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Theme 2 Aim 
•  Theme	
  2	
  is	
  developing	
  sound	
  and	
  effec4ve	
  	
  

design	
  principles,	
  algorithms	
  and	
  mechanisms	
  	
  

for	
  run3me	
  management	
  (RTM)	
  of	
  power	
  and	
  faults	
  to	
  achieve	
  a	
  
balance	
  between	
  performance,	
  energy	
  efficiency	
  and	
  resilience.	
  	
  	
  

	
  

•  Key	
  challenges:	
  	
  
–  address	
  a	
  diverse	
  range	
  of	
  many-­‐core	
  architectures	
  

–  configurable	
  for	
  different	
  op4misa4on	
  strategies	
  

–  support	
  dis4nct	
  usage	
  scenarios	
  with	
  various	
  degrees	
  of	
  cri4cality	
  
–  do	
  not	
  compromise	
  performance,	
  energy	
  efficiency	
  or	
  reliability.	
  	
  



PRiME	
  RTM	
  and	
  its	
  environment	
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Where are the opportunities? 
•  Energy	
  saving	
  

–  Dynamic	
  Frequency	
  and	
  Voltage	
  Control	
  (DVFS)	
  

–  Core	
  shutdown	
  
–  General	
  purpose	
  versus	
  specialised	
  cores	
  
–  Reducing	
  communica4ons	
  overhead	
  

•  Reliability	
  management	
  
–  Reduced	
  thermal	
  cycling	
  for	
  life4me	
  reliability	
  

–  Fault	
  tolerance	
  
–  Reduced	
  quality	
  of	
  experience/service	
  

•  Frame	
  rate,	
  resolu4on,	
  accuracy,…	
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Learning the best DVFS mode 
•  Reinforcement	
  Learning	
  

•  For	
  Power	
  Management	
  

Image : Lucian Busoniu, Jelmer van Ast, and 
Robert Babuska. Reinforcement Learning, 2010. 
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ACTIONS	
  (Power	
  Modes)	
  

STATES	
  (Tasks)	
   P0	
   P1	
   P2	
   P3	
  

WD0	
   219	
   224	
   230	
   235	
  

WD1	
   222	
   230	
   238	
   246	
  

WD2	
   224	
   235	
   245	
   125	
  

WD3	
   204	
   220	
   236	
   252	
  

WD4	
   210	
   232	
   253	
   106	
  

WD5	
   210	
   232	
   127	
   105	
  

WD6	
   195	
   225	
   127	
   97	
  

WD7	
   194	
   223	
   253	
   99	
  

WD8	
   196	
   227	
   123	
   92	
  
0 200 400 600 800 1000 1200 1400 1600 1800 2000

0

50

100

150

200

250

Requests

Q
-v

al
ue

s 
(re

wa
rd

s)

Q-value means of the 4 actions at State 5

 

 

Q(5,0)
Q(5,1)
Q(5,2)
Q(5,3)

Q Table (and convergence) 
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ACTIONS	
  (Power	
  Modes)	
  

STATES	
  (Tasks)	
   P0	
   P1	
   P2	
   P3	
  

WD0	
   0	
   0	
   0	
   0	
  

WD1	
   0	
   0	
   0	
   0	
  

WD2	
   0	
   0	
   0	
   0	
  

WD3	
   0	
   0	
   0	
   0	
  

WD4	
   0	
   0	
   0	
   0	
  

WD5	
   0	
   0	
   0	
   0	
  

WD6	
   0	
   0	
   0	
   0	
  

WD7	
   0	
   0	
   0	
   0	
  

WD8	
   0	
   0	
   0	
   0	
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RTM Modelling/Verification 
•  Model-­‐based	
  verifica4on	
  and	
  code	
  

genera4on	
  
–  Event-­‐B	
  formal	
  modelling	
  of	
  DVFS	
  RTM	
  

–  Code	
  genera4on	
  from	
  Event-­‐B	
  model	
  of	
  
DVFS	
  RTM	
  for	
  media	
  decoder	
  applica4on	
  
running	
  on	
  embedded	
  boards	
  

–  Modellica	
  modelling	
  and	
  co-­‐simula4on	
  of	
  
temperature/power	
  in	
  4	
  core	
  system	
  



Lifetime-Aware Power Management 
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Stages of the Learning Algorithm 
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PRiME RTM Algorithms  
Power and reliability management of multi-core using 
machine learning approaches 
 
