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(57) ABSTRACT 

A system arid method for enabling highly scalable multi 
node event distribution networks through the use of sum 
mary-based routing, particularly event distribution networks 
using a content-based publish/subscribe model to distribute 
information. By alloWing event routers to use imprecise 
summaries of the subscriptions hosted by matcher nodes, an 
event router can eliminate itself as a bottleneck thus improv 
ing overall event distribution netWork throughput even 
though the use of imprecise summaries results in some false 
positive event tra?ic. False positive event traf?c is reduced 
by using a ?lter set partitioning that provides for good 
subscription set locality at each matcher node, While at the 
same time avoiding overloading any one matcher node. 
Good subscription set locality is maintained by routing neW 
subscriptions to a matcher node With a subscription sum 
mary that best covers the neW subscription. Where event 
space partitioning is desirable, an over-partitioning scheme 
is described that enables load balancing Without repartition 
ing. 
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SUMMARY-BASED ROUTING FOR 
CONTENT-BASED EVENT DISTRIBUTION 

NETWORKS 

FIELD OF THE INVENTION 

[0001] This invention pertains generally to computer net 
works, and, more particularly, to computer networks that use 
a publish/subscribe model to distribute information. 

BACKGROUND OF THE INVENTION 

[0002] Today’s computer data networks span the globe 
and provide an ever increasing variety of information and 
types of information. A popular model for retrieving infor 
mation is the request-response model. This is a model used, 
for example, by the World Wide Web: a Web client requests 
a Web page from a Web server and then waits until the Web 
server responds. This model is adequate for basic access to 
information, but as information consumers become more 
sophisticated, it quickly becomes inef?cient for information 
consumers or information providers or both. As a general 
example, under the request-response model, a consumer 
only interested in changes to an item of information (e.g., a 
stock price) may be required to request the information over 
and over again until a change is detected in the response. 

[0003] A model complimentary to request-response that is 
becoming increasingly popular is publish/subscribe. Under a 
publish/subscribe model, information consumers submit 
subscriptions covering events of interest to a publish/sub 
scribe service. Then, whenever information providers pub 
lish events to the service, consumers are noti?ed of those 
events to which they have subscribed. News alerts and stock 
quotes are classic examples of information suited to distri 
bution via a publish/subscribe model. Examples of other 
applications that use a publish/subscribe model include 
instant messaging, online auctions and electronic commerce 
price databases. 

[0004] In addition, new applications are emerging where 
software agents play the role of information consumer, for 
example, in communicating with sensors and devices to 
perform automation tasks, and in monitoring and executing 
routine business-to-business transactions. Software agents 
present additional scalability challenges to the design of a 
publish/subscribe system because they are able to signi? 
cantly increase the total number of subscribers, they are able 
to handle very complex subscriptions, and they are able to 
receive and process noti?cations at a very high rate. 

[0005] Early publish/subscribe systems used a ?at channel 
subscription model. Information consumers subscribed to a 
named channel and received only events that an information 
provider published to that particular channel. An improve 
ment over the ?at channel subscription model is to arrange 
the channels into a hierarchy of topics and subtopics so that 
a subscriber to a topic receives any events published to the 
topic and any of its subtopics. Modern publish/subscribe 
systems are able to allow even more ?ne-grained selection 
of events by enabling subscriptions to events based on the 
content of an event. 

[0006] A content-based publish/subscribe system speci?es 
an event schema for a topic, which lists the names and types 
of attributes that appear in an event. A subscription ?lter 
associated with a subscription may then be speci?ed as a 
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conjunction of predicates on a subset of those attributes. For 
example, a “stock quotes” topic speci?es an event schema 
with three attributes: Symbol, Price, and Volume. An 
example event is (Symbol=MSFT and Price=79.30 and 
Volume=40,000,000); an example subscription ?lter is 
(Symbol=MSFT and Price>80.00). In a further example, the 
topic is itself an attribute of the event schema, e.g., Topic, 
Symbol, Price and Volume, so that subscribing to a topic 
and/or subtopic is then an aspect of the more general 
content-based subscription mechanism. 

[0007] Anew content-based publish/subscribe service will 
typically begin with a single physical server that receives 
and stores subscriptions from each service subscriber, 
receives events from each service publisher, performs 
matching of each event against the subscriptions, and sends 
noti?cations to subscribers with matching subscriptions. 
However, a successful service will eventually require per 
formance beyond the capabilities of a single physical server. 
For such a service, a network of physical servers and/or a 
distributed system architecture is required. 

