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Modellezo eszkozok

¢ Design/CPN eszko6zt a 80°as évek vegen es a 90‘as evek
elejen fejlesztették Kki.

s A maga idejében a legelterjedtebb Petri halé6 csomag
volt.

m 750 kulénb6zb szervezet 50 orszagban hasznalta
— ezek kozott 200 kereskedelmi cég van.

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

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

& A tipusok, élkifejezések és oOrfeltételek 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).

¢ Tetsz6legesen bonyolult fliggvényeket es
mtyveleteket lehet definialni benne (pl.
polimorfizmus).

¢ A Standard ML jol-ismert, tesztelt és nagyon
altalanos. Szamos irodalma van.
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Fvarnknln2
e var p str
= val stop
w colset Tend
wcolset Tenl
Fvars
Evarrrlr2
= fun Ok
= fun imin
= Maonitors
TTop
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INT=INT
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CPNTools e
17 (1,"Madellin™)++
. 1°(2,"g and An")++
editor (ma 1" (3" Maans 1
INTXDATA 1°(4, "y Means ")++
Send 8. 1 (5 ‘'of Colou)++ ""(Recelvea"l) 2 |
g2 CPM Tools (Version 2.9.12, September 201 :-: DATA

¥ Tool box if Ok{s,r) str

w Auxiliary Binder 0 then 1' (n,p) if n=k

e Create Top Sender [ Network Receiver(l) Receiver(2) mit | 2lse empty (n,p) andalso

= Hizrarchy ot @ p<>stop

= Monitaring ' INTXDATA then str™p
l d N.Et : ; i1,""M|:u:']e'l'l'ir'|""-]|++ else str

= Simulation "(2,"g and An")++ , 18 1!

» State space "(3,"alysis b")++ 18] @ k i

= Style 4,y Means ")++ < Receive

B iew INTxDATA (5, "of Colou")++ 1'8 ! Packet
| » Help Send)8 1 (6,'red Petr)++ INT  ifn=k

» Options (7" Nets##")++ then k+1 |.

- alProtocal (BHEESEBEE) else k if n=k
ierarchicalProtocol.con (n,p) then k+1
Step: O mit Jelsek
Time: 0 INT*DATA @1

» Options Send —% : INT
» History Packet (n,p)
¥ Declarations .
k colset INT n rk BRCANAE
 colset DATA '
b colset INTxDATA Y
» colset INTXINT Ciextsend ) 1" 1




V 4 4
e 2QY €QYSzZeru 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." Netst#")+
n, (8, " .
b ‘ - if Ok(s.r) , str | | if n=k
INTXDATA then 1°(n,p) INTxDATA andalso
Send (n,p) .~ (np) | Transmit | &!se empty p<>stop
Packet Packet then strig
! else str
i s .
| 8 T
© [
! Int_0_10 1 :
| Receive
| 8 Packet
i @ L INT if n=k
i Ff][_ﬂ_fl.r:' ““"‘*-..._ then k+1
| s T..else k if n=k
‘ | then k+1
Receive Transmit else k
Acknow - [ Acknow [
' n INT if Ok(s,r) : n
. then 1'n
| else empty
Sender 5 Network Receiver



INTxDATA

(n,p)

—_— ok A A A A & &
e

Send
Packet

Receive
Acknow.

wap  EQY €gyszer

BNDOELRNZ

1 4 4

"g and p
"alysis b -
of Colo
"red Pet DATA
"i Ne
A .
) if Ok(s,r) str | | if n=k
then 1°(n,p) andalso
Transmit | €/s€ empty p<>stop
Packet then strip
else str
S .
. e
R y
Int_0_10
Receive
8 L% Packet
Int_0_10 @ .
s ' if n=k
then k+1
| Transmit le else k
) if Ok(s,r) Acknow. n
then 1'n
else empty

Receiver



wam:  EQY €gyszeru protokoll

1°(1
INTXDATA 1'(2,"g and An")+
1°(3,"alysis b")+ "
1'(4,"y Means ")+ T
1'(5,"of Colou™)+
1°(6,"red Petr")+ DATA
) 1°(7." Nets###")+
n, 1 (8, " .
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 sir
1 Helyek] é)
Receive
INT | 8 ,NT Packet
i Int_0_10
i if n=k
‘ I then k+1
Receive Transmit else k
Acknow. n if Ok(s,r) | Acknow. < n
INT ' INT
. then 1'n
| else empty
Sender | Network Receiver



INTxDATA

Sender

—5 Ak & ik & & & i

1 4 4

weae  EQY €gYyszeru protokoll

(2,"g and An")+

(3,"alysis b")+

(4,"y Means ")+ o @

(5,"of Colou™)+

(6,"red Petr")+ DATA

(7." Nets##")+

(8, ") .

