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SERVER-SIDE CACHING FOR WEB USER INTERFACES

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This applications claims the benefit of priority of the Indian Patent
Application No. 2346/DEL/2015 filed on July 30, 2015, the entire contents of

which are incorporated herein by reference.

BACKGROUND

[0002] Many enterprise software applications are designed as web-based
applications (“web applications™) so that they can be accessed from anywhere
and/or using almost any processing device that can run a web browser. A web
application comprises client-side components and server-side components that
communicate with each other using protocols including the HTTP protocol.
Client-side components of a web application are typically responsible for handling
the user interface by presenting (e.g., displaying) information to the user through a
user interface on the user’s access device; receiving user input, etc. Server-side
components are responsible for tasks including either itself generating or obtaining
information from data sources to be presented to the user in accordance with
received inputs.

[0003] As the complexity of underlying web applications grow, the volume of
data transmitted to the client-side components from the server-side components
increases. Moreover, as the number of users and/or the frequency with which the
application are accessed increases, the processing load on the servers may
increase. Increases in the volume of data transmitted from servers to client

devices, server delays due, for example, to processing load and/or latencies
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associated with network access to remote data sources, may often result in users of
web applications having to endure long response times.

[0004] Various techniques including caching of rendered data so that the same
data can be quickly displayed the next time the user interface is brought up, are
used to improve the user experience and/or the performance of the user interface.
Further improvements to these technologies are desirable to enhance web

applications by improving both the accuracy and the performance of dashboards.

COPYRIGHT NOTICE
[0005] A portion of the disclosure of this patent document contains material
which is subject to copyright protection. The copyright owner has no objection to
the facsimile reproduction by anyone of the patent document or the patent
disclosure, as it appears in the Patent and Trademark Office patent file or records,

but otherwise reserves all copyrights whatsoever.

SUMMARY

[0006] An example embodiment provides a system comprising a server device
including a cache, and a client device. The cache 1s configured to store, for each
of a plurality of users, data for a plurality of widgets that are displayable on a user
interface provided by a web application on the client-device. The server device is
configured to: responsive to the user interface being launched on the client device,
initiate a refresh of the cache for one or more of the plurality of widgets; and
transmit, to the client device, a first set of data obtained from the cache for one or
more of the widgets before the cache is updated in response to the initiated refresh,
followed by a second set of data obtained from the cache for at least some of the
one or more widgets after the cache 1s updated in response to the initiated refresh.

The client device is configured to receive a request to display a user interface

2



WO 2017/019831 PCT/US2016/044393

provided by a web application, the user interface being configured to have a
plurality of widgets arranged thereon; receive, in response to a first data request
transmitted to the server device after receiving the request to display the user
interface, the first set of data; receiving, in response to a second data request
transmitted to the server device after the first data request, the second set of data;
and displaying the user interface on the display device using the second set of
data, wherein the displaying includes overwriting, for one or more of the widgets,
information previously displayed using the first set of data.

[0007] The client device may be configured to perform further operations
comprising repeatedly transmitting data requests for at least one of the widgets for
which last returned data is from the cache before the cache is updated for the at
least one widget.

[0008] The initiating a refresh of the cache may comprise asynchronously
performing the refresh.

[0009] The server device may be configured to perform further operations
including: in response to receiving a data request from the client, determining
whether a number of repeated data requests exceeds a configured threshold; when
the repeated data requests exceeds the threshold, directly access a data source to
obtain data; and return obtained data to the client device.

[0010] The user interface may include a dashboard having a plurality of widgets
arranged thereon.

[0011] The client device may be configured to transmit each data request with
an included indication of a retry number, and the server device may be configured
to perform different actions for respective values of the retry numbers associated
with each data request.

[0012] The server device may be configured to perform further operations

including: when initiating the refresh, setting at least one flag indicating a status of
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data for a widget in the cache; in response to receiving a data request having a
retry number corresponding to a predetermined retry number, (1) if the at least one
flag is not set, initiate a refresh of the cache and set the at least one flag; and (2) if
the at least one flag is set, return data from the cache to the client device.

[0013] The server device may be further configured to initiate an asynchronous
refresh of the cache in response to receiving a data request with a first retry
number, and to initiate a synchronous update of the cache in response to receiving
a data request with a second retry number, the first and second retry numbers
being different.

[0014] The client device may be configured to perform further operations
including: monitoring cache expiration times for a plurality of widgets arranged on
the user interface; based upon the monitoring, determining an expiration of cached
data for a first one of the widgets; and causing a refresh of data in the cache for the
first one of the widgets.

[0015] The server device may be configured to perform further operations:
storing a respective update timer for each of a plurality of widgets; monitoring the
update timers; and when an update of a widget comes due, requesting an update.
[0016] Another embodiment provides a server device comprising a memory
configured for a cache. The server device is configured to perform operations
comprising: configuring the cache to store, for each of a plurality of users, data
for a plurality of widgets that are displayable on a user interface provided by a
web application; responsive to the user interface being launched on a client device,
initiating a refresh of the cache for one or more of the plurality of widgets; and
transmitting, to the client device, a first set of data obtained from the cache for one
or more of the widgets before the cache is updated in response to the initiated

refresh, followed by a second set of data obtained from the cache for at least some
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of the one or more widgets after the cache is updated in response to the initiated
refresh.

[0017] Another embodiment provides a client device comprising a display
device, a network communication interface configured to communicate with a
server device. The server device is configured to perform operations comprising:
receiving a request to display a user interface of a web application, the user
interface being configured to have a plurality of widgets arranged thereon;
receiving, in response to a first data request transmitted to the server device after
receiving the request to display the user interface, a first set of data; receiving, in
response to a second data request transmitted to the server device after the first
data request, a second set of data; and displaying the user interface on the display
device using the second set of data, wherein the displaying includes overwriting,
for one or more of the widgets, information previously displayed using the first set
of data. The first set of data may be obtained from a cache for one or more of the
widgets before the cache is updated by a refresh of the cache initiated in response
to the user interface being launched on the client device, and wherein the second
set of data may be obtained from the cache after the cache is updated by the
initiated refresh.

