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Scout from Qualicen
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The REUSE Company 4 @
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o Offerings
— Requirements Authoring Tools (RAT)
— V&V Studio
— Traceabillity Studio
— Knowledge Manager (KM)
 Unified model

— Based on a single, integral, underlying graph

— NLU is used to unify textual assets with modeling and simulation
assets

www.incose.org/glrc2018 25



The REUSE Company & -y

When subject to Vacuum Picker Moment A, Hinge AB shall
transmit Score Stiffness Moment AB

in accordance with attribute table: Scorebend K _Value Table.

When subject to Vacuum Picker MomentA , the Hinge AB shall transmit Score Stiffness Moment AB in accordance with attribute table: Scorebend_K_Value_Table

Structuring Requirements
A formal representation

AN SN N

When subject to

S ) «Attribute Constraint that
[ the ] «Fuhctlohal Rolex» [ Shall ] [ «actiony [ «flow» ][ In accordance with ][ source types ] [references attributeJ

/

<<send>>
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the LS1 1 shall provide ElowRatio compliant with the following
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FlowPassThru_Req_01_02

O

Flow01

When subject to Flow01, LS1 1 shall provide a Flow1Z in
accordance with the F01_F12_Ratio constraint.

{ly1{{F01+F12 Ratio} Flow 12 = FowRatio *Fow01}

(m | m| |

Atrl

j] """""""" Fowst

L51.2

U L 1511 Req 2

The LS1 1 shall exhibit ElowRatio
compliant with the following constraints:
power cons1 constraint , when subject to
the following conditions: Flow01 .
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[ Components
U Packages
~F7 Default

[ End To B
220 Package
b0 Attri
E-E7 Feat
D Imp:
~£7 Inter
-0 Prys

L

E_]E'J 5
=]

E
E

--f TLP
E':I Tran

[:I---[E' Tags
P DradafinedT
4

o B O e B |

+

Features...
Add New

Cut

Copy

Paste

Delete from Model
Set Stereotype
Change to
Refactor

Edit Order of Types

MNavigate
Mavigate to DOORS

Unit

Cenfiguration Management

Check Model
Spell Check
Generate Code
Edit Code
Roundtrip

Format...

SysML

Apps
RAT Smart Authoring

RAT Smart Authoring Synchronization with DOORS > DOORS Configuration

=llLoG 3 OnMenuitemselsct

]

—-—-—— RAT Smart Authoring for
LOE JAVA: edit Requirement BG&
BRAT Pluginelement found: LS1.1 - Logical_ System,
LOG 3 OnMenultemSelect

P FlowAttr_Req_F01_Attrl i]

provide FlowRatio compliant with the following
s 1_Limit constraint , when subject to the following
Ratio .
Ctrl+X

Ctrl+C
Ctrl+¥

o

Flowd1

L) TITETAE | PR

FlowPassThru_Req_01_02

When subject to Flow01, LS1 1 shall provide a Flow12 in
accordance with the FO1_F12_Ratio constraint.

{0} {{F01-F 12 Ratio} Flow 12 = AowRatio*How01}

| n

Del

151.2

v

> J ------------- F'|E,;\-'3'f"""-_mmm-)ﬁr—

h J
I LI 1s1 1 Req 2

The LS1 1 shall exhibit FlowRatio
compliant with the following constraints:
power const constraint | when subject to
the following conditions: Flow01 .