! if Ok(s.r) , str | | if n=k
INTXDATA then 1°(n,p) INTxDATA andalso

(n,p) /7~ (np) else empty (n,p) p<>stop
then strip
else str

if n=k
then k+1
else k

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

Network Receiver



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

1 L':'. "alveie K"+

INTxDATA

DATA

.
;-
.
.
;-

e 2QY €Qyszeru protokoll

(n.p) (B
! = , str | |if n=k
INTXDATA then 1°(n,p) INTxDATA andalso
(n.p) _~~ (n.p) Transmit I else empty 9 (n,p) p<>stop
Packet 1 then strig

color INT = int;
color DATA = string;

varn, k : INT;

var p,str : DATA,;

val stop = "#HH#HAHAH",

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

var s : TenO; varr: Tenl;

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

Deklaracios
csomopont

Sender

Network

color INTXDATA = product INT * DATA,

Receiver




] EQY egyszeru protokoli

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

INTxDATA

GEE>

Received

Kezdetl eloszlas

Jof Colou™)+

—_— ok A A A A & &
DN OR LN =

Sred Petr")+ A
( ] S Nets#")+
P - if Ok(s. ) , str | | if n=k
INTXDATA then 1°(n,p) INTxDATA andalso
Send (n,p) .~ (p) | Transmit | &se empty p<>stop
Packet Packet then strp
| else str
| s o
i 8 =
| @ ( K v
: Int_0_10 1 "
| Receive
i 8 Packet
i B @ L T if n=k
i Irf]!_ﬂ_f{:' ““"‘*-....__r_h then k+1
i S T.else k if n=k
‘ | then k+1
Receive Transmit else k
Acknow - [ Acknow [€
' N 7 ifOk(s.r) : n
. then 1'n
| else empty
Sender | Network Receiver
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Send jelGlese

INTXDATA

Tokenek szama l

,"Modellin") +
,"g and An") +
,ralysis b") +

"y Means ") +

,"of Colou") +
,'red Petr") +
1 Nets##") +
' HIHHHHHH)

’

PR RPRRRRERREPR
S Y

-

Token szinek
halmaza
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1 4 4
e 2QY €QYSZzeru protokoll
INTXDATA 1(2,'g and An")+
1°(3,"alysis b")+ "
1'(4,"y Means ")+ N @
1'(5,"of Colou™)+
1°(6,"red Petr")+ DATA
1°(7,"i Nets##")+
1°(8, "M .
! if Ok(s,r) , str | | if n=k
then 1°(n,p) INTxDATA andalso
Send Transmit | ©/se empty p<>stop
Packet Packet then strig
! A else str
Elkifejezés |~

' g L IN .

| mrﬂm —

s ' if n=k

i then k+1
Receive g (j) 8 | Transmit le
Acknow. n if Dk{ } Acknow. n

INT S,f

then 1'n
else empty

else k

Sender Network Receiver
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VY 4 4
e 2QY €QYySzeru protokoll
INTXDATA 1(2,'g and An")+
1°(3,"alysis b")+ "
@ 1'(4,"y Means ")+ _@
1'(5,"of Colou™)+
1°(6,"red Petr")+ DATA
(nop) 1°(7." Nets##")+
n, 1°(8, "M .
b ‘ - 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 strig
! else str
| is e
e
1 |
Sewsend> 1 Puffer helyek
if n=k
‘ i then k+1
Receive : ( )l Transmit le else k
Acknow. - [ Acknow.
NN ifOk(s.r) : INT
. then 1'n
| else empty
Sender 5 Network Receiver
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-] EgY egyszeru protokoll

g and An")+

(1
2
(3, "alysis b")+ "
@) '(4,"y Means ")+ - @
(5,"of Colou™)+
"(6,"red Petr")+ DATA
n.p) (7" Nets#")+
n, (8, .
P ‘ — if Ok(s,r) , str | | if n=k
INTXDATA then 1°(n,p) INTxDATA andalso
Send p<>stop
Packet then strip
else str
: @ v
; Int_0_10 )
! “ Receive
i Packet
| LINT if =k
| Int_0_ m then k+1
| T else k if n=k
: 5 then k+1
Receive Transmit else k
Acknow - [ Acknow [€
: no if Ok(s,r) : n
. then 1'n
| else empty
Sender | Network Receiver
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. EQY €gyszeru protokoll

