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From distributed computing



  

To the Internet of Things



  

And the Smart City



  

ICT for Smart Cities

Innovative Products or 
Applications

ICT Impacts

Transportation and mobility

• Autonomous smart 
vehicles

• Vehicle-to-vehicle and 
vehicle-to-infrastructure 
communication

• Drive by wire 
vehicles/systems

• Plugins and smart cars
• Interactive traffic control 

systems
• Next-generation air 

transport control
• Electric vehicle

• Accident prevention and 
congestion reduction 
(zero-fatality highways)

• Greater safety and 
convenience of travel

• Optimized energy 
consumption



  

ICT for Smart Cities

Innovative Products or 
Applications

ICT Impacts

Buildings and Structures

• High performance 
residential and 
commercial buildings 

• Net-zero energy buildings 
• Appliances

• Whole building controls
• Smart HVAC equipment
• Building automation 

systems
• Networked appliance 

systems

• Increased building 
efficiency, comfort and 
convenience

• Improved occupant health 
and safety

• Control of indoor air 
quality



  

ICT for Smart Cities

Innovative Products or 
Applications

ICT Impacts

Healthcare

• Medical devices
• Personal care equipment
• Disease diagnosis and 

prevention

• Wireless body area 
networks

• Assistive healthcare 
systems

• Wearable sensors and 
implantable devices

• Improved outcomes and 
quality of life

• Cost-effective healthcare
• Timely disease diagnosis 

and prevention



Growing Market



  

The march towards the Internet of 
Everything

e-Health, Smart-everything (cars, cities, buildings…)

Huge increase of computational needs

Global M2M Communication 
Growth 

Global Data Center traffic growth 
(Cisco)



  

Identified Challenges

● Integrating complex, heterogeneous large-scale systems

– This includes aggregating and sharing data within systems as well as 
across systems and components

● Interaction between humans and systems

– Modeling and measuring situational awareness
● Dealing with uncertainty

– Complex ICT systems need to be able to evolve and operate reliably in 
new and uncertain environments

● Measuring and verifying system performance

– Test beds and datasets 
● Trust, security and privacy

– Design evolutionary and resilient architectures to handle rapidly evolving 
cyber and physical threats



  

Identified Challenges

● Dealing with emerging mobile communication technologies

– Unreliable and noisy channels
● Scalability

● Dealing with heterogeneity 

– Support of different sensors, actuators and computing platforms
● Guaranteeing real-time exchange of data

– Low overhead control mechanisms
● Tight interaction of network, data center and urban spaces

● Energy efficiency at a macroscopic level



  

Our context

MCC in the eHealth scenario



  

User devices and channel 



  

User devices



  

Biological channel



  

Communication standards



  

Modeling goals and TPC



  

Modeling metrics



  

Experimental work



  

Experimental work



  

Experimental work



  

Experimental work
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Experimental work



  

TPC



  

TPC



  

Results



  

Results

Reduction of 38%Reduction of 38%

● In run-time, it only 
requires the 
accelerometer as input

● Off-line, the policy 
requires that each subject 
is fully characterized in all 
positions and power levels

REACTIVE  

Reduction of 26.5%Reduction of 26.5%
● In run-time, it requires some 

constants, the transmission power 
level and the accelerometer as 
inputs

● Off-line, the policy requires to be 
trained with a large data set just 
once, and then can be applied to 
any user

● It incorporates for the first time the 
effect of body characteristics

PROACTIVE



  

The application

Pervasive Wireless Monitorization for Migraine Crisis 
Prediction



Migraine prevalence 

in Spain: 13-16% 

Chronic migraine: ~2%

2,3
%1

2,1%2

1,6%4



• On the patient
– Short term

• Diminished quality of life

– Long term

• Low school performance

• Low job performance

• Impact on well-being 

• Damaged family relations

• Damaged social relation

• On the society 
• High economical impact for direct and indirect costs

Migraine impact



What if we could predict a 
migraine crisis?



Benefits of prediction

● We could detect the beginning of the crisis before any pain 
is suffered.

● Pharmacologycal treatment would have the highest 
effectiveness preventing the symptoms.



What do we need?

● Quantifiable bio-metric variables

● Monitoring system

– Portable

– Non intrusive

– Processing capability

– Multi-variable acquisition
● A mathematical relation that models patient's pain as a 

function of the acquired variables

– Predictive

– Robust



Deployed WBSN

● Two sensing motes that communicate with an Android 
smartphone via Bluetooth

● EDA, skin temperature, EEG and ECG signals are 
acquired by one of the motes, while SpO2 is acquired by 
the other

● Signal processing is performed in the smartphone (HR, 
blood pressure estimation, EEG energy bands)

● All data have 12 bit accuracy, and a decimation of 1 
minute has been established per data

● Data are stored and transmitted through Internet to the 
data center 



Deployed WBSN



The symptomatic pain curve

● Each patient evaluates its pain in two ways: a global index 
of pain for the total migraine period, and punctual pain 
levels continuosly marked in the smartphone during the 
migraine attack

● The curve of pain evolution is normalized in amplitude

● The symptomatic curve has been modeled as a two semi-
Gaussian curves as it fits the patient’s subjective response



The symptomatic pain curve



Modeling technique



Some results

● Fit for 15 randomly selected migraines and 30 minutes of 
future horizon



Some results

● An averaged model is created by averaging the 5 best 
models in terms of fit value. 

● The averaged model is applied to the remaining migraines



Case study in MCC

● User node coordinator

– android-based smartphone, CPU 1 GHz, 1 GB of RAM, 
16 GB of Flash Memory 

● Cloud Computing facility

– Rack servers (SunFire v20z 2x AMD Opteron @2 GHz)

– Rack servers (RX-300 S6 Intel Xeon @2.4 GHz)
● Deployment

– 300 user nodes, 300 coordinators 

– Air cooled data center with a total amount of 160 cores, 
belonging to 40 Intel or AMD 



Case study in MCC

● Workload

– Profiles:  (i) heavy, (ii) reference and (iii) light workload

– Organized in 10 different job sets that arrive following a Poisson 
distribution

– each job set is split in two different levels: 

(i) a data-dependent layer (60%), 

(ii) an application-dependent layer (40%)



Case study in MCC

● Run-time application profiling

– information of the performance counters by means of 
PAPI

– principal component analysis (PCA): first 3 components 
together explain an 87% of the variance



Case study in MCC

● Global resource allocation techniques

– Task classification

– Run-time allocation algorithm: based on Satisfiability Modulo Theory 
(SMT) formulas



Case study in MCC

● Data center resource management

– Server selection: Mixed Integer Linear Programming 
(MILP) problem



Case study in MCC

● Data center resource management

– Run-time workload assignment: MILP vs SLURM



New challenges

● Heterogeneity (in processing architectures, communication channels, user 
devices, data sources, etc.) provides further further opportunities for energy-
optimization but it also encourages the seeking of global-optimization 
techniques that consider the heterogeneity of the system since the application 
conception.

● High dynamism of the scenario, where variable workloads and tasks arrive to 
the computing platform and a varying number of processing nodes can be 
available for processing or ready to feed new data.

● The constraints imposed by the Ubiquitous Computing model are determinant 
on the architecture of the computing paradigm. An all-over access to the 
computing services provided by the Cloud is required.

● Only with an application-driven design style, the energy footprint of the 
whole computing scheme can be reduced, while the reliability and performance 
requirements are still satisfied.
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Who are we?

http://greendisc.dacya.ucm.es
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