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Examples of DES and Terminology Comparison

® Multi-computer systems
® Communication networks
O Traffic systems

® Manufacturing systems

® War game

—» Man-made Systems

Computer Communication System Flexible Manufacturing System
Messages Parts
Nodes Work Stations
Virtual Circuit Routes
Communication Links Material Handling Systems
Packets Automatic Guided Vehicles

Tokens Fixtures




Comparison of CVDS and DEDS

CVDS : Time-driven Change of Continuous States
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DEDS : Event-driven Change of Discrete States
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DES Model Boundary and Modelling Formalism
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_Discrete Event Systems Specification (DEVS) Formalism

- Developed by Zeigler from mid 70’s at U. of Michigan

- Set Theory Based Formal Specificaiton

- System Theoretic Representation of Discrete Event System
- Hierarchical, Modular Specification

- Associated Abstract Simulator

- Atomic Model and Coupled Model

ABC
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MODEL Associated Simulators

Atomic Model : Specification of
Basic Model Behavior

Coupled Model: Specification of
Hierarchical Model Structure

Abstract Simulator : Interpreter for
Dynamics of DEVS Models



DEVS Specification for Atomic Model
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M =< Xa Sa Ya 6z'nt, 5e$ta )‘, ta >

X : input events set;
S : sequential states set;
Y : output events set;
dint : S — S : internal transition function;
Sext © @ X X — S : external transition function;
Q= {(s,e)| s € 5,0 <e<Lta(s)} :
total state of M;
A: S — Y : output function;
ta : S — Real : time advance function.
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DEVS Specification for Coupled Model

M1-M2
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DN =< X,Y,M,EIC, EOC,IC,SELECT >

X : input events set;
Y : output events set,
M : set of all component models in DEVS;

FEIC € DN.IN x M.IN : external input coupling
relation;

EOC C M.OUT x DN.OUT : external output cou-
pling relation;

IC C M.OUT x M.IN : internal coupling relation;

SELECT : 2™ — (¢ — M : tie-breaking selector,

where the extention ./ /V and .QUT represent the input
ports set and the output ports set of respective DEVS
models.



An Example: Ping-Pong game Player

“attack_from?opponent’

“attack_tolpponent®

attack_from ? opponent

Activity

PLAYER =< X, S,)Y, 6;nt, 0ext, A, ta >
X = { attack from?opponent }
Y = { attack_tolopponent }
S = {activity | activity € {Wait, Attack} }
Sext(Wait, attack_fromlopponent) = Attack
Oint( Attack) = Wait
ta(wait) = oo
ta(attack) = ATTACK TIME

AAttack) = attack_tolopponent



Coupled Model of Ping Pong

PINGPONG

—PLAYER_A

attack_tolB

attack_from?B

activity

attack_to!B - attack_from?A

—PLAYER_B

attack_tolA

-

attack_from?A

< ~s
attack_from?B  attack_tolA

activity

PINGPONG =< X,Y,M,EIC,EOC,IC,SELECT >

IC = {(PLAY ER_A.attack to!B, PLAY ER_B.attack_from?A),
(PLAY ER_B.attack to!A, PLAY ER_A.attack_from?B)}




Abstract Simulator for Atomic DEVS

done from model

done from model

request mode
to execute

6e:ct * la

request model
to execute

A 6int" ta

When receive an input (z, t)
done := false
if t; <t <ty then

e=t—1p
s := begt(s, €, T)
tL =1
ty =ty + ta(s)
else error
done := true

end when

when receive an input (x,?)
done := false
if £ =ty then
Y = A(s)
8 = Oint(s)
tr, =1
ty =1+ ta(s)
else error
done := true



Abstract Simulator for Coupled DEVS

done from model

/

done from model

*9

- select i* with min(tN)
-(%t) to i*

- (Yi -> Xi) to influencees of i*
- wait all done

- schedule min(tN)

- route (x,t) to all components
- wait all done
- schedule min(tN)

When receive an input (x,t)
done := false
if t; <t <ty then
send input (x,t) to each component simulator 7
wait until all simulators done
tr :=1t, ty := minimum of component ¢y s
else error
done := true
end when
when receive an input (*)t)
done := false
if t = £ then
find the simulators with minimum ¢
SELECT one, ¥, and send the input (*t) to it
send the signals (7« ;,t) to each of
its influencees j
wait until this simulator ¢* and each of
its influencees done
tr, =1, ty :=minimum of component ¢ s
else error



DEVSIM++

« Developed at CORE Lab., EE Dept., KAIST
« Discrete Event System Modeling/Simulation Environment
» Realize the DEVS Formalism
« Realize the Abstract Simulator
- Interprete the Dynamics of DEVS Models
- Simulators for Atomic Models
- Coordinators for Coupled Models
» Object-Oriented Environment Using C++
- Expressive Power
- Execution Speed

» Modular and Hierarchical Systems Specification

« Used in Computer Architecture and Computer Network Courses



Mi123 S:M123
. Tequest
Ml ‘/MB\A S:M23 S:M1
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M2 M3 S:M3 S:M2
Models as passive elements Simulators as active agents

S:Mi is a simulator associated with Mi

Passive Models and Active Simulators.
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Modeler’s
Interface

DEVSIM++

— Hierarchical Simulation Engine—

DEVS Modeling—— @

A
. - 4
_ request /’_j)

. Coupled DEVS > Coordinators
. ack \__4\
\d

Atomic DEVS  f+— 121255 " Simulators
A ?
Utility Class Library

DEVSIM++ Architecture Overview.




