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METHOD, COMPUTER PROGRAM PRODUCT, 
AND SYSTEM FOR SEPARATING CONNECTION 
MANAGEMENT FUNCTIONALITY FROM A 
CONNECTION-ORIENTED DEVICE DRIVER 

BACKGROUND OF THE INVENTION 

[0001] 1. The Field of the Invention 

[0002] The present invention relates to methods for man 
aging connection-oriented hardware media in an I/O sub 
system of a computer operating system. More particularly, 
the present invention relates to an integrating component 
that provides a generaliZed interface for connection man 
agement so that the individual device drivers for connection 
oriented media may be Written in simpli?ed fashion While 
providing a uniform connection interface. Speci?cally, the 
invention deals With Ways of separating the connection 
creation functionality aWay from the connection-oriented 
device drivers. 

[0003] 2. Present State of the Art 

[0004] The effectiveness of general purpose stand alone 
computers, such as the personal computer found in most 
of?ce environments and laptop computers increasingly used 
by professionals requiring portability, has been substantially 
improved by alloWing communications betWeen machines 
over a communications netWork. Such netWorking of com 
puters alloWs the sharing of resources found on one com 
puter With other computers in the netWork. For eXample, 
storage areas having ?les, printers, modems, and other 
resources may all be advantageously shared. 

[0005] Data that is shared betWeen computers can be sent 
in packets across a physical netWork connection and read by 
destination computers. Such packetiZed netWork data may 
be requests for shared resources, data, such as a ?le, or other 
information that must be communicated from one computer 
to the other. As used herein, the term “network data” refers 
to data or information that is actually transmitted over the 
communications netWork betWeen different computers. 

[0006] The physical netWork betWeen the different com 
puters can be categoriZed into tWo general types. The ?rst 
type of netWork makes use of a “connectionless” media 
Wherein the packetiZed netWork data contains destination 
information, such as a netWork address, and is simply placed 
on the netWork by the hardWare media (hereinafter referred 
to simply as “media”) and routed to the destination. A 
common netWork interface card that provides access to an 
Ethernet Would be an eXample of a connectionless media. 
The destination Will recogniZe the address in the packet and 
process it accordingly While other destination nodes Will 
simply ignore the packet since it lacks the correct address 
information. 

[0007] Another type of physical netWork utiliZes a con 
nection-oriented hardWare media, such as telephone modem, 
cable modem, or ISDN connector. With connection-oriented 
media, a connection must be made and maintained in 
addition to sending and receiving packets of information. 
The connection-oriented media Will send and receive data 
packets directly With the destination node that has matching 
hardWare and With Which a connection has been made. Once 
data is received, it is treated in the same manner by the I/O 
subsystem. Connection-oriented media are commonly found 
for Wide Area NetWork implementations. 
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[0008] On a particular computer or node of the netWork, a 
netWork interface card (NIC) or netWork card monitors the 
physical communications channel for packets destined for 
that computer as Well as transmits packets of netWork data 
destined for other computers. A connection-oriented NIC 
Will ?rst have to make the connection before packets may be 
sent and received. Once the connection is made, the con 
nection-oriented NIC may receive and send packets as 
described above depending on the nature of the connection 
oriented media. SoftWare components run on the node 
computer under direction or control of the operating system 
or architecture for managing and controlling the netWork 
card operations. Furthermore, other softWare components 
eXist to further abstract the netWork communications chan 
nel and provide more and more general netWorking inter 
faces for higher layers using their services. The layered 
approach alloWs compartmentaliZation and easier develop 
ment of netWork applications. 

[0009] One model used to provide a structure for layered 
softWare component development is the seven-layer ISO 
model that is Well knoWn in the art. While actual imple 
mentations of the ISO model do not necessarily rigidly 
isolate each particular layer as a separate component eXpos 
ing its oWn interface to layers above and beloW, the concepts 
of the model are generally applicable. For purposes of this 
disclosure, the loWer layers of the ISO model are most at 
issue, namely, the data link layer implemented by a netWork 
card device driver, and the transport and netWork layers 
implemented as a transport protocol driver. 

[0010] LoWer level netWorking functions, such as are 
discussed throughout this application With respect to con 
trolling a netWork card and initial processing of packetiZed 
netWork data, are handled by special system softWare com 
ponents called drivers that integrate With a host operating 
system according to a speci?c architecture and have special 
privileges for accessing system resources. Throughout this 
application, reference Will be made to the WindoWs NT® 
operating system available from Microsoft Corporation and 
to its speci?c architecture Wherein lies one embodiment of 
the present invention. Such drivers run in “kernel mode,” 
meaning they have higher privileges and access to system 
resources than do “user mode” application process threads. 
While speci?c reference is made to WindoWs NT concepts 
and terminology, those skilled in the art Will recogniZe that 
many, if not most, operating systems share similarities 
relevant to the environment of the present invention. 

[0011] Because there are different types of transport pro 
tocols developed over time by different entities for different 
reasons, there may be different types of transport protocol 
drivers acting as softWare components running on a single 
host computer system in order to provide the necessary 
netWorking capabilities for a given installation. Some com 
mon transport protocols include TCP/IP, IPX, AppleTalk®, 
and others. Each transport protocol driver Will communicate 
With one or more individual netWork card device drivers in 
order to send netWork data over a communications netWork 
and receive incoming packets from the communications 
netWork. 