(1,
INTXDATA 1'(2,"g and An")+
1'(3,"alysis b")+
1'(5,"of Colou™)+
1°(6,"red Petr")+ DATA
o) 1(7," Nets#t")+
n,p 1" (8, ") .
! If Ok(s.r) , str | | if n=k
INTXDATA then 1°(n,p) INTxDATA andalso
Send (n,p) /7~ (np) Transmit | ©/s€ empty p<>stop
Packet Packet then strp
else str
s e
h A

Receive
8 @ L INT £ ek Packet

1

1

I

1

1

|

| 8 -
| @ K
: Int_0_10 1
1

I

1

1

I

|

1

I

1

1

1

int_0_10 ““"""--n..,_h then k+1
S T.else k if n=k
then k+1
Transmit le else k
- Ack :
= if Ok(s,r) | 2CKNOW n
. then 1'n

| else empty

Sender | Network Receiver



VY 4 4
e 2QY €QYySzeru protokoll
INTXDATA 1(2,'g and An")+
1°(3,"alysis b")+ "
@ 1'(4,"y Means ")+ - @
1'(5,"of Colou™)+
1°(6,"red Petr")+ DATA
(np) 1°(7," Netst#")+
n, 1° (8, " .
b ‘ - if Ok(s.r) , str | | if n=k
INTXDATA then 1°(n,p) INTxDATA andalso
Send (n,p) .~ (np) | Transmit | &!se empty p<>stop
Packet Packet then strig
! else str
| s
i G
Int_0_10
| 8
| Int_0_10 @
i S if n=k
‘ | then k+1
Receive : ( ) . | Transmit else k
Acknow. n e if Ok(s,r) Acknow.
. then 1'n
| else empty
Sender 5 Network Receiver



wa:  EQY €gYySzeru protokoll

1°(1
INTXDATA 1°(2,"g and An")+
1°(3,"alysis b")+
1°(4,"y Means ")+ )
@ 1°(5,"of Colou™)+
1'(6,"red Petr")+
(n.0) 1°(7," Nets#")+
n, 1° (8, "ML ‘
g . if Ok(s,r) i £ n=k
INTxDATA then 1°(n,p) iINTxDATA andalso
Send stop
Packet ) StrAp

nrm
-
s
Lo
L

ms_a_m
ll “ Receive
Packet
INT i ek

int_0_ fﬂ L then k+1
T else k if n=k
then k+1

Receive Transmit else k
Acknow - [ Ack [€
. n j if Dk(S,r:} CKNOW. n
then 1'n
else empty

Sender Network Receiver



V 4 4
e E2QY €0YySzeru 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." Nets#")+
17 (8, "HHHHHHHE .
! if Ok(s,r) , str | |if n=k
INTXDATA then 1°(n,p) INTxDATA andalso
~ (n.p) Transmit | €/Se empty p<>stop
Packet then strip
else str
[ e
8 @ e
1 Int_0_10 1

Int_0_10 RN ;hen k+1

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

INT . g L,NT by Packet

Receive - ( )l ITransmit‘
Acknow. n i Ok(s,r) Acknow. n

then 1'n
else empty

Sender Network Receiver



Csomagkiildés R

+ 1°(3,"alysis b")

k - +1°(4,"y Means ")
¢ Csaka @ + 1°(5,"of Colou")
— =" n" +1°(6,"red Petr")
<n=1,p="Modellin"> ¢ 17" Nets##)

par en_ge elyezett. + 1°(8, "B

& Ha talalhato ilyen par, akkor NDOATA

a Send Packet elkuldi azt A-
nak.

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

¢ A csomag nem torl6dik a
Send helyrdl es a NextSend
sem valtozik.



