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dynamic, shapeable tactile touch screens. In an embodiment, 
a method comprises establishing a communications connec-
tion between a computing device under test and a remote 
testing computer system, the computing device under test 
including a dynamic, configurable tactile touch screen; and 
configuring a portion of the touch screen of the computing 
device under test, in a defined manner, to form three-
dimensional physical features on the touch screen for inter-
acting with the touch screen. In an embodiment, the method 
further comprises transmitting specified information about 
said confguring, via the established communications con-
nection, from the computing device under test to the remote 
testing computer system; and generating a defined visual 
representation on the remote testing computer system, by 
using the specified information, of said configuring a portion 
of the touch screen. 
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TESTING APPS IN MICRO-FLUIDICS BASED 
DEVICES 

BACKGROUND 

This invention generally relates to remote testing of 
software applications, and more specifically, to remote test-
ing of software applications on computer devices having 
display screens that have transverse movement. 

Due to technological advancements, there are several 
mobile computing devices that include a transparent overlay 
in the form of a shapeable, moveable membrane over a 
display screen. The membrane is movable in a direction 
perpendicular to the display screen; and bumps, ridges and 
other shapes can be formed in the membrane, over the 
display screen. These shapes can be used to simulate knobs, 
keys and other three-dimensional shapes or structures that 
can be located and identified by touch. These shapes also 
provide tactile feedback and provide for greater convenience 
using the touch screen interface. The moveable membrane 
can also be manipulated to give other visual cues to a user. 

One technology that is being used to provide such over-
lays is referred to as microfluidics, which refers to the flow 
of fluids in spaces having dimensions of micrometer size. 
Other technologies can also be used to provide a transparent, 
movable and shapeable membrane over the display screen. 

These technologies can be used to create physical three-
dimensional depth to mobile apps and videos, and the 
technologies can also be used in gaming apps to create real 
physical depth to gaming objects. So, testing such apps is 
very crucial and critical. 

There is a particular need for mobile app testing in a cloud 
computing environment. A cloud computing testing envi-
ronment enables application testing in multi-platforms and 
with various confgurations, and with a cloud computing 
testing environment, there is no need to manage devices 
locally. In addition, a cloud computing testing environment 
enables parallel testing of an application in multi-platforms 
for consolidated reports, and provides capabilities as ser-
vices. 

SUMMARY 

Embodiments of the invention provide a method, system 
and computer program product for remotely testing com-
puting devices including dynamic, shapeable tactile touch 
screens. In an embodiment, the method comprises establish-
ing a given communications connection between a comput-
ing device under test and a remote testing computer system, 
the computing device under test including a dynamic, con-
figurable tactile touch screen; and configuring a portion of 
the touch screen of the computing device under test, in a 
defined manner, to form three-dimensional physical features 
on the touch screen for interacting with the touch screen. In 
an embodiment, the method further comprises transmitting 
specified information about said configuring a portion of the 
touch screen, via the given communications connection, 
from the computing device under test to the remote testing 
computer system; and generating a defined visual represen-
tation on the remote testing computer system, by using the 
specified information, of said confguring a portion of the 
touch screen. 

In an embodiment, the system comprises a testing com-
puter system for testing a computing device under test, 
wherein a given communications connection is established 
between the computing device under test and testing com-
puter system, the computing device under test including a 

2 
dynamic, configurable tactile touch screen, and a portion of 
the touch screen of the computing device under test is 
configured, in a defined manner, to form three-dimensional 
physical features on the touch screen for interacting with the 

5 touch screen. The testing computer system is configured for 
receiving specified information about said configuring a 
portion of the touch screen, via the given communications 
connection, from the computing device under test; and for 
generating a defined visual representation on the remote 

10 testing computer system, by using the specified information, 
of said confguring a portion of the touch screen. 

Embodiments of the invention enable remote testing apps 
based on microfluidics based mobile computing devices 

15 
using a normal desktop app. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

20 FIG. 1 depicts a cloud computing node according to an
embodiment of the present invention. 

FIG. 2 depicts a cloud computing environment according 
to an embodiment of the present invention. 