Export to DOCRS

PeG\Edit selected requirement
SENT

Import requirements from DOORS

Flow0l - InputFlow, Attrl - L5_Attribute, FlowKRatio - L5_Attribute, Attrl Limit - Constraint,
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Entire Model View  ~ ‘ e ‘ ribe Oinererton] INTL2 V722 s Ml Pty 2980 | Syst | :
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U Attribute_Value_Trees i 2981 Interaction 1.1 INT12
U Attribute_Value_Workspaces &-1.1.2.1 FlowAttr Re
1z 1 2982  System 1.1.1 1Ss1.1 -4 [1.1.5] Flow01
[ Components (- 1.1.3 FlowRatio
[ Packages =-1.1.4 Fowl2 2983  Attribute
£3 Default 141 FlowPassTh _
-£7 Local Pattern FlowAttr_Req_FO1_ATtrl R 2984 Requirement 1.1.2.1 FlowAttr_Req_F01_Attrl . [1.1.5] Flow01
-3 End To End Diagrams the LS1 1 shall provide FlowRatio compliant with the following --1.1.5 Fow01 the LS1_1 shall provide FlowRatio compliant with the
-0 Package_stms i AT Linal Sonstsnt. Wi subject to the following --1.1.6 Flow31 following constraints: Attrl_Limit constraint , when
""" £ Attribute_Couplings o ditions: FlowRatio 1 1171512 subject to the following conditions: Flow01.
(-5 Feature_Framework SRR -1.1.8 Flow12 2085 Constraint P
----- £7 Impacts_and_Failures -1191510
----- £7 Interaction_Framework -1.1.10 Flow01 2986  Attribute | 1.1.3
----- £7 Physical_Architecture B 12INT23 -
E'f:' System_Environment 513 INT32 2987 Requirement 1.1.3.1151_1_Req_2 4 [1.1.5] Flow01
E-{Z Logical_Systems The LS1_1 shall exhibit FlowRatio compliant with the
B-{1s following constraints: power_consl constraint , when
&g Compo!ﬂents subject to the following conditions: Flow01 .
2 |:t_e|r:‘c1t|1c£ns 2988 Constraint 1.1.3.1.1 power_cons1
L Has_Roles 2989 10 1.1.4 Flow12
= Input_Outputs -
-3 Interaction Diagrams 1S1.3 2990 Requirement 1.1.4.1 FlowPassThru_Req_01_02 4 [1.1.5] Flow01
(% 10_Flows When subject to Flow01, LS1_1 shall provide a Flow12
Occurs_During_States in accordance with the FO1_F12_Ratio constraint.
= Requirement_Stms 2091 Constraint ] =
5| ot | FO1_Attrt 1.1.4.1.1 F01. |:12 Batll)
= FlowPastsThrui_R 01,02 Flow12 = FlowRatio®Flow01
SREEEC IR | B g 2992 10 1.1.5 Flow01 ¥
(2 Tags Flow31
[]..E INT23 2993 IO 1.1.6 Flow31
H-1a] INT34
: 2994  System
868 Logical, Systems y 1.1.7 LS1.2
(-2 Offers_Features 2985 10 1.1.8 Flow12
(2] State Diagram Stm
51-08 Tags 2996  System 1.1.9 151.0
..... b Tests
2997 IO
..... b TLP_ltems 1.1.10 Flow01
----- £7 Transformation_Flows 2993 Interaction 1.2 INT23
(-2 Tags
P DradafinadTimear IREEY ¥, 2993  System 1.2.1151.2
< >
3000 10 1.2.2 Flow12
k| Binding found: INT12 Flow(l_ from 1
Hlproxy nore found: Flownl 3001 SYStEI’T'I 1¢2<3 L51«3
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‘System’ current 0.0 in /PnG (Formal module) - DOORS

File Edit View Insert Link Analysis Table Tools Discussions Authoring user Change Management Help

