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Disk model in SRMC

DiskA::{
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+ (fail, f).Failed;
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and F failed (W + F = N).

Working disks fail at rate
f ×W .

Failures are corrected at
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W F

f ×W

c × F

dW /dt = −f ×W + c × F
dF/dt = f ×W − c × F



Quantitative Analysis Scalability and Large-Scale Systems Case Study

Disk model in SRMC

DiskA::{
Working = (read, r).Working

+ (write, w).Working
+ (fail, f).Failed;

Failed = (correct, c).Working;
};

We have W working disks
and F failed (W + F = N).

Working disks fail at rate
f ×W .

Failures are corrected at
rate c × F .

W F

f ×W

c × F

dW /dt = −f ×W + c × F
dF/dt = f ×W − c × F



Quantitative Analysis Scalability and Large-Scale Systems Case Study

Disk model in SRMC

DiskA::{
Working = (read, r).Working

+ (write, w).Working
+ (fail, f).Failed;

Failed = (correct, c).Working;
};

We have W working disks
and F failed (W + F = N).

Working disks fail at rate
f ×W .

Failures are corrected at
rate c × F .

W F

f ×W

c × F

dW /dt = −f ×W + c × F
dF/dt = f ×W − c × F



Quantitative Analysis Scalability and Large-Scale Systems Case Study

Disk model in SRMC

DiskA::{
Working = (read, r).Working

+ (write, w).Working
+ (fail, f).Failed;

Failed = (correct, c).Working;
};

We have W working disks
and F failed (W + F = N).

Working disks fail at rate
f ×W .

Failures are corrected at
rate c × F .

W F

f ×W

c × F

dW /dt = −f ×W + c × F
dF/dt = f ×W − c × F



Quantitative Analysis Scalability and Large-Scale Systems Case Study

Disk model in SRMC

DiskA::{
Working = (read, r).Working

+ (write, w).Working
+ (fail, f).Failed;

Failed = (correct, c).Working;
};

We have W working disks
and F failed (W + F = N).

Working disks fail at rate
f ×W .

Failures are corrected at
rate c × F .

W F

f ×W

c × F

dW /dt = −f ×W + c × F
dF/dt = f ×W − c × F



Quantitative Analysis Scalability and Large-Scale Systems Case Study

Disk model in SRMC

DiskA::{
Working = (read, r).Working

+ (write, w).Working
+ (fail, f).Failed;

Failed = (correct, c).Working;
};

We have W working disks
and F failed (W + F = N).

Working disks fail at rate
f ×W .

Failures are corrected at
rate c × F .

