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LINKING SELECTED MESSAGES IN 
ELECTRONIC MESSAGE THREADS 

BACKGROUND OF THE INVENTION 

0001. The present invention relates generally to the field 
of electronic messages, and more particularly to grouping 
electronic messages. 
0002 Typically, individuals can engage in multi-party 
message conversations using electronic message services, 
Such as text messages. When responding to an electronic 
message, users of electronic message services can select a 
few options to select whom they send the message to. For 
example, users involved with a group message can typically 
select a “Reply' option, which enables a user to respond to 
all participants of the group message. Generally, user mes 
Sages sent in reply to a group message (e.g., a group chat) 
are displayed to their recipients in order of receipt. 

SUMMARY 

0003 Embodiments of the present invention provide 
methods, program products, and systems for linking selected 
messages in electronic message threads. In one embodiment 
of the present invention, a method is provided comprising: 
identifying a set of related messages, wherein the set of 
related messages includes at least a first message and a 
second message related to the first message; displaying in a 
user interface displaying the first message, a graphical 
element associated with the first message; and responsive to 
receiving a user interaction with a visual indication, display 
ing the second message; wherein the second message is one 
of the following: a message that responds to the first 
message or a message that the first message responds to. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0004 FIG. 1 is a block diagram of a computing environ 
ment, in accordance with an embodiment of the present 
invention; 
0005 FIG. 2 is a flowchart illustrating operational steps 
of linking messages in electronic message threads, in accor 
dance with an embodiment of the present invention; 
0006 FIG. 3 is a flowchart illustrating operational steps 
for creating a graphical element, in accordance with an 
embodiment of the present invention: 
0007 FIGS. 4A-4C are example screenshots of a user 
interface displaying messages before and after creating a 
graphical element, in accordance with an embodiment of the 
present invention; 
0008 FIGS.5A and 5B are example screenshots of a user 
interface displaying before and after graphical elements 
displaying linked messages, in accordance with an embodi 
ment of the present invention; and 
0009 FIG. 6 is a block diagram of internal and external 
components of the computer systems of FIG. 1, in accor 
dance with an embodiment of the present invention. 

