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Context

- Behaviour analysis of HLA distributed simulation
HLA : High Level Architecture : IEEE interoperability standard

- Using activities recognition techniques

- Activities are denoted by chronicles
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Chronicle and their recognition

« Chronicles

Describe an event pattern
Events relationships :

» Logical

« Temporal

- Chronicle recognition :

|[dentify the chronicle patterns that are searched for in
the observed event flow

Characteristic :
« Find all instances of a searched chronicle g a b b
. \y NS
« Store events that contributed to the recognition occurrences of

a followed by b
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Chronicle language

- Logical operators
And :A&B
Or:A|lB

- Temporal operators
Sequence : AB
Absence : (A B)-[C]
Absence and Sequence can be used to represent timed constraint

Minimum delay : A5 B
Maximum delay (A B)-[5]

- Operator composition
§ (Al B)(C || D)
i
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Chronicle modelling

Using coloured Petri Nets
Each chronicle event is represented by a transition

Event occurrence is associated with firing the corresponding
transitions

We use specific nets (modelled with CPN tools):
One token per place (type CList or Boolean)
Complex list functions
colset Event with a|b|c|d;
colset Chronlnst= list Event;
colset CList= list Chronlnst;
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Basic operators

- Basic event recogntion

[]

ins pr [a
e
ClList
.

[]

. ins pr [a] @0 T EaT]
pr = [[a]]] CList

pr

Event flow : a a
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Basic operator : or

instance

ins instance [a]

[]

Success

ins instance [b] CList

instance
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Basic operators (A B) -[C]

- Absence operator (sequence)

instance
{ | []
5 instance™~”~HAdd(b, pr)
CList
( - pr [pr!=[1] ;
ins pr [a
D
pr
CList [pr!i=[]]

[]

c fail~ ~HAdd(c,pr) @
[] _
CList
t fail
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Direction- Conférence

Basic operators (A B) -[C]

Event flow : falb b ¢ b”

instance

instance™~”~HAdd(b, pr)

fail"~"HAdd(c,pr)

fail

(]
DL

ClList

(]
D[

ClList
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Basic operators (A B) -[C]

Event flow : “alblb ¢ b”

( pr

ins pr [a]

Direction- Conférence

instance

instance”~”~HAdd(b, pr)

fail"~"HAdd(c,pr)

fail

[]
(D) [1 [[a,b]]
CList

(]
D[

ClList
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Basic operators (A B) -[C]

Event flow : “alblbl ¢ b”

[ or

ins pr [a]

%
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instance

‘

B

[]

1" [[a]l

j\/ [pr!=[1]

Temp (1

[pr!=[]]

instance~~HAdd(b,pr) @o

1"[[a,b],[a,b]]

ClList

[]
fail"~HAdd(c,pr)

1°[]

ClList

fail
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Direction- Conférence

Basic operators (A B) -[C]

Event flow : “a|bllbl/c|b”

( pr

ins pr [a]

instance
. instance~ AHAdd(b,pr)
[pri=[]]
[pr!=[]]
c fail~A~AHAdd(c,pr)

fail

T,

[]

(1)[1 [[a,b],[a,b]]
ClList

[]
(1) (1 [[a,c]]

ClList
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Basic operators (A B) -[C]

Event flow : ‘fa]lb][bl/c|b

instance

{ []

instance”~HAdd(b,pr) T
B @0 1" [[3,0],[3,b]]

ClList

[]
(1) (1 [[a,cl]

ClList

fail"~HAdd(c,pr)

fail

Direction- Conférence
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Basic net : time constraint

Minimum delay : A5 B true a

tins

[tIns!=[] orelse act]

TClList

tCurr~~tH1st((a,cpt),tins)

[] (]

TClList TClList

tIns~~tHAdd((b,cpt),tCurr)
tIns
[tCurr!=[]]

Pt > B €

INT
tCurr

addDelay(tCurr,delay,cpt) []

Time @
TCList
AL tins

delay
INT
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Basic net : time constraint

Minimum delay : A5 B true [] []

TCList TCList
tIns tIns~~tHAddA((b,cpt),tCurr)
1'0 tIns
[tIns!=[] orelse act] [tCurr!=[]]
cpt
A > » B |l
i INT
tCurr tCurr

