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Evolu,on	  of	  On-‐Chip	  Networks	  
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Objec,ves	  

Simple	  

	  	  	  	  Homogenous/Tiled	  Architecture	  
	  
	  	  	  	  	  	  	  	  	  IP	  Compa,bility	  
	  
	  	  	  	  Snoopy	  Coherence	  

Scalable	  

	  	  	  	  	  	  	  Low	  Latency,	  High	  Throughput	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  On-‐Chip	  Interconnect	  
	  	  	  	  	  	  	  	  	  
	  	  	  	  	  	  	  Minimal	  Storage	  Overhead	  	  	  	  
	  	  	  	  	  	  	  	  	  	  and	  Indirec,on	  Latency	  for	  	  

	  	  	  	  	  	  	  	  	  	  	  	  	  Cache	  Coherence	  
Intui,ve	  

	  	  	  	  Sequen,al	  Consistency	  
	  
	  	  	  	  	  	  	  	  	  Shared-‐Memory	  Paradigm	  	  	  	  	  
	  
	  	  	  	  Programmability	  

Develop	  a	  simple,	  scalable,	  and	  intui:ve	  mul:core	  processor	  

Focus	  on	  enabling	  snoopy	  coherence	  on	  a	  mesh	  interconnect	  
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Processor	  Overview	  
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Tile	  Architecture	  
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Globally	  Ordered	  Mesh	  Network	  
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Decouple	  Ordering	  from	  Message	  Delivery	  
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No,fica,ons	  

Bounded	  latency	  (	  ≤	  12	  cycle	  )	  
•  Non-‐blocking	  
•  1	  cycle	  /	  hop	  broadcast	  mesh	  

Notification

No:fica:on	  bit-‐vector	  
•  Dedicated	  1	  bit	  /	  :le	  
•  Inject	  no:fica:on	  for	  each	  

coherent	  request	  
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No,fica,ons	  

Bounded	  latency	  (	  ≤	  12	  cycle	  )	  
•  Non-‐blocking	  
•  1	  cycle	  /	  hop	  broadcast	  mesh	  

Low	  cost	  
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Main	  Network	  Router	  
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Two	  Virtual	  Networks	  
•  Globally	  Ordered	  Request	  (GO-‐REQ)	  	  
•  Unordered	  Response	  (UO-‐RESP)	  

Deadlock	  Avoidance	  
•  XY	  Rou,ng	  
•  Separate	  virtual	  networks	  for	  
requests	  and	  responses	  

•  Reserved	  VC	  (rVC)	  for	  highest	  
priority	  flit	  

Op:miza:ons	  
•  Virtual	  Bypassing	  
•  Broadcast	  Support	  
•  VC	  Select	  Mechanism	  
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Time	  Window	  

Determine	  locally	  the	  global	  order	  according	  to	  consistent	  ordering	  rule	  at	  all	  
nodes	  

Timeline
Time	  Window

Inject	  corresponding	  
notifications

All	  tiles	  receive	  the	  same	  
notifications

Broadcast	  messages	  
on	  main	  network

Fairness	  
Rota,ng	  global	  order	  priori,es	  in	  
each	  ,me	  window	  

Length	   At	  least	  equal	  to	  the	  fixed	  
no,fica,on	  network	  latency	  bound	  

Timeline

Time	  Window	  
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Architecture	  Analysis	  

Simulator	   GEMS	  +	  GARNET	  

Access	  ,mes	   L1	  –	  1	  cycle;	  L2	  –	  10	  cycles;	  DRAM	  90	  cycles	  

LPD-‐D	   Limited	  Pointer	  Distributed	  Directory	  

HT-‐D	   AMD	  HyperTransport	  (Distributed)	  

SCORPIO-‐D	   Snoopy	  Coherence:	  MOSI	  (Distributed)	  

LPD-‐D	   HT-‐D	   SCORPIO-‐D	  

What	  is	  tracked?	   Few	  sharers	   Presence	  of	  
owner	  

Presence	  of	  
owner	  

Ordering	  point	   Directory	   Directory	   Network	  

Storage	  
overhead	  
Indirec,on	  
latency	  

Isolate	  
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L2	  Service	  Latency	  Breakdown	  
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Served	  by	  Other	  Caches	  On-‐Chip	  

Request	  to	  Directory	  

Directory	  Access	  

Directory	  to	  Sharer	  

Broadcast	  Request	  

Request	  Ordering	  

Sharer	  Access	  

Response	  

Removes	  Indirec,on	  Latency	  
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L2	  Service	  Latency	  Breakdown	  
Served	  by	  Off-‐Chip	  Memory	  Access	  	  

