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Point-­‐to-­‐point	
  connecEon	
  

Mo9va9on	
  
§  Real	
  Eme	
  applicaEons	
  implemented	
  using	
  distributed	
  systems	
  

PE	
  

ApplicaEon	
  A	
  1	
  -­‐-­‐	
  highly	
  criEcal	
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  2	
  -­‐-­‐	
  criEcal	
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  3	
  -­‐-­‐	
  non-­‐criEcal	
  

Bus	
  connecEon	
  

§  Reduces	
  wiring	
  and	
  weight	
  
§ Mixed-­‐criEcality	
  applicaEons	
  share	
  
the	
  same	
  network	
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  664	
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  Network”	
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§  Highly	
  criEcal	
  applicaEon	
  A	
  1:	
  τ1, τ2 and	
  τ3

§  τ1 sends	
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  m1	
  to	
  τ2 and	
  τ3	
  

§  Non-­‐criEcal	
  applicaEon	
  A	
  2:	
  τ4 and	
  τ5

§  τ4 sends	
  message	
  m2	
  to	
  τ5	
  

virtual	
  link	
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  τ1, τ2 and	
  τ3

§  τ1 sends	
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  m1	
  to	
  τ2 and	
  τ3	
  

§  Non-­‐criEcal	
  applicaEon	
  A	
  2:	
  τ4 and	
  τ5

§  τ4 sends	
  message	
  m2	
  to	
  τ5	
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ARINC	
  664	
  p7	
  “AircraD	
  Data	
  Network”	
  

§ DeterminisEc	
  Event	
  Triggered	
  communicaEon	
  
§ SeparaEon	
  of	
  traffic	
  enforced	
  through	
  “bandwidth	
  allocaEon”	
  
§ Bandwidth	
  AllocaEon	
  Gap	
  (BAG)	
  –	
  minimum	
  Eme	
  interval	
  
between	
  two	
  consecuEve	
  instances	
  of	
  a	
  frame	
  on	
  a	
  virtual	
  link	
  

fx,1 fx,2 

BAGx 

§ Maximum	
  bandwidth	
  assigned	
  to	
  virtual	
  link	
  vli	
  
BW	
  (vli)	
  =	
  fi	
  .size/BAGi	
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TTEthernet	
  

§ ARINC	
  664p7	
  compliant	
  
§ Traffic	
  classes:	
  

§ synchronized	
  communicaEon	
  
§  Time	
  Triggered	
  (TT)	
  

§ unsynchronized	
  communicaEon	
  
§  Rate	
  Constrained	
  (RC)	
  –	
  ARINC	
  664p7	
  traffic	
  class	
  
§  Best	
  Effort	
  (BE)	
  –	
  no	
  Eming	
  guarantees	
  

	
  
§ Standardized	
  as	
  SAE	
  AS	
  6802	
  
§ Marketed	
  by	
  TTTech	
  Computertechnik	
  AG	
  
§  Implemented	
  by	
  Honeywell	
  on	
  the	
  NASA	
  Orion	
  ConstellaEon	
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TTEthernet	
  

§ Composed	
  of	
  clusters	
  
§ Each	
  cluster	
  has	
  a	
  clock	
  synchronizaEon	
  domain	
  
§  Inter-­‐cluster	
  communicaEon	
  using	
  RC	
  traffic	
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Mo9va9on	
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Mo9va9on	
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Sources	
  of	
  delay	
  

Delays from scheduled TT frames on dlj

Delays from other RC frames transmitted on dlj

TT and RC traffic integration-induced delays 

Technical latencies introduced by the network nodes
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Busy	
  Period	
  

§ To	
  compute	
  the	
  size:	
  	
  
§ Demand	
  	
  

§ Availability	
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Worst-­‐case	
  end-­‐to-­‐end	
  delay	
  

