
Welcome	to	the 
2021	System	of	Systems	Engineering	Collaborators	Information	

Exchange	(SoSECIE)

We	will	start	at	11AM	Eastern	Time	
You	can	download	today’s	presentation	from	the	SoSECIE	Website:	

https://mitre.tahoe.appsembler.com/blog		

To	add/remove	yourself	from	the	email	list	or	suggest	a	future	topic	or	
speaker,	send	an	email	to	sosecie@mitre.org	

SoSECIE	Webinar

https://mitre.tahoe.appsembler.com/blog
mailto:sosecie@mitre.org


NDIA	System	of	Systems	SE	Committee

• Mission	
• To	provide	a	forum	where	government,	industry,	and	academia	can	share	lessons	
learned,	promote	best	practices,	address	issues,	and	advocate	systems	
engineering	for	Systems	of	Systems	(SoS)	

• To	identify	successful	strategies	for	applying	systems	engineering	principles	to	
systems	engineering	of	SoS	

• Operating	Practices	
• Face	to	face	and	virtual	SoS	Committee	meetings	are	held	in	conjunction	with	
NDIA	SE	Division	meetings	that	occur	in	February,	April,	June,	and	August
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NDIA	SE	Division	SoS	Committee	Industry	Chairs:		
Mr.	Rick	Poel,	Boeing	
Ms.	Jennie	Horne,	Raytheon	

OSD	Liaison:		
Dr.	Judith	Dahmann,	MITRE



Simple	Rules	of	Engagement

• I	have	muted	all	participant	lines	for	this	introduction	and	
the	briefing.	
• If	you	need	to	contact	me	during	the	briefing,	send	me	an	e-
mail	at	sosecie@mitre.org.	
• Download	the	presentation	so	you	can	follow	along	on	your	
own	
• We	will	hold	all	questions	until	the	end:	

• I	will	start	with	questions	submitted	online	via	the	CHAT	
window	in	Teams.	

• I	will	then	take	questions	via	telephone;	State	your	name,	
organization,	and	question	clearly.	

• If	a	question	requires	more	discussion,	the	speaker(s)	contact	
info	is	in	the	brief.

�3



Disclaimer

• MITRE	and	the	NDIA	makes	no	claims,	promises	or	guarantees	about	the	
accuracy,	completeness	or	adequacy	of	the	contents	of	this	presentation	and	
expressly	disclaims	liability	for	errors	and	omissions	in	its	contents.	

• No	warranty	of	any	kind,	implied,	expressed	or	statutory,	including	but	not	
limited	to	the	warranties	of	non-infringement	of	third	party	rights,	title,	
merchantability,	fitness	for	a	particular	purpose	and	freedom	from	computer	
virus,	is	given	with	respect	to	the	contents	of	this	presentation	or	its	hyperlinks	
to	other	Internet	resources.	

• Reference	in	any	presentation	to	any	specific	commercial	products,	processes,	
or	services,	or	the	use	of	any	trade,	firm	or	corporation	name	is	for	the	
information	and	convenience	of	the	participants	and	subscribers,	and	does	not	
constitute	endorsement,	recommendation,	or	favoring	of	any	individual	
company,	agency,	or	organizational	entity.
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2021-2022	System	of	Systems	Engineering	Collaborators	
Information	Exchange	Webinars 

Sponsored	by	MITRE	and	NDIA	SE	Division
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May	4,	2021	
OUSD	R&E:	USD(R&E)	Mission	Engineering	(ME)	State	of	Practice	

Elmer	L.	Roman	

May	18,	2021	
Application	of	Probabilistic	Graph	Models	to	Kill	Chain	and	Multi-Domain	Kill	Web	Analysis	Problems	

Jason	Baker	and	Valerie	Sitterle	

June	1,	2021	
Applying	an	MBSE	Approach	for	Evaluating	Shipyard	Operations	

David	Jurkiewicz	

June	15,	2021	
Implementing	a	Digital	Engineering	Environment	for	Mission	Engineering	

Jason	Anderson	and	Jeffrey	Boulware	

https://www.mitre.org/capabilities/systems-engineering/collaborations/system-of-systems-engineering-collaborators



2021-2022	System	of	Systems	Engineering	Collaborators	
Information	Exchange	Webinars 

Sponsored	by	MITRE	and	NDIA	SE	Division

https://www.mitre.org/capabilities/systems-engineering/collaborations/system-of-systems-engineering-collaborators

June	29,	2021	
Digital	Engineering:	From	Toolchain	to	Platform		

Dr.	Aleksandra	Markina-Khusid	

July	13,	2021	
Developing	Meta	Systems	Architectures	for	Leading	Innovation	with	Complex	Societal	and	Technical	