[0012] Furthermore, because there are a multitude of net 
Work cards provided by numerous manufacturers, there are 
a corresponding large number of potential netWork card 
device drivers. In order to support full connectivity to the 
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transport protocol drivers, each network card device driver 
must support the ability to communicate With each different 
type of transport protocol driver. Because of the complexity 
of many different variations that could conceivably be 
connected together due to the layered component approach, 
building such drivers can be a time intensive process and the 
nature of the different interfaces each driver must use is 
illustrated in FIG. 1. 

[0013] FIG. 1 is a block diagram shoWing the structure of 
a plurality of netWork cards, netWork card device drivers, 
and transport protocol drivers that each must interact With 
system resources and a central database or registry having 
connectivity information in order to operate properly. Fur 
thermore, each transport protocol driver must support each 
and every netWork card device driver for Which it may be 
connected and in like manner each netWork card device 
driver must support communicating With each and every 
transport protocol driver to Which it may be connected. 

[0014] I f a neW transport protocol driver is introduced, 
each netWork card device driver Wanting to support the neW 
transport protocol driver may require modi?cation to the 
source code folloWed by a re-release and distribution of the 
executable driver code. Likewise, a neW netWork card 
device driver may also require a similar re-release. Releas 
ing and distributing softWare is an expensive process that 
softWare companies desire to limit as much as possible. 

[0015] For example, passing netWork information arriving 
on netWork card 20 controlled by netWork card device driver 
22 to the transport protocol driver 24 requires the transport 
protocol driver 24 and the netWork card device driver 22 to 
be fairly complex in terms of programming effort. This may 
take signi?cant time for a developer or engineer to create. 
Note that the netWork card driver 22 must not only interact 
With the netWork interface card 20 but also have an interface 
26 to the system resources 28 as Well as an interface 30 to 
the registry 32 containing connectivity information. 
Through such interfaces and the programming entailed 
therein, the netWork card device driver 22 Will receive an 
interrupt that a packet has been received or is available for 
receipt by having the system execute code in an interrupt 
handling routine previously registered that makes use of 
system resources such as RAM for storing the packet. 

[0016] Furthermore, the netWork card device driver 22 
Will use the registry interface 30 to access the registry 32 
connectivity information for determining Which transport 
protocol driver(s) Will receive the packetiZed netWork infor 
mation. For purposes of this example, the transport driver 24 
is the recipient as illustrated by connecting line 34. Note also 
that the netWork card device driver 22 must support or be 
able to communicate With other transport protocol drivers 
since a variety exist and it is not knoWn at development time 
Which transport protocol driver Will be indicated in the 
control information found in the registry 32 for receiving the 
netWork data. 

[0017] On the other hand, the protocol transport driver 24 
must also interface With the system resources 28 and the 
registry 32 containing connectivity information. Again, in 
order to support the many available netWork card device 
drivers, each transport protocol driver Will be a relatively 
complex softWare component since the precise netWork card 
device driver for interfacing is not knoWn at the time of 
development. 
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[0018] One advance in the art that has reduced the com 
plexity associated With developing transport protocol drivers 
and netWork card device drivers is that of an integrating 
component that provides an abstracted interface to transport 
protocol drivers developers and to netWork card device 
driver developers. FIG. 2 is a block diagram shoWing the 
introduction of an integrating component that reduces the 
complexity of transport protocol driver development and 
netWork card device driver development. In such an envi 
ronment, an integrating component 36 Will have a registry 
interface 38 for accessing a registry 32 of connectivity 
information and a system resource interface 40 for accessing 
system resources 28. Therefore, development of the netWork 
card device driver 42 for controlling netWork card 20 is 
greatly simpli?ed. The netWork card device driver 42 must 
only support an interface 44 to the integrating component 
36. In like manner, the transport protocol driver 46 is also 
further simpli?ed as only an interface 48 to the integrating 
component 36 may be supported. 

[0019] The complexity of interfacing directly With the 
system resources 26 and the registry 32 of connectivity 
information is noW handled by the integrating component 
36. Furthermore, the integrating component provides an 
interface to developers incorporating many services and 
functionality that Will be common to netWork card drivers 
and transport protocol drivers alloWing the drivers to be 
developed more ef?ciently. 

[0020] Another inherent bene?t is that all routing of 
packets betWeen transport protocol drivers and netWork card 
device drivers is managed by the integrating component. A 
particular transport protocol driver or netWork card device 
driver does not need to knoW the speci?c interface of the 
other components processing the same netWork packet. In 
other Words, any netWork card device driver Written to the 
integrating component 36 Will be able to communicate With 
any available transport protocol that is also Written to the 
integrating component 36 as determined by the connectivity 
information contained in the registry 32 and vice versa With 
respect to transport protocol drivers communicating With 
netWork card device drivers. 

[0021] Besides providing quicker transport netWork card 
device driver development, the use of an integrating com 
ponent 36 also facilitates multi-platform support. The inte 
grating component interface may be supported on many 
different platforms, effectively encapsulating the details of 
actual interfacing With a particular operating system and 
environment. Adriver developer generally needs to Write the 
driver only one time and simply recompile the driver on any 
system that has the integrating component 36 supported 
thereon. 

[0022] One technology for integrating netWork card 
device drivers to transport protocol drivers is the NetWork 
Driver Interface Speci?cation (NDIS) technology imple 
mented on the WindoWs NT operating system as the NDIS 
Wrapper device driver. The NDIS technology is also sup 
ported on other systems, such as the WindoWs95® operating 
system, in order to support cross platform support of net 
Work card device drivers and transport protocol drivers. The 
integrating component manages all interaction With system 
level services and hardWare to further reduce development 
complexity of connected drivers. For example, the NDIS 
Wrapper manages initial interrupt processing, system 
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memory allocations to connected drivers, allocation to other 
hardWare resources, etc. as Well as providing packet routing 
capability betWeen netWork card device drivers and trans 
port protocol drivers. 

