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Abstract	
  

•  Systems	
  Engineers	
  are	
  moving	
  ahead	
  with	
  various	
  
iniAaAves	
  to	
  enable	
  Model	
  Based	
  Systems	
  Engineering.	
  	
  
But	
  these	
  iniAaAves	
  may	
  not	
  be	
  capturing	
  the	
  idea	
  that	
  
these	
  systems	
  are	
  Complex.	
  	
  INCOSE	
  and	
  ISO-­‐15288	
  
process	
  areas	
  capture	
  best	
  pracAces	
  to	
  address	
  
complicated	
  systems,	
  but	
  that	
  there	
  are	
  addiAonal	
  
methods	
  require	
  to	
  address	
  the	
  emergent	
  behavior	
  
found	
  in	
  Complex	
  Systems.	
  This	
  presentaAon	
  will	
  
discuss	
  some	
  of	
  the	
  deficiencies	
  in	
  the	
  current	
  
ISO-­‐15288	
  processes,	
  then	
  provide	
  an	
  overview	
  of	
  the	
  
SACS	
  Toolbox	
  approach	
  to	
  viewing	
  a	
  complex	
  system.	
  



Message	
  

•  A	
  popular	
  understanding	
  of	
  Systems	
  Engineering	
  
is	
  if	
  an	
  organizaAon	
  is	
  mature	
  in	
  the	
  INCOSE	
  
Process	
  Areas,	
  then,	
  the	
  products	
  and	
  services	
  it	
  
produces	
  will	
  be	
  opAmal	
  (low	
  cost,	
  high	
  
reliability,	
  opAmal	
  stakeholder	
  saAsfacAon.)	
  

•  This	
  is	
  an	
  opAmizaAon	
  of	
  a	
  staAc,	
  complicated	
  
system,	
  but	
  not	
  necessarily	
  an	
  opAmizaAon	
  of	
  a	
  
complex,	
  dynamic	
  system,	
  with	
  emergent	
  
behavior	
  –	
  parAcularly	
  in	
  terms	
  of	
  sociotechnical	
  
systems!	
  	
  



Background	
  on	
  INCOSE	
  /	
  Systems	
  
Engineering	
  PracAced	
  by	
  This	
  

Professional	
  Group…	
  



Origins	
  of	
  the	
  Process	
  Areas	
  
•  In	
  the	
  beginning,	
  there	
  were	
  Mistakes	
  made	
  when	
  developing	
  complex	
  products	
  

and	
  services.	
  
•  People	
  developed	
  Checklists	
  to	
  try	
  to	
  make	
  sure	
  these	
  didn’t	
  happen	
  again.	
  	
  
•  SomeAmes	
  the	
  Checklists	
  were	
  moved	
  up	
  front	
  in	
  development	
  and	
  called	
  

Requirements	
  or	
  Standards.	
  
•  Taxonomists	
  and	
  Ontologists	
  (well,	
  groups	
  of	
  engineers)	
  got	
  together	
  and	
  

started	
  to	
  group	
  these	
  Checklist	
  acAviAes	
  into	
  focus	
  areas,	
  and	
  called	
  them	
  
Process	
  Areas.	
  	
  	
  

•  Soon,	
  Communi2es	
  of	
  Prac2ce	
  and	
  event	
  departments	
  started	
  to	
  spring	
  up	
  
named	
  aYer	
  these	
  Process	
  Areas…	
  

•  Systems	
  Engineering	
  as	
  a	
  business	
  funcAon	
  was	
  born.	
  
•  As	
  Computers	
  improved	
  to	
  the	
  present	
  day,	
  Systems	
  Engineers	
  are	
  advancing	
  

the	
  use	
  of	
  the	
  soYware	
  tools	
  and	
  methodology	
  to	
  assist	
  in	
  the	
  pracAce	
  of	
  these	
  
process	
  areas:	
  MBSE	
  –	
  Model	
  Based	
  Systems	
  Engineering	
  was	
  born.	
  

Note:	
  No1ce	
  the	
  Cartesian	
  approach:	
  Break	
  things	
  into	
  its	
  component	
  parts,	
  sum	
  
the	
  parts	
  into	
  a	
  whole…	
  



INCOSE	
  Process	
  Areas	
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Are	
  these	
  
social	
  

pracAces?	
  



INCOSE	
  Processes	
  –	
  CommuniAes	
  of	
  PracAce	
  
Process	
  Area Binary	
  Code	
  (Heuristic) Programs Artifacts	
  of	
  the	
  Process Typical	
  Process	
  Participants

CONFIGURATION	
  MANAGEMENT Controlled Change	
  Control
Configurations	
  with	
  Key	
  

