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Classic DEVS formalism

M =(X.S,Y,8. .5, Aia)

egxt »

Where
X is the set of inputs

S is a set of states
Y is the set of outputs

0..:S — Sis the internal transition function
0,,:0x X — Sis the external transition function, where
O=1{s.e)|se S.0<e=<ta(s)}is the total state set

e is the time elapsed since last transition

A:S — Yis the output function
ta:S — R _is the time advance function



i DEVS in action




Classic DEVS Coupled Model

N = (X.Y.D.{My|d € D}, EIC. EOC, IC, Select)

" X = {(p.v)|p € [Ports,v € X,} is the set of input ports and values
m Y ={(p.v)lp € OPorts.v €Y,} is the set of output ports and values
= D the set of the components names.

= Ms: component DEVS models

= EIC : external input coupling connects external inputs to
component inputs

= EOC : external output coupling connects component
outputs to external outputs

= IC : internal coupling connects component outputs to
component inputs

m Select : 2P —{} — D. the tie-breaking function for imminent components
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i Simple Pipeline model
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In Action
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Simultaneous events
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i Indirect control

= In Classic DEVS, only one would be chosen
to execute by Select function.

» Select: s —> pl = internal-transition-first
= Select: s —> p0 = external-transition-first



If there's a feedback...
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i Lose input anyway

= In Classic DEVS, always make the same
choice among imminent components.

« Select: s —> pO|pl1 = p0|p1 loses input
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Parallel DEVS Atomic Model

DEVS =(X,,.Y,,.S.5,,.5,,.8 . 2.m)

nt? " comn’
where

X,, ={(p.v)| peIPorts.ve Xp} is the set of input ports and values;

Y, ={(p.v)| pe OPorts,ve Ip} is the set of output ports and values;
S is the set of sequential states;

521_! OxXi— S is the external state transition function;
o,:S—>S is the internal state transition function;
0, SxX i, — S is the confluent transition function;
A:S o|Y? is the output function;

ta:S —>R; ww is the time advance function;

With Q:={(s,e)| seS.0<e<ta(s)} the set of total states.

Xb is a set of bags over elements in X.



i Extensions of Classic DEVS

= Allowing bags of inputs to the external
function

= Inputs may arrive in any order

= Inputs with the same identity may arrive from
one Oor more sources

= Introducing confluent transition function
= Localize collision tie-breaking control




i Confluent Transition Function

= Collision: e = ta(s)

= Classic DEVS: by Select function, at
coupled model level — Global decision

= Parallel DEVS: by 9¢., , to each individual
component — Local decision
= Default: Scon(s,x) =Sext(Dint(s),0,X)
x Or: Acon(s,X) =Oint(Dext(s,ta(s),x))



i Parallel DEVS Coupled Model

N =(X.Y.D, {M}, {I;}, {Z: s}
= Identical to Classic DEVS, except for the absence
of the Select function
= X: a setof input events
= Y': a set of output events
=« D: a set of component references
« Mo : a Paralle/ DEVS model, for each d< D
« lv:asetofinfluencersof d, I, CDU{N}.d¢ 1,
for each ¢ < DU {N}

« Zid: a set of output-to-input translation functions, for
each i< I,



i Previous example
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Handling of imminent components in

| Parallel DEVS
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Problem in Classic DEVS solved
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Closure under Coupling of Parallel DEVS

= Resultant of the coupled model:
DEL;S_-"‘J — <‘Xr: Sﬂ. }fa 61’?11*: 6&1‘& 6::0?1: /\: If(l-)
= Partition components into 4 sets:

ta(s) = mzmmum{aﬂd c D},
W here s €S and o4 = ta(sy) — ey

ITM 1[ — {d‘g‘d — fa( )} imminent components
INF(s _{d\zEId i€ IMM(s)Axy+# ®Y,
b

W hele Ty = {Zi an,(s,) licI MM (s)nI, ) Cfggslge;t;’uisom ©
« CONF(s)=IMM(s)NINF(s) (confluent components)
" fﬂ-‘TT(S) — MM ( ) — IN F( ) (imminent components

receiving no input)

« EXT(s)=INF(s)— IMM(s) (components receiving input

but not imminent)

g [_;"Tf\-"*(.ﬂ) — D —TMM (H) — ] f\-‘TF(S) (remaining components)



Closure under Coupling of Parallel DEVS

= Functions of the Resultant:
» Output Function: \(s) = {Zax(Aa(sa))ld € IMM(s) Ad & Iy}

= Internal Transition Function:
We define
Oint(8) = (..., (sl €))....),

where
(H:f' fé) — [:'f-ii-n.t,d(h'd)- U) for d € JTJ\TT(H)

(854 €q) = (Oexta(5a: €a + ta(s), .'rrg). 0) ford € EXT(s),
(5. €4) = (Ocom,a(sa. 7). 0) for d € CONF(s),

(H:i‘ {I:f) — (""'d- eq + f”(a” otherwise



i Closure under Coupling of Parallel DEVS

= External Transition Function:

We define

where
(Sas €q) = (Oeat.a(54, €a + f‘?,;'I?b), 0) for N € Iz A :;rg + P,

(sh, €)= (54,€q + €) otherwise



= Confluent Transition Function:

