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Introduc6on	

•  What	is	Capability	Engineering?	
–  Capability	is	a	polyseme:	a	word	with	mul-ple	dis-nct,	but	
related,	meanings		

•  Capability	and	Capability	Engineering:	terms	widely	
used	across	many	industrial	sectors	

•  Capability-based	acquisi(on,	capability	engineering	and	
management,	Through	Life	Capability	Management,	capability	
sponsor,	etc.	

•  	INCOSE	UK:	
– What	needs	to	be	done	to	improve	our	understanding	and	
approach	to	capability,	and	how	can	systems	engineering	
help?	(Lister,	2009)	
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Where	are	we	heading?	

•  Capability	is	the	ability	to	do	something;	it	is	not	a	
synonym	for	a	system	func(on	or	system	purpose.		

•  Capability	engineering	is	significantly	different	from	
product	systems	engineering	and	broader	than	the	
process	perspec(ve	of	systems	engineering		

•  Capability	engineering	is	the	overarching	approach	
that	links	value,	purpose,	and	solu(on	of	a	systems	
problem.		

•  Capability	engineering	comprises	mindset	(holis(c	
thinking,	assump(ons),	trade-offs,	design,	processes,	
values	and	policy,	and	outcomes.		
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Agenda	

•  Defining	Capability	and	Capability	Engineering	

•  Data	collec(on:	capture	the	weltanschauungen	of	
capability	engineering	

•  Analysis:	Mapping	the	weltanschauungen	and	
crea(on	of	an	En(ty	Rela(onship	Diagram	for	
capability	

•  Conclusions:	Posi(on	statements	about	capability	
engineering	and	recommenda(ons	for	CWG	
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WORLDVIEWS	

The	Weltanschauungen	of	Capability	and	Capability	Engineering	
	
Which	is	your	view?	
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What	do	you	see?	

Young	children	see	
Dolphins	
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W1:	Equipment	Capability	

•  Weltanschauung:	Equipment	
has	capability	

•  Described	by	a	system	in	
which:			

•  A	buyer	defines	the	needs	of	
users	against	which	suppliers	
design	and	develop	equipment	
that	has	capability,	which	
assumes	the	user’s	skill,	the	
effec-veness	of	the	supply	
chain	and	the	equipment’s	
maintained	state	at	the	-me	
at	which	the	capability	is	
realised.	
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W2:	Capability	Planning	

•  Weltanschauung:	“Capability”	
describe	solu6on	independent	
requirements	

•  Described	by	a	system	in	which:		
•  A	buyer	aJempts	to	translate	a	set	of	

explicit	user	wants	into	a	wriJen	set	
of	solu-on	independent	requirements	
within	the	constraints	of	procurement	
policy,	against	which	a	supplier	may	
generate	system	design	op-ons	to	
sa-sfy	the	capability	need,	that	is	
defined	and	constrained	by	the	
context	in	which	the	equipment	is	
used,	the	user’s	skill,	the	effec-veness	
of	the	supply	chain	and	the	
equipment’s	maintained	state	at	the	
-me	at	which	the	capability	is	
realised.	

Economic	Benefit	

Improved	Social	
Interac(on	

Move	100,000	people	
from	Birmingham	to	
London	

Beber	IT	
Infrastructure	
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W3:	Capability	Trade-off		

•  Weltanschauung:	Deciding	/	
balancing	in	which	capability	to	
invest	

•  Described	by	a	system	in	which:		
•  A	planner	or	strategist	con-nually	

and	con-nuously	determines	
capability	needs	and	the	funds	
available,	and	an	architect	designs	a	
programme	to	deliver	systems	to	
meet	the	capability	needs,	in	order	to	
decide	in	which	capabili-es	fund	
holders	should	invest	to	achieve	an	
overall	capability	balanced	across	
users’	needs,	within	the	constraints	of	
the	pertaining	poli-cal	environment,	
commercial	structures	(supply	chain)	
and	taking	account	of	exis-ng	
systems.	
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W4A:	Service	Capability	