[0018] Another example embodiment provides a method comprising:
configuring a cache to store in a memory of a computer, for each of a plurality of
users, data for a plurality of widgets that are displayable on a user interface
provided by a web application; responsive to the user interface being launched on
a client device, initiating a refresh of the cache for one or more of the plurality of
widgets; and transmitting, to the client device, a first set of data obtained from the
cache for one or more of the widgets before the cache is updated in response to the

initiated refresh, followed by a second set of data obtained from the cache for at
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least some of the one or more widgets after the cache is updated in response to the
initiated refresh.
[0019] Another embodiment provides a non-transitory computer readable
storage medium storing instructions of a web application, which, when executed
by a computer, causes the computer to perform operations. The operations
comprise: configuring a cache in the memory of the computer to store, for each of
a plurality of users, data for a plurality of widgets that are displayable on a user
interface provided by the web application; responsive to the user interface being
launched on a client device, initiating a refresh of the cache for one or more of the
plurality of widgets; and transmitting, to the client device, a first set of data
obtained from the cache for one or more of the widgets before the cache 1s updated
in response to the initiated refresh, followed by a second set of data obtained from
the cache for at least some of the one or more widgets after the cache 1s updated in
response to the initiated refresh.
[0020]  Another example embodiment provides a non-transitory computer
readable storage medium storing instructions of a web application which, when
executed by a computer, causes the computer to perform operations comprising:
receiving a request to display a user interface of the web application, the
user interface being configured to have a plurality of widgets arranged thereon;
receiving, in response to a first data request transmitted to the server device after
receiving the request to display the user interface, a first set of data; receiving, in
response to a second data request transmitted to the server device after the first
data request, a second set of data; and displaying the user interface on the display
device using the second set of data, wherein the displaying includes overwriting,
for one or more of the widgets, information previously displayed using the first set
of data. The first set of data may be obtained from a cache before the cache is

updated for one or more of the widgets by a refresh of the cache initiated in
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response to the user interface being launched on the client device, and wherein the
second set of data is obtained from the cache after the cache 1s updated by the
initiated refresh.

[0021] This Summary is provided to introduce a selection of concepts in a
simplified form that are further described below in the Detailed Description. This
Summary is intended neither to identify key features or essential features of the
claimed subject matter, nor to be used to limit the scope of the claimed subject
matter; rather, this Summary is intended to provide an overview of the subject
matter described in this document. Accordingly, it will be appreciated that the
above-described features are merely examples, and that other features, aspects,
and advantages of the subject matter described herein will become apparent from

the following Detailed Description, Figures, and Claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] FIG. 1 illustrates a dashboard of the exemplary web-based application
according to some embodiments;

[0023] FIG. 2 illustrates an example computing environment in which a client
system and a server system communicate with each other over a network to enable
a user to use a web application, such as, for example, the application in FIG. 1.
[0024] FIG. 3 (3A and 3B) illustrates a flowchart of a process for rendering
information using a server-side cache, according to some embodiments;

[0025] FIG. 4 illustrates a flowchart of process for refreshing the server-side
cache according to some embodiments;

[0026] FIG. 5 illustrates a part of an example XML configuration file that can
be used for configuring a displayed user interface such as a dashboard, according

to some embodiments;
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[0027] FIG. 6 illustrates an XML file for an example user interface layout
configuration according to some embodiments;

[0028] FIG. 7 illustrates an example database schema that can be used for
implementing the server-side cache, according to some embodiments;

[0029] FIG. 8 schematically illustrates a part of an example framework of
software elements that may be used in some embodiments;

[0030] FIG. 9 illustrates an example of the interface class according to some
embodiments; and

[0031] FIG. 10 shows an example block diagram of a hardware architecture for

the system shown in FIG. 2 according to some embodiments.

DETAILED DESCRIPTION

[0032] The embodiments described herein relate to rendering a client-side user
interface, such as, for example, display of a web page, using a server-side cache
for providing the displayed data. Some example embodiments relate to an
investor relations web application (“IR application”), but embodiments are not
limited thereto. The use of a server-side cache in accordance with embodiments
can significantly improve the performance and the scalability of web applications
in comparison to conventional techniques for web page rendering. The
performance improvements become even more significant when rendering
includes concurrently updating the display with information received from
multiple data sources.

[0033] Example embodiments provide for refreshing a server-side cache
asynchronously in the background, and rendering the client-side user interface
using cached information. Refreshing the cache, as used herein, refers to updating
the cache by retrieving data from a corresponding data source and either newly

storing the retrieved data in the cache or replacing current corresponding data in
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the cache with the newly retrieved data. Upon receiving a request from the client,
the server may return already cached data, even if such data may not be up to date,
while the cache is being asynchronously refreshed in the background. By this, the
client’s display can be speedily updated with at least some data which is likely to
be relevant to the user, although not necessarily the most up to date.
Subsequently, typically within a short time interval after the initial display, the
display is updated with up to date information when the cache is refreshed. The
ability to quickly (e.g., almost immediately) have at least some relevant
information displayed upon the launching of a certain application can be
particularly useful for frequent users of dashboard type user interfaces. Since it
may not be essential that some types of information on a dashboard is fully up to
date all the time, users who navigate to and away from a dashboard very
frequently may find it preferable that some relevant information is displayed
within a short response time to be subsequently updated with most current
information.

[0034] A dashboard, as used herein, is a type of user interface that is used for
effectively presenting information to a user, e.g., it organizes and presents
information in a way that is easy to read. A dashboard may include several
subcomponents, with each subcomponent being used to display pieces of
information that are respectively different and/or are obtained from different data
sources. FIG. 1 illustrates a dashboard 100 of the exemplary IR application
according to some embodiments. Dashboard 100 displays, on one page, multiple
types of information from different data sources, that an investment advisor may
find useful while consulting with a potential investor. The dashboard 100 is
content intensive and aggregates content from many sources.

[0035] Dashboard 100 includes components 102-110 each of which may be a

widget configured to receive and display information that are from different
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sources. A widget, as the term is used herein, is an application, or a component of
an interface, that enables a user to perform a function or access a service. At least
some of widgets 102-110 may be designed to, after being initially displayed on the
user’s screen, to continually have its content updated while they remains visible on
the user’s screen.

[0036] Widget 102 may be configured to receive and display information
related to financial performance of peers of a particular investor. This may
provide, for each investment position, pricing, quantity, and change in value
information. Some of the information may be updated at the data source
continuously or near real-time (e.g., pricing, volumes etc.). Indications as to
whether additional information such as research reports, estimates and the like are
available for each peer may also be provided, and may either be updated
dynamically or periodically. Widget 104 may display more detailed information
about a particular investment position. For example, as shown, a real-time or near
real-time chart of the value of a selected investment from 102 may be shown in
widget 104. Widget 106 may display information regarding contacts related to the
particular investor. Widget 108 may display highlights relevant to the particular
investor. Widget 110 may present a summary of feedback.

