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DISTRIBUTED PROCESSING IN A 
MESSAGING PLATFORM 
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COPYRIGHT NOTICE 

[ 0002 ] A portion of the disclosure of this patent document 
may contain material which is subject to copyright protec 
tion . The copyright owner has no objection to the facsimile 
reproduction by anyone of the patent document of the patent 
disclosure , as it appears in the Patent and Trademark Office 
patent file or records , but otherwise reserves all copyright 
rights whatsoever . 

BACKGROUND 

[ 0003 ] Messaging platforms , such as social and profes 
sional networking sites , provide a rich environment for users 
to connect and communicate with other users . Content 
generated and shared by users of these platforms often 
propagates rapidly to a wide audience of connections in the 
social graph . In this way , messaging platforms can enable 
content sharing and communication across a wide array of 
geographically distributed users using a variety of client 
devices . 

[ 0005 ] In general , in one aspect , the invention relates to a 
system . The system comprises : a plurality of physical 
shards ; and a cross partitioning engine including function 
ality to : receive a first graph ( G ) comprising a plurality of 
targets and a plurality of influencers , wherein each of the 
plurality of influencers is related to at least one of the 
plurality of targets ; receive an action graph comprising a 
plurality of actions performed by one or more of the plurality 
of influencers ; key partition G across a plurality of physical 
shards , wherein the key partitioning of G results in at least 
a first key partitioned graph ( K ( G1 ) ) on a first shard and a 
second key partitioned graph ( K ( G2 ) ) on a second shard ; 
transpose the first graph ( G ) to obtain a first transposed 
graph ( G7 ) ; valuing partition G + across the plurality of 
physical shards , wherein the value partitioning of results 
in at least a first value partitioned graph ( V ( G17 ) ) on the first 
shard and a second value partitioned graph ( V ( G27 ) ) on the 
second shard ; store the action graph on at least the first shard 
and the second shard ; issue , to the first shard , a first request 
to perform a first intersection , wherein the first request 
specifies an influencer of the plurality of influencers ; receive 
in a first response to the first request , wherein the first 
response comprises a set of influencers each of which is 
related to a first target ; and determine whether to send a 
recommendation to the first target based on the first 
response . 
[ 0006 ] In general , in one aspect , the invention relates to a 
non - transitory computer readable medium comprising com 
puter readable program code . The computer readable pro 
gram code , when executed by a computer processor , enables 
the computer processor to : receive a first graph ( G ) com 
prising a plurality of targets and a plurality of influencers , 
wherein each of the plurality of influencers is related to at 
least one of the plurality of targets ; receive an action graph 
comprising a plurality of actions performed by one or more 
of the plurality of influencers ; key partition G across a 
plurality of physical shards , wherein the key partitioning of 
G results in at least a first key partitioned graph ( K ( G1 ) ) on 
a first shard and a second key partitioned graph ( K ( G2 ) ) on 
a second shard ; transpose the first graph ( G ) to obtain a first 
transposed graph ( G9 ) ; valuing partition G + across the plu 
rality of physical shards , wherein the value partitioning of 
G7 results in at least a first value partitioned graph ( V ( G1T ) ) 
on the first shard and a second value partitioned graph 
( V ( G27 ) ) on the second shard ; store the action graph on at 
least the first shard and the second shard ; issue , to the first 
shard , a first request to perform a first request , wherein the 
first request specifies an influencer of the plurality of influ 
encers ; receive in a first response to the first intersection , 
wherein the first response comprises a set of influencers each 
of which is related to a first target ; and determine whether to 
send a recommendation to the first target based on the first 
response . 
[ 0007 ] In general , in one aspect , the invention relates to a 
non - transitory computer readable medium comprising com 
puter readable program code . The computer readable pro 
gram code to process requests using a graph ( G1 ) , when 
executed by a computer processor , enables the computer 
processor to : receive , from a broker , a request to perform an 
intersection , wherein the request specifies the influencer ; in 
response to the request : perform , using the influencer as a 
key , a look - up in V ( G1T ) to obtain a first set of targets ; 
perform , using a first target in the set of targets as a key , a 
look - up in K ( Gl ) to obtain a first set of influencers for the 

SUMMARY 
a 

a 

[ 0004 ] In general , in one aspect , the invention relates to a 
method for distributed processing . The method comprising : 
receiving a first graph ( G ) comprising a plurality of targets 
and a plurality of influencers , wherein each of the plurality 
of influencers is related to at least one of the plurality of 
targets ; receiving an action graph comprising a plurality of 
actions performed by one or more of the plurality of influ 
encers ; key partitioning G across a plurality of physical 
shards , wherein the key partitioning of G results in at least 
a first key partitioned graph ( K ( G1 ) ) on a first shard and a 
second key partitioned graph ( K ( G2 ) ) on a second shard ; 
transposing the first graph ( G ) to obtain a first transposed 
graph ( G ? ) ; valuing partitioning G + across the plurality of 
physical shards , wherein the value partitioning of results 
in at least a first value partitioned graph ( V ( 617 ) ) on the first 
shard and a second value partitioned graph ( V ( G2 ? ) ) on the 
second shard ; storing the action graph on at least the first 
shard and the second shard ; issuing , to the first shard , a first 
request to perform a first intersection , wherein the first 
request specifies an influencer of the plurality of influencers ; 
receiving in a first response to the first request , wherein the 
first response comprises a set of influencers each of which is 
related to a first target ; and determining whether to send a 
recommendation to the first target based on the first 
response . 
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first target ; perform the intersection between the first set of 
influencers and the action graph to obtain a second set of 
influencers ; provide , to the broker , a response to the request 
comprising the second set of influencers . 
[ 0008 ] In general , in one aspect , the invention relates to a 
method for processing requests using a graph ( Gl ) . The 
method comprising : receiving , from a broker , a request to 
perform an intersection , wherein the request specifies the 
influencer ; in response to the request : performing , using the 
influencer as a key , a look - up in V ( G1 ? ) to obtain a first set 
of targets ; performing , using a first target in the set of targets 
as a key , a look - up in K ( Gl ) to obtain a first set of 
influencers for the first target ; performing the intersection 
between the first set of influencers and the action graph to 
obtain a second set of influencers ; providing , to the broker , 
a response to the request comprising the second set of 
influencers . 
[ 0009 ] Other aspects of the invention will be apparent 
from the following description and the appended claims . 

BRIEF DESCRIPTION OF DRAWINGS 

[ 0010 ] FIGS . 1A and 1B show schematic diagrams in 
accordance with one or more embodiments of the invention . 
[ 0011 ] FIG . 2A shows a depiction of a connection graph in 
accordance with one or more embodiments of the invention . 
[ 0012 ] FIG . 2B shows a depiction of a transpose of the 
connection graph of FIG . 2A . 
[ 0013 ] FIG . 2C shows a depiction of the graph shown in 
FIG . 2A and the graph shown in FIG . 2B in accordance with 
one or more embodiments of the invention . 
[ 0014 ] FIG . 3 shows a depiction of cross partitioning , in 
accordance with one or more embodiments of the invention . 
[ 0015 ] FIG . 4 shows a flowchart in accordance with one or 
more embodiments of the invention . 
[ 0016 ] FIGS . 5A - 5B show example nodes in accordance 
with one or more embodiments of the invention . 
[ 0017 ] FIG . 6 shows a computing system in accordance 
with one or more embodiments of the invention . 

tion use a novel and non - obvious partitioning scheme to 
distribute the data associated with the users of the messaging 
platform across nodes . The partition scheme enables effi 
cient processing of data by only placing a subset of the data 
on a given node and allowing the nodes to process data 
locally with no or minimal internode communication . Said 
another way , the data is partitioned in such a manner that a 
majority of , if not all , processing for a given request may be 
performed locally by the node and not require intermediate 
results from one node to then be processed by other nodes 
in order to obtain a final result . The lack or minimization of 
internode processing also results in an increase in perfor 
mance ( i.e. , lowers the latency to process a query in order to 
determine one or more actions to take ) . 
[ 0021 ] In one or more embodiment of the invention , 
certain data in the messaging platform may be including in 
the form of a graph or graphs . Generally , there are two 
primary types of graphs that are used to implement one or 
more embodiments of the invention . A first type of graph 
includes connectivity between the users ( i.e. , reflect that 
there is some relationship between the users ) ( see e.g. , FIG . 
2A ) . The criterion / criteria used to determine that two users 
are connected and how they are connected ( such as unidi 
rectionally or bi - directionally ) may vary without departing 
from the invention . The second type of graph relates user ( s ) 
to actions performed by the user ( s ) . The particular action or 
action ( s ) tracked by the second type of graph may vary 
without departing from the invention . 
[ 0022 ] In order to achieve the necessary performance to 
process the data in the messaging platform , the data to be 
processed is typically stored in memory to permit 
in - memory processing . Unfortunately , due to the size of the 
graphs that are to be processed , it is impractical or even 
impossible for a single computer to have sufficient memory 
or processing power to perform calculations on the graphs . 
For example , during typical operation of the messaging 
platform , approximately 200 million actions may be per 
formed each day . If each action requires approximately 32 
bytes of memory , then each day approximately 6.4 GB of 
new data is generated . This newly generated data only 
relates to actions that are being performed on the messaging 
platform ( i.e. , data in the second type of graph discussed 
above ) and does not include the data related to the first type 
of graph discussed above ( which itself is significant and also 
requires a significant amount of data storage ) . Further , with 
respect to the processing power issue , if the messaging 
platform has 200 million accounts , and one hundred com 
puters are processing actions in parallel with each of the 
computers able to perform 10,000 queries per second , it 
would take approximately five hours to query each user on 
the messaging platform once . Given that results from que 
ries executed on the messaging platform are required to be 
processed in the minute ( s ) time scale versus the hour time 
scale , embodiments of the invention create and distribute 
partitioned graphs , which may then be processed more 
efficiently . 
[ 0023 ] More specifically , the graphs are distributed across 
multiple nodes , where each node is located on a shard . The 
node may locally perform various operations on the data 
stored in the node . The local results may then be combined 
and then used to determine an appropriate course of action 
( see FIGS . 4 and 5A - 5B below ) . 
[ 0024 ] In general , throughout this specification a method , 
system , and computer readable medium for distributed pro 

