M&S Architecture for Health IT


[image: image1.wmf]Currently health care is in a rapidly evolving stage where standardized queries cannot support most information retrieval needs of users – rather users start from loosely formulated questions which become more well-posed as understanding progresses—and such questions often cut across levels of abstraction and need to draw upon widely scattered data sources.  To make matters worse, the rapid advance of data collection technology exacerbates the problem – it feeds the front end storage of massive volumes of data without commensurate back end technology support – stored data is difficult to physically transfer to potential analysts, and lacks the structures that would enable effective extraction for analysis.  Consequently, usable data resource discovery and information exchange modalities do not exist that would support effective collaboration among users, whether at the same level (e.g. among researchers ) or across levels (e.g. between researchers and providers, or between accreditors and providers). Such modalities would initiate a virtual health IT marketplace or ecosystem that can greatly accelerate research and development [3], while improving healthcare. 

Modeling and Simulation (M&S)-based data engineering methodology  provides a unifying framework in which data are transformed into models that provide predictive guidance to interventions beyond the limited sources from which they were derived.  As Electronic Medical Records, research and other lab data become increasingly available, M&S can potentially support services to a wide variety of users such as providers, drug developers, policy makers, and treatment evaluators.   To fully attain this effect requires being able to dynamically assemble services and resources, based on the nature of the data and the question being asked, where two primary types of information resources– data and models– must be considered.

	M&S Architectural Layer
	Perpetual monitoring and point-of-care health diagnostics using nano-biosensors and Pragmatic Frames
	Exposing BioSystems Lab Resources as a web-service and support of clinical decision making under uncertainty

	Network Layer includes networks, sensors, and computing devices, organized in grids, clouds, service oriented architectures, that do the work of supporting all aspects of the M&S lifecycle.
	Integrated, portable nano-biosensors and surrogate data collection system with wireless data transfer
	Web-service oriented architecture (SOA) 

	Simulation Layer is the software that executes the models to generate and analyze their behaviors. Included in this layer are the protocols that provide the basis for verifiable local and distributed execution. 
	DEVS/SOA lightweight agent executes embedded data fusion and transmission configurable to the patient disorder set and energy/bandwidth conditions
	DEVS/SOA supports exchange of lab data in DEVS messages and exchange of models expressed in DEVS-ML

	Data and Modeling Layer supports the development of data ontologies, experimental/pragmatic frames, and models in formalisms that are compliant with the simulation layer protocols but agnostic with respect to their implementations.  
	Ontology and Pragmatic Frames enable data fusion and transmission configurable to the patient disorder set and energy/bandwidth conditions
	Ontology and Experimental Frames (EF) developed to characterize BioSystems Lab model-related data as entities in DEVS messages; BioSystems Lab developed models expressed in DEVS-ML provide components to be coupled and simulated in distributed fashion

	Negotiation and Search Layer supports the user in formulating Pragmatic Frame specifications characterizing data needs and negotiates with data sources to discover data to meet these specifications; supports the user in formulating Experimental Frames and  discovery of model components meeting Frame specifications; supports searches through space of model compositions for candidates meeting Frame specified criteria.
	Supports defining the set of Pragmatic Frames to enable selection of optimal distribution of processing and data transfer between surrogate and downstream storage and analysis. 
	Starting from user specified EF, the system generates a candidate set of DEVS-executable models. Evolutionary Algorithms search for other experiments that would invalidate current claims to robust intervention and then help identify additional promising alternative mechanisms.

	Clinical Decision Layer  enables the provider to interact with, and apply the results of,  lower layer processing to make decisions.
	Anomaly detection and notification service will support point-of-care diagnostics and intervention
	Clinician states potential intervention for a disorder within EF and interacts with system to test it and find robust alternatives.

	Collaboration Layer  enables clinicians  to bring to bear individual perspectives and contributions to make clinical decisions based upon the functionalities provided by the underlying layers.
	Physician-nurse collaboration will be enabled by the Web services provided at the lower layers.
	Researcher -researcher and Researcher -clinician collaboration will be enabled by the Web services provided at the lower layers.


Table 1: Modeling and Simulation Architecture for Health IT with two use cases

The M&S Layered Architecture  provides the basis for an M&S Service Oriented Architecture (SOA) foundation over the National Health Information Network by employing the DEVS/SOA environment. Central to this foundation would be leveraging work done toward design and implementation of a generic negotiation service on top of   DEVS//SOA.  This work would be extended to support an HIT negotiation layer having the following requirements:

· Supports an efficient marketplace infrastructure that provides negotiation capabilities to help users discover, contract for, and obtain data and model resources and services.

· New users (consumers, producers) should be able to join and participate in the marketplace in a simple and efficient way.

· Supports installing new domain ontologies and user definition of Pragmatic and Experimental Frames

· Provides generic negotiation protocol that can work with domain-specific Pragmatic and Experimental Frames 

· Supports privacy and transparency to users/agents engaged in negotiation.

