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APPENDIX I

objectMolecule(String moleculeCallerName, String moleculeCalledName)

{

objectNames(]
objectContexts[]

* Socketing / Sessioning */
objectContextKey{ }

eventNeighbors{}
eventNeighborsConsumeRoute({ }

eventNeighborsProduceRoute{ }

10*/

fieldChannel{}
fieldChannelExposed{ }
fieldLocalStatic{ }
fieldLocalStaticExposed{ }

fieldLocalDynamic{ }
fieldLocalDynamicExposed(}

}
* JocalRemoteSwitcher() */

objectMethod AccessLabeling(]

objectMethod[]
objectMethodMoleculeData{ }

L
gooooad
oooao

/* Contributes to methods, methodTriggers,

communication */
= Object names ( session/client names )
= Equivalent to package ( molecule is componate to

a function
collection of molecule, and is of relative Context)

= controls scope of access to event, field, and method
groups, names, locations, version labeling, establish

status,

= List of comsuming molecules (pass

Events/Data)

= List of which Local/Remote data sets the neighbor
molecules can consume (Routing);

= List of where then consuming routing produces the
data sets local to the neighbor molecule;

.

/* The objectMolecule.Deamon.thread should maintain a record of molecule channel

= Table of which channels are active

= Table defining channels inter/external exposablity
= Table of static local memory routing

= Table of defining static local memory routing
exposability

= Table of dynamic local channel routing

= Table of defining local channel exposability

= Determines Local or Remote access for methods
= Methods callable name (local to Java or via API)
= Data from File.moleculeName that forfills
Consuming/Producing Routing.

JP 2004-537122 A 2004.12.
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/*methodTrigger() data , Local/Remote flags*/

= methodTrigger() lifespan, or lifespan dependancy

objectWait[]

objecMethodConsumingRouting[] = Which Channel/Local data have methodTriggerQ
block on

objcheLhOdConsumingFoﬁllmem[] = Where a methodTrigger() can look for data Jocal
and or remote and if it can switch between the two
and if so who takes priority.

objecMelhodProducingRouﬁng[l = Which Channel/Local space data is delivered to.

a methodTrigger().thread is started for each objectMethod[] element. All interfacable
molecule should have enough data to create a methodTrigger for objectDisplay(.
fieldChannel LocalStaticLocalDynamic{ }. a JocalRemoteSwitcher().thread is started
as a child 10 methodTrigger().thread as approriate, which is governed by
objectMelhodAccessLabeling[]pbjecMelhodConsumingFoﬁnmem[]

}
objectDisplayQ
{
struct objectDisplayEnvi {
displayEnviroment[] = Reference to current interface environment, track
grounding, Screen tracking system .
displayState{ } = Switch modes Accept Events, Accept Args, Accept Pointer, .. etc

Criteria relevant object/ Superscope/subscope

displayAlpbas[] = zBuffersLayer’s relative alpha (range 0.0 - 1.0) array allows

single object to multiple Depths . : .
) or volume Depth assignment.

displayZDepths[] = zBufferLayer assignment, array allows single object to

multiple Depths
or volume Depth assignment.

displayZElements[] = micro Jayering for a given zBufferLayer

displayComposites[] = Object accumulation ( add, subtract, dif, ..)

displayLocations[] = Global Jocation when parent, relative location when child

regPeribd[] = Array to (x,y image) or (X,y,z volume)

regDisplay{} = Display scale as opposed to preObjectArray X,y,and/or z
dimensions and registration -

Array[] = array from an ObjectDisplayEngineQ

EventArray[] = array from an EventDisplayEngine()

RegArray([] = array from an RegisuatjonDisplayEngine()

)
}
objectEnviroment()
{
goooaoad

oooao
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MixedArray
Algorithm:(API call, Java Class/Method Call)

(24) JP 2004-537122 A 2004.12.

Establish broadcasting pointer information channels and display through put channels.
}
------- Core Array Process Methods------
Type: Data/String

MultiArray = array with N dimensions
lArray = arrayX1,ammayX2,...arrayXN

= arrayX 1,arrayX2,array with 1-N dimensions,..,arrayXN

Encode: ' :
-consumer(type,MixedArray,format) produce(file)
*raw to format (simple to many)

*Multipl SinglArrays to aif,wav,xt
*Multipl SinglArrays, or MixedArray to rgb,tifjpg
Decode:
-consumer(file) produce(type,MixedAmy)
*format to raw (many 10 simple)

*gif, wav,txt to Multipl SinglArrays

*rgb,tif,jpg to Multipl SinglArrays, or MixedArray

Cmd Line:
-pass(String cmd, String argvll) return(pid,status)

Splitter:
-consume(type,MixedAnay[N],how) produoe(type,MixedArray)

Mixer:
-consume(type,Mixed Array[N],how) produoe(type,MixedAnay)

Stream:
-consumc(type,SinglAmy,how,rate) produce(channel VARstream)

PacketStream:

. -consume(type,MixedAnay,how,rate) produce(channel VAR[Jstream)

Packet: '
-consume(channel VARstream,how) produce(type,SinglArray)

MultiPacket:
-consume(channel VAR [Jstream,how) produce(type,MultiArray)

Formula w/ Logic controlling output:
-consume(Elm & MixedArray,Sting equation) produce(Elm & MixedArmay);

*Composite Over,under,multiple,add,differance
Range:

-consume(type,MixedArray[N]) producc(type,min[XI->N].max[X1->N],avg[Xl->N])

Sort:
-consume(type,SinglArray,key) produce(type,SinglAr’ray)
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(25) JP 2004-537122 A 2004.12.

Element: .
-consume(type,Mixed Array[N],index([]) produce(type,MixedArray)

crop i indexEnd[X1->N])
—consume(type,MixedArray[N],mdexSLarl[Xl->N],mde nd[X1->
produce(type,arrayX1->N)

Scale: .
-consume(type.MixedAnay[N],type,Factor) producc(type,MxxedArray[N])

Sample: .
-consume(type,Mixed Array,step) produce(type,MlxedArmy)

Flip: . . . . S-n )
-consume(type,SinglArray,xduecuon,ydlrecnon) produce(type,SinglArray

Filter: )
-consume(type,SinglArray,) produce(type,SmglArray)

Rotate: o .
-consume(type,Sin glAmray,angle,direction) produce(type,SinglArray)

Interpolate:

-consume(type,MixedAnay[N],imerp_type) producé(typc,MixedAn'ay[N])

Tasks:

Data manipulation Process sequencing 100l
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COMPUTER PROCESSING AND PROGRAMMING
METHOD USING AUTONOMOUS DATA HANDLERS

SPECIFICATION

Technical Field

This invention generally relates to computer processing and programming methods,
and more particularly, to methods that employ a new type of autonomous data handlers.

Background of Invention

Computer processing has been developed from its earliest theoretical foundations to
the present as a machine-oriented paradigm in which machine instructions are executed by a central
processing unit (GPU) to convert raw data and input in sequential steps to a useful output. To
accomplish more and more complex tasks involving greater and greater amounts of data, the
development of computer hardware has proceeded with exponential increases in speed, power, and
capacity, now approaching the physical limits of the atomic scale and the speed and wavelength of
light. The programming of complex tasks by linear programming methods increasingly requires
intensive code writing which can take up millions of lines of code and is susceptible to errors and
cross-code conflicts which can require intensive debugging efforts. it also inherently requires that the
programming be accomplished in one chosen programming language for a selected operating system,
leading to obsolescence and legacy systems.

Object oriented programming (OOP) methods were developed to break up large
programming tasks in modules that are self-contained and self-executing. Modules that have been
optimized for specific functions can thus be catalogued and re-used in modular form in a variety of
larger programming tasks. However, OOP methods require the enforcement of class definition
hierarchies over a programming environment as a whole, resulting in closed systems and libraries of
OOP r.nodules that must be recompiled to support other environments.

Parallel processing methods were developed over the past decade in the attempt to
obtain increased capability by breaking up a processing task into parts executed by an array of CPUs
in tandem. However, conventional approaches to parallel processing have required centralized

JP 2004-537122 A 2004.12.9
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management and control of programmed tasks which imposes stringent requirements in the
coardination and synchronization of tasks. Parallel processing methods to date have also continued
to employ linear programming methads which are intensive and susceptible to fault, especially when
operating in parallel, and are captive to the chosen programming language and operating system.