1 \ 4 addDelay(tCurr,delay,cpt) 1
1" [[(a,0)]1] Time
1 [] TCList
t tlns
delay
tCurr~~tH1st((a,cpt),tIns) 5
(1)[1'5
1 ) @
Event flow : {g/6 b INT
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Basic net : time constraint

Minimum delay : A5 B

1 true

[tIns!=[] orelse act]

Event flow : @@ b’

1"[[(a,0)]]

tCurr~~tH1st((a,cpt),tIns) 5
(1)|1°5

€D T I L
TClList TCList
tins tIns~tHAdd((b,cpt),tCurr)
1'°6 tIns
[tCurr!'=[]]
cpt
A i » B e
A INT
tCurr tCurr
] \ 4 addDelay(tCurr,delay,cpt) 1
Time TempT
TCList 1 ([0 1—"TcList
t tIns )

delay
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Basic net : time constraint

Minimum delay : A5 B true [ []
1'true @0 1] 1'[[(a,0),(b,6)]] o@
TCList TCList
tins tIns~tHAdd((b,cpt),tCurr)
[tIns!=[] orelse act] [tCurr!=[]]
cpt
A i » B |l
A INT
tCurr tCurr
] \ 4 addDelay(tCurr,delay,cpt) 1
1" [[(a,0)]] Time TempT
TCList 1 [[@ON—"Tcpist
t tlns )

delay

tCurr~tH1st((a,cpt),tIns) 5
(1)|1°5
Event flow : @@@ o
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Basic net : time constraint

Maximum delay : (A B)-[5]

true []

TCList

[tIns!=[] orelse act]

tCurr

5
tCurr~tH1st((a,cpt),tins)
INT

(]

TCList
tIns~A "~ tHAdd((b,cpt),tCurr)
tlns tlns
0 INT [tCurr!=[]]
cpt
-k (o= -+ o
cpt
4 cpt+1 4
cpt
[]
_\ tCurr
Temp P Time
M tCurr
TCList
remDelay(tCurr,delay,cpt) delay
J
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Chronicles composition

« Goal : modelling the chronicle algebra

- We must model operators composition

- 2 ways .
Transition substitution
Places fusion
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Transition Substitution

- Operators nets :

Sequence Absence Conjunction Disjunction
- Event recognition :

[]

curr [curr!'=[] orelse act]

[]

instance”~”H1st(a,curr)

act

o i

true ClList

instance

BOOL
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(]

curr [curr!=[] orelse act]

instanceAAH1st(c,curr) @
1/0

C
/ act CList
/ false N
/! instance \
I 5\
\ BOOL v
\ []
N\
> N
~N_ 4 CList
[] S e
~
StartBC S~
! | ~ o
I
I
I
|
| 1
| false
|
|\ * BOOL
/
\
l( N (]
II curr  [currl=[] orelse act]
\ instance””~H1st(b,curr)
\ 2

instance

rd
7
rd
éﬁ
=
c
[}
I
o
a
K—P w
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\EO BOQ (]
/ = =b

curr

StartABC

ClList

[curr!=[] orelse act]

instance
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Recognition of A (B C)

Event flow : “ab b ¢”

[] []

ClList
instance~~H1st(c,curr) instance

CList
curr

[curr!=[] orelse act] [currl=[] orelse act]

[]

[]

instance instance
A ¢ @4—> B[4
instance~”"H1st(a,curr) ) curr instance~”H1st(b,curr) CListcurr ¢
act CList act ac [curr!=[] orelse act]
@ true @ false false
BOOL BOOL BOOL
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Recognition of A (B C)

Event flow : fa|b b ¢”

(] []
StartABQ'1)
ClList ClList
5 instance
CUTT | [currt=[] orelse act] 1 [[all [curr!=[] orelse act] T[]
instance (] instance
A A Temp B A
instance~”"H1st(a,curr) _ curr instance”~”~H1st(b,curr)
act CList act [curr!=[] orelse act]
true false
(FrsnegD Tae] A{Frtec )
BOOL BOOL BOOL
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Recognition of A (B C)

Event flow : @@ bc’

[] []
StartABQ1)
ClList ClList
I instance”™”~H1st(c,curr) . I
curr : 1 [[a]] = | ¢ - instance
[currl=[] orelse act] [curr!=[] orelse act] 1 [[a,b]]
instance [] instance
A A Temp B A
instance~”"H1st(a,curr) _ curr instance”~”~H1st(b,curr)
act CList act [curr!=[] orelse act]
true false
(FrsnegD Tae] A{Frtec )
BOOL BOOL BOOL
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Recognition of A (B C)