[0008] Some prior art systems have incorporated a net 
work of physical servers by propagating each event pub 
lished to the service to each of the physical servers in the 
network, but this technique has inherent inefficiencies. Some 
prior art systems have achieved better ef?ciency by using a 
precise subscription ?lter summary. In such systems, each 
physical server that hosts subscriptions calculates a precise 
summary of the subscription ?lters associated with the 
subscriptions. The precise ?lter summary is then propagated 
against the ?ow of events and used by upstream event 
routers to block unnecessary event traf?c as early in the 
route as possible. 

[0009] There are problems with prior art systems that use 
precise subscription ?lter summaries. One problem is that in 
practice a precise subscription ?lter summary becomes so 
complex that event routers become a system bottleneck, 
degrading overall system throughput. Another problem is 
that subscription ?lters associated with subscriptions hosted 
by a server sometimes have poor locality. When that is the 
case,a summary of the subscription ?lter is too broad to be 
effective in reducing event traf?c. 

[0010] To ensure continuing success for content-based 
publish/subscribe services, there is a need in the art to solve 
such problems. 

BRIEF SUMMARY OF THE INVENTION 

[0011] The invention provides a system and method that 
address shortcomings of the prior art described herein above. 
These and other advantages of the invention, as well as 
additional inventive features, will be apparent from the 
description of the invention provided herein with reference 
to an exemplary embodiment. The invention provides a 
system and method for summary-based routing in an event 
distribution network. More particularly, the invention is 
directed to enabling highly scalable multi-node event dis 
tribution networks through the use of summary-based rout 
ing. The invention has a particular relevance to an event 
distribution network using a content-based publish/sub 
scribe model to distribute information. 

[0012] An event router node of an event distribution 
network maintains an imprecise summary of the set of 
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subscriptions hosted by each matcher node. If the event 
router node is overloaded, it reduces the precision of the 
imprecise summaries. Reducing the precision of the impre 
cise summaries allows the event router to process each event 
faster. If the event router load falls beneath some high 
threshold, then it increases the precision of the imprecise 
summaries. Increasing the precision of the imprecise sum 
maries reduces the amount of false positive tra?ic routed to 
a matcher node. False positive traf?c makes a matcher node 
work harder. There is a balance point at some level of 
imprecision that optimiZes the throughput of the event 
distribution network as a whole. 

[0013] Subscriptions to be hosted by an event distribution 
network are divided among the matcher nodes of the event 
distribution network so as to provide good subscription 
locality to the set of subscriptions hosted by each matcher 
node, while at the same time avoiding overloading any one 
matcher node (i.e., ensuring that each set of subscriptions 
cover a corresponding area of event space). If a set of 
subscriptions has poor locality, the imprecise summary of 
the set of subscriptions will result in more false positive 
event traf?c than if the set of subscriptions has good locality. 
Providing for good subscription locality further enhances the 
throughput of the event distribution network as a whole. 
Good subscription locality is maintained by routing new 
subscriptions to the matcher node with the subscription 
summary that best covers the new subscription. 

[0014] Event space partitioning is sometimes desirable but 
event space partitioning is used in circumstances where 
subscription locality isn’t applicable in the same way. When 
event space partitioning is desirable, the event space is 
over-partitioned and a set of event space partitions is 
assigned to each matcher node in order to provide for more 
?ne-grained load balancing without repartitioning and, ulti 
mately, to provide for enhanced event distribution network 
throughput, particularly when combined with event routing 
using imprecise summaries. 

[0015] An event distribution network node is incorporated 
in highly scalable multi-node event distribution networks 
that use summary-based routing. Finally, an event distribu 
tion network node in accordance with particular embodi 
ments of the invention is implemented in the context of an 
extended Web Services framework built around XML and 
SOAP standards and technologies. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] While the appended claims set forth the features of 
the present invention with particularity, the invention and its 
advantages are best understood from the following detailed 
description taken in conjunction with the accompanying 
drawings, of which: 

[0017] FIG. 1 is a schematic diagram generally illustrating 
an exemplary computer system usable to implement an 
embodiment of the invention. 

[0018] FIG. 2 is a schematic diagram of a publish/sub 
scribe system in accordance with an embodiment of the 
invention. 