[0023] Referring noW to FIG. 3, a logical diagram shoW 
ing a number of different parts of softWare for a connection 
oriented hardWare media that utiliZes an integrating compo 
nent, such as integrating component 36 explained 
previously, is presented. FIG. 3 represents one Way of 
handling connection-oriented hardWare media that utiliZes 
an integrating component but Where the connection-oriented 
device driver must still provide a connection interface and 
connection management functionality that must be repli 
cated for each and every connection-oriented device driver. 
In other Words, every connection-oriented hardWare manu 
facturer must develop and provide, as part of the device 
driver, the connection management ability. Furthermore, in 
many instances an application must be programmed to a 
proprietary connection interface Which further limits the 
?exibility having an integrating component. 

[0024] Connection-oriented hardWare adapter 52 provides 
access to a certain media type and is controlled by the 
connection-oriented device driver 54 as represented by 
arroW 56. This control includes all the connection creation in 
management control as Well as the packetiZed netWork data 
control that is not associated With the integrating component 
58. The connection-oriented device driver 54 communicates 
With the integrating component 58 as indicated by arroW 60 
in the same manner as explained previously in FIG. 2 to 
provide a data path and to a connection-oriented data 
transport 62 (as indicated by arroW 64). Finally, the appli 
cation 66 communicates With the connection-oriented data 
transport 62, again, as indicated by arroW 68. Note that the 
arroWs used to indicate communication betWeen the various 
components may in fact indicate communication through 
additional components. For example, communication may 
be through an operating system or there may be additional 
components. FIG. 3 is simpli?ed in order to focus on the 
tWo different channels that an application 66 Would use to 
manage connection-oriented hardWare. 

[0025] ArroW 68 may consist of a path of various com 
ponents in transporting data to and from the data transport 62 
that are unimportant for this discussion. For example, the 
application may communicate With a WinSock communica 
tions component that may communicate With yet other 
components before data arrives at the data transport. All 
such components are incorporated as part of arroW 68. 

[0026] Besides the data channel through the data transport 
62 in the integrating component 58, the connection-oriented 
device driver 54 provides a connection channel to the 
application 66 by means of a connection interface 72 that 
alloWs communication betWeen the application 66 and the 
connection-oriented device driver 54 as indicated by arroW 
74. This connection interface 72 can be either proprietary or 
standardiZed but in either case must be provided by the 
connection-oriented device driver 54. 

[0027] Furthermore, the actual connection management 
functionality 76 is also included in the connection-oriented 
device driver 54 thereby increasing signi?cantly in some 
instances the amount of development for a connection 
oriented device driver 54. The connection management 
functionality 76 includes media-speci?c control and proto 
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col information for creating and managing a connection over 
the media by the connection-oriented hardWare adapter 52. 
For example, for Asynchronous Transfer Mode (ATM) 
media, a certain set of signaling protocols and control 
information is used, regardless of the actual hardWare cre 
ated by different manufacturers. In other Words, each manu 
facturer must create the same connection management pro 
tocol functionality for an ATM card as every other 
manufacturer. This represents a redundant development 
effort, particularly When the connection management func 
tionality constitutes a very large portion of the development 
of the connection-oriented device driver 54 and such con 
nection management functionality is readily de?ned by 
adopted standards. 

[0028] Referring noW to FIG. 4, a logical diagram is 
shoWn that illustrates the environment in the Microsoft NT 
operating system. This diagram is equivalent in its func 
tional nature to that shoWn in FIG. 3 but introduces concepts 
speci?c to the NT environment. Note that this is only one 
example of components used to make and use a connection 
in a connection-oriented architecture and others do exist. 

[0029] The application program 78 Will be Written to 
communicate With a Win32 communications applications 
programming interface (API) 80, such as WinSock, as 
indicated by arroW 82 in order to send and receive data over 
a connection-oriented data channel With the appropriate 
connection-oriented transport as has been explained previ 
ously. For creating and maintaining a connection, the appli 
cation 78 may communicate through a Telephony API 84 or 
TAPI 84 as indicated by arroW 86, or some other interface. 
Both the telephony API 84 and the Win32 communications 
API 80 reside in user mode for the NT operating system. 
Note that elements of the Win32 communications API 80 
may be used for creating a connection. 

[0030] A demarcation betWeen user mode and kernel 
mode is indicated by dash line 88. Furthermore, there may 
be additional kernel mode components and/or user mode 
components that are used to make the communication chan 
nels as shoWn. 

[0031] Connection-oriented hardWare device driver 90 
controls the connection-oriented hardWare adapter 92 as 
indicated by arroW 94. For purposes of the data channel, the 
connection-oriented device driver 90 Will communicate bi 
directionally With the integrating component 96 as indicated 
by arroW 98. The data channel is completed by having the 
integrating component 96 communicate With the connec 
tion-oriented data transport 100 as indicated by arroW 102 
and further having the data transport 100 communicate With 
the Win32 API library 80 as indicated by arroW 104. The 
data channel aspect is relatively knoWn in the art With 
respect to connectionless device drivers. Because the inte 
grating component 96 incorporates much common function 
ality common to all netWork data communications, connec 
tionless device drivers are Written in a much simpli?ed 
fashion. 