W F

f ×W

c × F

dW /dt = −f ×W + c × F
dF/dt = f ×W − c × F



Quantitative Analysis Scalability and Large-Scale Systems Case Study

Fluid-flow disk model

W F

f ×W

c × F

W F

f ×W

c × F

dW /dt = −f ×W + c × F
dF/dt = f ×W − c × F



Quantitative Analysis Scalability and Large-Scale Systems Case Study

Fluid-flow disk model

W F

f ×W

c × F

W F

f ×W

c × F

dW /dt = −f ×W + c × F
dF/dt = f ×W − c × F

 0

 20

 40

 60

 80

 100

 120

 140

 160

 0  2  4  6  8  10

f = 0.22, c = 1.0

Working
Failed



Quantitative Analysis Scalability and Large-Scale Systems Case Study

Fluid-flow disk model

W F

f ×W

c × F

W F

f ×W

c × F

dW /dt = −f ×W + c × F
dF/dt = f ×W − c × F

0 = −f ×W + c × F
0 = f ×W − c × F

 0

 20

 40

 60

 80

 100

 120

 140

 160

 0  2  4  6  8  10

f = 0.22, c = 1.0

Working
Failed



Quantitative Analysis Scalability and Large-Scale Systems Case Study

Fluid-flow disk model

W F

f ×W

c × F

W F

f ×W

c × F

dW /dt = −f ×W + c × F
dF/dt = f ×W − c × F

0 = −f ×W + c × F
0 = f ×W − c × F

 0

 20

 40

 60

 80

 100

 120

 140

 160

 0  2  4  6  8  10

f = 0.22, c = 1.0

Working
Failed

 0

 20

 40

 60

 80

 100

 120

 140

 160

 10  20  30  40  50  60  70  80  90  100 110

f = 0.22, c = 1.0

Working
Failed



Quantitative Analysis Scalability and Large-Scale Systems Case Study

Fluid-flow disk model

W F

f ×W

c × F

W F

f ×W

c × F

dW /dt = −f ×W + c × F
dF/dt = f ×W − c × F

0 = −f ×W + c × F
0 = f ×W − c × F

 0

 20

 40

 60

 80

 100

 120

 140

 160

 0  2  4  6  8  10

f = 0.22, c = 1.0

Working
Failed

 0

 20

 40

 60

 80

 100

 120

 140

 160

 110 120 130 140 150 160 170 180 190 200 210

f = 0.22, c = 1.0

Working
Failed



Quantitative Analysis Scalability and Large-Scale Systems Case Study

Fluid-flow disk model

W F

f ×W

c × F

W F

f ×W

c × F

dW /dt = −f ×W + c × F
dF/dt = f ×W − c × F

0 = −f ×W + c × F
0 = f ×W − c × F

 0

 20

 40

 60

 80

 100

 120

 140

 160

 0  2  4  6  8  10

f = 0.22, c = 1.0

Working
Failed

 0

 20

 40

 60

 80

 100

 120

 140

 160

 210 220 230 240 250 260 270 280 290 300 310

f = 0.22, c = 1.0

Working
Failed



Quantitative Analysis Scalability and Large-Scale Systems Case Study

Fluid-flow disk model

W F

f ×W

c × F

W F

f ×W

c × F

dW /dt = −f ×W + c × F
dF/dt = f ×W − c × F

0 = −f ×W + c × F
0 = f ×W − c × F

 0

 20

 40

 60

 80

 100

 120

 140

 160

 0  2  4  6  8  10

f = 0.22, c = 1.0

Working
Failed

 0

 20

 40

 60

 80

 100

 120

 140

 160

 310 320 330 340 350 360 370 380 390 400 410

f = 0.22, c = 1.0

Working
Failed



Quantitative Analysis Scalability and Large-Scale Systems Case Study

Fluid-flow disk model

W F

f ×W

c × F

W F

f ×W

c × F

dW /dt = −f ×W + c × F
dF/dt = f ×W − c × F

0 = −f ×W + c × F
0 = f ×W − c × F

 0

 20

 40

 60

 80

 100

 120

 140

 160

 0  2  4  6  8  10

f = 0.22, c = 1.0

Working
Failed

 0

 20

 40

 60

 80

 100

 120

 140

 160

 410 420 430 440 450 460 470 480 490 500 510

f = 0.22, c = 1.0

Working
Failed



Quantitative Analysis Scalability and Large-Scale Systems Case Study

Fluid-flow disk model

W F

f ×W

c × F

W F

f ×W

c × F

dW /dt = −f ×W + c × F
dF/dt = f ×W − c × F

W = c/f × F
F = f /c ×W

}
W + F = N

 0

 20

 40

 60

 80

 100

 120

 140

 160

 0  2  4  6  8  10

f = 0.22, c = 1.0

Working
Failed

 0

 20

 40

 60

 80

 100

 120

 140

 160

 410 420 430 440 450 460 470 480 490 500 510

f = 0.22, c = 1.0

Working
Failed



Quantitative Analysis Scalability and Large-Scale Systems Case Study

Fluid-flow disk model

W F

f ×W

c × F

W F

f ×W

c × F

dW /dt = −f ×W + c × F
dF/dt = f ×W − c × F

W = N/(f /c + 1)
F = N/(c/f + 1)

 0

 20

 40

 60

 80

 100

 120

 140

 160

 0  2  4  6  8  10

f = 0.22, c = 1.0

Working
Failed

 0

 20

 40

 60

 80

 100

 120

 140

 160

 410 420 430 440 450 460 470 480 490 500 510

f = 0.22, c = 1.0

Working
Failed



Quantitative Analysis Scalability and Large-Scale Systems Case Study

Markov chain simulation of the disk model

 0

 20

 40

 60

 80

 100

 120

 140

 160

 0  2  4  6  8  10

Simulation run A : f = 0.22, c = 1.0

Working
Failed



Quantitative Analysis Scalability and Large-Scale Systems Case Study

Markov chain simulation of the disk model

 0

 20

 40

 60

 80

 100

 120

 140

 160

 0  2  4  6  8  10

Simulation run B : f = 0.22, c = 1.0

Working
Failed



Quantitative Analysis Scalability and Large-Scale Systems Case Study

Markov chain simulation of the disk model

 0

 20

 40

 60

 80

 100

 120

 140

 160

 0  2  4  6  8  10

Simulation run C : f = 0.22, c = 1.0

Working
Failed



Quantitative Analysis Scalability and Large-Scale Systems Case Study

Markov chain simulation of the disk model

 0

 20

 40

 60

 80

 100

 120

 140

 160

 0  2  4  6  8  10

Simulation run D : f = 0.22, c = 1.0

Working
Failed



Quantitative Analysis Scalability and Large-Scale Systems Case Study

Markov chain simulation of the disk model

 0

 20

 40

 60

 80

 100

 120

 140

 160

 0  2  4  6  8  10

Ave. of 10 simulation runs : f = 0.22, c = 1.0

Working
Failed



Quantitative Analysis Scalability and Large-Scale Systems Case Study

Markov chain simulation of the disk model

 0

 20

 40

 60

 80

 100

 120

 140

 160

 0  2  4  6  8  10

Ave. of 100 simulation runs : f = 0.22, c = 1.0

Working
Failed



Quantitative Analysis Scalability and Large-Scale Systems Case Study

Markov chain simulation of the disk model

 0

 20

 40

 60

 80

 100

 120

 140

 160

 0  2  4  6  8  10

Ave. of 1,000 simulation runs : f = 0.22, c = 1.0

Working
Failed



Quantitative Analysis Scalability and Large-Scale Systems Case Study

Markov chain simulation of the disk model

 0

 20

 40

 60

 80

 100

 120

 140

 160

 0  2  4  6  8  10

Ave. of 10,000 simulation runs : f = 0.22, c = 1.0

Working
Failed



Quantitative Analysis Scalability and Large-Scale Systems Case Study

ODE analysis of the disk model
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Breakthrough paper

