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BUILD A GUI NEURAL KNOWLEDGE BASE TO CAPTURE GUIS
USED BY MULTIPLE SOFTWARE APPLICATIONS BASED ON A
FUNCTION, SEMANTICS, AND CONTEXT OF CAPTLRED GUIS

| ~904

BY A CURRENT SOFTWARE APPLICATION

IDENTIFY A CURRENT GUI THAT IS UTILIZED | ~906

MATCH THE CURRENT GUI TO CAPTURED GUIS THAT HAVEA | ~908

SAME FUNCTION, SEMANTICS, AND CONTEXT OF THE CURRENT GUI

| IDENTIFY A TOP-K ACTIVE FIELD USED BY THE CAPTURED GUIS |f91o

MATCH A FUNCTION OF A CURRENT ACTIVE FIELD

TOP-K ACTIVE FIELD USED BY THE CAPTURED GUIS

COMPARE A VISUAL APPEARANCE OF THE CURRENT

ACTIVE FIELD USED BY THE CAPTURED GUIS

N6
YES

\MATCH?

NO

TOP-K ACTIVE FIELD IN THE CURRENT GUI

—K_END ~920
FIG. 9

FROM THE CURRENT GUITO A FUNCTION OF THE 912
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1
MODIFYING AN APPEARANCE OF A GUI
TO IMPROVE GUI USABILITY

BACKGROUND

The present disclosure relates to the field of graphical user
interfaces (GUIs) used with software applications, and spe-
cifically to an appearance of GUIs. More specifically, the
present disclosure relates to optimizing an appearance of a
GUI to improve a user experience with the GUIL.

SUMMARY

A method, system, and/or computer program product
modifies a graphical user interface (GUI) for an application
to improve usability of the current GUI. One or more
processors build a graphical user interface (GUI) neural
knowledge base, which captures GUIs used by multiple
software applications based on a function, semantics, and
context of captured GUIs. The processor(s) identify a cur-
rent GUI that is utilized by a current software application,
and then match the current GUI to captured GUIs that have
a same function, semantics, and context of the current GUI.
The processor(s) identify a top-k active field used by the
captured GUIs, where a top-k active field is used more
frequently than any other active fields in the captured GUIs
to have the same function, semantics, and context of the
current GUL The processor(s) match a function of a current
active field from the current GUI to a function of the top-k
active field used by the captured GUIs, where the current
active field from the current GUI and the top-k active field
used by the captured GUIs provide a same function. The
processor(s) compare a visual appearance of the current
active field from the current GUI to the top-k active field
used by the captured GUIs. In response to the visual
appearance of the current active field from the current GUI
not matching the visual appearance of the top-k active field
used by the captured GUIs, the processor(s) replace the
current active field with the top-k active field in the current
GUI in order to improve usability of the current GUI.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 depicts an exemplary system and network in which
the present disclosure may be implemented;

FIG. 2 illustrates two exemplary graphical user interfaces
(GUIs) that respectively use the term “authenticate” improp-
erly and properly;

FIG. 3 depicts two exemplary GUIs that respectively use
an inappropriate icon and an appropriate icon;

FIG. 4 illustrates two exemplary GUIs that respectively
use a proper layout and font and an improper layout and
font;

FIG. 5 presents a high-level overview of exemplary steps
performed in one or more embodiments of the present
invention;

FIG. 6 depicts a representation learner utilized in one or
more embodiments of the present invention;

FIG. 7A-7B illustrates various neural models generated
for various contexts and subjects for use in one or more
embodiments of the present invention;

FIG. 8 depicts a current GUI being mapped to a pre-built
reference model in accordance with one or more embodi-
ments of the present invention;

FIG. 9 is a high-level flow chart of one or more steps
performed by one or more processors to modify a GUI in
order to improve the usability of the GUI;
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FIG. 10 depicts a cloud computing node according to an
embodiment of the present disclosure;

FIG. 11 depicts a cloud computing environment according
to an embodiment of the present disclosure; and

FIG. 12 depicts abstraction model layers according to an
embodiment of the present disclosure.

DETAILED DESCRIPTION

The present invention may be a system, a method, and/or
a computer program product. The computer program prod-
uct may include a computer readable storage medium (or
media) having computer readable program instructions
thereon for causing a processor to carry out aspects of the
present invention.

The computer readable storage medium can be a tangible
device that can retain and store instructions for use by an
instruction execution device. The computer readable storage
medium may be, for example, but is not limited to, an
electronic storage device, a magnetic storage device, an
optical storage device, an electromagnetic storage device, a
semiconductor storage device, or any suitable combination
of the foregoing. A non-exhaustive list of more specific
examples of the computer readable storage medium includes
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), a static random access memory
(SRAM), a portable compact disc read-only memory (CD-
ROM), a digital versatile disk (DVD), a memory stick, a
floppy disk, a mechanically encoded device such as punch-
cards or raised structures in a groove having instructions
recorded thereon, and any suitable combination of the fore-
going. A computer readable storage medium, as used herein,
is not to be construed as being transitory signals per se, such
as radio waves or other freely propagating electromagnetic
waves, electromagnetic waves propagating through a wave-
guide or other transmission media (e.g., light pulses passing
through a fiber-optic cable), or electrical signals transmitted
through a wire.

Computer readable program instructions described herein
can be downloaded to respective computing/processing
devices from a computer readable storage medium or to an
external computer or external storage device via a network,
for example, the Internet, a local area network, a wide area
network and/or a wireless network. The network may com-
prise copper transmission cables, optical transmission fibers,
wireless transmission, routers, firewalls, switches, gateway
computers and/or edge servers. A network adapter card or
network interface in each computing/processing device
receives computer readable program instructions from the
network and forwards the computer readable program
instructions for storage in a computer readable storage
medium within the respective computing/processing device.

Computer readable program instructions for carrying out
operations of the present invention may be assembler
instructions, instruction-set-architecture (ISA) instructions,
machine instructions, machine dependent instructions,
microcode, firmware instructions, state-setting data, or
either source code or object code written in any combination
of one or more programming languages, including an object
oriented programming language such as Java, Smalltalk,
C++ or the like, and conventional procedural programming
languages, such as the “C” programming language or similar
programming languages. The computer readable program
instructions may execute entirely on the user’s computer,
partly on the user’s computer, as a stand-alone software
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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 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 Provider). In some embodiments, elec-
tronic circuitry including, for example, programmable logic
circuitry, field-programmable gate arrays (FPGA), or pro-
grammable logic arrays (PLA) may execute the computer
readable program instructions by utilizing state information
of'the computer readable program instructions to personalize
the electronic circuitry, in order to perform aspects of the
present invention.