[0032] Again, the connection channel may require sub 
stantial effort on the part of the device driver developer. For 
example, the connection-oriented device driver 90 must 
provide a connection interface 106 that Will communicate 
With the telephoning API 84 as indicated by arroW 108. 
Every connection-oriented device driver developer Will need 
to provide such an interface. Furthermore, the connection 
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management functionality 110 that is speci?c to a particular 
media upon Which the connection-oriented hardware com 
municates (e.g, ATM, ISDN, etc.) can amount to a substan 
tial amount of development effort. Again, such development 
effort is duplicate across many developers that essentially 
implement the same functionality. 

[0033] When developing device drivers for connection 
oriented media devices, such as an ATM or ISDN adapter, a 
siZable portion of the code is dedicated to making or 
managing the connection betWeen the origin media device 
and a destination. Currently, this portion of code must be 
included in every different media device driver (e.g., every 
ATM adapter manufacturer must Write a device driver 
having this connection management code). This creates 
duplicated effort and added expense for device manufactur 
ers. 

[0034] Because of the added driver development effort 
required in order to provide connection management facili 
ties, particularly in the case of complex schemes like those 
found With ATM, it Would be desirable to separate the 
connection management functionality out of the driver so 
that the connection-oriented device driver development may 
be simpli?ed. Such simpli?ed connection-oriented device 
driver development Would alloW reduced costs, greater 
ef?ciency of development resources, and reduced applica 
tion development efforts. 

SUMMARY AND OBJECTS OF THE 
INVENTION 

[0035] It is an object of the present invention to remove 
the burden of having every connection-oriented hardWare 
adapter manufacturer place connection management func 
tionality into the device driver thereby reducing driver 
development compleXity and cost. 

[0036] It is an object of the present invention to separate 
the connection creation and management functionality out of 
a connection-oriented device driver in many instances so 
that a single connection manager for a given media type, 
such as ATM, may be provided that Will service all hardWare 
adapters of that media type. 

[0037] Additional objects and advantages of the invention 
Will be set forth in the description Which folloWs, and in part 
Will be obvious from the description, or may be learned by 
the practice of the invention. The objects and advantages of 
the invention may be realiZed and obtained by means of the 
instruments and combinations particularly pointed out in the 
appended claims. 

[0038] To achieve the foregoing objects, and in accor 
dance With the invention as embodied and broadly described 
herein a method, computer program product, and system for 
separating connection management functionality from a 
connection-oriented device driver is provided. Note that 
co-pending US. Patent Application Serial No. (Filed 
Jun. 12, 1998) entitled “Method and Computer Program 
Product for Managing Connection-Oriented Media” is 
herein incorporated by reference. 

[0039] An integrating component is enhanced With an 
abstracted connection interface that can be used to make and 
manage underlying connections Without the interface user 
necessarily knoWing the details regarding the making of the 
connection. The interface Will alloW a client of the integrat 
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ing component to make connections and register service 
access points so that the client Will receive noti?cation of 
incoming calls and can thereafter make connections With the 
calling location. 

[0040] The present invention reduces the amount of cod 
ing effort required by a connection-oriented driver devel 
oper. This is done by providing a connection manager 
component that can be “inserted” into the driver subsystem. 
The driver subsystem includes an integrating component 
that alloWs device drivers to be simpli?ed that also has an 
interface to receive the connection manager component. 
When the same call management protocol is used across a 
particular media type, such as ATM, a single connection 
manager component can be used for all adapters and device 
drivers of a given media type. In this manner, the device 
manufacturers Would not have to develop the connection 
manager component if already supplied by another party or 
could develop a single connection manager module across a 
number of different adapters. 

[0041] These and other objects and features of the present 
invention Will become more fully apparent from the folloW 
ing description and appended claims, or may be learned by 
the practice of the invention as set forth hereinafter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0042] In order that the manner in Which the above-recited 
and other advantages and objects of the invention are 
obtained, a more particular description of the invention 
brie?y described above Will be rendered by reference to 
speci?c embodiments thereof Which are illustrated in the 
appended draWings. Understanding that these draWings 
depict only typical embodiments of the invention and are not 
therefore to be considered limiting of its scope, the invention 
Will be described and eXplained With additional speci?city 
and detail through the use of the accompanying draWings in 
Which: 

[0043] FIG. 1 is a block diagram shoWing the environ 
ment and interfacing of netWork card device drivers and 
transport protocol drivers as eXisting in the prior art; 

[0044] FIG. 2 is a block diagram shoWing the introduction 
of an integrating component that reduces the development 
compleXity of netWork card device drivers and transport 
protocol drivers that constitutes the current environment of 
the present invention; 

[0045] FIG. 3 is a general block diagram shoWing con 
nection-oriented hardWare With is accompanying connec 
tion-oriented device driver as it ?ts into the scheme shoWn 
in FIG. 2; 

[0046] FIG. 4 is a more speci?c block diagram function 
ally equivalent to that of FIG. 3 Wherein speci?c elements 
of the NT operating environment are introduced; 

[0047] FIG. 5 is a block diagram of an eXemplary system 
for implementing the present invention that includes a 
general purpose computing device in the form of a conven 
tional personal computer; 

[0048] FIG. 6 is a block diagram shoWing an enhanced 
integrating component according to the present invention 
corresponding to FIG. 3 and having a connection manager 
component separate from the device driver; 
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[0049] FIG. 7 is a block diagram showing an enhanced 
integrating component according to the present invention 
corresponding to FIG. 3 Wherein the connection manage 
ment functionality is contained Within the device driver but 
uses the same connection manager interface of the integrat 
ing component; 

