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Wh at Youore About t o See ﬁ

AWhy you want a Requirements Verification Architecture Model (RVAM)

AWhat makes up the RVAM
A How to create the RVAM
A Q&A
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WHY You Want the RVAM WHY || AT

HOwW

A Horizontal Integration: Increases coordination across development life cycle stages earlier

A Vertical Integration: Reinforces need for top-down requirements and architecture development

I Typical Req a A Test traces may be insufficient
I Increases collaboration among SE, I&T, and Development teams

A Model-based visual artifacts

Feasibility
Study/Concept
Exploration

i Concept of . | System
Life Cycle Processes Operations System ValidationPlan__ _ " validation

Regional
Architecture(s)

Operations Changes and
and Maintenance Upgrades

System

System System Verification Plan = /. itication &

Requirements (System Acceptance)

. Subsystem
HighLevel Verification Plan =~ Subsystem
Design (Subsystem Acceptance) Verification

Detailed Unit/Device Unit/Device
Design Test Plan Testing
<4 — P

Retirement/
Replacement

Software/Hardware wm Document/Approval

Development
Field Installation

Time Line Implementation

pment Processes

Communicate, Coordinate, Collaborate Over the Development Life Cycle
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WHAT the RVAM Parts Are
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WHY WHAT How Nic 5
Structure | Nesst
A M Odel elements are: pkg [Package] RVAM Structure [ RVAM Structure Diagram ])
I Either inputs from system
«block»
model Pashboard
i or generated specifically e
for RVAM 1.% Tables and Traces
«block»
1.* Verification Plan Diagram
«block»
1= VEP View
— 41 =
«block» «block»
0.* System Function Verification Traceability Diagram |
«block» «blocks «blocks
1.2 Verification Plan Diagram System Function %_; 1.* Verification Requirement
«blocks «blocks «blocks
1 System Under Test Verification Execution Plan 1 f Verification Description
«block» «block» «block»
1 Verification Execution Plan System Requirement o 1 Verification Method
L «blockxs «block» «block»
1.* Verification Case Data Objective 1.* 1 Verification Preconditions
«block»s «block» «blockx»
1.t Data Analysis Plan Data Pool 1.* 1 Verification Procedure
«block»
1 Verification Success Criteria
Comprehensive top-to-bottom description of verification efforts Approved for Public Release; \TEz2
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WHY WHAT HOW

Input Artifacts: from Req and Arch development

req [Package] CMS Activities [ CMS Functions ] J

A System Functions

A System Requirements S
_Make Coffee_Top

A System Architecture l y ! l
I PhySICaI Entlty DecompOSItlon Pr::?:\e'ité’;ﬁs Br:a\:ﬁgz:ee Disp«eancst:itgi;ffee Maqi‘:tc:ii‘:lh(':»MS

bdd [Package] CMS Structure [ CMS Structure ]

«blocks
Coffee Maker System

sys_vol : volume{centicubic metre}{un = centi
coffee Maker System I T
«blocks : ablocks
Controller Liquid Storage
water Pump powser Supply, mains Power — 2
ablocks ablocks «blocks : Software iquid_vol : volume[centicubic metre] = ur
Water Pump Power Supply Mains Power : Firmware
processor - Hardware
SSD : Memory
«fulls = free Receptack
cold_in : ~Nozzle Start Brewing( coffee_grounds : Coffee Grounds, hot_water : Hot Water, coffee_grounds_mixture : Coffee_Grounds_Mixture ) colisgTacomece
—
[} Start Brewing() - —
lock: ~
ablocks coffee_in : ~Coffes Flo e piacic
user Interface

Heater

e block:
bring water to temp( water_cold : Water, water_hot : Hot Water ) S H:l 7 ‘ proxy:
«proxy»
; h2o_in : ~H20 Flow
water Reservoir

1
hot_out : Nozze coroxys __breving Chamber . vvsus\lndlcalar T}
[ ety coffee_out : Coffee Flow e caton e
= Water Reservoir

«fulls hot_in : ~H20 Flow

Brewing Chamber
«blocks o
heating Element. temperature Sensor, : Liquid Storage e sy Wiiation Bution liquid_vol : volume[centicubic metre] = 800
ablocks «blocks values —
i be_volume : volume[centicubic metre}{uni |
Heating Element Temperature Sensor = A 4 «blocks power Switch h20_outiet : Nozzle
¢ Power Switch «fully

