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Modellez 6 eszkt6zok

¢ Design/CPN eszkozt a 80'as évek vegeén es a 90‘as evek
elejen fejlesztették Kki.

s A maga idejében a legelterjedtebb Petri halé csomag
volt.

m 750 klllonb6z6 szervezet 50 orszagban hasznalta
— ezek kozott 200 kereskedelmi cég van.

¢ CPN Tools mar egy masodik generacios eszkoz a
Szinezett Petri-halokhoz.

= Mara a CPN Tools atvette a Design/CPN helyét

m A fejlesztés 1999-ben kezddédott és tobb, mint
20 mérnodkév munka van benne.

e



Standard ML

& A tipusok, élkifejezések es 6rfeltetelek Standard
ML-ben adhatok meg. Ez egy erdsen tipusos,
funkcionalis programozasi nyelv (Robin Milner
fejlesztette).

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

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

¢ Tetszblegesen bonyolult fliggvényeket és
mdiveleteket lehet definialni benne (pl.
polimorfizmus).

¢ A Standard ML jol-ismert, tesztelt és nagyon
altalanos. Szamos irodalma van.
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1'(1,"Modellin”)++

Binder 0
CPNTools "o
I 1'(2,"g and An")++
editor (ma) INTAOATA 1 (3" Maans )4+

1'(S,"of Colou")++

[ Rece_i;a/ a‘ii) 1_]

CPN Tools (Version 2.9. Bo
I ¥Tool box b if Ok(s,r) str
» Auxiliary Binder 0 . 7 7 , - then 1" (n,p) if n=k
» Create Top Sender Network Receiver(1l) Receiver(2) Emit | lse empty o (n.p) andalso
» Hierarchy ket C p<>stop
» Monitoring | INTXDATA then str™p
» Net PR I T s else str
' . . 1°(1,"Modellin")++
» Simulation 1°(2,"g and An")++ 5 ___Il‘ e
» State space 1°(3,"alysis b")++ 1:1°8 ' &) k x
» Style 1°(4,"y Means ")++ < NeiftRec Receive
> View INTXDATA 1°(5,"of Colou™)++ i1 B | Packet
» Help send)8) 1°(6,"red Petr)++ INT  fn=k
» Options 7 17(7," Nets##")++ then k+1 |.
: : 17 (B #a##£EEE") else k if n=k
¥ HierarchicalProtocal.con (n,p) then k+1
Step: 0 else k
Time: 0 INTXDATA . @4
{ Send n
» Options —.% INT
» History Packet (n,p)
¥ Declarations [y izt
» colset INT nl |n
» colset DATA !
» colset INTXDATA
» colset INTXINT Cliextsend 1) 1'1
pvarnknln2 INT
bva:' p str k| |imin(n1,n2)
» val sto
e i INTXINT

» colset TenO
» colset Tenl
B vars
evarrrlr2
»fun Ok
» fun imin
» Monitors
¥Top
Sender

Receive

)
Acknow . I™ 1 (n1,1)++
1°(n2,2)




INTXDATA 1(2,"g and An")+
1°(3,"alysis b")+

@ 1°(4,"y Means ")+ ~ (Received
1°(5,"of Colou™)+

1'(6,"red Petr")+ DATA

s E2QY €QYySzer U protokoll

1°(7."i Nets##")+

n, 1°(8, " HHHHHHHE) :
(n.p) ! if Ok(s,n) | str | |if n=k
INTXDATA then 1°(n,p) INTxDATA andalso
Send (np) N (.p) | Transmit | &/se empty (n,p) p<>stop
Packet Packet then strp
else str
S -
.«-P"'"f

&P
Int_0_10 1 .
@‘ Receive
8 \ Packet
@ LT
Int_0_10 -

then k+1

s T~ else k if n=k
: then k+1
Receive Transmit else k
Acknow. o if Ok(s.r) ' Acknow. [@ n
INT ' INT

i then 1'n

| else empty
Sender 5 Network Receiver
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INTXDATA H

1

1°(

1°(

(n,p) 1
Send
Packet

Receive
Acknow.

ONOORWN =

- EQy egyszer

”r

protokoll

~ (Received
DATA

if Ok(s,r) str| |if n=k
then 1°(n,p) INTxPATA andalso
Transmit | €/se empty p<>stop
Packet then strp
else str
S e
8 e
=) y
Int_ 0_10 .
Receive
8 L Packet
Int O 10 -~
S if n=k
then k+1
| Transmit le else k
| if Ok(s,r) Acknow.
then 1'n
else empty

Receiver



rr
e EQY €gyszer u protokoll
INTXDATA 1°(2,"g and An")+
1'(3,"alysis b")+
1'(4,"y Means ")+ -
1°(5,"of Colou™)+
1°(6,"red Petr")+ DATA
1°(7."i Nets##")+
n, 1°(8,"HIHHHHEE") .
(n,p) ! if Ok(s,r) , str | |if n=k
INTXxDATA then 1°(n,p) INTxDATA andalso
Send (n.p) g~ (n.p) _| Transmit | €lse empty p<>stop
Packet Packet then strig
, else str
| S -
8 T
H e |ye k 0_10 1 .
Receive
i 8 Packet
| L e if n=k
i Int_0_10 ~...,_“.~b- then k+1
S ~—~.else k if n=k
. i then k+1
Receive | Transmit le else k
Acknow. < n ( )‘- Acknow.
INT if Ok(s‘,r) : INT
then 1'n
else empty

