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Mi Is az a Szinezett Petri hald?

¢ Modellezé nyelv rendszerekhez, ahol szinkronizacio,
kommunikacio, és erdéforras megosztas fontos.

¢ Egyben Petri Halé és Programozasi Nyelv.

m Avezerlesi struktarat , szinkronizaciot , kommunika-
ciot, es az eroforras megosztast a Petri halo irja le.

m Az adatokért és az adat kezelésert a (Standard ML)
funkcionalis programozasi nyelv a felel6s.

¢ CPN modelleknél validalas alatt szimulaciot értink,
verifikalas alatt pedig allapotteret és allapot-invariansokat

¢ Danidban az Aarhus egyetemen mar kdzel 25 éve kutatjak

a Szinezett Petri haldkat.
= [ ]



Miért készitiink modelleket?

¢ A modellezés célja:

= Uj dolgokat ismerhessiink
meg a rendszerral.

m Arendszerrel szemben
tamasztott kovetelmények
teljesulésének ellendrzese.

¢ CPN modellek dinamikusak, azaz végrehajthatdak:

s Futtathatoak szamitdgépen.
m Forgatokonyvek lejatszasara van lehetdség.



Magas-szint i Petri-halok

¢ A CP-halo és a normal Petri-halo kozti kapcsolat
hasonlo a magas-szintd programozasi nyelvek és az
assembly kod kapcsolatahoz.

s Elméletben a két szint kifejez6ereje azonos.

s Gyakorlatban a magas szintd nyelvek sokkal
nagyobb modellezd erével rendelkeznek, mivel
jobbak a struktura-leiré kepesseguk, pl. vannak
modulok, tipusok.

s TObb mas magas-szintld Petri halo Iétezik, de a
Szinezett Petri-halo a legelterjedtebb a
gyakorlatban.



CPN-eket nagy rendszerekhez
hasznaljak
¢ Egy CPN modell szamos alhalobal all.

m Hasonldéak a modulokhoz.
m JOl-defininalt interfészek és tiszta szemantika.

¢ A CPN tipikus ipari alkalmazasa:

= 10-200 alhalo.

s 50-1000 hely és tranzicio.
m 10-200 tipus.

¢ llyen méretl ipari alkalmazasok elképzelhetetlenek
ezek nélkul:

s Adattipusok eés token ertekek.
= Modulok.
s Modellez6 eszkdz tamogatas.




Felhasznalasi teriiletek

Protokollok és Hal6zatok

Intelligent Networks at Deutsche Telekom

IEEE 802.6 Configuration Control at Telstra Research Labs
Allocation Policies in the Fieldbus Protocol in Japan

ISDN Services at Telstra Research Laboratories

Protocol for an Audio/Video System at Bang & Olufsen
TCP Protocols at Hewlett-Packard

Local Area Network at University of Las Palmas

UPC Algorithms in ATM Networks at University of Aarhus
BRI Protocol in ISDN Networks

Network Management System at RC International A/S
Interprocess Communication in Pool IDA at King's College

Szoftver

Mobile Phones at Nokia

Bank Transactions & Interconnect Fabric at Hewlett-Packard
Mutual Exclusion Algorithm at University of Aarhus
Distributed Program Execution at University of Aarhus
Internet Cache at the Hungarian Academy of Science
Electronic Funds Transfer in the US

Document Storage System at Bull AG

ADA Program at Draper Laboratories
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Vezérlo rendszerek

Security and Access Control Systems at Dalcotech A/S
Mechatronic Systems in Cars at Peugeot-Citroén in France
European Train Control System in Germany

Flowmeter System at Danfoss

Traffic Signals in Brazil

Chemical Production in Germany

Model Train System at University of Kiel
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Hardver

¢ VLSI Chip in the US
¢ Arbiter Cascade at Meta Software Corp.

Katonal rendszerek

¢ Military Communications Gateway in Australia

¢ Influence Nets for the US Air Force

¢ Missile Simulator in Australia

¢ Naval Command and Control System in Canada

Egyéb

¢ Bank Courier Network at Shawmut National Coop.
¢ Nuclear Waste Management Programme in the US



Modellez 6 eszkbzok

¢ Design/CPN eszkozt a 80‘as évek végen és a 90‘as evek
elejen fejlesztettek Kki.

» A maga idejeben a legelterjedtebb Petri halé csomag
volt.

m 750 kulonb6zo szervezet 50 orszagban hasznalta
— ezek kozott 200 kereskedelmi ceg van.

¢ CPN Tools mar egy masodik generacios eszkoz a
Szinezett Petri-halokhoz.
s Mara a CPN Tools atvette a Design/CPN helyét

m A fejlesztés 1999-ben kezdddott és tobb, mint
20 mérnokév munka van benne.
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Standard ML

¢ A tipusok, élkifejezések es o6rfeltételek Standard
ML-ben adhatok meg. Ez egy erdsen tipusos,
funkcionalis programozasi nyelv (Robin Milner
fejlesztette).

¢ Adattipus lehet:
s Atomi (integer, string, boolean és felsorolas).

m Strukturalt (products, record, union, list és
subsets).

¢ Tetszblegesen bonyolult fliggvényeket es
muveleteket lehet definialni benne (pl.
polimorfizmus).

¢ A Standard ML jol-ismert, tesztelt és nagyon
altalanos. Szamos irodalma van.
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INTXDATA

Receive

1°(1,"Modellin")++
1°(2,"g and An")++
1°(3,"alysis b")++
1°(4,"y Means ")++
1°(5,"of Colou")++
1°(6,"red Petr")++
1°(7,"i Nets##")++
1°(8,"#8888888")

INTXDATA

- (n,p) %

imin(n1,n2)

INTXINT

L)
1°(n1,1)++
1°(n2,2)

if Ok(s,r)
then 1’ (n,p)

®¢:' 1: (SI::Of COIOU::)++ " @ 1- " l
[ ——) DATA

str
if n=k
andalso

Wit | else empt n,
it DV’®( p)

INTXDATA

INT I n=k

else k

p<>stop
then str™p
else str

h 4

Receive
Packet

then k+1

if n=k
then k+1
) else k

O«

INT

Receiver
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e 2QY €QYySzer U protokoll

