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The	  ROMA	  reconfigurable	  processor	  

ü Main	  features	  
•  Two	  reconfigurable	  

interconnec4on	  networks	  
•  Up	  to	  8	  complex	  low	  power	  

reconfigurable	  operators	  
•  Up	  to	  14	  local	  memories	  
•  ReconfiguraHon	  in	  1	  cycle	  
•  Mul4media	  dedicated	  

address	  generators	  and	  
operators	  

ü 	  Physical	  features	  
•  250	  MHz	  (TSMC	  90nm)	  
•  1mm²	  

Coarse	  Grain	  Reconfigurable	  Architecture	  

Our	  contribuHon	  in	  a	  simplified	  ROMA	  tool	  chain	  
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Architecture	  model	  

Goal:	  Model	  the	  ROMA	  architecture	  in	  a	  generic	  and	  parameterized	  way	  

Ø  Memories: 
•  Number and size (one data port) 
•  Read/Write operation latencies (constant) 
•  Each memory is identified by a unique ID 
 
Ø  Operators: 
•  Each operator is identified by a unique ID 
•  Operators can be heterogeneous 
•  Each Operator has 2 inputs and 1 output 
port 
 
Ø  Interconnection networks: 
•  The memory-operator network is a full 
Xbar 
•  The operator-operator network topology is 
parameterized by a connection matrix 
•  Network latencies 

Constraint	  model	  for	  scheduling,	  binding	  and	  rouHng	  

Application Graph 
(DFG) 

Architecture 
model 

Extended Graph by 
scheduling, binding and 

routing information 

Node:	  computaHon	  
or	  IO	  variable	  
	  
Edge:	  data	  transfer	  

Constraint	  model	  for	  scheduling,	  binding	  and	  rouHng	  
	  
Ø 	  CommunicaHon	  constraints	  

l  Which	  network	  is	  used	  for	  a	  data	  transfer?	  

l  How	  to	  constrain	  a	  network	  use	  by	  its	  latency	  and	  its	  topology?	  

Constraint	  model	  for	  scheduling,	  binding	  and	  rouHng	  
	  
Ø 	  Timing	  constraints	  

l  How	   to	   ensure	   the	   precedence	   constraints	   of	   the	   applicaHon	  
graph?	  	  

l  How	  to	  adapt	  precedence	  constraints	  according	  to	  the	  network	  
used?	  
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Constraint	  model	  for	  scheduling,	  binding	  and	  rouHng	  
	  
Ø 	  Resource	  sharing	  constraints	  

l  How	  to	  ensure	  that	  memory	  and	  computaHon	  resources	  are	  not	  
used	  at	  the	  same	  Hme?	  

	  
l  How	  to	  ensure	  that	  we	  do	  not	  exceed	  the	  memory	  size	  limit?	  

CommunicaHon	  constraints	  
	  

ni 

nj 

Data	  transfer	  eij	  

Ø 	  Network	  choice	  

CommunicaHon	  constraints	  
	  

ni 

nj 

Data	  transfer	  eij	  

Ø 	  Network	  choice	  

CommunicaHon	  constraints	  
	  
Ø 	  Network	  topology	  

Full	  crossbar	  

ROMA	  network	  

Any	  point	  to	  
point	  topology	  
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CommunicaHon	  constraints	  
	  
Ø 	  Network	  topology	  

No	  constraint	  

CommunicaHon	  
matrix	  

Specific	  constraint	  

Full	  crossbar	  

ROMA	  network	  

Any	  point	  to	  
point	  topology	  

Timing	  constraints	  
	  

Data	  transfer	  eij	  

Ø 	  Precedence	  constraints	  

Case	  a	  

Case	  b	  

ni 

nj 

Timing	  constraints	  
	  

Data	  transfer	  eij	  

Ø 	  Precedence	  constraints	  

Case	  a	  

Case	  b	  

Case	  a	   Case	  b	  

ni 

nj 

Resource	  sharing	  constraints	  
	  
Ø 	  Memory	  unit	  acHvity	  
	  
Each	  operator	  has	  one	  data	  output	  port	  

	  =>	  	  1	  data	  is	  transfered	  
	  
We	   model	   the	   potenHal	   memory	  
operaHons	  as:	  
	  
1	  write	  operaHon	  /	  node	  
1	  read	  operaHon	  /	  output	  edge	  
Same	  memory	  ID	  
	  
ExcepHons:	  
Input	  data	  =>	  no	  write	  operaHon	  
Output	  data	  =>	  no	  read	  operaHon	  



2012-05-15 

5 

Resource	  sharing	  constraints	  
	  
Ø 	  Memory	  unit	  acHvity	  

Resource	  sharing	  constraints	  
	  
Ø 	  Memory	  unit	  occupaHon	  

We	   consider	   that	   the	   data	  
produced	  by	  node	  ni	  transferred	  
via	   a	   memory	   occupies	   a	  
memory	  cell	  
	  
from	   the	   start	   Hme	   of	   its	   write	  
operaHon	  	  
	  
unHl	  compleHon	  of	  the	  last	  read	  
operaHon.	  