FIG. 3 depicts abstraction model layers according to an
25 embodiment of the present invention. 

FIG. 4 shows a dynamic microfluidic layer that may be 
used in a microfluidics based mobile computing device. 

FIG. 5 illustrates the microfluidic layer of FIG. 4 being 
pushed out to form a bump. 

30 FIG. 6 shows an array of buttons formed on a touch screen 
of a mobile computing device using microfluidics. 

FIG. 7 depicts a remote desktop connected to a device on 
the cloud by a Remote Desktop Connection 

FIG. 8 shows microfluidics port mirroring in a two-
35 dimensional tester device. 

FIG. 9 illustrates microfluidics port mirroring in a three-
dimensional tester device. 

FIG. 10 illustrates a component diagram showing the flow 
of event injection and event synchronization between a 

40 desktop virtual app and a microfluidic mobile computing 
device in the cloud. 

DETAILED DESCRIPTION 

45 It is understood in advance that although this disclosure 
includes a detailed description on cloud computing, imple-
mentation 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 

50 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, 

55 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 

60 service models, and at least four deployment models. 
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 

65 requiring human interaction with the service's provider. 
Broad network access: capabilities are available over a 

network and accessed through standard mechanisms that 
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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 email). 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, 
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 

4 
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). 

5 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. 

10 Referring now to FIG. 1, 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 

15 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 systeml 
server 12, which is operational with numerous other general 

20 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 systemlserver 12 include, but are 
not limited to, personal computer systems, server computer 

25 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 

30 include any of the above systems or devices, and the like. 
Computer systemlserver 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, 

35 programs, objects, components, logic, data structures, and so 
on that perform particular tasks or implement particular 
abstract data types. Computer systemlserver 12 may be 
practiced in distributed cloud computing environments 
where tasks are performed by remote processing devices that 

40 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. 1, computer systemlserver 12 in cloud 
45 computing node 10 is shown in the form of a general-

purpose computing device. The components of computer 
systemlserver 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 

50 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-

55 tectures. By way of example, and not limitation, such 
architectures include Industry Standard Architecture (ISA) 
bus, Micro Channel Architecture (MCA) bus, Enhanced ISA 
(EISA) bus, Video Electronics Standards Association 
(VESA) local bus, and Peripheral Component Interconnects 

60 (PCI) bus. 
Computer systemlserver 12 typically includes a variety of 

computer system readable media. Such media may be any 
available media that is accessible by computer systemlserver 
12, and it includes both volatile and non-volatile media, 

65 removable and non-removable media. 
System memory 28 can include computer system readable 

media in the form of volatile memory, such as random 
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access memory (RAM) 30 and/or cache memory 32. Com-
puter systemlserver 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. 

Programlutility 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 systemlserver 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 systemlserver 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/O) interfaces 22. Still yet, com-
puter systemlserver 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 systemlserver 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. 2, 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 
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. 2 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. 3, a set of functional abstraction 
5 layers provided by cloud computing environment 50 (FIG. 

2) is shown. It should be understood in advance that the 
components, layers, and functions shown in FIG. 3 are 
intended to be illustrative only and embodiments of the 
invention are not limited thereto. 

10 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 

15 Computer) architecture based servers 62; servers 63; blade 
servers 64; storage devices 65; networks and networking 
components 66. In some embodiments, software compo-
nents include network application server software 67 and 
database software 68. 

20 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 

25 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 

30 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-

35 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-

40 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. 

45 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 

50 classroom education delivery 93; data analytics processing 
94; transaction processing 95; and testing apps in computer 
devices 96. 

Embodiments of the invention use a cloud computing 
environment to test apps on mobile computing devices, and 

55 more specifically, on mobile computing devices having 
display screens that have transverse movement. 

