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2.5 1z Coloured Petri Nets (CPN)

Coloured Petri Nets (CPN) 1UUANA1 A1 Petri Nets 555UA19597 Tokens 14 CPNs

q 1 g A ° T Y A Yy Y v o Y Y o o
ulﬁJi‘]ﬂﬂl!LWENﬂﬂﬂW umﬂumauaﬂﬂﬂﬂﬁﬂwayaaumuwu% uaﬂmﬂuimmumam

£

CPNs 89e115090 1059051900 Hierarchy  1Ag@Nsouny  CPNs  nguwiiee) 4o

Y v
Substitution Transition M¥290HZUULIN Coloured Petri Nets (CPN) Tﬂﬂﬁl%}gﬂﬁ 2.5

sznoumsosue
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2.5.1 @2u1l52Nd UMY UBI CPN diagram

puUH1a091993 Iaou 4 2995 naadagii 2.5 Usznoudln places 119U 4 69 Hag
.. o v ' = wAal] ¥ 1 dd’ Y = = 9
transitions 911U 3 @MAAY place Uarauiia laun 1) Uoveedaned 2) i TYPE Ao Insading
{ g 1 QSJJ ' A 1
WoItoyaNilu token V5590411 place WU 1Az 3) A1YD4 token ITNAY 158071 Initial Markings
1 4 1 % a P o w 1 $
TENIN places LAY transitions WOUADNUAIY arc uazﬁuwwﬁmﬂmguu arc ¥4
< ' v 1
2199210 U expression %30 function (38A3 arc inscriptions HH1YAITNUN RIGEAGYRGERR
WoYAUDI tokens 1111 enable transitions 12ABIATINY AwazLez InTIANT0YAUDIVDT
a a’d' o w ]
Uwaunfinued

] E4
d w5y cPN lugilil 2.5 imsiszmalnseadedoyanazaulsaail

colset TD = with noTrain | TrainUP | TrainDOWN;
var tr:TD;
colset TCCT = product STRING*TD;

var tc_idl, tc_id2:STRING;

Tug1# 2.5 usag place (393) lytasamstsingaivesso il Tnseadevoes
1 <3| v o 1 .
Token Tuu@ag places 1HUNANMVYBININAIAYVO 11403 1WABY AUAII  TrainUP 130
1 9
TrainDown ¥30 noTraih # TrainUP 1NUYVIUTDNIIY  TrainDOWN ldumuanin

. = v
TDV1AN LA noTrain wmam"lnmmusaag“lmwa”lﬂmu
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[tr = TrainUP] [tr = TrainUP] [tr = TrainUP]
(tc_id1, noTrain) (tc_id2, noTrain) (tc_id1, noTrain) (tc_id2, noTrain) (tc_id1, noTrain) (tc_id2, noTrain)
"N ]
UPL (—} upP2 —— P UP3
(tc_id1, tr) (tc_id2, tr) (tc_id1, tr) (tc_id2, tr) (tc_id1, tr) (tc_id2, tr)
y| ("1, TrainUP) ("3T",noTrain) ¥ ("5T",noTrain) ("7T",noTrain)

<Track1 Track2 Cracm P Track4
TCCT TCCT TCCT

TCCT

(tc_id1, noTrain)

(tc_id2,tr) i i tc_id1, tr tc_id2,tr
SR \_ (tc_id1, tr) DOWN2 e E-id2:t) \_( ) SO (tc_id2,tr)
(tc_id1, tr) (tc_id2,noTrain) (tc_id1, noTrain) (tc_id2,noTrain) (tc_id1, noTrain) (tc_id2,noTrain)

tr = TrainDOWN tr = TrainDOWN
[tr = TrainDOWN] [tr = TrainDOWN] [tr = TrainDOWN]

517 2.5 sgasnuudiaes CPN snumsnaeuiivesse llumsesnou 4 2903
% 1 [ L] 1 = d?} 1
A29819ANUNUIBVDI Token AUFY (“1T”, TrainUP) H18AINI WyuIusovivuedlu
ADUHINGIAY 1T 1ag (“7T7, noTrain) H¥eANNN lulvuiusoeglunourmeny 7T
.. Yo 4 A a 9
Transition “UP1” “UP2” taz “UP3” l4d1asumnanisal msnaouivesvuiusoainge i
Y
Y (VIVY) MUBARBINY  Transition “DOWNI” “DOWN2” uag “DOWN3” ldd1anq
‘ 4 4 Y : » 4 A
gl M3naoUNUeWLIUTDINYN g0 (V1de4) )N Transitions Tug17 2.5 3 Guard
& a o 9 1< a .. =2 o Y o 1 1 ..
“r m FAUNIY Y Guard 700119549 Transitions 39aaN1399 10U 1@ F1061919 Transition
o Y1 A o 1o . v A A . '
“UP1” vz Idnaeio @wls 't 1110 TrainUP 1uAe § token (“1T”, TrainUP) oglu
place Trackl
M5 Transiion UP1 9211a1m'ld (Enable) zdnalimsmmuamlfiaunsaneg #
(AEIVDINY Transition UP1 81 1A tc_idl = “1T”, tc_id2 = “3T” Uag tr = TrainUP YUIUMNST

Ed Y Y
Mvuaa 1A 5158071 Binding TuA29819H1aaz 7109015919113 Binding 1i833@1Ae

2.5.2 State space diagram

D.

15799%0 CPN diagram 11311 2.5 31 “FourTrackCCT” taz 1% CPN Tools e319dn1uz

2 . 2 4 4
(States) vo3zUUNInNaNIu 1 1AEuAUIIN  Initial Markings Tugd 2.5 317 2.6 udas

. A v 1 = o w
State space diagram Y94 CPN Tugi# 2.5 dseneudislua uaazlua Truoavilszdid
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9
VIsNAtANNHIIeERUlTZI Tua LEAIIIUIUUDY state ﬂﬂuﬁﬁ1ﬁ g  state ﬁ’ﬂulﬂ Tu

a A

9 1 tﬂl 1 1 [~ Y 1 ng'
ﬁlﬁﬁﬂu‘ll’]\ic]j'l!ﬂllﬁﬂﬂﬂ'lsll@\i tokens Vlf’)gﬁlu place $119] %mu'lmmwm tokens 11 place N4

Ao g v o A A 1 .
a2 1WuaIN11iue State ADISENIN Marking

9

TuAmagny199) arc 1aAd M7J binding AA1U501997 19114015 enable 1ag fire transition

1
0:1

[1:1->2 FourTrackCCT'UP1 1: {tc_id2="3T",tc_id1="1T",tr=TrainUP} |

2
11

[2:2->3 FourTrackCCT'UP2 1: {tc_id2="5T",tc_id1="3T" tr=TrainUP} |

3
4

3:3->4 FourTrackCCT'UP3 1: {tc_id2="7T",tc_id1="5T",tr=TrainUP}

1:

FourTrackCCT'Trackl 1:
FourTrackCCT'Track4 1:
FourTrackCCT'Track2 1:
FourTrackCCT'Track3 1:

e S =

T ("1T", TrainUP)
T ("7T",noTrain)
T ("3T",noTrain)
*("5T",noTrain)

2:

FourTrackCCT'Trackl 1:
FourTrackCCT'Track4 1:
FourTrackCCT'Track2 1:
FourTrackCCT'Track3 1:

el

*("1T",noTrain)
*("7T",noTrain)
*("3T",TrainUP)
*("5T",noTrain)

3-

S FourTrackCCT'Trackl 1:
FourTrackCCT'Track4 1:
FourTrackCCT'Track2 1:
FourTrackCCT'Track3 1:

e e

*("1T",noTrain)
*("7T",noTrain)
*("3T",noTrain)
*("5T", TrainUP)

4:

FourTrackCCT'Trackl 1:
FourTrackCCT'Track4 1:
FourTrackCCT'Track2 1:
FourTrackCCT'Track3 1:

S S =

*("1T",noTrain)
*("7T",TrainUP)
' ("3T",noTrain)
T ("5T",noTrain)

3171 2.6 State space diagram vYasuuuIae lugin 2.5

A @ ' A < A o A ] . 1 A
Luaﬂmﬂmamﬂugﬂﬂ 2.5 WUsEUNI MR LY (Deterministic) NA1IAD

] { g o [ . a
Tuuaag step i binding Miilu 11 1Adiesgeuden $1ld lifiunnuannsoues Petri Nets duud

dusmlaon token lu Tracka il (“777, TrainDOWN) danaaslugi 2.7 szuvegdl

AAEAUZMIMOUUUD iU Y  (non-deterministic) NA1IAD WNUADATLHIN

1naou 117 Track2 1150 TrainDOWN adeu 11/ Track3 iiioa31a state space 11d292 1da3U0

TrainUP

G

' = A a = = o o
2.8 Gluu@]ﬁz step IEUVITUNADNLUALY binding 251):ﬂ LUAZIZUULUBDNINIU th SUNAAND

1 J { g
gaMen3oNiTon 1 Terminal markings Milu'l1d 3 uuwy




[tr = TrainUP]