Sender Network Receiver



e EQY €QYySzer U protokoll

1
INTXxDATA 1°(2,"g and An")+
1°(3,"alysis b")+ -
1°(4,"y Means ")+ @
1'(5,"of Colou")+
1'(6,"red Petr")+ DATA
() 1°(7."i Nets##")+
n,p 1°(8, "HitHHHHEE") .
! if Ok(s,r) , str | |if n=k
INTXDATA then 1°(n,p) INTxDATA andalso
(np) 7~ (n.p) else empty p<>stop
then strig

else str

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

if Ok(s,r)
then 1'n
else empty

Sender Network Receiver



INTxDATA

— i — —, p—, p—,

2,"g and An")+

DATA

e EQY €gyszer U protokoll

o if Ok(s,r) , str | | if n=k
INTXDATA then 1°(n,p) INTXDATA andalso
(np) /7~ (np) Transmit I else empty e (n,p) p<>stop
Packet | then strp

color INT = int;

color DATA = string;

color INTXDATA = product INT * DATA,
var n, k : INT;

var p,str : DATA,;

val stop = "#HAHAHAH",

color TenO = int with 0..10;

DeklaréCiéS color Tenl = int with 1..10;

Ok var s : TenO; varr : Tenl;

SEr

CSOmOp()nt se { fun Ok(s:TenO,r:Tenl) = (r<=s);

Sender

Network | Receiver
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INTXDATA

QLlace

1°(1,"Modellin")+
1(2,"g and An")+
1°(3,"alysis b")+

1°(4,"y Means ")+

1°(5,"of Colou™)+

Egy egyszer G protokoll

TA

1'(6."red Petr")+
0.0) 1'(7." Nets##")+
n, 1° (8, " HHHHHHHE") .
P ' if Ok(s,r) , str | | if n=k
INTXDATA then 1°(n,p) INTxDATA andalso
Send (n,p) 7~ (np) _| Transmit | else empty (n,p) p<>stop
Packet Packet then strp
; else str
S e
i 8 s
i P v
: Int_0_10 1 )
i @‘ Receive
i 8 Packet
| @ L’NT if n=k |
i Int_0_10 e, then k+1
i s —~.else k if n=k
: | then k+1
Receive Transmit else k
Acknow. " if Ok(s.r) ' Acknow. [® n
INT ! INT
; then 1'n
| else empty
Sender | Network Receiver
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Send jel6lése

INTXDATA

1
1
1
1
1
1
1
1

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

" (4,"y Means ") +
" (5,"of Colou") +
" (6,"red Petr") +
" (7,"1 Nets##") +
* (8, "HHHHHHIHLE")
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INTXDATA

(n,p)

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##")+
17(8, " HHHHEHHAE)

Send
Packet

Egy egyszer G protokoll

~ (Received
DATA

Receive
Acknow.

Sender

! if Ok(s,r) , str| |if n=k
TxDATA then 1°(n,p) INTxDATA andalso
(n,p) Transmit | €/s€ empty (n,p) p<>stop

Packet then strp

A else str

Elkifejezé

ifejezes I

; , Receive

i 8 _ Packet

i @ if n=k

Int_0_10 S then k+1

| S ~.else k if n=k

| then k+1

‘_@‘7_ Transmit le else k
: Acknow.
: INT if Ok(s,r) : INT

. then 1'n

| else empty

| Network Receiver
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1°(1,"Modellin")+
1(2,"g and An")+

Egy egyszer G protokoll

INTXDATA . .
1°(3,"alysis b")+
1°(5,"of Colou")+
1'(6,"red Petr")+ DATA
(n.p) 1°(7."i Nets##")+
n, 1°(8,"HUHBHHHIE") .
P ! if Ok(s,r) , str | | if n=k
INTXDATA then 1°(n,p) INTxDATA andalso
Send (n,p) (n,p) | Transmit | €/Se empty p<>stop
Packet Packet then strp
: else str
| Is
N \
1 i s
» IRec Receive
IN i PUﬁer helyekj_\:l Packet
i if n=k
i then k+1
AN - ..else k if n=k
: | * then k+1
Receive _ Transmit le else k
Acknow. n if Ok(s,r) Acknow. n
; then 1'n
i else empty
Sender | Network Receiver
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1 Egy egyszer U protokoll

INTXDATA (2,"g and An")+
[(3,"alysis b")+

L Send )@y Means ")+ ~ (Received
[(5,"of Colou™)+
[(6,"red Petr")+ DATA

) (7. Nets##")+
n,p (8, "M .
‘ if Ok(s,r) , str| |if n=k
INTXDATA then 1°(n,p) INTxDATA andalso

