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Abstract:	Focusing	on	the	
late	SE	process	adopters	

Late	SE	Adopters	-	Ground	Transportation	
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Early	SE	Adopters	-	Mil/Aero	

POSIT:		“Verification	and	Validation	shall	be	
executed	as	a	cradle	to	grave	process.”	
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Infrastructure	&	Ground	Transportation	
projects	are	typically	awarded	to	Civil	
Construction	Contractors,	in	which	they	
are	the	prime	supplier/	contractor.		
Many	in	which	do	not	have	their	own	
Civil	Engineering	Departments	and	
subcontract	to	engineering	consulting	
firms	who	specialize	in	Architectural	
and	Civil	Engineering.	

Civil	Construction	
Contractors	

Engineering	
Consulting	Firms	

Architectural	&	
Civil	Engineering	

Subcontractor	

Contract	Awards	–	Large	Civil	Construction	firms	can	supply	
the	bonding	….they	are	then	in	control	of	the	project	
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The	practices,	policies	and	procedures	used	in	the	civil	
construction	industry	are	founded	on	a	design	document-
based	specification	and	drawing	packages,	using	the	
Construction	Specifications	Institute	(CSI)	group	of	
standards	and	contract	templates	…	

…	not	the	Systems	Engineering	approach;	
resulting	in	missing	system	requirements,	
traceability	records,	system	architecture	and	
interface	control	documentation,	and	V&V	
efforts	are	reduced	to	drawing	inspections	
before	and	after	construction.	

Traditional	Approach	=	non-holistic,	partitioned	specification	formats	
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Civil	Construction	
Contractors	

Engineering	
Consulting	Firms	

Systems	
Engineering	

Architectural	&	
Civil	Engineering	

Subcontractor	

Holistic	
Approach	

Awareness	is	increasing…	



Reality	…		
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SE	deliverables	not	
understood	by	

Construction	Firm

Firm	selects	sub-
contractor	to	
provide	SE	
deliverables

Contractor	provides	bid	
using	traditional	CE	costing	

with	SE	deliverables

Construction	Firm	
selected	as	prime;	
negotiations	begin

SE	aspects	may	be	
negotiated	down(or	out)	of	
deliverables	by	CEs	w/o	

consulting	SEs

Construction	Firm	teams	
with	a	consulting	

engineering	company	to	
provide	SE	deliverables

SE	deliverables	do	not	
‘drive’	the	project;	they	
end	up	being	in	parallel	

Limited,	or	zero,	impact	
of	SE	on	actual	project	

decisions

Limited	ability	to	provide	
early	levels	of	verification	
of	requirements	to	design.

Virtually	no	ability	to	
validate	system

Devaluation	of	SE	in	
the	view	of	Civil	
Construction	

Practitioners

RFP	includes	Systems	
Engineering	

deliverables

…what	
currently	
happens…	



No Systems 
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Systems 
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V&V

Records
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Enforcement
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(Profit / Reg)

Missing 
V&V
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Repercussions

Document
Control
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QA weak or 
Missing Inspection

Based QC 
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WHY?

WHY?

WHY?

WHY?

WHY?

WHY?

WHY?

WHY?

WHY?

WHY?

ROOT	CAUSE	KEYS

WHY?

NOTE:  For clarity, this represents only a partial WHY 
thread analysis for each issue bubble
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…and	the	
root	causes	
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All	routes	lead	to	
missing	or	poor	V&V	



Quality	Assurance	
	

enables	
	

Verification	&	Validation	
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Quality	Assurance		
“Quality	should	be	involved	in	all	stages	of	project	design	and	implementation,	
including	being	an	integral	member	of	the	grantee’s	management	organization,	
separate	from	projects	themselves.	It	is	important	to	note	that	individual	
elements	of	the	grantee’s	QMS	are	introduced	into	projects	at	different	stages,	
so	quality	does	not	start	nor	does	it	stop	with	the	projects	themselves”	

-	The	2012	second	edition	of	the	US	Federal	Transit	Authority	Quality	
Management	System	Guidelines,	Section	1.5.1	
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Motivation	for	Quality	Assurance?	
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…not	really	a	requirement	

Infrastructure	QA:		USA	is	lagging	the	world	



Industry	SE	Adoption	
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Innovators Early	Adopters Early	Majority Late	Majority Late	Adopters/	
Laggards