(1)
INTXDATA 1'(2g and A"}
‘Il[ alysm h'}+ -
1 (5 "of Colou")+
1'(6,"red Petr")+ DATA
( } 17" NetsiH")+
n,p 1° (B, " . :
. if Dk{s‘,r} , str | |if n=k
INTXDATA then 1°(n,p) INTxDATA andalso
Send (n.p) _~~ (n.p) Transmit I else empty p<>stop
Packet Packet then strig
else str

--'“'“."-‘
-\..-"'".n
__,..-

' Int 0 m R
| Receive
i Packet
i nt 0 m
:
Receive : ( ) . Transmlt
. then 1'n
i else empty
Sender ! Network Receiver

Coloured Petri Nets
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y

protokoll

DATA

amany E2QY €QYSZEr

INTxDATA

if Ok(s,r) str | | if n=k
then 1°(n,p) INTxpATA andalso
Transmit I else empty p<>stop
Packet then strp
else str
Int_ O m —
Receive
Packet
Int_ 0 m
S if n=k
: then k+1
Receive Transmlt else k
Acknow. , if Ok(s,r) | Acknow.

then 1'n

else empty
Coloured Petri Nets

29/04/2012 13



war:  EQY €gyszer U protokoll

DATA ;

if Ok(s,r) | .
then 1°(n,p) INTxDATA

(1,

INTXDATA 1'(2,"g and An")+
1°(3,"alysis b")+
1°(4,"y Means ")+
1'(5,"of Colou")+
1°(6,"red Petr")+
1°(7," Nets##")+

(n.p) 1°(8," ")
INTXDATA
Send
Packet

(n.p) ¢~ (n,p) Transmit I else empty
Packet |

Receive
Acknow.

=| L INT

i Int_0_10 5

| .
1

|

|

1

|

|

Mzé —
8 , S acket

if n=k
andalso
p<>stop
then strp
else str

Receive

S

n O if Ok(s,r)

Sender

Coloured Petri Nets
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| Transmit
Acknow. N

INT
then 1'n

INT

else empty

Network Receiver
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INTxDATA

—_ o & & & & & &

Sender

war: QY €gySzer U protokoll

"g and An")+
"alysis b")+ -
Sof Colou™)+
"red Petr")+ DATA
"i Nets#" )+
l|########ll} -
! if Ok(s,r) , str | |if n=k
INTXDATA then 1°(n,p) INTxDATA andalso
(n,p) (n.p) else empty p<>stop
then strp
else str

e
"
——
-\..-"'".n
i

int_0_ ‘.'D .,,

S

Ty TOkK(sr) - . INT

then 1'n
else empty

|
5
1
|
|
1
|
|
1
|
|
1

Network Receiver



"(1,"Modellin")+
(2,'g and An")+

"-!. ‘alveic B+

INTxDATA

Egy egyszer U protokoll

lace

IN TMDA TA

[ ; - ':
Deklaracios
csomopont

Sender

Received
DATA

str if n=k
then ‘l INTxDATA andalso

Transrrnt I else empt*_f .. n,p p<>stop
Packet 1 then strg

color INT = Int;
color DATA = string;
color INTXDATA = product INT * DATA,
varn, k : INT;

var p,str : DATA;

val stop = "#HH#HHAHHHHH",

color TenO = int with 0..10;
color Tenl = int with 1..10;

var s : TenO; var r : Tenl;

fun Ok(s:Ten0O,r:Tenl) = (r<=s);

Network Receiver




INTxDATA

Qlace

(n,p)

Sender

Coloured Petri Nets
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—4 & & & & 4 A& &
rl El rl rl El rl - E
e e il T i T i T e T

DN ORE LN =

"of Colou")+
"red Petr")+
"I Nets#")+
THHBR R

INTXDATA

Kezdetl eloszlas

'.f QK(S,I) il Str
then 1°(n,p) INTxDATA

Send (n.p) 7~~~ (n,p)
Packet 4@_-

Transmit I else empty
Packet

8
int_0_ ?'Gl .,,

Receive
Packet

Received

] EQY egyszer u protokoll

"g and An")+
"alysis b")+
"y Means ")+

if n=k
andalso
p<>stop
then strp
else str

S

Receive
Acknow. < (:). '
N | f Ok(s,r)

I S,

Transmit
Acknow. n

then 1'n

else empty

INT

Network Receiver
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,"Modellin") +
,"g and An") +
,"alysis b") +

'y Means ") +

,"of Colou") +

Send jel6lése
,'red Petr") +
'l Nets##") +

INTXDATA
)
Tokenek szama l /

/

RPRPRRPRRPRRERRBR

Token szinek
halmaza

Coloured Petri Nets
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INTxDATA

Send
Packet

Egy egyszer u protokoll

1°(1,"Modellin")+
1°(2,"g and An")+
17(3,"alysis b")+ "
1°(4,"y Means ")+ o @
1°(5,"of Colou")+
1°(6,"red Petr")+ DATA
1°(7,"i Nets##")+
178, " HHHHHRRRE) .
! if Ok(s,r) , str | |if n=k
TXDATA then 1°(n,p) INTxDATA andalso
o {n:p) Transmit I else Empty’ p{}stﬂp
Packet | then stric
| Y else str
Elki fej ezés |
Receive

Receive
Acknow.

Sender

Coloured Petri Nets
29/04/2012

: ( )I Transmlt
N f Dk{ } AGkﬂDW n

Packet

L INT
int_0_ ?'G'

| s,r
then 1'n
else empty

INT

Network Receiver
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INTxDATA

(n,p)

Send
Packet

Receive
Acknow.

Sender

Coloured Petri Nets
29/04/2012

V 4 4
e E2QY €QYSZer U protokoll
1°(2,"g and An")+
17(3,"alysis b")+ "
1'(4,"y Means ")+ - @
1°(5,"of Colou")+
1°(6,"red Petr")+ DATA
1°(7,"i Nets##")+
178, "B .
| if Ok(s,r) , str | |if n=k
INTXDATA then 1°(n,p) INTxDATA andalso
(n.p) (n,p) | Transmit | &'se empty p<>stop
Packet | then stric
! else str
| is e
e
| vy
P .ﬂ: h I k @ Receive
| u er e ye Packet
if n=k
| then k+1
| Transmit |‘ else k
N Swfif Ok(s,r) Acknow. n
. then 1'n
i else empty
| Network Receiver
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Receive

Sender
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I
K
I
L
K
I
I
Il

. ( ) . | Transmit
Acknow. n if Ok(s,r) Acknow. n

1I
2
3
4
5
6
?I
8

-] EQY egyszer U protokoll

"g and An")+

, alysis b")+ "

Sof Colou™)+

"red Petr")+ DATA

"i Netst#")+

" ###l'-} -

H . if Ok(s,r) , str | | if n=k
INTXDATA _ _ then 1°(n,p) INTxDATA andalso
[ ] rrs p{}StDp
Elktldendd csomagok then str™y
else str

\ﬁ"#"

int_0_10

S

s,r
then 1'n
else empty

INT

INT

Network Receiver
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1°(1,"Modellin")+
INTXDATA 1'(2,"g and An")+
1'(3,"alysis b")+ .
@ 1'(4,"y Means ")+ _@
1°{5,"of Colou™)+
1°(6,"red Petr")+ AT
1°(7." Netst#")+
(n,p) 1B ) foren | B
INTXDATA then 1°(n,p) INTxDATA
Send (n.P) o r; (n,p) Transmit I else empty
Packet ekt

Jof 0

Receivt
Acknow.