In recent years, with the rise of large-scale distributed networks, there have been
proposals to perform very large or complex tasks by breaking them up into small pieces and
distributing them among coaperating computers on a network, often referred to as “distributed
computing” or “network computing”. The proposals for distributed computing represent a shift in the
computing paradigm from the processing of tasks of high computational intensity towards one in which
data are widely distributed among resources on a network and processed locally with lower-intensity
CPUs through distributed efforts. However, since the same linear programming methods and
centralized management and control have been used, the distributed computing paradigm to date has
also required stringent programming and coordination of efforts to achieve worthwhile results. The
failure of one or more individual processing efforts or time delays associated with communicating or
coordinating with centralized processing management can produce bottienecks which bog down the
effectiveness of this approach. .

One method which has utilized multiple asynchronous computer processes is called
“Flow Based Programming” (“FBP”), as explained in greater detalil in Flow-Based Programming: A
New Approach To Application Development, by J. Paul Morrison, published by Von Nostrand
Reinhold, New York, 1994. The reference describes Flow Based Programming as being based on
three principles, “asynchronous processes, data packets with a lifetime of their own, and external
definition of connections”. In FBP applications are defined as networks of “black box” pracesses,
which exchange data across predefined conditions. FBP is a process of stepping tagged data packets
through networks of *black box” processes and thus is a data-centric process. The FBP approach
needs extreme predictive capability to work well.

Therefore, it is a primary objective of the present invention to provide a computer
processing and related programming method which decentralizes the management of computer
processing tasks and allows distributed or parallel processing of data to proceed autonomously with
adaptive options such as taking the most efficient path available.

Itis a further object of the invention to provide a new programming method which is
optimally designed to facilitate parallel or distributed data processing by avoiding the need for captive
programming environments such that simultaneous use of multiple programming languages can be
supported and centralized processing management is eliminated. It is also intended to reduce the
intensity and case specific nature of programming required for complex processing tasks and the
susceptibility of such programming to fault.

JP 2004-537122 A 2004.12.9
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Summary of Invention

In accordance with the present invention, a computer processing and related
programming method calls for creating a plurality of software entities (referred to herein as
“molecules”) which can be dynamically configured to process data autonomously. The molecules can
send and receive signals indicating the state of a molecule, whether or not a processing task is
fulfilled, the results of a processing task, and whether or not the operation of a molecule is to be
terminated, interrupted, reconfigured, or continued by creation of one or more “next” molecules. The
molecules are created from a common set of software micro-components, which may be programmed
in any programming languages to run in any operating system environments.

The molecules created for an overall processing task may reside with a single
computing resource (CPU and database), however, they are ideally suited to be deployed with

distributed computing resources of different types on a network or in parallel processing environments.

Each molecule may be programmed in a programming language or languages suited to the computing
resource where It is intended to operate. The molecules can function with a mixture of compiled or
run-time compiled code, allowing them to run on a computing resource with only a portion of the
process adapted to run on that computing resource. The molecules can signal each other and send
and recelve data using common network protocols. They operate to complete their respective data
processing tasks autonomously until the overalt data processing task is completed. An overall data
processing task can be performed by creating molecules and structuring their operations and
interactions in a “logic web” which can dynamically adapt to fulfill the task.

Adapted to a parallel processing environment, the molecules can be dynamically
configured to run autonomously on parallel computing resources. A logic web is defined to allow
efficient access of each molecule to a data object it is intended to process, and to any available
processor of the parallel processor array as an interim CPU resource. The scheduling of processor
access can be handled by a main controller program, or by a separate scheduler molecule or mini
logic web. The molecuies are programmed to signal their state, result, and termination,
reconfiguration or generation of next molecules. The dispersed, autonomous operation of the
molecules avoids the rigid scheduling structures and time delay conflicts in conventional parallel
processing methods, in order to accomplish data processing tasks more efficiently and quickly.

As a software-configured entity, a molecule is comprised of the following basic
software micro-components: a signal handler, an input handler, an interface handler, a method
handler, an associated method, and an output handler. The signal handler is capable of sending and
receiving signals for invoking other molecules and signaling other molecules and resources on the
network. The input handier receives data input and puts the data in a queue. The interface handler

JP 2004-537122 A 2004.12.9
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determines when the inputs to the molecule satisfy a predefined condition in order to open a path to a
method handler. The method handler processes the data sent from the input handler’s queue
according to a predefined method and sends an output to the output handier.

Adapted as a software programming method, a logic web of molecules is created to
run on any available computing resources of any type and to process data in any format and in any
location. Initialization files are programmed to create an initial host of molecules on the intended
computing resources. The initial molecules operate to generate the next molecules in successive
layers or waves representing a progression of program steps. Each initialization file is structured to
assemble the software micro-components of a molecule from a library of standard micro-component
types. These standard types are chosen objectively in terms of their function, and are not rigid class
types in an OOP hierarchy. New types of software micro-components can readily be created as
needed and programmed in the programming language suited to the environment they are intended to
operate in.

With the computer processing and programming method of the invention, complex
computational and data processing tasks can be performed by designing logic webs canstructed of
component molecules that utilize any available computing resources of any type and in any location
including on a network. Thus, for example, a logic web can be designed with molecules to operate
with different legacy systems, with applications programmed in different languages, and with data of
any type stored in any format. As a result, data processing tasks in distributed or parallel processing
environments can be performed much more efficiently, and entirely new types of data processing
tasks can be undertaken.

Other objects, features, and advantages of the present invention will be explained in
the following detziled description of the invention having reference to the appended drawings:

Brief Description of Drawings

FIGS. 1A is a general illustration of a software entity (“molecule”) in accordance with
the invention, and FIG. 1B illustrates deployment of logic webs of molecules in distributed computing
or parallel processing environments.

FIG. 2 shows a preferred example of the structure for a software molecule of a basic
type having signal handler, input handler, interface handler, methad handler, and output handler
micro-components,
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FIG. 3 shows the logic operation of the interface handler of the software molecule in
greater detail.

FIGS. 4A and 4B show examples of two method handling types, block method
handling and sireaming method handling, respectively.

FIGS. 5A - 5F illustrate a comparison of the programming method of the invention
with conventional object-oriented programming.

FIGS. 6A - 6D illustrate the step by step run-time execution of three basic types of
molecules, the Block Process, the Streaming Process, and Streaming a Block Process.

FIG. 7 illustrates how the novel computer processing and programming methods are
applied to generate a logic web that can accomplish a data synchronization task.

Detailed Description of the Invention

In the present invention, a new computer processing and programming method calls
for creating a plurality of software entities (“molecules”} which are programmed to process data
autonomously in communication with other molecules and available computing resources. The
molecules are created from a common set of software micro-components programmed in any
programming languages to run in any operating system environments. They are configured in a logic
web of molecules to perform a data processing task, which may be a component of an overall
processing task. A logic web, or a web of logic webs, may reside in a single computer environment,
but is particularly suited to be used in parallel processing and distributed processing environments.

Referring to FIG. 1A, a general illustration of a software entity (“molecule”) 10 in
accordance with the invention is illustrated. Each software molecule 10 is basically composed of its
configuration (data) files, signal handler 40, input handler(s) 42, interface handler 44, method (47) and
method handler 46, and output handler(s} 48 (to be described in further detail under the heading
“Software Molecule” below). The molecule’s components are gathered from local or remole sources
and combined to create the molecule (described in further detail under the heading “Programming
Method” below). Each molecule is programmed to process a defined data object autonomously, and
can send and receive signals to and from oiher molecules with which it interacts in a logic web to
accomplish a processing task. The logic web is assigned to run on any available computing resource,
and communicates with other molecules in other fogic webs via a communications bus within a
computing environment and/for by network in a network environment (indicated by the connecting lines
in the figure). Through a communications link, a molecule can send and receive signals to its signal
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handler 40, access data through any input source to its input handler(s) 42, and output data through
its output handler(s) 48.