Space	
Systems

Aerospace	&	Defense

Biomedical/	
Healthcare

Oil	&	Gas

Information	
Technology

Infrastructure

Ground	
Transportation

Automotive



16	http://www.iris-rail.org/	

International	Railway	Industry	Standard	



Compliance	with	
ISO9001

Requirements
Process	Discipline

Verification	and	
Validation

Process	Discipline

ENABLES
ENABLES
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Quality	Assurance	compliance	enables	V&V	
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Enabling	
Processes	
are	
missing	

QA	culture	
is	weak	or	
missing	

Regulations	
are	weak	or	
missing	



Verification	and	Validation	Planning	

Development	of	a	practical	V&V	Plan	template	
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Closer	look	…	building	a	plan	
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IS2017_VandV_Paper147.pdf	



V&V Plan
(Program Level – This Document)

Subsystem 1 Subsystem 2 Subsystem 3 Subsystem n...

Subordinate Plans Generate 
Detailed Procedures for Test, 
Demo, Analysis or Inspection

Each Procedure must be linked 
to a Verification Report(s)

Generates detailed 
subordinate Plans

Pl
an

ni
ng

Pr
oc

ed
ur

al
R

ec
or

ds

VPRC

VPRC

VPRC

VREP

VREP

VREP

NOTE:  “Procedures” are used synonymously with “Test Cases” herein 21	

V&V	Document	Tree	



1.0 Introductory Context

Program Level V&V Plan – Document Structure

2.0 Processes & Controls

3.0 Anomaly Resolution & Reporting

4.0 Program Management

5.0 Verification Environment

Appendices
Templates and Quality Records

Each Section Drives 
Subordinate

(Subsystem)
V&V Plans
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V&V	Plan	Structure	



1.0 Introductory Context

2.0 Processes & Controls

3.0 Anomaly Resolution & Reporting

4.0 Program Management

5.0 V&V Environment

Primary Content

Reference and Mapping 
Content 

(some)
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V&V	Subordinate	Plan	Structure	



System	Overview	

• Context	and	Interface	Description	
• System	Decomposition	

• System	Functional	Decomposition	

• System	Interfaces	

• System	Physical	Decomposition	
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V&V	Process	Overview	

• Supporting	Organizational	Processes	

• Primary	V&V	Activities	

• Generic	(Core)	V&V	Process	
• Process	Lifecycle	Model	

• Core	V&V	Process	Mapped	into	Process	Lifecycle	Model	
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Prepare for 
V&V

Realize 
DeliverableStart

Test
Analyze
Inspect

Demonstrate

Accept
 ?

N

YReady
For V&V

 ?

N

Y

Discover Root
Cause & Make 

Corrections

Realization
Error  ?

N

Y

Record 
Evidence Finish

VRR

(VRR = V&V Readiness Review)
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Core	V&V	Process	



Core Object ives & 
User Requirements

 System
SyRS

Assemblies
ARS

SubSystems
SSRS

V1

V3

V0

V2

Subassemblies
SARSV4

Components
CRSV5

From Supplier / OEMMaterials
MRSV6

Component Verification 
Cases

(i.e., S/W Unit Tests)

Verified Materials

Subsystem Verificat ion 
Cases

Assembly Verification 
Cases

(Integration focus)

Subassembly Verif ication 
Cases

(Integration focus)

Verified Components

Verified Subassemblies

Verified Assemblies

Verified Subsystem

Whole System 
Verification Cases

Core Object ives 
Validation Cases

Material Verificat ion 
Cases

Verified Whole System

VERIFY

VERIFY

VALIDATE

VERIFY

VERIFY

Blue = Deliverable & Flow
Aqua = Verification/Validation activity

SSRS Requires ARS Satisfies

Example:
SSRS generates subordinate ARS requirement
ARS satisfies a requirement in the SSRS
This linkage validates (justifies) the ARS against the SSRS

text

Assurance Data
Repository

(Procedures & Results)

Test Reports

Analysis Documents

Inspection Reports

Demonstration Records

From Supplier / OEM

From Supplier / OEM

From Supplier / OEM

Conceptual Operations
ConOps

PMP, SEMP, QMP
User Needs ElicitationLong Range Planning

G1 G2 G3

G4

G5

G6

Project Profile, Master Plan,
 Concept of Operations, User Requirements

Long Range
20 year Needs

(Program/Programmatic)

Phase 0 Phase 1
Prelim
Design

Final
Design

Phase 2
Construction &
Implementation

Phase 3

Operations & Maintenance

Phase 4
Rehab, Retire, Replace

 (End of Life)

