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Sequential Discrete Event Language

Meijin++
GPSS
SimScript

DEVS
= modular simulation assembly language
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finite number of non-¢ events

X in a finite time interval
X2 *
X1 . .
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Experimentation




Simulation

delay,.q = 60s
delayyeiiow = 35

delaygreen = 575
Qinitlight1 = (green,0)
Qinitpoll = (idle, 280)

condermination = (tsim = tena)
tend - 24h

Simulator




Concrete Syntax




___ Current Time: 0.00

INITIAL CONDITIONS in model <system.light>
Initial State: green

Si m u l a ti O n Next scheduled internal transition at tim

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

___ Current Time: 20.00

EXTERNAL TRANSITION in model <system.light>
Input Port Configuration:
port <interrupt>:
toManual
New State: going_manual
Next scheduled internal transition at time 20.0

INTERNAL TRANSITION in model <system.policeman>
New State: working
Output Port Configuration:

port <output>:
go_to_work
Next scheduled internal transition at time 3620

delay,.q = 60s
delayyellow = 3s

delaygreen = 575
Qinitlight1 = (green,0)
Qinitpoll = (idle, 280)

condermination = (tsim = tena)
tend - 24h

___ Current Time: 20.00

INTERNAL TRANSITION in model <system.l
Output Port Configuration:
port <observer>:
turn_off
New State: manual
Next scheduled internal transitio

Simulator Simulated (Behaviour) Tr



Atomic Models







red
delay,.q

red

yellow

green

>e

Y4

60

120




red
de lay red

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

S : set of sequential states

S = {red, yellow, green}

61:711: : S - S

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

ta:S = R§ 1w

ta = {red — delay,.q,
green — delaygreen,
yellow — delayyciow}




Elapsed time

A
S
ta(s;)
L red
A . o
. & 0j 5
5 [
eee OO eee

. ‘ green




Elapsed time

A ta(red)

ta(green)

ta(yellow)
ot

enter
enter green \
enter yellow AN




red
delay,.q

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

ta:S = R§ 1w

ta = {red - delay,eq,
green — delaygreen,
yellow — delayyciow}

qinit - Q - set of total states
Q = {(s,e)|s €S5,0<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



red

\ 4

Ishow_red

_l
0}
o

g

reen ; g
yellow ’-. ,_
green . ‘ .
57 120 17=7 t
60

show_green

show_red

show_yellow
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oooo‘:
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red

Ishow_red

show_green

show_red

show_yellow




Autonomous (with output)

M= (Y,S, Qinit:Oint» A ,ta)

S = {red, yellow, green}
Sine =1 red - green,
green — yellow,
yellow — red}
inic = (green, 0)
ta = {red - delay,q 4,
green - delayg een,

yellow — dela}Iyellow}

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

A:S->YU{p}

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

red

Ishow_red




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:
port <observer>:
show_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>:
show_red
Next scheduled internal transition at time 120.00



A

X

toManual

red
?toManual delay,eq

toAuto

|
7toAUtO Ishow_red

A

S

MEREL

Ishow_green

red )

manual
(0.0]

yellow

green () = ‘

?toManua

Ishow_yellow

A

Y

show_green

?toManual




Reactive
M = (X; 05, Gt 5intr 5ext A, ta)

b2/ 113

Y = {“show_red”, “show_green”, “show_yellow”}
red S = {red, yellow, green, manual}
?toManual delayreq Fay
dine = {red — green,
green — yellow,
Ishow_red yellow - red}

toAuto
A = {green - “show_yellow”,
Ishow_green yellow — “show_red”,
- red —» “show_green”}
" ta = {red - delay, .4,

green - delaygreen,
?toManua yellow — delayyejiow,

Ishow_yellow manual — +«j

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

Oext : QXX > S

Q = {(s,e)|ls€S,0<e<ta(s)}

8ot = £( (¥, *), “toManual”) —» “manual”,
( (“manual”, *), “toAuto”) — “

?toManual




Abstract Syntax

Operational Semantics




Abstract Syntax Concrete Syntax




___ 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:
port <observer>:
show_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>:
show_red
Next scheduled internal transition at time 120.00