H&E |[s=s= [Fa@gws oo |
View | Systems View v|[meves ] | & FF [ S T << EH 7 ¥ AL 2
R D | Biement Type 0o
=- cal_Pattem
B 11INT12 G T 1 Local_Pattern
- L1TLSTA .
B 112 At 2981 Interaction 1.1 INT12
B 1.1.2.1 FlowAttr_Re 2082 System 1.1.1181.1 - [1.1.5] Flowd1
- 1.1.3 FowRatio '
B 1.1.4 Flow12 2083 Attribute 1.1.2 Attri
- 1.1.5 Fow(1 -
116 Fow31 2084 Requirement 1.1.2.1 FlowAttr_Req_FO01_Aurl « [1.1.5] Flowd1
1171512 the LS1_: Authoring Insert »
--1.1.8 Flow12 following Edit
-1.1.9L51.0 subject tc Insert D
- 1.1.10 Flow01 2085 Constraint | 1.1.] Gk
- 1.2INT23 _ in
B 1.3 INT34 2086  Aftribute | 1.1.3 Flo
) Cut
2987 Requirement 1.1.3.] Cn .« [1.1.5] Flow01
The L51 the
- Copy URL
following . then
| subject tc Paste
2988 Constraint 13 Undelete
2089 10 1.1.4Flo e
: Purge...
2990 Requirement 1.1.4.] 4 [1.1.5] Flow0D1
When sul MNew Object Discussion... owlz?
. REpEET Submit Change Proposal..
2991 Constraint 1.1.¢
Flow1z Properties...
2002 10 1.1.5 Flo Table properties.., »
2993 10 1.1.6 Flo Lock
2994  System 1.1.71s] ol
2005 10 1.1.8 Flo Clear Suspicion...
2996  System 1.1.9 L51.0
OnT T 4 4 4N FMlaaa.m4
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@ Mew - Authoring Tool for Rhapsody
File' Suggestions \iew Log

Authoring Tool for Rhapsody
By The REUSE Company

— Authoring with pattern 'P&G multi trigger multi behaviour’

—
e

: | P&G (10)

|ﬂ| - P&G multi trigger multi behavicur
CEEREE ]

il F R e =

[l
-
I
4
=
L]

B Normal Ei Ay B
éFDntiTimestRoman Ei Font Size i:l?. m ‘AAE B I USs & X X, Aa--A-A

— Matching patterns elements:

The | zLogical Systems | MCDAL VERB «sMODAL COMPULSORYs | Exhibit | «LS_Attributes | Compliant with the following constraints: | «Constraints
The | «<Logical System=» | MODAL VERB «MODAL COMPULSORY= | Provide | «OutpatFlows | Compliant with the following constraints: | «Constraints

www.incose.org/glrc2018

the L51 1 shall provide FlowRatio compliant with the following constraints: Attr]l Limit constraint | when subject to the following conditions 1»

Weight  Pattern name
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@ Mew - Authoring Tool for Rhapsody
File' Suggestions View Log

Authoring Tool for Rhapsody -

By The REUSE Company

— Authering with pattern 'P&G multi trigger multi behaviour'

: | PEG (10)

B| ' P&G multi trigger multi behaviour

By @S~ EE@T ]

Font |Tir'nr:s Mew Rorman Ei Font Size i-'IE m

il
M
-+

; vE'E=_ &?ihlnrmal E|Aé Mﬁ
‘AAE B T UUS S X X, Aa-EP-A-A

the LS1 1 shall provide FlowRatio compliant with the following constraints: Attr] Limit constraint , when subject to the following conditions: |

i =2
7 Matching patterns elements:

The | «<Logical System=» | MODAL VERB «MODAL COMPULSORY= | Provide | «DutpatFlaws | Compliant with the following constraints: | «Constraint:

| - Wei‘grht ' Pattern name
The | «Logical Systems | MODAL VERB «<MODAL COMPULSORY» | Exhibit | «LS Attributes | Compliant with the following constraints: | «Constraints| ||
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File' Suggestons \iew Log
Authoring Tool for Rhapsody e —————
By The REUSE Company
— Authering with pattern 'P&G multi trigger multi behavicur'
| pas 10) v| | P&G multi trigger mutti behaviour v[[2]]
Bu Bt cEEqf===1=-3 -5 &[toma V] A o8 3 (]
FDntlTimesNewRoman Ei Font Size i_'l?. E ‘AAE B I UUS S X X, Aa- ~A-A
the L31 1 shall provide FlowRatio compliant with the following constraints: Attr]l Limit constraint | when subject to the following conditions:
| The
Attrl
Attrl_Lirnit
FlowO1
FlowRatic ¢
| £51.1
= ] |6 terms