[0037] At least some of the widgets 102-110 rely on data obtained from external
sources, and some widgets may present information derived from information
received from internal sources. For example, investment position prices etc., may
be received from a first external subscription service, whereas updates regarding
estimates, research reports etc. may be obtained from a second subscription
service. Updates regarding messages, investment highlights etc., may be obtained
from the enterprise’s (i.e., the enterprise deploying the web application for its
users) own servers. Embodiments operate to alleviate the performance and

scalability issues that can be caused due to the different types (e.g., different
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formats, sizes, etc.), different update requirements (e.g., continuous or near
continuous updates, interval updates, scheduled updates, etc.), and/or the different
sources (e.g., local sources, external sources with different network access
latencies) from which the widgets obtain the data for display.

[0038] Thus, dashboard 100 may simultaneously display these multiple widgets
that receive their information from different sources so that a summary of the
relevant information can be presented to the user. Dashboard 100 may be
rendered on the display of a user device as the “landing page” when a user
launches the example IR application. For some applications, such as the example
IR application, rather than wait for all updated information to be rendered and
incurring long response times, a user may find it preferable to quickly have some
relevant information with which he/or she can begin using the application initially
displayed, while up to date information is obtained after a short delay.

[0039] FIG. 2 illustrates an example computing environment 200 in which a
client system 202 and a server system 204 communicate with each other over a
network 208 to enable the use of a web application, such as, for example, the IR
application noted above. It should be appreciated that the network 208 can
comprise a network of interconnected computing devices, such as the Internet.
The network 208 can also comprise a local area network (LAN) and/or include a
peer-to-peer connection between the client system 202 and the server system 204.
[0040] The web application includes a client-side web application component
(“client-side application™) 210 that is executed on the client system 202 and a
server-side web application component (“server-side application™) 212 that is
executed on the server system 204. The client-side application 210 may be
executed within a user interface application 214 such as, for example, a browser
214. The server-side application 212 may be executed by a web server 216 and/or

application server 218 of server system 204. Web server 216 performs
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functionality such as implementing the HT TP protocol and communicating with
the web browser 214 (described in further detail below) in the client system 210
via HTTP. Data items relating to the web application, such as, for example,
configuration and/or performance data, user access, etc., may be stored in a
database 220 of the server system 204. Application server 218 can, for example,
execute server-side (or “backend”) application services. In performing the web
application, the web server 216 and/or the application server 218 may access one
or more external data sources 222 over network 208 in order to obtain information.
[0041] The server-side application 212 may make use of a cache 224 and a job
process 226 to cache information, such as information obtained from data sources
222 and/or information generated in the server system 204, and to provide
information from the cache 224 to the client system 202. The server-side
application 212 may make use of a queue 225 so that job process 226 can
asynchronously refresh the cache 224 upon request by the server-side application.
The client system 202 may, for example, provide the information received from
the server-side application 212 to the user via a dashboard 228 or other web page.
[0042] The client system 202 can include software components for performing
processing related to applications defined according to the multiple single page
application (SPA) or other architecture. As a non-limiting example, the client
system 202 may have a web browser application 214 consisting of, at least, a
rendering module, a networking module and a JavaScript® module (not shown
separately). The rendering module can implement functionality for the graphical
display and rendering of web pages. It can, for example, generate graphical data
that corresponds to the HTML and/or DOM that defines a web page processed by
the web browser 214; this graphical data can, potentially after further
modification/transformation by the operating system of the client system 202, be

displayed on a display of the client system 202. Alternatively or additionally,
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whenever it 1s described in this document that the client system 202
renders/displays a web page, the rendering/displaying module may perform
functionality related to the rendering/display of the web page. The networking
module can implement the HTTP protocol, and be used to handle various HTTP
messages between the client system 202 and the web server 216 in the server
system 204. Alternatively or additionally, whenever it is described in this
document that the client system 202 communicates using HTTP, the networking
module may handle the HTTP aspects of such communications. The JavaScript
module can be used to execute JavaScript scripts, manipulate JavaScript objects,
modify the DOMs of web pages loaded at the web browser application 211, and
perform other functionality related to JavaScript. The JavaScript module may be,
for example, a JavaScript engine, a JavaScript virtual machine, a JavaScript
runtime, or any other type of software module capable of executing JavaScript
instructions. Alternatively or additionally, whenever it is described in this
document that the client system 202 performs functionality related to JavaScript,
such functionality may be handled by the JavaScript module.

[0001] FIG. 3 illustrates a flowchart of a process 300 for rendering a client user
interface information using a server-side cache (e.g., cache 224), according to
some embodiments. The flowchart illustrates interactions between a client-side
application 302, such as, a web application including a dashboard 100, and server-
side application 304, such as, a portion of the web application that includes server-
side caching of widgets of dashboard 100. In the description below, the messages
exchanged between the client side application 302, which, at least in some
embodiments execute inside (in the context of) a web browser, and the server-side
application 304 include messages in accordance with the HTTP protocol.

[0043] Process 300 may be entered when the user launches the web application

and/or arrives at a particular web page. For example, when the user launches the
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example IR application, process 300 may be entered into and the displaying of
dashboard 100 as the “landing page” may be started. Client-side application
module(s) 210 may be downloaded to the user device from the server system 204.
An Angular]JS® module may be used to help load the dashboard Angular]S app
based on components defined in dashboard configuration files (e.g. FIGs. 5 and 6).
The server may be notified of the launching of the dashboard (or launching of a
web application which has the dashboard as the landing page) by a model-view-
controller (MVC) action from the client (e.g., page load HTTP request) at
operation 312. In response, the server may initiate several actions 314. The server
may, at operation 315, return client-side application modules 210 to the client-side
application so that the web application can be run.

[0044] The process of receiving an HTTP request for a web page from a client
and downloading of HTML, JavaScript, and AngularJS components to the client
for rendering the page on the client and/or to launch an application is described in
the co-pending commonly-assigned application entitled “Software Application
Framework,” US 15/219,913 and filed on July 26, 2016, which is hereby
incorporated by reference in its entirety. The downloaded client-side application
module(s) 210 may, in the context of the browser 214, begin the display of
dashboard 100. Alternatively, a process for displaying dashboard 100 may be
begun when, after having previously started the web application, the user returns
to a web page that again displays dashboard 100. Although example embodiments
are described in relation to a client browser context, the embodiments may be
utilized with any client application that communicates with a server using HTTP.
In some example embodiments, the client-side application communicates with the
server-side application using HTTP and JSON.

