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CLEN ENWERONMENT Aia 

webavironment: 
libversion: Current library version 
page: Webpage being captured 
windowld: id of the window screen 

devicePixel Ratio: CSS pixel ratio 
deviceOriginalWidth: Device widti based or screen pixel density 
device:{}riginal Height: Device height based on screen pixel density 
deviceWidth: (CSS pixel screen width 
devicekieight: {SS pixel screen height 
deviceToolbarheight: Browser toolbar height 
width: width of viewport 
height: height of viewport 
orientation: Orientation of the screen 
oriestation Mode: P{CRTRA of ANE)SCAR i 

page:Height: Fleight of the document of the webpage | 
viewPort Width; Width of the viewport 
viewPorth eight: Height of the viewport 
viewportX:x position of the scrotibar on viewport 
viewiortY: y position of the scrollbar on viewport 
deviceOrientation: The orientation of the screen of the device 
event: Event that triggered the client state 
deviceScaie: Walue to scale screen during replay to represent what user saw 
viewTime; Time in milliseconds user was on the event triggered 
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pageWidth: Width of the document of the webpage 22 
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- 220 
CNRO EVEN f 

focusi (Offset: Miliseconds offset from offset for when focusin of text fields 

target: Control being logged 
position: Position of control being ogged 

X: X of the control 
y: Y of the control 
height; height of control 
widt width of control 

reixY Reiative X&Y ratio that can be from 0 to with a default value of 0.5 
id: Idf Name, Tag of control 
id'Type: ''o indicate what id is based on id, name or XPath 
dwell: wet time of Coltrol 
visited Count: Niraber of times a foral control has been visited by the user 
is Parentiink: To indicate if controla A type tag 
name Nate of control 
type: Type of control 
subtype: SubType of control 
tType: t:ype of control that normalizes the contro; type for eventing 
prevState Previous state of contro: 
currState; Curret state of control 
event: Event front control 

type: Type of event 
subtype. Subtype of event 
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SYSTEM FOR CAPTURING AND 
REPLAYING SCREEN GESTURES 

0001. The present application claims priority to provi 
sional patent application Ser. No. 61/725,823, filed Nov. 13, 
2012, entitled: CAPTURE AND REPLAY OF TOUCH 
SCREEN GESTURES which is herein incorporated by 
reference in its entirety. 

BACKGROUND 

0002 Monitoring systems may monitor and capture user 
interface (UI) events during application sessions. For 
example, the application session may comprise a web ses 
sion where the user accesses a website for purchasing a 
product on-line. The captured UI events may comprise user 
inputs, selections, and/or navigation through the webpages 
of the website. A replay system may replay the UI events to 
reproduce the images and states that the user viewed and 
created during the original application session. The replayed 
application session may identify problems or other condi 
tions that the user experienced during the original applica 
tion session. 
0003 More application sessions are being conducted on 
relatively small portable devices with touch screens, such as 
laptops, Smart phones and notebook computers. The user 
may manipulate content displayed within the touch screen 
using screen gestures. For example, the user may Zoom-in 
on an image by placing two fingers on the touch screen and 
performing a pinch-in gesture. In another example, the user 
may scroll to a different location of an image by sliding one 
of the fingers across the touch screen. 
0004 Screen gestures may be more common on smaller 
computing devices where touch screens provide the primary 
user interface. Screen gestures also may be more prevalent 
in Smaller computing device with Smaller display screens 
that require more screen manipulations to view the correct 
information on displayed webpages. 
0005. Current monitoring systems may not adequately 
capture Screen gestures and thus may not be able to accu 
rately recreate some user experiences from the original 
application session. For example, current monitoring sys 
tems may only capture Hyper Text Markup Language 
(HTML) for webpages and use the HTML during replay to 
render the webpages. 

BRIEF SUMMARY 

0006. A capture system may capture client events for an 
application session. Some client events may contain display 
information associated with screen gestures. The screen 
gestures may be associated with any user input that changes 
how images are displayed during the application session. 
For example, the screen gestures may comprise one or more 
of a scroll gesture, a touch start gesture, a touch move 
gesture, a touch end gesture, and/or a pinch gesture. In 
another example the screen gesture may comprise a reori 
entation of a device operating in the application session. A 
replay system may replay the application session based on 
the captured client events to recreate images displayed 
during the application session in response to the screen 
gestures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0007 FIG. 1 depicts an example of a capture and replay 
system for capturing an application session. 
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0008 FIG. 2 depicts an example of gesture events cap 
tured during an application session. 
0009 FIGS. 3A-3C depict examples of display informa 
tion contained in gesture events. 
0010 FIG. 4 depicts an example process for capturing 
gesture events. 
0011 FIG. 5 depicts an example of gesture events cap 
tured for an application session. 
0012 FIG. 6 depicts an example of gesture events 
replayed for an application session. 
0013 FIG. 7 depicts an example process for replaying 
gesture events. 
0014 FIGS. 8A-8D depict examples of images displayed 
during an application session. 
(0015 FIGS. 9A-9D depict examples of how images for 
an application session are recreated during a replay session. 
0016 FIG. 10 depicts an example computing system for 
capturing and replaying screen gestures. 