a 

DETAILED DESCRIPTION 

[ 0018 ] Specific embodiments of the invention will now be 
described in detail with reference to the accompanying 
figures . Like elements in the various figures are denoted by 
like reference numerals for consistency . 
[ 0019 ] In the following detailed description of embodi 
ments of the invention , numerous specific details are set 
forth in order to provide a more thorough understanding of 
the invention . However , it will be apparent to one of 
ordinary skill in the art that the invention may be practiced 
without these specific details . In other instances , well - known 
features have not been described in detail to avoid unnec 
essarily complicating the description . 
[ 0020 ] In general , embodiments of the invention provide a 
method , system , and computer readable medium for distrib 
uted processing on a messaging platform . The distributing 
processing allows for the processing of queries in a near real 
time manner or in a timely manner ( but not near real time ) , 
where the results of the queries are used , for example , to 
determine how individual users of the platform are con 
nected and what types of recommendations to provide to a 
given user . Given the large number of users , i.e. , greater than 
200 million and the millions of actions collectively per 
formed by the user's every day , embodiments of the inven 
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cessing of data , where the results may then be used to 
determine one or more actions to perform ( e.g. , generate 
recommendations ) . Of particular interest , is the speed at 
which the results from the distributed processing may be 
provided , and the size of the data set from which the 
processing of the results is performed . When working with 
extremely large data sets , it is often impractical , if not 
impossible , for a single computer to perform all of the 
necessary calculations and actions . Thus , there is a need to 
split up the data across multiple nodes ( described below ) . 
Additionally , in messaging platforms speed is very impor 
tant a recommendation provided 10 minutes after the 
action occurred ( such as a recommendation to view an 
important announcement ) may be highly relevant to a user 
while the same recommendation provided 5 hours after the 
action occurred is of no interest . 
[ 0025 ] As shown in FIG . 1A , the messaging platform 
( 100 ) has multiple components including a cross partitioning 
engine ( 150 ) , a frontend module ( 125 ) , a routing module 
( 155 ) , a graph fanout module ( 130 ) , a delivery module 
( 135 ) , a message repository ( 140 ) , a connection graph 
repository ( 142 ) , a stream repository ( 144 ) , and an account 
repository ( 146 ) . Various components of the messaging 
platform ( 100 ) may be located on the same device ( e.g. , a 
server , mainframe , desktop Personal Computer ( PC ) , laptop , 
Personal Digital Assistant ( PDA ) , telephone , mobile phone , 
kiosk , cable box , and any other device ) or may be located on 
separate devices connected by a network ( e.g. , a local area 
network ( LAN ) , the Internet , etc. ) . Those skilled in the art 
will appreciate that there may be more than one of each 
separate component running on a device , as well as any 
combination of these components within a given embodi 
ment of the invention . 

[ 0026 ] In one or more embodiments of the invention , the messaging platform ( 100 ) is a platform for facilitating 
real - time ( or near real - time ) communication between one or 
more entities . For example , the messaging platform ( 100 ) 
may store millions of accounts of individuals , businesses , 
and / or other entities ( e.g. , pseudonym accounts , novelty 
accounts , etc. ) . One or more users of each account may use 
the messaging platform ( 100 ) to send social networking 
messages to other accounts inside and / or outside of the 
messaging platform ( 100 ) . The messaging platform ( 100 ) 
may be configured to enable users to communicate in 
“ real - time ” , i.e. , to converse with other users with a minimal 
delay and to conduct a conversation with one or more other 
users during simultaneous sessions . In other words , the 
messaging platform ( 100 ) may allow a user to broadcast 
social networking messages and may display the social 
networking messages to one or more other users within a 
reasonable time frame so as to facilitate a live conversation 
between the users . Recipients of a social networking mes 
sage may have a predefined graph relationship with an 
account of the user broadcasting the social networking 
message . In one or more embodiments of the invention , the 
user is not an account holder or is not logged in to an account 
of the messaging platform ( 100 ) . In this case , the messaging 
platform ( 100 ) may be configured to allow the user to 
broadcast social networking messages and / or to utilize other 
functionality of the messaging platform ( 100 ) by associating 
the user with a temporary account or identifier . 
[ 0027 ] In one or more embodiments of the invention , the 
connection graph repository ( 142 ) is configured to store one 
or more connection graphs . FIG . 2A shows an example 

depiction of a connection graph G ( 298 ) in accordance with 
one or more embodiments of the invention . As shown in 
FIG . 2A , the G ( 298 ) has multiple components including 
nodes representing accounts of the messaging platform 
( 100 ) ( i.e. , Account A ( 200 ) , Account B ( 202 ) , Account C 
( 204 ) , Account D ( 206 ) , Account E ( 208 ) , Account F ( 210 ) , 
Account G ( 212 ) ) and edges connecting the various nodes . 
[ 0028 ] The G ( 298 ) is a data structure representing rela 
tionships ( i.e. , connections ) between one or more accounts . 
The G ( 298 ) represents accounts as nodes and relationships 
as edges connecting one or more nodes . A relationship may 
refer to any association between the accounts ( e.g. , follow 
ing , friending , subscribing , tracking , liking , tagging , 
retweeting , favorites , direct messages sent , profile views , or 
any other relationship ) . The edges of G ( 298 ) may be 
directed and / or undirected based on the type of relationship 
( e.g. , bidirectional , unidirectional ) , in accordance with vari 
ous embodiments of the invention . 
[ 0029 ] Other representations of a connection graph may 
also be used in various embodiments of the invention . For 
example , a transpose of a graph may be created . A transpose 
of the connection graph shown in FIG . 2A is shown in FIG . 
2B . Specifically , G ? ( 299 ) is shown . As with G ( 298 ) of FIG . 
2A , the same accounts are shown in GT ( 299 ) . However , the 
relationships between the nodes of G ? ( 299 ) have been 
transposed . Thus , the relationship that flowed from Account 
B ( 202 ) to Account E ( 208 ) of G ( 298 ) in FIG . 2A , now flow 
from Account E ( 208 ) to Account B ( 202 ) in GT ( 299 ) . 
[ 0030 ] In one or more embodiments of the invention , the 
connection graph repository ( 142 ) may also store informa 
tion about actions performed by user . Specifically , the con 
nection graph repository may relate user identifiers of a user 
to user's preferences and history in the messaging platform 
( 100 ) . For example , the user preferences and history may 
include language , connections of the user , topics in which 
the user is interested and other information . Additionally , 
connection graph repository ( 142 ) may store other kinds of 
graphs , such as an action graph of all actions performed by 
each user ( or users ) within the social network . The action 
graph may be updated in real time , and maybe only store 
actions performed in the past 30 minutes , hour , day , two 
days , or others suitable time unit . 
[ 0031 ] In one or more embodiments of the invention , the 
routing module ( 155 ) includes functionality to receive one 
or more social networking messages and to store the social 
networking messages in the message repository ( 140 ) . The 
routing module ( 155 ) may include functionality to assign an 
identifier to the social networking message and to notify the 
graph fanout module ( 130 ) of a sender of the social net 
working message . 
[ 0032 ] In one or more embodiments of the invention , the 
graph fanout module ( 130 ) includes functionality to retrieve 
graph data from the connection graph repository ( 142 ) and 
to use the graph data to determine which accounts in the 
messaging platform ( 100 ) should receive the social network 
ing message . The graph data , for example , may reflect which 
accounts in the messaging platform are “ following ” a par 
ticular account and are , therefore , subscribed to receive 
status social networking messages from the particular 
account . 