[0050] FIG. 8 is a How chart shoWing the processing steps 
for initialization of the various components shoWn in FIG. 
6; 
[0051] FIG. 9 is a How chart shoWing the processing steps 
taken by the different components of FIG. 6 in order make 
an outgoing call or connection so that data may be trans 
mitted over the connection through a data channel; 

[0052] FIG. 10 is a How chart shoWing the processing 
steps taken by the components shoWn in FIG. 6 for receiv 
ing an incoming call or connection and processing the same; 

[0053] FIG. 11 is a How chart shoWing the processing 
steps taken by the components in FIG. 6 Wherein a client 
closes an existing connection as Would occur When a client 
closes a connection that it had previously made; 

[0054] FIG. 12 is a How chart shoWing the processing 
steps taken by the components in FIG. 6 Wherein the 
connection manager receives an end connection indication 
such as Would occur When the other end of a connection 
terminates the connection. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0055] As used herein, the term “software component” 
refers to any set of executable instructions separately cog 
nisable to an operating system that manages a computer 
system. Examples Would include separate processes or 
threads, application programs, system device drivers, and 
any other such operating system entity. 

[0056] As used herein, the term “communications net 
Work” is to be interpreted broadly and includes, but is not 
limited to, local area netWorks, telecommunications net 
Works, Wide area netWorks, modem connections, etc. Typi 
cally, a communications netWork Will comprise a physical 
component or physical connection that is made up of the 
Wiring. interface cards and other hardWare combined With a 
speci?ed communications protocol to transmit information 
from one physical connection to another. The physical 
netWork may also be referred to as a speci?c “media” 
Wherein different media types require different hardWare 
adapters. Furthermore, “signaling protocols” are used to 
communicate on a particular media type for creation and 
management of a connection. 

[0057] As used herein, the term “driver” refers to softWare 
driver programs running in a privileged system environment 
and that interacts With an I/O subsystem as part of an 
operating system architecture. Such drivers are distinguish 
able from application programs and other softWare. A sim 
pli?ed connection-oriented device driver or driver refers to 
a driver that is smaller in siZe, less complex, easier to make, 
or otherWise bene?tted over an ordinary driver due to the 
advantages disclosed herein. 

[0058] As used herein, the term “direct call linkage” refers 
to a function call interface. The actual address resolution 
may be done at compile time through traditional linkers or 
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may be done dynamically by system components When 
using such entities as dynamic link libraries or export 
libraries. An invocation session is created When a subroutine 
is initially called and ends When that particular subroutine 
ends. An Application Programming Interface (API) is a set 
of subroutines provided by one softWare component so that 
relevant services may be uniformly accessed. The term 
“interface” as used in connection With a presently preferred 
embodiment of the present invention is a direct call linkage 
betWeen different subroutines provided by the different 
components. These are typically centered around the inte 
grating component that Will provide a number of program 
ming interfaces (e.g., connection interface, connection-ori 
ented data transport interface, etc.) that other components 
may directly call. Furthermore, as part of these interfaces, a 
component may be required to provide entry points into 
subroutines that it Will provide so that execution How may 
pass from one entity to the other. 

[0059] As used herein, the term “messaging” refers to 
sending uniform message blocks betWeen softWare compo 
nents in order to communicate therebetWeen. One example 
Would be the I/O Request Packet (IRP) structure used in the 
WindoWs NT I/O system to communicate betWeen different 
drivers. 

[0060] FIG. 5 and the folloWing discussion are intended to 
provide a brief, general description of a suitable computing 
environment in Which the invention may be implemented. 
Although not required, the invention Will be described in the 
general context of computer-executable instructions, such as 
program modules, being executed by a personal computer. 
Generally, program modules include routines, programs, 
objects, components, data structures, etc. that perform par 
ticular tasks or implement particular abstract data types. 
Moreover, those skilled in the art Will appreciate that the 
invention may be practiced With other computer system 
con?gurations, including hand-held devices, multi-proces 
sor systems microprocessor-based or programmable con 
sumer electronics, netWork PCs, minicomputers, mainframe 
computers, and the like. The invention may also be practiced 
in distributed computing environments Where tasks are 
performed by remote processing devices that are linked 
through a communications netWork. In a distributed com 
puting environment, program modules may be located in 
both local and remote memory storage devices. 

[0061] With reference to FIG. 5, an exemplary system for 
implementing the invention includes a general purpose 
computing device in the form of a conventional personal 
computer 120, including a processing unit 121, a system 
memory 122, and a system bus 123 that couples various 
system components including the system memory to the 
processing unit 121. The system bus 123 may be any of 
several types of bus structures including a memory bus or 
memory controller, a peripheral bus, and a local bus using 
any of a variety of bus architectures. The system memory 
includes read only memory (ROM) 124 and random access 
memory (RAM) 125. A basic input/output system 126 
(BIOS), containing the basic routines that helps to transfer 
information betWeen elements Within the personal computer 
120, such as during start-up, is stored in ROM 124. The 
personal computer 120 further includes a hard disk drive 127 
for reading from and Writing to a hard disk, not shoWn, a 
magnetic disk drive 128 for reading from or Writing to a 
removable magnetic disk 129, and an optical disk drive 130 
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for reading from or Writing to removable optical disk 131 
such as a CD ROM or other optical media. The hard disk 
drive 127, magnetic disk drive 128, and optical disk drive 
130 are connected to the system bus 123 by a hard disk drive 
interface 132, a magnetic disk drive-interface 133, and an 
optical drive interface 134, respectively. The drives and their 
associated computer-readable media provide nonvolatile 
storage of computer readable instructions, data structures, 
program modules and other data for the personal computer 
120. Although the exemplary environment described herein 
employs a hard disk, a removable magnetic disk 129 and a 
removable optical disk 131, it should be appreciated by 
those skilled in the art that other types of computer readable 
media Which can store data that is accessible by a computer, 
such as magnetic cassettes, ?ash memory cards, digital 
video disks, Bernoulli cartridges, random access memories 
(RAMs), read only memories (ROM), and the like, may also 
be used in the exemplary operating environment. Further 
more, computer readable media includes, but is not limited 
to, carrier Waves over Wire or Wireless having a data signal 
embodied therein that represents instructions for use by the 
computer. 