Challenges	
Dr.	Cihan	Dagli	

July	27,	2021	
Advancements	Towards	a	Digital	Approach	for	Mission	Engineering	

Todd	Shayler	and	Daniel	Browne	



©	2021		Targeted	Convergence	Corporation.  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Leveraging	Set-Based	Practices	to	Enable	Efficient	
Concurrency	in	Large	Systems	and	Systems-of-
Systems	Engineering

Brian	M.	Kennedy	
CTO	
Targeted	Convergence	Corporation
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The	Systems	Development	Process	is	often	depicted	as	a	“V”…

…	but	even	  
the	paper	that	
originally	presented	
the	 
“V”	model	
emphasized	there	
were	critical	details	
that	are	needed	for	
this	to	work…
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There	is	critical	work	that	must	be	done	concurrently…

Without	considering	
the	“Critical	Issues”	
at	the	lower	levels,	
you	can	easily	make	
very	bad	decisions	
at	the	higher	levels.

Easier	said	than	done!
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There	is	critical	work	that	must	be	done	concurrently…

The	rework	to	fix	those	bad	decisions	
tends	to	be	extremely	expensive!

Without	considering	
the	“Critical	Issues”	
at	the	lower	levels,	
you	can	easily	make	
very	bad	decisions	
at	the	higher	levels.

Easier	said	than	done!
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Studies	have	shown	that	Rework	can	Cost	10x,	100x,	or	even	1000x!

• This	chart	is	from 
INCOSE’s	Systems 
Eng.	Handbook 
(which	credits 
Defense	Acq.	Univ.)	

• Many	companies	report	65-75%	of	their	engineering	capacity	is	consumed	by	rework	
(revising	things	that	they	thought	were	final)	

• Just	eliminate	that	alone	and	you	have	a	3X-4X	productivity	boost!
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There	is	critical	work	that	must	be	done	concurrently…

To	avoid	that	rework,	
the	lower	levels	must	
do	that	analysis	work	
with	much	
uncertainty…	and	
hence	the	need	for	
“Set-Based”	
Concurrent	
Engineering	practices.

The	rework	to	fix	those	bad	decisions	
tends	to	be	extremely	expensive!
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In	the	case	of	Systems	of	Systems…

The	rework	to	fix	those	bad	decisions	
tends	to	be	extremely	expensive!

Aircraft	Carrier	Based  
Search	&	Rescue	System

Unmanned	Aerial	
Vehicle

Daytime	Sensor	Sys.

Nightime	Sensor	Sys.

Propulsion	System

Base	Cmd	
&	Control	

and	
Tracking	
System
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In	the	case	of	Systems	of	Systems,	there	are	“V”s	at	those	lower	levels…

The	rework	to	fix	those	bad	decisions	
tends	to	be	even	more	expensive!
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The	Set-Based	practices	start	with	what	we	tend	to	know…

• We	start	with	the	Targets…	not	really	“the	Requirements”	(those	are	decisions	we	
need	to	delay	until	we	have	all	the	knowledge)	

• Our	engineers	will	have	lots	of	Ideas	on	how	to	achieve	those	Targets	
• We	then	use	those	Ideas	to	identify	the	Capability	Limits	we	will	likely	run	into	

trying	to	implement	those	Ideas	in	order 
to	satisfy	those	Targets	

• Those	Capability	Limits	will	force	us 
to	make	Trade-Offs	between  
competing	Targets	

• Knowledge	of	those	Trade-Offs 
will	be	needed	to	make	the 
right	decisions	on	which	Ideas 
and	the	ultimate	Requirements
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We	use	Visual	Models	to	Identify	the	Key	Knowledge	Gaps…

• To	identify	those	Knowledge	Gaps,	we	use	a	Causal	Map	to	map	out	what	
we	know	about	the	Capability	Limits	to	how	they	impact	the	Targets,	
exposing	what	we	need	to	know	to	compute	the	Trade-Offs	

• Causal	Maps	are	very	simple	visual	models	(just	4	shapes	to	learn)	such	
that	you	can	pull	in	experts	from	many 
different	disciplines	with	no	training
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Use	the	Key	Decisions	to	Prioritize	&	Pull	the	Required	Knowledge

• But	we	rarely	have	time	to	close	ALL	the	Knowledge	Gaps	
• So,	we	use	what	we	know	or	can	learn	quickly	to	converge	some	of	

the	decisions	to	smaller	sets,	…	
• And	then	focus	on	learning	in	just	that	smaller	portion	of	the	design	

space		(i.e.,	efficiency	from	“eliminating	the	weak”)