[ 0033 ] In one or more embodiments of the invention , the 
delivery module ( 135 ) includes functionality to receive a list 
of accounts from the graph fanout module ( 130 ) and the 
message identifier generated by the routing module ( 155 ) 

a 

a 
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and to insert the message identifier into stream data associ 
ated with each identified account . The delivery module ( 135 ) 
may then store the message list in the stream repository 
( 144 ) . The stream data stored in the stream repository ( 144 ) 
may make up one or more streams associated with one or 
more accounts of the messaging platform ( 100 ) . A stream 
may be a dynamic list of social networking messages 
associated with one or more accounts or may reflect any 
arbitrary organization of social networking messages that is 
advantageous for the user of an account . 
[ 0034 ] In one or more embodiments of the invention , the 
frontend module ( 125 ) is a software application or a set of 
related software applications configured to communicate 
with external entities ( e.g. , client ( 120 ) ) . The frontend mod 
ule ( 125 ) may include the application programming inter 
face ( API ) and / or any number of other components used for 
communicating with entities outside of the messaging plat 
form ( 100 ) . The API may include any number of specifica 
tions for making requests from and / or providing data to the 
messaging platform ( 100 ) . For example , a function provided 
by the API may provide artist / song recommendations to a 
requesting client ( 105 ) . 
[ 0035 ] In one or more embodiments of the invention , the 
frontend module ( 125 ) is configured to use one or more of 
the data repositories ( message repository ( 140 ) , connection 
graph repository ( 142 ) , stream repository ( 144 ) , and / or 
account repository ( 145 ) ) to define streams for serving social 
networking messages ( i.e. , stream data ) to a user of the 
account on the messaging platform ( 100 ) . A user may use 
any client ( 120 ) to receive the social networking messages . 
For example , where the user uses a web - based client to 
access the messaging platform ( 100 ) , an API of the frontend 
module ( 125 ) may be utilized to define one or more streams 
and / or to serve the stream data to the client for presentation 
to the user . Similarly , different forms of message delivery 
may be handled by different modules in the frontend module 
( 125 ) . In one or more embodiments of the invention , the user 
may specify particular receipt preferences , which are imple 
mented by the frontend module ( 125 ) . 
[ 0036 ] In one or more embodiments of the invention , one 
or more of the data repositories ( message repository ( 140 ) , 
connection graph repository ( 142 ) , stream repository ( 144 ) , 
account repository ( 146 ) ) is a database and / or storage ser 
vice residing on one or more servers . For example , one or 
more of the data repositories may be implemented as a 
storage service using service - oriented architecture ( SOA ) 
and configured to receive requests for data and to provide 
requested data to other components of the messaging plat 
form ( 100 ) . In another example , the message repository 
( 140 ) may include one or more tables in a distributed 
database management system ( DBMS ) , a clustered data 
base , a standalone flat file , and / or any storage software 
residing on one or more physical storage devices . Examples 
of a storage device may include , but are not limited to , a hard 
disk drive , a solid state drive , and / or other memory device . 
Any type of database or storage application may be used , in 
accordance with various embodiments of the invention . 
[ 0037 ] In one or more embodiments of the invention , one 
or more of the data repositories ( message repository ( 140 ) , 
connection graph repository ( 142 ) , stream repository ( 144 ) , 
account repository ( 146 ) ) is a separate application or set of 
applications residing on one or more servers external ( and 
communicatively coupled ) to the messaging platform ( 100 ) . 
Alternatively , in one or more embodiments of the invention , 

one or more of the data repositories may be an integrated 
component of the messaging platform ( 100 ) and / or may 
reside , either partially or entirely , on one or more common 
hardware devices ( e.g. , a server ) . 
[ 0038 ] In one or more embodiments of the invention , the 
message repository ( 140 ) includes functionality to store 
social networking messages and social networking messages 
metadata . The social networking messages metadata may 
include an identifier of the originating user of the social 
networking message , a list of users that received the social 
networking message , a number of users that received the 
social networking message , statistics ( e.g. , a ratio of con 
nected users to the originating user that forward the social 
networking message versus disconnected users to the origi 
nating user that forward the social networking message ) , 
time and date in which the social networking message is 
transmitted , and other information . 
[ 0039 ] In one or more embodiments of the invention , cross 
partitioning engine ( 150 ) includes functionality for receiv 
ing graphs , distributing graphs across nodes , issuing queries 
to one or more nodes ( see FIG . 4 ) , receiving in certain 
scenarios some intermediate results and issuing subsequent 
queries based on the intermediate results ( see discussion 
related to FIGS . 5A and 5B ) , and combining results received 
from individual nodes ( see discussion related to FIGS . 5A 
and 5B ) , and sending recommendations ( or performing other 
actions ) based on the results . Cross partitioning engine ( 150 ) 
may execute on one or more processors spread across 
multiple shards . Cross partitioning engine ( 150 ) may receive 
graphs from any suitable component of messaging platform 
( 100 ) , such as connection graph repository ( 142 ) , or any 
other component . The graphs may be received in any 
manner now known or later developed . 
[ 0040 ] In one or more embodiments of the invention , cross 
partitioning engine ( 150 ) includes functionality for distrib 
uting the received graphs to a particular shard or to a 
particular node on a shard if the shard is partitioned . In one 
embodiment of the invention , each shard may be a separate 
partition of a hard drive ( s ) , or separate computing devices , 
a combination thereof , or any other suitable setup . The 
received graphs may be partitioned and the resulting parti 
tions may be distributed over any number of shards using a 
variety of methods . In one or more embodiments of the 
invention , the received graphs are distributed using a hash 
function . Alternatively , any other function or formula may 
be used . Further , any number partitioned graphs may be 
stored on a given shard . In one or more embodiments of the 
invention , the cross partitioning engine ( 150 ) includes func 
tionality for tracking where each partitioned graph is stored 
( i.e. , on which specific worker shard ) in any manner now 
known or later developed . 
[ 0041 ] In one embodiment of the invention , a given graph 
may be partitioned using key partitioning or value partition 
ing . Consider an edge in a graph ( u > V ) . For key partition 
ing , a hash function ( H ) is applied to u in order to generate 
a hash result ( i.e. , H ( u ) ) . The hash result is then used to 
distribute the edge to an appropriate shard or node . For 
example , if there are n possible nodes then a node may be 
selected as follows : H ( u ) mod n . Similarly , for value 
partitioning , a hash function ( H ) is applied to v in order to 
generate a hash result ( i.e. , H ( v ) ) . The hash result is then 
used to distribute the edge to an appropriate shard or node . 
For example , if there are n possible nodes then a node may 
be selected as follows : H ( v ) mod n . 
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[ 0042 ] In one or more embodiments of the invention , cross partitioning engine ( 150 ) partitions the received graphs 
based on a specific user ( s ) using key and / or valuing parti 
tioning . For example , the partitioned graph may include 
edges that show specific user ( s ) and the influencer ( s ) of the 
specific user ( s ) . Said another way , if user A follows B , C , D , 
then B , C , D may be influencers of A and the partitioned 
graph may include A - > [ B , C , D ] , where the partitioning is 
performed using key partitioning . The same node that stores 
A > [ B , C , D ] may also store a partition of a transpose of the 
received graph . À transpose is a reflection of a graph . In 
other words , if the partitioned graph includes edge A- > B , 
then the transpose of the edge is B - A . 
[ 0043 ] Turning to FIGS . 2A - 2C , an example of graphs and 
transposed graphs is further explained . Specifically , FIG . 2C 
depicts the edges ( 220 ) of Graph ( G ) ( 298 ) in FIG . 2A and 
the edges ( 222 ) of GT ( 299 ) of FIG . 2B . Specifically , Value 
( G ) ( 250 ) depicts the relationships of G ( 298 ) of FIG . 2A 
organized by value . FIG . 2 ) shows an example of a con 
nection graph that shows the relationships between users . In 
this example , an edge u > v indicates that user u follows user 
v . Said another way , user v is an influencer of user u . FIG . 
2B shows the transpose of the graph shown in FIG . 2A . 
[ 0044 ] With respect to FIG . 2A , it can be seen that account 
E ( 208 ) follows account D ( 206 ) and account G ( 212 ) . This 
is depicted “ E- > D , G ” in FIG . 2C . Referring to FIG . 2B , the 
direction of the connections is the direction of influence . For 
example , in FIG . 2B , there is an edge between user D ( 206 ) 
and user E ( 208 ) . This relationship is shown in FIG . 2C , as 
edge D- > E , which indicates that D is an influencer of E. 
[ 0045 ] Returning to FIG . 1A , cross partitioning engine 
( 150 ) distributes partitioned graphs across the nodes using a 
hash function ( or any other function that may be used to 
distribute partitioned graphs across nodes ) . The use of a hash 
function provides a deterministic mechanism so that given 
the hash function and the type of partitioning ( e.g. , key or 
value ) , the node with the appropriate portioned graphs may 
be located . 
[ 0046 ] In one embodiment of the invention , for a connec 
tion graph ( G ) , each node n may include one or more of the 
following partitioned graphs : ( i ) Key partitioned graph of G 
( denoted K ( G ) ) , ( ii ) value partitioned graph of G ( denoted 
VG ) , ( iii ) Key partitioned graph of G ' ( transpose of G ) 
( denoted K ( G ? ) ) , ( iv ) value partitioned graph of G + ( denoted 
V ( G7 ) ) . The specific combination of the aforementioned 
graphs that are located on any given node may vary based on 
the types of processing that is being performed on the 
shards / nodes ( see examples below ) . 
[ 0047 ] In addition to the above partitioned connection 
graphs , each node may include other non - partitioned graphs 
such as a graph of events performed by a subset of users 
( e.g. , influencers in a preceding time period ) ( e.g. , a list of 
which of the top 200 users in the messaging platform 
retransmitted ( e.g. , retweeted ) a given message in the last 24 
hours ) . The nodes may also include other graphs without 
departing from the invention . 
[ 0048 ] Continuing with FIG . 1A , cross partitioning engine 
( 150 ) includes functionality to perform one or more of the 
queries described with respect to FIG . 5A and FIG . 5B 
below . In one or more embodiments of the invention , a 
majority of the processing of each of the queries is per 
formed locally on node as in many cases all of the data that 
is need to perform the query is present on the node . Thus , for 
example , the work of performing many intersections across 

