Streaming a million likes/secona
Real-time interactions on Live Video
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Which was the largest live stream in the world?
(largest number of concurrent viewers)



ICC WORLD CUP 2019

/7

INDIAVS NEW ZEALAND WORLD CUP

Largest Live Stream

2 5 ® 3 M
&The Indian EXPRESS

— VIeWers

© The Indian Express https://images.indianexpress.com/2019/06/13th-june_india-vs-new-zealand_759.jpg

VS NEW ZEALAND
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Whnatis a Live Video?



What are real-time interactions
on Live Video?
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LINKEDIN LIVE

Mobile

Likes/Comments

.7 Y ity Roberts & Concurrent Viewer Counts
Thanks for all your hard work,
#Instagram
@ Isabella Ford
Awesome work!
@ Christopher Strickland
Hey everyone!!

)
OG- B




Player File Edit View Window Help ® 33 ® 7T O @22d GSF ¢ L1 = o) 30% (%) Wed12:31PM Q =
kedin 1 X <+

linkedin.com/video/live/urn:li:ugcPost:6582675029308375040/

in Q Search 1A 28 = [_‘E A @ +H 3

Home My Network Jobs  Messaging Notifications Me ~ Work v  Learning

948 Talent Connect Day 1

m LinkedIn Talent Solution:

in ooz tolovers LI LINKEDIN LIVE

Desktop

Welcome to Talent Connect Live! We're
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Absolutely! It takes everyone
doing their part making a
conscious effort in everything we
do-every day
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Distribution of Likes

Billy Roberts S
Thanks for all your hard work,
#Instagram

@ Isabella Ford
S Awesome work!
- Christopher Strickland
” Hey everyone!!
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Distribution of Likes

Simple HTTP Request

»;';-,h Billy Roberts &
Thanks for all your hard work,
#Instagram

@ Isabella Ford
Awesome work!

Christopher Strickland
Hey everyone!!
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Distribution of Likes

»;'g Billy Roberts S
. Thanks for all your hard work,
- Simple HTTP Request #instagram
@ Isabella Ford
S Awesome work!
Christopher Strickland
Hey everyone!!
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Challenge 1:The delivery pipe



The delivery pipe

Real-time
Delivery

Likes Backend (Publisher)
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The delivery pipe

Real-time
Delivery

o

Simple HTTP Request

Likes Backend (Publisher)
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The delivery pipe

-

Real-time
Delivery

Persistent Connection

Likes Backend (Publisher)
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The delivery pipe

Real-time
Delivery

Persistent Connection

Likes Backend (Publisher)
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Persistent Connection

Real-time
Delivery
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Persistent Connection
TRY IT!

Login at linkedin.com

tiny.cc/realtime



http://linkedin.com
http://tiny.cc/realtime

@ QuickTimePlayer File Edit View Window Help

) = o
. https://www.linkedin.com/real: X <4

100% @@ Sun 8:52AM Q :

@ linkedin.com/realtime/connect

@ v Incognito @ :
data:

{"com.linkedin.realtimefrontend.ClientConnection":
{"leftServerAt":1567957938540, "serverProcessingTime":8, "personalTopics":

[ "conversationsTopic", "messageSeenReceiptsTopic", "messagesTopic", "replySuggestionTopicV2",

"tabBadgeUpdateTopic", "typingIndicatorsTopic", "invitationsTopic", "inAppAlertsTopic"],"id":
"475c6994-3%9aa-498e-8cf2-3flcde2603de"}}

data: {"com.linkedin.realtimefrontend.Heartbeat":{}}

H00% FONEASS=ONTC mm
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HTTP Long Poll with Server Sent Events

EVENTSOURCE INTERFACE CLIENT REQUEST

GET /connect HTTP/1.1

Accept: text/event-stream



HTTP Long Poll with Server Sent Events

EVENTSOURCE INTERFACE SERVER RESPONSE

HTTP/1.1 200 OK
- RESPONSE HEADERS -

Content-Type: text/event-stream



HTTP Long Poll with Server Sent Events

EVENTSOURCE INTERFACE SERVER RESPONSE

HTTP/1.1 200 OK
- RESPONSE HEADERS -

Content-Type: text/event-stream

— RESPONSE BODY -
data: {“like” object}



HTTP Long Poll with Server Sent Events

EVENTSOURCE INTERFACE SERVER RESPONSE

HTTP/1.1 200 OK
- RESPONSE HEADERS -

Content-Type: text/event-stream

— RESPONSE BODY -
data: {“like” object}

data: {“comment” object}



HTTP Long Poll with Server Sent Events

EVENTSOURCE INTERFACE SERVER RESPONSE

HTTP/1.1 200 OK
- RESPONSE HEADERS -

Content-Type: text/event-stream

— RESPONSE BODY -
data: {“like” object}

data: {“comment” object}

data: {“like” object}



EventSource Client Libraries
WEB

var evtSource =

new EventSource("https://www.linkedin.com/realtime/connect");

