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And what about 
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Are you sure you 
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The Games
The Past

The Present
The Future

The Foundation



The Games
The Past

The Present
The Future

The Foundation

Thoughts
Client
Server

Operation



Client
A

Server
A

Client
B

Server
B







Client  A



Client  A

count  0
max  3

state



Client  A

count  0
max  3

state

move
  

  

user  A



Client  A

count  0
max  3

state

move
pick

  

user  A



Client  A

count  1
max  3

state

move
pick

  

user  A



Client  A Server

count  1
max  3

state

move
pick

  

user  A



Client  A Server

user  A

count  1
max  3

state

move
pick

  

user  A



Client  A Server

count  0

loca,on

user  A

count  1
max  3

state

move
pick

  

user  A



Client  A Server

user  A

count  1
max  3

state count  1

loca,on

move
pick

  

user  A



Client  A Server

user  A

count  1
max  3

state count  1

loca,on

move
pick

  

user  A



Client  A Server

move  A
pick  A

  

history

user  A

count  1
max  3

state count  1

loca,on

move
pick

  

user  A



move  A
pick  A

  
  

history

Client  A

move
pick
  
  

user  A

count  1
max  3

state count  1

loca,on

user  A

Server



move  A
pick  A

  
  

history

Client  A

move
pick
  
  

user  A

count  1
max  3

state count  1

loca,on

user  A

Server



move  A
pick  A

  
  

history

Client  A

move
pick
  
  

user  A

count  1
max  3

state count  1

loca,on

user  A

Server

user  B



move  A
pick  A

  
  

history

Client  A

move
pick
  
  

user  A

count  1
max  3

state count  1

loca,on

user  A

Server

loca,on

user  B



move  A
pick  A

  
  

history

Client  A

move
pick
  
  

user  A

count  1
max  3

state

user  A

Server

loca,on

user  B

count  2

loca,on



move  A
pick  A

  
  

history

Client  A

move
pick
  
  

user  A

count  1
max  3

state

user  A

Server

loca,on

user  B

count  2

loca,on



move  A
pick  A
pick  B

  

history

Client  A

move
pick
  
  

user  A

count  1
max  3

state

user  A

Server

loca,on

user  B

count  2

loca,on



move  A
pick  A
pick  B

  

history

Client  A

move
pick
  
  

user  A

pick
  

  

user  B

count  1
max  3

state

user  A

Server

loca,on

user  B

count  2

loca,on



move  A
pick  A
pick  B

  

history

Client  A

move
pick
  
  

user  A

pick
  

  

user  B

user  A

Server

loca,on

user  B

count  2
max  3

state count  2

loca,on



pick
  

  

user  B

move
pick
  
  

user  A

move  A
pick  A
pick  B

  

history

Client  A Server

count  2
max  3

state count  2

loca,on

user  A

user  B

loca,on



pick
  

  

user  B

move
pick
pick
  

user  A

move  A
pick  A
pick  B

  

history

Client  A Server

count  2
max  3

state count  2

loca,on

user  A

user  B

loca,on



pick
  

  

user  B

move
pick
pick
  

user  A

move  A
pick  A
pick  B

  

history

Client  A Server

count  2

loca,on

user  A

user  B

loca,on

count  3
max  3

state



pick
  

  

user  B

move
pick
pick
  

user  A

move  A
pick  A
pick  B

  

history

Client  A Server

count  2

loca,on

user  A

user  B

loca,on

count  3
max  3

state



pick
  

  

user  B

move
pick
pick
  

user  A

move  A
pick  A
pick  B

  

history

Client  A Server

count  2

loca,on

user  A

user  B

loca,on

count  3
max  3

state



pick
  

  

user  B

move
pick
pick
  

user  A

move  A
pick  A
pick  B

  

history

Client  A Server

user  A

user  B

loca,on

count  3

loca,on

count  3
max  3

state



pick
  

  

user  B

move
pick
pick
  

user  A

move  A
pick  A
pick  B

  