many large graphs is broken down into manageable sizes 
and parallelized , to minimize the processing cost and time . 
[ 0049 ] In one or more embodiments of the invention , 
based on the intersection ( s ) , and a variety of other factors , 
the cross partitioning engine ( 150 ) includes functionality to 
send the recommendation ( s ) to the target . The recommen 
dation ( s ) may be anything , from a user to follow , a message 
to read , or any other action . Any number of recommendation 
( s ) may be sent . In one or more embodiments of the 
invention a recommendation is sent only when multiple 
influencers have performed the same action in a set time 
frame . The time frame may be any suitable amount , but may 
be a relatively recent timeframe , such as within 2 hours of 
the action occurring . It will be apparent to one of ordinary 
skill in the art that there are many ways and types of 
recommendations and , as such , the invention should not be 
limited to the above examples . Further , these aspects , and 
others , are discussed in more detail in FIG . 1B . 
[ 0050 ] FIG . 1B shows a schematic diagram of a system in 
accordance with one or more embodiments of the invention . 
Specifically , FIG . 1B shows a more detailed diagram of the 
cross partitioning engine ( 150 ) in the messaging platform 
( 100 ) . In other words , the cross partitioning engine ( 150 ) in 
FIG . 1B is essentially the same as the cross partitioning 
engine ( 150 ) in FIG . 1A . Cross partitioning engine ( 150 ) 
includes an event listener ( s ) ( 160 ) , shard 1 ( 165 ) , shard N 
( 170 ) , a broker ( 171 ) , a requesting process ( 173 ) , a person 
alized model ( 175 ) , and a notifier ( 180 ) , and notifications 
( 185 ) . Events ( 155 ) are events that have occurred within 
messaging platform ( 100 ) . Events ( 155 ) may be provided to 
cross partitioning engine ( 150 ) by some other component of 
messaging platform ( 100 ) , and may form a constant stream 
of real - time actions . The events ( 155 ) may take any form 
now known or later developed . The events ( 155 ) may arrive 
filtered according to which user's graphs are stored on a 
given shard ( i.e. , shard 1 ( 165 ) and / or shard N ( 170 ) ) , or may 
arrive in a raw , unfiltered state . Events ( 155 ) may number in 
the tens of thousands per second , or more . Events ( 155 ) may 
include any action within the messaging platform ( 100 ) 
including , but not limited to : follows , favorites , clicking a 
link , sending a message , rebroadcasting , viewing a message , 
performing a search , user moving to a physical location of 
interest , etc. 
[ 0051 ] In one or more embodiments of the invention , 
event listener ( 160 ) includes functionality to listen to all of 
the events ( 155 ) and distribute the events ( 155 ) to the shard 
and / or to every node on the shard . In one or more embodi 
ments of the invention , event listener ( 160 ) merely passes on 
all the events to every shard or every node of the shard . 
Alternatively , event listener ( 160 ) is aware of which users 
are stored on which shard ( s ) ( or which node on the shard ) , 
and only distributes events to their corresponding shards or 
nodes on the shard . In one embodiment of the invention , the 
event listener may use the same hash function that is used to 
key and value partition the graphs across the shards / nodes to 
also determine which shard or node to send the event . 
[ 0052 ] In one or more embodiments of the invention , 
shard 1 ( 165 ) and shard N ( 170 ) are shards . The shards may 
be any type of computing device or devices , and may have 
any number of partitions within them . If a shard is parti 
tioned , then each partition may be referred to as a node . 
Additionally , shard 1 ( 165 ) and shard N ( 170 ) may store any 
number of partitioned graphs and non - partitioned graphs ( as 
discussed above ) . Shard 1 ( 165 ) and shard N ( 170 ) locally 
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perform the intersections , as discussed above , and determine 
whether to send a recommendation to the user . The deter 
mination may be made , for example , only when multiple 
different influencers of a given user perform the same action 
within a set timeframe . Shard 1 ( 165 ) and shard N ( 170 ) may 
then pass the results to a personalized model ( 175 ) or to a 
broker ( 171 ) . 
[ 0053 ] In one or more embodiments of the invention , 
personalized model ( 175 ) takes the results from shard 1 
( 165 ) and shard N ( 170 ) and applies a personalized model to 
the generate one or more recommendations , ensuring that 
the recommendation should in fact be sent . The personalized 
model ( 175 ) may apply other data such as the user's cohort , 
user profile information , user age , user gender , user geo 
location , user follower count , last login time of the user , how 
long it has been since the user received a recommendation , 
whether the user is currently using the messaging platform , 
and / or many other elements . The application of the person 
alized model ensures that a recommendation is high quality 
and should be sent . If the personalized model ( 175 ) deter 
mines that the recommendation should , in fact , be sent , the 
recommendation is passed to the notifier ( 180 ) . 
[ 0054 ] In one embodiment of the broker ( 171 ) includes 
functionality to receive requests ( see discussion of FIGS . 5A 
and 5B below ) from one or more requesting processes ( 173 ) 
executing on the messaging platform and then issue one or 
more queries to service the requests to the shards ( or nodes 
on the shard ) . The broker ( 171 ) subsequently receives the 
responses from shards ( or nodes on the shard ) . Based on the 
response from the shards ( or the nodes ) , the broker ( 171 ) 
may send a response back to the requesting process ( 173 ) , 
send the data to the personalization model ( 175 ) , and / or send 
a second set of queries to one or more shards ( or nodes ) 
using the intermediate results received by the broker ( 171 ) . 
The broker ( 171 ) may also aggregate the responses received 
from the shards ( or nodes ) in order to generate an a result 
prior to sending a response transmitting the response to the 
requesting process ( 173 ) or the personalization module 
( 175 ) . The broker ( 171 ) may also analyze the responses 
received from the shards ( or nodes ) in order to generate an 
a result prior to sending a response transmitting the response 
to the requesting process ( 173 ) or the personalization mod 
ule ( 175 ) . The broker ( 171 ) may perform other types of 
processing on the responses received from the shards ( or 
nodes ) without departing from the invention . 
[ 0055 ] In one or more embodiments of the invention , 
notifier ( 180 ) includes functionality to send the recommen 
dation ( s ) to the user in the form of notifications ( 185 ) . 
Notifications ( 185 ) may be sent to the target user in any 
manner and / or form now known or later developed . For 
example , notifications ( 185 ) may be a public message , a 
private message , an e - mail , a text message , a voice message , 
a video message , or any other suitable form . 
[ 0056 ] In one embodiment of the invention , the cross 
partitioning engine only includes the broker and any other 
component that is necessary to perform the initial partition 
ing of the graphs , to update the partitions of the graphs over 
time . All other components shown in FIG . 1B may be 
located external to the cross - partitioning engine ( 150 ) . 
[ 0057 ] FIG . 3 shows shards in accordance with one or 
more embodiments of the invention . As shown in FIG . 3 , 
each of the shards represents a physical system that includes : 
( i ) one or more processors ( not shown ) ; ( ii ) memory ( not 
shown ) that is sufficient to store the various partitioned and 