VY 4 4
e 2QY €QYySzeru protokoll
INTXDATA 1(2,'g and An")+
1°(3,"alysis b")+ "
@ 1'(4,"y Means ")+ - @
1'(5,"of Colou™)+
1°(6,"red Petr")+ DATA
.0) 1°(7," Nets##")+
n, (8, AR .
g ‘ . if Ok(s.r) | str | |if n=k
then 1°(n,p) INTxDATA andalso
Send else empty p<>stop
Packet then strip
i else str
;
| @‘ Receive
! Packet
| L T if n=k
i Ff][_ﬂ_fl.r:' ““"‘*-..._ then k+1
| s —..else k if n=k
‘ | then k+1
Receive Transmit else k
Acknow - [ Acknow [
' n INT if Ok(s,r) : n
. then 1'n
| else empty
Sender 5 Network Receiver



Csomag atvitele

if Ok(F.1
INTXDATA hen 1 (np) INTXDATA

(n,p) Transmit | else empty
Ol i O,

a 1°(1,"Modelin")

®E]

Int 0 10

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

22



If Ok(s,r)

Csomagvesztés |then 1'(n,p)

else empty

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

m Forr 1. .8,0k(s,r)=true.
A tokent A-bdl B-be tesszlik. Ez azt jelenti,
hogy a csomag sikeresen atment a halozaton.

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

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



V 4 4
e 2QY €0YySzeru 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, "M .
’ ( | : it Ok(s,r) , str | | if n=k
INTXDATA then 1°(n,p) INTxDATA andalso
Send (n,p) .~ (n.p) | Transmit | €/S€ empty p<>stop
Packet Packet then strig
else str
s e

2

Int_Q_10 |,
&L

fnt_0_10 -

S if n=k
- then k+1
Receive Transmit else k
Acknow. n if Ok(S I’:} I Acknow. ‘ n
INT : INT

. then 1'n

| else empty
Sender | Network Receiver



Csomag fogadasa

¢ A bejovo

i)
es a vart cso ok
sorszama
dsszehason .
[

INT
@ 11

DATA A
anaalso
INTXDATA st | p<>stop
then str\p
else str
@ 1'(1,"Modelin")

el
[1— K

then k+1

else k

25



Csomagok
sorszamanak
modositasa

¢ A mar megkapott
adatokhoz hozzaflizzuk
az ujonnan jottet.

¢ A NextRec szamlalot
egyenkent noveljuk.

Received @ 1""Modeling and An"
1

1 "Modeling and An"

1°(3,"alysis b")

1

@ 1°(3,"alysis b")

A

if =k
andaso

Str pP<>siap
else str

1 "Modelling and Analysis b"

/,
1
@ ‘lRecelve
¢ Acknowledgement L Packet

uzenetet kuldunk.
Mellekeljuk a kovetkezo
kdrben vart Uzenet
sorszamat.

O fﬂf
nefket |
elsek

O

14

if
veli]
else
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Received 1""Modeling and An"
ROSSZ Gecered @

1"Modelling and An"

csomagsorszam

1(2,"g and An")

¢ Eldobjuk a kapott adatot. 1 (n.p)
@ 1'(2,"g and An")

¢ A NextRec-t valtozatlanul

A

if n=k
andalso

L] |p<>stop

then str’\p
exdfr ]

1 "Modeling and An"

hagyjuk. v

¢ Egy acknowledgement ¥——(1 Packet
lizenetet killdink. Eza O?3 LLQEk ==
vart csomag sorszamat eb P
tartalmazza. tehgl

O+
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V 4 4
e EQY €gYySzeru protokoll
INTXDATA 1(2,'g and An")+
1°(3,"alysis b")+ "
@ 1'(4,"y Means ")+ - @
1'(5,"of Colou™)+
1°(6,"red Petr")+ DATA
(np) (7. Nets##")+
n, (8, M .
g’ ‘ . if Ok(s,1) , str | |if n=k
INTXDATA then 1°(n,p) INTxDATA andalso
Send (n,p) .~ (np) | Transmit | &!se empty p<>stop
Packet Packet then strig
! else str
| S e
i 8 s
| @ ( K h 4
! Int_0_10 1 :
| Receive
| 8 Packet
| L T if n=k
i Ff][_ﬂ_fl.r:' ““"‘*-..._ then k+1
; TT.else k if n=k
‘ | then k+1
Receive Transmit else k
Acknow. e if Ok(s,r) Acknow. n
. then 1'n
| else empty
Sender 5 Network Receiver



