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What is Complexity?

Research Approach

— Collecting and Filtering Measures

— Survey

— Analysis

Hypothesis and statistical significance of results
Discussion

— Two outcome groups

— Variable interactions

 Advertisement




What is Complexity? @E

. . Philadelphia, PA
Design Detall June 24-27, 2013

Difficulty Stakeholder conflict

Computational Time

Technology Readiness
Safety Criticality Language Maturity

Size ($ or FTE) Nonlinearity Algorithmic complexity
Nodes and Edges ~ Changing needs ..t o¢ 5 king

Cohesion and Coupling

Enterprise scope

Connectivity _ _
Requirements conflict _
Ultra-high
Operational evolution Cognitive Fog Uncertainty Quality
_ Short-term
No. Requirements No. Contractors thinking
Frustration Diversity
Size of Changes O\é\.hcﬁ.ed Independent agents
in Limbo JECLIVES Management

Thrashing
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Research Approach INCOSE
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* Research Question: Are there any complexity
measures that predict project success or failure?

 Method:
— ldentify

« complexity measures
« outcome measures (cost, schedule, quality, etc.)

— Survey completed programs

— Analyze: do “more complex” programs correlate with
worse outcomes?

— Null hypothesize re those measures, then test
statistically




Measure

Project Milestones

Difficult . : :
Y Design Detail ~ Language Maturity Filteri ng June 24.27, 2013
No. Contractors Stakeholder conflict Diversity
Uncertainty Computational Time

Cohesion and Coupling Technology
Safety Criticality Readiness
Size ($ or FTE)  Enterprise scope
Connectivity ~ First of a kind
Requirements conflict
Cognitive Fog Nodes and Edges
# Requirements
Algorithmic |ndependent
complexity agents
Nonlinearity Feasibility for System
Wicked H%Iflp%z:h Development Program
Objectives

88 measures

34 measures

Operlati_onal M_Ic_\rr]\raagsehri?%nt Comparable across
evo Utl(l)ﬂtra-hi - Short-term Programs, Include all

Changind?uality thinking Types and Entities
needs
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Measure Filtering
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Feasibility for System

Development Program

Design Detail Language

Connectivity Maturity

Size (§ or FTE)  Stakeholder conflict
Enterprise scope

Short-term Unprecederll:%levdersIty
_ thinking  Requirements conflict
# Requirements 34 measures
-Easy Cognitive Fog
_Nominal Changing needs
-Difficult Difficulty No. Contractors

Comparable across
Programs, Include all
Types and Entities

Cohesion and Coupling  Operational

Technology evolution

Readiness
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34 measures

Stakeholder

Enterprise ~ conflict
scope Size ($)

Feasibility for System
Development Program

Entities Unprecedented
System, Project, c y
) - ognitive
Environment, (Cognitive) T — # Requirements Fog
Programs, Include all -Easy
Types S : No.
Size, Connectivity, Types and Entities '_'\é?f?ézil Contractors
Inhomogeneity, Dynamic Mission
i, ' Requirements :
Short-term, Dynamic Long qconflict Environment  Technology

Term, Sociopolitical Readiness
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Survey Characteristics
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Other Q1: Domain Q40: Respondent Role Q7a Project Start Year
8% <1990
Consumer Consultant >2005 99
4% | 109 6% 1991 19
Civi
0 Proj Mgr
o 26% 23%
2001 20 1996 -2
Sys Arch 25% 17%
80% Aerospace/ "> 1% SEs, ~ Fairly evenly split
defense Project Managers over 20 years

Over 80% Used PjM Techniques
used PERT-type @ PERT Risk Mgt Agile Lean
planning and used . 1'
Risk Management;
only 10-20% used 79% 89%
No No

7% 19%

Ag/le or used Lean




Qutcomes

Q8: Deliver Product Q10: Schedule Delay
Q9: Cost Overrun 3% 559 Q11: Performance

9% None Shortfall

>100%

12%

Philadelphia, PA
June 24-27, 2013

Q12: Subjective
Success

30%

>100% 5%_5% GS
15% SR
50-100% 14/;’ 27%
20-50% MMS
Only about 742 met cost and schedule, but
/0% met performance; > )2 a success
Independent (39 Questions) Dependent .
e Project Characteristics (17) (5 questions: Project Outcomes)
e System Characteristics (10) * Cost
e Environment Characteristics (11) * Schedule
e Cognitive characteristics (1) * Performance

e Deliver product
Subjective Success




Complexity Variables INCOSE
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* Did the complexity of 2 variables correlate Iin
the same direction”? (green; yellow=0, red=no)

* Did a complexity variable correlate in the
same direction as an outcome (i.e., worse)?

