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TimedTraffic Formalism
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Based on models described in [2].



DEVS Formalism

AToM3 v0.3 using: DevsV2

’x 4 A Devsvz |
@ Hew Edit Hew atomicDevsvZ Hew coupledDevsV2 HNew portDevsVv2 Hew stateDevsve | Gen |
Traffic —

Parc

4

Pine To_Pac

TE Lok %_info_out

—lo_Fars

c_flow_out

Pine To_P4 A K trl_

Pine To_Parc_ctrl out

passive active

Milton To Pavs ctrl out

Lorne

gne_ﬂow_in

Milton

ilton _drfolt _To_
Lorne_To_jfi%s, info_in . ;
7 Milton To_Parc_ctrl in

g Lorneof[‘*] iYton_

\Editing . DEWS MOLpy (not modified) |Editmg transf. ‘Monamed' [not modified) in file ‘Nonamed'



ké a

" Introduction

" TimedTraffic Formalism
= DEVS Formalism

" Map TimedTraffic to DEVS

" Meta-Modeling
" TimedTraffic Meta-Model
" DEVS Meta-model

" Model Transformation
" Code Generation

" Demo
" Conclusion



TimedTraffic Meta-Model

FlowTo

Cardinalities:
- To Eoad3ection: 1 to 1
- From FEoad3ection; 1 to 1

Source

ATNDUTES:

- name : String

- num_vehicles :: Integer

- infinite_supply & Enum

- inter_arrival_time :: Float
Cardinalities:

- To Sourcez=ection: 0to 1

Source2Section

Cardinalities:
- To BopadSection: 1to 1
- From Source: 1101

Cardinalities:

- CapacityOf
Attributg:DaCIw Aftributes:
- - updated :: Boolean
- capacity :: Integer Carc?inalities:

- name ;: 3tring

Cardinalities;
- To CapacityQOf. 0to I

- From Capacity: 110 1
- To RoadSection: 1to 1

T~

.”’/”’)

ControlledSection

- To RBoadSection: 1to 1
- From TrafficLight; 1 to 1

v

RoadSection

Attributes:
- name :: String
- num_vehicles ;; Integer
- state ;
- length :: Float
- welocity _limit ; Float
Cardinalities:
-FromFlowTo: Oto M
-ToFlowTo:Oto M
- From Sourcez=ection; 0to M
- To SectionZSink: 0 to 1
- From CapacityOf. D to M
- From ControlledSection: O to M
- From Direction: Dto M

; tring

..-"f#

Section25ink

Cardinalities:
-To Sink: 1101
- From Eoad3ection; 1 to 1

TrafficLight

Attributes;

- State i Enum

- red_time :: Float

- green_time :: Float
Cardinalities:

- To SynchronizedWith: 0 to 1

- From Zynchronized'With; 0 to 1

- To ControlledSection: 0to 1

- To Direction: 0 to 1

AR

Sink

Attributes:

- name :: 3tring

- num_vehicles :: Integer
Cardinalities:

- From SectionZ3ink: O ta M

Direction

Cardinalities:
- From TrafiicLight: 1 to 1
- To RoadZection: 1 to 1

e — T e
hronizedWith

Cardinalities:
- From TrafiicLight: 1 1o 1
- To TrafficLight: 1 to 1

Based on the meta-model described in [2].
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DEVS Meta-Model

Actions:

= connect

< disconnect
= initialize

\

stateDevsV2

Affributes;

- name :: String

- timeAdvance :: Constraint

- output ; Action

- initial »: Boolean
Constraints:

= checkalidity
Actions:

= initialize

= drop

< setParent

< addChildren

< killChildren

internal TransitionV2
ATADUTES:

- name :; 3tring

- condition ;; Constraint
Actions:

= connect

= disconnect

= initialize

atomicDevsV2

Affributes;

- name :: 3tring

- isWisible :: Boolean

- initParams ; String
Actions:

= initialize

= select

= drop

< setParent

< addChildren

< add=3ubChildren

< killChildren

< killZubChildren

= doLayout

« checkYalidity

confluent TransitionV2
Arbutes:

- name :: 3tring

- condition : Constraint
Actions:

= connect

= disconnect

= initialize

external Transition2
ATADUTES:

- name : 3tring

- condition @ Constraint
Actions:

= connect

= disconnect

= initialize

_——'—_—__—\—_
containskodel V2
Actions: coupledDevsv2
@—'— = connect H.ﬁ\ﬁ ibut
= disconnect I S
= initialize - hame :: 5tring
- isVWisible :: Boolean
Actions;
= initialize
containsPortva - 3?{']%“
Actions: = setParent
= connect = addChildren
= disconnect = addSubChildren
= initialize = killChildren
= killZubChildren
= doLayout
« check'Validity
portDevsy2
Aftributes:
- hame : 3tring
- portType :: Enum
Actions;
= initialize 4 ctions:
= drop > connect
< setParent < disconnect
= addChildren = initialize
= KillChildren