DETAILED DESCRIPTION 

0017 Screen gestures may comprise any input that 
changes how an image is displayed on a computer screen. 
Examples of screen gestures may comprise a Zoom-in opera 
tion, a Zoom-out operation, a scroll operation, or the like, or 
any combination thereof. Other examples of Screen gestures 
may comprise touch patterns. Such as a user making a 
Z-pattern on the touch screen. Another example of a screen 
gesture may comprise a device reorientation where a com 
puting device is rotated causing a displayed image to change 
between a profile orientation and a landscape orientation. 
0018. Some webpages and other content may not be 
properly designed for Smaller screen sizes of some comput 
ing devices. The Smaller display Screens may require more 
screen gestures including multiple Zooms, Swipes, scrolls, 
and/or orientation changes in order to display the correct 
content at the correct resolution. Capturing and replaying 
these screen gestures, or the results of the screen gestures, 
may identify areas of struggle and/or identify specific infor 
mation sought out by the user during an application session. 
0019. A capture system captures electronic pages and 
user inputs for an application session. The capture system 
also captures gesture events associated with screen gestures 
applied to a computing device during the application ses 
Sion. A replay system may use the captured gesture events to 
recreate images resulting from the screen gestures. The 
recreated images may provide an improved recreation of a 
user experience during the original application session. For 
example, the replayed gesture events may identify a user 
struggling to display a correct location on a webpage or may 
identify the user struggling to navigate though a correct 
information discovery path. 
0020 FIG. 1 depicts an example of a capture and replay 
system 100 configured to capture and replay gesture events 
136. A client device 120 may be any computing device that 
operates a native or server based application 122. For 
example, client device 120 may be a smartphone, Personal 
Digital Assistant (PDA), terminal, personal computer, laptop 
computer, tablet computer, notebook computer, etc. 
0021 Client device 120 may be operably coupled to a 
website server 103 via network 110. Network 110 may be 
any combination wired and/or wireless networks, such as 
Internet networks, Local Area Networks (LANs), Wide Area 
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Network (WANs), Public Service Telephone Networks 
(PSTNs), cellular networks, or the like, or any combination 
thereof. 

0022 Application 122 may comprise any combination of 
Software and/or hardware that conduct an application ses 
sion 106. Application 122 may provide different functions 
on client device 120. For example, application 122 may be 
used for purchasing items or services, playing video games, 
digital navigation, searching the Internet, etc. These of 
course are just examples of any function that may be 
performed by application 122 on client device 120. 
0023 For simplicity, only one application 122 is shown 
in FIG. 1. However, it should be understood any variety of 
different applications 122 may be executed on client device 
120. In one example, application 122 may be a server based 
application that operates within a web browser environment 
and communicates with an associated web application 104 
operating on website server 103 during application session 
106. In another example, application 122 may be a native 
application that at times operates independently from web 
application 104 and at other times exchanges data with web 
application 104. 
0024 Application 122 may display images 128A and 
128B within a screen 126 on client device 120. In one 
example, images 128 may be displayed within a webpage 
134 displayed within a web browser. Webpage 134 and 
images 128 may include control fields or selectable control 
icons such as login and password fields for receiving alpha 
numeric data. In another example some of images 128 may 
not have associated control functions, such as Joint Photo 
graphic Experts Group (JPEG) images or portable document 
format (PDF) images. In another example, images 128 may 
be associated with Hyper Text Transfer Protocol (HTTP) 
links that in response to selection send requests to web 
application 104 for other webpages. These of course are just 
Some examples and application 122 may display any images 
128 or any type of information on screen 126 and may 
perform any associated control operations in response to 
selection of the images. 
0025. In one example, screen 126 may comprise a touch 
screen configured to manipulate webpage 134 in response to 
a screen gesture 130. In another example, Screen 126 may 
not comprise a touch screen and the user may use a keyboard 
to apply screen gesture 130. In one touch screen example, a 
user may press and slide a finger of hand 132 over Screen 
126 causing client device 120 to display a different portion 
of webpage 134. In another example, screen gesture 130 
may comprise two fingers of hand 132 pressing and pinch 
ing-in against Screen 126 causing client device 120 to Zoom 
out webpage 134. In another example, screen gesture 130 
may comprise the two fingers of hand 132 pressing and 
pinching-out against Screen 126 causing client device 120 to 
Zoom-in webpage 134. 
0026. In another example, the user may rotate or shake 
client device 120 in order to rotate webpage 134 within 
screen 126 between a portrait orientation and a landscape 
orientation. In yet another example, gesture 130 may com 
prise simply tapping on touch screen 126 with a finger of 
hand 132 to make a selection, initiate a function, change 
which webpage 134 is displayed, or change what portion or 
how webpage 134 is displayed. These are all just examples 
and a user may perform any screen gesture 130 with screen 
126 of client device 120. 