INF'(s) ={d|(i € Is,i € IMM(s)V N € I;) A 2%, £ &},
where 2§ & {Z; a(Ni(s:))|i € IMM(s) Ni € I;}U
{Z_.ﬁ.,r,d(IH.’If - AN & Id}

Then we have

CONF'(s) = IMM(s) N INF'(s)
INT'(s) = IMM(s) — INF'(s)
EXT'(s) = INF'(s) — IMM(s)

We define
eon(8,2%) = (..., (85, €1), ...),

where

(5 €4) = (Binga(5a), 0 for d € INT(s),

(84 €)= (Oeara(84, €q + ta(s),2y),0)  for d € EXT'(s),
(), €;) = (8conal( 84, 27), 0) for d € CONF'(s),

(s}, €) = (54, €a + ta(s)) otherwise



i Generic Transition Function

0(s, e, )

l

Confluent: / \ Recipient only:
e =ta(s) & x° # @ e < ta(s) & 2" #£ @
/ Imminent only: \
] e =ta(s) & 2 = ® ) b
acoﬂ.('g«. 517'6}) ( ) a&rt(bﬂ' & )

l

6iﬂ.t ( S )
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i Hierarchical Model

Coupled Model

Atomic Model

Coupled Model

coordinator

simulator simulator

Atomic Model Atomic Model




Atomic Model Simulator

timeline

tL

> 1m

Legend:
m = message
s = state
t = clock time
tL = time of last event
tN = time of next event

»Y

|

tN

inject at fume t

When receive m.

Ift!'=tN.s :=3J__ (s.t-tN,m)

[ft=tN.s:=0d__ (s.t-tN.m)

Co

If t==tN and no message
received.

generate oufput A (s)

s = 0., (s)




Coupled Model Simulator

1. nextTN
. Coupled
://’ getOut coor dmato Model
5 applyDelt/
4 getOut
2 outTN
Component Component Component
tN. tL tN. tL tN. tL

After each transition
tIN=t+ta(),tL=t
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i DEVSJAVA

= DEVS-based, Object-Oriented Modeling and
Simulation environment.

= Written in Java and supports parallel
execution on a uni-processor

= Simulation Viewer for animating simulation
in V2.7




Package Diagram
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DEVSJAVA Class hierarchy of container classes

entity(Sitring)
entity get _name() -= String
equal{entity) -= boolean
eq(String) -= boolean
greater_than(entity)-= boolean

container
container() pair
add(entity) _ pair(entity 1, entity2)
bag get_length()-> int get_key()->entity
iIs_infentity) -= boolean -

bagy()
remove(entity)

number_of{entity) = int
set

setf()
add{entity)

relation

relation()
add{entity1, entifly2)

remove(entity 1, entity2)

assoc_all{entity)-=set queue stack
queue() stack()
function front()-=entity push [=add]

fun Cﬁﬁnfj pop [Fremove]

replace(entity1,entity2) top()->entity
removefentity)

assoc(entity) -> enfity

get value()-=entity

order

order()
addentity)

max -= entity

list

list()
insert{entity,int)
remove(int)
list_ref{int)



DEVSJAVA Class hierarchy of DEVS classes
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GenCol

Simple Pipeline in DEVSJAVA

simyiew

| ViewahleAtomic |-:1—

SimpArc

proc

Fp job : entity
%y processing_time : double

* deltcan() : void

* deltext() : vaid

* deltint() : void

% initialize() - vaid
* out) : message
< proc() : void

< proc() : vaid

* showState() : void

genDevs modeling

| content || message |

simYiew

| WiewableD igraph }-::1—

SimpArc

pipeSimple

* layoutFarSimiew() : vaid
% pipeSimple() : void

< pipeSimple() : void

a* make() : void

GenCol
< entity
genDevs modeling

simyiew

::::Z::::Illll ________ ]

YiewableAtomic | | Viewablel omponent




i Simulation Viewer

% DE¥STAVA Simulation ¥Yiewer

configure SimpArc - efp -
eff
ExpFrame
» ¢ I " .
in at
nane stap
= in
phase: busy M e
sigma: 5.000
L 30.000
it 35.000
ready clock: 300 000  real time factor: 5 [¥] always show couplings help
Lo | rosan




re complicated example

Ea; DE¥5JAVA Simulation Viewer

. 01
ready clock: 0000  real time factor: [w] always shaw sauplings help
— | het |

=0 |

configure | | Continuity - | ||missi|e$pace
missileSpace
mislett
in A out
in ant aithr
i ' O UL Taus -
outfe £ Notion Plot
out
Y125.0
i diwert
divert in % out
inposition outbraw
t
inwelocity 4 o stap autPos
stop position @ EE
i in u
misright L
0.0 £300.0
= ot [1
in & ant atlr
autpe DUt Taud 8
outDra @
|l diwert
divert in % out
inposition outbraw
t
inwelocity 4 e stap outPos
stop position 4




i Sources

= DEVSJAVA - Modeling and Simulation
environment for developing DEVS-based models
by Hessam Sarjoughian, Bernard Zeigler.

= http://www.acims.arizona.edu/SOFTWARE/software.s
htm!#DEVSJAVA (need a license)