Based on the meta-model described in [3] and the work done by Denis Dube

(http://moncs.cs.mcgill.ca/people/hv/teaching/MSBDesign/presentations/050324.DenisDube.pdf)



TimedTraffic to DEVS

L$ . Transformation Rules
—

" AToMS3 can automatically generate nice
documents for all transformation rules.
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Rule 0: Initialization

(zlobal initial action:

self .rootTrafficGenerated = False

for node in graph.listNodes["Source"]:
node.sourceGeneratorGenerated = False

for node in graph.listNodes["Sink"]:
node.sinkCollectorGenerated = False

for node in graph.listNodes["RoadSection"]:
node.roadAtomicGenerated = False

for node in graph.listNodes["Capacity"]:
node.capacityInfoGenerated = False

for node in graph.listNodes["TrafficLight"]:
node.trafficlLightWithRoadGenerated = False

node.trafficlLightSyncGenerated = False

self . TL_count = 0



Rule 1: Generate Top-level
$ _“Traffic” Coupled DEVS

Rule 1 (Order 1): RootTraffic

/~ LHS ~ RHS N\
4 )

Traffic

b 5 A~ Y

Precondition:

return not self.graphCrammar.rootTrafficGenerated

Post action:

self.graphGrammar.rootTrafficGenerated = True



Rule 2: Transform “Source”
“Generator” Atomic DEVS

‘A

ml‘ll Rule 2 (Order 2): Source2Generator

LHS — RHS

SANY>
<ANY >
IAT (h): <ANY=>

Precondition:

node = self.getMatched{(graphID, self.LHS.nodeWithLabel(1})
return not node.sourcefeneratorGeneraced

Post action:

node_i = self.getMatched (graphID, self . LHS.nocdeWithLabel(i))
node_4 = self.getMatched (graphTD, self. RHS.nodeWithLabel(4))

node_1.scurceCenceratorfenerated = True

node_4 . .connectedWithfoupled = False
node_=£.model_type = "generator"”

Specify: atomicDevsV 2 #4
node_1i = self.getMatched (graphID, self.LHS.nodeWithLabel(i))

str_retrun = * self.pum_vwehicles = " + str{ncde_1.num_wehicles.getValue(l}) + chr (10}
+ " self .inter_arrival _time = " + str(node_1l.inter_ arrival time.getVailue()) + chr(io)
- solf .ahead status = ““empty\"" + chr(10)
+ " self.time_left = " + strincde_1.inter_arrival time.getValue()) + chr{id)
b self .remain_vehichles = "
if node i.infinite supply.getValue() == True:
SLr_retrun = sStr_ratrun + sStr(99999)
else:
STr_retrun = str_retrun + str(node_1.num_vehicles.getValue (})

return STy _retrun

Specify: atomiclDevsV2 24

return self. getMatched(graphID, self.LHS.nodeWithlLabel{i)}) .name.getValuel)



Rule 3: Transform

"‘I‘Collector” Atomic

“SInk™ to
DEVS

i

ml. Rule 3 (Order 3): Sink2Collector

RHS

FEFECIFIED

. 3

=
panﬂiv‘ué‘-\-\_‘]

b,

e LHS .
: ~
ANY >
=
ANY >
SN = S -

Precondition:

node = self.getMatched(graphID, self.LHS.nodeWithLabel (1))
return not node.sinkCollectorGenerated

Post action:

self .LHS .nodeWithLabel(1))
self .RHS.nodeWithLabel(2))

node_1 =
nede_2 =

self . getMatched(graphlID,
self . getMatched(graphlD,
node_1.sinkCollectorGenerated = True

node_2 . connectedWithCoupled = False
node_2.model _type = "collector"

Specifv: atomicDevsV 2 #2
return " self.arrived = 0" + chr(10) + " self.current_time 0" + chr(10) + " self.average = 0" + chr{10)
Specify: atomicDevsV2 #2

return self.getMatched(graphlD,

self .LHS .nodeWithLakel (1)) .name.getValue ()



Rule 4: Transform “RoadSection”

HEO “Road” Atomic DEVS

m“l Rule 4 (Order 4): Road2Road

LHS

<ANY> <ANY > . — “[eeacrores—))
Length (km) T _any- e F oo e
Vel.Limit (Km/h) <AMNY > .