Resource	  sharing	  constraints	  
	  
Ø 	  Memory	  unit	  occupaHon	  

Resource	  sharing	  constraints	  
	  
Ø 	  Operator	  to	  operator	  network	  occupaHon	  

We	   consider	   that	   the	  
operator	   to	   operator	  
network	   is	   occupied	   for	   a	  
data	  transfer	  
	  
from	   the	   end	   of	   the	  
execuHon	   of	   the	   node	  
producing	  the	  data	  
	  
unHl	   the	   last	   start	   of	   the	  
sink	   nodes	   using	   this	  
network	  	  	  
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Resource	  sharing	  constraints	  
	  
Ø 	  Operator	  to	  operator	  network	  occupaHon	  

Resource	  sharing	  constraints	  
	  
Ø 	  Operator	  unit	  occupaHon	  
	  
We	  consider	  an	  operator	  occupied	  from	  the	  start	  of	  the	  execuHon	  of	  the	  node	  
represenHng	  the	  computed	  operaHon	  unHl	  the	  end	  of	  the	  last	  transfer	  of	  the	  
produced	  data.	  

Resource	  sharing	  constraints	  
	  
Ø 	  Operator	  unit	  occupaHon	  

Cost	  funcHon	  
	  
Ø 	  MinimizaHon	  of	  the	  global	  computaHon	  Hme	  
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Results	  –	  ApplicaHons	  from	  Mediabench	  
	  
Ø 	  In	  78%	  of	  cases,	  our	  system	  provides	  results	  that	  are	  proved	  
opHmal	  

ApplicaHon	  Graph	  CharacterisHcs	  
	  

Pipelined	  ExecuHon	  Model	  
	  
Latency and power consumption results for the pipelined architecture model with the 
ROMA operator patterns based library. 

  AG   match 
(1 node 
match)  

 
Latency  

 
Nber 
of Op  

 
Runtime 

(ms)  

 
Optimal  

 
Power 
(mW)  

 
Nber 
of Op  

  
Runtime 

(ms)  

 
Optimal  

 1   28 
(28)  

 24   28   374   yes   132   28   374   yes  

 2   10 
(10)  

 6   10   78   yes   50   10   78   yes  

 3   28 
(28)  

 11   28   561   yes   180   28   468   yes  

 4   7 (7)   2   7   16   yes   51   7   31   yes  
 5   11 

(11)  
 5   11   15   yes   75   11   16   yes  

 6   12 
(11)  

 5   11   15   yes   75   11   62   yes  

 7   3 (3)   2   3   0   yes   23   3   0   yes  
 

3+..+7  
   25   60   607   yes   404   60   577   yes  

 8   7 (6)   15   5   16   yes   25   5   47   yes  
 9   25 

(25)  
 27   25   280   yes   94   25   249   yes  

 10   28 
(28)  

 12   28   375   yes   148   28   452   yes  

 11   56 
(56)  

 12   56   1094   yes   296   56   1139   yes  

 12   84 
(84)  

 12   84   2497   yes   444   84   2638   yes  

 13   112 
(112)  

 12   112   5445   yes   592   112   5820   yes  

 14   9 (9)   18   9   62   yes   46   9   63   yes  
 15   36 

(36)  
 60   36   515   yes   174   36   390   yes  

 16   20 
(20)  

 34   20   390   yes   84   11   468   yes  

 

Pipelined	  ExecuHon	  Model	  (cont’d)	  
	  Latency and power consumption results for the pipelined architecture model with the 
UPaK patterns based library. 
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Conclusion	  and	  futur	  work	  
	  
Ø 	  Conclusion	  
	  
•  	   We	   have	   presented	   a	   new	   CP	   based	   system	   to	   solve	   simultaneously	   the	  
scheduling,	  binding	  and	  rou4ng	  of	  a	  data	  flow	  graph	  on	  a	  generic	  CGRA	  model	  

• 	  This	  system	  has	  been	  used	  to	  generate	  configuraHons	  for	  the	  ROMA	  processor	  

• 	  ValidaHon	  of	  this	  approach	  has	  been	  done	  by	  simulaHon	  at	  RTL	  level	  

• 	  Design	  space	  exploraHon	  can	  be	  done	  using	  this	  system	  with	  a	  higher	  abstracHon	  
of	  the	  architecture	  model	  
	  
Ø 	  Future	  work	  

• 	  Handle	  bigger	  problems	  thanks	  to	  a	  smart	  clusterizaHon	  and	  a	  sliding	  windows	  
• 	  …	  
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