Read Temperature() fiter grounds ContmnerI
Read Temperature()

ablocks
Grounds Container

gnds_vol : volume{centicubic metre}{unit

chamber Volume,

«constraints
Chamber Volume

&
{tot_vol=v1+v2}
| -
1 |

tot_vol : volume[centicubic metre}{quar
v1 : volume{centicubic metre}{quanti
v2 : volume[centicubic metre}{auan;

Approved for Public Release;-NT&E22
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Input Artifacts: from Verification development WHY | | wwaT | | HOW Negis2#

req [Package] Verification Requirements [ CMS Verification Requirements Diagram 1)

A Verification Requirements (VRS) | > ——

Temperature — Just-Brewed Coffee

- H H H H Description = "Perform test to determine if CMS heats water to desired
I DESCI'I ptIOn/O bJeCtIVG temperature to brew coffee" .
Preconditions = "CMS is connected to facility power

. H H H H H Water reservoir is filled to maximum capacity”
I Method (e.g., Test, Demonstration, Analysis, Inspection/Examination) Procedurs - Execu Brew Cofee use case

Measure just-brewed coffee temperature in Receptacle at the end of the brew cycle
. g H Compare measured just-brewed coffee temperature to specified just-brewed
I Preconditions/Environment e
Success Criteria = "Just-brewed coffee temperature achieves temperature in
specified just-brewed coffee temperature range”

1 PrOcedure pkg [Package] Verification Cases [ Verification Cazes Diagram ]J Verification Method = Test

«Verification_Requirement»

I Success Crite“a Temperature -- Held Coffee

Description = "Determine if CMS holds brewed coffee temperature in specified
. pe . range"
A Ve rlfl Catl O n C aS e S (VCS) [ > g g Preconditions = "CMS is attached to fa(l:‘ility power
Tempe rature Test Volume Analysis Case Brew cyde_h?s completed successfully : !
.. . R . Case — Just-Brewed — Reservoir il:\g;e;ure = "Measure held coffee temperature in the receptacle after specified
I Ve rlfl Catl O n e nVI ro n m e nt Compare measured held coffee temperature to specified held coffee temperature”
.. . . . Success Criteria = "Held coffee temperature is maintained in specified held coffee
temperature range”
I Verification inputs and outputs - - I s
Temperature Test Volume Analysis Case

| Da‘ta COI Iect'on method Case — Hold — Receptacle «Verification_Requirements

Reservoir Volume

Description = "Determine if Reservoir as-designed volume meets specified

A Verification Plans (VPs) Lok s
Procedure = "Inspect Reservoir baselined design to determine if as-designed
. .pn - . volume meets specified maximum volume"
| Ve rlfl Catl O n e nV| ro n m e nt f;lc](:::s Cr’neriapz "Reservoir as-designed volume meets specified Reservoir
I Verification configuration
I Resources
I Exercised Verification Cases

Test Plan Verification Method = Inspection

«Verification_Reguirement»
Receptacle Volume

Description = "Determine if Receptacle has enough volume to contain water
released from Reservoir when Reservoir has been filled to maximum specified
volume.”

Preconditions = "Reservoir design has been baselined

Receptacle design has been baselined”

Procedure = "Compare as-designed Receptable volume to as-designed
Reservoir volume”

Success Criteria = "Receptacle as-designed volume meets specified Receptacle
volume"

Verification Method = Inspection

Artifacts typically generated by Integration and Test team Approved for Public Release; ATEz
© 2022, Northrop Grumman Systems Corp




Input Artifacts: from Verification development
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WHY WHAT HOW

< INCOSE
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®

A Data Objectives (DOS)

I What data must be collected, the collection method, and data analysis description

A Data Analysis Plans (DAPS)

I How data will be analyzed to determine verification success of the system requirements

A Data Pools (DPs)

I Where the data inputs and outputs will be managed (e.g., DOORS for requirements, CM tool for plans)

pkg [Package] Data Objectives [ Data Objectives Diagram ])

pkg [Package] Data Analysis Plans [ Data Analysis Plans Diagram ],J

«Data_Objective»
Measure Liquid Temperature
{1_Collected Data = "Temperature of a liquid”,
2_Collection Method = "Use thermometer inserted into tested liquid”,
3_Analysis Descoription = "Compare messured liquid temperature to spacified
temperature range"}

«Data_Objective»
Measure Liquid Volume
{1_Collected Data = "Volume of a liquid mass”,
2_Collection Methed = "Use known volume receptacle to measure volume of
tested liquid”,
3_Analysis Description = "Compare measure liquid volume to specified iquid
volume range'}

wactivitys
Analyze Temperature DAP

wactivitys
Analyze Volume DAP

pkg [Package] Data Pools [ Data Pools Diagram ])

