The Intermental UltraScale Computer 

A proposal in response to BAA 98-11
A: Innovative claims
We introduce an Intermental Network as the UltraScale computer formed by the linkage of human minds coherently and synchronously together to tackle a single problem. This network can be used on its own or as part of a distributed system with other UltraScale computers. Essential to an Intermental net is a reversal of roles where humans are not users of computers but rather their linked minds are the parallel computer whose function is enhanced by interaction with conventional systems.  Further unlike a shared virtual environment, we are not trying to modulate an individual’s perceptual state by an accurate representation of the physical world and the impact of users on it. Rather our main aim is more effective modulation of the physical environment from the actions of individuals cognizant of an accurate synthesis of the perceptual state of the linked minds. We will design a system architecture and build a prototype system where individual bodies will be linked to a net through a rich sensory interface with over 30 channels. These signals will be filtered and presented as additional perceptual dimensions to the participating minds which will perceive either the states of individuals or their synthesis as one of more system-wide group perceptual states. This integration will use novel collaboration software TangoInteractive and be built using Web technologies, which ensure extensibility and ease of integration of new subsystems. We will stress performance, flexibility, scaling and fault tolerance in our Intermental architecture and explicit enhancements to TangoInteractive used in our prototype implementation. The human computer interface is an adaption of the wearable computer system under development for the Darpa Bot-Masters program. The interface will be flexibly linked to the net with the visual network-based software system NeatTools that supports general filters.

We have identified three application areas that will drive requirements for our system architecture and are the basis of our prototype implementation. These areas are Special Operations, Crisis Management and Battlefield medical intelligence. Each of these offers tactical opportunities to use the linked minds to aid split second decisions. Further the Intermental net will continually modulate the perceptual state of individual decision-makers as time progresses and in this way we support longer-term strategic judgements.

Our base $300K per year, two year proposal delivers a system architecture and prototype implementation. Options in years 2 and 3 allow integration with realistic distributed computer networks and significant application demonstrations.

The proposal team brings a very strong and perhaps unrivalled integration of talents to this interdisciplinary project. Fox is a pioneer in parallel computing and an expert in the general theory of complex systems. Podgorny and Fox have built several large web-based software systems including the sophisticated collaboration system TangoInteractive that is the core of the Intermental net’s integration. Warner and Lipson have pioneered cost-effective innovative human computer interfaces and designed and built the software NeatTools that allows them to rapidly prototype new approaches. We have expertise in the key motivating applications and will add the necessary collaborators in conventional metacomputers if the options are exercised.
Section B: Technical Rationale, Approach and Plan

B1: Introduction

B1.1 What is an Intermental Net and why is it different?
New computers, communication and peripheral devices from biological, quantum, superconducting and other technologies promise UltraScale computing. One of the most obvious but still interesting biological computers is that represented by Nature's premier computer -- the Human mind. There is the potential world (and space) wide linkage of billions of such human minds with large numbers of constructed devices (traditional computers) which form an Intermental network. We do not envisage this as a glorified next generation World Wide Web as this implies that each client (human mind) links essentially independently to a single server in a given transaction. The World’s Wisdom is obtained by the incoherent sum of individual contributions. Rather as in a parallel computer, our Intermental computer will link entities coherently and synchronously together to tackle a single problem. Further as described below, our concept is a major extension of the interesting and still developing shared immersive virtual environments. In the latter, one represents the world classically by the actions of other people on it. In contrast, an Intermental net directly represents other participants through a rendering of their perceptual state.

An Intermental network reverses the traditional role of the human as the user of the computer system. Rather than the human as the usually asynchronous viewer of the computer's possibly parallel computations, we consider the conventional computer network as an aid to the parallel synchronous interactive Intermental network of linked minds. In another reversal, we are not trying to modulate an individual’s perceptual state by an accurate representation of the physical world; rather our main aim is more effective modulation of the physical environment through an accurate synthesis of the perceptual state of the linked minds. 

We use the term "mind" to mean "consciously experienced perceptual state-space". Thus the concept of "linked minds" of the Intermental network will refer to the capability of the network to modulate a coherent (phase consistent) co-perceptualization across an number of individual "minds" for the purpose of synthesizing a collective intelligence which will influence future iterations of a computational process. This Intermental linkage will allow the individual users to perceive the collective response dynamics of other minds while these minds reach states based on the knowledge of actions of the whole. Our multi-modal perception and expression systems (wearable computers) which are critical part of this proposal, are designed to enhance and optimize the inevitably imperfect representation of each mind's state as it is transmitted through digital filters and networks and seen by others in the Intermental net. This leads to each mind having additional perceptual dimensions corresponding to either the state of individual minds or the Intermental net's synthesis of a group perceptual state. This gives rise to a form of quasi-self awareness, where the computational properties of individual units are influenced by the state of the whole system. We believe that this experience of co-perceptual processes will lead to the emergence of new computational capacity not currently possible with current asynchronous networks linking incoherent (sequential) minds.

This Intermental network extends the familiar concept of a shared virtual environment where users respond to a changing system without direct knowledge of the thought processes (perceptual states) of other users. Rather than perceiving the other participants’ perceptual states indirectly through their action on the physical environment, an Intermental network provides to each user direct awareness of the probable perceptual states of the other players at any moment.

B1.2 Motivating Applications
We have chosen three applications to focus our activities. In our basic proposal we will investigate the architecture of an Intermental net and produce a prototypical skeleton implementation. In this $300K per year effort for 2 years, we will not deliver any major demonstrations but rather working networks illustrating the basic principles. We have defined options in years 2 and 3, which would expand the effort and produce realistic demonstrations that could be based on our applications described below. However for our basic proposal, we will just use the applications to drive requirements for our architecture studies and our skeleton implementations.

Our three application areas are special operations environments, battlefield medical intelligence, and crisis management. Intermental nets have two types of application impact; tactical and strategic and each of our chosen areas can be impacted in both ways. Tactically, the Intermental net can enhance split second decisions by providing an instantaneous awareness of the group perceptual state. Integrating this over time, members of the Intermental net are continually aware of the evolving perceptual state of others addressing the same problem and this can lead to better strategic decisions.