[tr = TrainUP]
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[tr = TrainUP]

(tc_id1, noTrain) (tc_id2, noTrain) (tc_id1, noTrain)

(tc_id2, noTrain) (tc_id1, noTrain) (tc_id2, noTrain)

—
f—) UP1 up2 UP3
(tc_id1, tr) (tc_id2, tr) (tc_id1, tr) (tc_id2, tr) (tc_id1, tr) (tc_id2, tr)
Y ("1T", TrainUP) ¥ ("3T",noTrain) '5T",noTrain) ("7T",TrainDOWN)
CI’ raD Track2 Track4
Al TccT Al TccT TccT
DOWNL (tc_id2,tr) (tc_id1, tr) (te_id2,tr) (tc_id1, tr) (tc_id2,tr)
—
T % : —pf powng ——/ DOWN3 |———/
(te_idiCHi§ L, noTraif—¢c a2 noTrain) (tc_id1, noTrain) 12 noTrain) (tc_id1, noTrain) 2,n0Train)

[tr = TrainDOWN]

[tr = TrainDOWN]

[tr = TrainDOWN]

317 2.7 vaaauuudiaes CPN vas3ilii 2.5 usilagun token 11 place Trackd

1:
| FourTrackCCT'Track1 1: 1° ("1T",TrainUP)
|FourTrackCCT'Track4 1: 1° ("7T",TrainDOWN) |
| FourTrackCCT'Track2 1: 1°("3T",noTrain) ‘

.1 |FourTrackCCT'Track3 1: 1" ("5T",noTrain)
‘/ \

2%
FourTrackCCT'Track1 1: 1°("1T",TrainUP)
FourTrackCCT'Track4 1: 1* ("7T",noTrain)

[2:1->3 FourTrackCCT'UP1 1: {tc_id2="3T" tc_id1="1T" tr=TrainUP} |

3¢
FourTrackCCT'Track1 1: 1 ("1T",noTrain)

FourTrackCCT'Track2 1: 1 ("3T",noTrain)
FourTrackCCT'Track3 1: 1 ("5T", TrainDOWN)

Vi

[3:2->4 FourTrackCCT'DOWN2 1: {tc_id1="3T" tc_id2="5T" tr=TrainDOWN} |

4:

FourTrackCCT'Trackl 1: 1" ("1T",TrainUP)
FourTrackCCT'Track4 1: 1" ("7T",noTrain)
FourTrackCCT'Track2 1: 1" ("3T",TrainDOWN)
FourTrackCCT'Track3 1: 1" ("5T",noTrain)

(

3 FourTrackCCT'Track4 1: 1 ("7T", TrainDOWN)
FourTrackCCT'Track2 1: 1°("3T",TrainUP)

FourTrackCCT'Track3 1: 1' ("5T",noTrain)

[6:3->6 FourTrackCCT'UP2 1: {tc_id2="5T" tc_id1="3T" tr=TrainUP} |

6:
FourTrackCCT'Trackl 1: 1°
FourTrackCCT'Track4 1: 1"
FourTrackCCT'Track2 1: 1"
FourTrackCCT'Track3 1: 1°

"1T",noTrain)
"7T", TrainDOWN)
"3T",noTrain)
"5T",TrainUP)

4:2->5 FourTrackCCT'UP1 1: {tc_id2="31"',tc_id1="1T",tr=TrainUP}\

5:3->5 FourTrackCCT'DOWNS3 1: {tc_id1="5T" tc_id2="7T",tr=TrainDOWN} |

U

52
FourTrackCCT'Track1 1: 1" ("1T",noTrain)
FourTrackCCT'Track4 1: 1" ("7T",noTrain)
FourTrackCCT'Track2 1: 1" ("3T",TrainUP)
FourTrackCCT'Track3 1: 1" ("5T",TrainDOWN)

311 2.8 uaqs State space diagram YoauvuSIa09 Tuziii 2.7
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Non-hierarchical Coloured Petri Nets

dy 1 = = [ dy 9 Y dy Y
Tuuntl aznandamguq uaznanmsewnu Y033 a3 lueanugiulaegldy
Y v
Coloured Petri Nets 1umssuTisunsudiodatlsznousumsdsmuedllsTaasanldly ms
A 1 1 A 9 A a 9 A a @
doased1adie 1slaneanlaipsnnazalnlumsesuienazinly  uaziledinned n

concurrency, non-determinism 13 Foasuay synchronisation Futhudnuauzds YUDITEUY
% ) \J
3.1 feenadg vadlislanea

Y
smnsan Tls laaeauuudieg 1adu transport  layer U949 Open  Systems
. qgj = A A I A 09.: Iy
Interconnection (OSI) ¥U transport layer iianuiuyens lamsdeaisneae ey
a 1w Y. ] ' 9 { {
aasonuldd TiUslanpanennuGeude aselilasanuadudouneNzuans Augiu CPN

constructs

Tils Taneanuudhsznouseddiloumnomuvesd - aadoyaludediy  ms

U

Aomsrzriumaunsevioi 131 18 1dunudininveagaponas Tds Taneass 1svuoay

[

° & & 4 ) -] o 1 o
D1AU, acknowledgements, LAY retransmissions Lﬁﬂ“lwuu%muwmﬂmau“aﬂzgﬂmmmmﬁm
uaz draundaremaldsugndes TisTanea  deploys stop-and-wait strategy IALATDYAUNA
8 a o oA . J v o Yo S & 9 A Y o
INAAYINUAD retransmitted FI1VUNIN ﬂ1551_|§5]5\‘]§]3‘1ﬂ5°1j LLWﬂLﬂW’U@Eﬁﬂﬂﬁ%ﬂﬁ]ﬂﬂ?ﬂﬁ“ﬂﬂ
9y k4 o w o <

wuwmmuawayja payload. acknowledgement ﬂizﬂ'ﬂﬂﬂﬂﬂﬂﬂ’lﬂlama’lﬂ‘ﬂ ISUMUIUVDILND
< 1 o
matoyalidsy

A vy 9 ' ~ .. !
Limmm:1sm151/1@1aamumwmnmaﬂﬂﬂmaaw retransmissions uazm"lu

Y A Y A v Y 1 A o 9 2 = 2 <
'ﬁ’lll’]iﬂul')imﬂiaﬂﬂﬂhlﬂ HUUADNAULAINDY) lfW@!Luzu1ﬂ1u3J1ﬂﬂ]u53ﬂﬂ\1ﬂ15qtyl'ﬁﬂlﬂ/‘1ﬂ

v
IS

< A [] 1 [ 1 dy 9 A o

Lﬂﬁiu!ﬂi@"lﬂﬂ ﬂ@ﬂc]ﬂiﬂl,m{lﬂ'li‘ﬂ ﬂaﬂﬂuiﬂﬂWﬂ!Lﬁﬂﬂﬁﬂ’lu Gm@]slmm‘umam CPN 13
Y o Y o 4 o < A vad 2 9 9 0

A3V 03 CPN ﬁmamwumﬁ@ Iﬂﬂ‘ﬂ’)hlﬂﬂﬁ@ﬂ'liﬂgﬂﬁﬁai‘Nﬂ'lfl'!ill@]uﬂ?ﬂﬂ'li‘ﬂ'lll‘ﬂ‘ﬂ

' L. 1 o Y a ' o < Y

J18€), omitting UW\T&T'JHSU’ENTJ'Z’U’]J’Vi%!@‘I/]'IGLWETMMG]i'luxi'lfllm31/]'Iﬂ'lﬁ‘1/]@a’f]\‘lll,ﬂﬂ CPN nJu a1
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v =1 Y a A v
3.2 Tnssadaveniinuaz Yoyanvauadlulassaing

o =] 9 3 = I ~ I o
wuuI@ed CPN Imsasatiumnmne nswla degin 3.1 dunuuiiaseves
3 % o I~/ [l ] 1 ° 1
Ts Taapauuudien Fdneiielunnuiasuiudivves das dawvuiaesludiunans
I A [ o 1 9 I 1 Yo o Y
WwasedsuazuuvitassaugamaluaIuveIgiy tUDTIaed CPN 9UTIYN Y 7 IWad
& A I A A =1 Ao .. I~ 1 ~ =
(place) FINNAVUIFTHTDWNAN 92U 5 NIUATY (transition) NartlunassgiTvasy waz
So 9 4 Aq Y A 1 o aw 9 A v 9
ATIUIUFUNIIVL 8130 (arcs) N IFFOUGADMAAAUNIIUATY tazgaMedzNeINUTonIY
4 Aa o 9 A A z S A =)
Tuesa, NIUAFY waziwad ToaNuNWeuad i Afe MSIweUNEIle CPN ML(

Coloured Petri Nets Model)

2,"0UR")++

Packets
Recajved

Packets
To Send

NOxDATA MOxDATA

Send (n,d) (n.d) Transmit | (n.d) B (n.d)
Packet Packet

NOXDATA NOXDATA (n.d)

