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Cloud Computing:
A style of computing where massively scalable IT-enabled 

capabilities are delivered as a service to external customers 

using Internet technologies.

Premise:
No single cloud can create a seemingly infinite 

infrastructure capable of serving massive amounts of users 

at all times, from all locations

RESERVOIR:
Investigate technologies for advanced Cloud Computing

Focus on technologies that enable to build a

federation of  cooperating computing clouds
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Project Profile
• 3 Years EU FP7 project started in 

February
• Budget: � 17 million
• 13 partners from across industry,  

academia and standards bodies
• Selected as a NESSI strategic project

– The Networked European Software and 
Services Initiative (NESSI) is an 
industrial consortium focusing on 
advancing research in the area Services 
Architectures and Software 
Infrastructures

• Public web site
– http://www.reservoir-fp7.eu/
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RESERVOIR in a Nutshell

CloudWare Inc.
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RESERVOIR in a Nutshell
System should adapt  to 

sudden increases in load …

… but there is not enough 
capacity locally

CloudWare Inc.
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RESERVOIR in a Nutshell
Adjust local utilization by 
migrating lower priority 

workloads to partner provider 

CloudWare Inc.



� www.reservoir-fp7.eu

RESERVOIR in a Nutshell

CloudWare Inc.



� www.reservoir-fp7.eu

RESERVOIR in a Nutshell

CloudWare Inc.



� www.reservoir-fp7.eu

RESERVOIR in a Nutshell

CloudWare Inc.
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RESERVOIR in a Nutshell
When load decreases …

CloudWare Inc.
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RESERVOIR in a Nutshell

… system releases local resources …

When load decreases …

CloudWare Inc.
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RESERVOIR in a Nutshell
… migrates back workloads that 

were temporarily handled by 
another provider …

CloudWare Inc.
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RESERVOIR in a Nutshell

CloudWare Inc.
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RESERVOIR in a Nutshell
… and pays for the service

CloudWare Inc.
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Goals of the Reservoir Project
• Develop technologies for advanced Cloud Computing

– Provide a software architecture where resources and services can be  
transparently and dynamically managed, provisioned and relocated like utilities –
virtually “without borders”

• Capabilities of service mobility and migration
• Premise: No single cloud can create a seemingly infinite infrastructure 

capable of serving massive amounts of users at all times, from all 
locations

– Federation of clouds 
– Leverage the diversity factor to achieve economies of scale
– Leverage locality 

• Envisioned Impact
– Optimize service delivery, relieving service consumers from awareness of IT 

attributes while providing QoS and security guarantees
– Increase the competitiveness of the European economy by introducing a basis for a 

new network-centric, service-oriented infrastructure which will support highly-
effective execution of tasks, services and business models across disparate 
locations and platforms
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Approach
• Focus on technologies that enable to build cooperating computing 

clouds
– Connect computing clouds to create an even bigger cloud

• The Service Oriented Infrastructure (SOI) equation:
– Start with grid computing concepts

• Resource sharing across organizations and geographies

– Add virtualization technologies
• Use of virtual machines as the basic unit of work 

– Drive the system by new techniques for business service management
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Design Driven by Real-World Scenarios
• Scenario 1: SAP business application (SAP)�

– Business application oriented use cases and the opportunities to execute 
them on a flexible infrastructure

• Scenario 2: Telco application (TID)�
– Hosting web sites that deals with massive access (e.g., the Olympics 

games)�
– High degree of personalization and support for mashups

• Scenario 3: Utility computing (Sun)�
– Deploy arbitrary operating system and application stacks on remote 

resources. Provide secure and seamless access to them. Adjust resource 
allocation on-demand without the end user noticing disruption of service

• Scenario 4: eGov application (Thales)�
– Automatic adjustment of resources and domains cooperation
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The RESERVOIR Architecture
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IBM Focus Areas
• Manageability

– Extend libvirt, e.g., with richer networking model and asynchronous event 
notification

• Internet-scale network virtualization
– Distributed Layer 2 switch over multiple physical network topologies including 

cross-site
– Compatible networking model across hypervisors (KVM and PowerVM)