Aspects of the present invention are described herein with
reference to flowchart illustrations and/or block diagrams of
methods, apparatus (systems), and computer program prod-
ucts according to embodiments of the invention. It will be
understood that each block of the flowchart illustrations
and/or block diagrams, and combinations of blocks in the
flowchart illustrations and/or block diagrams, can be imple-
mented by computer readable program instructions.

These computer readable program instructions may be
provided to a processor of a general purpose computer,
special purpose computer, or other programmable data pro-
cessing apparatus to produce a machine, such that the
instructions, which execute via the processor of the com-
puter or other programmable data processing apparatus,
create means for implementing the functions/acts specified
in the flowchart and/or block diagram block or blocks. These
computer readable program instructions may also be stored
in a computer readable storage medium that can direct a
computer, a programmable data processing apparatus, and/
or other devices to function in a particular manner, such that
the computer readable storage medium having instructions
stored therein comprises an article of manufacture including
instructions which implement aspects of the function/act
specified in the flowchart and/or block diagram block or
blocks.

The computer readable program instructions may also be
loaded onto a computer, other programmable data process-
ing apparatus, or other device to cause a series of operational
steps to be performed on the computer, other programmable
apparatus or other device to produce a computer imple-
mented process, such that the instructions which execute on
the computer, other programmable apparatus, or other
device implement the functions/acts specified in the flow-
chart and/or block diagram block or blocks.

The flowchart and block diagrams in the Figures illustrate
the architecture, functionality, and operation of possible
implementations of systems, methods, and computer pro-
gram products according to various embodiments of the
present invention. In this regard, each block in the flowchart
or block diagrams may represent a module, segment, or
portion of instructions, which comprises one or more
executable instructions for implementing the specified logi-
cal function(s). In some alternative implementations, the
functions noted in the block may occur out of the order noted
in the figures. For example, two blocks shown in succession
may, in fact, be executed substantially concurrently, or the
blocks may sometimes be executed in the reverse order,
depending upon the functionality involved. It will also be
noted that each block of the block diagrams and/or flowchart
illustration, and combinations of blocks in the block dia-
grams and/or flowchart illustration, can be implemented by
special purpose hardware-based systems that perform the
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4

specified functions or acts or carry out combinations of
special purpose hardware and computer instructions.

With reference now to the figures, and in particular to
FIG. 1, there is depicted a block diagram of an exemplary
system and network that may be utilized by and/or in the
implementation of the present invention. Some or all of the
exemplary architecture, including both depicted hardware
and software, shown for and within computer 101 may be
utilized by software deploying server 149 shown in FIG. 1.

Exemplary computer 101 includes a processor 103 that is
coupled to a system bus 105. Processor 103 may utilize one
or more processors, each of which has one or more processor
cores. A video adapter 107, which drives/supports a display
109, is also coupled to system bus 105. System bus 105 is
coupled via a bus bridge 111 to an input/output (I/O) bus
113. An 1/O interface 115 is coupled to /O bus 113. 1/O
interface 115 affords communication with various I/O
devices, including a keyboard 117, a mouse 119, a media
tray 121 (which may include storage devices such as CD-
ROM drives, multi-media interfaces, etc.), a transceiver 123
(capable of transmitting and/or receiving electronic commu-
nication signals), and external USB port(s) 125. While the
format of the ports connected to I/O interface 115 may be
any known to those skilled in the art of computer architec-
ture, in one embodiment some or all of these ports are
universal serial bus (USB) ports.

As depicted, computer 101 is able to communicate with a
software deploying server 149 and/or other devices/systems
using a network interface 129. Network interface 129 is a
hardware network interface, such as a network interface card
(NIC), etc. Network 127 may be an external network such as
the Internet, or an internal network such as an Ethernet or a
virtual private network (VPN). In one or more embodiments,
network 127 is a wireless network, such as a Wi-Fi network,
a cellular network, etc.

A hard drive interface 131 is also coupled to system bus
105. Hard drive interface 131 interfaces with a hard drive
133. In one embodiment, hard drive 133 populates a system
memory 135, which is also coupled to system bus 105.
System memory is defined as a lowest level of volatile
memory in computer 101. This volatile memory includes
additional higher levels of volatile memory (not shown),
including, but not limited to, cache memory, registers and
buffers. Data that populates system memory 135 includes
computer 101°s operating system (OS) 137 and application
programs 143.

OS 137 includes a shell 139, for providing transparent
user access to resources such as application programs 143.
Generally, shell 139 is a program that provides an interpreter
and an interface between the user and the operating system.
More specifically, shell 139 executes commands that are
entered into a command line user interface or from a file.
Thus, shell 139, also called a command processor, is gen-
erally the highest level of the operating system software
hierarchy and serves as a command interpreter. The shell
provides a system prompt, interprets commands entered by
keyboard, mouse, or other user input media, and sends the
interpreted command(s) to the appropriate lower levels of
the operating system (e.g., a kernel 141) for processing.
While shell 139 is a text-based, line-oriented user interface,
the present invention will equally well support other user
interface modes, such as graphical, voice, gestural, etc.

As depicted, OS 137 also includes kernel 141, which
includes lower levels of functionality for OS 137, including
providing essential services required by other parts of OS
137 and application programs 143, including memory man-
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agement, process and task management, disk management,
and mouse and keyboard management.

Application programs 143 include a renderer, shown in
exemplary manner as a browser 145. Browser 145 includes
program modules and instructions enabling a world wide
web (WWW) client (i.e., computer 101) to send and receive
network messages to the Internet using hypertext transfer
protocol (HTTP) messaging, thus enabling communication
with software deploying server 149 and other systems.

Application programs 143 in computer 101’s system
memory (as well as software deploying server 149’s system
memory) also include Logic for Modifying a Graphical User
Interface (LMGUI) 147. LMGUI 147 includes code for
implementing the processes described below, including
those described in FIGS. 2-9. In one embodiment, computer
101 is able to download LMGUI 147 from software deploy-
ing server 149, including in an on-demand basis, wherein the
code in LMGUI 147 is not downloaded until needed for
execution. In one embodiment of the present invention,
software deploying server 149 performs all of the functions
associated with the present invention (including execution of
LMGUI 147), thus freeing computer 101 from having to use
its own internal computing resources to execute LMGUI
147.

The hardware elements depicted in computer 101 are not
intended to be exhaustive, but rather are representative to
highlight essential components required by the present
invention. For instance, computer 101 may include alternate
memory storage devices such as magnetic cassettes, digital
versatile disks (DVDs), Bernoulli cartridges, and the like.
These and other variations are intended to be within the
spirit and scope of the present invention.