Grid	
  Assets

CM	
  Staff,	
  CM	
  Managers,	
  IT	
  
Specialists,	
  Maintenance	
  

Workers

INFORMATION	
  MANAGEMENT Information Ontology/Workflow

Documents,	
  Records,	
  
Wikis,	
  Journals	
  
containing	
  Grid	
  
Information

IT	
  Specialists,	
  Document	
  or	
  
Records	
  Control	
  Staff,	
  

Functional	
  Managers,	
  HR	
  
Knowledge	
  Mgrs,	
  Trainers

HR	
  MANAGEMENT
Productive
Trained

Performance	
  Evaluations
Skills

Employees	
  critical	
  to	
  
Grid	
  Reliability

HR	
  Staff,	
  HR	
  Managers,	
  
Managers

IMPLEMENTATION Ready Build	
  Instructions

Systems	
  Recently	
  
Implemented	
  or	
  Under	
  

Implementation	
  
impacting	
  Grid	
  Reliability

	
  Installers,	
  Lead	
  Engineers,	
  
End	
  Users	
  of	
  System

INTEGRATION Connected State	
  Machines

Systems	
  Recently	
  
Integrated	
  or	
  Under	
  
Integration	
  impacting	
  

Grid	
  Reliability

Systems	
  Engineers,	
  Project	
  
Managers,	
  Test	
  Technicians,	
  

Integration	
  Technicians

OPERATIONS Operating
Operations	
  Plans,	
  MRP	
  

Runs

Control	
  Centers,	
  Control	
  
Rooms,	
  Different	
  Shifts,	
  

Local/Backup

Operations	
  Managers,	
  
Operations	
  Staff

MAINTENANCE Repaired
Maintenance	
  Schedule	
  

and	
  Procedures

Maintenance	
  Crews,	
  
Maintenance	
  Project	
  
Teams,	
  Different	
  Shifts

Maintenance	
  Managers,	
  
Maintenance	
  Staff

PROJECT	
  CONTROL Healthy
Schedule,	
  Resources	
  

Allocation

Standard	
  Work	
  and	
  
Project	
  Work	
  (including	
  
scheduling/monitoring)	
  
impacting	
  Grid	
  Reliability

Project	
  Managers,	
  Line	
  
Managers

EXTERNAL	
  DEPENDENCIES Dependent Relationship	
  Maps

List	
  of	
  External	
  
Resources	
  Critical	
  to	
  Grid	
  

Reliability	
  and	
  their	
  
Interdependencies

Security	
  Managers,	
  Business	
  
Managers,	
  Operators,	
  
Maintenance	
  Workers,	
  

Executives,	
  etc

MEASUREMENT Accurate Analytics List	
  of	
  Measurement	
  
Objectives	
  QM

Analysts,	
  IT	
  Staff,	
  Managers,	
  
Kaizen	
  Leaders,	
  Executives

VERIFICATION True	
  	
   Testing
Systems	
  recently	
  verified,	
  
or	
  under	
  verification	
  that	
  
impact	
  grid	
  reliability

Test	
  Technicians,	
  Project	
  
Managers,	
  Systems	
  

Engineers,	
  Line	
  Managers

VALIDATION Desired Surveys,	
  Tracability

Systems	
  recently	
  
validated	
  or	
  under	
  

validation	
  that	
  impact	
  
grid	
  reliabilty

	
  System	
  Customer	
  Liasons,	
  
System	
  Customers,	
  System	
  
Operators,	
  Stakeholders	
  with	
  

Approval	
  Authority

Process	
  Area Binary	
  Code	
  (Heuristic) Programs Artifacts	
  of	
  the	
  Process Typical	
  Process	
  Participants

QUALITY	
  MANAGEMENT Quality Auditing
Policy,	
  Procedures,	
  and	
  
Objectives	
  for	
  achieving	
  

Grid	
  Reliability

Compliance	
  Managers,	
  
Quality	
  Managers,	
  

Compliance	
  Staff,	
  Quality	
  
Staff

RISK	
  MANAGEMENT Risky
Fault	
  Trees,	
  FMEA,	
  Root	
  

Cause	
  Analysis
List	
  of	
  Grid	
  Reliability	
  

Risks/Threats	
  

Risk	
  Analysts,	
  Systems	
  
Engineers,	
  Security	
  

Managers,	
  Project	
  Managers

DECISION	
  MANAGEMENT Selected MCDA,	
  Decision	
  Trees

List	
  of	
  Key	
  Decisions,	
  
Decision	
  Management	
  
Policy	
  /	
  regarding	
  Grid	
  

Reliability

Decision	
  Makers,	
  Managers	
  
of	
  Decision	
  Makers

PROJECT	
  PLANNING Planned Resource	
  List,	
  
Scheduling	
  Program

List	
  of	
  Projects	
  currently	
  
in	
  planning,	
  or	
  recently	
  
planned	
  that	
  impact	
  Grid	
  

Reliability

Project	
  Managers,	
  Line	
  
Managers,	
  Project	
  

Coordinators

SUPPLY Good	
  Deal Supply	
  Chain	
  Analysis,	
  
Contracts

List	
  of	
  Parts	
  or	
  Process	
  
currently	
  in	
  sourcing

Supply	
  Chain	
  Manager,	
  
Commodity	
  Managers

ACQUISITION ROI Investment	
  Study,	
  
Balance	
  Sheet

Sales	
  List	
  of	
  
parts/contracts

Sales	
  Force,	
  Business	
  
Managers,	
  Salesforce

STAKEHOLDER	
  REQUIREMENTS	
  DEFINITION Desired Requirements	
  Tool Requirements	
  List	
  for	
  
the	
  program

Systems	
  Engineers,	
  
Customers,	
  Stakeholders

REQUIREMENTS	
  ANALYSIS Required Trace	
  Tool Tracability	
  Matrix	
  of	
  
requirements

Systems	
  Analysts,	
  
technicians

ARCHITECTURAL	
  DESIGN Functional Various	
  Design	
  Programs
Prints,	
  Software,	
  