Mar. 2, 2017 

0027. During application session 106, application 122 
may send requests from client device 120 to web application 
104. For example, a user may select a link or icon within 
webpage 134 or may enter data into a field displayed within 
webpage 134. Application 122 may send the request to web 
application 104 in response to the selection or data entry. 
Web application 104 may send responses back to application 
122 based on the requests. For example, web application 128 
may send back another webpage for displaying on Screen 
126 or may send additional information for displaying with 
currently displayed webpage 134. Such as data for a drop 
down menu. 
0028 Capture and replay system 100 may comprise a 
capture library 124 embedded within application 122, a 
passive capture application (PCA) 108, and a replay system 
112. For simplicity, other elements of system 100 are not 
shown but may include other session processing servers 
and/or any other processing elements used for capturing and 
replaying application session 106. 
0029 PCA 108 may capture any communications 
exchanged between application 122 and web application 
104. For example, PCA 108 may capture webpage 134 and 
any data loaded into webpage 134. Such as images, fields, 
data, text, Document Object Models (DOM), metadata, 
HTML, control embedded into the HTML, or the like or any 
combination thereof. 
0030 Capture library 124 may capture and/or generate 
additional client events 135 on client device 120. Client 
events 135 may include, but is not limited to, user inputs, 
image display information, mouse clicks, keyboard entries, 
data, text, Document Object Model (DOM) changes, and 
any other changes in the state of application session 106 
and/or any other information generated on client device 120 
during application session 106. 
0031 Capture library 124 may be configured to operate 
with any mobile or desk top operating system, Such as a 
JavaScript library, an iOS library, and/or an Android R. 
library. Client events 135 may be formatted into a JavaScript 
Object Notation (JSON) file. However, capture library 124 
may use other formats, such as Extensible Markup Lan 
guage (XML), a simple http post, or the like, or any 
combination thereof. 
0032 Capture library 124 may capture and queue mul 
tiple client events 135 for sending indirectly to PCA 108 via 
web application 104. For example, capture library 124 may 
queue client events 135 until reaching a threshold size and 
then send the queued client events 135 to a target page on 
website server 103. PCA 108 then may capture client events 
135 sent from capture library 124 to website server 103. 
0033 Capture library 124 may capture gesture events 136 
as part of client events 135. Gesture events 136 may identify 
a screen gesture 130 performed by a user during application 
session 106 and may contain display information associated 
with screen gesture 130. Screen gesture 130 may be detected 
from any operating system or computing hardware. Such as 
Surface for Windows.(R) devices and phones. Example of 
screen gesture 130 may comprise a scroll, Screen touch, or 
pinch operation. Gesture events 136 also may include dis 
play information that identify how webpage 134 and images 
128 are displayed on screen 126 in response to screen 
gesture 130. 
0034 PCA 108 and/or a processing server may combine 
and store all of the captured webpages and client events 135 
for application session 106 into a same application session 
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file 140 in a database 138. PCA 108, capture library 124, 
and/or another processing server may add a session identifier 
and timestamps to client events 135 identifying a sequence 
the client events were detected and/or captured during 
application session 106. 
0035 A replay system 112 may comprise any combina 
tion of database 138, replay server 142, replay interface 146, 
and/or computer 148. A user operating computer 148 may 
use replay interface 146 to select application session file 
140. A replay engine 144 operating on replay server 142 may 
render the web pages displayed during application session 
106. Replay system 112 then may apply client events 135 
from application session file 140 to the rendered webpages. 
0036 Replay system 112 may identify some of client 
events 135 in application session file 140 as gesture events 
136. Replay system 112 may use display a skin on computer 
148 based on display information in gesture events 136. The 
skin may represent the physical dimensions of client device 
120 and screen 126 and may simulate the physical display 
environment viewed by the user during application session 
106. 
0037 Replay system 112 may display webpage 134 
within the skin based on additional display information in 
gesture events 136. The additional display information may 
identify the type of screen gesture 130 and indicate how 
webpage 134 was displayed on screen 126 in response to 
screen gesture 130. Replay system 112 may use the display 
information to recreate a display state of webpage 134 after 
screen gesture 130. 
0038 FIG. 2 depicts an example of gesture events 136 
that may be detected and captured by capture library 124. It 
may be difficult to capture and reproduce the results of 
screen gesture 130 due to data proliferation and a large 
amount of event noise that may be produced. It also may be 
difficult to understand when screen gesture 130 starts and 
ends. For example, the user may press hand 132 on Screen 
126 multiple times in order to display a desired portion of 
webpage 134 and multiple gestures 130 may overlap if more 
than one finger is being used. 
0039 Capture library 124 may generate multiple gesture 
events 136 in order to identify and distinguish between each 
screen gesture 130. For example, gestures events 136 may 
identify a webpage load event, a webpage unload event, a 
webpage resize event, a webpage scroll event, a webpage 
orientation-change event, a webpage touch-start event, a 
webpage touch-end event, a webpage touch-move event, a 
webpage touch-cancel event, or the like, or any combination 
thereof. 
0040. In one example, screen gesture 130 may comprise 
a pinch gesture where two fingers of hand 132 are placed on 
screen 126 and moved in an inner to outer direction to 
Zoom-in to a specific location within webpage 134. Capture 
library 124 may capture a series of gesture events 136 based 
on the pinch operation associated with screen gesture 130. 
For example, capture library 124 may first capture client 
environment data 162A for client device 120. Client envi 
ronment data 162A may identify the physical display param 
eters of client device 120 and screen 126. 
0041 Capture library 124 also may capture a webpage 
load event 162B identifying loading of webpage 134, a 
webpage touch start event 162C indicating one or more 
fingers touching screen 126, a series of webpage touch move 
events 162D-162F identifying movements of the lingers 
over screen 126, a webpage touch end event 162G indicating 
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removal of hand 132 from screen 126, a webpage resize 
event 162H indicating a resizing of webpage 134, and a 
webpage Scroll event 162G indicating scrolling of a finger of 
hand 132 over screen 126. 
0042 Some gesture events 136 may identify the end of 
gesture 130. For example, capture library 124 may trigger 
generation of touch end event 162G when the fingers of hand 
132 are lifted off of screen 126. Replay system 112 may use 
the gesture ended events to determine when to display a 
gesture modified webpage 134. For example, replay system 
112 may identify a first one of gesture events 136 associated 
with a display state of webpage 134 before screen gesture 
130 and may identify a second one of gesture events 136 
associated with a display state of webpage 134 after screen 
gesture 130. Replay system 112 may display webpage 134 
based on display information contained in the two identified 
gesture events. For example, replay system 112 may use the 
first one of the gesture events to display a state of webpage 
134 prior to screen gesture 130 and may use the second one 
of the gesture events to display a state of webpage 134 after 
completion of gesture 130. 
0043. Some gesture events 136 may be associated with 
control operations and other gesture events 136 may be 
associated with screen changes. For example, a first control 
event may be associated with a user selecting, touching, or 
clicking on a form within webpage 134. A second client state 
event may be associated with the user changing the viewport 
of the images displayed on Screen 126. 
0044 FIG. 3A depicts an example of client environment 
data 200. Referring to FIGS. 1 and 3A, replay system 112 
may use captured client environment data 200 to generate a 
skin on computer 148. The skin may replicate the physical 
dimensions and orientation of screen 126 within client 
device 120 used during application session 106. In one 
example, client environment data 200 may be captured and 
attached as a header in other gesture events 136. In another 
example, client environment data 200 may be sent as a 
separate gesture event 136. 
0045 Capture library 124 may infer a type of client 
device 120 from a browser agent string provided by the 
browser operating on client device 120. A LibVersion field 
may identify a version of capture library 124 operating on 
application 122. A page field may identify the webpage 
Universal Resource Locator (URL) for a webpage displayed 
during the application session. A WindowID field may 
provide a generic identifier for a type and size of window 
screen displaying the webpage during the application ses 
S1O. 