As discussed above, due to technological advancements, 
there are several mobile computing devices that include a 
transparent overlay in the form of a shapeable, moveable 

60 membrane over a display screen. The membrane is movable 
in a direction perpendicular to the display screen; and 
bumps, ridges and other shapes can be formed in the 
membrane, over the display screen. These shapes can be 
used to simulate knobs, keys and other three-dimensional 

65 shapes or structures that can be located and identified by 
touch. These shapes also provide tactile feedback and pro-
vide for greater convenience using the touch screen inter-
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face. The moveable membrane can also be manipulated to 
give other visual cues to a user. 

One technology that is being used to provide such over-
lays is referred to as microfluidics, which refers to the flow 
of fluids in spaces having dimensions of micrometer size. 
Other technologies can also be used to provide a transparent, 
movable and shapeable membrane over the display screen. 

FIGS. 4-6 illustrate the use of a microfluidics based 
mobile computing device. In this technology, as shown in 
FIGS. 4 and 5, fluid pressure applied through microchannels 
102 is used to raise and lower portions of a membrane 104. 
This may be used to create ridges, bumps and other three-
dimensional features. For instance, as shown in FIG. 6, an 
array 106 of bumps may be formed on a mobile computing 
device 110 to represent the keys of a keyboard. Additional 
details of the use of a microfluidics based membrane on a 
touch screen display of a mobile computing device are 
described in U.S. Patent application Publication No. 2016/ 
0202276 1, the disclosure of which is hereby incorporated 
herein by reference in its entirety. 

Microfluidics technology can be used to create physical 
three-dimensional depth to mobile apps and videos and can 
also be used in gaming apps to create real physical depth to 
gaming objects. Testing such apps will be crucial and 
critical. 

In an embodiment of the invention, devices with appli-
cations to be tested are hosted in a cloud computing envi-
ronment, and the tester gets a handle to interact with the 
devices in the cloud. Testing these devices in the cloud 
enables, among other advantages, easy testing of apps in 
various devices. 

FIG. 7 illustrates a testing environment. FIG. 7 shows a 
plurality of devices 122, 124 hosted in a cloud computing 
environment 126, and a tester device 130, which is shown as 
a desktop computer. The tester 130 synchronizes with a 
selected device 122 on the cloud, and this may be done using 
a Mobile Remote Desktop Connection (MRDC). 

The Tester 130 has a desktop application which synchro-
nizes with the device 122 in the cloud 126, and the Tester 
130 can interact with the device in the cloud through a 
desktop application. The desktop app shows live mirroring 
of the selected device's 122 screen, and any user event on 
the desktop app gets replicated in the synchronized device 
122 in the cloud 126. 

In embodiments of the invention, The Tester 130 chooses 
the device 122 in the cloud and synchronizes to it using 
existing Mobile RDP techniques. The Tester 130 has a 
desktop application which synchronizes with the device 122 
in the cloud and the Tester can interact with the device in the 
cloud through a desktop application. The desktop app shows 
live mirroring of the selected device's 122 screen and any 
user event on the desktop app gets replicated in the syn-
chronized device in the cloud. Since the Tester 130 works 
with a desktop app which cannot realize microfluidics port 
flows, the invention uses microfluidic port mirroring tech-
nique. 

With reference to FIGS. 7 and 8, if the Tester client device 
130 is two-dimensional ---that is, has two-dimensional dis-
play capabilities —then the microfluidic port states of the 
device 122 in the cloud are continuously collected, and a 
software virtual overlay 140 on top of the client desktop app 
is created. The virtual overlay 140 represents the microflu-
idic port states of the device 130 through color and haptic 
levels. For example, the client desktop app represents the 
microfludics port state (i.e., fluid pressure, height at every 
second) as visual color codes with haptic vibrations in the 
created virtual overlay. With this arrangement, as the fluid 

8 
pressure and the flow of fluid increase, the haptic vibrations 
increase. Also, as the height of the micorfluidic port 
increases, the intensity of the color increases. Since this 
virtual overlay is overlaid on top of the device screen 

5 mirroring the cloud device, a microfluidic based device 
visualization which is visualized by the tester is created in 
the desktop app. 