Object

Entities

e Models et

r— Atomic_models

~—— Coupled_models

—— Messages

f—State_vars

— Integer
— Float

—— String

L——— Collecton

—SeqCln  w—m— OrderedClm

— ArrayOb

Class Hierarchy of DEVSIM++.



Instance Variables : Instance Variables :
state_var children
ext_tansfn ext_in_coupling
int_transfn ext_out_coupling
outputfn int_coupling
‘ time_advancefn 0)
O
Methods : Methods :

set_statevar();

set_ext_transfn();

set_outputfn();

set_time_advancefn();

invoke_ext_transfn();

invoke_time_advancefn();
O

add_children();
add_coupling();
show_couplings();
get_influencees();

O

Superclass : Models

Superclass : Models

(a) Class Atomic_models.

(b) Class Coupled_models.

Definitions for Atomic_models and Coupled_models.



DEVSIM++ollA] 2d & g9l Al Ed el

System Decomposition

A 4

Atomic Model Development
- External Transition Function

‘ ’ - Internal Transition Function
- Output Function
- Time Advance Function
Model 1
B ase " Coupled Model Development

- External Coupling
- Internal Coupling
- Set Priority

A

-~ Model Instantiation & Synthesis

Simulation & Output Analysis




rMODEL BASE ——MODEL BASE
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(a) sd_ack N sd_msg
: rv_msg PROC | sd_req ,
— PROC
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sd_ack sack smsg sd;msg (©)

msg_|. BUFF sreq |sd_req
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(b)

CS of PROC = (EIC, EOC, IC)

EIC = { (PROC.sd_ack, BUFF.sack) (PROC.rv_msg, MRCV.rmsg) }
EOC = {(BUFF.smsg, PROC.sd_msg) (BUFF.sreq, PROC.sd_req) }
IC = {(MGEN.smsg, BUFF.rmsg)}

(d)

Model Base Concept.




Channel Conflicts in Multiprocessor Realtime Systems

» Channel Conflicts

Input
Channels:
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» Channel Conflict Resolving Policies

- MDF : Minimum-Dealine-First

- MLF : Minimum-Laxity-First
- MFF : Most-Farthest-First

« Performance Evaluation Through Discrete Event Simulation

message loss ratio

total number of messages lost

total number of messages generated
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3-dimensional Hypercube and Channel Interface.



from to
neighbor neighbor
nodes nodes

Model of a Node Computer.



BUFFER

sack | S T jSIe
usy | P phase : one of {SEND, SREQ, WAIT};
busy : TRUE or FALSE,;
rmsg . smsg _  queue : priority queue.
queue

(a) I/O Ports and State Variables.

"rmsg" and

busy = FALSE
"rmsg \

s“ R R ISP L - ;

\\ 4

- ’
\length(queu‘e) =0 ’

nsacku

----- » Internal Transition

— External Transition

(b) Phase Transitions Diagram:

Atomic Model BUFFER.



——— DEVSIM++—

———Modeler-defined Classes

—> MDF ——

Atomic_models

> BUFFER

Coupled_models

— Kermel _models

> MLF ——

— Digraph_models —>

— Hypercube_models

Modeler-defined Classes for Modeling of a Hypercube Computer.




// External Transition Function //
when receive an input(x,t)
case input port of :

"sack"
phase := SEND;
"rmsgll .

insert(x,queue);
if (phase = WAIT and busy
else continue;

FALSE) phase

// Internal Transition Function //
case phase of :
“SEND" :
delete(first,queue);
busy := FALSE;

if (length(queue) = 0) phase := WAIT;
else phase := SREQ;
"SREQ" .
phase := WAIT;
busy := TRUE;
// Output Function Function //
case phase of:
"SREQ" : sreq :=1;
“"SEND" : smsg := first(queue);
// Time Advance Function //
case phase of:
“"SREQ" : ta(s) := ReqTime;
“SEND" : ta(s) := mem_access_time(first(queue));
"WAIT" : ta(s) := INFINITY

BUFFER Pseudo Code in DEVS Formalism.