[0019] FIG. 3 is a schematic diagram of a multi-node 
publish/subscribe service in accordance with an embodi 
ment of the invention. 
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[0020] FIG. 4 is a schematic diagram of an event distri 
bution network (EDN) in accordance with an embodiment of 
the invention. 

[0021] FIG. 5 is a graph showing a subscription rectangle 
and two events in a two dimensional event space. 

[0022] FIG. 6 is a schematic representation of event space 
showing of several subscription rectangles, some of which 
are covered by some others. 

[0023] FIG. 7 is a graph showing maximum system 
throughput occurring at an imprecise level of summary 
precision in accordance with an aspect of the invention. 

[0024] FIG. 8A is a schematic representation of event 
space showing two subscription rectangles and their mini 
mum bounding rectangle. 

[0025] FIG. 8B is a schematic representation of event 
space showing three subscription rectangles with worse 
locality than those of FIG. SC. 

[0026] FIG. 8C is a schematic representation of event 
space showing three subscription rectangles with better 
locality than those of FIG. 8B. 

[0027] FIG. 9A is a schematic diagram of an R-tree that 
indexes a precise summary of a subscription ?lter set. 

[0028] FIG. 9B is a schematic diagram of an R-tree that 
indexes an imprecise summary of a subscription ?lter set in 
accordance with an embodiment of the invention. 

[0029] FIG. 10A is a schematic representation of event 
space showing four subscription rectangles and an event 
space partition. 

[0030] FIG. 10B is a schematic representation of event 
space showing one ?lter set partitioning of the subscription 
rectangles of FIG. 10A. 

[0031] FIG. 10C is a schematic representation of event 
space showing another ?lter set partitioning of the subscrip 
tion rectangles of FIG. 10A. 

[0032] FIG. 11A is a block diagram of an event distribu 
tion network node architecture in accordance with an 
embodiment of the invention. 

[0033] FIG. 11B is a block diagram of an event distribu 
tion network node con?gured as an event router in accor 
dance with an embodiment of the invention. 

[0034] FIG. 11C is a block diagram of an event distribu 
tion network node con?gured as an event matcher in accor 
dance with an embodiment of the invention. 

[0035] FIG. 11D is a block diagram of an event distribu 
tion network node con?gured as a subscription router in 
accordance with an embodiment of the invention. 

[0036] FIG. 12 is a ?owchart depicting steps performed by 
a subscription router when selecting a matcher to host a new 
subscription in accordance with an embodiment of the 
invention. 

[0037] FIG. 13 is a ?owchart depicting steps performed by 
an event router when automatically adjusting summary 
precision so as to maximiZe system throughput in accor 
dance with an embodiment of the invention. 
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[0038] FIG. 14 is a block diagram of an extended Web 
Services framework used to implement an embodiment of 
the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0039] The invention is embodied in an event distribution 
netWork utilizing summary-based routing. An event distri 
bution netWork having event router nodes capable of main 
taining an effective imprecise summary of the set of sub 
scriptions hosted by a matcher node is disclosed herein. 
Routing using imprecise summaries alloWs an event router 
to route more events at the cost of some false positive event 
traf?c. False positive event tra?ic reduces effective matcher 
node throughput of events but the overall effect on event 
distribution netWork throughput is potentially positive When 
properly exploited. Further reductions in false positive event 
traf?c are achieved by partitioning the subscriptions to be 
hosted by the event distribution netWork among the plurality 
of matcher nodes such that each ?lter set partition has good 
locality. Simulations have shoWn the combined result of 
routing using imprecise summaries and partitioning for good 
locality to give a 200% improvement in event distribution 
netWork throughput compared to routing using precise sum 
maries alone. A ?exible event distribution netWork node 
suitable for building event distribution netWorks that 
embody the invention is also herein disclosed. In an embodi 
ment of the invention, each event distribution netWork node 
is capable of automatically adjusting the level of summary 
precision it utiliZes to route events in order to prevent itself 
becoming an event distribution netWork bottleneck, thus 
optimiZing event distribution netWork throughput. In addi 
tion, each event distribution netWork node is capable of 
routing neW subscriptions to an event distribution netWork 
node With a hosted subscription set summary that best 
matches the neW subscription, thus maintaining good hosted 
subscription set locality Without re-partitioning. 