0046. A devicePixelRatio field may identify a pixel ratio 
for a Cascading Style Sheet (CSS) displayed on the client 
device. A deviceOriginal Width field and a deviceOriginal 
Height field may identify an original width and height of 
screen 126 on client device 126. 
0047. A deviceWidth field and a deviceHeight field may 
identify the CSS pixel screen width and height, respectively. 
The CSS pixel screen dimensions may identify the size of 
the image actually displayed to the user on Screen 126. For 
example, the device pixel ratio may be applied to the 
original width and height of screen 126 to obtain a CSS to 
screen pixel ratio. 
0048. A deviceToolbarHeight field may identify a size of 
a web browser tool bar that may be displayed on screen 126. 
The capture library may determine the toolbar height value 
from web browser 134 and subtract that value from a 
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reported Screen height to identify the display area on Screen 
126. Replay system 112 may adjust the scale factor of 
displayed webpages based on the deviceToolbarHeight field 
value. 
0049. A width field and a height field may identify the 
width and height of the web browser viewport. The view 
port may identify the area of the web browser where 
webpages are displayed. The view port value may allow the 
replay system to identify certain application session prob 
lems. For example, some client device may have relatively 
Small display Screens that only display Small portions of 
webpages at one time. Poorly designed web applications 
may repeatedly show the wrong portion of webpages. The 
replay system may use the viewport values to recreate the 
incorrectly displayed webpages. 
0050. An orientation field may identify the orientation of 
the image displayed on client device 120. For example, a top 
to bottom long x-axis of client device 120 and screen 126 
may be vertically orientated or horizontally oriented. Client 
device 120 may identify the orientation as 0 degrees or 90 
degrees with respect to a vertical or horizontal X-axis 
orientation of client device 120. An orientationMode field 
may use the degrees of orientation to identify the image in 
screen 126 as having a portrait orientation or a landscape 
orientation. 
0051 FIG. 3B depicts an example of a first type of 
gesture event referred to as a client state event 210. Refer 
ring to FIGS. 1 and 3B, client state event 210 may identify 
changes in how images or webpages are displayed on screen 
126 of client device 120. Capture library 124 may generate 
client state event 210 in response to different screen events. 
For example, capture library 124 may generate client state 
event 210 in response to a webpage being loaded, or 
unloaded. Capture library 124 also may generate client state 
event 210 in response to screen gesture 130, such as when 
ever a user touches, scrolls, pinches, and/or lifts fingers off 
of screen 126. 
0052 Replay system 112 may use display information 
212 within client state event 210 to reproduce images 
previously displayed on Screen 126 during application ses 
sion 106. For example, a pageWidth field and a pageHeight 
field may identify the width and height, respectively, of the 
electronic document displayed as webpage 134. View 
PortWidth and viewPortHeight fields may identify the width 
and height of the webpage viewport. ViewPortX and view 
PortY fields may identify X and y positions, respectively, of 
the scrollbar on the viewport. For example, a position of a 
horizontal scroll bar on the web browser may identified by 
the viewPortX field and a position of a vertical scroll bar 
may be identified by the viewport Y field. 
0053 A deviceOrientation field may identify a portrait or 
landscape orientation of the screen of client device 120. An 
event field may identify the event that triggered the capture 
library to generate client state event 210. For example, the 
event field may identify Screen events such as a page load, 
a page unload, a page resize, a page Scroll, a page touch, or 
a page touch end event. 
0054. A deviceScale field may identify a scale factor for 
recreating a size of screen 126. For example, replay system 
112 may scale the size of a webpage based on the deviceS 
cale field. A viewTime field may identify an amount of time 
in milliseconds the webpage was displayed on screen 126. 
0055 Multiple client state events 210 may be generated 
in response to the same screen gesture 130. For example, a 
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scroll screen gesture 130 may comprise multiple gesture 
states, such as a user pressing a finger against Screen 126, 
scrolling the finger over Screen 126, and then lifting the 
finger off of screen 126. Capture library 124 may generate 
client state events 210 for each gesture state. Capture library 
124 may queue up the client state events 210 in the order 
captured and then send client state events 136 to PCA 108 
or a dummy webpage in website server 102 that are then 
captured by PCA 108. 
0056 FIG. 3C depicts an example of a second type of 
gesture event 136 referred to as a control event 220. Control 
event 220 may identify changes to control elements within 
webpage 134. For example, control event 220 may identify 
a user selecting an electronic webpage icon or entering data 
into a webpage text field. Control event 220 also may 
identify certain types of gestures, such as touch start, touch 
end, touch cancel or touch move event. Capture library 124 
also may send control event 220 to web server 103 or to PCA 
108 for combining with other client events 135. 
0057. A focusInCoffset field may identify an offset when 
a focusIn event is detected in a text field. For example, a user 
may select a field displayed in webpage 134. The 
focusInCoffset field may identify the amount of time from 
when the field is selected to when text is entered into the 
field. 
0.058 A target field may identify the control element 
being logged, such as a field or icon selected by the user. A 
position field may identify the position of the control ele 
ment being logged. For example, the position field may 
identify an X and y position of the selected field or icon in 
webpage 134. Height and width fields may identify the 
height and width of the control element. 
0059 A relxY field identify a relative x and y ratio that 
indicates where the user clicked on the control element. An 
id field may identify a name or tag assigned to the control 
element. An idType field may identify a type of identifier, 
Such as an identifier, name, or XPath. 
0060 Adwell field may identify a dwell time a user spent 
on the control element. A visitedCount field may identify a 
number of times the user visited the control element. For 
example, a user may type their name into a name field. The 
user then may click on a different field on the webpage and 
then reselect the name field and edit the previously entered 
name. The visitedCount field may contain the value of two 
to represent the two times the user selected the name field. 
0061 A is Parentlink field may identify a type of link 
associated with the control field, such as a hyperlink. A name 
field may identify the name of the selected control element 
and a type field may identify a type of the selected control 
element, such as a button. A subType field may identify a 
Subtype of control element underneath a parent control 
element. AtlType field may identify a generic name for the 
control element. For example, different web applications 
may use different names for a similar type of button control 
element. The t1Type field may provide a generic name for the 
button control element. 
0062. A prevState field may identify a previous state of 
the control element and a currState field may identify a 
current state of the control element. For example, the 
previous state of a text field may be blank and the current 
state of the text field may contain text. An event field may 
identify the gesture event that triggered capture library 124 
to capture control event 220. For example, capture library 
124 may generate control event 220 in response to a mouse 
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click selecting a button icon or may generate a control event 
in response selection and entry of text into a text field. An 
event field may identify control events and child control 
events within the control events. 