Precondition:

RHS

node = self.getMatched(graphlID, self.LHS.nodeWithLabel(1))
return not node.roadAtomicGenerated

Post action:

node_1 = self.getMatched(graphID, self.LHS.nodeWithLabel (1))
noede_2 = self.getMatched(graphID, self.RHS.nodeWithLabel(2))

node_1.roadAtomicGenerated = True
noede_2.connectedWithCoupled = False
node_2.model _type = "road"

Specify: atomicDevs V2 2

node_1 = self.getMatched(graphID, self.LHS.nodeWithLabel(1))
node_2 = self.getMatched(graphID, self.RHS.nodeWithLabel (2))

str_return = " self.length = " + str(node_1.length.getValue()) + chr(10)

+ " self.velocity_limit = " + str(node_1l.velocity_limit.getValues()) + chr(10)

+ " self.queue = [1" + chr(10) + " self.traffic_light = \"green\"" 4+ chr(10)

+ " self.zhead_status = \"empty\"" 4+ chr(10) + " self.changed = \"false\"" + chr(10)
+ " self.current_time = 0" + chr{10) + " self.time_left = 99999" + chr{10)

+ " self.capacity = 99999" + chr(10)

return str_return

Specify: atomicDevsV2 #2
return self getMatched(graphID, self.LHS nodeWithLabel(1l)) name.getValue()



Rule 5: Connect “Generator”

with “Road”

s

Rule 5 (Order 5): GeneratorWithRoad

/ LHS -

: ‘ ki AT 5 <hNYa
I W L LengihTEmT ¥ gy
p WT N <RHY Wel.Limit (Kmi) AN

\\ J -

Specify: portDevsV2 #10

return self.getMatched(graphID, self.LHS.nodeWithLabel(5)).name.getValue() + ’_To_’
+ self.getMatched(graphID, self.LHS.nodeWithLabel(2)).name.getValue() + ’_flow_in’

Specify: portDevsV2 #18

return ’to_’ + self.getMatched(graphID, self.LHS.nodeWithLabel(5)).name.getValue() + ’_info_out’



Rule 6: Connect “Road” to

“Collector”

i

Rule 6 (Order 6): RoadWithSink

4 LHS 3 RHS \

LE'I'Ig[h IfKI'I'IfI//*= <ANY > Lgng[h [Km] _.a+_: COPIED=
vg.LimntKg;mf <ANY> NEAE vm.umrm;mﬁf <COPIED>
2 ! 3
-

s , h /
<N <ANY > <COPIED:= <COPIED>

2 |y
\\1 _ ) \k e e _ //

Specify: portDevsV2 #11

return self.getMatched(graphID, self.LHS.nodeWithLabel(2)) .name.getValue() + ’_To_’
+ self.getMatched(graphID, self.LHS.nodeWithLabel(1)).name.getValue() + ’_flow_out’
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Rule 7: Transform “FI

“Channel”

owlo”to

Rule 7 (Order 7): Flow2Channel
LHS — RHS
L e e : vk e P e
Wel.Limit (Kmm) ANV el Lt (Kma) 4 AN - v ‘,-’{ . - -.k\
i ’ . - sp!;-:rﬁ-.» -\.SF;EC I&'ﬂ
SPECI&D) (Emm;
Specify: portDevsVZ2 #Z10
return self.getMatched (graphID, self.LHS.nodeWithLabel (1)) .name.getValue() + ’_To_’
+ self.getMatched(graphID, self.LHS.nodeWithLabel(2)) .name.getValue() + ’_flow_out?’
Specify: portDevsV2 #12
return self.getMatched (graphID, self.LHS.nodeWithLabel (1)) .name.getValue() + ’_To_’
+ self.getMatched(graphID, self.LHS.nodeWithLabel(2)) .name.getValue() + ’_flow_in’
Specify: portDevsV2 #17
return self.getMatched (graphID, self.LHS.nodeWithLabel (1)) .name.getValue() + ’_To_’
+ self.getMatched(graphID, self.LHS.nodeWithLabel(2)) .name.getValue() + ’_info_in’
Specify: portDevs V2 #19
return self.getMatched (graphID, self.LHS.nodeWithLabel (1)) .name.getValue() + ’_To_?
+ self.getMatched(graphID, self.LHS.nodeWithLabel(2)) .name.getValue() + ’_info_out?