— Matching patterns elements:

WEE;ht D Show numbers
The | zLogical Systems | MOCDAL VERB «MODAL COMPULSORY» | Exhibit | «LS_Attributes | Compliant with the following constraints: | zConstraints i

The | «Logical System=» | MODAL VERB «MODAL COMPULSORY» | Provide | «OutpotPows | Compliant with the following constraints: | «Constraint:

Show opticnal terms |
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@ Mew - Authoring Tool for Rhapsody
File: Suggestions \iew Log

Authoring Tool for Rhapsody

—
e

By The REUSE Company

— Authering with pattern 'P&G multi trigger mult behavicur'

: | PG (10)

|E|| l P&G multi trigger multi behaviour

Dl B_sEER

[l
1]
-+
I
4
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4

= .&ﬂl\lnrmal J|AA ﬂ}ﬂu
.v||‘A'ALE>B I UU S 8 X X, Aa-~A-A

=
) T |
: Font | Times New Roman D| Font 5 |

[~ Matching patterns elements:

The | zLogical Systems | MODAL VERB «MODAL COMPULSORYs | Exhibit | «LS_Attributes | Compliant with the following constraints: | «Constraints
The | «Logical System» | MODAL VERB «MODAL COMPULSORY's | Provide | «OutputFlows | Compliant with the following constrainis: | «Constraints

-

the LS1 1 shall provide FlowRatio compliant with the following constraints: Attrl Limit constraint |, when subject to the following conditions: Flow(1 |

| The

Attrl
Attrl_Lirmit
Flowd1
FlowRatic

| L5711

6 terms
Weight  Pattern (| Show numbers
]Z| Show optional terms |

[E=]
° 4
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‘System’ current 0.0 in /PniG (Formal module) - DOORS (Mot Responding)

File Edit View Insert Link Analysis Table Tools Discussions Authoring user Change Management Help

2987 Requirement

2988 Constraint
2989 IO

2090 Requirement

2991 Constraint

2992 IO
2993 | B>
2094 System
2995 IO
2996 System
2997 10

W&l |[=a=: | FFIHEEH | o =
View | Systems View ol[areves ~| | & 24 97 < EH 7 ¥ AL 3
B--S:,'stem D |E|ernentType E B
[=- 1 Local_Pattem
=-1.1INT12 2980  System 1 Locai_Pattern
1111811 .
G112 A1 2981 Interaction 1.1 INT12
- 1.1.2.1 FlowAttr_Re 2982 System 1.1.1151.1 « [1.1.5] Flow01
- 1.1.3 FowRatio
(- 1.1.4 Aow12 2983 Attribute 1.1.2 Attrl
-~ 1.1.5 Flow(1 2984 Requi t 1 [1.1.5] Flow01
116 Flow?] equiremen 1.1.2.1 FlowAttr_Req_FO01_Attrl -« [1.1. owl
1171812 the LS1_1 shall provide FlowRatio compliant with the
--1.1.8 Flow12 following constraints: Attrl_Limi a ben
--11.9L51.0 subject to the following conditids: FlowRatio .
- 1.1.10 Aow01 2985 Constraint 1.1.2.1.1 Attrl_Limit
[#H-1.2INT23
E-13INT34 2986  Aftribute 1.1.3 Ratio

1.1.3.11L51_1 Req 2

The LS1_1 shall exhibit FlowRatio compliant with the
following constraints: power_consl constraint , when
subject to the following conditions: Flow01 .

1.1.3.1.1 power_cons1
1.1.4 Flow12

1.1.4.1 FlowPassThru_Req_01_02

When subject to Flow01, LS1_1 shall provide a Flow12
in accordance with the FO1_F12_Ratio constraint.