1.  Energy-­‐reliability	
  joint	
  op4misa4on	
  on	
  ARM	
  mul4-­‐core	
  controlling	
  

DVFS	
  and	
  thread	
  affinity	
  
–  for	
  energy	
  op4misa4on	
  and	
  life4me	
  reliability	
  

2.  Power	
  minimisa4on	
  on	
  heterogeneous	
  architecture	
  (CPU,	
  FPGA,	
  
DSP)	
  

3.  Centralised	
  DFVS	
  /	
  Shutdown	
  on	
  mul4-­‐core	
  Xeon	
  Phi	
  	
  

4.  Decentralised	
  learning-­‐based	
  run4me	
  energy	
  minimisa4on	
  using	
  
mul4-­‐agent	
  approach	
  running	
  on	
  Xeon-­‐Phi	
  

5.  Run4me	
  power	
  modelling	
  for	
  embedded	
  processors	
  



RTM Framework Specification 
•  A	
  number	
  of	
  applica4on-­‐specific	
  run4me	
  prototypes	
  have	
  been	
  

developed	
  for	
  experimenta4on	
  and	
  demonstra4on	
  

•  PRiME	
  will	
  not	
  develop	
  a	
  single	
  run4me	
  product	
  
–  This	
  would	
  require	
  fixing	
  on	
  an	
  architecture	
  and	
  OS	
  thus	
  limi4ng	
  the	
  

applicability	
  of	
  PRiME	
  results	
  

•  To	
  enable	
  working	
  together	
  and	
  reuse,	
  we	
  iden4fied	
  need	
  to	
  reach	
  
a	
  common	
  understanding	
  of	
  	
  
–  Purpose,	
  
–  Architecture,	
  and	
  
–  Interfaces	
  to	
  run4me	
  



RTM Framework Specification 
•  Common	
  structure	
  for	
  defining	
  purpose	
  of	
  run4me	
  features	
  

(requirements):	
  
–  Structured	
  around	
  system	
  layers	
  

–  Has	
  made	
  it	
  easier	
  to	
  see	
  commonali4es	
  and	
  differences	
  

•  Architecture	
  
–  Con4nuum	
  from	
  centralised	
  to	
  fully	
  decentralised	
  

–  Rela4onship	
  to	
  Opera4ng	
  System	
  structure	
  

–  Shared	
  memory	
  vs	
  message-­‐passing	
  

•  Interfaces	
  	
  with	
  
–  users,	
  applica4ons,	
  controls,	
  monitors,	
  communica4ons,	
  OS	
  



What’s next? 
Decentralised many-core power/reliability management 
•  Experiment	
  with	
  a	
  wider	
  range	
  of	
  applica4ons	
  for	
  current	
  mul4-­‐

core	
  plalorms,	
  including	
  concurrency.	
  

•  Target	
  RTM	
  for	
  more	
  complex	
  heterogeneous	
  architectures	
  

•  Iden4fy	
  and	
  exploit	
  addi4onal	
  hardware	
  monitors	
  

•  Improved	
  models	
  of	
  energy	
  usage	
  in	
  memory	
  and	
  communica4ons	
  

•  Develop	
  techniques	
  for	
  reducing	
  energy	
  consump4on	
  in	
  memory	
  
and	
  communica4ons	
  

•  Apply	
  code	
  genera4on	
  to	
  a	
  wider	
  range	
  of	
  architectures	
  

•  Maintain	
  run4me	
  specifica4on	
  up-­‐to-­‐date	
  



? Thank you! 
Any Questions? 
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