0063. Other generic information may be identified in 
gesture events 136. For example, a type field may identify 
the type of message containing the gesture event. An offset 
field may identify in milliseconds an offset from a start of a 
media stream. A screenviewOffset field may identify an 
offset from a start of an application context or state. A 
from Web field may identify application 122 as a web 
application or a native application. 
0064. A count field may identify the number of messages 
generated for a particular screen gesture 130. For example, 
multiple gesture events 136 may be generated for a series of 
scroll screen gestures. Capture library 124 may assign 
sequential count numbers to the gesture events 136 associ 
ated with the same screen gesture 130. 
0065 FIG. 4 depicts an example process for generating 
gesture events. The capture library and the PCA may moni 
tor an application session in operation 300. Operation 302 
may capture the web environment data for the application 
session. As explained above, the web environment data may 
identify the physical dimensions of the client device and the 
display Screen used during the application session. Opera 
tion 304 may capture client events during the monitored 
application session. Operation 306 may identify client 
events associated with screen gestures. For example, a group 
of client events may be associated with a user pressing and 
sliding a finger across a screen. 
0066. Operation 308 may capture any control or display 
information associated with the screen gesture. For example, 
operation 308 may generate a first gesture event in response 
to a webpage being loaded. The first gesture event may 
contain display information showing how the webpage 
originally appeared on the screen of the client device. 
Operation 308 may generate a second gesture event identi 
fying a user Scrolling a finger over the screen. A third gesture 
event may identify a touch end event when the hand of the 
user is lifted off of the screen. Operation 308 then may 
generate a fourth gesture event containing display informa 
tion showing how the webpage appeared on the screen after 
the third gesture event. 
0067. Operation 310 may send the captured client events 

to the PCA. In one example, the client events may be 
generated in a JaveScript Object Notation (JSON) format. 
However, any format may be used. 
0068 FIG. 5 depicts an example of client events 135 
containing gesture related events and information 150 for 
application session 106. In this example, one of more of 
client events 135 may contain web environment data 150A 
identifying the physical parameters of client device 120 
during application session 106. Web environment data 150A 
may be used during replay to set up on initial display base 
for replaying webpages. 
0069. A load home webpage event 150B may contain 
image data identifying how a home webpage 320 was loaded 
and displayed on client device 120. Control event 150C may 
identify control information associated with home webpage 
320. For example, control event 150C may identify a link 
321 selected on home webpage 320. Selecting link321 may 
initiate another load furniture webpage event 150D that 
loads a furniture webpage 322 into client device 120. 
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0070 A screen gesture 324 associated with webpage 322 
may generate several gesture events. For example, Screen 
gesture 324 may comprise a pinch operation that resizes and 
scrolls webpage 322. The capture library may generate a 
series of gesture events 150E-150F containing control and 
display information associated with screen gesture 324. For 
example, control event 150E may identify screen gesture 
324, client state event 150F may contain display information 
identifying how webpage 322 was displayed on client device 
120 during an intermediate state of Screen gesture 324, and 
client state event 150G may contain display information 
identifying how webpage 322 was displayed on client device 
120 after completion of screen gesture 324. 
0071 Time stamps may be added to client events 135 so 
the replay system can reproduce a same sequence of display 
states generated during application session 106. Finger 
placement may be added as animation during replay to show 
where the user started and ended a gesture. For example, the 
replay system may display an image of a hand representing 
movement of hand 132 on the screen of client device 120. 
0072 For illustration purposes, different states of appli 
cation session 106 may be represented as separate client 
events 135. However, it should be understood that any 
combination of control states and display states may be 
combined into a same client event 135 and any combination 
of client events 135 may be combined into a same message 
and captured by PCA 108. 
0073 FIG. 6 depicts one example showing how replay 
system 112 replays a captured application session. Replay 
system 112 may comprise a server based architecture where 
replay engine 144 on replay server 142 renders webpages 
320 and 322. However, static webpages may not be able to 
recreate Some touch screen gestures such as Zoom, Scroll, 
and/or slide gestures. 
0074 Replay system 112 may use a client side replay 
interface to generate screen gesture related events. In one 
example, replay interface 146 may operate a browser 332 on 
computer 148 and may provide a cleaner implementation for 
high fidelity replay. Replay engine 144 may render elec 
tronic pages on replay server 142 and return the rendered 
webpages to replay interface 146. Once loaded, replay 
interface 146 may modify how the webpages are displayed 
based on captured gesture events. 
0075. A navigation list may identify the webpages cap 
tured during the application session. Each webpage may 
have one or more associated client events 135. A user may 
select one of the webpages from the navigation list. Replay 
interface 146 may draw a skin 334 representing the physical 
dimensions of the screen for the client device operated 
during the original application session. Replay interface 146 
then may display webpages within the skin. 
0076 Once a webpage is loaded into skin 334, replay 
system 112 may use browser 332 to simulate images result 
ing from Screen gestures and apply other webpage transfor 
mations based on associated client events. For example, 
replay interface 146 may use Cascading Style Sheets 3 
(CSS3) to vary a scale, size, or position of webpages within 
skin 334 and may provide additional animation effects. 
CSS3 may be used to provide browser renderings without 
using other plug-ins for the browser. 
(0077 Replay system 112 is not limited to CSS3 and is not 
platform specific. For example, other implementations may 
use other technologies such as Adobe flash, Silverlight, or 
other browser plug-ins. Replay system also may use mul 
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tiple different technologies to the replay application session 
106. For example, a pinch-in animation may be produced 
through CSS3 and a scroll/slide animation may be produced 
through a JavaScript function. 
0078. In this example, an operator may access the cap 
tured application session file in database 138 via computing 
device 148. The operator may select home webpage 320. 
Replay system 112 may display a skin 334 based on web 
environment data 150A and render webpage 320 within skin 
334. Replay system 112 may scale, size, and/or position 
rendered webpage 320 within skin 334 based associated 
client events. For example, replay system 112 may display 
home webpage 320 based on image information in load 
home webpage event 150B. Replay system 112 then may 
apply user inputs to webpage 320 based on other control 
events. For example, replay system 112 may highlight link 
321 based on control information in control event 150C. 

