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(57) ABSTRACT

A mashup session manager maintains state of the mashup
session to ensure presentation consistency/uniformity across
the execution environments. The mashup session manager
also tracks the participating execution environments associ-
ated with a mashup session (e.g., usernames, device identifi-
ers, network addresses, etc.), and transmits data for presen-
tation consistency to the participating execution
environments. In some cases, a view of the mashup session at
a participating execution environment may not be current
(“stale mashup session view”). The mashup session manager
can detect if a view at a participating execution environment
is of a past mashup session state, and provide data for the stale
mashup session view to become current. In addition, the
mashup session manager can propagate design modifications
to the participants of the mashup session.
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DISTRIBUTED MULTI-USER MASHUP

RELATED APPLICATIONS

[0001] This application is a continuation application that
claims the benefit of U.S. patent application Ser. No. 12/651,
072 filed Dec. 31, 2009.

BACKGROUND

[0002] Embodiments of the inventive subject matter gener-
ally relate to the field of mashup applications, and, more
particularly, to a multi-user mashup session.

[0003] A mashup application (“mashup™) is constructed
with reference to two or more distinct services. The services
referenced by a mashup return data in response to a request
that can indicate one or more parameters. A service may be a
data service or a functional service. The references to the
services are wired together to meet a situational or niche need
contemplated by a designer of the mashup. The mashup itself
can be implemented with logic to operate upon the data
returned from one or more of the services. The mashup then
presents an output resulting from the returned data.

SUMMARY

[0004] Embodiments include a method for presenting a
multi-user mashup session across execution environments.
The method generates a mashup session identifier for a
mashup session based, at least in part on a mashup. A plurality
of participant devices is associated with the mashup session
identifier, and connections are established with the plurality
of participant devices. The state data is maintained for the
mashup session that correspond to a current view of the
mashup session after a most recent action performed on the
mashup during the mashup session at a first of the plurality of
participant devices. An indication of the state data is commu-
nicated among the plurality of participant devices.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] The present embodiments may be better under-
stood, and numerous objects, features, and advantages made
apparent to those skilled in the art by referencing the accom-
panying drawings.

[0006] FIGS. 1A and 1B depict conceptual diagrams of
consistent views of a current state of a mashup session across
multiple execution environments. FIG. 1A depicts a concep-
tual diagram of a mashup session manager managing a
mashup session.

[0007] FIG. 1B depicts an example conceptual diagram of
the mashup session manager maintaining consistent views
across different execution environments of the participants of
the mashup session.

[0008] FIG. 2 depicts a flowchart of example operations for
creating a mashup session that can be shared across multiple
execution environments.

[0009] FIG. 3 depicts a flowchart of example operations for
updating mashup session state information based on data
generated by a mashup application and delivering the data to
multiple participant execution environments.

[0010] FIG. 4 depicts a flowchart of example operations for
adding services to an existing mashup application.

[0011] FIG. 5 depicts a flowchart of example operations for
adding participant execution environments to an existing
mashup session.
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[0012] FIG. 6 is an example conceptual diagram of a net-
work for delivering data generated by mashup applications to
participant execution environments.

[0013] FIG. 7 depicts a flowchart of example operations for
dispatching an appropriate emergency responder using a dis-
tributed mashup.

[0014] FIG. 8 depicts an example computer system.
[0015] FIG. 9 depicts an example mashup session structure.
[0016] FIG. 10 depicts an example conceptual diagram of

asynchronous collaboration with a mashup session shared
across different execution environments.

DESCRIPTION OF EMBODIMENT(S)

[0017] The description that follows includes exemplary
systems, methods, techniques, instruction sequences, and
computer program products that embody techniques of the
present inventive subject matter. However, it is understood
that the described embodiments may be practiced without
these specific details. For instance, although examples refer to
Web Services Description Language (WDSL) and Represen-
tational State Transfer (REST) other feed techniques and
service technologies can be used (e.g., RSS, ATOM, etc.). In
other instances, well-known instruction instances, protocols,
structures, and techniques have not been shown in detail in
order not to obfuscate the description.

[0018] A mashup can be instantiated that runs across dif-
ferent execution environments and allows respective users of
the different execution environments to collaboratively use
and/or modify the mashup instance (“mashup session”).
When any one of the multiple users submits a parameter to a
view of the mashup session presented on their respective
execution environment, the views of the mashup session at all
of the execution environments can be updated in response,
although individual configurations of the execution environ-
ments can lead to variances in the views of the mashup session
(e.g., colors, alerts, fonts, etc.). A mashup session manager
maintains state of the mashup session to ensure presentation
consistency/uniformity across the execution environments.
The mashup session manager also tracks the participating
execution environments associated with a mashup session
(e.g., usernames, device identifiers, network addresses, etc.),
and transmits data for presentation consistency to the partici-
pating execution environments. In some cases, a view of the
mashup session at a participating execution environment may
not be current (“stale mashup session view”). The mashup
session manager can detect if a view at a participating execu-
tion environment is of a past mashup session state, and pro-
vide data for the stale mashup session view to become current.
In addition, the mashup session manager can propagate
design modifications to the participants of the mashup ses-
sion.

[0019] FIGS. 1A and 1B depict conceptual diagrams of
consistent views of a current state of a mashup session across
multiple execution environments. FIG. 1A depicts a concep-
tual diagram of a mashup session manager managing a
mashup session. FIG. 1A depicts a mashup session manager
101 communication with devices 103, 105. The device 103 is
a computer, and the device 105 is a smart phone in FIG. 1A.
[0020] At stage A, the device 103 selects a mashup appli-
cation from a mashup catalog 109. The mashup catalog 109
can be stored locally or remotely with respect to the device
103. For instance, the device 103 retrieved one or more files
for the selected mashup in response to the selection. Selection
of the mashup may involve any one of adding functionality
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and/or data services to an existing mashup application,
removing functionality and/or a data service from an existing
mashup application, selecting multiple data services and
assembling them into a mashup, etc.