Send p<>stop

Packe! ﬂEIkuIdendo csomagok then e
Int_0 10 (

1 |
@ | Recelve
INT ; 8 Packet
i @ wr fn .|
i Int 0 10 - then k+1
S .else k if n=k
- | then k+1
Receive Transmit else k
Ack : | ¢
cknow. n if Ok(s,r) Acknow. n
p :
; then 1'n
| else empty
Sender | Network Receiver
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INTXDATA 1(2,"g and An")+
1°(3,"alysis b")+

e EQY €0YySzer U protokoll
Cend Tieoyhorsy: ~Gecoived

1'(6,"red Petr")+ DATA
0.0) 1°(7."i Nets##")+
n, 1°(8, "HHHHHIHE") .
P ! if Ok(s,r) , str| | if n=k
INTXDATA then 1°(n,p) INTxDATA andalso
Send (np) N (.p) | Transmit | &/se empty (n,p) p<>stop
Packet Packet then strp
else str
8 -t -
A 4

Int 0 10 ( 1 .
m Receive
Packet

then k+1
else k

8

Int_0_10

if n=k
then k+1

Szamlalo

Receivt 5 Transmit le else k
Acknow. : | Acknow.
n INT if Ok(s‘, r) : INT
; then1'n
i else empty
Sender | Network Receiver
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1°(1,"Modellin")+
1(2,"g and An")+

Egy egyszer G protokoll

INTXDATA . .
1°(3,"alysis b")+
1°(5,"of Colou™)+
1'(6,"red Petr")+ DATA
(n.p) 1°(7." Nets##")+
n, 1°(8, "HHHHHHIN") :
P ! if Ok(s,r) , str | | if n=k
INTXDATA then 1°(n,p) INTxDATA andalso
Send (np) N (.p) | Transmit | &/se empty p<>stop
Packet Packet then stri‘g
; else str
S
5 &
Int_0_10
| 8
i fnLOJO e than L+
s S = I 'I 2| |ifn=k
| | zamlalo| |[io.
Receive : ( ) . Transmit le - else k
Acknow. n - | Acknow.
Nt Ok(s‘, ) " INT
; then 1'n
i else empty
Sender ! Network Receiver
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INTXDATA

(n,p)

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##")+
17(8, " HHHHEHHAE)

Send
Packet

(n,p)

Receive
Acknow.

Sender

INTxDATA

n ,: if Ok(s,r) |

Egy egyszer U protokoll

if Ok(s,r) '
then 1°(n,p) INTxDATA

Recelve »

if n=k
andalso

(n,p)

Adat megerkezett s
e str
Int_ 0 10‘ ll
( Receive
8 ,NT fn | Packet
Int_ 0_10 - then k+1
S —~.else k if n=k
then k+1
Transmit else k
Acknow. ¢ n
then 1'n
else empty
Network Receiver
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INTXDATA

1°(1,"Modellin")+
1(2,"g and An")+
1°(3,"alysis b")+
1°(4,"y Means ")+
1°(5,"of Colou")+
1°(6,"red Peltr")+
1°(7,"i Nets##")+
17(8,"HHHHEREE)

(n,p)

INTXDATA

Egy egyszer G protokoll

(n,p) Transmit

Packet

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

S

&P
Int_0_10

8
Int_0_10 @

S

Receive Transmit
Acknow. n if Ok(s,r) | Acknow. [« n
INT ' INT
; then 1'n
| else empty
Sender | Network

if n=k
then k+1
else k

~ (Received
DATA

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

str

(n,p)

Receive
Packet

if n=k
then k+1
else k

Receiver

19



Csomagkuildés

alysis b")
¢ Csak a @

3
4"y Means ")
5,"of Colou")
<n=1,p="Modellin"> °
, -
par engeaeI |yezeff. °

,'red Petr")
¢ Ha talalhato ilyen par, akkor

. 1 Nets##")
SERSEEEEE
a Send Packet elkuldi azt A-
nak.

INTXDATA

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

¢ A csomag nem torlédik a
Send helyrél és a NextSend
sem valtozik.

20



1°(1,"Modellin")+
1(2,"g and An")+

Egy egyszer G protokoll

INTXDATA . .
1°(3,"alysis b")+
1°(5,"of Colou")+
1'(6,"red Petr")+ DATA
(n.p) 1°(7." Nets##")+
n, 1°(8,"HHHBHEHH") .
P ! if Ok(s,r) , str | |if n=k
INTXDATA then 1°(n,p) INTxDATA andalso
Send (n,p) (n,p) else empty (n,p) p<>stop
Packet then strp
else str
1 y
m Receive
i Packet
§ R then k+1
i —~.else k if n=k
- | then k+1
Receive Transmit else k
Acknow. n if Ok(s,r) | Acknow. [« n
INT ! INT
; then 1'n
i else empty
Sender ! Network Receiver
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Csomag atvitele

f Ok({,r)
INTXDATA then 17,p) INTXDATA
Transmit j zlse empty
Packet

¢ Az engedélyezett par igy néz ki:

m <n=1,p="Modellin",s=8,r=...>

22



If Ok(s,r)

Csomagvesztés |then1'(n,p)
else empty

¢ A Ok(s,r) figgvény ellendrzi, hogy r<s

m Forr 1. .8,0k(s,r)=true.
A tokent A-bdl B-be tesszlk. Ez azt jelenti,

hogy a csomag sikeresen atment a haldzaton.

m Forr 9. .10,0k(s,r)=false.
Ekkor B-be nem kertlt token. Ekkor veszett el
a csomag.