Special operations environments present a highly challenging situational scenario to the project of gathering, processing and depicting time-critical information. Present age operations are especially harrowing to military personnel due to the insidiously stealth nature of modern threats Presenting critical information to key personnel who are simultaneously enabled/empowered to respond effectively has long been a problem. Inadequate capacity to cope with various threats necessitates great resource and personnel allocation just to insure that the higher level priorities can go forward. This proposal responds proactively to this aim by specifying an "interventional informatic" methodology for comprehensively addressing the problem of connecting strategic personnel to emerging information and enabling their interaction with that information. We are currently developing a single, multi-modally integrated interface system for the perceptibility and expressability of massive quantities of critical information for the DARPA distributed robotics project. What we are proposing here will extend the focus beyond the issues of interfacing individual personnel by addressing issues of allowing the Intermental network control the robots.

We will research issues of providing the forward deployed personnel with a linkage to the collective intelligence of command communication and other intelligence they need to be maximally effective. We will seek to develop the requirements of an Intermental network resource for augmenting the current efforts to instrument these key personnel with body-worn computers and communication tools.

It is also our intention to provide a powerful resource for battlefield medical intelligence where the traditional concept of telemedicine is augmented by an intelligent integrative system with distributed doctors and patient linked together coherently. As we describe later, traditional telemedicine has proved inadequate in many circumstances and the proposed Intermental system appears to offer a more promising approach to quality time critical health care. 

The final example is crisis management, which is quite similar to command and control and involves decision (judgment) support, which intrinsically mixes people and computers in real-time simultaneous interactions. One of our base technologies – the TangoInteractive collaboratory – was originally developed to demonstrate the value of commodity (web) technologies in cost effective high quality command and control applications. Tango has been chosen by the XII group to integrate a crisis management demonstration this May at Hanscomb air force base.

In general these applications lead to important requirements for the Intermental network which can be applied to a wide range of mission critical applications where the access to the intelligence of a collective of co-aware minds is essential to the optimal performance of the mission. We note that the P.I.’s have substantial experience with the chosen application areas.

B1.3 Core Technologies

This proposal is built on three key technologies where our team has world class capabilities. They will be scaled up and blended in this effort. The core efforts are in human computer interfaces (HCI), collaborative systems and parallel/distributed computing and we briefly discuss these separately in the following.

The Intermental HCI will be led by medical-neuroscientist David Warner MD and biophysicist Ed. Lipson Ph.D. and will aim at maximizing sensory throughput and expressional capacity of the individuals linked to this Intermental network. This component of our proposal, leverages a DARPA Bot-Masters proposal that is developing an advanced body-worn HCI aimed at controlling behavior of an array of distributed robots. This system uses novel hardware interfaces and software built on extension of NPAC's NeatTools system. NeatTools is a system developed to be adaptable to both the physiological and cognitive restraints of individual users and unique applications.

Naturally linking an individual to so much real-time information requires both optimizing the amount and the level of understanding (quality of information) in the transferred data. We will build all our software systems on top of commodity web technologies for as we have argued (http://www.npac.syr.edu/users/gcf/HPcc/HPcc.html) this leverages the best available distributed information processing software.

A key Web based subsystem and our second major building block is the collaboration capability that will support the synchronous sharing of information (in the form of distributed objects) between the participants in the Intermental network. Here we will build on NPAC’s TangoInteractive system designed and built by a team led by Marek Podgorny, which is not only a world-leading collaboration system but already has substantial support for our chosen application areas. As mentioned above, Tango was originally built as a proof of concept that pervasive Web technologies could be used in Command and Control and now is part of the XII crisis management project led by Lois McCoy of the National Institute for Urban Search and Rescue. So Tango already has built in capability for message processing; geographical information systems and other standard building blocks of command and control systems. Tango uses the powerful flexible event sharing collaboration models and allows transmission of raw messages or the definition of general system filters. As part of this proposal we will develop for Tango, the necessary new data fusion filters to aggregate data to form the higher level information processed by the HCI.

Our final technology area is distributed computing and although this is very important, we have divided its use into two distinct phases. For the basic two year study, we will only need basic principles on the interface of parallel and distributed systems of the type outlined in section B2.3.  However, a major thrust in this area will be necessary for the significant demonstrations planned in the options of year 2 and 3. Here we will need new distributed computing techniques, which will be built on the Globus toolkit and led by Ian Foster from Argonne National Laboratory. Globus is the leading world scale metacomputing activity and we will also get from the Globus team access to a large testbed for use in our demonstrations. Argonne and NPAC are already collaborating on the next generation National Grid metacomputing project of NCSA (National Computational Science Alliance) and we will leverage all this activity. In particular we will develop higher level web based computing on top of the Globus facilities by extending NPAC’s (Wojtek Furmanski) WebFlow system. This is designed as a system integration tool but built using the pervasive technologies, which is an essential characteristic if we are to scale the Intermental network to very large sizes.

B1.4 Project Structure
Intermental systems, although present in many Science Fiction stories, are still largely unstudied for the main computer science effort has been "metacomputing" where one views humans as observers and users of large distributed networks of conventional computers. Thus this proposal will focus on the system architecture issues. These issues have to do with designing a network architecture, which addresses the phenomenological aspects of integrating human mental function with networked computational systems. We will need to explore the physiological restraints of rendering information to the human neurosensory system and transducing intentional bio-modulated energy patterns, which contain expressional information.

The core activity will lead to a demonstrable prototype system, but significant deployment will not be our main concern. We are proposing a core two year ($300K per year) effort to develop the basic ideas and system architectures that could lead to large-scale efforts in this arena. 

Thus the basic proposal includes a simple small proof of concept demonstration with the components available in year 1 and the skeleton system shown in year 2.  However, the options are designed to lead to a significant geographically distributed demonstration that will illustrate and test the basic system in one of the three chosen application areas.

