






















































































(N+1)-layer

Submit

(N)-service-user

Deliver

(N)-SAP

(N)-service-user

Submit Deliver

(N)-SAP

(N)-service-provider




(N+1) layer (N) service user

(N) SAP

(N) protocol

(N) layer (N) protocol entity

-

l T (N 1) SAP

(N) service user

(N) SAP

(N) protocol entity

|

|

(N 1) SAP

(N 1) service provider




[TCP/IP Reference Model ]

Defining TCP's Service Design Protocol
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Formalising Formalising
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[n<MaxRetrans]

Timeout_Retrans

SYN_SENT SYN

STATE
Retrans_
SYN_SENT Counter

MaxRetrans

SYN_SENT

CLOSED
















1
| CPNexample'State: 1'SYN_SENT
| CPNexample'Channel: empty
| CPNexample'Retrans_Counter: 1°0

2
| CPNexample'State: 1'SYN_SENT
| CPNexample'Channel: 1°'SYN
| CPNexample'Retrans_Counter: 11

3
| CPNexample'State: 1'SYN_SENT
| CPNexample'Channel: 2'SYN
| CPNexample'Retrans_Counter: 12

4
| CPNexample'State: 1'CLOSED

| CPNexample'Channel: 2'SYN++ 1'RST
| CPNexample'Retrans_Counter: 1°'0
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32 Bits

Source Port Destination Port

Sequence Number

Acknowledgment Number

U[A|P|R|S|F
Data Reserved R|C|S|S|Y|I Window
Offset
G|K|H|T|N[N
Checksum Urgent Pointer
Options Padding

Data










Client Server
CLOSED CLOSED
(active open) .
(passive open)
SYN_SENT \\\\“\\\\iﬁffff\\\\\-> LISTEN
SYN_RCVD

ESTABLISHED

SYNACK (ISS2, ISS1+1)

ACK (ISS1+1, ISS2+1)

ESTABLISHED

TCP Entity 1
CLOSED
(active open)
SYN_SENT |-SYN(SSY)

SYN_RCVD

ESTABLISHED

SYN (ISS2)

SYNACK (ISS2, ISS1+1
SYNACK (ISS1, 1SS2+1)

TCP Entity 2

CLOSED

(active open)
SYN_SENT

SYN_RCVD

ESTABLISHED









TCP Entity 1 TCP Entity 2 TCP Entity 1 TCP Entity 2

ESTABLISHED ESTABLISHED ESTABLISHED ESTABLISHED
(close)
FIN_WAIT_1 FIN (x, ¥) (close)
\.. FIN_WAIT_1 FIN (x, ¥) (close)
CLOSE_WAIT . FIN(,x) | FIN_WAIT_1

ACK (y, x+1)
(close)

FIN_WAIT_2 FIN (y, x+1) LAST_ACK CLOSING ACK (y+1, x+1)
ACK (x+1, y+1)
TIME_WAIT ACK (x+1, y+1)
\ e
CLOSED CLOSED

CLOSED
CLOSED

CLOSING

TIME_WAIT







passive open
@
active open/SYN
@
SYN/SYNACK _ — =~
@ -
P send/SYN
i ™ close/
SYN_ SYN/ SYNACK
RCVD (6)
~
~ ACK SYNACK/ACK
~ O @)
~
~
close/FIN ESTAB- _ FINJ/ACK
(18) LISHED )
close/FIN
8) I close/FIN
I @y
|
ACK/
FIN/ACK (13
(15)
FINACK/ACK
FIN/ACK o[ TIME_ Timeout  (2MSL) J
(12) (14)

vVVVYY

\ WAIT

indicate transitions related to a normal connection for the TCP client
indicate transitions related to a normal connection for the TCP server
indicate transitions related to simultaneous opening or closing
indicate other transitions













































10

TCP CONNECT req

SAPc

TCP CONNECT cnf

TCP DATA req

TCP RELEASE req

TCP RELEASE cnf

SAPs

TCP Service Provider

TCP CONNECT ind

TCP CONNECT res

TCP DATA ind

TCP RELEASE ind

TCP RELEASE res







SAP 1
TCP Service Provider

TCP CONNECT req

—_—

TCP P_ABORT ind

P I

SAP 2

CLOSED

SAP 1
TCP Service Provider

TCP CONNECT req

TCP CONNECT cnf

a7

SAP 2

TCP CONNECT req

l—————————

SYN

=~ TCP CONNECT cnf
A

—————




CLOSED

SYN_SENT

(Close)

CLOSED

SAPc

TCP CONNECT req

TCP U_ABORT req

SAPs

TCP Service Provider

SAPc

TCP CONNECT req

TCP P_ABORT ind

TCP Service Provider

SAPs

LISTEN
(Close)
CLOSED



SAPc

TCP CONNECT req
[ .

TCP CONNECT cnf

TCP Service Provider

T -a TCP CONNECT ind

SAPs

- TCP RELEASE req

TCP RELEASE ind

FlN/,/'<—

TCP CONNECT res
SYNACK | ¢— —

SAP 1
TCP Service Provider

TCP RELEASE req
[

TCP RELEASE cnf

-

SAPc SAPs
TCP Service Provider
TCP CONNECT req SYN
- =} .
T - TCP CONNECT ind
TCP CONNECT res
-
TCP RELEASE req
-
FIN
-
’ SYNACK
SAP 2

TCP RELEASE req
FIN | 7"

N TCP RELEASE cnf
N — >




SAP

TCP DATA req
D — e

TCP UDATA req
_—

~

1 SAP 2

TCP Service Provider

ACK(data)

ACK(udata) ~A]

TCP DATA ind

—

TCP UDATA ind
F——————>

SAP 1

TCP DATA req
—_—

TCP UDATA req
—_—

TCP Service Provider

~ _ ACK(data)

SAP 2

TCP UDATA ind

- .

ACK(udata)

TCP DATA ind

—










Hierarchy#10010 ) ( Declarations#0

m]

TCPService_Overview#1 )

Connection_Opening
;D( Connection_Establishment#2

Data_Transfer
;D( Data_Transfer#3

Connection_Closing
H Connection_Release#4

Abort
H Abort#5







[hs]

Connection_Opening

[hs]

Data_Transfer

IDLE IDLE

State State

s

Connection_Closing

=

Aborting







Meslist []

Meslist

0

TCP-CONNECT.cnf

TCP-CONNECT.res

GM[CONNECT] CONNECT:q

OCP 1CP.CONNECT.req 9

CONNECT::q

DTR

TCP-CONNECT res
Meslist ]
A State state VI

Meslist ]

GM[CONNECT]

TCP-CONNECT.ind

CONNECT::q

OTR TCP-CONNECT cnf q



[s=DTR orelse s=NDR]

TCP-DATA.req

[s=DTR orelse s=NDR]

TCP-UDATA.req

[member(UDATA,q) andalso
(s=DTR orelse s=NDS)]

TCP-UDATA.ind

[s=DTR orelse s=NDS]

TCP-DATA.ind

q[DATA]

Meslist  []

Meslist  []

rm (UDATA,q)

rm (UDATA,q)

G [UDATA]

g [DATA]

[s=DTR orelse s=NDS]

TCP-DATA.ind

[member(UDATA,q) andalso
(s=DTR orelse s=NDS)]

TCP-UDATA.ind

[s=DTR orelse s=NDR]

TCP-UDATA.req

[s=DTR orelse s=NDR]

TCP-DATA.req



qM[RELEASE] RELEASE:q

TCP-RELEASE.req

RELEASE:q

TCP-RELEASE.res q
Meslist ]

TCP-RELEASE.cnt  C-OSED

State

Meslist ]

TCP-RELEASE.ind

RELEASE:q GM[RELEASE]

CLOSED

TCP-RELEASE.cnf q q TCPRELEASE res CLOSED



[g<>[] andalso
hd(rev(q))=ABORT andalso
s<>IDLE andalso
s<>CLOSED]

[s<>IDLE andalso s<>CLOSED] Meslist  []

CLOSED

CLOSED

TCP-U_ABORT.req

State State

[g<>[] andalso E
hd(rev(q))=ABORT andalso

s<>IDLE andalso Meslist  [J [s<>IDLE andalso s<>CLOSED]
s<>CLOSED]

G[ABORT]

CLOSED CLOSED

TCP-U_ABORT.ind TCP-U_ABORT.req

[s<>IDLE andalso s<>CLOSED] [s<>IDLE andalso s<>CLOSED]

CLOSED CLOSED

TCP-P_ABORT.ind TCP-P_ABORT.ind















R CREQ _/ 7\ cin
O




AREQ,AIND, PIND

AREQ,PIND

areq areq
/ AREQ,AIND,PIND
pind areq,pind N

@ e AREQ,AIND,PIND

areq

AREQ,PIND
( AREQ,PIND
AREQ

rres,areqaind,pind

resareq,pind

areq.aind,pind

areq,pind

renf,areq,aind,pind

renf,areq,pind
RCNF,AREQ,PIND

areq,pind

RCNF,AREQ.AIND,PIND

cind

RRES,AREQ,PIND

AREQ,PIND

RRES,AREQ,AIND,PIND

areq,aind pind

AREQ,AIND PIND

O CREQ B PIND
AREQ

areq,aind pind

©
©

areq,pind

areq.aind,pind
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[length(q)<I]

QM [DATA]

Meslist ] TCP-DATA.nd

qM{UDATA]

TCP-UDATA.req q rm (UDATA.q) TCP-UDATA.ind






1
s1.S2:17]

dind DREQ  UREQ uind

2
S1_S2: 1'[DATA]

3
S1_S2: 1'[UDATA]

s1.S2:17]

dind DREQ UREQ uind

2
S1_S2: 1'[DATA]

3
S1_S2: 1'[UDATA]

4
S1_S2: 1'[DATA,DATA]

7
S1_S2: 1'[UDATA,UDATA]

S1_S2: 1'[DATA,UDATA] S1_S2: 1’ [UDATA,DATA]

(b) 1=2

dind DREQ  UREQ uind

DREQ UREQ uind

dind  uind

DREQ

UREQ

uind

8 11 14

S1_S2: 1'[DATA,DATA,DATA] S1_S2: 1'[DATA,UDATA,UDATA]  S1_S2: 1 [UDATA,UDATA DATA]
9 12 15

S1_S2: 1'[DATA,DATA,UDATA] S1_S2: 1'[UDATA,DATA,DATA] S1_S2: 1'[UDATA,UDATA,UDATA]
10 13

S1_S2: 1'[DATA,UDATA,DATA] S1_S2: 1'[UDATA,DATA,UDATA]

(c) I=3















Number of ltems Occurrence Graph

in the Queue
0,1)
0 S1.S2: 17
dind DREQ UREQ uind
(1,2) (1,2)
1 S1_S2: 1'[DATA S1_S2: 1'[UDATA]
(@ I=1
0
dind DREQ  UREQ uind
1,1 1,2)
1 S1_S2: 1'[DATA] S1_S2: 1'[UDATA]
dind DREQ UREQ uind DREQ UREQ uind
dind uind
(2.1) (2,4)
2 S1_S2: 1'[DATA,DATA] S1 S2: 1'[UDATA,UDATA]
(2.2) (23)
S1_S2: 1'[DATA,UDATA] S1_S2: 1'[UDATA,DATA]
(b) 1=2

:

dind DREQ  UREQ uind

dind DREQ UREQ uind UREQ
dind uind
dind ' i i uind
DREQ i
UREQ uind
dind uind
/7
(3.1) (3.4) (3,7)
S1_S2: 1'[DATA,DATA,DATA] S1_S2: 1'[DATA,UDATA,UDATA] S1_S2: 1'[UDATA,UDATA,DATA]
(3.2 (35) (38)
S1_S2: 1'[DATA,DATA,UDATA] S1_S2: 1'[UDATA,DATA,DATA] S1_S2: 1'[UDATA,UDATA,UDATA]
(3.3) (3,6)

S1_S2: 1'[DATA,UDATA,DATA] S1_S2: 1'[UDATA,DATA,UDATA]

(©) 1=3



UREQ DREQ
UREQ DREQ
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( Hierarchy#10010 ) ( Declarations#0 )

TCP_Overview#1

TCP'2

Event_Processing#2

Retrans_Timeout

User_Commands
User_Commands#3

Open
> Opent6
cl
ose > Close#7

Abort
Abort#8

i

Segment_Processing

Segment_Processing#4

LOSED

|

CLOSED#9

ISTEN
LISTEN#10

|

YN_SENT
1 SYN_SENT#11

|

YN_RECEIVED

|

X SYN_RECEIVED#12

ESTABLISHED

|

{ ESTABLISHED#13

IN_WAIT_1
FIN_WAIT_1#14

ﬁ

IN_WAIT_2
> FIN_WAIT_2#15

i

LOSE_WAIT

|

> CLOSE_WAIT#16

CLOSING
1 CLOSING#17

LAST_ACK
> LAST_ACK#18

IME_WAIT
TIME_WAIT#19

|

{ Retransmissions#5



1'A_Open

1'P_Open
COMMAND COMMAND
TCB s -
‘ TCP1 TCP?2
1°(CLOSED,
{RCV_NXT=0, SEG
SND_NXT=0, m
SND_UNA=0, p{ H1_H2
ISS=ISS_tcp1},
cls) seq
[false]
SEG
AN ®4 J

<

seg

Lossy_Channel2

[false]

1'(CLOSED,
{RCV_NXT=0,
SND_NXT=0,
SND_UNA=0,
I1SS=ISS_tcp2},
cls)









COMMAND

User_Commands

(elm ]

HS
Segment_Processing <

Retrans_Timeout




COMMAND

(elm ]

A 4

HS

Open
HS

Close
HS

Abort

Out

SEG

(p]fou]



COMMAND

=

(el ]

COMMAND

&

(7]

COMMAND

P_Open

—

(LISTEN,v,lis)

(CLOSED,v,)

SYNseg(v)

(SYN_SENT,

{RCV_NXT=0,

SND_NXT=#ISS(v)+1,

SND_UNA=#ISS(v),

ISS=HISS(V)}i)

SEG

(p]lou]

(LISTEN,v,lis) SYNseg()

(SYN_SENT,
{RCV_NXT=0,

SND_NXT=#ISS(v)+1,
SND_UNA=#ISS(v),

\___ Send ISS=HISS(V)}i)
Close [s=LISTEN orelse
Ve S=SYN_SENT]
i) LISTEN_SYNSENT
(CLOSED,
{RCV_NXT=0,
SND_NXT=0,
a SND_UNA=0,
ose 1SS=0},cls) [s=SYN_RCVD
TcB orelse s=EST]

[CA))

FINseg(v)

SYNRCVD_EST
(FIN_W1,
{RCV_NXT=#RCV_NXT(v),
SND_NXT=#SND_NXT(v)+1,
SND_UNA=#SND_UNA(v), e [P][out]