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

(n,p)

1°(1,"Modellin")+
1(2,"g and An")+
1°(3,"alysis b")+
1°(4,"y Means ")+
1°(5,"of Colou")+
1°(6,"red Peltr")+
1°(7,"i Nets##")+
17(8,"HHHHEREE)

Egy egyszer G protokoll

INTXDATA

Send
Packet

(np) 7~ (n,p) Transmit
Packet

~ (Received
DATA

if Ok(s,r) ' str| |if n=k

then 1°(n,p) INTxDATA andalso

else empty p<>stop
then strp

S

&P
Int_0_10

8
Int_0_10 @

S

else str

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

Receive Transmit
Acknow. n if Ok(s,r) | Acknow. [« n
INT ’
. then 1'n
| else empty
Sender | Network

Receiver
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Csomag fogadassa pATA

. A beJOV6 INTXDATA str
p p -(n,p)
és a vart csor@ok

sorszama (7)1 Modelr
. (1,"Modellin")
osszehason@«
I

~ (Received @ 1

andalso
p<>stop
then strp
slse str

25



Csomagok
sorszamanak
modositasa

¢ A mar megkapott
adatokhoz hozzaflizzik @
az ujonnan jottet.

Received @1"'Model|ing and An"

if n=k
andalso

Sir | P<>pa
the
else sir

@1‘(3,"alysis b")
¢ A NextRec szamlalot
egyenként noveljuk. | 4
¢ Acknowledgement — Packet
uzenetet kildink. OF V=T
Mellékeljiuk a kovetkez6 elseT i n=
korben vart Gzenet tef;j

sorszamat. ©‘_/
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ROSSZ Received @1"'M0delling and An"

CsSOmMagsorsZaman
andalso
¢ Eldobjuk a kapott adatot. np = e sans
@ els
@ 1°(2,"g and An")
¢ A NextRec-t valtozatlanul
hagyjuk. 1 v
@ﬂ Receive
¢ Egy acknowledgement — ¥ Packet
lizenetet kildink. Eza (O™ 0.
vart csomag sorszamat e's ok
tartalmazza. 351

@._/
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1°(1,"Modellin")+
1(2,"g and An")+

Egy egyszer G protokoll

INTXDATA . .
1°(3,"alysis b")+
1°(5,"of Colou")+
1'(6,"red Petr")+ DATA
(n.p) 1°(7."i Nets##")+
n, 1°(8,"HUHBHHHIE") .
P ! if Ok(s.r) , str | |if n=k
INTXDATA then 1°(n,p) INTxDATA andalso
Send (np) N (.p) | Transmit | &/se empty (n,p) p<>stop
Packet Packet then strp
; else str
S e
i 8 -
s ®P v
; Int_0_10 1 :
| m Receive
i 8 Packet
i L e if n=k
| Int_0_10 e, then k+1
i ~.else k if n=k
. | then k+1
Receive Transmit else k
Acknow. : Acknow.
INT if Ok(s‘, ") : INT
; then1'n
i else empty
Sender ! Network Receiver

28



Atvitel visszajelzés

@‘ﬁ Ok(s,r)

INT  then 1'n

else empty @1‘2

¢ Hasonloan mik6ddik a Csomag
atvitelhez.

29



1°(1,"Modellin")+
1(2,"g and An")+

Egy egyszer G protokoll

INTXDATA . .
1°(3,"alysis b")+
1°(5,"of Colou")+
1'(6,"red Petr")+ DATA
(n.p) 1°(7."i Nets##")+
n, 1°(8, " HAHHHHHE") .
P ! if Ok(s.r) , str | |if n=k
INTXDATA then 1°(n,p) INTxDATA andalso
Send (np) N (.p) | Transmit | &/se empty (n,p) p<>stop
Packet Packet then strp
' | else str
S e
i 8 -
a =P v
1 : Int_0_10 1 :
INT i 8 Packet
i @ L e if n=k
" | Int_0_10 R then k+1
i s ~.else k if n=k
) i then k+1
Transmit le else k
Acknow. : [ Acknow.
it Ok(s‘, ") : INT
; then1'n
i else empty
Sender | Network Receiver
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Fogadasi visszajelzes

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

& Ebben az esetben a szamlalo ertéke 2 lesz,
igy legk6zelebb a Klldé a 2-es csomagot fogja
ktldeni.
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INTXDATA 1'(1,"Modellin®)

+1°(2,"g and An") _ _

Intera ktiv =~ sed> ®:1G5na, O 1 Modetvgand  ~ Received
. ’ - s + 1°(5,%of Colou”) Colou" DATA A
szimulac 10 .,

+ 1°(6,"red Petr")
+ 1°(7,"i Nets##")

e ; . if n=k
i if Ok(s.r) | andalso
INTXDATA then 1°(np) INTXDATA str | |p<>stop
(n.p) Transmit else empty then strip
Packet else str

-
il
—_—
-

§ s "\‘ X -
RP; @1 8
1 - : Int_0_10 - 1 .- -
{_NextSend 5 (_NextRec
INT ™= = 5 8 ~ : INT -0
@1‘5 : ERA:®13 @1'6
c Int 0 10 ../ \H"*-..

then k+1
else k

INT then 1 n T
: Jles armniy o

@1"6 E else empty @1 6 E
E !