non - partitioned graphs ( e.g. , V { G1 } , K { G1T ) , action graph , 
etc. ) ; ( iii ) have one or more physical interfaces over which 
to receive queries from the broker ( see FIG . 1B ) and to send 
responses to the broker and / or the personalization model 
( see FIG . 1B ) . Further , the shards and / or nodes include 
functionality to process one or more queries described below 
( see discussion of FIGS . 5A and 5B ) . In one embodiment of 
the invention , this functionality may include non - transitory 
computer readable instructions , which when executed , 
enable the shard ( or node ) to perform the aforementioned 
functionality . 
[ 0058 ] FIG . 4 shows a flowchart of a method , in accor 
dance with various embodiments of the invention . While the 
various steps in the flowchart are presented and described 
sequentially , one of ordinary skill will appreciate that some 
or all of the steps can be executed in different orders and 
some or all of the steps can be executed in parallel . Further , 
in one or more embodiments of the invention , one or more 
of the steps can be omitted , repeated , and / or performed in a 
different order . Accordingly , the specific arrangement of 
steps shown in FIG . 4 should not be construed as limiting the 
scope of the invention . 
[ 0059 ] In Step 400 , a first graph ( G1 ) with targets ( A ) and 
influencers ( B ) is received . The graph may be in any format 
and may be received in any manner now known or later 
developed . An individual user is a target when a recommen 
dation is being generated for him / her . An influencer is a user 
with whom the target has a relationship . The relationship 
may be that the target follows the influencer . Alternatively , 
the relationship may be any other relationship . A given target 
may have any number of influencers , from 0 to thousands or 
more . In one or more embodiments , not all influencers of a 
target are included in the graph . Rather , a subset of the 
top / most important influencers may be used , such as the top 
200. In one or more embodiments , within the messaging 
platform a given user may be both a target and an influencer . 
A example of a graph received in Step 400 is shown in FIG . 
2A . 
[ 0060 ] In Step 405 , an action graph with actions per 
formed by influencers is received . The action graph may be 
received in any format and in any manner now known or 
later developed . In one or more embodiments of the inven 
tion , the action graph includes all actions performed on a 
messaging platform within a time frame , such as the past 45 
minutes , 3 hours , 2 days , etc. Alternatively , the action graph 
may only include actions performed by a subset of users of 
the messaging platform , such as the influencers that are 
present on a given shard or node on a shard . In one 
embodiment of the invention , the action graph may be a set 
of graphs of the form C < [ big bn ] , where C corresponds to a 
given action and [ bi , by ] corresponds to the set of users that 
have performed that action . Accordingly , in one embodiment 
of the invention , there may be one action graph per action . 
In one embodiment of the invention , the action may be 
defined very specifically ( e.g. , which users followed user X 
within the last 24 hours ) or may be more general ( e.g. , which 
user retweeted a message ( i.e. , any message ) on the mes 
saging platform ) . The action may or may not be limited by 
time . Further , the action graph ( s ) may only include user of 
users in the message platform even though a larger number 
of users performed the action . For example , if 10,000 users 
performed an action only the top 200 user ( based on some 
criterion / criteria ) may be included in the action graph for the 
action . 
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[ 0061 ] In Step 410 , value partitioned graphs of a first 
target and a group of influencers related to the first target is 
generated . The value partitioned graphs may be generated in 
any manner now known or later developed . The value 
partitioned graph are partitioned using value partitioning , 
where each generated partitioned graph represents the target 
( A ) and all of the users whom the user has a relationship 
with . Alternatively , a subset of the users with whom the 
target has a relationship may be used , such as the top 50 , 
100 , or other amount of users . The users may be thought of 
as influencers : users who influencer the target , and whose 
actions may be of interest to the target user . The relationship 
depicted in the value graph may be any relationship , such as 
a follow , a favorite , direct messages , and / or any other action . 
Any number of value partitioned graphs may be generated . 
In one or more embodiments , one partitioned graph is 
generated per user ( or per subset of users ) of the messaging 
platform . The partitioned graphs may then be distributed 
across the shards ( or nodes ) using a value partition ( as 
described above ) . In one or more embodiments of the 
invention , users are distributed across a group of shards ( or 
nodes ) according to one or more formulas , such as a hash 
function . Alternatively , users may be distributed based on 
alphabetical ordering , numerical ordering , or any other 
scheme 
[ 0062 ] In Step 415 , value partitioned graphs are stored 
across the shards ( or nodes ) based on the distribution in 
determined in Step 410. The value partitioned graph may be 
stored in any manner now known or later developed . 
[ 0063 ] In Step 420 , key partitioned graphs are generated 
by key partitioning the graph ( G1 ) received in Step 400. The 
key value partition is performed as described above . Further , 
the result of Step 420 is a set of key partitioned graphs that 
are distributed across the shards ( or nodes ) using the same 
distribution scheme as described with respect to the value 
partitioned graphs generated in Step 410 . 
[ 0064 ] In Step 425 , the key partitioned graphs are stored 
in the appropriate shard ( or node ) based on the distribution 
determined in Step 420 . 
[ 0065 ] In Step 430 , the action graph is stored on all shards 
( or nodes ) . As in Steps 415 and 425 , the action graph may 
be stored in any manner now known or later developed , and 
in any number of shards and / or partitions . 
[ 0066 ] In Step 435 , one or more of the following is 
performed using the broker and one or more of the shards ( or 
nodes ) : first degree queries , intersection queries , and second 
degree queries . Examples of the aforementioned queries is 
described below with reference to FIGS . 5A and 5B . In one 
embodiment of the invention , the broker receives one or 
more responses from one or more shards ( or nodes ) and then 
returns the response to a requesting processing , where the 
requesting process may then use the response to take addi 
tional action . In one embodiment of the invention , a non 
limiting example of processing the results from the nodes is 
described in steps 440 and 445 . 
[ 0067 ] In Step 440 , a determination is made whether to 
send a recommendation to the first target based on the results 
of Step 435. The determination of whether to send a rec 
ommendation may be made based on a variety of factors . In 
one or more embodiments of the invention , multiple influ 
encers need to perform the same action within a timeframe 
before a recommendation will be considered for the action . 
For example , 3 , 5 , 10 , or more users may need to perform the 
same action . The timeframe may be any suitable amount of 

time , such as 20 minutes , 3 hours , 7 hours , etc. In addition 
to multiple influencers performing the same action , addi 
tional factors may be considered . These factors may be 
specific to the target user . For example , a determination may 
be made if the target user is fatigued — how many recom 
mendations has the target user received recently ? Addition 
ally , other factors may be considered such as age , gender , 
interests , whether the user has performed the action already , 
last logon , and / or any other suitable factors . 
[ 0068 ] In Step 445 , the recommendation is sent to the 
target . The recommendation may be sent in any form using 
any method now known or later developed . Depending on 
the result of Step 440 , there may not be a recommendation 
sent to the target , as indicated by the dotted lines . In one or 
more embodiments of the invention , the recommendation 
takes the form of a direct message , e - mail , text message , 
publically broadcast message , video message , voice mes 
sage , and / or any other format . The recommendation may be 
for anything including , but not limited to : a geographical 
place where influencers presently are , a message to view , an 
image to view , a user to follow , a profile to view , a message 
to send , and / or any other actions performable within a 
messaging platform . It will be apparent to one of ordinary 
skill in the art that there are many types of actions for which 
a recommendation may be made and , as such , the invention 
should not be limited to the above examples . 
[ 0069 ] The following section describes various examples 
of the invention . The examples are included to aid in the 
understanding of the invention and are not intended to limit 
the scope of the invention . 
[ 0070 ] FIGS . 5A and 5B shows an example in accordance 
with one or more embodiments of the invention . The fol 
lowing discussion describes various queries that may be 
implemented on the shards ( or nodes ) in accordance with 
one or more embodiments of the invention . In this example , 
the graph is graph ( G ) ( 298 ) in FIG . 2A , where the rela 
tionships represent a “ follow ” relationship . For example , 
when A follows B , then when B generates broadcasts / 
multicasts a message on the messaging platform allow 
followers of B ( which includes A ) will receive the message . 
Further , in this example , there are two nodes ( which may be 
executing on the same or different shards ) . Further , each 
node includes four partitioned graphs K ( G ) , K ( G ' ) , V ( G ) , 
V ( GP ) , where the partitioning for both the key graphs ( K ) 
and the value graphs ( V ) is performed in accordance with the 
following partitioning scheme ( f ) : A , C , E , G on node 1 and 
B , D , F on node 2. The partitioned graphs stored on Node 1 
are shown in FIG . 5A and the partitioned graphs stored in 
Node 2 are shown in FIG . 5B . Though not shown in FIGS . 
5A and 5B , each of the nodes also includes one or more 
action graphs ( as described above ) . 
[ 0071 ] As discussed above , the nodes may be used to 
perform first degree queries , intersection queries , and second 
degree queries . Other queries may be performed without 
departing from the invention . Examples for each of the 
aforementioned query types are included below . 
[ 0072 ] First Degree Query Examples 
[ 0073 ] Example 1 - Broker receives request to determine 
all users followed by user A. In response to the request , the 
broker applies the partitioning scheme f ( A ) to determine that 
the requested information may be determined from node 1 . 
The broker then issues the query to node 1. Node 1 performs 
a look - up in Key ( G ) using A as the key and returns : B , C , D. 
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[ 0074 ] Example 2 — Broker receives request to determine 
if user A follows user B. In response to the request , the 
broker applies the partitioning scheme f ( A ) to determine that 
the requested information may be determined from node 1 . 
The broker then issues the query to node 1. Node 1 performs 
a look - up in Key ( G ) using A as the key and determines that 
A follows B , C , and D. Accordingly , node 1 returns a 
response of true . Node 1 may alternatively perform a look 
up in Val ( G ? ) using B as the key . Alternatively , in response 
to the request , the broker applies the partitioning scheme 
f ( B ) to determine that the requested information may be 
determined from node 2. The broker then issues the query to 
node 2. Node 2 performs a look - up in Key ( G7 ) using B as 
the key and determines that B is followed by A , D , and F. 
Accordingly , node 1 returns a response of true . Node 2 may 
alternatively perform a look - up in Val ( G ) using B as the key . 
[ 0075 ] The selection of Node 1 or Node 2 with respect to 
servicing the query from the broker may be based on load 
balancing considerations . For example , if Node 1 is cur 
rently experiencing a high load then the query may be sent 
to Node 2 . 
[ 0076 ] Example 3 — Broker receives request to determine 
if user A follows users B , D , and E. This request may be 
broken down into individual queries and be processed using 
the same process as the described in Example 2. The 
individual queries may be processed by a single node or the 
individual queries may be processed by a different nodes . In 
the former case , the results are determined locally by the 
node and then a response of true or false may be sent to the 
broker from the individual node . In the later case , responses 
to the individual queries are returned to the broker , which 
then generates the final result based upon the individual 
received results . 
[ 0077 ] Example 4 Broker receives request to number of 
users followed by user A. In response to the request , the 
broker applies the partitioning scheme f ( A ) to determine that 
the requested information may be determined from node 1 . 
The broker then issues the query to node 1. Node 1 performs 
a look - up in Key ( G ) using A as the key and returns : 3 . 
[ 0078 ] In one or more embodiments of the invention , first 
degree queries may be used to determine one or more of the 
following : Get the list of followers of a user , Get list of 
followings of a user ( i.e. , who is the user following ) , get list 
of items bought by a user ( where G relates users to items 
purchased ) , list of tweets favorited by a user ( where G 
relates users to tweets favorite ) , does user A follow user B ; 
is user B followed by user A , do A and B follow each other : 
( mutual follow graph ) , did user A buy item I ( where G 
relates users to items purchased ) , has user A retweeted tweet 
T ( where G relates users to retweets ) , how many users 
follow A ; how many tweets has A favorite ( where G relates 
users to favorite tweets ) , how many movies has A watched 
( where G relates users to movies watched ) , how many 
mutual follows does A have ( i.e. , followers of A that A 
follows ) , how many items has A bought ( where G relates 
users to items bought ) 
[ 0079 ] Intersection Query Examples 
[ 0080 ] Example 4 - Broker receives request to determine 
all common out - edges between users A and D , i.e. , which 
users are followed by both user A and user D. In response to 
the request , the broker issues a query to all nodes the in the 
system , each node then does the following : ( i ) look - up 
Val ( G ) with key A , ( ii ) look - up Val ( G ) with key D and ( iii ) 
intersect the results . In this example , Node 1 performs a 