!""" : A '\ b IL.!L
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Significance, Unsorted

Diff-> 1 4 5 6 7a7b 8 9 10 11 12 13 14a 14b 14c 14d 15 16e 16n 16d 17 18 19 20 21 22* 23* 24 25 26 27 28 29 30 31 32 33 34 35 36 37 33a 38b 38¢ 38d 39¢ 38t 38g,38h
rinaaenoma, ra

Splitby v
Domain

Annual Cost -
Life Cost [ |

Relative Size

H =
| | . | |
7a Start Year [ || “ || . N
7b Finish Year T -
8 Delivered Product -
9 Cost Overrun ‘
10 Schedule Delay -
11 Performance Shortfall -
|

12 Subjective Success

13 Replanning
14a Use PERT
14b Use Risk Mgmt

14c Use Agile
14d Use Lean

15 No. Subsystems
16e Requirements Easy
16n Requirements Nominal
16d Requirements Difficult
17 Architecture Precedence
18 Technical Rqts Conflict
19 Tech-C&S Rqts Conflict
20 Expectations Easy

21 TRLs

22 Operational Evolution

23 No. Subcontractors

24 Changes Limbo

25 Schedule Dependency
26 Planned-Agile

27 Staff Skills

28 No. Decision Makers

29 No. Government

30 No. Contractors

31 Experience Level

32 Cognitive Fog

33 Estimates Right

34 Priorities Short Term

35 No. Sponsors

36 Stakeholder Conflict

37 Needs Changed

38a Mission Environment
38b Scope Function-Enterprises
38c Scale of Users

38d Acquire Projects Systems
38e Stakeholder Involvement
38f Stakeholder Relationships
38g New Capability

38h S’Ttem Behavior Known

[ ) BNC, B o

[Y)

S=significant at p<0.05 VS=significant at p < 0.001



Coherence NCO

Diff-> 32 13 3316d 10 9 12 3638el6e 5 16n2438b 4 1938f 11 31 28 37 6 18 2338h 8 27 25 17 1 38d 15 29 30 35 3438a 20 2238g38c 21 7a 7b 14aldbl4c14d 26

Splitby v
32 Cognitive Fog
13 Replanning
33 Estimates Right
16d Requirements Ditticult
10 Schedule Delay
9 Cost Overrun
12 Subjective Success
36 Stakeholder Contlict
38e Stakeholder Involvement
l6e Requirements Easy
5 Lite Cost
16n Requirements Nominal
24 Changes Limbo
38b Scope Function-Enterprises
4 Annual Cost
19 Tech-C&S Rqts Contlict
38t Stakeholder Relationships
11 Pertormance Shorttall
31 Experience Level
28 No. Decision Makers
37 Needs Changed
6 Relative Size
18 Technical Rqts Conflict
23 No. Subcontractors
38h System Behavior Known
8 Delivered Product
27 Staft Skills
25 Schedule Dependency
17 Architecture Precedence

1 Domain

38d Acquire Projects Systems
15 No. Subsystems

29 No. Government

30 No. Contractors

35 No. Sponsors

34 Priorities Short Term
38a Mission Environment
20 Expectations Easy

22 Operational Evolution
38g New Capability

38c Scale of Users

21 TRLs

7a Start Year

/b Finish Year
142 Use PERT

14b Use Risk Mgmt
14c Use Agile

14d Use Lean

26 Planned-Agile




Research Statement INCOSE
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« Research Question: Does complexity predict project
failure?

* Hypothesis: Programs characterized by higher numbers
of “difficult” * requirements, higher cognitive overload and
more complex stakeholder relationships demonstrate
significantly higher performance issues (cost overrun,
schedule delay, and performance shortfall).