DETAILED DESCRIPTION 

00.10 Embodiments of the present invention recognize 
that in multi-party message conversations, messages and 
responses to those messages can be misinterpreted by users. 
In some instances, multiple questions from different users 
may be asked and a response to any one of those questions 
may be misinterpreted as a response for the other questions. 
For example, a group message between three users (alpha, 
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beta, gamma) can have two questions A and B from user 
alpha and beta respectively. A response by user gamma 
could be misinterpreted as a response to either question A or 
B. Typically, to distinguish between responses, a user (e.g., 
user gamma) would have to manually identify and provide 
enough textual detail for other users (e.g., alpha and beta) to 
discern which question is being answered. Embodiments of 
the present invention provide solutions to eliminate potential 
confusion between users in group messages. In this manner, 
as discussed in greater detail in this specification, embodi 
ments of the present invention can be used to continue 
message conversations without having to manually identify 
which responses correspond to each other. 
0011 FIG. 1 is a functional block diagram of computing 
environment 100, in accordance with an embodiment of the 
present invention. Computing environment 100 includes 
computer system 102, mobile computer system 110, and 
mobile computer system 108. Computer system 102, mobile 
computer system 110, and mobile computer system 108 can 
be desktop computers, laptop computers, specialized com 
puter servers, mobile devices, or any other computer sys 
tems known in the art. In certain embodiments, computer 
system 102, mobile computer system 110, and mobile com 
puter system 108 represent computer systems utilizing clus 
tered computers and components to act as a single pool of 
seamless resources when accessed through network 106. For 
example, Such embodiments may be used in data center, 
cloud computing, storage area network (SAN), and network 
attached storage (NAS) applications. In certain embodi 
ments, computer system 102, mobile computer system 110. 
and mobile computer system 108 represent virtual machines. 
In general, computer system 102, mobile computer system 
110, and mobile computer system 108 are representative of 
any electronic devices, or combination of electronic devices, 
capable of executing machine-readable program instruc 
tions, as described in greater detail with regard to FIG. 6. 
0012 Computer system 102 includes message analysis 
program 104. Message analysis program 104 communicates 
with mobile computer system 108 and mobile computer 
system 110 to receive messages from mobile computer 
systems 108 and 110 to create a visual indication of linked 
messages for user interfaces (not shown) of mobile com 
puter systems 108 and 110 based, at least in part, on content 
of the messages as well as the relationship each message has 
to previous messages, as discussed in greater detail with 
regard to FIGS. 2-3. In other embodiments, message analy 
sis program 104 can be stored locally on mobile computer 
systems 108 and 110. 
0013. In this embodiment, a relationship between a 
selected message and a Subsequent message can be a parent/ 
child relationship (e.g., a selected message, and a response 
to the selected message). Multiple messages sent to more 
than one individual can be designated as having a sibling 
relationship (e.g., two or more messages sent in parallel to 
multiple recipients). For example, one person may send a 
message asking a question to three other people. The mes 
sages generated in response to the question can be identified 
as siblings. 
0014. In this embodiment, each message is associated 
with metadata that can be used to classify and identify each 
respective message. For example, each message is associ 
ated with a respective message ID that distinguishes that 
message from another. The message ID can also indicate the 
author of the message. Each message is also associated with 
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a corresponding timestamp that indicates when the message 
was transmitted. In this embodiment, message analysis 
program 104 can identify relationships between messages 
and use those relationships to create visual indications of 
those relationships which can eliminate confusion between 
responses to messages. 
0015 For example, in a group message between four 
individuals alpha, beta, gamma, and delta, individuals alpha, 
beta, and gamma can send messages Ms. Messages M. 
each ask a different question addressed to individual delta. 
Individual delta responds to questions posed in messages 
Ms by generating messages Me containing the following 
content: “yes”, “no', and “yes”, respectively. Message 
analysis program 104 can identify parent/child relationships 
exist between messages M and M, between messages M. 
and Ms. and between messages M and M. 
0016 Message analysis program 104 can use the identi 
fied parent/child relationships to create graphical elements 
for a user interface displaying messages. The term 'graphi 
cal element’ as used herein, refers to a visual indication 
displayable by the user interface that denotes relationships 
between messages (e.g., a parent/child relationship) and/or 
identifies participants of those messages. Generally speak 
ing, graphical elements are capable of being interacted with 
by users of the user interface. For example, responsive to a 
user interaction with a graphical element associated with a 
first message, message analysis program 104 can display a 
visual indication that corresponds to a second message that 
responds to the first message, as described later in this 
specification. 
0017. In this embodiment, a graphical element can be one 
or more symbols (e.g., arrows) for each respective message 
displayed in the user interface. For example, a “down arrow' 
at the end of a message denotes a parent message while an 
“up arrow denotes a child message. In other embodiments, 
message analysis program 104 can use any number of 
combination of symbols and/or characters to denote parent 
and child relationships. 
0018. In another embodiment, a graphical element may 
be a visual indication other than a combination of symbols 
and/or characters. For example, a graphical element can be 
a visual indication that includes highlighting related mes 
sages (e.g., parent/child relationship), where the related 
messages themselves are capable of being interacted with by 
users of the user interface. In another embodiment, a graphi 
cal element may also serve as a visual indication that is 
displayed in response to receiving a user interaction with a 
different graphical element. Continuing the above example, 
a user may select graphical element A (e.g., clicking on 
graphical element A on a computer screen) associated with 
a first message and the resulting visual indication is a 
highlighted graphical element (e.g., graphical element B) 
associated with a second message, where the second mes 
sage responds to the first message. 
0019. In other embodiments, message analysis program 
104 can create a visual indication by moving identified 
responses (e.g., child message) in a position directly beneath 
parent messages. For example, in a group message between 
four individuals alpha, beta, gamma, and delta, individuals 
alpha, beta, and gamma can send messages Ms. Messages 
Ms each ask a different question addressed to individual 
delta. Individual delta responds to questions posed in mes 
Sages Ms by generating messages Mao containing the 
following content: “yes”, “no', and “yes”, respectively. 
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Message analysis program 104 can identify parent/child 
relationships exist between messages M and M, between 
messages M and Ms., and between messages M and M. 
Message analysis program 104 can then create a visual 
indication by moving message M. directly beneath message 
M, moving message Ms beneath message M. and moving 
message Me beneath message M. 
0020. In this embodiment, a user interface displaying 
messages can have icons associated with users followed by 
content of a sent message of the user. For example, a group 
message (e.g., a group text) between three users, alpha, beta, 
and gamma can have the following user interface display for 
a user device (e.g., mobile phone) that has three messages 
M: the icon of user alpha followed by the content of 
message M.; the icon of user beta followed by the content 
of message M. generated in response to message M., and the 
icon of user gamma followed by the content of message M. 
also generated in response to message M1. In general, the 
