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The present invention is related to communications networks and, in
particular, to a new method for processing a record of events recorded
during use of the communications network. BACKGROUND W a traditional
revenue-bearing communications network, such as the public switched
telephone network (PSTN), a network owner or "service provider" assesses
charges to each user or "service subscriber." Subscribers pay for accessing
and using the network and the charges assessed may be based upon a fixed
fee, distance and duration of a connection, amount of data transferred) use
of special services, etc. To measure usage by each subscriber, various
points in the network may keep a record of connections or data flow through
the network on behalf of each subscriber. For example, in a telephone
network, the switches that route calls keep a record of each call handled.
For practical reasons) these records have traditionally been stored.
locally at each switch and periodically collected to. do billing
processing-. The records are also used for deriving traffic statistics and
for detecting patterns of fraudulent use. Because a given connection) such
as a long-distance telephone call, may involve several switches, several
separate call records will be generated in the course of handling the call.
During billing processing) these records must be sorted out from the
nllions of other records collected from a11 the switches in the network.
The correlated records are then assembled to give a composite description
of what network resources were used during the particular call and
accordingly what charges are to be billed to the appropriate subscribers.
The software that controls each switch is designed to record selected
events that occur during call processing and to encode these events into a
very specific format. The traditional method of encoding events is known as
Automatic Message Accounting (AMA) and is described in an industry
standards document designated GR-1100-CORE which may be obtained from
Telcordia Technologies. In summary) the encoding format is a well-deFned
static data structure, also referred to in the industry as a Call Detail
Record(CDR). Individual call records are bundled into blocks, which the
switch writes to magnetic tapes or other forms of persistent storage. After
collecting the call records from a network that have accumulated over a
period of time, a billing processing system must decode and interpret the
significance of the content of billing records as encoded by    . 1 3 MAY
200b wo on4i4o~ 2  PCT/US00/32846 the switches and other network elements.
To assure accurate billing processing, the syntax and semantics of 



the CDR must be commonly understood by both the network elements that
generate records. and the processing systems that interpret the records.
Software in the billing processor is designed to parse and process call
records assuming a particular structure and content. Any change to the CDR
semantics or syntax requires a change in the billing code. This change may
be necessitated by introduction of a new billable service or feature. For
example, the introduction of new service that allows billing a toll
telephone call to a debit card or to a third party requires new information
be encoded in the CDR. In the telephone network of the past) new services
were introduced relatively infrequently. Reducing time-to-market was not a
high priority for service providers. More recently) however, competition
among service providers and availability of new capabilities, driven by
subscriber demand, have accelerated the . lntroduction of new features. The
burden of changing billing systems code hinders the introduction of new
features in a communications network. The traditional fixed-length CDR is
relatively inflexible and unnecessarily confining. Since the time that the
CDR was first introduced, communications bandwidths and processing speeds
have improved many-fold) obviating the need to keep the CDR compact. Many
advantages can now be realized in departing from the traditional CDR
format. Accordingly, what is required is an improved method for collecting)
conveying and processing recorded event information in a communications
network that does not require extensive rewriting and testing of billing
systems software whenever a new billable feature is added to the network.
This requirement is ~~ generally applicable to any records resulting from
providing communications service that need to be processed for whatever
reason) whether it be billing, fraud detection, traffic analysis, etc.
Technologies are currently being implemented whereby a single
communications network may offer users a variety of traffic types,
bandwidths) transport technologies and special services. Accordingly) there
is a need for generic and readily extensible post-processing systems to
cooperatively function with communications systems. There is also
incidentally a need for more general terminology to characterize such
communications and post-processing systems. Though the concepts and
terminology of a "call" and of "call processing" have long been applied in
'the context of a traditional telephone network) the broader terms of a
"session" and of  "service processing" are more appropriate to encompass
a11 uses of a more modern network. A "session" as used herein refers to an
instance of use of the network and may comprise the delivery of a single
data packet; the establishment of a temporary two-way voice channel, or the
transport of a large multimedia file, to name a   1 3 MAY 200 WO 01I41407 3
PCT/US00/32846 few examples. The term "service processing" generally refers
to the decisions made and actions performed by the network to fulfill the
needs of network users. SUMMARY OF THE INVENTION The present invention is
directed to a method for creating and manipulating service processing
records in a communications network wherein a service processing record
comprises instructions for interpreting the recorded data described in the
record. As used herein, the term "instructions" refers generally to a
codification of how something is to be handled. Instructions may take the
form of, for example) executable code) pseudo-code, source code, scripting
or mark-up language) a simple data structure, or a mixture thereof. Where
the term "methods" is used below for clarity to describe processing
instructions that are conveyed within a service processing record, it
should be understood that the more general concept of "instructions" that
affect record processing is equally applicable in each instance. . In
accordance with a preferred embodiment of the present invention, a
processing record comprises instructions in the form of executable code far
interpreting the recorded data described in the record. In accordance with
another aspect, the present invention is directed to a method whereby
service processing records are created, accumulated and packaged with
appropriate functionality) then forwarded io a billing processing system
based upon an arbitrary bundling and dispatching policy. W accordance with
a preferred embodiment of the present invention) service processing records
conform to a prescribed executable format; such as a JAVA executable. (JAVA
is a registered trademark of Sun Microsystems.) .. Service processing
records may be originated by any network element or service processing
function in a commiunications network. Service processing records may be
associated with connections) sessions) or other transactions involving the
network. Aside from assessing charges to be billed to subscribers) service
processing records may also be processed to identify fraud patterns,
analyze consumer trends, and facilitate network capacity engineering., Each
service processing record comprises service processing event data and,
according to the present invention) may further comprise instructions, such
as methods or callable functions, for interpreting and processing the
service processing event data. 



Service processing records in accordance with the present invention are
packaged as executable code, wherein methods are encoded as callable
functions and events are encoded as calls to those functions using
parameters relevant to the specific instances of the events. A service
processing record of this type may be processed by a general-purpose
processing system that extracts the functional content from the record and
then uses the methods to interpret and process the data in the record.
Whenever a new service or billable feature is added to a network, new or
modified service   WO 01I41407 4 1 3 MAY 200 PCT/US00/32846 processing
functions are deployed to network elements, such as switches and routers)
throughout the network. When service processing functions are upgraded with
new capabilities) certain portions of the service processing functions that
generate service processing records can be designed to include billing and
other post-processing methods into the service processing records that are
subsequently generated and dispatched. Thus) billing functionality is
produced and distributed along with the service processing functionality.
In other words, this approach allows the creation and deployment of billing
function to be integral with that of service processing functions. In
contrast to prior art record processing systems that use dedicated-purpose
hardware and software, event records generated in accordance with the
present invention may be handled by a general-purpose postprocessing system
that extracts the instructions from the service processing event records
and then uses the instructions for processing the recorded events. Changes
to billing function are created and distributed at the Same lime as service
function. Therefore) billing function need not be maintained and tested
separately from service functions. This results in faster implementation of
new services in a communications network. As described earlier, a service
processing record as conveyed to a record processor comprises instructions
that affect how event data is interpreted and processed in the record
processor. Although the prior art call detail records included multiple
data fields that were interpreted in context of one another, the methods by
which the multiple data fields were processed in context with one another
were entirely fixed within the software and hardware of the record
processor. Consequently, the semantics of the data fields in the prior art
CDR were established by convention. In contrast, the present invention
permits data fields to be dynamically re-purposed based on other content in
the record and as decided by logic operating outside of the record
processor. In fact, the present invention even allows a record processor to
be re-purposed merely by the instruction content of the service processing
record. A given general-purpose record processor may indeed' have no
intrinsic ability to process events within service processing records aside
from the instructions Conveyed within the service processing records
themselves. DESCRIPTION OF THE DRAWINGS The foregoing and other features
and advantages of the invention are described in detail below wills
reference to the accompanying drawings, wherein Figure 1 is diagram of a
prior art communications network showing how call detail records emanate
from switching sites in the network; Figure 2 is a diagram depicting how
multiple post-processors handle call records according to the prior art;
Figure 3 is a diagram depicting the structure of a call detail record
according to the prior art; .   1 3 MAY 2004 WO 01/41447 5 PCT/US00/32846
Figure Q is a functional block diagram of a system for performing service
processing and service event record generation in accordance with a
preferred exemplary embodiment of the present invention; Figure 5 is a
pseudo-code listing; depicting the structure of an interpretable service
processing record in accordance with a preferred exemplary embodiment of
the present invention; Figure 6 ,is a block diagram describing the
functioning of various components associated with general-purpose record
processor in accordance with a preferred exemplary embodiment of the
present invention; Figure 7 is a flowchart describing the process by which
an event bundler collects events generated during service processing;
Figure 8 is a flowchart describing the process by which a code-let builder
adds methods and otherwise processes event collections to yield a code-let;
Figure 9 is a flowchart describing the process for transforming a code-let
into an interpretable; 