Atvitel visszajelzés

8
o¥
Int 0_10

S
Transmit @

if Ok(s,r) Acknow. n
INT  then1l'n
else empty @ 1°2

¢ Hasonloan mikodik a Csomag
atvitelhez.
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INTxDATA

(n,p)

Send

Packet

Sender

—_— ok A A A A & &

VY 4 4
e EQY €gySzeru protokoll
(2,"g and An")+
(3,"alysis b")+ "
(4,"y Means ")+ - @
(5,"of Colou™)+
(6,"red Petr")+ DATA
(7" Nets#y")+
8, "R .
( !} if Ok(s.r) , str | |if n=k
INTXDATA then 1°(n,p) INTxDATA andalso
(n,p) /7~ (np) Transmit | €ls€ empty p<>stop
Packet then strip

! else str

i s .

| 8 e

| (RP) I’ k

! Int_0_10 1 ‘

| Receive

| 8 Packet

| LT e

i Ff][_ﬂ_fl.r:' ““"‘*-....__r_h then k+1

| s T.else k if n=k

! then k+1

| Transmit le else k
: Ack :
= if Ok(s,r) | 2CKNOW n

. then 1'n

| else empty

| Network Receiver



Fogadasi visszajelzés

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

¢ Ebben az esetben a szamlald értéke 2 lesz,
igy legkozelebb a Kuld6 a 2-es csomagot fogja
kuldeni.



1701, " Modellin®™)
+1°(2,"g and An")

Vg T T P . i

Interaktiy ©.send &;jGamse,

. , . + 1°(5,"of Colou™)
szimulacio .,

+ 1706, red Patr")
Send
Packet

INTxDATA

+ 1°(7," Nets##")
* (B, )
INTXDATA

{n.p) (n.p)

Transmit
Packet

1 - i Inf 0 10 o
{_NextSend
N -

3

if Oik(=,r)
INT fhen 1'n

@1 6 i else emply

Sender

1""Modelling and T Daraivad
Analysiz by Means of xﬁﬁﬂﬂl"u’!‘f‘.‘qﬁ;

Colou” DA T"’:-_ [
. if n=k
if Okis.r) | andalso
then 1'{n.p) /NTxDATA str | |p<=stop

glse empty then str*p

B ol INTTT T
1°5 | i : 13 1 ifn=k
@ i Inf 0 10 -ﬁﬁ, @ - @ then k+1

alsa sir

-
o
e
o

(_NextRec

‘-I-\_\_“_-.
alze k
if n=k
then k+1
alse k

Network

Receiver

¢ A Szimulacio eredményét az abran lathatjuk.
m A kbvetkezo tiizelést manualisan vagy automatikusan

lehet kijelolni.

m A felhasznalé watchpointot és breakpointokat definialhat.



Kozbulso allapot

¢ Fogado varja a 6- wnoan
0S csomagot.

(n.p)

Kiildé még csak az
5-0S csomagot
kaldi.

¢ A6-0S
acknowledgement
kér6é csomag
érkezik meg. ‘

Receive
Acknow.

Sender

Ezutan a
NextSend
frissitddik majd a
Klldo elinditja a 6-
0S csomagot.

1°(1,"Modellin")
+1°(2,"g and An")

@ " 1'(3,"alysis b")
+1°(4,"y Means ")

+1°(5,"0f Colou")
+1°(6,"red Petr")
+1°(7."i Nets##")
+ 1 (B, ")
INTXDATA

(n.p) Transmit

Int_ 0_10

D
n if Okq(s,r)
INT then 1°n

else empty

@ 1""Modelling and

Analysis by Means of

Colou"

if Ok(s,r)
then 1°(n,p)
else empty

INTXDATA

5
Transmit
Acknow.

Network

e
——
e
-
—
=
-
-

‘ Receive
Packet

then k+1
else k

" {Received
DATA

if n=k
andalso
p<=stop
then str*p
else str

str
(n.p)

")

if n=k
then k+1
else k

Receiver



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

m Hely és tranzicid invariansok.

* Hasonloan a programozasi nyelvek
Invariansaihoz.