Receive | J
Packet

n+1l

Receive Transmit
ack €5 @l‘ n ack € @‘

NO WO

gﬂﬁ 3.1 First CPN model of the simple protocol

a o ~ ' £ 1 Y s & v g
Maans UaATHIZIToN I Tua (Node) $IIWFUNNUDIDITA ¥99zsenounuilu
< 4 a 4 1 [ a o a o [
Iﬂi\iﬁ%lN"Uﬂ\‘llu‘V] (Net) ’é)Tiﬂﬂ@]ﬂgL%fJﬂJﬁ@%Wﬂ!WﬂﬁU]’ﬂﬂﬁﬂﬂuﬁ"]ﬂu W?@%Wﬂﬂﬂuﬁﬁ“ﬁul’lﬂﬁlﬂ

£ o a ad A 4 1 ' A A Y
o “]Nllu%gWﬂﬂﬂ@]ﬂﬁ@LMﬂ@Tiﬂ@gig‘ﬂ'}N 2 TuaNiNoUNy
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Lwamzcl%lmumm (State) VoI5 UL TN LARZINAAIZAINTOAUNADIN INANY

1 1 9 1 ] 1
(token) H90190NUIBUNTOUINATIIU Fauaaz Tnar nuazlinvesdoyarlounoogdan1ves

Y ~ 1

[ 4 d! Q’d’ Y] [ L4
PoyavzFoni1 Inany Aamos (token colour) FINABANAVVOI INANY taz InAuAamo s
d' 1 d' d! [ 1 d! =1 1 4 Qy . o o
NoguiumadiagI FauaaITnog I uamIvess Uy 30071 15NN (Marking) Yo3Aa@O3
a a
WNA-11N Tuiaa
Tagsazt Youreveunaa 13491311295 Faroaz litianuviuie Faiualrsazinn
~ o o ~ Y ] o 4 a = 9 [ 9
mingaundngn o Tueavinalvguesfames mna-win Tuea (Fazadionuns 14
o 4 [ [~ 1T W [ o a
e lumsdouTisunsy) SHdunazmiuinduadiegnunsdszgnd 14 lunmsi@eunswiln
d' 1 % 1 ] 9 = ) ] q'; T A =}
Noglurwaa Aed1 sy UL, via, @ azdumud Tagams fedane Tuea lnslimad

1 [l <
Packet Received @IUAINIVDUATOUENAD (NAA A, B, C 11az D

@ <} o 1

& oA ¥ A a A A
DANINAD INAT LAASDUNLINNSHIUDY A “VIL‘UEJ‘L!ﬁ\‘ill‘]J WoNIZAMUAMIYOL Inamny

4 1 9

o ~ qij 1 ~ Y 0911 VoA g 9 [
Aaaes (Mdoya) N Inanuiuegummaanoyna i imsasmindulyldves Tnanu fa

U
'
=2 Y

o a 5 1
(@03 ¥INA0 ANHAULIRIE IAEHIEDIFLAISoNI  colour set YVOIUWAH colour set VY
@euldimaa wad NextSend, C tag D N colour set NO  colour set 1113993118 Taeld
v
v o < .
colset CPN ML K@z colour set NO A9A1TAIA U015 11U2IUAL (int)

colset NO = int;

~ = A o A A o <
Hyuneds ITnanu-Nedeumag 3 wad Ao NextSend, C 1z D 92i $11IUAN
[ Y] o o 1 o 4
ageny Inany Aames Colour Set NO 190y Tiaantanniuiiuwes (Sequence number) lu

o { Vg & ° S
TilsTanoadall 4 mwaalmaos gzl Colour Set NOXDATA Gaziviualiiilu msguves

= 4 dal I VAR aa 9 d o I a A 4 .
NO tlag DATA 3 ll‘Vl‘Ll (type) Hazussutlua nsvaunausmiuounnes (integer)

q U

Aa Y Jdo A A a . & IA Y =& 09/1 v = Y <]
HAZDANUNAINGDY AD 9N T3 (String) HINADNWINUVDAIY “HQVNﬂﬁ]gmﬂuIﬂﬂﬂlsﬁ’Nm UIDUN

E4
v A

9 [ Y v A 9
wagly Comma (T UAILLN Colour Set ?fﬁJWSﬂf’J‘ﬁ‘]J”IEJnlﬂﬂ\iu
colset DATA = string;

colset NOxDATA = product NO * DATA;

) ~

o s v < 3 g a =
famesidn  DATA I lmealumsussytoyamduuiinme  wazo3u1899 M3

q U

o "o {2 a o S
ﬂmuﬂmmﬁuﬂmm%mm‘ﬁlfﬂu 933 colour set NOxDATA ﬁ’ﬁ]ﬂWii%LlUUﬂ1ﬂ@\“LWﬂlﬂ@

v 4 Yy A Y o s ] 1
%ﬂﬂﬁcﬁﬂﬂigﬂﬂﬂqﬂﬂﬂﬂ HIAIU UHULUBDILUASUDUAUNDYN

Y U
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° VoA o v g ..
m‘im‘ﬁuﬂﬂ”lﬁﬁ)EJ‘IBIINUHﬂNﬁJWWIINLWﬁﬁ NextSend aﬂymzmwwuuﬂﬁa Initial

bl

Y

. g 9 o VW £ YY1 A A ~
Marking vounagidsznoudle 1 Inanu AuANMNY 1 CINLL?{@Q‘I‘H231 RVHUINDVBYA N
v = T o ' YAy &
inesmsautiugiausn mﬁmwuﬂm"lmmumauummmaﬁ PacketsToSend placef®
14(1,"COL") ++
14(2,"OUR") ++
1‘(3,"ED n) ++
14(4,"PET") ++
1‘(5,"RI u) ++

1 ¢ (6,"NET”)

SnHULIANIZVR4 Initial Marking Veumaaiiugsy 6 Inanusumvesdoya
(1,"coL"),
(2,"OUR"),
(3,"ED "),
(4,"PET"),
(5,"RLY),

(6,"NET")

v 4 A o ~ Yq U Y} .
dyanval ++ uag /Aomidszmaaunlineen]ldlulaseaseves multiset
) A 1
UsznouAIe 6 Inanu Colour Multiset AG18MINTAIAT UBNDINUUAINZYTINGUINNINNILS
o o N < Yy 9 A gA o a‘
A5 Mydszmaauls Tagmsla '+ AMINUIUANVINNNAIUEIY FINAoaNBULIRNIZN
I~] 9 @ A a d?} Ao Y oL, .
anuaﬁqﬂmmmmmmﬂmumm argument n9a1# initial marking U939 Packet To Send &
Usznouale 6 Inanudsazldunudoyais 1doan 15Nz initial marking Taelndis1ey
= 9 1o 1w . . = A (=)
@eu'Bvesvwmag M3 liMruafnIdnBULIANY initial marking Haedanaan 1l Inawny
=] d'dydd .
0y galuninneman A, B, C, D 1lag Packets Received
aw a Y A A Y3 = @ ¥
5 AL (Uewiludmaoy ) taadlimude mansananse Tswad lu seuy
1 = Y d‘d’ a o d‘ d' d’ Aa o = A
RN U veINTIMATUMe luFdmaen Yovownsudtu vz liligUuuuvionnuvuie
~ o 13 = o @ o o 1 A a a o 9
Aneawanszianudingundmsumsoruluea Wonansudsu azdeld Inamuain
Aa . oaj = s A o = Ao A ~
dunwnwae (input place) Mmwaarusziiorsami lifmauadunaze: Il Inanu 7
4 os/' 4 1 Ao [V 4
NG Nad (output place) NNNAATIUITLDITANVINNNIIUTFY AaadT U INAINUILL
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a A 4 4 a o a 4 o
ﬂTiESJIWEJﬂWﬂ DUNN LNAT LUASIWNDINWNINAH WoNFIUATUNATY AD mimﬁu{vﬂﬂﬂﬁl%

4 <} ) . % o 1 o [ {a a
ANUNUIYVDIDITA LONUWATYU (arc expression) Gdlﬁﬁamimﬁuﬂmmmmlmum@'lﬂﬁ 32219
a o J
298 919A (individual arc)

s & oA = Y o
0157 WANAaTU Ao M3 Weulunme TUsunsy CPN ML uag msaine awls
] 9
constants, operators 8¢ functions Lﬁ@ﬁ’mﬂﬁﬁiﬁuﬂ VOUIUAYDI A1 AT "l{‘?]}

o 1 ] a 4 <} @ J ng A A 1 A
AIDYILFULIIVE WAITU 2 D1IA WWANWATYU n 1aY (n, d) VU DITAVNAINN LFDUHD IIl°1J°I/I

E4
=

NIWATU SendPacket ¥z V55995 nuaz d Felszmaliag
var n : NO;
var d : DATA;
5 1 o 1 4 o U 1 o
FIHWIANWI VB n zAeIMMuaveUanvedlnmil  NO (fediumu $1uau
< A 9 o 1 J @ ' 1 . & o ' ~
@) Tuvazi d dessmuavowaveem Inil DATA (§108610%1  text, string) 96106199
2
13191992 NIV UFY V1WA (binging)