As described herein, the present invention addresses
usability issues associated with graphical user interfaces
(GUIs) that have an unconventional appearance. For
example, assume that a developer has created a GUI for a
phone app (i.e., software application that runs on a mobile
device such as a smart phone) that is highly original and
creative. While such originality and creativity may seem
admirable, in practice this often leads to a GUI that is so
strange that it is hard to use, thus leading to an ineffective
app. For example, assume that the developer assigned an
icon that looks like a floppy disk to destroy a file, since he
saw a floppy disk melt in a favorite spy movie. However,
most users would assume that clicking the floppy disk icon
will actually save the user’s data. Thus, when they click the
floppy disk, their data is inadvertently destroyed, such that
the app (and thus the phone/computer on which the app is
running) functions poorly. While this example is somewhat
extreme, there are many other instances in which the dis-
tinction between a useful icon (or other active field) on the
GUI and a misleading icon/active field on the GUI are not
so obvious. The present invention provides a new and useful
solution to this problem.

Usability issues with a GUI are any issues in the GUI
(including but not limited to mobile GUIs used on smart
phones, etc.) that make an end-user uncomfortable when
working with the application. The present invention
addresses such usability issues, including but not limited to:
widget labels that are not intuitive and do not match the
purpose of the GUI or active field, thus leading to user
confusion; widget icons that are not intuitive and do not
match the purpose of the GUI or active field, thus leading to
user confusion; developers who use textual labels instead of
standardized icons, thus leading to a poor overall appearance
of the GUI; and/or inconsistency in widget properties (i.e.,
font, layout, color, etc.) based on the purpose of the appli-
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cation and the industry specific styles, thus leading to user
confusion and poor GUI appearances.

Thus, the present invention addresses the problem of,
given an input application, how to model a cognitive tool
that figures out in an automated fashion widget label text/
icons that are intuitive to the end-user and that appropriately
match the purpose of the application while conforming to
industry standards. If the presently used label text/icons are
confusing or do not conform to industry standards, then the
present invention suggests alternative (preferably well
known and intuitive) replacement labels/icons for use by the
GUL

The present invention presents a novel deep learning
based cognitive framework to resolve usability issues in
mobile apps using the following methods: (i) building a
neural mobile screen knowledge base in which mobile
screens of famous apps (e.g., most frequently downloaded
from an app store) are semantically, contextually, and com-
pactly captured through neural embedding vectors; (ii)
leveraging this knowledge-base to semantically as well as
contextually retrieve similar screens of well known (famous)
applications that have the same purpose and context of the
current input screen, given an input mobile screen; and (iii)
using the semantically retrieved similar screens of famous
apps to identify usability issues in the given current input
screen and provide solutions to improve the usability of the
current input screen.

Often, developers may not use intuitive or user-friendly
labels for widgets shown to users such as text boxes, buttons,
etc. Also, labels used should match appropriately to the
purpose of the application.

For example, consider GUI 202 and GUI 204 shown in
FIG. 2. As shown, GUI 202 is for an e-mail app, while GUI
204 is a security related app. In GUI 202, button 206 is
labeled “Authenticate”, and is to be clicked after the user has
entered his/her user name and password, thus logging that
user into the system. However, a more common (and thus
less confusing) label for button 206 would have been
“Login” or “Sign-in”. As such, the present invention will
automatically rename button 206 with the text “Login” or
“Sign-in”. However, in GUI 204 the button 208 labeled
“Authenticate” is accurate, since it is clicked in order to
allow the user to authorize the system to remove the detected
virus. As such, button 208 remains labeled as “Authenti-
cate”.

In other embodiments of the present invention, an app
developer may use unusual and/or confusing icons to rep-
resent certain events. For example and with reference to
FIG. 3, consider GUI 301 and GUI 303, each of which is
used with an e-mail or messaging app. In GUI 301, the
developer has elected to use an icon 305 that looks like a
bugle, thus suggesting an alert that a new message has
arrived. While perhaps clever and evocative, icon 305 is
likely to not be intuitive to a user (i.e., the user will not know
what a bugle is supposed to represent). As such, the icon 305
will be replaced with a traditional icon 307, shown in GUI
303 as a note pad or an envelope (another traditional symbol
for a new message).

In other embodiments of the present invention, the app
developer may use an irregular layout and/or an unconven-
tional font (e.g., as preferred for use by a particular enter-
prise) on the GUI. For example, consider GUI 402 and GUI
404 shown in FIG. 4, both of which are used in an e-mail/
messaging app. GUI 402 follows the convention of placing
the icon 406 for new messages in the top right corner of the
GUI 402, and uses a convention font 410 to display the
messages. However, GUI 404 places the same icon 406
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(now depicted as icon 408) in the lower right-hand corner of
the GUI 404, and uses a different font 412 than font 410
shown in use by GUI 402. Thus, the present invention will
reconfigure GUI 404 to look more like GUI 402, including
the placement of icon 406/408, the use of font 410, the
placement of other instructions such as “<Back”, “Edit”,
etc., as well as the title of the app (“Messages” instead of
“Inbox™).

With reference now to FIG. 5, a high-level flow chart of
one or more embodiments of the present invention to modify
a GUI in order to improve usability and functionality of an
app is presented. As shown in block 501, a component of a
GUI for an app is received by the system as a mobile screen
(e.g., from a smart phone GUI) input. The components are
identified as output as mobile screen layout files (e.g., string
and/or XML files) to a system that creates a neural embed-
ding representation of the current GUI (see block 502). That
is, in block 501 the system retrieves all activities for a
particular application from a manifest file (which is associ-
ated with that particular application). Each activity is loaded
into an emulator, and a GUI layout file for all of the activities
of the application is dumped into a system that generates a
GUI rendered XML file of the activities that are rendered in
the emulator.

As depicted in block 502, a neural-embedding vector
representation is determined for each mobile screen (i.e.,
GUI) in the application of interest. Thus, the output from
block 501 is used as an input to block 502, and the output
from block 502 is the neural embedding vector representa-
tion for all of these mobile screens.

With reference now to FIG. 6, an exemplary process for
generating values used to create a neural-embedding vector
representation of apps and/or their active fields is presented.

As shown in FIG. 6, inputs 602 (i.e., the outputs from
block 501 in FIG. 5) are input into a representational learner
604, which is based on a neural probabilistic language
model. This technique understands the context of each word
from the GUI and represents each word as a vector in N-d
space. Using this technique, similar words gets plotted
closer in N-d space, where N is the vector size of the word
representation. For example, the word “Test-case” and the
word “Test-script” will lie very close together in the N-d
space using this representation. In another example, the
word “testing” will also lie close to both “Test-case” and
“Test-script”, but the distance between “test-case” and “test-
script” will be closer than the distance between “test-case”
and “testing”. Using representations 606, the system con-
verts every widget label in the mobile screen layout files in
to its corresponding neural embedding vector in N-d space.