[0021] At stage B, the device 103 indicates the selected
mashup and one or more participants to the mashup session
manager 101. The device 103 can indicate the selected
mashup in accordance with a variety of techniques. For
example, the device 103 can communicate any one or more of
a mashup identifier, the mashup application itself, a database
entry that corresponds to the mashup, etc. In addition, the
device 103 can indicate participants for mashup session by
device identifiers (MAC addresses, IP addresses, device
serial numbers, etc.), by usernames, by telephone numbers,
by e-mail addresses, etc. The device 103 may also select
participants with a user interface and/or participant data asso-
ciated with or accessible by the mashup session manager 101.
[0022] At stage C, the mashup session manager 101 instan-
tiates and populates a mashup session structure 107 with
indications of the mashup and the participants indicated by
the device 103. The mashup session manager 101 uses the
mashup session structure 107 to maintain state of the mashup
session. Example data relevant to the state of the mashup
session includes actions performed, requests submitted to
services of the mashup, values of parameters submitted with
requests, and results received in response to the actions per-
formed. The mashup session manager c101 can use the
mashup session structure to update a participant device that
may have a stale view of mashup session (e.g., the participant
device reconnects after losing connection, the participant
device connects after the session begins, etc.).

[0023] FIG.9depicts an example mashup session structure.
The depicted mashup session structure can be a standalone
structure or an entry or part of another structure (e.g., entry in
a hash table, element of a tree, etc.). The example mashup
session structure includes a mashup session identifier field
901. The mashup session identifier field manager one indi-
cates a value that identifies a corresponding mashup session.
The mashup session manager or some other process can gen-
erate the mashup session identifier in accordance with a vari-
ety of techniques. For example, the mashup session manager
can generate the mashup session and alog ofa fire based upon
a hash of an identifier of the owner and identifier of the
corresponding mashup application.

[0024] The mashup session identifier field identifier refer-
ences a substructure that includes a participants field 903, a
mashup application identifier field 905, and a state data field
907. The mashup application identifier field 905 indicates a
mashup application identifier. The state data field 907 indi-
cates at least a most recent result for the mashup session. The
state data field 907 can indicate a default of actions, a log of
requests submitted to the services of the mashup, deltas of
results, history of results, result history within a window of
time, etc.

[0025] The participants field 903 references a substructure
909. The substructure 909 (e.g., an array, list, a tree, etc.)
identifies an order of the mashup session and participants of
the mashup session. The substructure 909 also identifies
devices associated with the owner and participants.

[0026] The mashup session manager 101 can also edit an
entry of an existing structure. For instance, a mashup session
manager may be responsible for several ongoing mashup
sessions, and manage them with one structure. The mashup
session manager 101 could add an entry to this structure,
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overwrite an entry that already exists in this structure, etc. A
mashup session manager may maintain a mashup session
structure for all ongoing mashup sessions managed by the
mashup session manager, a mashup session structure for each
owner/creator, a mashup session structure for each individual
session, etc.

[0027] After the mashup session structure 107 is instanti-
ated and populated, the mashup session manager 101 com-
municates with the device 103 and the device 105. The com-
munications can take place in any order and are represented
by stages D1 and D2 in FIG. 1A. At stage D1, the mashup
session manager 101 establishes a connection with the par-
ticipant device 105 for the mashup session. The mashup ses-
sion manager 101 indicates the mashup session to the partici-
pant device 105. The mashup session manager 101
establishes the connection with the device 105 using partici-
pant information previously indicated by the device 103 at
stage B. Establishing the connection between the mashup
session manager 101 and the device 105 may involve setting
up a channel, setting up a communication session, authenti-
cation and verification operations, handshake operations, etc.
Establishing the connection can also involve the mashup ses-
sion manager 101 querying the device 105 for execution
environment for the connection (e.g., formatting information,
encoding information, software version information, etc.).
The mashup session manager 101 may encapsulate, encode,
and/or reformat data when communicating with the device
105. To indicate the mashup session to the device 105, the
mashup session manager 101 can supply a reference or data
fire of the mashup session structure 107. The device 105 can
access the mashup session structure 107 to retrieve the
mashup application. The mashup session manager 101 can
also or alternatively supply the mashup to the device 105 as
well as an identifier or reference to the mashup session struc-
ture 107. At stage D2, the mashup session manager 101 indi-
cates the mashup session to the session owner that corre-
sponds to the device 103. For example, the mashup session
manager 101 transmits data that can comprise a memory
address of the mashup session structure 107, an identifier of
the mashup session structure 107, an identifier of the mashup
session structure 107 and an index into the mashup session
structure 107, etc.

[0028] Atstage E, the device 103 performs an action in the
mashup session and receives a corresponding result from the
Internet 109.

[0029] Atstage F, the device 103 updates a view 106 of the
mashup session with the received result. FIG. 1A depicts the
device 103 updating a map mashup. The view 106 illustrates
a map with three restaurant locations and a public parking
area nearest one of the restaurant locations that is near an
intersection. As an example, the device 103 may have per-
formed an action in the mashup session to map restaurants
that are near the participants using the devices 103, 105 and
that satisfy cuisine criteria indicated profiles of the partici-
pants.

[0030] At stage G, the device 103 indicates the received
result and the performed action to the mashup session man-
ager 101. For instance, device 103 indicates a request gener-
ated from the mashup that corresponds to the action per-
formed at stage E to the mashup session manager 101 and the
responsive data. Embodiments do not necessarily communi-
cate indications of both the received result and the performed
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action. Embodiments can communicate one of the received
result and the performed action to the mashup session man-
ager 101.

[0031] At stage H, the mashup session manager 101
updates the mashup session structure 107 with indications of
the result and the action, thus reflecting state of the mashup
session in the mashup session structure 107. The mashup
session manager 101 can maintain a history of actions per-
formed during the mashup session in the mashup session
structure 107. The history can be comprehensive or limited by
a window of time. The mashup session manager 101 can
indicate in the mashup session structure 107 each result of
each performed action, a most current result, a last N results,
a delta of a current result and a previous result, etc.