Concept	
  designs	
  for	
  
systems

Design	
  Engineers,	
  Analysts

TRANSITION Sufficient Checkout	
  Procedure,	
  
Readiness

Checklist	
  of	
  transition	
  
items

	
  Test	
  Technicians,	
  Build	
  crew

DISPOSAL Scrapped Material	
  Analysis,	
  
Hazard	
  Analysis

Inventory	
  List	
  of	
  
disposed	
  items

Facilities	
  Manager,	
  Safety,	
  
Maintenance	
  Staff

LIFE	
  CYCLE	
  MODEL	
  MANAGEMENT Value	
  Added Process	
  Improvements
Process	
  Library	
  of	
  

policies,	
  procedures,	
  SOP
Process	
  Manager,	
  Process	
  

Improvement	
  Staff

INFRASTRUCTURE	
  MANAGEMENT Capitalized Capitalization	
  Tool,	
  
Forecasting	
  Tool

Asset	
  List	
  of	
  buildings,	
  
equipment,	
  resources

	
  CFO,	
  Leadership	
  Team,	
  
Finance

PROJECT	
  PORTFOLIO	
  MANAGEMENT ROI Portfolio	
  Tool
Portfolio	
  of	
  projects	
  in	
  
processes	
  and	
  planned

Portfolio	
  Managers,	
  
Leadership	
  Team,	
  Finance	
  

Team

TAILORING Applicable Process	
  Library	
  Trace Tailoring	
  Guidelines,	
  
Tailoring	
  Process

Process	
  Manager,	
  Process	
  
Improvement	
  Staff

More	
  details	
  
on	
  who	
  

pracAces	
  these	
  
areas	
  an	
  how	
  
they	
  think	
  



INCOSE	
  Concept	
  of	
  Time	
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This	
  is	
  how	
  various	
  
process	
  rise	
  and	
  fall	
  
throughout	
  a	
  project,	
  
but	
  not	
  Dynamics…	
  



INCOSE	
  Concept	
  of	
  Interrelatedness	
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I
N
P
U
T
S

OUTPUTS	
  

Input	
  Output	
  
relaAonships	
  aren’t	
  

exactly	
  what	
  complexity	
  
means	
  by	
  this…	
  



CMMI’s	
  Maturity	
  Suggested	
  Progression	
  Through	
  
the	
  Systems	
  Engineering	
  Process	
  Areas	
  

Just	
  improving	
  pieces	
  
doesn’t	
  mean	
  the	
  

emergent	
  whole	
  will	
  be	
  
be`er…	
  



Complex	
  Systems	
  Engineering?	
  











CyberneAcs	
  –	
  Which	
  Systems	
  can	
  
INCOSE’s	
  Processes	
  Address	
  Well?	
  

•  1st	
  Order	
  –	
  Systems	
  as	
  objects	
  
•  2nd	
  Order	
  –	
  How	
  to	
  measure	
  being	
  a	
  part	
  of	
  
the	
  system	
  (dynamics)	
  

•  3rd	
  Order	
  –	
  Complex,	
  open-­‐minded,	
  dynamic,	
  
self	
  organizing,	
  emergent	
  –	
  system	
  reproduces	
  
itself	
  while	
  adapAng	
  to	
  change	
  

•  4th	
  Order	
  –	
  System	
  redefines	
  itself	
  enArely	
  



INCOSE	
  Complexity	
  Working	
  Group’s	
  Advice	
  
Asser2on:	
  Complex-­‐systems	
  can	
  only	
  be	
  engineered	
  by	
  interven2on,	
  not	
  by	
  specifica2on	
  and	
  then	
  
development.	
  -­‐	
  Brian	
  White:	
  
Complex	
  Adap2ve	
  Systems	
  Engineering	
  (CASE)	
  -­‐	
  Complex	
  Systems	
  Engineering	
  Principles:	
  

•  1.	
  Bring	
  Humility	
  
•  2.	
  Follow	
  Holism	
  
•  3.	
  Achieve	
  Balance	
  
•  4.	
  U2lize	
  Trans-­‐Disciplines	
  
•  5.	
  Embrace	
  Poli2cal,	
  Opera2onal,	
  Economic,	
  and	
  Technical	
  Factors	
  
•  6.	
  Nurture	
  Discussions	
  
•  7.	
  Pursue	
  Opportuni2es	
  
•  8.	
  Formulate	
  Heuris2cs	
  
•  9.	
  Foster	
  Trust	
  
•  10.	
  Create	
  Interac2ve	
  Environment	
  
•  11.	
  S2mulate	
  Self-­‐Organiza2on	
  
•  12.	
  Seek	
  Simple	
  Elements	
  
•  13.	
  Enforce	
  Layered	
  Architecture	
  

Some	
  INCOSE	
  members	
  
may	
  be	
  familiar	
  with	
  the	
  
Complexity	
  Working	
  
Group’s	
  advice	
  in	
  this	
  

area	
  



Systems	
  Engineering	
  –	
  Applying	
  
Complex	
  Systems	
  Thinking	
  

•  System	
  Engineers	
  cannot	
  control	
  complex	
  systems	
  
development.	
  	
  They	
  can	
  only	
  influence	
  projects	
  by	
  
targeted	
  communicaAons.	
  

•  System	
  Engineers	
  need	
  dynamic	
  models	
  of	
  the	
  Social	
  
Behavior	
  of	
  their	
  teams	
  in	
  order	
  to	
  steer	
  them	
  through	
  
targeted	
  communicaAons	
  

•  System	
  Boundaries	
  should	
  be	
  drawn	
  around	
  the	
  
stakeholders	
  and	
  environment	
  of	
  the	
  system,	
  not	
  the	
  
development	
  team	
  

•  System	
  Engineers	
  need	
  to	
  bridge	
  the	
  gap	
  between	
  the	
  
Natural	
  Sciences,	
  the	
  Social	
  Sciences,	
  and	
  the	
  
HumaniAes	
  

	
  



Suggested	
  Competencies	
  to	
  Consider	
  

•  Applied	
  Complexity	
  Science	
  
•  Coursework	
  in	
  Non-­‐linear	
  Dynamics	
  and	
  Chaos	
  
•  Coursework	
  in	
  CommunicaAons	
  
•  Coursework	
  in	
  performing	
  Surveys	
  and	
  analyzing	
  their	
  

results	
  correctly	
  
•  Coursework	
  in	
  Causal	
  Mapping	
  
•  Coursework	
  in	
  Data	
  Mining	
  and	
  Data	
  AnalyAcs	
  
•  Experience	
  with	
  leading	
  Self-­‐Organizing	
  Teams	
  (e.g.	
  Open	
  

Space,	
  World	
  Café,	
  Kaizens	
  –	
  not	
  just	
  Waterfall	
  or	
  Agile	
  
Project	
  Management	
  Processes.)	
  