Now each mobile screen is represented as a neural embed-
ding vector, which is computed from the vector representa-
tions of the label text/accessibility text in the mobile screen
layout files (obtained above). For icons, the neural embed-
ding vector representation of the accessibility text corre-
sponding to the icons is used. Thus, for a mobile screen r,
with n label texts (w1, w2, . . ., wn),

=2 " f~idf(w;) *embedding (wy)

where tf-idf(w)) is the term frequency * inverse document
frequency of a label text and embedding (w;) is the vector
representation of the label text learned in unsupervised
representation learning. In one embodiment of the present
invention, priority is assigned to the widgets in the screen
based on some predefined rules (e.g., the importance of an
input widget to the functionality of the app, etc.). Based on
the widget priorities, a weighted average of all the vectors
corresponding to the labels displayed in the screen is cal-
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culated, and a mobile screen vector is generated as an
n-dimensional real vector representation, such as (1.2, -3.4,
0.3) in 3-dimensions.

This neural embedding vector representation for mobile
screens ensures that vectors of widgets on a screen that have
a same purpose/context come closer together in N-d space
(i.e., are close in terms of Fuclidean or cosine distances).
This allows the system to generate a neural embedding
vector representation for all screens of the application of
interest.

Returning now to FIG. 5, as depicted in block 503 mobile
screens from commonly used apps (e.g., found in an app
store) are deconstructed (as in block 501 for the current app)
and inserted into an engine that generates a neural embed-
ding representation that semantically captures the context/
purpose of the other (famous, common, well-known) apps,
as described in block 504 (analogous to block 502).

Thus, as depicted in block 505, vector representations for
all screens of famous apps, based on app categories, plot
each app and/or widget within the app in an N-d space
separately based on the app category. For example, as shown
in FIGS. 7A-7B, sports related apps will have N-d graph
701, shopping related apps will have N-d graph 703, enter-
tainment related apps will have N-d graph 705, movies
related apps will have N-d graph 707, etc., each of which
provide a reference model against which a current app is
compared. The greater the number of apps considered, the
better the prediction of the current system in determining the
optimal widgets/layout to be used in the current GUI for the
current app. Since the system is automated, one or more
processors can generate scripts to get neural embedding
vector representations of all screens of many famous apps in
various app categories. In one or more embodiments, a
graphics processing unit is dedicated to the process of
generating the N-d graphs, thus improving the operation of
the computer system upon which the present invention is
being implemented.

Given a current app screen (i.e., for an app devoted to a
particular purpose, such as tracking sporting events), the
present invention converts the current app into a vector
representation and plots it against the pre-built reference
graph. For example, as shown in FIG. 8, a vector represent-
ing GUI 802 is depicted as a plot 804 on a 3-d graph 806,
which has plotted points that represent a large quantity of
other apps (see blocks 503-505 in FIG. 5). The 3-d vector
distance 808 identifies which other apps are most closely
related to app 802 based on the distance to plot 804. This
provides a determination of which GUI plotted/represented
in 3-d graph 806 is closest in function, context, and seman-
tics as that of GUI 802.

Thus, as depicted in FIG. 8, the plot of the current GUI is
plotted to determine the Euclidean distance to the top-k (i.e.,
most closely related in terms of context, semantics, and
function) apps from an app store. These screens (GUIs) are
screens of famous apps that have the same context/purpose
of the given current app screen.

Similarly, an N-d graph can be generated for the widgets
themselves, such that the Euclidian distance between plots
representing widgets in the current app is measured to plots
representing widgets from other apps. Thus, for each widget
label in the given app screen, the distance to the top-k
(nearest) labels is determined (see block 507 in FIG. 5).
Thus, by choosing the top-k widgets (from other famous
apps) based on the Euclidean distance to the label of the
widget from the current app (e.g., based on the Euclidian
distance between words used by the various widgets), the
system derives the top-k alternative labels having the same
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meaning and also used by other famous app screens having
the same purpose/context. After getting the top-k words for
a given widget label, the words are sorted again based on the
Euclidean distance between the input (current) mobile
screen and the (other) mobile screens from which these
labels are obtained.

The present invention also takes care of providing similar
label text writing style words (formal, informal, etc.) as
alternatives in the top of the list. Thus, a mobile screen
(GUI) that is very close to the input screen in N-d space will
not only be similar in the context/purpose of the app screen,
but will also be similar in the word writing style of the app
screen. Since top-k words are sorted by the Euclidean
distance between the screens, alternative suggested labels
which come in at the top of the list not only have the same
meaning as the old label in the context of the app, but it
provide labels of similar word writing styles. Writing style
of labels means the common style followed by many labels
in the screen (i.e. correlation of label styles using different
features which is learned in an unsupervised way and
represented in the neural embedding vector).

If the given widget label is used in the set of labels
retrieved, the label is tagged as an intuitive label. Otherwise,
the top-k nearest words provide the suggested label for the
current app’s related widget. For example, if an application
is a business related app and the developer has used
“Authenticate” as the label for a button to log in to the app
(see FIG. 2), the present system suggests the use of “login”
or “sign-in”, which are commonly used labels instead of
using “authenticate”. However, if the application is a secu-
rity related app, then “authenticate” itself will be the most-
intuitive label as there will be many other famous apps
having the label “authenticate” that use the same label. In
this scenario, the present system will not suggest any alter-
natives, as the currently used widget label itself is intuitive
and famous (i.e., well known and most commonly used).

The presently presented invention does not just provide
similar meaning phrases to a label. Rather, the present
invention provides similar famous and end-user replacement
phrases for use in labeling widgets in the context of the input
app.

For each icon (with an accessibility text) the present
system returns top-k accessibility text (each associated with
an icon) in famous similar apps of the same context (see
block 508 and/or block 509 in FIG. 5). Thus, the system will
suggest similar famous and end-user intuitive replacement
icons to widget icons in the context of the input app (see
block 508 in FIG. 5).

Furthermore, the system can suggest similar famous and
end-user intuitive replacement icons for widget labels (if any
are available) in the context of the input app (see block 509
in FIG. 5) by applying the following process. While retriev-
ing top-k similar labels for an input widget label, the system
uses both accessibility text and label text to retrieve top-k
similar labels/icons for a given label text. Using this, the
system suggests similar famous and end-user intuitive
replacement icons used in a famous app for a widget label
text. For example, if the current app uses “Save” as a label
text for a widget button, the present invention suggests a
save icon (e.g., a picture of a floppy disk) to replace the
text-described button.