[0032] At stage I, the mashup session manager 101 indi-
cates the result to the participant device 105. The mashup
session manager 101 can also provide performed action to the
participant device 105. The participant device 105 can auto-
matically perform the performed action to obtain a current
view of the mashup session. The participant device 105 can
compare the results of device 105 receives from the Internet
109 against the result indicated from the mashup session
manager 101. Any differences can be communicated back to
the mashup session manager 101 for validation and/or propa-
gation to other participants of the mashup session.

[0033] Atstage J, the participant device 105 updates a view
111 of the mashup session with the result indicated by the
mashup session manager 101. The views 106, 111 of the
mashup session at the respective devices 103, 105 are consis-
tent across the different execution environments of the par-
ticipants.

[0034] FIG. 1B depicts an example conceptual diagram of
the mashup session manager maintaining consistent views
across different execution environments of the participants of
the mashup session. At stage A, the participant device 105
performs an action in the mashup session and receives a
corresponding result from the Internet 109. At stage B, the
participant device 105 updates the view 111 of the mashup
session with the received result. In FIG. 1B, the participant
device 105 has updated the view 111 to depict a volleyball
field at the intersection of roads, and to no longer depict one
of the previously depicted restaurants. As an example, the
participant device 105 may have performed an action in the
mashup session that requested indication of recreational
facilities near the restaurants already displayed, and an action
in the mashup session that added a cost criterion. The elimi-
nated restaurant exceeded, or perhaps fell below, the cost
criterion indicated by the participant device 105.

[0035] At stage C, the participant device 105 indicates the
result in the action to the mashup session manager 101.
[0036] At stage D, the mashup session manager 101
updates the mashup session structure 107 in accordance with
the action and the result indicated by the participant device
105.

[0037] At stage E, the mashup session manager 101 indi-
cates the result to the owner of the mashup session, which is
the device 103. As stated earlier, the mashup session manager
101 can also indicate the result to the device 103.

[0038] At stage F, the device 103 updates the view 106 in
accordance with the result indicated by the mashup session
manager 101. Alternatively, the device 103 can obtain the
result from the Internet 109 by performing the action indi-
cated by the participant device 105. Although the example
depicted by FIGS. 1A and 1B refer to obtaining results from
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the Internet, embodiments are not so limited. Embodiments
can obtain results from any one or more of an intranet, virtual
private network, and the Internet.

[0039] Although FIGS. 1A and 1B depict the mashup ses-
sion manager 101 as being separate from the device 103 that
initiated the mashup session, embodiments are not so limited.
The mashup session manager 101 can be implemented at an
intermediate device (e.g., a cloud, server, etc.), on the device
103, distribute across device 103 an intermediate device, etc.
hence, communications that seemingly flow through the
mashup session manager 101 may be direct communications
between the device 103, which initiated the mashup session,
and devices of participants of the mashup session. In addition,
communications for the mashup session that flow directly
between participant devices can be mirrored to an intermedi-
ate device or entity (e.g., cloud that supports the mashup
session). Embodiments may also interject a mashup session
manager between an initiating device and/or participant
devices and the Internet. For example, actions performed at a
participant device are submitted to the mashup session man-
ager which generates the corresponding requests and submits
or causes to be submitted the requests to the appropriate data
service. Embodiments can direct mashup actions and
responses to the mashup actions through a mashup session
manager and/or processes spawned by or associated with the
mashup session manager. Embodiments can instantiate/sup-
ply user interfaces to the participant devices that forward
actions and corresponding parameter values indicated with
the user interfaces to the mashup session manager. The
mashup session manager can then submit the actions and
corresponding parameter values to the mashup application.
The mashup session manager can broadcast or multicast
results of the submitted actions to all participants of the
mashup session. In addition, the mashup session manger can
perform operations to manage collisions among the execution
environments. For example, embodiments can sequence and/
or prioritize actions, which impact state of the mashup ses-
sion, performed at the execution environments.

[0040] FIG. 2 depicts a flowchart of example operations for
creating a mashup session that can be shared across multiple
execution environments. A request to create a mashup appli-
cation is received (201) from an execution environment. The
request can indicate services to for the mashup application
according to a need contemplated by a designer of the mashup
application. The designer of the mashup application can be
associated with the execution environment.

[0041] Services for the mashup application are determined
(203). Services can be data sources, can provide functionality,
or both. Examples of data source type services include
weather databases, business directories, and restaurant
review aggregators. Examples of functionally type services
include database managers, map applications, and traffic
reporting applications. Functionality can be implemented in
servlets, applets, applications, etc. The services can be pro-
vided by a mashup session manager, a third-party, or a com-
bination thereof. For example, a mashup session manager can
determine the services based on the request. As another
example, the mashup session manager can determine the
services by querying the execution environment requesting
creation of the mashup. The mashup session manager can
provide an indication of the available services to the execu-
tion environment. The indication of available services can
include descriptions of the services that help designers
choose appropriate services for mashup applications the
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designers wish to create. In response, the execution environ-
ment can display the available services and can prompt the
designer to select services for the mashup application.
[0042] The mashup application is created based on the ser-
vices (204). The services can be wired together based on
indications of the designer. For example, the purpose of the
mashup application can be finding restaurants convenient to
the locations of several individuals. The services selected for
the mashup are a restaurant database and a map application.
Both the restaurant database and the map application expect
locations as inputs. Locations can be represented by global
positioning system (GPS) coordinates, addresses, intersec-
tions, etc. The designer indicates that restaurants should be
retrieved from the restaurant database based on locations that
can be provided as inputs to the mashup application.
Addresses of the restaurants output by the restaurant database
and the provided locations should be input into the map
application so that the map application can create a map of the
provided locations and the restaurants.

