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What You’re About to See

* Why you want a Requirements Verification Architecture Model (RVAM)
 What makes up the RVAM

* How to create the RVAM
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WHY You Want the RVAM WHY | AT oW

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

» Vertical Integration: Reinforces need for top-down requirements and architecture development
— Typical Req < - Test traces may be insufficient

—Increases collaboration among SE, I&T, and Development teams

* Model-based visual artifacts

Regional Feasibility

Operations Changes and Retirement/
Architecture(s) Stg;igl/ g:ﬁgﬁpt and Maintenance Upgrades Replacement

i Concept of o System
Life Cycle Processes Operations & System Validation Plan > Validation

N System
System System Verification Plan el
Requirements 4 (System Acceptance) \E)eég:gsﬁ%ogn%
Subsystem

High-Level Verification Plan Subsystem
(Subsystem Acceptance) Verification

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

Software/Hardware wm Document/Approval
Development
Field Installation

Time Line Implementation

ent Processes
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INCOSE

WHAT the RVAM Parts Are
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Structure Nesss¥
M Odel e I eme ntS are: pkg [Package] RVAM Structure [ RVAM Structure Diagram ])
— Either inputs from system s
model Dashboard
—or generated specifically e
for RVAM 1.% Tables and Traces
«block»
1.* Verification Plan Diagram
«block»
1.* VEP View
—_— 1z
«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 = 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

Verification Success Criteria

«block»

Comprehensive top-to-bottom description of verification efforts
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Input Artifacts: from Req and Arch development

WHY WHAT

HOW

£

N

« System Functions

System Requirements
System Architecture

— Physical Entity Decomposition

req [Package] CMS Activities [ CMS Functions ] J

«activitys

_Make Coffee_Top

!

|

!

l

«activity» «activity» «activity» «activity»
Prepare CMS Brew Coffee Dispense Coffee Maintain CMS
bdd [Package] CNS Structure [ CHS Structure ] J
«blocks
Coffee Maker System
sys_vol : volume[centicubic metre}{uni = centicubic metre} A
coffee Maker System I T
«blocks ablocks
Controller Liquid Storage
water Pump, power Supply. mains Power == —
ablocks ablocks ablocks : Software iquid_vol : volume{centicubic metr
Water Pump Power Supply Mains Power : Firmware
processor : Hardware
SSD : Memory

«fulls - s free Receptack

cold_in : ~Nozzle Start Brewing( coffee_grounds : Coffee Grounds, hot_wi Vater, coffee_grounds_mixture : Coffee_Grounds_Mixture ) colisgTacomece
1 Start Brewing()
= «blocks i c H“"’;"y” «blocks

Coffee_in': ~Coffec Flow Coffee Receptacle
Heater user Interface
R el it watec ol - Water, watec_hot: Hot Water ) ek

g mp _cold : Water, water_f Water ) Hsl «proxys
1 h2o_in : ~H20 Flow
ot water Reservoir feu]

hot_out : Nozzle «proxys brewiing Chamber. — «blocks visual Indicator {1}

«fulls hot_in : ~H20 Flow «blocks H_‘ coffee._out : Coffee Flow Visual Indicator «blocks

heating Element

temperature Sensor

Bl

Brewing Chamber

«blocks
Heating Element

«blocks

Temperature Sensor

Read Temperature()
Read Temperature()

: Liquid Storage

bc_volume : volume[centicubic metre}{ur

fiter

grounds ContmnerI

ablocks

«blocks
Brewing Initiation Button
«blocks ipower Switch
Power Switch

Water Reservoir

liquid_vol : volume[centicubic metre] = 800.0 ¢

h2o_outlet : Nozzle
«fulls

Grounds Container

gnds_vol : volume[centicubic metre}{unit

chamber Volume,

«constraints
Chamber Volume

&
{tot_vol=v1+v2}

tot_vol : volume[centicubic metr
v1 : volume{centicubic metre}{qual
v2 : volume[centicubic metre}{auat

Artifacts typically generated by Systems Engineering team

Approved for Public Release; NG22-1759
© 2022, Northrop Grumman Systems Corporation