[0062] A number of program modules may be stored on 
the hard disk, magnetic disk 129, optical disk 131, ROM 124 
or RAM 125, including an operating system 135, one or 
more application programs 136, other program modules 137, 
and program data 138. A user may enter commands and 
information into the personal computer 120 through input 
devices such as a keyboard 140 and pointing device 142. 
Other input devices (not shoWn) may include a microphone, 
joystick, game pad, satellite dish, scanner, or the like. These 
and other input devices are often connected to the processing 
unit 121 through a serial port interface 146 that is coupled 
to the system bus 123, but may be connected by other 
interfaces, such as a parallel port, game port or a universal 
serial bus (USB). A monitor 147 or other type of display 
device is also connected to the system bus 123 via an 
interface, such as a video adapter 148. In addition to the 
monitor, personal computers typically include other periph 
eral output devices (not shoWn), such as speakers and 
printers. 

[0063] The personal computer 120 may operate in a net 
Worked environment using logical connections to one or 
more remote computers, such as a remote computer 149. The 
remote computer 149 may be another personal computer, a 
server, a router, a netWork PC, a peer device or other 
common netWork node, and typically includes many or all of 
the elements described above relative to the personal com 
puter 120, although only a memory storage device 150 has 
been illustrated in FIG. 5. The logical connections depicted 
in FIG. 5 include a local area netWork (LAN) 151 and a 
Wide area netWork 152. Such netWorking environ 
ments are commonplace in of?ces enterprise-Wide computer 
netWorks, intranets and the Internet. Furthermore, computer 
readable instructions may be transmitted over such netWork 
ing environments such that they represent another form of 
computer readable media. 

[0064] When used in a LAN netWorking environment, the 
personal computer 120 is connected to the local netWork 151 
through a netWork or adapter 153. When used in a WAN 
netWorking environment, the personal computer 120 typi 
cally includes a modem 154 or other means, such as an ATM 
adapter, for establishing communications over the Wide area 
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netWork 152, such as the Internet. The modem 154, Which 
may be internal or external, is connected to the system bus 
123 via the serial port interface 146. In a netWorked envi 
ronment, program modules depicted relative to the personal 
computer 120, or portions thereof, may be stored in the 
remote memory storage device. It Will be appreciated that 
the netWork connections shoWn are exemplary and other 
means of establishing a communications link betWeen the 
computers may be used. 

[0065] Referring noW to FIG. 6, a logical diagram pre 
senting an integrating component that provides an abstracted 
connection interface and an additional connection manager 
component according to the present invention is shoWn. 
FIG. 6 corresponds functionally in many respects as FIG. 3 
With an important bene?t being that the connection-oriented 
device driver may be Written in more simpli?ed fashion. In 
other Words, the connection management ability is handled 
by the connection manager component and not the device 
driver. Furthermore, the connection interface With upper 
layers of code is standardiZed at the integrating component 
relieving this additional burden from the device driver as 
Well. 

[0066] The connection-oriented hardWare adapter 156 
provides access to a particular connection-oriented media. 
For example, the connection-oriented hardWare adapter 156 
may be an ATM adapter that Will alloW connection onto an 
ATM netWork. Other kinds of connection-oriented commu 
nications netWorks include Integrated Services Data Net 
Work (ISDN), Plain Old Telephone Service (POTS), etc. 

[0067] The connection-oriented hardWare adapter 156 is 
controlled and managed by a simpli?ed connection-oriented 
device driver 158 as indicated by the arroW 160. This 
simpli?ed connection-oriented device driver Will require 
less effort to develop since connection management capa 
bility has been removed from the device driver and it Will no 
longer have to provide a connection interface. The integrat 
ing component 162 has been enhanced by providing an 
abstracted connection interface and a call management inter 
face that Will be explained hereafter. As before, the simpli 
?ed connection-oriented device driver 158 Will interact With 
the integrating component 162 through the device driver 
interface 164 as indicated by arroW 166. The simpli?ed 
connection-oriented device driver 158 Will be Written to a 
standardiZed device driver interface 164 that Will alloW all 
necessary connection functions to be carried out by the 
device driver as part of controlling the underlying hardWare. 

[0068] A plurality of connection manager components or 
connection managers 168 Will also interact With the inte 
grating component 162 over a connection management 
interface 170 as indicated by the arroW 172. A connection 
manager may be developed independently of the simpli?ed 
connection-oriented device driver 158 so that a common 

connection manager may be used With a variety of different 
device drivers 158. This Would alloW the provider of the 
integrating component 162 to also provide one or more 
connection managers as part of the plurality of connection 
managers 168 so that a manufacturer of a connection 
oriented hardWare adapter 156 need only provide the sim 
pli?ed connection-oriented device driver 158 and need not 
be concerned about providing connection functionality nor a 
separate connection interface as part of the device driver 
code. 
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[0069] Each connection manager of the plurality of con 
nection managers 168 is capable of supporting or providing 
one or more address families. As used herein, the term 
“address families” refer to signaling protocols used to make 
and manage connections on a particular media type. These 
signaling protocols Will be used to control an adapter as Well 
as communicate across the speci?c media type in order to 
create and maintain connections. 

