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FIG. 2E
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315
Step 1~

THH1TH1 + 111162
Blood Pressure Information Request + Cuff Pressure...

Step 2/317

TH21H1] + {11612 Data

Blood Pressure Information Response + Cuff Pressure

FIG. 3A-4
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Step 1 337
STREAM THE CUFF PRESSURE - (Steam Cuff pressure...)/

THSI1Y +111{61]2 Data
Blood Pressure Information Report + Cuff Pressure...

FIG. 3A-10
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COMMUNICATION OF INFORMATION
BETWEEN A PLURALITY OF NETWORK
ELEMENTS

This application is a continuvation-in-part of U.S. Non-
Provisional patent application Ser. No. 11/663,395 filed Sep.
26,2007 and titled “Communication of Information between
a Plurality of Network Elements”, which is a national stage
application of PCT/US06/11373 filed Mar. 30, 2006 and
titled “Communication of Information between a Plurality of
Network Elements”, which claims priority to U.S. Provi-
sional Patent Application Ser. No. 60/667,203, filed Mar. 30,
2005 and titled “System for Configuring the Interoperable
Behavior of Network Elements within a Medical Information
System”, and U.S. Provisional Patent Application Ser. No.
60/787,147 filed Mar. 28, 2006 and titled “System for Com-
municating Information between a Plurality of Network Ele-
ments”. All of the aforementioned patent applications are
herein incorporated by reference in their entireties.

FIELD OF THE INVENTION

This invention relates generally to methods, apparatus and
systems for the communication of information among a plu-
rality of network elements, and more specifically to a com-
munications protocol interface and apparatus that may be
configured to communicate a potentially large and varied set
of defined data, including physiological and health care
related data, between the plurality of network elements. An
application generator program may implement the commu-
nications protocol from a set of extensible markup language
(XML) data definitions.

BACKGROUND OF THE INVENTION

Varied computing environments may exist with vastly dif-
ferent requirements for acquisition, communication and stor-
age of data depending on particular requirements of specific
situations. In particular, some computing environments may
require acquisition and communication of large volumes and
varieties of data definitions. Furthermore, the requirements of
many computing environments may change and evolve over
time. An illustrative example of a computing environment
that requires the acquisition and communication of large vol-
umes and varieties of data definitions with requirements that
change and evolve over time may be a health care computing
environment. Other examples in other fields also require the
acquisition and communication of large volumes and variet-
ies of data definitions with requirements that change and
evolve over time.

For example, a health care computing environment may
include a variety of medical monitoring and analysis devices
that process physiological data and communicate the physi-
ological data via a network. The physiological data may
include subsets of physiological data depending upon the
application. For example, subsets of physiological data may
include heart rate, respiration rate, blood pressure, and many
other subsets of physiological data. The medical devices may
include one or more types of software, and the medical
devices and software may be configured to operate upon a
particular subset of physiological data. The particular subset
of physiological data may be unique to a group of one or more
medical devices. There may also be an overlap between par-
ticular subsets of physiological data that are processed by
each group of one or more medical devices.

The design of each medical device, or any other machine
performing health assessment, is dependent upon the particu-
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lar subset or subsets of physiological data that the medical
device or other machine processes and communicates. The
design of the software residing on the medical devices is also
dependent upon the subset or subsets of physiological data or
clinical outcomes that the medical device processes and com-
municates.

Electronic medical systems encompass devices and other
clinical knowledge bases. Therefore, they must be capable of
taking on the traits of highly adaptive, interpretive, and com-
plex systems that continually evolve. As medical knowledge
deepens there are changes in how medicine and medical
practices are described. This may include physiology cap-
tured by devices as well as clinical analysis. It may be impor-
tant that a method for defining and communicating medical
information is extensible and flexible. This is also true of any
other evolving or adapting environment.

As a result of the complexity found in medical electronic
systems and other complex systems, a substantial effort may
be required to design, implement and maintain software that
acquires and communicates physiological and/or other types
of similar data. Over time the effort to design, implement and
maintain this software is both cost and labor intensive. Addi-
tional substantial effort may be required when the software is
developed to execute on a plurality of interoperating devices,
with the plurality of devices operating upon unique and/or
particular subsets of data. The software may then be required
to operate on multiple subsets of data characterized by dis-
tinct data types and associated data definitions. Substantial
effort may also be required where the data, including the data
types and associated data definitions, may be subject to
change and evolve over time. Substantial effort may also be
required where the data, including the data types and associ-
ated data definitions differentiate from one device to the next
due to targeted clinical use or level of user.

Software reliability may be critical in a variety of fields, but
is particularly critical to providing adequate health care.
Therefore, substantial efforts are required where software
operates upon data within a health care environment. Lack of
reliable software interoperability within a health care envi-
ronment may interfere with providing adequate health care
and may harm or even kill health care patients.

Needs exist for improved communications protocols for
acquisition and communication of data between network ele-
ments.

SUMMARY OF THE INVENTION

Embodiments of the present invention may solve many of
the problems and/or overcome many of the drawbacks and
disadvantages of the prior art by providing a method, appa-
ratus and system for communicating information among a
plurality of network elements, and more specifically by pro-
viding a communications protocol configured to communi-
cate a potentially large and varied set of defined data, includ-
ing physiological and health care related data, between the
plurality of network elements, as well as providing informa-
tion plug and play regardless of data evolution in a complex
and continually adapting environment.

Embodiments of the present invention may include a com-
munications protocol based upon an underlying data classi-
fication system including four main features defined as a
Medical Object Information Base herein (“MOIB”), a Medi-
cal Object Management Protocol (“MOMP”), an Interchange
protocol, and a Rendezvous Protocol.

MOIB and MOMP may be specifications of a computer
language used to define information symbols and message
rules. Inherent in these two protocols may be the use of a
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semantic model that defines grammar or rules (defined in
MOMP) used to build common sentence structures as well as
machine information models (defined in MOIB) representing
the information machines communicate. The protocol may be
modeled in this wayso that each device may be capable of
intelligent and open communications regardless of the trans-
port or communications pipe used.

MOIB and MOMP may generally define a computer lan-
guage modeled after human language. An open system of
communications may be enabled when message constructs
are common to all constituents in a system. As an example,
imagine the interaction between two individuals in which one
individual asks another for information. The simple ability to
ask for information and comprehend a request is the result of
training in the construction of sentences using the rules of
grammar. The end result may be a response with the infor-
mation requested or a response acknowledging a lack of
awareness of the information requested. MOIB and MOMP
provide the basis for machine dialogue to facilitate informa-
tion interoperability by separating a predicate (MOMP) from
a subject (MOIB) such that machines can process dialogue
intelligently and openly.

Machines in networks using the rules defined by MOMP
may communicate openly with other constituent members
and exchange intelligent answers even if subjects are not
recognized. A goal of MOMP may be to provide rules of
language engagement for all constituents in a network to use
during communication.

The symbols (MOIB) may define an information subject of
the intended function of the machine. For example, a main
function of a medical device may be the definition of infor-
mation specific to human physiology, clinical outcomes and
interpretation, abstracted from the hardware or other process
retrieving data. Once a physiologic classification is complete,
it the classification may be applied to MOIB. As discussed,
MOIB may be the specification defining physiology or any
information model in an electronic form.

The combination of the MOMP and MOIB specifications
may allow the electronic exchange of data in intelligent dia-
logue.

The Interchange specification may provide an enveloping
mechanism for messages and data passed between constitu-
ent members in a system. The Interchange specification may
also track with whom the device is conversing. Similar to the
addressing scheme used in the postal system the Interchange
specification may be a mechanism for tracking where a mes-
sage comes from so the response is directed to the right place.
The Interchange specification may work like a physical post
office dispatching mail to the proper location sources using
addresses and may be used on any transport or media.

Rendezvous may be a handshaking protocol that provides
a process that first identifies that the device supports MOMP,
MOIB, and Interchange via a simple string followed by an
optional negotiation of encryption keys.

Embodiments of the present invention may overcome the
drawbacks of existing systems and methods by providing a
computer-readable medium carrying one or more sequences
of instructions for controlling communications between one
or more network devices, which instructions, when executed
by one or more processors, cause the one or more processors
to carry out the steps of: transferring a communication
through an upper protocol stack wherein the upper protocol
stack is operable by application software, transferring the
communication through an interchange layer between the
upper protocol stack and a lower protocol stack, transferring
the communication through the lower protocol stack wherein
the lower protocol stack is operable by operating system
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software, wherein the upper protocol stack comprises one or
more of a data transfer protocol, and wherein the data transfer
protocol processes communications based upon values found
in classification fields within the communication.

In embodiments of the present invention the upper protocol
stack and the lower protocol stack may be implemented by a
host computer or a remote access device. The upper protocol
stack may further include a link management protocol where
the link management protocol establishes and terminates con-
nections between the one or more network devices.

Embodiments of the present invention may include receiv-
ing the communication at the upper protocol stack from an
application layer and/or receiving the communication at the
lower protocol stack from a network device.

In embodiments of the present invention the classification
fields may include a first classification field identifying a
particular software module within the data transfer protocol
having an associated set of message and information types, a
second classification field identifying a set of one or more
attributes of the first classification field, and/or a third classi-
fication field identifying a set of one or more additional
attributes of the software module identified by the first clas-
sification field and the one or more attributes identified by the
second classification field.

Embodiments of the present invention may also include a
method of establishing a communications connection
between network devices including creating an interchange
envelope comprising a connection request at a first network
device, transmitting the interchange envelope to a second
network device, receiving a response to the connection
request from the second network device, creating an encryp-
tion key request for the second network device, transmitting
the encryption key request to the second network device,
receiving an encryption key in response to the encryption key
request, creating a start communication protocol process
request for the second network device, transmitting the start
communication protocol process request to the second net-
work device, receiving a host ready communication in
response to the start communication protocol process, and
wherein each request and response is classified and processed
based upon a first classification sub-field, a second classifi-
cation sub-field, and a third classification sub-field within
each request and response.

In embodiments of the present invention control may be
passed to a communication protocol process operating on the
first network device. The communications connection may be
terminated upon receiving a termination communication at
the first network device.

Embodiments of the present invention may include a com-
munications protocol interface stored in a tangible medium
and implemented by one or more processors including appli-
cation software, operating system software for implementing
a lower protocol stack one or more extensible software mod-
ules interfacing with the application software and one or more
core software modules, wherein the one or more core soft-
ware modules interface with the one or more extensible soft-
ware modules, the application software and the operating
system software, wherein the one or more extensible software
modules and the one or more core software modules imple-
ment an upper protocol stack wherein the processing and
delivery of a communication is performed according to a
classification hierarchy within the communication, wherein
the one or more core software modules implement standard-
ized functionality, and wherein the one or more extensible
software modules implement supplemental and customizable
functionality.
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The standardized functionality may be selected from the
group consisting of connection establishment, connection
termination, encryption, generic message types, and combi-
nations thereof. The one or more extensible software modules
may be defined by data definitions.

Embodiments of the present invention may also include a
computer-readable medium carrying one or more sequences
of instructions for controlling communications between one
or more network devices, which instructions, when executed
by one or more processors, cause the one or more processors
to carry out the steps of: receiving a communication from a
network device, passing the communication through a data
management protocol, classifying the communication while
in the data management protocol based upon a data classifi-
cation within the communication, passing data from the clas-
sified communication to application software for processing,
preparing a reply to the communication in the application
software, passing the reply from the application software
through the data management protocol, classifying the reply
while in the data management protocol based upon a data
classification within the reply, and sending the reply to the
network device.

Embodiments of the present invention may also include a
communication protocol system including a host computer, a
network link at the host computer for communicating
between the host computer and one or more network devices,
a database in communication with the host computer for
storing data from the host computer, communications proto-
col software on the host computer for processing communi-
cations between the host computer and the one or more net-
work devices, wherein the communications protocol software
comprises an upper protocol stack operable by application
software and a lower protocol stack operable by the operating
system software, and wherein the upper protocol stack pro-
cesses communications based upon values found in hierar-
chal classification fields within the communication.

Embodiments of the present invention may include one or
more additional host computers in communication with the
host computer. The communicating between the host com-
puter and the one or more additional host computers may be
via Ethernet or the Internet. The one or more network devices
may be medical devices. WiFi gateways may exist between
the host computer and the one or more network devices. The
communicating between the host computer and the one or
more network devices may be performed by connections
selected from the group consisting of WiFi, serial, USB and
combinations thereof. Communications from the one or more
network devices may be received in a format compatible with
the communications protocol software. The communications
from the one or more network devices contain values corre-
sponding to the first classification, the second classification
and the third classification. The database may store and pro-
cess data captured and processed by the host computer from
the one or more network devices.

Embodiments of the present invention may include a
method of communicating between network devices includ-
ing transmitting a request communication, wherein the
request communication comprises a first classification, a sec-
ond classification, and a third classification, the first classifi-
cation identifying a module having an associated set of mes-
sage types, the second classification identifying a set of one or
more attributes of the first classification, and the third classi-
fication identifying a set of one or more additional attributes
of the module identified by the first classification and the one
or more attributes identified by the second classification,
receiving a response to the request communication compris-
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ing values corresponding to the first classification, the second
classification and the third classification.

Embodiments of the present invention may include a data
classification system including one or more fields within a
message, one or more sub-fields within at least one of the one
or more fields, values within the one or more sub-fields,
wherein the one or more sub-fields each represent one or more
tiers of a classification scheme, and wherein the message is
processed based upon the values within the one or more
sub-fields.

Embodiments of the present invention may also include a
network communications protocol including one or more sets
of code instructions, one or more data definitions created
from the one or more sets of code instructions, a communi-
cation format defined by the data definitions for passing a
communication between network devices, wherein the com-
munication format incorporates data organized by the data
definitions, and wherein the data definition contains a tiered
classification system comprising a first classification identi-
fying a particular software module for processing the com-
munication format having an associated set of message types,
a second classification identifying a set of one or more
attributes of the first classification, and a third classification
identifying a set of one or more additional attributes of the
software module identified by the first classification and the
one or more attributes identified by the second classification.