•  Weltanschauung:	Delivering	
specific	business	services	

•  Described	by	a	system	in	which:		
•  A	service	Provider	delivers	specific	

business	services	to	a	Service	
Recipient	(e.g.	a	passenger);	
achieved	by	the	provider,	users,	
and	func-onal	responsible	person	
defining	the	quality	of	service	
required,	designing	the	service,	
transi-oning	capability	
components	into	service,	
opera-ng	the	service,	and	
con-nuously	improving	the	
service,	in	line	with	the	provider’s	
strategic	plans	and	the	extant	
opera-ng	condi-ons.	

Internet 
Internet + 3G  
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W4b:	Con6ngent	Service	Capability	

In	England,	winter	is	an	unplanned	
emergency	that	occurs	every	year	

•  Weltanschauung:	Developing	
fallback	services	to	be	used	at	a	
future	date		

•  Described	by	a	system	in	which:		
•  A	service	Provider	designs	and	

develops	specific	fallback	services	for	
a	Service	Recipient	(e.g.	a	passenger);	
achieved	by	the	provider,	users,	and	
func-onal	responsible	person	
defining	the	quality	of	service	
required,	designing	the	fallback	
service,	and	storing	for	transi-on	of	
capability	components	into	service,	
opera-ng	the	service	in	line	with	the	
provider’s	strategic	plans	and	the	
extant	opera-ng	condi-ons.	
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W5:	Dynamic	Capability	Reconfigura6on	

•  Weltanschauung:	Reconfiguring	
available	assets,	people	and	
processes	quickly	to	meet	
current	circumstances	

•  Described	by	a	system	in	which:		
•  A	user	understands	that	

circumstances	have	changed	and	
picks,	modifies	and	implements	
the	most	appropriate	plan	to	
meet	the	specific	circumstances	
by	reconfiguring	the	available	
assets,	people	and	processes	
within	an	appropriate	-meframe	
to	meet	the	current	
circumstances.	



Presenta(on	for	the	INCOSE	Symposium	2011	Denver,	CO	USA	 13	

W6:	Capability	Systems	Engineering	

•  Weltanschauung:	Developing	a	
capability	(all	Components	of	
Capability)	solu6on		

•  Described	by	a	system	in	which:		
•  An	enterprise	of	users,	suppliers,	and	

buyers	develop	and	operate	a	
capability	solu-on	across	(and	
incorpora-ng)	all	contribu-ng	
components,	by	deploying	all	
appropriate	systems	engineering	
approaches/techniques	to	
understand	the	problem,	inves-gate	
op-ons,		develop,	integrate,	
transi-on	to	service,	operate,	
maintain,	renew,	upgrade	and	
dispose	of	the	components	that	
together	meet	the	need.	
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W7:	Enterprise	Planning		

•  Weltanschauung:	Managing	
the	interdependencies	
between	capabili6es	

•  Described	by	a	system	in	
which:		

•  Strategists	(supported	by	all	
CoC	Owners)	develop,	
maintain	and	ensure	
implementa-on	of	an	
integrated	plan	in	order	to	
manage	the	interdependencies	
between	all	CoC	changes,	
across	all	capabili-es,	and	all	
business	service	delivery	in	
order	to	support	strategy,	
finance,	and	CoC	owners.	
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W8a:	Organisa6onal	Capability		

•  Weltanschauung:	
Organisa6ons	have	capability	

•  Described	by	a	system	in	
which:		

•  an	organisa-on	controls	
resources	that	it	can	configure	
to	maximise	its	performance	in	
the	crea-on,	by	its	employees,	
of	products	and/or	services	
that	are	desired	by	consumers/
users,	in	order	to	maximise	the	
return	on	investment	of	its	
shareholders	(stakeholders).	
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W8b:	Rela6onal	Capability	