<n=3, d="CPN">
3.3 anudluliflduazmsmavuvesnsuaru

ao lUnosangl 32 ¥eaznaawuy 31009 Tiilanea 7 initial marking Y09 M,

. 1 A Y I T @ dy ~ [ a
marking UDUAAL INDT ﬂ’t’]ﬂTiLLﬁﬂﬁﬂlﬂl‘Vi‘H'ﬂ 29910 Lwaﬁu"lﬂ "lﬂmwaﬁmmmsuaﬂwmﬂum

1 ] I~ § [ J 1
pguUNadIzuaanglunamany Tuvuziseag@enved Inainy Aamesazuanilundes

| Y

A A A 1o <3 £ a Y1 A o . =
ﬁmafmm)ﬂmgmmaﬂ"lﬂmmmamaﬂ@] FITTINITO i’]‘ﬁiﬂ&lllﬂ\ﬂﬂ f® initial marking 3¢ 6
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2. Dynamic NAT (dynamic assignment and basic NAT)

I o y A, 4 4 1
dumsin NAT nl¥smsnlasunlasvineaslofiveamsanldlumsoae %
I = A ~ Y 1 A = =
naneilurineny lofiveamasivanzidionuas Tasmsguidenuemy loAuoamsadans
o [ dy ] Yy A [ PRy =\ 1 . A | A ]
ManuanvasizeldinTenienivingan lotiveamsaluyia private IP visodlunToae
PR :/I 1 ~ 1 9 ~ a 1 o A ] A 9
aumsdemveaay lefiveamsawmalaglildvanzidion aunsanane ldunsevreous 14
9 1
' o . a J ' 1 a 1 [
A5 Dynamic NAT #in304nauiunei nnmenanasoviey luaunsadademiunda
A A P A Y A A A s ' Y
inFoeneuNInasneluniovtsld esnnnTonounImos MeuonIz amsonsula
1 =\ A A A 4 3 =) A o .
ey lefiteamsausanTednzi¥ouaenleiuaeu1o@ves 15 #4151 Dynamic

< o 4 o I 1
NAT dasainldiesnuinnulasadelumioas 18



36

192.168.0.1 | 161.246.5.35
192.168.0.2 | 161.246.5.50
192.168.0.3 | 161.246.5.23

| 192.168.0.1
E——-

| 192.168.0.2 w0y,

| 192.168.0.3
S —

161.246.5.35
—-

161.246.5.50
-

"\
161.246.5.23
:*

§1meﬁ 4.3 Dynamic NAT

3. Overloading (NAPT)

9
Q . 9 v < ' o
NNITNINIUUDN Static NAT 1488 Dynamic NAT umzmu”léhmwmuﬁumwmmam%ﬁ

A ~ Y ' v o ~ A ] £ o Yo
LDARTENIANSLLYY ﬂgﬁﬂ\um']ﬂﬂfl]']uquﬂﬂ'lﬂlasllhl@Wllaﬂlﬂiﬁﬂ’lﬂ‘lulﬂﬁ@"]nﬂ "]N'ﬂ’lclﬂﬂ\i

o & 9 9o ~ o LR a ast £ A 9 @
i]Hﬂ‘L!GlE]\‘lql,clﬁ]11&’)111?]1/‘1&@@1&@5@'%11!31!%1ﬂf)§,llﬂf‘11lmll ’Jﬁﬂﬁ"r‘fﬂﬁﬂ“ﬁ’)ﬂﬂlﬁﬂigﬂﬂﬂﬁhWEJLﬁalJ

~ A ° an ) A a 7 A 0 oAd
ll’f]W!Lf]ﬂlﬂiﬁﬂ@ﬂ’liu’llﬂ’l’)‘ﬁﬂ’liﬂlﬂ\i NAPT 1111615 Iﬂﬁllﬂiﬂ\iﬂﬂﬂwmﬁ@iclul,ﬂi@"lﬂﬂﬂl,ﬂu

. A a o A a A ~ < ~ ~
Private IP !M@ﬁﬂ@]@qﬂﬂ\uﬂiam'lﬂ@uc’] i]zQmﬂaElul,ﬂu“ﬂMEJ!,aéllul’é)WLLE]ﬂm THENSIN VY

= 1= = J 9 A ' A~ [ A
LG]EJ’JLLGIIIﬂTi!,ﬂaEluLl,‘l]’ﬁQ‘HlﬂﬂlﬁﬂlWﬂiﬁﬁuﬂNiuﬂﬁ!%@Mﬁ@Lmu UBUNITADUNAUIINIATON

A Yy A o s ' o 9 g
NNYUBDNIATIDUIYLLAA ﬂQﬂﬂim NAT ﬁ]3@wmmamwaa@ﬂammﬂumuwaﬂlawayja’mﬂu

Y 2 (A 9 . v qy o A A e o v a o
Wif]flla(’ll’f]guli Llajﬂ\uﬂﬂﬂu"ll@ll”aﬁ'JUstlﬁ@]ﬁ\iﬂﬂlﬂiﬂ\iﬂaﬂwjlﬁ@i‘ﬂ‘ﬂ']ﬂ155@\1%9@ﬂﬂj\‘]



37

| 1592.168.0.1 161.246.6.22:1000

o — - )
| 192.168.0.2 161.2466.22:1001

:_I. A |)
| 192.168.0.3 161.246.6.22:1002

S

gﬂmwﬁ 4.4 Overloading

4. Overlapping (Twice-NAT)
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4.3 HANMIMNUVI NAT Nva1auuudnasy
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#1911 DCCP YU NAT taz luuniazeiuiesigaz9eaveaiuuiiaesd DCCP 1u page A149

5.2 DCCP asinanuudiasdlunnas page

5.2.1 TOP_NAT

14 page filszneudaonsmadu DCCP C, DCCP S, CA TX, CA RX, NAT A TX,
NAT A RX, CB TX, CB RX, NAT B TX itagz NAT B RX az il place ﬁg’ﬂﬁuﬂ 22 place Ao
App_Client, Client_State, Ch_C_S, Ch_S_C, IP AT, TA, CH1, CH2, TA TX, TA RX, CH5, CHS6,
TB RX, TB TX, CH3, CH4, TB, IP BT,Ch C S1,Ch S C1,App_Server iy Server State
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1'{P1=(155,99,25,11,62005),P2=(0,0,0,0,0),P3=(10,1,1,3,4321)}++
1'{P1=(155,99,25,11,62004),P2=(0,0,0,0,0),P3=(10,0,9,1,4321)} ++
1" {P1=(155,99,25,11,62000),P2=(0,0,0,0,0),P3=(10,0,0,1,4321)}
1" {src=(10,0,0,1,4321),
dst=(138,76,29,7,31000)}

Fusion Tl —"par
COMMAND DATA
{P1 = s2, {P1 =52,
P2 =dal, P2 =dax,
{src = sal, dst =dal} P3=sal} P3=sal}
C_amd

{src_add = sal,
dst_add =dal

{src_add = sal,
App_Client dst_add =dal

{src_add = s2,
dst_add =dal,

IP_PKT

acket ,dccp=packet} ,decp=packet (Jacep=packety
+ oen P ATy NAT A TX
PACKETS PP
bCcp_C oA CKETS 13{src_add = s2, 1" {src_add = dal, {src_add = dal,
IdleState(CLOSED_Brp Fimeions dst_add =dal, dst_add =sal, dst_add =s2,
acket dccp=packet} dccp=packet} dccp=packet}
p CA RX P=P =P NAT A RXq " <
Client_State o -TKT
IP_PKT
cB 1'{P1 =s2
{src = dal, dst =s2} P2 =dal, “| [t {P1=22,
P3=sal} P2 =dal,
P3=sal}

1" {src=(10,0,0,1,4321),
dst=(138,76,29,7,31000)}

[Fusion 1]

1'{P1=(155,99,25,11,62005),P2=(0,0,0,0,0),P3=(10,1,1,3,4321)} ++
1'{P1=(155,99,25,11,62004),P2=(0,0,0,0,0),P3=(10,0,9,1,4321)} ++
1'{P1=(155,99,25,11,62000),P2=(0,0,0,0,0),P3=(10,0,0,1,4321)}
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1"{P1 = ipgbb,

P2 =s2,
P3=sb1}

{src_add = s2,

[Fusion 3 }

1'{P1=(138,76,29,7,31000),P2=(0,0,0,0,0),P3=(10,1,1,3,4321)}++
1'{P1=(138,76,29,7,31001),P2=(0,0,0,0,0),P3=(10,0,9,1,4321)}++
1'{P1=(138,76,29,7,31002),P2=(0,0,0,0,0),P3=(10,0,0,2,4321)}

PAIR
1'{P1 = ipgbb, DATA
P2 =s2, ~ B
P3=sb1} {src = sb1, dst =dal}

1" {src_add = s2, 1" {src_add = ipgba,

dst_add =ipgbb

1" {src=(10,1,1,3,4321),
dst=(155,99,25,11,62000)}

PACKETS

S_cnd

App_Server

dst_add =sbi,

dst_add =sbl,

dccp=packet dccp=packet dccp=packet acket
p=p } NAT B RX p=p } p=p } CB RX p a_Open COMMAND
packet
IP_PKT IP_PKT
I RSED_I)
{src_add=ipgbb, {src_add = sb1, {src_add = shl, DCCP_functions init S
dst_add =dal, dst_add =dal, dst add =dal, -
dccp=packet dccp=packet dccp=packet Server_State
p=packet} NAT B TX p=packet} p=packet} +H _
packet numn_wmﬁ CB
PACKET:
IP_PKT 4 IP_PKT
{src = sb1, dst =dal}

1" {P1 = ipgbb,

vmluamxxx 1"{P1 = ipgbb,

P3=sb1} —d .