Perpetual Monitoring and Point-Of-Care Health Diagnostics Using Nanobiosensors and Pragmatic Frames

Advancements in medical science and healthcare have led to an unprecedented extension of human life span. Unfortunately, prolonged life is accompanied by critical aging-associated degenerative diseases such as coronary heart disease, diabetes, and sleep disorders, and incurable neuro-degenerative diseases such as Parkinson’s disease (PD). Additionally, this has lead to an overarching need for active Care Coordination and Home Telehealth (CCHT) for veterans with chronic conditions. Timely remote diagnostics and therapeutics for patients suffering from chronic diseases can help save thousands of human lives. However, the paucity of cheap minimally intrusive remote health monitoring systems makes timely remote diagnostics a difficult and sometimes impossible task. Consequently, thousands of human deaths occur due to delayed or non-existent remedial treatment that would have been possible if the concerned physician had been alerted.

 To remedy this problem, we propose the design and implementation of perpetual monitoring and point-of-care health diagnostics using nanobiosensors and pragmatic frames. The aim of the proposed system is to provide an end-to-end solution to remote health diagnostics for cardiovascular, metabolic, and neurological disorders. The goal of remote health diagnostics is to provide real time disease detection and treatment. Therefore accurately deciphering of anomalies is critical to the success of the system. Specifically, the requirements of the system are

· Continuous health monitoring should be minimally intrusive to patients. The monitoring sensors should not hinder or affect quotidian patient activities.  This implies that the sensors and surrogate monitoring device should work within strict size, energy, and bandwidth budgets.

· The sensors must reliably collect critical body statistics such as heart rate, blood sugar, and neuron health and provide complete human body monitoring involving hundreds of disparate sensors. Hence, the system should be configurable to satisfy patient-specific diagnostic collection needs, parsimoniously preprocessing data for on-board accurate abnormality detection and for meeting technological limits on energy and bandwidth.

· The system should in-situ notify emergency health personnel in the event of an emergency. The realt-time notiﬁcation service should be robust, secure, and reliable to facilitate immediate help to patients. 

· The system should maintain security and data integrity since the wireless and wired channels used to collect and transfer data are susceptible to pernicious attacks and hence require secure communication strategies. 

The plan is to work with bioelectronic nanosensors to achieve invisibility—sensors that intertwine with day-to-day lives and at the same time efficiently monitor critical body functions such as heart rate and blood sugar level [34-38].  Contrary to typical sensor health diagnostics [39-41], the proposed use of nanobiotechnology provides several desirable properties such as ultra-sensitivity (<0.1nM), low cost, and minimal invasiveness—characteristics that are crucial to remote health monitoring.  Lightweight multi-sensor data fusion will fuse data from several hundreds of miniaturized devices to overcome limitations on energy, computation, wireless bandwidth, and storage constraints.  This hardware can set the stage to employ Programatic Frame-based distributed processing for anomaly detection and notiﬁcation in a novel scheme that partitions computation between weak devices and back-end servers. Secure data transmission can be achieved with several low overhead security solutions. 

Exposing BioSystems Lab Resources as a Web-Service via Experimental Frames

The massive amounts of data referred to above threaten to provide yet another example of voluminous data collection that is difficult to properly exploit unless clear objectives for their use are established and the data are suitably characterized to enable the right processing to achieve these objectives.  Without the use of abstract patient models, it is difficult to use real-time patient data streams to influence life-and-death decisions [5].  Model construction services can be applied widely to healthcare in general as well as patient-tailored solutions in particular [6,7].   Large scale simulation models such as Archimedes [42] attempt to concentrate enormous amounts of medical data at multiple scales (biochemical, physiological, patient-specific, etc.) to provide such services.  This approach, while benefitting from the tightly-coupled integration that such concentration provides, nevertheless cannot scale to meet the needs of large numbers of users with multiple and unpredictable questions in search of large numbers of islands of data.  We believe that, rather than concentrate a monolithic, all-purpose, model in a roomful of computers, it is more feasible to bring to bear the virtually unbounded computing power of the Internet – and do so in a naturally loosely-coupled, inter-operable, and collaborative manner. M&S Methodology has long recognized the practicality of purpose-driven model development and has developed approaches to support discovery and assembly of partial models to meet new or refined purposes as they arise [15-17].  We can address these challenges.  The goals of such a project would be to demonstrate in the short term, how the data obtained for constructing and validating medical disease models can be exposed on the Web to enable access by other lab researchers working on the same or similar systems. Beyond this, it can help those working on systems that include, or are included in, the modeled system. Further, in the long term, the goal would be to show how the approach can be extended to enable access to models that are relevant to a researcher’s objectives, together with tools that support the coupling of such partial models as components to create more capable models that support exploration of robust pharmacological interventions.
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