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mation.
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FORMATTING SYSTEM MONITORING INFORMATION

BACKGROUND
{00011 Complex systems including interconnected componenis are
prevalent. It may be desirable to monitor the aclivity of mulliple components
within a system, such as the acliviies occurring within a dala cenler,
manufaciuring system, or transportation system. The monitoring may involve

collecting data related o the various components,

BrRIEF DESCRIPTION OF THE DRAWINGS

[0002] In the accompanying drawings, like numerals refer to like
components or blocks. The following detalled description references the
drawings, wherein:

[0003]  Figure 1 is a block diagram illustraling one example of a compuling
system.

[0004] Figure 2 is a flow chart illustrating one sxample of a method for
formaiting system monitoring information.

[0005] Figure 3 is a block diagram illustrating one example of a user
interface for receiving system monitoring information.

[0006]  Figure 4 is a block diagram illustrating one example of formatied

system monitoring information.

DETAILED DESCRIPTION

[0007] Monitoring a system that includes multipie inlerrelated components
may be both fime consuming and resource intensive. In some cases,
monitoring information may be collected by a software program related to a
particuiar component in the system. A software program or other measuring
mechanism for each component may save the data relaled o the monitoring of
a component in a separaie location. For example, dala related to the
temperature of a data center may be stored in gne dalabase and data related to
the power consumption of a server within the data cenier may be slored in

another database. In order to more easily monitor the system, data refated o
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the monitoring of each individual component may be siored in the same
location. Updating where each monitoring method slores data, however, may
involve a time consuming process. Some monitoring methods may allow for
refrieving information related {o components from mulliple sources. In some
cases, howsever, these methods may not provide for a simple way of collecting
and organizing information about the various sources of information.

[0008] in one embodiment, the source of monitoring information related fo
each of multiple components in a system is organized in a simple and efficient
manner. For example, information may be received from a user indicating the
components in a system, the location of monitering information related {o each
component, and the relationship between each of the components. In some
cases, the information may be received via a user interface, such as a graphical
user interface. The received information may be organized. For example, the
information may be formatted in Extensible Markup Language (hereinafier
“KML™. In some embodiments, the formatted information may then be used by
muitiple types of monitoring software. For example, information about each of
the components may be retrieved from the variety of provided sources indicated
in the formatied information.  In some implementations, the measurements of
the multiple components are then displayed comprehensively {0 a user, such as
in a single user interface. For exampie, a user interface may display mulliple
fraffic intersection components and information about the aclivity at each.

{00081 A user interface may allow a user to more easily input information
related to relationships between components in a system and the source of
monitoring information related to components in a system.  The received
information from a user interface may be automatically formatted, which may
result in information being formatied more quickly and efficiently than a manual
process of inpulting and formatling data. Formatting information related {o the
source of measuring data may allow more types of monitoring software {o be
used without altering how measuring data is stored.  In addition, capturing
information related to relationships between componenis may allow a user o
delect a dependency between componenis being monifored. The dependency

information may be useful to determine the effect of one component's operation
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on another, such as the effect of a failure of one component on the rest of the
system. Information from multiple sources may be retrieved based on the
formatied information to determine the state of mulliple components. Displaying
information related {o multiple components {0 a user simultansously may allow a
user to more efficiently monitor a system, and in some cases, may increase the
likelihood that a problem may be visible to a user.

[0010]  Figure 1 is a block diagram Hllustrating one example of a computing
system 100. The computing system 100 may include the slectronic device 102.
The electronic device 102 may be any suitable electronic device, such as a
personal computer, server, or mobile phone. The electronic device 102 may
include, for example, a processor 104, a storage 106, and a machine-readable
storage medium 108.

[0011]  The processor 104 may be any suilable processor, such as a
central processing unit (CPU), a semiconductor-based microprocessor, or any
other hardware device suitable for retrieval and execution of instructions stored in
the machine-readable storage medium 108. In one embodiment, the elecironic
device 102 includes logic instead of or in addition to the processor 104.