user interface displaying messages sent by one or more users 
can be implemented with any combination of one or more 
message interface applications. 
0021 Continuing the above example, message analysis 
program 104 can create a graphical element for the user 
interface by adding a “down arrow” to the end of the content 
of message M to denote that message M is a parent 
message. For messages M and M. message analysis pro 
gram 104 can add "up arrows' to each respective message 
to indicate a child relationship to message M. 
0022 Message analysis program 104 can display a visual 
indication to show the identified relationships (e.g., Subse 
quent messages generated in response to a message or 
messages that are being responded to). In this embodiment, 
message analysis program 104 can, responsive to a user 
selecting a graphical element (e.g., an up or down arrow) 
display one or more icons of users next to the added arrow 
(e.g., to show a message that responds to an earlier message) 
that enlarge when a message is selected to identify partici 
pants that have responded to the selected message, as 
discussed in greater detail, with regard to FIGS. 5A and 5B. 
Continuing the above example, message Mi includes a 
"down arrow’ that denotes that it is a parent message. 
Message analysis program 104 can include a visual indica 
tion that, responsive to a user selecting message M. 
enlarges the icons associated with users that have responded 
to message M. For example, responsive to selecting mes 
sage M. message analysis program 104 can display 
enlarged icons associated with users beta and gamma to 
show that users beta and gamma have responded to message 
M. Conversely, message analysis program 104 can, respon 
sive to selecting a "child message', display an enlarged icon 
of the user who generated the “parent message'. For 
example, responsive to selecting message M, the icon for 
user alpha (i.e., the person who generated message M which 
has been identified as the parent message) is enlarged and 
displayed. 
0023 Mobile computer systems 108 and 110 communi 
cate with message analysis program 104 via network 106 to 
receive graphical elements indicating linked messages from 
an originating message device to a receiving message 
device. In this embodiment, mobile computer system 108 
and 110 are cellular devices (i.e. mobile phones). In general, 
mobile computer system 108 and 110 can be implemented 
with any device capable of sending and receiving messages. 
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0024. The term “messages', as used herein, refers to any 
electronic communication medium known in the art. For 
example, a message can be a text message, e-mail, multi 
media message service (MMS) message, etc. The phrase, 
"originating message device', as used herein, refers to a 
communication device (e.g., mobile computer system 108) 
that is used, for illustrative purposes, as a device that 
initiates a message. The phrase, “receiving message device'. 
as used herein, refers to a communication device (e.g., 
mobile computer system 110) that is used as the device that 
receives a message. For illustrative purposes, this embodi 
ment may be discussed with respect to mobile computer 
system 108 serving as the originating message device and 
mobile computer system 110 serving as the receiving mes 
sage device. It should be understood that either mobile 
computer system can serve as the originating message 
device while the other serves as the receiving message 
device. 
0025 Network 106 can be, for example, a local area 
network (LAN), a wide area network (WAN) such as the 
Internet, or a combination of the two, and include wired, 
wireless, or fiber optic connections. In general, network 106 
can be any combination of connections and protocols that 
will Support communications between computer system 102. 
mobile computer system 108, and mobile computer system 
110, in accordance with a desired embodiment of the inven 
tion. 
0026 FIG. 2 is a flowchart 200 illustrating operational 
steps of linking messages in electronic message threads, in 
accordance with an embodiment of the present invention. 
0027. In step 202, message analysis program 104 
receives input from mobile computer system 108. In this 
embodiment, an input may be an original message (i.e., a 
parent message) or a response to an original message (i.e., 
a child message). In this embodiment, a user may specify 
that the input is an original message or a response to an 
original message. For example, a user may specify that the 
input responds to a particular message. Responsive to 
receiving the input from the user, message analysis program 
104 can then identify parent/child relationships between 
messages. In other embodiments, message analysis program 
104 can receive inputs from one or more components of 
computing environment 100. 
0028. In another embodiment, message analysis program 
104 can identify an original message (i.e., a parent message) 
or a response to an original message (i.e., a child message) 
using natural language processing. In other words, message 
analysis program 104 can identify relationships between 
messages using natural language processing. For example, 
message analysis program 104 can use natural language 
annotations (e.g., sentence splitting, tokenization, POS tag 
ging, chunking, dependency parsing, and anaphora resolu 
tion, etc.) to process the semantics of the text. 
0029. In step 204, message analysis program 104 creates 
a graphical element for a user interface that displays mes 
sages for mobile computer system 108. In this embodiment, 
message analysis program 104 creates a graphical element 
for the user interface displaying messages by adding arrows 
to indicate message relatedness, linking related messages, 
and listing icons of users associated with the linked mes 
sages, as discussed in greater detail with regard to FIG. 3. 
0030. In step 206, message analysis program 104 returns 
the graphical element for the user interface that displays 
messages to mobile computer system 108 and 110. In this 
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embodiment, message analysis program 104 returns the 
graphical element by transmitting the graphical element to 
mobile computer systems 108 and 110 via network 106. 
0031 FIG. 3 is a flowchart 300 illustrating operational 
steps for creating a graphical element, in accordance with an 
embodiment of the present invention. For example, the 
operational steps of flowchart 300 can be performed at step 
204 of flowchart 200. 
0032. In step 302, message analysis program 104 adds 
arrows to messages of the user interface displaying mes 
sages. In this embodiment, message analysis program 104 
adds arrows to messages based, at least in part on message 
relatedness (e.g., parent/child relationship). For example, 
message analysis program 104 can add arrows to the end of 
messages to denote relationships (e.g., parent/child relation 
ship). In this embodiment, a “down arrow’ indicates a parent 
message. Conversely, an “up arrow' denotes a child mes 
sage. In other embodiments, message analysis program 104 
can use any combination of symbols to denote message 
relatedness. An example output of step 302 is discussed in 
greater detail with regard to FIGS. 4A and 4B. 
0033. Where one parent message has more than one child 
messages that respond to the parent message, message 
analysis program 104 can add a number following the 
“down arrow' to indicate the number of child messages that 
have responded to the parent message. For example, two 
Subsequent child messages can respond to a parent message. 
Message analysis program 104 can then add a down arrow 
to the parent message and a number two in front of the arrow 
to indicate that two separate child messages have responded. 
0034 Conversely, where one child message responds to 
multiple parent messages, message analysis program 104 
can add a number following the “up arrow” to show that the 
child message responds to more than one parent message. 
For example, in a group message between four users, alpha, 
beta, gamma, and delta, users alpha, beta, and gamma may 
generate messages M, respectively. User delta generates 
two messages M and Ms and has indicated that message M. 
responds to message M and M2, while message Ms 
responds to message M. Message analysis program 104 can 
then add down arrows at the end of messages M. Message 
analysis program 104 also adds up arrows to the ends of 
messages M and Ms. Message analysis program 104 can 
then add a number two in front of the up arrow to denote that 
message M responds to multiple parent messages (e.g., 
messages M and M). 
0035. In step 304, message analysis program 104 links 
related messages. In this embodiment, message analysis 