I
I
I
I
I
I
I
I
I
|
I
| nt 0 m
I
]
]
I
I
i
I
'!

-
"
--"""“.‘
=
__...-

Eqgy egyszer G protokoll

if n=k
andalso
p<>stop
then strp
else str

Receive
Packet

?'G'

S

if Okis.y)

Transmlt
Acknow.

Sender

Coloured Petri Nets
29/04/2012

then 1'n

else empty

INT

Network

Receiver
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e EQY €QYySzer U protokoll

(1
INTXDATA 1'(2g and A"}
‘Il[ alysm h'}+ -
1 (5 "of Colou")+
1°(6,"red Petr")+ DATA
( } 17" NetsiH")+
n,p 1 (B ST -
. if Dk{s‘,r} , str | |if n=k
INTXDATA then 1°(n,p) INTxDATA andalso
Send (n.p) _z~ (n.p) Transmit I else empty p<>stop
Packet Packet then strig

else str

Int 0 ma ( p—— :
.rm_ﬂ_m L
S

Receive - ( ) - | Transmit
Acknow. n f if Ok(s,r) Acknow.

then 1'n
else empty

Sender Network Receiver

Coloured Petri Nets
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INTxDATA

(n,p)

Send
Packet

Receive
Acknow.

Sender

Coloured Petri Nets
29/04/2012

—4 & & & & 4 A& &
rl El rl rl El rl - E
e e il T i T i T e T

DN ORE LN =

"Modellin™)+
"g and An")+
"alysis b")+
"y Means ")+
"of Colou")+
"red Petr")+
"I Nets##")+
THHBR R

INTXDATA

(n,p)l @ (n.p) \

Egy egyszer U protokoll

Recewe o)

if Ok(s,r)
then 1°(n,

if n=k
andalso

i
D) INTXDATA

8
int_0_10 @ -

Receive
Packet

S
. ( ) . | Transmit |‘
- Acknow.
n | if Ok(s,r) n INT
. then 1'n
i else empty
| Network Receiver
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e EQY €gYySszer U protokoll

(1)
INTXDATA 1(2."g and A"?
1°(3,"alysis b")+ -
1°(4,"y Means ")+ _@
1°(5,"of Colou")+
1'(6,"red Petr")+ DATA
17" NetstH")+
(8, "SI .
. if Ok(s,r) , str | |if n=k
INTXDATA then 1°(n,p) INTxDATA andalso
(n,p) Transmit I else empty p<>stop
Packet then strp
else str

--'“'“."-‘
-\..-"'".n
__,..-

Receive
Packet

Int_0_ TG‘

Int_ 0 m
S
Receive : ( ) . Transmlt
Acknow. - | Acknow.
n , if Ok(s,r) n INT
. then 1'n
i else empty
Sender | Network Receiver

Coloured Petri Nets
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Csomagkiildés
+ 1°(3,"alysis b")

¢ Csak a + 1'(4,"y Means *)
_ + 1°(5,"of Colou")
<n=1,p="Modellin">

+ 1°(6,"red Petr")
, 1N H
par engedelyezett.

+ 1°(7,"i Nets##")
+ 1°(8, "HHHHHHHH")
¢ Ha talalhato ilyen par, akkor
a Send Packet elkiuldi azt A-
nak.

INTXDATA

¢ Ez azt jelenti, hogy
(1,"Modellin")-t elktldtik a
halozaton.

¢ A csomag nem torlodik a
Send helyrdl s a NextSend
sem valtozik.



INTxDATA

1,"Modellin")+
2,"g and An")+
"alysis b")+

"y Means ")+

1

1

1°(3,

1(4,

1°(5,"of Colou")+
1°(6,"red Petr")+
17" NetsiH")+
17(8 ")

Receive
Acknow.

Sender

Coloured Petri Nets
29/04/2012

IN TJ{DA TA

: ( ) . | Transmit
n j if Dk( } Acknow. n

Egy egyszer U protokoll

if Ok(s,r) i
then 1°(n,p) INTxDATA
else empty

--'“'“."-‘
-\..-"'".n
e

L INT
int_0_10 -

S

| s,r
then 1'n
else empty

INT

Network

Received
DATA

str| |if n=k
andalso
p<>stop
then strp
else str

Receive
Packet

Receiver
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Csomag atvitele

it ok(E.}
INTXDATA then 571 o) INTXDATA

Transmit j else empty
Packet

(1)1°(1,"Modellin")

Int 0 10

¢ Az engedélyezett par igy néz ki:
m <n=1,p="Modellin",s=8,r=...>

Coloured Petri Nets - T|pUS I Dl 1

29/04/2012
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If Ok(s,r)

Csomagvesztés | then 1'(n,p)

else empty

¢ A OK(s,r) fuggveny ellendrzi, hogy r <s

m Forr J1. .8,0Kk(s,r)=true. | |
A tokent A-bdl B-be tesszlik. Ez azt jelenti,
nogy a csomag sikeresen atment a halézaton.

m Forr J9..10,0k(s,r)=false.
Ekkor B-be nem kertult token. Ekkor veszett el
a csomag.