Event flow : @@@ c’

[] []
GraredD [T
Clist instance”™”H1st(c,curr) .CLISt
CUIT | [curr! =[] orelse act] 1" [[a]] [curr!=[] orelse act] [1[[a,b],[a,b]]] Instance
instance [] instance
A A Temp B A
instance~”"H1st(a,curr) curr instance”~”~H1st(b,curr)
act CList act [curr!=[] orelse act]
true false
(renedD Fae] a{Frtec)
BOOL BOOL BOOL
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Recognition of A (B C)

Event flow : @@@
[ \ / []

0 [ Tla,b,c],[a,b,c1] (3

ClList

ClList

instance™”H1st(c,curr .
stance st(c,curr) instance

CUT | [currt=[] orelse act] 1'[[a]] [curr!=[] orelse act] |1 [[a,b],[a,b]]]
instance [] instance
A A Temp B A
instance~”"H1st(a,curr) curr instance”~”~H1st(b,curr)
act CList act [curr!=[] orelse act]

true false

(renedD Fae] {Frtec)

BOOL BOOL BOOL
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(A || B) (C || D) with transition substitution

CList
[]

ClList .

AorB @ corD |’
’ -
frue EE t Clist  [CorDseq] |
@ CorDseq

AorBseq BOOL C %
C a)rD
A dﬁ
] false ]
Succe@
true [ CList BOOL CList
StartAB @ Succe@
ClList BOOL ClList
D |le—m
E D_CorD
o B 4—)
g B _AorB
s
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Composition with place fusion

* Introducing another method to compose nets

- Motivations :
Easier than transition substitution
Visual correspondence with algebra operator composition
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Chronicle A (B C) with place fusion

[] [

SuccessAB I

CUIT Tcurri=[] orelse act] curr

[curr!=[] orelse act]

[ CList [
H AN
A instance”~"H1st(a,curr) @ c instance”~~H1st(c,curr)
act ;
true t CList false CList
@ instance @ act t instance
BOOL

BOOL

(1

curr [curr!=[] orelse act]

instance L

]

instance”™H1st(b,curr) @

CList

vy

Direction- Conférence
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instance

(1

curr

SuccessA

[ae] @ s

instance”™”H1st(c,curr)

false
act

BOOL

[curr!'=[] orelse act]

instance””H1st(b,curr)

Direction- Conférence

instance

8
D0

ClList
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(1

] s )
SuccessAB

[1 ClList [1
s instance”~~AH1st(c,curr -
(1) |1 [[a]] C ( )# Success(1) |11

curr
[curr!=[] orelse act]

instance”~”~H1st(a,curr)

Clist false CList
instance act t instance
@ s )
BOOL BOOL
[l

curr [curr!=[] orelse act]

SuccessA

(1

instance”~”~H1st(b,curr <
(b,curr) L I[a,01]

[SuccessAB | Clist

Direction- Conférence
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Event flow : ‘a]lo/b| ¢”

(1

1'[[a,b],[a,b]]

curr

[curr!=[] orelse act]

[1 ClList [
instance””~H1st(a,curr) s instanceA~AH1st(c,curr
A »( Success(1) [1"[[al] C (' )= Success(1) [17[]
frue act CList

false CList
instance act instance
@ )

BOOL BOOL

(1

instance””~H1st(b,curr S
(b,curr) L [[a,b],[a,b1]
SuccessAB CList

Direction- Conférence
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[1

1"[[a,b],[a,b]]

curr
[curr!=[] orelse act]

(1 CList [
instance~”~H1st(a,curr) 5 instance~~AH1st(c,curr
»( Success(1) |1 [[a]] C (< ); Success(1) |1 [[a,b,c],[a,b,cl]]
ClList CLi
false ist
instance — o@ act t instance
-a se
BOOL BOOL
(1
T T]) o@
curr [curr!=[] orelse act]
CList [l
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And operator with place fusion

(1

curr  [curr!=[] orelse act]

instance

instance”~~H1st(a,curr)

