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1. What is Splash? 
Splash is a research project aimed at building a framework that supports the integration of 
multiple existing models, simulations, and data that represent parts of the broader health 
ecosystem.  Specifically, our goal is to create a platform that takes expert models of 
constituent real-world systems related to health, synthesizing and integrating those models, 
resulting in an interoperating complex composite system model with which policy-makers can 
try out alternatives in a low-cost, highly responsive way.  The key research question is whether 
such integration of independently created, deep domain models can be made feasible, 
practical, flexible, cost-effective, attractive, and usable.     

2. State of the Science Today 

2.1 Health-Focused Policy Decision Making 
Recent years have seen great innovations in both technologies and organizational mechanisms 
for promoting human health, but effective policy and investment decisions are needed to reap 
the benefits of these advances. The challenge for decision-makers is that the health ecosystem 
comprises a large set of complex, intricately connected subsystems. Consider, for instance, 
that major reductions in morbidity and mortality in the Western world in the early 1900s were 
achieved due to clean drinking water systems, modern sewerage systems, and modern hygiene 
 [1].  The health system is not simply healthcare, but stands together in a complex relationship 
with many other real world systems: transportation, agriculture, housing, and education “have 
far-reaching health effects, but are not engaged or evaluated for those outcomes”  [2]. For 
example, the treatment of chronic diseases presents multi-faceted issues that the healthcare 
sector alone cannot address.  Indeed, it is generally recognized that chronic diseases such as 
obesity reflect cultural, social, educational, political, and economic conditions as well as 
policies, practices, costs, and pricing in industries such as advertising, transportation, 
agriculture and others  [3]. Health-related investment and policy decisions by government 
agencies, healthcare providers, insurers, and others stakeholders may lead to complex 
interactions and have far-flung consequences, many of which may be difficult to foresee.   



Policies and interventions that will have reliable and effective impact therefore require 
changes to a large set of interconnected systems.  For instance, in the 1970’s, Finland set out 
to make broad reforms aimed at substantially changing the smoking habits and diet of its 
population.  The government instituted a program of community socialization, legal reforms, 
and regulatory changes, such as reducing the allowable amount of fat content in sausages and 
providing agricultural incentives to encourage growing more fruits and vegetables and less 
meat.  Over about 20 years, this effort resulted in substantial improvements in morbidity and 
mortality, including a 50% reduction in coronary artery disease  [1] [2].  The Finland case is a 
successful example of a broad intervention and multiple policy changes across a significant 
population. In general, however, such wide-scale, long-term, real-world experiments are 
difficult to do, may not be effective, and may have unsuspected and unintended consequences 
and costs  [4]. For example, health plans that limit drug choices, intending to prevent 
unnecessary prescriptions for expensive drugs, can in fact raise overall medical costs  [5], or a 
program meant to bolster small rural hospitals can actually result in a net loss of rural hospital 
beds as they downsize to qualify for Critical Access Hospital designation  [6].  

Science and technology are stepping up to the challenge of supporting the critical health 
decisions we face. Recent efforts include development of robust infrastructures for improved 
data collection, reporting, and analysis, such as the system being developed by the State of 
Vermont to support community health teams  [7]. To help assess the comparative 
effectiveness of alternative health policies, numerous efforts are being devoted to developing 
ever more accurate “deep domain” models of various aspects of health. Under the aegis of the 
Models of Infectious Disease Agent Study (MIDAS), for example, networks of researchers 
with expertise in computational models related to the outbreak and spread of infectious 
diseases collaborate on an ongoing basis to advise decision makers  [8]. 

 Nevertheless, today there are no reliable and manageable means to explore the health-
system consequences of many interacting subsystems. Although individual deep-domain 
models can be made more comprehensive  [9], there will always be important factors that lie 
outside the expertise of a given group of  modelers, and it can be difficult to nimbly adapt very 
large and complex models as new questions arise.   Splash addresses this problem by creating 
a framework for integrating disparate individual models to create effective and useful 
composite models.  But providing a framework alone will not address the problem adequately: 
We need to enable a community of disparate stakeholders – those with health-related data, 
deep domain models, and health policy issues or questions – to work together, using the 
platform to make progress and solve problems.  The community must be set up as an 
effective service system, creating more value through interaction than through isolation  [10]. 