0079 Replay system 112 may identify and display fur 
niture webpage 322 within skin 334 based on display 
information in load furniture webpage event 150D. Replay 
system 112 may modify how furniture webpage 322 is 
displayed within skin 334 based on associated client events. 
For example, control event 150E may identify screen ges 
ture 324 in FIG. 5. User interface 146 then may apply a 
CSS3 transformation and animation to webpage 322 based 
on display information in client state events 150F and 150G 
associated with screen gesture 324 in FIG. 5. 
0080 Replay system 112 may automatically replay client 
state events 150F and 150G in response to the user selecting 
associated control event 150E. For example, a user may 
click on control event 150E from the navigation list. Replay 
system 112 may determine control event 150E is related to 
screen gesture 324 in FIG. 5. Replay system 330 may 
determine that client state events 150F and 150G are also 
associated with the same screen gesture 324. For example, 
events 150E-150G may have a same gesture identifier and 
have sequential time stamp values. Replay interface 146 
then may modify a location 326 and Zoom level of webpage 
322 based within skin 322 based in display information in 
client State events 150F and/or 150G. 

0081 FIG. 7 depicts one example process for replaying 
captured application sessions. In operation 340 the replay 
system may receive a request to replay a captured applica 
tion session. For example, a user may access a website 
operated by the replay server and identify a particular 
application session associated with the replay request. A 
unique identifier may be assigned to the captured client 
events associated with the same application session. In 
operation 342 the replay system may identify the webpages 
and client events associated with the application session. 
0082 In operation 344, the replay system may display a 
navigation list showing the webpages that were loaded on 
the client device during the application session and may 
show client events associated with the webpages. In opera 
tion 346, the replay system may detect selection of one of the 
webpages and/or selection of an associated client event from 
the navigation list. The replay system may apply the selected 
client events to the associated webpage. For example, during 
the application session a user may have entered text into a 
webpage field. The capture library may generate a client 
event containing the text entered into the webpage field. The 
replay system may replay the client event by showing the 
text entered into the webpage field. 
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I0083. In operation 348, the replay system may identify 
client events associated with screen gestures. If no screen 
gestures events are identified, the replay system may return 
to operation 344 and process a next client event. 
I0084. If client events are associated with a screen gesture 
in operation 348, operation 350 may determine if any client 
state events are associated with the screen gesture. For 
example, a user may have selected a field within a webpage 
and entered text into the field. However, the user may not 
have applied any other screen gestures to the webpage. The 
capture library may have generated a control event in 
response to the user touching the field but may not generate 
any other client state events 210 (FIG. 3B). 
0085. If no client state events follow the control event in 
operation 350, operation 354 may search for a previously 
captured client state event. For example, the replay system 
may use display information in the first client state data 
preceding the control event. This may reproduce the display 
state of the client device just prior to the screen gesture. 
I0086 Operation 350 may detect one or more client state 
events 210 following the control. For example, multiple 
client state events may be generated in response to a pinch 
screen gesture. Operation 352 may display the rendered 
webpage based on the display information in the client state 
events following the control event. In one example, the 
replay system may display the webpage based on a last 
associated client state event. The last client state event may 
represent the display state of the client device after comple 
tion of the screen gesture. In another example, the replay 
system may recreate other intermediate display states of the 
webpage based on the other client state events. 
I0087 FIGS. 8A-8D depict examples of images displayed 
during an application session. FIGS. 9A-9D depict examples 
of images recreated by a replay system based on client 
events captured during the application session. 
I0088 FIG. 8A depicts an example of client device 120 
having display screen 126. In one example, client device 120 
operates a web browser 400 having a tool bar 402 and a 
viewport 406. Web browser 400 may download a home 
webpage 404 in viewport 406 during the application session. 
Home webpage 404 may contain images 128A-128C and 
icons 408 for selecting other webpages. The capture library 
may generate a client event that identifies the loading of a 
home webpage 402. 
I0089. After browser 400 displays home webpage 404, a 
user may use hand 132 to select one of icons 408 that 
activates a link 410 to a furniture webpage. The capture 
library may generate another client event that identifies 
control information for home webpage 404 that highlights 
the selected icon 408 in response to selection by hand 132. 
The same or another client event may contain web environ 
ment data that identifies the physical dimensions and pixel 
ratios of screen 126, tool bar 402, view port 406, and 
webpage 400. 
(0090 FIG. 9A depicts an example of how the replay 
system may reproduce home webpage 404. Computer 148 
includes a screen 420 and may access the replay server. In 
one example, the replay system may use the web environ 
ment data in the captured client events to generate a skin 
422. Skin 422 may include an outline 424A corresponding 
to an outer dimension of client device 120 in FIG. 8A and 
an outline 424B corresponding to an outer dimension of 
Screen 126 in FIG. 8A. 
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0091. The replay system may use the web environment 
data to display home webpage 404 within skin 422. For 
example, the client events may identify the dimensions of 
tool bar 402 and viewport 406. Other client events also may 
identify the portion of home webpage 404 displayed within 
viewport 406. The replay system then may identify control 
information in one of the captured client events that high 
lights one of icons 408 associated with link 410. The replay 
system may use the control information to highlight icon 
408. 
0092 FIG. 8B depicts a second state of the application 
session where browser 400 displays furniture webpage 430. 
In this example, hand 132 may perform a pinch-out or 
pinch-open screen gesture 432 on screen 126 to Zoom-in on 
furniture webpage 430. FIG. 8C depicts a third state of the 
application session showing how client device 120 may 
display furniture webpage 430 in response to screen gesture 
432. Client device 120 may display a Zoomed in portion 440 
of furniture webpage 430 in response to screen gesture 432 
in FIG. 8B. 
0093. The capture library may generate a client event that 
identifies the loading of furniture webpage 430. The same or 
another client event also may contain display information 
identifying how furniture webpage 430 is initially displayed 
on screen 126 in FIG. 8B. The capture library then may 
generate multiple client events associated with screen ges 
ture 432. For example, the capture library may generate a 
first control event that identifies pinch gesture 432. The 
capture library then may generate one or more client state 
events that contain display information identifying how 
client device 120 displayed furniture webpage 430 in 
response to screen gesture 432. For example, the capture 
library may capture display information identifying how 
webpage 430 was displayed within screen 126 in response to 
screen gesture 432 in FIG. 8B. In this example, screen 
gesture is a Zoom-in gesture that causes client device 120 to 
display a portion 440 of webpage 430 and enlarge image 
442. 
0094 FIG.9B depicts an example how the replay system 
may initially display furniture webpage 430 prior to screen 
gesture 432 in FIG. 8B. The replay system may render 
webpage 430 from HTML previously captured for the 
application session. The replay system then may adjust the 
size, pixel ratio, Scale, portion and/or location of webpage 
430 displayed in skin 422 based on display information in 
associated client events. 
0095 FIG. 9C depicts an example of how the replay 
system may replay the application session based on Screen 
gesture 432 in FIG. 8B. As mentioned above, the capture 
library may have captured multiple client state events asso 
ciated with screen gesture 432. In one example, display 
information in the last client state event may be used for 
recreating a final display state of furniture webpage 430 after 
completion of Screen gesture 432. In another example, the 
replay system may use display information in multiple client 
events to display multiple different images of furniture 
webpage 430 during and/or after screen gesture 432. 
0096. The replay system may apply various transforma 
tions to furniture webpage 430 based on associated client 
events. For example, the replay system may Zoom furniture 
webpage 430 based on device scale information in associ 
ated client events. Images, such as image 442 may be 
displayed enlarged based on the Zoom gesture. The replay 
system also may display a portion 440 of webpage 430 and 
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display a position of a scroll bar 426 based on X viewport and 
y viewport values identified in the client events. 
0097 FIG. 8D depicts an example of how an orientation 
of client device 120 may change during the application 
session. In this example, the user may rotate client device 
120 in a clockwise direction 440 so that a longer x-axis of 
client device 120 is aligned horizontally and a shorter y-axis 
of client device 120 is aligned vertically. In response to the 
rotation, client device 120 may switch from displaying 
furniture webpage 430 on screen 126 in a portrait mode to 
displaying webpage 430 in a landscape mode. 
0098. After rotating client device 120, the user then may 
perform a scroll screen gesture 450 by sliding a finder of 
hand 132 across screen 126. 
0099. The capture library may generate client events 
containing image information associated with the rotation of 
client device 120 and image information associated with 
screen gesture 450. 
0100 FIG. 9D depicts one example of how the replay 
system may use the image information in the client events to 
recreate the display states shown in FIG. 8D. The replay 
system may rotate skin 422 within the screen of computing 
device 148 to simulate the rotation of client device 120 into 
the landscape display mode. The replay system may display 
scroll bars 426 and a portion 454 of furniture webpage 430 
based on the x viewport and y viewport display information 
associated with screen gesture 450. 

