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•! ICT consumes 10.5% 
of energy in 
Germany and rising, 
(Deutscher 
Bundestag, 2010) 

•! ICT produces 2% of 
worldwide CO2 
emissions and 
rising - equivalent to 
aviation industry, 
(Gartner, 2007) 



ARE	
  THE	
  CLOUDS	
  CANDIDATE	
  
(ENERGY	
  EFFICIENT	
  )	
  SOLUTION	
  
FOR	
  BIG	
  DATA	
  PROBLEMS?	
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Business Scientific Web based Scientific Business Web based Business Business Scientific 
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TU Vienna 

Scientific Web based Scientific Business Business Business Scientific Web based Web based 

Helsinki, Finland Barcelona, Spain 
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TU Vienna Barcelona, Spain 

Scientific Business Business Business 

Helsinki, Finland 

Scientific Web based 

Wattmeter  
Tools and  
Instruments Instruments 

!+-"L'!-MN"O%,'*%L'<%$#,1'<=(0$%(1''



'''!+-"L'G"&"#$2'8)$'P&)'BO+0&1'

provider lock in? 

security? 

systematic testing? 

self-configuration? 

business-models? 

! ? 

cost / break  
even models? 

Source:  
Rajkumar Buyya, Chee Shin Yeo, Srikumar Venugopal, James 
Broberg, and Ivona Brandic. Cloud Computing and Emerging IT 
Platforms: Vision, Hype, and Reality for Delivering Computing as 
the 5th Utility, Future Generation Computer Systems, 25(6):599-616, 
June 2009. 1434 Citations (Google Scholar) 

privacy? 

product lines management? 

disaster recovery? 
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ORGANIZE	
  YOUR	
  CLOUDS!	
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Autonomic Manager 
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Host 

Actuator 

Sensor 

Runtime  

Sensor 

A
pp

 
A

pp
 

A
pp

 ! 

Time 
shared  

" 
SLA1 

SLA2 SLA3 SLAn ! 

Autonomic Manager 

Planning 

Knowledge 

Analysis 

Execution 

Monitoring 

Runtime  Host  

SaaS PaaS IaaS 

Project Foundations of self-adaptable ICT Infrastructures 
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SaaS 

PaaS 

IaaS 

Self-adaptability of Cloud Computing Systems? 

Costly? 

Service Level Agreement (SLA) 

CPU Power  # 512 MIPS 

Memory # 1024 MB 

Storage # 1000 GB 

Incoming Bandwidth # 10 Mbit/s 

Outgoing Bandwidth # 20 Mbit/s 
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Service Level Agreement (SLA) 
CPU Power  # 512 MIPS 
Memory # 1024 MB 
Storage # 1000 GB 
Incoming 
Bandwidth 

# 10 Mbit/s 

Outgoing 
Bandwidth 

# 20 Mbit/s 

Cloud characteristics: 
•! dynamic 
•! on demand: computing as utility  
•! unforeseen load changes 
•! autonomic adaptation and (re-) 

provisioning of resources 
•! very scalable 

Two conflicting goals: 
1.! Minimize SLA violations 
2.! Maximize energy efficiency 
+ 
Achieve 1. and 2. by as few time- 
and energy consuming reallocation 
actions as possible 

 

  

 

  



Speculate! 

Storage 
What do we 
provide? 

What does the 
consumer utilize? 

What was agreed in 
the SLA? 

Violation? 

500 GB 400 GB >= 1000 GB NO 
500 GB 510 GB >= 1000 GB YES 
1000 GB 1010 GB >= 1000 GB NO 

provided 

utilized agreed 

 
 
Speculative approach:  
May we allocate  

less resources then agreed, 
but more than actually utilized 
at the specific point in time –  
and not violate SLAs? 

Service Level Agreement (SLA) 
CPU Power  # 512 MIPS 

Memory # 1024 MB 

Storage # 1000 GB 

Incoming 
Bandwidth 

# 10 Mbit/s 

Outgoing 
Bandwidth 

# 20 Mbit/s 

500 GB 400 GB >= 1000 GB NO 



How	
  to	
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  acOons?	
  