Given an input screen, the present invention suggests
top-k similar screens having the same context/purpose of the
current input screen (GUI).

As described in block 510 in FIG. 5, one embodiment of
the present invention detects any inconsistency in widget
properties (i.e. font, layout, color, etc.) based on the purpose
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of the application and the industry specific styles. From
these top-k similar screens, the present system retrieves a
similar screen, and applies unsupervised pattern matching to
retrieve any common patterns in font, color, layout, etc. in
the top-k similar screen having the same context and pur-
pose. By validating/comparing these common patterns with
the input screen, the present invention auto-generates an
industry-style specific widget property inconsistency report.
Based on the suggestions provided in the report, the present
invention automatically modifies the string and layout
XMLs of the app screen, in order to build the application and
show variants of the same input application.

Thus, in one or more embodiments of the present inven-
tion, variations in different GUIs are collected to determine
patterns in widget/font/layout/etc. usage. These patterns thus
allow the system to determine 1) the most commonly used
types of widgets/fonts/layouts/etc., in order to 2) automati-
cally transform a currently-evaluated GUI that uses a less
common type of widget/font/layout/etc. into a GUI that uses
the most commonly used types of widgets/fonts/layouts/etc.

With reference now to FIG. 9, another high-level flow
chart of one or more steps performed by one or more
processors to modify a GUI in order to improve the usability
of the GUI is presented.

After initiator block 902, one or more processors build a
graphical user interface (GUI) neural knowledge base (e.g.,
see FIG. 7), as described in block 904. As described herein,
the GUI neural knowledge base captures GUIs used by
multiple software applications based on a function, seman-
tics, and context of captured GUIs.

As described in block 906, the processor(s) identify a
current GUI (e.g., GUI 802 shown in FIG. 8) that is utilized
by a current software application.

As described in block 908, the processor(s) match the
current GUI to captured GUIs that have a same function,
semantics, and context of the current GUI.

As described in block 910, the processor(s) identify a
top-k active field used by the captured GUIs, where the top-k
active field is used more frequently than any other active
fields in the captured GUIs to have the same function,
semantics, and context of the current GUI.

As described in block 912, the processor(s) match a
function of a current active field from the current GUI to a
function of the top-k active field used by the captured GUIs,
where the current active field from the current GUI and the
top-k active field used by the captured GUIs provide a same
function (e.g., see elements 305 and 307 in FIG. 3).

As described in block 914, the processor(s) compare a
visual appearance of the current active field from the current
GUI to the top-k active field used by the captured GUIs.

In response to the visual appearance of the current active
field from the current GUI not matching the visual appear-
ance of the top-k active field used by the captured GUIs
(query block 916), the processor(s) replace the current active
field with the top-k active field in the current GUI in order
to improve usability of the current GUI (block 918).

The flow-chart ends at terminator block 920.

In one embodiment of the present invention, the current
active field is an input field (e.g., a button such as element
206 shown in FIG. 2), such that the visual appearance of the
input field is established by a text label displayed on the
current GUI for the input field. For example, element 206 in
FIG. 2 may be relabeled from “Authenticate” to “Login”.

In one embodiment of the present invention, the current
active field is an activatable icon, and the visual appearance
of the icon is a visual representation of the activatable icon
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displayed on the current GUI. Thus, the current active field
(e.g., element 305 in FIG. 3) is replaced with icon 307 in
FIG. 3.

In one embodiment of the present invention, the current
active field is an active field that is identified by a text label
and the top-k active field is an icon, wherein the active field
that is identified by the text label is replaced with the icon.
That is, a text-labeled button (e.g., a box labeled “Save”)
may be replaced with an icon (e.g., a picture of a floppy
disk).

In one embodiment of the present invention, processor(s)
replace the current active field with the top-k active field in
the current GUI by modifying string and layout extensible
markup language (XML) script used to generate the current
GUI. That, the processor(s) auto-generate string and layout
XML script that amends the appearance of the current GUI
as described herein.

In one embodiment of the present invention, the current
active field displays a text instruction in a first font, the top-k
active field displays the text instruction in a second font, and
replacing the current active field with the top-k active field
in the current GUI is performed by applying the second font
to the text instruction in the current active field. (See FIG. 3.)

In one embodiment of the present invention, processor(s)
generate a correlation score between the current GUI and
each GUI from the captured GUIs, where the correlation
score is based on matching the current GUI to captured GUIs
based on having the same function, semantics, and context
of the current GUI. Each of the captured GUIs is ranked
based on the correlation score. The top-k active field from a
top-ranked GUI from the captured GUTIs is then utilized as
a replacement for the current active field in the current GUL
That is, multiple GUIs are deemed to be closely related to
the current GUI, as derived from their depicted location in
the N-d graphs described herein (see FIG. 8). The closer the
depicted GUIs, the higher ranked they are in terms of being
more closely aligned based on their functions (i.e., what the
app does and/or what functions the widgets provide), seman-
tics (e.g., verbiage used in the widgets/GUI), and context
(e.g., the field that the app is used in, such as sports,
shopping, etc.).

As described herein, the present invention does not just
suggest labels that have meanings similar to currently used
labels. Rather, the present invention provides similar famous
(i.e., well known and/or commonly used) and end-user
intuitive (i.e., are easy to understand) replacement labels/
icons to the existing widget labels/icons in the context of the
input (current) application.

In one or more embodiments, the present invention is
implemented in a cloud environment. It is understood in
advance that although this disclosure includes a detailed
description on cloud computing, implementation of the
teachings recited herein are not limited to a cloud computing
environment. Rather, embodiments of the present invention
are capable of being implemented in conjunction with any
other type of computing environment now known or later
developed.

Cloud computing is a model of service delivery for
enabling convenient, on-demand network access to a shared
pool of configurable computing resources (e.g. networks,
network bandwidth, servers, processing, memory, storage,
applications, virtual machines, and services) that can be
rapidly provisioned and released with minimal management
effort or interaction with a provider of the service. This cloud
model may include at least five characteristics, at least three
service models, and at least four deployment models.
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Characteristics are as follows:

On-demand self-service: a cloud consumer can unilater-
ally provision computing capabilities, such as server time
and network storage, as needed automatically without
requiring human interaction with the service’s provider.

Broad network access: capabilities are available over a
network and accessed through standard mechanisms that
promote use by heterogeneous thin or thick client platforms
(e.g., mobile phones, laptops, and PDAs).