ISS=HISS(V)}i)
CLOSE_WAIT

(CLOSE_WAIT,v,i) FINseg(v)

(LAST_ACK,
{RCV_NXT=#RCV_NXT(v),

SND_NX SND_NXT(v)+1,
SND_UNA=#SND_UNA(V),

[s=LISTEN orelse

s=SYN_SENT orelse
s=CLOSING orelse
s=LAST_ACK orelse
s=TIME_WAIT]

L Close 1SS=#ISS(v)},i)
Abort
Ve
TCcB

-

Abort

[s=SYN_RCVD orelse

SND_NXT=0, S=EST orelse
SND_UNA=0, s=FIN_W1 orelse
1SS=0},i) s=FIN_W?2 orelse

s=CLOSE_WAIT]
Abort_SndRST

(svii) RSTseg(v)

(CLOSED,
{RCV_NXT=0,
SND_NXT=0,
SND_UNA=0,
1SS=0},i)




HS
I CLOSED

HS
| LISTEN

<
<

E—I
| SYN_SENT

<€
<

H
H

S
| SYN_RECEIVED

<€
<
<€
<

HS
{ ESTABLISHED |g

HS
| FIN_WAIT_1

| FIN_WAIT_2

<€
<

HS
HS
| CLOSE_WAIT

<€
<
<€

HS
| CLOSING

<

HS
| LAST_ACK

<
<

<
<
<€
<

%ﬁ
T
I S—













[#1(#CTL(seg))<>RST]
Rcv_noRST

(CLOSED,v,i) seg

if #2(#CTL(seg))=on
then RSTackoff(seg)
else RSTackon(seg)

[#1(#CTL(seg))=RST]
Rcv_RST

(CLOSED,v,i)




(LISTEN,v,i)

(LISTEN,v,i)

(LISTEN,v,i)

(SYN_RCVD,
{RCV_NXT=#SEQ(seg)+1,
SND_NXT=#ISS(v)+1,
SND_UNA=#ISS(v),
ISS=HISS(V)}i)

[#1(#CTL(seg))<>RST
andalso #2(#CTL(seg))=on]

seg
Rcv_ACK

A

~
RSTackoff(seg)
[#1(#CTL(seg))=RST]
Rev_RST < €9
~
[#CTL(seg)=(SYN,off)]
Rev_SYN € se9
~
SYNACKseg({RCV_NXT=#SEQ(seg)+1, sEG
SND_NXT=#ISS(v)+1, A 4
SND_UNA=#ISS(v),
1SS=#ISS()}) out )[PJlout] ( m

SEG



[((#2(#CTL(seg))=on

andalso #ACK(seg)<=#ISS(v))

orelse #ACK(seg)>#SND_NXT(v))

andalso #1(#CTL(seg))<>RST]
(SYN_SENT,v,i) seg

Rcv_UuACK €
A <
RSTackoff(seg)

[(#ACK(seg)<=#ISS(v)
orelse #ACK(seg)>#SND_NXT(v))
andalso #CTL(seg)=(RST,on)]

(SYN_SENT.v.) Rov_UACK_RST | seg
,—>| _UACK <

[#ACK(seg)<=#SND_NXT(v)
andalso #ACK(seg)>#SND_UNA(v)
andalso #CTL(seg)=(RST,on)

(SYN_SENT.vi) andalso i=lis]

RST_LISTEN < seg
<

(LISTEN,

(SFLCDV&NQT;O* [#ACK(seg)<=#SND_NXT(v)

— andalso #ACK(seg)>#SND_UNA(v)
SND_UNA=0,
ISS=ISS._inst2},i) andalso #CTL(seg)=(RST,on)
- andalso i=cls]

(SYN_SENT,v,i) RST_CLOSED | seg

(CLOSED,
{RCV_NXT=0,
SND_NXT=0,
SND_UNA=0,

15=0}.cls) [#CTL(seg)=(RST,off)]

(SYN_SENT.v.) Rev_RSTNOACK | seg

[#CTL(seg)=(SYN,on)
andalso #ACK(seg)<=#SND_NXT(v)
andalso #ACK(seg)>#ISS(v)]

(SYN_SENT..) RCV_SYNACK |4 seg
(EST,

ACKseg({RCV_NXT=#SEQ(seg)+1,
{RCV_NXT=#SEQ(seg)+1, SND_NXT=#SND_NXT(v),
SND_NXT=#SND_NXT(v), SND_UNA=#ACK(seg),
SND_UNA=#ACK(seg), ISS=#ISS(V)})
1SS=#ISS(V)},i)

[#CTL(seg)=(SYN,off)]

(SYN_SENT,v,i) Rov_SYN < seg

(SYN_RCVD,
{RCV_NXT=H#SEQ(seg)+1,
SND_NXT=#ISS(v)+1,
SND_UNA=#ISS(v),
ISS=HISS(V)}i)

SYNACKseg({RCV_NXT=#SEQ(seg)+1,
SND_NXT=#ISS(v)+1,
SND_UNA=#ISS(v),

ISS=HISS(V)})

[#ACK(seg)<=#SND_NXT(v)
andalso #ACK(seg)>#ISS(v)
andalso #1(#CTL(seg))<>SYN
andalso #1(#CTL(seg))<>RST]

(SYN_SENT,v,i) oSYN_noRST < seg

In

SEG






4

A 4
(SYN_RCVD,v,i)

QTCB RST_CLOSED |4 seg
(CLOSED,

[#SEQ(seg)<#RCV_NXT(v)
andalso #1(#CTL(seg))<>RST]

(SYN_RCVD,v,i) seg

Rcv_uSeq <

ACKseg(v)

[#SEQ(seg)<#RCV_NXT(v)
andalso #1(#CTL(seg))=RST]

i se
(SYN_RCVD,v,i) Rov_uSeq RST |« 9

[#SEQ(seg)>=#RCV_NXT(v)
andalso #1(#CTL(seg))=RST
andalso i=lis]

(SYN_RCVD,v,i) RSTUSTEN ¢ seg
(LISTEN,

{RCV_NXT=0,
SND_NXT=0,
SND_UNA=0,
ISS=ISS_inst2},i)

[#SEQ(seg)>=#RCV_NXT(v)
andalso #1(#CTL(seg))=RST
andalso i=cls]

b {RCV_NXT=0,
SND_NXT=
SND_UNA=0,
155=0}.cls)

[#SEQ(seg)>=#RCV_NXT(v)
andalso #1(#CTL(seg))=SYN
andalso i=lis]

(YN ReVDw) [ SYNinw_LISTEN | s

(LISTEN, if #2(#CTL(seg))=on
{RCV_NXT=0, then RSTackoff(seg)
SND_NXT=0 else RSTackon(seg)
SND_UNA=0, [#SEQ(seg)>=#RCV_NXT(v)
1SS=ISS_inst2},i) andalso #1(#CTL(seg))=SYN

andalso i=cls]

SYNinw_CLOSED

(SYN_RCVD,v,i) seg

A

(CLOSED,

{RCV_NXT=0 if #2(#CTL(seg))=on

SND_NX [#SEQ(seg)>=#RCV_NXT(v) then RSTackoff(seg)
SND_UNA=0, andalso #1(#CTL(seg))<>RST else RSTackon(seg)
|Ss=0}cls) ~ andalso #1(#CTL(seg))<>SYN

andalso #2(#CTL(seg))=off]

(SYN_RCVD,v,i) Rev ACKoff | seg
-~ <

[#SEQ(seg)>=#RCV_NXT(v)
andalso #CTL(seg)=(ACK,on)
andalso #ACK(seg)<=#SND_NXT(v)
andalso #ACK(seg)>=#SND_UNA(V)]

(SYN_RCVD,v,i) Rov_ACKonA ¢ seg

(EST,
{RCV_NXT=#RCV_NXT(v), [#SEQ(seg)>=#RCV_NXT(v)
SND_NXT=#SND_NXT(v), andalso #1(#CTL(seg))<>RST
SND_UNA=#ACK(seg), andalso #1(#CTL(seg))<>SYN
ISS=#ISS(V)}i) andalso #2(#CTL(seg))=on
andalso (#ACK(seg)>#SND_NXT(v)
orelse #ACK(seg)<#SND_UNA(v))]

(SYN_RCVDwi) RCV_ACKONU | seg
RSTackoff(seg)

[#SEQ(seg)>=#RCV_NXT(v)
andalso #ACK(seg)=#SND_NXT(v)
andalso #CTL(seg)=(FIN,on)]

(SYN_RCVD,v,i) Rcv_FIN <& €9
E :I - <

(CLOSE_WAIT, ACKseg({RCV_NXT=#SEQ(seg)+1,
{RCV_NXT=#SEQ(seg)+1, SND_NXT=#SND_NXT(v),

SND_NXT=#SND_NXT(v), SND_UNA=#ACK(seg),
SND_UNA=#ACK(seg), ISS=HISS(V)})

y SEG

ISS=#ISS()}i) Out

~

E@EE







[#SEQ(seg)<#RCV_NXT(v)
andalso #1(#CTL(seg))<>RST]

i seg
(ESTvD Rcv_uSeq <

ACKseg(v)

[#SEQ(seg)<#RCV_NXT(v)
andalso #1(#CTL(seg))=RST]

(EST,v,i) Rev_uSeq_RST  |g 9

[#SEQ(seg)>=#RCV_NXT(v)
andalso #1(#CTL(seg))=RST]

(ESTv.) RST_CLOSED | se9
(CLOSED,

{RCV_NXT=0,
SND_NXT=0,
SND_UNA=0, [#SEQ(seg)>=#RCV_NXT(v)
ISS=0},cls)  andalso #1(#CTL(seg))=SYN]
(EST.v,j) - seg
Rcv_SYNinw <

(CLOSED, -
{RCV_NXT=0, :L #2(2&; L(sl(ngz:on)
en ackofi(seg,
::g_ﬁz;\:% [#SEQ(seg)>=#RCV_NXT(V) gjse RsTackon(seg)
155=0},cls) ' andalso #1(#CTL(seg))<>RST
! andalso #1(#CTL(seg))<>SYN
andalso #2(#CTL(seg))=off]

EST,v,i]
{ ) Rcv_ACKoff < 5e9

[#SEQ(seg)>=#RCV_NXT(v)
andalso #CTL(seg)=(ACK,on)
andalso #ACK(seg)<=#SND_UNA(V)]

i sel
(ESTv ReV_ACKONDUP | 9

[#SEQ(seg)>=#RCV_NXT(v)
andalso #1(#CTL(seg))<>RST
andalso #1(#CTL(seg))<>SYN
andalso #ACK(seg)>#SND_NXT(v)]

" seg
(ESTv.i) Rcv_ACKonNS <

ACKseg(v)

[#SEQ(seg)>=#RCV_NXT(v)
andalso #ACK(seg)=#SND_NXT(v)
andalso #CTL(seg)=(FIN,on)]

(ESTv.) Rov_FIN < 9
a <

(CLOSE_WAIT, ACKseg({RCV_NXT=#SEQ(seg)+1,
{RCV_NXT=#SEQ(seg)+1, SND_NXT=#SND_NXT(v),
SND_NXT=#SND_NXT(v), SND_UNA#ACK(seg),
SND_UNA=#ACK seg), 1SS=AISSO)

ISS=HISS(V)}i)

SEG






QB FIN W1vi Rcv_ACKoff g seg
- <

[#SEQ(seg)<#RCV_NXT(v)
andalso #1(#CTL(seg))<>RST]

Sse
(FIN_W1,v,i) Rev_useq < g

ACKseg(v)

[#SEQ(seg)<#RCV_NXT(v)
andalso #1(#CTL(seg))=RST]

(FIN_W1,vi) Rev_uSeq_RST | g seg

[#SEQ(seg)>=#RCV_NXT(v)
andalso #1(#CTL(seg))=RST]

FIN_W1,v,i
(FIN_WLw) > RST_CLOSED | seq
(CLOSED,

{RCV_NXT=0,
SND_NXT=0,
SND_UNA=0, [#SEQ(seg)>=#RCV_NXT(v)
I1SS=0},cls)  andalso #1(#CTL(seg))=SYN]

(FIN_WLv.i) Rev_SYNinw < €9

(CLOSED, if #2(#CTL(seg))=on
{RCV_NXT=0, " [45EQ(seg)>=#RCV_NXT(v) then RSTackoff(seg)
SND_NXT=0. 242150 #1(#CTL (seg))<>RST else RSTackon(seq)
SND_UNAZO,  andalso #1(#CTL(seg))<>SYN

y 155=0}.cls) andalso #2(#CTL(seg))=off]

[#SEQ(seg)>=#RCV_NXT(v)

andalso #CTL(seg)=(ACK,on)

andalso #ACK(seg)=#SND_NXT(v)]
(FIN_W1,v,i) seg

Rcv_ACKonA <
- <

(FIN_W2,

{RCV_NXT=#RCV_NXT(v),

SND_NXT=#SND_NXT(v), [#SEQ(seg)>=#RCV_NXT(v)
SND_UNA=#ACK(seg), andalso #CTL(seg)=(ACK,on)
ISS=#ISS(V)}i) andalso #ACK(seg)<=#SND_UNA(v)]

(FIN_W1,v.i) RCV_ACKONDUP | 59

[#SEQ(seg)>=#RCV_NXT(v)
andalso #1(#CTL(seg))<>RST
andalso #1(#CTL(seg))<>SYN
andalso #ACK(seg)>#SND_NXT(v)]

(FIN_W1v.) RCV_ACKONNS | seg
ACKseg(v)

[#SEQ(seg)>=#RCV_NXT(v)
andalso #CTL(seg)=(FIN,on)
andalso #ACK(seg)=#SND_NXT(v)]

FIN_W1,
:I( LWLV Rov_FINACK g seg
(TIME_WAIT,

{RCV_NXT=H#SEQ(seg)+1, QﬁEsi.gx(ﬁi?én'“pxrqx’%o(seg’ﬂ'
SND_NXT=#SND_NXT(v), SND_UNA#ACK(seg),
SND_UNA=#ACK(seg), SS=HSSWl) "
1SS=#ISS(V)}.i)

[#SEQ(seg)>=#RCV_NXT(v)

andalso #CTL(seg)=(FIN,on)

andalso #ACK(seg)=#SND_UNA(v)]

(FIN_W1,v,i) seg

Rcv_FINsim &
- <

(CLOSING, ACKseg({RCV_NXT=#SEQ(seg)+1,
{RCV_NXT=#SEQ(seg)+1, SND_NXT=#SND_NXT(v),
SND_NXT=#SND_NXT(v), SND_UNA=#ACK seg),
SND_UNA=#ACK(seg), 1SS=#ISS(V)})
1SS=#ISS(V)}.i)