Jane Hillston.
Fluid flow approximation of PEPA models.
Proceedings of the Second International Conference on the
Quantitative Evaluation of Systems, Torino, Italy, 2005.



Quantitative Analysis Scalability and Large-Scale Systems Case Study

Outline

1 Quantitative Analysis

2 Scalability and Large-Scale Systems

3 Case Study



Quantitative Analysis Scalability and Large-Scale Systems Case Study

Large-scale systems

Size is not the only difficulty in modelling large-scale systems.

We need to accept that large-scale systems are naturally
heterogeneous.

We need to represent uncertainty about components,
performance and configuration.

We would like our analysis to be robust in the face of likely
changes to the system.
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Virtual university
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Virtual university

Edinburgh Imperial

FTP HTTP FTP HTTP

Students

Two sites: Edinburgh and Imperial

Students upload coursework to FTP servers

Students download course content from HTTP servers

We consider the system under different workloads
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Edinburgh site

Edinburgh::{
mu = 0.0001; gamma = 0.125; // rates of fail and repair

avail = {0.6,0.7,0.8,0.9,1.0}; // server availability

phi = 10.0; psi = 7.0; // rates for download and upload

// The HTTP server

Http::{
Idle = (download, avail * phi).Idle + (fail, mu).Broken;
Broken = (repair, gamma).Idle;

};
// The FTP server

Ftp::{
Idle = (upload, avail * psi).Idle + (fail, mu).Broken;
Broken = (repair, gamma).Idle;

};
};
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Imperial site

Imperial::{
mu = 0.006; gamma = 0.125; // failures are more likely

avail = {0.6,0.7,0.8,0.9,1.0}; // availability is the same

phi = 20.0; psi = 15.0; // download and upload are faster

// The HTTP server

Http::{
Idle = (download, avail * phi).Idle + (fail, mu).Broken;
Broken = (repair, gamma).Idle;

};
// The FTP server

Ftp::{
Idle = (upload, avail * psi).Idle + (fail, mu).Broken;
Broken = (repair, gamma).Idle;

};
};
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Harry, a client

Harry::{
c = { 0.01, 0.02, 0.03 }; d = 1.0;
δ = { 0.01, 0.02, 0.03 }; µ = 1.0;

// Model components

Idle = (connect, c/2).Upload + (connect, c/2).Download;
Upload = (upload, µ).Disconnect;
Download = (download, δ).Disconnect;
Disconnect = (disconnect, d).Idle;

// Virtual components

Uploading = [ Upload ];
Downloading = [ Download ];
Inservice = [ Uploading + Downloading ];

};
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Sally, another client

Sally::{
c = { 0.009, 0.0095, 0.01 }; d = 0.5;
δ = { 0.01, 0.02, 0.03 }; µ = 0.2;

Idle = (connect, c/3).Upload
+ (connect, c/3).Download1
+ (connect, c/3).Download2 ;

Upload = (upload, µ).Disconnect;
Download1 = (download, δ).Download2;
Download2 = (download, δ).Disconnect;
Disconnect = (disconnect, d).Idle;

Uploading = [ Upload ];
Downloading = [ Download1 + Download2 ];
Inservice = [ Uploading + Downloading ];

};
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Model composition

Configuration

Client ::= { Harry, Sally };
Http ::= { Edinburgh::Http, Imperial::Http };
Ftp ::= { Edinburgh::Ftp, Imperial::Ftp };

Parameters

servers = { 3, 4, 5, 6 }; threads = 20; clients = 100000;

Model

Client::Idle[clients]
<download, upload> (Http::Idle[servers * threads]

||Ftp::Idle[servers * threads])



Quantitative Analysis Scalability and Large-Scale Systems Case Study

First configuration
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First configuration, uploading
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First configuration, downloading
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First configuration, number in service
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Second configuration, number in service
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Effect of redeployments on number in service
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Effect of redeployments on uploading
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Effect of redeployments on downloading
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Conclusions

Scalable systems are difficult to develop and difficult to
analyse.

Component-based modelling supported by divide-and-conquer
analysis seems a promising approach.

We analyse configurations by cases and perform parameter
sweep across uncertain parameters.

Hopefully a “real world” approach to a “real world” problem.

Website

http://groups.inf.ed.ac.uk/srmc/
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