P2 =dal, 1'{src=(10,1,1,3,4321),
P3=sb1} dst=(155,99,25,11,62000)}
DATA
TBTX
Fsion3 15 e

1'{P1=(138,76,29,7,31000),P2=(0,0,0,0,0),P3=(10,1,1,3,4321)}++
1'{P1=(138,76,29,7,31001),P2=(0,0,0,0,0),P3=(10,0,9,1,4321)}++
1'{P1=(138,76,29,7,31002),P2=(0,0,0,0,0),P3=(10,0,0,2,4321)}

517N 5.1 TOP NAT

_
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5.2.2 page Server

11 page foztszneulide 11 namasude p_Open_In CLOSED,
RcvRequestInListen, RcvRequestInRespond, RcvAckSndData, RevAckSndAck, send Lre Req,
Send 1, Reset 1, Reset 2 1ifig Reset 3 Gﬁiﬁﬁﬂﬁuﬂ place 4 place Ao App_Server, State, Output
1ag Input

Tag NI UdFU Send r Wi Request sn48 910 place Input LLag G
PKT(Response, {SEQ=S iss,ACK=snco}) Taléia place Output uﬁlﬂmﬂﬁy‘ﬂi MUAFY Send r 8951
IdleState LISTEN1 41910 place State HAZEIND ActiveState(RESPOND,0,{GSS=S _iss,

GSR=sn48,GAR=S iss},{ISS=S iss,ISR=sn48}) TaJéia place State



IdleState CLOSED_I [false]‘
~
Open_In_CLOSED
( 1'p_Open 4 IdleState LISTEN p-open_tn-.
IdleState LISTEN PKT(Response,{SEQ=S_iss,ACK=sn48}) N
L~ P> Output
RevRequestInListen < ut
‘ActiveState(RESPOND, 0,{GSS=5_iss, e Request sn48 A PACKETS
> GSR=sn48,GAR=S_iss},{ISS=S_iss,ISR=sn48}
App_Server ; ! PKT(Response,{SEQ=incr(#GSS(g))
[ReqValid(sn48,g,isn)] 4 d
In ACK=Update(sn48,#GSR
i COMMAND ActiveState(RESPOND, rent, g,isn) pdate( o
- RecvRequestInRespond ~N
- Request sn48
ActiveState(RESPOND, rent,
UpdateGS(g,548 sn48),isn)
p_Open
[DataAckValid(sa48Usa24,g,isn)]
'Y ActiveState(RESPOND, rcntg,isn) R Data(SeqLS(Ls,9)
State ] 4 RevAckSndData ~
B ‘A ctiveState(S_OPEN,0, Ack_DataAck(ack_dataack,sa48Usa24)
UpdateGS(g,SA48uSA24 sa48Usa24),isn)
. : Ack_DataAck(ack_dataack,sa48Usa24)
DataAckValid(sa48Usa24,g,isn 4
_ ActiveState(RESPOND, rent,g,isn) [ ( grisn)] )
»
RevAckSndAck 4—Dﬂlﬁﬁﬁﬂﬂ|-5@ﬁ
ActiveState(S_OPEN,0,
UpdateGS(g,SA48uSA24 sad48Usa24),isn)
\ IdleState CLOSED_I InpD
> In
. send _L n] PAQKETS
InvitedState 0 Y,
Listen 0
InvitedState rent Request sn48
o v
re_Req )
ActiveState(RESPOND,0,{GSS=S_iss, PKT(Response,{SEQ=S_iss,ACK=sn48})
GSR=sn48,GAR=S_iss},{ISS=S_iss,ISR=sn48})
Request sn48
\ IdleState LISTEN < A
Send_r y
ActiveState(RESPOND,0,{GSS=S_iss, ] o . PKT(Response,{SEQ=S_iss,ACK=sn48})
GSR=sn48,GAR=S_iss},{IS5=S_iss,ISR=sn48}) [(Lis_or_invit=InvitedState 0 orelse
Lis_or_invit=InvitedState 1 orelse
Lis_or_invit=InvitedState 2 orelse
Lis_or_invit=IdleState LISTEN1) PKT(Rst,{SEQ=incr(#ACK(sn_at)),
8 Lis_or_invit andalso p_type<>Rst] ACK= #SEQ(sn_an)}) - y
- > Reset_1 < ¥
Lis_or_invit PKT(p_type,sn_an)
[(Lis_or_invit=InvitedState 0 orelse
Lis_or_invit=InvitedState 1 orelse
Lis_or_invit=InvitedState 2 orelse
Lis_or_invit=IdleState LISTEN1)]
Lis_or_invit P Data (longSN sn) y
Lis_or_invit N Reset_2 Y,
PKT(Rst,{SEQ=0,ACK= sn})
[Lis_or_invit=InvitedState 0 orelse
Lis_or_invit=InvitedState 1 orelse
Lis_or_invit=InvitedState 2 orelse
Lis_or_invit=IdleState LISTEN1] PKT(Rst,{SEQ=incr(#ACK(sn_an)),
Lis_or_invit ACK= #SEQ(sn_an)})
> Reset_3
\§ d

Ack_DataAck(ack_dataack,

Lis_or_invit
longSA sn_an)

sUmmN 5.2 Sever
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5.2.3 page Client

47

dy 9 Aav A
11 page Hazdsznoul1ae 6 N51UEFUAD a_Open CLOSED,

RcvRespInRequest, RespInPartOpen, RevData, RevAckDataAckLong (i1 Client FIUNIHUA

place 4 place Ao App_Client, State, Input L0 Output Tagnsuasu a Open_CLOSED %¢ JU

A _Open 911 place App_Client 11825 IdleState CLOSED I 911 place State AT A

Request(C_iss) (SIER Output LA a4 ReqState(0,C_iss,C_iss) (RIER place State

App_Client
COMMAND
a_Open

IdleState CLOSED_I

> Request(C_iss)
[ ReqState(0,C_iss,C_iss) a_Open_CLOSED
( [ACKVATTOTRESPomSe, 578 a8,
gssGS gss,iss)]
ReqState(rent, gss, iss) PKT(Response,sn48_an48)
~ P RcvRespInRequest |« )
(ctiveState(PARTOPEN,O,{GSS=incr(gss), Ack_DataAck(ack_dataack,
IGSR= #SEQ(sn48_an48),GAR= #ACK(sn48_an48)}, SeqAckLS(LS,gssGS gss,longSA sn4§_an48))
{ISS=iss,ISR= #SEQ(sn48_an48)}) [PktValid(Response,sn48_an48,g,isn)]
ActiveState(PARTOPEN, rent,g,isn) =/ 3 PKT(Response,sn48_an48)
N
- 4 espInPartOpen Dy
ActiveState(PARTOPEN, rcnt, Ack_DataAck(ack_dataack,
{GSS=incr(#GSS(g)), SeqAckLS(LS,gGS g,longSA sn48_|n48))
GSR=Update(#SEQ(sn48.an48),#GSR(g)),
GAR=Update(#ACK(sn48_an48), #GAR( ) :
isn) 5EB(‘;‘lfaVal|d(sn48Usn24,g,|sn)] y Data(sn48Usn24)
ﬁte ActiveState(PARTOPEN, rcnt, g, isn) > RevData ~
1/0 \f ActiveState(C_OPEN,0,{G55= #G55(q),
GSR=UpdateGSR(g,SN48uSN24 sn48Usn24), empty
GAR= #GAR(g)},isn)
[DataAckValid(sa48Usa24,g,isn)] qut PAQ
. . Ack_DataAck
\__ActiveState(PARTOPEN, rcnt,g,isn) > (ack_dataack, sa48Usa24)
L RevAckDataAckLong |« D
ActiveState(C_OPEN,0,{GSS= #GSS(g), empty
GSR=UpdateGSR(g,SA48uSA24 sa48Usa24),
GAR=UpdateGAR(g,sa48Usa24)},isn)
\_ ReqState(rent,gss, iss) Clent Request(incr(gss)) Y,
L P ien )
ReqState(rent,incr(gss),iss) Listen 0