Phase 5

Retirement
Replacement

Changes &
Upgrades

Operations &
Maintenance

Gn Gn+1

Acceptance & Turnover

G3
NYCT Decision Gates:
Decisions whether to proceed with 
funding the next phase.
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SE	Process	
Model	



Core Objectives & 
User Requirements

Whole System
SyRS

Assemblies
ARS

SubSystems
SSRS

Subassemblies
SARS

Components
CRS

Materials
MRSBlue = Deliverable & Flow

Aqua = Verification/Validation activity

ConOpsPMP, SEMP, QMP
User Need ElicitationLong Range Planning

G1 G2 G3

G4

G5

G6

Project Profile, Master Plan,
 Concept of Operations, User Requirements

Long Range
20 year Needs

(Program/Programmatic)

Phase 0 Phase 1
Prelim
Design

Final
Design

Phase 2

ALL Deliverables must negotiate the same 
basic V&V process at each level of the 
program from ConOps to Units of Code.

Suppliers are required to provide evidence 
of this basic process activity executing 
within their internal lifecycle processes.

Supplier Gate & Evidence

Supplier Gate & Evidence

Supplier Gate & Evidence

Core V and V Process

Prepare 
for V&V

Realize 
DeliverableStart

Test
Analyze
Inspect

Demonstrate

Accept
 ?

N

YReady
For V&V

 ?

N

Y

Discover Root
Cause & Make 

Corrections

Error
?

N

Y

Record 
Evidence Finish

VRR

(VRR = V&V Readiness Review)
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Repeat	Core	V&V	
Process	



Key	V&V	Process	Terminology	
• Verification	
• Validation	
• Verification	Procedures	
• Certification	
• V&V	Readiness	Review	(VRR)	

• V&V	Entity	
• Entity	Undergoing	V&V	(EUV)	
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Requirements 
Module

Architectural 
View

Operator 
Workstation

Application 
S/W Module

Design 
Specification

Test 
Specification

Whole System

...are all entities 
subject to the same 
core V&V process

Procurement 
Documents

Interface 
Control 

Document

While being verified or validated, an entity 
is known as an Entity Undergoing V&V  

(EUV)
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EUV	



Three	Core	V&V	Process	Principles	

1. Validated-Entity	Library	–	An	Integration	Approach	

2. Only	Validated	Entities	May	be	Integrated	–	Enforced	Discipline	

3. Use	a	Repeatable	Process	Throughout	the	Hierarchy	
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Prepare for 
V&V

Realize 
DeliverableStart

Test
Analyze
Inspect

Demonstrate

Accept
 ?

N

YReady
For V&V

 ?

N

Y

Discover Root
Cause & Make 

Corrections

Realization
Error  ?

N

Y

Record 
Evidence Finish

VRR

(VRR = V&V Readiness Review)

VEL Status

Waiver

VEL Status

Candidate

VEL Status

Released

VEL Status

Pending

VEL Status

Alertor

1.	VEL	Process	and	Possible	Status	States	
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Procurement
Bid Package

Requirements
(DOORS tool)

1 or more 
integrations

Architectural Model
(EA tool)

1 or more 
integrations

Component
(Circuit Board Asm)

HW Elements
(hardware, PWB, parts)

1 or more 
integrations

SW Elements
(FPGA files, firmware)

1 or more 
integrations

ConOps
(WORD Document)

Physical Example

Logical Example

VEL

VEL
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2.	Examples	of	Physical	and	Logical	use	of	VEL	entries	



1 or more 
integrations

Assembly
(Rack, Desktop)

Component
(Circuit Board Asm)

HW Elements
(hardware, PWB, parts)

Subassembly
(LCD TFT Display)

1 or more 
integrations

1 or more 
integrations

SW Elements
(FPGA files, firmware)

1 or more 
integrations

Operating System
(Drivers, Thread Manager)

1 or more 
integrations

Application Software
(PA/CIS, Track Display)

1 or more 
integrations

V1

V2

V3

V4

V4

V3

V2

Subsystem
(Office)

V0

1 or more 
integrations
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3.	Example	of		Hierarchical	Integration	



VEL

A

B

C

D

V&V Process

T1

T3

T1

T2

E
created

T1

Etc...

C
created

Time

R
el

ia
bi

lit
y 

fo
r 

C

R0
T1 T2

R3

Starting earlier grows reliability faster – waiting until T1 to test A 
& B means that they are both at RO during integration testing

T0

R2

Integration Testing 
Starts for C

Integration Testing 
Complete for C

R1
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Another	Key	Benefit:		Accelerated	Reliability	Growth!	



….Questions?	
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Thank	You!	