evtSource.onmessage = function(e) {

var LlikeObject = JSON.parse(e.data);


https://www.linkedin.com/realtime/connect

EventSource Client Libraries
ANDROID & 10S SUPPORT

Android: https://github.com/tylerjroach/eventsource-android

10S Swift: https://github.com/inaka/EventSource



https://github.com/tylerjroach/eventsource-android
https://github.com/inaka/EventSource

Next Challenge?

Real-time
Delivery




Next Challenge: Multiple Connections

Real-time
Delivery

eoof I O O O 1
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Challenge 2: Connection Management



Connection Management
PLAY & AKKA

Akka 1s a toolkit for building highly concurrent,
distributed, and resilient message-driven applications
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Connection Management
AN AKKA ACTOR

State

Behavior




Connection Management
AN AKKA ACTOR
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One per Actor Behavior




Connection Management
AN AKKA ACTOR

¢

- )
(<) (8)(a) State
\_ J
Mailbox g . A
One per Actor Behavior




Connection Management
AN AKKA ACTOR

.
(e)(e)(a) State ,
g ) Millions of Actors
Mailbox g . h
One per Actor Behavior /
K& _J




Connection Management
AN AKKA ACTOR

No. of threads proportional to
Z’Z’ no. of cores

e

@ @ State

. _J

Millions of Actors

Mailbox g h

One per Actor Behavior /
K& W,




Connection Management
AN AKKA ACTOR

08

e

@ @ Connection

_ ) Millions of Connections
r N
Events to be published Publish Event

. D4




Server: Accepting a EventSource connection
INITIALIZE AN AKKA ACTOR

// Client A connects to the server and 1s assigned connectionldA

public Result listen() {



Server: Accepting a EventSource connection
INITIALIZE AN AKKA ACTOR

// Client A connects to the server and 1s assigned connectionldA
public Result listen() {
return ok (EventSource.whenConnected(eventSource -> {

String connectionId = UUID.randomUUID() .toString();

1))



Server: Accepting a EventSource connection
INITIALIZE AN AKKA ACTOR

// construct an Akka Actor to manage connection
_actorSystem.actorOf(
ClientConnectionActor.props(connectionlId, eventSource),

connectionId

) ;



Publish Events Using Akka Actors

Real-time
Delivery
System

Connection ID
cidl




cidl

cid2

cid3

cid4

cid5

eoof I 0L O Ol 1

Publish Events Using Akka Actors

EVENT PUBLISH FROM PUBLISHER

\

D ——

/

Akka

Supervisor
Actor

Real-time
Delivery
System
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cidl

cid2

cid3

cid4

cid5

eoof I 0L O Ol 1

Publish Events Using Akka Actors

EVENT PUBLISH FROM SUPERVISOR TO CHILD ACTORS

\

Real-time
Delivery
System
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cidl

cid2

cid3

cid4

cid5

Publish Events Using Akka Actors

EVENT PUBLISH FROM CHILD ACTORS TO CLIENT CONNECTIONS
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Publishing on EventSource
EVENT PUBLISH FROM CHILD ACTORS TO CLIENT CONNECTIONS

eventSource.send(<like object>);

49



cidl

cid2

cid3

cid4

cid5

Publish Events Using Akka Actors

EVENT PUBLISH FROM CHILD ACTORS TO CLIENT CONNECTIONS
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cidl

cid2

cid3

cid4

cid5

Publish Events Using Akka Actors

EVENT PUBLISH FROM CHILD ACTORS TO CLIENT CONNECTIONS

D
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Supervisor
Actor

Real-time
Delivery
System
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Received Events on the Clients
EVENTSOURCE INTERFACE

HTTP/1.1 200 OK
- RESPONSE HEADERS -

Content-Type: text/event-stream

- RESPONSE BODY -

data: {“User A liked the video..” object}



Next Challenge?

