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Problem statement
Resource wasting in traditional infrastructures

Many service architecture design decisions have a great impact in 
power consumption
— Infrastructure architecture

— Resource allocation

— Performance or availability requirements

Users are seldom confronted with information on
— Resource utilization levels

— Energy-related impact of their architecture decisions

— Instant or periodic service power consumption

Inefficient utilization of computing resources due to infrastructure user 
behavior
— Overperforming architectures

— Resource overprovisioning
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Problem statement
Resource wasting in cloud-oriented infrastructures

Cloud infrastructure users reproduce the traditional behavior

User/service power consumption is more difficult to single out
— Complete isolation from physical resources

— Systems are shared both concurrently and over time

No incentives for energy-saving
– No energy-oriented infrastructure statistics

– No energy-related charges or discounts
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Energy-aware design and reporting tools
Main goals

Energy-aware infrastructure architecture design tools
— Expose the energy impact of design decisions

— Show the influence of energy in operating expenditures

Service-level energy chargeback tools
— Report and expose service/user energy consumption

— Turn energy/power into a billable parameter

Expected impact
— Raise energy awareness among infrastructure users

— Promote a rational usage of computing resources
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Energy chargeback tools
Background

Hardware-level solutions
— Monitor and track server power consumption with no need of 

external monitoring equipment
– Embedded thermal and power sensors

– Standard management protocols (IPMI, WBEM, etc.)

Virtualization-level solutions
— Host and guest resource monitoring

— Per-host energy chargeback models

Service-level solutions
— Resource usage accounting and chargeback tools

— Power is considered a fixed infrastructure cost

No support in IaaS management APIs or dashboards
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Energy-aware design tools
Background

Hardware-level solutions
— Power and thermal infrastructure CAD

Virtualization-level solutions
— Power profiling, prediction and capping for well known workloads

Service-level solutions
— Cloud simulators for resource scheduling and allocation policy 

selection for a given workload 

No support in IaaS management APIs or dashboards
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Business-Oriented Dynamic Infrastructures (BODIes)
Infrastructure services model

Enhanced IaaS for service providers
— Commoditize the deployment of service infrastructure architectures

— Service providers only deploy their value-added logic

Infrastructure Component
— Sized Virtual Machine +  Full SW stack (OS, middleware, etc.)

Building Block
— Set of Infrastructure Components tested and certified to work well 

in combination

Scalability rules
— Dedicated or fixed infrastructure

— Variable or on-demand infrastructure (optional)
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Energy-aware architecture design
Infrastructure architecture composition in BODIes
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Energy-aware architecture design
Energy cost details
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Energy-aware architecture design
Infrastructure architecture comparison and selection
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Service-level energy chargeback
Direct power consumption vs. power overhead

04
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Service-level energy chargeback
Virtual machine power consumption

04

CPU (MHz) RES (MHz) Pd (W) Po (W) P (W)
VM11 2500 3500 93,75 132,84 226,59
VM12 2750 0 103,13 104,38 207,50
VM22 2000 0 75,00 75,91 150,91
Total 7250 3500 271,88 313,13 585,00
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Service energy consumption visualization
BODIes infrastructure usage summary report
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Conclusions

Infrastructure user behavior has great impact on energy consumption
— Service architecture design

— Resource allocation

— Performance/availability requirements

Awareness and incentives are powerful energy saving tools
— Promote resource saving and energy-responsible design

– Energy consumption estimations and cost quotations

– Easy comparison and selection across alternatives

— Avoid resource wasting by matching infrastructure resource requests to 
the actual service demands
– Turn energy consumption into an IaaS billable parameter

– Allow users to consult their current and past energy consumption and associated 
costs
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Future work

Enhance the CPU-based energy chargeback model with further 
parameters (e.g., memory usage, disk and network I/O, etc.)
— Applicable to design-time estimations and runtime chargeback

Extend the energy consumption monitoring framework to 
storage and communications equipment

Enhance the dynamic infrastructure management system to 
take power optimization into consideration
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