[#SEQ(seg)>=#RCV_NXT(v)

andalso #CTL(seg)=(ACK,on)

andalso #ACK(seg)<#SND_NXT(v)

andalso #ACK(seg)>#SND_UNA(v)]

(FIN_W1,v,i) seg

Rcv_ACK >
! <

(FIN_W1,
{RCV_NXT=#RCV_NXT(v),
SND_NXT=#SND_NXT(v),
SND_UNA=#ACK(seg),

1SS=#ISS(V)}.i) Out

SEG

E In

SEG

(p]n ]



[#SEQ(seg)<#RCV_NXT(v)
andalso #1(#CTL(seg))<>RST]

(FIN_W2,v,i) seg
ACKseg(v)

[#SEQ(seg)<#RCV_NXT(v)
andalso #1(#CTL(seg))=RST]

(FIN_W2,v,i) seg
Rev_uSeq_RST g

[#SEQ(seg)>=#RCV_NXT(v)
andalso #1(#CTL(seg))=RST]

i seg
(FIN_W2:v.) RST CLOSED |q
(CLOSED,

{RCV_NXT=0,
SND_NXT=0,

SND:UNA=0. [#SEQ(seg)>=#RCV_NXT(v)
18S=0kels)  andaiso #1(4CTL(seg))=SYN]
(FIN_W2,v,i) seg
Recv_SYNinw <

i:g\)lssg"rzo if #2(#CTL(seg))=on
SND, NXT=0, [#SEQ(seg)>=#RCV_NXT(v) ";9" 555;30:0"(5&9)
SND_UNA=0, andalso #1(#CTL(seg))<>RST ©IS¢ RSTackon(seq)
1SS=0}.cls)  andalso #1(#CTL(seg))<>SYN

andalso #2(#CTL(seg))=off]

(FIN_W2,v,i) Rov_ACKoff ¢ seg

[#SEQ(seg)>=#RCV_NXT(v)
andalso #CTL(seg)=(ACK,on)
andalso #ACK(seg)<=#SND_UNA(V)]

(FIN_W2.v.i) Rov_ACKonDUP | 9

[#SEQ(seg)>=#RCV_NXT(v)
andalso #1(#CTL(seg))<>RST
andalso #1(#CTL(seg))<>SYN
andalso #ACK(seg)>#SND_NXT(v)]

" seg
(FIN_W2,v,j) Rcv_ACKonNS <
ACKseg(v)

[#SEQ(seg)>=#RCV_NXT(v)
andalso #CTL(seg)=(FIN,on)
andalso #ACK(seg)<=#SND_UNA(v)]

FIN_W2,v,i se
¢ ) Rev_FIN < 9

(TIME_WAIT, ACKseg({RCV_NXT=#SEQ(seg)+1,
{RCV_NXT=#SEQ(seg)+1, SND_NXT=#SND_NXT(v),
SND_NX ND_NXT(v), SND_UNA=#ACK(seg),
SND_UNA=#ACK(seg), ISS=HISS(V,

ISS=HISS(V)},i) “n out

y SEG

(e ]fow]

SEG




[#SEQ(seg)<#RCV_NXT(v)
andalso #1(#CTL(seg))<>RST]

(CLOSE_WAIT,v,i) seg

Rcv_uSeq <

ACKseg(v)

[#SEQ(seg)<#RCV_NXT(v)
andalso #1(#CTL(seg))=RST]

(CLOSE_WAIT,v,i) :RcviuSeqiRST ¢ seg

[#SEQ(seg)>=#RCV_NXT(v)
andalso #1(#CTL(seg))=RST]

(CLOSE_WAIT.v.)
cB RST_CLOSED ¢ 9
(CLOSED,

{RCV_NXT=0,

SND_NX

SND_UNA=0,

1SS=O)cls)  [#SEQ(seg)>=#RCV_NXT(v)
andalso #1(#CTL(seg))=SYN]

(CLOSE_WAIT,v,i) Rov SYNinw P seg
& <

(CLOSED, if #2(#CTL(seg))=on

(SFLCDV*,L“ﬁ =0°' [HSEQ(seg)>=#RCV_NXT(v) “:e" RRsfcl'z"“(seg)
N2 andalso #1(+CTL(seg))<>RST %€ RSTacken(seq)
1SS=0},cls) ' andalso #1(#CTL(seg))<>SYN

andalso #2(#CTL(seg))=0ff]

(CLOSE_WAIT,v,i) Rov ACKoff P seg
—>| & <

[#SEQ(seg)>=#RCV_NXT(v)
andalso #CTL(seg)=(ACK,on)
andalso #ACK(seg)<=#SND_UNA(v)]

(CLOSE_WAIT.v.i) Rcv_ACKonDUP | b
—ﬁ & <

[#SEQ(seg)>=#RCV_NXT(v)
andalso #1(#CTL(seg))<>RST
andalso #1(#CTL(seg))<>SYN
andalso #ACK(seg)>#SND_NXT(v)]

i se
(CLOSE_WAIT,v,i) Rov_ACKonNS |« g
ACKseg(v)

[#SEQ(seg)>=#RCV_NXT(v)
andalso #ACK(seg)<=#SND_NXT(v)
andalso #ACK(seg)>#SND_UNA(V)
andalso #CTL(seg)=(FIN,on)]
(CLOSE_WAIT,v,i) Rov FIN seg

ACKseg(v)

In



[#SEQ(seg)<#RCV_NXT(v)
andalso #1(#CTL(seg))<>RST]

(CLOSING,v,i) Rev_useq < seg
~
ACKseg(v)
[#SEQ(seg)<#RCV_NXT(v)
andalso #1(#CTL(seg))=RST]
(CLOSING,v,) Rov_uSeq RST e seg
<
~
[#SEQ(seg)>=#RCV_NXT(v)
andalso #1(#CTL(seg))=RST]
(CLOSING,v,i) [ Rrst closep 1 seg
» RST_CLOSED <
» <
~
(CLOSED,
{RCV_NXT=0,
SND_NXT=0,
SND_UNA=0, [#SEQ(seg)>=#RCV_NXT(v)
1SS=0}.cls) andalso #1(#CTL(seg))=SYN]
(CLOSING,v,i) seg
Rcv_SYNInw < ~
(CLOSED. if #2(#CTL(seg))=on
B Td. [#SEQ(seg)>=#RCV_NXT(v) _then RSTackoff(seq)
SND UNA=0, andalso #1(#CTL(seg))<>RST else RSTackon(seg)
1SS=0}.cls) ' andalso #1(#CTL(seg))<>SYN
andalso #2(#CTL(seg))=off]
(CLOSING,v,i) > Rev_ACKoff ¢ seg
I N
[#SEQ(seg)>=#RCV_NXT(v)
andalso #CTL(seg)=(ACK,on)
andalso #ACK(seg)=#SND_NXT(v)]
CLOSING,v,
¢ v Rcv_ACKonA < seq
N R

(TIME_WAIT,

{RCV_NXT=#RCV_NXT(v),

SND_NXT=#SND_NXT(v), [#SEQ(seg)>=#RCV_NXT(v)
SND_UNA=#ACK(seg), andalso #CTL(seg)=(ACK,on)
ISS=#ISS(vV)}1) andalso #ACK(seg)<=#SND_UNA(v)]

N (CLOSING V) | Rcv_ACKonDUP | seg ~

[#SEQ(seg)>=#RCV_NXT(v)
andalso #1(#CTL(seg))<>RST
andalso #1(#CTL(seg))<>SYN
andalso #ACK(seg)>#SND_NXT(v)]

(CLOSING v.i)

Rcv_ACKonNS < se9

ACKseg(v)
[#SEQ(seg)>=#RCV_NXT(v)
andalso #ACK(seg)<=#SND_NXT(v)
andalso #ACK(seg)>#SND_UNA(v)
andalso #CTL(seg)=(FIN,on)]

(CLOSING,v,i) Rov_FIN P seg
I N

ACKseg(v) A

SEG




[#SEQ(seg)<#RCV_NXT(v)
andalso #1(#CTL(seg))<>RST]

(LAST_ACK,v,i) Rev_uSeq <
L <

seg

ACKseg(v)

[#SEQ(seg)<#RCV_NXT(v)
andalso #1(#CTL(seg))=RST]

) se
(LAST_ACK,v,i) Rev_uSeq_RST ¢ g y

[#SEQ(seg)>=#RCV_NXT(v)

TCB A 4 andalso #1(#CTL(seg))=RST]

LAST_ACK,v,i
Tce (ASTACKY) RST_CLOSED e seg
<
~
A (CLOSED,

{RCV_NXT=0,
SND_NXT=0,
SND_UNA=0,

1SS=0},cls)  #SEQ(seg)>=#RCV_NXT(v)
andalso #1(#CTL(seg))=SYN]

i seg
(LASTACKV) Rcv_SYNinw <
l—\ N
(CLOSED, if #2(#CTL(seg))=on

{RCV_NXT=0, [#SEQ(seq)>=#RCV_NXT(v) then RSTackoff(seg)
SND_NXT=0,  andalso #1(#CTL(seg))<>RST &€ RSTackon(seq)
SND_UNA=0, " andalso #1(#CTL(seg))<>SYN

1SS=0Lcls)  andalso #2(#CTL(seg))=off]

(ASTACKVD [ Rev_ACKoff g se9
> = “

~
[#SEQ(seg)>=#RCV_NXT(v)
andalso #CTL(seg)=(ACK,on)
andalso #ACK(seg)=#SND_NXT(v)]
(LAST_ACK.v) Rcv_ACKonA < se9
~
(CLOSED,
{RCV_NXT=0,

SND_NXT=0,  [#SEQ(seg)>=#RCV_NXT(v)
SND_UNA=0,  andalso #CTL(seg)=(ACK,on)
1SS=0},cls) andalso #ACK(seg)<=#SND_UNA(V)]

(LAST_ACK,v,i) Rcv_ACKonDUP ¢ seg \

[#SEQ(seg)>=#RCV_NXT(v)
andalso #ACK (seg)<=#SND_NXT(v)
andalso #ACK (seg)>#SND_UNA(v)
andalso #CTL(seg)=(FIN,on)]
(LAST_ACK,v,i) Rev FIN |, seg
a < ~

ACKseg(v)




[#SEQ(seg)<#RCV_NXT(v)
andalso #1(#CTL(seg))<>RST]

(TIME_WAIT,v,i) seg

Rcv_uSeq <

ACKseg(v)

[#SEQ(seg)<#RCV_NXT(v)
andalso #1(#CTL(seg))=RST]

(TIME_WAITv,i) Rov_uSed RST | seg

[#SEQ(seg)>=#RCV_NXT(v)
andalso #1(#CTL(seg))=RST]

v
(TIME_WAIT,v,i]
<TCB (e ) RST_CLOSED | se9
(CLOSED,

A {RCV_NXT=0,

SND_NXT=0,

SND_UNA=0,

1SS=0}cls)  [#SEQ(seg)>=#RCV_NXT(v)
andalso #1(#CTL(seg))=SYN]

(TIME_WAIT v.) RoV_SYNinw | i

(CLOSED, if #2(#CTL(seg))=on
{RCV_NXT=0, [#SEQ(seg)>=#RCV_NXT(v) then RSTackoff(seg)
SND_NXT=0, andalso #1(#CTL(seg))<>RST else RSTackon(seg)
SND_UNA=0, ' andalso #1(#CTL(seg))<>SYN

18S=0}cls)  andalso #2(#CTL(seg))=off]

TIME_WAIT,v,i sel
(TIME_ ) Rev_ACKoff < 9

[#SEQ(seg)>=#RCV_NXT(v)
andalso #1(#CTL(seg))<>RST
andalso #1(#CTL(seg))<>SYN
andalso #2(#CTL(seg))=on]

seg
(TIME_WAIT,v.i) RCV_ACKONDUP |

[#SEQ(seg)>=#RCV_NXT(v)
andalso #ACK(seg)<=#SND_NXT(v)
andalso #ACK(seg)>#SND_UNA(v)
andalso #CTL(seg)=(FIN,on)]

. seg
(TIME_WAIT,v,) Rov_FIN <

ACKseg(v)

TIME_WAIT,v,i; "
(CLOSED,

{RCV_NXT=0,
SND_NXT=0,

SND_UNA=0,

1S5=0}cls)




[(S=SYN_SENT orelse
s=SYN_RCVD orelse

IN_W1 orelse
s=LAST_ACK) andalso
n<Max(s)]
(s,vi) Timeout Retrans (sin+1) RetransSeg(s,v)
_ N\
(s.n)
[n<MaxRetransFIN1-m]
(CLOSING,v,i) (CLOSING,n+1) FINretrans(v)

Closing_Retrans

(CLOSING,n)

1°(SYN_SENT,0)++
1'(SYN_RCVD,0)++
1(FIN_WL1,0)++

(FIN_W1,m)

(FIN_W1,m) 1'(LAST_ACK,0)++
1'(CLOSING,0)
(CLOSING,v,i) Closing. Abort (CLOSING,0) y RSTseg(v)
(CLOSED, [n=MaxRetransFIN1-m] (CLOSING,n)
{RCV_NXT=0,
SND_NXT=0,
SND_UNA=0,
1SS=0},cls)
[s=SYN_SENT orelse
s=SYN_RCVD orelse
s=FIN_W1 orelse
s=LAST_ACK]
(s,v.i) “Abort (s,0) J RSTseg(v)
<
(CLOSED, (s,Max(s))
{RCV_NXT=0,
SND_NXT=0,
SND_UNA=0,

1SS=0},cls)







































AN
Open‘Active_Open 1 / Open'Pas\vexOpen 2

CLOSED'Rcv_noRST 2 Open'Active,
Open'Passive_Ogen 2 /
Open'Passive_Open 2
SYN_SENTRSJ_CLOSED 1 LISTENRe| SYN2

