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Decision-making in a complex system of systems

Communication
$ 3.96 Tn

Transportation
$ 6.95 Tn

Leisure / Recreation / 
Clothing

$ 7.80 Tn

Healthcare
$ 4.27 Tn

Food
$ 4.89 Tn

Infrastructure
$ 12.54 Tn

Govt. & Safety 
$ 5.21 Tn

Finance
$ 4.58 Tn

Electricity
$ 2.94 Tn

Education
$ 1.36 Tn

Water
$ 0.13 Tn

Global system-of-systems
$54 Trillion

(100% of WW 2008 GDP)

Same Industry 
Business Support 
IT Systems 
Energy Resources 
Machinery 
Materials                                               
Trade

Legend for system inputs

IBM analysis based on OECD data.
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Health is a state of 
complete physical, 
mental, and social 
well-being and not 
merely the absence 

of disease or 
infirmity.

Example: Health
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Health is a state of 
complete physical, 
mental, and social 
well-being and not 
merely the absence 

of disease or 
infirmity.

Example: Health

Determined by a complex
system of systems
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Huang, T. T, Drewnowski, A., Kumanyika, S. 
K., & Glass, T. A., 2009, “A Systems-Oriented 
Multilevel Framework for Addressing Obesity 
in the 21st Century,” Preventing Chronic 
Disease, 6(3).

© 2011 IBM Corporation

Factors can range from the individual level to the 
international level, and the sectors of influence 
include education, agriculture, transportation, 
urban developments, and media, among others, in 
addition to the health sector.          
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State of the art in health system model composition

Dunn and Bradstreet 
business data

Insight:  Nearby location of large chain grocery stores reduced obesity rates
Tax incentives for chain stores to move to obesity “hotspots”?

Chaloupka FJ, Powell LM. Price, availability, and youth obesity: evidence from Bridging the Gap.  Prev Chronic Dis 2009; 6(3).   

Obesity incidence 
and treatment

Public Policy Investment Decision Support

US Census data

Model of access 
to physical activity

Model of 
transportation

Diet choices and 
costs model

Statistical models



© 2011 IBM Corporation

IBM Research

http://www.iom.edu/Reports/2010/For-the-Publics-Health-The-Role-of-Measurement-in-Action-and-Accountability.aspx 

The committee recommends that the Department of Health and Human Services (HHS) 
coordinate the development and evaluation and advance the use of predictive and 
system-based simulation models to understand the health consequences of underlying 
determinants of health. HHS should also use modeling to assess intended and 
unintended outcomes associated with policy, funding, investment, and resource options.              



© 2011 IBM Corporation

IBM Research

Ex: Unintended Outcomes in Healthcare

T. R. Rohleder

 

& D. P. Bischak

 

& L. B. Baskin (2007). Modeling patient service centers with simulation and system dynamics. Health Care Manage. Sci., 10:1–12.

0 6 12 18

Performance

Time 
(months)

DES model of 
Calgary Lab Services

Re-design
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Ex: Unintended Outcomes in Healthcare

SD social model of center use
T. R. Rohleder

 

& D. P. Bischak

 

& L. B. Baskin (2007). Modeling patient service centers with simulation and system dynamics. Health Care Manage. Sci., 10:1–12.
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Ex: Unintended Outcomes in Healthcare

SD social model of center use
T. R. Rohleder

 

& D. P. Bischak

 

& L. B. Baskin (2007). Modeling patient service centers with simulation and system dynamics. Health Care Manage. Sci., 10:1–12.

0 6 12 18

Performance

Time 
(months)

DES model of 
Calgary Lab Services

Re-design

Other examples: 
- Corn subsidies 
- Rural health clinics 
- Gaming state health 

insurance
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Lever1 Lever2 Lever3

Policy “Flight Simulator”

Disease Progression Models

Personalized Medicine
(Targeted interventions)

Healthcare Ecosystem
(Society)

Healthcare Ecosystem
(Society)

System Structure
(Organizations)

System Structure
(Organizations)

Delivery Operations
(Processes)

Delivery Operations
(Processes)

Clinical Practices
(People)

Clinical Practices
(People)

Careflow Models
(Flow of Patients, Money, 

Information)

Business Models

Socio-Economic Models

1

2

3

4

5

6

Multi-level, End-to-End Modeling

Rouse, W. B. & Cortese, D. A. (2010). Introduction, in W. B. Rouse & D. A. Cortese

 

(Eds.), Engineering the System of Healthcare Delivery. IOS Press.
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Cross-domain, Syndemic Modeling

Economic Data

Criminal Justice 
Data

Health Data
Built Environment 

Data
Geographic 

Features Data

Health Access Model

Economic Transition 
Model

Disease Transmission 
Model

Geographic Model

Policing Model
Interpersonal Violence 

Model

Component Model

Data Source

Transformation

Data Flow

Economic

Location

Safety

Healthcare

Richard Rothenberg et al., GSU, 2010
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www.almaden.ibm.com/asr/projects/splash © 2011 IBM Corporation

Splash: Smarter Planet Platform 
for Analysis and Simulation of Health
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Key Research Question

Can such integration of independently created 
deep-domain models be made feasible, practical, 
flexible, cost-effective, attractive, and usable?