2.2 Models of Large-Scale, Complex Health Ecosystems 
Models are simplified representations of real-world systems that help us understand these 
systems and answer “what-if” questions about them. Mathematical models use equations to 
describe system components and the relationships between them, and express the output or 
behavior of a system given a set of input variables. These outputs can depend on the inputs in 
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a deterministic or stochastic manner. Statistical models can often be viewed as functions that 
are learned from data, and relate input variables, such as age, exercise level, and caloric intake, 
to output variables, such as body-mass index (BMI)  [11]. Such models are often useful for 
discovering existing trends, patterns, and relationships. Although statistical models can also be 
used for predictive purposes, the underlying assumption of such models is that past trends can 
predict future behavior, which may not be appropriate when trying to predict the effects of 
hypothetical interventions  [12]. Deterministic or stochastic models derived from first 
principles, as those used in classical physics, are typically more useful for prediction.  For first-
principles models of complex systems, especially dynamic systems that evolve over time, the 
outputs usually cannot be computed analytically, and the model must be implemented in a 
computer program and solved using numerical or Monte Carlo techniques  [13] [14]. Examples 
include deterministic differential-equation models of disease progression  [17], stochastic 
discrete-event simulation models of resource scheduling in emergency rooms  [15], system 
dynamics models of patient flow through a regional healthcare system  [16], and agent-based 
models of consumer eating behavior  [19]. We refer to such models generically as “simulation 
models.” To produce credible results, simulation models need to be parameterized with real 
world data, which is challenging because data are often inconsistent, heterogeneous, widely 
distributed, and embedded in text or semi-structured documents. In the health setting, data 
privacy is also a key concern  [18]. 

3 The Splash Research Agenda 

3.1 Principled Composition of Models 
Understanding complex health issues will almost certainly require combining multiple 
deterministic and stochastic simulation models, as well as statistical models and data sources, 
to project the effects of policy or investment choices into the future.  For example, a 
comprehensive understanding of obesity – one that will help inform the creation of effective 
policies to fight obesity – will require models of many real world systems, including food 
systems (which in turn include agriculture, processing, transportation, distribution, climate, 
etc.), and social, economic, and physical systems in which consumers and food services 
operate, among others  [3]. In Splash, we focus primarily on integrating and composing, i.e., 
“mashing up,” simulation and statistical models aimed at informing health policy decision 
making, but we expect our model-mashup technology and methods will be applicable to other 
complex problem domains as well. 

There are many reasons why diverse models are rarely combined to create a 
comprehensive, detailed picture of a large-scale complex system. Different categories of 
models are constructed, maintained, and used by different people and organizations, each 
using different terms, conventions, and approaches.  If models are not too diverse or too 
complex, it might be feasible to manually and tightly integrate them into a common 
framework, as in the STEM project  [17] or the High Level Architecture (HLA) specification 
of the Department of Defense  [20].  But if models are very heterogeneous and complex, it 
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might not be feasible to combine them at all. We believe there are many scenarios that lie 
between the two extremes, in which models cannot be tightly integrated into a single common 
framework — because of their size, heterogeneity, and complexity — but in which it might be 
feasible to automatically or semi-automatically compose models via a looser coupling, perhaps 
mediated by sets of input and output data. We are building such a platform for model 
composition in Splash.  This approach avoids the need for modelers to adhere to a rigid 
common interface, which can hinder leveraging prior work and impede future collaboration.  

3.2 Major Research Challenges 
We are currently addressing four main challenges to composing large-scale models for 
complex health ecosystems.   

• Not all models can be combined in a sensible way. The assumptions, time scales, capabilities, 
level of detail, and indeed the selection of the key aspects to represent may be quite 
different: What factors characterize the models that are compatible with one another?   

• There exists no standard way to describe models in sufficient depth to determine compatibility. Here, 
the challenge is to create mechanisms and methods for describing models so that it is 
easy to determine how to integrate them into larger, more complex models of larger, 
more complex systems. The goal is for the Splash platform to semi-automatically 
identify models that are potentially compatible with a specified model, perhaps after 
some transformation of model inputs and outputs.  

• There are no tools or platforms to support mashing up independently created models and datasets in a 
simple, flexible, and useful way.  This adds the challenge of providing efficient mechanisms 
for searching and identifying applicable models, for establishing an appropriate 
execution environment, for semi-automatically generating connectors between models 
and between models and datasets, and for enabling reuse, result pruning, data 
transformations, flexible model transformations, experiment management, 
visualization, simulation output analysis, and so on (see Figure 1).  