With reference to FIGS. 7 and 9, if the Tester client device 
130 is three-dimensional ---that is, has three-dimensional 

10 display capabilities —then the microfluidic port states of the 
device in the cloud are continuously collected, and a three-
dimensional virtual overlay 142, which represents the physi-
cal depthlheight created in each microfluidic port of device, 
is created as three-dimensional layers. Then, this real-time 

15 created virtual overlay is represented as a three-dimensional 
view using multi-layer three-dimensional techniques. So, 
when the tester views the desktop app, the tester sees the 
actual depthlheight and flow of microfluidic events that are 
being replicated in the client desktop app. Whenever the user 

20 performs actions on the desktop app, events are captured 
through the desktop app event handlers, and the captured 
events are injected into the event bus of the connected 
microfluidic device 122. 

With this embodiment, since the tester device has three-
25 dimensional capability, software converts microfluidics port 

states to a three-dimensional view (i.e., represents fluidic 
depthlheight using three-dimensional multi-layer tech-
niques), so that the tester can visually see microfluidic port 
mirroring through three-dimensional effects. 

30 The above steps enable real-time remote testing of apps in 
microfluidics based devices in the cloud through a normal 
desktop app. 

The device 122 in the cloud can be remotely controlled 
using a virtual app in the tester's desktop (as shown in FIGS. 

35 8 and 9). FIGS. 8 and 9 show microfluidic port state transfer 
from the cloud device 122 to the tester's virtual app. 
Similarly, there is another channel (in the reverse direction) 
which converts user's interactions on the virtual application 
in the tester's desktop to actual events on the device 122 in 

40 the cloud and executes the action by injecting the events in 
the event-bus of the mobile device in the cloud. Basically, 
<pixel, action, event> are the parameters which get mapped 
between the virtual app and the cloud device for complete 
interaction. 

45 The device 122 in the cloud knows the complete micro-
fluidic state of all of its microfluidic ports. This information 
can be obtained by tapping into the device states or event 
bus. From this information, the height and shallowness of 
any keys can be measured. This information is transferred to 

50 the virtual app, and based on the two-dimensional or three-
dimensional nature of the virtual app, suitable microport 
mirroring techniques as discussed above are enabled. 

FIG. 10 shows an architecture/component diagram 
explaining the flow of event injection and event synchroni-

55 zation between the desktop virtual app 152 and the micro-
fluidic device 122 in the cloud. The user interacts with the 
virtual desktop app, and all user interactions are captured 
(mouse and touch events) 154. A standard mapping confgu-
ration file 156 maps standard touchlmouse events to various 

60 corresponding events 160 in microfluidic based devices. For 
example, a long press on a mouse key may mean high
pressure on the microfluidic ports of the device under test). 
These events are received in the synchronized device in the 
cloud, and internal or external agents 162 inject these events 

65 at 164 into the event bus of the device which get executed 
on the micro-fluidic device 122 in the cloud. All changes in 
the microfluidic ports because of the changes on the tester 



US 10,223,251 B2 
9 

device are captured. The same is replicated in the desktop 
virtual app using the above-discussed micro-fluidic port 
mirroring technique, as represented at 166. 

A wide variety of communication or computing devices, 
of various sizes and types, and both mobile and stationary, 
may be used in embodiments of the invention. For example, 
mobile devices that may be used in embodiments of the 
invention may include portable phones, such as cell phones 
or the like, a smart phone, a Session Initiation Protocol (SIP) 
phone, a video phone, a portable email device, a thin client, 
or a portable gaming device. Mobile communication devices 
may also be, as additional examples, tablet computers and 
single-purpose mobile devices (such as eBooks). Other 
computing devices that may be used in embodiments of the 
invention include, as examples, personal computers, work-
stations, and laptop computers. 