1.1.4.1.1 FO1-F12 Ratio
Flow12 = FlowRatio*Flow01
1.1.5 Flow01 i
1.1.6 Flow31
1.1.7 LS1.2
1.1.8 Flow12
1.1.9151.0
1.1.10 Flow01

4 [1.1.5] Flow01

-4 [1.1.5] Flow01
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‘System’ current 0.0 in /PnG (Formal module) - DOORS

File Edit View Insert Link Analysis Table Tools Discussions

Authoring  user Change Management  Help

2987 Requirement

2988 Constraint
2989 1D

2990 Requirement

2991 Constraint

2992 IO
2993 10
2994 System
2095 IO
2996 System

2997 IO

H@ || @ Em || g FF e B -
View | Systems View v [Aleves v || & F 1 <@ 7 + AL £l
= System ID | BementType | o
=+ 1 Local_Pattem
& 1.1 INT12 20803, Systany 1 Local_Pattern
1111811 )
& 112 A 2981 Interaction 1.1 INT12
[-1.1.2.1 Fowdttr_Rs 2082 System 1.1.1181.1 « [1.1.5] Flown1
[#-1.1.3 FlowRatio
[#-1.1.4 Flow12 2983  Attribute 1.1.2 Attri
--1.1.5 Flaw1 .
- 1.1.6 Bow31 2984 Requirement 1.1.2.1 FlowAttr_Req_FO01_Atirl -« [1.1.5] Flow1
--1.1.7L51.2 the LS1_1 shall provide FlowRatio compliant with the
-+ 1.1.8 Flow12 following constraints: Attrl_Limi o ben
- 1.1.9L51.0 subject to the following conditid m
R LM Howg] 2985  Constraint 1.1.2.1.1 Attrl_Limit
- 1.2 INT23 52
E-1.3 INT34 2986  Attribute 1.1.3 FlowRatio

1.1.2.1151_1 Req 2 « [1.1.5] Flow01

The L51_1 shall exhibit FlowRatio compliant with the
following constraints: power_consl constraint , when
subject to the following conditions: Flow01 .

1.1.3.1.1 power_consl
1.1.4 Flow12

1.1.4.1 FlowPassThru_Req_01_02

When subject to Flow01, LS1_1 shall provide a Flow12
in accordance with the FO1_F12_Ratio constraint.

1.1.4.1.1 FO1-F12 Ratio
Flow12 = FlowRatio*Flow01

1.1.5 Flow01

1.1.6 Flow31

1.1.7 1LS1.2

1.1.8 Flow12

1.1.9151.0

1.1.10 Flow01

4 [1.1.5] Flow01
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SO0L TIONS
1] PECkEgES RS OSSOy WA W
-5 Default ‘ I When subject to Flow01, LS1 1 shall provide a Flow12 in
E'J T FlowAttr_Req_F01_Attrl accordance with the FO1_F12_Ratio constraint.
-1 End To E
éD chkage provide FlowRatia compliant with the following
_____ b At Add New > }13\_3@ constraint , when subject to the following ' {01 H4FO1-F 12 Ratio} Flow 12 = HowRatio Howi 1}
Ratio . i
U“‘% Feat (4 Ctrl+X :
""" Imp: | : | m]
..... Intel Copy Ctrl+C | i
..... E‘:I Phys Paste Ctrl+V Flow01 E
EIE:I Sgst« Delete from Model Del :
25 L
Bt Set Stereotype ¥
E Change to >
E e gL =
Refactor ’ Lsii 151.2
Edit Order of Types
FlowRatio
Navigate > 1si3
NawvigatetoDOORS " rp . WL e ieme e mm A a 2]
112
Unit > ‘r
Configuration Management ¥ '“Tl
Check Model [ """""""""""'"""""""")Fr
; Flow31
Spell Check e
Generate Code E
E Edit Code - 151_1_Req_2
E : e e i o
B Roundtrip The LS1 1 shall exhibit FlowRatio
L compliant with the following constraints:
_____ Test! Format... power cons1 constraint , when subject to
the following conditions: Elow01 .
""" % TP, gL >
----- Tran
EJ---[E Tags Gl "
- BradafinedT RAT Smart Authoring b
<
RAT Smart Authoring Synchrenization with DOORS > DOORS Cenfiguration
fj;j Proxy port found: Flow0l Export to DOORS
—|I0 Instance found: Flow0l :
10 Attribute found: Flowol Import requirements from DOORS