¢ A CPN szimulator véletlentl valasztja ki a
parokat: 80% eséllyel sikeresen.



e EQY €QYySzer U protokoll

(1)
INTXDATA 1'(2g and A"}
‘Il[ alysm h'}+ -
1 (5 "of Colou")+
1'(6,"red Petr")+ DATA
( } 17" NetsiH")+
n,p 1° (B, " . :
. if Dk{s‘,r} , str | |if n=k
INTXDATA then 1°(n,p) INTxDATA andalso
Send (n.p) _~~ (n.p) Transmit I else empty p<>stop
Packet Packet then strig
else str

--'“'“."-‘
-\..-"'".n
__,..-

' Int_ 0 m
i Int_ 0 m
:
: i then k+1
Receive : ( ) . Transmlt
Acknow. - Agkngw
n , if Ok(s,r) n INT
. then 1'n
i else empty
Sender | Network Receiver

Coloured Petri Nets
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Csomag fogadéasa Geconed (05

andalso
¢ A beJOV6 r@ INTXDATZ str ph<>stop
- A 18 then strp
€sa Vart,CS(,) Ok e else str
sorszamat
0sszehason
]

Coloured Petri Nets
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CSO m,a.g c? k @ 1"Modelling and An"

Sorsza’manak 1 "Modelling and An*"

modositasa

& A mar megkapott L(@alysisb) g (BI85
adatokhoz hozzaflizziik ’ o en

az ujonnan jottet.

¢ A NextRec szamlalot
egyenként noveljuk.

1 '‘Modelling and Analysis b"

¢ Acknowledgement
Uzenetet kuldunk.
Mellékeljik a kovetkezd
korben vart Gzenet
sorszamat.

if N3
the
else

Coloured Petri Nets
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ROSSZ @ 1""Modelling and An"

1"Modelling and An"

csomagsorszam
if n=k
=] e

then str\p

1°(2,"g and An")
(n,p)

¢ Eldobjuk a kapott adatot.

@ 1°(2,"g and An")
¢ A NextRec-t valtozatlanul - “
hagyJUk : 1\ v . 1 "Modelling and An
y Receive
¢ Egy acknowledgement
s e s N n=
lzenetet kildink. Eza (1)13 g ks 1 1\3
vart csomag sorszamat e'S ek
tartalmazza. then k1

els

Coloured Petri Nets
29/04/2012
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V 4 4
e EQY €QYSZer u protokoll
INTXDATA 1(2,"g and An")+
17(3,"alysis b")+ "
@ 1'(4."y Means ")+ - @
1°(5,"of Colou")+
1°(6,"red Petr")+ DATA
(np) 1°(7." Nets#t")+
n, 1" (8, HAHEHI") .
g | if Ok(s.r) , str | |if n=k
INTXDATA then 1°(n,p) INTxDATA andalso
Send (np) _~\ (p) | Transmit | else empty p<>stop
Packet Packet I then strp

else str

S
&
Int_0_10 i, -

Receive
Packet

8

int_0_10

Receive Transmit
Acknow. - Acknow.
INT if Ok(s,r) : INT
. then 1'n
i else empty
Sender | Network Receiver

Coloured Petri Nets
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Atvitel visszajelzés

If Ok(s,I)
then 1°n INT

else empty @ 1°2

INT

¢ Hasonléan mukddik a Csomag
atvitelhez.

Coloured Petri Nets
29/04/2012
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INTxDATA

(n,p)

Sender

Coloured Petri Nets
29/04/2012

1,"Modellin")+

2,"g and An")+

"alysis b")+
"y Means ")+

B,"red Petr")+
7."i NetstH")+
BUHARRRLLE)

1
1
1°(3,
1(4,
1(50fColﬂu}
1
1
1

IN TJ{DA TA

if Ok(s,r) i
then 1°(n,p) INTxDATA

Send (n.p) =~ (n.p)
Packet 4@_-

Transmit I else empty

Packet

Int_0_ TG‘

int_0_10 @

--'“'“."-‘
-\..-"'".n
__,..-

S
Transmlt
- | Acknow.
INT if Ok(s,r) : INT
. then 1'n
i else empty
| Network

Egy egyszer U protokoll

str| |if n=k
andalso
p<>stop
then strp
else str

Receive
Packet

Receiver

36



Fogadasi visszajelzes

¢ Amikor az acknowledge megérkezik a Kuldéhoz,
az azonnal frissiti a NextSend szamlalot.

¢ Ebben az esetben a szamlalo értéeke 2 lesz,
igy legkdzelebb a Kuldd a 2-es csomagot fogja
kuldeni.



Kozbils 6 allapot

¢ Fogado varja a 6-  wroam 171 "Modeli)

+1(2,"g and An")
m + 1°(3,"alysis b") 1"Modelling and - ;
OS CSO ag Ot @ + 1'{4,"y Means "} @ Analysis by Means of Received

+ 1°(5,"of Colou™ Colou" DATA

(n.p) + 1°(6,"red Petr")
) ~ 4 n,p 17" Nets##!
¢ Klldé még csak az G s | o
~ . ! ! andaalso
5'05 Csomag Ot INTXDATA then 1'(n,p) INTXDATA str | | p<>stop

Transmit else empty
Packet

then strp
else str

Send
Packet

kuldi.

o
_—
-
F""-".‘-‘
-
-
-
-

¢ A6-0s
acknowledgement : | |
kéré csomag NIRESS Myrs
érkezik meg. | A S

ol
-
.

then k+1
alse k

¢ Ezutan a
NextSend N7 oK.
fI‘ISSI"[CSdIk majd a .@‘1‘6 \ clseemply @1‘6
Klldé elinditja a 6- - i
0S csomagot.

Sender = Network i Receiver



Szinezett Petri halo szimulacidja

¢ A szintaktikailag helyes CPN abrabdl a CPN tool
legeneralja a szlikséges kodot.
m Kiszamitja, hogy az egyes tranziciok
engedélyezettek-e.
s Majd vegrehajtja a tranziciokat.

¢ A szintaxis ellendrzés és a kodgeneralas
iInkrementalis. Emiatt a kis mddositasok kdnnyen

vegrehajthatoak.
¢ Két klilonb6zb szimulaciot kulonboztetiink meg:
m Interaktiv szimulacio: a felhasznald beavatkozhat,
de nagyrészt a rendszer dolgozik.
s Automata szimulacio: a rendszer mindent
megcsinal.