For each of our subsystems, a key theme will be future scaling current ideas to eventually support billions of simultaneous entities. Note that it is essential to our commodity architecture approach to Intermental systems that our Web-based software is universally runnable and that our HCI interfaces are both readily available (e.g. at Radio Shack) and very affordable so that our technology can be widely deployed. We are aiming at a cost of about $1000 per person for a wearable multi-perception/expression system with a total of over 30 different ports. This scaling of an Intermental system must take account not only of the issues of size but also the inevitable failures that will occur in a system of such magnitude. This scaling will involve subsystem dependent issues (for instance for HCI, we need to take advantage of multiple simultaneous human sensory subsystems) but we will use a common system-level approach based on novel hierarchical multi-resolution ideas to support integrated scaling for all three core technologies areas. As part of this initial proposal, we will demonstrate the hierarchical scaling of the Intermental system through at least two levels. We will study the tradeoff between branching factor and number of hierarchical levels using our application areas and systems architecture study. 

We intend to use the standard Web mechanisms to popularize this project and so obtain volunteers to become the minds of a future highly scaled Intermental network. We expect children to find this project particularly exciting and these could use a set of simple collective (multi-player) games (developed separately as part of TangoInteractive activities) to interest them and complement the serious Special Operations, Crisis Management and medical demonstrations.

Our skeleton system and optional demonstrations will initially involve conventional computers but can be extended to use systems built using other UltraScale systems, as these become available. One of our systems architecture efforts will be to study to special issues and opportunities opened up by the really novel UltraScale systems built from biological and quantum components. This will involve interacting with the other P.I.'s in this DARPA program.

B2.1 Bot-Masters and NeatTools Background

In the following we give an overview of the Bot-Masters work now being initiated for the DARPA distributed robotics program. This has key relevance to the Intermental network proposal as it will develop new approaches to HCI using the human body as an essential component of the interface to the human mind. It is anticipated that the Bot-Masters work will yield important information about the phenomenological aspects of integrating physiological systems with traditional computational systems. The Bot-Master effort will focus on applications, which will integrate with the DARPA wearable computer projects. 

The research, prototyping, development and demonstration of technologies to support gathering, interpretation and use of data is a major challenge/obstacle. Such complex phenomena as battlefield dynamics easily overwhelm the best available information delivery systems. Presently, the large number of relevant gathering and controlling systems and techniques creates an interface problem of vast proportions. Funneling the greatest amount of high quality (prepared/processed) information to key personnel would be the ideal solution. It is therefore critical that technologies be researched and demonstrated for the representation and interpretation of multiple, diverse data sources, for human interpretation of those data sources, and for powerful, deliberate/calculated and rapid interaction with that information. The Bot-Master activity will produce a integrated interactive perceptualization interface system: a integration of multiple sensory information for enhanced expressivity. This optimized single individual-computer linkage will be linked to together as a network in this Intermental proposal. The Intermental activity will then feed back to the Bot-Master work as it will allow individuals new types of input – namely the additional perceptual dimensions corresponding to either the state of other individuals’ minds or the Intermental net's synthesis of a group perceptual state.

Successful interfacing with external sensors and actuators is grounded on a high degree of context/need specific malleability within the interface itself. Ability to transmit any information presented to the sensory technology back to expert personnel is primarily an issue of how intelligent the interface is in its reconfigurability, processing and rendering options. The Bot-Master project will develop a system which takes advantage of the entire body's neural capacities for sensation, processing and yielding to consciousness information. We intend a total of over 30 separate perception or expression channels. The Bot-Master system's multi-sensory interfaces will then make maximal use of the 'feature extraction' properties of the human senses. That is, a neurological margin of maximally meaningful input from the outside can be rendered to each sensory system. The system will accordingly map to this margin for each of the involved senses; system resident artificial intelligence will allow the reconfigurability based on context need. 3-D visual displays, spatialized audiomorphic and tactile body surface significations and other methods will present information from the sensors to the expert. EMG-like sensors across muscle surfaces, foot activated pressure sensors, voice recognition, and specially signified body movements will all serve as methods for controlling actuators in real time as they perform work and send back information. 

As well as the multiple sensory channels described above, the Bot-Master has two other key components. The first of these is the NeatTools software, which is a general cross-platform multi-threaded Real-time data flow system for the flexible visual programming of networked or linked modules. It allows us to rapidly link peripherals, filter modules and diagnostic displays in a way that allow us to easily customize the different sensory components of the HCI. The NeatTools programming model has its roots in the formal Input / Output automaton model. In NeatTools, module abstraction is offered as a set of class methods to inter-module communication. Functional components (implemented as class objects) of a concurrent system are written as encapsulated modules that act upon local data structures or objects inside object class, some of which may be broadcast for external use. Relationships among modules are specified by logical connections among their broadcast data structures. Whenever a module updated data and wish to broadcast the change and make it visible to other connected modules, it should implicitly call an output service function which will broadcast the target data structure according to configuration of logical connections. Upon receiving the message event, the connected modules execute its action engine according the remote data structure. Thus, output is essentially a byproduct of computation, and input is handled passively, treated as an instigator of computation. This approach simplifies module programming by cleanly separating computation from communication. Software modules written using module abstraction do not establish or effect communication, but instead are concerned only with the details of the local computation. Communication is declared separately as logical relationships among the state components of different modules.

NeatTools is written in C++ for performance but can migrate to Java if appropriate when this language has sufficient performance. NeatTools has built-in linkage to the web and so it can be integrated with the overall web technology-based system software that we will build for the Intermental network.