Resource pooling: the provider’s computing resources are
pooled to serve multiple consumers using a multi-tenant
model, with different physical and virtual resources dynami-
cally assigned and reassigned according to demand. There is
a sense of location independence in that the consumer
generally has no control or knowledge over the exact
location of the provided resources but may be able to specify
location at a higher level of abstraction (e.g., country, state,
or datacenter).

Rapid elasticity: capabilities can be rapidly and elastically
provisioned, in some cases automatically, to quickly scale
out and rapidly released to quickly scale in. To the consumer,
the capabilities available for provisioning often appear to be
unlimited and can be purchased in any quantity at any time.

Measured service: cloud systems automatically control
and optimize resource use by leveraging a metering capa-
bility at some level of abstraction appropriate to the type of
service (e.g., storage, processing, bandwidth, and active user
accounts). Resource usage can be monitored, controlled, and
reported providing transparency for both the provider and
consumer of the utilized service.

Service Models are as follows:

Software as a Service (SaaS): the capability provided to
the consumer is to use the provider’s applications running on
a cloud infrastructure. The applications are accessible from
various client devices through a thin client interface such as
a web browser (e.g., web-based e-mail). The consumer does
not manage or control the underlying cloud infrastructure
including network, servers, operating systems, storage, or
even individual application capabilities, with the possible
exception of limited user-specific application configuration
settings.

Platform as a Service (PaaS): the capability provided to
the consumer is to deploy onto the cloud infrastructure
consumer-created or acquired applications created using
programming languages and tools supported by the provider.
The consumer does not manage or control the underlying
cloud infrastructure including networks, servers, operating
systems, or storage, but has control over the deployed
applications and possibly application hosting environment
configurations.

Infrastructure as a Service (IaaS): the capability provided
to the consumer is to provision processing, storage, net-
works, and other fundamental computing resources where
the consumer is able to deploy and run arbitrary software,
which can include operating systems and applications. The
consumer does not manage or control the underlying cloud
infrastructure but has control over operating systems, stor-
age, deployed applications, and possibly limited control of
select networking components (e.g., host firewalls).

Deployment Models are as follows:

Private cloud: the cloud infrastructure is operated solely
for an organization. It may be managed by the organization
or a third party and may exist on-premises or off-premises.

Community cloud: the cloud infrastructure is shared by
several organizations and supports a specific community that
has shared concerns (e.g., mission, security requirements,
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policy, and compliance considerations). It may be managed
by the organizations or a third party and may exist on-
premises or off-premises.

Public cloud: the cloud infrastructure is made available to
the general public or a large industry group and is owned by
an organization selling cloud services.

Hybrid cloud: the cloud infrastructure is a composition of
two or more clouds (private, community, or public) that
remain unique entities but are bound together by standard-
ized or proprietary technology that enables data and appli-
cation portability (e.g., cloud bursting for load-balancing
between clouds).

A cloud computing environment is service oriented with
a focus on statelessness, low coupling, modularity, and
semantic interoperability. At the heart of cloud computing is
an infrastructure comprising a network of interconnected
nodes.

Referring now to FIG. 10, a schematic of an example of
a cloud computing node is shown. Cloud computing node 10
is only one example of a suitable cloud computing node and
is not intended to suggest any limitation as to the scope of
use or functionality of embodiments of the invention
described herein. Regardless, cloud computing node 10 is
capable of being implemented and/or performing any of the
functionality set forth hereinabove.

In cloud computing node 10 there is a computer system/
server 12, which is operational with numerous other general
purpose or special purpose computing system environments
or configurations. Examples of well-known computing sys-
tems, environments, and/or configurations that may be suit-
able for use with computer system/server 12 include, but are
not limited to, personal computer systems, server computer
systems, thin clients, thick clients, hand-held or laptop
devices, multiprocessor systems, microprocessor-based sys-
tems, set top boxes, programmable consumer electronics,
network PCs, minicomputer systems, mainframe computer
systems, and distributed cloud computing environments that
include any of the above systems or devices, and the like.

Computer system/server 12 may be described in the
general context of computer system-executable instructions,
such as program modules, being executed by a computer
system. Generally, program modules may include routines,
programs, objects, components, logic, data structures, and so
on that perform particular tasks or implement particular
abstract data types. Computer system/server 12 may be
practiced in distributed cloud computing environments
where tasks are performed by remote processing devices that
are linked through a communications network. In a distrib-
uted cloud computing environment, program modules may
be located in both local and remote computer system storage
media including memory storage devices.

As shown in FIG. 10, computer system/server 12 in cloud
computing node 10 is shown in the form of a general-
purpose computing device. The components of computer
system/server 12 may include, but are not limited to, one or
more processors or processing units 16, a system memory
28, and a bus 18 that couples various system components
including system memory 28 to processor 16.

Bus 18 represents one or more of any of several types of
bus structures, including a memory bus or memory control-
ler, a peripheral bus, an accelerated graphics port, and a
processor or local bus using any of a variety of bus archi-
tectures. By way of example, and not limitation, such
architectures include Industry Standard Architecture (ISA)
bus, Micro Channel Architecture (MCA) bus, Enhanced ISA
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(EISA) bus, Video Electronics Standards Association
(VESA) local bus, and Peripheral Component Interconnects
(PCI) bus.

Computer system/server 12 typically includes a variety of
computer system readable media. Such media may be any
available media that is accessible by computer system/server
12, and it includes both volatile and non-volatile media,
removable and non-removable media.

System memory 28 can include computer system readable
media in the form of volatile memory, such as random
access memory (RAM) 30 and/or cache memory 32. Com-
puter systeny/server 12 may further include other removable/
non-removable, volatile/non-volatile computer system stor-
age media. By way of example only, storage system 34 can
be provided for reading from and writing to a non-remov-
able, non-volatile magnetic media (not shown and typically
called a “hard drive”). Although not shown, a magnetic disk
drive for reading from and writing to a removable, non-
volatile magnetic disk (e.g., a “floppy disk™), and an optical
disk drive for reading from or writing to a removable,
non-volatile optical disk such as a CD-ROM, DVD-ROM or
other optical media can be provided. In such instances, each
can be connected to bus 18 by one or more data media
interfaces. As will be further depicted and described below,
memory 28 may include at least one program product having
a set (e.g., at least one) of program modules that are
configured to carry out the functions of embodiments of the
invention.

Program/utility 40, having a set (at least one) of program
modules 42, may be stored in memory 28 by way of
example, and not limitation, as well as an operating system,
one or more application programs, other program modules,
and program data. Each of the operating system, one or more
application programs, other program modules, and program
data or some combination thereof, may include an imple-
mentation of a networking environment. Program modules
42 generally carry out the functions and/or methodologies of
embodiments of the invention as described herein.

