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Motivation Rainbow is a framework for self-Vision: an engineer couldMotivation Rainbow is a framework for self
adaptation empowering engineers to

Vision: an engineer could
Systems are required to self-adapt in response to adaptation empowering engineers to

T k   i i   d if  Systems are required to self adapt in response to
Variable resources  system errors  changing Take an existing system and specify Variable resources, system errors, changing 
priorities

Define adaptation policies that are global in natureobjectives, conditions for change, priorities
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Architecture model reflects states of executing system
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strategies for adaptationMaintaining user goals and properties
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Incorporate business goals and quality attributes

strategies for adaptation
Make system self-adaptive where it With minimal human oversight

Incorporate business goals and quality attributes
Utility theory used to inform trade-offs

Make system self-adaptive where it 
wasn’t beforeg

Today self-adaptation is costly to build
Utility theory used to inform trade offs

Augment legacy systems  not rewrite from scratch
wasn’t before
A hi  hi  i  d  h  h  hToday self adaptation is costly to build

Many man-months to develop or retrofit 
Augment legacy systems, not rewrite from scratch
Reuse adaptation policies across similar systems

Achieve this in days, rather than monthsMany man-months to develop or retrofit 
capabilities

Reuse adaptation policies across similar systems
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Maintain business goalscapabilities
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Combine multiple sources of expertise
g

Reuse and share adaptation expertiseOnce added, difficult and costly to modify Support maintainability, evolution, and analysis
Reuse and share adaptation expertise
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Rainbow Adaptation LoopRainbow Adaptation Loop

Objectives: timely response (uR)  high-quality content (uF)  low-provision cost (uC)Objectives: timely response (uR), high quality content (uF), low provision cost (uC)
RAIDE:

weights:
R  0 3

Utilities
R

Strategies and Tactics
RAIDE:

uR: 0.3
uF: 0 4

uR: Decides on the best adaptation:An integrated development uF: 0.4
uC: 0 2

…
utility:

pAn integrated development 
environment for customizing Rainbow uC: 0.2

uSF: 0.1
utility:
0: 1.00 [T] switchToTextual

environment for customizing Rainbow
u 00 00

500: 0.90 [T] switchToMultimedia 
[T] li tS [uR: -1000, uF:0, uC:+1.00]Allows engineers to customize, test, 

1500: 0.50
4000  0 00

[T] enlistServers
[T] dischargeServers

[uR: 1000, uF:0, uC:+1.00]g , ,
and deploy Rainbow 4000: 0.00 [T] dischargeServers

[S] SimpleReduceResponseTime
and deploy Rainbow

[S] SimpleReduceResponseTime
[S] ImproveFidelity[ ] p y

RAIDE componentsRAIDE components

Problem DetectionProblem DetectionAdaptationAdaptationWorkbench explorer: manage artifacts A hit t  L
Problem DetectionProblem DetectionAdaptationAdaptationWorkbench explorer: manage artifacts 

of customization project Architecture Layer
ClientT reqRespLatencyClientT reqRespLatencyddSddS

of customization project
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ClientT.reqRespLatency
<= MAX LATENCY
ClientT.reqRespLatency
<= MAX LATENCY

addServer
S

addServer
S

AcmeStudio plug-in: visualize and edit Adaptation <  MAX_LATENCY<  MAX_LATENCYremoveServer
tFid lit

removeServer
tFid lit
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architecture model Strategy ArchitectureStrategy
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ManagersetFidelitysetFidelityarchitecture model

System properties to monitor
Strategy
Executor

Architecture
Evaluator

Strategy
Executer

Manager
System properties to monitor
Constraints to evaluate

Executor EvaluatorExecuter

Architectural ModelArchitectural Model
Constraints to evaluate

Architectural Model
Manages arch & env’t model
Architectural Model
Manages arch & env’t modelYaML plug-in: edit specifications of Manages arch & env t modelManages arch & env t modelp g p

probes, gauges, effectors Model Managerprobes, gauges, effectors Model Manager

Model Update
Stitch Editor: create adaptation 

Model Update
Relate system info to model:

strategies and tactics
Relate system info to model:

g
Syntax highlighting Gauges

Cli tT R L t
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Simple code completion

Gauges
ClientT.reqRespLatency
Htt C T b d idth

Simple code completion
On-save parsing T l ti HttpConnT.bandwidth

S T l d

On save parsing
Outline view Translation

ServerT.load
S T fid lit S T t

Outline view Infrastructure
ServerT.fidelity ServerT.costBridgingBridgingUtility Editor: manage biz objective Bridging

Aggregating properties up
Bridging

Aggregating properties up
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profiles and preferences System API ResourceffAggregating properties up
Mapping actions down
Aggregating properties up
Mapping actions down

profiles and preferences System API
ProbesResource

DiscoveryEffectors
Mapping actions downMapping actions downRainbow SDK:

Discovery
System Monitoring

Rainbow runtime API
System changes

System Monitoring
Extract system information:

Communication event API System Target SystemTarget System
System changes
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Extract system information:

Basic target system simulation
System
Layer

Target SystemTarget SystemChange target-system states:
PingRTTLatencyBasic target system simulation

Integration and testing
Layer

l
PingRTTLatency
BandwidthIntegration and testing activateServer.pl

d l
Bandwidth
LoaddeactivateServer.pl

d l l
Load
FidelitysetFidelity.pl Fidelity
CostCost

RAIDE: Adaptation Development RAIDE: Adaptation Deployment and MonitoringRAIDE: Adaptation Development RAIDE: Adaptation Deployment and Monitoring

R i bRainbow
Oracle

Rainbow Port: 9210

Event Middleware Gauge Lifecycle + Interaction ProtocolEvent Middleware
(RMI-based JMS CEB etc )

Gauge Lifecycle + Interaction Protocol
Effector Protocol + Error Handling (RMI-based, JMS, CEB, etc.) Probe Lifecycle + Interaction ProtocolEffector Protocol + Error Handling

Rainbow RainbowRainbow Rainbow
Delegate1

… DelegatekDelegate1
… DelegatekDelegate1 DelegatekDelegate1 Delegatek

GaugesGaugesgg

EEEffectors EE EEEEEffectors EE EEEEEffectors EE EEEEEffectors EE EE
ProbesProbes

Rainbow Customization Effort Data DurationRainbow Customization Effort Data
No Customization Task Znn com TalkShoeNo Customization Task Znn.com TalkShoe

d ff1 Target system monitors and effectors 12.9 56.1

2 Model capture 4.4 13.3p

3 Stitch script 8 5 21 33 Stitch script 8.5 21.3

4 R dt i  i t ti  + difi ti  ( ll) 8 2 2 74 Roundtrip integration + modification (small) 8.2 2.7

Total customization time (man-hrs): ~34 h (56) ~93 h
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