Real-time
Delivery

eoof I O O O 1
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Next Challenge: Multiple Live Videos

Real-time
Delivery

54



Challenge 3:Multiple Live Videos



Multiple Live Videos

START WATCHING LIVE VIDEO

cid3
Live Video 1 Real-time
Delivery
System
cidd

Live Video 2




Viewers subscribe to Live Videos
HTTP SUBSCRIPTION REQUEST

In-Memory

/subscribe Subscriptions
\ Table

Live Video 1

Live Video 2

cid3

Topic Connectionid




Viewers subscribe to Live Videos
IN-MEMORY SUBSCRIPTION ENTRY

In-Memory

/subscribe Subscriptions
\ Table

Topic Connectionid

/ Live Video | cid3
cid5 /subscribe

Live Video 2




Viewers subscribe to Live Videos
IN-MEMORY SUBSCRIPTION ENTRY

In-Memory

/subscribe Subscriptions
\ Table

Topic Connectionid

Live Video 1 cid3
/b/b' Live Video 2 cidS
SUbDScCripe




cidl

cid2

cid3

cid4

cid5

eoof I 0L O Ol 1

Publish using Subscription

N

<

7

Supervisor

Live Video 1

Live Video 2
Live Video 2

Live Video 1

Live Video 2
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cidl

cid2

cid3

cid4

cid5

eoof I 0L O Ol 1

Publish using Subscription

PUBLISHER PUBLISH TO SUPERVISOR ACTOR

N
%

Live Video 1
Live Video 2
Live Video 2
Live Video 1
Live Video 2

@é

cid3
cidS
cid1
cid4
cid2
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cidl
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cid3

cid4

cid5
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Publish using Subscription

SUBSCRIBER LOOKUP FROM IN MEMORY TABLE

\
P

Supervisor

Live Video 1

Live Video 2
Live Video 2

Live Video 1

Live Video 2
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cid3

cid5
cid1

cid4

| cid2 |
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cidl

cid2

cid3

cid4

cid5
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Publish using Subscription

PUBLISH TO CLIENT CONNECTIONS

N
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7

Supervisor

Live Video 1

Live Video 2
Live Video 2

Live Video 1

Live Video 2
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cid5
cid1

cid4

| cid2 |
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cid4

cid5
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Publish using Subscription

PUBLISHER PUBLISH TO SUPERVISOR ACTOR

N

—e e

Live Video 2

Live Video 2

Live Video 2
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cid3
cidd
cid1
cid4
cid2
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Publish using Subscription

SUBSCRIBER LOOKUP FROM IN MEMORY TABLE

cid?2 D M LiveVideo1‘ cid3 |
\ Live Video2  cid5
cid3 D Live Video 2 cid1
/ Live Video 1| cidd |
cid4 D Live Video 2 cid2
O
O
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Publish using Subscription

PUBLISH TO CLIENT CONNECTIONS

- cid3 |

Live Video 2 cid5s

cid3 D !5 M 4— Live Video 2 cid
3 toVideot| oot |
cid4 D M Live Video 2 cid2
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Next Challenge?
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Next Challenge: 10K Concurrent Viewers
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Challenge 4: 10K Concurrent Viewers
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10K Concurrent Viewers

Real-time
Delivery




When in

72



10K Concurrent Viewers

Real-time
Delivery




10K Concurrent Viewers




10K Concurrent Viewers




Real-time Dispatcher
DISPATCHES BETWEEN FRONTEND NODES

Real-time Dispatcher

76



Real-time Dispatcher
DISPATCHES BETWEEN FRONTEND NODES

\

Real-time Dispatcher
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Real-time Dispatcher
DISPATCHES BETWEEN FRONTEND NODES

Real-time Dispatcher
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Live Video 1

Live Video 1

Live Video 2

Frontend Node Subscriptions

Real-time Dispatcher




Frontend Node Subscriptions
HTTP SUBSCRIPTION REQUEST

Real-time Dispatcher

node1 subscribe Subscriptions
Table

Live Video 1

Tobic Frontend
P Host
Live Video 1

Live Video 2
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Frontend Node Subscriptions
SUBSCRIPTIONS TABLE ENTRY