Embodiments of the present invention may include an
interchange envelope sent, received or transmitted by a net-
work device and processed by one or more processors on the
network device including a data buffer field for storing data
included within the interchange envelope, a message within
the data buffer field, a message identifier field within the
message comprising a set of values for identifying and clas-
sifying the type of message, and wherein the set of values for
identifying and classifying the type of message comprises a
first sub-field, a second sub-field, and a third sub-field each
representing one level of hierarchal classification for the mes-
sage.

Embodiments of the present invention may include a ses-
sion preamble field where the session preamble field delimits
a structure of the interchange envelope with a unique
sequence of binary values, a packet length field where the
packet length field indicates the length of the entire inter-
change envelope, a port/application identifier field where the
port/application identifier field identifies a port number asso-
ciated with an application type, a header cyclic redundancy
check field where the header cyclic redundancy check field
stores a cyclic redundancy check value computed for the
interchange envelope.

In embodiments of the present invention the message may
further include a message identifier field, a message size field,
a message encryption field, an object buffer field, an a cyclic
redundancy check field, where the message size field indi-
cates the length of the entire message, the message encryption
field comprises values that indicate the presence and type of
encryption of the message, the object buffer field stores data
that represents a serialized object, and the cyclic redundancy
check field stores a cyclic redundancy check value computed
for the message.

Embodiments of the present invention may include a
sequence number field, a universal unique identifier field, and
a data length field, where the sequence number field stores a
unique identifier for each portion of the interchange envelope
when the interchange envelope is divided into portions in
response to limited buffer capacity, the universal unique iden-
tifier field stores an identifier for the interchange envelope,
and the data length field stores a length of the data buffer field.
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Embodiments of the present invention may include a soft-
ware generator program stored on a computer readable
medium, wherein processors execute the following steps
including receiving a data dictionary corresponding to a net-
work device and its device data sheet wherein the device data
sheet comprises data definitions structured as a three-tiered
classification system, accessing a code framework organized
based upon the data definitions in the data dictionary, com-
piling and generating a source code module based upon the
code framework to represent the data definitions as object
files, and outputting the source code module.

In embodiments of the present invention the outputted
source code module may be integrated with a communica-
tions interface. The outputted source code module may be
compiled and linked to an existing set of core source code
files. The outputted source code module may be compiled and
linked to an existing set of newly created source code files or
to an existing set of core source code files and an existing set
of newly created source code files. A sub-set of the source
code modules may be selected for use on a specific network
device.

Embodiments of the present invention may include a col-
lection of compiled and linked modules of source code mod-
ules where the collection is dynamically linked or statically
linked.

Embodiments of the present invention may include a
method of creating customizable communications protocols
including identifying a communications protocol interface
for a particular application, encoding the communications
protocol interface as an extensible data definition defining
one or more modules of functionality, transferring the exten-
sible data definition to an application generator program,
receiving extensible software from the application generator
program, and combining the extensible software with pre-
existing core software and pre-existing extensible software
for creating a communications software module implement-
ing the communications protocol interface.

Embodiments of the present invention may further include
installing the communications software module onto one or
more network devices, modifying the communications pro-
tocol interface, and/or revising the extensible data definition
and repeating the steps beginning with inputting the exten-
sible data definition into the application generator program
through installing the communications software module onto
one or more network devices.

Additional features, advantages, and embodiments of the
invention are set forth or apparent from consideration of the
following detailed description, drawings and claims. More-
over, it is to be understood that both the foregoing summary of
the invention and the following detailed description are exem-
plary and intended to provide further explanation without
limiting the scope of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated in and constitute a part of this specification, illustrate
preferred embodiments of the invention and together with the
detailed description serve to explain the principles of the
invention. In the drawings:

FIG. 1 is a block diagram illustrating various network
elements located within health care or medical information
system and is not exhaustive in terms of more extensive
embodiments of network topology either anticipated or unan-
ticipated.
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FIG. 2A is a block diagram illustrating a representation of
internal software components and a communications proto-
col interface residing within a vital sign measuring device
(VSMD) and a host or server computer as show in FIG. 1.

FIG. 2B is a bock diagram illustrating receiving informa-
tion from a network element through the communications
interface.

FIG. 2C is a block diagram illustrating receiving informa-
tion through a communications interface.

FIG. 2D is a block diagram illustrating a structure of infor-
mation output from an interchange layer when transmitting
from a communications interface.

FIG. 2E is a block diagram illustrating an exchange of
rendezvous protocol communications to establish a connec-
tion between a VSMD and a host network element.

FIG. 3A is a block diagram illustrating a structure of the
information that constitutes a medical object management
protocol (MOMP) message.

FIG. 3A-1 is a block diagram illustrating a reference tax-
onomy used to define the communications model of a device
in MOMP and MOIB terms.

FIG. 3A-2 is an embodiment of the MOMP taxonomy for
a set of example physiologies.

FIG. 3A-3 represents the embodiment of the taxonomic
signatures for an example physiologic module with both
MOMP and MOIB represented.

FIG. 3A-4 represents the embodiment of the combination
of predicates MOMP signatures with MOIB subject signa-
tures to create a sentence.

FIG. 3A-5 represents the embodiment of the taxonomy of
the error module.

FIG. 3A-6 represents the embodiment of the combination
of predicate MOMP signatures with MOIB subject signatures
to create a standard request sentence and well as the potential
message path following.

FIG. 3A-7 represents the embodiment of the combination
of predicate MOMP signatures with MOIB subject signatures
to create a standard write command sentence as well as the
potential message path following.

FIG. 3A-8 represents the embodiment of the combination
of predicate MOMP signatures with MOIB subject signatures
to create a standard execute command sentence as well as the
potential message path following.

FIG. 3A-9 represents the embodiment of the combination
of predicate MOMP signatures with MOIB subject signatures
to create a standard report sentence as well as the potential
message path following.

FIG. 3A-10 represents the embodiment of the combination
of predicate MOMP signatures with MOIB subject signatures
to create a standard stream sentence.

FIG. 3A-11 is an embodiment of the MOIB taxonomy for
a set of example physiology.

FIG.3A-12is a block diagram illustrating a structure of the
information that constitutes a medical object information
base (MOIB) message.

FIG. 3B is a block diagram illustrating an MOMP message
exchange between a host device and a VSMD including a
request type of MOMP message.

FIG.3C s a block diagram illustrating an MOMP message
exchange between a host device and a VSMD including a
command type of MOMP message.

FIG. 3D is a block diagram illustrating an MOMP message
exchange between a host device and a VSMD including a
status type of MOMP message.

FIG. 3E is ablock diagram illustrating an MOMP message
exchange between a host device and a VSMD including an
event type of MOMP message.
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FIG. 3F is a block diagram illustrating a keep alive com-
munications transmitted between network elements.

FIG. 3G is a block diagram illustrating a structure of the
information that constitutes a data object message.

FIG. 4A is ablock diagram illustrating a structural arrange-
ment of software in accordance with an embodiment of the
invention.

FIG. 4B is a block diagram that illustrates a path of execu-
tion through an embodiment of communications protocol
interface software that receives, processes and routes an
incoming request type message.

FIG. 4C is a block diagram that illustrates a path of execu-
tion through an embodiment of communications protocol
interface software that transmits a response type message in
response to receiving the request type message of FIG. 4A.

FIG. 5A illustrates a system that includes a software gen-
erator configured to input a set of data definitions and to
output source code in response to the set of data definitions.

FIG. 5B is a block diagram illustrating the different con-
figurations of communications protocol interface software
that are installed onto a plurality of interoperating network
elements.

FIG. 5C illustrates a flow chart for designing, evolving,
automatically generating, and certifying software that imple-
ments a communications protocol interface.

FIG. 5D illustrates portions of a global set of modules
being built into different configurations.

FIG. 6A illustrates a set of data definitions that define a
plurality of extended modules and that are encoded in Exten-
sible Markup Language (XML).

FIG. 6B illustrates the set of data definitions of FIG. 6A
including XML element tags that are nested one level below
the <FAMILY_NIBP>element.

FIG. 6C illustrates XML element tags that are located one
level below the <MESSAGES>element of the
<FAMILY _NIBP>¢element of the set of data definitions of
FIG. 6A.

FIG. 6D illustrates XML element tags that are located one
level below the <CNIBPCSTD_DEFINITION>element of
the <FAMILY _NIBP>element of the set of data definitions of
FIG. 6A.

FIG. 6E illustrates some of the XML element tags that are
located one level below the <CNIBPDSTD_
DEFINITION>element of the <FAMILY_NIBP>element of
the set of data definitions of FIG. 6A.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 is a block diagram illustrating various network
elements located within health care and/or medical informa-
tion system 100. Embodiments of the present invention may
be used with any types of information systems. A health care
and/or medical information system 100 is chosen as an exem-
plary system. Network elements may include host or server
computers 110A-110C, vital signs measuring devices
(VSMDs) 140A-140Y, electrocardiogram (ECG) devices
150 and/or other devices 160. The various network elements
may constitute nodes within the health care and/or medical
information system 100. The various network elements may
perform a variety of different functions within the health care
and/or medical information system 100.

The host or server computers 110A-110C may be station-
ary or non-mobile devices that accommodate a variety of
optional hardware. Optional hardware may include hard disk
drives, RAM memory cards and/or communication interface
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hardware to support Ethernet, WIFI, USB, serial communi-
cations interfaces, and any other communication interface
hardware for communications between the host or server
computers 110A-110C and other network elements. One who
is skilled in the art will recognize that hard disk drives and
RAM memory cards are examples of non-transitory com-
puter-readable storage media.

VSMDs 140A-140Y may be network elements used by
operators to perform various vital sign related physiological
measurements of a patient. For example, a VSMD 140A-
140Y may measure systolic and diastolic pressure, mean
arterial pressure, pulse rate, temperature and/or pulse oxim-
etry (SpO2) of adult and/or pediatric patients. A VSMD
140A-140Y may communicate with other network devices,
including a host or server computer 110A-110C via an
RS-232 serial interface, a universal serial bus (USB) interface
or WiFi wireless 802.11 communications interfaces.

In an embodiment of the present invention, a VSMD 140A
or 140N may be a Welch Allyn Spot LXi VSMD. In this
embodiment, the VSMD 140A or 140N may optionally use a
wireless adapter 158a or 1587 to wirelessly communicate via
an 802.11 communications channel 1564 or 1567. The com-
munications channel 1564 or 156» may connect the VSMD
140A or 140N to a WiFi gateway 170, and the WiFi gateway
170 may then communicate with another network element,
for example containing a WiFi communications interface. For
example, the VSMD 140A or 140N may communicate with a
host or server computer 110C via the WiFi gateway 170. A
VSMD 140Y may communicate 142 via an RS-232 serial
communications channel to a host or server computer 110B.

Other devices, such as an ECG measurement device 150,
may communicate 144 via a USB communications channel to
a host or server computer 110B or may communicate 146 via
an RS-232 serial communications channel to a host or server
computer 110C. As shown in FIG. 1, another device 160 may
communicate 148 via a USB communications channel to a
host or server computer 110C.

The host or server computer 110B may also communicate
with a remotely located host computer 110A via an Internet
communications channel 152. The host or server computer
110B may also communicate with another host or server
computer 110C via an Ethernet local area network commu-
nications channel 154. The host or server computers 110A-
110C may be set up and connected in various configurations
with various networking connections. The host or server com-
puter 110B may be directly connected to a database 130 that
functions as a repository of data. The database 130 may store
and process data captured and processed by the health care
and/or medical information system 100. Data from the health
care and/or medical information system 100 may be defined
and structured to represent numerous measurements of
human physiology for a population of patients and is subject
to evolve over time.

FIG. 2A is a block diagram illustrating a representation of
internal software components and a communications proto-
col interface 210 residing within the VSMD 140N and the
host or server computer 110C, as shown in FIG. 1.

A communications protocol interface 210, also referred to
herein as a protocol stack, may include a layering or stack of
communications protocols 210A-210F. The communications
protocol interface 210 may be exercised between the VSMD
140N and the host or server computer 110C. Each communi-
cations protocol 210A-210F may be implemented as execut-
ing software within the communications protocol interface
210 for each network element. Each communications proto-
col 210A-210F may assist with the communication of infor-
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mation, including data that is acquired, stored and processed,
by each network element of the health care and/or medical
information system 100.

Each communications protocol 210A-210F may operate in
accordance with a communications protocol interface (CPI)
specification (not shown), also referred to herein as a CPI
specification or communication interface specification. The
CPI specification may be a tangible description of a commu-
nications interface. The communications interface is also
referred to herein as a communications protocol interface
(CPI). The CPI specification may be written, printed, digitally
encoded, or other wise tangibly described and provides the
ability to create standard MOMP messages recognizable by
all constituents in the MOMP network.

The communications interface 210 may include a series of
communication protocols 210A-210F. The lower three pro-
tocol layers 210A-210C may be exemplary. Protocol layer
802.11 210A, internet protocol (IP) 210B and transport con-
nection protocol (TCP) 210C may be standard and well-
known communications protocols that collectively constitute
a lower portion of the protocol stack 210. The lower three
protocol layers 210A-210C are also referred to herein as a
lower protocol stack. The lower three protocol layers 210A-
210C may be employed to support and carry the upper pro-
tocol layers 210C-210F. Protocol layers such as Interchange
210D, Rendezvous 210E and medical object management
protocol (MOMP) 210F protocol layers are described in
accordance with embodiments of the present invention.

Use of the lower protocol stack 210A-210C as described
above may not be required, and may be modified in various
ways to practice embodiments of the present invention. Other
communications protocols, or combinations of communica-
tions protocols, can be substituted and/or combined with the
communications protocols 210A-210C in various ways to
support and carry the upper protocol layers 210D-210F.