Figure 10 is a flowchart describing the process by which a general-purpose
record processor receives and process an interpretable; Figure 1 l is a
flowchart depicting the overall process for developing, deploying, and
executing record processing functionality in accordance with a preferred
exemplary embodiment of the present invention. DETAILED DESCRIPTION The
present invention is directed to a system and method for processing the
event records generated  by a communications network. In accordance with a
preferred embodiment of the present invention, the event records are
processed by general-purpose record processors and the methods for
performing such processing are conveyed within the evens records
themselves. The following description details how deployment and execution
of record processing methods can occur in this manner. Referring to Figure
1 of the drawings, a communications network 100 is shown to comprise
switches 112) 114 and 116 interconnected by groups of communications links
120 and 122, sometimes referred to as "trunks." This collection of switches
and. links is said to constitute a traffic-bearing network 110. In the
example of Figure 1) traffic-bearing network 110 serves to transport
information among various subscriber locations 102a-102i. The actions of
switches 112, 114 and 116 in network 110 need to be coordinated to route
data or otherwise connect subscribers. Accordingly) a switch
controller/call processor 132 is coupled so as to control switch 112.
Whereas switch 112 directly handles subscriber traffic) switch
controller/call processor 132   1 3 MAV 200b WO 0l/41407 6 PCT/US00/32846
directs switch 112 to make connections among specific ports. In some
practical implementations, some or a11 of the functional pieces of switch
controller/call processor 132 are integrated or collocated with switch 112.
Likewise) switches 114 and 116 in Figure 1 are controlled by switch
controller/call processors 134 and 136, respectively. Each of the switch
controller/call processors in Figure 1 are connected to a packet-switched
signaling network 150 which is, in turn) coupled to at least one service
control point 160. Through signaling network 1 S0, switch controllers
132,134, and 136 may communicate among one another using) for example,
Common Channel Signaling System #7 (SS7). Moreover, switch controllers 132,
134 and 136 may access service control point 160 to determine how to route
a given traffic demand. In a typical telephone network, SCP l60 commonly
includes a database for performing number translations, such as mapping of
1-800 number telephone calls to actual destination numbers. Service control
point 160 maintains data that affects how traffic-bearing network 110
fulfills subscriber requests. As shown in Figure l) a service management
system (SMS) 170 is coupled for downloading service controlling data into
SCP I60. W a typical intelligent network as shown in Figure 1, the software
instructions that determine the behavior of the switches and call
processors are "built-in" or manually loaded into the equipment. There is
no mechanism for distributing actual operating software to these elements
via SMS l70 or SCP 160. Instead, limited control of the operation of
network 100 is exercised by changing the content of data tables at SCP 160.
.One aspect of the software that controls switch controller/call processor
I32 creates records incidental to call processing. These records contain
information about instances of usage by subscribers and are commonly used
to calculate the amount that each subscriber must pay for their usage of
the network; usually over a given period of time. These records are
accumulated into a call detail record file .. 142. Likewise) switch
controller/call processors 134 and 136 accumulate call detail record files
144 and 146) respectively. Because the elements that generate call detail
records are usually located a considerable distance 



apart, separate call detail record files are accumulated at each site and
then periodically collected to be processed. Figure 2 depicts the prior art
approach to collecting and processing CDR files. In Figure 2) CDR files
142) 144, and 146 that have. been accumulated during call processing within
network I 00 are combined and submitted to various processing functions. A
billing processing function 210 processes CDR files to derive billing for
each subscriber who uses the network. The aggregated CDR files are first
parsed by a file parsing stage 212 that yields separate billing records
213. Resulting parsed billing records are input to into a record   ~ 3 ~IAY
2004 wo oi/4i4o~ 7 PCT/US00/32846 correlating/parsing function 214, that
correlates CDR's and composes a description of each call handled by the
network. This function is particularly important for matching up CDR's from
multiple locations related io a given call. Record correlating/parsing
function 214 may also screen for discrepancies among the CDR's. As a
consistent description of each call is assembled from the CDR's) a record
data instance 215 is output to a bill analysis function 216. Bill analysis
function 216 reviews the billable aspects of each call, applies the
appropriate billing rates to the recorded usage, and adds the charges to
each subscriber's bill. The output of a bill analysis function 216 is a
bill 218 for each subscriber. A fraud analysis function 220 may similarly
process the CDR files for the purpose of detecting fraud patterns, rather
than calculating billing. The stages of file parsing 222 to yield billing
records 223 and record correlating/parsing 224 to yield record data
instance 225 are comparable to the functions within the billing processor
function 210. The fraud analysis stage 226 reviews the progress of
individual calls, as well as similarities among multiple calls that may
indicate unusual activity. A report of fraud results 228 is generated to
highlight any significant fraud-related findings from the processing of
fraud analysis 226., A traffic analysis function 230 may similarly process
the CDR files for the purpose of optimizing the operation or design of the
network. The stages of file parsing 232 to yield billing records 233 and
record correlating/parsing 234 to yield record data instance 235 are
comparable to the functions within the billing processor function 210. The
traffic analysis stage 236 reviews usage patterns, such as the quantity and
duration of calls in a given portion of the network, that may be useful for
directing resource utilization within the network or for planning growth.
of the network. A report of traffic analysis results 238 is generated to
summarize the findings of traffic analysis 236. w Billing processor 210)
fraud analysis processor 220, and traffic analysis processor 230 are
typically implemented in software to run upon a computer and are typically
maintained separately from. one another, perhaps even in different
programming languages or upon different computing platforms. Any change in
the syntax or semantics in the CDR's that are processed may necessitate
changes and re-testing of all three of these software implementations.
Figure 3 shows the structure of a typical call detail record file 3Q0
according to the prior art, comparable to CDR files 142) 144 and 146
mentioned above. CDR file 300 is essentially a concatenation of numerous
fixed-length CDR's, depicted in Figure 3 by recoils 304a-304d. CDR file 300
also includes a header 302 to provide general information about the file,
such as the number of records in the file or the identify of the network
element that generated the records. A trailer 306 may also be included, to
facilitate certain types of data processing or storage. Trailer 306 may)
for example, contain a checksum derived from the CDR records that may be
useful for checking the integrity of the data file. Records 304a-304d in
call   1 3 MAY 2004 WO 01/41407 8 PCT/US00/32846 detail record file 300
merely contain data representing values such as phone numbers and feature
groups. Prior art call detail record file 300 contains no expression of
processing logic or instructions. Figure 4 depicts an exemplary embodiment
of the present invention as implemented in a communications system 400. In
particular, Figure 4 shows how records are created and dispatched in the
course of providing communications services. Communications system 400
comprises a traffic-bearing network 402 and a network control/service
processing function 4l0) Traffic-bearing. network 402 may be a telephone
network) a packet-switched data network, frame relay) asynchronous transfer
mode (ATM), or any other form of information transport and routing network.
Traffic-bearing network 402 may even be a mixture of various transport
types and may further comprise special resources such as voice response
units or fax store-and-forward devices. Network control/service processing
function 410 coordinates the actions of equipment iii trafficbearing
network 402. For example) in the case where communications system 400 is a
telephone network, network control/service processing function 410 handles
the call processing, such as call routing) typically performed by an
intelligent network (IN} call processor in a traditional telephone network.
Network control/service processing function 410 encompasses all processing
required to provide services to subscribers, regardless of the transport
technologies used in traffic-bearing network 402. 