Real-time Dispatcher

subscribe Subscriptions
Table
Frontend
node2 subscribe

Topic Host
Live Video 1

Live Video 1 node

Live Video 2




Frontend Node Subscriptions
SUBSCRIPTIONS TABLE ENTRY

Real-time Dispatcher

subscribe Subscriptions
Table

Frontend

Topic Host

Live Video 1 node

Live Video 1 node2
subscribe

Live Video 2 nodeZ2




Frontend Node Subscriptions
SUBSCRIPTIONS TABLE ENTRY

Real-time Dispatcher

/subscribe Subscriptions
Table

Frontend

Topic Host

Live Video 1 node

Live Video 1 node?2
/subscribe
Live Video 2 nodeZ2




nodel LEliEhe

node?2 EEle

node3 lEeiEhe

node4 [Fl gl

nodes [FlEle

Publish to Frontend Nodes

Real-time Dispatcher

Live Video 1
Live Video 2
Live Video 2

Live Video 1

Live Video 2

84



nodel LEliEhe

node?2 EEle

node3 lEeiEhe

node4 [Fl gl

nodes [FlEle

Publish to Frontend Nodes

PUBLISHER PUBLISH TO DISPATCHER

Real-time Dispatcher

Live Video 2

Dispatcher Live Video 2

Live Video 2

@é

node1
nodeb
node3d
node2

nodeZ2
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Publish to Frontend Nodes

SUBSCRIBER LOOKUP

RPN Frontend Real-time Dispatcher
nodel Laelch

Live Video 2‘ node5

Live Video 2‘ node3

Live Video 2\_ node?2

node?2 EEle

»

node3 lEeiEhe

node4 [FfaiEale

nodes [FlEle

=)



nodel LEliEhe

node?2 EiEle

node3 lEeiEhe

node4 [Fl gl

nodes [FlEle

Publish to Frontend Nodes

PUBLISH TO SUBSCRIBED FRONTEND NODES

Real-time Dispatcher

Live Video 2‘

Dispatcher Live Video 2‘

Live Video 2\.

=)

node1
noded
node3d
node2

node?2
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Frontend Node to Client Publish




Frontend Node to Client Publish

AD>
S
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What’s the next challenge?

Dispatcher

90



Challenge 5:100 Likes/secona



100 Likes/second

‘\

/

Frontend

nnnnn

Dispatcher

Frontend
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When in
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100 Likes/second

‘\

/

Frontend

nnnnn

Dispatcher

Frontend
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100 Likes/second

Frontend

Frontend m

Dispatcher

Frontend

Frontend
Frontend 4
Dispatcher

Frontend

Frontend
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100 Likes/second

Frontend

Frontend m

Dispatcher

Frontend

Frontend
Frontend 4
Dispatcher

Frontend

Frontend
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100 Likes/second

Frontend
Frontend
Frontend
Frontend

Frontend

Dispatcher

Frontend

Frontend




Frontend

Frontend

Frontend

Frontend

Frontend

Frontend

Frontend

Key-Value Store for Subscriptions
COUCHBASE/REDIS ETC.

Key-Value Store

Dispatcher

Dispatcher Live Video 2

Live Video 2

Dispatch
SREEEEL Live Video 2

98



Frontend

Frontend

Frontend

Frontend

Frontend

Frontend

Frontend

Publish to Dispatcher Nodes

Key-Value Store

Dispatcher

Dispatcher Live Video 2

Live Video 2

Dispatcher Live Video 2

929



nodel
node2
node3
node4
node5
nodeb6

node7

Frontend

Frontend

Frontend

Frontend

Frontend

Frontend

Frontend

Subscriber lookup from KV Store

< )atcher

Dispatcher

Key-Value Store

Live Video 2

Live Video 2

Live Video 2
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nodel
node2
node3
node4
node5
nodeb6

node7

Frontend

Frontend

Frontend

Frontend

Frontend

Frontend

Frontend

Publish to Frontend Nodes

< )atcher

Dispatcher

Key-Value Store

Live Video 2

Live Video 2

Live Video 2
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nodel
node2
node3
node4
node5
nodeb6

node7

‘

=

Frontend

Frontend

Publish to Frontend Nodes

Dispatcher

Dispatcher

Dispatcher

Key-Value Store

Live Video 2

Live Video 2

Live Video 2
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nodel
node2
node3
node4
node5
nodeb6

node7

e
e
2 &

Frontend B

Publish to Frontend Nodes

Dispatcher

Dispatcher

Dispatcher

f e

Key-Value Store

Live Video 2

Live Video 2

Live Video 2
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Challenge 6: 100 Likes/s, 10K Viewers
Distribution of 1M Likes/s



LINKEDIN LIVE

Mobile

Likes

Billy Roberts »
Thanks for all your hard work,
#Instagram

Isabella Ford &
Awesome work!