[0070] In some instances, a connection manager may 
support multiple address families. For example, on an ATM 
netWork an address family for the Q2931 protocol may be 
supported for a 3.1 version or a neWer 4.0 version. The 
corresponding connection manager could provide either or 
both of these address families to be made available to 
clients. In this manner, a legacy client that is unaWare of the 
neWer signaling protocol version may compatibly bind With 
the older version. The connection interface provided by the 
integrating component Will alloW a client to query the 
different address families that are registered by a connection 
manager so that the client may choose an address family that 
is knoWn to the client. 

[0071] An application 174 Will eventually communicate 
With the integrating component 162 for connection purposes 
through the connection interface 176 as indicated by arroW 
178. ArroW 178 may represent a number of different proto 
cols and components in order to make and manage such 
connection depending on the con?guration of the system and 
What protocols are installed. In any case, direct communi 
cation With the integrating component is done through a 
client 180 that is shoWn in outline form in FIG. 6. The client 
is any component that directly interacts With the integrating 
component over the connection interface 176 regardless of 
What other functions the client may perform. In other Words 
With respect to the connection interface 176 anything, 
Whether it be the application itself 174 or some other 
component, such as a data transport protocol, device driver, 
etc., Will be considered the client 180 and Will operate in the 
same manner over the connection interface 176. 

[0072] With respect to actually sending data over a created 
connection, a connection-oriented transport 182 may be 
used to communicate With the connection-oriented data 
transport interface as indicated by arroW 186. Such a con 
nection-oriented data transport 182 Would indicate a par 
ticular connection by reference to a connection identi?er that 
identi?es the particular connection over Which data may be 
transported. Further, the connection-oriented data transport 
182 Will communicate With an application program 174 as 
indicated by the arroW 188. Again, the arroW 188 may 
represent a number of different components in order to make 
the communication betWeen the application and the connec 
tion-oriented data transport 182. 

[0073] Note that the integrating component 162 With its 
connection interface 176 and the connection-oriented data 
transport interface 184 may have a single client that Will 
operate both interfaces. Furthermore, a connectionless data 
transport interface (not shoWn) may also make up part of the 
integrating component 162 as explained previously. The 
logical diagram in FIG. 6 is simpli?ed in order to present the 
aspects of the present invention and those skilled in the art 
Will quickly observe that many other different kinds of 
functionality may be incorporated into the integrating com 
ponent 162. 
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[0074] Referring noW to FIG. 7, a logical diagram pre 
senting an integrating component that provides an abstracted 
connection interface and connection manager interface 
according to the present invention is shoWn. FIG. 7 corre 
sponds functionally in many respects as FIG. 3 With an 
important bene?t being that the connection interface is 
abstracted from the details of hoW the connection is pro 
vided by a particular media type. The device driver is 
relieved from providing an interface and Will provide the 
connection functionality through the connection manager 
interface, also provided by the integrating component. 

[0075] Note that the connection management interface is 
substantially the same in both FIG. 6 and FIG. 7 With only 
minor differences in order to determine Whether the con 
nection management functionality is included as part of the 
device driver or is an entirely separate component. In either 
case, the connection management Will occur in the same 
manner as explained hereafter. 

[0076] The connection-oriented hardWare adapter 190 
provides access to a particular connection-oriented media. 
For example, the connection-oriented hardWare adapter 190 
may be an ATM adapter that Will alloW connection onto an 
ATM netWork. Other kinds of connection-oriented commu 
nications netWorks include Integrated Services Data Net 
Work (ISDN), Plain Old Telephone Service (POTS), etc. 

[0077] The connection-oriented hardWare adapter 190 is 
controlled and managed by a connection-oriented device 
driver 192 as indicated by the arroW 193. This connection 
oriented device driver Will require less effort to develop 
since it Will no longer have to provide a connection inter 
face. The integrating component 194 has been enhanced by 
providing an abstracted connection interface and a call 
management interface that Will be explained hereafter. As 
before, the connection-oriented device driver 190 Will inter 
act With the integrating component 194 through the device 
driver interface 196 as indicated by arroW 198. The connec 
tion-oriented device driver 190 Will be Written to the stan 
dardiZed device driver interface 196 that Will alloW all 
necessary connection functions requiring hardWare control 
to be carried out by the device driver as part of controlling 
the underlying hardWare. 

[0078] A connection manager portion 200 of the connec 
tion-oriented device driver 192 Will also interact With the 
integrating component 194 over a connection management 
interface 202 as indicated by the arroW 204. 

[0079] The connection manager portion 200 of the con 
nection-oriented device driver 192 is capable of supporting 
or providing one or more address families. As explained 
previously, the term “address families” refer to signaling 
protocols used to make and manage connections on a 
particular media type. These signaling protocols Will be used 
to control an adapter as Well as communicate across the 
speci?c media type in order to create and maintain connec 
tions. 

