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Motivations and Purposes

e Meta-model the DEVS formalism

* Visualize the Modeling and Simulation
Process

e \isualize the Simulation Trace

e Exploring techniques of building
integrated  visual modeling and
simulation environment



The Architecture




DEVS Meta-Model

containsStateV2

Actions:

coupledDevsy/2

atomicDevsy2

= connect
< disconnect

h 4

stateDevsy2

Aftributes:
- name ;; 3tring
- is¥isible ; Boolean
- classWariables ; List
- parameters @ List
- affributes & List
- init: Text
- extTransition i Text
- intTransition ; Text
- outputFunc @ Text
- fimeAdwvance & Text

Aftrbutes:
- hame ;; String
- is¥isible :: Boolean

Actions:

- classVariahles i List

- parameters : List

- attributes @ List

- init Text

- ishdaintiodel ; Boolean

ATripuUtes:
- name ;; 3tring
- initial :: Boolean
- timeAdvance @ Text
- output ; Text
- extAction ; Text
- intAction ; Text

internal Transition

Attributes:
- condition & Text
- action ; Text

external Transition

Atributes:
- condition ;; Text
- action & Text

= connect
= gisconnect

h 4

insDeysY2

Actions:
= connect

Attributes:
- name :; 3tring
- type : String
- parameters ;; Text
- isVisible ; Boolean

= disconnect

portDevsy2

eventDevsy2

Afributes:
- name ; String
- classVariahles ; List
- parameters : List
- affributes & List
- init: Text
- sir o Text
- otherFunc : Text

Attributes;
- name ;; 3tring
- portType  Enum

Actions:
> gconnect
< disconnect

Actions:

= connect
< disconnect
= gheckalidity




Modeling Environment
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The Queue Example
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File Structure
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Path Management Tool

FPathTool

+develL1bPath
+hasePath
+modelPath
+11bPath

+ init  (devsLibPath)
+setDevsLibPath(devsLibPath)
+1n1tPath (pathName ]
+initPaths()
+isPathInitialized (pathName)
+askPath ()

+makePath (path)

+makePaths ()

+deletePath (path)
+copyDevsLibFiles ()
+preparePaths()

e Make the file structure

* Initialize the paths with
__Init__.py
* Copy DEVS model

templates and
simulator to the lib path

* Clean the paths when
generate new project



Code Generators

* Project Generator

* Atomic Code Generator
 Coupled Code Generator
* Event Code Generator



Project Generator

* Get the asgRoot

DevandeJGeneratnr
+asgRoot: ASGNode * Prepare the file
+pathTool: PathTool .
+project: DevsProject structure US|ng
+ 1init_ (asgRoot,pathTool) pathToo|
+genCode ()
+saveCode (path) o Generate

DevsProject.prj



Project Data Structure

DevsProject

+path: String
+components: List

+save(): void

ModelParameter

+name: String
+type: String
+value: Related to type

=

' ModelComponent

+ str__(): String

+modelMame: String
+modelType: String
+parameters: List
+sources: List

+__str__(): String
+isAtomic(): Bool

+15Coupled(): Bool

Devslnstance

+name: String
+type: String




Atomic Code Generator

Actions:
= connect
< disconnect

k4

atomicDevsy2

stateDevsVy2

Attributes:

containsPortV2

Actions:

- name : String

- is¥isible ; Boolean

- classvariahles @ List
- parameters ;; List

- aftributes & List

- init ; Text

- exfTransition ;; Text
- IntTransition :: Text

- outputFunc ; Text

- timeA&dvance @ Text

Affributes:
- name :; 3fring
- Initial :: BEoolean
- fimeAdvance @ Text
- output ; Text
- extAction : Text
- intAction & Text

internal Transition

Aftributes:
- condition ; Text
- action i Text

external Transition

Attributes:
- condition & Text
- action ;; Text

= connect
= disconnect

portDevsy2

Aftributes:
- name :; 3tring
- portType :: Enum

Actions:

= connect
= disconnect

h 4

eventDevsy2

Afributes:
- hame : String
- classVariahles :; List
- parameters ;: List
- affributes ;. List
- init: Text
- str Text
- otherFunc @ Text