§  Escala2on	
  levels:	
  

  

 

 

500 GB ? 
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  levels:	
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  

 
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

  500 GB ? 
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How	
  to	
  structure	
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§  Escala2on	
  levels:	
  
1.  Change	
  VM	
  configura2on	
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  from	
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  from	
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  to	
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  VM	
  on	
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4.  Turn	
  on/off	
  PM.	
  
5.  Outsource	
  to	
  other	
  Cloud	
  

provider.	
  
6.  Do	
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



Methodologies: 
•! Rules: IF – THEN 

•! Trend analysis (up, down, 
oscillations, volatility, ! ) 

•! Case Based Reasoning (CBR) 
•! Situation Calculus 
•! ! 

Which one should we use? 
 
Quality of recommended actions (decisions) =  

Violations vs.  
Wasted resources vs. 

Number of actions  
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!! Generic simulation engine  
!! implements the MAPE-K loop  
!! simulates monitoring and execution parts of it. 

Monitoring 
(simulated): 

New 
measurement 

of an SLA 

Analysis: 
Queries 

knowledge 
base 

Knowledge: 
Recommends 

action 

Planning: 
Decides which 

action to 
excute, maps 
actions onto 

Physical 
Machines 

Execution 
(simulated): 

Executes 
action 

Quality of recommended 
actions (decisions) =  

Violations vs  
wasted resources vs  

# actions  

(1) What do we 
provide? 

(2) What does the 
customer utilize? 

(3) What did we 
agree in the SLA? 
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Credits:  M. Maurer 

Cloud “entity” 

500 GB  

400 GB  

450 GB  

550 GB  
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if there are plenty of resources 

if resources are becoming scarce 
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Costs 

Volatility 
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c(p,w,c) = Pr

r
! (pr )+Wr (wr )+ Ar (ar )

? ? 

? ? 

! 

0%< TTlow < TThigh <100%

TTlow
r,t+1 = TTlow

r,t !
TTlow

r,t

!

TThigh
r,t+1 = TThigh

r,t !
100!TThigh

r,t

!

1/! <1where distance from TTlow to 0  
and TThigh to 100  

TTlow
r,t+1 = TTlow

r,t !
TThigh

r,t !TTlow
r,t

!

TTlow
r,t+1 = TThigh

r,t !
TThigh

r,t !TTlow
r,t

!
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Minimize SLA Violation (Option A)  

Maximum in  
1)! Penalties 
2)! Wastage 
3)! Actions 

#" #"%" %"

,,-./0"

Emphasize Energy Efficiency (Option B) 

Very speculative (Option C) 

,,-1231"



Workload	
  VolaOlity	
  

§  Define	
  workload	
  volaOlity	
  (WV)	
  

§  Define	
  WV	
  classes	
  LOW,	
  …,	
  MEDIUM,	
  …,	
  HIGH	
  
§  Determine	
  most	
  appropriate	
  TT(s)	
  to	
  adapt	
  ?	
  à	
  different	
  

op2ons	
  

Φr,t (mr,t,mr,t−1) = ( max(m
r,t, rmin )

max(mr,t−1, rmin )
−1)*100

Volatility (Φ) TTlow            TThigh Choose Options 

LOW 70%          90% C (k=5) 

MEDIUM 45%          70%  A (k=20) 

MEDIUM HIGH 30%          60% A (k=5) 

HIGH 20%          50% A (k=2) 

Option E Option F 

ß Very speculative 

ß Minimize SLA Violations 

ß Minimize SLA Violations even   
more 
ß Be sure to really minimize SLA 
violations 
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PUT	
  YOUR	
  (BIG)	
  DATA	
  ON	
  THE	
  
CLOUD	
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DNA Sequence Sample 
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Mapping to genome 
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Splitting to sub-reads 
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     Searching for splice-junctions 

6()*+&)#"-%(*&/$&/7(&'(8('(%9(&

1230'()*+&

Mapping to genome 

.$/0)#"-%(*&'()*+&,#"-%(*&'()*+&

DNA Data Analysis Using Workflow Application 

1230'()*+&

Splitting to sub-reads 

6()*+&)#"-%(*&/$&/7(&'(8('(%9(&

1(/&4&

     Searching for splice-junctions 

1(/&5&

     Searching for splice-junctions 

1(/&%&
1230'()*+&1230'()*+&1230'()*+&

Biological Meaning! 