[0045] The server includes a cache (e.g., cache 224) for storing data for widgets
that are displayable on the dashboard. The cache may include an entry for every

14
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widget that is displayable by a particular dashboard, as specified in a configuration
file for the particular dashboard. The cache may be initially configured or created
in a memory of the server (e.g., a memory in the server system 204) when the web
application is launched, and may persist throughout the duration that the web
application (e.g., as determined, for example, by the user remaining logged in)
even when the user navigates away from the dashboard. Alternatively, even while
the web application is active, the cache may be deleted after a predetermined
period of time has passed without the user navigating back to the dashboard. As
described below in relation to FIG. 4, the cache is refreshed at intervals for
widgets that are active in the dashboard.

[0046] When the server is notified of the launching of the dashboard 100, the
server may, at operation 316, add a request to refresh the cache to a queue 306.
The server may request refresh of the data for all widgets configured for a selected
layout (e.g., as specified in a configuration file) of the dashboard.

[0047] Job process 308 periodically polls the queue 306 for the presence of
refresh requests. The job process 308 may be configured to check the queue at a
predetermined interval. In some embodiments, the refresh request queue 306 may
be a MSMQ™ (Microsoft Message Queueing) queue, and the job process 308 may
be a Windows Service™ job. The MSMQ queue may be defined as a private
queue in some embodiments when the corresponding process that monitors the
queue (e.g., the job process 308) is on the same server as the queue. However,
some embodiments may instead and/or in addition use public MSMQ queues for
refresh requests when the actual job processors (e.g., such as job processor 308)
are distributed over several physical machines in the server system. In some
embodiments the queue for refresh requests 306 is serviced according to a first in
first out manner — such that the older requests are serviced before the newer

requests. However, embodiments are not limited thereto, and other embodiments
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may implement other queue servicing techniques. For example, some queue
servicing techniques may include servicing requests for (or requests that include)
certain widgets at a higher priority than requests for other widgets. MSMQ and
Windows Service technologies can be used in embodiments to distribute the load
associated with servicing the user interfaces among any number of servers by, for
example, having a respective MSMQ and a respective job process for each server
in a server system operating as part of the backend for the IR Application. The
combination of MSMQ for queueing refresh requests and Windows Service for
job process 308 enables refreshing the cache without impacting response times
and/or increasing the load on web servers.

[0048] At operation 317, the server sets one or more flags (referred to as “stale
flag™) for each of the widgets indicating that a refresh has been initiated (and that
the cached data for the corresponding widget is considered stale). That is, for each
of the widgets for which cache refresh was requested at operation 316, at least one
stale flag is set. Each stale flag may be a bit, which is sufficient to indicate
whether the data of the corresponding widget is stale or not. In some
embodiments, however, some stale flags may at least be two bits so that three
states can be represented — a state representing that the corresponding data is
considered stale, a state representing that the corresponding data is partially
refreshed (e.g., for use when a widget includes data being refreshed from separate
data sources), and a state representing that the corresponding data is refreshed.
[0049] At operation 318, the client-side application 302 requests, using an
HTTP message, the widget data from the server-side application 304. Operation
318 may include a separate request being made for each widget, a request per
group of widgets, or one request for all widgets. In some embodiments, the client-
side AngularJS framework may load the widgets into containers based on

dashboard configuration (e.g., FIGs. 5 and 6) and request data for the widgets.
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Once the data for widgets are returned from server, the client framework has the
information with respect to where to place the rendered html for each widget. The
container may be a placeholder html element with an identifier that can be derived
from the widget identifier in response data.

[0050] The request may include parameters indicating that this is the first
request for widget data. The request may also identify widgets for which data is
requested. The first request for widget data may be made immediately after the
page 1s rendered on the client.

[0051] The server-side application 304, in response, checks the cache (e.g.,
cache 224) at operation 319. In some embodiments, the cache may be configured
to store widget data on a per user and per widget basis. For example, cache 224
may separately store data for widget A as displayed by user X, and widget A as
displayed by user Y. In some embodiments, the cache may store the data on the
basis of per user per user device and per widget basis, so that the same user can
have sessions on multiple active devices. For example, cache 224 may separately
store data for widget A as displayed on user device P by user X, and widget A as
displayed on user device Q by user X.

[0052] After, based upon the check at operation 319 to determine whether the
widget data is in the cache, any widget data found in the cache is returned to the
client-side application at operation 321. The widget data may be returned using at
HTTP response to the HTTP request received at operation 318. The data in cache
may be binary serialized, and needs to be converted to a format which the client-
side rendering technology can understand. JSON is a standard that most client
side technologies use for data transfer. So, in some example embodiments, the
binary serialized data in the cache 1s converted to its equivalent JSON format

before returning the response.
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[0053] In many, or most, situations what is returned to the server at operation
321 would include stale data because the time elapsed between when the request
to refresh is made and when the corresponding widget data is sent to the user may
not be sufficient for receiving data from many of the data sources such that the
corresponding cache can be refreshed. For example, the elapsed time may be too
short for the job process 308 to access one or more external data sources due to
network latencies etc. In some situations, one or more widgets’ data may be
refreshed within the elapsed time, while others remain stale.

[0054] In some embodiments, one or more widgets may include data from more
than one source. In such cases, stale flags may be specified for each group of
information obtained from a different source. The stale flag for the widget is set to
indicate refreshed only when the flags for all groups in that widget indicate
refreshed. When the stale flag for the widget is set (e.g., to indicate need refresh),
stale flags for each of the groups within the widget are also set.

[0055] At operation 322, the client-side application renders the dashboard using
widget data received from the server-side application. The returned data may
specify, for each widget, whether the data has been refreshed or not. In some
example embodiments, this information is passed as an additional parameter in the
response for each widget (e.g., IsStale flag).

[0056] The information whether data for each widget is refreshed or not may be
useful in generating data request (e.g., retry data requests) only for widgets that do
not currently have refreshed data. During the rendering of the dashboard, the
information as to whether each widget has refreshed data or stale data, may be
used to visually distinguish the refreshed information from the stale (e.g.,
considered as potentially stale because the corresponding cache entry is indicated

as such) information being displayed in the dashboard.
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[0057] Some embodiments may display stale information in one or more
predetermined formats (e.g., text/background colors, text styles, etc.) or other
technique enabling the user to easily distinguish potentially stale information from
refreshed information. Some embodiments may allow configuration settings
specifying only certain of the widgets eligible for displaying cached data, and the
rendering may display the dashboard while displaying only those widgets
configured for caching with initial data received from a cache, and others of the
widgets with no data values.