@ Christopher Strickland S
e Hey everyone!!

)
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The Subscription Flow

Key-Value Store

Frontend

106



Viewers subscribing to Live Video Likes
START WATCHING LIVE VIDEO

cid3

Live Video 1

Frontend
cidb

Live Video 2



Viewers subscribing to Live Video Likes
HTTP SUBSCRIPTION REQUEST

Frontend

cid3

/subscribe In-Memory
Subscriptions Table

Live Video 1

Live Video 2

Topic Connectionid




Viewers subscribing to Live Video Likes
FRONTEND IN-MEMORY SUBSCRIPTION ENTRY

Frontend

/subscribe In-Memory
Subscriptions Table

Topic Connectionid

/ Live Video | cid3
cid5 /subscribe

Live Video 2




Viewers subscribing to Live Video Likes
FRONTEND IN-MEMORY SUBSCRIPTION ENTRY

Frontend

/subscribe In-Memory
Subscriptions Table

Topic Connectionid

Live Video 1 cid3
/b/b' Live Video 2 cidd
SUbDScCripe




Viewers subscribing to Live Video Likes
FRONTEND IN-MEMORY SUBSCRIPTION ENTRY

Frontend

/subscribe

In-Memory
Subscriptions Table

Topic Connectionid

Live Video 1 cid3

/ . o Live Video 2 cid5
SUbDScCripe




The Subscription Flow

Key-Value Store

Frontend Dispatcher

112



Frontend Node Subscriptions in Dispatcher
FRONTEND RECEIVES SUBSCRIPTION REQUEST

Key-Value Store

Dispatcher

Live Video 2

113



Frontend Node Subscriptions in Dispatcher
FRONTEND HTTP SUBSCRIPTION REQUEST TO DISPATCHER

Key-Value Store

Frontend
Host

node1 /subscribe
-\‘

Live Video 2

Topic
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Frontend Node Subscriptions in Dispatcher
DISPATCHER SUBSCRIPTION ENTRY IN KV STORE

Key-Value Store

Frontend
Host

/subscribe
\

Topic

Dispatcher

node2 subscribe

Live Video 2
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Frontend Node Subscriptions in Dispatcher
DISPATCHER SUBSCRIPTION ENTRY IN KV STORE

Key-Value Store

Frontend
Host

Live Video 2

/subscribe
\

Topic

Dispatcher

nodeZ2

subscribe

116



The Publish Flow

Key-Value Store

w-
N—
N—

Frontend Dispatcher B———

117



Viewers liking Live Videos

Likes Backend (Publisher)



| .

Likes Published to Backend

®:

Likes Backend (Publisher)




The Publish Flow

Key-Value Store

Frontend




The Publish Flow

Key-Value Store

Frontend




Dispatcher Publish to Frontend Nodes

BACKEND PUBLISH TO DISPATCHER NODES

Key-Value Store

Frontend

Dispatcher

Frontend

Frontend

Dispatcher Live Video 2

Frontend

Live Video 2

Dispatcher Live Video 2

»

Frontend

Frontend

Frontend

122



nodel
node2
node3
node4
node5
nodeb6

node7

Dispatcher Publish to Frontend Nodes

SUBSCRIBER LOOKUP FROM KV STORE

Frontend

Frontend

Frontend

Frontend

Frontend

Frontend

Frontend

< )atcher

Dispatcher

Key-Value Store

Live Video 2

Live Video 2

Live Video 2
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nodel
node2
node3
node4
node5
nodeb6

node7

Dispatcher Publish to Frontend Nodes

SUBSCRIBER LOOKUP FROM KV STORE

Frontend

Frontend

Frontend

Frontend

Frontend

Frontend

Frontend

( )atcher

Dispatcher

Key-Value Store

Live Video 2

Live Video 2

Live Video 2
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nodel
node2
node3
node4
node5
nodeb6

node7

Dispatcher Publish to Frontend Nodes

e
=

Frontend

Frontend

PUBLISH TO FRONTEND NODES

Dispatcher

Dispatcher

Dispatcher

Key-Value Store

Live Video 2

Live Video 2

Live Video 2
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The Publish Flow