3UMNN 5.3 Client

ETS

PACKETS



5.2.4 page Retransmission

48

dy Y aAawv A
Tu page Hvz1lsznonldae 6 N3 1UEFUAD RetransRequeat,

RetransShort PARTOPEN, RetransLong PARTOPEN, Retrans CLOSEREQ,

Retrans CLOSING, Retran Felnanua place 2 place A9 State 1A Output

TaeNns1UaBY Retrans_Requeat 251 ReqState(rent,gss,iss) Y1910 place

' . . v o/ 9 [ [
State AL VLT ReqState(rent+1,incr(gss),iss) N u'l1)éa place State WIBDNNVAN

F4
=) o

Request(incr(gss)) 1184 Output @38 Tagnsuddutiszsinauauninaves

rent<MaxRetransRequest 11992 Hgati1a1

a o o . Y 1
NITUTBU Retrande TV InvitedState rent 910 place State LAITIAT

o . A aw A
InvitedState (rent+1) 11/&aplace State t1az @3 Listen 0 000 11/ Output TasnnsmuaFuiiozi

A o A
Nf]u]l"llsluﬂWi‘l/n\‘ﬂuﬂf] rent<2

=

[rent<MaxRetransRequest]
ReqState(rent, gss,iss)
- 2 Request(incr(gss))
- Retrans_Requeat N
RegState(rent+1,incr(gss),iss)
[rcnt<MaxRetransA ckDataAck
andalso ShortEnable] Ack_DataAck(ack_dataack,
shortSA{SEQ=mod_sn24(incr( #GSS(g))),
ActiveState(PARTOPEN, rent,g,isn) ACK=mod_sn24( #GSR(g))})
- P RetransShort_PARTOPEN N
ActiveState(PARTOPEN, rent+1,
incrGSS(g),isn)
Ack_DataAck(ack_dataack,
[rent<MaxRetransAckDataAck] longSA {SEQiin Cr(#GSS(g))
{ ActiveState(PARTOPEN,rcnt,g,isn) ACK= #GSR(g)}) !
State)4 d RetransLong_PARTOPEN P{ Output
T ActiveState(PARTOPEN, rent+1,
incrGSS(g),isn)
[rent<MaxRetransCloseReq] PKT(CloseReq
ActiveState(CLOSEREQ, rent,g,isn SEQ=incr(#GSS(g)),ACK= #GSR(
L ( Q,rent,g,isn) B Retrans CLOSEREQ {SEQ=incr(#GSS(g)) (9)}) Yy
ActiveState(CLOSEREQ, rent+1,incrGSS(g),isn)
[(state=C_CLOSING orelse state=S_CLOSING)
andalso rcnt<MaxRetransClose] PKT(Close,
ActiveState(state, rent, g,isn {SEQ=incr(#GSS(g)), ACK= #GSR(g)}
N ( 9/51) B{  Retrans_CLOSING (#GS5() @) /)
ActiveState(state,rent+1,incrGSS(g),isn)
[rent<2]
InvitedState rent Listen 0
- P Retran J
N

InvitedState (rent+1)
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MANHIN

Declaration Naxuanl¥lumsasiauuuiiasy

(* Standard declarations *)
colset UNIT = unit;
colset INT = int;
colset BOOL = bool;
colset STRING = string;
colset COMMAND = with p Open | a_ Open | server_a_Close | a_Close;
var cnd: COMMAND;
val pr =4;val ONE =1; val ZERO = 0;
val MaxSeqNo48 = 32000;
val MaxSeqNo24 = 1600;
val max_seq no24 = 1600;
val MaxSeqNo48plusl = 32001;
val MaxSeqNo24plusl = 1601;
val LARGE = MaxSeqNo4S;
colset SN = int;
colset Ack DataAckPktTypes = with DataAck || Ack;
val ack dataack:Ack DataAckPktTypes = Ack;
colset OtherPktTypes = with Sync | SyncAck | Response | CloseReq | Close | Rst;
var p_type:OtherPktTypes;
colset X = with LONG | SHORT;
colset SN48 = int with ZERO..MaxSeqNo48;
colset SN24 = int with 0..max_seq _no24;
colset SN48 AN48 = record SEQ:SN48* ACK:SN4S§;
colset SN24 AN24 = record SEQ:SN24* ACK:SN24;
colset LongSN_U_ShortSN = union longSN:SN48 + shortSN:SN24;

colset LongSA U_ShortSA = union longSA:SN48 AN48 + shortSA:SN24 AN24;
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var sn48Usn24:LongSN_U_ShortSN;
var sa48Usa24:LongSA U ShortSA;
colset Ack DataAckPacket = product Ack DataAckPktTypes*LongSA U _ShortSA;
colset OtherTypesPacket = product OtherPktTypes*SN48 AN4S;
colset PACKETS = union Request:SN48 + Listen:SN48 + Reset:SN48
+ Data:LongSN_U_ShortSN
+ Ack DataAck:Ack DataAckPacket
+ PKT:OtherTypesPacket
declare of Request, of Data, of Ack DataAck, of PKT;
colset LPACKETS = list PACKETS;
var sn, sn48:SN48;
var sn_an, sn48 an48:SN48 AN48;
var sn24:SN24;
var sn24 an24:SN24 AN24;
var packet:PACKETS;
colset FN_ShortAllow = bool;
colset RCNT = int;(* Retransmit Counter *)
colset ACTIVE _STATE =with RESPOND | PARTOPEN | S_OPEN | C_OPEN | CLOSEREQ |
C_CLOSING |S_CLOSING | RESPONDx;
colset IDLE = with CLOSED I | LISTEN | TIMEWAIT | CLOSED _F | LISTENT1;
colset RCNTxGSSXISS = product RCNT*SN48*SN48; (* counter, gss, iss *)
colset GS = record GSS:SN48*GSR:SN48*GAR:SN4S;
colset ISN = record ISS:SN48*ISR:SN48;
colset ActiveStatexRCNTxGSxISN = product ACTIVE _STATE*RCNT*GS*ISN;
colset CB = union IdleState:IDLE+InvitedState:RCNT + ReqState:RCNTxGSSxISS +
ActiveState: ActiveStatexRCNTxGSxISN
declare of IdleState, of ReqState, of ActiveState;
var Lis_or_invit:CB;
var rcnt:RCNT;

var state: ACTIVE STATE;



var gss,gsr,gar,iss,isr: SN48;

var g:GS;

var isn:ISN;

var cb:CB;

var id_state:IDLE;

use "C:/x1.sml";

colset IP=product INT*INT*INT*INT*INT;

colset RG_TABLE=record ab:STRING * Ic:IP* gb:IP;
colset PKT1=record src:IP*dst:IP*res:STRING*Ic:IP*gb:IP;
colset PKTB=record src:IP*dst:IP*res:STRING;

colset PAIR=record P1:IP*P2:IP*P3:IP;

colset DATA=record src:IP*dst:IP;

colset DATA 1=record src:IP*dst:IP*Ic:IP*res:STRING;
colset I[P PKT=record src_add:IP*dst_add:IP*dccp:PACKETS;
var sal,sbl,s2,s3,dal,da2,dax:IP;

var daxx,daxxx,sx,sxx,db1,db2:IP;

var ipgba,ipgbb,iplca,iplcb:IP;

var datal,data2,data3,data4:IP;

var abcd:STRING;

var name,nameA ,namel,data: STRING;

val IP_GB_A:IP =(155,99,25,11,62000);

val IP._GB_B:IP =(138,76,29,7,31000);

use "C:/x1.sml";

datatype seq_ack = S48 of SN48
| SA48 of SN48 AN48

| S24 of SN24

| SA24 of SN24 AN24

| SN48uSN24 of LongSN_U_ShortSN

62



| SA48uSA24 of LongSA U _ShortSA;

datatype state variable = NoGS | gssGS of SN48 | gGS of GS;
fun incr(snl):SN48 = (* if sequence number equals 2"°48-1 then go back to 0 *)

if (snl = MaxSeqNo48) then ZERO else (snl + ONE);

fun Wrap(seq_b:SN48, MaxValue:SN48):SN48 = (* MaxValue = MaxSeqNo24pl *)
if (seq_b < ZERO) then (seq_b + MaxValue)
else (if (seq_b > (MaxValue - ONE) ) then (seq_b - MaxValue)

else seq_b);

val w = 100; val aw = 100; (* client's/server's sequence/ack window size *)
val center = Int.div(MaxSeqNo48,2); (* awh = center *)

val quater = w;

val swl = center+1-quater;

val three quater = Int.div((w*3),4);

val swh = center+three quater;

val awl = (center+1-aw);

val awh = center;

fun Update(new:SN48, 0ld:SN48):SN48 = (* compare received sn/ack with GSR/GAR *)
(* if sn/ack > GSR/GAR then update GSR/GAR *)

let

val bias = (new - center); (* Rotate new --> center *)

val old_bias = Wrap((old - bias),MaxSeqNo48plus1);

in

if (center > old bias) then new else old

end;