•  Weltanschauung:	Capabili6es	
emerge	through	processes	of	
interac6on	between	individuals,	
groups	and	organiza6ons	

•  Described	by	a	system	in	which:		
•  consumers	of	products	and	

services	benefit	from	improved	
commercial	offerings	of	
companies	whose	opera-onal	
capabili-es	are	enhanced	through	
the	rela-onships	with	their	supply	
chains;	the	overall	capability	of	
the	supply	chain	being	revealed	
through	the	interac-ons	between	
the	organisa-ons	within	the	
supply	chain	that	represents	an	
extended	knowledge	enterprise.	
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W2:	Capability	Planning	

W3:	Capability	Trade-off	

W4:	Service	Capability	

W5:	Dynamic	Capability	
Reconfigura(on	

W6:	Capability	Systems	
Engineering	

W7:	Enterprise	
Planning	

W8:	Organisa(onal	
Capability	

W1:	Equipment	Capability	

Which	W	best	describes	the	view	from	
your	day	job?	



Presenta(on	for	the	INCOSE	Symposium	2011	Denver,	CO	USA	 18	Presenta(on	for	the	INCOSE	Symposium	2011	Denver,	CO	USA	

A	moment	of	insight	
Client	side	SE	

Supplier	side	SE	
(the	V	m

odel)	

Capability	value	chain	trade-
off	

Capability	integra(on	/	
service	development	

Focus	on	Value	

Focus	on	Solu6on	

Focus	on	Purpose	

Ar6culate	need	
for	change	

Define	Benefits	

Characterise	
capability	

Design	
capability	

Define	
component	
requirements	

Deliver	
components	

Integrate	
capability	

Verify	
capability	

Use	

Realise	benefits	

Client	side	SE	
Supplier	side	SE	
(the	V	m

odel)	

Capability	value	chain	trade-
off	

Capability	integra(on	/	
service	development	

Influence	

Control	

Ring,	J.	(2002).	Toward	an	ontology	of	
systems	engineering.	INSIGHT	,	5	(1),	19-22	
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Client	side	SE	
Supplier	side	SE	

	

Capability	value	chain	trade-
off	

Capability	integra(on	/	
service	development	

Mapping	the	Weltanschauungen	

Focus	on	Value	

Focus	on	Solu6on	

Focus	on	Purpose	

W1:	Equipment	Capability	

W2:	Capability	Planning	

W3:	Capability	Trade-off	

W4:	Service	Capability	

W5:	Dynamic	Capability	
Reconfig.	
W6:	Capability	Systems	
Eng.	
W7:	Enterprise	Planning	

W8:	Organisa6onal	/	
Rela6onal	Capability	
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Is realised through 

Equipment	
Processes	
People	

Support	Services	
Infrastructure	

Are composed of 

Include 

Contributes to 

Has 

Is made up of 

Create 

Orchestrates 

Are measured through 

Are defined by 

provide 
Deliver 

Build/Own/
Operate 

PESTLE	
Factors	

Affects 

The	Concepts	of	Capability	Engineering	
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Is realised through 

Are composed of 

Include 

Contributes to 

Has 

Is made up of 

Create 

Orchestrates  

Are measured through 

Are defined by 

provide 
Deliver 

Build/Own/
Operate 

PESTLE	
Factors	

Affects 

Equipment	
Processes	
People	

Support	Services	
Infrastructure	Narrow	System	of	Interest	

Wide	System	of	Interest	

Equipment	
Processes	
People	

Support	Services	
Infrastructure	

W1:	Equipment	Capability	
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W4:	(Con6ngent)	Service	Capability	

Is realised through 

Equipment	
Processes	
People	

Support	Services	
Infrastructure	

Are composed of 

Include 

Contributes to 

Has 

Is made up of 
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Are defined by 
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Deliver 
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W6:	Capability	Systems	Engineering	

Is realised through 

Are composed of 

Include 

Contributes to 

Has 

Is made up of 

Create 
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Layer	1:	Product	
Layer	