program 104 links related messages by associating parent 
and child messages so that responsive to selecting one, 
retrieves the other. For example, a group message can have 
three messages M. Message M is an original, parent 
message. Message M is an unrelated parent message. Mes 
sage M is a child message that responds to message M. 
Message analysis program 104 can link messages M and 
M. So that by selecting message M, the user interface 
scrolls over unrelated messages (e.g., message M) and 
displays message M. 
0036. In step 306, message analysis program 104 lists 
icons associated with users that corresponds to each linked 
related message. In this embodiment, message analysis 
program 104 can list icons at the end of each linked message 
(i.e., next to the added arrow) to denote users associated with 
linked messages. For example, a group message can have 
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three messages M. Message M is an original, parent 
message associated with icon A of user alpha. Message M2 
is an unrelated parent message associated with icon B of user 
beta. Message M is a child message that responds to 
message M and is associated with icon C of user gamma. 
Message analysis program 104 displays miniature icons A 
and C at the end of message M. An example output of step 
306 is discussed in greater detail with regard to FIGS. 4C 
and 5B. 
0037. In this embodiment, message analysis program 104 
can enlarge the miniature icons responsive to selecting a 
linked message. Continuing the above example, a user may 
select linked message M. Responsive to selecting linked 
message M. message analysis program 104 can enlarge 
icons associated with users alpha and gamma. In this 
embodiment, a message may be selected via a touch screen 
and pressing an area of the screen that corresponds to the 
message and holding the point for a user-defined number of 
seconds. 
0.038. In other embodiments, message analysis program 
104 can hide the miniature icons and display them respon 
sive to a user selecting an option to display the miniature 
icons. For example, in a touch screen display, an option may 
be selecting an area of a screen display. Responsive to a user 
selecting an area of the screen display, message analysis 
program 104 can display the miniature icons. 
0039. Optionally, message analysis program 104 can 
scroll to the response of a parent message responsive to a 
user selecting the miniature icon. Continuing the above 
example, responsive to selecting linked message M. mes 
sage analysis program 104 can enlarge icons associated with 
users alpha and gamma. Responsive to a user selecting the 
icon associated with user alpha, message analysis program 
104 can scroll through the group message (i.e., to skip over 
message M) to display the response of user alpha (e.g., to 
display message Ms). 
0040. Accordingly, by performing the operational steps 
of FIG. 3, message analysis program 104 creates a graphical 
element that users can interact with to avoid potential 
confusion in a group message. In this embodiment, message 
analysis program 104 creates a graphical element to users 
by: identifying relationships between messages based, at 
least in part on the content of the message; adding up and 
down arrows to differentiate between parent and child 
messages; and listing icons associated with users to enable 
a user to identify which users have responded to messages. 
0041 FIGS. 4A-4C are example screenshots of a user 
interface displaying messages before and after creating a 
graphical element, in accordance with an embodiment of the 
present invention. In this example, a group message com 
prising five messages between five users (e.g., alpha, beta, 
gamma, delta, epsilon) is described. Each user is associated 
with a unique icon that identifies and distinguishes one user 
from the next. Each message sent by users is displayed after 
its respective user's icon. In this example, five users are 
planning a group activity. 
0042 FIG. 4A is an example screenshot of a group 
message before message analysis program 104 creates a 
graphical element for linked messages. In this example, icon 
414 denotes user alpha, and message 402 denotes user 
alpha's message. Message 402 comprises text that asks the 
other users a question and Suggests mountain climbing as the 
group activity. Icon 416 denotes user beta along with user 
beta’s message 406. Message 406 is generated in response 
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to message 402. The contents of message 406 indicate that 
user beta agrees with the Suggestion contained in message 
402. 
0043. Icon 418 denotes user gamma and message 408 
denotes user gamma's message. The contents of message 
408 respond to message 402 but do not agree with the 
proposal of message 402. Instead the contents of message 
408 indicate that user gamma Suggests going to the park as 
an alternative. 
0044 Icon 420 denotes user delta and message 410 
denotes user delta's message. The contents of message 410 
indicate that user delta is in agreement. However, the 
contents of message 410 do not specify to which message 
(e.g., message 402 or message 408) user delta is in agree 
ment with, which can cause confusion among the users. 
Message analysis program 104 can create visual indications 
to eliminate this confusion as shown and described in FIGS. 
4B and 4C. 
0045 FIGS. 4B and 4C are example screenshots of 
graphical elements that message analysis program 104 cre 
ates. For example, the screenshot of FIG. 4B may be 
generated at step 302 and 306 of flowchart 300. 
0046. In this example, message analysis program 104 has 
identified that: message 402 is a parent message; message 
406 is a child message that was generated in response to 
message 402; message 408 responds to message 402 and is 
a parent message because the contents of message 408 do 
not answer the question posed in message 402; message 410 
is a child message of message 408; and that message 412 is 
a child of message 402. 
0047. In FIG. 4B, message analysis program 104 creates 
a graphical element that depicts the relationships described 
above. Arrows 424 and 432 are added to message 402 to 
denote that message 402 is a parent message for more than 
one child message. Arrow 426 is added to message 406 to 
indicate that it is a child message. Similarly, arrow 428 is 
added to message 408 to denote a parent message while 
arrow 430 denotes message 410 as a child message. Arrow 
434 is added to message 412 to show that message 412 is 
also a child message. 
0048 FIG. 4C is an example screenshot of miniature 
icons added to the linked messages which help illustrate 
which messages and users correspond to each other. For 
example, the screenshot of FIG. 4C may be generated at step 
306 of flowchart 300. 
0049. In this example, a user has selected area 436 which 
is associated with message 402. Responsive to selecting area 
436, icons 416A and 422A are displayed. In this example, 
icons 416A and 422A are miniature icons of 416 and 422, 
respectively. Thus, selecting message 402 by selecting area 
436, allows a user to visually see the users who have 
responded to message 402 (e.g., icon 416 and 422 which 
correspond to users beta and epsilon). Conversely, selecting 
message 412 by touching area 438 displays icon 414A. 
0050. In this example, a user has selected icon 422A. 
Responsive to receiving a user selection of icon 422A, 
message analysis program 104 can display the child message 
that responds to message for 402 (e.g., message 412). In this 
embodiment, message analysis program 104 Scrolls past 
other messages (e.g., messages 406, 408, and 410) not linked 
to the selected message (e.g., 402) which then allows a user 
to jump to message 412. In other embodiments, message 
analysis program 104 can display the linked messages in any 
manner known in the art. 
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0051 FIGS.5A and 5B are example screenshots of a user 
interface displaying before and after visual indications dis 
playing linked messages, in accordance with an embodiment 
of the present invention. For example, FIG. 5A is a screen 
shot before message analysis program 104 has created a 
graphical element. 
0052. In this example, five users (alpha, beta, gamma, 
delta, and epsilon) have a group message. User epsilon is a 
teacher and is identified by icon 526. Users alpha, beta, 
gamma, and delta are caretakers of students taught by 
epsilon and are identified by icons 518, 520, 522, and 524, 
respectively. Each caretaker is asking user epsilon a question 
about the caretakers respective student, generating mes 
sages 502, 504, 506, and 508, respectively. 
0053. In this example, user epsilon generates messages 