(* Input GSR, ShortSeq24bits : Output SeqNo48 bits *)

63



fun extend seq(REF:SN48, sn24:SN24):SN48 =
let

val S = (sn24);

val center24 = 1600; (* awh = center *)

val REF_hi = Int.quot(REF,MaxSeqNo24plusl);
val REF _lo = Int.mod(REF,MaxSeqNo24plusl);
val bias = (REF _lo - center24);

val s_bias = Wrap(sn24,bias) - MaxSeqNo24plusl;

in

if (S <REF lo) andalso (center24 <s_bias)

then ((Wrap((REF_hi + ONE),MaxSeqNo24plus1) * MaxSeqNo24plusl) + S)

else (if (S > REF lo) andalso (center24 > s_bias)
then ((Wrap((REF_hi - ONE),MaxSeqNo24plus1)
*MaxSeqNo24plusl) + S)

else ((REF_hi * MaxSeqNo24plusl) +S) )

end;

fun extendSA(g:GS,sn24 an24:SN24 AN24):SN48 AN48 =
{SEQ=extend seq(#GSR(g),#SEQ(sn24 an24)),
ACK=extend seq(#GSS(g),#ACK(sn24 an24))};

fun mod sn24(sn48:SN48):SN24 = Int.mod(sn48, MaxSeqNo24plusl);

fun SeqAck(NoGS, SA48uSA24 (longSA sn48 an48)):SN48 AN43
= {SEQ=incr( #ACK(sn48 an48)), ACK=#SEQ(sn48 an48)}

| SeqAck(NoGS, SA48uSA24 (shortSA sn24 an24)):SN48 AN48

= {SEQ=Int.mod( (#ACK(sn24 an24)+1), MaxSeqNo24plusl),
ACK= (#SEQ(sn24 an24))}

| SeqAck(NoGS, SN48uSN24 (longSN sn48)):SN48 AN48
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= {SEQ= ZERO, ACK=sn48}

| SeqAck(NoGS, SN48uSN24 (shortSN sn24)):SN48 AN48

= {SEQ= ZERO, ACK= (sn24)}

| SeqAck(gGS g,548 sn48) = {SEQ=incr(#GSS(g)),ACK=Update(sn48 #GSR(g)) }
| SeqAck(gGS g,SA48 sn_an)

= {SEQ=incr(#GSS(g)),ACK=Update(#SEQ(sn_an),#GSR(g))};

fun SeqLS(LONG, g:GS) = longSN (incr(#GSS(g)))

| SegLS(SHORT,g:GS) = shortSN (mod_sn24(incr(#GSS(g))));

fun SeqAckLS(LONG, gGS g, longSA sn48 an48) = longSA {SEQ=incr(
#GSS(g)),ACK=Update( #SEQ(sn48 an48);#GSR(g))}

| SeqAckLS(SHORT, gGS g, longSA sn48 an48) = shortSA {SEQ=mod _sn24(incr( #GSS(g))),
ACK=mod sn24(Update(#SEQ(sn48 an48), #GSR(g))) }

|SeqAckLS(LONG, gGS g, shortSA sn24 an24) = longSA {SEQ=incr( #GSS(g)),
ACK=Update( #GSR(g),extend_seq( #GSR(g), #SEQ(sn24 an24)) )}

| SeqAckLS(SHORT, gGS g, shortSA sn24 an24) = shortSA {SEQ=mod _sn24(incr( #GSS(g))),
ACK=mod sn24(Update( #GSR(g),extend seq( #GSR(g), #SEQ(sn24 an24)) )}

| SeqAckLS(LONG, gssGS gss, longSA sn48 an48) = longSA {SEQ=incr(gss),ACK=
#SEQ(sn48 an48)}

| SeqAckLS(SHORT, gssGS gss, longSA sn48 an48) = shortSA {SEQ = mod sn24(incr(gss)),

ACK=mod sn24( #SEQ(sn48 an4))};

fun SndRstInReq(gss:SN48) = 1" PKT (Rst, {SEQ=incr(gss),ACK=ZERO});

fun SyncSnd(g:GS,SA48 sn_an) = 1° PKT (Sync, {SEQ=incr(#GSS(g)),ACK=#SEQ(sn_an) } )
| SyncSnd(g:GS,S48 sn) = 1" PKT (Sync, {SEQ=incr( #GSS(g)),ACK=sn } )

| SyncSnd(g:GS,SA48uSA24 (longSA sn_an))

= 1" PKT (Sync, {SEQ=incr( #GSS(g)),ACK=#SEQ(sn_an) } )

| SyncSnd(g:GS,SN48uSN24 (longSN sn))

= 1" PKT (Sync, {SEQ=incr( #GSS(g)),ACK=sn } )
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| SyncSnd(g:GS,SA48uSA24 (shortSA sn24 an24))
= 1" PKT (Sync, {SEQ=incr( #GSS(g)),ACK=extend seq( #GSR(g), #SEQ(sn24 an24)) } )
| SyncSnd(g:GS,SN48uSN24 (shortSN sn24))

= 1" PKT (Sync, {SEQ=incr( #GSS(g)),ACK=extend seq( #GSR(g),sn24) } );

(Frdsdkkkkkik In CLOSED, LISTEN, REQUEST states, no Sync is sent out **#####s#:k)

fun UpdateGS(g:GS, SA48 sn_an) = {GSS=incr(#GSS(g)),GSR=Update(#SEQ(sn_an),#GSR(g)),
GAR=Update(#ACK(sn_an),#GAR(g)) }

| UpdateGS(g:GS, S48 sn) = {GSS=incr(#GSS(g)),GSR=Update(sn,#GSR(g)),GAR= #GAR(g)}
| UpdateGS(g:GS, SA24 sn24 an24) = {GSS=incr( #GSS(g)), GSR=Update(

#GSR(g),extend seq(#GSR(g),#SEQ(sn24 an24))),

GAR=Update(#GAR(g),extend seq(#GSS(g),#ACK(sn24 an24)))}

| UpdateGS(g:GS, S24 sn24) =

{GSS=incr(#GSS(g)),GSR=Update(#GSR(g),extend seq(#GSR(g),sn24) ),GAR= #GAR(g)}

| UpdateGS(g:GS, SA48uSA24 (longSA sn_an))

= {GSS=incr(#GSS(g)),GSR=Update(#SEQ(sn an),#GSR(g)),
GAR=Update(#ACK(sn_an),#GAR(g)) }

| UpdateGS(g:GS, SA48uSA24 (shortSA sn24 an24))

= {GSS=incr(#GSS(g)),GSR=Update(#GSR(g),extend seq(#GSR(g),#SEQ(sn24 an24))),
GAR=Update(#GAR(g),extend seq(#GSS(g),#ACK(sn24 an24)) )}

| UpdateGS(g:GS, SN48uSN24(longSN sn))

= {GSS=incr(#GSS(g)),GSR=Update(sn,#GSR(g)),GAR= #GAR(g) }

| UpdateGS(g:GS, SN48uSN24(shortSN sn24))

= {GSS=incr(#GSS(g)),GSR=Update(#GSR(g),extend seq(#GSR(g),sn24) ),GAR= #GAR(g)};

fun UpdateGSR(g:GS, SA48uSA24 (longSA sn48 an4g))
= Update(#SEQ(sn48 an48),#GSR(g))
| UpdateGSR(g:GS, SA48uSA24 (shortSA sn24 an24))
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=Update(#GSR(g),extend seq(#GSR(g),#SEQ(sn24 an24)))
| UpdateGSR(g:GS, SN48uSN24 (longSN sn48))
=Update(sn48,#GSR(g))

| UpdateGSR(g:GS, SN48uSN24 (shortSN sn24))
=Update(#GSR(g),extend seq(#GSR(g),sn24));

fun UpdateGAR(g:GS, longSA sn48 an48)
=Update(#ACK(sn48 an48),#GAR(g))

| UpdateGAR(g:GS, shortSA sn24 an24)

=Update(#GAR(g),extend_seq(#GSS(g),#ACK(sn24 an24)));

fun incrGSS(g:GS) = {GSS=incr(#GSS(g)),GSR= #GSR(g),GAR= #GAR(g) };

(* Initial markings, windows size for simulation purpose*)

(* val C_iss=IntInf.fromInt(16777233); val' S_iss=IntInf.fromInt(16777233); *)

val C iss=1; val S_iss=1;

(*
val MaxSeqNo47plusl = pow(IntInf.fromInt(2),47);
*)

(*
val S_iss = (MaxSeqNo24plusl - IntInf.fromInt(2));

val C_iss=IntInf.fromInt(1000);
*)

(*
val C_iss0 = (MaxSeqNo24plus] - IntInf.fromInt(5));
val S_iss0 = (MaxSeqNo24plus] - IntInf.fromInt(5));

val C_iss = (MaxSeqNo24plus1 + C_iss0);
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val S_iss = (MaxSeqNo24plusl + S _iss0);
*)
(*
val C_iss = (MaxSeqNo24plusl + C issl);
val S_iss = (MaxSeqNo24plusl + S _issl);
*)