{00121  The siorage 106 may be any suilable storage device, such as a
volatile or non-volatile memory. In one embodiment, the storage 106 is a
database, such as a relational dalabase or XML file. The storage 106 may
include relationship information 110 and location information 112,

[0013]  The relationship information 110 may be any suitable information
related o associations between componenis in a system. The components may
be any suilable collection of Htems. For example, in a data center the
components may be servers, nelwork equipment, compuler room  air
conditioners {(CRAC), power distribution unit (PDU), floor tiles, or environmental
sensors.  In a transportation sysiem the componenis may be roads or
infersections. The relationship information 110 may include information about a
fayout, floor plan, or position. The relationship information 110 may include
information about dependencias between components, such as gualitative or
guantitative information about how components depend on each other.

[0014]  The location information 112 may be any suitable location
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information related to a location for information related o components in a
system. The location information 112 may include, for example, a list of items
and a source for monitoring information relaled to each of the items. The
sources may be any suitable sources of information, such as a database, a web
service, or a Simple Network Management Protocol (SNMP) network, The
sources may contain any suilable information related o monitoring a
component, such as information about use, temperalure, pressure, or power
consumption,

[0015]  The machine-readable storage medium 108 may be any electronic,
magnetic, optical, or other physical slorage device that stores executable
instructions or other data (e.g., a hard disk drive, random access memary, flash
memory, eic.}. In one embodiment, the machine-readable storage medium 108
and the storage 106 are combined into a single storage medium. The machine-
readable storage medium 108 may include accessing association information
instructions 114 for accessing the relationship information 110, accessing
source information instructions 1186 for accessing the location information 112,
organizing instructions 118 for formatling the relationship information 110 and
the location information 112, and oulputting instructions 120 for outputling the
formatted information.

[0016] Figure 2 is a flow chart ilustrating one example of a method 200 for
formatting system monitoring information. A system may include mulliple
components. In one embaodiment, a system can be modeled by allowing a user
to input information about components in a system, relationships between the
components, and the source of monitoring information related to each of the
components. The received information may then be formatied, for example, so
that it may be used {o monitor the system. The formatied information may be
output, such as to a storage device, {0 a user interface displayed to & user, or fo
a system moniforing application.

{00171 Beginning at block 202 and moving to block 204, the processor 104,
such as by executing the accessing association information instructions 114,
raceives information indicative of relationships between components in a

system. The information may be any information indicating an association
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between items, such as the relationship information 110.

[0018]  The relationship information 110 may be accessed in any suitable
manner. For example, the processor 104 may retrieve the relationship
information 110 from the siorage 106 or from another data source. In one
embodiment, the processor 104 recsives the relationship information 110 from
user inpul, such as from a user interface. For example, the processor 104 or
another processor may display a user interface {o a user for receiving the
relationship information 110, In one embodiment, a graphical user interface
receives user input that is then stored in the storage 106 where it is then
refrieved by the processor 104, A graphical user interface may allow a user to
design a sysiem using custom design tools, such as shapes or stencils. For
example, a user may design a floor plan and place components within if using
design tools. In some cases, the user interface may aliow a user {0 input
information in addition to monitored componenis, such as information about
walls in a network center or structures within a traffic system. In one
embodiment, the design tools are integraled into an existing graphical editor.
For example, design tools for monitoring a sysiem may be imported inlo a
graphical editor.

[0019]  The received relationship information 110 may be any suilable
relationship information. For example, the relationship information 110 may
include information aboutl how components are connected to each other,
communicate with each other, or share resources with each other. The
relationship information 110 may include information related o a floor plan,
including the position, dimensions, and iocalion of components in relation
each other or in relation to structural items, such as walls.

{0020] In one embodiment, the received relationship information 110
includes information about a dependency between components of a system.
One component may depend on another such that it uses resources from
ancther component to operate. For example, an electronic device component
may be dependent on a power source component in order for the electronic
device component {0 have power 1o operate. In some cases, iwo componenis

may depend on one another such that they are interdependent.
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{00211 The relationship information 110 may include dependency
information related to a measure of the relevancy of a relationship, such as
whether a relationship between fwo components is of high, medium, or low
importance. The relevance of the relationship may be used for monitoring the
gifect of changes in a system. For example, a relationship of low relevance may
indicate that if one of the components fails, the failure is not very relevant o
another component related {o it

{0022] The dependency relationship information 110 may include a
quantitative measure of the degree o which a component relies on ancther
component. For example, a server with two power sources may rely 50% on
each of the power sources. The dependency information may be relevant if a
component that another component relies on appears 1o be having problems.