Within network control/service processing function 410, session processing
function 412 represents the processing that determines how traffic-bearing
network 402 is controlled to provide services in response to subscriber
requests. Session processing function 412 is analogous to telephone call
processing in a ,telephone network. However) session processing function
412 also comprehends support of data transport) multi-party communications)
.broadcast) multicast, bandwidth-on-demand) store-and-forward) gateway
coordination, and other features beyond the scope of a traditional
telephone network. Session processing function 412 generates events 4l3 in
the course of coordinating services. Session processing function 412 is
implemented in software and run upon a computer. Part of the instructions
that implement session processing function 412 determine when a processing
step occurs that corresponds to a significant) ,perhaps billable) action
that should be recorded. For example) a telephone subscriber may access
directory assistance and then ask far the call to be completed
automatically for a small fee. As the session processing function 412
causes traffic-bearing network 402 to fulfill this request, the action is
recorded as an event so that billing processing may append the charges to
the subscriber's bill.   1 3 MAY 200b WO 01I41407 9 PCT/US00/32846 Not all
events will have billing; significance. Some events may simply record what
transpired, and prove useful for finding and eliminating problems in the
network, or for observing patterns of usage. The software instructions that
implement the service processing function determine which actions shall
generate events. Hence) the designer of the service processing software
controls which events are eligible to be reported. As shown in figure 4,
events 4I3 generated in the course of service processing are accumulated by
an event bundler 414. Event bundler 414 determines how to group events
together, which events can be filtered out) and when a sufficient number of
events have been accumulated to pass on to the next stage of processing in
the form of an event collection 415. An event bundling policy 422 is a
stored collection of rules or data that determines the behavior of event
bundler 414. To adjust the behavior or performance of event bundler 414,
network engineers may arbitrarily establish rules within event bundling
policy 422. As a result, for example) event bundler 414 may use the ending
of a session as a trigger to bundle together a11 events related to the
session. Otherwise) event bundler 414 may group events by resources used,
by event types or by the identity of network elements involved in the
events. As controlled by event bundling policy 422, event bundleer 414 may
also send forth groups of events representing partial or multiple sessions.
As shown in figure 4, event collections 415 created by event bundler 414
are subsequently processed by a code-let builder 416 to yield code-lets
417. Each code-let 417 comprises recorded event data along with code that
expresses processing steps useful for interpreting the event data. Code-let
builder 416 examines ,one or more received event collections 415 and adds
executable coda segments and additional data. In particular, code-let
builder 416 may ,conditionally add selected data and instructions
(executable code) ..depending upon what event types are present in event
collections 415. Instructions to be added .to the code-let may be derived,
from a library 420 containing code segments or may be dynamically
constructed by code-let builder 416. Code-let builder 416 may combine data
from multiple event collections 41 S into a single code1et 4l7. The
behavior of code-let builder 416 is determined by a stored code-let
building policy 424 which may be arbitrarily established by network
engineers. Code-let 'building policy 424 may be a data file containing
rules and data that) for example, cause code-let builder 4l6 to combine
multiple event collections into a single code-let 417. Code-let building
policy 424 may also, for example) decide . to include code segments from
library 420 into code-let 417) or just references thereto. Code-let builder
416 may take into account the known availability of common library
functions among the record processors that will ultimately receive the
packaged data. Code-let builder 416 may determine that a new or updated
function has been made available that none of the record processors have
ever used before. Accordingly, the code-let handling policy   1 3 MAY 200b
WO 01l41407 PCTlUS00132846 10 function can ensure inclusion of the new
function in the code-let so that the record processors can use the new
function and perhaps store the function for future . use. Furthermore,
through code-let building policy 424, network engineers may explicitly
designate new or updated functions to be uploading into the local libraries
of record processors. This designation for each method or set of methods is
depicted in Figure 5 as upload indicator 532. In a preferred embodiment of
the present invention, code-let builder 416 endows each code-let 417 with
sufficient data and methods so that a general-purpose processor can
interpret the data contained therein and render a useful output, such as
billing for subscribers. Thus, the control of how billing and other
indirect processing takes place is implemented within the software
instructions and function libraries within network eontrol/service
processor function 410. This means that billing and other indirect
processing functions may be developed, tested; and deployed concomitantly
with service processing features. In a preferred embodiment of the present
invention, code-lets 417 are created in the form of a generic executable
such as JAVA byte-code so that various network control/service processors
410 and record processors 408a-b may be implemented on different computing
platforms and yet be entirely compatible in creating and handling event
records. Despite the exemplary reference to JAVA byte-code, persons of
skill in the relevant art will recognize that many .other varieties of
generic executables may be employed) such as applets, servlets) JAVA BEANS,
and serialized objects. In Figure 4, record processors 408a and 408b
represent general-purpose processors that can interpret and execute the
instructions and data that are generated in the course of service
processing within communications system '400. Dispatcher 418 receives each
code-let 417 arid creates a so-called "interpretable" 419 that may be sent
t'b records processors 408a) 408b. As guided by stored instructions in
dispatch policy 426, dispatcher 418 