The Interchange protocol layer 210D, also referred to
herein as the Exchange layer or Interchange layer, may reside
on asession layer of the Open Systems Interconnection (OSI)
reference model and is preferably employed to carry the
Rendezvous protocol layer 210E or the MOMP protocol layer
210F. The OSI reference model is a layered, abstract descrip-
tion for communications and computer network protocol
design, developed as part of the Open Systems Interconnec-
tion initiative. The OSI model divides the functions of a
protocol into a series of layers. Each layer preferably has the
property that it only uses the functions of the layer below, and
only exports functionality to the layer above. A system that
implements protocol behavior consisting of a series of these
layers is known as a protocol stack or simply a stack. Protocol
stacks can be implemented either in hardware or software, or
a mixture of both. Typically, only the lower layers are imple-
mented in hardware, with the higher layers being imple-
mented in software. This OSI model is roughly adhered to in
the computing and networking industry. Its main feature is in
the interface between layers which dictates the specifications
on how one layer interacts with another.

Server application software 220 may be located on the host
computer 110C. The server application software may be con-
figured to implement the upper protocol stack 210D-210F.
Operating system software 222 may be located on the host
computer 110C. The operating system software 222 may be
configured to implement the lower protocol stack 210A-210C
Likewise, VSMD application software 230 may be located on
the VSMD 140N. The VSMD application software 230 may
be configured to implement the upper protocol stack 210D-
210F. Operating system software 232 may be located on the
VSMD 140N and may be configured to implement the lower
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protocol stack 210A-210C. Other network elements may
implement the protocol stack 210 in a same manner as
described above.

FIG. 2B is a block diagram that illustrates transmitting
information from a first network element to a second network
element through the communications interface 210. When
employing the communications interface 210 to transmit
information, an Application layer 210G may initiate a transfer
of information 212g, typically in the form of function call
parameters, to either the Rendezvous 210E or the MOMP
210F protocol layers. The Rendezvous 210E or the MOMP
210F protocol layers may receive information in the form of
MOIB depending on the particular circumstances of the
information transfer.

In embodiments of the present invention, a function call
parameter may include a pointer to a buffer of information in
some form of MOIB to be transmitted via the communica-
tions interface 210. The next receiving protocol layer may
transfer information to the Interchange layer 210D. Prefer-
ably, either the Rendezvous 210E may transfer 212e informa-
tion to the Interchange layer 210D or the MOMP 210F pro-
tocol layer, may transfer information 212fto the Interchange
layer 210D.

The information 212e or 212 may be input into the Inter-
change layer 210D from either from the Rendezvous 210E or
the MOMP 210F protocol layers, respectively. The informa-
tion input 212e from the Rendezvous 210E layer is preferably
related to establishment or termination of a connection with
the second network element. The information input 212/ from
the MOMP 210E layer is preferably related to intelligent
dialog, based on rules of language engagement as defined by
the MOMP protocol standard, with the second network ele-
ment that was previously established by the Rendezvous
210E layer.

The interchange layer 210D may accept the inputted infor-
mation 212e or 212fand then may output information 2124 to
the lower protocol stack 210A-210C. The information trans-
fer 212d may be structured as an Interchange envelope that
surrounds and includes either the information 212e from the
Rendezvous protocol layer 210E or the information 212f
from the MOMP protocol layer. For example, information
transfer 2124 to the lower protocol stack 210A-210C may
include the information 212e when the information 212e is
received and processed by the Interchange layer 212D, or
may include the information 212f'when the information 212/
is received and processed by the Interchange layer 210D.

The lower protocol stack 210A-210C may accept the input-
ted information 2124 and then may output information 212a
for communication via a communications channel (not
shown) to the second network element. The information 212a
may include the information 2124 in addition to protocol
information added by software implementing the lower pro-
tocol stack 210A-210C.

FIG. 2C is a block diagram that illustrates receiving infor-
mation at a first network element from a second network
element through the communications interface 210. The
lower protocol stack 210A-210C may accept inputted infor-
mation 214a transmitted from the second network element
via a communication channel and related hardware (not
shown). The lower protocol stack 210A-210C may process
the information 214a and may then output information 2144
to the Interchange layer 210D.

The Interchange layer 210D may accept and process the
information 2144, and may then output or route information
214eto the Rendezvous layer 210F or information 214fto the
MOMP layer 210F. The routing of the information 214e or
214f preferably depends upon whether the information 2144
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is destined for the Rendezvous layer 210E or the MOMP layer
210F. The information transfer 2144 may be structured as an
Interchange envelope that surrounds and includes informa-
tion addressed to either the Rendezvous layer 210E or the
MOMP layer 210F. The Interchange layer 210D may remove
information constituting the Interchange envelope.

The Rendezvous 210E and the MOMP 210F protocol lay-
ers may each input and process information received from the
Interchange protocol layer 210D. Either the Rendezvous pro-
tocol layers 210E or the MOMP protocol layer 210F may
output or route MOIB information to the Application layer
210G.

FIG. 2D is a block diagram illustrating a possible structure
220 of the information 2124 that is output from the inter-
change layer 210D when transmitting from the communica-
tions interface 210. The structure 220 may also be referred to
herein as a large version of an Interchange envelope 220,
session envelope 220, or a session wrapper 220 capable of
transferring information in segments when the information is
too large to send in one envelope. The structure 220 may be
divided into a plurality of portions or fields. The fields may
include a session preamble field 222, a packet length field
224, a port/application identifier field 226, a sequence num-
ber field 228, a universal unique identifier (UUID) field 230,
a data buffer field 234, and a header cyclic redundancy check
(CRC field 236.

The session preamble field 222 may be configured to define
the structure 220 of the information 2124d. The session pre-
amble field 22 may include a unique sequence of binary
values. The packet length field 224 may indicate the length of
the entire structure 220 of the information 2124 in units of
bytes. The port/application identifier field 226 may identify a
port number associated with an application type. The appli-
cation type may identify a Rendezvous, MOMP or other
application type. The sequence number field 228 may store a
unique identifier for each portion of the structure 220 if the
structure 220 is divided into portions due limited buffer
capacity during communication of the structure 220. The
UUID field 230 may store an identifier for the structure 220 so
that another response communication received by the Inter-
change layer 210D can be associated with the structure 220.
The data buffer field 234 may store data included within or
carried by the structure 220. The CRC field 236 may store a
cyclic redundancy check value computed for the entire struc-
ture 220.

A structure 240 may be a small version 240 of the Inter-
change envelope. The structure 240 may include a subset of
the fields found in the large version of the structure 220. The
small version of the structure 240 may contain similar fields
to the large version of the structure 220 such as a session
preamble field 222, a packet length field 224, a port/applica-
tion identifier field 226, a data buffer field 234, and a header
CRC field 236. Unlike the large version of the structure 220,
the small version of the structure 240 may not contain the
sequence number field 228, the UUID field 230, and the data
length field 232.

The small version of the structure 240 may be employed by
the Interchange layer 210D for information that is small
enough to fit within the capacity of buffers employed across
the connection while communicating the small version of the
structure 240. In these circumstances, the small version of the
structure 240 is does not need to be divided and sequenced
into smaller portions that fit within one or more buffers of
limited size residing between end points of the connection.

FIG. 2E is a block diagram illustrating an exchange of a
Rendezvous communications protocol to establish a connec-
tion between a VSMD 140N and a host or server computer
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110C. To establish a connection, the Rendezvous protocol
layer 210E may initiate a transmission of a connection
request communication 252 that is addressed to the host or
server computer 110C. The connection request communica-
tion 252 may be included within an Interchange envelope
220, 240 and transmitted from the VSMD 1040N to the host
or server computer 110C via the Interchange protocol layer
210D and the lower protocol stack 210A-210C operating
within the VSMD 140N. The data buffer field 234 of the
Interchange envelope 220, 240 may carry an “RNDZCon-
nect” string to identify it as a rendezvous protocol connection
request message.

Software that implements the Rendezvous protocol layer
210E operating within the host or server computer 110C may
receive the connection request communication 252 via the
lower protocol stack 210A-210C and the Interchange proto-
col layer 210D that are operating within the host or server
computer 110G. The port/application identifier field 226 may
indicate the Rendezvous protocol layer 210E as the applica-
tion type addressed by the connection request communication
252. The host or server computer 110C may be addressed via
the lower protocol stack 210A-210C.

Next, the host or server computer 110C may transmit a
connection accept communication 254 to the VSMD 140N.
The connection accept communication 254 may be included
within an Interchange envelope 220, 240 and transmitted
from the host or server computer 110C to the VSMD 140N via
the Interchange protocol layer 210D and the lower protocol
stack 210A-210G. The connection accept communication
254 may be implemented by software operating within the
host or server computer 110G. The software operating within
the host or server computer 110C and implementing the Ren-
dezvous protocol layer 210E may receive the connection
accept communication 254 via the lower protocol stack
210A-210C and the Interchange protocol layer 210D that are
operating within the VSMD 140N. The port/application iden-
tifier field 226 of the connection accept communication 254
may indicate the Rendezvous protocol layer 210E as the
application type addressed by the connection accept commu-
nication 254.

A rendezvous connection may be established after the
receipt of the connection accept communication 254. The
VSMD 140N may then transmit an encryption key request
communication 256 to the host or server computer 110C. The
host or server computer 110C may respond to the encryption
key request communication 256 by transmitting an encryp-
tion key communication 258 that includes an encryption key,
also referred to as a session key, to the VSMD 140N.

Upon receiving the encryption key, the VSMD 140N may
transmit a start process command with a GUID encased rep-
resenting the MOIB information model of the connecting
device 260 to the host or server computer 110C. The host or
server computer 110C may respond to the start process
request communication 260 by executing an instance of a
communications protocol process and transmitting a host
ready communication 262 to the VSMD 140N with a GUID
representing the MOIB information data model of the host.
The VSMD 140N may receive the host ready communication
262 and may transfer control of the communication process to
a communications protocol process operating within the
VSMD 140N.

The Rendezvous connection may terminate when a Ren-
dezvous connection termination communication is transmit-
ted by the host or server computer 110C to the VSMD 140N.
The exchange of communications between the VSMD 140N
and the host or server computer 110C may be independent of
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the type of communications channel employed for commu-
nication between the VSMD 140N and the host or server
computer 110C.

FIG. 3A and FIG. 3A-12 are block diagrams illustrating a
structures of the information that constitutes a medical object
management protocol (MOMP) message 300 and medical
object information base (MOIB) object 3000. The MOMP
message 300 may reside within and be carried by the data
buffer field 234 of the Interchange protocol message 220,
240. The structure of the MOMP message 300 may be divided
into a plurality of portions, referred to as fields. The fields
may include a message identifier field 302, a message size
field 304, a message encryption field 306, an object buffer
field 308, and a cyclic redundancy check (CRC) field 310.

The message identifier field 302 may include a set of values
for identifying and classifying the type of the MOMP mes-
sage 300. The message size field 304 may indicate the length
of the entire MOMP message 300, preferably in units of
bytes. The message encryption field 306 may include values
that indicate whether any encryption of the MOMP message
300 is being employed and if true, what type of encryption is
being employed. The object buffer field 308 may store data
that represents a serialized object. The serialized object can
be aset of physiological MOIB data 3000 (see FIG. 3A-12) or
other information acquired by a particular network element.
The CRC field 310 may store a cyclic redundancy check
(CRC) value computed for the entire structure 300.

The message identifier field 302 may further include sub-
fields that each represents one type classification for the
MOMP message 300. Preferably, each type classification
represents one tier of a three tier classification scheme. Other
numbers of tiers are possible.

The first sub-field 312 may store a value representing a first
(highest tier) classification, also referred to herein as a family
classification. The first classification can identify a particular
module or information class having an associated set of
physiological MOIB data 3000 and MOMP message types
300. The data can be physiological or other data types asso-
ciated with, for example, blood pressure or other measure-
ments. In an embodiment of the present invention the first
classification may identify a module having an identifier
equal to the text string “FAMILY_NIBP”. The module may
acquire and communicate a set of blood pressure related
physiological MOIB data types. The identifier FAMI-
LY_NIBP may be mapped to a unique value that is stored as
the first classification for the MOMP message 300 that asso-
ciated with the FAMILY_NIBP module. Other text string
identifiers are used to identify modules other than the FAMI-
LY_NIBP module.

The second sub-field 314 may store a value representing a
second (middle tier) classification, also referred to herein as a
genus classification. The second classification can identify a
set of one or more attributes of the FAMILY _NIBP module
that is identified by the first classification. The one or more
attributes may include types of MOIB 3000 or MOMP mes-
sages 300 that are transmitted and/or received by the FAMI-
LY_NIBP module. In an embodiment of the present inven-
tion, the second classification may identify a request type of
MOMP message that is indicated by a text string identifier
“Gn_Request”. The Gn_Request identifier may be mapped to
a unique numeric value stored into the second sub-field 314.
The Gn_Requestidentifier may indicate that the MOMP mes-
sage is a request type of MOMP message 300 (See FIG. 3B).

A request type of MOMP message is also referred to herein
as being a generic type of MOMP message 300.

The third sub-field 316 may store a value representing a
third classification (lowest tier), also referred to as a species
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classification. The third classification can identify a set of one
or more additional attributes of the module identified by the
first classification and of the MOMP message type identified
by the second classification. The third classification may
identify a particular get data type of request MOMP message
indicated by a text string identifier “GET_DATA”. The GET_
DATA identifier may be mapped to a numeric value stored in
the third sub-field 316. The GET_DATA identifier may indi-
cate that the MOMP message is a particular GET_DATA type
of request type of MOMP message 300 for the family of
physiology identified in the highest tier (312 of classification
identifier 302. The payload 308 or the MOMP message 300
may carry the identification of a particular family, genus and
species of MOIB 3000 data being requested.

All three of the above exemplary identifiers, i.e. FAMI-
LY_NIBP, GENUS_REQUEST, GET_DATA, may be
defined within a set of data definitions. The set of data defi-
nitions may be referred to as a device data sheet (DDS) (See
FIG. 6A). A device data sheet (DDS) may be employed as
input to a software generator (See FIG. 5A). The software
generator may output source code for directing the execution
of a data definition dependent portion of a communications
interface 210 implemented with software that executes on a
network element.