Computer system/server 12 may also communicate with
one or more external devices 14 such as a keyboard, a
pointing device, a display 24, etc.; one or more devices that
enable a user to interact with computer system/server 12;
and/or any devices (e.g., network card, modem, etc.) that
enable computer system/server 12 to communicate with one
or more other computing devices. Such communication can
occur via Input/output (I/0) interfaces 22. Still yet, com-
puter system/server 12 can communicate with one or more
networks such as a local area network (LAN), a general wide
area network (WAN), and/or a public network (e.g., the
Internet) via network adapter 20. As depicted, network
adapter 20 communicates with the other components of
computer system/server 12 via bus 18. It should be under-
stood that although not shown, other hardware and/or soft-
ware components could be used in conjunction with com-
puter system/server 12. Examples, include, but are not
limited to: microcode, device drivers, redundant processing
units, external disk drive arrays, RAID systems, tape drives,
and data archival storage systems, etc.

Referring now to FIG. 11, illustrative cloud computing
environment 50 is depicted. As shown, cloud computing
environment 50 comprises one or more cloud computing
nodes 10 with which local computing devices used by cloud
consumers, such as, for example, personal digital assistant
(PDA) or cellular telephone 54A, desktop computer 54B,
laptop computer 54C, and/or automobile computer system
54N may communicate. Nodes 10 may communicate with
one another. They may be grouped (not shown) physically or



US 9,946,437 B2

15

virtually, in one or more networks, such as Private, Com-
munity, Public, or Hybrid clouds as described hereinabove,
or a combination thereof. This allows cloud computing
environment 50 to offer infrastructure, platforms and/or
software as services for which a cloud consumer does not
need to maintain resources on a local computing device. It
is understood that the types of computing devices 54A-N
shown in FIG. 11 are intended to be illustrative only and that
computing nodes 10 and cloud computing environment 50
can communicate with any type of computerized device over
any type of network and/or network addressable connection
(e.g., using a web browser).

Referring now to FIG. 12, a set of functional abstraction
layers provided by cloud computing environment 50 (FIG.
11) is shown. It should be understood in advance that the
components, layers, and functions shown in FIG. 12 are
intended to be illustrative only and embodiments of the
invention are not limited thereto. As depicted, the following
layers and corresponding functions are provided:

Hardware and software layer 60 includes hardware and
software components. Examples of hardware components
include: mainframes 61; RISC (Reduced Instruction Set
Computer) architecture based servers 62; servers 63; blade
servers 64; storage devices 65; and networks and networking
components 66. In some embodiments, software compo-
nents include network application server software 67 and
database software 68.

Virtualization layer 70 provides an abstraction layer from
which the following examples of virtual entities may be
provided: virtual servers 71; virtual storage 72; virtual
networks 73, including virtual private networks; virtual
applications and operating systems 74; and virtual clients
75.

In one example, management layer 80 may provide the
functions described below. Resource provisioning 81 pro-
vides dynamic procurement of computing resources and
other resources that are utilized to perform tasks within the
cloud computing environment. Metering and Pricing 82
provide cost tracking as resources are utilized within the
cloud computing environment, and billing or invoicing for
consumption of these resources. In one example, these
resources may comprise application software licenses. Secu-
rity provides identity verification for cloud consumers and
tasks, as well as protection for data and other resources. User
portal 83 provides access to the cloud computing environ-
ment for consumers and system administrators. Service level
management 84 provides cloud computing resource alloca-
tion and management such that required service levels are
met. Service Level Agreement (SLA) planning and fulfill-
ment 85 provide pre-arrangement for, and procurement of,
cloud computing resources for which a future requirement is
anticipated in accordance with an SLA.

Workloads layer 90 provides examples of functionality
for which the cloud computing environment may be utilized.
Examples of workloads and functions which may be pro-
vided from this layer include: mapping and navigation 91;
software development and lifecycle management 92; virtual
classroom education delivery 93; data analytics processing
94; transaction processing 95; and graphical user interface
configuration processing 96 (for adjusting a configuration of
a graphical user interface for an application as described
herein).

The terminology used herein is for the purpose of describ-
ing particular embodiments only and is not intended to be
limiting of the present invention. As used herein, the sin-
gular forms “a”, “an” and “the” are intended to include the
plural forms as well, unless the context clearly indicates

20

25

35

40

45

50

55

16

otherwise. It will be further understood that the terms
“comprises” and/or “comprising,” when used in this speci-
fication, specify the presence of stated features, integers,
steps, operations, elements, and/or components, but do not
preclude the presence or addition of one or more other
features, integers, steps, operations, elements, components,
and/or groups thereof.

The corresponding structures, materials, acts, and equiva-
lents of all means or step plus function elements in the
claims below are intended to include any structure, material,
or act for performing the function in combination with other
claimed elements as specifically claimed. The description of
various embodiments of the present invention has been
presented for purposes of illustration and description, but is
not intended to be exhaustive or limited to the present
invention in the form disclosed. Many modifications and
variations will be apparent to those of ordinary skill in the
art without departing from the scope and spirit of the present
invention. The embodiment was chosen and described in
order to best explain the principles of the present invention
and the practical application, and to enable others of ordi-
nary skill in the art to understand the present invention for
various embodiments with various modifications as are
suited to the particular use contemplated.

Any methods described in the present disclosure may be
implemented through the use of a VHDL (VHSIC Hardware
Description Language) program and a VHDL chip. VHDL is
an exemplary design-entry language for Field Program-
mable Gate Arrays (FPGAs), Application Specific Integrated
Circuits (ASICs), and other similar electronic devices. Thus,
any software-implemented method described herein may be
emulated by a hardware-based VHDL program, which is
then applied to a VHDL chip, such as a FPGA.

Having thus described embodiments of the present inven-
tion of the present application in detail and by reference to
illustrative embodiments thereof, it will be apparent that
modifications and variations are possible without departing
from the scope of the present invention defined in the
appended claims.