The description of the invention has been presented for 
purposes of illustration and description, and is not intended 
to be exhaustive or to limit the invention in the form 
disclosed. Many modifications and variations will be appar-
ent to those of ordinary skill in the art without departing 
from the scope of the invention. The embodiments were 
chosen and described in order to explain the principles and 
applications of the invention, and to enable others of ordi-
nary skill in the art to understand the invention. The inven-
tion may be implemented in various embodiments with 
various modifications as are suited to a particular contem-
plated use. 

The invention claimed is: 
1. A method of remotely testing computing devices 

including dynamic, shapeable tactile touch screens, the 
method comprising: 

establishing a given communications connection between 
a computing device under test and a remote testing 
computer system, the computing device under test 
including a dynamic, configurable tactile touch screen; 

configuring a portion of the touch screen of the computing 
device under test, in a defined manner, to form three-
dimensional physical features on the touch screen for 
interacting with the touch screen; 

transmitting specified information about said configuring 
a portion of the touch screen, via the given communi-
cations connection, from the computing device under 
test to the remote testing computer system; and 

generating a defined visual representation on the remote 
testing computer system, by using the specified infor-
mation, of said configuring a portion of the touch 
screen. 

2. The method according to claim 1, wherein the gener-
ating a defined visual representation on the remote testing 
computer system of said configuring a portion of the touch 
screen includes generating a two-dimensional representation 
on the remote testing computer system of said configuring a 
portion of the touch screen. 

3. The method according to claim 1, wherein the gener-
ating a defined visual representation on the remote testing 
computer system of said configuring a portion of the touch 
screen includes generating a three-dimensional representa-
tion on the remote testing computer system of said corifig-
uring a portion of the touch screen. 

4. The method according to claim 1, wherein: 
the touch screen includes a microfluidics layer including 

a series of microfluidics ports for applying pressure to 
a surface of the microfluidics layer; 

the transmitting specified information from the computing 
device under test to the remote testing computer system 
includes sending states of values of the microfluidics 

10 
ports from the computing device under test to the 
remote testing computer system; and 

the generating a defined visual representation on the 
remote testing computer system of said configuring a 

5 portion of the touch screen includes using the micro-
fluidic ports states for generating the defined visual 
representation. 

5. The method according to claim 4, wherein: 
the remote testing computer system generates a display 

10 including a visual representation of the device under 
test; 

the generating a defined visual representation on the 
remote testing computer system of said configuring a 

15 
portion of the touch screen further includes creating a 
virtual overlay on top of the visual representation of the 
device under test; and 

the using the microfluidics ports states for generating the 
defined visual representation includes using the virtual 

20 overlay to represent the microfluidics ports states of the 
computing device under test. 

6. The method according to claim 1, wherein: 
the dynamically confguring a portion of the touch screen 

includes applying a pressure to a specified area of the 
25 touch screen; and 

the generating a defined visual representation of said 
configuring include showing a first visual indicator on 
the remote testing computer system to represent the 
pressure applied to the specified area of the touch 

30 screen. 
7. The method according to claim 6, wherein the showing 

a first visual indicator to represent the pressure applied to the 
specified area of the touch screen includes changing the first 
visual indicator as the pressure applied to the specified area 
of the touch screen changes, to represent the changes to the 
pressure applied to the specified area of the touch screen. 

8. The method according to claim 6, wherein: 
the specified area of the touch screen moves a distance in 

40 response to the pressure applied to the specified area; 
and 

the generating a defined visual representation of said 
configuring further includes showing a second visual 
indicator on the remote testing computer system to 

45 represent the distance the touch screen moves in 
response to the pressure applied to the specified area. 

9. The method according to claim 8, wherein the showing 
a second visual indicator on the remote testing computer 
system to represent the distance the touch screen moves in 

50 response to the pressure applied to the specified area 
includes changing the second visual indicator as the distance 
the touch screen moves in response to the pressure applied 
to the specified area of the touch screen changes, to represent 
the changes to the distance the tough screen moves in 

55 response to the pressure applied to the specified area of the 
touch screen. 