• Internet-scale image management and storage virtualization
– Hierarchical repositories

• Master image repositories spread across cloud
• Instance images are created at a repository accessible by hosts

• Admission control and placement optimization
– Maximize resource overbooking while protecting SLAs by controlling 

admission of new services through statistical multiplexing
• Performance

– PowerVM modifications driven by end-to-end performance of real world workload 
(SAP)
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Admission Control and Placement Optimization

• Over-booking of resources in RESERVOIR while 
protecting SLAs and minimizing other costs

• Statistical admission control (for SLA protection 
with thin over-provisioning)

• Smart placement (to optimize operational costs) 
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Elastic Service (concept review)
• Traditional commercial services are sized statically, i.e., with respect to 

the maximal projected demand:
– Results in either over-provisioning or under-provisioning

• Elastic service is sized adaptively to the actual observed workload
• In RESERVOIR the concept of elastic service is realized by means of  

– Varying the number of VEE instances
– Varying the sizing of the VEE types

• Elasticity of the service is subject to constraints:
– Minimal and maximal number of VEE instances of specific types
– Minimal and maximal allowed sizing per VEE type

$$
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Main Messages
• Each RESERVOIR site wishes to maximize its own benefit via resource over-booking 

while protecting SLAs
• With statistical multiplexing, the total capacity of the shared (i.e., multiplexed) resource 

is allowed to be smaller than the maximum total demand while the probability of 
congestion is controlled

• Equivalent capacity is capacity required to keep the probability of congestion below a 
pre-defined threshold value

• We separate between two complimentary components:
– Admission control (to guarantee SLA adherence): performed jointly by SM and VEEM
– Continuous placement optimization (to minimize operational costs): performed by VEEM 

$%
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Service Admission Decision (summary)

Reservoir Site 

VEE Manager (VEEM)

Service Manager

V
H

I

VEE Host (VEEH) 
(e.g., Hypervisor, VJSC Host)

V
M

I

Service Provider

SLA SLA

Manifest S
M

I

VMI VMI

SLA
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– Admit the service if after deploying it to the cloud 
(using local and remote resources) the 
probability of congestion does not exceed the 
acceptable risk level defined for this site

– Reject - otherwise
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General BSM-aligned Optimization Framework

Admit

New

yes

Rejected

no

continuous
placement 
optimization

Deprovision

• Variation on Multiple      
Knapsack Problem (MKP)
• Similar to GAP
• NP-complete in a strong 
sense; approximate solutions
• Solved periodically as 
resources are elastically 
adapted

1. Calculate Equivalent 
Capacity�

2. Use specified congestion 
behavior to calculate 
expected SLA impact

Admission Control and Placement Optimization are 
Complementary Activities
• Admission Control: enables SLA protection at all times
• Placement Optimization: continuous optimization to 
improve cost-effectiveness

$'
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Summary
• Very ambitious project to create the next generation infrastructure for services

– Bridge the gap between the services and infrastructure worlds
– Focus on technologies that enable to build cooperating computing clouds
– Explore, merge and extend technologies

• Grid computing concepts (large scale federation)�
• Virtualization
• Business Service Management

– Architecture principles:
• Autonomy of sites
• Autonomy of management layers within sites
• Maximizing local value through collaboration while retaining management control

• Status
– Architectural spec. published (2Q08)�
– Final stages of design of first year prototype

• Additional information:
– B. Rochwerger, D. Breitgand, E. Levy, A. Galis, K. Nagin, I. Llorente, R. Montero, Y. Wolfsthal, 

E. Elmroth, J. Caceres, M. Ben-Yehuda, W. Emmerich, F. Galan,  “The RESERVOIR Model 
and Architecture for Open Federated Cloud Computing”, IBM Systems Journal, 2009, to appear

– The RESERVOIR Seed Team, “RESERVOIR - An ICT Infrastructure for Reliable and Effective 
Delivery of Services as Utilities”, IBM Technical Report, H-0262, 
http://domino.watson.ibm.com/library/CyberDig.nsf/papers/A44F6256BB697FCE852574E10052
DDEE
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