history

Client  A Server

user  A

user  B

loca,on

count  3

loca,on

count  3
max  3

state



pick
  

  

user  B

move
pick
pick
  

user  A

move  A
pick  A
pick  B

  

history

Client  A Server

user  A

user  B

loca,on

count  3

loca,on

count  3
max  3

state



pick
  

  

user  B

move
pick
pick
  

user  A

move  A
pick  A
pick  B
pick  B  

history

Client  A Server

user  A

user  B

loca,on

count  3

loca,on

count  3
max  3

state



pick
pick  

  

user  B

move
pick
pick
  

user  A

move  A
pick  A
pick  B
pick  B  

history

Client  A Server

user  A

user  B

loca,on

count  3

loca,on

count  3
max  3

state



pick
pick  

  

user  B

move
pick
pick
  

user  A

move  A
pick  A
pick  B
pick  B  

history

Client  A Server

user  A

user  B

loca,on

count  3

loca,on

count  3
max  3

state



pick
pick  

  

user  B

move
pick
pick
  

user  A

move  A
pick  A
pick  B
pick  B  

history

Client  A Server

user  A

user  B

loca,on

count  3

loca,on

count  3
max  3

state



pick
pick  

  

user  B

move
pick
pick
  

user  A

move  A
pick  A
pick  B
pick  B  

history

Client  A Server

user  A

user  B

loca,on

count  3

loca,on

count  3
max  3

state



  
  

  

user  B

  
  
  
  

user  A

move  A
pick  A
pick  B
pick  B

history

Client  A Server

count  0
max  3

state count  3

loca,on

user  A

user  B

loca,on



  
  

  

user  B

move  A
pick  A
pick  B
pick  B

history

Client  A Server

count  0
max  3

state count  3

loca,on

user  A

user  B

loca,on

move
  
  
  

user  A



  
  

  

user  B

move  A
pick  A
pick  B
pick  B

history

Client  A Server

count  3

loca,on

user  A

user  B

loca,on

move
pick
  
  

user  A

count  1
max  3

state



move  A
pick  A
pick  B
pick  B

history

Client  A Server

count  3

loca,on

user  A

user  B

loca,on

move
pick
  
  

user  A

pick
  

  

user  B

count  2
max  3

state



move  A
pick  A
pick  B
pick  B

history

Client  A Server

count  3

loca,on

user  A

user  B

loca,on

move
pick
  
  

user  A

pick
pick

  

user  B

count  3
max  3

state



...

(Let’s look
inside)



The Games
The Past

The Present
The Future

The Foundation



The Games
The Past

The Present
The Future

The Foundation

Thoughts
Client
Server

Operation



Erlang



Erlang

Process isolation



Erlang

Process isolation

Networking



Erlang

Process isolation

Networking

Distribution



User process



User process

Stores user state



User process

Stores user state

Real-time push to client



World process



World process

Serializes updates



World process

Serializes updates

Concurrency “control”



World process

Serializes updates

Concurrency “control”

Runs game logic



Game logic



Game logic

Pure



Game logic

Pure
f(State, Cmd) -> {NewState, Reply}



Game logic

Pure
f(State, Cmd) -> {NewState, Reply}

Transactions



Real-time push



Real-time push

Browser support



Real-time push

Browser support
“Transfer-Encoding: chunked”



Real-time push

Browser support
“Transfer-Encoding: chunked”

State updates as JSON
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Efficient, robust

High-throughput, low latency

Request-response model

github.com/knutin/elli
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Idea: Identical nodes, Riak

No centralization/serialization

No SPOF
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Distributed lock table

CAS

Write quorum, 2PC

Asynchronous replication

330 SLOC, one gen_server
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Etc
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Synchronization is king

Identical simulations

Server buffers commands

Broadcasts, lockstep
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Each team adds something



Based on previous learnings



Standing on the

shoulders of giants
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Code: http://github.com/wooga
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@jrirei     @knutin
http://wooga.com/jobs