determines when and where to send each resulting interpretable 419. By
adjusting settings within dispatch policy 42G, a network engineer may cause
dispatcher 4l8 to send interpretable 4l9 to a selected or preferred one of
record processors 408a) 408b. Dispatcher 418 may also perform load
balancing by sensing the instantaneous processing burdens among record
processors 408a and 408b and deciding where to send each interpretable 419
accordingly. Dispatcher 418 may "meter out" interpretables 419 to a
plurality of record processors. Dispatcher 418 may elect to send
interpretables 419 to a storage area 440 rather than directly to any record
processors. Dispatcher 418 may decide where to send each interpretable 419
based upon knowledge of library functions or special capabilities that
differentiate each of the record processors 408a) 408b.. Any of the above
actions by dispatcher 418 may be controlled or modified by the content of
dispatch policy 426. Dispatcher 418 also determines the final form of
interpretable 419.   1 3 MAY 2004 WO 01/41407 11 PCT/US00/32846 In
accordance with a preferred embodiment of the present invention,
communications system 400 further comprises network management system (NMS)
404 and a service development environment (SDE) 406. In part) network
management system 404 serves the traditional role of monitoring the
functional status of, and asserting control over, traffic-bearing network
402. In accordance with a preferred embodiment of the present invention,
NMS 404 also is a means for distributing operating instructions or software
io one or more network control/service processing functions 410 in
communications system 400. One such means for distributing operating
software and data to service processors is described in commonly assigned)
co-pending U.S. Patent Application No. 09/128,937) filed August 5, 1998 and
entitled "Intelligent Call Platform for an Intelligent Distributed Network
Architecture", the whole contents and disclosure of which is incorporated
by reference as if fully set forth herein. Service processing and other
functions, including billing processing and other such indirect processing
functions, are created in a service development environment (SDE) 406. Upon
satisfactory development and test, functions developed. in SDE 406 are made
available to NMS 404 to be distributed to the network. By the mechanism
described previously) billing and other indirect processing functions are
similarly developed and propagated via SDE 406 and NMS 404. It is a
noteworthy advantage in the present invention that many types of changes
may be accommodated in this fashion without requiring any change in the
record processor's software. Because the record processors mostly derive
their function from the interpretable packages received, most of the common
changes, such as adding of new billable features) may be readily made
without changing the code of the " record processors. In a preferred
embodiment, record processors support JAVA or the like and the
:interpretables are packaged as such. w Only a change in the fundamental
form of the executables, such as the manner of locating methods and data
within the interpretable object) would necessarily impact the operation of
the record processors. Changes to service processing features, event
handling policies) ..code-let handling policies and dispatch policies would
normally have no impact on record processor code except in the unlikely
event chat these changes also necessitate fundamental changes in the
interpretable file format. Figure 5 depicts the typical content of an
interpretable file that is dispatched to record processors in accordance
with a preferred embodiment of the present invention. In Figure S) an
interpretable file S00 is shown to comprise several sections. A file data
header 510 includes general infornation about interpretable file 500, such
as a file type identifier string 512) length of the file 514) and an entry
point table 516 containing relative locations of sections or entry points
within the file.   1 3 MAY 2004 wo oi/4i4o~ 12 PCT/US00/32846. A methods
section 530 within interpretable file 500 includes functions that may be
directly executed by a record processor. In a preferred embodiment of the
present invention, methods section 530 comprises compiled JAVA executable
code segments. However, for clarity in Figure S, methods section S30
appears in a form similar to source code. Certain methods or sets of
methods may be accompanied by an upload indicator 532 to designate those
methods that should be uploaded and retained in the library of each record
processor that eventually receives interpretable file 500. A recorded data
section 550 within interpretable file 500 includes method invocations
representing actual events that occurred during service processing within a
communications network. Some of the methods invoked in recorded data
section 5S0 will be those included in section 530 of the interpretable file
500) whereas other methods may be obtained from libraries external to the
interpretable. Each method invocation ,uses parameters applicable to the
specific instance of a specific event or action. As will be described in
detail below) when a record processor loads and executes the interpretable)
the sequenced method invocations allow the record processor to reconstruct
the events that occurred during service processing in the network and to
perform useful processing based upon the reconstructed event. For example,
methods section 53D of interpretable file 500 may include a method called
"Add_Party". This method may accepts a number of a new party to be added to
an existing communications session, along, with a time and date that the
party was requested to be added. The adding of a new party to a
communications session may entail additional charges to be billed to a
subscriber. The "Add_Paryy" method contains the code for determining the
appropriate charges to be added to a subscriber's bill. As earlier
described in conjunction with code-let building policy 424) the inclusion
of a given -method within a given interpretable may -depend upon the need
for the function. If an interpretable f le (contains the events of numerous
sessions but none of the sessions involve the Add-Party function, then
there is no need for interpretable. file to include the Add-Party function.
Also, if the add party function is commonplace, perhaps a standard library
function) then the interpretable may not need to include the function but
instead reference the function or a library that will be needed by a record
processor. Recorded data section 550 includes exactly one entry point in
the code where processing is to begin) as represented by the main()
statement in Figure 5. All execution environments (e.g.) operating systems,
and interpreters) specify how to identify the starting point for their
particular executable format (e.g.) a "main" procedure in C/C++ and Java).
The begining of recorded data section 550 will be the starting point of
execution after a general-purpose processor loads interpretable file 500
and. then begins processing the conteiris. As will be described in detail
later) the eventual processing of the interpretable by a general-purpose
record processor entails the instantiation of objects, invocation of
methods upon those objects, and interaction among the objects as is well
known to those of skill in the art of object-oriented programming.   
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engages in a s..ssion of using the communications network, the events
related to that session are recorded and assembled into an overall
description within interpretable file 500. Events are expressed as method
invovations in recorded data section 550 of interpretable file 500. Methods
to be invoked during processing of interpretable file 500 may be self
contained within, and distributed to record processors via, interpretable
file 500, An example of JAVA code in accordance with the above description
of interpretable file 500 is shown for reference in Appendix A of this
specification. Figure 6 describes a record processor 600 equipped to
receive and process interpretables in accordance with a preferred
embodiment of the present invention. In Figure 6, interpretable 419 is
received by record processor 408a and is loaded and executed in a manner
similar to the way that a program is loaded and executed in a computer or
an applet is loaded or executed by a hosting computer application, such as
an Internet browser. More specifically) the contents of interpretable 419
are parsed . and a read into the memory space 630 of record processor 408a
by loader/interpreter 610. 'As code segments are found in interpretable 419
during parsing) these segments are copied into the memory space of the
record processor as temporary code 640 and loader/interpretor 610 makes a
temporary table that, maps the name of the function to its address in
memory. As references to library functions are encountered in interpretable
file 419, loader/interpreter 610 copies into memory space 630 selected
functions from local library 630 so that they are readily accessible during
processing. This amounts to run-time binding of the local libraries. As the
interpreter 6l0 encounters a main entry point in interpretable 419, the
processing of actual recorded network events begins. For example) a
processing context in memory may effectively reconstruct the events and
circumstances associated with. a given communications session. Within a
session reconstruction 650 in memory, as each function call representing an
event is encountered in interpretable 4I9, objectt instances 652,654,G56
and 658 are created and methods are invoked thereon to accomplish the
processing intended by the code in interpretable 419. Various object
instances 6S2, 654, 656 and 658 may, for example, represent users, user
equipment, switches, paths) call legs, services; or resources involved in a
given session. Those skilled in the art of computer science and
object-oriented programming are familiar with a variety of ways in which
processing can occur in this fashion. Record processor 408a may access an
external or centralized database 660 to retrieve shared data such as the
current account information for a given user. Record processor 408a may
process transactions for a given user and then return the updated
information to database 660. For example, record processor 408a may obtain
a user's account and then append charges to the user's account information.
Thus) charges will   1 3 MAY 2004 WO 01141407 PCT/US00/32846 la correctly
accumulate to the user's account even though various sessions of usage may
be handled by different record processors. One significant advantage of
putting coded functionality in interpretable 4l9 is the flexibility to
include useful data structures such as hash tables and binary trees, and
programming constructs such as looping, recursion, conditional branches)
etc. In contrast, the call detail records of the prior art merely contained
values. With reference now to Figure 7, a flowchart is shown to describe
the processing steps performed by event bundler 414 in handling events 413
coming from session processor 412. The process begins at step 702 upon the
receipt of an event 4I3 from session processor 702. The process depicted in
Figure 7 is therefore repeated for each such received event 413.
Preferably, event bundler 414 maintains a persistent accumulation of events
for each separate communications session engaged by session processor 412.
Each such accumulation is referred to as a "session event collection" and
preferably persists until the associated session is completed and
terminated as determined by session processor .412. As will be readily
understood by the skilled artisan, session processor 412 may provide some
type of an indicator with each event 413 to identify an associated instance
of a communications session. Event bundler 414 may use this indicator to
properly associate incoming events 413 that are related to a particular
communications sessions active in service processor412. Continuing at step
704, it is determined whether the event is related to an ongoing session or
to a new session for which event bundler 414 has not already created a
session event collection. If the incoming event signifies a new session
then, in step 706) a new session event collection is established.
Otherwise, processing moves directly from step 704 to step 708. In step
708, it is determined whether the incoming event signifies the end of a
session. Upon conclusion of a session, session processor 412 may generate
and send a terminal type of event that is recognized by event bundler 414.
To summarize the remainder of the process) if the incoming event does not
signify the conclusion of a session then the event is simply appended to an
ongoing event collection associated with the session. Otherwise, event
bundler 414 will determine how to group the finished event collection with
other event collections and determine whether to send accumulated event
collections to code let builder 416. lf) in step 708, the event is
determined not to signify the conclusion of a session, processing continues
at decision step 710. At step 710, event bundler 414 performs according to
settings within event bundling policy 424 that control what event types may
be appended to a session event collection. As mentioned earlier) network
engineers may use this means to limit the types of events in the
collection. For example, some event messages may be useful only for
diagnostic purposes and will not be used during post-processing. Hy   
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bundling policy 422, network engineers may dynamically cause the inclusion
or exclusion of diagnostic event notifications in the event collection.
Under normal circumstances, this filtering is applied to avoid extraneous
content in the collection as will ultimately be sent to post-processors.
lf, in step 710, the incoming event is not filtered by the current
instructions implemented in event bundling policy 422) then the event is
appended to the appropriate session event collection in step 712.
Otherwise, step 7l2 is skipped and the processing of a single incoming
event is concluded as represented by terminal step 714. Referring back to
step 708, if the incoming event does signify the end of its associated
session) then processing resumes at step 716) wherein the session event
collection is closed to further input and any required summary data about
the collection is compiled and added to the collection. The summary data
may comprise, for example, the number of events in the collection, a list
of any special resources used, or software versions of the session
processor or event bundler functions. Continuing then to step 718, event
bundler 414) guided by content within event bundling policy 422) determines
whether event collections are to be grouped into aggregate collections
based upon some common attribute of the event collections. For example,
network engineers may decide to optimize performance by grouping together
collections that relate to the use of a particular resource in
traffic-bearing network 402. If, in step 718, no criteria is to be used for
grouping collections) then in step 720, the newly completed event
collection is simply appended to a cumulative or aggregate collection.
Following the addition of the single collection) the attributes of the
cumulative collection are review in step 722 to determine if the cumulative
collection is ready to be sent to code-let builder 416. The criteria for
event bundler 414 to make this decision are determined by contents within
event bundling policy 424. For example, event bundler 414 may send an
aggregate collection whenever the aggregate grows to a certain overall size
or when a time limit has elapsed since the previous transmittal of an
aggregate from the event bundler. The latter may be done to reduce latency
of processing small numbers of sessions when the network is relatively
idle. In step 722 then) if the criteria for transmitting the cumulative
collection is met, the event collection is sent to code-let builder 416 and
is preferably removed from the active memory of the processor that
implements event bundler 4l4. Otherwise; in step 722, if the sending
criteria is not met, then the cumulative ollection is merely retained in
memory for the time being and the processing of a single event is concluded
as denoted by terminal step 7l4. Figure 8 of the drawings describes the
process executed by code-let builder 416) whereby each event collection 415
is received from event bundler 414 and processed to yield a code-let 417.
1 3 MA's ?.00~ WO 01l41407 16 PCT/US00/32846 The process of Figure 8 begins
at step 802 upon the receipt of a single event collection 415. Proceeding
then directly to step 804, the code-let builder 416 decides whether a
code-let already exists that is being assembled or whether the receipt of a
new event collection should initiate a new code-let. If determined
necessary in step 804, a code-let is created in step 806 before resuming
execution at step 808. The code-let , created in step 806 will serve as a
container for one or more event collections. Note that steps 804 and 806
are primarily useful where multiple event collections are included in a
single code-let. In step 808) code-let builder 416 determines whether it is
permissible to place multiple event collections into a single code-let.
This is affected by the contents of code-let building policy 424. For
example, network engineers may decide to allow bundling of event collection
into a code-lei for reasons of 