look - up in Val ( G ) with key A which returns C , and performs 
a look - up in Val ( G ) with key D which returns { } . Accord 
ingly , the intersection is { } . Similarly , node 2 performs a 
look - up in Val ( G ) with key A returns B , D and a performs 
a look - up in Val ( G ) with key D returns B. Accordingly , the 
intersection is B. The individual results are returned back to 
the broker , which then does a union of the individual results 
and returns them to the requesting processing . In this 
example , the final result is B , which means that A and D both 
follow B. ( see also , FIG . 2A ) . 
[ 0081 ] In another embodiment of the invention , if the set 
of users following A is small , the broker may send a first 
query to node 1 ( determined using f ( A ) ) to obtain the set of 
users that A follows . The broker may then send these results 
to node 2 ( determined using f ( A ) ) to do an intersection 
between users follows A ( obtained node 1 ) and users fol 
lowing D determined using one or more partitioned graphs 
on node 2. Node 2 subsequently sends a response back to the 
broker . As compared with the approach of the prior example , 
this embodiment limits the number of nodes that need to 
process any portion of the query from the broker . 
[ 0082 ] Example 5 Broker receives request to determine 
all users B ; that satisfies the following AB , and B ; - > D . In 
response to the request , the broker issues a query to all nodes 
the in the system , each node then does the following : ( i ) 
look - up Val ( G ) with key A , ( ii ) look - up Val ( G7 ) with key D 
and ( iii ) intersect the results . In this example , Node 1 
performs a look - up in Val ( G ) with key A which returns C , 
and performs a look - up in Val ( G7 ) with key D which returns 
{ } . Accordingly , the intersection is { } . Similarly , node 2 
performs a look - up in Val ( G ) with key A which returns B , 
D , and performs a look - up in Val ( G ? ) with key D which 
returns B. Accordingly , the intersection is B. The individual 
results are returned back to the broker , which then does a 
union of the individual results and returns them to the 
requesting process . In this example , the final result is B , 
which means that A follows B and B follows D. ( see FIG . 
2A ) . 
[ 0083 ] Example 6 Broker receives request to determine 
all users B ; that satisfies the following B ; B and B ?? D . 
In response to the request , the broker issues a query to all 
nodes the in the system , each node then does the following : 
( i ) look - up Key ( G ? ) with key B , ( ii ) look - up Key ( G ? ) with 
key D and ( iii ) intersect the results . In this example , Node 1 
performs a look - up in Key ( GT ) with key B returns { } and 
a performs a look - up in Key ( 67 ) with key D returns { } . 
Accordingly , the intersection is { } . Similarly , node 2 
performs a look - up in Key ( G7 ) with key A returns ( A , D , F } 
and a performs a look - up in Key ( G7 ) with key D returns { A , 
B , E } . Accordingly , the intersection is A. The individual 
results are returned back to the broker , which then does a 
union of the individual results and returns them to the 
requesting processing . In this example , the final result is A , 
which means that A follows B and A follows D. ( see FIG . 
2A ) . 
[ 0084 ] Random Walk Examples 
[ 0085 ] Random walk examples may be first degree queries 
or second degree queries depending on the particulars of the 
random walk request . 
[ 0086 ] Example 7 — Broker receives request to randomly 
select a follower of user A. This request may be performed 
in the same manner as Example 1 using Node 1 ( determined 
using f ( A ) ) using Key ( G ) with key A. Node 1 may then 
randomly select one of the users identified from the look - up 

i 



US 2022/0283883 A1 Sep. 8 , 2022 
9 

a 

a 

and then return this user's identity to the broker . Alterna 
tively , the broker may randomly select the user from the set 
of users identified from the aforementioned lookup . 
[ 0087 ] Example 8 Broker receives request to randomly 
select K 2nd degree followers of user A. The broker deter 
mines the number of followers ( n ) of A in the manner 
described in Example 4. The broker then sends a query to 
each of the nodes along with the value n . Each node then 
performs the following steps : ( i ) for user ( BO returned in the 
look - up Val ( G ) with key A , take ( floor ( k / n ) + R ) random 
samples form Key ( G ) with key Bi , where R is 1 with a 
probability of p , where p = { k / d - floor ( k / d ) ) . The individual 
results are then merged by the broker to generate the 
randomly chosen K 2nd degree followers . In one embodi 
ment of the invention , because the selection of K random 
2nd degree followers performed in a distributed manner , 
each of the nodes is individually working to obtain a subset 
of K users . There is no need for inter - node communication . 
More specifically , because of the manner in which G is key 
and value partitioned , a node may locally follow two edges 
from user A. In contrast , graphs that are partitioned only 
using key or value partitioning , will require at a minimum 
two passes with intermediate results the first pass to deter 
mine all first degree edges from A and a second pass that 
broadcasts this information to all nodes the system in order 
to determine the K second degree user . 
[ 0088 ] Second Degree Queries 
[ 0089 ] Example 9 Broker receives request to determine 
whether D is within a second degree of A. This request may 
be reduced to whether there is a B ; that satisfies the follow 
ing A - B ; and B ; - > D . Accordingly , this request may be 
processed in accordance with Example 5 discussed above . 
[ 0090 ] Example 10 Broker receives request to determine 
all users that are 2 degrees from A. The broker issues a 
request to each node . Each node subsequently does the 
following : ( i ) look - up Val ( G ) with key A to determine { B ; } , 
( ii ) look - up Key ( G ) with key { B ; } , and ( iii ) generate union 
of results from ( ii ) the results . The broker then performs a 
union on all results received from the nodes . In this example , 
Node 1 performs a look - up in Val ( G ) with key A which 
returns { C } , and performs a look - up in Key ( G ) with key C 
which returns { A , F } Similarly , node 2 performs a look - up 
in Val ( G ) with key A which returns { B , D } , and performs 
a look - up in Key ( G ) with key B which returns { D , E ) , and 
performs a look - up in Key ( G ) with key D which returns 
{ B } . Accordingly , the union of ( ii ) is { B , D , E } . The 
individual results are returned back to the broker , which then 
does a union of the individual results and returns them to the 
requesting process . In this example , the final result is A , B , 
D , E , F. ( see FIG . 2A ) . 
[ 0091 ] Example 11 — The broker receives a request to 
determine the top K nodes that are within a second degree 
of A , where K is determined based on the number of 
in - edges . The broker sends a request to each node . Each 
node then does a local union of Key ( G ) ( B ; ) , where B , is 
determined using Val ( G ) with key A. Each node then sends 
the top K user , along with count of connecting users with 
each of the top K user . The broker then merge these sorted 
lists ( one sorted list of nodes from each node ) to get the top 

used to determine ( i ) the number of in - edges of A , ( ii ) 
number of in - edges of B , and ( iii ) the intersection of 
in - edges of A and B. Accordingly , this request may deter 
mined by at most using two nodes ( determined using f ( A ) , 
f ( B ) ) . However , this request may be serviced by a single 
node if all the information exists on the single node . 
[ 0094 ] With respect to servicing the request , the method 
shown in Example 6 may be used to obtained the aforemen 
tioned information ( i ) - ( iii ) . This information may then be 
used to determine the Cosine similarity as follows : Cosine 
( A_in , B_in ) = ( In ( A ) nIn ( B ) ) / sqrt ( size ( in ( A ) -size ( in ( B ) ) . 
Said another way , the Cosine similarity is determined using 
the size of the intersection of the in - edges of A and B , 
divided by a normalization factor that involves the total 
number of in - edges of A and of B. The size of the intersec 
tion is obtained as explained above in example 6 , while the 
normalization factor can be obtained by the nodes to which 
A and B have been assigned . 
[ 0095 ] Example 13 — The broker receives a request to get 
the top K users ( measured by cosine score ) similar to A. For 
example , this query can be used to get “ Users who follow A 
also follow < the users most similar to AX " . When the set 
returned from the look - up Key ( G ) with key A is large , then 
the following steps may be performed by each node . For 
each B ; from Val ( GT ) with key A , look up key ( G ) with key 
B ; to obtain set of C? , and then do a local union of C. Then 
the broker normalizes the Cosine similarity calculation using 
sqrt ( in - degree ( C ) ) , wherein in - degree ( C ) is proportional to 
the local in - degree ( C ) . This assumption may be made as the 
B ; have been uniformly and independently distributed across 
the nodes . The cosine similarity calculation may be in 
accordance with Example 12 . 
[ 0096 ] In an another embodiment of the invention , the 
request in Example 13 may be serviced using a two iteration 
version . First , the broker retrieves { B } using the look - up 
from Key ( G7 ) with key A from node 1 ( as determined using 
f ( A ) ) . The broker then send the { B ; } to all nodes . Each nodes 
does a union of individual results from look - ups of Val ( G ) 
with keys { B ; } to obtain { C ; } . Each node then calculates a 
cosine similarity for all { Ci } , where normalization that is 
required in the cosine similarity calculation can be deter 
mined using data on the node that is calculating the cosine 
similarity for { C ; } as the node can do a look - up for Key ( 67 ) 
for each { C ; } . The node then calculates the top local C ; and 
then sends this information to the broker . The broker cal 
culates the global top K C ; and returns the response . 
[ 0097 ] In one or more embodiments of the invention 
second degree queries can be used to generate recommen 
dations , e.g. , movies watched by people you follow , items 
purchased by your friends , photos liked by people in your 
contacts graph . etc. In addition , the similar calculations 
between two users may be used in recommendations or 
machine learning algorithms can use these as features . 
[ 0098 ] Recommendations Example 
[ 0099 ] Consider an example for generating recommenda 
tions . Using the graph shown in FIG . 2A and the distribution 
of partitioned graphs in FIGS . 5A and 5B . Consider a 
scenario in which user B performed action X within this last 
24 , where this information is included in an action graph : 
X < [ B , C ] . The action graph is distributed to each node , see 
FIG . 3. In order to determine whether to issue a recommen 
dation for a given user , that user must be following at least 
two users that performed the action X within the last 24 
hours . 

