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Background 

•  Mobile	
  system:	
  
UAV,	
  walking	
  robots	
  …	
  

•  Requires	
  low	
  power	
  cost	
  
•  Requires	
  high	
  performance	
  

Computer	
  vision,	
  AI	
  …	
  
Real-­‐Kme	
  processing	
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•  Many	
  algorithms	
  involves	
  
matrix	
  computaKon:	
  
SLAM	
  
Image	
  Processing	
  
3D	
  RegistraKon	
  



Target 
• A	
  matrix	
  processor	
  with:	
  

a)  Low	
  power	
  cost	
  for	
  mobile	
  system	
  
b)  High	
  flexibility	
  for	
  different	
  applicaKons	
  
c)  High	
  performance	
  to	
  support	
  complicated	
  

tasks 
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Related work 
•  cuBLAS	
  and	
  MKL	
  

CPU-­‐GPU	
  plaZorm	
  costs	
  much	
  power	
  

•  ASIC	
  chips	
  	
  
low	
  flexibility	
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Related work 
•  FPGA	
  plaZorm	
  

•  Vector	
  Processor	
  [C.	
  H.	
  Chou,	
  FPGA’11]	
  
Data	
  access	
  problem	
  
Workload	
  for	
  master	
  processor	
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ALU 

ALU 

ALU 

… 
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•  Accelerator	
  
Dedicated	
  accelerator	
  for	
  one	
  operaKon,	
  e.g.	
  matrix	
  
mulKplicaKon.[T.	
  -­‐C.	
  Lee,	
  WCECS’13]	
  

•  A	
  straight	
  forward	
  implementaKon:	
  
Accelerators	
  communicate	
  through	
  External	
  Memory	
  

bo`leneck 



Contributions 
•  IntegraKon	
  of	
  different	
  accelerators	
  
• A	
  soaware	
  programming	
  interface	
  with	
  matrix	
  level	
  
instrucKons	
  
• Minimize	
  the	
  workload	
  of	
  master	
  processor 
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System Description 

Core	
  
Hardware 

Soaware	
  
Interface 
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System Description 
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Shared	
  Matrix	
  Cache 

different	
  accelerators 

Asynchronous	
  
InstrucKon	
  ExecuKon 

Ping-­‐pong	
  strategy 



Shared Matrix Cache 

•  Use	
  a	
  shared	
  cache	
  for	
  the	
  communicaKon	
  
•  Reduce	
  the	
  I/O	
  with	
  external	
  memory	
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Shared Matrix Cache 
•  Targets:	
  
a)	
  High	
  bandwidth	
  
b)	
  Supports	
  2D	
  parallel	
  data	
  access	
  
c)	
  Supports	
  different	
  pa`erns	
  of	
  data	
  access 
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Bandwidth:	
  
Number	
  of	
  BRAM 

How	
  to	
  arrange	
  
these	
  data? 
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•  The	
  cache	
  is	
  treated	
  as	
  a	
  big	
  2D	
  matrix	
  
•  Divided	
  by	
  8*8	
  small	
  windows:	
  

	
  Window	
  ID 	
   	
  address	
  in	
  BRAM	
  
	
  RelaKve	
  posiKon 	
  ID	
  of	
  BRAM	
  

•  Four	
  pa`erns	
  of	
  data	
  access:	
  
a)  Pixel 	
  1*1	
  
b)  Column 	
  8*1	
  
c)  Row 	
  1*8	
  
d)  Window	
  8*8 



Matrix Accelerators 
•  Currently	
  we	
  have	
  four	
  kinds	
  of	
  accelerators:	
  
a)  Matrix	
  iniKalizer	
  

8	
  entries	
  per	
  cycle	
  
	
  

b)  Pixel-­‐wise	
  operaKon:	
  +,	
  -­‐,	
  .*,	
  ./	
  
8	
  entries	
  per	
  cycle	
  
	
  

c)  Matrix	
  mulKplicaKon	
  
8*8	
  window	
  ×	
  8*1	
  vector	
  per	
  cycle	
  

d)  Maximum	
  and	
  minimum	
  value	
  of	
  each	
  column	
  
Read	
  in	
  8	
  entries	
  in	
  a	
  row	
  per	
  cycle,	
  write	
  back	
  8	
  results	
  aaer	
  
Nrow	
  cycles	
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•  Matrix	
  mulKplicaKon:	
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•  Arbitrator	
  connects	
  the	
  accelerators	
  with	
  the	
  shared	
  cache.	
  