: i

i

Sender i Network

¢ A Szimulacio eredményet az abran lathatjuk.

m A kOvetkezé tizelest manudlisan vagy automatikusan
lehet kijelolni.

m A felhasznal6 watchpointot és breakpointokat definialhat. 32
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Kozbuls o6 allapot

2 Fogad(') Vé.rja a 6- wmoara 1°(1,"Modellin")

+1°(2,"g and An") @

+ 17(3,"alysis b") 1""Modelling and - :
OS Csomag Ot- @ + 1°(4,"y Means ") Analysis by Means of Received

+1°(5,"of Colou") Colou" DATA
+ 1°(6,"red Petr")
+ 1°(7,"i Nets##") £ ok
g m 0 ) if n=

+ (8RR if Ok(s.r) i andalso
then 1°(n,p) INTXDATA str | |p<>stop

else empty (n,p) then strip
B else str

!
@ 1°(5,"of Colou")

‘ Receive
Packet

then k+1
else k

¢ Kildé még csakaz ™

9-0S csomagot
. : Send
kildi.

INTXDATA

Transmit

¢ Ab6-0s
acknowledgement | i
kéré csomag T oLl
érkezik meg. | o

if n=k
then k+1
¢ Ezutan a else k
NextSend N oK "W
frissitddik majd a clse empty ()re |
Kuldé elinditja a 6- .
ender - Network ! Receiver

0S csomagot.
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ldo analizis

¢ CPN-hez az id6 fogalmat bevezethetjuk.
Ezzel ezeket nyertlk:

» Logikai helyesséqg.
Megkivant funkcionalitas, deadlock
mentesseég, stb.

m Teljesitmény.
Szuk keresztmetszetek.
Varakozasi id6 és atlagos atbocsato
képesség eldrejelzes.

¢ Egy iddzitett szinezett Petri-haloban
minden tokennek szine (értéke) és eqy
iId6bélyege (mikor hasznalhato fel) van.
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Egy idozitett CP N a protokollunkhoz

INTXDATA
{ Send )

(n.p)

(n,p)@+wait

Send
Packet

1 -

"'_.-"' - '.___- !
{_ NextSend ’
INT "~ - .

Receive
Acknow.

INT

Sender

Fixed delay

INTXDATA

it OK(s.r)

then 1 n

else emply

if OK(s.r)

eise empty

Transmit

then 1(n,p

. INTXDATA

Packet

",_,.,-r-’
Q oY e
8 0, e
IRP, :
0 -’ : l - .
1 T ‘
i {_NextRec ) Receive
'Ei'/f;b‘t.\\ VN ¢ Packet
I . ! f n=
0" g’ L'"'-qq,, then k+1
T else k

Transmit

v..‘._'
1
1
]

Acknow.

Network \

Variable delay

..Received )
DATA - &

if n=k
andalso
p<>slop
then strp
else sir

sir

if n=k
then k+1
else k

Receiver
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A CPN verifikacioja
¢ A CPN verifikacidja a kdvetkez6kbél all:
= Allapottér.

m Hely és tranzicid invariansok.

* Hasonloan a programozasi nyelvek
iInvariansaihoz.
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Allapottér

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

Ciklus

Deadlock

=
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INTXDATA

T T e,
\.Send

(1,"Coloured”)+
(2," Petri N")+

(3,"ets#itE")+
(4,"BiHtHER")

(n,p)

A proto koll i

INTXDATA

then 1'(n,p)

Transmit

allapottere send | 0 7y o

Packet

Max 1 token

_NextSend
INT == a7

Receive
Acknow.

(n,p)
B

Max 2 tokens

Received
DATA ~— Tk
if n=k

andalso
str p<>stop
then str*p
else str

Y

( NextRec

Receive
Packet

Max 1 token

if n=k
then k+1
else k

¢ Véges allapottér elérese:

m Tokenek szamat korlatozzuk az A, B, C és D helyeken.

m Csak 4 csomagunk van.
m Binaris valasztas, hogy sikeres vagy sem.
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INTXDATA

1°(1,"Modellin")+ = _
(send) 1:(zg and Anr Received
1°(3,"alysis")+ DATA
1°(4,"#")
(n.p)
if n=k
if Ok andalso
INTXDATA then 1(n‘p) INTXDATA str p<>3t0p
Send (n.,p) (n.p) Transmit | else empty (n.p) then strp
Packet Packet slse str
if Ok -
then empty
else 1'e
1 1 Y
@ Receive
INT Packet
INT if n=k
‘ if Ok then k+1
e then empty else k if n=k
ssele then k+1
. ] else k
Receive Transmit
Acknow. g n @ g if Ok Acknow. n @ g
INT then 1'n INT
else empty
Sender Network Receiver