Referring to FIG. 1B, deployment of logic webs 20 of molecules is illustrated for
distributed computing environment. A multitude of distributed computing resources, in the form of
local computers, LAN/WAN servers, CPUs, network servers, databases, I/O devices, efc., are
connected by network of any type (indicated by connecting lines). The network may be a local area
network (LAN), a wide area netwark, and/or a global network of networks (the Internet). While an
entire web of logic webs may reside at a single computing resource and communicate over a network
with other computing resources having the data to be processed by the molecules, the efficiency of
the system is greatly enhaﬁced if the logic webs intended to process data at particular computing
resources reside and process data locally at those computing resources and instead communicate
their state information and results to other molecules via the network. Thus, for example, a2 molecule
for processing COBOL-formatted data may reside at a COBOL server at which the COBOL-formatted
data are stored, or a molecule for processing data in a JAVA space may reside at a computing
resource having the desired data and a locally resident JAVA virtual machine. In this distributed
mode, the locally resident logic web of molecules may be programmed in the programming fanguage
used at the computing resource where it resides, so that it can readily be operated in that
environment.

A logic web, or web of logic webs, may similarly be deployed in a parallel processing
enviranment having an array of CPU resources (indicated by CPU#1, ..., CPU#6) and associated
databases and I/O devices. The logic web is structured to allow efficient access of each molecule to a
data object it is intended to process. Access of a molecule to CPU computing resources may be
scheduled by a resource manager molecule or logic web. Alternatively, it may communicate with a
CPU scheduler such as conventionally used in parallel processing environments. Since the molecules
are designed to process data autonomously, they can operate without having to be monitored and
controlled by a centralized processing management. The molecules signal their state information,
results, and termination, reconfiguration or generation of next molecules to other molecules or logic
webs set up in the system. However, it is also possible to have the logic webs communicate with a
conventional controller program in a hybrid arrangement.

Software Molecule

Referring to FIG. 2, a preferred structure for a software molecule of a basic type is
shown having a signal handler 40, input handlers 42, a data interface handler 44, method handlers 46,
and output handlers 48. The signal handler 40 is capable of sending and receiving signals to and from
other molecules and other resources on a communications bus or network, similar to decentralized
broadcasting of signals on & CB or private radio network. The signals are broadcast in a common
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protocol used on the communications bus or network, e.g., the TCP/IP protocol used on for Internet
communications.

The signal handler 40 can perform the following basic routines in the system:

1. Read the configuration file from the data source. The configuration file
contains names, attributes and type of the molecule’s sub-components.

2. Build the molecule by assembling the sub-components as defined in the
configuration file. Loading or invoking a sub-component proceeds by calling the name and type for the
component from a local or remote source having a library of files for the handler types stored. The
component file is passed to the signal handler and added ta the molecule.

3. Select the signal environment. The signal handler listens to the signal
environment specified in the configuration file.

4. Kill, suspend or restart the molecule.
5. Send signals to and from the signal environment specified.
6. Interpret signals it receives, and deliver the signals to the appropriate sub-

components of the molecule, including the capability to reconfigure. The signal handler can send
requests to the sub-components. Examples of signal handler requests include: (a) to the input handler
or output handler to reduce queue size; (b) to any of the five sub-components to write out their state
and then die; (c) to cue or mandate a re-mapping of any of the five sub-components; (d) to modify
buffer size or memory use.

7. Call to load the "next" or other molecute. The signal handler looks at
specified name registries to see if the “next” molecule already exists. If it does exist, then the signal
handlter will cause that molecule to remap, or alternatively, if it is specified, it will not call the “next”
molecule. If it does not exist, it calls for the creation of a new signal handler which will load the “next”
molecule. The new signal handler is not a child thread, but rather a completely separate and unique
new entity. This is differentiated from other programming paradigms, in which all threads are children
to a primary parent thread, which together form an application.

The sending and receiving of signals of the signal handler can be implemented in any
manner appropriate to the communications or “signal” environment of the computing resources where
the molecule resides. In a conventional computer or network environment, the signal handler can
issue or receive a “signal” as a data packet addressed to a specified molecule in the system or on the
network. A signal from a signal handlers may be routed to a target molecule based upon its address
as maintained in a name registry, The name registry may be maintained by another molecule or logic
web, or a conventional resource register. For example, conventional data sharing environments, such
as the JAVA™ Shared Data environment, have registers for servers, clients, and data channels set up
for given applications. A signal handler can also “listen” to the signal environment for a global
broadcast to all molecules, or it may tune into a specified channel! as is listed in the configuration file,
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or wait for any signal from any specified signal environment, or may be tuned along with a group of
other molecules in a logic web to the same channel.

The handler companents of a molecule are structured as a common set of types that
can be invoked to create or dynamically configure a molecule. The molecule can be assembled by
signaling the names of the desired handler types in order to retrieve the corresponding section of code
from stored memory. In this manner, any number of types of input and output handlers can be
accessed depending on the correct type of the data source or memory model. Similarly, a molecule
can be configured with many different types of method handlers. When an interface handler is
supplied with new configuration information, the new information as to which types of method handlers
to invoke for given conditions is stored, so that the molecule can execute the new method when these
conditions exist. The appropriate section of source or object code for any of the five component
handlers of a molecule can be accessed from stored fites via local memory, LAN, WAN, or Internet.

A rudimentary example of a range of handler types and attributes, such as may be
referenced in the molecule configuration files, is shown in the listing provided in Appendix |. It is to be
understood, however, that the number, types, and attributes of handlers that may be created are
unlimited, and can be expanded commensurately with the needs of programmers for accommodating
different types of memory models, data sharing environments, and computing resources,

The input handler 42 establishes the molecule’s connection to data sources from
specified types of memory models, as determined by the programmer. By design, the input handler
thus allows interface to data sources of any memory madel. It queues incoming data sources to the
extent the queue will allow, as is determined by the type of input handler chosen, then registers with
the interface handler 44 that it has queued data. The input handler also allows other sub-components
of the molecule to query for its data. In the example shown, incoming pointers to memory or data “A*
are accepted in the queue “B" of input handler 42a, and also of input handler 42b, and incoming
pointers/data “D” are accepted in the queue “E” of input handler 42¢.

The type of data source that may come in to any input handler is determined by the
type of input handler assembled in the molecule. Each type of input handler can specify a particular
data channel of a given memory model for how it will accept data. For example, the memory model
and data handling functions of a conventional data sharing environment such as Java Shared Data
Toolkit (JSDT™), of Sun Microsystems, Mountain View, CA, may be used. When the input handler is
generated, the specified data channel is registered for the memory environment of the system. Data
coming from a source (another molecule or a third party client in the system) on the specified data
channel can then be routed to that input handler. By making a choice of an input handler for a specific
data type, the need to do data type checking at run-time is avoided. Various types of input handlers
are written to accommodate various file types to be handled. In the preferred structure, once an input
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handler has accepted a data source and begins to process data, the data will be “typeless” until the
output handler formats or types the data to interface to a given environment. The advantage of using
multiple input handlers is to allow simultaneous access to data sources from multiple memory models

that are to converge and be processed in the same molecule.

The interface handler 44 performs a central function for the molecule by determining
when the inputs fo the molecule satisfy one or more predefined conditions. By allowing the molecule
to await the inputs fulfilling a predefined condition, rather than having to be directed by instructions and
monitored by a centralized processing management, the molecule has the ability to wait, look, and
proceed, so that it has the characteristic of acting autonomously. This is differentiated from a code
insfruction of conventional linear programming, which is written to execute a specific task at a specific
time in a specific sequence. The predefined condition may be the presence of all of the required data
inputs to the input handler. Alternatively, it may include the presence of a signal received by the signal
handier. The interface handler may also be dynamically reconfigured by signals received by the signal
handler, in order to change the predefined conditions to invoke a method, the method for a given set of
conditions, or the output handlers to be invoked to handle the results

The interface handler can have predefined input conditions for each of a plurality of
different method handlers and associated methods, depending upon which input data sources are
present. The molecule has a plurality of lookup tables within the interface handler awaiting indications
from one or more input handlers. An interface handler will wait until all inputs specified in the lookup
table are met before facilitating communication between the input handler and the method handler.