Q = {(s,e)|s €S5,0 <e <ta(s)}

e=0 0 <e<ta(s) e = ta(s)

. .
) 4 ®-— ——— Qe O
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red

?toManual/ delay,eq
lturn_off

?toAuto/

Ishow_red
Ishow red

Ishow_g

manual
(0.0]

toManua

lturn_off
Ishow_yellow

?toManual/
lturn_off

een




A

X

re d toManual E
?toManual/ delay,eq oo .
lturn_off : :
toAuto/ Ishow_red S
Ishow_red |
manual
Ishow_green
red L
manual yellow
(0.0]
’toManua e
lturn_off
Ishow_yellow
Y
show_green
2toManual/ hd
snow_re
lturn_off
turn_off




red
delay,.q

?toManual/
lturn_

toAfo/
Ish¢w_red

manual ,
(0.0]

toManua
lturn_off

Ishow_red

Ishow_g

Ishow_yello

toManuit/

lturn_off

X

toManual

toAuto

S

manual
een
red

yellow

green

Y

show_green
show_red

turn_off

A

y

[

y

output(A(current_state))




|
going_auto

Os

sNow_red
red

delay,.q

2toAuto ‘toManual |show red

lturn_off Ishow_yellow

toManual

going_manual

Os

?toManual

X

toManual

toAuto

Ishow\ green

SA

(ERIE
going_auto
going_manual

red

greens

Y

show_green
show_red

turn_off

4

ee0gccccccccc®




Full Atomic DEVS Specification
M = (Xr Y! S: init 5int! 6\ext' /L ta)

X : set of input events
Y : set of output events
S : set of sequential states
Qinit * ¢
Q= {(s,e)|ls€S,0<e<ta(s)}
5int S-S5
Opxts O XX =S
A:S->YUlep}
ta:S - R§io




5 :
(Sext ((s1€), %), 0)
®
Sent
e
(Si, 0)

*—o ¢

f » output A(s;)

i ta(s;)

Sint

(Bine(s:),0) @p----------------

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




Coupled Models




lturn_off

: IsNow_red
going_auto

Os

red
delay,cq

Ishow\ green

?toManual

?toAuto Ishow_red

NERIEL
(0.0]

2toManual | 'show_yellow

going_manual

Os

?toManual




lgo_to_work !take_break




C = (D, MS)
MS = {M;|i € D} \

going_auto

M; = (Xi, Y, Si, Qinit,i» Sint,i» Sext,ir Air ta;), ¥V L € D 0s
!
|

manual

[
going_manual /

0

> W




C = (D, MS)
MS = {M;|i € D} \

going_auto

M; = (Xi, Y, Si, Qinit,i» Sint,i» Sext,ir Air ta;), ¥V L € D 0s
!
|

manual

[
going_manual /

0

> W




self

, Might1
going_autc')S ° red
0s dday red
|

e

/
e
S W)

C= (Xself: Yself; D, MS)

MS = {M,|i € D}
M; = (X3, Y, Si, Qinit,i» Sint,i» Sext,ir Air ta;), ¥V L € D




C= (Xself: Yself:D;MS;IS)
MS = {M;|i € D} ,S

going_auto

M; = (X3, Y, Si, Qinit,i» Sint,i» Sext,ir Air ta;), ¥V L € D 05
!
|

IS = {I;|i € D U {self}}
VieDU{self}: I, € DU {self}
VieDWU {Self}:i ell manual

_ ’
going_manual /

/




C= (Xself: Yself: D, MS, IS)

' M
MS = {M;|i € D} . -
M; = (Xi,Yi, Si, Qinit,i» Sint,i» Oext,i» Ais ta;),V i € D 05