[0080] In some instances, a connection manager may 
support multiple address families. For example, on an ATM 
netWork an address family for the Q2931 protocol may be 
supported for a 3.1 version or a neWer 4.0 version. The 
corresponding connection manager could provide either or 
both of these address families to be made available to 
clients. In this manner, a legacy client that is unaWare of the 
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newer signaling protocol version may compatibly bind With 
the older version. The connection interface provided by the 
integrating component Will allow a client to query the 
different address families that are registered by a connection 
manager so that the client may choose an address family that 
is knoWn to the client. 

[0081] An application 206 Will eventually communicate 
With the integrating component 194 for connection purposes 
through the connection interface 208 as indicated by arroW 
210. ArroW 210 may represent a number of different proto 
cols and components in order to make and manage such 
connection depending on the con?guration of the system and 
What protocols are installed. In any case, direct communi 
cation With the integrating component is done through a 
client 212 that is shoWn in outline form in FIG. 7. The client 
is any component that directly interacts With the integrating 
component over the connection interface 208 regardless of 
What other functions the client may perform. In other Words 
With respect to the connection interface 208 anything, 
Whether it be the application itself 206 or some other 
component, such as a data transport protocol, device driver, 
etc., Will be considered the client 212 and Will operate in the 
same manner over the connection interface 208. 

[0082] With respect to actually sending data over a created 
connection, a connection-oriented transport 214 may be 
used to communicate With the connection-oriented data 
transport interface as indicated by arroW 218. Such a con 
nection-oriented data transport 214 Would indicate a par 
ticular connection by reference to a connection identi?er that 
identi?es the particular connection over Which data may be 
transported. Further, the connection-oriented data transport 
214 Will communicate With an application program 206 as 
indicated by the arroW 220. Again, the arroW 220 may 
represent a number of different components in order to make 
the communication betWeen the application and the connec 
tion-oriented data transport 214. 

[0083] Note that the integrating component 194 With its 
connection interface 208 and the connection-oriented data 
transport interface 216 may have a single client that Will 
operate both interfaces. Furthermore, a connectionless data 
transport interface (not shoWn) may also make up part of the 
integrating component 194 as explained previously. The 
logical diagram in FIG. 7 is simpli?ed in order to present the 
aspects of the present invention and those skilled in the art 
Will quickly observe that many other different kinds of 
functionality may be incorporated into the integrating com 
ponent 194. 

[0084] Referring noW to FIG. 8, a How chart shoWing the 
processing steps for binding and initialiZation of the differ 
ent components is shoWn. As used herein, the term “bind 
ing” refers to the process of making a logical association 
betWeen different components. Furthermore, components 
that are “bound” together may form a data channel or a 
connection control channel. The bar 230 lists each of the 
different components other than the integrating component 
and the corresponding steps beloW the titled component 
indicates steps pertinent to that respective component. 

[0085] With respects to the connection-oriented device 
driver, such as the connection-oriented device driver 158 of 
FIG. 6, the device driver code Will register the device driver 
With the integrating component at step 232. This registration 
process is designed to make the integrating component 
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aWare of the device driver and its various capabilities and 
settings. Furthermore, certain entry points into the device 
driver code Will also be made knoWn to the integrating 
component so that execution How and control may be passed 
from the integrating component to the device driver by a 
simple function call mechanism. In this manner, certain 
entry points, called handler functions, are registered With the 
integrating component. Other components Will communi 
cate With the integrating component by calling de?ned 
functions of the integrating component API. An “interface” 
on the integrating component comprises the API subroutines 
that Will be called for the interface functionality as Well as 
the provided handlers by the different components. Those 
skilled in the art Will note that other mechanisms, such as 
message passing or packet passing may also be used to 
communicate betWeen the different components. 

[0086] At step 234, the device driver code Will initialiZe 
the adapter and take all necessary steps in order to have the 
adapter and the device driver ready for making or receiving 
connections and otherWise operating the adapter to send data 
over the particular media type. 

[0087] At step 236, the connection manager Will register 
itself as a protocol With the integrating component. Com 
ponents that are registered With the integrating component 
that are not device drivers are considered protocol drivers 
and Would include components such as the connection 
manager, a client of the integrating component for making 
connections or transmitting data, or a data transport protocol 
driver (Whether connection-oriented or connectionless), etc. 
At step 238, the connection manager Will receive informa 
tion from the integrating component regarding available 
adapters, their media type, and connectivity information. 
Such information may be queried, received from the inte 
grating component, accessed from the registry, etc. accord 
ing to the particular implementation. 

[0088] Binding by the connection manager With the vari 
ous adapters begins at step 240. At this point, the connection 
manager Will designate the various adapters to Which it Will 
bind or to Which it otherWise pertains. For example, an ATM 
connection manager Would designate the appropriate ATM 
hardWare adapters and select them for binding. Further 
resource may be made to the registry information in making 
this determination or it may be done automatically Without 
explicit con?guration on the part of a user. Those skilled in 
the art Will recogniZe that a number of different options may 
be used to accomplish an appropriate binding. 

[0089] The address family or families that the connection 
manager supports for a particular adapter is registered With 
the integrating component at step 242. The address family 
indicates the media type and signaling protocol that a 
particular connection manager Will support. An address 
family Will be used by a client for making and using a 
connection over the particular media type. For example, for 
an ATM connection manager the address family Would be 
related to Q2931 standard. Such address families Will be 
available to various clients Who Will “open” an address 
family in order to make the binding or association betWeen 
the client and the connection manager complete. 

[0090] Separately, the connection manager and the client 
Will also bind or associate With the particular hardWare 
connection-oriented adapter and corresponding device 
driver for a particular media type. In this manner, a three 