**Difficult” is defined by COSYSMO (Valerdi 2008)




Hypothesis Variables vs. Outcomes

Complexity Variable

Qled—Requirements Difficult
Low (Under 100) mean
High (Over 100) mean

p-value
Significance

Q32—Cognitive Fog

Low (D-SD) mean
High (A-SA) mean
p-value
Significance

Q38f—Stakeholder Relationships

Low (Stable) mean

High (Resistance) mean

p-value
Significance

-
[T 4
R

57
12

33
19

Outcome Variable

Cost Schedule Performance
Overrun Overrun Shortfall
3.37 3.30 2.26
5.00 4.64 3.60
0.00027 0.00165 0.00163

Very (p<0.001) Significant Significant
3.03 297 2.00
3.89 4.11 3.53
0.0395 0.0120 0.00074
Significant Significant Very (p<0.001)
3.30 3.11 2.15
4.50 4.19 3.27
0.0209 0.0243 0.0245
Significant Significant Significant

s vl

= |
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Means:

1 = better
2=+/-5%

3 = worse 5-20%

4 = worse 20-50%
5 = worse 50-100%
c&s only:

6 = worse >100%



Two Outcome Groups

l%E

IntggnationaliSymposium

S
& P

14d
29
38h
31
38f
32
16d
33
36
14a
38e
18

16n
19

16e
25

23
38b

27
14b
37
28

24
26

Use Lean

No. Government

System Behavior Known
Experience Level
Stakeholder Relationships
Cognitive Fog
Requirements Difficult
Estimates Right
Stakeholder Conflict

Use PERT

Stakeholder Involvement
Technical Rgts Conflict
Domain

Requirements Nominal
Tech-C&S Rqts Conflict
Requirements Easy
Schedule Dependency
Annual Cost

No. Subcontractors
Scope Function-Enterprise
Relative Size

Staff Skills

Use Risk Mgmt

Needs Changed

No. Decision Makers

Life Cost

Changes Limbo
Planned-Agile

Delivered Performance Subjective . Cost Schedule
Replanning
Product Shortfall Success Overrun Delay
8 11 12 13 9 10
Sig
Sig
Sig Sig
Sig Sig Sig
Sig Sig Very Sig. Sig Sig
Sig | Very Sig. I Very Sig. Sig Sig Sig
Sig Sig Sig Very Sig. Sig
Sig Very Sig. Very Sig. Very Sig.
Sig Sig Sig Sig
Sig - Sig -
Sig Sig Sig Sig
Sig Sig Sig
Sig Sig Sig
Sig Sig Sig
Very Sig. I Sig Sig
Sig Sig
Sig Sig
Sig Sig
Sig Sig
Sig Sig
Sig Sig
Sig Sig
Sig - Sig -
Very Sig. | Sig
Sig
Sig Sig
Sig Sig
Sig -

ladelphia, PA
e 24-27, 2013
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How Do Top 3 Complexity Variables
Lead to Outcomes?

Q38f-Changing
Stakeholder
Relationships &

Resistance

Resistance

Changing
Relationships

New
Stakeholder
Personnel

T

Struggles

Power

Stakeholder
Clarification

Q1l6d-Difficult
Requirements

Hard to trace
to source

Hard to
Implement

# Architecture
option studies

High Overlap

Requirements
changes

/ Late decisions|

Political
Arguments

Instability and

™

'~

Q32-
Cognitive Fog

Usable
Inexpensive
solutions

/"|Conﬂicting Data
>

Wrong
decisions

</

K

. ‘ Imperfect
< solutions

XN

lVN, CO Osium
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Performance
Shortfall

Rework

More Tests,
More Data

Expensive
solutions

&

\lv oot

Schedule
Delay

-

overrun
———




Enterprises

Cognitive Fo
[ e g g

Philadelphia, PA
# Decision ‘!_ June 24-27, 2013

Makers
\\; Stakeholder

Conflict | 4| Changes in
Limbo

Requirements

v | changes
Stakeholder * & Performance
Need Changes Shortfall
Instability and
Conflicting
Precedented Political Data Imperfect

solutions

Architecture Arguments

+
Experience
Level Wrong Schedule
K"’ decisions Delay
Staff Skills

_/Vv‘

Rework
d > e
# Easy an Cognitive Fog More Tests
#Nominal L = =~ I More Data
Requirements &