[0043] Participant execution environments associated with
the mashup application are determined (205). For example,
the mashup session manager can determine the participant
execution environments based on identifiers indicated in the
request. As another example, the mashup session manager
can determine the participant execution environments by que-
rying the designer’s execution environment. The mashup ses-
sion manager can provide an indication of users known to the
mashup session manager. The users may be known to the
mashup session manager because the users registered the
users’ execution environments with the mashup session man-
ager, the users’ execution environments were previously
associated with a mashup application, etc. In response, the
designer’ execution environment can display the known users
and can prompt the designer to select participants to associate
with the mashup application. The designer can select partici-
pants from the known users or can identify other users by
providing contact information of the other users (e.g., an
e-mail address, a phone number, an instant messaging user-
name, etc). The designer’s execution environment is auto-
matically considered to be a participant execution environ-
ment.

[0044] A mashup session can be created based on the par-
ticipant execution environments and the mashup application
(207). Establishing the mashup session can comprise gener-
ating a mashup session identifier and populating a mashup
session state structure with data that associates the mashup
application with the mashup session identifier and the partici-
pant execution environments. The mashup session structure
can be populated with the mashup session identifier, an indi-
cation of the mashup application, and indications of the par-
ticipant execution environments. Examples of the indication
of'the mashup application include a name, a reference (e.g., a
link to code, a memory address (i.e., pointer) to the code),
code hash value, the mashup application itself, etc. Examples
of indications of the participant execution environments
include usernames, device identifiers (e.g., MAC addresses,
phone numbers, etc.), network addresses, etc.

[0045] Data is retrieved from the mashup application based
on parameters indicated by the participant execution environ-
ments (209). In the previous example of the convenient res-
taurant locator mashup, a mashup session manager deter-
mines the locations of each of the participant execution
environments. The mashup session manager can determine
the locations by querying the execution environments. The
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execution environments can automatically determine and
return the parameters based on stored data (e.g., a GPS coor-
dinate of a mobile phone). The devices can also prompt par-
ticipants associated with the execution environments to enter
the attributes. The mashup session manager can also deter-
mine parameters based on previously stored data accessible to
the mashup session manager. For example, parameters can be
stored by the mashup session manager when a user registers
the users’ execution environment with the mashup session
manager. The mashup session manager can provide locations
to the mashup as inputs. The mashup application can retrieve
a list of restaurants from the restaurant database and utilize
the map application to generate a map of the restaurants and
the locations of the participant execution environments.
[0046] State information associated with the mashup ses-
sion can be updated based on the data (block 211). The data
can be stored in the state information associated with the
mashup session identifier in the mashup session structure.
The request can be stored with the data in the state informa-
tion to maintain a history of requests and data generated by
the mashup application in response to the requests.

[0047] The data is delivered to the participant execution
environments (213). The data can be delivered in accordance
with state information to ensure presentation consistency
across the participant execution environments. Individual
state information associated with each of the participant
execution environments with respect to the mashup applica-
tion can be maintained. The individual state information indi-
cates a last state of the data that was viewed on a participant
execution environment. The mashup session manager 101
can deliver data generated by the mashup application to the
participant execution environment since the last state. The
data can be delivered to the participants by a REST web
service.

[0048] After a mashup session is established, requests
made to a mashup application associated with the mashup
session cause the mashup application to generate new data.
FIG. 3 depicts a flowchart of example operations for updating
mashup session state information based on data generated by
a mashup application and delivering the data to multiple
participant execution environments. A request to a mashup
application is received from a participant execution environ-
ment (301). For example, a mashup session manager receives
a request to add a new service to the mashup application. As
another example, the mashup session manager receives a
request to associate a new participant execution environment
with the mashup application.

[0049] A mashup session associated with the participant
execution environment is determined (303). The mashup ses-
sion can be determined based on locating an identifier of the
participant execution environment in a mashup session struc-
ture and determining a mashup session identifier associated
with the participant execution environment identifier. A
mashup application associated with the mashup session iden-
tifier can also be determined.

[0050] Deata is retrieved from the mashup application based
on the request (305). For example, the request comprises an
indication of a new execution environment to participate in
the mashup session. So, the mashup session manager deter-
mines a location of the new execution environment and pro-
vides the location as an input along with locations of other
participant execution environments to a restaurant locator
mashup application. The locations of other participant execu-
tion environments can be determined based on state data of a
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previous request submitted to the mashup application. The
mashup application retrieves a new set of restaurants from a
restaurant database based on the locations and utilizes a map
application to create a new map of the locations and the
restaurants.

[0051] State information of the mashup is updated based on
the data and the request (307). State information can be stored
in the mashup session structure based on the mashup session
identifier. The state information can maintain a history of
requests and data generated by the mashup application in
response to the requests.

[0052] Other participant execution environments associ-
ated with the mashup session are determined (309). The other
participant execution environments can be determined based
on state information of the mashup session.

[0053] Data is delivered to the participant execution envi-
ronments in accordance with the state information (311).
Delivering the data to the participant execution environments
can comprise determining that a state of a first participant
execution environment corresponds to a past state of the
mashup session and determining data generated by the
mashup application since the past state of the mashup session
based individual state information corresponding to the first
participant execution environment in the mashup session
structure. The data generated by the mashup application since
the past state can be transmitted to the first participant execu-
tion environment to update a view of the mashup session
associated with the first execution environment to the current
state. For example, a Webpage representing the data is open in
a browser of the first execution environment. A mashup ses-
sion manager determines that the browser last loaded the
Webpage prior to the latest request based on the individual
state information. The mashup session manager can transmit
an indication to the browser to cause the browser to refresh the
Webpage.

[0054] After a mashup application is created, any of the
participants associated with the mashup can add services to
the mashup. In response to a mashup session manager adding
the service to the mashup application, the mashup application
can generate new data. The mashup session manager can
automatically update state information to reflect the data and
deliver the data to the participant execution environments
associated with the mashup application. FIG. 4 depicts a
flowchart of example operations for adding services to an
existing mashup application. A request to add a service is
received from a participant execution environment (401). For
example, a mashup session manager receives a request indi-
cating a new service to be added to an existing mashup appli-
cation.

[0055] A mashup session associated with the participant
execution environments is determined (403). The mashup
session manager can determine the mashup application based
on state information for a mashup session associated with the
participant execution environment.