[
|

IS = {I;|i € D U {self}}
VieDU{self}: I, € DU {self}
VieDWU {Self}:i ell manual

_ ’
going_manual /

0

/




C = (Xseif) Yserr, D, MS, 1S, ZS)
MS = {M;|i € D} )

going_auto

M; = (X3, Y, Si, Qinit,i» Sint,i» Sext,ir Air ta;), ¥V L € D 05

IS ={L,li € D U {self}} I
VieDU{self}: I, € DU {self}
VieDU {Self}l ell manual
ZS ={Z;;|i e Du {self},j € I;} }
Zself,j : Xself - Xjrvj €D '
Zi,self : Yl - Yself:Vi €D | 1
Zl,_] . Yl RN X]’v l;j E D gomgamanua

/




C = (Xseif) Yserr, D, MS, 1S, ZS)
MS = {M;|i € D} )

going_auto

M; = (X3, Y, Si, Qinit,i» Sint,i» Sext,ir Air ta;), ¥V L € D 05

IS ={L,li € D U {self}} I
VieDU{self}: I, € DU {self}
VieDU {Self}l ell manual
ZS ={Z;;|i e Du {self},j € I;} }
Zself,j : Xself - Xjrvj €D '
Zi,self : Yl - Yself:Vi €D | 1
Zl,_] . Yl RN X]’v l;j E D gomgamanua

/




C = (Xseir) Yserr, D, MS, 1S, ZS, select)
MS = {M;|i € D} )

going_auto

M; = (X3, Y, Si, Qinit,i» Sint,i» Sext,ir Air ta;), ¥V L € D 05

IS ={L,li € D U {self}} I
VieDU{self}: I, € DU {self}
VieDU {Self}l ell manual
ZS ={Z;;|i e Du {self},j € I;} }
Zself,j : Xself = Xj:vj €D '
Zisety i = Yoas, ¥ i €D N
Zl,] . le, - X]’ v l,_] € D gomgamanual

/

select : 2° - D
VECD,E #+ @: select(E) € E




Concrete Syntax A




__ 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>:
toManual
New State: going_manual
Next scheduled internal transition at time 20.0

INTERNAL TRANSITION in model <system.policeman>
New State: working
Output Port Configuration:
port <output>:
go_to_work
Next scheduled internal transition at time 3620.00



__ Current Time: 20.00

INTERNAL TRANSITION in model <system.light>
Output Port Configuration:
port <observer>:
turn_off
New State: manual
Next scheduled internal transition at time inf



___ Current Time: 3620.00

EXTERNAL TRANSITION in model <system.light>
Input Port Configuration:
port <interrupt>:
toAuto
New State: going_auto
Next scheduled internal transition at time 3620.00

INTERNAL TRANSITION in model <system.policeman>
New State: idle
Output Port Configuration:
port <output>:
take_break
Next scheduled internal transition at time 3920.00



__ Current Time: 3620.00

INTERNAL TRANSITION in model <system.light>
Output Port Configuration:
port <observer>:
show_red
New State: red
Next scheduled internal transition at time 3680.00



___ Current Time: 3620.00

EXTERNAL TRANSITION in model <system.light>
Input Port Configuration:
port <interrupt>:
toAuto
New State: going_auto
Next scheduled internal transition at time 3620.00

INTERNAL TRANSITION in model <system.policeman>
New State: idle
Output Port Configuration:
port <output>:
take_break
Next scheduled internal transition at time 3920.00



___ Current Time: 3920.00

CONFLICT between models:
<system.light>

* <system.policeman>
EXTERNAL TRANSITION in model <system.light>

Input Port Configuration:

port <interrupt>:
toManual
New State: going_manual
Next scheduled internal transition at time 3920.00

INTERNAL TRANSITION in model <system.policeman>
New State: work
Output Port Configuration:
port <output>:
go_to_work
Next scheduled internal transition at time 7520.00



Closure under Coupling




meaning ?