«Data_Pool»

Analysis Results Data Pool

«Data_Pool»

Demonstration Results Data Pool

«Data_Pool»

Inspection Results Data Pool

+As-Designed Volume : volumellitre]

«Data_Pool»

Test Results Data Pool

+As-Tested Tempe'ratﬁr'eizﬂ Temperature_Type

Artifacts typically generated by Integration and Test team
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Generated Artifacts WHY | | whaT | | How

pkg [Package] Dashboards [ Daghboard ]_J

A Dashboards
i Content diagrams (Logical Groupings

|
' . . : |
A Tables and VIeWS ! Temture \l’e Timingical :

Logical Group Logical Group Group

I Requirements Traceability Matrices (e.g., RVTM) . )

| Reqs é A VEP I{;’EF‘Views |
I B by b,

I VEP a A VCs VEPw N VEPw-- ‘u’EPw-— :

iVCs& A DAPs ) e T e f

|
| Temperature Tests Volume Tests Timing Tests
|
I etC ) ﬁ.equireEenE _______________ .

| Id | MName Text Verify Method  Refined By | Satisfied By Derived From | verifiedBy | | - _ __ _ N
The CMS shall heat water from room temperature to 0 Heat Water E Heater & Measure Temperature Riee | - _ _ _ _ __ _ __ _ _ __ _— _— — _— _
1 n : : T : < ™
: EEl 1 Heat Water 185F within 1 minute. et 2 VEP — Temp Test | Verification Plan Diagrams '
2 [E 2 Reservair Volume The CMS shall contain & cups of water. [E 1 Heat Water |
3 [E 3 Remove Grounds The CMS shall remove grounds from brewed coffee, Demonstration =] Filter
| = = =

| VPD —-Temp Test  VPD - Volume Test VPD - Timing Test

|Tracea bility Matrices

I L L. L L
| RVTM Reqs to VEPs VC to DAP VC to DAP
| Trace Matrix Trace Matrix Trace Matrix

Dashboards help navigate the model

Approved for Public Release; W22
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rm INCOSE