Another important area of ongoing research is the filters that provide the “optimal” linkage between human and computer for each of the channels. Mostly we have relatively simple scaling and discriminator based systems but we are looking into more sophisticated approaches. In particular, we are experimenting with gesture-recognition modules based on either neural networks or the parallel cascade method which provides an efficient way to represent and evaluate the input-output relation of a dynamic nonlinear system. It relates to the Volterra and Wiener theories of nonlinear systems, but has the significant advantage of being able to rapidly approximate dynamic systems with high-order nonlinearities. In this iterative method, the black-box filter for Neattools is initially represented by a single cascade consisting of a dynamic linear element (L) followed by a static (zero memory, or instantaneous) nonlinear element (N), such as a polynomial. L is evaluated using a cross-correlation procedure between the experimental input and output (stimulus and response time series). Then N can be determined by a least-squares method. A basic reference for this approach is Korenberg MJ 1991. Parallel cascade identification and kernel estimation for nonlinear systems. Ann Biomed Eng 19: 429-456. As described later, we believe that future systems of this type will extensively use such heuristic optimizations to best match input and output. However this area will surely be the subject of much interesting important research and our goal is to design and prototype the overall system. We will typically use simple filters but allow the architecture to accommodate later improvements.
B2.2 Collaborative Systems: TangoInteractive Background

Web technology offers remarkable opportunities for sophisticated new environments linking people and computers. These are important in areas such as traditional video conferencing, telemedicine, command and control, crisis management, distance education, computational steering and visualization, and ``human in the loop'' distributed discrete event simulations. TangoInteractive from NPAC and Habanero from NCSA are probably the best-known general systems of this type. There are commercial systems but these are either specialized such as video conferencing systems (for instance CU See Me) or implement the restricted shared display model like Microsoft’s NetMeeting. There is another important class of asynchronous collaboration systems like those built on Lotus Notes but these are not relevant for our coherent applications. TangoInteractive supports client applications written in any language and has over 40 examples on its web site. (http://www.npac.syr.edu/Tango) TangoInteractive is relatively robust as it has been used extensively in significant distance education applications including a regular semester long class offered by Syracuse to Jackson State University. TangoInteractive implements a general model of sharing distributed objects with the objects replicated on each client and the system ensuring that chosen events specifying system changes are properly replicated. This model for collaboration is both scalable and flexible as one can choose which change events to share. We illustrate its application below in the original command and control scenario for which TangoInteractive was originally built in a project supported by Rome Laboratory.
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The basic TangoInteractive technology is a distributed set of Java servers and clients that communicate. The Java clients are applets launched from traditional browsers. The servers run session managers that log new users, and ensure a common worldview so that applications spawned on one client (white boards, lessons for distance education, etc.) are shared on all others. This simple sharing of information is already a powerful environment, but Tango generalizes this by allowing client messages to be processed by arbitrary filters before they are passed on to other clients. This allows different users to receive different views of the same data - in a complex command and control or more general Intermental environment, it is clearly necessary to present the different decision makers with the different detail needed for their responsibility. Further, we can drive these filters by dynamic scripts that allow one to include simulated users for training and modeling applications. Note that the ``users'' (more accurately, clients) generating and receiving messages can be either people or computers. For instance computational steering in its simplest case corresponds to a single person interacting with a single computer. The overall TangoInteractive system is now a set of Java servers implementing a (distributed) event driven simulator that accepts events from either scripts, simulations, sensors or clients corresponding to computers or people.

B2.3 Parallel Distributed and MetaComputing Background


Parallel and distributed computing both address networks of computers with parallel systems focussing on the issues of low latency and high bandwidth coming from solving problems decomposed into closely coupled parts with tight synchronization constraints. Distributed systems use similar technologies to parallel computers but with different tradeoffs. For instance the World Wide Web is a distributed system using message passing linking tens of millions of entities together. The largest parallel MIMD systems have only 10,000 nodes as in ASCI machine at Sandia. However the web supports essentially independent asynchronous linkage of clients and servers while the Sandia machine has a specialized interconnect capable of supporting the decompositions of most important problems. The web entities are loosely coupled through exchange of email; worldwide search engines; separate clients accessing the same server and similar asynchronous indirect linkage. Problems on the Sandia machine would typically run in the classic MIMD loosely synchronous style with inter-node communication effectively synchronizing each computational entity with a frequency that could as high as a 100 KHz. (Parallel system message passing latencies are in the 1-30 microsecond range). So we see distributed systems focussing on scaling and issues of geographical distribution while parallel computers focus on synchronization and high performance. Parallel systems tend to be homogeneous and distributed systems heterogeneous. Metacomputers refer to hierarchically organized heterogeneous distributed systems with components that can themselves be parallel or distributed subsystems. Usually metacomputing corresponds to the use of such a set of computers to solve a single metaproblem. Problems suitable for metacomputing tend to consist of a set of coarse grain modules, which are coherently linked but with modest latency and bandwidth constraints that can be satisfied by the geographically distributed components of the metacomputer.


There are some important similarities and differences between an Intermental and traditional computer networks. Firstly both will consist of nodes, which communicate by some form of message passing, and these messages will both supply information and implicitly or explicitly synchronize the nodes. However the individual minds of an Intermental net have a natural cycle time of a Mhz and so the needed synchronization time for coherence is much longer for an Intermental than a parallel system whose nodes have today a few nanosecond clock cycle. Further the human body does have diverse sensory channels but these can be satisfied by an information flow in the range of 1 to 100 megabits per second, which includes the transfer of high quality (compressed) video streams. These communication needs can easily be satisfied by a good geographically distributed digital network. Thus our Intermental system will act like a parallel system but be realizable in a geographically distributed fashion. This is important as the individuals in a net are for most important applications (as in two cases we chose in this proposal), naturally at different locations. This "good news" about network requirements has a flip side. For digital computer systems, parallel computers have internal and external bandwidths that are comparable with the internal speeds being about a factor of ten higher. (Here we compare access to local and distributed memory). However the human mind is supported by a brain, which has a set of linked neurons whose internal connectivity is much richer and higher performance than the perceptual interface of the body. This implies that whereas parallel computers "just solve" the same problems as individual sequential computers, an Intermental network will not be put together to mimic an individual brain scaled in size by the number of members in the net. Rather the parallel Intermental system will gain its power by coherent group decision making of a different style to that used internally to the brain. We see this distinction in today’s computer science; "neural networks" are modeled after the algorithms used internally to the brain; "expert systems" roughly embody the methodology used between brains. Our proposed Intermental net combines and improves these two fields of computer science with our higher performance linkage of minds implying new possibilities in group decision making. In summary we need to combine the techniques of both parallel and distributed systems for our proposed Intermental Net is a parallel linkage of minds joined to a distributed metasystem of parallel and sequential computers.