AtomicCodeGenerator

+name: String

+model: AtomicDevsVZz
+classInfo: String
+1mports: String
+classHead: String
+1initFunc: String
+1ntTransition: String
+extTransition: String
+timeAdvance: String
+outputFunc: String
+code: String

+ 1init_ (model:AtomicDevsVz)
+initCode()
+genClassHead ()
+genInitFunc ()
+genExtTransition()
+genIntTransition()
+genCutputFunc ()
+genTimeAdvance ()
+genCode ()

+saveCode (path)
+1ndentCode (code, num)




Atomic Example - Processor.py

# AtomicDEVS model: Processor

from lib.DEVS import *
from lib.Simulator import *
from whrandom import *
from Job import *

class Processor(AtomicDEVS):
Idle="ldle’
Busy='"Busy'
Discarding='Discarding'
INFINITY = 1000000

def __init__(self, n):
AtomicDEVS.__init__(self)
self.n=n
self.queue =]
self.currentJob = None
self.timeElapsed = 0.0
self.state = Processor.ldle
self.IN = self.addInPort()
self.IN.instName ="IN'
self.IN.instType = 'InPort'
self.OUT = self.addOutPort()
self.OUT.instName ='OUT'
self.OUT.instType = 'OutPort’
self.DISCARD = self.addOutPort()
self. DISCARD.instName = 'DISCARD'
self.DISCARD.instType = 'OutPort’

def intTransition(self):
if(self.state==Processor.Busy):
self.timeElapsed = 0.0
if(len(self.queue)<=0):
self.currentJob = None
return Processor.ldle
elif(len(self.queue)>0):
self.currentJob = self.queue[0]
self.queue = self.queue[1:]
return Processor.Busy

elif(self.state==Processor.Discarding):

self.queue=self.queuel[:-1]
return Processor.Busy

def extTransition(self):

p = self.peek(self.IN)

self.queue.append(p)

if(self.state==Processor.ldle):
self.currentJob = self.queue[0]
self.queue = self.queue[1:]
return Processor.Busy

elif(self.state==Processor.Busy):

self.timeElapsed = self.timeElapsed + self.elapsed

if(len(self.queue)>self.n):
return Processor.Discarding

elif(len(self.queue)<=self.n):
return Processor.Busy

def timeAdvance(self):
if(self.state==Processor.ldle):

return Processor.INFINITY
elif(self.state==Processor.Busy):

return self.currentJob.size - self.timeElapsed
elif(self.state==Processor.Discarding):

return O

def outputFnc(self):
if(self.state==Processor.ldle):
print 'Somethin Wrong'
elif(self.state==Processor.Busy):
self.poke(self.OUT, self.currentJob)
elif(self.state==Processor.Discarding):
self.poke(self.DISCARD, self.queue[-1])



Coupled Code Generator

containsPortVv2

Actions:
= connect
< disconnect

coupledDevsif2

Attributes:

h 4

portDevsy2

Attributes:
- name ;; String
- portType : Enum

eventy2

Actions:
= connect
< disconnect

A 4

eventDeyvsy2

ATributes:
- name :: String
- classvariables : List
- parameters . List
- aftributes ;; List
- init 5 Text
- stro Text
- ptherFunc & Text

- name @ String

- isWisible ; Boolean

- classVariables ; List

- parameters : List

- attrihutes ;) List

- init o Text

- iskdainkiodel : Boolean

CoupleCodeGenerator

= connect
< gdisconnect

b
insDevs\2
Aftributes:
- name :: String
- type & String
- parameters  Text
- isVisible :: Boolean

channel V2

Actions:
= connect
= disconnect
= check alidity

+name: String

+model: CoupledDevsVz
+classInfo: String
+imports: String
+classHead: String
+1n1tFunc: String
+code: String

+ 1init  (model:CoupledDevsv2)
+initCode()

+genInitFunc()

+genCode ()

+saveCode (path)

+1ndentCode (code, num)




