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Clouds	
  offer	
  Subscrip7on-­‐Oriented	
  IT	
  Services:	
  	
  
{computa7on,	
  applica7on,	
  data,..}	
  as	
  a	
  Service	
  (..aaS)	
  



Several	
  Benefits……	
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§  High	
  CO2	
  emissions	
  contribu7on	
  

•  New	
  York	
  Times	
  2012:	
  Data	
  centres	
  use	
  about	
  30	
  billion	
  wa=s	
  of	
  
electricity	
  per	
  hour	
  worldwide,	
  equivalent	
  to	
  the	
  output	
  of	
  about	
  30	
  
nuclear	
  power	
  plants	
  

§  High	
  Opera7onal	
  Cost	
  

Dark	
  side….. 



SLA	
  Requirement	
  



	
  
§  	
  	
  A	
  key	
  objec7ve	
  of	
  cloud	
  
service	
  providers:	
  
develop	
   resource	
   provisioning	
   and	
  
management	
  soluFons	
  at	
  minimum	
  
energy	
   consumpFon	
   while	
   sFll	
  
gua ran tee ing	
   Se rv i ce	
   Leve l	
  
Agreements	
  (SLAs).	
   Understand	
  both	
  

system	
  performance	
  
and	
  energy	
  

consump7on	
  paVern 
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Understand	
  both	
  system	
  performance	
  and	
  energy	
  consump7on	
  
paVern:	
  	
  

v running	
  extensive	
  experiments	
  with	
  heterogeneous	
  
parameters/metrics	
  and	
  workloads;	
  

v collecFng	
  appropriate	
  cloud	
  and	
  applicaFon	
  energy/
performance	
  measurements;	
  

v 	
  performing	
  energy/performance	
  trade-­‐off	
  analysis.	
  



Performance	
  and	
  energy	
  analysis	
  tool	
  -­‐	
  StressCloud	
  	
  

Deploy Load Test 
Services

Deploy Load Test 
Services

Load Test Scripts

Model Cloud 
System Workload

Model Cloud 
System Workload

Stored ResultsStored Results

Performance Engineer

Model Cloud 
Architecture

Model Cloud 
Architecture

Workload 
Deployment Scripts

Generate Load 
Test Scripts

Generate Load 
Test Scripts

Generate Workload 
Deployment Scripts
Generate Workload 
Deployment Scripts

Workload 
Model

Cloud System 
Architecture 

Model

Apply Load Tests 
to Cloud

Apply Load Tests 
to Cloud

Test Results

Collect 
Performance and 

Energy Data

Collect 
Performance and 

Energy Data

Visualise ResultsVisualise Results

1
2

4

3

5

6

7

StressCLoud

Cloud

8



(a) 

(b) 





(a) (b) (c) 



(a) 

(b) 



(a) 

(b) 

(c) 





Performance	
  and	
  energy	
  analysis	
  tool	
  -­‐	
  StressCloud	
  	
  

Workload	
  Model:	
  	
  
A	
  set	
  of	
  Tasks	
  modelling	
  the	
  target	
  cloud	
  applicaFon	
  behaviour	
  

ü  ComputaFon-­‐Intensive	
  
ü  CPU-­‐Intensive	
  
ü Memory-­‐Intensive	
  

ü  Data-­‐Intensive	
  
ü  CommunicaFon-­‐Intensive	
  

Task:	
  	
  
A	
  stochas)c	
  form	
  chart	
  specifying	
  the	
  detailed	
  user	
  requests	
  and	
  required	
  
responses	
  from	
  the	
  cloud	
  system 	
  	
  

	
   Task	
  Type	
   Service	
  Type	
  in	
  StressCloud	
  
CPU-­‐intensive	
   Fibonacci	
  sequence	
  calculaFng	
  
Memory-­‐intensive	
   File	
  processing	
  
Data-­‐intensive	
   RaFonal	
  database	
  operaFng	
  
CommunicaFon-­‐intensive	
   HTTP	
  request/response	
  



Performance	
  and	
  energy	
  analysis	
  tool	
  -­‐	
  StressCloud	
  	
  

Cloud	
  Architecture	
  Model:	
  	
  

All available	
  resources	
  in	
  the	
  target	
  cloud	
  system	
  and	
  their	
  detailed	
  
configuraFons	
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Experiment	
  Setup	
  
 Ø  Energy	
  and	
  performance	
  profiling	
  framework	
  

	
  

Ø  VM	
  configura7on	
  

	
  

	
  

  
Virtual	
  
Machine	
   Number	
  of	
  Cores	
   RAM	
   Hard	
  Disk	
  

  Small	
   1	
   2GB	
   80GB	
  
  Medium	
   2	
   4GB	
   80GB	
  
  Large	
   3	
   6GB	
   80GB	
  

XLarge	
   4	
   8GB	
   80GB	
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Apache Tomcat

…...Load Test Web Service

MS SQL 
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MS SQL 
Server 
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Test	
  cases   
Workload	
  Type	
   Test	
  set	
  Number	
   Test	
  Point	
  