510, 512, 514, and 516 to respond to messages 502, 504, 
506, and 508, respectively. Instead of responding with 
simple “yes” and 'no' answers, user epsilon has to include 
enough detail in user epsilon’s response to indicate which 
message user epsilon is responding to. 
0054 FIG. 5B is an example graphical element created 
by message analysis program 104. In this example, message 
analysis program 104 has identified that two messages, 
messages 542 and 544 are child messages. Specifically, 
message analysis program 104 has identified that message 
542 responds to message 502 and that message 544 responds 
to messages 504,506, and 508. 
0055 Message analysis program 104 has added arrows 
528,530,532, and 534 that indicate messages 502,504,506, 
and 508 are all parent messages. Message analysis program 
104 has also added arrows 536 and 538 to denote that 
messages 542 and 544 are child messages, respectively. 
0056. In instances where a child message responds to 
more than one message (e.g., message 544 responds to 
messages 504,506, and 508), message analysis program 104 
can add the number of messages that child message responds 
to. In this example, arrow 538 indicates that message 544 
responds to three different parent messages. In this example, 
a user has selected area 540 which displays icons 520A, 
522A, and 524A which indicate the icons belonging to the 
users whose message has been responded to. 
0057 FIG. 6 is a block diagram of internal and external 
components of a computer system 600, which is represen 
tative of the computer systems of FIG. 1, in accordance with 
an embodiment of the present invention. It should be appre 
ciated that FIG. 6 provides only an illustration of one 
implementation and does not imply any limitations with 
regard to the environments in which different embodiments 
may be implemented. In general, the components illustrated 
in FIG. 6 are representative of any electronic device capable 
of executing machine-readable program instructions. 
Examples of computer systems, environments, and/or con 
figurations that may be represented by the components 
illustrated in FIG. 6 include, but are not limited to, personal 
computer systems, server computer systems, thin clients, 
thick clients, laptop computer systems, tablet computer 
systems, cellular telephones (e.g., Smart phones), multipro 
cessor Systems, microprocessor-based systems, network 
PCs, minicomputer systems, mainframe computer systems, 
and distributed cloud computing environments that include 
any of the above systems or devices. 
0058 Computer system 600 includes communications 
fabric 602, which provides for communications between one 
or more processors 604, memory 606, persistent storage 
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608, communications unit 612, and one or more input/output 
(I/O) interfaces 614. Communications fabric 602 can be 
implemented with any architecture designed for passing data 
and/or control information between processors (such as 
microprocessors, communications and network processors, 
etc.), system memory, peripheral devices, and any other 
hardware components within a system. For example, com 
munications fabric 602 can be implemented with one or 
more buses. 
0059 Memory 606 and persistent storage 608 are com 
puter-readable storage media. In this embodiment, memory 
606 includes random access memory (RAM) 616 and cache 
memory 618. In general, memory 606 can include any 
Suitable volatile or non-volatile computer-readable storage 
media. Software is stored in persistent storage 608 for 
execution and/or access by one or more of the respective 
processors 604 via one or more memories of memory 606. 
0060 Persistent storage 608 may include, for example, a 
plurality of magnetic hard disk drives. Alternatively, or in 
addition to magnetic hard disk drives, persistent storage 608 
can include one or more solid State hard drives, semicon 
ductor storage devices, read-only memories (ROM), eras 
able programmable read-only memories (EPROM), flash 
memories, or any other computer-readable storage media 
that is capable of storing program instructions or digital 
information. 
0061 The media used by persistent storage 608 can also 
be removable. For example, a removable hard drive can be 
used for persistent storage 608. Other examples include 
optical and magnetic disks, thumb drives, and Smart cards 
that are inserted into a drive for transfer onto another 
computer-readable storage medium that is also part of per 
sistent storage 608. 
0062 Communications unit 612 provides for communi 
cations with other computer systems or devices via a net 
work (e.g., network 106). In this exemplary embodiment, 
communications unit 612 includes network adapters or 
interfaces such as a TCP/IP adapter cards, wireless Wi-Fi 
interface cards, or 3G or 4G wireless interface cards or other 
wired or wireless communication links. The network can 
comprise, for example, copper wires, optical fibers, wireless 
transmission, routers, firewalls, Switches, gateway comput 
ers and/or edge servers. Software and data used to practice 
embodiments of the present invention can be downloaded to 
computer system 102 through communications unit 612 
(e.g., via the Internet, a local area network or other wide area 
network). From communications unit 612, the software and 
data can be loaded onto persistent storage 608. 
0063. One or more I/O interfaces 614 allow for input and 
output of data with other devices that may be connected to 
computer system 600. For example, I/O interface 614 can 
provide a connection to one or more external devices 620 
Such as a keyboard, computer mouse, touch screen, virtual 
keyboard, touch pad, pointing device, or other human inter 
face devices. External devices 620 can also include portable 
computer-readable storage media Such as, for example, 
thumb drives, portable optical or magnetic disks, and 
memory cards. I/O interface 614 also connects to display 
622. 
0064 Display 622 provides a mechanism to display data 
to a user and can be, for example, a computer monitor. 
Display 622 can also be an incorporated display and may 
function as a touch screen, such as a built-in display of a 
tablet computer. 
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0065. The present invention may be a system, a method, 
and/or a computer program product. The computer program 
product may include a computer readable storage medium 
(or media) having computer readable program instructions 
thereon for causing a processor to carry out aspects of the 
present invention. 
0066. The computer readable storage medium can be a 
tangible device that can retain and store instructions for use 
by an instruction execution device. The computer readable 
storage medium may be, for example, but is not limited to, 
an electronic storage device, a magnetic storage device, an 
optical storage device, an electromagnetic storage device, a 
semiconductor storage device, or any suitable combination 
of the foregoing. A non-exhaustive list of more specific 
examples of the computer readable storage medium includes 
the following: a portable computer diskette, a hard disk, a 
random access memory (RAM), a read-only memory 
(ROM), an erasable programmable read-only memory 
(EPROM or Flash memory), a static random access memory 
(SRAM), a portable compact disc read-only memory (CD 
ROM), a digital versatile disk (DVD), a memory stick, a 
floppy disk, a mechanically encoded device such as punch 
cards or raised structures in a groove having instructions 
recorded thereon, and any suitable combination of the fore 
going. A computer readable storage medium, as used herein, 
is not to be construed as being transitory signals perse. Such 
as radio waves or other freely propagating electromagnetic 
waves, electromagnetic waves propagating through a wave 
guide or other transmission media (e.g., light pulses passing 
through a fiber-optic cable), or electrical signals transmitted 
through a wire. 
0067 Computer readable program instructions described 
herein can be downloaded to respective computing/process 
ing devices from a computer readable storage medium or to 
an external computer or external storage device via a net 
work, for example, the Internet, a local area network, a wide 
area network and/or a wireless network. The network may 
comprise copper transmission cables, optical transmission 
fibers, wireless transmission, routers, firewalls, Switches, 
gateway computers and/or edge servers. A network adapter 
card or network interface in each computing/processing 
device receives computer readable program instructions 
from the network and forwards the computer readable 
program instructions for storage in a computer readable 
storage medium within the respective computing/processing 
device. 