[0023] The relationship information 110 may include dependency
information indicating how components use each other, such as the bandwidth
of a network component used by a server component.  The usage information
may be helpful for showing the level of operation involved in supporting other
components. The information may be helpful when monitoring a system o
determine if a desired level of operation is avaiiable.

{00241  In one embodiment, the processor 104 processes the received
relationship information 110. The processor 104 may adjust the received
relationship information 110 in any suilable manner. For example, the
processor 104 may calculate a dependency belwesen components. In some
implementations, a user may create a layout, such as a fioor plan, and the
processor 104 may determine the relative posilion and dimensions of
components based on the layoutl.

[0025]  Continuing to block 208, the processor 104, such as by exscuting
the accessing source information insiructions 116, receives information
indicative of a plurality of locations of monitoring information, where each
location is related {o a component of the system. The information may be, for
example, the location information 112, The location information 112 may
indicaie a location where moniloring information applicable o an item in a

system may be retrieved.
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[0026]  The location information 112 may be accessed in any suitable
manner. The processor 104 may retrieve the location information 112 from a
storage, such as the storage 108. The processor 104 may receive the
relationship information 110 from a user, such as from user inpul provided 1o a
user interface. In one embodiment, user inpul is stored in the storage 106
where il is then retrieved by the processor 104.

100271 in one embodiment, a processor, such as the processor 104 or a
separate processor connected {o a user computer, displays a user interface for
receiving the location information 112, The user interface may in some cases
be the same user interface for receiving the relationship information 110, The
user interface may allow a user to create or select a component and enter
information related o the source of monitoring information applicable {0 the
component. In some cases, the components may be displayed o the userin a
graphical format.

[0028]  The location information 112 may include any suitable information
related to the source of monitoring information related a component. The
source may be, for example, a database, a file, a Simple Network Management
Protocol application, or a web service. In some cases, the user may establish a
data source connection, such as a conneclion to a database, and then
associale the data source connection with a component, for example, using a
graphical user inferface. In one embodiment, the same source information is
related to a group of componenis. The localion information 112 may include
more than one source for a particular component. In some cases, one soures
may be related to one aspect of moniforing a component and ancther source
may be related {o another aspect of moniforing the component. For example, a
first source may have information related {0 the temperature of a component
and a second source may have information related to the air pressure of a
component,

{0029} in one embodiment, the processor 104 processes or updates the
location information 112, For example, the processor 104 may fest a data
source. The location information 112 may include additional information about

locating or processing the monitoring information from the indicated source. For
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example, the location information 112 may include information about combining
fields within a database lo determine certain characteristics related to 2
component.  The processor 104 may aggregate or summarize source
information.

[0030] Proceeding to block 208, the processor 104, such as by exscuting
the organizing instruclions 118, formats the received information indicative of
relationships and the received information indicative of a pluraiity of locations.
For example, the processor 104 may organize the relationship information 110
and the localion information 112, The processor 104 may organize the
relationship information 110 and the iocation information 112 in any suitable
manner. For example, the processor 104 may create an XML or cother file
based on the relationship information 110 and the location information 112, The
processor 104 may organize the relationship information 110 and the location
information 112 and siore it in a dalabase. In one embodiment, the processor
104 formals the relationship information 110 separately from the location
information 112, such as by crealing two separate XML files. In one
embodiment, the processor 104 formats additional information with  the
relationship information 110 and the iocation information 112.

{00311 Moving o block 208, the processor 104, such as by executing the
outputting instructions 120, the processor 104 outputs the formatted information.
For example, the processor 104 may store the formatted information, such as in
the storage 108, The processor 104 may prepare the formatied information for
display by another elecironic device, or the processor 104 may display the
formatied information.