INTxDATA 1°(1,"Modellin®)
+ 17(2,"g and An") o

Intera ktiv ~send. GESE, ) [ medatingand |~ (Received)

i + 1°(5,"of Calou") Colou" pATA ~ [k

szimulac 10 ., . i6rmad b

+ 177, Netst")

L } _ if n=k
(8, i) if Olke(s.r) ! andalso
INTxDATA then 1"{n.p) INTxDATA str | |p<>stop
(n,p) (n,p) Transmit glze ampty then strip

Packet else sir
: H
8 - @ra ,,,,,
. IRP.
1 == i Int_0_10 “-o Lo- - T
_NextSend ; (_NextRec
INT™== g = ' 8 - INT
i : 18 16 ifn=k
' Rﬂf @ ... @ then k+1

else k _
if n=k
then k+1
alse k

INT then 1°n INT
@1'6 . glse ampty @1'6

Sender i Network

¢ A Szimulacio eredmeényeét az abran lathatjuk.

m A kbvetkezd tuzelest manualisan vagy automatikusan
lehet kijeldlIni.

m A felhasznal6 watchpointot és breakpointokat definialhat.

Receiver



Automatikus szimulacio

¢ Amennyiben nem kivanjuk nyomon kdvetni
magat a szimulaciot:

m ez nagyon gyors lehet — sokezer Iépes/mp.

m Lehet megallasi kriteriumokat definialni

s Megallasnal a grafikus képernyo frissul

m Ekkor a kialakult helyzetet tanulmanyozhatjuk

& Az automatikus és interaktiv szimulacio hibrid is
lehet.

¢ Az automatikus szimulacio eredmeényének
megismerésehez a felhasznaldo szamara szamos
eszkdz all rendelkezésre.



Szimulacio report

1 SendPack@(1:Top#1)
2 TranPack@ (1:Top#1)
3 SendPack@(1:Top#1)
4 TranPack@ (1:Top#1)
5 RecPack@ (1:Top#1)

6 SendPack@(1:Top#1)
/ SendPack@(1:Top#1)
8 TranAck@ (1:Top#1)

© O O

{n=1,
{n=1,
{n=1,
{n=1,

N="MO00C
N="MO00C

N="MO00C

N="MO00C

e

e
elli
e

in",r=3,5=8}

{k=1,n=1,p="Modellin",str=
{n=1,p="Modellin"}
{n=1,p="Modellin"}
{n=2,r=2,5=8}



Szekvencia diagram

Kuldo Halozat Fogadd
—
SendPack:
(1 Modeliny "}
TranPack:
(1,"Modellin")
RecPack:
(T 'Modelin") _ *]
SendAck:
2
Ack UJost: 2
[ |
SendPack: o
(1,"Modellin™)
TranPack:
(1,"Modellin")
SendPack: o)
(1,"Modellin™)

L |




. _ 012345678910C80ma90k
UZIetI packl T 5
i k2 Ll 5
diagramok | ™ T
g pack3 i v Uron van
pack4 I 5 | AElveszet
packs i 4 | SHiba
0ack6 _ Wi Sikeres |
Csomagszam
10 T .
o 1 Fogadott Uzenetek ——
8 7 8 9 10
7
6
5
4
3
2 . L,
1 Lepésszar
— i 1 1 1 i i 1 1 1 1
20 40 60 80 100 120 140 160 180 200




ldo analizis

¢ CPN-hez az id6 fogalméat bevezethetjik.
Ezzel ezeket nyertuk:

m Logikal helyesség.
Megkivant funkcionalitas, deadlock
mentesseqg, stb.

m Teljesitmény.
Szuk keresztmetszetek.
Varakozasi idd és atlagos atbocsato
képesséqg elbrejelzes.

¢ Egy iddzitett szinezett Petri-haldban
minden tokennek szine (értéke) es eqgy
idébelyege (mikor hasznalhato fel) van.



Egy idozitett CP N a protokollunkhoz

INTXDATA
. Send | . Received
Tk pata~ [
(e |(n,p)@+wait I
. _ if n=k
! it Lk 5.r) ! andalso
INTxDATA then 1'(n,p) INTXDATA atr | [pe=stop
Send inpl {n.p Transmit alsa empty 9 (n,p) than strp
Packet Packet alse sir
| |
1 1
i @+Delay( 'ﬂ_j
- | . A e
- . A
Timeout ; iRp: o K v
1. -T—. i i 010 e’ R :
i NextSend i | i NextRec Receive
N - - : 8 i Y Packet
| LRA, | b=k
i Int_0_10 . .7 Mo then k+1
! Seee_ BlsEk
| I
| | if =k
Receive | @ : Transmit L
Acknow. f it OK(s.r) | Acknow. else k
INT then 1'n INT
@"'T i alse emply i
| |
| |
Sender ! Network ! Receiver

Coloured Petri Nets
29/04/2012

Fixed delay Variable delay A6



A CPN verifikacioja
¢ A CPN verifikacioja a kdvetkezdkbol all:
= Allapottér.

m Hely és tranzicio invariansok.

* Hasonloan a programozasi nyelvek
iInvariansaihoz.



Allapottér

¢ Az allapottér egy iranyitott graf, ahol:
s A csomopont az elérhet6 allapot.
= A nyil a lehetséges tranziciok (+ parositas).




INTxDATA 1°(1,"Coloured")+

e | (2 Pt N — T T T
[ Send | 1 (3 etstss)s Received
I T 1[4, Skt DATA ~ ] r Y
A proto koll ™ o
] . IT n=
p ! if Dk(=.r) ! andalzo
7 II WTJ@ATA then 1 {n,p) INTxDATA str | |p<=stop
a apOttere Send (n,p) C) {n.p) Transmit glse emphy then str'p
Packet Packet alsa str
Max 1 token
n 3
l -"-.. -H'l
|RP, b 4
S - Int 0.2 ~—~ l..----—'-- T K :
i NextSend i, NextRech Receive
T m g e N PR Packet
TN Nt if n=k
[ I K N __,-} +
) ) Int 0 2 ™ M"‘"Mn-.. :;:2: 1
- T, if n=k
Max 2 tokens Max 1 token "'l'e"':+1
. 2l5e
Receive Transmit
Acknow. Acknow.
INT

INT

¢ Véges allapottér elerese:

m Tokenek szamat korlatozzuk az A, B, C és D helyeken.
s Csak 4 csomagunk van.

m Binaris valasztas, hogy sikeres vagy sem.