Hardware and Software 

0101 FIG. 10 shows a computing device 1000 that may 
be used for operating the system used for capturing and 
replaying screen gestures as discussed above. The comput 
ing device 1000 may operate in the capacity of a server or 
a client machine in a server-client network environment, or 
as a peer machine in a peer-to-peer (or distributed) network 
environment. In other examples, computing device 1000 
may be a personal computer (PC), a tablet, a Personal Digital 
Assistant (PDA), a cellular telephone, a smartphone, a web 
appliance, or any other machine or device capable of execut 
ing instructions 1006 (sequential or otherwise) that specify 
actions to be taken by that machine. 
0102) While only a single computing device 1000 is 
shown, the computing device 1000 may include any collec 
tion of devices or circuitry that individually or jointly 
execute a set (or multiple sets) of instructions to performany 
one or more of the operations discussed above. Computing 
device 1000 may be part of an integrated control system or 
system manager, or may be provided as a portable electronic 
device configured to interface with a networked system 
either locally or remotely via wireless transmission. 
0103 Processors 1004 may comprise a central processing 
unit (CPU), a graphics processing unit (GPU), program 
mable logic devices, dedicated processor systems, micro 
controllers, or microprocessors that may perform some or all 
of the operations described above. Processors 1004 may also 
include, but may not be limited to, an analog processor, a 
digital processor, a microprocessor, multi-core processor, 
processor array, network processor, etc. 
0104 Some of the operations described above may be 
implemented in Software and other operations may be imple 
mented in hardware. One or more of the operations, pro 
cesses, or methods described herein may be performed by an 
apparatus, device, or system similar to those as described 
herein and with reference to the illustrated figures. 
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0105 Processors 1004 may execute instructions or 
“code” 1006 stored in any one of memories 1008, 1010, or 
1020. The memories may store data as well. Instructions 
1006 and data can also be transmitted or received over a 
network 1014 via a network interface device 1012 utilizing 
any one of a number of well-known transfer protocols. 
0106 Memories 1008, 1010, and 1020 may be integrated 
together with processing device 1000, for example RAM or 
FLASH memory disposed within an integrated circuit 
microprocessor or the like. In other examples, the memory 
may comprise an independent device, such as an external 
disk drive, storage array, or any other storage devices used 
in database systems. The memory and processing devices 
may be operatively coupled together, or in communication 
with each other, for example by an I/O port, network 
connection, etc. Such that the processing device may read a 
file stored on the memory. 
0107 Some memory may be “read only’ by design 
(ROM) by virtue of permission settings, or not. Other 
examples of memory may include, but may be not limited to, 
WORM, EPROM, EEPROM, FLASH, etc. which may be 
implemented in solid state semiconductor devices. Other 
memories may comprise moving parts. Such a conventional 
rotating disk drive. All Such memories may be “machine 
readable' in that they may be readable by a processing 
device. 
0108 “Computer-readable storage medium' (or alterna 

tively, “machine-readable storage medium') may include all 
of the foregoing types of memory, as well as new technolo 
gies that may arise in the future, as long as they may be 
capable of storing digital information in the nature of a 
computer program or other data, at least temporarily, in Such 
a manner that the stored information may be “read' by an 
appropriate processing device. The term "computer-read 
able' may not be limited to the historical usage of “com 
puter to imply a complete mainframe, mini-computer, 
desktop, wireless device, or even a laptop computer. Rather, 
“computer-readable' may comprise storage medium that 
may be readable by a processor, processing device, or any 
computing system. Such media may be any available media 
that may be locally and/or remotely accessible by a com 
puter or processor, and may include Volatile and non-volatile 
media, and removable and non-removable media. 
0109 Computing device 1000 can further include a video 
display 1016, such as a liquid crystal display (LCD) or a 
cathode ray tube (CRT)) and a user interface 1018, such as 
a keyboard, mouse, touch screen, etc. All of the components 
of computing device 1000 may be connected together via a 
bus 1002 and/or network. 
0110. For the sake of convenience, operations may be 
described as various interconnected or coupled functional 
blocks or diagrams. However, there may be cases where 
these functional blocks or diagrams may be equivalently 
aggregated into a single logic device, program or operation 
with unclear boundaries. 
0111 Having described and illustrated the principles of a 
preferred embodiment, it should be apparent that the 
embodiments may be modified in arrangement and detail 
without departing from Such principles. Claim is made to all 
modifications and variation coming within the spirit and 
Scope of the following claims. 