CM = (Xseif, Yseir, D, MS, IS, ZS) flatten(CM) = (X,Y,S, Qinit Oint» Oext, A tQ)




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,
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Hans Vangheluwe. DEVS as a common denominator for multi-formalism hybrid systems modelling.
In proceedings of the International Symposium on Computer-Aided Control System Design, pp. 129-134. 2000.




Limitations of Classic DEVS

» Parallel implementation
» Parallel DEVS [1]

» Select function is artificial
» Parallel DEVS [1]

» Dynamic Structure systems
» Dynamic Structure DEVS [2]

[1] A.C.-H. Chow. Parallel DEVS: A parallel, hierarchical, modular modeling formalism
and its distributed simulator. Transactions of the Society for Computer Simulation
International, 13(2):55-68, 1996.

[2] F. Barros. The dynamic structure discrete event system specification formalism.
Transactions of the Society for Computer Simulation International, 13(1):35-46, 1996




onclusions

Simulation

Full Atomic DEVS Specification
M = (X,Y,S, inits Oine, Oexe, A, ta)

X : set of input events
Y : set of output events
S : set of sequential states
Qinie * Q
Q= {(s,e)|s € S,0<e < ta(s)}
urn_off ZtoManual Ishow_yell ; 6int S5 S
Soxt: QXX > S
A:S-YU{p)
ta:S - R 0

3]
going_auto

toAuto FtOManual | ishow red

Simulator

C={x, 1o D, MS, 15, Z5, select) Jelf

e - =
MS = {M;]i € D} ) light1
My = (X0, Y0 St Qunie o Sine s Oexe .o A tag), VI € D

1S = {l;]i € DU {self})
Vi€ Du{self}: I; €Du (seif}
VieDu {self}:i €l;

z§ = [Z;4]i € Dv {self}.j € L)
Zey > X, VjED
2 s Yot ) Vi€D

Zy V=X, Vi,j€D

select : 2° = D
VECSD,E # 0 select(E) € E

CM = (Xseiy, Yoets: D, MS, 15, 25) flatten(CM) = (X,Y, S, Ginte Sins Bexts AEQ)




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:

T e N e AR e d el s e R e e i o S T e T e T T o T T T T T e e =T e T e T = PP PR = o


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

An overview of PythonPDEVS

Yentl Van Tendeloo! Hans Vangheluwe'+*
Tu niversity of Antwerp, Belgium
2 McGill University, Canada

Yentl. VanTendeloo @ vantwerpen.be
Hans.Vangheluwe @uantwerpen.be

Yentl Van Tendeloo and Hans Vangheluwe.
An Overview of PythonPDEVS.
In Proceedings of Journées DEVS
Francophones (JDF), pages 59-66, 2016.

Simulation

Methodology >
Simulation: Transactions of the Socety for

Modding and Simulation International
1-19

An evaluation of DEVS simulation tools © The Author(s 2016

DOL: 10.1177/0037549716678330
sim.sagepub.com

®SAGE ==

Yentl Van Tendeloo'” and Hans Vangheluwe'2*"

Abstract

DEVS is a popular formalism for modeling complex dynamic systems using a discrete-event abstraction. Owing to its
popularity, and the simplicity of the simulation kernel, a number of tools have been constructed by academia and indus-
try. However, each of these tools has distinct design goals and a specific programming language implementation.
Consequently, each supports a specific set of formalisms, combined with a specific set of features. Performance differs
significantly between different tools. We provide an overview of the current state of eight different DEVS simulation
tools: ADEVS, CD++, DEVS-Suite, M54 Me, PowerDEVS, PythonPDEVS, VLE, and X-5-Y. We compare supported form-
alisms, compliance, features, and performance. This paper aims to help modelers in deciding which tools to use to solve
their specific problems. It further aims to help tool builders, by showing the aspects of their tools that could be
extended in future tool versions.

Yentl Van Tendeloo and Hans Vangheluwe.
An Evaluation of DEVS Simulation Tools.
Simulation: Transactions of the Society
for Modeling and Simulation International.
2017, 93(2): 103-121
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