[0056] Existing services of the mashup application are
determined (block 405). For example, a mashup session man-
ager determines the existing services of the mashup based on
metadata of the mashup application.

[0057] The mashup application is updated based on indi-
cated connections among the new service and existing ser-
vices (407). For example, a user may wish to add a restaurant
review aggregator to the convenient restaurant locator
mashup. The mashup session manager determines that a con-
nection should be made between an output of the restaurant
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database to the restaurant review aggregator such that restau-
rant identifiers (e.g., restaurant names, addresses, phone
numbers, etc.) can be input into the restaurant review aggre-
gator to retrieve reviews.

[0058] Data is retrieved from the mashup application based
on parameters indicated by the participant execution environ-
ments (409). For example, a calendar application may be
added to a mashup application for scheduling business
lunches. A query containing the locations and calendar iden-
tifiers of the participant execution environments can be sub-
mitted to the business lunch scheduler mashup application. In
response, the mashup application can retrieve information
about each participant’s free time from the calendar applica-
tion based on an identifier for each participant’s calendar. In
addition to retrieving data from the additional service, the
mashup can retrieve data from the existing services if the
attributes have changed. For example, a map of the restau-
rants may be updated if one or more of the participants’
locations changed.

[0059] State information associated with the mashup ses-
sion is updated based on the data and the request (411).

[0060] Other participant execution environments associ-
ated with the mashup are determined (413). The participant
execution environments can be determined based on state
information of the mashup session.

[0061] Data is delivered to the participant execution envi-
ronments in accordance with the state information (415). For
example, one of the participants opens a view of the data.
Individual state information for the participant can indicate
that the participant last viewed the data when a previous
request was submitted to the mashup application. A mashup
session manager can determine data that was generated by the
mashup in response to the previous request and the current
request and deliver the data to the participant through the
participant execution environments.

[0062] After a mashup session is created, new execution
environments can also be selected to participate in the
mashup session. For example, a participant wishes to invite
more colleagues to a lunch meeting. FIG. 5 depicts a flow-
chart of example operations for adding participant execution
environments to an existing mashup session. It is determined
that an execution environment has been selected to participate
in an existing mashup session (501). For example, a mashup
session manager receives a request identifying the execution
environment to be added as a participant in the existing
mashup session. The participant execution environment can
be identified based on contact information of a user associ-
ated with the participant execution environment such as an
e-mail address, a phone number, instant messaging username,
etc. The request can include an identifier of the existing
mashup session so the mashup session manager adds the
participant execution environment to the appropriate mashup
session.

[0063] The existing mashup session is determined (403).
For example, the existing mashup session is determined
based on an identifier in the request.

[0064] Data generated by the mashup is determined based
on the state information (507). The execution device has
never accessed a view of the data, so a mashup session man-
ager can determine data that was generated by the mashup
since the mashup was created.

[0065]
(509).

The data is delivered to the execution environment
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[0066] FIG. 6 is an example conceptual diagram of a net-
work for delivering data generated by mashup applications to
participant execution environments. A mobile phone 605, a
laptop computer 609, and a desktop computer 607 are con-
nected to a mashup session manager 601 through a network
603. The mobile phone 605, the laptop computer 609, and the
desktop computer 607 represent user devices registered with
the mashup session manager 601. Although not shown, other
user devices such as PDAs and portable music players can be
connected to the mashup session manager 601 through the
network 603.

[0067] The mashup session manager 601 is connected to
various services 611 through the network 603. The services
can comprise data sources and functionality. In this example,
the services 611 comprise a restaurant locator 613, a weather
service 615, a map application 617, and a traffic application
619. Other examples of services include business directories,
movie listings, calendar applications, etc. In this example, the
services 611 are hosted on third-party servers (not shown). In
other examples, some (or all) of the services 611 can be
hosted on the mashup session manager 601.

[0068] The mashup session manager 601 receives requests
to create mashup applications from the mobile phone 605, the
laptop computer 609, and the desktop computer 607, and
creates the mashup applications based on selected services.
The mashup session manager 601 associates participant
execution environments and a mashup application with a
mashup session. The mashup session manager retrieves data
from the mashup application based on parameters indicated
by the participant execution environments, updates state
information of the mashup session to reflect the data, and
distributes the data the participant execution environments in
accordance with the state information. For example, the
mashup session manager 601 can receive a request for creat-
ing a mashup application for responding to natural disasters
from the desktop computer 607. The mashup session manager
601 can determine that the weather service 615, the map
application 617, and the traffic application 619 constitute
services specified for the mashup. The mashup session man-
ager 601 can also determine that the laptop computer 609, the
mobile phone 605, and the desktop computer 607 have been
selected as participant execution devices associated with a
mashup session. The mashup session manager 601 can
retrieve weather information from the weather service 615.
When a natural disaster hits, the mashup session manager 601
can utilize information reported by the weather service 615 to
create a map, using the map application 617, of the natural
disaster’s location and impose the locations of the partici-
pants on the map. The mashup session manager can integrate
traffic information from the traffic application 619 with the
map to determine routes for each participant. The mashup
session manager 601 compiles the data generated by the
mashup application comprising the natural disaster informa-
tion from the weather service 615, the map and traffic infor-
mation and updates state information of the mashup session
based on the data and distributes the data to the mobile phone
605, the laptop computer 609, and the desktop computer 607
so that the participants associated with the mobile phone 605,
the laptop computer 609, and the desktop computer 607 can
respond to the natural disaster.

[0069] Although examples refer to a stand-alone mashup
session manager, embodiments are not so limited. For
example, functionality of the mashup session manager can be
implemented on a participant execution environment.