The interface handler may use any suitable means for monitoring the multiple input
conditions to determine when the requirements of a predefined condition have been met. This
function may be implemented by the software equivalent of a bit array, bar table, or switch array.
When all required input conditions are met, the interface handler 44 calls the respective method
handler 46 and passes it the appropriate references for invoking the associated method 47. In the
example shown in FIG. 2, the input handlers 42a and 42b communicate to the interface handler 44
that the correct pointers/data sources are queued, resulting in specified flags in the bit array being set
to “1" to indicate the input condition “C”, and the input handler 42¢ sets the flag bits for input condition
“F". The fourth flag bit in the third row of the bit array is set to “1" by the presence of another input
condition, for example, a signal sent to the signal handler 40. With all required flag bits set to “1" in the
bit array’s third row, the interface handler 44 opens a path “G” to invoke the appropriate method
handler 46, which then calls the assaciated method 47 for processing the inputs to the output handler
48.

In FIG. 3, a more detailed example of the logic operation of the interface handler is
depicted. The interface handler 44 stores the predefined inputs necessary to a first condition indicated
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as “Lookup #1". Lookup #1 specifies what events will occur under the predetermined conditions for
the interface handler 44, including “all data present”, “timeout’, and “signal”. The interface handler 44
may have one or more lookups. In this example, Lookup #1 depicts an interface handler dependent
upon the presence of three data sources, i-e., Shared Memory Data A, Hardware Memory Data B, and
Network Memory Data C. In Lookup #1, index 1 is set on/off depending if Shared Memory Data A is
present or not, and, simitarly, index 2 for Hardware Memory Data B, and index 3 for Network Memory
Data C. When all data are present, the interface handler calls “all data present” for the appropriate
method handler 46a. As a default condition, the index for “TimeQut" is set fo “on” to invoke method
handler 46b, if a specified time interval has passed without all data input conditions being met. As
another default condition, the index for “Signal” is set to “on” to invoke method handler 46¢, if a
spegcified signal is received by the signal handler 40 before all data input conditions are met. Lookup
#2 is shown as dependent upon two data sources, Hardware Memory Data B and Network Memory
Data C. The interface handler knows at all times which of the associated input handlers 42 have data,
because when an input handler receives new data, or no longer has data, it notifies the interface
handler.

Referring again to FIG. 2, when the predefined input conditions are met, the
respective method handler is invoked (types "H", “K”, and “N” for the three sets of predefined
conditions), calls the associated method 47 or processing step fo be performed on the input data, and
provides the input data from the input handler 42 to the method 47. The input data can be handled as
a block, via path “G”, or as streaming data. If the input data is to be streamed, method handler sets up
input paths for streaming handied by queries “I” from the method handler and input responses "J” from
the input handler. For a block of data, the method 47 returns an output M to the method handler 46,
which sends it on to the output handler 48 and then attends to cleaning up after itself. For streaming
data, the output Mis sent directly to the output handler 48 until termination of the method. Examples
of a method may be computing an arithmetic sum, sorting data, performing a Boolean operation, etc.,
and may include an entire third party application.

FIG. 4A and 4B show examples of the two method handling types, block method
handling and streaming method handling, respectively. In block method handling, the method handler
46 has received from the interface handler 44 the references to the incoming data that it will need to
call a method 47. The method handler 46 then queries the incoming data from the input handlers 42,
calls the block method 47, and passes the responses to the method 47. The method handler 46 then
waits for the method 47 to return its results. It then acquires output handler references from the output
handlers 48, and sends the results to them. If the references do not exist, the method handler can
create (invoke) the output handler. The data then is passed to the output handler 48, and the method
handier 46 exits.
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In streaming method handling, the method handler 46 has received from the interface
handler 44 references to the incoming data that it will need to call a method 47. Output handler 48
references for outgoing data are also acquired or created by the method handler 46. When the
predefined conditions are met, the streaming method 47 is called, and the input and output handler
references are passed to the streaming method 47. The sireaming method 47 can then receive data
from the input handler 42, process it, and produce it directly to the output handler 48. Utilization of the
method handler 46 in this streaming fashion allows the molecule to act as a “connection engine” which
allows a logic web to string together dynamic chains of methods 47.

The output handler 48 establishes the appropriate connection to a data channel in the
type of memory environment the output will be provided to, as determined by the programmer. If a
data channel for output is not specified in the configuration file for the output handier, the output
handler can be enabled to create a data channel at run time in response to the conditions that exist.
By design, the output handler thus allows interface to any type of memory model. It queues outgoing
data sources to the extent to which the queue will allow, as determined by the programmer in
accordance with the type of output handler chosen.

The advantage of using output handlers is to allow simulianeous distribution to
muitiple memory models for input data which have converged and processed in the same molecule.
There can be many types of output handlers. Particularly advantageous is the use of input and odtput
handlers for shared-memory computer systems. Instead of moving actual data, pointers to the data or
processes can be moved within a molecule or from one molecule to another, for another or the next
molecule to operate on. This gives the molecule a speed advantage over conventional object-oriented
programming (OOP) methods. OOP methods can pass a pointer too, but the pointer has to be
processed through the OOP program to find the pointer. In contrast, a molecule can accept a raw
pointer from another molecule and proceed directly with the next operation.

As determined by the programmer, each molecule is provided with the micro-
components that allow it to act autonomously to process the required data by a defined method io the
intended output. Data are moved to and from molecules on specified data channels in whatever data
sharing environment the logic web has been contructed for. if any data are not available, the molecule
will simply wait, and does not have to be instructed what fo do next. Each molecule may be givena
unique name, which is maintained in a name registry. Any molecule can thus signal that molecule by
its unique name, and an additional molecule of the same name cannot be created in the same registry.

The processing of a molecule may be terminated at any time by sending a termination
signal to the signal handler 40. At any point in their existence, a molecule can be stopped and
reconfigured for a different mode or method by a reconfigure signal sent to the signal handler 40. The
molecule can also be signaled to write out its current configuration (state information), so that the state
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of processing can be analyzed for any point in time. In contrast, a conventional program does not
maintain dynamically changing state information, and therefore cannot explain what is running at any
particular time.

In the event that any or all of the five sub-components of a molecule receive a “kill”
signal, and the handler types selected support retaining information as to the state of the processing,
the handlers will write their state information to a molecule configuration file that can be reloaded.
Thus, if the system fails for any reason, the state information can be obtained from the molecule, and
used to re-create the state of each molecule and the entire logic web. This allows a system
administrator to locate where or how a failure occurred, and also to load that configuration file into
another molecule in order to resume processing once the failure has been corrected. The ability to
rebuild the “state” of a process (logic web) is different than in other programming paradigms. In the
event of system failure, typically the entire process would have to be restarted from the beginning, and
stepped through one execution at a time until failure is reached. With the programming method of the
invention, using the logic web, the process can be recreated just prior to the point of failure, allowing
for greatly increased speed of diagnosis.

The configuration file of a molecule specifies what run-state the molecule will run as,
€.g., “run once”, “run until out of data”, or “run until signaled to die”. A molecule may clean itself up
when it has completed running once, when there is no longer data in its input handler and output
handler, or when the signal handler receives a signal to kill the molecule from the signal environment.
This can be accomplished by erasing the software file, or disabling its executable code. The integrity
of the logic web can thus be maintained by taking care of “clean up” on a per molecule basis.
Incarrect data or state information are not left behind after termination where they may corrupt other
handlers. Clean up at the molecular level also allows for efficient memory usage and removes the
need for periodic global clean up routines. Molecules are only loaded for the required run-time,
thereby freeing machine resources immediately upon termination of the molecule. For streaming
methods, a molecule can be created that will use the available resources to stream data so long as
provided, at which point the machine resources are freed. If the necessary life span of the molecule is
to be determined dynamically, the programmer can instruct the signal handler to listen to the
appropriate signal environment to receive kill signals. The kill signal can be sent to each of the sub-
components of the molecule for cleaning itself up, which may involve writing out their state for future
reference. The unique ability of this programming method to clean itself up with each molecule (each
data processing substep) makes for efficient use of machine resources. In other programming
paradigms, although some cleaning occurs during run-time, the bulk of the machine resources are not
freed until the application exits.