(*
val C_iss = MaxSeqNo24plusl;

val S_iss = MaxSeqNo24plus];

*)

(*val C_gss0 = IntInf.fromInt(5); val C_gsr0= IntInf.fromInt(4); val C_gar0 = IntInf.fromInt(3);

val S_gss0 = IntInf.fromInt(5); val S_gsr0 = IntInf.fromInt(4); val S_gar0 = IntInf.fromInt(3);
*)

val C_gss0 = (C iss +5); val C_gsr0 = (C_iss +4);

val C_gar0 = (C_iss + 2);

val S_gss0 = (S _iss + (5)); val. S:gsr0 = (S_iss + (4));

val S _gar0 = (S _iss + (2));

val SEQO = (5); val ACKO = (4);

val MaxRetransRequest =1; val MaxRetransAckDataAck =1;

val MaxRetransCloseReq =0; val MaxRetransClose =0;

val TRespond = true;
val ShortEnable = false;
(*var LS:X;*)

val LS=LONG;
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val C_ecmd=1"a Open; val S cmd = 1"p_Open;

(*val C_cmd = 1"a_Close; val S cmd = 1'server_a_Close; *)

val init_C =1"IdleState CLOSED I;

val init_S = 1'IdleState CLOSED _I; (* Client/Server initial state *)

(*var ack dataack: ACK_DATAACK; *)

(*
val init C = 1" ActiveState (C_OPEN,0,{GSS=C gss0,GSR=C gsr0,GAR=C gar0},
{ISS=C _iss,ISR=S iss});

*)

(*val init Ch_C S =1" PKT2 (Ack, LONG, {SEQ=SEQ0,ACK=ACKO0});*)

(*val init Ch_C_S=1'PKTI (Data, LONG,C gss0); *)

(*

val init_S = 1" ActiveState (S_OPEN,0,{GSS=S gss0,GSR=S gsr0,GAR=S gar0},
{ISS=S iss,ISR=C iss});

*)

fun go_open(state) = if state= PARTOPEN then C_OPEN else S OPEN;
fun BackOff(state,rcnt):bool =

case state of

RESPOND => TRespond

| PARTOPEN => (rcnt=MaxRetransAckDataAck)

| C_CLOSING => (rent=MaxRetransClose)

| CLOSEREQ => (rent=MaxRetransCloseReq)

| S CLOSING => (rent=MaxRetransClose)

| =>false;

(* function checking sequence number from DCCP draft-9*)
fun ReqValid(s:SN48, g:GS, isn:ISN) =

let



val bias = (#GSR(g) - center);

val seq_b = Wrap((s - bias),MaxSeqNo48plus1);

val isr_b = Wrap((#ISR(isn) - bias),MaxSeqNo48plus1);
val SWL = Int.max(swlisr_b);

val SWH = swh;

in

(seq_b>= SWL) andalso (seq_b <= SWH)

end;

fun DataValid(longSN s, g:GS, isn:ISN) =

let

val bias = (#GSR(g) - center);

val seq_b = Wrap((s - bias),MaxSeqNo48plus1);

val isr_b = Wrap((#ISR(isn) - bias),MaxSeqNo48plus1);
val SWL = Int.max(swl,isr b);

val SWH = swh;

in

(seq_b>= SWL) andalso (seq b <= SWH)

end

| DataValid(shortSN s, g:GS, isn:ISN) =

let

val bias = (#GSR(g) - center);

val sl = extend seq(#GSR(g),s);

val seq_b = Wrap((s1 - bias),MaxSeqNo48plusl);

val isr_b = Wrap((#ISR(isn) - bias),MaxSeqNo48plus1);
val SWL = Int.max(swlisr_b);

val SWH = swh;

in

if ShortEnable

then (seq_b >= SWL) andalso (seq b <= SWH)

else false
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end;

fun DataAckValid(longSA s, g:GS, isn:ISN) =

let

val bias1 = (#GSR(g) - center);

val seq_b = Wrap((#SEQ(s) - bias1),MaxSeqNo48plusl1);
val isr_b = Wrap((#ISR(isn) - bias1),MaxSeqNo48plus1);
val SWL = Int.max(swlisr_b);

val SWH = swh;

val bias2 = (#GSS(g) - center);
val ack_b = Wrap((#ACK(s) - bias2),MaxSegNo48plusl);
val iss_b = Wrap((#ISS(isn) - bias2),MaxSeqNo48plus1);
val AWL = Int.max(awl,iss b);

val AWH = center;

in
((seq_b >= SWL) andalso (seq b <= SWH))

andalso ((ack b >= AWL) andalso (ack b <= AWH))

end

| DataAckValid(shortSA s, g:GS, isn:ISN) =

let

val bias1 = (#GSR(g) - center);

val seq = extend seq(#GSR(g),#SEQ(s));

val seq_b = Wrap((seq - bias1),MaxSeqNo48plus1);

val isr_b = Wrap((#ISR(isn) - bias1),MaxSeqNo48plus1);
val SWL = Int.max(swlisr_b);

val SWH = swh;



val bias2 = (#GSS(g) - center);

val ack = extend_seq(#GSS(g),#ACK(s));

val ack_b = Wrap((ack - bias2),MaxSeqNo48plusl);

val iss_b = Wrap((#ISS(isn) - bias2),MaxSeqNo48plusl);
val AWL = Int.max(awl,iss_b);

val AWH = center;

in

if ShortEnable

then ((seq_b >= SWL) andalso (seq b <= SWH))
andalso ((ack b >= AWL) andalso (ack b <= AWH))
else false

end;

fun SeqValid(p_type:OtherPktTypes, s2:SN48 AN48, g:GS, isn:ISN) =
let

val bias = (#GSR(g) - center);

val seq_b = Wrap((#SEQ(s2) - bias),MaxSeqNo48plus1);
val isr_b = Wrap((#ISR(isn) - bias),MaxSeqNo48plus1);
val SWL = Int.max(swl,isr_b);

val SWH = swh;

in

case p_type of

Response => (seq_b >= SWL) andalso (seq_b <= SWH)

| CloseReq => (seq_b > center) andalso (seq_b <= SWH)
| Close => (seq_b > center) andalso (seq_b <= SWH)

| Rst => (seq_b > center) andalso (seq_b <= SWH)

| Sync => (seq b >= SWL)

| SyncAck => (seq_b >= SWL)

end;

(* function checking acknowledgement number from DCCP draft-11*)



fun AckValid(p_type:OtherPktTypes, s2:SN48 AN48, gGS g, iss:SN48) =
let

val bias = (#GSS(g) - center);

val gar b = Wrap((#GAR(g) - bias),MaxSeqNo48plusl);
val ack_b = Wrap((#ACK(s2) - bias),MaxSeqNo48plusl);
val iss_b = Wrap((iss - bias),MaxSeqNo48plus1);

val AWL = Int.max(awl,iss_b);

val AWH = center;

in

case p_type of

Response => (ack_b >= AWL) andalso (ack b <= AWH)

| CloseReq => (ack_b >= gar b) andalso (ack b <= AWH)
| Close => (ack_b >= gar_b) andalso (ack b<= AWH)

| Rst => (ack_b >= gar b) andalso (ack b<zAWH)

| Sync => (ack_b >= AWL) andalso (ack b <= AWH)

| SyncAck => (ack_b >= AWL) andalso (ack b <= AWH)
end

| AckValid(p_type:OtherPktTypes, s2:SN48 AN48, gssGS gss, iss:SN48) =
let

val bias = (gss - center);

(* val gar_b = Wrap((gar - bias),MaxSeqNo48plus1);*)
val ack b = Wrap((#ACK(s2) - bias),MaxSeqNo48plusl);
val iss_b = Wrap((iss - bias),MaxSeqNo48plus1);

val AWL = Int.max(awl,iss_b);

val AWH = center;

in

case p_type of

Response => (ack_b >= AWL) andalso (ack b <= AWH)

| Sync => (ack_b >= AWL) andalso (ack b <= AWH)

| SyncAck => (ack_b >= AWL) andalso (ack_b <= AWH)
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end;

(* function for checking both seq and ack *)

fun PktValid(p_type2:OtherPktTypes, s2:SN48 AN48, g:GS, isn:ISN) =

let

val check seq = SeqValid(p_type2:OtherPktTypes,s2:SN48 AN48, ¢:GS, isn:ISN);
val check ack = AckValid(p_type2:OtherPktTypes,s2:SN48 AN48, ¢GS g, #ISS(isn));
in

(check seq) andalso (check_ack)

end;

fun RstValidinReqState(s2:SN48 AN48, gss:SN48, iss:SN48) =

let

val bias = (gss - center);

val ack_b = Wrap((#ACK(s2) - bias),MaxSeqNo48plusl);

val iss_b = Wrap((iss - bias),MaxSeqNo48plus1);

val AWL = Int.max(awl,iss b);

val AWH = center;

in

(ack_b>= AWL) andalso (ack b <= AWH)

end;