The device data sheet ADS) may define a module that
includes defined data (MOIB) and operations (MOMP) asso-
ciated with the defined data for processing by a particular
device. Preferably, the operations associated with the defined
data are expressed in the form of generic and specific MOMP
messages that are configured to perform operations upon the
defined MOIB data. The device data sheet (DDS) may con-
figure at least a portion of the software that implements a
communications interface 210 and provides a GUID that
uniquely ties the device to its related DDS.

For example, a GET_DATA message may request the
transmission of blood pressure data from a network element
receiving the GET_DATA message. The requested blood
pressure data may be transmitted by the network element
receiving the GET_DATA message via transmission of a
PUT_DATA message response to the network element trans-
mitting the GET_DATA message.

MOMP 300 and MOIB 3000 may use taxonomy as the
mechanism to define information and messaging, see FIG.
3A-1. Taxonomy as defined for biology may be “the science
dealing with the description, identification, naming, and clas-
sification of organisms”. MOMP 300 and MOIB 3000 may
apply this definition to the description, identification, and
classification of a semantic communication model. Seman-
tics may be defined as the study of linguistic development by
classifying and examining changes in meaning and form.

Taxonomy may be extensible. Taxonomy may logically
separate information into families that can evolve. MOMP
and MOIB may use taxonomy in semantic modeling. As
described above, semantics may be the study of changes in
meaning and form. Changes in meaning and form may best
describe the behavior of information models in medical space
or in any adaptive complex system where terminology is
constantly changing and evolving.

Semantic class based modeling, utilizing taxonomy, may
minimize the complexity of data description management via
a design approach that limits, categorizes, and logically
groups information management (symbols) and operational
functions (messages) into atomic families. The taxonomic
tree in FIG. 3A-1 is a visual representation used to model
messages and symbols in the MOMP and MOIB design.

The first or Family level in FIG. 3A-1 may represent the
physiologic family of information 312, however, it could be
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any family of information provided by amachine. The second
or genus level 314 may define the semantic identity for a
standard MOMP message or a MOIB data member. The third
or Species level 316 may represent the specific message
action or data type. A computer language may use numbers to
identify messages. Using the tree diagram in FIG. 3A-1,
MOMP and MOIB may combine numbers in sequence to
provide a unique numeric signature or class identifier 302 for
messages 300 and information 3000 in an atomic family.

Using the taxonomy a machine may be provided with a set
of standard message class identifications 302 recognizable by
machines engaged in dialogue, see FIG. 3A-2.

In FIG. 3A-2 a MOMP message identifier may have a
signature. A data request message 301 may be the set {1,1} of
combined genus 314 and species 316. Other message signa-
tures manifest as {1,2} for configuration data request 303,
{2,1} for data responses 305, {2,2} for configuration data
responses 307, and {3,1} for write commands 309, etc. The
identification provided in the combination of the message
genus 314 with the species 316 may provide the foundation
for a message signature and therefore the dialogue rules com-
municating network machines adhere to in order to carry
intelligent dialog in an open communication system. The
family identifier 312 can represent any family of information
supported in a machine. The signature for the message in the
genus 314 and species 316 may contain the same MOMP
message signature for any atomic family. The genus 314 and
species 316 signature may define the predicate or actionable
part of the semantic taxonomic model in MOMP. In an
embodiment of the present invention the message signature
may be used in machine dialogue to recognize message intent
and respond intelligently. Examining the learning process the
ability to understand sentence structure or the subject from
predicate provides a vehicle to respond to unrecognized sub-
jects (or families) by soliciting for the definition. These mes-
sage signatures 314, 316 represent the grammatical rules in
machine dialogue just as sentence structure and grammatical
rules are defined in human language.

In language, sentence structure dictates how individuals
communicate. In MOMP machine message signatures 302
may be defined. In MOIB information signatures 302 may be
defined in numeric terms using the reference taxonomy, as in
FIG. 3A-1. The numeric combination of family 312, genus
314, and species 316 may combine to create a classification
identifier 302 understood by machines. In an embodiment of
the present invention, machines employing this technology
may use the numeric taxonomic signatures to create sen-
tences consisting of a predicate (MOMP) and subject
(MOIB). In FIG. 3A-3 a blood pressure definition may sepa-
rate the numeric representations for both the MOMP message
rules and the MOIB information symbols using the reference
taxonomy FIG. 3A-1 to allow for the creation of a machine
readable sentence.

In an example embodiment of the present invention FIG.
3A-3 lists the standard MOMP message identifiers for any
family employed by any machine. The messages may be
synonymous with the predicate 311 or actionable part of a
sentence. In a subject section 313 of FIG. 3A-3 the MOIB
information or subject may be defined for the blood pressure
family. Combining the predicate and subject may provide a
mechanism for the creation of machine readable sentence, see
FIG. 3A-4 at Step 1 315. In an example embodiment of the
present invention, the sentence “Give me your cuff pressure”
can be created.

Following the request for information a return response
may result, see FIG. 3A-4 at Step 2 317. Using the same
method a predicate may be combined with a subject to create
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the desired outcome. The example outcome or response
expected may be “My cuff pressure is N.”

The process defined in FIG. 3A-4 may define a message
300 request carrying the MOIB classification ID 302 in a
payload 308 of the MOMP message 300. Class ID in the
payload 308 of the message 300 may represent the requested
information (in this case the cuff pressure). The response
message 300 may be the class ID 302 representing the
response set {1,2,1}. The MOMB object 3000 may be found
in the payload 308 of the response message 300. As men-
tioned earlier MOIB may define primitive types used to carry
information.

MOMP may define an open network so any interrogating
machine can manage any other by employing dialogue rules.
Management may infer the ability to solicit another machine
for information openly. In the example embodiment in FIG.
3A-4 if the solicited device is not a blood pressure device a
response with an unrecognized subject or no-acknowledge
(NAK) may be required.

Using the reference taxonomy a set of MOMP messages
300 and MOIB information 3000 representing an “I don’t
have it” response may be defined, see FIG. 3A-5. FIG. 3A-5
may define the standard feedback response used to handle all
acknowledge and no-acknowledgement. This may be syn-
onymous with the message ability to say “Yes” or “No” for
messages requiring feedback. The trap family may be a stan-
dard construct used by all MOMP dialogs to create a standard
“Yes” or “No” acknowledgement. All MOMP based dia-
logues may use this mechanism to acknowledge the state of a
message transaction.

The trap “Yes” and “No” message 300 may carry informa-
tion representing an extended reason why it can not perform
a function in the payload 308. The information may include a
machine based number or error code that represents the rea-
son code for the failure. It may also carry an MOIB object
3000 containing human displayable text defining the failure.
This may be similar to aresponse in which a person says “No”
and then provides details as to why they are unable to comply.
In a machine to machine request for data the device receiving
a request for information may return a “No” carrying infor-
mation in the form of a text string reading “System Busy” or
“Data Unavailable”. For information requests from a family
unsupported an “Unsupported family” response may result.
Recall that the machine may recognize the message signature
for request as defined earlier. It may or may not support the
family 312 defined by the class identification 302 in the
received message. However, the machine may recognize the
combination of the genus and species 314, 316 as the set
representing a request. At this time the machine preferably
must resort to communicating a trap.

MOMP may be designed on sentence structure and may
exhibit the ability to recognize a predicate. Information
interoperability may break down in FIG. 3A-4 when the fam-
ily identifier 312 is not recognized. Dialogue-based interop-
erability may not break down, however, due to the recognition
of the message genus 314 and species 316 as a standard
MOMP message type. This may provide a machine an avenue
to seek the definition of the family 312 to comprehend the
message.

The machine to machine interaction in FIG. 3A-6 may still
be governed by the same rules of language engagement. The
request in FIG. 3A-6 at Step 1 315 may be the same request
defined in FIG. 3A-4, i.e., “Give me your cuff pressure.” If a
positive response 325 in FIG. 3A-6 at Step 2 317 is not
realized, a negative response Option 1 319 or a negative
response Option 2 321 may be returned. If Option 2 321 in
FIG. 3A-6 results, the trap may contain extended information
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as to the cause of failure. If Option 1 319 in FIG. 3A-6 results,
the machine may resort to Step 3 323 in FIG. 3A-6 and request
the error details from the machine producing the error. The
error family taxonomy may include a request and a response
MOMP message 327, see F1IG. 3A-5. In an embodiment of the
present invention, using the e-code received, a machine
receiving a plain “No” response 329, as in Option 1 319 of
FIG. 3A-6, may use the e-code (error code) to solicit the
reason from the “No” response.

In an embodiment of the present invention there may be an
historical inefficiency addressed via the trap mechanism. The
efficiency gain may be in the ability for the machine and only
the machine to be the source of error information. The source
for accurate error information may always the machine gen-
erating the error. Historically machines have only supplied
error codes without description and expected the machine
receiving the error to map the error to a human readable
definition of the error using an error string look up. This has
proven burdensome, requiring error code maintenance in
device hosting machines interfacing with multiple devices
and versions of those devices. Extensive updates and resolu-
tion of error number overlap is required in systems that map
errors. Not supporting error management at the machine cre-
ating the error is a fundamental point of failure in a network
intending to be interoperable. By leaving the error informa-
tion in the device and supporting a standard error mechanism
to retrieve it, the present invention may remove the need for
costly updates and extensive error code management from
host machines that interact with many devices.

Command, stream, and status message may be standard
MOMP message 300 types and may all behave similarly.
Each message type may carry MOIB 3000 information. Com-
mands may send information with the intent to change the
machine state. Status messages may carry MOIB information
3000 being reported at regular or irregular intervals requiring
acknowledgement. A stream, similar to a status message, may
carry continuously reported information but may not require
acknowledgement.

A write function may be an example of a standard MOMP
type as defined in FIG. 3A-1 and FIG. 3A-2. To write con-
figuration information to a machine may require combining
an MOMP message 300 with MOIB carried in the payload
308 as defined in FIG. 3A-7. The trap taxonomy may be used
for all acknowledgement communication. An extended
description of the e-code returned can be retrieved from the
device using Step 3 331.

Execute messages may allow for a managing machine to
invoke procedures on a device, see FIG. 3A-8. Command
execution messages 300 may carry an MOIB object 3000 in
the payload 308 representing the function a managing
machine wishes to execute on a target machine. The trap
taxonomy may be used for all acknowledgement communi-
cation. The e-code returned can be retrieved from the device
using Step 3 333 of FIG. 3A-8. FIG. 3A-8 may start a blood
pressure reading on a remote machine. The sentence combi-
nation in the execute signature is the simple sentence: “Start
a blood pressure cycle.” The parameter in the signature may
carry the command recognized by the machine. The machine
may be required to respond with the outcome of the execution
command.

A status message may allow a machine to report MOIB
information. A machine can periodically report a cuff pres-
sure (or any other information) during the blood pressure
process. In an embodiment of the present invention the report
may be invoked by a machine based process or from human
interaction like the push of a send button on the machine. FIG.
3A-9 demonstrates a potential standard MOMP status report-
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ing mechanism. Status MOMP messages 300 may carry
MOIB based information in the payload 308. The trap tax-
onomy may be used for all acknowledgement communica-
tion. The e-code returned may be retrieved from the device
using Step 3 335.

A stream message may often be time critical and continu-
ous and may not require acknowledgment. FIG. 3A-10 dem-
onstrates a standard stream message 337 in the communica-
tion of cuff pressure to a target monitoring machine at some
determined frequency. Stream MOMP messages 300 may
carry MOIB based information 3000 in the payload 308. The
trap taxonomy may not be used for streaming communica-
tions.

MOMP and MOIB may use taxonomy applied to seman-
tics to create a flexible rules based computer language. Using
taxonomy numbers may be applied in a hierarchical fashion
providing a flexible and extensible mechanism for defining
atoms of information in a machine. Each atom may be exten-
sible at all levels of the taxonomy and can evolve indepen-
dently over time. This may logically separate atoms of infor-
mation into manageable sets that can be combined to create
new atomic configurations of machine based organisms.

Messages in the MOMP taxonomy may allow for the cre-
ation of messages via a consistent means for governing and
enforcing the rules of language engagement. This may pro-
vide the ability for machines to respond intelligently via an
understanding of the actionable or predicate of all messages
defined in the computer language’s grammar or protocol.

FIG. 3A-11 represents an example taxonomy for MOIB
information. The first level in this figure may represent the
family 312 of information. The genus level 314 may be
expanded to define the semantic identity for many anticipated
and unanticipated information types. Finally, the species 316
may represent the specific information represented. Like
messages, numbers may be used to identify information. In
the example taxonomic tree in FIG. 3A-11 the model may be
extended to define the information specific to an atomic fam-
ily. There are potentially many types of information in an
atomic family. In some embodiments of the invention there
may be sets of common information representing a grouping
of information while others are simple types like a basic
numeric. In each level the tree can be expanded as new infor-
mation is discovered. Combining the numbers from each may
provide a unique signature or marker for information repre-
sentation in an atomic family. In embodiments of the present
invention machines may be made of atomic families of infor-
mation. When combined they may provide a taxonomic sig-
nature the like DNA for living organisms. Using taxonomy
and semantics the present invention may mold many different
types of machine based organisms.

As demonstrated with MOMP 300 message signatures
MOIB information signatures may be defined along with
MOMP messages in atomic families using the taxonomic
model in FIG. 3A-1. A machine may use these unique signa-
tures to identify data in dialogue. The combination of family
312, genius 314 and species 316 may be shown in the set
{1,6,1} 351. In an embodiment of the present invention, FIG.
3A-11 represents a complex information type representing
the diagnostic results for a Non-Invasive Blood Pressure
(NIBP). NIBP may include the Systolic, Diastolic, Heart
Rate, and Mean Arterial Pressure. The set {1,6,2} 353 in FIG.
3A-11 may be a simple information type representing a cuff
pressure value. The set {1,6,3} 355 in FIG. 3A-11 may be an
information model representing a heart rate as determined by
the blood pressure process. The first two values in the ID may
represent semantic symbolism for subject. In FIG. 3A-11 the
set {family=1, genus=6} 357 may represent an information
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part in the atomic family for Blood Pressure. The set {fam-
ily=1, genus=7} 359 may represent a configuration part in the
atomic family for blood pressure. The set {family=1,
genus=8} 361 may represent a parameter part in the atomic
family for blood pressure.