Dec. 26, 2013

[0070] A distributed mashup can be created to dispatch
appropriate emergency response personnel to an emergency.
Services such as a map application, a traffic application, and
an emergency database, can be added to the distributed
mashup. Emergency responders can be selected participate in
the mashup based on identification of the emergency respond-
ers’ execution environments (e.g., laptop computer in
response vehicles, mobile phones, navigation units in the
response vehicles, etc.). FIG. 7 depicts a flowchart of example
operations for dispatching an appropriate emergency
responder using a distributed mashup. An emergency call is
received (block 701). For example, an emergency is reported
to a 911 dispatch center. A 911 operator can input information
about the emergency (e.g., location, type, etc.) into an emer-
gency database.

[0071] A mashup session manager can detect that a new
emergency has been added to the emergency database and
determine the location of the emergency and type of emer-
gency (block 703) based on information in the emergency
database.

[0072] Emergency responders to respond to the emergency
are determined based on the type (block 705). For example,
firefighters should respond to a fire emergency. As another
example, police officers and emergency medical technicians
should respond to a car accident.

[0073] Locations of the emergency responders are deter-
mined (block 707). For example, the mashup session manager
queries the emergency responders’ devices to determine GPS
coordinates of the emergency responders.

[0074] A map application can be utilized to determine dis-
tances between the locations of the emergency responders
and the location of the emergency (block 709).

[0075] A traffic application can be utilized to estimate
travel times for the emergency responders and determine best
routes (711). For example, traffic information can be imposed
on the map so that the map application can determine the best
routes.

[0076] An appropriate emergency responder is chosen
based on the shortest distances and travel times (block 713).
Availability of the emergency responders can also be used to
determine the appropriate emergency responder. For
example, an emergency responder who has already been dis-
patched to a previous emergency is not chosen as the appro-
priate emergency responder.

[0077] The output of the mashup is stored (block 715). In
this example, the output comprises the type and location of
the emergency and the best route.

[0078] The output is sent to the appropriate emergency
responder (block 771) to dispatch the emergency responder.
Although the output is sent to the appropriate emergency
responder, the output can be distributed to other emergency
responders because the appropriate emergency responder
may need backup or may not be able to respond due to
external factors (e.g., an increase in traffic along the best
route).

[0079] Embodiments are not limited to the example flow-
charts depicted in the above figures. Embodiments can per-
form additional operations, fewer operations, operations in
parallel, etc. For instance, referring to FI1G. 2, operations for
creating a mashup based on the participant execution envi-
ronments and retrieving data from the mashup application can
be performed in parallel. Referring to FIG. 5, the operations
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for determining existing services of the mashup application
and determining other participant execution environments
can be performed in parallel.

[0080] As will be appreciated by one skilled in the art,
aspects of the present inventive subject matter may be embod-
ied as a system, method or computer program product.
Accordingly, aspects of the present inventive subject matter
may take the form of an entirely hardware embodiment, an
entirely software embodiment (including firmware, resident
software, micro-code, etc.) or an embodiment combining
software and hardware aspects that may all generally be
referred to herein as a “circuit,” “module” or “system.” Fur-
thermore, aspects of the present inventive subject matter may
take the form of a computer program product embodied in one
or more computer readable medium(s) having computer read-
able program code embodied thereon.

[0081] Any combination of one or more computer readable
medium(s) may be utilized. The computer readable medium
may be a computer readable signal medium or a computer
readable storage medium. A computer readable storage
medium may be, for example, but not limited to, an elec-
tronic, magnetic, optical, electromagnetic, infrared, or semi-
conductor system, apparatus, or device, or any suitable com-
bination of the foregoing. More specific examples (a non-
exhaustive list) of the computer readable storage medium
would include the following: a portable computer diskette, a
hard disk, a random access memory (RAM), a read-only
memory (ROM), an erasable programmable read-only
memory (EPROM or Flash memory), an optical fiber, a por-
table compact disc read-only memory (CD-ROM), an optical
storage device, a magnetic storage device, or any suitable
combination of the foregoing. In the context of this document,
a computer readable storage medium may be any tangible
medium that can contain, or store a program for use by or in
connection with an instruction execution system, apparatus,
or device.

[0082] A computer readable signal medium may include a
propagated data signal with computer readable program code
embodied therein, for example, in baseband or as part of a
carrier wave. Such a propagated signal may take any of a
variety of forms, including, but not limited to, electro-mag-
netic, optical, or any suitable combination thereof. A com-
puter readable signal medium may be any computer readable
medium that is not a computer readable storage medium and
that can communicate, propagate, or transport a program for
use by or in connection with an instruction execution system,
apparatus, or device.

[0083] Program code embodied on a computer readable
medium may be transmitted using any appropriate medium,
including but not limited to wireless, wireline, optical fiber
cable, RF, etc., or any suitable combination of the foregoing.
[0084] Computer program code for carrying out operations
for aspects of the present inventive subject matter may be
written in any combination of one or more programming
languages, including an object oriented programming lan-
guage such as Java, Smalltalk, C++ or the like and conven-
tional procedural programming languages, such as the “C”
programming language or similar programming languages.
The program code may execute entirely on the user’s com-
puter, partly on the user’s computer, as a stand-alone software
package, partly on the user’s computer and partly on a remote
computer or entirely on the remote computer or server. In the
latter scenario, the remote computer may be connected to the
user’s computer through any type of network, including a
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local area network (LAN) or a wide area network (WAN), or
the connection may be made to an external computer (for
example, through the Internet using an Internet Service Pro-
vider).

[0085] Aspects of the present inventive subject matter are
described with reference to flowchart illustrations and/or
block diagrams of methods, apparatus (systems) and com-
puter program products according to embodiments of the
inventive subject matter. It will be understood that each block
of'the flowchart illustrations and/or block diagrams, and com-
binations of blocks in the flowchart illustrations and/or block
diagrams, can be implemented by computer program instruc-
tions. These computer program instructions may be provided
to a processor of a general purpose computer, special purpose
computer, or other programmable data processing apparatus
to produce a machine, such that the instructions, which
execute via the processor of the computer or other program-
mable data processing apparatus, create means for imple-
menting the functions/acts specified in the flowchart and/or
block diagram block or blocks.