39



Allapottér informaciok a protokollunkrol

Elérhet 6seqi graf
Occurrence Graph Statistics

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

Erosen dsszekdtott komponensek:
Scc Graph Statistics

Nodes: 2406
ArCS: 11677
Secs: 5
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Tokenszam korlatok

Upper Integer Bounds Lower Integer Bounds
A: 1 A 0
B: 2 B 9
C: 1 _

D: 2 g 8
NextRec: 1 :
NextSend: 1 NextRec: 1
RA: 1 NextSend: 1
RP: 1 RA: 1
Received: 1 RP: 1
Send: 4 Received: 1
Send: 4



Multi-set korlatok

Upper Multi-set Bounds

A:

B:

C:

D:
NextRec:
NextSend:
RA:

RP:
Received:

Send:

1‘\((1,"Co|oured" +1°(2," Petri N'2£+
1 (3,"ets#####")+ 1 (4, "#HiHHHHH")

2‘\((1,"Co|oured")+ 2°(2," Petri N'2é+
2 (3,"ets##H###")+ 2 (4,"#HHHHHHHAH")

12+13+14+15

2'2+23+24+ 25

1'1+1°2+1°3+1°4+1°5
1'1+1°2+1°3+1°4+1°5

11

1°1

1"+ 1™"Coloured"+ 1 "Coloured Petri N"+
1 "Coloured Petri Nets#####"
1‘\%1,"COIoured"%+ 1‘\%2," Petri N")+
1°(3,"ets####")+ 1 (4, "HiHHH#H#HHAHE")
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Visszatér 0ség es el 6ség

Visszatér 6seg
Home Markings: 1

Eléség

Dead Markings: 1

Live Transitions: None

|

| NextSend =5

I NextRec =5

| Recelved = "Coloured Petri Nets####H#"

452

¢ A 452 token eloszlas azt jelenti, hogy

minden csomag helyesen megérkezett.
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A halott allapotok

& A 452. tokeneloszlas a dead

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

¢ Ez egyben visszatérd allapot is

s Emiatt mindig megvan a lehetéseg arra, hogy
helyesen fejezzlk be (az lehetetlen, hogy olyan
allapotba tevedjink, amibdl nem tudunk a
kivant célallapotba jutni).
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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 tranzicié milyen gyakran tlizelhet.
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1 NextSend = 1
11 NextRec = 1
’ Received = ""
SendPack
‘EsosePack J NextSend = 1
NextRec = 1

Received = ""

1°(1,"Coloured")

NextSend = 1
NextRec 1
Received = ""

B =1 (1,"Coloured")

iISendPack !

Allapotté!
megjelentése

- ps—— RecPack
LoosePack - - NextSend = 1
: NextRec = 2
4 S Received = "Coloured"
1:3 3:3 cC=12
NextSend = 1
!RecPack QSendPack ; NextRec = 2
£ : " "
{LoosePack ||LooseAck Recelved = "Coloured
k : D=12
7 8
2:1 3:2
SendPack \\\\\ iSendPack iiSendPack

LooseAck

11
51

gNextSend
NextRec

NextSend
NextRec

i TranAck E RecAck
"
12 10
2:2 3:3
1

2
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Temporalis logika
¢ Lehetseges CTL-szerl kérdeseket is
feltenni (temporalis logika).
= Allapotok
= Atmenetek
n KOtések elemel
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Allapottér analizis — elényok/hatranyok
& Az allapotter kifejezdereje nagy és konnyen
szamolhato.

» Epitése és analizise automatizalhato.

m Nincs szukség az analizis modszerek
matematikail ismeretéere

¢ Legnagyobb hatranya az allapottér robbanas
m Az eszk6z egymillio allapotot kepes kezelni.
m Ez sok esetben nem elég.
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A Petri net k6z0sség log 0ja
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Elosztott adatbazis

Update
and
S Send Messages

€  Mes(s) €

\ I MES € —l. DBM
@ Active Unused ) Passive Inactive
DBM E MES | E & & DBM
e Mes(s) e
S Receive all S r

A Acknowledg-
ments
Mes(s)
Acknowledged
MES

(s.1)

Receive

a
Message r

(s.1)

\/

Performing

MES DBM

(s.1)

Send an r

Acknowledg-
ment

(S.1)
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Adatbazis kezel ok
¢ DBM ={d(1),d(2),d(3)}

S
Mes(s) @ 1d(1) +1d(2) +1d(3)

Update
and
Send Messages

Send an
Acknowledg-
ment

>

Receive all
Acknowledg-
ments
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Uzenet bufferek

¢ MES ={(s,)d0 DBMXDBM | s # r}

1'(d(2),0(2)) + v sent =
1'(d(1),d(3)) + E—— |
1'(d(2),d(1)) + ,
1°(d(2),d(3)) + Ugﬂgte . Receive

1°(d(3),d(1)) + Send Messages r Mesasage r
1°(d(3),d(2))
, (s.1)

S MES DBM
Waiting @ @ @ Inactive Performing
DBM E N . DBM MES DBM

(s.1)