On a technical level, we emphasize that at all levels our system is a set of linked modules. This is seen inside the brain with linked neurons; in our wearable computer with the Neattools software which links filters, body signals and computer peripherals; in our parallel and distributed systems that communicate via messages. We are not stressing traditional distributed computing technology in our base proposal but it is included in our options, which include a significant geographically distributed deployment. This will probably use Argonne’s Globus technology at a low level and NPAC’s high level WebFlow interface. Globus is the best available toolkit for distributed systems. WebFlow can be thought of as a coarse grain version of Neattools allowing either a visual or scripted interface to join modules together. Here the modules are full computer programs running perhaps on a parallel system and not the simple basic filters in Neattools. However the similar programming paradigms suggests that we will be able to design a hierarchical system with the same networked module computing model at each level.

B2.4 Application Background: Interventional Telemedicine

We gave some details of the special operations application in sec. B1 and so here we elaborate on the medical application and in the following section on crisis management. As part of Warner’s work as a leader of the national effort investigating technology for telemedicine, it has become clear that the appropriate concept is distributed medical intelligence or interventional informatics. This is the intentional utilization of information and information technology to alter the outcome of a dynamic process, and will play an ever greater part in the future of telemedical services. Distributed medical intelligence services are emerging as viable entities supporting the practice of telemedicine. The transition from center based medical services to internet based distributed medical knowledge services is made feasible by the increased accessibility to the global communication infrastructure.

Technology supports human care and creativity. Humans relate to each other for many diverse purposes through technological elements. The development of medical applications for the Intermental network might even be thought of as a kind of prototyping of the next generation society resource. That is, as the structure and function of information systems and communication technologies become more perfected in their purposes of creating communication pathways between persons and groups they are actually going to be more and more like in their character to the physiological bases for communication within living systems. Further, as more is learned about the neurological bases of thought, language and communication the more and more neurobiological in character will become the information technologies created to allow communications between human beings. The interface boundary between the human and the technology will become increasingly seamless to the point where it is virtually non-existent in some cases. In short, the intermental network represents real progress in social and systemic thinking about how to significantly change the face of current problems with multimedia communications technology. The communications infrastructure becomes a kind of nervous system for a newly emerging social body, a “Homo Cyberiens”.
B2.5: Application Background: Crisis Management

Command and Control is the military description of a general real time decision (or judgment) support environment involving a complex set of people, datasets, and computational resources. A critical characteristic is the need to make the ``best possible,'' as opposed to ``optimal,'' choice. In a civilian context, crisis management examined in a recent NRC study (``Computing and communications in the extreme: Research for crisis management and other applications,'' in Workshop Series on High Performance Computing and Communications. National Academy Press, Washington, D.C., 1996. Computer Science and Telecommunications Board, Commission on Physical Sciences, Mathematics, and Applications). Fox and Lois Clark McCoy of the National Institute for Urban Search and Rescue (NIUSR http://www.niusr.org) met at this working group and are collaborating in NIUSR’s XII initiative. To quote from a draft ACTD proposal:

“The Xtreme Information Infrastructure (XII) has been undertaken by NIUSR to enable the development of a large-scale coordinated National Inter-Agency Response System. The XII Intelligent Data Fusion System resolves the problems of heterogeneous databases by utilizing commercial off the shelf (COTS) technology to provide a service layer that isolates the rigidity of legacy data applications from dynamic changes in real-world environments. Modules in the XII Intelligent Data Fusion System gather data from myriad collection of dispersed sources then intelligently transforms the heterogeneous databases, stovepipe applications, sensor-based subsystems and simulations, unstructured data, semantic content, into virtual knowledge bases.”

XII is addressing the civilian side of many events of interest to DARPA including both biological and nuclear-based crises. The Intermental network is designed to aid both the tactical (what to do in next second to mitigate damage) and strategic aspects of crisis management. Using TangoInteractive with its web based infrastructure allow us to “plug” an Intermental net into an existing Tango based system.  Tango is currently been adapted to use in the first XII demonstration which is currently planned for May at Hanscomb air force base. Tango’s web structure allows it to interact with the myriad (stovepipe) information sources using standard web interfaces (such as HTML, VRML, CGI) as the interchange mechanism.

In the original command and control application shown in the figure of sec. B2.2, Tango linked military and civilian radar sensors and personnel tracking aircraft; NORAD as military command in execution stage; federal and state leaders at highest level (President and Governor); weather simulation to assess intercept possibilities, and in response stage, the dispersal of bacterial agents; FEMA as civilian command in response stage; and finally, medical authorities for expertise and treatment.   Tango as a general collaboratory supplies digital video conferencing, text-based chatboards, and shared white boards, which are used by the participants to interact in a typical unstructured collaborative fashion.   We are linking Tango with general backend information resources such as Lotus Notes and the EIS system commonly used today by crisis managers. Further this application needs shared two- and three-dimensional geographical information (GIS) systems. The filter capability of Tango is used to ensure that each participant only received appropriate information. For instance, the President and Governor would be spared a lot of the detailed shared displays used by those lower down the command chain.  More generally, one wishes to present a given object in different ways to different participants. Thus, the radar and weather officers could use complex three-dimensional geographical information systems to study the event in detail. The expected weather and tracking data would be presented to others less involved in those areas, as simpler two-dimensional summaries. In the Intermental case, the filtering becomes subtler as we need to use it to customize the perceptual states perceived and expressed by each participant.

B3 Intermental Networks
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The above figure cartoons the system we imagine and we first detail the needed functionality at a high level and then discuss what exists today. Comparing this allows us to define what needs to be done as part of this proposal. We first note a point of terminology. We use perception for any entity (whether a mind, a computer or any combination thereof) to mean the “awareness” of input to that entity; correspondingly expression refers to output from the entity. 