Each level of the taxonomy may be capable of expansion to
new discoveries and adaptation as information evolves. This
capacity for evolution and flexibility preferably is essential.
Machines in adapting environments may have hardware
architectures that vary from machine to machine and from
manufacturer to manufacturer. This may be due to customer
requirements and marketing requests as well as the engineer-
ing capacity and investment in the machine hardware and
software. Due to these differences, a single fixed definition
supporting interoperability is unlikely to span multiple
devices across manufacturers. In some embodiments of medi-
cal devices, hardware may dictate differentiation in diagnos-
tic physiology information definition and more importantly
the configuration of the hardware and software systems that
capture it. In some embodiments of a medical device, one
blood pressure device may employ more complex hardware/
software combination producing a higher resolution pressure
reading. The algorithm assisting in the calculation of the
diagnostic results may provide configuration options more
complex from another manufacturer performing the same
function. Applications interacting with evolving devices may
require expensive maintenance updates to understand differ-
ent manufacturers and device capabilities. Communicating
with multiple devices with different information models
result in increased complexity in the design of applications.
Applications that gather physiology, program devices, or per-
form other interoperable functions have to be rebuilt when
devices information models are changed in device lifecycles.
As new devices are introduced, application consumers of
machine data must be updated in order to recognize new
information models.

FIG.3A-12 is a block diagram illustrating a structure of the
information that constitutes a medical object information
base (MOIB) object structure 3000. The MOIB Structure may
reside within and be carried by the buffer field 308 of the
MOMP message 300 or may be carried within the inter-
change protocol message 220, 240. The structure of the
MOIB objects may be divided into a plurality of portions,
referred to as fields. The fields may include an object identi-
fier field 302, an object size field 3002, an object version field
3004. a object bit field containing compression indicators
3006, and one to many combinations of a data size field 3008
and a data buffer field 3010, this may be followed by and a
cyclic redundancy check (CRC) field 3012.

FIG. 3B is a block diagram illustrating an MOMP message
exchange between a host or server computer 110C and a
VSMD 140N including a request type of MOMP message. As
shown, the host or server computer 110C may transmit an
MOMP request communication 322 to the VSMD 140N for
receiving blood pressure measurement information from the
VSMD 140N. The request communication 322 may include
an MOMP message 300 with a message identifier field
including the first, second and third sub-field values repre-
sented by the symbols FAMILY_NIBP, GENUS_REQUEST
and GET_DATA. The MOMP message 300 may carry a pay-
load 308 in the form of a class identification 302 for MOIB
information defined in the FAMILY_NIBP data segment of
the DDS indicating the information to gather and return.

The first classification identifier FAMILY_NIBP may
identify a module that includes a set of measured blood pres-
sure related data. The second classification identifier
GENUS_Request may identify a request type of MOMP mes-
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sage 300 that is defined in association with the FAMI-
LY_NIBP. The third classification identifier GET_DATA
may identify a specific structure or representation of data
request class that is requested by the host or server device
110C via the GENUS_REQUEST type of message. The host
or server computer 110C preferably requests that the VSDM
140N transmit a response type of MOMP communication,
including an instance of the specific structure and represen-
tation of data called out in the payload request 308, to the host
or server computer 110C in response to the request commu-
nication 322.

In response to receiving the request communication 322,
the VSMD 140N may transmit a MOMP response commu-
nication 324. The response communication 324 may include
an MOMP message where the message identifier field may
include three sub-field values represented by the symbols
FAMILY_NIBP, GENUS_RESPONSE and PUT_DATA
respectively. The payload 308 of the response MOMP mes-
sage 300 may include the instance of the specific MOIB
object structure 3000 and representation of data associated
with the GET_DATA species classification.

The first value (FAMILY_NIBP) may identify the module
that includes the requested set of measured blood pressure
related data. The second value (GENUS_RESPONSE) may
identify a response type of MOMP message defined in asso-
ciation with the FAMILY_NIBP module. The third value
(PUT_DATA) may identify a specific structure or response
representation of data being transmitted by the VSMD 140N
via the Gn_Response type of MOMP message 300.

In some circumstances, the VSMD 140N may be unable to
transmit a response type of MOMP message communication
324 for responding receipt of the request type of MOMP
communication 322. In this circumstance, the VSMD 140N
may instead transmit a trap type of MOMP communication
326 in response to the request type of MOMP communication
322. The trap communication 326 may include a trap type 330
of MOMP message 300.

The trap type of MOMP message 330 may be structured
like a generic MOMP message 300 and carry an MOIB error
object 3000. Like other generic MOMP messages 300, the
trap type of MOMP message 330 may have a message iden-
tifier field 302 including first, second and third sub-field val-
ues. The first, second and third sub-field values may be rep-
resented by text string identifiers “FmTRAP”, “GnError” and
“SpError” respectively.

The first identifier (FMTRAP) may indicate a module
within the VSMD 140N responding to the original commu-
nication 322 transmitted from the host or server computer
110C. For example, the original communication 322 may
have been addressed to the FAMILY _NIBP module of the
VSMD 140N, but the FAMILY _NIBP module may have been
unable to perform actions associated with the original com-
munication 322. As a result, the FAMILY _NIBP module may
have transferred control to the FmTRAP module of the
VSMD 140N for responding to the original communication
322.

The second classification identifier (GnError) may identify
an error type of message defined in association with the
FmTRAP module. The third classification identifier (SpEr-
ror) may identify a type of error that has occurred. The error
identified by the third classification identifier (SpError) may
be referred to herein as a “NAK”, meaning a non-acknowl-
edgement type of trap MOMP message. In other circum-
stances, a third classification identifier (SpNone) may iden-
tify an error as an “ACK”, meaning an acknowledgement type
of trap MOMP message.
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The trap message 330 may include an error MOIB objectin
the payload 340 also referred to herein as a trap MOIB object
3000 with specific fields 340. The error fields 340 may reside
within an MOIB object 3000 in the buffer field 308 of the
MOMP message 300 and may include error identification
data. The error identification data may describe one or more
errors resulting from actions or attempted actions of the
VSMD 140N in response to receiving the original communi-
cation 322.

The MOIB object 3000 in the payload field 342 may be
further divided into a plurality of fields carried in the payload
3010 of the MOIB object. The fields may include a message
size field 346, a message identifier field 302, an error opcode
field 348, a textual error description field 356, an extended
error size field 358, and an extended error information field
360.

Preferably, the message size field 346 is expressed in units
of bytes. The message identifier field 302 may identify the
MOMP message 300 included within the original communi-
cation 322 that the error object is responding to. Hence, the
message identifier field 302 may include the identifiers
(FAMILY_NIBP, GENUS_REQUEST and GET_DATA)
stored in the request type of MOMP message 300 included
within the original communication 322.

Preferably, the message size field 346 is expressed in units
of bytes. The message identifier field 302 may identify the
MOMP message 300 included within the original communi-
cation 322 that the error object is responding to. Hence, the
message identifier field 302 may include the identifiers
(FAMILY_NIBP, Gn_Request and GET_BP) stored in the
request type of MOMP message 300 included within the
original communication 322.

The error opcode field 348 may store a generic error code
provided by the module that received the original communi-
cation 322. For example, the error opcode field 348 may be
provided by the FAMILY_NIPB module. The textual error
description field 356 may be text that is also supplied by the
module that received the original communication 322. For
example, the textual error description field 356 may be pro-
vided by the FAMILY_NIBP module. The host or server
computer 110C preferably is not required to maintain an
exhaustive list of error definitions associated with the net-
work elements with which the host or server computer 110C
may later communicate.

The extended error information field 360 may be provided
by the VSMD 140N itself and may be device specific. The
extended error information field 360 is preferably not generic
information like the generic information originating from the
FAMILY_NIBP module data definitions and/or the commu-
nications protocol interface (CPI) software, also referred to
herein as communications interface software. The extended
error size field 358 may indicate the size of the extended error
information field 360, preferably in units of bytes.

FIG. 3C s a block diagram illustrating an MOMP message
exchange between a host or server computer 110C and a
VSDM 140N including a command type of MOMP message
300. As shown, the host or server computer 110C may trans-
mit a command communication 362, including a command
type of MOMP message, to the VSMD 140N.

A command communication 362 may direct a specific
action performed by the network element receiving the com-
mand communication 362. The command communication
362 may include a command type of MOMP message 300
having a message identifier field including the first, second
and third sub-field values represented by the text string iden-
tifiers FmNIBP, GnCommand and SPExecute respectively.
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The first classification identifier FmNIBP may identify a
module that includes a set of measured blood pressure related
data. The second classification identifier GnCommand may
identify a generic GnCommand type of MOMP message that
is defined in association with the FmNIBP module. The
GnCommand may be a command type of MOMP message.
The third classification identifier SpExecute may identify a
specific command type of MOMP message defined within the
GnCommand classification of the FmNIBP module. The third
classification identifier SpExecute is a generic EXECUTE
command type of MOMP message (300) carrying an object
payload (308) indicating the type of command to execute.

The EXECUTE command may be transmitted by the host
or server computer 110C from the VSMD 140N as a GnCom-
mand type of MOMP message associated with the FmNIBP
module. The host or server computer 110C may direct the
VSMD 140N to initiate a start of a blood pressure measure-
ment cycle via the directives found in the payload 308 of the
execute MOMP message (300).

In response to the command communication 362, the
VSMD 140N may transmit an MOMP trap type of commu-
nication 364 including a trap type of MOMP message having
a message identifier field including the three classification
subspecies represented by the text string identifiers
“FmTRAP”, “GnError” and “SpNone”, respectively. In this
circumstance, the third classification identifier value SpNone
may identify an “ACK”, meaning an acknowledgement type
of trap message. The acknowledgement may indicate a suc-
cessful completion of the performance of the execute com-
mand, for example the successful initiation of a start of a
blood pressure measurement cycle by the receiving network
element. In other circumstances where the Execute command
is not performed, the third value may equal SpError to indi-
cate a “NAK”, meaning a non-acknowledgement type of trap
message. The non-acknowledgement may indicate an unsuc-
cessful completion of the performance of the command,
namely, the non-performance of the initiation of a start of a
blood pressure measurement cycle by the receiving network
element.

FIG. 3D is a block diagram illustrating an MOMP message
exchange between a host or server computer 110C and a
VSMD 140N including a status type of MOMP message. As
shown, the VSMD 140N may transmit a communication 372
including a status type of MOMP message 372 to the host or
server computer 110G A status type of MOMP message 372
may provide MOIB 3000 information to a host or server
computer 110C receiving the status type of MOMP message
372.

The status type of MOMP message 372 may include a
static type of MOMP message 300 having a message identi-
fier field including the sub-field values represented by a first
classification text string identifier, such as “FmNIBP” for
example, a second classification text string identifier, such as
“GENUS_STATUS” for example, and a third classification
identifier, such as “REPORT_BP” or Simply “REPORT_
DATA” for example. The “FmNIBP” identifier may indicate
the module transmitting the status type of MOMP message
372. The GENUS_STATUS identifier may indicate that the
message is a status type of MOMP message.

The first classification identifier, FmNIBP, may also indi-
cate that the module transmitting the status type of MOMP
message 372 includes a set of measured blood pressure
related data. The second classification identifier,
GENUS_STATUS, may identify a GnStatus type of MOMP
message defined in association with the FmNIBP module.
The GnStatus type of MOMP message may be a status type of
MOMP message. The third value REPORT_BP or REPORT _
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DATA may identify a specific type or non-specific type of
status information respectfully included within the GnStatus
classification.

Typically, a status type of MOMP message 372 may be
transmitted periodically, over time. For example, a commu-
nications software module can be configured to transmit a
status type of MOMP message 372 to a particular destination
every 10 minutes. Other time periods and configurations are
possible depending on the intended use. The host or server
computer 110C may respond by transmitting a trap commu-
nication 374 that indicates an acknowledgement or a non-
acknowledgement of the status communication 372 (See FIG.
3B).

Not all modules may be defined including associated status
types of MOMP messages. As a result, a status type of MOMP
message mayor may not be associated with a particular mod-
ule. There can be many different defined types of status mes-
sages.

FIG. 3E is a block diagram illustrating an MOMP message
exchange between a host or server computer 110C and a
VSMD 140N including an event type of MOMP message. As
shown, the VSMD 140N transmits an event type of MOMP
message 382 to the host or server computer 110C.

An event type of MOMP message 382 may provide infor-
mation to a host or server computer 110C receiving the event
type of MOMP message 382. The event type of MOMP
message 382 may include a message identifier field including
the sub-field values represented by a first classification text
string identifier, such as “FmPrinter”, a second classification
text string identifier, such as “GnEvent”, and a third classifi-
cation text string identifier, such as “HW_MOD_CON-
NECT”.

The first classification identifier, FmPrinter, may identify a
particular module that interfaces with a printer. The second
classification identifier, GnEvent, may identify a GnEvent
type of MOMP message defined in association with the
FmPrinter module. The third classification identifier,
HW_MOD_CONNECT, may identify a specific type of event
information included within the GnEvent classification. For
example, the HW_MOD_CONNECT event may identify the
occurrence of a hardware module being connected with a
printer device associated with the FmPrinter module.

Not all modules may be defined including associated event
types of MOMP messages. As a result, an event type of
MOMP message may or may not be associated with a par-
ticular module. There can be many different defined types of
event messages as indicated by a specific or species identifier.