[0058] At operation 323, the job process 308 is invoked in accordance with a
predetermined interval. The interval at which the job process 308 checks the
queue may be configurable (e.g., 5 seconds). The time interval may at least partly
determine how responsive the cache refresh and subsequent rendering is.
However, too frequent checking of the MSMQ queue may unnecessarily increase
processing load. The job process 308 repeatedly checks, at operation 324, whether
any requests for cache refresh are pending. The checking may be performed on a
MSMQ queue, as described above, which 1s used by the server-side application to
enqueue cache refresh requests. If the job process 308 finds a request for cache
refresh (e.g., “yes” at operation 324), at operation 325, job process 308 requests
one or more data sources 310 for data. The configuration of each widget may
identify the data source for its data. The request at operation 325 may be either for
all the widgets of the dashboard or only for those identified as still having stale
data. The data source 310, upon receiving the request, obtains the requested
information at operation 326, and, if any data is found, that is sent at operation 327
to the job 308. In some other embodiments, job process may directly retrieve the
information from the data source 310. When it has the requested information, the

job process 308, at operation 328, refreshes the cache at the server-side application
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304. The job process 308 may also update the stale flags to reflect the cache
refresh.

[0059] As the cached data for each widget is refreshed from the data sources,
the corresponding stale flag (or flags) is unset (i.e. to indicate that the
corresponding cache has been refreshed or 1s currently being refreshed). The
unsetting of the stale flags may be performed by the job process.

[0060] The client-side application 302 may continue retrying to obtain data for
which it still has not received data from the cache. Thus, at operation 329 a first
retry 1s made for one or more widgets for which no data has yet been received
from the cache. The intervals between retries and the number of retries may be
configurable. The retry request may indicate that it is the second request. The
retry request may also identify each widget for which it still needs refreshed data.
[0061] Upon receiving the first retry request, the server-side application, at
operation 330, may recognize that the cache includes refreshed information for
one or more widgets (i.e., due to the refresh at operation 328). Accordingly, if
there are refreshed data for any widgets requested in operation 329, then at least
the data for those widgets is returned at operation 331. In some embodiments,
when a response to the client-side application includes data for widgets for which
the cache has been refreshed and data for widgets for which the cache is not yet
refreshed, the status of the returned data for each widget as to whether the data is
stale may be identifiable based upon a value included for each widget

[0062] Upon receiving a reply from the server-side application, the client-side
application, at operation 332, renders the dashboard with the received information
including any refreshed data. Similar to operation 322, the rendering may indicate
refreshed widgets in a manner distinguishable from potentially stale widgets.
[0063] In the illustrated scenario, one or more widgets still remain to receive

refreshed information after operation 331. At operation 333, another retry data
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request is made. The data request message indicates the retry number and the
particular widgets sought to be refreshed. In response, the server-side application
at 334 recognizes that more than a predetermined number of retry attempts have
been made for obtaining data for dashboard 100. It therefore, at operation 335,
requests the required data without a cache refresh request. The request may be
directly made to the appropriate data sources. The direct access to the data source,
bypassing the queue, improves the responsiveness and robustness of the dashboard
by having a second technique for obtaining the data in the event that the queue
becomes backlogged.

[0064] The data source, at operation 336, finds the requested data, and at
operation 337, the requested data is returned to the server-side application which
refreshes the cache with the received data. At operation 338, the server-side
application returns the refreshed data from the cache to the client-side application.
The cache refresh by the server-side application by directly accessing the data
source may be considered a synchronous refresh of the cache (in contrast to the
asynchronous refresh performed by queueing a refresh request).

[0065] At operation 339, one or more stale flags are updated to represent the
cache refresh completed.

[0066] At operation 340, client-side application renders the dashboard with
information including any updated information.

[0067] If information from the cache (e.g. cache 224) has been received for all
widgets currently displayed on the dashboard, then the client-side application has
completed the display. If any of the widgets still remain with potentially stale
information, the retrying may continue for a predetermined number of operations.
[0068] FIG. 4 illustrates a flowchart of process 400 for refreshing the server-
side cache (e.g., cache 224) according to some embodiments. The flowchart

illustrates interactions between client-side web application 402 and the server-side
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web application 404 leading to a cache refresh request being sent to queue 406.
The cache refresh process and client-side rendering process thereafter is the same
as, or is similar to, the process described in relation to FIG. 3.

[0069] At operation 412, the client-side application 402 receives, along with
data from the cache for one or more widgets, the expiry times for those one or
more widgets. The expiry times for each widget in the cache are continually (e.g.,
at predetermined intervals) updated by the server-side application or other process.
The expiry times may be maintained in the server as time (e.g., in seconds)
remaining before the cache entry expires (i.e., before refresh is desired).

[0070] On the client, the expiry times received from the server may be
maintained in an array or other data structure in which multiple values can be
periodically (e.g., triggered by a periodic timer) updated. At operation 414, the
client-side application updates the array or other structure to include the received
updated expiry times. The array may represent the refresh time for each of the
widgets displayed on the dashboard. The time left before refresh for each of the
widgets as indicated by the server-side application may be used to update the
remaining time before refresh for widgets in the client’s array.

[0071] At operation 416, based upon signal from a timer which expires at
predetermined intervals, the remaining times for each of the widgets in the array
are decremented by a predetermined amount. For example, if the timer is
configured to fire in 5-second intervals, the amount of decrement at each
expiration may be set to 5 seconds.

[0072] At operation 418, it is determined whether there are any widgets in the
array for which the remaining time is less than or equal to 0 (or other

predetermined low value indicating a very short time before requiring a refresh).
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[0073] At operation 420, the client-side application requests data for each of the
widgets identified as requiring data refresh. The request at operation 420 may
indicate that it 1s a first request for refresh.

[0074] At operation 422, having received the request for data, and having
recognized that it is a first request for data for the widget, the server-side
application may set the stale flag corresponding to that widget to indicate that a
refresh has been requested.

[0075] At operation 424, the server-side application enqueues a request for
cache refresh for that widget to an MSMQ queue. At operation 426, data that is
currently in the cache is returned to the requesting client-side application.

[0076] If the stale flag 1s already set when this first request for data is received
at 424, then it indicates that a refresh request is already active for this widget, and
therefore no refresh request will be queued in operation 424.