INTXDATA

1°(1,"Modellin")+
@ 1(2,"g and An")+

1(

T

nn

3."alysis")+ DATA A
(4"
(n.p)
if n=k
if Ok andalso
INTXDATA then 1'(np) INTXDATA str | |p<>stop
Send (n.p) Transmit else empty (n.p) then strip
Packet Packet else str
if Ok 2
n then empty
else 1'e
1 h | Y
(Roxsend™ receie
INT Packet
INT if n=k
Y if Ok then k+1
% then empty el if n=k
else 1'e then k+1
; _ else Kk
Receive Transmit
Acknow. n if Ok Acknow.
INT then 1'n INT
else empty
Sender Network Receiver



Allapottér informaciok a protokollunkrol

Elérhet 6seqi graf
Occurrence Graph Statistics

Nodes: 4298
Arcs: 15887
Secs: 16
Status:  Full

Erosen 0sszekotott komponensek:

Scc Graph Statistics
Nodes: 2406
ArCs: 11677

Secs: 5



Tokenszam korlatok

Upper Integer Bounds Lower Integer Bounds
A: 1 A- 0
B: 2 5 9
C: 1 |
D: g CD:: 8
NextRec: 1 -

NextSend: 1 NextRec: 1
RA: 1 NextSend: 1
_P: 1 RA: 1
Recelved: 1 RP: 1
Send: 4 Received: 1

Send: 4



Multi-set korlatok

Upper Multi-set Bounds

A: 1 ((1 ""Coloured '&+ 1 ?2 " Petri N")+
1°(3,"etsttt#t#H )+ 17 (4, "HHHHHHAHR")

B: 2 ((1 "Coloured")+ 2 (2," Petri let
2 (3,"ets####")+ 2 4 "R

C: 12+13+14+15

D: 22+23+24+25

NextRec: 11+12+13+14+15
NextSend: 1 1+12+1 3+14+1'5
RA: 11
RP: 11

Received: 1 "'+ 1 "Coloured"+ 1 "Coloured Petri N"+
""Coloured Petri Nets#####"

1
Send: 1 ((1 "Coloured"&+ 1 ((2 " Petri N'z
1°(3,"etsH##t' 4" HHAH ")



Visszater 6ség és él 6seg

Visszatéer 6seg
Home Markings: 1

Eléség

Dead Markings: 1

Live Transitions: None

I

| NextSend = 5

| NextRec =5

| Recelved = "Coloured Petri Netst#####"

452

¢ A 452 token eloszlas azt jelenti, hogy
minden csomag helyesen megerkezett.



A halott allapotok

& A 452. tokeneloszlas a dead

m Ez azt jelentl, hogy ez a protokoll reszlegesen
korrekt (ha lefut az algoritmus,
akkor a végleges eloszlast veszi fel).

¢ Ez egyben visszatéro allapot is

s Emiatt mindig megvan a lehetéség arra, hogy
helyesen fejezzuk be (az lehetetlen, hogy olyan
allapotba tévedjtnk, amibdl nem tudunk a
Kivant célallapotba jutni).



Fair tulajdonsag

Send Packet: Impartial
Transmit Packet: Impartial
Receive Packet: No Fairness
Transmit Acknow: No Fairness
Receive Acknow: No Fairness

¢ A fairség tulajdonsag azt jelenti, hogy
egy tranzicio milyen gyakran tuzelhet.



Legrovidebb Ut megkeresése

¢ A legrovidebb utat szeretnénk megtalalni a kezdeti
eloszlasbol a végeloszlasba.

val path = > val path = R

NodesInPath(1,452); ||[1,2,3,5,8,11,15,20,27,38,50,
64,80,102,133,164,199,243,

601,375,452] . Node list y

Length(path); (> 20 : Int )

Y 1

| ekérdezés valasz




A legrovidebb ut kirajzolasa

DisplayNodePath [1,2,3,5,8,11];

(> () : unit

No,dePath, [1.2,3,5,8,11]; > () : uni
o A IegrOwucbb Ut r(e.Zuefet C :
Kivanjuk megtalalni -

NextSend = 1
NextRec = 1
Received = ""

1-=>2
SendPack
{p="Coloured",n=1}

2->3
TranPack
{s=1,r=1,p="Coloured",n=1}

3->5
RecPack
{str="",p="Coloured",n=1,k=1}

5->8
TranAck
{s=1,r=1,n=2}

8->11
RecAck
{n=2,k=1}

2

NextSend = 1
NextRec = 1
Received = ""

A = 1°(1,"Coloured")

3

NextSend = 1°1
NextRec = 11
Received = ""

B = 1°(1,"Coloured")

5
NextSend = 1
NextRec = 2

Received = "Coloured”
c=12
8

NextSend = 1
NextRec = 2

Received = "Coloured”
D=1"2

11

NextSend = 2
NextRec = 2

Received = "Coloured"




NextSend = 1
NextRec =1
Received ="

SendPack

_I_.oosc_ePack <

NextSend = 1
NextRec =1
Received ="

A =1°(1,"Coloured")

NextSend = 1
NextRec =1
Received ="

B = 1°(1,"Coloured")

N\

RecPack

RecPack

Egy sokkal
bonyolultabb
reszgraf

NextSend = 1
NextRec = 2

Received = "Coloured"

c=12

NextSend = 1
NextRec = 2

Received = "Coloured"
D=12

8
3:2

N\

NextSend = 1
NextRec =1
Received =™

A =1"(1,"Coloured")
B = 2°(1,"Coloured")

NextSend = 1
NextRec = 2

D=12

Received = "Coloured"
A =1"(1,"Coloured")




Nem szabvanyos lekéerdezések

¢ Lehetseges-e a NextSend szamlalot cstkkenteni?

PredArcs
(EntireGraph,
fn a => ((ms_to_col(Mark.NextSend 1
(SourceNode a) )) >

(ms_to col(Mark.NextSend 1
(DestNode a))) ),
10);

;[10179,10167,10165,10159,10055,10052,10035,
\10031,10019,10007] . Arc list ! IGEN!




Szamlalds példa

DisplayArcs [10179]; G () : unit )

NextSend =4 NextSend =2
NextRec =5 NextRec =5
Received = "Coloured Petri Received = "Coloured
Nets###HH#" Petri Nets#####"

A = 17 (4, "#HHHH##") A = 1 (4,"#i#HHHHHE")
B = 2" (4, "#HHHHHH#HH") B = 2" (4, "#HHHH#H#HH")
C=15 C=15

D=12+15 D=15

10179:2806->3075
RecAck ={n=2k=4}




Temporalis logika
¢ Lehetseges CTL-szerl kérdéeseket is
feltenni (temporalis logika).
= Allapotok
= Atmenetek
m KOtések elemel



Allapottér analizis — elényok/hatranyok
¢ Az allapotter kifejezdereje nagy és konnyen
szamolhato.

m Epitése és analizise automatizalhato.

m Nincs szukseg az analizis modszerek
matematikal ismeretére

¢ Legnagyobb hatranya az allapottér robbanas
m Az eszkdz egymillio allapotot kepes kezelni.
m Ez sok esetben nem eleg.