Open'Passivei%n 2

SYN_SENTRST_CLOSER 1 /
A

SYN_SENT'R(*V_SYNACK 1

pen 1

SYN_RECEIVED|Rcv_ACKonA 2

10

| User 1: empty

| User 2: empty
H1_H2 1: empty

=0,SND_UNA = 0,ISS = 0},cls)
0,SND_UNA = 0,ISS = 20}.lis)

| User 2: empty
H1_H2 1: empty
| H2_H1 1: empty
| TCB L: 1'(EST{RCV_NXT = 21,SND_NXT = 11,SND_UNA = 11ISS = 10},cls)
|_T(:Es 2: 1'(EST{RCV_NXT = 11,SND_NXT = 21,SND_UNA = 21.ISS = 20} lis)

| User 1: 1°'A_Open
| User 2: 1'P_Open

H1_H2 1: empty

H2_H1 1: empty

TCB 1: 1'(CLOSED {RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 10},cls)
| TCB 2: 1'(CLOSED,{RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0.ISS = 20}.cls)

| User 1: empty
User 2: 1'P_Open
I H1_H2 1: 17SEQ = 10,ACK = 0,CTL = (SYN, off)}
| H2_H1 1: empty
,TCB 1: 1’ (SYN_SENT {RCV_NXT = 0,SND_NXT = 11,SND_UNA = 10,ISS = 10},cls)
i TCB 2: 1'(CLOSED{RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 20},cls)

| User 1: 1'A_Open
| User 2: empty
H1_H2 1: empty
| H2_H1 1: empty
" TCB 1: 1'(CLOSED {RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 10},cls)
i TCB 2: 1'(LISTEN {RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 20} lis)

| User 1: empty
User 2: empty
I H1_H2 1: 1°{SEQ = 10,ACK = 0,CTL = (SYN,off)}
| H2_H1 1: empty
TCB 1: 1°(SYN_SENT {RCV_NXT = 0,SND_NXT = 11,SND_UNA = 10,ISS = 10},cls)
| TCB 2: 1°(LISTEN,{RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 20},lis)

| : ty
| H2_H1 1: 1{SEQ = 0,ACK = 11,CTL = (RST,on)}
TCB 1: 1(SYN_SENT{RCV_NXT = 0,SND_NXT = 11,SND_UNA = 10,ISS = 10},cls)
| TCB 2: 1°(CLOSED {RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 20},cls)

| User 1: empty
User 2: empty
I H1_H2 1: empty
| H2_H11: 1{SEQ = 20,ACK = 11,CTL = (SYN,on)}
TCB 1: 1(SYN_SENT {RCV_NXT = 0,SND_NXT = 11,SND_UNA = 10,ISS = 10},cls)
| TCB 2: 1'(SYN_RCVD,{RCV_NXT = 11,SND_NXT = 21,SND_UNA = 20,ISS = 20}lis)

| User 2: empty

| : empty
| H2_H1 1: 1{SEQ = 0,ACK = 11,CTL = (RSTon)}
TCB 1: 1(SYN_SENT {RCV_NXT = 0,SND_NXT = 11,SND_UNA = 10,ISS = 10},cls)
I TCB 2: 1°(LISTEN,{RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 20} lis)

| User 1: empty

User 2: 1'P_Open

H1_H2 1: empty
| H2_H1 1: empty

TCB 1: 1 (CLOSED,{RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 0},cls)
| TCB 2: 1'(CLOSED{RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 20},cls)

| User 1: empty
| User 2: empty
H1_H2 1: 1{SEQ = 11,ACK = 21,CTL = (ACK,on)}
H2_H1 1: empty
TCB 1: 1'(EST{RCV_NXT = 21, SND_NXT = 11, SND_UNA = 11,ISS = 10}cls)
1 TCB 2: 1'(SYN_RCVD,{RCV_NXT = 11,SND_NXT = 21,SND_UNA = 20,ISS = 20},lis)



| 32
User 1: empty
| User 2: empty
H1_H2 1: empty
| H2_H1 1: empty
| TCB L: 1'(CLOSED,{RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 0} cls)
| TCB 2: 1'(CLOSED{RCV_NXT = 0,.SND_NXT = 0,.SND_UNA = 0,ISS = O}.cls)

42
I User 1: empty
| User 2: empty
H1_H2 1: empty
| H2ZH1 1: empty
| TCB L: 1'(EST,{RCV_NXT = 21,SND_NXT = 11,SND_UNA = 11ISS = 10}.cls)
| TCB 2: 1’(EST{RCV_NXT = 11,SND_NXT = 21,SND_UNA = 21,ISS = 20},cls)

| 51
User 1: empty
| User 2: empty
H1_H2 1: empty
| H2_H1 1: empty
| TCB 1: 1 (CLOSED{RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 0},cls)
| TCB 2: 1'(CLOSED{RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 0},cls)




T2 |
User 1: 1'Close

| 31
User 1: empty
| User 2: empty

User 1: 1'Close |

| User 2: 1°Close
H1_H2 1: empty |
IH2H1 1 empty |
|

| TCB 1: 1(CLOSED{RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,SS = 0},cls)
[Teez 1'(CLOSED{RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 0}cls)

| 152 !

User 1: 1°Close |
| User 2: empty

H1_H2 1: empty |

| H2H1 1: empty |

|

| TCB 1: 1'(CLOSED{RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 0},cls)
| TCB 2: 1'(CLOSED{RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 0}.cls)

User 1: empty |

| User 2: empty
H1_H2 1: empty |
IH2H1 1 empty |
|

| TCB 1: 1(CLOSED{RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,SS = 0},cls)
[Teez 1'(CLOSED{RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 0}cls)

User 1: empty
| User 2: empty
H1_H2 1: empty
| H2H1 1: empty
TCB 1: 1(FIN_W2,{RCV_NXT = 21,SND_NXT = 12,SND_UNA = 12,ISS = 10},cls)
| TCB 2: 1’(CLOSING {RCV_NXT = 12,SND_NXT = 22,SND_UNA = 21,ISS = 20},cls)




11:1->2

| Open'Passive_Open 2: {v={RCV_NXT =
0,SND_NXT =0,SND_UNA = 0,[SS = 20}, |

| i=cls} |

122

| Open‘Active_Open 1: {v={RCV_NXT = 0, !
SND_NXT = 0,SND_UNA = 0,ISS = 10}, |

e ____ [

s>~ T T T T T T T T

|
LISTEN'Rev_SYN 2: {y={RCV_NXT =0,

SND_NXT = 0,SND_UNA = 0,TSS = 20}, |
| seg=[SEQ = 10,ACK = 0,CTL = (SYN, |
Loff)),i:Iis}

I11,SND_NXT = 21,8
| 20},5=SYN_RCVDj

ND_UNA = 20,ISS = |
=lis} |

136:17->26 |
SYN_SENTNOSYN_NoRST L: {y={RCV_NXT |
| = 0,SND_NXT = 11,SND_UNA = 10,ISS =
10}.seg={SEQ = 21/ACK= 11,CTL = ( |
| FIN,on)},i=cls}
l

| 51:26->36 |
SYN_SENTReY_SYNACK 1: {y={RCV_NXT |
| = 0,SND_NXT =11,SND_UNA = 10,ISS =
10},5eg={SEQ = 20,ACK = 11,CTL = ( |
| SYN,on)}i=cls}

s T |

| 67:36->46 |
FIN_WAIT_1'Rcv_ACK 2: {v={RCV_NXT =

111, SND_NXT = 22,SND_UNA = 20,iSS = |

| 20},5eg=({SEQ = 11,ACK = 21,CTL = ( |

|_ACK.Dn)}.i:Iis}

| 85:41
| 21,SND_NXT = 11,SND_UNA = 11,ISS = |
| 10},s=EST,i=cls} |

| 108:58->73

FIN_WAIT_1'Rev_FINsim 2: {v={
| RCV_NXT= 11,SND_NXT = 22,SND_UNA =
| 21,ISS = 20},5eg={SEQ = 11,ACK = 21,
|_CTL = (FIN,on)},i=lis}

| 140:73->95 |
FIN_WAIT_1'Rcv_ACKonA 1: {v={
RCV_NXT= 21,SND_NXT = 12,SND_UNA= |
| 11,ISS = 10},seg={SEQ = 22,ACK = 12, |
|_CTL = (ACK,on)},i=cls}

| User 1: 1'A_Open++ 1'Close
User 2: 1'P_Open++ 1'Close
| H1_H2 1: empty
H2_H1 1: empty
I TCB 1: 1'(CLOSED,{RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 10},cls)

12
| User 1: 1'A_Open++ 1'Close
User 2: 1'Close
| H1_H2 1: empty
H2_H1 1: empty
ITCB 1: 1°(CLOSED,{RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 10},cls)
| TCB 2: 1'(LISTEN,{RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 20},lis)

15
| User 1: 1'Close
User 2: 1'Close
| H1_H2 1: 1{SEQ = 10,ACK = 0,CTL = (SYN,off)}
H2_H1 1: empty
I TCB 1: 1 (SYN_SENT {RCV_NXT = 0,SND_NXT = 11,SND_UNA = 10,ISS = 10},cls)
| TCB 2: 1'(LISTEN {RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 20}lis)

110
| User 1: 1'Close
User 2: 1'Close
| H1_H2 1: empty
H2_H1 1: 1{SEQ = 20,ACK = 11,CTL = (SYN,on)}
TCB 1: 1'(SYN_SENT {RCV_NXT = 0,SND_NXT = 11,SND_UNA = 10,ISS = 10},cls)
| TCB 2: 1’(SYN_RCVD {RCV_NXT = 11,SND_NXT = 21,SND_UNA = 20,SS = 20}s)

| User 1: 1'Close
User 2: empty
| H1_H2 1: empty
H2_H1 1: 1°{SEQ = 20,ACK = 11,CTL = (SYN,on)}++ 1'{SEQ = 21,ACK = 11,CTL = (FIN,on)}

ITCB 1: 1(SYN_SENT {RCV_NXT = 0,SND_NXT = 11,SND_UNA = 10,ISS = 10},cls)
| TCB 2: 1'(FIN_W1,{RCV_NXT = 11,SND_NXT = 22,SND_UNA = 20,ISS = 20} lis)
126
| User 1: 1'Close

User 2: empty

H1_H2 1: empty

H2_H1 1: 1'{SEQ = 20,ACK = 11,CTL = (SYN,on)}
I TCB 1: 1'(SYN_SENT {RCV_NXT = 0,SND_NXT = 11,SND_UNA = 10,ISS = 10},cls)
| TCB 2: 1'(FIN_W1{RCV_NXT = 11, SND_NXT = 22, SND_UNA = 20,ISS = 20},lis)

| User 1: 1°Close
User 2: empty
| H1_H2 1: 1'{SEQ = 11,ACK = 21,CTL = (ACK,0n)}
H2_H1 1: empty
ITCB 1: 1'(EST{RCV_NXT = 21,SND_NXT = 11,SND_UNA = 11,ISS = 10},cls)

}
| TCB 2: 1'(FIN_W1,{RCV_NXT = 11,SND_NXT = 22,SND_UNA = 20,ISS = 20},is)

User 1: 1'Close
User 2: empty

H2_H1 1: empty
I TCB 1: 1’(EST,{RCV_NXT = 21,SND_NXT = 11,SND_UNA = 11,ISS = 10},cls)
| TCB 2: 1'(FIN_W1,{RCV_NXT = 11,SND_NXT = 22,SND_UNA = 21,ISS = 20} lis)

| User 1: empty
User 2: empty
| H1_H2 1: 1{SEQ = 11,ACK = 21,CTL = (FIN,on)}

H2_H1 1: empty
I TCB 1: 1'(FIN_W1,{RCV_NXT = 21,SND_NXT = 12,SND_UNA = 11,ISS = 10},cls)

| TCB 2: 1"(FIN_W1,{RCV_NXT = 11,SND_NXT = 22,SND_UNA = 21,ISS = 20} lis)

| User 1: empty
User 2: empty
| H1_H2 1: empty
H2_H1 1: 1'{SEQ = 22,ACK = 12,CTL = (ACK,on)}
I TCB 1: 1'(FIN_W1 {RCV_NXT = 21,SND_NXT = 12,SND_UNA = 11,ISS = 10},cls)
| TCB 2: 1’(CLOSING {RCV_NXT = 12,SND_NXT = 22,SND_UNA = 21,ISS = 20}lis)

195
| User 1: empty
User 2: empty
| H1_H2 1: empty
H2_H1 1: empt
ITCB 1: 1°(FIN_W2 {RCV_NXT = 21,SND_NXT = 12,SND_UNA = 12,ISS = 10},cls)
| TCB 2: 1'(CLOSING {RCV_NXT = 12,SND_NXT = 22,SND_UNA = 21,ISS = 20},lis)



TCP Entity 1

CLOSED

(active open)
SYN_SENT

ESTABLISHED

(close)
FIN_WAIT_1

FIN_WAIT_2

SYN (10)

FIN (21, 11)

\

‘y

TCP Entity 2

SYN (20, 11)

ACK (11, 21)

FIN (11, 21)

CLOSED
(passive open)
LISTEN

SYN_RCVD

(close)
FIN_WAIT_1

CLOSING















User_1 1: empty
| User_2 1: empty
TCB_1 1: 1°(FIN_W2 {RCV_NXT = 21,SND_NXT = 12,SND_UNA = 12,ISS = 10},cls)
ITCB 2 1: 1°(CLOSING,{RCV_NXT = 12,SND_NXT = 22,SND_UNA = 21,ISS = 20} lis)
| H1_H2 1: empty
H2_H1 1: empty
| Refrans_ 1: 1'(SYN_SENT,0)++ 1'(SYN_RCVD,0)++ 1 (LAST_ACK,0)++ 1'(FIN_W1,0)++ 1'(CLOSING,0)
|Retrans_ 2 1'(SYN_SENT,0)++ 1'(SYN_RCVD,0)++ 1'(LAST_ACK,0)++ 1'(FIN_W1,0)++ 1'(CLOSING,0)

User_1 1: empty
| User_2 1: empty
| TCBZL 1: 1(FIN_W2,{RCV_NXT = 21, SND_NXT = 12,SND_UNA = 121SS = 10}cls)
TCB_2 1: 1’ (CLOSING {RCV_NXT = 12,SND_NXT = 22,SND_UNA = 21,ISS = 20} lis)
| H1_H2 1: empty
H2_H1 1: empty
| Refrans_ 1: 1 (SYN_SENT,1)++ 1 (SYN_RCVD,0)++ 1 (LAST_ACK,0)++ 1'(FIN_W1,0)++ 1 (CLOSING,0)
| Retrans_ 2: 1'(SYN_SENT,0)++ 1'(SYN_RCVD,0)++ 1'(LAST_ACK,0)++ 1'(FIN_W1,0)++ 1'(CLOSING,0)



| User_1 1: empty
User_2 1: empty
ITCB 11:1° (FIN W2,{RCV_NXT = 21,SND_NXT = 12,SND_UNA = 12,ISS = 10}cls)
|TCB 2 1: 1°(CLOSING {RCV_NXT = 12,SND_NXT = 22,SND_UNA = 21,ISS = 20}lis)
H1_H2 1: empty
| H2_H1 1: empty
| Refrans_L: 1'(SYN_SENT,0)++ 1'(SYN_RCVD,0)++ 1'(LAST_ACK0)++ 1'(FIN_W1,0)++ 1'(CLOSING,0)
| Retrans_ 2 1 (SYN_SENT,0)++ 1 (SYN_RCVD.0)++ 1'(LAST_ACK 0)++ 1'(FIN_W1,0)++ 1'(CLOSING.0)