efficiency. If such bundling is permitted, step 812 is executed to add the
received event collection to the Current code-lei After adding the event
collection) code-let builder 416 assesses, in step 814) whether the
code-lei meets criteria for concluding and sending the code-let. The
code-let sending criteria are settings witlun codelet building policy 424.
For example, network engineers may put content in code-let building policy
242 chat cause the code-let builder to send a code-let whenever the
code-let exceeds a certain size or number of event collections. The send
criteria may also take into .account the resource types used within event
collections within the code-let. If) after adding an event collection to a
code-let) the code-Jet still does not meet the sending criteria in ..step
8l4 then the process terminates at step 830 and neither the event
collection nor the code-let are processed any further until a subsequent
event collection is received. Alternately) if the code-let is deemed in
step 814 to meet the criteria for sending, then the code=let, which may
include multiple event collections, is further processed beginning at step
8l6. Referring back to step 8~8) if the formation of code-lets with
multiple event collections is disallowed, then execution proceeds at step
810 wherein the single event collection received at step 802 is simply put
into the code-let created in step 806. Thereafter the new code-let is
further processed beginning at step 8l6. The remainder of the processing
steps in Figure 8 augment the code-let as needed with functional pieces
that will be required later by a post-processor. These functional pieces
correspond to methods 530 earlier described in conjunction with Figure 5.
In step .8.16, a list of dependencies is constructed representing a11 the
processing methods and any other functional pieces that will be needed at
runtime based upon the event types included in the code-Jet. For   1 3 ~IAY
2004 WO 01/41407 17 PCT/IJS00132846 example, if even one of the event
collections within the code-let includes an event involving reversal of
charges to a called party, then certain functions must be available at
runtime for a post-processor to correctly handle the event and process any
sessions that include the event. Some frequently used or very basic
functions may permanently reside in the post-processors as indicated by
library 620 in Figure 6. With some knowledge of what functions are commonly
available to . post-processors, code-let builder can abstain from
.duplicating those runtime functions in the code-let. Accordingly) step 818
refers to determining whether references can be substituted for actual
runtime functions to reduce the size of the code-let. In step 818, code-let
builder 4l6 is directed by code-let building policy 424 as to whether
references ate allowed to replace actual runtime functions. Network
engineers may adjust the content of code-let building policy 424 to cause
the code-let builder to use references io runtime functions for the purpose
of minimizing code-let size. Otherwise, network engineers may want some or
a11 of the required functions explicitly included tin, each code-let to
assure that all post-processors that ultimately receive the code-let have
all the required functionality intact. This may be a necessity if the
capabilities of the target post-processors are undetermined when the
code-let is built. If processing step 8l8 finds that references in the
code-let are allowable) then at step 820 the appropriate references are
placed into the methods section of the code-let for each of the functions
that can be represented by reference. Such references may specify a library
name and function call name, for example. Additionally, for each function
replaced by reference in step 820) the list of runtime dependencies is
updated) removing the functions that have now been adequately included in
the code-let by reference. 



Whether or not functions may be replaced by references, processing of the
code-let continues at step 822 wherein the list of dependencies derived in
step 816 is examined for any remaining dependencies. If 'there are further
runtime dependencies that must be addressed, then step 824 is executed to
add needed functions to the methods section of the code-let. These
functions may, for example, be obtained from local function library 420
shown in Figure 4 All functions that are included in the code-let by step
824 are deducted from the list of dependencies derived in step 816. Then,
in step 826, the list of dependencies is again. examined to see if any more
functions are required that have not been included explicitly or by
reference. If there are more functions that need to be included then) in
step 828, the code-let bundling policy is consulted to find instructions
available to for dynamically building the required functionality within
code-let builder 416. Any functions that are dynamically constructed and
included in the code-let are then deducted from the dependency list and
processing resumes at step 830.   1 3 MAY 200 WO 0l/41407 18 PCT/US00/32846
At step 830, a final assessment of dependencies is made. If there are any
remaining unresolved dependencies) then the code-let builder declares an
error situation in step 832 and sets aside the code-let so that network
engineers can troubleshoot the cause of the error. Processing of the
received event collection thus terminates at step 840. Otherwise, if, by
step 830) all runtime function dependencies have been resolved, then the
completed code-let is passed on to dispatcher 418 . in step 834 and
processing of the received event collection is concluded at terminal step
840. Figure 9 describes the processing steps performed by dispatcher 418 in
receiving code-lets 415 from code-let builder 416 and sending complete
executables or "interpretables" 419 to record processors 408 or to
temporary data repositories 440. The process of Figure 9 begins at step 902
upon the receipt of a code-let and continues immediately to step 904. In
step 904, the code-let is transformed into a self contained interpretable
by compiling and linking (if necessary) the code accumulated in the
code-let and by adding header information to the executable file
corresponding to header section 5l0 in Figure 5. In one variation) the
received code-let may comprise functions in a form similar to
human-readable source code. This source code may need to be compiled into
some form of directly executable machine instructions and references to
functions will need to be resolved by linking, as is commonly understood by
persons skilled in computer programming. In another variation) the code-let
may comprise functions as pre-compiled segments that merely need to be
included and linked in the interpretable) In a third variation, functions
may be passed along in the interpretable in the form similar to " source
code to be interpreted ai runtime by record processors downstream. In a
preferred embodiment, the interpretable comprises functions in the form of
compiled JAVA byte Code and the record processors are capable of directly
executing interpretable as such. ... 



In step 904, a compressed or encrypted version of the interpretable may
also be generated to improve the efficiency and security of the
interpretable as it is transmitted and stored: Next, in step 906) the
dispatch policy 426 is consulted to determine if the destination for the
interpretable is fixed. In some circumstances, network engineers may desire
to force all interpretables io be sent to a particular record processor. if
this is the case, then, in step 908, an attempt is made to send the
interpretable to the designated record processor or storage repository. An
error is declared if this attempt to send fails. The process then
terminates at step 910 as there are no alternate destinations or
dispositions allowed.   1 3 MAV 2004 WO 01I41407 PCT/US00/32846 19
Returning to step 90G, if the destination for the interpretable is not
fixed within dispatch 'policy 424, then execution proceeds to step. 912. In
step 912, two lists are generated. One is a list of all destinations, such
as record processors and repositories; currently available to the
dispatcher. The other is a list of external dependencies for the code-let.
For example, the code-let builder may assume that certain libraries will be
available at runtime and may elect to merely reference the functions as
indicated by steps 818-$20 in Figure 8. External dependencies may be data
or functions that the code-let builder assumes will be present in a post
processing runtime environment. If not a11 record processors have the
assumed runtime functions) the steps 912,914, and 915 assure that the
interpretable is dispatched only to a record processor that does have the.
required runtime functions in a local library, such as library 620 shown in
Figure 6. . After .lists are generated in step 912) step 914 is executed to
determine if routing based upon capabilities of each destination is
allowed. This decision is determined by the contents of dispatch policy
42G. The capabilities of each destination may include, for example) runtime
libraries available, processing or storage capacity) or availability of
special resources at the destination. Network engineers may desire to
disable routing by capabilities in order to perform troubleshooting or to
coordinate the deployment of new library functions as will be described.
later in conjunction with step 1008 of Figure 10. If routing on
capabilities is permitted) then step 915 is executed whereby destinations
that do not have required capabilities to handle the interpretable are
eliminated from the list of candidate destinations that was derived in step
9l2 Next) in step 9l6, the dispatch policy is consulted to determine if
routing of the interpretable to a ~~ destination can take into account a
preference order among the candidate destinations. If so) then step 917 is
executed to sort the list of candidates based upon a preference that is
also contained dispatch policy 42G. network engineers may use this
capability to enable preferential "homing" of specific service processors
to specific record processors. This preference may be based upon static
load balancing or upon proximity between service processor and record
processor, for example. In step 918) the dispatch policy is consulted to
determine if dynamic load balancing is enabled. If so, then step 919 is
executed to further sort the list of candidate destinations according to
their current processing burdens. The current processing burden for each
destination record processor may be relayed to the dispatcher through a
network management system for example. Although it is not explicitly shown,
the means for accomplishing this will be readily understood by a person of
ordinary skill in communications networks. Upon. reaching step 920 then)
the candidate list of destinations derived in step 9I2 has been filtered
and sorted as needed according to the instructions in dispatch policy 426.
Step 920 simply involves selecting   1 3 MAY 2004 wo o1~4i4o~ 20
PCT/US00/32846 