Rule 8: Copy “Capacity”

information into “Road”
A NR

“ ““. Rule 8 (Order 8): CapacityWithRoad

//;/_ LHS S, — RHS N
P -~ ~

AN <CORIBD>
OPIED>
<ANY=> <ANY >
Length (Km) i <ANY > <COPIED> *<CDPIED>
Vel.Limit (Km/h) <ANY > L_en_gth (Krm) <COPIED=>
5L Vel Limit (Km/h) <COPIED>
A~

[-ENY=

[<coPTED=

N = N S/

Precondition:

node = self.getMatched{(graphID, self.LHS.nodeWithLabel(2))
return not node.capacitylInfoGenerated

Post action:

self .getMatched (graphID, =elf.LHS.nodeWithLabel(2)) .capacityInfoGenerated = True



Rule 9: Remove “Capacity”

ké a

A
Rule 9 (Order 9): CapacityCleanup

7 LHS - RHS N\

(AN
<ANY >
<ANY> ] <ANY> <COPIED> <COPIED>
Length (Km) <ANY > Length (Km) II-{COPIED}

\xh Vel .Limit (Km/h) {ANYi/f ¥ \E_UEHJmH{KmHﬂ {CCWHED}JJ/




N\

“TrafficLight”
|

ml‘l. Rule 10 ({Order 10):

\ule 10: Transform “TrafficLight”

to
Atomic DEVS (double

TraflicLightSyncl

o LHS

— RHS N

o =
RED FE|7D

T
!
|

[=SDECIFIED=

\\ < ANY =

g I :‘/-

Precondition:

nodel = self.getMatched{graphlD,
node? = self.getMatched{graphlD,

self.LHE nodeWithLabel(1))
self.LHS nodeWithLabel(2))

return (not nodel.trafficLightSyncGenerated) and (not nodel.trafficlLightSyncCenerated)

Post action:

self.getMatched(graphID, self . LHS.nodeWithLabel (1)) .trafficLightSyncGenerated = True
self.getMatched(graphID, self LHS.nodeWithLabel (2)).trafficlLightSyncGenerated = True

node_4£ = self.getMatched (graphID, =elf .RHS.nodeWithLabel(4))

node_ 4. connectedWithCoupled = False
node_4.model tType = "trafficLight"
self.graphGrammar.TL_count = self.graphCrammar.TL_count + 1

Specify: atomicDevs V2 Y

return ""

Specify: atomicllevs V2 24

return "TL" + str{self.graphGrammar.TL_count)



Rule 11: Transform “SyncWith”

relation
L

Rule 11 (Order 11): TrafficLightSync2

a LHS — RHS ™

d A

<COPIED>% <COPIED>

<ANY> X <ANY=>

<ANY >

<COPIED>




\ule 12: Transform “TrafficLight” to

“TrafficLight” Atomic DEVS (single
1

. Rule 12 (Order 12): TraflicLightSync3

ye LHS — RHS N
- Huy

A

cSPECIFIED}ﬁ\\

<ANY >

\\ / . <COPIED> /

Precondition:

nodel = self.getMatched(graphID, self.LHS.nodeWithLabel (1))
return not nodel.trafficlightSyncGenerated

Post action:

self.getMatched(graphlD, self.LHS.nodeWithLabel(1)) .trafficLightSyncGenerated =True

node_ 2 = self.getMatched(graphID, self.RHS.nodeWithLabel(2))

node_2 . connectedWithCoupled = False
node_2.model_type = "trafficLight"
self.graphGrammar .TL_count = self.graphGrammar.TL_count + 1

Specify: atomicDevs V2 2

"

return

Specify: atomicDevs V2 #2

return "TL"™ + str(self.graphGrammar.TL_count)



Rule 13: Connect “TrafficLight”

||¥vith “Road”

Rule 13 (Order 13): TrafficLightWithRoad

//’

M

LHS e RHS o

ANV =AMV ek e —COPED: _corED- —coeIED- cCoFED-
Langth (km) o Bzt i = Langh km Acceen. Longth kmy T -corEr.
Wol.Limi (Kmi «..dn--_\__q_h Wal.Limdi (kmt \ul_rntncm?’ < PHELY: Yol LIt (Emit < COPIED=

A — 'y s =
<2 - —
7 - -
P
—REY= TOPIED=
prrr <CORIEDS™,
", L3
e ﬂmmﬁbrﬁhh%ﬁahhmmﬁhﬂ;:~Lh5
~E¥ET =

2

Precondition:

node

= self.getMatched(graphID, self.LHS.nodeWithLabel(3))

return not node.trafficlightWithRoadGenerated

Post action:

self .getMatched (graphlID, self.LHS.nodeWithlLabel(3)) .trafficLightWithRoadGenerated = True

Specifty: portDevs V2 #11

return self.getMatched(graphID, =self.LHS.ncdeWithLabel(1l)) .name.getValue() + *_To_?
+ self.getMatched(graphID, =self.LHS.nocdeWithLabel(2)) . name.getValue() + ’‘_ctrl_in?

