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output A(s;)
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Our presentation uses initialized DEVS models, which
contain an initial state. The initial state was left
implicit in the original DEVS specification.
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Experimentation




Simulation

Model

delay,eq = 60s
dela}’yellow = 3s

delaygreen = 57s

condermination = (Esim = tena)
tena = 24h

Simulator

yellow

Trace

120

177 t




Concrete Syntax




__ Current Time: 0.00

INITIAL CONDITIONS in model <system.Light>
Initial State: green
Next scheduled internal transition at time 57.00

INITIAL CONDITIONS in model <system.policeman>
Initial State: idle
Next scheduled internal transition at time 20.00



__ Current Time: 20.00

EXTERNAL TRANSITION in model <system.Light>
Input Port Configuration:
port <interrupt>:
nERIEL
New State: manual
Next scheduled internal transition at time inf

INTERNAL TRANSITION in model <system.policeman>
New State: working
Output Port Configuration:
port <output>:
ERIEN
Next scheduled internal transition at time 380.00



___ Current Time:  380.00

EXTERNAL TRANSITION in model <system.Light>
Input Port Configuration:
port <interrupt>:
auto
New State: red
Next scheduled internal transition at time 440.00

INTERNAL TRANSITION in model <system.policeman>
New State: idle
Output Port Configuration:
port <output>:
auto
Next scheduled internal transition at time 400.00



Atomic Models







Modelling Discrete Event Behaviour

Finite State Automaton

delay,eq

toRed

toYellow

e =0s

toGreen

Timed Event Scheduling Graph

schedule
in delay,qq

schedule
in delayyenow

yellow

schedule

green n delay_green
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e =0s
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red

yellow
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delay,.q

Autonomous (no input)
M=<S; ;6int ;ta>

S : set of sequential states

S = {red, yellow, green}

Sint S-S

dine = {red — green,
green — yellow,
yellow - red}

ta:S - Rpiw

ta = {red - delay,.q4,
green — delaygreen,
yellow — delay,ciow}




Time Advance: corner cases

ta:S > Ryt

ta(s;) =0 ta(s;) = +o
transient states passive states

finite number of non-¢ events
in a finite time interval

2




Elapsed time

A ta(red)
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7 4 4 ta(yellow)
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Initialization of Initial State
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Elapsed time
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ta(green)
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delay,.q

Autonomous (no output)
M = (S, %init , 6ip ,ta)
S : set of sequential states
S = {red, yellow, green}
Sint S-S
dine = {red — green,
green — yellow,
yellow - red}

ta:S - Rjio

ta = {red - delay,.4,
green — delaygreen,
yellow — delay,ciow}

qinit - Q - set of total states
Q= {(s,e)|s €5,0 < e < ta(s)
qinit = (green, 0)




Abstract Syntax Concrete Syntax

Operational Semantics




___ Current Time: 0.00

INITIAL CONDITIONS in model <Light>
Initial State: green
Next scheduled internal transition at time 57.00

___ Current Time: 57.00

INTERNAL TRANSITION in model <Light>
New State: yellow
Output Port Configuration:
Next scheduled internal transition at time 60.00

___ Current Time: 60.00

INTERNAL TRANSITION in model <Light>
New State: red
Output Port Configuration:
Next scheduled internal transition at time 120.00



delay,.q

Ishow_red

show_green

show_red

show_yellow

oooo‘:




Autonomous (with output)

delay,eq M=(Y,S, qnitOint» 4 ,ta)

S = {red, yellow, green}
ding =1 red - green,
green — yellow,
yellow — red}
Qinic = (green, 0)
ta = {red - delay,q 4,
green - delaygreen,

yellow — dela}Iyellow}

Ishow_red

Y : set of output events
Y = {“show_red”, “show_green”, “show_yellow”}

A:S-YP

A ={ green - [“show_yellow”],
yellow — [“show_red”],
red - [“show_green’]}




Abstract Syntax

Concrete Syntax

Operational Semantics



___arrernc rime. V.UV

INITIAL CONDITIONS in model <Light>
Initial State: green
Next scheduled internal transition at time 57.00

___ Current Time: 57.00

INTERNAL TRANSITION in model <Light>
New State: yellow
Output Port Configuration:
port <observer>:
yellow
Next scheduled internal transition at time 60.00

___ Current Time: 60.00

INTERNAL TRANSITION in model <Light>
New State: red
Output Port Configuration:
port <observer>:
red
Next scheduled internal transition at time 120.00
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Reactive
= (X 05, Ol 5intr 5ext A, ta)

12/ 113

Y = {“show_red”, “show_green”, “show_yellow”}

delay,eq S = {red, yellow, green, manual}
QmLt (green O)
dine = {red — green,
green — yellow,
yellow — red}

A = {green - [“show_yellow™],
yellow — [“show_red”],
red — [“show_green”]}

ta = {red = delay,.q4,

green - delaygreen,
ftoManua yellow — delayyejiow,

manual — =}

?toManual

|
2toAuto Ishow_red

Ishow_yellow

X : set of input events
X = {*toAuto”, “toManual’’}

ext QX Xb oS
= {(s,e)|s € S,0<e < ta(s)}
6ext ={( (*, ), [“toManual”’]) - “manual”
( (“manual”, *), [“toAuto”]) - *

?toManual




Abstract Syntax

Operational Semantics




Abstract Syntax Concrete Syntax




___arrernc rime. V.UV

INITIAL CONDITIONS in model <Light>
Initial State: green
Next scheduled internal transition at time 57.00