0068 Computer readable program instructions for carry 
ing out operations of the present invention may be assembler 
instructions, instruction-set-architecture (ISA) instructions, 
machine instructions, machine dependent instructions, 
microcode, firmware instructions, state-setting data, or 
either source code or object code written in any combination 
of one or more programming languages, including an object 
oriented programming language Such as Smalltalk, C++ or 
the like, and conventional procedural programming lan 
guages, such as the “C” programming language or similar 
programming languages. The computer readable program 
instructions may execute entirely on the user's computer, 
partly on the user's computer, as a stand-alone software 
package, partly on the user's computer and partly on a 
remote computer or entirely on the remote computer or 
server. In the latter scenario, the remote computer may be 
connected to the user's computer through any type of 
network, including a local area network (LAN) or a wide 
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area network (WAN), or the connection may be made to an 
external computer (for example, through the Internet using 
an Internet Service Provider). In some embodiments, elec 
tronic circuitry including, for example, programmable logic 
circuitry, field-programmable gate arrays (FPGA), or pro 
grammable logic arrays (PLA) may execute the computer 
readable program instructions by utilizing state information 
of the computer readable program instructions to personalize 
the electronic circuitry, in order to perform aspects of the 
present invention. 
0069. Aspects of the present invention are described 
herein with reference to flowchart illustrations and/or block 
diagrams of methods, apparatus (systems), and computer 
program products according to embodiments of the inven 
tion. It will be understood that each block of the flowchart 
illustrations and/or block diagrams, and combinations of 
blocks in the flowchart illustrations and/or block diagrams, 
can be implemented by computer readable program instruc 
tions. 