[0086] These computer program instructions may also be
stored in a computer readable medium that can direct a com-
puter, other programmable data processing apparatus, or
other devices to function in a particular manner, such that the
instructions stored in the computer readable medium produce
an article of manufacture including instructions which imple-
ment the function/act specified in the flowchart and/or block
diagram block or blocks.

[0087] The computer program instructions may also be
loaded onto a computer, other programmable data processing
apparatus, or other devices to cause a series of operational
steps to be performed on the computer, other programmable
apparatus or other devices to produce a computer imple-
mented process such that the instructions which execute on
the computer or other programmable apparatus provide pro-
cesses for implementing the functions/acts specified in the
flowchart and/or block diagram block or blocks.

[0088] FIG. 8 depicts an example computer system. The
computer system can act as a mashup session manager. A
computer system includes a processor unit 801 (possibly
including multiple processors, multiple cores, multiple
nodes, and/or implementing multi-threading, etc.). The com-
puter system includes memory 807. The memory 807 may be
system memory (e.g., one or more of cache, SRAM, DRAM,
zero capacitor RAM, Twin Transistor RAM, eDRAM, EDO
RAM, DDR RAM, EEPROM, NRAM, RRAM, SONOS,
PRAM, etc.) or any one or more of the above already
described possible realizations of machine-readable media.
The computer system also includes a bus 803 (e.g., PCI bus,
ISA bus, PCI-Express bus, HyperTransport® bus, Infini-
Band® bus, NuBus bus, etc.), a network interface 805 (e.g.,
an ATM interface, an Ethernet interface, a Frame Relay inter-
face, SONET interface, wireless interface, etc.), and a storage
device(s) 809 (e.g., optical storage, magnetic storage, etc.).
The computer system also includes a mashup session man-
ager 821. The mashup session manager 821 can determine
participant execution environments associated with a mashup
application and establish a mashup session based on the
mashup application and the participant execution environ-
ments. The mashup session manger 821 can also create a
mashup session structure to main state of the mashup session
and ensure consistent, current views of the mashup session.
The mashup session manager 821 can deliver data generated
by the mashup application to the participant execution envi-
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ronments in accordance with the state information to ensure
presentation consistency across the participant execution
environments. Any one of these functionalities may be par-
tially (or entirely) implemented in hardware and/or on the
processing unit 801. For example, the functionality may be
implemented with an application specific integrated circuit,
in logic implemented in the processing unit 801, in a co-
processor on a peripheral device or card, etc. Further, realiza-
tions may include fewer or additional components not illus-
trated in FIG. 8 (e.g., video cards, audio cards, additional
network interfaces, peripheral devices, etc.). The processor
unit 801, the storage device(s) 809, and the network interface
805 are coupled to the bus 803. Although illustrated as being
coupledto the bus 803, the memory 807 may be coupled to the
processor unit 801.

[0089] As stated earlier, participants of a mashup session
can modify the mashup. Although a consistent view can be
maintained across participant devices, participants may
choose to modify the mashup for their own purposes without
synchronizing the changes to the other participant devices.
Hence, the various participants can asynchronously interact
with the mashup in the mashup session. Although the inter-
actions would be asynchronous and the views vary, the
mashup session manager maintains a global perspective of
the mashup session. Thus, participants can asynchronously
collaborate with the mashup, and be aware of other partici-
pant’s interactions with the mashup without necessarily being
confined to a uniform, global view of the mashup session.

[0090] FIG. 10 depicts an example conceptual diagram of
asynchronous collaboration with a mashup session shared
across different execution environments. FIG. 10 illustrates a
computer 1001, a smartphone 1005, and a mashup session
manager 1003. For this illustration, the mashup session man-
ager resides on an intermediate device, for example on a
server.

[0091] The computer 1001 creates a mashup application
1007. As depicted in FIG. 10, creation of the mashup appli-
cation can involve selecting from a catalog of mashup appli-
cations, and possibly modifying a selected mashup applica-
tion. The mashup application 1007 can also be created with a
tool that generates code based on services and functionality
selected by a user. In FIG. 10, the computer 1001 creates the
mashup 1007 to use a service A and a service B. The created
mashup is indicated to the mashup session manager 1003,
where mashup code 1009 is created. Embodiments can create
the mashup code at the mashup session manager 1001 with
data sent from the creating computer 1001 that indicates the
services and functionality. Embodiments can also send the
mashup code 1007 to the mashup session manager 1003.
Embodiments can also create the mashup 1007 at the mashup
session manager 1003, instead of at the computer 1001. For
instance, the indications of services and functionality can be
performed with a user interface at the computer 1001, while
the generation of the mashup application code is done at the
mashup session manager in response to the indications with
the user interface. Embodiments can also generate different
degrees of the mashup application code in the difference
environments. For example, the mashup session manager can
distribute mashup application code that comprises Perl script,
DHTML code, and XSQL code. In another example, the
mashup session manager can distribute mashup application
code that indicates services (e.g., links, names of the data
services, etc.), and how the services are wired together or how
the services should be wired together. The execution environ-
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ments can add additional code for presentation functionality
(e.g., user interface components), additional code that oper-
ates upon data from the services, additional code that filters
results from the services, additional code that manipulates
input to be submitted to the services, additional code that
implements the wiring, etc.

[0092] As discussed earlier, creating the mashup session
involves adding participants. In accordance with information
provided by the computer 1001, the mashup session manager
1003 establishes a connection with the smartphone 1005.
Adding the smartphone 1005 as a participant device can
comprise any one of sending the mashup code 1009 to the
smartphone 1005, communicating a reference (e.g., network
location) of the mashup code 1009 to the smartphone 1005,
creating a connection for the computer 1001 to communicate
the mashup code 1007 to the smartphone 1005, etc. After
obtaining sufficient information, the mashup session manager
1003 instantiates the mashup session based upon the mashup
code 1009.