Eventually we imagine a worldwide link of potentially millions or billions of minds and artificial computers linked together as the Ultimate UltraScale system. The artificial computers are currently traditional PC’s, workstations and higher-end digital machines —including massively parallel systems. Eventually these will include computers built using technologies stemming from the existing research in the UltraScale program. This conventional computer network uses distributed and parallel computing techniques to integrate information and simulation together to solve complex problems. These computer science issues have been and correctly continue to be the focus of major research and development activities. We are intending to use the results of parallel and computer systems research in this proposal in two ways. Firstly we will learn from it to design new approaches to the linkage of minds and secondly we will use it in integrating the distributed computer system to a Intermental network of minds. We will not however duplicate existing distributed or parallel computer research programs here but solely focus on issues raised by the Intermental net.

The individual minds are linked to client computers using multi-sensory rendering techniques for enriched perception and multi-modality expressional interfaces. The NPAC/MindTel team has built a prototype of such a multi-modal interface and will extend it as part of DARPA’s new Bot-Master project. This uses the novel visual programming environment Neattools to rapidly build and experiment with the network of filters and peripherals which form the interface. We have started experimentation with some of the techniques useful for optimizing the interface to maximize the effectiveness of the human mind in exploiting the body’s ability to create enriched perceptions and generate complex expressions for an "optimal result".

The Bot-Master project focuses on an single individual perceiving information which could be from the computer network shown at the bottom the figure. Our Intermental system needs two additional components. Firstly it links multiple minds together and using a generalization of the TangoInteractive system, shares the different objects in the net. This includes the results of the computer processing but also the perceptions and expressions of each mind. This ability of each individual to see the input data and output expressions of others already provides an interesting coherent system of the type proposed. The decisions of individuals can and will be modified by seeing the “thoughts” of others in real time. Thus already this system illustrates the key coherent simultaneous linkage of minds that characterizes an Intermental network. However we can generalize the Intermental concept by adding the middle set of computers whose task is to optimally synthesize into one or more "summaries" the individual expressions of each object in the net, whether it be a mind or conventional computer. In a parallel computing analogy, this synthesis is "just" the output of the parallel system formed by the Intermental net. Just as optimizing an individual computer-human interface is a long difficult research program, we assume that optimizing the synthesis of the expressions of multiple minds and computers will be a long ongoing activity. So in this proposal, we cannot except to solve this problem but rather we will produce a proof of concept system and some pointers to fruitful future activity. We expect that either simple statistical combination or more sophisticatedly, the usual general heuristic algorithms such as genetic algorithms, neural networks and simulated annealing will be the basis of our and others’ initial attack on this critical hard problem. We term these approaches generically physical optimization as they are based on optimization methods used by physical systems.

Looking at our system in total, we see optimized human computer interfaces linked together to produce one or more synthesized view which result can itself be synthesized with the expressions of one or more distributed computer systems. The collected expressions of individual and syntesized entities form a set of distributed objects which are shared by TangoInteractive with all participants. This sharing forms a nonlinear feedback loop of new perceptions which of course give rise to time dependent expressions which come from this parallel coherent Intermental net.

So we bring to the table

· The "wearable computer" of the Bot-Master project with its Neattools software that forms the basic programmable and interactive individual link of a mind to the Intermental net. 

· A robust system TangoInteractive for sharing general distributed objects that provides the software infrastructure to build the feedback loop that drives the coherent Intermental decision making. 

· Substantial distributed and parallel computing experience that can be used both to add general information processing to the linked minds and to suggest an architecture for our coherent minds.

We propose to take the above framework and listed state of the art to produce

· A detailed Intermental systems architecture that expands on the conceptual design given in the figure and described above. 

· An illustrative prototype system that will be applied to two application areas – battlefield interventional medical practice and crisis management. These two application areas will be presented as demonstrations, which will in the final second year exercise all the essential concepts of the architecture we develop. 

· New software and hardware artifacts needed to illustrate and demonstrate the Intermental system. These will include a prototype of the optimization software that will synthesize the expressions of multiple minds. We will also extend TangoInteractive to handle this rich set of objects with a multiple server architecture that will have the necessary scaling and fault tolerance features to support our architecture.

B4 Project Plan

C Deliverables

D Statement of Work (SOW)

E Schedule of milestones

F Technology Transfer

G Comparison with other ongoing research 

C.{2} Deliverables associated with the proposed research. Include in this section all proprietary claims to results, prototypes, or systems supporting and/or necessary for the use of the research, results, and/or prototype. If there are no proprietary claims, this should be stated.

The offeror must submit a separate list of all technical data or computer software that will be furnished to the Government with other than unlimited rights (see DFARS 227.) 

Tango NeatTools Public Domain + Commercial

Full rights to all software developed here

D.{3} Statement of Work (SOW) written in plain English, outlining the scope of the effort and citing specific tasks to be performed and specific contractor requirements. 

E.{1} Schedule of milestones for the proposed research. 

F.{2} Technology Transfer. Description of the transferable technology and expected technology transfer path. 

MindTel WebWisdom XII Marine War Fighting

G.{3} Comparison with other ongoing research indicating advantages and disadvantages of the proposed effort. 

H List of key personnel

1. Geoffrey Charles Fox.

Fox obtained undergraduate and Ph.D. degrees in mathematics and physics respectively at Cambridge University. He was on the faculty at Caltech for 20 years where he also held administrative roles as Executive Officer for Physics and associate Provost for Computing. Fox is currently Director of NPAC and Professor of Computer Science and Physics at Syracuse University. He is an internationally recognized expert in the practical use of computing technology in a variety of areas. He has published 300 papers and 3 books. While at Caltech he pioneered the development of the systems and application software for the hypercube parallel computer. Fox was also a co-founder (with Hopfield, Mead and Van Essen) of Caltech’s Computation and Neural Systems Program. Much of his interest and expertise in complex systems was developed as part of this program. He has led and participated in several DARPA and other DoD research and development contracts. He has always emphasized the role of applications in driving and validating technology. His recent book "Parallel Computing Works" which describes the use of HPCC technologies in 50 significant application examples illustrates this. A new book "Building Distributed Systems on the Pragmatic Object Web" describes many of the base systems technologies, which will be used in this proposal. Fox directs InfoMall, which is focused on accelerating the introduction of modern information technology into New York State industry and developing the corresponding software and systems industry. With Marek Podgorny, Fox has led the very successful development of the TangoInteractive collaborative system for distance education and command and control. Selected papers are:

1.      Fox, G.C., Johnson, M.A., Lyzenga, G.A., Otto, S.W., Salmon, J.K., Walker, D.W., Solving Problems on Concurrent Processors, Vol. 1, Prentice-Hall, Inc. 1988; Vol. 2, 1990.

