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Background	  and	  Mo(va(ons	  

WAs	  increasingly	  
combine	  numerous	  
distributed	  services.	  



Problem	  

os	  =	  new	  DataOutputStream(	  
	  	  	  	  	  	  	  	  	  	  	  smtpSocket.getOutputStream()	  
);	  
os.writeBytes("HELO\n");	  



Background	  and	  Mo(va(ons:	  
Abstrac(ons	  

• Conversa(on:	  structured	  sequence	  of	  
communica(ons.	  
• Session:	  private	  channel.	  
• Session	  type:	  specifica(on	  of	  the	  structure	  
and	  message	  types.	  



Goal:	  
Demonstrate	  the	  impact	  of	  integra1ng	  

session	  types	  into	  object-‐oriented	  
programming	  in	  Java.	  



Preceding	  Works	  

•  Theore(cal	  studies	  of	  session	  types	  in	  object	  
oriented	  core	  calculi.	  

•  The	  implementa(on	  of	  a	  system-‐level	  object	  
oriented	  language	  with	  session	  types	  for	  
shared	  memory	  concurrency.	  



Contribu(ons	  

•  A	  compila(on-‐run(me	  framework	  with	  
features:	  
–  Integra(on	  of	  object-‐oriented	  and	  session	  
programming	  disciplines.	  

– Ensuring	  communica(on	  safety	  for	  distributed	  
applica(ons.	  

– Suppor(ng	  session	  abstrac(on	  over	  concrete	  
transports.	  



Session-‐Based	  Programming	  Example	  	  
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Session-‐Based	  Programming	  Example	  	  

•  Session	  Sockets	  and	  Communica(on	  
– Session	  server	  socket(SJServerSocket)	  

•  SJServerSocketImpl.create(acceptOrder,	  port)	  
•  accept()	  
•  send/receive	  

– Session	  server-‐address(SJServerAddress)	  
•  c_ca	  =	  SJServerAddress.create(placeOrder,	  host,	  port)	  

– Session	  socket(SJSocket)	  
•  SJSocketImpl.create(c_ca)	  
•  request()	  
•  send/receive	  



Session-‐Based	  Programming	  Example:	  
Itera(on	  



Session-‐Based	  Programming	  Example:	  
Branching	  



Session-‐Based	  Programming	  Example:	  
Handling	  Session	  Failures	  



Session-‐Based	  Programming	  Example:	  
Session	  Delega(on	  



Mechanisms	  for	  Session	  Delega(on	  

•  Indefinite	  redirec(on	  
•  Direct	  reconnec(on	  
– Resending	  protocol	  
– Forwarding	  protocol	  





Compiler	  and	  Run(me	  Architecture:	  
Layers	  

•  Layer	  1	  
– SJ	  source	  code.	  

•  Layer	  2	  
–  Java	  transla(on	  and	  session	  run(me	  APIs.	  

•  Layer	  3	  
– Run(me	  execu(on:	  JVM	  and	  SJ	  libraries.	  



Compiler	  and	  Run(me	  Architecture:	  
Compiler	  Type	  Checking	  Example	  



Compiler	  and	  Run(me	  Architecture	  



SJ	  Run(me	  Performance	  

Protocol:	  



Conclusion	  and	  Future	  Work	  

•  Benchmarks	  show	  the	  feasibility	  of	  session	  
based	  communica(on	  and	  the	  session	  
run(me	  architecture.	  

•  Future	  work:	  
– Op(miza(ons	  that	  u(lize	  session	  type	  
informa(on.	  

–  Incorpora(on	  of	  transports	  other	  than	  TCP	  into	  
the	  session	  run(me.	  

– Dynamically	  handle	  deeper	  security	  issues.	  



Q&A	  
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