Logic Web Programming Method
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The programming method of the present invention calls for the construction of one or
more logic webs to perform incremental processing steps of an overall processing task. The design of
a program to accomplish a processing task through a set of incremental processing steps is a matter
of skill, ingenuity and artistry in the programming field, and is beyond the scope of this description.
The fundamental characteristic of the new programming method is the creation of a logic web
operatively connected to a computing resource which is composed of a plurality of molecules which
can perform data processing steps autonomously. The particular structure of a logic web depends
upon the processing task it is required to perform (a specific example is described under “Data
Synchronization Example” below). The basic element in the creation of a logic web is the creation of
at least one molecule having the basic five sub-components described above.

To program molecules, a programmer is provided with a library of handler types from
which to create molecules. The programmer first determines what data sources data are to be
obtained from, such as stored files, Internet directory, JSDT™ space (trademark of Sun Microsystems,
Mountain View, CA), IBM Tubule™ space (trademark of IBM Corp., Armonk, NY), etc., and what
method is to be used to process the data. The programmer picks the appropriate input and output
handler types which match the data environments where the data sources are located or will reside,
and then selects the appropriate interface handler. The programmer configures the interface handler
by deciding which input conditions need to be satisfied in order to call a method handler. The
programmer then selects the name of the method that will be invoked, and which output handler(s)
match the environment(s) the processed data will be sent to. The programmer determines whether
the molecule will run once, run until out of data, or run until signaled to die. The programmer also
determines whether to use a timeout period, what the timeout methad is, and what method to call
when a signal of a certain type is received. Finally, the programmer defines which additional or next
molecules will be loaded, and which signals are to be used in order to remap this or other molecules.

This results in one molecule unit. The programmer saves it as one initialization file
and gives it a unique name that is logged in a name registry. The programmer follows a similar
pracess for each molecule to be created in the logic web. As this paradigm of programming method is
further developed, standard initialization files for optimized molecules and even whole logic webs can
be stored in libraries for programming use. The development of libraries or lists of handlers is
expected to allow a layperson to create fully operating molecules or whole applications without writing
a line of code.

The result of programming a data processing task by the programming method of the
present invention is a program which executes by creating logic webs of molecules which can
autonomously process data at any computing resources to which they are assigned without the need
for centralized processing management. A further important feature is the ability to dynamically
reconfigure one or more molecules of a logic web to change its data processing function, either as a

JP 2004-537122 A 2004.12.9
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run-time change, or as a development or extension of the program, or as a correction of program
failure.

The execution of the steps in a processing task are accomplished through the
generative actions of the signal handlers, As a signal handler is generated, upon the reading of its
configuration file, it forks and creates any other molecules indicated in the configuration files. The
signal handler may also remap its molecule to another molecule name, or another method may be
called. Thus, each layer of molecules builds the logic web “out ahead of itsel”. As a result, the
successive layers of molecules will be generated, then will sit and wait for their input conditions of
available data sources to be fulfilled.

FIGS. 5A - 5F illustrate a comparison of the logic web programming method of the
invention with conventional object-oriented programming. This example uses a simplistic comparison
of the data processing task of searching automobile data according to given search inputs. The data
processing program is set up to perform searches of the database by one or more categories of car
type, make, style, steering characteristics, handling characteristics, color, braking characteristics, and
acceleration characteristics. The effects of the logic web programming method are shown in FIGS. 5A

- 5C, and the object-oriented programming method in FIGS. 5D - 5F.

In FiG. 5A, the Car molecule is loaded. When the Car molecule is fulfilled with the
search inputs A, C, D, it calls for the creation of the Handling molecule, which in turn calls for the
creation of Steering molecule. The inputs are delivered to the Steering molecule, which processes
them and returns a result. In the object oriented programming method, shown in FIG. 5B, the entire
Car object is loaded, and inputs A, C, and D are passed to the Car object. The hierarchical elements,
or classes, of the Car object, i.e., Car type, Handling, and Steering process the inputs, producing a
result.

FIG. 5B shows how in the logic web programming paradigm, it is not necessary to quit
the running operation in order to change the functional characteristics of that operation. Gas and
Electric (power) molecules are added and made accessible to the operation. A remapping signal is
sent to the Acceleration molecule so as to accommodate the new molecules added in the event that
acceleration is called. In the object oriented programming method, as shown in FIG. 5E, the runhing
of the operation must be exited, the source code acquired for the entire Car object, the Gas and
Electric objects edited for their place in the hierarchy, and the Acceleration object edited to
accommodate the hierarchy change. The object code must then be recompiled, in which event any
other source code or object code to be used in the operation must also be edited, recompiled and re-
linked.
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In the last example in FIG. 5C, the Acceleration molecule in the logic web
programming method is now running. When the Acceleration molecule is fulfilled by new input B and
existing input C, the Gas molecule is called, and the data is delivered and processed, returning a
result. In the object oriented example in FIG. 5F, the operation is restarted, and the entire Car object
is reloaded. Inputs B and C are passed to Car object, and the hierarchical elements, or classes, of
Car type, Handling, Acceleration, and Gas process the inputs, producing a result. This shows that in
the logic web programming method a system can dynamically adapt to new parameters which are
applied while the system is running. This eliminates have to re-code and compile to continue run
operations.

Compiling and Run Time Operation

In the logic web programming method, an overall processing task is accomplished by
designing a logic “web” of interacting molecules which can autonomously perform the required
processing of data sources to a final result. The web of molecules is generated at run time from
initialization files written by the programmer which are distributed ameng the computing resources
participating in accomplishment of the overall processing task.

The initialization files generate an initial cohort of molecules to start the processing
task. Utilizing the available computing resources of a local CPU and associated databases, the
molecules remain in operation until they are terminated, run out of data, or are reconfigured. During
operation they may be used to invoke other molecules at any time. In this manner, they act like
autonomous elements in a dynamic environment. However, rather than chaotic, their operation is
purposeful and in parallel everywhere at once.

This new p of computer pr ing results in optimally efficient distributed
processing, as well as the capacity fo do true parallel programming and processing. It will process
data from disparate sources at once, in addition to being able to make use of any machine on a

network no matter what its type or operating system environment.

In a preferred implementation, the handlers are assigned unique type names and are
written in object or source code. Handlers of the same type may be written for many types of
programming environments expected to be encountered, so that the correct code type can be invoked
to run on the intended local computing resource. For example, they may be written in the program
language used for the operating system of the local computing resource they will run on, or they may
be written In a portable meta tanguage such as JAVA™ script (trademark of Sun Microsystems,
Mountain View, CA) to run on an executable component (JAVA virtual machine) within that operating
system environment.

JP 2004-537122 A 2004.12.9
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The initialization files for generating the molecules of the logic web exist physically as
relatively small files stored on disk or in memory or transmitted via network to the local computing
resources. They are run as executable files that are read into RAM of the local computing resource
and executed like other compiled programs. If the molecule is intended to be deployed in the Internet
environment, the code files can be retrieved from a URL address, or obtained from a local directory,
e..g., /usrflibfjava.

The initialization files operate to assemble each of the initial cohort of molecules by
invoking the component handler names. When a handler name is invoked, the file containing either
source or object code is refrieved from stored handler libraries (either locally or remotely), and
assembled to form the molecule. This results in much more flexible run-time operation than in
conventional QOP methods where entire objects are written in completely assembled blocks, or other
programming languages which write source code that first have to be compiled to run.

FIGS. 6A - 6D illustrates the step by step run-time execution of three basic types of
molecules, the Block Process, the Streaming Process, and Streaming a Block Process. In FIG. 6A,
the basic parts of a molecule are shown, Including signal handler 40, input handler 42, interface
handler 44, method handler 46, method 47, and output handler 48. The initialization file for the
molecule builds the signal handler 40 first. The signal handler 40 starts up and notifies the name
registry for the overall program. If the name already exists, it will either ignore the request to create
the molecule, or remap the existing molecule. Dynamic naming conventions may also be used to
eliminate the need to maintain a centralized name registry. The signal handler 40 then invokes the
input and output handlers 42 and 48 and the interface handler 44. At this point, there is a running
molecule that is waiting for input. I should be noted that at any step the signal handler can mandate
or queue a remap of all the attributes of the input and output handlers, interface handler, and method
handler, or it can suspend, resume, or terminate a unit.