Specity: portDevsV2 215

return self.getMatched(graphID, self.LHS.ncdeWithLabel(1)) .name.getValue() + *_To_?
+ self.getMatched{(graphlID, self.LHS.nodeWithLabel(2)) .name.getValuel() + ’'_ctrl_ocut?



Rule 14: Remove “TrafficLight”
k§ |||‘SJ[ep 1

L |
Rule 14 (Order 14): TrafficLightCleanupl

i - LHS ~ s g RHS \\

<ANY > <ANY:> <COPIED> <COPIED=
Length (Km) B -ANY- Length (Km) % -COPIED=
Vel Limit (Km/h) <ANY> Vel Limit (Km/h) <COPIED>
N <COPIED>
S | ¢ .
<ANY> <COPIED=
\\ F s V)
— -




Rule 15: Remove “TrafficLight”
k$ "‘step )

-
Rule 15 (Order 15): TrafficLight Cleanup?2

4 LHS ﬁ RHS
;- \\

/ \ <COPIED> <COPIED>
<ANY= + <ANY> Leng[h (Km) +<COP|ED>
Length (Km) <ANY> i 5
Vel Limit (Kmvh) AR Vel .Limit (Km/h) <COPIED>
<ANY = _ <ANY>
Length (Km) ANYTS <COPIED: <COPIED>
Vel.Limit (Km/h) <ANY> Length (Km) +«:COPIED}

\\ <AV . \Vel.Limit (Km/h) <COPIED> //




Rule 16: Remove
¢ “RoadSection” (step 1)

Rule 16 (Order 16): RoadCleanupl

/ LHS — RHS

<ANY = ; <ANY> i f ANY =
2 Length (Km) T .any-
Vel .Limit {Km/h) <ANY =
\ — A\l




Rule 17: Remove

“RoadSection” (step 2)
L B

Rule 17 (Order 17): RoadCleanup?2

i LHS - RHS

-

, N

<ANY> <ANY>
Length (Km) t <ANY>

\ Vel.Limit (Km/h) <ANY7 B K




Rule 18: Connect “Road” Atomic

DEVS with “Traffic” Coupled DEVS
L mn

Rule 18 (Order 18): ConnectAtomic2Coupledl

2 LHS — RHS R 3
~ ~

Trartfic

<ANY =

A B S -

Precondition:

node = self.getMatched(graphlID, self.LHS.nocdeWithLabel (2))
return (not node.connectedWithCoupled) and (node . model_type == "road")

Post action:

self .getMatched (graphID, self.LHS . nodeWithlLabel(2)) .connectedWithCoupled = True



Rule 19: Connect “TrafficLight” Atomic

DEVS with “Traffic” Coupled DEVS
L BT

Rule 19 (Order 19): ConnectAtomic2Coupled2

4 LHS s RHS \

WY

5 _/,.'
. - - e
\ i \ passive 0 Tactive /

\

Precondition:

node = self.getMatched(graphID, self.LHS.nodeWithLabel(2))
return (not node.connectedWithCoupled) and (node.model_type == "trafficLight")

Post action:

self .getMatched (graphID, self.LHS.nodeWithLabel(2)).connectedWithCoupled = True



Rule 20: Connect “Generator” and
“Collector” Atomic DEVS with “Traffic”

"Poupled DEVS

mll A
Rule 20 (Order 20): ConnectAtomic2Coupled3

LHS = RHS

Traffic [« AITY = < COFIED> <CCOPIED=

Precondition:

node = self.getMatched(graphID, self.LHS.nodeWithLabel(2))
return (not node.connectedWithCoupled) and (node.model_type == "generator" or node.model_type == "collector")

Post action:

self.getMatched (graphID, self.LHS.nodeWithLabel(2)).connectedWithCoupled = True



Code Generation
=1
® Simulator in Python (PythonDEVS)

(Based on the work described in [3].)

" Write codes to specify initial parameters, time advance function, output
function, and conditions for transitions

" Click “Gen” button in DEVS meta-model toolbar to generate simulators in
Python

" There will be three files at top level: DEVS.py, Simulator.py,
Traffic.py

" For each atomic model there will one sub-directory which contains
one file, such as University Street.py

" Run simulation
" e.g., $ python Traffic.py 10000

" Simulator in Java (DEVSJAVA)



TimedTraffic
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¢ Conclusion
L Eu

nll
" AToM3 is an amazing tool!

" Pure graphical translation from DEVS or other
formalism to a real programming language such
as Python or Java?

" Using neutral language to describe specific
cases in transformation rules?
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