The IO Attribute: Flowl2 is a OutputFlow of the LogicalSystem L51.1The IO Attribute: Flow0Ol is a InputFlow of the LogicalSystem L51.1RAT Pluginelement found: L51.1 - Logical System, FlowOl - Inputl
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E:I Default
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=] Package_stms
----- £7 Attribute_Couplings
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""" E:I Impacts_and_Failures
----- EI Interaction_Framework
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2] INT12
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FlowAttr_Req_F01_Attrl

the L51 1 shall provide FlowRatio compliant with the following

When subject to Flow01, L31 1 shall provide a Flow12 in

accordance with the FO1_F12_Ratio constraint.

&= Input_Cutputs
23 Interaction Diagrams
(% 10_Flows
EE Occurs_During_States
= Requirement_Stms
A | _Req 3
| FlowAttr_Req_F01_Attr1
% | FlowPassThru_Req_01_02

- % LS1_1_Req_2
08 Tags
- INT23
B | INT34
-2 Logical_Systems
-2 Offers_Features
("2 State Diagram Stm
-2 Tags
..... E‘J Tests
----- £ TLP_ltems
----- E:I Transformation_Flows
[ - I
< >

constraint Sl i constraint |, when subject to the following ' ((44F01-F12 Ratio} Flow 12 = HowRatio*How01}
conditio @ :
m | E | (m |
Flow01 1
L51.2
FlowRatio
L51.3
""""""" 2]
112
j] """""""" Fowzt f

J |! L51_1 Req 2

The L31 1 shall exhibit ElowRatio

the following conditions: Flow01 .

compliant with the following constraints:
power cons1 constraint , when subject to

O

=l1oG  JAVRA: import from DOORS SENT
lBinding found: Attrl Atcrl
Binding found: INT12 FlowRatiol
Binding found: INT12 Flowl2 to_LS51_2_ Flowl2
Binding found: FlowRatic FlowRatio
EATRhapsody: import from DOORS

VVVVVV.ITILUDE.UIY/YIILLULO

s

38



General benefits of cognitive 4 @

RIVER NORTH

reqmrements and test offerings 7
Automation of time-intensive, error-prone tasks

* Pinpoints where focus needs to be delivered

* Prioritizes work

« Configurable for domain-specific applications

« Customizable to company policies and best practices
e Accelerates good requirements training for new users

* Accelerates high-quality requirements authoring even for
experienced requirements engineers

* Accelerates review of customer requirements specs

www.incose.org/glrc2018 39
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Future of cognitive engineering A @

Validation,

e Current focus is on

System < \;re]:rificast:grr:],
top left/right of V - Teatng

System Integration
Architecture Testing

 Moving to lower levels
— All product data
— Cognitive ALM-PLM
 To help bridge the gap

 Tothe V and beyond!
— Including manufacturing, service, and operations
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Summary D A

Rive Nokm ="

« Cognitive engineering Is maturing and growing rapidly
e Cognitive reqguirements and test tools can enable:
— Higher productivity and efficiency
— Immediate feedback to author for faster learning
— Moving defect discovery to early development phases
— Less downstream churn for requirements, design, test
— Reducing product development cost and schedule
e Technology iIs moving fast in this space
 EXxpect rapid developments in the near term



Challenge A A

RIVERNoRTH o

SOLUTIONS

Pilot these capabilities

Report back next year
- atIW, IS, and/or GLRC
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Bob Parro, River North Solutions - bparro@rivernorthsolutions.com
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