€ 3¢ Mes(s)

£
S A Receive all r Send an r
2l Acknowledg- Acknowledg- N
ments ment
Mes(d(2)) =

1'(d(2),d(1)) + 1°(d(2),d(3)) Mes(s) (s.0

MES 52



Kolcsonos kizaras

¢ E={e}

3( Sent >
r Mes(s)

MES| 1'e
Update
and
Send Messages S r

e
€ DBM
Passive Inactive
DBM DBM
e
Receive all 5/ r
Acknowledg-
ments
Mes(s)
Acknowledged

MES

(s.1)

Receive
a
Message

(s.1)

Received
MES
(s,n)

Send an
Acknowledg-
ment

(S.n)

Performing
DBM
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Elosztott adatbazis

S = d(3) Mes(s) @ (s.1)

MES
Update Receive
and 3 S a
Send Messages r Message

(s.1)

G e

MES
(s.1)

— _r eceive all S r Send an
2] Acknowledg- Acknowledg- N
ments ment
m Mes(s) (s.1)
@owledged

MES

e

\/
Performing
DBM
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Elosztott adatbazis

Mes(s) +3,2) (s,1)

Update
and 3
S Send Messages
Mes(s) €
v I ME

DB E

Receive all
»] Acknowledg-
ments

S

Active \ﬂ Passive ' Performing
é ‘l E BI\/I

Receive
) a
r Message r
(s.r)
DBM \

MES DBM

(s.1)

r Send an r
Acknowledg-
ment

Mes(s) (s,r)
@owledged

MES
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Elosztott adatbazis
s = d(3)

Mes(s) (s.r) = d(2)

Update Receive
and 3 > a
S Send Messages S r Message

€  Mes(s) €

I MES DBM \/

e N passive (Inagiive w
@ = B E (oo
e

S Receive all S r Send an
2] Acknowledg- Acknowledg- N
ments ment
s = d(3)

Ve @owledged &) r = d(]_)

MES

DBM
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Elosztott adatbazis

Mes(s) @ (s.1)

MES
Update Receive
and < > a
S Send Messages S r Message
-
€  Mes(s) €
\/ » MES DBM v,

ﬁ" Passive Ive Received w
! E @A DBM @ @ DBM

Me e

9 5 &

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

Mes(s) (s,r)
Acknowledged

e




Elosztott adatbazis

Mes(s) @ (s.1)

MES
Update Receive
and 3 J a
S Send Messages S r Message r
-
€ Mes(s) © (s.r)
\/ » MES DBM \/

M Active ‘ passive (Inagiive Performing
BTG T G2

S Receive all S r Send an r
~B Acknowledg- Acknowledg-
ments ment

Mes(s)

(S.1)

Acknowledged
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Elosztott adatbazis

Mes(s) @ (s.r)

MES
Update Receive
and 3 a
S Send Messages S r Message r
e s(s) € (s,n)

v m ‘ e 1 DBM \
@ Active ‘ " Paé've Inagtive Performing
DBM E ME‘! N/ E @@ DBM MES DBM
S Receive all S r Send an r

2] Acknowledg- Acknowledg-

ment

ments

Mes(s) (s,r)
Acknowledged

MES
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Hierarchikus modellek tamogatasa

E‘ DataBase#1 wassy
7 Sent
Mes(s) N e’
MES
Update Receive
and a
Send Messages Message
" l
i Ay
e.!ll Mes(s) S
”'I
|||||' ”“’l M
, AcU e \ Unused |Passne| “Received
i NES e
|| . * |||||
||||! Mes(s) ||I|Ie
L
Receive all Send an
Acknowledg- Acknowledg-
ments ment
nﬂ ;"'-"-‘_' -
tﬂ; Acknowledged

o

¢ Akijelolt részt kdnnyen helyettesithetjik egyetlen
alhaldval.
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Kompakt nézet

17 Sockets (interfész)

L |
””I Llﬁhl . II||
ll f\f?
£ "."""'I“

Mes(s)

DataBase#1 .-E

Ezzel

Undate o helyettesitettik
and ‘
Send Messages E

ik |||||

8|lII Mes(s) e
| ||

:| UHUS‘:’d 1 IPaxb :

2D
Il HI_-QF ||||
e |||| Mes(s) I||I I

| [T
| Receive all

Acknowledg-
I ments

Uj alhéalé
neve

(s,r)

.-"'— . al . -.‘.-‘\
< Acknowledged

MES
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Az alhalo

Kibontott nézet neve |

In|f ée_a\'
SRR (s,r)
.'lfi:s
Receive
a
Message
Ports .

\ l ':l
S
O | Received |
- =T MES

Send an
Acknowledg-
ment

Out] ) A helyettesitéshez sziikséges

bemen é/kimen 6 nyilakat
automatikusan berajzolja a CPN editor.