• There is no targeted technology and set of practices to facilitate collaboration between the varied people 
and organizations that develop and use deep-domain models. We envision an active community 
of participants contributing models and data, combining models, discussing models, 
exploiting previous results, and optionally sharing their models and modeling results.  
Participants in such an open community must have the means to (a) combine their 
proprietary models and data securely without risking intellectual property or violating 
privacy, (b) evaluate the quality of models and transformations used and communicate 
their findings to others, and (c) assess the trustworthiness of the outcomes produced. 
These matters demand sensitivity to the ways the underlying assumptions, methods 
and goals of varying communities of experts inform their practices and expectations. 
The final challenge is to develop a deep understanding of what is required for such an 
open integrated community system to successfully enable cooperation among all 
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stakeholders, and to incorporate our resulting insights into the design of our platform 
and methods. 

Figure 1. Splash will be an open community platform in which proprietary and 
public models, data, and outcomes can be searched, combined, executed, 
visualized, and shared. 

In summary, there are conceptual challenges related to the nature and description of 
models, technical challenges related to the construction of a platform for automated model 
composition, and social and business challenges related to enabling diverse partners and 
stakeholders to work together effectively.  We are addressing all of these challenges in Splash. 
Our technical approach builds on and extends a variety of existing technologies for web-
service descriptions and mashups, data integration and warehousing, collaborative data 
analysis, and simulation model interoperability. 

4 The Splash Roadmap  

4.1 Phase One  
In Phase One of Splash, we are creating and building specific model-mashup scenarios to 
gain insight into how to address the four challenges described previously.  We have begun 
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with a set of models related to a specific obesity scenario – public policy decisions regarding 
food availability’s impact on a community’s BMI.   

To develop a deep understanding of model compatibility, we have identified a diverse set 
of models related to this problem (see Figure 2): 

Household model: An agent-based model in which each household has specific 
characteristics (income, food preferences, young married couple with 2 children, 
available transportation, etc.), and decides where to shop, which foods to purchase, 
and how much to exercise. 

Transportation model: A model providing travel time required between two input 
locations (such as household to nearby stores). 

Store Location model: An optimization model used by retail stores (in this case a 
food store) to select optimal locations for establishing a new store. 

Recreation Model:  A queuing model for usage of parks and recreation facilities. 

Calories to BMI model:  A statistical model that converts daily calories, fat, etc. 
consumption and physical activity to BMI change for a given individual (e.g. 6 foot tall 
45 yr old man weighing 250 pounds). 

Community Incentives model: A decision tree of incentives that a community 
might offer to a food store to locate at a specific site. 

Integrating these models provides the opportunity to have scientifically sound answers to 
questions such as: 

• If a large chain grocery with low-cost fruits and vegetables opens at a specific 
location, what is the impact on the community obesity rates as measured by BMI? 

• In terms of BMI impact, would it be better to locate a recreation facility at a 
certain location rather than a grocery store? 

• Would a given community have lower obesity rates if it attracted a grocery store 
with many prepared food options versus a traditional restaurant to a certain 
location? 

In mashing up these models we expect to leverage and extend results from the simulation 
interoperability literature  [21]  [22],  — which is concerned with tightly coupled models — to 
our setting, in which models are most likely communicate via file or database I/O, or via web-
service calls. One approach is to view a simulation model as a (very complex) data-
transformation service, and exploit prior work on web-service description languages  [23] and 
on data transformation  [24].    It may also be possible to adapt constructs from existing model 
description languages such as the Unifed Modeling Lanaguge (UML)  [25] used in software 
engineering and Systems Modeling Langauge (SysML)  [26]  used to specify embedded 
systems.  
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Community Incentives model
Formula

Household Model
Agent based

As illustrated in Figure 2, these obesity-related models require data from a variety of 
sources such as geographical information (e.g. street maps, location of current grocery stores 
and parks), demographic information (e.g. income, current physical profiles of households),  
food information (e.g. food choices, calories consumed), and community information (e.g. 
available locations for stores, available recreation facilities and capacities).    