the topmost entry in the list of destinations as an initial context for the
processing loop formed by steps 922) 924) 926, and 928. In step 922) an
attempt is made to. send the current interpretable that was built in step
904 to the current candidate destination, which, for the first iteration of
step 922) was identified in step 920. In step 924, if the attempted send of
step 922 is successful then processing of the code-let and dispatching of
the corresponding interpretable is completed as indicated by terminal step
930. Otherwise) if step 924 indicates that the dispatch was unsuccessful,
then processing moves to step 926 to find other candidate destinations. if
step 926 finds that no other candidate destinations remain in the list,
then an error is declared in step 932, the interpretable is sent to a
temporary storage area) and the processing terminates at step 930. While
step 926 does find additional untried destinations in the candidate
destination list) then processing continues at step 928 wherein the
previously tried candidate is eliminated from the list and the next
candidate destination on the list becomes the current, the loop comprising
steps 922) 924, 926 and 928 is repeated until either the interpretable is
successfully sent to a destination or the list of destinations is
exhausted. Persons of ordinary skill in the art wilt appreciate that there
are several ways to accomplish and verify transmission of an interpretable
to a destination. Figure 10 describes the process steps performed by a
record processor upon receipt of an interpretable that has been generated
by a service processor in accordance with a preferred embodiment of the
present _) invention. It will be particularly helpful to refer to both
Figure 6 and Figure 10 in conjunction with the " following description. .
Most of . the process steps in Figure 10 are executed or coordinated by
loader/interpreter 610 in Figure 6. The process of Figure 10 begins at step
1002 as an interpretable is received. Then, in step 1004, the --
interpretable file is decrypted and decompressed, if necessary) to yield an
interpretable ready to be loaded. into the processing enviromnent Next, in
step 1006) the header information in the interpretable is read to determine
the dependencies that will be needed during processing of the
interpretable. In step 1008, the portion of the interpretable that contains
methods, corresponding to methods section 530 in Figure 5, is examined for
methods that are designated to be uploaded from the interpretable into the
library of the record processor. As previously described in conjunction
with code-let building policy 424 in Figure 4) network engineers may
designate selected methods to be uploaded into the libraries of record
processors, especially when new methods are being deployed that are
expected to be see widespread and frequent use.   1 3 MAV 2004 WO 01/41407
21 PCT/US00/32846 In step I008, a designation, such as an upload indicator
532 in Figure 5) is reviewed for each method or set of methods in the
received inten~retable to determine if any methods in the interpretable
should be uploaded and retained in the library of the record processor. If
not) then processing continues with step 10I4 to be described below.
Otherwise) then step 10l0 is executed to determine if the designated
uploadable methods are already in the library. If the uploadable methods
are already present in the library, then processing continues with step
1014 to be described below. Otherwise) the designated methods are uploaded
and persistently stored in the record processor library. As will be
recognized by those of skill in the art) this process automatically updates
the record processor library and may be complemented with a maintenance
process that occasionally removes unused or infrequently used functions and
data from the record processor library. Furthermore, those of skill in the
art. will recognize that the uploading of methods from the interpretable
into the record processor library may also be controlled or inherently
accomplished by executing code in the interpretable. In other words,
briefly referring back to Figure 5, certain methods invocations within the
recorded data section 550 of interpretable file 500 may carry out the
checking of Library contents and the uploading of selected methods into the
record processor library when the interpretable file is executed by a
record processor. In step 1014, the record processor) and particularly the
local library of the record processor) is examined to see if alt
dependencies are present. If) in step l014, it is determined that there are
some dependencies not already present in the record processors) then in
step 1010, the interpretable is examined to see if the missing dependencies
are self contained. If not, then an error is declared in step l026 and
..processing of the interpretable ends in terminal step 1024. Otherwise)
when all needed elements are detemined to be available io the 'record
processor) then step I016 is executed wherein the methods included as
functions or libraries in the interpretable are read into runtime
envirormnent, namely as code 640 in memory space 630 as shown in Figure 6.
As described earlier, functions from library 620 may also be brought into
memory space 630 as needed to support execution of the interpretable. As
library functions are placed into memory space 620,, loader/interpreter 610
builds a temporary table mapping function names to memory addresses
representing the entry point of each function instantiated in memory. This
allows finding the correct memory location to jump to as each function is
invoked. Those of skill in the art will recognize this as customary process
known as runtime binding. Referring again to Figure 10, in step 1010
loader/interpreter 610 locates the main entry point of the 



interpretable as it has been deployed into memory space 630. Execution of
the interpretable then ptoceeds. As described earlier in conjunction with
Figure 6) the instructions in the interpretable will then typically cause a
session reconstruction space 650 to be created within the memory space 630
and various service-related and   1 3 ~IAY 2004 WO 01I4140? PCT/US00132846
22 event-related objects to be instantiated therein. The output created by
the execution 'of the interpretable is accumulated by within the record
processor until the execution of the interpretable is completed. The
execution of the interpretable may also cause data to be written to context
info storage 660. For example, if the record processor is running an
interpretable resulting from a toll telephone call session, then the output
file may be a bill or report for a subscriber and context info storage 660
may store an account record containing the running balance of the
subscriber's account. As indicated in step 1020, records from context info
storage 660 may be retrieved and updated as needed during execution of the
interpretable. When, in step 1022) the execution of the interpretable is
finished) the result of the execution are output as a file or printed
report represented by output 670. Processing of a single interpretable is
then concluded as signified by terminal step 1024. Figure 11 describes the
overall steps that are performed in the creation, deployment and execution
of service functionality in accordance with. a preferred embodiment of the
present invention. It will be useful to refer to both Figure 11 and Figure
4 in conjunction with the following description. The process of Figure 1 I
begins in step 1102 when a new service has been developed in service
development environment (SDE) 406. In step 1104, a service developer
performs further operations within SDE 406 to assign dependencies to the
newly developed service functions. Preferably, code dependencies will be
automatically included whereas data resources will probably have to  be
identified explicitly by the service developer. In step 1106, copies of the
completed new service function are distributed to the many network
control/service processors 410 in network.400 via NMS 404. In particular)
the new service function will likely appear in session processor 412 and
library 420. In step 1108) sometime after the new service function has been
deployed, 'the new service function is accessed in the course service
processing and session processor 412 generates a corresponding event 413.
Eventually, code-let builder 416 will find the presence of the event in the
code-let and add the corresponding record processing function from library
420. This record processing 'function was likely added to the library upon
initial service deployment in step 1106. In step 1110) the code-let is
packaged as an interpretable and dispatched to a record processor as
described in detail earlier. In step 1112) the record processor that
receives the interpretable. recognizes new functionality not already
contained in its local library. By the process described in Figure 10, the
record processor may automatically recognize and retain the new service
function for subsequent interpretables. Furthermore, as   1 3 MAY 2004 WO
01/41407 PCT/US00/32846 23 described earlier, the record processor may
communicate through some means to code-let builders to indicate that the
new function is now included in the record processor library and that the
code-builder may merely include references to the function until further
notice. 