793

| User_1 1: empty

| User_2 1: empty

TCB_: 111 (FIN_W2 {RCV_NXT = 21,SND_NXT = 12,SND_UNA = 12,ISS = 10},cls)

|TCB 2 1: 1°(CLOSING {RCV_NXT =12, SND_NXT = 22,SND_UNA = 21,ISS = 20} lis)

H1_H2 1: empty

I H2ZH1 1: empty

|Reffans_ 1: 1'(SYN_SENT,0)++ 1'(SYN_RCVD 0)++ 1'(LAST_ACK 0)++ 1'(FIN_W1,0)++ 1'(CLOSING,0)
| Retrans_ 2 1'(SYN_SENT,0)++ 1 (SYN_RCVD,1)++ 1'(LAST_ACK.0)++ 1'(FIN_W1.0)++ 1'(CLOSING.0)

User_1 1: empty
| User2 1: empty
ITCB 11 (FIN_W2 {RCV_NXT =21,SND_NXT = 12,SND_UNA = 12,ISS = 10},cls)

TCB 2 1° 1'(CLOSING {RCV_NXT = 12,SND_NXT = 22,SND_UNA = 21,ISS = 20},lis)

| H1_A2 1: empty

H2_H1 1: empty

| Refrans_ 1: 1 (SYN_SENT,0)++ 1'(SYN_RCVD,0)++ 1'(LAST_ACK,0)++ 1'(FIN_W1,0)++ 1'(CLOSING,0)
| Retrans_ 2: 1'(SYN_SENT,0)++ 1'(SYN_RCVD,0)++ 1'(LAST_ACK,0)++ 1'(FIN_W1,0)++ 1'(CLOSING,0)

| User_1 1: empty
User_2 1: empty

: 1 (FIN_W2 {RCV_NXT =21,SND_NXT = 12,SND_UNA = 12,ISS = 10},cls)
*(CLOSING {RCV_NXT = 12,SND_NXT = 22,SND_UNA = 21,ISS = 20},lis)

ty
Refrans_ 1: 1 (SYN_SENT,0)++ 1°(SYN_RCVD,0)++ 1 (LAST_ACK,0)++ 1'(FIN_W1,0)++ 1'(CLOSING0)
I Retrans_ 2: 1°(SYN_SENT,0)++ 1'(SYN_RCVD.0)++ 1 (LAST_ACK.0)++ 1'(FIN_W1,0)++ 1'(CLOSING.0)

| User_1 1: empty
User_2 1: empty
11: 1°(FIN_W2 {RCV_NXT = 21,SND_NXT = 12,SND_UNA = 12,ISS = 10},cls)

|TCB 2 “(CLOSING {RCV_NXT = 12 SND_NXT = 22 SND_UNA = 21 ISS = 20},lis)

H1_H2 1: empty

|H2_H1 1 empty

| Refrans_ 1: 1 (SYN_SENT,1)++ 1 (SYN_RCVD,0)++ 1 (LAST_ACK,0)++ 1'(FIN_W1,0)++ 1 (CLOSING,0)
Retrans_ 2: 1'(SYN_SENT.0)++ 1'(SYN_RCVD,0)++ 1 (LAST_ACK.0)++ 1'(FIN_W1,0)++ 1'(CLOSING.0)

| User_1 1: empty
User_2 1: empty

B_. “(FIN_W2,{RCV_NXT = 21,SND_NXT = 12,SND_UNA = 12,ISS = 10},cls)
|TCB 2 (CLOSING {RCV_NXT =12, SND_NXT = 22,SND_UNA = 21,I1SS = 20},lis)
H1_H2 mp
|H2_H1 1: empty
|Reffans_1: 1(SYN_SENT.0)++ 1'(SYN_RCVD,0)++ 1(LAST_ACK.O}++ 1(EIN_W1,0)++ 1'(CLOSING,0)
Retrans_ 2 1'(SYN_SENT.0)++ 1'(SYN_RCVD,1)++ 1'(LAST_ACK.0)++ 1"(FIN_W1.0)++ 1'(CLOSING.0)
L

| User_1 1: empty

User_2 1: empty

1 1: 1°(FIN_W2{RCV_NXT = 21,SND_NXT = 12,SND_UNA = 12,ISS = 10},cls)

|TCB 2 *(CLOSING {RCV_NXT = 12,SND_NXT = 22,SND_UNA = 21,ISS = 20},lis)

H1_A2 1: empty
| H2_H1 1. mpty

Refrans_ 1: 1 (SYN_SENT,1)++ 1 (SYN_RCVD,0)++ 1'(LAST_ACK,0)++ 1'(FIN_W1,0)++ 1'(CLOSING,0)
| Retrans_ 2: 1"(SYN_SENT.0)++ 1'(SYN_RCVD,1)++ 1’ (LAST_ACK,0)++ 1 (FIN_W1,0)++ 1 (CLOSING,0)
















User 1: 1'A_Open

User 2: 1°'A_Open

| H1_H2 1: empty

H2_H1 1: empty

I TCB 1: 1'(CLOSED {RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 10} cls)
| TCB 2: 1'(CLOSED {RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 20},cls)

| User 1: empt
User 2: 1'A_Opel
|H1_H21: 1° {SEQ 10,ACK = 0,CTL = (SYN,off)}
H2_H1 1: empty
ITCB 1: 1 (SYN_SENT {RCV_NXT = 0,SND_NXT = 11,SND_UNA = 10,ISS = 10},cls)
| TCB 2: 1'(CLOSED{RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 20},cls)

e e e e e e e e e e e e e —————
| Open‘Active_Open 2: {v={RCV_NXT =0, a -
|_SND NXT = 0,SND_UNA =0,ISS = D)lcls) |

_______________ I e
|User1:emp1y

User 2: empty

| H1_H2 1: 1{SEQ = 10,ACK = 0,CTL = (SYN,off)}
H2 HI L: 1{SEQ = 20,ACK = 0.CTL = (SYN.off)}
TCB 1: 1'(SYN_SENT,{RCV_NXT = 0,SND_NXT = 11,SND_UNA = 10,ISS = 10},cls)
| B3 1 *(SYN_SENT{RCV_NXT = 0,SND_NXT = 21,.SND_UNA = 20,ISS = 20}.cls)

e e e e e e e e e e e e e ————— -
ISND NXT =21,SND_| UNA= 20,ISS = 20} |
seg=[SEQ = 10,ACK = 0,CTL = (SYN,0ff)}.
| i=cls} g -~ T T T T
________________ 8

| User 1: empty

User 2: empty

| H1_H2 1: empty

H2_H1 1: 1{SEQ = 20,ACK = 0,CTL = (SYN,off)}++ 1'{SEQ = 20,ACK = 11,CTL = (SYN,on)}

ITCE! 1: 1°(SYN_SENT {RCV_NXT = 0,SND_NXT = 11,SND_UNA = 10,ISS = 10},cls)

| TCB 2: 1°(SYN_RCVD,{RCV_NXT =11, SND_NXT = 21,SND_UNA = 20,ISS = 20},cls)
| SYN_SENT'Rcv_SYN 1: {v={RCV_NXT =0, 1 e e o o
ISND NXT = 11,SND_UNA = 10,ISS = 10},
seg=[SEQ = 20,ACK = 0,CTL = (SYN,0ff)}.
s 113

| User 1: empty

User 2: em|

I H1_H2 1: T{SEQ = 10,ACK = 21,CTL = (SYN,on)}

| H2_H1 1: 1{SEQ = 20,ACK = 11.CTL = (SYN.on!

TCB 1: 1 (SYN_RCVD{RCV_NXT = 21,SND_NXT = 11,SND_UNA = 10,ISS = 10},cls)

| TCB 2: 1°(SYN_RCVD {RCV_NXT =11, SND_NXT = 21,SND_UNA = 20,ISS = 20},cls)
| SYN_RECEIVED'Rcv_uSeq 2: {v={RCV_NXT = 1 e e e e e o
| L1, SND_NXT = 21,SND_UNA = 20,ISS = 20}, |
seg={SEQ = 10,ACK = 21,CTL = (SYN,on)},
ey _____1 151

| User 1: empty

User 2: empty

| H1_H2 1: empty

| H2_H1 1 T{SEQ = 20 ACK = 11.CTL = (SYN.on)}++ 1'(SEQ = 2L ACK = 11.CTL = (ACK on)}
TCB 1: 1(SYN_RCVD,{RCV_NXT = 21, SND_NXT = 11,SND_UNA = 10,ISS = 10} cls)
| TCB 2: 1°(SYN_RCVD {RCV_NXT = 11,SND_NXT = 21,SND_UNA = 20,ISS = 20}cls)

| SYN_RECEIVED'Rev_uSeq 1 (v={RCV NXT =~ 1 o ________ .
|21 SND_NXT = 11,SND_UNA = 10,1S5 = 10}, |
Seg={SEQ = 20,ACK = 11,CTL = (SYN,on)},
ledsy —  _ __________ 133
| User 1: empty
User 2: em|

pty
| H1_H2 1: 1{SEQ = 11,ACK = 21,CTL = (ACK,0n)}
| HZH1 1: 1{SEQ = 2LACK = 1LCTL = (ACK 0n
TCB 1: 1(SYN_RCVD,{RCV_NXT = 21,SND_NXT = 11,SND_UNA = 10,ISS = 10},cls)
| TCB 2: 1'(SYN_RCVD,{RCV_NXT = 11,SND_NXT = 21,SND_UNA = 20,ISS = 20},cls)

=21,SND_NXT = 11,SND_UNA = 10 ISS =10} |
,5eg={SEQ = 21,ACK = 11,CTL = (ACK,on)},
| i=cls}

User 1: empty

User 2: empty

| H1_H2 1: 1'{SEQ = 11,ACK = 21,CTL = (ACK,0n)}

H2_H1 1: empty

ITCB 1: 1(EST{RCV_NXT = 21,SND_NXT = 11,SND_UNA = 11,ISS = 10},cls)

| TCB 2: 1 (SYN_RCVD{RCV_NXT = T1,SND_NXT = 21,SND_UNA = 20,ISS = 20},cls)

ND_NXT = 21,5SND_UNA = 20 ISS =20} |
={SEQ = 11,ACK = 21,CTL = (ACK,on)},
| i=cls}

H2_H1 1: empty
ITCB EEN (EST(RCV NXT = 21,5ND_NXT = 11,SND_UNA = 11,5 = 10) cls)




TCP Entity 1

CLOSED

(active open)
SYN_SENT

SYN_RCVD

ESTABLISHED

SYN (10)

SYNACK (10,21)

ACK (11,21)

TCP Entity 2

SYN (20)

SYNACK (20, 11)

ACK (21,11

CLOSED

(active open)
SYN_SENT

SYN_RCVD

ESTABLISHED






IUs;erl 1'A_Open

| User 2: 1'A_Open

IH1 H2 1: empty

H2_H1 1: empty

|TCB1: 1 (CLOSED {RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 10},cls)
ITCBZ 1'(CLOSED,{RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 20},cls)

|SND NXT Z0,8ND_UNA = 0,85 = 10)
i} |

2

I User 1: empty

| User 2: 1'A_Opel

H1_H21: l{SEQ 10,ACK = 0,CTL = (SYN,off)}

H2_H1 1: empty

|TCBl 1(SYN_SENT {RCV_NXT = 0,SND_NXT = 11,SND_UNA = 10,ISS = 10},cls)
TCB 2: 1'(CLOSED,{RCV_NXT = 0,SND_NXT = OSND UNA = 0,ISS = 20},cls)

Open‘Active_Open 2: {v={RCV_NXT =0, L L ______

| SND_NXT =0,SND_UNA = 0,iSS = 20}, |

||—cls} |

4
| User 1: empty

| User 2: empty

HL_H2 1: 1{SEQ = 10 ACK = 0,CTL = (SYN, off)}

= (SYN, off

,SND_| NXT 11,SND_| UNA 10,ISS = 10} cls)

ISND NXT =21,SND_| U A= 20 ISS = 20}, |
| seg=[SEQ = 10,ACK = 0,CTL = (SYN,off)}, |
| cls}

8
! User 1: empty
| User 2: empty
| H1_H2 1 empty
H2_H1 1: 1'{SEQ = 20,ACK = 0,CTL = (SYN,0ffj}++ 1'{SEQ = 20,ACK = 11,CTL = (SYN,0n)}
|TCB 1: 1°(SYN_SENT {RCV_NXT = 0,SND_NXT = 11,SND_UNA = 10,ISS = 10},cls)
CB 2: 1'(SYN_RCVD,{RCV_NXT = 10,SND_NXT = 21,SND_UNA = 20,ISS = 20},cls)
SYN_SENT'Rcv_SYN 1: {v={RCV_NXT=0, =~ [ = "— = — — — — — — — — — — — — — - - — — - — — — — — — — — — — — —
SND_NXT =11,SND_UNA =10,ISS = 10}, |
| seg={SEQ = 20,ACK = 0,CTL = (SYN,off)}, |
N S B
| 13
User 1: empty
| User 2: empty
| H1_H2 1: T{SEQ = 10,ACK = 21,CTL = (SYN.on)}
H2_H1 1 1'{SEQ = 20,ACK = 11.CTL = (SYN,on)}
| TCB 1: 1(SYN_RCVD,{RCV_NXT = 20,SND_NXT = 11,SND_UNA = 10,ISS = 10},cls)
CB 2: 1'(SYN_RCVD{RCV_NXT = 10,SND_NXT = 21,SND_UNA = 20,ISS = 20},cls)

SYN_RECEIVED'SYNinw_CLOSED 1. {v={

RCV_NXT = 20,SND_NXT = 11,SND_UNA =10, |
1SS =10}, seg= =(SEQ = 20,ACK = 11,CTL = |
L(SYN,on)}=cls}

User 1: empty

| User 2: empty

| HL_H2 1 T{SEQ = 10,ACK = 21,CTL = (SYN.on)}++ 1'{SEQ = 11,ACK = 0,CTL = (RST.off}
H2_H1 1: empty
CB 1: (CLOSED {RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 0}cls)

*(SYN_RCVD,{RCV_NXT = 10,SND_NXT = 21,SND_UNA = 20,ISS = 20},cls)

SYN_RECEIVED'RST_CLOSED 2! {v={RCV_NXT
= 10,SND_NXT = 21,SND_UNA = 20,ISS =
| 20},5€g={SEQ = 11,ACK = 0,CTL = (RST, |

e I ! By =S mmmmmmm e m oo
User 1: empty
| User 2: empty

| HL_H2 1: 1{SEQ = 10,ACK = 21,CTL = (SYN,on)}
H2. Hl 1: empty
B 1 (CLOSED(RCV NXT 0,SND_NXT = 0,SND_L UNA 0,ISS = O)CIS)

