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Introduction

» model network performance

» introduce spatial concepts to a stochastic process algebra
» analysis using continuous time Markov chains (CTMCs)
» demonstrate through an example
» other approaches to network modelling

» using the same spatial stochastic process algebra

> using a process algebra with stochastic, continuous and

discrete aspects

» conclusions and further work
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Motivation
» PEPA [Hillston 1996]

» compact syntax, rules of behaviour

» transitions labelled with (o, r) € A x R
> interpret as continuous time Markov chain or ODEs
» various analyses to understand performance
» add a general notion of location
» |ocation names, cities

» points in n-dimensional space
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Syntax and semantics

Parameterised operational semantics

» define abstract process algebra parameterised by three

functions
> transitions labelled with 4 x P, x RT
» Prefix
L' = apref((a@L,r).S)
oL,
(a@L,r).5 L0, s
. p (a@Ly,r1) P]/_ P2 (a@Lp,r) Pé
» Cooperation («@LR) aeM
Py DI py 2 P Py
M M
L = async(P1, P2, L1, L2) R = rsync(P1, P2, L1, L, 11, 12)
» other rules defined in the obvious manner
» instantiate functions to obtain concrete process algebra

)
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Concrete process algebra for modelling networks

» networking performance

» scenario
> arbitrary topology
> single packet traversal through network

> processes can be colocated

» want to model different topologies and traffic

v

choose functions to create process algebra
» each sequential component must have single fixed location

» communication must be pairwise and directional

v

let Pr = LU (L x L), singletons and ordered pairs
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1 otherwise

(51,52) if le{ﬁl}, L2:{£2}, (51,52) cE

async(P1, P2, L1, L) = {J_ otherwise
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Functions for concrete process algebra

» functions
if pl =
apref(S) — {e if ploc(S) = {¢}

1 otherwise

async(P1, Py, L1, L2) = {11’ 2) 'Oth;Wi{sel}> 2={l2},(l1,62) €

rsync(Pl, Pz, Ll, Lg, r, r2)

W}E’l)ﬁigz) min(ra(P1), ra(P2)) - w((¢1, £2))

= if L1={£1},L2:{€2},(€1,€2) cE
1L otherwise

_
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PEPA model

Sender@A % (prepare, p).Sending @A
Sending@A = 5% (csi, rs).(ack, rack).Sender@A

Receiver@F = 3% (cir, r5).Receiving@F
Receiving@F = (consume,~).(ack, racx).Receiver@F

POl = (csi, T).Qi0 + 301 i i(cii, r)-Qi0Y;
QY = (C,'R, )P@E —i—zj:l’ﬁél(cu, )P,@E,

Network = (Sender@A 1x1(P10B 1x1(P20C 1x1(P3QC <]
(P4@D px (P5©E D (P6©F D Rece:ver@F)))))))
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Graphs

> rates: r=rr =rs =10

al[P2]—[F3]
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Graphs

> rates: r=rr =rs =10

A B C D E F -

A

B 11 c[P2[—[P3]} o[Pe]
C 1 1 1

D 1 1 1

E 1 1 1

F 1 1 1 1
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Graphs

> Gy represents heavy traffic between C and E

A 1 1

B 1 1

C 1 1 0.1

D 1 1 1
E 0.1 1 1
F 1 1 1 1
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Graphs

> G represents no connectivity between C and E

A 11 B

’ o c[p2f«~[p3]; D[P4]
C 1 1 0

D 1 1 1

E 0 1 1

F 1 1 1 1
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Graphs

> G3 represents high connectivity between colocated processes

A 11 B

’ Lo c[p2l~~[p3]; D[P4]
C 1 10 1

D 1 1 1

E 1 1 1

F 1 1 1 10
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Analysis

» cumulative density function of passage time

Comparison of different network models

0.9 r
0.8
0.7 r

Prob

networkr
' networkr-fastl ---------
oLr networkr-noCE - 4
j r}etworlg—slowa
0 1 2 3 4 5 6 7 8 9 10
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Vashti Galpin

Modelling network performance with a spatial stochastic process algebra



Evaluation

» uniform description for each node in the network

Vashti Galpin

Modelling network performance with a spatial stochastic process algebra



Evaluation

» uniform description for each node in the network

» network topology captured by graph

Vashti Galpin

Modelling network performance with a spatial stochastic process algebra



Evaluation

» uniform description for each node in the network
» network topology captured by graph

» graph modifications capture network variations

Vashti Galpin

Modelling network performance with a spatial stochastic process algebra



Evaluation

» uniform description for each node in the network
» network topology captured by graph
» graph modifications capture network variations

» existing analysis framework

Vashti Galpin

Modelling network performance with a spatial stochastic process algebra



Evaluation

v

uniform description for each node in the network

v

network topology captured by graph

v

graph modifications capture network variations

» existing analysis framework

v

abstract process algebra is flexible
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Other approaches

Different concrete process algebras

» multiple packets

» each located node in network is one or more buffers

» similar approach

» throughput, loss rates
» wireless sensor networks

» actual physical location

» weights capture performance characteristics over distance
» scope for many other scenarios

» different types of networks

> virus transmission in vineyards
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Other approaches

And now for something slightly different

» Stochastic HYPE, joint with Jane Hillston and Luca Bortolussi

» process algebra to model discrete, stochastic and continuous
behaviour

» semantic model

» piecewise deterministic Markov processes

» transition-driven stochastic hybrid automata
» delay-tolerant networks

» packets modelled as a continuous flow
» periods of connectivity modelled stochastically
> full buffers modelled discretely

> determine storage required at nodes
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Conclusion

Conclusion and further work

» conclusion
» stochastic process algebra with location
» designed to be flexible

» useful for modelling network performance

» further research
» explore how it can be applied in modelling networks
» explore how it can be applied elsewhere
» comparison with other location-based formalism
» theoretical results for abstract process algebra

» behavioural equivalences
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Conclusion

Thank you

This research was funded by the EPSRC SIGNAL Project
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