•  Each	
  accelerator	
  can	
  access	
  any	
  of	
  the	
  cache	
  by	
  any	
  
way(pixel,	
  row,	
  column	
  or	
  window).	
  

Cache	
  1 Cache	
  2 Cache	
  3 

Acc	
  1 Acc	
  N Acc	
  2 …… 

Arbitrator 



Asynchronous Instruction 
Execution 
•  To	
  reduce	
  the	
  workload	
  of	
  NIOS	
  core,	
  we	
  assign	
  the	
  
accelerator	
  instrucKons	
  by	
  hardware.	
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InstrucKon	
  
FIFO 

Dispenser 

Acc	
  1 

Acc	
  2 

Acc	
  N 

… 



•  The	
  master	
  processor	
  spends	
  a	
  lot	
  of	
  Kme	
  waiKng	
  in	
  
synchronous	
  execuKon	
  mode	
  
•  But	
  Kme	
  for	
  waiKng	
  can	
  be	
  used	
  for	
  other	
  tasks	
  in	
  
asynchronous	
  execuKon	
  mode.	
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Ping-pong Strategy 
•  To	
  deal	
  with	
  big	
  matrix,	
  we	
  use	
  a	
  ping-­‐pong	
  strategy 

cacheA	
  ping 

cacheA	
  pong 

cacheB	
  ping 

cacheB	
  pong 

cacheC	
  ping 

cacheC	
  pong 

Array	
  op	
  (add) 

DDR	
  Memory 

Reading	
  block	
  n+1 

CalculaKng	
  
block	
  n 

WriKng	
  block	
  n-­‐1 
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Demo System 
•  Altera	
  StraKx	
  III	
  on	
  a	
  DE3	
  develop	
  board	
  
•  About	
  16Mbits	
  block	
  RAMs	
  
•  1GB	
  DDR2	
  memory,	
  533MHz	
  

•  System	
  clock:	
  150MHz	
  
•  Cache	
  size:	
  128*256*3	
  
•  Accelerators:	
   	
  IniKalizer 	
   	
  4	
  

	
   	
   	
  Array	
  operaKon 	
  1	
  
	
   	
   	
  MulKplicaKon	
   	
  1	
  

•  Soaware	
  is	
  C++	
  code	
  built	
  with	
  NIOS	
  II	
  So'ware	
  Build	
  Tools	
  
for	
  Eclipse	
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Resource Utilization 

•  4x	
  mulKplicaKon	
  units	
  on	
  StraKx	
  V	
  with	
  more	
  DSP	
  units.	
  
•  The	
  bo'leneck	
  of	
  resource	
  is	
  DSP	
  units	
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Performance Evaluation 

•  TheoreKcal	
  peak	
  performance:	
  
(64+64)*Fclk=19.2GFLOPs	
  

•  Shows	
  a	
  be'er	
  performance	
  than	
  VEGAS(vector	
  processor) 
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C=(A.*B)./(A+B)	
  
•  Shared	
  cache	
  greatly	
  improves	
  the	
  performance	
  of	
  the	
  
system.	
  
• Workload	
  is	
  greatly	
  reduced	
  by	
  asynchronous	
  execuFon.	
  

• We	
  also	
  evaluate	
  the	
  performance	
  improvement	
  brought	
  by	
  
shared	
  matrix	
  cache	
  and	
  asynchronous	
  instrucKon	
  
execuKon: 



Energy Efficiency 

•  FPGA	
  plaHorms	
  outperforms	
  other	
  plaHorms	
  in	
  energy	
  
efficiency	
  
•  Improves	
  the	
  performance	
  while	
  reducing	
  the	
  power	
  
consumpKon	
  at	
  the	
  same	
  Kme	
  comparing	
  StraKx	
  III	
  and	
  
StraKx	
  V 
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Conclusion 
•  Integrate	
  different	
  accelerators	
  on	
  the	
  processor	
  
-­‐	
  With	
  shared	
  matrix	
  cache	
  

• We	
  offer	
  a	
  soaware	
  programming	
  interface	
  with	
  matrix	
  
level	
  instrucKons	
  
•  Minimize	
  the	
  workload	
  of	
  master	
  processor	
  
-­‐	
  Asynchronous	
  instrucKon	
  execuKon	
  

•  TODO:	
  Implement	
  more	
  accelerators	
  
Apply	
  the	
  system	
  to	
  mobile	
  applicaKons	
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