CLOSED'Rev_noRST 2: {v={RCV_NXT=0, = [ = — 0 — — — — — — — — — — — — — - - — — - - — — — — — — — — — — —
SND_NXT = 0,SND_UNA = 0,ISS = 0},seg={ |
| SEQ’= 10,ACK = 2I,CTL = (SYN,on)},

|—c|s}

|42

User 1: empty

| User 2: empty

| HL_H2 1 empty

H2_H1 1: 1{SEQ = 21,ACK = 0,CTL = (RST,off)}
CB 1: 1'(CLOSED,{RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 0},cls)

*(CLOSED,{RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 0},cls)

CLOSED'Rcv_RST 1: {
ISND NXT = 0,SND_UNA SS = 0},seg=
| SEQ=21,ACK =0,CTL = (RST off)}, |
—cls}

User 1: empty
| User 2: empty
H1_H2 1: empty
I HZ~H1 1: empty
: (CLOSED{RCV NXT 0,SND_NXT = 0,SND_| UNA 0,ISS = O}CIS)
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CLOSED

(active open)
SYN_SENT

SYN_RCVD

CLOSED

SYN (10)

RST (11,0)

SYNACK (10, 21)

y

TCP Entity 2

SYN (20)

SYNACK (20, 11)

CLOSED
(active open)

SYN_SENT

SYN_RCVD

CLOSED
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B — e ©
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SYN_SENT
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I'sAP1 1: 1°CLOSED

| SAP2 1: 1'CLOSED
3 C

182117
Isi~s21:17
L

T |

I'SAP1 1: 1°CLOSED |

| SAP2 1 1'CLOSED

S1.521:17 |

152751 1: 1 [CONNECT,RELEASE, ABORT] |

e e e e e e e e e e - =

A 74 |

I'SAP1 1: 1°CLOSED ISAP1 1: 1'CLOSED

| SAP2 1: 1'CLOSED
S1_S2 1: 1'[RELEASE,ABORT]

S1_S2 1: 1[ABORT] X
152751 1: 1'[RELEASE]

| 52751 1: 1'[CONNECT, RELEASE]

|
| SAP2 1: 1'CLOSED !
|
|

T |

I'SAP1 1: 1°CLOSED |
| SAP2 1: 1'CLOSED

\ |

|

S1_S2 1: 1[ABORT]
152751 1: 1'[CONNECT, RELEASE,ABORT]

e e e e e e e e e = =

35 | 72 |
| SAP1 1: 1'CLOSED | | SAP1 1: 1°'CLOSED |
| SAP2 1: 1'CLOSED | SAP2 1: 1'CLOSED

S1.S21:17 | S1_S2 1: 1 [RELEASE,ABORT] |
152751 1! 1'[CONNECT,RELEASE] | 152751 1 1'[RELEASE,ABORT] |
e e e e e e e e e = = e e e e e e e e - e e — — -

25 | 59 |
| SAP1 1: 1'CLOSED | | SAP1 1: 1°'CLOSED |
| SAP2 1: 1'CLOSED | SAP2 1: 1'CLOSED

S1.821:17] | S1.S21:1 |
152751 1: 1 [CONNECT, ABORT] | 152751 1: 1'[RELEASE] |
e e e e e e e e e = = e e e e e e e e - e e — — -

23 56 |
| SAP1 1: 1'CLOSED | SAP1 1: 1°'CLOSED

| SAP2 1: 1'CLOSED | SAP2 1: 1'CLOSED
S1_S2 1: 1[ABORT] S1_S2 1: 1[ABORT]
152751 1: 1 [CONNECT]

152781 1: 1'[RELEASE]

22
I'SAP1 1: 1°CLOSED
| SAP2 1: 1'CLOSED
S1 S2 1. 1[ABORT]
152751 1: 1'[CONNECT,ABORT]

-
55

I SAP1 1: 1'CLOSED

| SAP2 1: 1'CLOSED
S1 1]

117
152751 1: 1'[RELEASE,ABORT]

e e e e e e e e e = = e e e e e e e e - e e — — -
I | 5 T T T T T oo T |
| SAP1 1: 1'CLOSED | | SAP1 1: 1°'CLOSED |
| SAP2 1: 1'CLOSED | SAP2 1: 1'CLOSED

S1.S21:17 | S1_S21: 1[ABORT] |
152751 1! 1'[CONNECT] | 152751 1 1'[RELEASE,ABORT] |
e e e e e e e e e = = e e e e e e e e - e e — — -

15 53
| SAP1 1: 1'CLOSED | SAP1 1: 1°'CLOSED
| SAP2 1: 1'CLOSED | SAP2 1: 1'CLOSED
S1.S21:1 S1_S2 1: 1'[RELEASE,ABORT]
| S27S1 1: 1'[ABORT]

Is2_s11:17]
e e e e e e e e e = = e e e e e e e e - e e — — -
s T T T T oo T T T T T B T T T T T T T T T T T |
| SAP1 1: 1'CLOSED | SAP1 1: 1°'CLOSED

| SAP2 1: 1'CLOSED
S1_S2 1: 1'[ABORT]
Is2_s11:17)

| SAP2 1: 1'CLOSED
S1_S2 1: 1'[RELEASE]
1S27S1 1: 1'[ABORT]

12
I'SAP1 1: 1°CLOSED
| SAP2 1: 1'CLOSED
S1 S2 1. 1[ABORT]
| S27S1 1: 1'[ABORT]

-
51

I SAP1 1: 1'CLOSED

| SAP2 1: 1'CLOSED
S1_S2 1: 1'[RELEASE]

Is2_s11:17]

i1 50
| SAP1 1: 1'CLOSED | SAP1 1: 1°'CLOSED
| SAP2 1: 1'CLOSED | SAP2 1: 1'CLOSED
11 S1_S2 1: 1'[RELEASE,ABORT]

S1.521: X
1s27s11:17] 152751 1: 1'[ABORT]




g T T T T T T T T T o
I'sap11:1°cLOSED
| SAP2 1 1'CLOSED

S:

1S21:17]
Is2_s11:17]
e e e e e e e e e e - =
B4 T T T T T T T T~ 1 9 T T T - -—-== 1 o4 T T T T T T T T T T T~ 1
I SAP1 1: 1'CLOSED | I SAP1 1: 1'CLOSED | "CLOSED |
: 1'"CLOSED | SAP2 1: 1'CLOSED "CLOSED

1 [CONNECT] | S1.S21:17] | 17 |
1'[CONNECT,ABORT] | 15271 1: 1'[CONNECT,RELEASE ABORT] | 1[RELEASE] |

,——————— = — = = = = 1 ,——————— = — = = = = 1

32 68
I SAP1 1: 1'CLOSED I SAP1 1: 1'CLOSED |
| SAP2 1: 1'CLOSED | SAP2 1: 1'CLOSED

S1.S21:1 S1_S2 1: 1[ABORT] |
152751 1: 1'[ABORT] 152751 1: 1 [CONNECT,RELEASE] |

|
“[CONNECT,ABORT] |
1'[CONNECT] |

30 ! 66 ! 89 !

I SAP1 1: 1'CLOSED | I SAP1 1: 1'CLOSED | I SAP1 1: 1'CLOSED

| SAP2 1: 1'CLOSED | SAP2 1: 1'CLOSED | SAP2 1: 1'CLOSED
S1_S2 1: 1'[CONNECT,ABORT] | S1.S21:17] | ‘

| |

X X S1_S2 1: 1[ABORT]
152751 1: 1 [CONNECT,ABORT] 152751 1: 1 [CONNECT,RELEASE] 152751 1: 1'[RELEASE,ABORT]
[ i 1 [ i 1 [ i 1
I SAP1 1: 1'CLOSED I SAP1 1: 1'CLOSED I SAP1 1: 1'CLOSED
"CLO!

| SAP2 1: 1'CLOSED | SAP2 1: 1'CLOSED | SAP2
S. 1

SED
1'[RELEASE,ABORT]

|
S1_S2 1: 1[CONNECT ABORT] |
|

182101 S1.521:

1S27S1 1: 1'[CONNECT] 1s27s11:17] 1s2_s11:17]
77 2 1 7225 1
I SAP1 1: 1'CLOSED | I SAP1 1: 1'CLOSED |
| SAP2 1: 1'CLOSED | SAP2 1: 1'CLOSED

S1_S21: 1'[ABORT] | S1_S2 1: 1'[RELEASE] |
Is2_s11:17] | 152751 1: 1'[ABORT] |
[ S 1 - S 1 [ S 1

59
I SAP1 1: 1'CLOSED |
| SAP2 1: 1'CLOSED

S1_S2 1: 1[CONNECT,ABORT] |
1'[ABORT] |

26
I SAP1 1: 1'CLOSED
| SAP2 1: 1'CLOSED
S1.S21:1

CLOSED
1'[RELEASE]
10

25 !

I SAP1 1: 1'CLOSED

| SAP2 1: 1'CLOSED
S1.S21:1

Is2_s11:17]

9 T T T T T T T T T T T T gy T T T T T T T T T 1
I SAP1 1: 1'CLOSED

| SAP2 1: 1'CLOSED LOSED
S1.S21:17] 1'[RELEASE,ABORT]
152751 1: 1 [CONNECT,ABORT] 1'[ABORT]

[ i | Y i 1
I SAP1 1: 1'CLOSED :
| SAP2 1: 1'CLOSED

"10

| SAP1 1: 1'CLOSED |

S1_S21: 1'[ABORT] |
|

| SAP2 1: 1'CLOSED

! o
S1_S2 1: 1'[RELEASE] |
|

SED
_ 1’ [CONNECT,RELEASE,ABORT]
152751 1: 1'[RELEASE] il

|$27S1 1: '[CONNECT]

77 i 1 [ R 1
I SAP1 1: 1'CLOSED | | SAP1 1: 1'CLOSED
| SAP2 1: 1'CLOSED | SAP2 1: 1'CLOSED
S1_S2 1: 1[ABORT | S1_S2 1: 1[CONNECT RELEASE]
|

]
| S2-S1 1: 1'[CONNECT,ABORT] | $27S1 1: 1'[ABORT]

152781 1: 1'[RELEASE]

2 |
S1_S2 1: 1 [RELEASE,ABORT] |
|

08 T T T T T T T ! 0 T T T T T T T T T T ! N !
I SAP1 1: 1'CLOSED I SAP1 1: 1'CLOSED I SAP1 1: 1'CLOSED
T "CLO!

| SAP2 1: 1'CLOSED

! | SAP2
S1_S2 1: 1'[CONNECT] |
|

SED
1 [CONNECT,RELEASE]

|
S1_S2 1: 1'[RELEASE] |
|

. S1.821:
152751 1: 1'[RELEASE,ABORT] 1s27S11:17) 1s27S11:17)
T T T T T T 1 e i 1 BT T T T T T 1

107 35
I SAP1 1: 1'CLOSED I SAP1 1: 1'CLOSED

1'CLOSED ! 1°CLOSED ! | SAP2 1: 1'CLOSED !
1: 1'[RELEASE, ABORT] | : 1JCONNECT] | S1_S2 1: 1'[CONNECT RELEASE,ABORT] |
1'[RELEASE,ABORT] | 1'[CONNECT] | 152751 1: 1'[ABORT] |
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| 11
User 1: empty
| User 2: empty
H1_H2 1: empty
| H2H1 1: empty
| TCB 1: 1'(EST,{RCV_NXT = 21,SND_NXT = 11,SND_UNA = 11,ISS = 10}cls)
| TCB 2: 1°(EST{RCV_NXT = 11,SND_NXT = 21,SND_UNA = 21,ISS = 20},lis)

| 32
User 1: empty
| User 2: empty
H1_H2 1: empty
| H2_H1 1: empty
| TCB L: 1'(CLOSED,{RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 0} cls)
| TCB 2: 1'(CLOSED{RCV_NXT = 0,.SND_NXT = 0,.SND_UNA = 0,ISS = O}.cls)

42
I User 1: empty
| User 2: empty
H1_H2 1: empty
| H2ZH1 1: empty
| TCB L: 1'(EST,{RCV_NXT = 21,SND_NXT = 11,SND_UNA = 11ISS = 10}.cls)
| TCB 2: 1’(EST{RCV_NXT = 11,SND_NXT = 21,SND_UNA = 21,ISS = 20},cls)

37
| User 1: empty
| User 2: empty
H1_H2 1: empty
| H2ZH1 1: empty
| TCB 1: 1’ (CLOSED {RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 0},cls)
| TCB 2: 1’(CLOSED,{RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 0},cls)

| 44
User 1: empty
| User 2: empty
H1_H2 1: empty
| H2 H1 1: empty
| TCB 1: 1'(EST{RCV_NXT = 20,SND_NXT = 11, SND_UNA = 11,ISS = 10},cls)
| TCB 2: 1'(EST{RCV_NXT = 11,SND_NXT = 21,SND_UNA = 21,ISS = 20}.cls)

45
| User 1: empty
| User 2: empty
H1_H2 1: empty
| H2_H1 1: empty
| TCB L: 1'(EST{RCV_NXT = 21,SND_NXT = 11,SND_UNA = 11,ISS = 10}cls)
| TCB 2: 1'(EST,{RCV_NXT = 10,SND_NXT = 21,SND_UNA = 21,ISS = 20}.cls)




| 32
User_1 1: empty
| User_2 1: empty
H2 1: empty
I H2 H1 1: empty
| TCB_1 1: 1’(EST{RCV_NXT = 21,SND_NXT = 11,SND_UNA = 11,ISS = 10},cls)
TCB_2 1: 1’ (EST{RCV_NXT = 11,SND_NXT = 21,SND_UNA = 21,ISS = 20},cls)

: empty
: empty
:empty
. empty
: 1 (CLOSED {RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 0},cls)
: 1°(CLOSED {RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 0},cls)

User_1 1: empty
| User_2 1: empty
H1_H2 1: empty
_H1 1: empty
| TCB_1 1: 1'(EST{RCV_NXT = 20,SND_NXT = 11,SND_UNA = 11ISS = 10},cls)
| TCB_2 1: 1'(EST{RCV_NXT = 11,SND_NXT = 21,SND_UNA = 21.ISS = 20},cls)

mpty
*(EST{RCV_NXT = 21,SND_NXT = 11,SND_UNA = 11,ISS = 10},cls)
: 1'(EST{RCV_NXT = 10,SND_NXT = 21,SND_UNA = 21,ISS = 20},cls)

| 51
User 1: empty
| User 2: empty
H1_H2 1: empty
| H2H1 1: empty
| TCB 1: 1'(CLOSED {RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 0},cls)
| TCB 2: 1’(CLOSED {RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 0},cls)

| 23
User 1: 1'Close
| User 2: empty
H1_H2 1: empty
| H2_H1 1: empty
| TCB 1: 1°(CLOSED {RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 0},cls)
| TCB 2: 1'(CLOSED{RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 0}.cls)

| 31
User 1: empty
| User 2: empty

|95
User 1: empty
| User 2: empty
H1_H2 1: empty
| H2H1 1: empty
| TCB L: 1'(FIN_W2,{RCV_NXT = 21,SND_NXT = 12,SND_UNA = 12,ISS = 10} cls)
| TCB 2: 1°(CLOSING {RCV_NXT = 12,SND_NXT = 22,SND_UNA = 21,ISS = 20},lis)




| 85
User 1: 1'Close
| User 2: 1'Close
H1_H2 1: empty
| H2ZH1 1: empty
| TCB 1: 1’ (CLOSED {RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 0},cls)
| TCB 2: 1’(CLOSED,{RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 0},cls)