Typically, an event type of MOMP message 382 may be
transmitted in response to an occurrence of an event. For
example, a communications software module can be config-
ured to transmit an event type of MOMP message 382 upon
the occurrence of an event represented by the HW_MOD_
CONNECT symbol, where hardware is being connected with
a printer device associated with the FmPrinter module. The
host or server computer 110C may respond by transmitting a
trap communication 384 indicating an acknowledgement or a
non-acknowledgement of the event type of MOMP message
372 (See FIG. 3B).

FIG. 3F is a block diagram illustrating a keep alive com-
munication 392 and a trap communication 394 transmitted
from a host or server computer 110C to a VSMD 140N.
Generally, a keep alive communication 392 may indicate to
the receiving network element that the sending network ele-
ment is active (alive) with respect to communicating over a
particular connection between the network elements. If a
receiving network element that expects to receive a keep alive
communication does not receive a keep alive communication
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over a pre-determined period of time, then an inference can be
made that the sending network element is no longer available
to communicate.

A keep alive type of MOMP message 390, like a regular
MOMP message 300, may include an identifier field 302, a
message size field 304, a message encryption field 306 and a
cyclic redundancy check (CRC) field 310. Unlike an ordinary
MOMP message 300, the keep alive type of MOMP message
390 may exclude an object buffer field 308.

The keep alive type of MOMP message 390 may have a
message identifier field 302 including the sub-field values
represented by a first classification text string identifier,
“FmCONNECTION”, a second classification text string

identifier, either “GnREQUEST”, “GnRESPONSE”,
“GnCOMMAND?”, or “GnCONFIG”, and a third classifica-
tion text string identifier, either “SpKEEPALIVE”,

“SpSHUTDOWN?”, “SpKEEPALIVEON” or “SpKEEPALI-
VEOFF”.

The first classification identifier FmCONNECTION may
identify a particular module associated with a connection
between network elements. The second classification identi-
fier may identify an associated MOMP type of message. The
third classification identifier value may indicate the particular
function of the keep alive type of MOMP message 390.

If the third classification equals “SpKEEPALIVE”, it may
indicate to a receiving network element that the sending net-
work element is active (alive) with respect to communicating
over a particular connection between the network elements. If
the third classification identifier equals “SpSHUTDOWN™, it
may indicate to the receiving network element that the send-
ing network element is initiating a shutdown of the connec-
tion between the network elements. If the third classification
equals “SpKEEPALIVEON?”, it may indicate to the receiving
network element that the sending network element is request-
ing that the receiving network element periodically transmit a
keep alive type of MOMP message 390. If the third classifi-
cation equals “SpKEEPALIVEOFF”, it may indicate to the
receiving network element that the sending network element
is requesting that the receiving network elements not periodi-
cally transmit a keep alive type of MOMP message 390.

FIG. 3G is a block diagram illustrating a structure of the
information that constitutes a MOIB object message 396. A
MOIB data object message 396 may be carried within the data
buffer field 234 of an Interchange envelope 220, 240 in the
same manner as an MOMP message 300. The data object
message 396 may substitute for an MOMP message 300
within the data buffer field 234.

The structure of the data object message 396 may be
divided into a plurality of fields as described by MOIB 3000.

Transmitting a MOIB data object 396 that is not enclosed
within a MOMP message 300 may reduce the byte count
required per transmission and may be more efficient with
respect to bytes required to transmit data. In some embodi-
ments, a MOIB data object message 396 can be used for
streaming of data between network elements.

FIG.4A is ablock diagram illustrating a structural arrange-
ment of a communication protocol interface software in
accordance with an embodiment of the invention. The com-
munication protocol interface software 414a, 4145 may
implement an upper protocol stack 210D-210F. Operating
system software 412 may implement a lower protocol stack
210A-210C.

The communication protocol interface software 414aq,
4145 may be divided into a core portion 414a and a non-core
(extensible) portion 4145. The core portion may functionas a
generic framework that specifies functionality including con-
nection establishment, connection termination, encryption
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and generic message types. Generic message types may
include request, response, command, status and error types of
MOMP messages. The non-core (extensible) portion 4145
may allow for the addition of modules including associated
MOIB data and message definition intended for use with the
message capability in the core portion. The added modules
may extend the functionality of the core portion 414a of the
communication protocol interface.

In some embodiments, data definitions are employed to
define the information model of the device. The information
manifests in module(s) defining specific structures of data
found in a family and is not limited to medical information.
Within the same family the messages manifest in definitions
for request, response, command, status, and error types of
MOMP messages associated with the defined module(s) in
said family. The non-core (extensible) portion 4145 of the
communication protocol interface may supplement and cus-
tomize the core portion 414a to accommodate particular
applications and manifests as the information parts defined in
the family or families The core portion 4144 may implement
communication protocol interface functions regardless of
what modules are or are not defined within a particular com-
munications protocol interface configuration. The non-core
portion 4145 of the communication protocol interface may
implement the non-core supplemental and customizable
functionality in the form of modules representing data defi-
nitions in a target instance. In some embodiments, modules
can be added via data definitions that define module related
functionality including operations upon module associated
data and messages. The non-core (extensible) portion 4145 of
the communication protocol interface may supplement the
functionality of the core portion 4144 and the communication
protocol interface as a whole.

The core portion 414a may interface with an operating
system 412. Both the core portion 414a and the non-core
portion 4145 may interface with application software 416.

The non-core (extensible) portion 4145 may enable cus-
tomization of the implementation of the communication pro-
tocol interface itself to accommodate particular communica-
tions requirements required by the operation of a particular
set of one or more network elements. For example, a portion
of the communication protocol interface may be configured
to accommodate communication of particular types and
structures of data, such as types of physiological data that are
required by a particular set of network elements.

The non-core (extensible) portion 414b may also enable
each implementation or instance of the communication pro-
tocol interface to perform a small or large subset of an entire
configuration and version of the communication protocol
interface. Accordingly, each network element, such as a
VSMD 140N, can be configured to implement a small subset
ofan entire version of the communications protocol interface.
Accordingly, each network element may execute a corre-
sponding small subset of the communication protocol inter-
face. Consequently, individual network elements can be
uniquely and efficiently configured to communicate a por-
tion, whether a small or large portion, of a vast amount and
variety of universally defined device independent data or
information within a network that is configured to acquire,
communicate, and process such data.

FIG. 4B is a block diagram illustrating a path of execution
through an embodiment of the communication protocol inter-
face 414 that receives, processes and routes an incoming
request type of message. For exemplary purposes, the com-
munication protocol interface 414 is shown as residing within
a VSMD 140N. The communication protocol interface 414
can also reside in any network element that is configured to
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employ the communications protocol interface 414, includ-
ing, for example, a host or server computer 110C and/or other
types of devices configured to interoperate with communica-
tion protocol interface 414 enabled network elements.

The core portion of the communication protocol interface
414 may be included within a plurality of software objects
420-428. In this embodiment, the software objects may be
developed from C++ or other programming language source
code. Each software object may encapsulate instructions and
data. The instructions of a software object may reside within
its methods, which are functions residing inside of the soft-
ware object. In other embodiments, software objects can be
developed from other types of source code, such as, for
example, the source code of the C, C# (C sharp), Java or other
programming languages.

A message 390 may be transmitted to the VSMD 140N
from another network element. The message 390 may be
received and buffered by the operating system 412. The mes-
sage 390 in FIG. 4B may be arequest type of MOMP message
having a first, second and third message classification
enclosed within an interchange envelope 220. The communi-
cation protocol interface 414 may route, process and deliver
the message 390 to an appropriate location within the appli-
cation software 416 provided that the message 390 passes
various integrity checks performed by the communication
protocol interface 414.

The processing and delivery of the message 390 may be
performed according to various attributes of the message 390,
including the first, second and third message classifications
stored within the message 390. Upon delivery of the message
390 to a particular location within the application software
416, the application software 416 will decide how to respond
to the delivery of the message 390.

A path of execution 440 for receiving, processing and
routing the WACP message 390 is shown. The path of execu-
tion 440 may travel through the operating system 412,
through the communication protocol interface 414, and into
the application software 416. The communication protocol
interface software 414 may include a set of software objects
420-428 that collectively receive, process and route the mes-
sage to the application software 416. Portions of the applica-
tion software 416 may also be included within a set of soft-
ware objects 430-434.

In this embodiment, the operating system 412 may be
implemented as a Microsoft Windows 32 bit operating sys-
tem, such as Windows XP. The operating system 412 and its
associated software, including its device and network drivers,
may implement a lower protocol stack 210A-210C of the
communication protocol interface (See FIG. 2B). The com-
munication protocol interface 414 and its associated software
objects 420-228 may implement an upper protocol stack
210D-210G.

The upper protocol stack 210D-210G of the communica-
tions protocol interface 414 may receive communications
from the lower protocol stack 210A-210C of the operating
system 412 as follows:

A RecvMsg( ) method of an CEthCommSvr object 420
may call a recv( ) function residing inside of a ws2_ 32.dll
dynamic link library (DLL) to receive a queued message 390
buffered inside 412. The ws2_32.dll may be provided by
Microsoft to interoperate with its Windows operating systems
including Windows XP, Windows 2000, Windows NT and
Windows Server 2003, or any other platform for example.

The RecvMsg( ) method of the CEthCommSvr object 420
is serviced by the interchange layer 422 checking for the
availability of communications data received from the lower
protocol stack 210A-210C. The Communications server 420
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notifies the interchange layer (422) of a message received.
The interchange layer 422 notifies a data thread 424 of the
message availability via a semaphore

In response to the semaphore being set, the message input
thread executing the DataThread( ) method of the CWACP-
Pres object 424 may unblock and call a ProcessMsg( ) method
(not shown) of the CWACPPres object 424, which may call
440a the RecvMsg( ) method of the CMsgObjSvr object 426.
The method or function call 440a may cause the message
input thread to leave the CWACPPres object 424 and to enter
the CMsgObjSvr object 426, and to travel further along the
path of execution 440.

The RecvMsg( ) method in 426 may extract the classifica-
tion identifier from the message 390 and may map the type of
message to the RecvMsg( ) handler in the CWAPCApp object
428. Following the map of the message type the RecvRequest
method 44054 residing in the CWACPApp 428 is called. Fol-
lowing the WACPApp call 440c¢ the RecvRequest in the appli-
cation portion 416 in the WACPStub object 430.

Depend on the intent of the received message further infor-
mation in the form of an MOIB object may be carried in the
payload. The non CPI application software 430 may receive
this payload 440d from WACPStub 430 for processing and
pass it 440e to an MOIB object library 432 containing the
object class for the received payload into which the buffer can
be deserialized for access to the variables(s) contained in the
buffer.

Hypothetically, if the message 390 was a different type of
MOMP message, for example, if the message 390 was a
response or command type of MOMP message, as indicated
by its second (genus) classification, the function pointer may
store an address of a method, other than that of the RxRe-
questWrapper( ) method, which would be configured to pro-
cess the type of message based on the first and second clas-
sification.

Next, the RxRequestWrapper( ) method of the CWAC-
PApp object 428 may verify that the sender of the message has
successfully passed a prior authentication check.

Next, the RecvRequest( ) method residing within the
instance of the CWACPStub object 430 may switch on the
values of the first classification identifier, FmNIBP, and may
call 440¢ the RecvRequest( ) method of an instance of an
CWACPStub object 430. Note that the text “NIBP” is unique
to the first identifier of an extended module, i.e., FmNIBP.

The instance of the CWACPStub object 430 may option-
ally store application source code 432 in order to specify
actions to be performed by the application software 416 in
response to receiving the message 390 via the communication
protocol interface 414. Hence, the CWACPStub object 430
may store both communication protocol interface 414, and
application software 416 that may include MOIB software
434.

Reviewing the path of execution 440, the objects in 414 are
core objects, meaning that the source code defining each of
these objects is not configured to be a modifiable portion of
the communication protocol interface.

In the embodiment described, the WACP software object
CWACPStub 430 is a dynamic core object, meaning that at
least some of the source code included within the definition of
this object may be a modifiable portion of the communication
protocol interface. In other embodiments, modifiable source
code can be assigned to different sets of objects.

Core objects may be configured to be present within any
foreseeable communication protocol interface configuration.
Non-core (extensible) objects may exist in response to exten-
sions of the communication protocol interface as defined by
the Device Data Sheet. Hence, the objects 420-428 are core
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objects and the CWACPStub 430 object is non-core (exten-
sible) objects within the communication protocol interface
414.

Note that functions names including a substring “Stub”
indicate that the function is a stub function. A stub function
may be a location within the source code where an application
programmer adds application specific source code to connect
the communication protocol interface 414 with the applica-
tion software 416. In some embodiments, a stub function may
be assigned for each message type defined for each module
type. In some embodiments, stub functions may also be
implemented as call back functions. Call back functions may
be called from the communication protocol interface in
response to a pre-specified event, such as the reception of a
message.

FIG. 4C is a block diagram illustrating a path of execution
through an embodiment of the communication protocol inter-
face for transmitting a response type of message in response
to receiving a request type of message as shown in FIG. 4A.
The RecvRequest( ) method of the CWACPStub object 430
may include application software 432 configured to perform
actions in response to receiving the message 390.

In response to receiving the message 390 of FIG. 4A, the
application software 432 residing within the CWACPStub
object 430 may call a SEND_RESPONSE( ) function which
maps to a SendMsg( ) method residing in a CWACPApp
object 428. The SendMsg( ) method of the CWACPApp
object 428 may call a SendMsg( ) method residing within an
instance of CMsgSvr object 426. The SendMsg( ) method of
the CMsgSvr object 422 may map a first (family classification
identifier to a function pointer and may call the function
pointer. The function pointer may store an address of a
SendMsgHandler( ) method residing within an instance of the
CMsgSvrobject 426. The instance of the SendMsgHandler( )
method may process the response type of MOMP message to
be transmitted.