\‘J Requirements Expensive
conflict, Technical solutions *, Cost
overrun

Requirements
conflict,
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* Project outcomes (cost, schedule, performance)
do go up and down with many “complexity

variables”
« Three variables predict all three outcomes (both

project success and system success); 20 more
predict one or the other

* Afocus on complexity probably is useful to
Improve systems engineering
— But not oversimplified to one variable, or additive

!""" ;_.‘ A '\ b IL.!L
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 Complex Systems Working Group (CxSWG)
has just written a Complexity Primer

 Review comments being adjudicated
* 9 pages, non-academic

* For Joe/Jo Ordinary Systems Engineer (JOSE)
and manager

* Longer and better cited papers next
* Need your help including what topics

!""" : A '\ b IL.!L
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BACKUP SLIDES
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Wording of Questions INCOSE
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Q32 “The project frequently found itself in a fog of conflicting data and cognitive
overload.” Do you agree with this statement?

(1)Strongly Agree (2)Agree (3)Neutral (4)Disagree (5)Strongly Disagree

Q16d. “Approximately how many system-level requirements did the project have
initially? Difficult requirements are considered difficult to implement or engineer,
are hard to trace to source, and have a high degree of overlap with other
requirements. How many system requirements were there that were Difficult?

(1)1-10 (2)10-100 (3)100-1000 (4)1000-10,000 (5)Over 10,000

Q38.“Where did your project fit, on a scale of Traditional, Transitional, or Messy
Frontier, in the following eight attributes?”

38f. Stakeholder relationships: (1) Relationships stable; (2) New relationships; (3)
Resistance to changing relationships.




Success Criteria
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Criterion/ Number of respondents mentioning*

We tested a new process/method
Product interoperated

Right people

System was reliable

PjM was good

Delivered product

Long operational life

Made customer successful

Clear rqgts, lacked scope creep
Solved customer's problem

Came in on time/budget or under
Made money for developer

Set a new bar or new use for tech.
Exceeded performance

{vstem worked, performed correctl}
0 5 10 15 20 25

* (Either + or - : We succeeded because we did, or we failed because we did not.)
s b B . g
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Research Impact INCOSE
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* How does this research complement the existing body of
knowledge?

— Interprets scientific definitions of complexity, as organized into a
taxonomy, for engineering use

— ldentifies which measures work well to measure complexity on practical
programs

— ldentifies those entities whose complexity must be measured, and
identifies measures of complexity for them, that can be measured early-
and mid-program

— Identifies which measures of complexity actually track together and
which seem to be opposite the others

* What has this research demonstrated?
— Difficult requirements, stakeholder relationships, and amounts of
confusion and conflicting data influence all outcomes: cost, schedule,
and performance

— 20-25 other variables also support the evaluation of complexity of
syste evelo programs, and the environme
; Tl .

- [ % |
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Potential Areas of Future Inquiry =~ NG
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Changeability

Project Benefits of B
management Socio-political Complexity Model stability
surprises complexity Theory |
Boundaries Complexity Terminology
and spatial Allocation of reduction | +erdependencies
Additionalinhomogeneity complexity to Representation
measures Maintenance techﬁic |y Allocation of of complexity
and a i
_ system vs complexity
- improvement oeople Complexity
Quantification Entropy Referent
Measure Conway’s law : Inherent
specification Y Gmde_d Models
evolution Kinds of
Systems : systems
Heuristics engineering Unintended e)rllgineering
process Relationship of consequences lexit
complexity to Reducibl complexity
educible
Knee of the causes and complexity Uncertainty

curve effects




Complexity Characteristics INCOSE
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Technical Characteristics/ Cognitive Characteristics/ e 227213