User 1: empty
| User 2: 1°Close

H1_H2 1: empty

H2_H1 1: empty
| TCB 1: 1(CLOSED{RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,SS = O},cls)
| TCB 2: 1'(CLOSED {RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = O}.cls)

|_152_ __________________________
User 1: 1°Close
| User 2: empty

User 1: empty
| User 2: empty

H1_H2 1: empty

H2_H1 1: empty
| TCB 1: 1 (CLOSING {RCV_NXT = 22,SND_NXT = 12,SND_UNA = 11,ISS = 10},cls)
| TCB 2: 1 (FIN_W2,{RCV_NXT = 11,SND_NXT = 22,SND_UNA = 22,ISS = 20},cis)

| 2081
User 1: empty
| User 2: empty
H1_H2 1: empty
| H2_H1 1: empty
| TCB 1: 1'(FIN_W2,{RCV_NXT = 21,SND_NXT = 12,SND_UNA = 12,ISS = 10},cls)
| TCB 2: 1'(CLOSING {RCV_NXT = 12,SND_NXT = 22,SND_UNA = 21,ISS = 20},cls)

22
| User 1: 1°Abort
| User 2: empty
H1_H2 1: empty
I H2ZH1 1: empty
| TCB 1: 1’ (CLOSED {RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 0},cls)
| TCB 2: 1’(CLOSED,{RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 0},cls)

H1_H2 1: empty
| H2"H1 1: empty
| TCB 1: I'(CLOSED,{RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 0} cls)
| TCB 2: 1'(CLOSED{RCV_NXT = 0,SND_NXT = 0.SND_UNA = 0,ISS = 0},cls)

42
| User 1: empty
| User 2: 1°Abort
H1_H2 1: empty
| H2_H1 1: empty
| TCB 1: 1'(CLOSED {RCV_NXT = 0,SND_NXT = 0,SND_UNA =0,ISS = 0} cls)
| TCB 2: 1'(CLOSED{RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 0},cls)

| 73
User 1: 1'Abort
| User 2: 1"Abort
H1_H2 1: empty
| H2H1 1: empty
| TCB 1: 1'(CLOSED {RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 0},cls)
| TCB 2: 1’ (CLOSED {RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 0},cls)

9
User 1: 1'Abort
| User 2: empty
H1_H2 1: empty
| H2_H1 1: empty
| TCB 1: 1°(CLOSED {RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 0},cls)
| TCB 2: 1'(CLOSED {RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 0},cls)

User 1: empty
| User 2: empty

p!
| H2H1 1: empty

| TCB 1: 1'(CLOSED {RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 0O},cls)
| TCB 2: 1'(CLOSED{RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 0}.cls)




13

| User 1: 1°Close

| User 2: 1°Close++ 1°Abort
H1_H2 1: empty

IH2_H1

15
| User 1: 1°Close++ 1°Abort
| User 2: 1°Close

H1_H2 1: empty

| H2ZH1 1: empty

| TCB 1: 1'(CLOSED {RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 0} cls)
TCB 2: 1'(CLOSED {RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 0},cls)

|

| 80

User 1: 1 Close

| User 2: 1°Close
H1_H2 1: empty

| H2"H1 1: empty

| TCB L: 1 (CLOSED {RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = O},cls)

| TCB 2: 1'(CLOSED{RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 0}.cls)

112

| User 1: empty

| User 2: 1°Close++ 1°Abort
H1_H2 1: empty

IH2"H1 1:

_H1 1: empty
| TCB L: 1'(CLOSED {RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 0} cls)
TCB 2: 1'(CLOSED,{RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 0},cls)
|

114
| User 1: 1°Abort
| User 2: 1°Close
H1_H2 1: empty
| H2ZH1 1: empty
| TCB 1: 1’ (CLOSED,{RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 0},cls)
| TCB 2: 1’(CLOSED,{RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 0},cls)

| 134

User 1. 1°Close

| User 2: 1°Abort
H1_H2 1: empty

| H2"H1 1: empty

| TCB 1: 1'(CLOSED {RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 0},cls)

| TCB 2: 1'(CLOSED{RCV_NXT = 0,.SND_NXT = 0,SND_UNA = 0,ISS = O}.cls)

136
| User 1: 1°Close++ 1'Abort
| User 2: empty

H1_H2 1: empty
| H2_H1 1: empty
| TCB 1: 1'(CLOSED {RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 0}.cls)
| TCB 2 1'(CLOSED.{RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 0}.cls)

303
| User 1: 1°Abort
| User 2: 1*Abort
H1_H2 1: empty
| H2ZH1 1: empty
| TCB 1: 1’ (CLOSED,{RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 0},cls)
| TCB 2: 1’(CLOSED,{RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 0},cls)

| 304
User 1. empty
| User 2: 1°Abort
H1_H2 1: empty
| H2"H1 1: empty
| TCB 1: 1'(CLOSED {RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 0},cls)
| TCB 2: 1'(CLOSED{RCV_NXT = 0,.SND_NXT = 0,.SND_UNA = 0,ISS = O}.cls)

307
| User 1: empty
| User 2: 1°Close
H1_H2 1: empty
| H2_H1 1: empty
| TCB 1: 1'(CLOSED {RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 0} cls)
| TCB 2: 1'(CLOSED,{RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 0},cls)

321
| User 1: 1°Abort
| User 2: empty
_| : empty
| H2ZH1 1: empty
| TCB 1: 1’ (CLOSED,{RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 0},cls)
| TCB 2: 1’(CLOSED,{RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 0},cls)

I324

User 1: 1'Close

| User 2: empty
2

2_H1 mpty
| TCB L: 1 (CLOSED {RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = O},cls)
| TCB 2: 1'(CLOSED {RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 0},cls)

| User 2: empty
mpty
_H1 1: empty
| TCB L: 1'(CLOSED {RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 0} cls)
| TCB 2: 1'(CLOSED,{RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 0},cls)




| 23
User 1: 1'Close
| User 2: empty

| 22
User 1: 1" Abort
| User 2: empty

- : empty
| TCB 1: 1 (CLOSED {RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 0},cls)
| TCB 2: 1°(CLOSED,{RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 0},cls)

User 1: empty
| User 2: empty

H1_H2 1: empty

H2_H1 1: empty
| TCB 1: 1(CLOSED{RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,SS = O},cls)
| TCB 2: 1'(CLOSED {RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = O}.cls)

| 54
User 1: empty
| User 2: 1'Close

| 84
User 1: 1°Close
| User 2: 1"Abort
H1_H2 1: empty
| H2H1 1: empty
| TCB 1: 1'(CLOSED {RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 0},cls)
| TCB 2: 1’(CLOSED {RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 0},cls)

User 1: empty
| User 2: 1*Abort

H1_H2 1: empty

H2_H1 1: empty
| TCB 1: 1°(CLOSED {RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 0},cls)
| TCB 2: 1'(CLOSED {RCV_NXT = 0,.SND_NXT = 0,SND_UNA = 0,ISS = O}.cls)

| 150
User 1: 1'Close
| User 2: empty

H1_H2 1: empty
| H2H1 1: empty
| TCB 1: 1 (CLOSED{RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 0},cls)
| TCB 2: 1’ (CLOSED,{RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 0},cls)




| User_1 1: empty
| User_2 1: empty
TCB 1 1: 1'(FIN_W2{RCV_NXT = 21,SND_NXT = 12,SND_UNA = 12ISS = 10},cls)
| TCB_2 1: 1°(CLOSING {RCV_NXT = 12,SND_NXT = 22,SND_UNA = 21,ISS = 20},cls)
| H1_H2 1: empty
H2_H1 1: empty
Refrans_ 1: 1°(SYN_SENT,0)++ 1 (SYN_RCVD,0)++ 1'(LAST_ACK,0)++ 1'(FIN_W1,0)++ 1'(CLOSING,0)
Retrans_ 2 1 (SYN_SENT,0)++ 1 (SYN_RCVD,0)++ 1'(LAST_ACK 0)++ 1'(FIN_W1,0)++ 1'(CLOSING.0)

: empty

: empty
1°(FIN_W2,{RCV_NXT = 21,SND_NXT = 12, SND_UNA = 12,ISS = 10},cls)

: 1'(CLOSING,{RCV_NXT = 12,SND_NXT = 22,SND_UNA = 21,ISS = 20},cls)

: empty

| : empty

| Retrans_ 1: 1°(SYN_SENT,1)++ 1'(SYN_RCVD,0)++ 1'(LAST_ACK,0)++ 1'(FIN_W1,0)++ 1'(CLOSING,0)
Retrans_ 2: 1 (SYN_SENT,0)++ 1 (SYN_RCVD,0)++ 1'(LAST_ACK 0)++ 1'(FIN_W1,0)++ 1'(CLOSING.0)

: empty
1: empty
1°(FIN_W2,{RCV_NXT = 21,SND_NXT = 12, SND_UNA = 12,ISS = 10},cls)
: 1'(CLOSING,{RCV_NXT = 12,SND_NXT = 22,SND_UNA = 21,ISS = 20},cls)
_| : empty
[ H2_H1 1: empty
| Retrans_ 1: 1°(SYN_SENT,0)++ 1'(SYN_RCVD,0)++ 1'(LAST_ACK,0)++ 1'(FIN_W1,0)++ 1'(CLOSING,0)
Retrans_ 2 1 (SYN_SENT,1)++ 1 (SYN_RCVD.0)++ 1'(LAST_ACK 0)++ 1'(FIN_W1,0)++ 1'(CLOSING.0)

| User_1 1: empty

: empty
TCB 1 1: 1'(FIN_W2{RCV_NXT = 21,SND_NXT = 12,SND_UNA = 12ISS = 10},cls)
| TCB_2 1: 1°(CLOSING {RCV_NXT = 12,SND_NXT = 22,SND_UNA = 21,ISS = 20},cls)
H1_H2 1: empty
[ H2_H1 1: empty
Refrans_ 1: 1°(SYN_SENT,1)++ 1'(SYN_RCVD,0)++ 1'(LAST_ACK,0)++ 1'(FIN_W1,0)++ 1'(CLOSING,0)
Retrans_ 2 1 (SYN_SENT,1)++ 1(SYN_RCVD.0)++ 1'(LAST_ACK 0)++ 1'(FIN_W1,0)++ 1'(CLOSING.0)

| User_1 1: empty

| User_2 1: empty
TCB11: 1'(CLOSING {RCV_NXT = 22,SND_NXT = 12,SND_UNA = 11,ISS = 10},cls)

| TCB_2 1: 1°(FIN_W2,{RCV_NXT = 11,SND_NXT = 22,SND_UNA = 22,ISS = 20},cls)

| H1_H2 1: empty
H2_H1 1: empty

| Retrans_ 1: 1°(SYN_SENT,0)++ 1'(SYN_RCVD,0)++ 1'(LAST_ACK,0)++ 1'(FIN_W1,0)++ 1'(CLOSING,0)
Retrans_ 2 1 (SYN_SENT,0)++ 1 (SYN_RCVD.0)++ 1'(LAST_ACK 0)++ 1'(FIN_W1,0)++ 1'(CLOSING.0)

: empty
1

: empty

: 1'(CLOSING {RCV_NXT = 22,SND_NXT = 12,SND_UNA = 11,ISS = 10},cls)

: 1'(FIN_W2,{RCV_NXT = 11, SND_NXT = 22,SND_UNA = 22,ISS = 20},cls)

| HL : empty
H2_H1 1: empty

| Retrans_ 1: 1°(SYN_SENT,1)++ 1'(SYN_RCVD,0)++ 1'(LAST_ACK,0)++ 1'(FIN_W1,0)++ 1'(CLOSING,0)
Retrans_ 2 1 (SYN_SENT,0)++ 1 (SYN_RCVD.0)++ 1'(LAST_ACK 0)++ 1'(FIN_W1,0)++ 1'(CLOSING.0)

| User_1 1: empty

: empty
TCB1 1: 1’ (CLOSING {RCV_NXT = 22,SND_NXT = 12,SND_UNA = 11,ISS = 10},cls)
| TCB_2 1: 1°(FIN_W2,{RCV_NXT = 11,SND_NXT = 22,SND_UNA = 22,ISS = 20},cls)
H1_H2 1: empty

| : empty
Refrans_ 1: 1'(SYN_SENT,0)++ 1(SYN_RCVD,0)++ 1'(LAST_ACK,0)++ 1'(FIN_WL,0)++ 1'(CLOSING,0)
Retrans_ 2: 1'(SYN_SENT.1)++ 1'(SYN_RCVD,0)++ 1'(LAST_ACK.0)++ 1 (FIN_W1.0)++ 1'(CLOSING.0)

o304 _ _ ~ ~ ~ -~~~ -~ -~~~ oo TTTTTTTT
| User_1 1: empty
| User_2 1: empty

TCB11: 1'(CLOSING {RCV_NXT = 22,SND_NXT = 12,SND_UNA = 11,ISS = 10},cls)

| TCB_2 1: 1°(FIN_W2,{RCV_NXT = 11,SND_NXT = 22,SND_UNA = 22,ISS = 20},cls)

| H1_H2 1: empty
H2_H1 1: empty

| Retrans_ 1: 1°(SYN_SENT,1)++ 1'(SYN_RCVD,0)++ 1'(LAST_ACK,0)++ 1'(FIN_W1,0)++ 1'(CLOSING,0)
Retrans_ 2 1 (SYN_SENT,1)++ 1 (SYN_RCVD,0)++ 1'(LAST_ACK 0)++ 1'(FIN_W1,0)++ 1'(CLOSING.0)




127075
User_11: empty |
| User_2 1: empty |
| TCBL L 1'(FIN_W2,{RCV_NXT =21 SND_NXT = 12,SND_UNA = 12,ISS = 10},cls)
TCB_2 1: 1'(CLOSING {RCV_NXT = 12,SND_NXT = 22,SND_UNA = 21,ISS = 20},cls) |
| H1_H2 1: empty |
H2_H1 1: empty
I Refrans_ 1: 1 (SYN_SENT,0)++ 1'(SYN_RCVD,0)++ 1'(LAST_ACK,0)++ 1'(FIN_W1,0)++ 1'(CLOSING 0) |
| Retrans_ 2: 1'(SYN_SENT,0)++ 1'(SYN_RCVD,1)++ 1'(LAST_ACK 0)++ 1'(FIN_W1,0)++ 1'(CLOSING,0) |