The SendMsgHandler( ) method may switch off a value of
a second (genus) classification identifier and may call a
TxMsg( ) method also residing within the same instance of
the CMsgSvr object 426. The TxMsg( ) may call a function
pointer that stores an address of a SendPacketWrapper( )
method residing within an instance of a Clnterchange object
422.

Next, the SendPacketWrapper( ) method 440 may compare
a semaphore name to an application name and then calls a
SendPacket( ) method also residing within the Clnterchange
object 422. The SendPacket( ) method may serialize a
response type of MOMP message and may call a SendMsg( )
method residing inside an instance of a CEthCommSvr object
420.

The SendMsg( ) method of the CEthCommSvr object 420
may call a send( ) function residing inside of a ws2_ 32.dll
dynamic link library (ILL) to queue the message for trans-
mission by the lower protocol stack 21A-210C. The ws2__
32.d1l is provided by Microsoft to interoperate with its Win-
dows operating systems including Windows XP, Winders
2000, Windows NT and Windows Server 2003, for example.
The operating system 412 may use the lower protocol stack
210A-210C to transmit the message 392 to a destination
network element.

The communication protocol may be described in a speci-
fication that includes a core and an extensible portion. The
communication protocol interface may not be entirely fixed
and may be flexible and extensible beyond what is described
by the core portion. The extensible portion may accommo-
date extended functionality particular to each individual net-
work element. The extended functionality may be employed
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for communication of various types of data, commands and
other information by each of the various types of network
elements. The extended functionality can be customized to
particular groups of one or more network elements.

Extended functionality may be added in the form of one or
more extensible modules. Each module may be identified by
a first (family) classification identifier and may be further
characterized by other attributes, including those indicated by
second (genus) classification identifiers and third (species)
classification identifiers associated with the first classifica-
tion identifier.

Each module may be defined from source code that speci-
fies information, including data, procedures and messages,
associated with each respective module. The messages may
be employed to communicate various types of information
between each respective module and other network elements.
The procedures may be employed to perform operations upon
the information and to communicate the information between
the module and other network elements.

In some embodiments, the defined data may be classified
into a configuration category and a data category. The data
category may include data that the network element acquires
from other sources, such as from a health care patient. The
configuration category may include data specifying the
operation of the particular network element for the purpose of
acquiring the data from other sources.

FIG. 5A illustrates a system 500 that includes a software
generator program 520 configured to receive a set of data
definitions in XML that represent a device data sheet (DDS).
The DDS represents the taxonomy of a defined machine 510.
The software generator program 520 outputs source code 560
in response to the set of data definitions 510 in the DDS. The
data definitions may specify the addition of one or more
modules of functionality, also referred to as extensible func-
tionality, to the core functionality of the communication pro-
tocol interface 414.

The core functionality of the communication protocol
interface 414 may be implemented as a core set of source code
files 530 that include static (unrevised) core source code files
530. The newly created source code files 560 may be com-
bined (compiled and linked) with the static source code files
530. The source code files 530 may be combined with the
extensible set of source code files 560 via compiling or inter-
preting the source code files 560 and linking the compiled or
interpreted binary with the compiled or interpreted binary of
the core set 530 of source code files using appropriate soft-
ware development tools.

In one use scenario, the source code files 530 are complied
into linkable object (binary files and linked with object files
constituting a remaining portion of the communication pro-
tocol interface 414.

In this use scenario, a compiler program, such as a C++
compiler, and a linker program are employed to produce a
communication protocol interface 414 in the form of a library.
The library can be a statically or a dynamically linked library.
The library may be linked with the application software 416
embodied as object files that are compiled from source code.
The newly created files 560 may embody source code that
represents the extensible portion of the extensible portion
416.

In another use scenario, an interpreter program, such as a
Microsoft Visual C++ interpreter and debugging program,
may be employed to execute a communication protocol inter-
face 414 in the form of an interpreted library. The library may
be linked by the interpreter program with the application
software 416 interpreted from application source code.
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The following is a particular example of an embodiment of
the application generator software 520. The data definitions
510 may specity the addition of one module identified by the
name “FmNIBP”. Other modules and functionality are pos-
sible. The substring “Fm” may indicate a module (family
identifier, and the substring “NIBP” non-invasive blood pres-
sure may identify a textual name of the particular module
(family. The source code files 560 may be created in response
to the software generator program 520 processing, including
inputting and parsing of the data definitions in the DDS defin-
ing the NIBP module. Without the software generator pro-
gram 520 processing the NIBP module data definitions, the
source code files 560 would not exist for use in the application
software 416.

In this particular example, the FmNIBP module may cause
the creation of source code files named CNIBPCStd.h 5664,
CNIBPCStd.cpp 5665, CNIBPDStd.h 568a, and CNIBPD-
Std.cpp 5685. Note that the filenames of the aforementioned
source code files 562a-568b each include the text “NIBP”.

Furthermore, the FmNIBP module may cause revision,
including the addition of source code, to the pre-existing
source code files named CWACPStub.h and SWACPStub.h.
Other pre-existing source code files 530 of the core set of
source code files 550 remain un-revised after processing the
FmNIBP data definitions. Note that the filenames for the core
set of source code files 530 do not include the text “NIBP”.

FIG. 5B is a block diagram illustrating different configu-
rations of the communication protocol interface 414 installed
onto a plurality of interoperating network elements 110C,
140N, 160. A host or server computer 110C may include a
communication protocol interface 416 configured to include
modules 580a-5807. A VSMD 140N may include a commu-
nication protocol interface 416 configured to include two
modules 580a and 580¢. The VSMD 140N may communicate
with the host or server computer 110C via a WiFi 802.11
communications channel via a WiFi gateway 170. Another
network device 160 may include a communication protocol
interface 416 configured to include two modules 5804 and
580d. The other network device 160 may communicate with
the host or server computer 110C via a USB communications
channel 148.

Note that both the VSMD 140N and the other network
device 160 may employ the same core communication pro-
tocol interface 414 yet acquire, process and communicate
different types and structures of data to a common host or
server computer 110C. The host or server computer 110C
may be configured to interoperate with both the VSMD 140N
and the other network device 160.

Modules that are common to two or more of the three
configurations 470a-470c may be generated from the same
global set of data definitions (See FIG. 5D). The extensible
portion of the communication protocol interface may be cus-
tomized such that each network element 110C, 140N, 160 can
be installed with a customized configuration 470a-470c¢ and
communicate a unique and optionally small subset of actual
data that corresponds to at least a portion of a larger defined
data set.

A module common to more than one configuration 470a-
470c¢ may constitute a complementary overlap between the
more than one configuration. Another form of complemen-
tary overlap may occur where a first configuration (built from
afirst set of one or more modules of data definitions) includes
afirst module and a second configuration (built from a second
set of one or more modules of data definitions) includes a
second module, where the first module is configured to trans-
mit a set of message types and where said second module is
configured to receive said set of message types.
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FIG. 5D illustrates portions of a global set of data defini-
tions 680 built into different configurations. The global set of
data definitions 680 for an entire system of network elements
may include data definitions for modules 680a through 680z.
Data definitions of module 6805 and 6804 may be input into
a software generator program 520 and output as software
including software modules 5805 and 580d. Data definitions
of module 6804 through 6807 may be input into the software
generator program 520 and output as software including soft-
ware modules 580a through 5807.

The global data set of data definitions 680 may be a super-
set of data definitions that includes data definitions for all
modules defined for an entire system that includes all com-
municating network elements. The global set of data defini-
tions 680 may conform to a defined data model supporting an
entire system of interoperating network elements.

Portions of the global set of data definitions 680 may be
input into the software generator program 520 to generate
custom configurations 470a-470c¢, which are configured to
interoperate with each other. In some embodiments, the glo-
bal set of data definitions 680 may include a physiological
data description. Portions of the global set of data definitions
680 may be referred to as a data description sheet ADS).

In some embodiments, the data of the system may be
defined and structured as MOIB 3000 data objects. A data
object may be an object that encapsulates data processed in
particular ways by software of the system. Data objects may
be implemented as a data only portion of software objects,
such as a portion of C++ or Java class objects. Although
software objects may encapsulate both instructions and data,
MOIB data objects may encapsulate only data.

Software objects may typically be represented as classes
defined within a class hierarchy. In some embodiments, data
objects may be represented by data only classes within a class
hierarchy. Data objects may reside as a portion of software
that implements a module. MOIB data objects may be seri-
alized when transmitted from a first network element and
de-serialized when received by another second network ele-
ment. The design of this type of embodiment may enable data
objects to have attributes of software objects. For example,
data objects can be defined within the context of a class
hierarchy and inherit attributes of various classes that may
also define other objects.

In some embodiments, at least one attribute may enable
software objects and MOIB data objects to be version classi-
fied and version identifiable by software components that
interoperate with the software and data objects during runt-
ime execution. Configurations built from data definitions
defining data of a later version, can interoperate and process
data from configurations built with data definitions of an
earlier version.

In some embodiments, a policy may be enforced when
entering or revising MOIB data definitions where new data is
defined and located within a particular module after previ-
ously defined data. Hence, new data may be defined and
appended (located) after previously defined data within a
module and the data definitions may distinguish particular
data by a chronology of their definition within the module in
order to indicate data having an earlier associated version
from data having a later associated version.

As aresult, a communication software module can extract
data having an earlier associated version from one or more
software object classes that include data having a later asso-
ciated version. For example, a first network element execut-
ing a first communications software module that implements
a module of a later version can recognize and process data
received from a second network element executing a second
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communications software module that implements the same
module of an earlier version. This benefit may result from a
policy of entering and revising data definitions that ensures
that a location of the earlier versioned data within the later
versioned module is the same as the location of the earlier
versioned data within the versioned module, because the ear-
lier versioned data may have the same physical offset within
both the earlier and later versioned modules.

To further take advantage of this benefit, a network element
operating as a central hub, such as the host or server computer
110C, is preferably installed with a communication protocol
interface 416 and data of one or more modules of a later or
equal version than data of one or more modules of other more
peripheral types of network elements that are not operating as
a central hub. A policy regarding software and data version
upgrades of various network elements to take advantage of
the aforementioned benefit can ensure continuity interopera-
tion (backward version compatibility) between network ele-
ments with respect to data objects and the communication
protocol interface 416 that processes those data objects. Such
a policy can maintain interoperability of a plurality of net-
work elements while accommodating evolution of the data
over time.

Data objects processed by the system may be defined and
structured using extensible markup language (XML) accord-
ing to rules that parallel the rules of an object oriented pro-
gramming language, such as C++ and that adhere to the
reference taxonomy in FIG. 3A-1. The definition and struc-
ture of the MOIB data objects may be stored into one or more
data definition files. In some embodiments, the data definition
files may be based upon classification of physiologic types.

FIG. 5C illustrates a flow chart for designing and evolving,
and automatically generating and certifying a communication
protocol interface 416. Computing environments may each
require communication of particular types and structures of
data. The invention may enable different network devices to
communicate using a common interoperable communica-
tions protocol interface 416 configured to enable communi-
cation of the particular types and structures of data.

In some embodiments, the types and structures of data can
include aspects of human or other physiology. For example,
the data can represent systolic and/or diastolic blood pressure,
heart rate, electrocardiogram signals (ECG) or SPO2 mea-
surements associated with one or more patients. If separate
monitoring devices represent and communicate acquired
physiology data differently, the communication protocol
interface may enable each of'the different devices to commu-
nicate their acquired physiology data in the same structure
and format, according to a particular communication protocol
interface specification and implementation.

In other embodiments, the data can represent information
acquired from devices that monitor the status of entities, such
as people, places or things located within various types of
environments. Such things can include equipment within a
retail, banking, manufacturing, or a health care environment,
for example.

As a first step 584, responsible personnel identify a com-
munications protocol interface scheme that best suits a par-
ticular application involving a network communication envi-
ronment. Accordingly, a communications protocol interface
specification is identified. The communications protocol
interface specification may be identified by responsible per-
sonnel by selection or design. The personnel may have the
option to design an original communication protocol inter-
face specification or to select a pre-existing communications
protocol interface specification. If the communication proto-
col interface specification is designed, then the communica-
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tion protocol interface specification may be encoded 586 as a
set of data definitions in a DDS defining one or more modules
of functionality. If the communication protocol interface
specification is selected, and associated pre-existing data
definitions are available, then pre-existing data definitions
may be associated with the selected communication protocol
interface specification.

The software generator program 520 may be executed by
inputting the set of data definitions. The software generator
program 520 may output 588 an extensible portion 416 that
implements the communication protocol interface specifica-
tion. The extensible portion 416 may comply with the set of
data definitions that describe the designed or selected com-
munication protocol interface specification. The core portion
414 of the communication protocol interface may be com-
bined and linked with the extensible portion 416 to generate a
complete communication protocol interface.

In some embodiments, the core portion 414 may include
operating system dependent software while the extensible
portion 416 may include operating system independent soft-
ware.

The complete communication protocol interface, imple-
menting the core portion 414 and extensible portion 416, may
be installed and exercised 590 on a plurality of network ele-
ments, such as 110A-110C, 140A-140N, and 160. Each
instance of a communication software module installed onto
a network element may enable that network element to com-
municate and interoperate with other network elements.

After installation and during operation, particular types
and structures of data may be serialized by the MOIB protocol
interface and then transmitted and received using MOMP
protocol from a first network element and de-serialized by the
MOIB protocol interface receiving data from a second net-
work element.

If MOMP communications requirements for the comput-
ing environment evolve over time, the design of the commu-
nication protocol interface specification may be revised 592
to accommodate the evolved communications requirements.
Likewise, the MOIB data definitions that represent the data
protocol interface specification may also be revised 594 to
accommodate the evolving communications requirements.

The software generator program 520 may be re-executed
588 to input the revised set of data definitions and to output a
revised extensible portion 416 that implements the revised
communication protocol interface specification. The exten-
sible portion 416 may be re-generated in compliance with the
revised set of data definitions that describe the re-designed or
re-selected communication protocol interface specification.
A core portion 414 may be linked with the re-generated
extensible portion 416 to produce a complete communication
protocol interface.