Beyond initial data sources required by one or more models, intermediate data 
transformations and connectors between models are essential to performing this model 
mashup.   To do this, we are exploiting and extending technology developed for mashing up 
data sources, such as IBM Mashup Center  [27]. Extensions include intermediation for 
differences in time (e.g. households may do grocery shopping once per week while the BMI 
model expects daily calorie input.).  Besides time conversions, GIS conversions may also be 
needed between, say, the store locator model and the transportation model or the household 
model.   Some models may produce a time series of data, while another expects only single 
event data.  In this case, the “connector” is a sequence of multiple calls to the second model, 
one for each time series element.  A language such as BPEL may be suitable for designing 
such process-type connectors  [27].  

We expect to complete this example model mashup in Phase One of the Splash project 
by the end of 2010, giving us a prototype platform (see Figure 1) and allowing us to support 
additional models and connectors for other stakeholders in Phase Two during 2011.   

Recreation
Queuing model

Store Location 
Optimization

Transportation model
Stochastic

Demographic 
data

Behavioral 
data

GIS data

Mashup
Engine

… other data 
sources

Calories to BMI model
Computational

Output of 
mashup
of simulation 
models

Figure 2: Phase One: Obesity model mashup.  A variety of types of models 
and sources of data are combined to inform community planning: If a locality 
aimed to decrease obesity, how should it invest -- in recreation facilities, in 
store incentives, in advertising?   
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4.2 Phase Two 

Phase Two of the Splash project will begin in 2011 and will aim to incorporate more models 
and more data from a community of stakeholders. Specifically, there are many research 
questions surrounding the community aspects of integrating disparate models to understand 
health and health policy.  One surrounds the worldviews and social practices that inform the 
underlying assumptions of the models and the expectations of their application. In practical 
terms, we must understand how to bring together contributors in ways that will support 
fruitful collaboration across diverse communities of experts and that lead to the production of 
meaningful and useful outputs to create an effective service system  [10]. What enabling 
technologies and sets of practices will support the kinds of knowledge-production and 
decision-making requirements of users? What operational considerations of the environment 
are needed to encourage experimentation and derive novel theories to help address the 
complex challenges of health and health policy? 

Furthermore, to build a system in which a community of stakeholder can work together 
effectively, we will extend the Phase One prototype platform with a number of additional key 
features, including: 

• Formal model description language for community participants to use to describe 
their models 

• Catalog of models and data with search capabilities for identifying required data 
and single or composite models of interest.  One example of building such a 
community of participants is illustrated by the ManyEyes web site for data sets and 
visualizations  [29].  In ManyEyes, participants may register, comment, blog, and 
provide ratings on data sets. Provenance of data is explicitly described in bylines 
associated with data. One path of exploration for the cataloging work Splash will 
provide is to apply similar concepts as we build our community of data, simulation 
and statistical models   

• Semi-automatic model compatibility assistant 

• Library of connector mechanisms, including tooling for adding connectors or 
customizing an existing connector 

• Mechanisms for describing how models can be put together to answer more 
complex questions and the implementation of those constructs in the platform 

• Security and privacy mechanisms for protecting individual privacy and for 
protecting proprietary models and data 

The success of the Splash platform and community depends on harnessing collaboration 
and expertise of researchers, health services professionals, decision makers, and other 
stakeholders in public and private sectors.  We welcome participation of potential partners, 
collaborators, service-providers, and consumers in Splash.  
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5 Summary 
We are embarking on an effort to provide scientific support for policy and investment 

choices affecting health by enabling stakeholders to try out possible alternatives via simulation. 
Because health involves a large set of intricately related real-world systems, adequately 
capturing the complex dynamics of the health ecosystem requires the composition of many 
simulation and statistical models created by a diverse set of deep-domain experts. In Splash, 
we are developing an open community platform, method, and service to enable integration of 
independently created, deep-domain simulation models, statistical models, and datasets in a 
manner that is practical, flexible, cost-effective, attractive, and usable. Our approach exploits 
and extends current technologies for web-services description and mashups, data integration 
and warehousing, collaborative data analysis, and simulation model interoperability, as well as 
insights from the emerging field of service science.  

We expect Splash will ultimately have impact on health at multiple levels, ranging from 
understanding comparative effectiveness of treatments and preventions, to determining return 
on investment at an ecosystem level, to understanding global health consequences of policy 
and investment decisions. Once completed, we expect the approach to be applicable to 
decision-making in other complex domains as well. 
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