[0077] The subsequent client-side and server-side processing may be the same
or similar to that described in relation to FIG. 3 after a request for cache refresh is
enqueued and the corresponding stale flag is set to indicate a refresh has been
requested. For example, a job process can, based on the queued request, obtain
data from a data source and appropriately refresh the cache. If the cache is
successfully refreshed the corresponding stale flag is reset by the job process to
indicate that the cache contains up to date data for the widget. In the event that the
cache 1s not refreshed by the time the server receives a certain number of retries
from the client, the server directly access the data source to obtain the data and
refresh the cache. The refreshed data is obtained by the client upon its next
request retry.

[0078] FIG. 5 illustrates a part of an example XML configuration file 500 that
can be used for configuring a displayed user interface such as a dashboard. The

configuration file 500 can specify configuration data for each widget of a plurality
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of widgets (e.g., 502 and 503 for researchWidget and estimatesWidget,
respectively), and details for each of the providers supplying data for the widgets
(e.g., 504 and 505 for the data provider for the researchWidget and the data
provider for the estimatesWidget, respectively).

[0079] For each widget, the configuration file may specify an identifier (e.g.,
506) that uniquely identifies the widget, an indication whether the widget 1s
cacheable (e.g., 510), a refresh interval (e.g., 512) indicating the frequency of
refresh for the widget, and an identification of the provider (e.g., 514) for the data
for the widget. The identifier for each widget may be used to identify the widget
in requests for widget data, in response providing widget data, indexing the cache
(e.g., cache 224) etc. The server-side application may cache only those widgets
which are configured to be cacheable. For any widget that is not indicated as
cacheable in the configuration file, its data may not be cached at the server. The
refresh interval 1s specified per widget, and the server can use this configuration
value to set the respective cache refresh timers. The configuration for a widget
may also specify whether the data for the widget 1s to be refreshed upon a context
change (e.g., 516). An example context change may occur when, in the “peer
activity” widget illustrated in FIG. 1, the currently selected investment position is
changed by the user. Upon such a change, the server may refer to the
configuration setting for the “peer activity” widget to determine whether it
requires to be refreshed on a context change.

[0080] Whereas the configuration for each widget can specify a provider name,
details for each provider (e.g., address for obtaining data etc.) are provided in a
separate section of the configuration file.

[0081] FIG. 6 illustrates an XML file 600 for an example user interface layout
configuration according to some embodiments. The file 600 specifies two layouts

602 and 604. Layout 602 is configured to arrange three widgets on the dashboard,
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and layout 604 is configured to arrange ten widgets. Different layouts may be
specified for each type of user device and/or as a default layout. The layout
configuration may specify a position configuration for each widget. The position
configuration for each widget may be used by the framework which renders the
user interface to load the widget into the container corresponding to that position
identifier. The configuration shown in file 600 is an example only, and it should
be appreciated that the configuration file may have any number of layouts each
having the same or different sets of widgets arranged in different patterns.

[0082] FIG. 7 illustrates an example database schema 700 that can be used for
the server-side cache (e.g., cache 224), according to some embodiments. Each
cache entry may have a unique identifier 702, and may identify the widget (i.e.
Widgetld 704) and the user (i.e. userld 706) to which the corresponding cached
data relates to. The data (i.e., value 708) may be specified in the schema as a
variable length binary data in order to offer flexibly caching different types of
data.

[0083] Each cache entry may also specify an expiry time (i.e. expiry 710) and a
last refreshed time (i.e., LastUpdated 712) indicating when the cache entry was
last refreshed. The expiry time may be updated upon each cache refresh to
represent the next time at which it should be refreshed. For example, the next
expiry time can be determined based upon the time of a current refresh and the
refresh interval from the configuration.

[0084] The updatedByUI 714 flag represents whether the user interface requires
refreshed data for the widget. This indicates whether the data in cache was
refreshed by the web server application rather than the job process. A large
number of cache items with this flag set to true may indicate that the job is either

not healthy or not able to handle the load on the queue.
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[0085] The layoutld 716 identifies a layout for the display of this widget on the
user interface. For example, the layoutID 716 may specify one of the layouts
defined in the dashboard configuration file. ViewTypeld 718 specifies a type of
display for the widget. The type of view for the widget may be considered when
the data from the sources need to be translated before being displayed on the
dashboard. Layoutld 716 may be helpful in retrieving the cache data for all
widgets in a particular dashboard easily without having to match all the widget
identifiers for that dashboard. This is mainly a performance improvement factor.
ViewTypeld 718 may be used when a widget can show data based on some
criteria which can be switched by the user. At any time, the user sees only data for
one criteria. This field may be helpful in filtering data based on the currently
selected criteria. Key 720 may be a field used to store a dynamic key based on
which widget data need to be retrieved.

[0086] FIG. 8 schematically illustrates a part of an example framework 800 that
may be used in some embodiments. The framework 800 may illustrate, for
example, aspects of the server-side cache (e.g., cache 224). The server-side cache
may comprise a plurality of objects of WidgetCache 802 class. For example, the
server-side cache may include a plurality of objects corresponding to class 802.
WidgetCache 802 may be defined as a generic cache type, and may store the data
received from the data sources in binary serialized form.

[0087] The server-side application may rely upon a WidgetDataHelper class 804
to maintain the cache and to provide the clients with requested data according to
embodiments. WidgetDataHelper class 804 may rely upon a data provider class
specified for each type of widget. The class 804 may provide for identifying
displayable widgets based on configurations and entitlements, etc., retrieving
cached data for all widgets, retrieving preferences for all widgets, invoking the

appropriate method on data providers based upon type of request received from
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the client, facilitating save data to cache, facilitating saving preferences for a
widget, etc. For example, data for display in widgets of ResearchWidget type may
be obtained by the WidgetDataHelper class 802 calling a ResearchWidgetProvider
class 806. ResearchWidgetProvider class 806 can be responsible for accessing its
data provider. Because the cached information is in binary serial format,
ReasearchWidgetDataProvider class 806 may also provide for
translating/converting the data from binary serialized form to a different format as
required by the particular widget.

[0088] ResearchWidgetDataProvider class 806 may inherit from a
WidgetProviderBase class 808, which in turns implements an interface class
IWidgetDataProvider 810. A factory class WidgetDataProviderFactory 812 can
be used to generate the respective data provider objects for each type of widget.
[0089] FIG. 9 illustrates an example of the IwidgetDataProvider 810 interface.
The interface specifies two methods: a GetData with the current widget setting and
layout type as parameters, and a GetData with the cached data as parameters. The
appropriate GetData method is called depending on whether cached data is
available or needs to be fetched from the actual source.

[0090] FIG. 10 shows an example block diagram of a hardware architecture for
the system 200 according to some embodiments. The client system 1010
communicates with a server system 1000 via a network 1040. The network 1040
could comprise a network of interconnected computing devices, such as the
internet. The network 1040 could also comprise a local area network (LAN) or
could comprise a peer-to-peer connection between the client system 210 and the
server system 1000.