For a Block Process as illustrated in FIG. 6B, the molecule waits in Step A for the
input handlers 42 to register with the interface handler 44 that they have data. When the interface
handler 44 is fulfilled, it proceeds to call the method handler 46. In Step B the method handler
receives the input handler references, output handler name(s), and the method name from the
interface handler. The method handler queries the input handler for the input data as a block. In Step
C the method handler calls the method 47 and passes the input data response, then waits for the
method to return a result. When a result is returned in Step D, the output handiler references are
acquired by the method handler. [f it does not exist, the method handler creates an output handler 48.
It then proceeds to pass the result to the output handler. In Step E the output handler 48 sends the
data to its output environment, and the molecule returns to waiting for the input handlers to queue
more data,

JP 2004-537122 A 2004.12.9
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For a Streaming Process as illustrated in FIG. 6C, the molecule wails in Step A for the
input handlers to register with the inferface handler that they have data. When the interface handler is
fulfilled, it proceeds to call the method handler. In Step B the method handler receives the input
handler references, output handler name(s), and the method name from the interface handler. The
method handler, which is chosen for the Streaming Process, acquires the output handler references,
or, if it does not exist, it creates an output handler. In Step C the method handler calls the method 47
and passes the input and output handler references. The method now streams across the input and
output handlers until the input data queue is empty, or the output handler no longer exists. In Step D,
the last method result is passed to the output handler. In Step E the output handler sends the data to
its output environment, and the molecule returns to waiting for the input handlers to queue more data.

For Streaming a Block Process as illustrated in FIG. 6D, the molecule waits in Step A
for the input handlers to register with the interface handler and, when fulfilled, proceeds to call the
method handler. In Step B the method handler receives the input handler references, output handler
name(s), and the method name from the interface handler, and acquires the output handler references
or creates an output handler. In Step C the chosen method handler queries the input handler, calls
the method with the input data, waits for the result, and passes the result to the output handler. If the
input handler queue is not empty, the method handler repeats the steps until the queue is empty or the
output handler no longer exists. In Step D, the last method result is passed to the output handler. In
Step E the output handler sends the data to its output environment, and the molecule returns to
waiting for the input handlers to queue more data.

In the operation of the togic web, a process begun on one computing machine may
migrate elsewhere, continuing the operation on another available machine on the network, or on
multiple machines with available resources. Only the part of the logic web that is active is essential to
the operation.

Data Synchronization Example

A specific example will now be described with reference to FIG. 7 to illustrate how the
computer processing and programming methods are applied to generate a logic web that can
accomplish a given processing task, e.g., synchronizing data streams from different data sources,
such as is commonly used for handling multimedia presentations. The initialization files create an
Open molecule 70, which reads an input configuration file, and creates new molecules, Resource
Manager 71 and Atiribute User Interface 72. Resource Manager 71 queries the machine for available
resources and establishes how many data sources the machine can handle (three in this example)
given the criteria that the Open molecule has determined from the configuration file. Resource
Manager 71 creates three Data Loaders 74a, 74b, 74¢, and a User Defined Data Loader 74d.
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Atiribute User Interface 72 allows selection of attributes from the input configuration
files, as well the creation of new attributes, and selection of file types and file names. It creates new
custom data loaders upon user request, and an Execution molecule 73. Execution molecule 73
distributes file name, file type and file attributes, and creates new molecules including Sync molecule
80.

Data Loaders 74a, 74b, 74¢ locate the data, load the data into memory if there is
enough memory, or stage the data to load in sections if necessary, prepare to pass the data, and
create Data User Interface molecules 75a, 75b, 75¢. These allow the user to offset the time frame of
particular data streams to determine when each stream should begin, to scale a particular data
stream to match the length of other streams, and to determine the duration of the data stream. Data
Loaders also create Data Streamer molecules 76a, 76b, 76c which produce data streams which
conform to the parameters provided, and creates new molecules.

User Defined Data Loader 74d creates Compression User Interface 77, which allows
the user to control the amount of data compression, and Data Compressor 78 which compresses the
data as per parameters provided. Data Compressor 78 creates Date User Interface 75 and Data
Streamer 76d.

Sync molecule 80 creates Sync User Interface 79 which enables adjustment of a
pulse rate and provides a count of how much time has elapsed since streaming began. The user may
use this time count to stop, begin again, or move forward and backward in the data stream. Sync
molecule 80 produces a synchronization puise, maintains the list of available Data Streamers to send
the pulse to, according to the parameters maintained by the Sync User Interface, and creates new
molecules.

Sync molecule 80 also creates Layer molecule 81 which combines a number of input
data streams into the number of specified output streams, and creates new molecules including
Display molecule 82 and Save molecule 83. Display molecule 82 outputs the data on the screen, and
Save molecule 83 outputs the dala fo disk, network, tape or other media.

The interaction of the components to produce the intended result will now be
described. The user selects the initialization file for the Open molecule 70, which calls for the creation
of the Attribute User Interface 72, Open 70 calls the Resource Manager 71. If there is already a
resource manager in use on the machine or network, then that resource manager is used to
redistribute the resources, otherwise a new resource manager is created. Resource Manager 71
calculates how many data streams can be handled comfortably, and calls to create the Data Loaders
74, one for each data stream (three in this example). It does this by looking at the input data files

JP 2004-537122 A 2004.12.9
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types, then at the generic size of a file of that type, then at the memory resources available, and
determines from those parameters how many loaders it can make without crashing memory.

The user selects one name and one file type for each available Data Loader 74 in the
Attribute User Interface 72. If the user has picked more file types than the available Data Loaders 74,
then the Attribute User Interface 72 requests an additional Data Loader 74 from Resource Manager
71. The creation of data loaders is customizable to the extent that the user may request a file type
that is not in the Attribute User Interface list. In this case, the name and path to User Defined Data
Loader 74d would be given. This gives the system flexibility to accept data types which have not been
predetermined. The user also determines the atiributes, or parameters to be passed to execution in
Attribute User Interface 72,

Execution 73 calls for creation of the Sync 80 molecule, which calls for creation of the
Layer 81 molecule. The Layer 81 molecule in turn calls for creation of Display 82 and Save 83
molecules. The Sync 80 maintains a list of names it will send a synchronization pulse to, as informed
by the Data Streamers.

At execution, file names, types and attributes are passed to the Data Loaders. As
soon as the Data Loaders get the file names, types and attributes, they are fulfilled and will locate the
data and begin to load data into memory. If there is not enough memory available, it will stage the
data to load in sections. Data Loaders then call to create Data User Interface 75 and Data Streamer
76. This process occurs for each of the Data Loaders and User Defined Data Loader that are fulfiled
with file names, file types, and attributes.

In the event that Resource Manager 71 detects that the resources are becoming
sparse, it will pass a request to the Data Loaders to invoke data compression. The Data Loaders will
then request appropriate data compression to Data Compressor 78. In the event one of the attributes
calls for compressed data, the Data Loaders will send the data to Data Compressor 78. The
Compression User Interface 77 may be accessed to adjust compression parameters.

The user then selects the duration and start point of each data stream in the Data
User Interface 75. The user may offset or scale the time frame of particular data streams to match the
length of other streams. When a Data Streamer 76 is fulfilled with the parameters sent by the Data
User Interface 75, it passes its reference name to Sync 80, informing it that the data are ready to
siream. The Sync 80 will then add that reference name to the list of names it will pulse to. The listis
comprised of the references names of any Data Streamer in the system at the time. If there is no
longer data ready to stream in a Data Streamer, the reference name will be removed from the Sync 80
list. The number of references in the list of names will also be passed to the Layer 81 component.
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The Sync 80 begins fo deliver its pulse to the Data Streamers 76, which deliver the
data to the Layer 81 component. If the Layer 81 component does not receive all the data streams on
the list, it will request that the Sync 80 slow down the pulse until all the data arrives at the Layer 81 at
the same time. The Layer 81 component passes the data to the Display 82, and calls the Save 83
component. If at any point the user wishes to intervene in the data stream to pause, stop, or move
back in the time count, the user may do so in the Sync User Interface 79.