•  PracAce	
  applying	
  tools	
  to	
  Social	
  Systems,	
  not	
  just	
  Technical	
  
Systems	
  



Engineering	
  Complex	
  	
  
Socio-­‐technical	
  Systems:	
  
A	
  Case-­‐Based	
  Approach	
  



•  Over	
  the	
  past	
  several	
  years	
  we	
  have	
  developed	
  a	
  case-­‐based,	
  
mixed-­‐methods,	
  density	
  approach	
  to	
  modeling	
  the	
  temporal	
  and	
  
spaAal	
  complexiAes	
  of	
  big	
  data.	
  	
  	
  

•  The	
  plagorm	
  for	
  this	
  approach	
  is	
  called	
  the	
  SACS	
  Toolkit.	
  	
  In	
  
terms	
  of	
  simplifying	
  assumpAons,	
  the	
  Toolkit	
  employs	
  three	
  
novel	
  soluAons:	
  	
  

•  (1)	
  it	
  conceptualizes	
  the	
  complex	
  causal	
  organizaAon	
  of	
  a	
  
system	
  as	
  a	
  set	
  of	
  microscopic	
  cases	
  (k-­‐dimensional	
  vectors	
  
spaces);	
  	
  

•  (2)	
  it	
  clusters/groups	
  cases	
  to	
  idenAfy	
  major	
  and	
  minor	
  
profiles	
  and	
  (discrete	
  or	
  conAnuous)	
  trajectories	
  

•  (3)	
  it	
  translates	
  their	
  high-­‐dynamic	
  microscopic	
  trajectories	
  
into	
  the	
  movement	
  of	
  macroscopic,	
  low-­‐dynamic	
  densiAes.	
  	
  



•  The	
  strengths	
  of	
  this	
  approach	
  are	
  several.	
  	
  It	
  allows	
  researchers	
  to:	
  	
  
•  Model	
  complex	
  systems	
  as	
  sets	
  of	
  cases.	
  
•  Explore	
  these	
  systems	
  at	
  mulAple	
  levels.	
  
•  Examine	
  the	
  interacAons	
  between	
  system	
  and	
  environment.	
  
•  Explore	
  the	
  relaAonships	
  amongst	
  the	
  cases	
  (networks).	
  
•  Address	
  and	
  combine	
  both	
  structure	
  (organizaAonal	
  pa`ern)	
  and	
  agency.	
  
•  Study	
  complex	
  causal	
  structure.	
  
•  Use	
  small	
  to	
  big	
  data.	
  
•  Model	
  these	
  systems	
  as	
  staAc	
  or	
  longitudinal.	
  

•  In	
  terms	
  of	
  longitudinal,	
  we	
  can	
  model	
  as	
  discrete	
  or	
  conAnuous	
  
•  In	
  terms	
  of	
  conAnuous	
  modeling,	
  we	
  can:	
  

•  map	
  the	
  complex,	
  nonlinear	
  evoluAon	
  of	
  ensembles	
  (or	
  densiAes)	
  of	
  cases;	
  	
  
•  classify	
  major	
  and	
  minor	
  clusters	
  and	
  Ame-­‐trends;	
  	
  
•  visually	
  idenAfy	
  dynamical	
  states,	
  such	
  as	
  saddles	
  and	
  a`ractor	
  points;	
  	
  
•  plot	
  the	
  speed	
  of	
  cases	
  along	
  different	
  states;	
  	
  
•  detect	
  the	
  non-­‐equilibrium	
  clustering	
  of	
  case	
  trajectories	
  during	
  key	
  

transient	
  Ames;	
  	
  
•  construct	
  mulAple	
  models	
  to	
  fit	
  novel	
  data;	
  	
  
•  predict	
  future	
  Ame-­‐trends	
  and	
  dynamical	
  states;	
  and,	
  finally,	
  in	
  terms	
  of	
  

impact,	
  	
  
•  generate	
  results	
  that	
  are	
  visually	
  and	
  conceptually	
  intuiAve	
  to	
  private/public	
  

sector	
  users	
  and	
  policy	
  makers.	
  



Cases	
  Are	
  Complex	
  Systems	
  
•  Researchers	
  in	
  the	
  social	
  sciences	
  currently	
  employ	
  a	
  variety	
  

of	
  mathemaAcal/	
  computaAonal	
  models	
  for	
  studying	
  complex	
  
systems.	
  	
  

•  Despite	
  the	
  diversity	
  of	
  these	
  models,	
  the	
  majority	
  can	
  be	
  
grouped	
  into	
  one	
  of	
  four	
  types:	
  
–  equaAon-­‐based	
  modeling,	
  	
  
–  stochasAc	
  (staAsAcal)	
  modeling,	
  	
  
–  computaAonal	
  modeling	
  	
  
–  network	
  modeling.	
  	
  

•  However,	
  David	
  Byrne	
  and	
  colleagues	
  have	
  added	
  a	
  fiYh	
  type:	
  
case-­‐based	
  modeling	
  



Cases	
  Are	
  Complex	
  Systems	
  
•  Byrne	
  is	
  recognized,	
  internaAonally,	
  as	
  a	
  leading	
  

figure	
  in	
  what	
  most	
  scholars	
  see	
  as	
  two	
  highly	
  
promising	
  but	
  disAnct	
  fields	
  of	
  study:	
  

–  (1)	
  case-­‐based	
  method	
  and	
  	
  

–  (2)	
  the	
  sociological	
  study	
  of	
  complex	
  
systems.	
  	