0070 These computer readable program instructions may 
be provided to a processor of a general purpose computer, 
special purpose computer, or other programmable data pro 
cessing apparatus to produce a machine, Such that the 
instructions, which execute via the processor of the com 
puter or other programmable data processing apparatus, 
create means for implementing the functions/acts specified 
in the flowchart and/or block diagram block or blocks. These 
computer readable program instructions may also be stored 
in a computer readable storage medium that can direct a 
computer, a programmable data processing apparatus, and/ 
or other devices to function in a particular manner, such that 
the computer readable storage medium having instructions 
stored therein comprises an article of manufacture including 
instructions which implement aspects of the function/act 
specified in the flowchart and/or block diagram block or 
blocks. 

0071. The computer readable program instructions may 
also be loaded onto a computer, other programmable data 
processing apparatus, or other device to cause a series of 
operational steps to be performed on the computer, other 
programmable apparatus or other device to produce a com 
puter implemented process. Such that the instructions which 
execute on the computer, other programmable apparatus, or 
other device implement the functions/acts specified in the 
flowchart and/or block diagram block or blocks. 
0072 The flowchart and block diagrams in the Figures 
illustrate the architecture, functionality, and operation of 
possible implementations of systems, methods, and com 
puter program products according to various embodiments 
of the present invention. In this regard, each block in the 
flowchart or block diagrams may represent a module, seg 
ment, or portion of instructions, which comprises one or 
more executable instructions for implementing the specified 
logical function(s). In some alternative implementations, the 
functions noted in the block may occur out of the order noted 
in the figures. For example, two blocks shown in Succession 
may, in fact, be executed Substantially concurrently, or the 
blocks may sometimes be executed in the reverse order, 
depending upon the functionality involved. It will also be 
noted that each block of the block diagrams and/or flowchart 
illustration, and combinations of blocks in the block dia 
grams and/or flowchart illustration, can be implemented by 
special purpose hardware-based systems that perform the 
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specified functions or acts or carry out combinations of 
special purpose hardware and computer instructions. 
0073. The descriptions of the various embodiments of the 
present invention have been presented for purposes of 
illustration, but are not intended to be exhaustive or limited 
to the embodiments disclosed. Many modifications and 
variations will be apparent to those of ordinary skill in the 
art without departing from the scope and spirit of the 
invention. The terminology used herein was chosen to best 
explain the principles of the embodiment, the practical 
application or technical improvement over technologies 
found in the marketplace, or to enable others of ordinary 
skill in the art to understand the embodiments disclosed 
herein. 
What is claimed is: 
1. A method comprising: 
identifying, by one or more computer processors, a set of 

related messages, wherein the set of related messages 
includes at least a first message and a second message 
related to the first message; 

displaying, by one or more computer processors, in a user 
interface displaying the first message, a graphical ele 
ment associated with the first message; and 

responsive to receiving a user interaction with the graphi 
cal element, displaying, by one or more computer 
processors, in the user interface, a visual indication that 
identifies the second message; 

wherein the second message is one of the following: a 
message that responds to the first message or a message 
that the first message responds to. 