:= SREQ;



// internal transition function //
void BUFFER_int_transfn(Statevars& s)

if (s.getvalue('phase") == SEND) {
s.set_value("busy",FALSE);
s.get_value("queue") -> deletemsg();
if (s.get_value("queue")->isEmpty())
s.set_value("phase",WAIT);
else
s.set_value("phase",SREQ);
} else if (s.get.value("phase") == SREQ) {
s.set_value("phase" ,WAIT);
s.set_value("busy",TRUE);

}

// output function // )
void BUFFER_outputfn(const State_vars& s)

if (s.get_value("phase") == SREQ)
message.set("sreq",TRUE) ;

else if (s.get.value("phase") == SEND)
message.set("smsg",s.get value("queue")->getmsg());

}

// time advance function //
timeType BUFFER time_advancefn(const State_vars& s)

if (s.get_value(“phase") == SEND)

return s.get_value("queue") -> mem.access_time();
else if (s.get_value("phase") == SREQ)

return ReqTime;
else

return INFINITY;

DEVSIM++ Code for Atomic Model BUFFER.



// define new class for atomic model BUFFER

class BUFFER : public Atomic_models {

public :

BUFFER(const char* name) : Atomicmodels(name) {

// define I/0 ports and state variables//
add-inports(2,"rmsg","sack");
add_outports(2,"smsg","sreq");
set_statevar(3,"busy","phase","queue");

// initialize the state variables//
set_state_value("phase" ,WAIT);
set_state.value("busy",FALSE);
. set_state value("queue" ,new msgq());

// set characteristic functions //
set_int_transfn(BUFFER._int_transfn);
set_outputfn(BUFFER outputfn);

set_time advancefn(BUFFER.time_advancefn) ;

Class Definition of Atomic Model BUFFER.



// define new class for atomic model BUFFER
class MDF : public BUFFERS {
public :

}s

MDF (const char* name) : BUFFER(name) {

set_ext_transfn(MDF_ext_transfn);

}

// external transition function //
void MDF_ext_transfn(State_vars& s, const timeType& e,

{

const Messages& message)

if (messge,gét;port() == “sack")
s.set_value("phase" ,SEND);
else if(messge.get port() == "rmsg") {

s.get_value("queue") -> InsWithDeadline(message.get.value());

if (s.get.value("phase") == WAIT && s.get_value("busy") == FALSE)
s.set_value("phase",SREQ);

else
CONTINUEQ);

DEVSIM++ Code for Atomic Model MDF.



Digraph models PROC = *(new Digraph models("PROC"));

// define components models and I/0 ports //
PROC.add_children(3,mgen,nrcv,mdf) ;

PROC.add. inports(2,"rvmsg","sd. ack");

PROC.add outports(2,*'sdmsg","sd.req");

// input and output ports couplings //
PROC.add_coupling(PROC,"rv.msg",mrcv,"rmsg") ;
PROC. add_coupling(PROC,"sd_ack",mdf,"sack") ;
PROC.add_coupling(mdf,"smsg" ,PROC, "sd msg") ;
PROC.add_coupling(ndf,"sreq",PROC,"sd_req") ;

// internal couplings between component models //
PROC.add_coupling (mgen ,"smsg",mdf, “"rmsg") ;

DEVSIM++ Code for Coupled Model PROC.



Hypercube models CUBE = *(new Hypercubemodels("CUBE"));
// define components models;//
CUBE.make member(8,node) ;

// channel interface between node computers //
CUBE.set_channel("smsg","rmsg") ;
CUBE.set_channel("rack","sack");
CUBE.set_channel("sreq","rreq");

DEVSIM++ Code for Hypercube Model CUBE.



System Dynamics in a Changing Environment :

Low-to-High Traffic Load Change

lost messages / msec

System Dynamics in a Changing Environment :
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Messaqge Loss Ratio in a 6-cube for Varving Traffic Load
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Reuse from
DEVS
Formalism

coupled models

h

library of characteristic
functions and
state variables -

coupled models
; subclasscs of
atomic or

coupled models

>
o

Reuse from OO Paradigm

Reusability of Simulation Models in a Two Dimension.



DEVS Research Directions
in CORE

DEVS Theory

e Formalism
® Abstract Simulators

B

Theory |

e Extension of the Formalism

® Parallel DEVS Simulation

® Model Transformation/Hybrid Simulation
® DEVS Abstraction of Continuous Process
¢ Control of Discrete Event Systems

DEVSim++ : Testbed

.| Application >

e Logical Analysis of Concurrent Systems
® Performance Measurement of Computer
and Communication Systems

MethodologyI

¢ Object-oriented Memory Management

® Relational Algebraic Models Management

® Unified Framework for Logical/Performance Analysis
¢ Object-oriented Modeling/Simulation

® Hierarchical, Reusable Models Development

DEVSim++ : C++-based Modeling and SImulation Environment for DEVS Models

- released in public domain : anonymous ftpable from sim.kaist.ac.kr
- filename : pub/devsimg++.tar.Z
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