{0032] in one embodiment, the formalled information is sent o a
monitoring application or stored to be later be accessed by a moniioring
method. The processor 104, or another processor for monitoring a system, may
retrieve information related to a component from a source indicaling by the
formatied information. The processor 104 may obtain monitoring information
about mulliple components. For example, the processor 104 may refrieve
information about the location of mulliple products in a supply chain sysiem.

The processor 104 may store, fransmii, or dispiay the retrieved information. For
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example, the processor 104 may simultaneously display monitoring information
related (o mulliple components to a user. In some cases, the processor 104
may create a report from the refrieved information.  The method 200 then
continues to block 210 and ends.

[0033] Figure 3 is a block diagram illustrating one example of a user
interface 300 for receiving system monitoring information. The user interface
300 is one example of a user interface for receiving the relationship information
110 and the location information 112, For example, the user interface 300 may
include user input related to component A 302, component B 306, component ©
314, and component D 316, In one embodiment, different types of components
appear differently. The component A 302 is a server component with location
information 112 for an XML file source of C\Serverinfooiml. The component B
306 is an air conditioner component with moniloring information associated with
a web service located at hitp://AirConditionerinfo.himl. The component C 314 is
a power supply component. Location information 112 related {o the component
C 314 is an XML file found at C:\PowerSupplyinfo.xmil. The component D 316 is
another power supply component with monitoring information stored in a
database with a connection string “Provider=SQLOLEDB; DataSource=Servert;
UserName = 'ID™.

[0034]  The user interface 300 may receive the relationship information
110. For example, the user interface 300 shows that the component A 302 is
related 1o the component B 306, the component C 314, and the component I
316, The dependency information 314 shows that the component A 302 uses
the component B 306 air conditioning to cool the server. Dependency
information 314 illustrates that the component A 302 depends on the
component B 306 with a high relevance and 100%. The 100% percentage
shows thatl there is not a back up air conditioning system for the component A
302. The high relevance may indicate that a problem with the component B 3086
would have a high impact on the component A 302.

[0035] The user interface 300 shows that the component A 302 server
uses the component C 314 power supply and the component D 316 power

supply for power. The dependency information 308 shows that the component
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C 314 has medium relevance to the component A 302 and that the component
A 302 has a 50% perceniage dependency on the component C 314, The usage
information shows that the compoenent A 302 uses 20 kW of power from the
component C 314, The dependency information 310 shows that the component
0 316 has a low relevance (o the component A 302, that the component A 302
depends on the component D 316 by 50%, and that the component A 302 does
not receive any power from the component D 316. The component A 302 may
receive 20 kW of power from the component C 314, and the component D 316
may serves as a backup power source such that it is less relevant o the
component A 302Z.

{00361  The user interface 300 shows that the component B 3086 is related
o the component D 316, For example, the component B air conditioner may
receive power from the component D 318 power source. The dependency
information 312 shows that the relationship is of high relevance, the component
B 306 depends 100% on the component D 318, and the component B 306
receives 30 kW of power from the component B 318, The component 8 306
may use the component D 316 for power without a backup power source,
causing the relationship to be highly relevant.

{00377 Figure 4 is a block diagram 400 illustraling one example of
formaited system monitoring information 402. The formalted information 402
may be, for example, the relalionship information 110 and the location
information 112 coliected from the user interface 300, The formatted
information 402 is an XML file showing sample fields for formatting the
relationship information 110 and the location information 112, The formatted
information 402 shows a <component> tag for identifying components where
gach <component> fag may include a <name>, <iype>, <source>, and
<relationship> lag. The formatied information 402 includes a <component> {ag
for each of the four componenis shown in the user interface 300. The <name>
tags give the names of the components, such as A, B, C, and D. The <type>
tags give the type of component, such as whether the component is a server, air
conditioner, or power source. The <source> iags show the source information

associated with each of the components in the user interface 300, For exampis,
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the <source> tag for the component B 306 is the hitp://AirConditionerinfo. htimi
shown in Figure 3. The <relationship> tags indicale components thal are
depended on. For example, the component A 302 has three <relationship>
tags, one for sach of the components that it depends on.  The formatied
information 402 serves as an example, and information received in the user
interface 300 may be formatied in other manners. The formatled information
402 may then be used {o moenilor the system.