  

–  An	
  example	
  of	
  the	
  former	
  is	
  Byrne's	
  Sage	
  
Handbook	
  of	
  Case-­‐Based	
  Methods	
  –	
  which	
  he	
  co-­‐
edited	
  with	
  Charles	
  Ragin,	
  the	
  creator	
  of	
  
QualitaAve	
  ComparaAve	
  Analysis.	
  

–  An	
  example	
  of	
  the	
  la`er	
  is	
  his	
  widely	
  read	
  
Complexity	
  Theory	
  and	
  the	
  Social	
  Sciences	
  –	
  which	
  
Callaghan	
  and	
  he	
  just	
  significantly	
  updated	
  in	
  2013.	
  



Cases	
  Are	
  Complex	
  Systems	
  
•  What	
  scholars	
  (including	
  the	
  current	
  authors)	
  are	
  only	
  

beginning	
  to	
  grasp,	
  however,	
  is	
  that	
  Byrne	
  sees	
  these	
  areas	
  
as	
  condiAonal	
  upon	
  one	
  another	
  –	
  that	
  is,	
  they	
  are	
  two	
  
sides	
  of	
  the	
  same	
  theoreAcal/methodological	
  coin:	
  

	
  
•  His	
  premise,	
  while	
  simple	
  enough,	
  is	
  ground-­‐breaking:	
  	
  

–  Cases	
  are	
  the	
  methodological	
  equivalent	
  of	
  complex	
  systems;	
  
or,	
  alternaCvely,	
  complex	
  systems	
  are,	
  theoreCcally	
  speaking,	
  
cases	
  and	
  therefore	
  should	
  be	
  studied	
  as	
  such.	
  

•  With	
  this	
  premise	
  –	
  Byrne	
  introduces	
  an	
  enArely	
  new	
  
approach	
  for	
  modeling	
  social	
  complexity	
  and	
  the	
  temporal	
  
and	
  spaAal	
  dynamics	
  of	
  complex	
  systems.	
  



	
  	
  



Cases	
  Are	
  Complex	
  Systems	
  
•  There	
  are	
  several	
  strengths	
  to	
  this	
  approach,	
  three	
  of	
  
which	
  are	
  crucial	
  to	
  the	
  work	
  Dr.	
  Rajaram	
  and	
  I	
  are	
  
doing:	
  
1.  It	
  embraces	
  an	
  interdisciplinary	
  framework	
  –with	
  great	
  

thought	
  given	
  to	
  the	
  transport	
  of	
  theories,	
  concepts,	
  and	
  
methods	
  between	
  scienAfic	
  and	
  disciplinary	
  boundaries,	
  
for	
  the	
  purposes	
  of	
  modeling	
  social	
  complexity	
  and	
  
complex	
  social	
  systems.	
  

2.  It	
  employs	
  a	
  mixed-­‐methods	
  toolkit,	
  including	
  case-­‐
comparaAve	
  analysis	
  and	
  many	
  of	
  the	
  latest	
  advances	
  in	
  
computaAonal	
  and	
  complexity	
  science	
  method.	
  

3.  It	
  provides	
  an	
  epistemological	
  plagorm	
  (grounded	
  in	
  
complex	
  realism)	
  for	
  construcAng	
  a	
  cohesive	
  ‘complex	
  
systems’	
  methodology,	
  based	
  on	
  its	
  concept	
  of	
  the	
  case.	
  	
  



Cases	
  Are	
  Complex	
  Systems	
  

•  Pace	
  Byrne,	
  we	
  seek	
  to	
  develop	
  a	
  
mathemaAcally-­‐rigorous,	
  computaAonally-­‐
based,	
  mixed-­‐methods	
  plagorm	
  for	
  modeling	
  
social	
  complexity	
  and	
  complex	
  social	
  systems.	
  

•  The	
  purpose	
  of	
  this	
  presentaAon	
  (in	
  
combinaAon	
  with	
  that	
  of	
  Dr.	
  Rajaram)	
  is	
  to	
  
explore	
  what	
  we	
  have	
  so	
  far	
  accomplished	
  –	
  
albeit	
  tentaAvely.	
  



Cases	
  Are	
  Complex	
  Systems	
  
•  To	
  begin,	
  we	
  have	
  introduced	
  two	
  new	
  terms:	
  

–  case-­‐based	
  complexity	
  science	
  is	
  the	
  a`empt	
  to	
  acAvely	
  
integrate	
  case-­‐based	
  method	
  with	
  the	
  latest	
  developments	
  in	
  
the	
  complexity	
  and	
  social	
  sciences	
  for	
  the	
  purpose	
  of	
  modeling	
  
complex	
  social	
  systems	
  as	
  sets	
  of	
  cases.	
  	
  

•  It	
  also	
  revolves	
  around	
  a	
  parAcular	
  set	
  of	
  epistemological	
  
assumpAons:	
  

•  Complexity	
  theory	
  is	
  not	
  so	
  much	
  a	
  substanAve	
  theory,	
  as	
  much	
  as	
  it	
  
is	
  an	
  epistemologically	
  explicit	
  a`empt	
  to	
  model	
  social	
  life	
  in	
  complex	
  
systems	
  terms.	
  	
  	
  

•  It	
  also	
  revolves	
  around	
  complex	
  realism	
  
–  In	
  turn,	
  case-­‐based	
  modeling	
  is	
  the	
  mixed-­‐methods	
  set	
  of	
  
techniques	
  scholars	
  use	
  to	
  engage	
  in	
  case-­‐based	
  complexity	
  
science,	
  parAcularly	
  the	
  latest	
  developments	
  in	
  the	
  
computaAonal	
  and	
  complexity	
  sciences.	
  