[0093] After joining the mashup session, the smartphone
1005 modifies the mashup code 1009. The smartphone 1005
removes service B, and adds a service C and a service D,
resulting in a mashup code 1011. The smartphone 1005 com-
municates the modification to the mashup session manager
1003. The mashup session manager 1003 updates the mashup
session data accordingly. For instance, the mashup session
manager can instantiate a mashup session structure or modify
a data structure entry for the participant device 1005 that
indicates the mashup code 1011, or at least the modifications.
In FIG. 10, the mashup session manager 1003 modifies the
mashup code 1009 to use services C, D, which were added by
the smartphone 1005.

[0094] The mashup session manager 1003 then notifies the
computer 1001 of the modifications made at the smartphone
1005. Although the computer’s view can be synchronized
with the view of the mashup session at the smartphone 1005,
the computer 1001 opts to receive notifications of results
and/or interactions of other participants (or a particular par-
ticipant) instead of synchronizing the view of the mashup
session. To illustrate, a first user creates a mashup to map
restaurant locations within a threshold distance of all partici-
pants. So, the mashup utilizes a map service, a restaurant
listing service, and global positioning services of the partici-
pants’ devices. One of the participants may not care about the
cuisine, but wants to find a ticket vendor near all participants.
This participant modifies the mashup at his/her device to use
amap service, the GPS services, and a ticket vendor directory.
A third participant may not want to view the map, perhaps to
conserve power, and only wishes to see reviews of restaurants
returned to the query of the first participant. The mashup
session manager can maintain data and code that provides
results, or is aware of the results, that map restaurants for the
first participant, and that map ticket vendors for the second
participant. The mashup session manager can receive interact
with the device of the third participant to retrieve restaurant
reviews for the third participant for only those restaurants in
the result provided to the first participant.

[0095] Although FIG. 10 depicts the mashup session man-
ager modifying the mashup 1009 to reflect additions made by
the participant device 1005, embodiments are not so limited.
Embodiments can maintain each different mashup code for
the different participant devices. For example, participant A
uses services A and B; participant B uses services A, B, and C;
and participants C and D use services A, B, and E. The
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mashup session manager can maintain separate mashup code
for participants A, B, and a single mashup code for partici-
pants C and D. In addition to the separate mashup codes, the
mashup session manager can also maintain a unifying
mashup code that utilizes all of the services. The mashup
session manager maintains data and code that allows views of
the mashup session to be consistent across participant
devices, if desired. And the mashup session manager can
notify a first participants of results received/used by a second
participant, without homogenizing the views of the mashup
session. Embodiments can also allow a participant device to
present at least a few if not all of the different views of the
mashup session. Using the above illustration, a first partici-
pant device can display a first map of restaurants, a second
map of ticket vendors, and a listing of the restaurant reviews
of'the mapped restaurants. Thus, the shared mashup session is
flexible enough to allow collaboration of participants across
devices in a mashup session with or without synchronization
of views.
[0096] Furthermore, embodiments are not limited to ser-
vices provided from websites on the Internet. As discussed
above, a mashup can utilize a service of participant devices,
such as the global positioning data provided by each device.
Mashups can utilize services provided at the server hosting
the mashup session manager, services provided by an intra-
net, etc.
[0097] While the embodiments are described with refer-
ence to various implementations and exploitations, it will be
understood that these embodiments are illustrative and that
the scope of the inventive subject matter is not limited to
them. In general, techniques for distributing mashups across
execution environments as described herein may be imple-
mented with facilities consistent with any hardware system or
hardware systems. Many variations, modifications, additions,
and improvements are possible.
[0098] Plural instances may be provided for components,
operations, or structures described herein as a single instance.
Finally, boundaries between various components, operations
and data stores are somewhat arbitrary, and particular opera-
tions are illustrated in the context of specific illustrative con-
figurations. Other allocations of functionality are envisioned
and may fall within the scope of the inventive subject matter.
In general, structures and functionality presented as separate
components in the exemplary configurations may be imple-
mented as a combined structure or component. Similarly,
structures and functionality presented as a single component
may be implemented as separate components. These and
other variations, modifications, additions, and improvements
may fall within the scope of the inventive subject matter.
What is claimed is:
1. A method comprising:
generating a mashup session identifier for a mashup ses-
sionbased, at least in part on a mashup that uses a first set
of services to generate results in response to requests
submitted to the mashup;
associating a plurality of participant devices with the
mashup session identifier;
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establishing connections with the plurality of participant

devices;

determining that a first of the plurality of participant

devices modifies the mashup either to add a service for
the mashup to use in conjunction with the first set of
services for generating results in response to requests
submitted to the modified mashup or to remove one of
the first set of services; and

maintaining state data for the mashup session that repre-

sent at least a first current result generated by the mashup
from use of the first set of services and that represent at
least a second current result generated by the mashup as
modified.

2. The method of claim 1 further comprising at least one of
synchronizing views of the mashup session across the plural-
ity of devices to indicate the first current result and the second
current result, notifying the first participant device of the at
least first current result, presenting separate views of the
mashup session that reflect the first current result and the
second current result at a second participant device.

3. An apparatus for presenting a multi-user mashup session
across execution environments, the apparatus comprising:

a processor; and

a computer readable storage medium having computer

readable program code executable by the processor to
cause the apparatus to,

generate a mashup session identifier for a mashup session

based, at least in part on a mashup that uses a first set of
services to generate results in response to requests sub-
mitted to the mashup;

associate a plurality of participant devices with the mashup

session identifier;

establish connections with the plurality of participant

devices;

determine that a first of the plurality of participant devices

modifies the mashup either to add a service for the
mashup to use in conjunction with the first set of services
for generating results in response to requests submitted
to the modified mashup or to remove one of the first set
of services; and

maintain state data for the mashup session that represent at

least a first current result generated by the mashup from
use of the first set of services and that represent at least
a second current result generated by the mashup as
modified.

4. The apparatus of claim 3, wherein the computer readable
storage medium further comprises computer usable program
code executable by the processor to cause the apparatus to, at
least one of, synchronize views of the mashup session across
the plurality of devices to indicate the first current result and
the second current result, notify the first participant device of
the at least first current result, present separate views of the
mashup session that reflect the first current result and the
second current result at a second participant device.
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