There are several advantages to using the logic web programming method in the data
synchronization example. Due to the dynamic configuration capability, there can be multiple users
using synchronization systems on a given machine or network at the same fime and each will be
distributed data synchronization resources by the resource manager. The ability to perform this
accomplishes automatic foad balancing, which normally takes an additional load-balancing specific
software application. Since the user can create any user defined data loader as needed, the system
can accommodate any data format. The system dynamically pre-formats and pre-processes data.
The system will also determine when compression is needed without user intervention if desired. The
data compressor will automatically compress in response to fulfilled conditions. 1t will also reformat
data to the network file type as listed in the data loader. Taking into account hardware resources, the
system will adaptively deliver a variety of data sources to the display in sync interactively. The system
is also distributed and platform independent. Any one of the components can reside on any machine
on aLAN, WAN, or Internet network. In a parallel processing environment, multiple synchronization
logic webs distributed over multiple CPUs can be coordinated to deliver parallel data streams to a

common layer.

The molecule is the fundamental element of the logic web programming method. It
carries with it the essential functions normally associated with larger applications, including memory
management, invoking functions, and cleanup. It is small in footprint, very flexible, and dynamically
reconfigurable (adaptive). It functions as a connector for local component networking, as well as
remote networking over dissimilar hardware environments. The logic web programming paradigm
allows truly autonomous processes with seamless compatibility between functional units, without the

need for ¢ ized pr ing mar or highly predictive scheduling and coordination.

Industrial Applicability
With the computer processing and programming method of the invention, complex
computational and data processing tasks can be performed by designing logic webs constructed of
component molecules that utilize any available computing resources of any type and in any location on
any network. It is thus ideally suited for performing processing tasks in distributed computing and
parallel processing environrﬁents. Logic webs can be designed with molecules that operate with any
type of legacy system, applications pragrammed in different languages, and data of any type stored in
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any format, thus enabling much more efficient programming of data integration tasks, as well as the
creation of entirely new types of data integration systems.

The logic web programming method can be applied to any field by adapting its
components to industry specific interfaces and functionality. For example, it can be applied to data
integration, modeling, simulation, data visualization, animation, rendering, and modular production
applications. For current Internet-based applications, it can be tailored to current market requirements
with simplicity, integrating these considerations: server-based computing model; inherent scalability;
JAVA™ based core functions and extensions; Web browser technology for delivery; ability to manage
terabyte data sets; ubiquitous database model with integrated functionality; customized built-in
functions; distributed end user precepts and design premise; modular sequence data flows; and
phased implementation approach.

The logic web programming method is particularly suited for data visualization
applications, such as data center and system monitoring, visual corporate helm, decision support
systems, complex relational displays, and scientific modeling visualization. Logic web software can
operate as a nonlinear scene graph with parallel, decentralized, synched and tracked object-oriented
sequences. The advantages of the logic web's modular approach are especially apparent when
coupled with a visual interface. The molecules are single method so that the method names them.
Since the connection or binding of the methods is inherent to the molecule, the logic web can be
assembled quickly by human-oriented function names or visual cues with almost no regard to internal
operation. Simply running the logic web will invoke self-diagnostics at any point of failure. Monitored
visually in an optimization support environment, this programming method will extend the capability to
“program” computers to the computer-literate layperson. An appropriate analogy would be simplifying
the programming of complex data processing tasks to the level of assembling pipes and fittings by
identifying the needed parts and hooking the pieces together.

Itis understood that many modifications and variations may be devised given the
above description of the principles of the invention. Itis intended that all such modifications and
variations be considered as within the spirit and scope of this invention, as it is defined in the following
claims.

JP 2004-537122 A 2004.12.9
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APPENDIX I

objectMolecule(String moleculeCallerName, String moleculeCalledName)
{

/* Contributes to methods, method Triggers, communication */

objectNames[}
objectContexis[]

F* Socketing / Sessioning */
objectContextey{ }

eventNeighbors{}
eventNeighborsConsumeRoute{ }

eventNeighborsProduceRoute{ }

= Object names ( session/client names )
= Equivalent to package ( molecule is componate to
a function

collection of molecule, and is of relative Context)

= contrals scope of access to event, field, and method
groups, names, locations, version labeling, establish
status,

= List of comsuming molecules  (pass
Events/Data) .

= List of which L /R data sets the
molecules can consume (Routing);

= List of where then consuming roating produces the
data sets local to the neighbor molecule;

/* The objectMolecule. Deamon.thread should maintain a record of molecule channel

0%

fieldChannel{ }
fieldChannelExposed{ }
fieldLocalStatic{ }
fieldLocalStaticExposed{ }

fieldLocalDynamic{ }
fieldLocalDynamicExposed{}
} .

/* localRemoteSwitcher() */
objectMethod AccessLabeling[]

objectMethod]}
objectMethodMoleculeData{ }

= Table of which channels are active

= Table defining channels inter/external exposablity
= Table of static local memory routing

= Table of defining static local memory routing
exposability .

= Table of dynamic local channel routing

= Table of defining local channel exposability

= Determines Local or Remote access for methods
= Methods callable name (local to Java or via API)
= Data from File.moleculeName that forfiils
Consuming/Producing Routing.

JP 2004-537122 A 2004.12.9



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(52)

WO 03/010659 PCT/US01/41389
23

/*methodTrigger() data , Local/Remote flags*/

objectWait[] = methodTrigger() lifespan, or lifespan dependancy

objectMethodConsumingRouting[] = Which Channel/Local data bave methodTriggerQ)
block on

objectMethod( i fillment[} = Where a methodTrigger() can look for data local

and or remote and if it can switch between the two
and if so who takes priority.
objectMethodProducingRouting[] = Which Channel/Local space data is delivered to.

amethod Trigger().thread is started for each objectMethod[] element. All interfacable
molecule should have enough data to create a methodTrigger for objectDisplay().
fieldChannel.LocalStatic.LocalDy ic{}. a localRemo! i {).thread is started
as a child to methodTrigger().thread as approriate, which is governed by
objectMethodAccessLabeling[JobjectMethodConsumingFofillmentf}

}
objectDisplayQ
{
struct objectDisplayEnvi {
disp i i} =R 1o current interface environment, track
grounding, Screen tracking system .
displayState{ } = Switch modes Accept Events, Accept Args, Accept Pointer, .. etc

Criteria relevant object/ Superscope/subscope

displayAlphas[] = zBuffersLayer’s relative alpha (range 0.0 - 1.0) array allows
single object to multiple Depths
or volume Depth assignment.

displayZDepths[] = zBufferLayer assignment, array allows single object to
multiple Depths
or volume Depth assignment.
displayZElements[] = micro layering for a given zBufferLayer
displayComposites[] = Object ion ( add, subtract, dif, ..)
displayLocations[] = Global location when parent, relative location when child
regPeriod[] = Array 10 (x,y image) or (x,y,z volume)
regDisplay{} = Display scale as opposed to preObjectAray X.y,and/or z
dimensions and registration
Array[] = array from an ObjectDisplayEngine()
EventArray[] =array from an EventDisplayEngine()
RegAmay|[] = array from an RegistrationDisplayEngine()
}
}
objectEnviroment(}
{

JP 2004-537122 A 2004.12.9
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Establish broadcasting pointer information channels and display through put channels.