The step of generating software that implements the exten-
sible portion of the CPI specification may be more accurate
and reliable than creating software manually by line for line
entry of course code via programmers. In effect, the exten-
sible 416 generated by the application generator program 520
is certified for compliance with the communication protocol
interface as represented by the data definitions.

FIG. 6A illustrates a set of data definitions 610 that define
a plurality of extensible modules encoded in Extensible
Markup Language (XML). The data definitions 610 may
include an XML declaration or version statement 612, an
XML root element tag 614, named “DDS DEMO”, and other
XML element tags named “FAMILY_NIBP” 616, “FAMI-
LY_ERROR” 618, “FAMILY_BATTERY” 618, “FAMILY _
DTCOLLECTION” 622, and “FAMILY_WAVE” 624.
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Each of the aforementioned element tags may be associ-
ated with a same named XML element. For example, the
FAMILY_NIBP element tag may represent a FAMILY _NIBP
element and the FAMILY_BATTERY element may represent
a FAMILY_BATTERY element. XML elements associated
with each of the element tags 616-624 are unexpanded in FIG.
6A and can include other nested XML elements.

FIG. 6B illustrates the set of data definitions 610 of FIG.
6A including XML element tags nested one level below the
<FAMILY _NIBP>element. The <FAMILY_NIBP>element

may include information located between the
<FAMILY_NIBP>element start tag 616 and the
<FAMILY_NIBP>element end tag 638. The

<FAMILY_NIBP>element in FIG. 6B is expanded to reveal
one level of element tags below it. The element tags located
one level below the FAMILY_NIBP>element may be
referred to as child elements of the FAMILY _NIBP>element
and may be named “SPECIES KEY” 630, “CNIBPDSTD_
DEFINITION” 632, “CNIBPDSTD_DEFINITION” 634
and “MESSAGES” 636. A <FAMILY_NIBP>element end
tag 638 marks the end of the XML defining the FAMI-
LY _NIBP XML element.

The XML defining the FAMILY_NIBP element includes
MOIB data definitions and MOMP message definitions
referred to as FAMILY_NIBP module definitions, located
between the <FAMILY _NIBP>element start tag 616 and the
element end tag 638 and that define the FAMILY_NIBP mod-
ule. The XML defining the FAMILY_NIBP including the
FAMILY_NIBP module definitions may be input into the
software generator 520 to generate source code for the FAMI-
LY_NIBP module. The source code may be stored within the
source code files 562a-5685 of FIG. 5A.

FIG. 6C illustrates XML element tags located one level
below the <MESSAGES> 636 element of the
<FAMILY_NIBP>element of the set of MOMP message
definitions 610 of FIG. 6 A. As shown, a series of element tags
642a-642 are each named “MsG” and each represent a
<MSG>element nested below the MESSAGES>element
636. Each <MSG>element may be defined with type, name
and description attribute. For example, the <MSG>element
642 may have a type attribute value of “Request,” a name
attribute value of “GET_BP” and a description attribute of
“Get BP”.

Each element may have its own unique scope of function-
ality, and its own unique set of stored data, and a standard set
of' messages that it transmits and receives. An element may be
identified to a software generator program 520 via a first
(family classification identifier, such as supplied by the
<FAMILY_NIBP> 616 or FAMILY_BATTERY> 620 ele-
ment tags that are located one level below the root tag 614 of
the data definitions 610.

Within (nested below) a family element, the software gen-
erator 520 may interpret certain data definitions to be second
(genus) classification identifiers and third (species) classifi-
cation identifiers associated with the first (family classifica-
tion identifier the element.

In the example embodiment, the software generator pro-
gram 520 may interpret certain attributes of each
<MSG>element type to be either a second (genus) classifica-
tion identifier or a third (species) classification identifier. The
software generator program 520 may interpret the “type”
attribute value to be a second (genus) classification identifier
and may interpret <MSG>element “name” attribute value to
be a third (species) classification identifier.

As aresult, the software generator program 520 may inter-
pret the messages of the FAMILY_NIBP module to have
eight messages that are each associated with one of eight third
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(species) classification identifiers and that are associated with
one of four second (genus) classification identifiers. For
example, the <MSG>element 642 may represent a message
having a second (genus) classification identifier represented
by a “Request” identifier and a third (species) classification
identifier represented by a “GET_BP” identifier.

A second (genus) classification identifier value equal to
“Request” may indicate that the associated message is a
request type of message (See FIG. 3B). A third (species)
classification identifier value equal to “GET_BP” may indi-
cate a particular message structure. Hence, the “GET_BP”
message structure is a request type of message.

In response to inputting the <MSG>element 642, the soft-
ware generator program 520 may generate source code for the
FmNIBP module that processes a “GET_BP” message struc-
ture, being a request type of message, like that described for
FIGS. 4A-4C Likewise, the software generator program 520
may generate source code for the FmNIBP module that pro-
cesses a message described by the other <MSG>elements
6426-6421.

FIG. 6D illustrates XML element tags located one level
below the <CNIBPCSTD_DEFINITION> 634 element of
the <FAMILY _NIBP>element of the set of data definitions
610 of FIG. 6A. As shown, elements named “STATIC_MEM-
BERS” 658 and “ENUMERATIONS” 660 are nested below
the <CNIBPCSTD_DEFINITION> 634 element. Elements
named “VAR” are nested below the <STATIC_MEMBERS>
658 element. Elements named “ENUM” are nested below the
<ENUMERATIONS> 660 element.

The <CNIBPCSTD_DEFINITION>element 634 may be
defined with a class, abrv, version, family, genus and species
attribute. The <CNIBPCSTD_DEFINITION>element 634
may have a class attribute value of “CNIBPCStd,” an abrv
attribute of “CNBPCSTD,” a version attribute of “102,” a
family attribute of “FmNIBP,” a genus attribute of “GnCON-
FIG”, and a species attribute of “SpSTANDARD”.

In the example embodiment, the software generator pro-
gram 520 may interpret the
<CNIBPCSTD_DEFINITION>element 634 as representing
a C++ software object class having a name of “CNIBPCStd”.
In response to inputting the <CNIBPCSTD_
DEFINITION>element 634, the software generator program
520 may generate source code for the FmNIBP module that
allocates an object class named “CNIBPCStd”. The C++
programming language is one of many object oriented pro-
gramming languages that may be used.

The element tags 646a-6465 are each named “VAR” and
may each represent a <VAR>element that is nested below the
<STATIC_MEMBERS>element 644. Each <VAR>element
may be defined with a type, a name and comment attribute.
For example, the <VAR>element 646a has a type attribute
value of “uintl16”, a name attribute value of “DisplayUnits”
and a comment attribute of “Display units for BP and MAP”.

In the example embodiment, the software generator pro-
gram 520 may interpret <VAR>element as representing data
variable (stored data), the “type” attribute value “uint16” to
be a data type of the data variable, and the “name” attribute
value “DisplayUnits” to be a name of the data variable. In
response to inputting the <VAR>element 6464, the software
generator program 520 may generate source code for the
software object class named “CNIBPCStd” within the NIBP
module. The NIBP module may allocate a data variable hav-
ing a type attribute of “uint16” and a name (identifier) of
“DisplayUnits”. The data type value equal to “uint16” may
indicate that the associated data variable is an unsigned 16 bit
integer.
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The element tags 652a-652¢ are each named “ENUM” and
may each represent an <ENUM>element nested below the
<ENUMERATIONS>element 650. Each <ENUM>element
may be defined with a type, name, default value and a descrip-
tion attribute. For example, the <ENUM>element 652a may
have a type attribute value of “DisplayUnits”, a name attribute
value of “NIBP_MMHG”, a default value of “0”, and a
description attribute of “mmHg”. In the example embodi-
ment, the software generator program 520 may interpret the
<ENUM>element as representing a C++ enumeration type
declaration and may interpret the “type” attribute value, “Dis-
playUnits”, as the named data type of the enumeration type
declaration and the “name” attribute value of “NIBP_M-
MHG” to be an enumeration type declaration member along
with any other <ENUM>elements of the same type. In
response to inputting the <ENUM>element 6524, the soft-
ware generator program 520 may generate source code for the
NIBP module that declares an enumeration data type having
a type attribute of “DisplayUnits” and an identifier of CNIB-
PDSTD_DISPLAYUNITS.

The source code generated for the NIBP module may look
as follows:

typedef enum CNBPCSTDtypDISPLAYUNITS {
CNBPCSTD_ DisplayUnits._ NIBP_ MMHG = 0,
CNBPCSTD__DisplayUnits_ NIBP__KPA,
CNBPCSTD_ DisplayUnits_ MAX
} CNBPCSTD__DISPLAYUNITS;

FIG. 6E illustrates some of the XML element tags located
one level below the <CNBPCSTD_DEFINITION> 632 ele-
ment of the <FAMILY _NIBP>element 616 of the set of data
definitions 610 of FIG. 6A. As shown, elements named
“STATIC_MEMBERS” 654 and “ENUMRATIONS” 660
are nested below the <CBPCSTD_DEFINITION> 632 ele-
ment. Elements named “VAR” are nested below the <STAT-
IC_MEMBERS> 654 element. Elements named “ENUM”
are nested below the <ENUMERATIONS> 660 clement.

The <CNBPCSTD_DEFINITION>element 632 may be
defined with class, abrv, version, family, genus and species
attribute. The <CNBPCSTD_DEFINITION>element 632
may have a class attribute value of “CNIBPDStd”, an abrv
attribute of “CNBPDSTD”, a version attribute of “105”, a
family attribute of “FmNIBP”, a genus attribute of
“GNDATA” and a species attribute of “SpSTANDARD”.

In the example embodiment, the software generator pro-
gram 520 may interpret the <CNBPCSTD_
DEFINITION>element 632 as representing a C++ software
object class having a name of “CNIBPDStd”. In response to
inputting the <CNBPCSTD_DEFINITION>element 632,
the software generator program 520 may generate source
code for the FmNIBP module that allocates a software object
class named “CNIBPDStd”.

Although the foregoing description is directed to the pre-
ferred embodiments of the invention, it is noted that other
variations and modifications will be apparent to those skilled
in the art, and may be made without departing from the spirit
or scope of the invention. Moreover, features described in
connection with one embodiment of the invention may be
used in conjunction with other embodiments, even if not
explicitly stated above.
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What is claimed is:

1. A non-transitory computer-readable storage medium
carrying one or more sequences of instructions for controlling
communications between one or more network devices,
which instructions, when executed by one or more proces-
sors, cause the one or more processors to carry out the steps
of:

transferring a communication through an upper protocol

stack, wherein the upper protocol stack is operable by

application software, the application software:

defining a data transfer protocol including a medical
object management protocol layer defining hierarchi-
cal classification fields;

processing the communication according to the hierar-
chical classification fields to identify:

a highest family classification field defining classes of
physiological data including blood pressure, tem-
perature, and pulse oximetry,

a middle genus classification field defining one or
more attributes of the highest family classification
field, including requesting data, responding with
data, commands, continuously report data, and
request status information, and

a lowest species classification field defining a particu-
lar data type including getting data and putting data
associated with blood pressure, temperature, and
oximetry, and

interpreting the communication based on the processing
of the hierarchical classification fields; and

transferring the communication through an interchange
layer between the upper protocol stack and a lower pro-
tocol stack, the communication transferred through the
interchange layer establishing a connection between a
first network device and a second network device, at
least one of the first network device or the second net-
work device being a medical device.

2. The non-transitory computer-readable storage medium
of claim 1, wherein the upper protocol stack further com-
prises a link management protocol, wherein the link manage-
ment protocol establishes and terminates connections
between the one or more network devices.

3. The non-transitory computer-readable storage medium
of claim 1, further comprising receiving the communication
at the upper protocol stack from an application layer.

4. The non-transitory computer-readable storage medium
of claim 1, further comprising receiving the communication
at the lower protocol stack from a network device.

5. The non-transitory computer-readable storage medium
of claim 1, wherein the classification fields comprise a first
classification field identifying a particular software module
within the data transfer protocol having an associated set of
message and information types.

6. The non-transitory computer-readable storage medium
of’claim 5, wherein the classification fields comprise a second
classification field identifying a set of one or more attributes
of the first classification field.
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7. The non-transitory computer-readable storage medium
of claim 6, wherein the classification fields comprise a third
classification field identifying a set of one or more additional
attributes of the software module identified by the first clas-
sification field and the one or more attributes identified by the
second classification field.

8. A communication protocol system comprising:

a host computer,

a network link at the host computer for communicating
between the host computer and one or more network
devices,

a database in communication with the host computer for
storing data from the host computer, and

communications protocol software on the host computer
for processing communications between the host com-
puter and the one or more network devices,

the communications protocol software comprising an
upper protocol stack operable by application software
and a lower protocol stack operable by operating system
software,
the application software defining a data transfer protocol

including a medical object management protocol

layer defining hierarchical classification fields, the
communications between the host computer and the
one or more network devices being processed accord-
ing to the hierarchical classification fields to identify:

a highest family classification field defining classes of
physiological data including blood pressure, tem-
perature, and pulse oximetry;

a middle genus classification field defining one or
more attributes of the highest family classification
field, including requesting data, responding with
data, commands, continuously report data, and
request status information, and

a lowest species classification field defining a particu-
lar data type including getting data and putting data
associated with blood pressure, temperature, and
oximetry,

the communications between the host computer and the
one or more network devices being interpreted based
on the processing of the hierarchical classification
fields.

9. The system of claim 8, further comprising one or more
additional host computers in communication with the host
computer.

10. The system of claim 8, wherein the communicating
between the host computer and the one or more network
devices is performed by connections selected from the group
consisting of WiFi, serial, USB and combinations thereof.

11. The system of claim 8, wherein communications from
the one or more network devices are received in a format
compatible with the communications protocol software.

12. The system of claim 11, wherein the communications
from the one or more network devices contain values corre-
sponding to the first classification, the second classification
and the third classification.
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