[0040] Turning to the draWings, Wherein like reference 
numerals refer to like elements, the invention is illustrated as 
being implemented in a suitable computing environment. 
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. The term 
computer system may be used to refer to a system of 
computers such as may be found in a distributed computing 
environment. 

[0041] FIG. 1 illustrates an example of a suitable comput 
ing system environment 100 on Which the invention may be 
implemented. The computing system environment 100 is 
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only one example of a suitable computing environment and 
is not intended to suggest any limitation as to the scope of 
use or functionality of the invention. Neither should the 
computing environment 100 be interpreted as having any 
dependency or requirement relating to any one or combina 
tion of components illustrated in the exemplary operating 
environment 100. Although one embodiment of the inven 
tion does include each component illustrated in the exem 
plary operating environment 100, another more typical 
embodiment of the invention excludes non-essential com 
ponents, for example, input/output devices other than those 
required for netWork communications. 

[0042] The invention is operational With numerous other 
general purpose or special purpose computing system envi 
ronments or con?gurations. Examples of Well knoWn com 
puting systems, environments, and/or con?gurations that 
may be suitable for use With the invention include, but are 
not limited to: personal computers, server computers, hand 
held or laptop devices, tablet devices, multiprocessor sys 
tems, microprocessor-based systems, set top boxes, pro 
grammable consumer electronics, netWork PCs, 
minicomputers, mainframe computers, distributed comput 
ing environments that include any of the above systems or 
devices, and the like. 

[0043] The invention may be described in the general 
context of computer-executable instructions, such as pro 
gram modules, being executed by a computer. Generally, 
program modules include routines, programs, objects, com 
ponents, data structures, etc. that perform particular tasks or 
implement particular abstract data types. 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 distrib 
uted computing environment, program modules may be 
located in local and/or remote computer storage media 
including memory storage devices. 

[0044] With reference to FIG. 1, an exemplary system for 
implementing the invention includes a general purpose 
computing device in the form of a computer 110. Compo 
nents of the computer 110 may include, but are not limited 
to, a processing unit 120, a system memory 130, and a 
system bus 121 that couples various system components 
including the system memory to the processing unit 120. 
The system bus 121 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. By Way of example, and not limitation, such 
architectures include Industry Standard Architecture (ISA) 
bus, Micro Channel Architecture (MCA) bus, Enhanced ISA 
(EISA) bus, Video Electronics Standards Association 
(V ESA) local bus, and Peripheral Component Interconnect 
(PCI) bus also knoWn as MeZZanine bus. 

[0045] The computer 110 typically includes a variety of 
computer readable media. Computer readable media can be 
any available media that can be accessed by the computer 
110 and includes both volatile and nonvolatile media, and 
removable and non-removable media. By Way of example, 
and not limitation, computer readable media may comprise 
computer storage media and communication media. Com 
puter storage media includes volatile and nonvolatile, 
removable and non-removable media implemented in any 
method or technology for storage of information such as 
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computer readable instructions, data structures, program 
modules or other data. Computer storage media includes, but 
is not limited to, RAM, ROM, EEPROM, ?ash memory or 
other memory technology, CD-ROM, digital versatile disks 
(DVD) or other optical disk storage, magnetic cassettes, 
magnetic tape, magnetic disk storage or other magnetic 
storage devices, or any other medium Which can be used to 
store the desired information and Which can be accessed by 
the computer 110. Communication media typically embod 
ies computer readable instructions, data structures, program 
modules or other data in a modulated data signal such as a 
carrier Wave or other transport mechanism and includes any 
information delivery media. The term “modulated data sig 
nal” means a signal that has one or more of its characteristics 
set or changed in such a manner as to encode information in 
the signal. By Way of example, and not limitation, commu 
nication media includes Wired media such as a Wired net 
Work or direct-Wired connection, and Wireless media such as 
acoustic, RF, infrared and other Wireless media. Combina 
tions of the any of the above should also be included Within 
the scope of computer readable media. 

[0046] The system memory 130 includes computer stor 
age media in the form of volatile and/or nonvolatile memory 
such as read only memory (ROM) 131 and random access 
memory (RAM) 132. A basic input/output system 133 
(BIOS), containing the basic routines that help to transfer 
information betWeen elements Within computer 110, such as 
during start-up, is typically stored in ROM 131. RAM 132 
typically contains data and/or program modules that are 
immediately accessible to and/or presently being operated 
on by processing unit 120. By Way of example, and not 
limitation, FIG. 1 illustrates operating system 134, applica 
tion programs 135, other program modules 136 and program 
data 137. 