K user . 
[ 0092 ] Collaborative Filtering Queries 
[ 0093 ] Example 12 — The broker receives a request to 
obtain the cosine similarity of the in - edges of A and B. In 
response to this request , can be sent just to the nodes that are 
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[ 0100 ] Node 1 receives a query from the broker and 
performs the following actions : ( i ) look - up Val ( G ) with key 
B to obtain { A } ; ( ii ) look - up Key ( G ) with key A to obtain 
{ B , C , D ) , ( iii ) intersect { B , C , D } with the action graph to 
obtain { B , C ) , which indicates that two user's that A follows 
( i.e. , user B and user C ) have performed action X in the last 
24 hours . The results are then forwarded to the broker . 
[ 0101 ] Node 2 receives a query from the broker and 
performs the following actions : ( i ) look - up Val ( G ) with key 
B to obtain { D , F } ; ( ii ) look - up Key ( G ) with key D to obtain 
{ B } and with key F to obtain { B , G } , ( iii ) intersect { B } with 
the action graph to obtain { B } , which indicates that D 
follows user B and that user B has performed action X in the 
last 24 hours , and intersect { B , G } with the action graph to 
obtain { B } , which indicates that user F follows user B and 
that user B has performed action X in the last 24 hours . The 
results are then forwarded to the broker . 
[ 0102 ] The broker determines that user A should get a 
recommendation based on action X being performed in the 
last 24 hours by at least two users that user A follows . 
However , users D and F should not receive recommenda 
tions as they are not following at least two users that 
performed action X in the last 24 hours . The use of the 
aforementioned graphs to determine whether to recommend 
something to a user enables such recommendations to be 
performed in real - time , near real - time , or within a time 
period that results in the recommendation still being relevant 
to the user that received the recommendation . 
[ 0103 ] The partitioning of the graphs in accordance with 
one or more embodiments of the invention allows for the 
various users that need recommendations to be determined 
locally the node without the need for inter - node communi 
cation . 
[ 0104 ] Load Balancing 
[ 0105 ] In one embodiment of the each a given edge ( e.g. , 
A B ) in graph G is stored in four different partitioned 
graphs in the set of nodes : two copies are stored in node 1 
( as determined using f ( A ) ) once in Key ( G ) under key A and 
once in Val ( G ) under key A and two copies are stored in 
node 2 ( as determined using f ( B ) ) once in Key ( G ) under 
key A and once in Val ( G ) under key A. This redundancy 
allows for efficient 2 - degree graph operations as mentioned 
above . This redundancy can be used for load balancing see 
e.g. , Example 2 above . 
[ 0106 ] In one embodiment of the invention , the arrange 
ment of the key partitioned and value partitioned data 
structures do not have to be identical in the nodes . They may 
be separately arranged on the basis of operations best suited 
to them . For example , if the value graph partitions are 
primarily being used for efficient intersections , the adja 
cency lists in this data structure may be stored , e.g. , in 
descending numeric order of user ids ( where user's are 
nodes in the graph ) . Further , if the key partitioned graph is 
being primarily used for getting top k users in the adjacency 
list ( by some associated data such as a score or timestamp ) , 
the key partitioned graph may be organized in descending 
order of these scores . 
[ 0107 ] Embodiments of the invention may be imple 
mented on virtually any type of computing system regard 
less of the platform being used . For example , the computing 
system may be one or more mobile devices ( e.g. , laptop 
computer , smart phone , personal digital assistant , tablet 
computer , or other mobile device ) , desktop computers , serv 
ers , blades in a server chassis , or any other type of comput 

ing device or devices that includes at least the minimum 
processing power , memory , and input and output device ( s ) 
to perform one or more embodiments of the invention . For 
example , as shown in FIG . 6 , the computing system ( 600 ) 
may include one or more computer processor ( s ) ( 602 ) , 
associated memory ( 604 ) ( e.g. , random access memory 
( RAM ) , cache memory , flash memory , etc. ) , one or more 
storage device ( s ) ( 606 ) ( e.g. , a hard disk , an optical drive 
such as a compact disk ( CD ) drive or digital versatile disk 
( DVD ) drive , a flash memory stick , etc. ) , and numerous 
other elements and functionalities . The computer processor 
( s ) ( 602 ) may be an integrated circuit for processing instruc 
tions . For example , the computer processor ( s ) may be one or 
more cores , or micro - cores of a processor . The computing 
system ( 600 ) may also include one or more input device ( s ) 
( 610 ) , such as a touchscreen , keyboard , mouse , microphone , 
touchpad , electronic pen , or any other type of input device . 
Further , the computing system ( 600 ) may include one or 
more output device ( s ) ( 608 ) , such as a screen ( e.g. , a liquid 
crystal display ( LCD ) , a plasma display , touchscreen , cath 
ode ray tube ( CRT ) monitor , projector , or other display 
device ) , a printer , external storage , or any other output 
device . One or more of the output device ( s ) may be the same 
or different from the input device ( s ) . The computing system 
( 600 ) may be connected to a network ( 612 ) ( e.g. , a local area 
network ( LAN ) , a wide area network ( WAN ) such as the 
Internet , mobile network , or any other type of network ) via 
a network interface connection ( not shown ) . The input and 
output device ( s ) may be locally or remotely ( e.g. , via the 
network ( 612 ) ) connected to the computer processor ( s ) 
( 602 ) , memory ( 604 ) , and storage device ( s ) ( 606 ) . Many 
different types of computing systems exist , and the afore 
mentioned input and output device ( s ) may take other forms . 
[ 0108 ] Software instructions in the form of computer 
readable program code to perform embodiments of the 
invention may be stored , in whole or in part , temporarily or 
permanently , on a non - transitory computer readable medium 
such as a CD , DVD , storage device , a diskette , a tape , flash 
memory , physical memory , or any other computer readable 
storage medium . Specifically , the software instructions may 
correspond to computer readable program code that when 
executed by a processor ( s ) , is configured to perform 
embodiments of the invention . 
[ 0109 ] Further , one or more elements of the aforemen 
tioned computing system ( 600 ) may be located at a remote 
location and connected to the other elements over a network 
( 612 ) . Further , embodiments of the invention may be imple 
mented on a distributed system having a plurality of nodes , 
where each portion of the invention may be located on a 
different node within the distributed system . In one embodi 
ment of the invention , the node corresponds to a distinct 
computing device . Alternatively , the node may correspond 
to a computer processor with associated physical memory . 
The node may alternatively correspond to a computer pro 
cessor or micro - core of a computer processor with shared 
memory and / or resources . 
[ 0110 ] While various embodiments have been described 
and / or illustrated herein in the context of fully functional 
computing systems , one or more of these example embodi 
ments may be distributed as a program product in a variety 
of forms , regardless of the particular type of computer 
readable media used to actually carry out the distribution . 
The embodiments disclosed herein may also be imple 
mented using software modules that perform certain tasks . 

a 
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These software modules may include script , batch , or other 
executable files that may be stored on a computer - readable 
storage medium or in a computing system . These software 
modules may configure a computing system to perform one 
or more of the example embodiments disclosed herein . One 
or more of the software modules disclosed herein may be 
implemented in a cloud computing environment . Cloud 
computing environments may provide various services and 
applications via the Internet . These cloud - based services 
( e.g. , software as a service , platform as a service , infrastruc 
ture as a service , etc. ) may be accessible through a Web 
browser or other remote interface . Various functions 
described herein may be provided through a remote desktop 
environment or any other cloud - based computing environ 
ment . 
[ 0111 ] While the foregoing disclosure sets forth various 
embodiments using specific block diagrams , flowcharts , and 
examples , each block diagram component , flowchart step , 
operation , and / or component described and / or illustrated 
herein may be implemented , individually and / or collec 
tively , using a wide range of hardware , software , or firmware 
( or any combination thereof ) configurations . In addition , any 
disclosure of components contained within other compo 
nents should be considered as examples because many other 
architectures can be implemented to achieve the same func 
tionality . 
[ 0112 ] The process parameters and sequence of steps 
described and / or illustrated herein are given by way of 
example only . For example , while the steps illustrated and / or 
described herein may be shown or discussed in a particular 
order , these steps do not necessarily need to be performed in 
the order illustrated or discussed . The various example 
methods described and / or illustrated herein may also omit 
one or more of the steps described or illustrated herein or 
include additional steps in addition to those disclosed . 
[ 0113 ] While the invention has been described with 
respect to a limited number of embodiments , those skilled in 
the art , having benefit of this disclosure , will appreciate that 
other embodiments can be devised which do not depart from 
the scope of the invention as disclosed herein . 