In step 1114) the record processor reads the interpretable) begins
executing its contents, and generates output by the process described in
Figure 11. Finally, in step 1116, the process is concluded of deploying and
using a new record processing function delivered via an interpretable
issued from a service processor. While the present invention. has been
described herein in the context of an exemplary embodiment) those of
ordinary skill in the art will recognize that many variations may be made
upon what has been shown and described without deviating from the scope and
spirit of the present invention. None of the aspects of the exemplary
embodiment shown and described should be construed to limit the present
invention. The scope of the present invention should instead be interpreted
from the claims that follow.   ~ 3 MAY 2004 wo o1/4i4o~ 24 APPENDiZC A
Tifitle: Billing Example //Version: //Copyright: Copyright (cj 1999
//Author: Kelvin R. Porter //Company: MCT WorldCom //Description: Billing
Example public class BillingTest public class Datum public String myName;
private Datum () { }; public Datum (String name) {myName = name;}; public
void add (String type, String value) {}; public String toString ()
StringBuffer buffer = new StringBuffer (myName); buffer.append (": "); //
... return (buffer.toString Q); }~ }; // class Datum public class
PhoneDevice .. private String myNumber; private String myType; public
PhoneDevice (String number, String type) { myNumber = number; myType =
type; } ; // PhoneDevice PCT/US00/32846 public void offllook (String
timestamp) {. 5ystem.out.println(myType +':' + myNumber+'' + "offhook " +
timestamp); } ; // offhook . ~ ... public void dialed_digits (String
digits, String timestamp) System.out.println(myType +':' + myNumber + " +
"dialed=" + digits +' '+ timestamp);. }; // dialed_digifs   1 3 MAY 2004 WO
01/41407 



25 public String getNumber () { return (myNumber); )~ public void ring
(String timestamp) { System.out.println(myType +':' + myNumber +' ' +
"offliook " + timestamp); }; // Invocation state. private Boolean
invokedStandalone = false; // Constructor public BillingTest() { } //
contstructor public void doFileInfo () { // File Information. Datum
filelnfo = new Datum ("File Information"); fileInfo.add ("FileType",
"Call-grouped & Timestamped Phone Operations"); filelnfo.add
('!SourceTypeVersion") "1.3.1 "); System.out.println (fileInfo.toString
()); ): PCT/US00132846 public void doSourcelnfo () .. { . , // Source
Information. Datum contextData = new Datum ("Source Information");
contextData.add ("Source", "Switch 153 - 1503 Main St.) Garland, TX");
contextData.add ("StartTime") "Jan 02 1997 03:00:05.3"); contextData.add
("StopTime") "Jan 09 1997 02:59:I 1.2"); System.out.println
(contextData.toString ()); }~ public String doCall_O000Q () //
Participants: call 00000. PhoneDevice phonel = new PhoneDevice
("2149367856", "POTS"); PhoneDevice phone2 = new PhoneDevice ("9727291000")
"Business Set").; // Call 00000 Sequence   WO 01I41407 26 phonel.offlook
("Jan 02 19997 03:00:05.3"); phonel.dialed_digits (phone2.getNumberQ) "Jan
02 19997 03:00:0G.8"); //... return ("...")~ )~ public String doCall_00001
() { return ("...")~ }; // ...tlu-u doCall_00499 ()... // Fast Index
Function. 



public String doCall (int i) { String result; switch (i) { case 0: result =
doCall_00000 (); break; case 1: result = doCall 00001 (); break; //...
default: result = "Bad Index."; } ; // switch return (result); }; // doCall
public void doProcess () .. { // File Information. doFileInfo (); // Source
lnformation. doSourcelnfo (); // Start processing calls. int
number_of_calls = 500; String result; for (int i = 0; i < number_of_calls;
i++) result = doCall (i); System.out.println (result);  1 3 MAY 2004
PCT/US00132846   1 3 MAY 2004 wo oiiaiao~ 27 }~ // ... }; // doProcess ()
public static void main (Siring[] args) BillingTest billingTest = new
BillingTest(); billingTest.invokedStandalone = true; billingTest.doProcess
(); }; l/ main (...) PCT/US00/32846   1 3 MAY 2004 WO 01I41407 28 CLAIMS
What is claimed is: 



1. A system for providing communications services to a plurality of users)
comprising: a traffic-bearing transport network coupled to the plurality of
users; PCT/US00132846 one or more service processors that control the
transport network to perform services for the plurality of users) generate
records of events associated with the performing of services) and add to
the records of events one or more instructions for processing recorded
events; and . one or more record processors that receive the records of
events from the service processors) extract the instructions for processing
recorded events, and process the records of events using the instructions
obtained therefrom. 2. The system of claim 1, further comprising: a network
management system that distributes the instructions for processing recorded
events to the service processors. 3. The system of claim 2, further
comprising: a service development environment wherein the instructions for
processing records are created and sent to the network management system to
be distributed to the service processors. 4. The system of claim 1 wherein
said instructions are executable code in the form of JAVA byte-code. (.5.
The system of claim 1 wherein said instructions are executable code in the
form of applets. The system of claim 1 wherein said instructions are
executable code in the form of servlets. 7. The system of claim .1 wherein
said instructions are executable code in the form of JAVA BEANS. 8. The
system of claim 1 wherein said instructions are executable code in the form
of serialized software objects. 9. A system for providing communications
services to a plurality of users, comprising: a traffic-bearing transport
network coupled to the plurality of users; one or more service processors
that control the transport network to perform services far the plurality of
users, generate records of events associated with the performing of
services) and transform the records of events into an executable file; and
~ 3 r~a~ Zoo4 wo ol~aiao~ 29 PCT/US001328a6 one or more record processors
that receive the executable file from the service processors and accomplish
processing of the record of events by executing the executable file. 10.
The system of claim 9 wherein said instructions are executable code in the
form of JAVA byte-code. 1 I . The system of claim 9 wherein said
instructions are executable code in the form of appllets. 12. The system of
claim 9 wherein said instructions are executable code in the form of
servlets. 13. The system of claim 9 wherein said instructions are
executable code in the form of JAVA BEANS. 14. The system of claim 9
wherein said instructions are executable code in the form of serialized
software objects. 15. A method for providing services in a communications
network wherein a plurality of users is coupled to a transport network that
is controlled by one or more service processors, the method comprising the
steps of generating from a service processor a record of events indicative
of service processing events; converting the record of events into an
executable file; conveying) in the form of an executable file, the record
of events to a record processor; and. executing within the record processor
the executable file to accomplish processing of the record of events. 16. A
method for providing services in a communications network wherein a
plurality of users is coupled to a transport network that is controlled by
one or more service processors) the method comprising the steps of
generating from a service processor a record of events indicative of
service processing events; 



adding .to the record of events one or more instructions to be used by a
record processor in processing the record of events; converting the record
of events into an executable file; conveying) in the form of an executable
file, the record of events to a record processor; extracting the
instructions from the record of events into the run-time processing
environment of the record processor; executing) in the record processor,
the instructions extracted from the record of events to process the events
recorded therein; and outputting) from the record processor) the results of
executing the instructions upon the events conveyed in the record of
events. 17. The method of claim 16) further comprising the step of
distributing   1 3 MAY 2004 WO 01/4l407 30 instructions to one or more
service processors from a network management system. PCT/US00/32846 18. The
method of claim 17, further comprising the steps of developing the methods
in a service development environment and distributing the developed methods
to the network management system for distribution to the service
processors. 19. The method of claim 16 wherein the adding of methods to the
record of events is done selectively based upon the types of events
existing in the record.   ~ 3 MAY 2004 WO 01/41407 31. PCT/US00/32846 20. A
method for processing events occurring during service processing in a
communications system) the method comprising the steps of creating a record
of events occurring during service processing; adding one or more
processing methods to the record of events; conveying the record of events,
including the processing methods, to a record processor; extracting the
processing methods from the record of events into the memory of the record
processor; applying) in the record processor) the processing methods to
process the events recorded in the record of events; and outputting the
results of the record processor applying the processing methods to the
events recorded in the record of events. 21. The method of claim 20,
wherein the adding of each processing method is selectively done based upon
the types of events present in the record of events. 22. The method of
claim 20, further comprising the step of retaining the processing methods
in a persistent storage associated with the record processor for use upon
subsequent records of events.   1 3 MAY 200 WO 01/4l407 PCT/US00/32846 32 