....... Core Array Process Methods--

Type: Data/String

MultiArray = array with N dimensions
SinglArray = arrayX1,arrayX2,...arrayXN
MixedArray = arrayX l,arrayX2,array with 1-N dimensions,..arrayXN

Algorithm:(API call, Java Class/Method Call)

Encode:
-consumer(type,Mixed Array, format) produce(file)
*raw to format (simple to many)
*Multipl SinglArrays to  aifwav,ixt
*Multipl SinglArrays, or MixedArray to rgbitif,jpg
Decode:
- file) p pe,MixedArray)
*format to raw (many to simple)
*aif,wav,txt to Multipl SinglArrays
*rgh,tif jpg to Multip] SinglArrays, or Mixed Armray

Cmd Line:
-pass(String ¢md,String argv[]) return(pid,status)

Splitter:
-consume(type,Mixed Array[N],how) produce(type,Mixed Array)

Mixer:
-consume(type,Mixed Array[N],how) produce(type,Mixed Array)

Stream:
-consume(iype, SinglArray,how,rate) produce(channel VARstream)

PacketStream:
. -consume(type,MixedArray, how,rate) produce(channel VAR []stream)

Packet:
-consume(channel VARstream,how) pmduce(type,Singlerny)

MultiPacket:
-consume(channel VAR[Jstream,how) produce(type,MultiArray)

Formula w/ Logic controlling output:
-conisume(Elm & MixedArray,Sting equation) produce(Elm & MixedAsray);
*Composite Over,under,multiple,add,differance

Range:
-consume(type,MixedArray[N]) produce(type,min[X1->N],max[X1->N},avg[X1->N]}

Sort:
-consume(type,SinglArray,key) produce(type, SinglArray)
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Element:
-consume(type,Mixed Array[N],index[]) produce(type,Mixed Array)

Crop:
-consume(type, Mixed Array[N].index Start[X 1->N), indexEnd[X 1->N])
produce(type,ammayX1->N)
Scale:
-consume(type, Mixed Array[NJ,type,Factor) produce(type,Mixed Array[N])
Sample: '
-consume(type,MixedArray,step) produce(type,MixedArray)
Flip:
SinglArray,xdirecti irection) p SinglArray)
Filter:
-consume(type,SinglArray,) produce(iype,Singl Array)
Rotate:
SinglArray,angle,direction) produce(type,SinglArray)
Interpolate:

~consume(type,Mixed Array[N]interp_type) producé(type,MixedArmy[N])

Tasks:

Data manipulation Process sequencing tool

JP

2004-537122 A 2004.12.9
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CLAIMS:

1. A computer processing method comprising the steps of:

creating a plurality of software entities {“molecules 10”) each of which is configured
with software micro-components including a signal handler (40), at least one input handler (42), at
least one output handier (48), an interface handler (44}, and at least one method handler (46) for an
associated method, said input handier, output handler, and signal handler being operative for sending
and receiving communication signals to or from another molecule or logic web externally of the
respective molecule and being operatively connected to the other micro-components, said at least one
input handler being operative for queuing input data, said interface handler being operative for
determining when a predefined input condition for required input data to be received by said input
handler is fulfilled and then invoking said method handler, said method handler being operative for
invoking said associated method for processing the input data, and said at [east one output handler
being operative for outputting a result of the processing of input data by said method;

storing the created molecules in a library for later run time use;

deploying on a given computing resource a logic web comprising a plurality of
molecules selected to perform a given processing task by invoking a first molecule to be retrieved from
the library and executed on the given computing resource; and

said first molecule invoking one or more other malecules to incrementally extend said
logic web “on the fly” by said signal handler of said first molecule sending a communication signal to
invoke said other molecule(s).

2. A computer processing method according to Claim 1, wherein said creating step
includes creating a plurality of logic webs each having its web of software entities configured to
perform a data processing task with a computing resource autonomously, and said deploying step
includes deploying the plurality of logic webs with respective ones of a plurality of computing
resources, respectively.

3. A computer processing method according to Claim 2, wherein said plurality of
computing resources are distributed on a network in a distributed computing environment.

4. A computer processing method according to Claim 2, wherein said plurality of
computing resources include an array of central processing units (CPUs) in parallel in a parallel
processing environment.

5. A computer processing method according to Claim 1, wherein the at least one
logic web is comprised of a plurality of molecules, and said logic web exists as initialization files for
generating an initial host of molecules which invoke and generate other molecules in successive

layers of incremental processing steps.

JP 2004-537122 A 2004.12.9
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6. A computer processing method according to Claim 1, wherein said creating step
includes creating molecules having a handler function for creating next molecules in successive layers

of incremental processing steps.

7. A computer processing method according to Claim 1, wherein said creating step
includes creating molecules having a built-in handler function for performing a clean-up of its functions
when the molecule is to be terminated.

8. A computer processing method according to Claim 1, wherein said creating step
includes creating molecules having a handler type for recording information on the state of its micro-

- component handlers and signaling such state information externally through said signal handler.

9. A computer processing method according to Claim 1, wherein said signal handler
can receive signals for and has a handler type for dynamically reconfiguring the micro-component
handlers of the molecule while it is in existence to perform a processing task.

10. A computer processing method according to Claim 1, wherein said interface
handler includes a handler type for providing the molecule with the characteristic of autonomously
waiting, looking, and proceeding with said associated method for processing the input data by waiting
unitil said input handler indicates that the predefined input conditions are present before invoking said
method handier for the associated method.

11. A computer processing method according to Claim 1, wherein said interface
handler includes a plurality of handler types for determining when respective predefined input
conditions for the p of respectively required data is fulfilled and for invoking respective ones of

a plurality of method handlers and associated methods.

12. A computer processing method according to Claim 1, wherein said input handler
is selected from one of a plurality of input handler types corresponding respectively to a plurality of
different data source types.

13. Adistributed computing method comprising the steps of:

creating a plurality of software entities (“molecules 10”) each of which is configured
with software micro-components for sending and receiving communication signals to or from another
molecule or logic web externally of the respective molecule, said micro-components of each molecule
being operatively connected to each other for processing input data in a given computing environment
in which said molecule is deployed and providing a resulting output of processing the input data;

deploying the plurality of molecules each on a respective one of a plurality of
computing environments; and

JP 2004-537122 A 2004.12.9
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initializing each molecule deployed in its respective computing environment to initiate
a “logic web” of molecules of data processing functions in successive layers of incremental processing
steps, with a first molecule invoking one or more other molecules to incrementally extend said logic
web “on the fly".

14. A distributed computing method according to Claim 13, wherein each logic web in
each computing environment performs its data processing functions in its respective computing
environment autonomously, and returns an output which is desired to be obtained from that computing
environment. )

15. A distributed computing method according to Claim 14, wherein each logic web
returns the output for its respective computing environment to an external monitoring entity, and said
external menitoring entity combines the outputs from the other computing environments to abtain a
combined output of distributed computing.

16. A distributed computing method according to Claim 15, wherein the computing
environments are a plurality of computing sites distributed on a network, and the logic webs return
their outputs by sending signals on the network.

17. A distributed computing method according to Claim 15, wherein the computing
environments are a plurality of computing resources in an array of processing units (CPUs) operated
in paralle] in a parallel processing environment.

18. A network computing method comprising the steps of:

creating a plurality of software entities (‘molecules 10”) each of which is configured
with software micro-components for sending and receiving communication signals to or from another
molecule or logic web externally of the respective molecule, said micro-components of each molecule
being operatively connected to each other for processing input data in a given computing environment
in which said molecule is deployed and providing a resulting output of processing the input data;

deploying the plurality of molecules each on a respective one of a plurality of
computing environments which are computing sites distributed on a network;

initializing each molecule deployed in its respective computing environment {o initiate
a “logic web” of molecules of data prc ing functions in st ive layers of incremental processing

steps, with a first molecule invoking one or more other molecules to incrementally extend said logic
web “on the fly”; and

having each logic web at each network computing site perform its data processing
functions in its respective computing environment autenomously, and returns an output which is
desired to be obtained from that network computing site.

JP 2004-537122 A 2004.12.9
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19. A network computing method according to Claim 18, wherein each logic web
returns the output for its respective network computing site to a network monitoring entity, and said
network monitoring entity combines the outputs from the network computing sites to obtain a
combined output for the network.

20. A network computing method according to Claim 19, wherein the network is a
network of networks (“the Intemet”), and the logic webs are deployed at websites on the Internet to
compute data autonomously from the websites and return their outputs to the network monitoring
entity.

JP 2004-537122 A 2004.12.9
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