[0091] The example client system 1010 and server system 1000 could
correspond to client system 202 and server system 204 as shown in FIG. 2. That

1s, the hardware elements described in FIG. 10 could be used to implement the
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various software components and actions shown and described herein with
reference to FIG. 2 etc. For example, the client system 1010 could include at least
one processor CPU 1031, at least one memory 1032, at least one input/output
device I/0 1033, and a component for generating and displaying a user interface Ul
1034. The I/0 device 1033 can be all encompassing and could include a
communication device, such as a transceiver for sending and receiving data (e.g., a
wireless transceiver, a wired transceiver). /0 device 1033 could also include an
interface for connecting a non-transitory computer readable storage medium to the
client system 1010 to send and receive data.

[0092] It should be appreciated that the combination of elements in client
system 1010 could be used to implement the example web browser application
214 shown in FIG. 2. For example, the memory 1032 could load the files
associated with the application (e.g., HTML, XML, JavaScript files) and the CPU
1031 could be used to operate the rendering module, networking module, and
JavaScript module discussed above to generate the application. Likewise, the I/O
device 1033 could be utilized by the networking module to fetch the various
elements comprising the SPA from the server system 1000.

[0093] Server system 1000 also comprises various hardware components used
to implement the software elements for server system 204 as shown in FIG. 2. For
example, server system 1000 could also include hardware components of at least
one processor CPU 1021, at least one memory 1022, and at least one input/output
device I/O 1023. The I/O device 1023 can be all encompassing and could include
a communication device, such as a transceiver for sending and receiving data (e.g.,
a wireless transceiver, a wired transceiver). I/0O device 1023 could also include an
interface for connecting a non-transitory computer readable storage medium to the

server system 1000 to send and receive data. In one example embodiment, [/O
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device 1033 of the client system can perform communication via the network with
I/0 1023 of the server system.

[0094]  Similar to client system 1010, the server system 1000 could implement
the components for generating the application. For example, the memory 1022
could be used to store the information in database 220 as well as the components
and files utilized by web server 216 and application server 218. The CPU 1021
could be used in executing the software necessary to generate the respective
modules that are requested by and transmitted to the client system 1010. For
example, CPU 1021 could be used to generate the necessary modules created by
application server 218. Likewise, I/O device 1023 can be used by the web server
216 to transmit the different application elements to the client system 1010. Of
course, these examples are non-limiting and the system envisions utilizing the
hardware elements in a variety of aspects.

[0095] In the examples described herein, for purposes of explanation and non-
limitation, specific details are set forth, such as particular nodes, functional
entities, techniques, protocols, standards, etc. in order to provide an understanding
of the described technology. It will be apparent to one skilled in the art that other
embodiments may be practiced apart from the specific details described below. In
other instances, detailed descriptions of well-known methods, devices, techniques,
etc. are omitted so as not to obscure the description with unnecessary detail.
Individual function blocks are shown in the figures. Those skilled in the art will
appreciate that the functions of those blocks may be implemented using individual
hardware circuits, using software programs and data in conjunction with a suitably
programmed microprocessor or general purpose computer, using applications
specific integrated circuitry (ASIC), and/or using one or more digital signal
processors (DSPs). The software program instructions and data may be stored on

computer-readable storage medium and when the instructions are executed by a
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computer or other suitable processor control, the computer or processor performs
the functions. Although databases may be depicted as tables below, other formats
(including relational databases, object-based models, and/or distributed databases)
may be used to store and manipulate data.

[0096] Although process steps, algorithms or the like may be described or
claimed in a particular sequential order, such processes may be configured to work
in different orders. In other words, any sequence or order of steps that may be
explicitly described or claimed does not necessarily indicate a requirement that the
steps be performed in that order. The steps of processes described herein may be
performed in any order possible. Further, some steps may be performed
simultaneously despite being described or implied as occurring non-
simultaneously (e.g., because one step is described after the other step).

Moreover, the illustration of a process by its depiction in a drawing does not imply
that the illustrated process is exclusive of other variations and modifications
thereto, does not imply that the illustrated process or any of its steps are necessary
to the technology, and does not imply that the illustrated process is preferred.
[0097] Various forms of computer readable media/transmissions may be
involved in carrying data (e.g., sequences of instructions) to a processor. For
example, data may be (i) delivered from a memory to a processor; (i1) carried over
any type of transmission medium (e.g., wire, wireless, optical, etc.); (i11) formatted
and/or transmitted according to numerous formats, standards or protocols, such as
Ethernet (or IEEE 802.3), ATP, Bluetooth, and TCP/IP, TDMA, CDMA, 3G, etc.;
and/or (iv) encrypted to ensure privacy or prevent fraud in any of a variety of ways
well known in the art. Asused in this document, the term "non-transitory
computer readable storage medium" includes a register, a cache memory, a ROM,
a semiconductor memory device (such as a D-RAM, S-RAM, or other RAM), a

magnetic medium such as a flash memory, a hard disk, a magneto-optical medium,
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an optical medium such as a CD-ROM, a DVD, or Blu-Ray Disc, or other type of
device for non-transitory electronic data storage. The term “processing system™ as
used in this document means at least one of a CPU, GPU, ASIC, FPGA or other
hardware circuit for executing instructions, such as, for example, the software
programs comprising the above described web application.

2% <

[0098] When it is described in this document that an action “may,” “can,” or

2% <C

“could” be performed, that a feature or component “may,” “can,” or “could” be

2% <C

included in or is applicable to a given context, that a given item “may,” “can,” or

“could” possess a given attribute, or whenever any similar phrase involving the

2% <C

term “may,” “can,” or “could” is used, it should be understood that the given
action, feature, component, attribute, etc. is present in at least one embodiment,
though 1s not necessarily present in all embodiments.

[0099] While the technology has been described in relation to AngularJS, this is
done for ease of description; it 1s to be understood that the technology described in
this document 1s applicable in the context of other SPA technologies, other web
technologies, and/or any other software technology.