2. The method of claim 1, further comprising: 
displaying, by one or more computer processors, in the 

user interface, a graphical element associated with the 
Second message; 

responsive to receiving a user interaction with the graphi 
cal element associated with the second message, dis 
playing, by one or more computer processors, in the 
user interface, a visual indication that identifies the first 
message. 

3. The method of claim 1, wherein displaying the visual 
indication that identifies the second message includes high 
lighting the second message in the user interface. 

4. The method of claim 3, further comprising: 
responsive to receiving a user interaction with the high 

lighted second message, displaying, by one or more 
computer processors, a visual indication that identifies 
the first message. 

5. The method of claim 1, wherein the graphical element 
is an icon associated with a respective user corresponding to 
the second message. 

6. The method of claim 5, further comprising: 
adding, by one or more computer processors, one or more 

symbols to the first message, wherein each symbol is 
associated with one of the following: messages that 
respond to the first message and messages that the first 
message responds to. 

7. The method of claim 6, further comprising: 
responsive to receiving a user interaction with one of the 

symbols, displaying, by one or more computer proces 
Sors, one or more icons associated with users corre 
sponding to messages related to the first message. 

8. The method of claim 6, wherein the one or more 
symbols include at least one of an up arrow and a down 
arrow, wherein the up arrow is associated with messages that 
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respond to the first message, where the down arrow is 
associated with messages that the first message responds to. 

9. A computer program product comprising: 
one or more computer readable storage media and pro 

gram instructions stored on the one or more computer 
readable storage media, the program instructions com 
prising: 
program instructions to identify a set of related mes 

sages, wherein the set of related messages includes at 
least a first message and a second message related to 
the first message; 

program instructions to display in a user interface 
displaying the first message, a graphical element 
associated with the first message; and 

program instructions to, responsive to receiving a user 
interaction with the graphical element, display a 
visual indication that identifies the second message; 

wherein the second message is one of the following: a 
message that responds to the first message or a 
message that the first message responds to. 

10. The computer program product of claim 9, wherein 
the program instructions stored on the one or more computer 
readable storage media further comprise: 

program instructions to display in the user interface, a 
graphical element associated with the second message; 

program instructions to, responsive to receiving a user 
interaction with the graphical element associated with 
the second message, display a visual indication that 
identifies the first message. 

11. The computer program product of claim 9, wherein the 
graphical element is an icon associated with a respective 
user corresponding to the second message. 

12. The computer program product of claim 11, wherein 
the program instructions stored on the one or more computer 
readable storage media further comprise: 

program instructions to add one or more symbols to the 
first message, wherein each symbol is associated with 
one of the following: messages that respond to the first 
message and messages that the first message responds 
tO. 

13. The computer program product of claim 12, wherein 
the program instructions stored on the one or more computer 
readable storage media further comprise: 

program instructions to, responsive to receiving a user 
interaction with one of the symbols, display one or 
more icons associated with users corresponding to 
messages related to the first message. 

14. The computer program product of claim 12, wherein 
the one or more symbols include at least one of an up arrow 
and a down arrow, wherein the up arrow is associated with 
messages that respond to the first message, where the down 
arrow is associated with messages that the first message 
responds to. 

15. A computer system comprising: 
one or more computer processors; 
one or more computer-readable storage media; 
program instructions stored on the computer-readable 

storage media for execution by at least one of the one 
or more processors, the program instructions compris 
ing: 
program instructions to identify a set of related mes 

sages, wherein the set of related messages includes at 
least a first message and a second message related to 
the first message; 
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program instructions to display in a user interface 
displaying the first message, a graphical element 
associated with the first message; and 

program instructions to, responsive to receiving a user 
interaction with the graphical element, display a 
visual indication that identifies the second message; 

wherein the second message is one of the following: a 
message that responds to the first message or a 
message that the first message responds to. 

16. The computer system of claim 15, wherein the pro 
gram instructions stored on the one or more computer 
readable storage media further comprise: 

program instructions to display in the user interface, a 
graphical element associated with the second message; 

program instructions to, responsive to receiving a user 
interaction with the graphical element associated with 
the second message, display a visual indication that 
identifies the first message. 

17. The computer system of claim 15, wherein the graphi 
cal element is an icon associated with a respective user 
corresponding to the second message. 
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18. The computer system of claim 17, wherein the pro 
gram instructions stored on the one or more computer 
readable storage media further comprise: 

program instructions to add one or more symbols to the 
first message, wherein each symbol is associated with 
one of the following: messages that respond to the first 
message and messages that the first message responds 
tO. 

19. The computer system of claim 18, wherein the pro 
gram instructions stored on the one or more computer 
readable storage media further comprise: 

program instructions to, responsive to receiving a user 
interaction with one of the symbols, display one or 
more icons associated with users corresponding to 
messages related to the first message. 

20. The computer system of claim 18, wherein the one or 
more symbols include at least one of an up arrow and a down 
arrow, wherein the up arrow is associated with messages that 
respond to the first message, where the down arrow is 
associated with messages that the first message responds to. 
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