Input Artifacts: from Verification development WHY | | wwaT | | HOW Negis2#

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

* Verification Requirements (VRS) | > e g

Temperature — Just-Brewed Coffee

H H H H Description = "Perform test to determine if CMS heats water to desired
- 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”
— 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
— Preconditions/Environment e
Success Criteria = "Just-brewed coffee temperature achieves temperature in
specified just-brewed coffee temperature range”

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

H H Verification_Requirement:
- Success Crlte“a T:mperature-Held Coﬁie

Description = "Determine if CMS holds brewed coffee temperature in specified

i Ve rlfl Catl O n C aS e S (VCS) | > g g I?rr;?:;diﬁons ="CMS is attached to facility power

- Brew cycle has completed successfully”
Temperature Test Volume Analysis Case Procedure = "Measure held coffee temperature in the receptacle after specified

e : : Case — Just-Brewed -- Reservoir interval
- Ve rlfl Catl O n e nVI ro n m e nt Compare measured held coffee temperature to specified held coffee temperature”
. pn . . Success Criteria = "Held coffee temperature is maintained in specified held coffee
— Verification inputs and outputs = = Venfcation Method = Test
Temperature Test Volume Analysis Case

— Data collection method Case — Hold -- Receptacle <Verification_Requirements

Reservoir Volume

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

 Verification Plans (VPSs) e i o B b
Procedure = "Inspect Reservoir baselined design to determine if as-designed
£ H H volume meets specified maximum volume"
— Verification environment g
— Verification configuration

Success Criteria = "Reservoir as-designed volume meets specified Reservoir
— Resources

volume"
— 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; NG22-1759
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Input Artifacts: from Verification development
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WHY WHAT HOW

< INCOSE

S,

®

« Data Objectives (DOs)

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

« Data Analysis Plans (DAPSs)

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

« Data Pools (DPs)

—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

« Dashboards
— Content diagrams

 Tables and Views

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

—Reqgs <> VEP
—VEP &> VCs
—VCs <> DAPs
— etc.

Id | MName Text

Verify Method  Refined By | Satisfied By Derived From

Verified By

pkg [Package] Dashboards [ Daghboard ]_J

1

2
3

) The CM5 shall heat water from room temperature to
[E 1 Heat Water 185F within 1 minute.,

[E 2 Reservoir Volume The CMS shall contain 6 cups of water,

[E 3 Remove Grounds The CMS shall remove grounds from brewed coffee,

Dashboards help navigate the model

N
Test 3 Heat Water E Heater

[E 1Heat Water
Demonstration &= Filter

T Measure Temperature Rise
& VEP — Temp Test

I Temperature Volume Timing Logical
Logical Group Logical Group Group

|

EPViews

|
' |
I VEP View — VEP View — VEP View — |
| Temperature Tests Volume Tests Timing Tests |
| J

I‘-.Ferific:ﬂtiu n Plan Diagrams

| = = =

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

|Tracea bility Matrices

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

Approved for Public Release; NG22-1759
© 2022, Northrop Grumman Systems Corporation




Generated Artifacts
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WHY WHAT HOW | NC OS E

4

10

 Verification Execution Plan (VEP)

— Verification and Analysis activity flow

» System Under Test (SUT)

— Tested system components shown in test configuration

ibd [Block] Coffee Maker System|[ Coffee Maker System ]J

hZo_in : ~HZ0 Flow water Reservoir : Water Reservoir

g
L4

h2o_outlet : Nozzle
afulls

¥ Coldwater

afulls
cold_in : ~Nozzle

hot_out : Nozzle
afulle

Y Hot Water
hot_in : ~H20 Flow

M1
L4
brewing Chamber : Brewing Chamber

IT1
L T
coffee_out ; Coffee Flow

r Coffee

coffee_in : ~Coffee Flow
[ !
L4 ]
coffee Receptacle : Coffee Receptacle

(act [Activity] VEP — Temp Test[ VEP — Temp Test ] )

«Data_Pool»

ininDP : Test
Data Pool

inDP inDP
Fil |
«Verification_Case» | ' «Verification_Cases

: Temperature Test : Temperature Test
Case - Just-Brewed Case -—- Hold

h h |

outDP outDP

inDP

" «Data_Analysis_Plans |
: Analyze
Temperature DAP

d.‘/
]