2.      Fox, G. C., Messina, P., Williams, R., Parallel Computing Works! ,  Morgan Kaufmann, San Mateo Ca, 1994.

3.      Fox G.C., Furmanski W., "Computing on the Web,New Approaches to Parallel Processing, Petaop and Exaop Performance in the Year 2007”, IEEE Internet Computing 39-46, March/April 1997 

4.      Fox G.C., Podgorny M, Cheng G. et al., "Web Technologies for Collaborative Visualization and Simulation", Proceedings of the Eighth SIAM Conference on Parallel Processing for Scientific Computation, March 1997 

5.      Fox, G. C. "Approaches to Physical Optimization" ,in Proceedings of 5th SIAM Conference on Parallel Processes for Scientific Computation,  pp 153-162, March 25-27, 1991, Houston, TX, J. Dongarra, K. Kennedy, P. Messina, D. Sorensen, R. Voigt, editors, SIAM, 1992.
2. David Warner
Warner, a medical neuroscientist, has an MD from Loma Linda University and is the director of the Institute for Interventional Informatics and has gained international recognition for pioneering new methods of physiologically based human-computer interaction. Warner's research efforts have focused on advanced instrumentation and new methods of analysis which can be applied to evaluating various aspects of human function as it relates to human computer interaction, this effort was to identify methods and techniques which optimize information flow between humans and computers. Warner's work has indicated an optimal mapping of interactive interface technologies to the human nervous system's capacity to transduce, assimilate and respond intelligently to information in an integrative-multisensory interaction will fundamentally change the way that humans interact with information systems. Application areas for this work include quantitative assessment of human performance, augmentative communication systems, environmental controls for the disabled, medical communications and integrated interactive educational systems. Warner is particularly active in technology transfer of aerospace and other defense derived technologies to the fields of health care and education. Specific areas of interest are: advanced instrumentation for the acquisition and analysis of medically relevant biological signals; intelligent informatic systems which augment both the general flow of medical information and provide decision support for the health care professional; public accesses health information databases designed to empower the average citizen to become more involved in their own health care; and advanced training technologies which will adaptively optimize interactive educational systems to the capacity of the user. Selected Publications are:
1. Warner D, Rusovick R, Balch D (1998) The Globalization of Interventional Informatics Through Internet Mediated Distributed Medical Intelligence, New Medicine (in press)

2. Warner D, Tichenor J.M, Balch D.C. (1996) Telemedicine and Distributed Medical Intelligence, Telemedicine Journal 2: 295-301.

3. Warner, D., Anderson, T., and Johanson, J. (1994). Bio-Cybernetics: A Biologically Responsive Interactive Interface, in Medicine Meets Virtual Reality II: Interactive Technology & Healthcare: Visionary Applications for Simulation Visualization Robotics. (pp. 237-241). San Diego, CA, USA: Aligned Management Associates.

4. Warner, D., Sale, J., Price, S. and Will, D. (1992). Remapping the Human-Computer Interface for Optimized Perceptualization of Medical Information, in Proceedings of Medicine Meets Virtual Reality. San Diego, CA: Aligned Management Associates.

5. Warner, D., Sale, J. and Price, S. (1991). The Neurorehabilitation Workstation: A Clinical Application for Machine-Resident Intelligence, in Proceedings of the 13th Annual International Conference of the IEEE Engineering in Medicine and Biology Society. ( pp. 1266-1267). Los Alamos, CA: IEEE Computer Society Press.
3. Edward Lipson

Edward Lipson is Professor of Physics at Syracuse University and Faculty Associate at NPAC. He is CEO of MindTel LLC, which was formed in partnership with David Warner, as CIO, in May 1997. MindTel is associated with InfoMall and with the CASE Center. Lipson received his PhD in 1971 at Caltech in experimental nuclear physics, and continued there for his postdoctoral work in biophysics with Nobel Laureate Max Delbrück. Subsequent to joining the faculty at Syracuse, Lipson has served as director of the interdepartmental Graduate Biophysics Program, and as Associate Chair and then Interim Chair (2 years) of the Physics Department. His longstanding areas of research activity and expertise include sensory biophysics, photobiology, nonlinear system identification and system analysis, and analog and digital electronics (incl. microcontrollers). Since 1994, Lipson has redirected his research activity to telemedicine applications and human-computer interface projects, and is devoting his full attention to this work during his current full-year sabbatical leave. He has also been active, in collaboration with Fox and others, in applying Web technologies to science education with major support from two NSF grants. In 1992, Lipson was initial co-developer of the Science for the 21st Century course at Syracuse, which serves as the foundation and testbed for much of this educational technology initiative (incl. Java applets and supercomputer simulations). Selected publications are:

1. Warner, S., Catterall, S., and Lipson E.D. Java simulations for physics education. 1997. Concurrency: Practice and Experience, 9:477-484.

2. Catterall, S., Goldberg, M., Middleton, A., and Vidali, G. 1997. Implementation of information technologies in the teaching of “Science for the 21st Century” Int. J. Mod. Phys. C 8:49-66.

3. Lipson, E. D. and Pratap, P.1986. System analysis of Phycomyces light-growth response with Gaussian white-noise and sum-of-sinusoids test stimuli. Annals Biomed. Eng. 16:95-109. 

4. Lipson, E. D. 1995. Action Spectroscopy. In: Handbook of Organic Photochemistry and Photobiology (Horspool, W. and Song, P.-S., editors), CRC Press, Boca Raton, pp. 1257-1266. 

5. Chen, X., Xiong, Y., and Lipson, E. D. 1993. Action spectrum for subliminal light control of adaptation in Phycomyces phototropism. Photochem. Photobiol. 58:425-431.