A Petri net k6zosség log 0ja




Elosztott adatbazis

(s.1)

Update
and
Send Messages

Receive

a
Message r

€ Mes(s) € (s.r)
I MES e DBM \/
Waiting ) Active @ Passive @ Performing
DBM E MES al E & & DBM MES DBM
e Mes(s) e (s.1)
A

Receive all S r
A Acknowledg-
ments

Send an r

Acknowledg-
ment

Mes(s) (s.1)
Acknowledged

MES



Adatbazis kezel ok
o DBM = {d(1),d(2),d(3)}

Mes(s) @ (NN 1°d(1) + 1°d(2) + 1°d(3)

MES
Update Receive
and < a
Send Messages S r Message

Receive all S r Send an
Al Acknowledg- Acknowledg- IR
ments ment

Mes(s) (S,1)
Acknowledged

Coloured Petri Nets MES
29/04/2012 66




Uzenet bufferek

¢ MES = {(s,)[] DBMXDBM | s # r}

1(d(1),d(2)) +
1(d(1),d(3)) +
g =

Receive
a

1°(d(3),d(1)) + Send Messages Message
1°(d(3),d(2))
ES
G
MES MES

Send an
Acknowledg-
ment

Receive all
Acknowledg-
ments

Mes(d(2)) =
1'(d(2),d(1)) +1(d(2),d(3))




KolcsOnos kizaras

¢ E={e}

( Mes(s) @ (s.n)

VES| 1'e

Update Receive

and h a
Send Messages S Message

e Mes(s) e

@ oMiq

e MeS(S) e

Received

Performing

DBM

S Receive all Send an
» Acknowledg- Acknowledg-
ments ment

Mes(s)
Acknowledged

Coloured Petri Nets MES
29/04/2012

68



Elosztott adatbazis

MES
Update Receive
and h > a
Send Messages S r Message r

e e (s.1)
o
i "\ e DBM Y
Waiting ‘

Active \m Pagsive s Performing
DBM E (/ " @E @@ DBM MES DBM
<3

(s.1)

e MeS] e

A
S _ " eceive all
2] Acknowledg-
ments
)

CE.d@) >

Send an r
Acknowledg- W
ment

Acknowledged

MES



Elosztott adatbazis

Update
and 3 /_I
S Send Messages S r
I
€ Mes(s) €
V Ji ME DBM
Active \P\ Passive @
DB Eéj " BI\/I

Me

Receive all
2] Acknowledg-
ments

D

Acknowledged

MES

Receive
a
Message r

(s.1)

Performing
(s.r)
Send an r
Acknowledg-
ment



Elosztott adatbazis
s = d(3)

Mes(s) (s,1) 1 = d(2)

Update Receive

and < /—D a
S Send Messages S r Message

S Receive all S r Send an
2] Acknowledg- Acknowledg-
ments ment

s = d(3)

Mo Acknowledged &) F = d(l)

MES



Elosztott adatbazis

Mes(s) @ (s.r)

MES

Update Receive
and < a
S Send Messages S Message

€ Mes(s) €

v [ MES e DBM
w Actjve \p\ Passive @
DBM @ = ME "‘ af - E @'A DBM

M e

e 1
A
S Receive all S r Send an
2] Acknowledg- Acknowledg-
ments ment

Mes(s) (s,n)
Acknowledged




Elosztott adatbazis

Mes(s) @ (s.r)

MES

Update Receive
and > a
Send Messages r Message

e

e

(s.r)
J|||||| MES e DBM

Active \p\ Passive w
DBM E ME"‘ ll E DBM MES

e Me e (s.1)
Ll 1

= (s.1)

Receive all S r Send an
Acknowledg- Acknowledg- W
ments ment

\/
Performing
DBM

r



Elosztott adatbazis

f

MES

Update
and
Send Messages

’ I

T

Mes(s)

(s.1)

Receive

a
Message

-

(s.1)
i e DBM Y
Waiting ) Active e @ Performing
DBM E E @@ DBM MES DBM
e "@ (s1)
il
S Receive all S r Send an r
2] Acknowledg- Acknowledg-
ments

ment

Mes(s)

MES

(S.1)

Acknowledged



Hierarchikus modellek tAmogatasa

DataBase#1 ww

¢ A
alhaloval.

: 7 Sent ™
Mes(s) T o (sr) Y
MES
pdate Hecelve
and a
Send Messages Message
T [
A ||I|||
III Mes(s) |I|
||||, Ml:%l |||II
| HL.tl.-E | EUHUSEEI II—’asm EI
E I|I||| M.I':“'.‘-* - |||||
I
II||I Mes(s) ||I
L
Receive all Send an
Acknowledg- Acknowledg-
ments ment
Mesis T . =,
t—ij A-:I-cnu::uwledged “‘M
T MES
ek

konnyen helyettesithetjik egyetlen



Kompakt nézet

r’nmag '{h

Update
and
send Messages

|I||’_+ |||||
”||II Mes(s) |ﬁ
mﬂﬂﬁi- M
I| J‘"." I| I| Ur‘lu_ed | |F.;| 5 |;:|

E '||II ‘E*:-; =
el Mes(s) e
|||| L

| Receive all

Acknowledg- -

I ments L

@5‘—:#@\ nowle dgéu;‘“.q. 4/

"MES

DataBase#1 -mE

Ezzel
helyettesitettik

DD

|

Uj alhalé
neve




Az alhald

= V4
Kibontott nezet neve
E In rxe;’.e_-i} s
Receive
a
E Message
lﬂ.*]
: .
l [jﬁeceiueah“j
o= -MES

(s.r)

Send an
Acknowledg-
ment

A helyettesitéshez sziikseges
bemen 6/kimen 6 nyilakat
automatikusan berajzolja CPN editor.