Allapottér

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




INTXDATA 11" Colourad")+
1°(2." Petr N+ _ T -

L Send 1 13 etsumm)s - (Received)
T | Vi ) pATA ~ Tk
{n.p)
A p rOtO kO I I ! if Okis.r) i :nnd:a}:sn
, I I WTJ-’J'-:J:"ITJ"J- then 1'(n,p)] NT*DATA str | |p<>stop
a ap Ottere Send (np) (n.p) Transmit : then strp
Packet else sir
Max 1 token
.
1.2 = i
1RP, . Y
1 - X Int 0 2 “~—* L :
i, NextSend i { NextRec Receive
e e N Packet
S if sk
k| [
HM““': if n=k
Max 1 token then k+1
- glse k
Receive
Acknow.

¢ Veéges allapottér elérése:

m Tokenek szamat korlatozzuk az A, B, C és D helyeken.
s Csak 4 csomagunk van.
m Binaris valasztas, hogy sikeres vagy sem.



INTXDATA

Send
Packet

Receive
Acknow.

Sender

"(1,"Modellin")+ m )
"(2,"g and An")+ Received
(3, "alysis")+ DATA A
(4"FHR)
if n=k
| if Ok andalso
INTXDATA then 1°(n,p) [INTXDATA str| |p<>stop
(n.p) A (n.p) Transmit else empty (n.p) then strip
Packet else str
if Ok -
then empty
else 1'e
k \ 4
1
Packet
INT if n=k
if Ok then k+1
then empty else k i n=k
slsele then k+1
else k
Transmit
%I C
n if Ok Acknow. n
INT then 1°'n INT
else empty
Network Receiver



Allapottér informacidk a protokollunkrél

Elérhetoségi graf
Occurrence Graph Statistics

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

Erosen osszekotott 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. 0
C: 1 c: 0
D: 2 _

NextRec: 1 D: 0
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: 1:21,"Coloured";+ 1°(2," Petri N")+
1°(3," etstHtH )+ 1 (4,"########")

B: 2:21,"Coloured")+ 2 (2," Petri N'2+
2°(3," ettt J+ 27 (4" tHHHEHTE" )

C: 12+13+14+15

D: 22+23+24+25

NextRec: 11+1°2+1°3+1°4+1°5

NextSend: 1'1+1°2+1°3+1°4+1°5

RA: 11

RP: 11

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

Send: 1\‘51,"Co|oured")+ 1(2," Petri N"#2+
1°(3," etsHH" Y+ 1 (4," st



Visszateroseg es eloseg

Visszatéroség
Home Markings: 1

Eléség

Dead Markings: 1

Live Transitions: None

I
I NextSend =5 :
! NextRec = 15 I

I

| Received = "Coloured Petri Nets#####" 1

452

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



A halott allapotok

& A 452. tokeneloszlas a dead

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

¢ Ez egyben visszateré allapot is

s Emiatt mindig megvan a lehetéséqg arra, hogy
helyesen fejezzuk be (az lehetetlen, hogy olyan
allapotba tévedjunk, 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 fairseg tulajdonsag azt jelenti, hogy
egy tranzicié milyen gyakran tlizelhet.



1 NextSend = 1 4 V4
L1 | e T AI I apOtter

SendPack

LoosePack |

NextSend = 1
NextRec =1
Received = ""

A = 1"(1,"Coloured")

megjelenitése

NextSend = 1
NextRec =1
Received = ""

B = 1"(1,"Coloured")

SendPack

RecPack

LoosePack | NextSend = 1
e NextRec =
5 Received = "Coloured"
3:3 cC =12
\ NextSend = 1
§RecPack HSendPack ! [TranAck NextRec 2
iLoosePack ﬁLooseAck Recelved = "Coloured”
: D=12
8
: 2:1 3.2
T hendPack ﬁendPack
ﬂooseAck TranAck ‘
11
2 2 313 51
NextSend = 1 NextSend = 1
NextRec NextRec 2




Temporalis logika
¢ Lehetseges CTL-szer( kérdéseket is
feltenni (temporalis logika).
= Allapotok
= Atmenetek
n KOtések elemel



Allapottér analizis — elényok/hatranyok
& Az allapotter kifejezbereje nagy és konnyen
szamolhato.

m Epitése és analizise automatizalhato.