1. ( canceled ) 
2. A method comprising : 
receiving a graph G representing relationships between 

user accounts of a messaging platform , the user 
accounts being represented by nodes of G and having 
edges between nodes where each edge represents a 
relationship between a pair of user accounts ; 

key partitioning G to generate key partitioned graphs and 
distributing the key partitioned graphs across a plurality 
of physical shards , wherein distributing the key parti 
tioned graphs results in at least storing a first key 
partitioned graph on a first shard of the plurality of 
physical shards and storing a second key partitioned 
graph on a second shard of the plurality of physical 
shards ; 

value partitioning G to generate value partitioned graphs 
and distributing the value partitioned graphs across the 
plurality of physical shards , wherein distributing the 
value partitioned graphs results in at least storing a first 
value partitioned graph on the first shard and storing a 
second value partitioned graph on the second shard ; 

receiving a request to determine one or more user 
accounts that have a relationship two degrees from a 
first user account ; 

issuing , to each shard , a first request to look up second 
user accounts in the respective value partitioned graphs 
that have a first degree connection with the first user 
account ; 

issuing , to each shard , a second request to look up third 
user accounts in the respective key partitioned graphs 
having a first degree connection with a second user 
account of the one or more second user accounts ; 

generating a union of the third user accounts received 
from each shard ; and 

determining whether to send a recommendation to the first 
user account based on the one or more third user 
accounts . 

3. The method of claim 2 , further comprising : 
receiving an action graph representing actions performed 
by users , wherein the action graph includes a set of 
subgraphs of the form C [ b1 , ... , bn ] , with C 
corresponding to a particular action and [ b ] , ... , by ] 
corresponding to a set of user accounts for users that 
have performed the particular action . 

4. The method of claim 3 , wherein determining whether 
to send a recommendation to the first user account com 
prises : 

intersecting the one or more third user accounts with a 
particular action of the action graph to determine which 
third user accounts have performed the particular 
action ; and 

sending a recommendation to the first user account based 
on the particular action . 

5. The method of claim 4 , wherein determining whether 
to send the recommendation to the first user account 
includes determining whether the particular action was 
performed by a specified number of third user accounts . 

6. The method of claim 2 , wherein determining whether 
to send the recommendation to the first user account 
includes determining to send a recommendation to form a 
graph relationship with one or more third user accounts . 

7. The method of claim 2 , wherein the request to deter 
mine user accounts that have a relationship two degrees 
from the first user account comprises a request for a top K 
user accounts , the method further comprising generating a 
local union at each shard of the results of the first request and 
the second request ; and returning top K results of the local 
union . 

8. The method of claim 2 , wherein the request to deter 
mine user accounts that have a relationship two degrees 
from a first user account comprises a request for a random 
user account , the method further comprising : selecting at 
each shard , from the results of the second request , a random 
third user account ; and randomly selecting a third user 
account from the union of the third user accounts received 
from each shard . 

9. A system comprising : 
one or more computers and one or more storage devices 

on which are stored instructions that are operable , when 
executed by the one or more computers , to cause the 
one or more computers to perform operations compris 
ing : 

receiving a graph G representing relationships between 
user accounts of a messaging platform , the user 
accounts being represented by nodes of G and having 
edges between nodes where each edge represents a 
relationship between a pair of user accounts ; 
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a a key partitioning G to generate key partitioned graphs and 
distributing the key partitioned graphs across a plurality 
of physical shards , wherein distributing the key parti 
tioned graphs results in at least storing a first key 
partitioned graph on a first shard of the plurality of 
physical shards and storing a second key partitioned 
graph on a second shard of the plurality of physical 
shards : 

value partitioning G to generate value partitioned graphs 
and distributing the value partitioned graphs across the 
plurality of physical shards , wherein distributing the 
value partitioned graphs results in at least storing a first 
value partitioned graph on the first shard and storing a 
second value partitioned graph on the second shard ; 

receiving a request to determine one or more user 
accounts that have a relationship two degrees from a 
first user account ; 

issuing , to each shard , a first request to look up second 
user accounts in the respective value partitioned graphs 
that have a first degree connection with the first user 
account ; 

issuing , to each shard , a second request to look up third 
user accounts in the respective key partitioned graphs 
having a first degree connection with a second user 
account of the one or more second user accounts ; 

generating a union of the third user accounts received 
from each shard ; and 

determining whether to send a recommendation to the first 
user account based on the one or more third user 
accounts . 

10. The system of claim 9 , the operations further com 
prising : 

receiving an action graph representing actions performed 
by users , wherein the action graph includes a set of 
subgraphs of the form C [ b ] , ... , by ] , with C 
corresponding to a particular action and [ b1 , . bn ] 
corresponding to a set of user accounts for users that 
have performed the particular action . 

11. The system of claim 10 , wherein determining whether 
to send a recommendation to the first user account com 
prises : 

intersecting the one or more third user accounts with a 
particular action of the action graph to determine which 
third user accounts have performed the particular 
action ; and 

sending a recommendation to the first user account based 
on the particular action . 

12. The system of claim 11 , wherein determining whether 
to send the recommendation to the first user account 
includes determining whether the particular action was 
performed by a specified number of third user accounts . 

13. The system of claim 9 , wherein determining whether 
to send the recommendation to the first user account 
includes determining to send a recommendation to form a 
graph relationship with one or more third user accounts . 

14. The system of claim 9 , wherein the request to deter 
mine user accounts that have a relationship two degrees 
from the first user account comprises a request for a top K 
user accounts , the operations further comprising generating 
a local union at each shard of the results of the first request 
and the second request ; and returning top K results of the 
local union . 

15. The system of claim 9 , wherein the request to deter 
mine user accounts that have a relationship two degrees 

from a first user account comprises a request for a random 
user account , the operations further comprising : selecting at 
each shard , from the results of the second request , a random 
third user account ; and randomly selecting a third user 
account from the union of the third user accounts received 
from each shard . 

16. One or more non - transitory computer readable media 
comprising computer readable program code , which when 
executed by a computer processor causes the computer 
processor to perform operations comprising : 

receiving a graph G representing relationships between 
user accounts of a messaging platform , the user 
accounts being represented by nodes of G and having 
edges between nodes where each edge represents a 
relationship between a pair of user accounts ; 

key partitioning G to generate key partitioned graphs and 
distributing the key partitioned graphs across a plurality 
of physical shards , wherein distributing the key parti 
tioned graphs results in at least storing a first key 
partitioned graph on a first shard of the plurality of 
physical shards and storing a second key partitioned 
graph on a second shard of the plurality of physical 
shards ; 

value partitioning G to generate value partitioned graphs 
and distributing the value partitioned graphs across the 
plurality of physical shards , wherein distributing the 
value partitioned graphs results in at least storing a first 
value partitioned graph on the first shard and storing a 
second value partitioned graph on the second shard ; 

receiving a request to determine one or more user 
accounts that have a relationship two degrees from a 
first user account ; 

issuing , to each shard , a first request to look up second 
user accounts in the respective value partitioned graphs 
that have a first degree connection with the first user 
account ; 

issuing , to each shard , a second request to look up third 
user accounts in the respective key partitioned graphs 
having a first degree connection with a second user 
account of the one or more second user accounts ; 

generating a union of the third user accounts received 
from each shard ; and 

determining whether to send a recommendation to the first 
user account based on the one or more third user 
accounts . 

17. The non - transitory computer readable media of claim 
16 , the operations further comprising : 

receiving an action graph representing actions performed 
by users , wherein the action graph includes a set of 
subgraphs of the form C « [ b1 , .. , bn ] , with C 
corresponding to a particular action and [ b1 , . . . , bn ] 
corresponding to a set of user accounts for users that 
have performed the particular action . 

18. The non - transitory computer readable media of claim 
17 , wherein determining whether to send a recommendation 
to the first user account comprises : 

intersecting the one or more third user accounts with a 
particular action of the action graph to determine which 
third user accounts have performed the particular 
action ; and 

sending a recommendation to the first user account based 
on the particular action . 

19. The non - transitory computer readable media of claim 
18 , wherein determining whether to send the recommenda 

) 
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tion to the first user account includes determining whether 
the particular action was performed by a specified number of 
third user accounts . 

20. The non - transitory computer readable media of claim 
16 , wherein determining whether to send the recommenda 
tion to the first user account includes determining to send a 
recommendation to form a graph relationship with one or 
more third user accounts . 

21. The non - transitory computer readable media of claim 
16 , wherein the request to determine user accounts that have 
a relationship two degrees from the first user account 
comprises a request for a top K user accounts , the operations 
further comprising generating a local union at each shard of 
the results of the first request and the second request ; and 
returning top K results of the local union . 

22. The non - transitory computer readable media of claim 
16 , wherein the request to determine user accounts that have 
a relationship two degrees from a first user account com 
prises a request for a random user account , the operations 
further comprising : selecting at each shard , from the results 
of the second request , a random third user account ; and 
randomly selecting a third user account from the union of the 
third user accounts received from each shard . 

* * * 