•  The	
  key	
  to	
  this	
  approach	
  is	
  that	
  the	
  methods	
  serve	
  the	
  purpose	
  of	
  
case-­‐comparaAve	
  analysis,	
  from	
  small	
  to	
  big	
  data!	
  

	
  



Cases	
  Are	
  Complex	
  Systems	
  

•  We	
  also	
  introduce	
  a	
  new	
  methodological	
  
framework:	
  the	
  Sociology	
  and	
  Complexity	
  
Science	
  (SACS)	
  Toolkit.	
  

•  The	
  SACS	
  Toolkit	
  is	
  a	
  the	
  case-­‐based,	
  mixed-­‐
methods,	
  computaAonally-­‐grounded	
  plagorm	
  for	
  
modeling	
  socio-­‐biological	
  complexity	
  and,	
  more	
  
specifically,	
  complex	
  socio-­‐biological	
  systems.	
  



SACS	
  Toolkit	
  	
  



Comparing	
  SACS	
  vs.	
  MBSE	
  
SACS	
  Toolkit:	
  

AcAve	
  Data	
  Management	
  

Structure/Agency	
  Dualism	
  

Social	
  PracAces	
  

A	
  Case	
  

Non-­‐linear	
  Socio-­‐Technical	
  
Models	
  sensiAve	
  to	
  IniAal	
  
CondiAons	
  and	
  capable	
  of	
  
showing	
  emergent	
  behavior	
  

MBSE	
  Tools:	
  

Requirements	
  
Management	
  

Swimlanes	
  -­‐	
  AcAvity	
  
Diagrams	
  

Business	
  Processes	
  

A	
  Project	
  

Non-­‐linear	
  Technical	
  Only	
  
Models	
  (e.g.	
  Simulink	
  /	
  
FEA)	
  	
  -­‐	
  Typically	
  not	
  
showing	
  emergence	
  

Hope	
  This	
  Helps	
  
show	
  the	
  how	
  

the	
  two	
  
approaches	
  
compare…	
  



SACS	
  Toolkit	
  	
  



SACS	
  Toolkit	
  	
  

This	
  is	
  our	
  first	
  simplifying	
  assumpAons	
  







SACS	
  	
  
Toolkit	
  	
  



SACS	
  Toolkit	
  	
  



SACS	
  Toolkit	
  	
  



The	
  U.S.	
  electric	
  grid	
  is	
  a	
  complex	
  network	
  of	
  independently	
  owned	
  and	
  
operated	
  power	
  plants	
  and	
  transmission	
  lines.	
  Aging	
  infrastructure,	
  
combined	
  with	
  a	
  rise	
  in	
  domesAc	
  electricity	
  consumpAon,	
  has	
  forced	
  
experts	
  to	
  criAcally	
  examine	
  the	
  status	
  and	
  health	
  of	
  the	
  naAon's	
  electrical	
  
systems.	
  



1.	
  The	
  Power	
  Grid	
  is	
  a	
  Complex	
  System	
  of	
  Mul2ple	
  Networks	
  
As	
  a	
  major	
  study	
  on	
  the	
  American	
  energy	
  grid	
  recently	
  explained	
  (See	
  Nature	
  Physics,	
  Aug	
  2013),	
  a	
  
complex	
  system	
  such	
  as	
  the	
  power	
  grid	
  is	
  a	
  dense	
  web	
  of	
  interconnected	
  and	
  interdependent	
  
networks—each	
  a	
  different	
  type:	
  
	
  	
  
There	
  are,	
  for	
  example,	
  the	
  human	
  social	
  networks	
  among	
  key	
  players	
  in	
  the	
  power	
  industry	
  (CEOs,	
  
engineers,	
  technicians,	
  etc).	
  	
  	
  
	
  	
  
There	
  are	
  also	
  the	
  organizaAonal	
  networks	
  among	
  the	
  insAtuAons	
  that	
  run	
  the	
  power	
  grid,	
  including	
  
distributors,	
  transmission	
  companies,	
  generaAng	
  companies,	
  etc.	
  
	
  	
  
There	
  are	
  inter-­‐organizaAonal	
  networks	
  within	
  companies,	
  which	
  exist	
  among,	
  between	
  and	
  across	
  
different	
  people	
  and	
  departments.	
  
	
  	
  
Then	
  there	
  is	
  the	
  actual	
  power	
  grid	
  equipment,	
  comprised	
  of	
  the	
  cables,	
  generators,	
  power	
  staAons,	
  
etc	
  that	
  generate	
  and	
  provide	
  power	
  to	
  people.	
  
	
  	
  
Finally,	
  there	
  are	
  the	
  environmental	
  networks	
  in	
  which	
  the	
  power	
  grid	
  is	
  situated,	
  including	
  local	
  
ecosystems	
  and	
  weather.	
  
	
  	
  
Beyond	
  this	
  web	
  of	
  networks	
  are	
  also	
  the	
  poliAcal	
  and	
  economic	
  networks	
  in	
  which	
  the	
  power	
  
industry	
  is	
  situated,	
  from	
  local	
  towns	
  and	
  communiAes	
  to	
  the	
  larger	
  business	
  community	
  and	
  
economy	
  to	
  ciAes,	
  states	
  and	
  the	
  federal	
  government.	
  	
  	
  



2.	
  A	
  Complex	
  System	
  of	
  Embedded	
  Networks	
  is	
  Highly	
  Sensi2ve	
  to	
  Power	
  Failure	
  
	
  
As	
  the	
  aforemenAoned	
  major	
  study	
  in	
  Nature	
  Physics	
  also	
  found,	
  such	
  a	
  complex	
  system	
  is	
  highly	
  
sensiAve	
  to	
  violaAons,	
  misoperaAons,	
  errors	
  and	
  risks—which	
  can	
  lead	
  to	
  system-­‐wide	
  power	
  
outages	
  and	
  collapse.	
  