___ Current Time: 57.00

INTERNAL TRANSITION in model <Light>
New State: yellow
Output Port Configuration:
port <observer>:
yellow
Next scheduled internal transition at time 60.00

___ Current Time: 60.00

INTERNAL TRANSITION in model <Light>
New State: red
Output Port Configuration:
port <observer>:
red
Next scheduled internal transition at time 120.00
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yow_red
delay,qq
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Q = {(s,e)|ls€S,0<e<ta(s)}

e=0 0 <e<ta(s) e = ta(s)
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) 4 - ——— Qe O
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Full Atomic DEVS Specification

M = (Xr Y, S, init» 5int' 6extJ 6conf; /L ta)

X : set of input events
Y : set of output events
S : set of sequential states

Qinit © 0
Q= {(s,e)|s€S,0<e<ta(s)}
5int S-S

Ooxt: QX XP > S
Sconf:SXXb - S
A:S->YPb

ta:S = R} 4o




(8exe((s11€),%), 0)

< € :

‘oo o
o > output A(s;)
:' ta(s;)

Sint

int(Si), 0) 6' ----------------

L ti+e t;+ta(s;) t




Coupled Models




yow_red

delayred
Ishow\ green
2toAuto ‘toManual | show red
lturn_off Ishow_yello

?toManual

?toManual




lgo_to_work !take_break




{M;|i € D}
Mi = <X, Y,S, 5i’nt' 6extl)'7 ta>,Vl €D




C= (Xself» Yself» D, {Ml})

{M;|i € D}
Mi = (X, Y,S, 61:1’11" 6ext:/1» ta),Vl €D




C= (Xselfr Yself: D, {Mi}' {Il'})

{M;|i € D}
Mi = (X, Y,S, 61:1’11" SBXDA' ta),Vl €D

{I;]i € DU {self}}
VieDU{self}: I, € DU {self}
VieDU {self}:i &1;




= (Xself: Yself; D; {Mi}; {Ii}r {Zl,]}>

{M;|i € D}
Mi = (X, Y,S, 61:1’11" SBXDA' ta),Vl €D

{I;|i € DU {self}}
VieDU{self}: I, € DU {self}
VieDU {self}:i ¢,
{Zl,jll eEDU {Self},j € Il}
Zself,j : Xself - Xj»vj €D
Zi,self D (e Yself:Vi €D
Zi,j . Yl —)X],Vl,] €D




Concrete Syntax




__ Current Time: 0.00

INITIAL CONDITIONS in model <system.Light>
Initial State: green
Next scheduled internal transition at time 57.00

INITIAL CONDITIONS in model <system.policeman>
Initial State: idle
Next scheduled internal transition at time 20.00



__ Current Time: 20.00

EXTERNAL TRANSITION in model <system.Light>
Input Port Configuration:
port <interrupt>:
nERIEL
New State: manual
Next scheduled internal transition at time inf

INTERNAL TRANSITION in model <system.policeman>
New State: working
Output Port Configuration:
port <output>:
ERIEN
Next scheduled internal transition at time 380.00



___ Current Time:  380.00

EXTERNAL TRANSITION in model <system.Light>
Input Port Configuration:
port <interrupt>:
auto
New State: red
Next scheduled internal transition at time 440.00

INTERNAL TRANSITION in model <system.policeman>
New State: idle
Output Port Configuration:
port <output>:
auto
Next scheduled internal transition at time 400.00



Closure under Coupling







A

CM = (X' Y, S, init Sintl 6ext' 5conf» /1' t

CM = (Xserf, Yserr, D, AM;}, U342 ;)
M; = (X, Y, Si, 8int.i» Oext,i» Air tQ;), Vi €D




Hierarchical Simulator







DEVS Semantics

Operational Denotational
Semantics Semantics
: Abstract
Atomic DEVS Simulator [1]
Coupled DEVS ngrarchlcal Closure gnder
Simulator Coupling

[1] Ashvin Radiya and Robert G. Sargent. A logic-based foundation of discrete event
and simulation. ACM Transactions on Modeling and Computer Simulation, 1(1):3-51,




Conclusions

» Atomic DEVS

» Coupled DEVS

» Closure under coupling
>

Abstract Simulator

(@,1)
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(X, t)
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PythonPDEVS 2.3.1 documentation » previous | next | modules | index

Table Of Contents Examples
Examples
Generator A small trafficModel and corresponding trafficExperiment file is included in the examples folder
vl == of the PyPDEVS distribution. This (completely worlking) example is slightly too big to use as a
first introduction to PyPDEVS and therefore this page will start with a wvery simple example,

Simulation
Tracing , e N . . .
T e For this, we will first introduce a simplified gueue model, which will be used as the basis of all

= Simulation time our examples. The complete model can be downloaded: queue example classic. py.

Previous topic This section should provide yvou with all necessary information to get you started with creating

Differences from PyDEVS vour wvery own PyPDEVS simulation. More advanced features are presented in the next

Next topic section.
Examples for Parallel DEVS

Generator

This Page

w Source Ssomewhat simpler than a gqueue even, is a generator. It will simply create a message to send
Quick search after a certain delay and then it will stop doing anything.

| co Informally, this would result in a DEVS specification as:

2 Tiree =l rmrvem Froometrier retkr ke e varmitie e Firees ey o mere e ot e e e e e e sy ey o T ST TR = T


http://msdl.cs.mcgill.ca/projects/PythonPDEVS
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