10 utVerdict

\ out : Verdict_Type

J
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8 O"‘*‘*“
: ; WHY "‘ WHAT HOW I J‘w C ,s E
Generated Artifacts T 4
bdd [Package] Verification Traceability Diagrams [ VTD — Temp Test ] )
 Verification Traceability Diagram (VTD) funsions ~ T 7 7 Vb T i —ie i y
|
| | «extendedRequi ™
—Traces | L heatwater | o _______
. actviys | ld="1" |Veriﬁcation Execution Plan |
- System Reqs <<trace>> Functions | Lnestwater e <1 = = =~ [Tot=Thecussnatneat | ! D e el |
atracex] ter f - e - £ _|
- VEP <<verify>> System Reqs | — L tmpsratur o s wann [ s | et |
) e | B = = of @ = = i | I I '
« VEP <<satisfy>> Verification Reqs | == L e LY
e S - - - W T I :
 Verification Regs <<trace>> System Reqs | pmm e mmmm - 'L
+ Data Objectives <<derive>> Verification Regs e —— R L dizcea)  —— v
«Verification_Requirement» «Verification_Requirement»
° Temperature -- Just-Brewed Coffee Temperature -- Held Coffee

Verification Cases <<satisfy>> Data Objectives

[
|
|
1
|
1
1
1
1
1
1

|Data Oblectives  pisiereats;

|

|
|
|
|

{Description = "Perform test to determine if CMS heats water to desired
temperature to brew coffee”,

Preconditions = "CMS & connected to facility power

Water reservorr is filled to maximum capacity”,

Procedure = "Execute "Brew Coffee’ use case

Messure just-brewed coffee temperature in Receptacle at the end of the
brew cycle

Compare measured just-brewed coffee temperature to specified
just-brewed coffee temperature”,

Sucoess Criteria = "Just-brewed coffes temperature achieves
temperature in spacified just-brewed coffes temperature range",
Verification Method = Tesf)

{Description = "Determine if CMS holds brewed coffee tempersature in

specified range”,

Preconditions = "CMS & attached to facility power

Brew cycle has completed sucoessfully”,

specified interval

Compare measured held coffee temperature to specified held coffee

temperature”,

Sucosss Criteria = "Held coffee temperature is maintained in s pecified

held coffee temperature range”,
Verification Method = Tes{}

_______ |- - - - - - - - - - - - - - - - — 4+ - - = = = =

«Data_Objective»
Measure Liquid Temperature
{1_Collected Data = "Temperature of a liquid”,
2_Collection Methed = "Use thermometer inserted into tested liquid”,
2_Anslysis Desoription = "Compare messured liquid tempersture to
s pecified temperature range"}

«Verification_Case»
Temperature Test Case - Just-Brewed

|
|
|
|
|
Procedure = "Measure held coffee temperature in the receptacle after |
|
|
|
|
|

«Verification_Case»
Temperature Test Case - Hold
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- WHY WHAT Vi,
Generated Artifacts Negiser
 Verification Case activity diagrams
» Data Analysis Plan activity diagrams
— Activity diagram showing how data will be analyzed to determine verification success of the system
requwements
% (‘act [Activity] Analyze Temperature DAP[ Analyze Temperature DAP ] J h
act [Activity] Temperature Test Case — Just-Brewed [ Temperature Test Case — Just-Brewed ] )
. «Data_Pool» .
| in inDP : Test Data Pool |
l ' |
I A
| o " Fill Reservior inDP Evaluate As-Tested
@ldiwmer l inWater : o (D:ﬁaaxilg;um Tempeg:ll‘::ta)?‘aglr?ttégglcated
Siad —
outVerdict
water_cold
doutVerdid == Pass]
water_cold [else]
B | .
: Heat Water
| h
[3 %‘nVerdic‘t inDP inVerdict
-
water hot Analyze Root Cause for Not Evaluate As-Tested outDP
= Meeting Evaluation Criteria ’ Temperature Against Specified
J Temperature Range
water_hot L] |
1 B outVerdict Lfmt\/erdid | ']"Dp
' Measure Water
i i Analyze Root Cause for Not
-ir: mttl;ze J [outVerdict == P a] = '"Ve“"m/‘; i heormie fenge 1
outverdgict == Fass
[water_temp S \j—c‘;utVerdict
«Data_Pool»
\ out outDP : Test [ out outVerdict : Verdict_Type | %
12 Data Pool l I Approved for Public Release; NG22-1759
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Generated Artifacts