23. A service processing event record for representing the events occurring
during service processing in a communications system) comprising: one or
more event data describing service processing that has transpired in the
communications system; and one or more processing methods that describe to
a record processor how to process the event data within the service
processing event record. 24. The service processing event record of claim
23 wherein said event data are present in the service processing event
record in the form of invocations of the processing methods. 25. The system
of claim 23 wherein said processing methods are in the form of JAVA
byte-code. 26. The system of claim 23 wherein said processing methods are
in the form of applets. 17. The system of claim 23 wherein said processing
methods are in the form of servlets. 28. The system of claim 23 wherein
said processing methods are in the form of JAVA BEANS. 29. The system of
claim 23 wherein said processing methods are in the form of serialized
software objects. 30. A record processor far processing an interpretable
file generated by a communications system, said interpretable file
comprising methods and recorded service processing events, the record
processor comprising: a general-purpose processing environment comprising a
memory space; and an interpreter/loader that receives and parses the
interpretable file, loads the methods into the memory " space, and
processes the recorded service processing events in the interpretable file
by executing the loaded methods in the general-purpose processing
environment. 31. The record processor of claim 30 further comprising a
persistently stored library of methods and data needed for record
processing. 32. The record processor of claim 31 wherein one or more of the
methods obtained from the interpretable file are uploaded into the
persistently stored library. 33. The record processor of claim 32 wherein
the methods are selectively uploaded into the persistently stored library
responsive to indicators within the interpretable file. 34. A service
processor far controlling a communications network to provide services to
users coupled to the network, the service processor comprising: at least
one session processor. that executes service logic and generates raw
session processing events;   1 3 MAY 200b wo oliaiao~ 33 PCT/US00/32846 at
least one event bundler that collects raw session processing events from
the session processor and assembles event collections; at least one
code-let builder that receives event collections from the event bundler and
adds methods to form a code-let; and at least one dispatcher that receives
code-lets from the code-let builder, creates a corresponding interpretable
file) and sends the interpretable file to a record processor. 35. The
service processor of claim 34 further comprising an event bundling policy
function that controls the manner in which the event bundler aggregates raw
service processing events) filters certain types of events, and sends event
collections. 3G.T'he service processor of claim 34 further comprising a
code-let building policy that controls how the code-let builder processes
event collections and adds methods to create a code-let. 37. The service
processor of claim 34 further comprising a dispatch policy function that
controls the formation of interpretable files from code-lets and controls
how interpretables are sent to record processors. 38. A method for managing
the distribution of instructions to record processors from a communications
system that generates service processing event records, comprising the
steps of adding instructions to a service processing event record to form
an interpretable file; identifying which of the instructions are to be
retained by record processors ; designating in the interpretable file which
of the instructions is to be retained by record processors; conveying the
interpretable file to a record processor; and uploading into the persistent
storage of the record processor those instructions that have been
designated io be retained.   



1 3 MAY 2004 ~ . a ~ PCTIUu~ 0?'J!3 p846 IPEAIUD~ ~3.~UL~O~ 39. A record
processor for processing an interpretable Eels generated by a
cornmunications system, the interpretable Eels comprising at least one
recorded service processing event and at least one instruction for
processing the recorded service processing Cv event, the record processor
comprising: at least one general-purpose processing environment comprising
at least one memory space; and at least one interpreter that receives and
parses the interpretable file, loads the instruction into the memory space,
and processes the recorded service processing event in the S interpretable
file by executing the instruction loaded in the general-purpose processing
environment. 40. The record processor of claim 39 further comprising a
persistently stored library instructions and data needed for processing the
recorded service processing event. 41. The record processor of claim 40
wherein the instruction obtained from the interpretable file is uploaded
into the persistently stored library. ' 42. The record processor of claim
40 wherein the instruction is selectively uploaded into the persistently
stored library responsive to an indicator within the interpretable file.
43. A record processor for processing an executable file created by a
communications system to represent at least one service processing event,
the record processor comprising a general-purpose execution environment
into which the executable file is loaded and executed to accomplish
processing of the service processing event: '  ,, 33 a~ 38a AMENDED SHEET
1 3 MAY 2004 - _ - . 44. A method for processing of an executable file
created by a communications network in the course of service processing,
wherein the executable file comprises at least one service processing event
and at least one instruction for processing the service processing event,
the method comprising the steps of receiving the executable file from the
communications network; loading the executable file into an execution
environment; and executing the executable 81e to accomplish processing of
the service processing event using the instruction. ' t 45. A record
processor coupled to a communications network for processing an
interpretable file generated by the communications network, the
interpretable file comprising at least one service processing event
recorded during service processing of the communications network and at
least one instruction for processing the service processing event, the
record processor comprising: at least one general-purpose processing
environment comprising at least one memory space; and at least one
interpreter coupled to the processing environment, wherein the interpreter
receives and parses the interpretable file, loads the instruction into the
memory space, and processes the service processing event in the
interpretable file by executing the instruction loaded in the memory space.



46. The record processor of claim 45 further comprising a persistently,
stored library coupled to the interpreter, wherein the library is a
repository for retaining the instruction ,1 ;t. whereby the instruction may
be retrieved as needed for subsequent processing of service processing
events. ,. ~i ~3 6 AMENDED~SHEE'1   1 3 MAY 2004  . 47. The record
processor of claim 46 wherein the instruction obtained from the
interpretable file is uploaded into the library. ;~ 48. The record
processor of claim 46 wherein the instruction is selectively uploaded 1,.,
into the library responsive to an indicator within the interpretable file.
49. A method for processing an event record created by a communications
network in the course of service processing, wherein the event record
comprises at least one service processing event and at least one
instruction for processing the service processing event, the method
comprising the steps of receiving the event record from the communications
network; loading the instruction from the event record into an execution
environment; and executing the instruction to accomplish processing of the
service processing event. 50. A method, in a record processor including a
storage, wherein the record processor processes a recorded service
processing event from a communications network, for obtaining an
instruction for processing of the service processing event, the method
comprising the steps o receiving from the communications network an
interpretable file comprising the instruction for processing the service
processing event; extracting the instruction from the interpretable file;
storing the instruction in the storage of the record processor; retrieving
the instruction from the storage of the record processor, and applying the
instruction to process the service processing event. 51. A service
processor fox controlling a communications network to provide services, t'
to users coupled to the network, the service processor comprising: 33~
AMENDED 5E1'   1 3 N1AY 200b ~`  



at least one session processor that executes service logic and generates at
least one raw session processing event; i at least one event bundler
coupled to the session processor, wherein the event bundler collects the
raw session processing event from the session processor and assembles an
event collection; at least one code-let builder coupled to the event
bundler, wherein the code-let builder receives the event collection from
the event bundler and adds at least one   method to create a code-let; and
at least one dispatcher coupled to the code-let builder, wherein the
dispatcher ' receives the code-let from the code-Iet builder, creates an
interpretable file, and ' sends the interpretable file to a record
processor. 52. The service processor of claim 51 further comprising an
event bundling policy function coupled to the event bundler, wherein the
event bundling policy function controls the manner in which the event
bundler aggregates and filters the event, and sends the event collection.
`~~., , 53. The service processor of claim S 1 further comprising a
code-let building policy coupled to the code-let builder, wherein the
code-let building policy controls how the code-let builder processes the
event collection and adds the method to create a code-let. 54. The service
processor of claim 51 ;further comprising a dispatch policy function
coupled to the dispatcher, wherein the dispatch policy function controls
the formation of the interpretable file from the code-let and controls how
and when the interpretable ale is sent to the record processor.  33 9~
AMfIVnFn eucn   1 3 MAY 200 1` " v  SS. A service processing event record
for representing at least one event occurring during service processing in
a communication system, comprising: at least one event data describing
service processing that has transpired in the communications system; and at
least one processing method that describes to a record processor how to
process the event data within the service processing event record. S6. The
service processing event record of claim SS wherein the event data is
present in the service processing event record in the form of an invocation
of the processing method. S7. The service processing event record system of
claim SS wherein said processing methods is in the form of JAVA byte-code.
S8. The service processing event record system of claim SS wherein said
processing method is in the form of applet code. S9. The service processing
event record system of claim SS wherein said processing method is in the
form of servlet code. 60. The service processing event record system of
claim SS wherein said processing method is in the form of JAVA BEANS code.
S, 



61. The service processing event record system of claim SS wherein said
processing method is in the form of serialized software objects. r 3r3e
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