m Nincs szukség az analizis modszerek
matematikal ismeretere

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



Elosztott adatbazis

Update
and
S Send Messages

€  Mes(s) €
v MES e DBM

\/
@ Active @ Passive (Inactive
DBM E

MES (] E A s DBM

e Mes(s) e

S Receive all S r
Al Acknowledg-
ments

Mes(s)

@owledged

MES

e ————————

Receive

a
Message r

(s.r)

\/

Performing

MES DBM

(s.r)

Send an r

Acknowledg-
ment

(S.r)



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

1°d(1) + 1°d(2) + 1°'d(3)

Receive
a
Message

Update
and
Send Messages

50



Uzenet bufferek

¢ MES = {(s,y)e DBMxDBM | s #r}

1(d(1).d(2)) +
1(d(1).d(3)) +
1(d(2).d(1)) +
1(d(2).d(3)) +
1(d(3).d(1)) +
1(d(3).d(2))

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

(s.r)

Receive

a
Message
(s.r)

M

(s.r)

Update
and
Send Messages

ES

Send an
Acknowledg-
ment

Receive all
Acknowledg-
ments

Acknowledged

MES



Kolcsonos kizaras

¢ E={e}

Update Receive
and a
Send Messages Message

€ Mes(s) e
MES
@l Jel

e Mes(s) e

Received Performing

DBM

Receive all Send an
Acknowledg- Acknowledg-
ments ment
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Elosztott adatbazis

( Mes(s) @ (s.r)

MES

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

f i~
e ’ Q (S) e (S ) r)
\/ ‘|||||. ﬁ e \/

DBM

e |1 DBM
@ Active \m Pagsive ( Inagtiye Performing

DBM E ME‘! """@E BM MES DBM
de) 1)
A

e Meg; e
S - eive all S r Send an r
2] Acknowledg- Acknowledg- N
ments ment

m Mes(s) ~" (s,r)

A\cknowledged

MES



Elosztott adatbazis

Mes(s) .@ (s.r) 1

Update Receive

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

(s.r)

e 2
' Inagtive Performing
E BM MES DBM

(s.r)

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

Mes(s S,r
&) @nowledged =)

MES



Elosztott adatbazis

Update
and
Send Messages

Send an
Acknowledg-
ment




Elosztott adatbazis

Update Receive
and a
Send Messages Message

Send an
Acknowledg-
ment




Elosztott adatbazis

€ Mes(s) €

i ME .
Ve ‘) Passive (Inaclive
DB Wl E DBM

e e

Ll l

Receive all S r
Acknowledg-

ments

Receive

a
Message r

(s.r)

\/

Performing
MES DBM
(s.r)
Send an r

Acknowledg-
ment

L e Qd (s.r)




Elosztott adatbazis

( Mes(s)

MES
Update
and h

S Send Messages S r
e
v, 1"“"
@ Active

DBM E
e
S Receive all

2] Acknowledg-
ments

Mes(s)

@nowledged

MES

(s.r)

Receive

a
Message

(s.r)

MES

(s.r)

Send an

Acknowledg-
ment

(S.r)

\/
Performing
DBM




Hierarchikus modellek tamogatasa

DataBase#1 wwss

: 7" Sent O
Mesi(s) S
MES

pdate
and
Send Messages

mr |
A SR
Mes(s) |||II
I
. ||||| Ml:%l ||II
L, Hlﬂtue | I._Jnusen:l 3 |r—1355| EI

= 'I|III MI:*.»? ||||

el Mes(s) |||I
_|.|| ||—|—|I_
Receive all

Acknowledg-
ments

e .!|I

Mesis - T T
t—ij” Acl-cnc:-.*.-le:jged

MES

-, (s,r) J

Receive
a
Message

Acknowledg-
ment

* A
alhaldval.

konnyen helyettesithetjik egyetlen



Kompakt nézet

Update
and
send Messages

m Mmﬂ'w
||||| MES |

L_Inu,_ed ! |F.;| 8 t:-

‘E*:-? -~ [
I||||

“mmﬁmlm
1"

Receive all

Acknowladg-
I ments

t Mes(sy -7
£ Acknow

|

M B

|| AL || |
Ih'"'"'lllll

E ||II

(5,r)

"MES

Ay R o o o o o o o o o o o o

DataBase#1 -ng

Ezzel
helyettesitettuk

S

|

Uj alhalé
neve




Az alhald

Kibontott nézet neve |

MES

E - T
: [In] ) Sent ) s.1) 1

Receive
a
Message

(5.1

¥

T
i Received |

Tt TTMES
l{s. )

=end an
Acknowladg-
ment

A helyettesitéshez sziikséges
bemend/kimeno nyilakat
automatikusan berajzolja a CPN editor.