Hely invaridnsok Place > M(Place)

¢ Waiting+ Inactive + Performing = DBM

¢ Unused + Sent +Receive + Acknowledged = MES
@Active + Passive = E

¢ Rec(Received) = Performing

¢ Mes(Waiting) = Sent + Received + Acknowledge

@Ign(Waiting) = Active

Ezek linearis kombinacioival gyarthatunk tbbbet.
¢ Ign(Waiting) + Passive = E
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Adatbazis kezel ok

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

]

> Sent

Mes(s) (s.1)
MES
\4
Update Receive
and < > a
Send Messages ) Message

\4
Received

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

A
Mes(s) (s.1)
Acknowledged JS 64

MES

\4
DBM

DBM




Uzenet bufferek

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

Update
and
Send Messages

Receive
a
Message

\4
Received Performing
DBM

DBM

Send an
Acknowledg-
ment

Receive all
> Acknowledg
ments

Acknowledged

MES 65




Kolcsonos kizaras

M(Active) + M (Passive) = E

Sent
Mes(s)

MES

Receive
a
Message

Update

and H
Send Messages S

\/
Performing
DBM

Send an
Acknowledg-
ment

Receive all S}
» Acknowledg-

ments

MES 66



Fogadott Uzenetek Rec(s,r) = |

fug%l\J,Igny Rec( M(Recelved)) = M(Performing)

MES - DBM

Mes(s) @ (s.r)

MES

v

Update Receive
and < > a
Send Messages ) Message
Mes(s) \&
\/ > <] \4
DBM A N E » DBM DBM
Mes(s) /e (s.r
<
Receive all S Send an
P Acknowledg- Acknowledg- IS
ments ment
. Kulonboz 6

Mes(s) PG szinhalmaz! 67

MES




Hasznalt Uzenetek

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

Mes(s)

Il

Update
and <
Send Messages S

Mes(s) \&

N e
DBM A N E

Mes(s) /e

|

Receive all
Acknowledg-
ments

S

Sent &N

MES

Receive
> a
Message

Send an
Acknowledg- R
ment

B DBM DBM

Mes(s) (s,n)
68
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M(Waiting) + M (Inactive) + M(Performing) = DBM

| Minden adatkezel§: |

|Legalabb egy db var

Update
and
Send Messages

Receive

Send an
Acknowledg- IR
ment

Receive all
A Acknowledg-
ments
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Rec( M(Received)) = M(Performing)

Ez az Uzenet buffer:
Received with d(i)

(s.1)

Recelve
»
S"J‘ge
DBM

\4
ecelved

Update
and
Send Messages

Send an
Acknowledg-
ment

Receive all
A Acknowledg-
ments

Acknowledged JS

MES
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Most azt tesszuk fel, hogy
legalabb egy kezelé VAR

Receive
a
Message

Update
and
Send Messages

Send an
Acknowledg- IR

Receive all
2l Acknowledg-
ments

AN

Nincs+ Itt token

\>,1)
<

/1



Ign(Waiting) + Passive = E

Pontosan egy
token varakozik

> Sent

Mes(s) (s.1)
MES
\4
Update Receive
and < > a
Send Messages S Message

Cei)ina>

DBM

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

A
Mes(s) (s.1)
Acknowledged JS

MES
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Ign(Waiting) = Active

Pontosan egy
token aktiv

>

Mes(s)

Update
and
Send Messages S

Receive all S
A Acknowledg-
ments

A

Sent

(s.1)

v

MES

Receive
> a
Message

>

DBM

Send an
Acknowledg-
ment

Mes(s) (s.1)
Acknowledged JS

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

Nincs tobb aktiv adatbazis
kezeld

Updg Receive
ano < a
Send MessaN Message

DB T N DBM

Send an
Acknowledg- IR
ment

G
MES 74

Receive all
A Acknowledg-
ments




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

A d(i) altal ktldott Gzeneteknek ennek kell
lennie:

DB

Receive all

 Acknowledg-
ments

Cl.d6)2

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

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

Nincsen aktiv adatbazis

kezelo
es(s) o Sl (s.1)
l MES

\4
UpdNe N Receive
and < > a
S Send Messag\ ‘ Message

A | 4

o Pasana ol Send an
NlnC SN Acknr?l\év:l(idg-
varakozo

token = Gtnoviedged D1

MES

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

Nincsen elkuldott, varakozd és
nyugta token

Update
and
Send Messages

Send an
Acknowledg- IR
ment

Receive all
A Acknowledg-
ments

Acknoedged N

MES 77



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

Az Uzenetbufferek Uresek:

Receive
a
Message

Update
and
Send Messages

Send an
Acknowledg- IR
ment

Acknoydedged JS
A
MES 78

Receive all
A Acknowledg-
ments




Ign(Waiting) = Active Active + Passive = E

Nincsen Egy e-token
aktiv token Passive

Receive
a
Message

(s.1)

@ @

DBM

DBM N DBM

(s.1)

Send an r

Kezdeti eloszlas

Mes(s) (s,
Acknoedged N

MES

Receive all
A Acknowledg-
ments

A




TOOLS

Konkldzio e TOO!
* editing
e simulation

THEORY e verification
* models

* basic concepts

e analysis methods

PRACTICAL USE
e specification

e validation
e verification
e implementation

¢ A CPN egyik sikere az,
hogy mindharom
terileten egyszerre
hasznalhato.
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