	
  
This	
  sensiAvity	
  is	
  due,	
  in	
  large	
  measure,	
  to	
  the	
  complexity	
  of	
  this	
  system	
  and	
  the	
  embedded	
  nature	
  
of	
  its	
  mulAple	
  networks	
  (listed	
  above),	
  each	
  overlapping	
  and	
  influencing	
  the	
  others.	
  
	
  	
  
	
  



	
  	
  
Simplifying	
  	
  
AssumpAons	
  

Here,	
  we	
  are	
  drawing	
  on	
  Haken’s	
  synergeAcs	
  and	
  the	
  idea	
  that	
  self-­‐organizing	
  
macroscopic	
  trajectories	
  are	
  less	
  dynamic,	
  generally	
  speaking,	
  than	
  microscopic	
  
trajectories,	
  which	
  are	
  high	
  dynamic,	
  out	
  of	
  which	
  the	
  former	
  emerge.	
  	
  



	
  	
  
Simplifying	
  	
  
AssumpAons	
  



SACS	
  Toolkit	
  	
  



	
  	
  
Simplifying	
  	
  
AssumpAons	
  

Clustering	
  and	
  grouping	
  to	
  search	
  
for	
  major	
  and	
  minor	
  configuraAons/	
  
profiles	
  and	
  trajectories	
  (discrete	
  or	
  
conAnuous)	
  



TABLE	
  3	
  
Final	
  K-­‐means	
  Cluster	
  SoluAon	
  for	
  20	
  CommuniAes	
  in	
  Summit	
  County	
  
	
   
	
  	
  
Variables	
  
(Unless	
  otherwise	
  noted,	
  	
  
all	
  data	
  is	
  from	
  1990—See	
  Table	
  2) 

	
  	
  
Cluster 

	
   1 2 3 4 5 6 7 
	
  	
  

%	
  Non-­‐Hispanic	
  Caucasian 
	
  	
  

97.3* 
	
  	
  

68.6 
	
  	
  

93.5 
	
  	
  

97.6 
	
  	
  

93.8 
	
  	
  

98.4 
	
  	
  

77.5	
  
	
   

%	
  African-­‐American 1.7 28.0 5.6 1.0 4.7 1.0 21.2	
  
	
   

%	
  Overall	
  Poverty 3.60 44.30 6.04 1.00 2.60 6.77 19.30	
  
	
   

1990	
  household	
  Income 41464 11404 36021 68083 49144 30002 21688	
  
	
   

Job	
  Growth	
  (1993	
  to	
  2000) 31.87 20.80 17.36 27.70 43.10 15.83 .33 
%	
  Civilian	
  Labor	
  Force	
  (16+	
  old) 96.17 85.90 95.22 96.60 95.70 94.73 90.82 
%	
  Receiving	
  Public	
  Assistance 2.8 25.8 4.3 1.4 2.6 5.6 13.8 

%	
  No	
  High	
  School	
  Degree	
  (25yrs+) 15.3 41.5 16.8 2.7 11.1 22.1 29.4 
%	
  of	
  households	
  mortgage/rent	
  is	
  <30%	
  of	
  income 16.0 43.4 17.6 15.8 19.0 18.1 27.4 

%	
  Unemployed 3.8 14.1 4.8 3.4 4.3 5.3 9.2 
%	
  No	
  1st	
  Trimester	
  Care	
  1995-­‐98 5.63 24.60 7.54 1.20 4.80 8.90 14.78 

Teen	
  Pregnancies	
  per	
  1000	
  births	
  (1995-­‐1998) 5.80 66.00 12.54 1.30 3.50 12.33 47.72 

%	
  children	
  immunized	
  by	
  2yrs	
  of	
  age 74.1 40.0 76.5 86.1 72.9 78.1 60.7 

%	
  No	
  Health	
  Care	
  Coverage 4.20 25.30 6.34 1.20 3.70 8.40 14.52 
Child	
  Abuse/Neglect	
  Rate	
  per	
  1000 10.8 98.3 19.3 4.0 6.8 16.2 60.5 

Elder	
  Abuse/Neglect	
  Rate	
  per	
  1000 4.1 53.8 4.9 2.1 4.8 9.1 9.3 

Years	
  Lost	
  per	
  Death	
  1998 13.83 16.40 13.96 10.50 10.60 14.40 15.18 
1.	
  (*)	
  The	
  values	
  listed	
  in	
  the	
  columns	
  for	
  all	
  7	
  clusters	
  represent	
  the	
  average	
  value/measurement	
  that	
  the	
  communiAes	
  in	
  that	
  cluster	
  scored	
  for	
  each	
  variable	
  listed	
  in	
  
Column	
  1.	
  	
  In	
  cluster	
  analysis,	
  these	
  averages	
  are	
  called	
  the	
  cluster’s	
  centroids.	
  	
  2.	
  Community	
  Membership	
  for	
  each	
  of	
  the	
  7	
  Clusters	
  is	
  as	
  follows:	
  	
  Cluster	
  1:	
  Stow/	
  
Silverlake,	
  Northfield/Macedonia/Sagamore,	
  and	
  Richfield/Peninsula;	
  Cluster	
  2:	
  Central	
  Akron;	
  Cluster	
  3:	
  Twinsburg,	
  Northwest	
  Akron,	
  Munroe	
  Falls/Tallmadge,	
  Norton	
  
and	
  Franklin;	
  Cluster	
  4:	
  Hudson;	
  Cluster	
  5:	
  Copley/	
  Bath/Fairlawn;	
  Cluster	
  6:	
  Springfield,	
  Coventry/Green	
  and	
  Cuyahoga	
  Falls;	
  Cluster	
  7:	
  North,	
  West,	
  Southwest,	
  South	
  and	
  
Southeast	
  Akron	
  and	
  Barberton	
  City. 