§ For	
  each	
  dataflow	
  path	
  dpi,	
  the	
  end-­‐to-­‐end	
  delay	
  is	
  the	
  Eme	
  
difference	
  between	
  start	
  of	
  the	
  busy	
  period	
  on	
  the	
  first	
  dl0	
  and	
  the	
  
end	
  of	
  the	
  busy	
  period	
  on	
  the	
  last	
  dln	
  
§ The	
  start	
  of	
  the	
  busy	
  period	
  on	
  dlj	
  is	
  obtained	
  by	
  subtracEng	
  
from	
  the	
  end	
  of	
  the	
  busy	
  period	
  on	
  dlj-­‐1	
  all	
  the	
  RC	
  frames	
  
transmijed	
  on	
  both	
  dlj	
  and	
  dlj-­‐1	
  

§ The	
  longest	
  delay	
  among	
  all	
  the	
  dpi	
  is	
  the	
  WCD	
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Worst-­‐case	
  end-­‐to-­‐end	
  delay	
  

§ WCD:	
  the	
  longest	
  end-­‐to-­‐end	
  delay	
  for	
  all	
  dpi	
  
§ The	
  end-­‐to-­‐end	
  delay	
  on	
  dpi:	
  tn	
  –	
  tc0	
  
§ Consider	
  only	
  possible	
  scenarios:	
  tcj	
  depends	
  on	
  tj-­‐1	
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Example	
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Example	
  

§ Exact	
  WCD:	
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Experimental	
  Results	
  

§ 3	
  syntheEc	
  benchmarks:	
  
§ 12	
  ESes	
  and	
  4	
  NSes,	
  20	
  TT	
  and	
  26	
  RC	
  	
  
§ 10	
  ESes	
  and	
  5	
  NSes,	
  58	
  TT	
  and	
  51	
  RC	
  
§ 35	
  ESes	
  and	
  8	
  NSes,	
  91	
  TT	
  and	
  81	
  RC	
  

§ The	
  analysis	
  is	
  compared	
  to	
  the	
  analysis	
  from:	
  
§ W.	
  Steiner.	
  Synthesis	
  of	
  StaEc	
  CommunicaEon	
  Schedules	
  for	
  Mixed-­‐	
  
CriEcality	
  Systems.	
  In	
  Proceedings	
  of	
  the	
  Interna1onal	
  Symposium	
  on	
  
Object/Component/Service-­‐Oriented	
  Real-­‐Time	
  Distributed	
  Compu1ng	
  
Workshops,	
  pages	
  11–18,	
  2011.	
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Experimental	
  Results	
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Conclusions	
  
§ TTEthernet	
  is	
  very	
  well	
  suited	
  for	
  mixed-­‐criEcality	
  applicaEons	
  	
  

§  Predictability	
  is	
  achieved	
  using	
  three	
  classes	
  of	
  traffic:	
  TT,	
  RC	
  and	
  BE	
  	
  
§  SpaEal	
  separaEon	
  is	
  achieved	
  trough	
  virtual	
  links	
  
§  Temporal	
  separaEon	
  is	
  enforced	
  by	
  schedule	
  tables	
  for	
  TT	
  traffic	
  and	
  
bandwidth	
  allocaEon	
  for	
  RC	
  traffic	
  

§ We	
  proposed	
  a	
  Eming	
  analysis	
  for	
  the	
  TTEthernet	
  protocol	
  
§  Compared	
  to	
  other	
  analyses,	
  our	
  analysis	
  is	
  much	
  closer	
  to	
  the	
  exact	
  
worst-­‐case	
  end-­‐to-­‐end	
  delay,	
  while	
  requiring	
  more	
  Eme	
  to	
  obtain	
  a	
  
result	
  

§ Future	
  work:	
  	
  
§ OpEmize	
  the	
  analysis	
  to	
  reduce	
  the	
  computaEon	
  Eme	
  
§ Provide	
  a	
  more	
  formal	
  complexity	
  analysis	
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