1-20. (canceled) 
21. A method for replaying an application session com 

prising: 

Mar. 2, 2017 

receiving, via a processor, gesture events associated with 
a screen gesture applied to a touch screen of a device 
during an application session; 

displaying, via the processor, a first image including an 
outline of the touch screen of the device based on 
display information in the gesture events; and 

displaying, via the processor, a second image within the 
first image based on the gesture events, wherein the 
second image includes elements displayed on the touch 
Screen of the device during the application session in 
response to the screen gesture. 

22. The method of claim 21, wherein the gesture events 
comprise a reorientation of the device. 

23. The method of claim 21, wherein the screen gesture 
comprises one or more from a group of a scroll gesture, a 
touch start gesture, a touch move gesture, a touch end 
gesture, and a pinch gesture. 

24. The method of claim 21, further comprising: 
identifying a first gesture event containing control infor 

mation for the screen gesture; and 
identifying a second gesture event containing display 

information resulting from the screen gesture. 
25. The method of claim 21, wherein a size of the outline 

corresponds to a size of the touch screen, and a size of the 
elements in the second image corresponds to a size of the 
elements displayed on the touch screen during the applica 
tion session, and the method further comprises: 

displaying the elements within the outline at locations 
corresponding to locations of the elements within the 
touch screen. 

26. The method of claim 21, wherein the second image 
comprises an image of a webpage, and the method further 
comprises: 

displaying the image of the webpage representing a first 
state prior to application of the screen gesture; and 

displaying the image of the webpage representing a 
second State Subsequent application of the screen ges 
ture. 

27. The method of claim 21, wherein receiving the gesture 
events further comprises: 

receiving a plurality of gesture events associated with the 
application session; and 

identifying the gesture events associated with the screen 
gesture from among the plurality of gesture events. 

28. A computer program product for replaying an appli 
cation session, wherein the computer program product com 
prises a computer readable storage medium having program 
code embodied therewith, the program code executable by a 
processor to cause the processor to: 

receive gesture events associated with a screen gesture 
applied to a touch screen of a device during an appli 
cation session; 

display a first image including an outline of the touch 
screen of the device based on display information in the 
gesture events; and 

display a second image within the first image based on the 
gesture events, wherein the second image includes 
elements displayed on the touch screen of the device 
during the application session in response to the screen 
gesture. 

29. The computer program product of claim 28, wherein 
the gesture events comprise a reorientation of the device. 

30. The computer program product of claim 28, wherein 
the screen gesture comprises one or more from a group of a 
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scroll gesture, a touch start gesture, a touch move gesture, a 
touch end gesture, and a pinch gesture. 

31. The computer program product of claim 28, wherein 
the program code is further configured to cause the proces 
SOr to: 

identify a first gesture event containing control informa 
tion for the screen gesture; and 

identify a second gesture event containing display infor 
mation resulting from the screen gesture. 

32. The computer program product of claim 28, wherein 
a size of the outline corresponds to a size of the touch screen, 
and a size of the elements in the second image corresponds 
to a size of the elements displayed on the touch screen 
during the application session, and the program code is 
further configured to cause the processor to: 

display the elements within the outline at locations cor 
responding to locations of the elements within the 
touch screen. 

33. The computer program product of claim 28, wherein 
the second image comprises an image of a webpage, and the 
program code is further configured to cause the processor to: 

display the image of the webpage representing a first state 
prior to application of the screen gesture; and 

display the image of the webpage representing a second 
state Subsequent application of the screen gesture. 

34. The computer program product of claim 28, wherein 
receiving the gesture events further comprises: 

receiving a plurality of gesture events associated with the 
application session; and 

identifying the gesture events associated with the screen 
gesture from among the plurality of gesture events. 

35. A system for replaying an application session com 
prising: 

at least one processor configured to: 
receive gesture events associated with a screen gesture 

applied to a touch screen of a device during an 
application session; 

display a first image including an outline of the touch 
screen of the device based on display information in 
the gesture events; and 
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display a second image within the first image based on 
the gesture events, wherein the second image 
includes elements displayed on the touch screen of 
the device during the application session in response 
to the screen gesture. 

36. The system of claim 35, wherein the gesture events 
comprise a reorientation of the device. 

37. The system of claim 35, wherein the screen gesture 
comprises one or more from a group of a scroll gesture, a 
touch start gesture, a touch move gesture, a touch end 
gesture, and a pinch gesture. 

38. The system of claim 35, wherein receiving the gesture 
events further comprises: 

receiving a plurality of gesture events associated with the 
application session; 

identifying the gesture events associated with the screen 
gesture from among the plurality of gesture events; 

identify a first gesture event containing control informa 
tion for the screen gesture; and 

identify a second gesture event containing display infor 
mation resulting from the screen gesture. 

39. The system of claim 35, wherein a size of the outline 
corresponds to a size of the touch screen, and a size of the 
elements in the second image corresponds to a size of the 
elements displayed on the touch screen during the applica 
tion session, and the at least one processor is further con 
figured to: 

display the elements within the outline at locations cor 
responding to locations of the elements within the 
touch screen. 

40. The system of claim 35, wherein the second image 
comprises an image of a webpage, and the at least one 
processor is further configured to: 

display the image of the webpage representing a first state 
prior to application of the screen gesture; and 

display the image of the webpage representing a second 
state Subsequent application of the screen gesture. 
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