4. Marek Podgorny

Marek Podgorny is Research Director of NPAC at Syracuse University and teaches in NPAC’s Continuing Education program. He first established his research record as a theoretical and computational physicist with over 60 publications in this field. He joined NPAC in 1991 and has led there a number of projects, including implementation of NYNET, one of the first operational wide-area ATM networks, parallel database evaluation and integration project, and video-on-demand project. Currently, Podgorny is a technical lead of several research and Industry outreach projects centered on novel uses of collaboration and other modern information technology. DoD funds much of this work through the PET program of the HPC modernization effort. In the video on demand project, Podgorny designed, developed and implemented a complete digital video storage, retrieval, and delivery system sup porting text-based indexing. Podgorny's fields of expertise include high performance and multimedia networking, relational and multimedia databases, digital video storage and transport systems, collaboratory systems, advanced Web technology, and large-scale system integration.

Mindtel LLC

MindTel was formed as a limited liability company in May 1997 to commercialize intelligent communication products for healthcare, education, communication and recreation. An initial focus is the development of hardware and software products that can be deployed cost effectively so that disabled users can more effectively express themselves through the World Wide Web. The hardware products include sensors, transducers, and computer interface modules; the associated software comprises a highly versatile visual-programming environment for interfacing hardware and software modules. Another focus of MindTel is Web-based software and low-cost science-exploration kits for K-12 educational applications. The principals of MindTel are David Warner and Edward Lipson.

MindTel will supply the Intermental net project with services in the HCI arena including hardware and software customization.
WebWisdom.com LLC (http://www.webwisdom.com)

WebWisdom.com was formed as a limited liability company in November 1997 to commercialize applications of the TangoInteractive software and in particular its use in distance training and education. WebWisdom.com has licensed several innovative technologies from NPAC and intends to continue to work closely with NPAC to deliver robust production versions of prototype systems coming from NPAC’s research activities. The managing partners of WebWisdom.com are Geoffrey Fox Roman Markowski, and Marek Podgorny.

In this proposal, WebWisdom.com will supply customization of the robust commercial version of the Tango software as needed by the Intermental net. 

 

I Description of the facilities

The work of this project will be performed using facilities of NPAC (Northeast Parallel Architectures Center) and its sister organization CRNR(the Center for Really Neat Research)
NPAC: NPAC’s facilities (http://www.npac.syr.edu/NPACoverview/facilities/infra2.html) are colocated in Syracuse University's Center for Science and Technology Building, with the CASE center of Syracuse University. The latter provides incubator space for the two small businesses MindTel LLC and WebWisdom.com LLC that will subcontract some of the activities. NPAC possesses excellent state of the art networking and distributed computer systems, which will provide a superior environment for this proposal. Through our major collaborators worldwide, we will be able to perform the proposed geographically distributed system tests and demonstrations demanded by this proposal. In particular, we are part of National Computational Science Alliance NCSA led by Larry Smarr where we participate in the distributed computing and enabling technology teams. We have access computing resources throughout the world as part of the Globus-based activities of NCSA. In other projects we are linking the Globus runtime with our higher level programming environment tools.

In more detail, NPAC has internal and external ATM networks and will soon link to both DREN and the vBNS with high-speed links. Its central facilities include a cluster of 12 SUN Ultr-2 servers used for computing and database servers. An 8 processor SGI Power Challenge is used for local compute intense projects although major simulations are performed at the NSF supercomputer centers. Another important cluster has a set of 1 2 and 4 processor Pentium Pro Windows NT machines. These span NPAC’s main facility and the nearby Center for Really Neat Research where most of the human computer interface work is performed. All NPAC personnel have access to modern workstations or PC’s as client machines.

Center for Really Neat Research (CRNR): is across the road from NPAC. CRNR, which is operated by the not-for-profit Institute for Interventional Informatics (David Warner, Director), is in a former fraternity house consisting of 12,000 square feet of space, distributed over four floors. We have set up CRNR with ample resources for the human-computer interface work described in the main text of the proposal. The walk-out basement includes a large machine shop, an electronics shop, and a handicapped-accessible laboratory area. The main floor includes a large living room (with multimedia computer projection system) and den, as well as kitchen and office areas. The upper floors contain bedrooms and a number of special-purpose "environments of the future" in which we develop and explore applications of our technologies. CRNR has networking throughout the building and is connected to the NPAC network (and general university network and the Internet) via a 2 Mbps air LAN. There are Pentium class PCs on all floors of the house. Our Interface Lab at NPAC, which is devoted similarly to this line of work, contains SGI workstations, PCs, and full-speed access to NPAC's network. Some of the electronics work is carried out in research laboratories in the Physics Building. With all of these facilities, we are well equipped and experienced at rapid prototyping of sensors and transducers, electronic interface modules, and custom mounting systems. The electronics work centers on microcontroller (single chip computer) based design modules for analog and digital interfaces; we have become proficient at hardware and software (custom assembly language) design using these microcontroller ICs, which are typically used in industrial and hobbyist electronics. These work in synergy with the NeatTools software, a universal visual programming environment for interface applications. The residents of the house bring their education and practical experience in computer programming, Web technologies, industrial design, electronics design and construction, ergonomic design, and basic and applied science. A significant part of the work has focused on affordable interface solutions for quadriplegics and others with severe disabilities. Other areas of activity include biosignal monitoring; home healthcare technologies; telemedicine and distributed medical intelligence; and interactive perceptualization environments. For further information, see http://www.pulsar.org.   

H.{4} List of key personnel, concise summary of their qualifications, and discussion of proposer's previous accomplishments and work in this or closely related research areas. Indicate the level of effort to be expended by each person during each contract year and other (current and proposed) major sources of support for them and/or commitments of their efforts. 

J.{5} Cost by task, with breakdown into accounting categories and equipment for the entire contract and for each contract year. Where the effort consists of multiple portions that could reasonably be partitioned for purposes of funding, these should be identified as contract options with separate cost estimates for each. Details of any cost sharing should also be included. 