[0038]  Organizing relationship and location information related to mulliple
components in a system may allow componenis within a system o be more
easily monitored. For example, monitoring information may be retrieved from
various sources indicated in the formatied information. In addition, formatied
relationship information may be used o indicate how relrieved moniioring

information affects components in a system.
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Claims

1. A computing systemn 100 for formalting sysiem  moniforing
information, comprising:

a storage 106 configured to store:

refationship information 110 indicative of relationships betlwesn
components in a system; and

location information 112 indicalive of a plurality of locations of
menitoring information, wherein each location is related to a component in
the system; and

a processor 104 configured to:

receive the relationship information 110 and the location information
112;

format the received relationship information 110 and the location
information 112; and

output the formatted information.

2. The computing system of Claim 1, wherein the processor 104 is
further configured to:

receive the relationship information 110 and the location information 112
via & user interface; and

store the received information in the storage 106.

3. The computing system of Claim 1, wherein formatting the received
relationship information 110 and the iocation information 112 comprises
formatiing the received relationship information 110 and the location information

112 in Extensibie Markup Language.

4. The computing system of Claim 1, wherein the processor 104 is
further configured to relrieve monilering information from each of the locations

indicated by the location information 112 in the outputied information.
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5, The computing system of Claim 1, whersin the relationship
information 110 comprises information indicalive of the dependency between

components of the system.

o

8. A method for formatting system monitoring information, comprising:

receiving, by a processor 104, information indicative of relationships 110
between components in a system,

receiving, by the processor 104, information indicalive of a plurality of
locations of monitoring information 112, wherein each location is related {0 a
component of the system;

formatling, by the processor 104, the received information indicative of
relationships 110 and the received information indicative of a plurality of locations
112; and

outputting, by the processor 104, the formatted information.

7. The method of Claim 6, wherein the information indicative of
relationships 110 and information indicative of a plurality of localions 112 is

received via a user interface.

8. The method of Claim 6, further comprising retrieving, by the
processor 104, monitoring information from each of the locations stored in the

cutputted formatied information.

9. The method of Claim 6, wherein the syslem comprises a data

center.

10, The method of Claim 6, wherein formatting the received information
comprises formatling the received information based on Extensible Markup

Languags.

11, A machine-readable slorage medium encoded with instructions
executable by processor for formatting system monitoring  information, the

machine-readable medium 108 comprising instructions to:
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receive information related o associations between components in a
system 110;

receive information related {o a plurality of sources of monitoring
information 112, whersin each scurce of monitoring information indicales a
source of information applicable {0 one of the components in the system;

organize the received information relaled to associations 110 and the
received information related to a plurality of sources 112; and

output the organized information,

12. The machine-readable storage medium of Claim 11, further
comprising instructions to display a user interface for receiving the information
related to associations 110 and the information related o a plurality of sources
112

13. The machine-readable storage medium of Claim 11, wherein
organizing the received information comprises organizing the received

information in Extensible Markup Language.

14. The machine-readable storage medium of Claim 11, wherein
information related {o asscciations between components in a system 110
comprises information indicative of a dependency belwsen components of the

system.

15.  The machine-readable storage medium Claim 11, further
comprising instructions {0 obtain monitoring information from each of the sources

indicated by the outputied organized information.
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Formatted Information

<component>

<name> A </name>

<type> Server <flype>

<spurce> CAServerinfo.xml </source>
<relationship> B </relationship>
<reglationship> C </relationship>
<relgtionship> D </relationship>
</component>

<component>

<name> B </fnamea>

<type> Air Conditionar </type>

<source> hitp://AirConditionerinfo.html </source>
<rglationship> D </relationship>

<fcomponent>

<component>

<name> C </name>

<type> Power Supply </type>

<source> CAPowerSupplyinfo.xml </source>
</component>

<component>

<name> B <fname>

<type> Power Supply </type>

<gource>Databhase Connection — Provider=SQLOLEDR, DataSource=Servert;
UserName = ‘I </source>

</component>
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