• Ultimately	we	want	to	close	all	the	Knowledge	Gaps	such	
that	the	right	final	decisions	are	plainly	visible
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…	Organizing	the	Decisions	into	Integrating	Events…

• The	Decisions	that	are	closely	related	(as	identified	by	the	Causal	
Maps)	and	thus	need	to	be	converged	together	are	formulated	into	
Integrating	Events	that	make	clear	what	Knowledge	is	needed	and	
thus	what	Knowledge	Gaps	must	be	closed

• Rather	than	traditional	Task-Based	Scheduling,	we	use	Decision-
Based	Scheduling	to	identify	when	key	Decisions	need	to	be	
converged
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The	System	team	maps	the	Targets	and	Ideas  
through	the	Limits	to	identify	the	Trade-Off 
decisions	that	must	be	made…	 

But	many	of	those	Knowledge	Gaps	may	require	the	expertise	of	
various	subsystem	teams	(some	in	suppliers’	organizations)…  

and	identify	the	Knowledge	Gaps	that	need	to	be	
closed	to	establish	that	“Success	is	Assured”.  

But	that	must	be	Coordinated	across	Subsystem	Teams…
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!20

Each	subsystem	team	maps	out	their	subsystem	
targets,	limits,	and	trade-offs;	and	then	identifies	
and	closes	their	Knowledge	Gaps.

But	that	must	be	Coordinated	across	Subsystem	Teams…
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As	they	learn,	they	converge	decisions	that	
may	impact	others’	design	spaces.

Each	subsystem	team	maps	out	their	subsystem	
targets,	limits,	and	trade-offs;	and	then	identifies	
and	closes	their	Knowledge	Gaps.

But	that	must	be	Coordinated	across	Subsystem	Teams…
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The	system	team	collects	the	learning	across	the	subsystems,	  
makes	system	decisions,	and	communicates	those	to	other	teams.

But	that	must	be	Coordinated	across	Subsystem	Teams…
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The	system	level	
Integrating	Events	
set	the	learning	
cadence…

…	and	coordinate	
the	decision	
making	across	the	
subsystems.

*	Integrating	Events	are	NOT	the	same	as	program	milestones,	
but	may	be	pulled	by	them.

But	that	must	be	Coordinated	across	Subsystem	Teams…
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The	Maps	identify 
the	“Interface	Decisions”	that	are	shared	
across	teams,	calling	for	collaboration.

But	that	must	be	Coordinated	across	Subsystem	Teams…
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Some	suppliers	
may	be	able	to	
supply	visual	
knowledge.

Some	may	be	able,	but	
be	unwilling	to	share	–	
a	higher	level	model	
can	be	used.

Some	may	be	unable;	
several	work-arounds	
are	possible...

Often	Subsystem	Teams	are	in	separate	Supplier	Organizations…
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• Early	on,	the	Targets	(Goal	and	Veto	levels)	are	provided	until	the	actual	
program	Requirements	can	be	decided	(via	learning	and	convergence).	

• Rather	than	simple	converging	ranges	for	those	Requirements’	values,	
suppliers	can	provide	models	that	show	the	design	space	and	the	trade-off	
sensitivities.	

• The	provided	models	may	be	high-level	(protecting	supplier	IP);	consider	
the	jet	engine	model	used	by	the	aircraft	company	in	the	story	in	the	book	
Success	is	Assured.	

• For	less	mature	suppliers,	the	system	team	may	create	their	own	model	
based	on	historical	data	or	otherwise;	consider	that	the	jet	engine	model	
actually	was	a	model	created	by	Raymer	based	on	real-world	historical	
data.

But	in	any	case,	Supplier	Collaboration	is	much	richer
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A	System-of-Systems	Causal	Map	might	look	like	this…

Carrier	Based  
Search	&	Rescue	

System

Unmanned	Aerial	
Vehicle

Infrared	Sensor	System

Jet	Propulsion	System
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A	System-of-Systems	Causal	Map	might	look	like	this…

Carrier	Based  
Search	&	Rescue	

System

Unmanned	Aerial	
Vehicle

Infrared	Sensor	System

Jet	Propulsion	System
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A	System-of-Systems	Trade-Off	Chart	might	look	like	this…
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\RX QHDU�RSWLPDO &RVW

2SWLPL]LQJ &RVW PD\ EH
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System-of-Systems	Trade-Off	Charts	might	look	like	these…
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K-Briefs	organize	the	Visual	Models	needed	to	tell	the	story	that	the	experts	from	the	different	subsystem	teams	need	to	Collaborate	on
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Any	Questions??

• There’s	a	short	(2-minute)	video	trailer	on	our	book	at: 
					http://SuccessIsAssured.com/