Splash Vision

A platform and service through which IBM and 
partners can integrate existing data, models, 
and simulations to gain insight needed for 
complex decision making related to health 
policy, planning, and investment.
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Tightly coupled models (DOD HLA, …)

Loose coupling of models through data exchange
- File and database I/O, web service calls
- Leverage existing work
- Facilitate collaboration

Tightly coupled models + transformations

Simulation model

Transformer

Statistical model

Decision/optimization model

Integrated models (STEM, …)

Dataset
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Splash Platform (Vision)

Model and Data RegistrationModel and Data Registration

Model, Data, and Mapping 
Discovery 

Model, Data, and Mapping 
Discovery

Model and Data CompositionModel and Data Composition

Model ExecutionModel Execution

Experiment ManagerExperiment Manager

Splash Platform

Splash Repository

Splash Modules

Collaborative Reporting & 
Visualization 

Collaborative Reporting & 
Visualization

Provide 
models and data

Use 
models and data

DataData
Composite 

Model 
Composite 

Model

DataData

ModelModel

ModelModel

Multi-disciplinary 
users

Metadata on: 
- Model inputs/outputs 
- Schemas 
- Location 
- Access/execution 
- Semantics

MappingMapping
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Ontologies (OWL,…)

Functionality descriptions 
(WSDL, UML/MARTE,…)

Web-service mashups
(IBM Mashup Center,…)

Simulation interoperability 
(HLA, SISO-BOM…)

Collaborative analytics 
(ManyEyes,…)

Data integration
(mapping tools, XSLT, …)

Scientific workflow mgmt

Query optimization

Simulation-based 
sensitivity analysis and 

optimization

Massive-scale analytics
(Hadoop, JAQL,…)

Technologies to exploit in Splash

Model and Data RegistrationModel and Data Registration

Model, Data, and Mapping 
Discovery 

Model, Data, and Mapping 
Discovery

Model and Data CompositionModel and Data Composition

Model ExecutionModel Execution

Experiment ManagerExperiment Manager

Splash Platform

Splash Repository

Splash Modules

Collaborative Reporting & 
Visualization 

Collaborative Reporting & 
Visualization
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Buying and eating
(Agent-based simulation 

model)

Transportation
(VISUM simulation model)

Demographic 
data

GIS data

BMI Model
(Differential equation model)

Time alignment
and data merging

Geospatial
alignment

Facility data

Exercise
(Stochastic discrete-event 

simulation)

Dataflow

Data source

Simulation model

Data Transformation

Hypothetical obesity scenario
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Splash Demo
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Sample result

New Healthy and Inexpensive Store located in Poorer neighborhood at time 20

No increase in traffic Increase in traffic

* Many assumptions, sample only, your mileage may vary…
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Simulation Issues



 

“Grey box” environment


 

Engineering and statistical issues abound


 

Examples follow…
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Simulation Issues: Bidirectional Causality

 Possible approaches:
– Fixed point

– Perturbation:

Similarly for GSMPs (Whitt 1980, perturbation analysis)
– Else “reasoned” decoupling or fully integrated model

Transportation 
Model

Buying & Eating 
Model
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Simulation Issues: Time and Space Alignment

Original Source 
Data 

Time-aligned 
Source Data

Target Data

M2: 
Schema Mapping

M1:
Time Alignment

2 days/tick 1 day/tick

2 days/tick 1 day/tick1 day/tick

Why Time Alignment? 

Alignment

S T
S'

S

S'
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Construction

+

=

Model 1 
(high variability)

Model 2 
(low variability)

Optimal ratio for simple cases: “splitting” 
(Bratley, Fox, and Schrage 1987)

Model 
1

Model 
2

Model 
3
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Needed for
– Sensitivity analysis
– Experimental design
– Simulation optimization



 

Dashboarding mechanism?


 

Experiment data storage, analysis, and visualization
– Root cause analysis and other “explanation” of outputs
– Monitoring for “unusual” outputs

Parameter Model Value Units
budget B&E 200 dollars

Gym 1 capacity Exercise 50 people

Fat-to-calories BMI 0.25 kCal/kg

Hwy 280 max flow Transport. 500 Cars/hr
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Other Simulation Issues


 

Input distributions
– Correlations between inputs to different models?



 

Pseudo-random number issues
– Tracking generators and seeds
– Detecting problems and enforcing independence



 

Variance reduction
– Too many likelihood ratios for importance sampling?
– Distributed importance splitting
– Distributed common random numbers? Latin hypercube sampling?



 

Validation/Verification
– Leveraging prior validation/verification of individual models
– Determining appropriate level of validation



 

Output analysis
– Stability theory, validity of output-analysis methods 

(e.g., combining Lyapunov functions)


 

Hierarchical modeling and simulation
– Different time scales and spatial representations
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Other Research Questions

Ecosystem

Argument

Privacy/ 
Security

Model Search

Compatibility
Theory

Templates for 
Model Combination
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Building trust and collaboration: Many Eyes
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Building trust and collaboration: Many Eyes

Extend SPLASH to allow


 

Documentation


 

Provenance
ManyEyes permits

Search
Annotation

Rating
Discussion
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Key Research Question

Can such integration of independently created 
deep-domain models be made feasible, practical, 
flexible, cost-effective, attractive, and usable?

Splash Vision

A platform and service through which IBM and 
partners can integrate existing data, models, 
and simulations to gain insight needed for 
complex decision making related to health 
policy, planning, and investment.

www.almaden.ibm.com/asr/projects/splash
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