Request	  to	  Directory	  

Broadcast	  Request	  

Directory	  Access	  

Request	  Ordering	  

Response	  
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L2	  Service	  Latency	  Breakdown	  
Served	  by	  Off-‐Chip	  Memory	  Access	  	  

Request	  to	  Directory	  

Broadcast	  Request	  

Directory	  Access	  

Request	  Ordering	  

Response	  
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Effect	  of	  limited	  storage	  area	  

Ordering	  latency	  overhead	  
10%	  of	  accesses	  are	  off-‐chip	  
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Prac,cal	  Network	  Design	  

•  T	  tokens	  for	  each	  block	  
of	  shared	  memory	  

•  T	  =	  #	  of	  processors	  
 

•  Each	  request	  tagged	  
with	  an	  ordering	  ,me	  
(OT)	  

 
 

•  Periodic	  expira,on	  
required	  

•  Worsening	  ordering	  
latency	  and	  network	  
traffic	  with	  small	  
expira,on	  window	  
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SCORPIO	   TokenB	   INSO	  (exp	  window=20)	   INSO	  (exp	  window=40)	   INSO	  (exp	  window=80)	  

Token Coherence 
(TokenB) 

	  

Timestamp Snooping 
(TS) 

In-Network Snoop 
Ordering (INSO) 

∝ ∝
∝

Area	  	  
Overhead	  	  

Number	  
Cachelines	  

Buffer	  Area	  	  
Per	  Core	  	  

#	  of	  Cores	  
Msgs/Core	  
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Prac,cal	  Network	  Design	  

•  T	  tokens	  for	  each	  block	  
of	  shared	  memory	  

•  T	  =	  #	  of	  processors	  
 

•  Each	  request	  tagged	  
with	  an	  ordering	  ,me	  
(OT)	  

 
 

•  Periodic	  expira,on	  
required	  

•  Worsening	  ordering	  
latency	  and	  network	  
traffic	  with	  small	  
expira,on	  window	  
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SCORPIO	   TokenB	   INSO	  (exp	  window=20)	   INSO	  (exp	  window=40)	   INSO	  (exp	  window=80)	  

Token Coherence 
(TokenB) 

	  

Timestamp Snooping 
(TS) 

In-Network Snoop 
Ordering (INSO) 

∝ ∝
∝

Area	  	  
Overhead	  	  

Number	  
Cachelines	  

Buffer	  Area	  	  
Per	  Core	  	  

#	  of	  Cores	  
Msgs/Core	  

Performs	  as	  well	  as	  TokenB	  (without	  persistent	  requests)	  and	  
INSO	  (imprac,cal	  expira,on	  window	  size)	  

SCORPIO	  Minimum	  Area	  Requirement	  for	  Correctness:	  
2	  buffers	  at	  each	  endpoint	  	  



SCORPIO:	  A	  36-‐CORE	  RESEARCH	  CHIP	  DEMONSTRATING	  SNOOPY	  COHERENCE	  ON	  A	  SCALABLE	  MESH	  NOC	  WITH	  IN-‐NETWORK	  ORDERING	  	  

BHAVYA	  DAYA	   41ST	  INTERNATIONAL	  SYMPOSIUM	  ON	  COMPUTER	  ARCHITECTURE	   24	  

Network	  Cost	  

Power	  

Network	  consumes	  
19%	  of	  the	  power	  

Area	  

Network	  occupies	  
only	  10%	  of	  the	  area	  

Post-‐layout	  frequency:	  833	  MHz	  

Core	  
54%	  

L1	  Data	  Cache	  
4%	  

L1	  Inst	  Cache	  
4%	  

L2	  Cache	  
Controller	  
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L2	  Cache	  Array	  

7%	  

RSHR	  
4%	  

AHB+ACE	  
2%	  Region	  Tracker	  
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L2	  Tester	  
2%	  

NIC+Router	  
19%	  
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NIC+Router	  
10%	  

L2	  Cache	  
46%	  

Post-‐synthesis	  frequency:	  1	  GHz	  
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Conclusion	  

SCORPIO	  Die	  

SCORPIO	  Packaged	  &	  Assembled	  

Intend	  to	  Run	  Linux	  OS	  
and	  Applica,ons	  on	  
the	  Chip	  

Releasing	  SCORPIO	  NoC	  
RTL	  ater	  Measurements	  
Completed	  

Moun,ng	  SCORPIO	  Chip	  to	  
Custom	  Designed	  PCB	  Board	  