CList

>

act

First a

BOOL

instance

(] ( (]
curr chrAnd(curr)
And

ClList ClList

curr lcurr!=[] orelse act]

instance

(1

instance~~H1st(b,curr) @

ClList

®©

Direction- Conférence

O HERMA




Or operator with place fusion

(1

curr [curr!=[] orelse act]

[l

A instance~~H1st(a,curr) @
t instance ClList

First a

BOOL

(1

[curr!=[] orelse act]

(]

5 instance~~H1st(b,curr) @
.
t instance CList

Direction- Conférence
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Absence operator with place fusion

(1

H

curr [curr!=[] orelse act]

ClList [1
instance~”~H1st(b,curr)
B »{ Success
ClList
instance{
BOOL
curr [curr!=[] orelse act]
: [l u
instance~”H1st(a,curr)
A »{ Success Temp
Clist SuccessA CList
instancet curr [curr'=[1]
BOOL i C
§
s
OMER A,




Chronicle (A || B) (C || D)

CUFT  [curr!=[] orelse act]

(]

A instance~~AH1st(a,curr) @ c instance~H1st(c,curr)
Q\stance E &stance
BOOL
[1
curr!=[] orelse act @
curr [ [] ] A CUTT [curr!=[] orelse act] ]

(]
5 instance~~H1st(a,curr) @ 5 instance~~H1st(d,curr) @
CList CList

fal act
&sta nce alse &sta nce

BOOL

Direction- Conférence
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Comparison

- Both methods produce the same results
Example with the A (B C) chronicle

- Both methods have the same expressiveness

- Place fusion nets are easier to read
- And easier to model with CPN tools

E
:

O HERMA




Conclusion

- We have nets for
Event recognition
Each operator
Formalise the composition
Two ways for the composition

- CRS/Onera works with HLA simulation

- Future works :
Integrating time representation in composition
Formalise the net subset
Extend the models with sub-chronicle and their absence
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Application example

il Blagnac Airport Simulation = bertrand@blizzard2: ~/genesis ADF/ADF_CPP/CompiledFiles/BinGNU

07:04:08; Flight ABL03 is cleared for PUSHEACK Fichier Edition Affichage Terminal Onglsts Aide

07:04:08; Flight A7ES requesting PUSHBACK

07:04308; Flight ABL03 acknouledges PUSHBACK Message Update

07:04:08; Flight A768 is cleared for PUSHBACK mise a jour message
07104:08; Flight A7ES acknowledges PUSHEACK mise a jour message
07:04:08: Flight D1002 landing WA 3 e pesEAgE
|4 message attr: 87:00:
mise a jour message

Start  Stop  One Step mise a jour message
Refresh rate |11 Traffic Simulator Time 3 [MiSe a jour message

mise a jour message

mise a jour message
mise a jour message
message attr: 07:04
mise a jour message
mise a jour message
mise a jour message
mise a jour message
mise a jour message
mise a jour message
mise a jour message
mise a jour message
mise a jour message

mise a jour message

mise a jour message
mise a jour message

message reel: 07:080:
message attr: 87:04:

message attr: 87:04:

message attr: 87:04:
message attr: 87:04:
message attr: 07:04:
message attr: 87:04:

message attr: 87:04:

message attr: 87:04:
message attr: 87:04:

message attr: 07:084:

: Traffic Clearance

: Clearance

: HLAB5580

01: Flight A6103 requesting PUSHBACK

: Traffic Clearance

: Clearance

: Message Moniteur

B1: Flight A6163 requesting PUSHBACK

: HLAG5580

B8: Flight AB103 is cleared Tor PUSHBACK
: HLAB5580

88: Flight A768 requesting PUSHBACKHBACK
: HLAB5580

:88: Flight A6183 acknowledges PUSHBACKCK

: HLAB5580

08: Flight A768 1is cleared Tor PUSHBACKK

: HLAB5580

08: Flight A768 acknowledges PUSHBACKCKK

: HLAB5580

B8: Flight D1882 landingdges PUSHBACKCKK

: HLAB5580

15: Flight D1802 touching runway after landing
: HLAB5580

16: Flight A768 leaving GATEnway after landing
: Traffic Clearance

: Clearance

: HLAB5580

17: Flight A768 requesting ENGINE STARTINGding
: HLAB5580

17: Flight A768 is cleared for ENGINE STARTING
: HLAB5580

17: Flight A6103 leaving GATEr ENGINE STARTING
: Traffic Clearance

: Clearance

Chroni
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