What is claimed is:
1. A processor-implemented method for modifying a
graphical user interface (GUI) for an application to improve
GUI usability, the processor-implemented method compris-
ing:
building, by one or more processors, a graphical user
interface (GUI) neural knowledge base, wherein the
GUI neural knowledge base captures GUIs used by
multiple software applications based on a function,
semantics, and context of captured GUIs;
identifying, by one or more processors, a current GUI that
is utilized by a current software application;

matching, by one or more processors, the current GUI to
captured GUIs that have a same function, semantics,
and context of the current GUI;

identifying, by one or more processors, a top-k active field

used by the captured GUIs;
matching, by one or more processors, a function of a
current active field from the current GUI to a function
of the top-k active field used by the captured GUIs; and

in response to the visual appearance of the current active
field from the current GUI not matching the visual
appearance of the top-k active field used by the cap-
tured GUIs, replacing, by one or more processors, the
current active field with the top-k active field in the
current GUI in order to improve usability of the current
GUL
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2. The processor-implemented method of claim 1,
wherein the current active field is an input field, and wherein
the visual appearance of the input field is established by a
text label displayed on the current GUI for the input field.

3. The processor-implemented method of claim 1,
wherein the current active field is an activatable icon, and
wherein the visual appearance of the icon is a visual repre-
sentation of the activatable icon displayed on the current
GUL

4. The processor-implemented method of claim 1,
wherein the current active field is an active field that is
identified by a text label and the top-k active field is an icon,
wherein the active field that is identified by the text label is
replaced with the icon.

5. The processor-implemented method of claim 1, further
comprising:

replacing, by one or more processors, the current active

field with the top-k active field in the current GUI by
modifying string and layout extensible markup lan-
guage (XML) script used to generate the current GUIL
6. The processor-implemented method of claim 1,
wherein the current active field displays a text instruction in
a first font, wherein the top-k active field displays the text
instruction in a second font, and wherein replacing the
current active field with the top-k active field in the current
GUI is performed by applying the second font to the text
instruction in the current active field.
7. The processor-implemented method of claim 1, further
comprising:
generating, by one or more processors, a correlation score
between the current GUI and each GUI from the
captured GUIs, wherein the correlation score is based
on said matching the current GUI to captured GUIs
based on having the same function, semantics, and
context of the current GUI,
ranking, by one or more processors, each of the captured
GUIs based on the correlation score; and

utilizing, by one or more processors, the top-k active field
from a top-ranked GUI from the captured GUIs as a
replacement for the current active field in the current
GUL

8. The processor-implemented method of claim 1,
wherein the top-k active field is used more frequently than
any other active fields in the captured GUIs to have the same
function, semantics, and context of the current GUI.

9. The processor-implemented method of claim 1,
wherein the current active field from the current GUI and the
top-k active field used by the captured GUIs provide a same
function.

10. The processor-implemented method of claim 9, fur-
ther comprising:

comparing, by one or more processors, a visual appear-

ance of the current active field from the current GUI to
the top-k active field used by the captured GUIs in
order to determine whether the visual appearance of the
current active field from the current GUI matches the
top-k active field used by the captured GUIs.

11. A computer program product for modifying a graphi-
cal user interface (GUI) for an application to improve
usability of the current GUI, the computer program product
comprising a non-transitory computer readable storage
medium having program code embodied therewith, the
program code readable and executable by a processor to
perform a method comprising:

building a graphical user interface (GUI) neural knowl-

edge base, wherein the GUI neural knowledge base
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captures GUIs used by multiple software applications
based on a function, semantics, and context of captured
GUIs;

identifying a current GUI that is utilized by a current

software application;

matching the current GUI to captured GUIs that have a

same function, semantics, and context of the current
GUI,

identifying a top-k active field used by the captured GUIs;

matching a function of a current active field from the

current GUI to a function of the top-k active field used
by the captured GUIs; and

in response to the visual appearance of the current active

field from the current GUI not matching the visual
appearance of the top-k active field used by the cap-
tured GUIs, replacing the current active field with the
top-k active field in the current GUI in order to improve
usability of the current GUI.

12. The computer program product of claim 11, wherein
the current active field is an input field, and wherein the
visual appearance of the input field is established by a text
label displayed on the current GUI for the input field.

13. The computer program product of claim 11, wherein
the current active field is an activatable icon, and wherein
the visual appearance of the icon is a visual representation
of the activatable icon displayed on the current GUIL

14. The computer program product of claim 11, wherein
the current active field is an active field that is identified by
a text label and the top-k active field is an icon, wherein the
active field that is identified by the text label is replaced with
the icon.

15. A computer system comprising:

a processor, a computer readable memory, and a non-

transitory computer readable storage medium;

first program instructions to build a graphical user inter-

face (GUI) neural knowledge base, wherein the GUI
neural knowledge base captures GUIs used by multiple
software applications based on a function, semantics,
and context of captured GUIs;

second program instructions to identify a current GUT that

is utilized by a current software application;

third program instructions to match the current GUI to

captured GUIs that have a same function, semantics,
and context of the current GUI;

fourth program instructions to identify a top-k active field

used by the captured GUIs;

fifth program instructions to match a function of a current

active field from the current GUI to a function of the
top-k active field used by the captured GUIs; and
seventh program instructions to, in response to the visual
appearance of the current active field from the current
GUI not matching the visual appearance of the top-k
active field used by the captured GUIs, replace the
current active field with the top-k active field in the
current GUI in order to improve usability of the current
GUI; and wherein
the first, second, third, fourth, fifth, sixth, and seventh
program instructions are stored on the non-transitory com-
puter readable storage medium for execution by one or more
processors via the computer readable memory.

16. The computer system of claim 15, wherein the current
active field is an input field, and wherein the visual appear-
ance of the input field is established by a text label displayed
on the current GUI for the input field.

17. The computer system of claim 15, wherein the current
active field is an activatable icon, and wherein the visual



US 9,946,437 B2

19

appearance of the icon is a visual representation of the
activatable icon displayed on the current GUIL
18. The computer system of claim 15, wherein the current
active field is an active field that is identified by a text label
and the top-k active field is an icon, wherein the active field
that is identified by the text label is replaced with the icon.
19. The computer system of claim 15, wherein the current
active field displays a text instruction in a first font, wherein
the top-k active field displays the text instruction in a second
font, and wherein replacing the current active field with the
top-k active field in the current GUI is performed by
applying the second font to the text instruction in the current
active field.
20. The computer system of claim 15, further comprising:
eighth program instructions to generate a correlation score
between the current GUI and each GUI from the
captured GUIs, wherein the correlation score is based
on said matching the current GUI to captured GUIs
based on having the same function, semantics, and
context of the current GUI,
ninth program instructions to rank each of the captured
GUIs based on the correlation score; and
tenth program instructions to utilize the top-k active field
from a top-ranked GUI from the captured GUIs as a
replacement for the current active field in the current
GUI; and wherein the eighth, ninth, and tenth program
instructions are stored on the non-transitory computer
readable storage medium for execution by one or more
processors via the computer readable memory.

#* #* #* #* #*

10

15

20

25

30

20