10. The method according to claim 1, wherein: 
the remote testing computer system generates a display 

including a visual representation of the device under 
60 test; and 

the generating a defined visual representation on the 
remote testing computer system of said configuring a 
portion of the touch screen includes 
creating a virtual overlay on top of the visual repre-

65 sentation of the device under test, and 
using the virtual overlay to show the configuring a 

portion of the touch screen. 
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11. A system for remotely testing computing devices 
including dynamic, shapeable tactile touch screens, the 
system comprising: 

a testing computer system for testing a computing device 
under test, wherein a given communications connection 
is established between the computing device under test 
and testing computer system, the computing device 
under test including a dynamic, configurable tactile 
touch screen, and a portion of the touch screen of the 
computing device under test is configured, in a defined 
manner, to form three-dimensional physical features on 
the touch screen for interacting with the touch screen; 
and 

wherein the testing computer system is configured for 
receiving specified information about said configuring 

a portion of the touch screen, via the given commu-
nications connection, from the computing device 
under test; and 

generating a defined visual representation on the 
remote testing computer system, by using the speci-
fied information, of said configuring a portion of the 
touch screen. 

12. The system according to claim 11, wherein the testing 
computer system is configured for generating a two-dimen-
sional representation of said configuring a portion of the 
touch screen. 

13. The system according to claim 11, wherein the testing 
computer system is configured for generating a three-dimen-
sional representation of said configuring a portion of the 
touch screen. 

14. The system according to claim 11, wherein the touch 
screen of the device under test includes a microfluidics layer 
including a series of microfluidics ports for applying pres-
sure to a surface of the microfluidics layer, and wherein: 

the testing computer system is configured for receiving 
from the device under test states of values of the 
microfluidics ports, and for using the microfluidics 
ports states for generating the defined visual represen-
tation. 

15. The system according to claim 11, wherein the testing 
computer system is configured for: 

generating a display including a visual representation of 
the device under test; 

creating a virtual overlay on top of the visual represen-
tation of the device under test, and 

using the virtual overlay to show the configuring a portion 
of the touch screen. 

16. A computer program product for remotely testing 
computing devices, wherein a computing device under test 

12 
includes a dynamic, shapeable tactile touch screen, and a 
portion of the touch screen of the computing device under 
test is configured, in a defined manner, to form three-
dimensional physical features on the touch screen for inter-

5 acting with the touch screen, the computer program product 
comprising: 

a non-transitory computer readable storage medium hav-
ing program instructions embodied therein, the pro-
gram instructions executable by a computer to cause 

10 the computer to: 
receive specified information about said configuring a 

portion of the touch screen from the computing device 
under test; and 

15 
generating a defined visual representation on the remote 

testing computer system, by using the specified infor-
mation, of said configuring a portion of the touch 
screen. 

17. The computer program product according to claim 16, 
20 wherein the program instructions are executable by the 

computer to cause the computer to generate a two-dimen-
sional representation of said confguring a portion of the 
touch screen. 

18. The computer program product according to claim 16, 
25 wherein the program instructions are executable by the 

computer to cause the computer to generate a three-dimen-
sional representation of said confguring a portion of the 
touch screen. 

19. The computer program product according to claim 16, 
30 wherein the touch screen of the device under test includes a 

microfluidics layer including a series of microfluidics ports 
for applying pressure to a surface of the microfluidics layer, 
and wherein the program instructions are executable by the 
computer to cause the computer: 

to receive from the device under test states of values of the 
microfluidics ports; and 

to use the microfluidics ports states for generating the 
defined visual representation. 

40 
20. The computer program product according to claim 16, 

wherein the program instructions are executable by the 
computer to cause the computer: 

to generate a display including a visual representation of 
the device under test; 

to create a virtual overlay on top of the visual represen-
tation of the device under test, and 

to use the virtual overlay to show the configuring a portion 
of the touch screen. 

* * * * * 
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