Coupled Example - Root.py

# CoupledDEVS model: Root

from 1lib.DEVS import *
from lib.Simulator import *
from whrandom import *
from Generator import *
from Processor import *

class Root(CoupledDEVS):

def init (self, gs, ia, ib, sa, sb):
CoupledDEVS. init (self)
self.qs = gs
self.ia=1a
self.ib=1b
self.sa=sa
self.sb = sb
self.OUT = self.addOutPort()
self.OUT.instName = 'OUT'
self.OUT.instType = 'OutPort'
self. DISCARD = self.addOutPort()
self. DISCARD.instName = 'DISCARD'
self. DISCARD.instType = 'OutPort'
self.generator = self.addSubModel(Generator(ia=self.ia, ib=self.ib, szl=self.sa, szh=self.sb))
self.generator.instName = 'generator’
self.generator.instType = 'Generator'

self.pl = self.addSubModel(Processor(self.qs))
self.pl.instName = 'p1'

self.pl.instType = 'Processor’

self.p2 = self.addSubModel(Processor(self.qs))
self.p2.instName = 'p2'

self.p2.instType = 'Processor’

self.p3 = self.addSubModel(Processor(self.qs))
self.p3.instName = 'p3'

self.p3.instType = 'Processor’
self.connectPorts(self.generator.OUT, self.p1.IN)
self.connectPorts(self.p1.OUT, self.OUT)
self.connectPorts(self.pl.DISCARD, self.p2.IN)
self.connectPorts(self.p2.OUT, self.OUT)
self.connectPorts(self.p2.DISCARD, self.p3.IN)
self.connectPorts(self.p3.OUT, self.OUT)
self.connectPorts(self.p3.DISCARD, self. DISCARD)



Event Code Generator

v

eventDevysV2

Aributes:

name ;. String
classWariables @ List
parameters . List
attributes @ List

init :: Texdt

st Text

otherFunc @ Texdt

EventCodeGenerator

+name: String
+model: EventDevsVz
+classInfo: String
+imports: String
+classHead: String
+initFunc: String
+striunc: String
+otherFunc: String
+code: String

+ init__ (model:EventDevsV2)
+initCode ()

+genInitFunc()

+genCode ()

+saveCode (path)
+1ndentCode (code, num, ]




Event Example

# Event: Job
from whrandom import *

class Job(object):
IDCounter = 0

def init (self, szl, szh):
self.szl = szl
self.szh = szh
self.ID =0
self.size =0
self.ID = Job.IDCounter = Job.IDCounter + 1
self.size = randint(self.szl, self.szh)

def str (self):
return "(job %d, size %d)" % (self.ID, self.size)



Interface for Model and Plotter

DevsEventSource

DevsEventListener

+addEventListener({listener:DevsEventListener): void
+removeEventlistener(listener:DevsEventListener): void
+newEvent (): void

+newEvent (devsEvent:DevsEvent): wvoild
+setEventSource (eventSource: DevsEventSource): vold

BaseDEVS |

—

DevsEventHandler

+listeners: List

+addEventListener(listener:DevsEventListener): void
+removeEventlistener(listener: DevsEventListener): void
+fireNewEvent (evt:DeveEvent): void

DevsF;Icutter

DevsEvent

+source: String
+content: String
+time: Float




The Plotter

DevsPlotter

+parent: Frame
+rowList: List
+eventlist: List
+title: String
+rowTitle: String
+scale: Float
+showTrace: Bool
+showText: Bool
+starthumber: Int
+sourceY: {3}
+canvas: Canvas

+ init_ (parent,rowlList,eventlist,title,rowTitle,plotterScale)
+makeOptionAreal)
+showTraceline()
+showTraceText()
+separateWindow()
+initPanel()
+updateDisplay()
+newEvent ()
+setEventSource()
+previousOne ()
+nextOne ()
+toBegin()
+toEnd ()
+previousPage ()
+nextPage()




Simulation Environment
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Simulation Environment - continue
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Simulation Environment — continue
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Simulation Environment - continue
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Future Works

e Continue to refine the current work

* Define a proper sub-modelica language for
expressing DEVS

* Build a compiler for the sub-modelica
language

* Generate Python code
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