	
  	
  



	
  	
  

These	
  figures	
  show	
  
how	
  the	
  17	
  factors	
  
in	
  this	
  study	
  impact	
  
the	
  topic	
  –	
  blue	
  is	
  
low	
  impact,	
  and	
  red	
  
is	
  high	
  impact	
  



	
  	
  



	
  	
  



Richfield/Boston/	
  
Peninsula	
  D=1538	
  

Hudson	
  
D=00	
  

C
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  C
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C
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Cuyahoga	
  Falls	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
D=2784	
  

Norton	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
D=582	
  

Springfield	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
D=3366	
  

C
3	
  

Central	
  Akron	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
D=2648	
  

SW	
  Akron	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
D=2648	
  

North	
  Akron	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
D=1449	
  

South	
  Akron	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
D=2218	
  

West	
  Akron	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
D=1277	
  

SE	
  Akron	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
D=542	
  

Barberton	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
D=53	
  

Network	
  of	
  Aarac2ng	
  Clusters	
  Yr	
  =	
  1990	
  (Within	
  and	
  Between	
  Euclidian	
  Distance	
  Measures)	
  

Distances between Final Cluster Centers

19776.658 4642.821 26619.008 7680.005 11462.011 30060.373
19776.658 15133.847 46395.596 27456.630 8314.774 10283.802
4642.821 15133.847 31261.814 12322.816 6819.205 25417.577
26619.008 46395.596 31261.814 18939.008 38081.013 56679.240
7680.005 27456.630 12322.816 18939.008 19142.012 37740.317
11462.011 8314.774 6819.205 38081.013 19142.012 18598.509
30060.373 10283.802 25417.577 56679.240 37740.317 18598.509

Cluster
1
2
3
4
5
6
7

1 2 3 4 5 6 7

How	
  did	
  things	
  change	
  between	
  1990	
  and	
  2000?	
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Distances between Final Cluster Centers

19798.352 41565.0 38661.671 6942.672 31165.038 12538.853
19798.352 21766.7 58460.010 26741.022 11366.758 7259.517
41564.977 21766.700 80226.593 48507.635 10399.992 29026.165
38661.671 58460.010 80226.6 31719.005 69826.660 51200.509
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12538.853 7259.517 29026.2 51200.509 19481.522 18626.213
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  things	
  change	
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  1990	
  and	
  2000?	
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Simplifying	
  	
  
AssumpAons	
  



AdvecAon	
  equaAon	
  –	
  transport	
  of	
  
density	
  of	
  cases	
  

•  NoAon	
  of	
  transport	
  is	
  applicable	
  to	
  a	
  variety	
  of	
  topics	
  in	
  sociology	
  such	
  as	
  
residenAal	
  mobility	
  and	
  health	
  trajectories.	
  

•  ResidenAal	
  mobility	
  –	
  variables	
  are	
  actual	
  geographical	
  ones.	
  Trajectories	
  
are	
  in	
  physical	
  coordinate	
  space.	
  

•  Health	
  trajectories-­‐	
  Variables	
  are	
  biological,	
  sociological	
  markers	
  –	
  state	
  
space	
  is	
  more	
  abstract	
  



AdvecAon	
  equaAon	
  –	
  transport	
  of	
  
density	
  of	
  cases	
  

	
  
	
  
	
  
•  Transforms	
  the	
  moAon	
  of	
  individual	
  cases	
  to	
  the	
  moAon	
  of	
  a	
  density	
  of	
  

cases.	
  
	
  
•  Requires	
  the	
  iniAal	
  distribuAon	
  of	
  case	
  profiles,	
  and	
  the	
  velocity	
  vector	
  field	
  

of	
  cases	
  (same	
  as	
  the	
  one	
  used	
  in	
  the	
  ODE),	
  and	
  can	
  compute	
  the	
  moAon	
  of	
  
the	
  iniAal	
  density	
  assuming	
  that	
  the	
  total	
  number	
  of	
  cases	
  is	
  a	
  constant	
  
(called	
  mass	
  conservaAon	
  property).	
  

•  Used	
  in	
  modeling	
  of	
  transport	
  phenomena	
  such	
  as	
  fluid	
  dynamics	
  (oil	
  spill),	
  
traffic	
  on	
  streets.	
  



	
  	
  



Uniqueness of our approach 

•  Continuous time modeling 
  
•  Deterministic modeling    

•  Differential equations (both ODE and PDE) 

•  Gradation of state space based on velocity of motion 

•  Non-equilibrium clustering using the Lyapunov density plot 



Strengths 

•  Prediction of longitudinal evolution of cases with multiple 
variables across time 

  
•  Studying complexity in dynamical motion of cases in the form 

of saddles, sources, sinks, or periodic orbits 

•  Gradation of the state space into regions where cases move 
faster (or slower) from the velocity contour plot 

•  Non-equilibrium clustering of trajectories from the Lyapunov 
density plot (higher values mean more trajectories have 
squeezed through) 



Strengths 

•  Prediction of majority trends in trajectories for novel choices of 
initial profiles or densities 

•  Multiple models to describe the same phenomena allowing for a 
choice of better ones 

•  Ease of incorporation of new data into the modeling process to fit 
the database as it grows 



	
  	
  

Thanks!	
  
h`p://www.personal.kent.edu/~bcastel3/brian%20castellani.html	
  
	
  

For	
  more	
  informaAon,	
  visit	
  me	
  at:	
  