Collaboration with BOKU Vienna (Group D. Kreil) 
Applications for Next Generation Sequencing 
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SaaS 

PaaS 

IaaS 

Service Level Agreement (SLA) 

CPU Power  # 512 MIPS 

Memory # 1024 MB 

Storage # 1000 GB 

Incoming 
Bandwidth 

# 10 Mbit/s 

Outgoing 
Bandwidth 

# 20 Mbit/s 

Wattmeter  
Tools and  
Instruments Instruments Monitoring 

Tools 

SaaS 

IaaS 

SLA aware and Resource 
Shared Monitoring  
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Hardware layer 

Metrics: CPU, Memory,  
Storage, etc 

Software layer 

QoS: Execution time,  
Throughput, etc 

Hardware layer 

Throughput, 

Computing Node 

Host Monitor 

Run-Time Monitor 

! 

Availability = 1 "
downtime
uptime

# 

$ 
% 

& 

' 
( *100(%)

? 

Credits:  V. Emeakaroha 
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Resource Metric SLA Parameter Mapping Rule 

Uptime, Downtime Availability (A)  
 

Inbytes, outbytes, packetsize, avail. 
Bandwithin, avail. Bandwithout 

 
Response Time (R) 

A =1! downtime
uptime

R = Rin+ Rout(ms)

Rin = packetsize
avail.BandwithIn! Inbytes

Rout = packetsize
avail.BandwithOut !Outbytes
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Credits:  T. Mastelic 



What metrics can we measure? 

How do we calculate metrics? 

How do we measure metrics? 

How do we interpret metrics? 
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Cloud Management System 
SLA 

violation 
detection KB 

How do we measure metrics? 

How do we interpret metrics? 

How do we measure metrics? 

How do we interpret metrics? 

Application 
Resources 

Resource 
manager 

manage resources 
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report 

M4Cloud 

Scheduler 



ANOM0e0%,'[-#T]-W'<f$("O-%/'

42 

Million reads 

Mapping to genome 

Aligned reads Not-aligned reads 

Splitting to sub-reads 

Sub-reads 
Set 1 

Sub-reads 
Set n 

Sub-reads 
Set 2 

     Searching for splice-junctions 

Monitoring Agent 

Monitoring Agent 

Monitoring Agent 

Reads aligned to the reference 

Sub-reads 

Mapping to genome 

Not-aligned reads Aligned reads 

Cloud Infrastructure 

Sub-reads 

Splitting to sub-reads 

Reads aligned to the reference 

     Searching for splice-junctions      Searching for splice-junctions 

Sub-reads 

Monitoring 
Framework 

Knowledge 
Management 

Cloud resource management Techniques 

Cloud Infrastructure 
Hardware layer 

Metrics: CPU, Memory,  
Storage, etc 

Software layer 

QoS: Execution time,  
Throughput, etc 

Hardware layer 

Throughput, 

Computing Node 

Host Monitor 

Run-Time Monitor 

Credits:  
Vincent Emeakaroha 
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certified emission reductions (CERs)  
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Cooperation with physics department (TU Vienna): 
Application for yocto second photon  
emission from quark gluon plasmas 
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2.! Environment setup 

3.! Run 

! Setup steps: 
1.! Platform setup 

!! F:+"")/%"'3+&./<)
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Environment setup 
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Environment setup 

Run 3.



Summary	
  and	
  Current	
  /	
  Future	
  Work	
  

§  Work	
  done	
  
§  Self-­‐adaptable	
  Cloud	
  Infrastructures	
  

§  Generic	
  Monitoring	
  
§  Knowledge	
  Management	
  
§  Applied	
  to	
  real	
  world	
  scenarios	
  (Bioinforma2cs)	
  

§  Future	
  Work:	
  
§  Systema2c	
  Approaches	
  for	
  the	
  Development	
  of	
  Cloud	
  
Infrastructures	
  
§  Sobware	
  Engineering,	
  Model	
  Checking,	
  Verifica2on,	
  Formal	
  
Models,	
  ….	
  

§  Big	
  Data	
  &	
  Energy	
  Efficiency	
  
§  Data	
  is	
  the	
  “new	
  petrol”	
  in	
  Europe	
  
§  Management	
  of	
  CO2	
  footprints	
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