System Characteristics/ Subjective Complexity
Objective Complexity

Many pieces \

Emergent

\ Uncertain

Difficult to understand

Nonlinear

Unclear cause and effect

Chaotic || Adaptive

Tightly coupled
Self-Organized }

Decentralized

i

Unpredictable

Uncontrollable

Unstable

[Unrepairable, unmaintainable

Political Takes too long to build

Open

Multi-Scale




Early and Late Indicators

Q1—Domain Beginning
Q4—Annual cost Fp
Q6—Relative Size O Frogram

Q7a—Start Year

Q15—No. Subsystems
Q16e—Requirements Easy
Q16n—Requirements Nominal
Q16d—Requirements Difficult
Q17—Architecture Precedence
Q18—Technical Rqts Conflict
Q19—Tech-C&S Rqts Conflict
Q20—Expectations Easy
Q23—No. Subcontractors
Q25—Schedule Dependency
Q27—Staff Skills

Q29—No. Government
Q30—No. Contractors
Q31—Experience Level
Q38b—Scope Function-Enterprises
Q38d—Acquire Projects Systems
Q38h—System Behavior Known

[TITT b 18
!26 Rl |

WV

Beginning to
Middle

Ql4a—Use PERT
Ql1l4b—Use Risk Mgmt
Ql4c—Use Agile
Ql14d—Use Lean
Q21—TRLs

Q28—No. Decision
Makers

Q35—No. Sponsors

Q38a—Mlission
Environment

Q38c—Scale of Users
Q38g—New Capability

M

I%E

Nalio) IS\ Mpo!
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Q5—Life Cost
Q24—Changes Limbo
Q26—Planned-Agile
Q32—Cognitive Fog
Q34—~Priorities Short Term
Q36—Stakeholder Conflict
Q38e—Stakeholder Involvement

Q38f—Stakeholder
Relationships

Q37—Needs Changed
Q13—Replanning

Middle

Q7b—Finish Year
Q8—Deliver Product
Q9—Cost Overrun
Q10—Schedule Delay
Q11—Performance Shortfall
Q12—Subjective Success
Q22—O0Operational Evolution
Q33—Estimates Right

LlU:w'd'

End



Outcome Variables

 failure.

# | Variable Low High Pol Split (N of split variable)
Complexity Complexity
8 | Delivered I Yes 2 No 1 Choice 1 yes (64) vs.
Product: Assume Choice 2 no(12)
more complex
projects less likely
to deliver
9 | Cost Overrun 1 Below cost 6 >100% 1 Choices 1-2 <Under
over plan budget to within 5% (19)
Vs.
Choices 4-6 >20% over
(32)
10 | Schedule Delay 1 Early 6 > 100% 1 Choices 1-2 On time or
late early (18) vs.
Choices 4-6 Over 20% late
(28)
11 | Performance 1 Higher than 5<50%of |1 Choices 1-2 Per spec or
Shortfall spec spec or better (50) vs. Choices 4-5
cancelled More than 20% shortfall
(13)
12 | Subjective 5 Great Success | 1 Great -1 Choices 1-2 Failure (20)
Success: Assume Failure vs. Choices 4-5 Success
complexity =

INCO

Int i sium
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June 24-27, 2013



Entity:

Type
SS

SC

Sl

DS

DL

Complexity Types and Entities

Project

System

Environment

Cognitive

INCO

Int i sium

®
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June 24-27, 2013

Project is constructed of
many tasks and teams

System is constructed
of many elements

Environment includes
by many elements in
many structures

Mind is taxed by many
elements and many
problems

Project outcomes
emerge from connected
tasks and teams

System behavior
emerges from
connected elements

Environmental behavior
results from interacting
elements

Mind has difficulty
predicting emergence
from marty interactions

Project has diverse and
inhomogeneous tasks
and teams

System structure has
diversity and
inhomogeneity

Environmental
structures are diverse
and inhomogeneous

Mental models are
simpler without diversity
and inhomogeneity

Project behavior can
change rapidly

System behavior can
change rapidly

Environmental behavior
can change rapidly

Mind has difficulty
predicting nonlinear and
rapid change

Project and its behavior
can evolve significantly
overtime

System and its
behavior can evolve
significantly over time

Environment and its
behavior evolve
significantly overtime

Human mind has difficulty
envisioning evolution to
different forms

Projectis greatly
influenced by socio-
political factors

System may have
socio-political factors

Environment is heavily
influenced by socio-
political factors

Engineers frequently are
not strong in sociopolitical
areas