[00100] While the technology has been described in connection with what is
presently considered to be the most practical and preferred embodiment, it is to be
understood that the technology is not to be limited to the disclosed embodiment,

but on the contrary, is intended to cover various modifications and equivalent

arrangements.
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Claims
1. A system comprising:

a server device including a first processing system having at least one
processor and a memory including a cache, the first processing system being
configured to perform operations comprising:

configuring the cache to store, for each of a plurality of users, data
for a plurality of widgets that are displayable on a user interface provided by a
web application;

responsive to the user interface being launched on a client device,
initiating a refresh of the cache for one or more of the plurality of widgets; and

transmitting, to the client device, a first set of data obtained from the
cache for one or more of the widgets before the cache is updated in response to
the initiated refresh, followed by a second set of data obtained from the cache for
at least some of the one or more widgets after the cache is updated in response
to the initiated refresh; and

a client device including a second processing system having at least one
processor, a display device and a network communication interface configured
for communication with the server device, the second processing system being
configured to perform operations comprising:

receiving a request to display a user interface provided by a web
application, the user interface being configured to have a plurality of widgets
arranged thereon,;

receiving, in response to a first data request transmitted to the server
device after receiving the request to display the user interface, the first set of
data;

receiving, in response to a second data request transmitted to the

server device after the first data request, the second set of data; and
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displaying the user interface on the display device using the second
set of data, wherein the displaying includes overwriting, for one or more of the

widgets, information previously displayed using the first set of data.

2. The system according to claim 1, wherein the client device is configured to
perform further operations comprising repeatedly transmitting data requests for at
least one of the widgets for which last returned data is from the cache before the

cache is updated for the at least one widget.

3. The system according to claim 2, wherein initiating a refresh of the cache

comprises asynchronously performing the refresh.

4. The system according to claim 2, wherein the server device is configured
to perform further operations:

in response to receiving a data request from the client device, determining
whether a number of repeated data requests exceeds a configured threshold;
when the repeated data requests exceeds the threshold, directly access a data
source to obtain data; and

return obtained data to the client device.

5. The system according to claim 1, wherein the user interface includes a

dashboard having a plurality of widgets arranged thereon.

6. The system according to claim 1,

wherein the client device is configured to transmit each data request with
an included indication of a retry number,

and wherein the server device is configured to perform different actions for

respective values of the retry numbers associated with each data request.
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7. The system according to claim 6, wherein the server device is configured
to perform further operations:

when initiating the refresh, setting at least one flag indicating a status of
data for a widget in the cache;

in response to receiving a data request having a retry number
corresponding to a predetermined retry number, (1) if the at least one flag is not
set, initiate a refresh of the cache and set the at least one flag; and (2) if the at

least one flag is set, return data from the cache to the client device.

8. The system according to claim 6, wherein the server device is further
configured to initiate an asynchronous refresh of the cache in response to
receiving a data request with a first retry number, and to initiate a synchronous
update of the cache in response to receiving a data request with a second retry

number, the first and second retry numbers being different.

9. The system according to claim 1, wherein the client device is configured to
perform further operations comprising:

monitoring cache expiration times for a plurality of widgets arranged on the user
interface;

based upon the monitoring, determining an expiration of cached data for a first
one of the widgets; and

causing a refresh of data in the cache for the first one of the widgets.

10. The system according to claim 1, wherein the first processing system is
configured to perform further operations:
storing a respective update timer for each of a plurality of widgets;
monitoring the update timers; and

when an update of a widget comes due, requesting an update.
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11. A server device comprising:
a memory configured for a cache;
a processing system having at least one processor, the processing system being
configured to perform operations comprising:

configuring the cache to store, for each of a plurality of users, data
for a plurality of widgets that are displayable on a user interface provided by a
web application;

responsive to the user interface being launched on a client device,
initiating a refresh of the cache for one or more of the plurality of widgets; and

transmitting, to the client device, a first set of data obtained from the
cache for one or more of the widgets before the cache is updated in response to
the initiated refresh, followed by a second set of data obtained from the cache for
at least some of the one or more widgets after the cache is updated in response

to the initiated refresh.

12.  Aclient device comprising:
a display device;
a network communication interface configured to communicate with a
server device; and
a processing system having at least one processor, the processing system
being configured to perform operations comprising:
receiving a request to display a user interface of a web application,
the user interface being configured to have a plurality of widgets arranged
thereon;
receiving, in response to a first data request transmitted to the server
device after receiving the request to display the user interface, a first set of data;
receiving, in response to a second data request transmitted to the

server device after the first data request, a second set of data; and
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displaying the user interface on the display device using the second
set of data, wherein the displaying includes overwriting, for one or more of the
widgets, information previously displayed using the first set of data,
wherein the first set of data is obtained from a cache configured by the
server device for one or more of the widgets before the cache is updated by a
refresh of the cache initiated by the server device in response to the user
interface being launched on the client device, and wherein the second set of data

is obtained from the cache after the cache is updated by the initiated refresh.

13. A method comprising:

configuring a cache to store in a memory of a computer, for each of a
plurality of users, data for a plurality of widgets that are displayable on a user
interface provided by a web application;

responsive to the user interface being launched on a client device,
initiating a refresh of the cache for one or more of the plurality of widgets; and

transmitting, to the client device, a first set of data obtained from the cache
for one or more of the widgets before the cache is updated in response to the
initiated refresh, followed by a second set of data obtained from the cache for at
least some of the one or more widgets after the cache is updated in response to

the initiated refresh.

14. A non-transitory computer readable storage medium storing instructions of
a web application, which, when executed by a computer, causes the computer to
perform operations comprising:

configuring a cache in the memory of the computer to store, for each of a
plurality of users, data for a plurality of widgets that are displayable on a user
interface provided by the web application;

responsive to the user interface being launched on a client device,

initiating a refresh of the cache for one or more of the plurality of widgets; and
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transmitting, to the client device, a first set of data obtained from the cache
for one or more of the widgets before the cache is updated in response to the
initiated refresh, followed by a second set of data obtained from the cache for at
least some of the one or more widgets after the cache is updated in response to

the initiated refresh.

15. A non-transitory computer readable storage medium storing instructions of
a web application which, when executed by a computer, causes the computer to
perform operations comprising:

receiving a request to display a user interface of the web application, the
user interface being configured to have a plurality of widgets arranged thereon;

receiving, in response to a first data request transmitted to a server device
after receiving the request to display the user interface, a first set of data;

receiving, in response to a second data request transmitted to the server
device after the first data request, a second set of data; and

displaying the user interface on the display device using the second set of
data, wherein the displaying includes overwriting, for one or more of the widgets,
information previously displayed using the first set of data,

wherein the first set of data is obtained from a cache configured by the
server device before the cache is updated for one or more of the widgets by a
refresh of the cache initiated by the server device in response to the user
interface being launched on the client device, and wherein the second set of data

is obtained from the cache after the cache is updated by the initiated refresh.
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