CPU-­‐intensive	
   1	
   Resource	
  &	
  Workload	
  
CPU-­‐intensive	
   2	
   Resource	
  AllocaFon	
  Strategy	
  

Memory-­‐intensive	
   1	
   Resource	
  &	
  Workload	
  
Data-­‐intensive	
   1	
   Workload	
  	
  
Data-­‐intensive	
   2	
   Workload	
  
CommunicaFon-­‐

intensive	
   1	
   Workload	
  
CommunicaFon-­‐

intensive	
   2	
   Resource	
  AllocaFon	
  Strategy	
  
Mix	
  ComputaFon-­‐	
  and	
  

Data-­‐intensive	
   1	
   Workload	
  
Mix	
  ComputaFon-­‐	
  and	
  

Data-­‐intensive	
   2	
   Resource	
  AllocaFon	
  Strategy	
  
Mix	
  ComputaFon-­‐	
  ,	
  Data-­‐	
  
and	
  CommunicaFon-­‐

intensive	
   1	
   Workload	
  
Mix	
  ComputaFon-­‐	
  ,	
  Data-­‐	
  
and	
  CommunicaFon-­‐

intensive	
   2	
   Resource	
  AllocaFon	
  Strategy	
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CPU-­‐Intensive	
  Workload	
  

v  Test	
   set	
   #1:	
   Keeping	
   the	
   number	
   of	
   tasks	
   constant,	
   while	
   gradually	
  
increasing	
   the	
   CPU	
   cores	
   allocated	
   to	
   the	
   task,	
   and	
   the	
   workload	
   of	
   the	
  
task.	
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CPU-­‐Intensive	
  Workload	
  

v  Test	
   set	
   #2:	
   Keeping	
   the	
   number	
   of	
   tasks	
   and	
   resource	
   allocated	
   to	
   the	
  
tasks	
  constant,	
  while	
  changing	
  the	
  resource	
  allocaFon	
  strategy.	
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Memory-­‐Intensive	
  Workload	
  

v  Test	
   set	
   #1:	
   Keeping	
   the	
   number	
   of	
   tasks	
   constant,	
   while	
   gradually	
  
increasing	
  the	
  size	
  of	
  RAM	
  allocated	
  to	
  the	
  task,	
  and	
  the	
  workload	
  of	
   the	
  
task	
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Data-­‐Intensive	
  Workload	
  

v  Test	
   set	
   #1:	
   Keeping	
   the	
   number	
   of	
   tasks	
   constant,	
   while	
   gradually	
  
increasing	
  the	
  workload	
  of	
  each	
  task	
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Data-­‐Intensive	
  Workload	
  

v  Test	
  set	
  #2:	
  Keeping	
  the	
  raFo	
  of	
  each	
  type	
  of	
  operaFon	
  and	
  total	
  number	
  
of	
  tasks	
  constant	
  while	
  changing	
  record	
  size	
  of	
  database	
  requests	
  and	
  user	
  
request	
  number	
  per	
  second	
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Communica7on-­‐Intensive	
  Workload	
  

v  Test	
  set	
  #1:	
  Keep	
  the	
  resource	
  allocaFon	
  strategy	
  constant	
  while	
  increasing	
  
the	
  number	
  of	
  user	
  requests	
  and	
  the	
  packet	
  size	
  of	
  each	
  request	
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Communica7on-­‐Intensive	
  Workload	
  

v  Test	
  set	
  #2:	
  Keep	
  the	
  packet	
  size	
  of	
  each	
  request	
  constant	
  while	
  changing	
  
the	
  number	
  of	
  user	
  request	
  per	
  second	
  and	
  resource	
  allocaFon	
  strategy	
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Mix	
  Computa7on-­‐	
  and	
  Data-­‐Intensive	
  Workload	
  

v  Test	
  set	
  #1:	
  Keep	
  the	
  resource	
  allocaFon	
  strategy	
  and	
  total	
  amount	
  of	
  data	
  
processed	
  constant,	
  while	
  changing	
  the	
  size	
  of	
  each	
  data	
  set.	
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Mix	
  Computa7on-­‐	
  and	
  Data-­‐Intensive	
  Workload	
  

v  Test	
  set	
  #2:	
  Keep	
  the	
  total	
  amount	
  of	
  data	
  processed	
  and	
  size	
  of	
  each	
  data	
  
set	
  constant,	
  while	
  changing	
  the	
  resource	
  allocaFon	
  strategy	
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Mix	
  Computa7on-­‐,	
  Data-­‐	
  and	
  Communica7on-­‐	
  
Intensive	
  Workload	
  
v  Test	
  set	
  #1:	
  :	
  Keep	
  the	
  resource	
  allocaFon	
  strategy	
  constant	
  while	
  changing	
  

workload	
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Mix	
  Computa7on-­‐,	
  Data-­‐	
  and	
  Communica7on-­‐	
  
Intensive	
  Workload	
  
v  Test	
   set	
   #2:	
   Keep	
   the	
   workload	
   constant	
   while	
   changing	
   the	
   resource	
  

allocaFon	
  strategy	
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Conclusion   
v  StressCloud	
  

v  Experiment	
  results	
  show	
  energy	
  consumpFon	
  and	
  system	
  
performance	
  are	
  related	
  to:	
  
Ø  OrganisaFon	
  of	
  Cloud	
  applicaFon	
  workload.	
  	
  

Ø  Type	
  of	
  Cloud	
  applicaFon	
  workload.	
  	
  

Ø  Resource	
  allocaFon	
  strategy.	
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