Hely invariansok | Place > M(Place) |

¢ Waiting+ Inactive + Performing = DBM
¢ Unused + Sent +Receive + Acknowledged = MES

OActive + Passive = E
¢ Rec(Received) = Performing
¢ Mes(Waiting) = Sent + Received + Acknowledge

élgn(Waiting) = Active

Ezek linearis kombinacidival gyarthatunk tobbet.
¢ Ign(Waiting) + Passive = E



Adatbazis kezel ok

Coloured Petri Nets
29/04/2012

M(Waiting) + M (Inactive) + M(Performing) = DBM

Mes(s) @ (s.r)

MES
Update Receive
and < > a
Send Messages S Message

v
Received

A A

Receive all S Send an
A Acknowledg- Acknowledg- N
ments ment

Mes(s) (s,r)
Acknowledged

VES 79




Uzenet bufferek

M(Unused) + M(Sent) + M (Received) + M(Acknowl) = MES

Mes(s) @ (s.r)

MES
Receive
a
Message
(s,n)

M

(s.1)

Update
and
Send Messages

ES

Send an
Acknowledg-

Receive all
Acknowledg-
ments




KolcsOnos kizaras

M(Active) + M (Passive) = E

MES

( Mes(s) @ (s.1)

Update Receive
and h 2l
Send Messages S Message

e Mes(s) e

Performing

Receive all Send an
» Acknowledg- Acknowledg-
ments

) Mes(s)
Coloured Petri Nets Acknowledged

29/04/2012 MES 81




Fogadott Gzenetek |Rec(s.n =r]

Y
flggvény

MES - DBM

Rec( M(Received)) = M(Performing)

Receive
a
Message

Received

Sen
<

Acknowledg-
ment

Performing

Kulonboz o
szinhalmaz!




Hasznalt Uzenetek

Mes(Waiting) = M(Sent) + M (Received) + M(Acknowledged)

’( Sent >
Mes(s)

MES

Update
and
Send Messages

Receive
a
Message

MES

Send an
Acknowledg-

Receive all
Acknowledg-




M(Waiting) + M (Inactive) + M(Performing) = DBM

| Minden adatkezelé: |

P
Legalabb egy db var

Receive

Send an
Acknowledg-
ment

Receive all
A Acknowledg-

Coloured Petri Nets
29/04/2012 MES 84




Rec( M(Received)) = M(Performing)

Ez az Uzenet buffer:
Received with d(i)

Mes(s) CSent (s.1)

Coloured Petri Nets
29/04/2012

MES

Update Receive
and < >
Send Messages S essage

a
M

Send an
Acknowledg- |
ment

A A

Receive all S
A Acknowledg-
ments
Mes(s) (s,r)
Acknowledged

MES

85



Most azt tesszlk fel, hogy
legaladbb egy kezel6 VAR

Mes(s) @ (s.r)

MES
Update Receive
and < E a
Send Messages S Message

Send an
Acknowledg- <-

Receive all
Al Acknowledg-
ments

: Mes(s
Coloured Petri Nets S Acknowledged

29/04/2012 MES

36



Ign(Waiting) + Passive = E

Pontosan egy
token varakozik

Mes(s) @ (s.r)

MES

Update Receive
and < e a
Send Messages S Message

Receive all S Send an
A Acknowledg- Acknowledg- N
ments ment

: Mes(s S,r
Coloured Petri Nets ) Acknowledged o)
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Ign(Waiting) = Active

Pontosan egy
token aktiv

Mes(s) @ (s.r)

MES

Update Receive
and < e a
Send Messages S Message

Receive aII Send an
= Acknowledg Acknowledg-
ments ment
Mes(s) (s,r)

Coloured Petri Nets Acknowledged
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M(Waiting) + M (Inactive) + M(Performing) = DBM

Nincs tobb aktiv adatbazis

kezeld

es ©) Sent 50
MES

Up®§ N\ Receive
ano < > a
Send Messa Message

&

Receive all Send an
A Acknowledg- Acknowledg- N
ments ment
: Mes(s S,r
Coloured Petri Nets ©) Acknowledged S.)
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Mes(Waiting) = M(Sent) + M (Received) + M(Acknowledged)

A d(i) altal ktldott tzeneteknek ennek kell

lennie:
‘ " -
Update Rece|ve
and
S Send I\/Iessages S r Messaqe
v @ DBM
T G (o @D
sold) s Sioi> R
e
S Receive all S r SY=TaTe = Tam—

Acknowledg-

- T
Mes(s)

Rec( M(Received))
= M(Performing)

Acknowledged



M(Waiting) + M (Inactive) + M(Performing) = DBM

Nincsen aktiv adatbazis

kezelo
es(s) Sent )

UpdXe \ Receive
and < a
Send Messag\ ‘ Message

Send an
Acknowledg- N
ment

(S.1)

Coloured Pe
29/04/2012
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Mes(Waiting) = M(Sent) + M (Received) + M(Acknowledged)

Nincsen elkiuldott, varakozo és
nyugta token

oso) @ &

MES

Update
and
Send Messages

Receive
a
Message

Gl

Send an
Acknowledg- N
ment

Receive aII
> Acknowledg
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M(Unused) + M(Sent) + M (Received) + M(Acknowl) = MES

Az Uzenetbufferek Uresek:

Receive
a
Message

Gl

Send an
Acknowledg- N
ment

Receive all
A Acknowledg-
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Ign(Waiting) = Active Active + Passive = E

Nincsen Egy e-token
aktiv token Passive

Coloured Petri Nets
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Receive
> a
Message
v
GeeX
A

Receive all
A Acknowledg-
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Konklizié TOOLS
/ e editing
e sSimulation

THEORY e verification
e models

e basic concepts

e analysis methods

¢ A CPN egyik sikere az, PRACTICAL USE

hogy mindharom * Specification
terlleten egyszerre * validation
hasznalhato. e verification

e Implementation

Coloured Petri Nets
29/04/2012



Tovabbi informaciok CPN -rol

¢ Az alabbi WWW oldalakon nagyon sok
hasznos informaciot talalhatunk CPN-rél és a
tool-oktol:
http://www.daimi.au.dk/CPnets/

¢ Bevezetes a CPN-be, itt rengeteg peldat
talalhatunk.

¢ Manual Design/CPN-hez és CPN Tools-hoz.

m Ezek az eszk6z6k meg szabadon
hasznalhatoak ipari célokra is.

¢ TObb mint 50 publikacio talalhatdo amelyek
kilonb6z6 ipari megoldasokat mutat be.

¢ Leéetezik egy 3-kotetes CPN kdnyv.