[0047] The computer 110 may also include other remov 
able/non-removable, volatile/nonvolatile computer storage 
media. By Way of example only, FIG. 1 illustrates a hard 
disk drive 141 that reads from or Writes to non-removable, 
nonvolatile magnetic media, a magnetic disk drive 151 that 
reads from or Writes to a removable, nonvolatile magnetic 
disk 152, and an optical disk drive 155 that reads from or 
Writes to a removable, nonvolatile optical disk 156 such as 
a CD ROM or other optical media. Other removable/non 
removable, volatile/nonvolatile computer storage media that 
can be used in the exemplary operating environment 
include, but are not limited to, magnetic tape cassettes, ?ash 
memory cards, digital versatile disks, digital video tape, 
solid state RAM, solid state ROM, and the like. The hard 
disk drive 141 is typically connected to the system bus 121 
through a non-removable memory interface such as interface 
140, and magnetic disk drive 151 and optical disk drive 155 
are typically connected to the system bus 121 by a remov 
able memory interface, such as interface 150. 

[0048] The drives and their associated computer storage 
media, discussed above and illustrated in FIG. 1, provide 
storage of computer readable instructions, data structures, 
program modules and other data for the computer 110. In 
FIG. 1, for example, hard disk drive 141 is illustrated as 
storing operating system 144, application programs 145, 
other program modules 146 and program data 147. Note that 
these components can either be the same as or different from 
operating system 134, application programs 135, other pro 
gram modules 136, and program data 137. Operating system 
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144, application programs 145, other program modules 146, 
and program data 147 are given different numbers hereto 
illustrate that, at a minimum, they are different copies. A user 
may enter commands and information into the computer 110 
through input devices such as a tablet, or electronic digitiZer, 
164, a microphone 163, a keyboard 162 and pointing device 
161, commonly referred to as a mouse, trackball or touch 
pad. Other input devices (not shoWn) may include a joystick, 
game pad, satellite dish, scanner, or the like. These and other 
input devices are often connected to the processing unit 120 
through a user input interface 160 that is coupled to the 
system bus, but may be connected by other interface and bus 
structures, such as a parallel port, game port or a universal 
serial bus (USB). A monitor 191 or other type of display 
device is also connected to the system bus 121 via an 
interface, such as a video interface 190. The monitor 191 
may also be integrated With a touch-screen panel or the like. 
Note that the monitor and/or touch screen panel can be 
physically coupled to a housing in Which the computer 
device 110 is incorporated, such as in a tablet-type personal 
computer. In addition, computers such as the computing 
device 110 may also include other peripheral output devices 
such as speakers 197 and printer 196, Which may be con 
nected through an output peripheral interface 194 or the like. 

[0049] The computer 110 may operate in a netWorked 
environment using logical connections to one or more 
remote computers, such as a remote computer 180. The 
remote computer 180 may be a 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 computer 110, 
although only a memory storage device 181 has been 
illustrated. in FIG. 1. The logical connections depicted in 
FIG. 1 include a local area netWork (LAN) 171 and a Wide 
area netWork (WAN) 173, but may also include other 
netWorks. Such netWorking environments are commonplace 
in of?ces, enterprise-Wide computer netWorks, intranets and 
the Internet. For example, in the present invention, the 
computer 110 may comprise the source machine from Which 
data is being migrated, and the remote computer 180 may 
comprise the destination machine. Note hoWever that source 
and destination machines need not be connected by a 
netWork or any other means, but instead, data may be 
migrated via any media capable of being Written by the 
source platform and read by the destination platform or 
platforms. 

[0050] When used in a LAN netWorking environment, the 
computer 110 is connected to the LAN 171 through a 
netWork interface or adapter 170. When used in a WAN 
netWorking environment, the computer 110 typically 
includes a modem 172 or other means for establishing 
communications over the WAN 173, such as the. Internet. 
The modem 172, Which may be internal or external, may be 
connected to the system bus 121 via the user input interface 
160 or other appropriate mechanism. In a netWorked envi 
ronment, program modules depicted relative to the computer 
110, or portions thereof, may be stored in the remote 
memory storage device. By Way of example, and not limi 
tation, FIG. 1 illustrates remote application programs 185 as 
residing on memory device 181. 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. 


