WHY WHAT

HOW

13

* VEP View

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

— 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; NG22-1759
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Generated Artifacts o Iaill Nege?
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. . . pkg [Package] Verification Plans [ WPD — Temp Test ]J_J
 Verification Plan Diagram (VPD)
. . e . F e T e T Tt e = . T T -
— Dashboard (content diagram) identifying [y N i |
wblocks
- Verification Plan | Coffes Maker System - _ |
o ] ) | [ | ) xFacility _Az=zets |
» Verification Environment | | | Facility Power |
— Including the System Under Test (SUT) | «Verification_Environments — Ventication Tooh |
L. . I Temperature_Verification_Environment I I . e
* Verification Cases I
| L) 4\ | I
« Data Events | | | | Ll e\ erification_Personnels :
- . Test Engi
« Verification Resources | | | L ] |
\ i e e e e Pt J | xData_Pools |
wallocates walocates | Test Data Pool |
ﬁeﬁicﬁun_tas?s _____ O i | b = = = = -
I I
| «\erification_Cazes «\erification_Cazex |
| Temperature Test Temperature Test |
| Case - Just- Case -- Hold [
| Brewed |
I I
(ataEvems |
| «Data_Events «Data_Ewvents |
: Temperature : Temperature
| Test Case -- Just- Test Case — Hold |
| Brewed [
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HOW to Create the RVAM

INCOSE
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HOW to Create the RVAM e

HOW

INCOSE

16

1. Identify relevant system functions

2. Determine logical grouping of system requirements
— For example: (1) Temperature regs, (2) Volume regs, (3) Timing regs, (4) etc.

3. Create summary overview dashboard

4. Create VEP View (1 per logical req group)
— ldentifies VEP, Traceability Diagrams, VPDs

5. Create the Traceability Diagram
— Consider creating multiple so that each contains no more than 10 requirements, for readability

6. Create the VEP (1 per logical req group)

7. Create Verification Case activity diagrams
8. Create Data Analysis Plan activity diagrams
9. Create Verification Plan Diagram

* In General:

— Create placeholder diagrams
— Create lower-level objects, then populate higher-level objects
— Iterate, especially over the dashboards

("act [Activity] Develop RVAM [ Develop RVAM ] J

@

\
Identify
Functions

T
W

Create Logical
Requirement
Groups
T

\
Create
Overview
Dashboard

T

W
Create VEP
View

T
\\
Create
Traceability
Diagram
T

\
Create VEP
Diagrams

T
L
Create
Verification
Case Diagrams
T
W
Create Data
Analysis Plan
Diagrams
T -
Create
Verification
Plan Diagrams
T

4
O,
» 4
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/1t WHY WHAT HOwW
Division of Labor | \wy,'
. . pkg [Package] RVAM Structure [ RVAM Structure Diagram ] )
* Systems Engineering
— System Functions eblocks
. Dashboard
— System Requirements
— System Architecture — .
— Top part of VTD -
. 1.* Verification Plan Diagram
* Integration and Test
— Verification R VP View
Requirements ot
«blocks _ ) i «blocks .
_ Verlflcatlon DeSCI’I ptIOnS, 0.* System Function Verification Traceability Diagram
PlanS, Procedures «block» «block» ablocks
. . 1.2 Verification Plan Diagram System Function 1.* Verification Requirement
— Data Objectives and L L
. «blocks «blocks «blocks
An aIyS|S P I anS 1 System Under Test Verification Execution Plan f Verification Description
— Bottom part of VTD ablocks ablocks ablocks
1 Verification Execution Plan System Req_uirement 1.* 1 Verification Method
L «blockxs «block» «block»
1.* Verification Case Data Objective 1 1 Verification Preconditions
«block»s «block» «blockx»
1.* Data Analysis Plan Data Pool 1 1 Verification Procedure

«block»

Verification Success Criteria
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