‘
‘ HHHI Dispatcher
»

i

Key-Value Store

\v-,
V\/
v
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cidl

cid2

cid3

cid4

cid5

DISPATCHER PUBLISH TO FRONTEND NODE SUPERVISOR ACTOR

eoof I 0L O Ol 1

Frontend Publish to Mobile Clients

\
P

Frontend In-Memory
Subscriptions
Table

Live Video 1 cid3

‘ ‘ Live Video 2 cidb
Live Video 2 cid1
Live Video 1 cid4

Live Video 2 cid2

Dispatcher
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cidl

cid2

cid3

cid4

cid5

SUBSCRIBED CLIENT CONNECTION LOOKUP FROM IN-MEMORY TABLE

eoof I 0L O Ol 1

Frontend Publish to Mobile Clients

N

—e e

7

Frontend

Dispatcher

In-Memory
Subscriptions

Table

Live Video 2

Live Video 2

Live Video 2\

cid5
cid1

cid2
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cidl

cid2

cid3

cid4

cid5

Frontend Publish to Mobile Clients

PUBLISH TO MOBILE CLIENTS

o

S
@

@
&

u
M

Actor 5

T
-

Frontend

Su perwsor

Dispatcher

In-Memory
Subscriptions

Table

Live Video 2

Live Video 2

Live Video 2\

cid5
cid1

cid2
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Bonus Challenge:
Another data center
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‘----------------------------------------------------------------.

Dispatcher

Frontend

~----------------------------------------------------------------'
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Dispatcher

Frontend
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Dispatcher

Frontend
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Dispatcher

Frontend
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Dispatcher

Frontend
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Dispatcher

Frontend

138

.----------------------------------------------------------------'



‘----------------------------------------------------------------.

Frontend
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Dispatcher

Frontend

~----------------------------------------------------------------'
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How many persistent connections can a single
machine hold?
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Dispatcher Performance

How many events per second can be published to a
single dispatcher machine?
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Number of frontend nodes to publish to is limitec
per event
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We can publish 50K likes per second with just 10
macnines
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Samza Aeon: Latency Insights for Asynchronous One-
Way Flows

LINKEDIN ENGINEERING BLOG
tiny.cc/
linkedinlatency

B v wolfe nprt 19,2018 | § Share |

Co-authors: Max Wolffe and Akhilesh Gupta

Introduction

You can’t fix something if you don’t know there’s a problem. Measuring and tracking
the latency of requests through your system is essential to identifying and resolving
issues quickly. Many systems have built-in tooling which allows developers to monitor,
set alerts on, and inspect the latency of a set of endpoints. But what if a request to
your system begins a chain of events that moves through several other systems
before completing? That request may return immediately and then continue
processing asynchronously, therefore appearing on the standard monitoring to be a
very quick method. How do you know how long such a flow actually takes? In order to
measure these asynchronous one-way flows, we built a tool called Aeon using
Samza, an open source stream processing system developed here at Linkedln, which

E2E Publish Latency
Measurement System

we use to gain latency insights across these flows. In this blog post, we’ll describe
how we built Aeon and the importance of asynchronous delay monitoring.

The problem

A LinkedIn.com



Why does this system scale?

Horizontally Scalable System

Frontend Dispatcher

Frontend Dispatcher

Frontend Dispatcher Distributed K/V Storage System
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Now You See Me, Now You Don't: LinkedIn’s Real-Time
Presence Platform

NAkhiIeshGupta January 12,2018 [} share | | £ Share _

Co-authors: Akhilesh Gupta and Meng Lay

Have you ever wondered how those green online indicators (or “presence indicators”)
that are so pervasive in every instant messaging application and social network
actually work? How does one display them in real time for roughly 500 million
members on a social network like LinkedIn?

In this post, we’ll provide a technical walk-through of how we used the Play
Framework and the Akka Actor Model to build the massive infrastructure that keeps
track of the online status of millions of members at any given moment. We’ll describe
how it distributes thousands of changes per second in the online status of these

LINKEDIN ENGINEERING BLOG
tiny.cc/
linkedinpresence

Active Status/Presence
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Distributed Systems

Start small and add simple layers to your
architecture
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