Hely invariansok | 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



Adatbazis kezelok

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

Receive
a
Message

Update
and
Send Messages

Send an
Acknowledg- I
ment
Acknowledged

MES 63

»

Receive all
Acknowledg-
ments



Uzenet bufferek

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

(s.r)

Receive

a
Message
(s.r)

M

(s.r)

Update
and
Send Messages

ES

Receive all Send an
Acknowledg- Acknowledg-
ments ment

Acknowledged

MES




Kdlcsotnos kizaras

M(Active) + M (Passive) = E

Sent
Mes(s)

MES

Update
and
Send Messages

Mes(s) e

Receive all
» Acknowledg-
ments

Receive
a
Message

Send an

Acknowledg-

ment

\/
Performing
DBM

65



Fogadott izenetek  [Rec(s.n)=r]

_Suly
fuggveny

I MES —» DBM I

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

| Receive

a
Message

I |

Performing

s

Send an
Acknowledg4¥
ment

Kulonbozo
szinhalmaz!




Hasznalt Uzenetek

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

Sent
Mes(s) (s.r)
MES
Update Receive
and a
S Send Messages Message

(s.r)

aiing)

DBM MES
(s.n)
Receive all Send an
Acknowledg- Acknowledg-
ments ment

Mes(s) (s,n)
Acknowledged

MES




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

| Minden adatkezel: |

N

Legalabb egy db var

Receive

2 a
goe ‘
Send an
<

Acknowledg-
ment

Receive all
A Acknowledg-
ments

Acknowledged

MES

638



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

Ez az Uzenet buffer:
Received with d(i)

Update
and
Send Messages

Receive
. a
Message

Send an
Acknowledg- |
ment

Receive all
A Acknowledg-
ments

Acknowledged

MES 69



Most azt tesszuk fel, hogy
legalabb egy kezelo VAR

Receive
a
Message

Update
and
Send Messages

Send an
Acknowledg- <-

Receive all
A Acknowledg-
ments

Acknowledged

MES



Ign(Waiting) + Passive = E

Pontosan egy
token varakozik

Receive
a
Message

Update
and
Send Messages

<«

Send an
Acknowledg- I
ment

»

Receive all
Acknowledg-
ments

Acknowledged

MES



Ign(Waiting) = Active

Pontosan egy
token aktiv

Receive
a
Message

Update
and
Send Messages

<«

Send an
Acknowledg- I
ment
Acknowledged

MES 72

»

Receive all
Acknowledg-
ments



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

Nincs tobb aktiv adatbazis
kezeld

Receive
a
Message

v

Send an
Acknowledg- I
ment

Receive all
A Acknowledg-
ments

Acknowledged

MES

/3



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

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

o

Update Receive
and < > a
s

S Send Messages r Message

, @), ox. v
R AC: D R
S Receive all S r =YaTa =Ta)
A ments | Rec( M(Received))
- (i), d(kD = M(Performing)
Mes(s) ,

@).d0)



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

Nincsen aktiv adatbazis

(s.r)

Receive

> a
Message
Received
Send an

Acknowledg- I
ment

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

Nincsen elkuldott, varakozo es
nyugta token

Receive
a
Message

SO

Send an
Acknowledg- I
ment

Receive all
A Acknowledg-
ments

Acknoledged

MES 76



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

Az Uizenetbufferek tiresek: ‘

Receive
. a
Message

SO

Send an
Acknowledg- I
ment

Receive all
A Acknowledg-
ments

Acknoledged

MES

(&4




Ign(Waliting) = Active Active + Passive = E

Nincsen Egy e-token
aktiv token Passive

Update Recelve
and =
Send Messa Message
oG ‘!
Receive aII

g Acknowledg
ments

Acknoledged

MES



TOOLS

Konkluzi6 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
terlleten egyszerre
hasznalhato.
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