- WHY WHAT HOW
Generated Artifacts | Vst
‘o ) ) (‘act [Activity] VEP — Temp Test[ VEP — Temp Test ] J 3
A Verification Execution Plan (VEP)
I Verification and Analysis activity flow
«Data_Pool»
A System Under Test (SUT) in inDP : Test
Data Pool
I Tested system components shown in test configuration
ibd [Block] Coffee Maker System|[ Coffee Maker System ]J
hZo_in : ~HZ0 Flow water Reservoir : Water Reservoir
I inDP inDP
hZo_outlet : Nozzle rﬂ ) p
afulls «Verification_Case» | . «Verification_Case»
¥  CodWater : Temperature Test : Temperature Test
l Case -- Just-Brewed Case -- Hold
& TU e
cold_in : ~Nozzle \ I+| \ |+| 4
] . T :
o 1
- outDP outDP
-
Ly
hot_out : Nozzle
afulle
Y Hot Water
hot_in : ~H20 Flow inDP
|
14
hrewin'-g_|Chamber: Brewing Chamber «Data_Analysis_Plan» \
I__cllzlffnzze.l_clut: Coffee Flow Tem:pl;::t?jzr-: DAP
rh
r Coffes b 1 I 4
coffee_in ; ~Coffes Flow IoutVerdict
i
coffee Receptacle : Coffee Receptacle \_ out : Verdict_Type y,
Approved for Public Release; 7B
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Generated Artifacts O
bdd [Package] Verification Traceability Diagrams [ VTD — Temp Test ] )
A Verification Traceability Diagram (VTD) i - = D g e e i =i -
|
.- | [ «extendedRequirements |
| Tl’aceS | ! | Heat Water | e e
| actviys | | ld="1" |Veriﬁcation Execution Plan |
A System Regs <<trace>> Functions HeatWater [€ —| — = — — — |Text="TheCMSshallheat | | " . ,
| | atraces] |\vater from room o i i «Verification_Execution_Plan»
. | oo i VEP - Temp Test
A VEP <<verify>> System Reqs ! e ;! temperature to 185F within | ety : A '
| ‘ > e - = = = — [1minute" | | | |
H i H Check Temp | atraces] |verifyMethod=Test | ' == ~— — — — — — — — — — — —
A VEP <<satisfy>> Verification Reqs ! o e , Vet | mEts
N = = e e A i T —— — e 0 | z
- - '
A Verification Regs <<trace>> System Reqs ettt ottt leting i
: : : s : Verification Requirements g | W | etracest T T T
A Data Objectives <<derive>> Verification Reqs f E— e’ v aces I v I
| «Verification_Requirement» «Verification_Requirement» |
1 1 H 1 H Temperature -- Just-Brewed Coffee Temperature -- Held Coffee
A Verlflcatlon Cases <<Sat|Sfy>> Data ObJeCtlveS I {Description = "Perform test to determine if CMS heats water to desired {Description = "Determine if CMS holds brewed coffee tempersature in I
| temperature to brew coffee”, specified range”, |
| Preconditions = "CMS & connected to facility power Preconditions = "CMS & attached to facility power
Water reservorr is filled to maximum capacity"”, Brew cycle has completed sucoessfully”, I
| Procedure = "Execute "Brew Coffee’ use case Procedure = "Measure held coffee temperature in the receptacle after |
| Messure just-brewed coffee temperature in Receptacle at the end of the specified interval |
brew cycle Compare measured held coffee temperature to specified held coffee
| Compare measured just-brewed coffee temperature to specified temperature”, |
| just-brewed coffee temperature”, Sucosss Criteria = "Held coffee temperature is maintained in s pecified |
Sucoess Criteria = "Just-brewed coffes temperature achieves held coffee temperature range”,
| temperature in spacified just-brewed coffee tempersture range", Verification Method = Tes{} |
Verification Method = Tesf)
' A A [
A T AL F———— - = — — — —_- — - - - - = = - — - —- - - - - - - - = = /
Do ey Tl e s T T T ST T T H TEISR TRISE TRASE TSR TRASE TRASR TRISE
| Ghjecihion dgiiveReqts , I
| «Data_Objective» | |
Measure Liquid Temperature ——
! {1_CoBected Data = "Temperature of a liquid”, _w — I
| 2_Collection Methed = "Use thermometer inserted into tested liquid”, |
| 2_Anslysis Desoription = "Compare messured liquid tempersture to |
s pecified temperature range"}
| W e T ——— e SO SO I
= mm m mif e mie mie = e I . ~
(Verification Cases isatistys : |
| «Verification_Casex» i wsatisfy» «Verification_Case»
| Temperature Test Case — Just-Brewed| — ~ ~ =~ = & 7 Temperature Test Case — Hold I
)

Approved for Public Release; 7B
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Generated Artifacts

WHY WHAT HOW

INCOSE

A Verification Case activity diagrams
A Data Analysis Plan activity diagrams

I Activity diagram showing how data will be analyzed to determine verification success of the system

requirements

(act [Activity] Temperature Test Case — Just-Brewed [ Temperature Test Case — Just-Brewed ] )

SN S
Fill Reservior
to Maximum

Capacity

in : Cold Water nratec

water_cold

water_cold
il
l' : Heat Water J

th
—

water_hot

water_hot

L

' Measure Water J

Temperature
in Receptacle

r /
water_temp

«Data_Pool»

(‘act [Activity] Analyze Temperature DAP[ Analyze Temperature DAP ] J

«Data_Pool»
in inDP : Test Data Pool |

~ out outDP : Test
Data Pool

12

\r
inDP Evaluate As-Tested
Temperature Against Indicated
Evaluation Criteria

L] L
outVerdict

I,\[outVerdict == Pass]

[else]

%nVerdic‘t inDP inVerdict

L

; Analyze Root Cause for Not Evaluate As-Tested
S = S 5 2 outDP
‘ Meeting Evaluation Criteria ‘ Temperature Against Specified
J Temperature Range
L] L] :
outVerdict outVerdict ]"Dp
|
[else] inverdict |  Analyze Root Cause for Not
< > | Beingin Temperature Range
[outVerdict == Pass] \ y
|
\-)0' \:routVerdict
| out outVerdict : Verdict_Type ]l J
' Approved for Public Release; 7B
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A VEP View

I Dashboard (content diagram) identifying VEP, VTD, VPDs

i 1 per logical group of requirements

Content Diagram YVEP Views[ YEP View — Temperature Tests ])

=

VEP —-Temp Test

eE

VTD -—-Temp Test

=

VPD -—-Temp Test

Approved for Public Release; W22
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A Verification Plan Diagram (VPD)

I Dashboard (content diagram) identifying
A Verification Plan
A Verification Environment
T Including the System Under Test (SUT)
A Verification Cases
A Data Events
A Verification Resources

Approved for Public Release; W22
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