Layer	2:	System	
Layer	

Layer	3:	Business	
Systems	
Engineering		

Layer	4:	Industrial	
Systems	
Engineering	

Layer	5:	Socio-
Economic	

Product	
Perspec,ve	

Service	
Perspec,ve	

Opera,onal	
Perspec,ve	

Enterprise	
Perspec,ve	

Holis,c	Systems	
Engineering	
Perspec,ve	

W3	

W4	

W5	

W6	

Ca
pa
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lit
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ng
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W7	

W8a	
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Hitchins		Systems	
Engineering	
Layers	

W1	

W2	 Re
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W8b	

Mapping	Ws	to	Hitchins’	Five	Layers	
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SO	WHAT?	

The	foregoing	has	led	the	CWG	to	the	following	ten	posi(on	statements	
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Posi6on	Statements	(1	&	2)	

•  It	is	the	group’s	view	that	capability	is	
the	ability	to	do	something;	it	is	not	a	
synonym	for	a	system	func(on	or	system	
purpose.		Clearly	there	are	some	
perspec(ves	of	capability	that	contradict	
this	(W1).	

•  A	corollary	of	the	statement	above	is	that	
capability	engineering	is	significantly	
different	from	product	systems	
engineering	and	broader	than	(though	it	
incorporates)	the	process	perspec(ve	of	
systems	engineering.	



Presenta(on	for	the	INCOSE	Symposium	2011	Denver,	CO	USA	 27	

Posi6on	Statements	(3,	4,	&	5)	
•  Capability	engineering	is	very	similar	in	
scope	to	views	of	systems	engineering	
such	as	Ring’s	Value	Cycle	(Ring,	2002)	and	
layers	1-4	of	Hitchins’	Five	Layer	Model	
(Hitchins,	1994).			

•  Capability	engineering	is	the	overarching	
approach	that	links	value,	purpose,	and	
solu6on	of	a	systems	problem.	

•  As	such,	capability	engineering	comprises	
mindset	(holis(c	thinking,	assump(ons),	
trade-offs,	design,	processes,	values	and	
policy,	and	outcomes.	
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Posi6ons	Statements	(6	&	7)	

•  Capability	is	realised	through	a	
combina(on	of	components	that	
include	hard	(equipment)	and	sof	
(people	and	processes)	systems	
together	with	suppor6ng	services	
and	infrastructure.	

•  The	processes	for	capability	
engineering	are	largely	the	same	as	
tradi6onal	systems	engineering,	
but	the	mindset	and	system	
boundary	are	different.	
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Posi6ons	Statements	(8,	9,	&	10)	

•  There	are	significant	prac(ce	and	examples	of	
capability	engineering	from	(at	least)	the	UK	
rail	provision,	defence,	and	Informa6on	
Services.	

•  One’s	Weltanschauung	of	capability	
engineering	is	clearly	dependent	on	where	
one	draws	the	systems	boundary.		It	is	the	
view	of	the	Perspec(ves	Analysis	sub-group	
that	the	most	appropriate	place	to	draw	the	
systems	boundary	for	capability	engineering	
is	to	enclose	layers	1-4	of	the	Hitchins’	Five	
Layer	Model	of	systems	engineering.	

•  Capability	and	capability	engineering	are	
important	concepts	that	reaffirm	the	holis6c	
view	of	systems	engineering;	this	may	imply	
the	need	for	further	INCOSE	guidance	at	the	
higher	Hitchins’	layers	(3	and	4).	
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What	next?	

•  Ontology	development	
– To	test	SOI	for	Ws	and	underpin	defini(ons	
– To	translate	Capability	language	between	
sectors	/	domains	

• Why	do	Capability	Systems	Engineering?	
And	what	does	good	CSE	look	like?	

•  Literature	review	
• Worked	examples	of	good	CSE	
•  Communica(on	and	educa(on	
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Capability’s	Engineering	