133712
User_11: empty |
| User_2 1: empty |
| TCBL L 1'(FIN_W2,{RCV_NXT = 2L SND_NXT = 12,SND_UNA = 12,ISS = 10},cls)
TCB_2 1: 1'(CLOSING {RCV_NXT = 12,SND_NXT = 22,SND_UNA = 21,ISS = 20},cls) |
| H1_H2 1: empty |
H2_H1 1: empty
I Refrans_ 1: 1 (SYN_SENT,0)++ 1'(SYN_RCVD,1)++ 1'(LAST_ACK,0)++ 1'(FIN_W1,0)++ 1'(CLOSING 0) |
| Retrans_ 2: 1'(SYN_SENT,0)++ 1'(SYN_RCVD,0)++ 1 (LAST_ACK 0)++ 1'(FIN_W1,0)++ 1'(CLOSING,0) |

| 44443

User_11: empty |
| User_2 1: empty |
| TCBL 1 1'(FIN_W2,{RCV_NXT = 2L SND_NXT = 12,SND_UNA = 12,ISS = 10},cls)

TCB_2 1: 1'(CLOSING {RCV_NXT = 12,SND_NXT = 22,SND_UNA = 21,ISS = 20},cls) |
| H1_H2 1: empty |

H2_H1 1: empty
I Refrans_ 1: 1 (SYN_SENT,0)++ 1'(SYN_RCVD,1)++ 1'(LAST_ACK,0)++ 1'(FIN_W1,0)++ 1'(CLOSING 0) |
| Retrans_ 2: 1'(SYN_SENT,0)++ 1'(SYN_RCVD,1)++ 1'(LAST_ACK 0)++ 1'(FIN_W1,0)++ 1'(CLOSING,0) |

| 9661
User_11: empty |

| User_2 1: empty |

| TCBL L 1'(FIN_W2,{RCV_NXT = 2L SND_NXT = 12,SND_UNA = 12,ISS = 10},cls)
TCB_2 1: 1'(CLOSING {RCV_NXT = 12,SND_NXT = 22,SND_UNA = 21,ISS = 20},cls) |

| H1_H2 1: empty |
H2_H1 1: empty

I Refrans_ 1: 1 (SYN_SENT,0)++ 1'(SYN_RCVD,0)++ 1'(LAST_ACK,0)++ 1'(FIN_W1,0)++ 1'(CLOSING 0) |

| Retrans_ 2: 1'(SYN_SENT,0)++ 1'(SYN_RCVD,0)++ 1'(LAST_ACK 0)++ 1'(FIN_W1,0)++ 1'(CLOSING,0) |

121117
User_11: empty |
| User_2 1: empty |
| TCB_1 1: 1'(CLOSING {RCV_NXT =22, SND_NXT = 12,.SND_UNA = 11,ISS = 10}.cls)
TCB2 1: 1'(FIN_W2 {RCV_NXT = 11,SND_NXT = 22,SND_UNA = 22,ISS = 20}cls) |
| H1_H2 1: empty |
H2_H1 1: empty
I Refrans_ 1: 1 (SYN_SENT,0)++ 1'(SYN_RCVD,1)++ 1'(LAST_ACK,0)++ 1'(FIN_W1,0)++ 1'(CLOSING 0) |
| Retrans_ 2: 1'(SYN_SENT,0)++ 1'(SYN_RCVD,0)++ 1'(LAST_ACK 0)++ 1'(FIN_W1,0)++ 1'(CLOSING,0) |

132971
User_11: empty |
| User_2 1: empty |
| TCB_1 1: 1'(CLOSING {RCV_NXT =22, SND_NXT = 12,.SND_UNA = 11,ISS = 10}.cls)
TCB2 1: 1'(FIN_W2 {RCV_NXT = 11,SND_NXT = 22,SND_UNA = 22,I1SS = 20}cls) |
| H1_H2 1: empty |
H2_H1 1. empty
I Refrans_ 1: 1 (SYN_SENT,0)++ 1'(SYN_RCVD,0)++ 1'(LAST_ACK,0)++ 1'(FIN_W1,0)++ 1'(CLOSING 0) |
| Retrans_ 2: 1'(SYN_SENT,0)++ 1'(SYN_RCVD,1)++ 1'(LAST_ACK 0)++ 1'(FIN_W1,0)++ 1'(CLOSING,0) |

143333

User_11: empty |
| User_2 1: empty |
| TCB_1 1: 1'(CLOSING {RCV_NXT =22, SND_NXT = 12,.SND_UNA = 11,ISS = 10}.cls)

TCB2 1: 1'(FIN_W2 {RCV_NXT = 11,SND_NXT = 22,SND_UNA = 22,I1SS = 20}cls) |
| H1_H2 1: empty |

H2_H1 1. empty

Refrans_ 1: 1°(SYN_SENT,0)++ 1 (SYN_RCVD,1)++ 1 (LAST_ACK,0)++ 1'(FIN_W1,0)++ 1'(CLOSING,0) |
| Retrans_ 2: 1'(SYN_SENT,0)++ 1'(SYN_RCVD,1)++ 1'(LAST_ACK 0)++ 1'(FIN_W1,0)++ 1'(CLOSING,0) |

| 6356
User_11: empty |
| User_2 1: empty |
| TCB_1 1: 1'(CLOSING {RCV_NXT =22, SND_NXT = 12,SND_UNA = 11,ISS = 10}.cls)
TCB2 1: 1'(FIN_W2 {RCV_NXT = 11,SND_NXT = 22,SND_UNA = 22,ISS = 20}cls) |
| H1_H2 1: empty |
H2_H1 1: empty
I Refrans_ 1: 1 (SYN_SENT,0)++ 1'(SYN_RCVD,0)++ 1'(LAST_ACK,0)++ 1'(FIN_W1,0)++ 1'(CLOSING 0) |
| Retrans_ 2: 1'(SYN_SENT,0)++ 1'(SYN_RCVD,0)++ 1 (LAST_ACK 0)++ 1'(FIN_W1,0)++ 1'(CLOSING,0) |

| User_1 1: empty I
| User2 1: empty |
TCB1 1: 1'(CLOSING {RCV_NXT = 22,SND_NXT = 12,SND_UNA = 11,ISS = 10},cls)
| TCB2 1: 1'(FIN_W2,{RCV_NXT = 11,SND_NXT = 22,SND_UNA = 22,1$S = 20},cls) |
H1_A2 1: empty |
| H2”H1 1: empty
Refrans_ 1: 1 (SYN_SENT,0)++ 1 (SYN_RCVD,0)++ 1 (LAST_ACK,0)++ 1'(FIN_W1,0)++ 1 (CLOSING,0) |
| Retrans_ 2 1'(SYN_SENT.0)++ 1°(SYN_RCVD,0)++ 1'(LAST_ACK.0)++ 1" (FIN_WL1.0)++ 1'(CLOSING.0) |

| User_1 1: empty |
User_2 1: empty |

I TCBT1 17 1'(FIN_W2,{RCV_NXT = 21,SND_NXT = 12,SND_UNA = 12,ISS = 10},cls)

| TCB 2 1: 1'(CLOSING {RCV_NXT = 12,SND_NXT = 22,SND_UNA = 21,ISS = 20},cls) |
HI_F2 1’ empty |

I H2"H1 1: empty

| Reffans_ 1: 1'(SYN_SENT 0)++ 1'(SYN_RCVD 0)++ 1'(LAST_ACK,0)++ 1'(FIN_W1,0)++ 1 (CLOSING,0) |

| Retrans_ 2 1'(SYN_SENT.0)++ 1'(SYN_RCVD,0)++ 1'(LAST_ACK.0)++ 1" (FIN_WZ1.0)++ 1'(CLOSING.0) |



Open'Active_Open 1

Open'Passive_Open 2

LISTEN'Rcv_SYN 2

SYN_SENT'Rcv_SYNACK 1

SYN_RECEIVED'Rcv_ACKonA 2

ESTABLISHED

(active open)

| User 1: 1°'A_Open

User 2: 1'P_Open
1 H1 H2 1: empty

H2_H1 mpty

TCB 1: 1'(CLOSED {RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 10},cls)
| TCB 2: 1'(CLOSED,{RCV_NXT = 0.SND_NXT = 0,SND_UNA = 0,ISS = 20}.cls)

| User 1: empty
| User 2: 1'P_Open
H1_H2 {SEQ = 10,ACK = 0,CTL = (SYN,off)}
H2_H1 mpty
TCB 1: 1(SYN_SENT{RCV_NXT = 0,SND_NXT = 11,SND_UNA = 10,ISS = 10},cls)
TCB 2: 1'(CLOSED {RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 20},cls)

| User 1: empty
| User 2: empty
H1_H2 1: 1{SEQ = 10,ACK = 0,CTL = (SYN,off)}
H2_H1 1: empty
TCB 1: 1’ (SYN_SENT {RCV_NXT = 0,SND_NXT = 11,SND_UNA = 10,ISS = 10},cls)
Itce 2: 1°(LISTEN,{RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 20} lis)

| User 1: empty

| User 2: empty
: empty

{SEQ = 20,ACK = 11,CTL = (SYN,on)}

- 1(SYN_SENT,{RCV_NXT = 0,SND_NXT = 11,SND_UNA = 10,ISS = 10},cls)

TCB 2: 1'(SYN_RCVD {RCV_NXT = 11,SND_NXT = 21,SND_UNA = 20,ISS = 20} lis)

| User 1: empty
| User 2: empty
H2 1:

HL “{SEQ = 11,ACK = 21,CTL = (ACK,on)}
| H2_H1 mpty
TCB 1: 1'(EST{RCV_NXT = 21,SND_NXT = 11,SND_UNA = 11,ISS = 10},cls)
I TCB 2: 1'(SYN_RCVD,{RCV_NXT = 11,SND_NXT = 21,SND_UNA = 20,ISS = 20},lis)
L e e e e e e - -
L%

| User 1: empty
| User 2: empty

| mpty
| H2_H1

- mpty
TCB 1: 1°(EST{RCV_NXT = 21,SND_NXT = 11,SND_UNA = 11,ISS = 10},cls)
Itce 2: 1'(EST{RCV_NXT = 11,SND_NXT = 21,SND_UNA = 21,ISS = 20} lis)

L
Client Server
CLOSED CLOSED

(passive open)

SYN_SENT w‘ LISTEN

SYN_RCVD
SYNACK (20, 11)

ACK (11, 21)

ESTABLISHED




1
I User 1: 1'Close
| User 2: 1°Close
|H1 H2 1: empty
H2_H1 1: empty
| TCB 1 1 (EST {RCV NXT = 21,SND_NXT =

Close’SYNRCVD_EST 1

IUserl empty

| User 2: 1°Close

| H1H2 1: 1{SEQ = 11,ACK = 21,CTL = (FIN,on)}

H2_H1 1: empty

|TCB1:1 (FIN Wl ARCV_NXT = 21,SND_NXT = 12,SND_UNA = 11,ISS = 10},cls)
ITCBZ 1 (EST{RCV_NXT = 1SND NXT =21, SND UNA =21, 1SS = 20}cls)

ESTABLISHED'Rcv_FIN 2

5

I User 1: empty

| User 2: 1°Close

| H1 H2 1: empty
2 H11 1{SEQ = 21,ACK = 12,CTL = (ACK,0n)}

TCB 1 1°(FIN_W1, {RCV NXT = 21,SND_NXT = 12,SND_UNA = 11,ISS = 10},cls)
TCB 2: 1'(CLOSE_WAIT,{RCV_NXT = 12,SND_NXT = 21,SND_UNA = 21,ISS = 20},cls)

Close'CLOSE_WAIT 2

User 1: empty

| User 2: empty

|H1 H2 1: empi

H2 Hl 1 1(SEQ 21,ACK = 12,CTL = (ACK,on)}++ 1'{SEQ = 21,ACK = 12, CTL-(FIN on)}
T 1°(FIN_W1 {RCV_NXT = 21,SND_NXT =12,SND_UNA = 11,ISS = 10},cl:
1'(LAST_ACK,{RCV_NXT = 12,SND_NXT = 22,SND_UNA = 21,ISS = 20} cls)

FIN_WAIT_1'Rcv_ACKonA1 | . _ o o e e e Y Y o
User 1: empty

| User 2: empty

|H1 H2 1: empty

H2_H1 1: 1'{SEQ = 21,ACK = 12,CTL = (FIN,on)}

| TCB 1: 1'(FIN_W2, (RC\/ NXT = 21 SND_NXT =12,SND_UNA = 12,ISS = 10}cls)

TCB 2: 1 (LAST_ACK,{RCV_NXT = 12,SND_NXT = 22,SND_UNA = 21,ISS = 20},cls)

FIN_WAIT_2'Rev_FIN 1

User 1: empty

| User 2: empty

| HL_H2 1: 1{SEQ = 12,ACK = 22,CTL = (ACK,on)}

H2_H1 1: emp

|TCB1:1° (TIME_WAIT {RCV_NXT = 22,SND_NXT = 12,SND_UNA = 12,ISS = 10},cls)
| TCB 2: 1 (LAST_ACK {RCV_NXT = 12, SND_NXT = 22,SND_UNA = 21,iSS = 20} cls)

LAST_ACK'Rcv_ACKonA 2

User 1: empty
| User 2: empty
| H1_H2 1: empty
H2_H1 1: empty
| TCB 1: 1'(TIME_WAIT {RCV_NXT = 22,SND_NXT = 12,SND_UNA = 12,ISS = 10},cls)
TCB 2: 1’(CLOSED,{RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 0},cls)

TIME_WAITTimeout1 | o o
User 1: empty

User 2: empty

|H1 H2 1: empty

H2_H1 1: empty

| TCB 1: 1’ (CLOSED,{RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 0},cls)

ITCBZ 1'(CLOSED,{RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 0},cls)

TCP Entity 1 TCP Entity 2
(close)
FIN_WAIT_1 W‘
CLOSE_WAIT
ACK (21, 12) (close)
LAST_ACK

FIN_WAIT_2 FIN (21, 12)

TIME_WAIT

CLOSED

CLOSED




Close'SYNRCVD_EST 1

Close’SYNRCVD_EST 2

FIN_WAIT_1'Rev_FINsim 2

FIN_WAIT_1'Rcv_FINsim 1

CLOSING'Rcv_ACKonA 1

CLOSING'Rcv_ACKonA 2

TIME_WAIT Timeout 1

TIME_WAIT'Timeout 2

1

I User 1: 1'Close

| User 2: 1°Close

jHL : empty

H2_H1 mpty

TCB 1: l( ST,{RCV_NXT = 21,SND_NXT = 11,SND_UNA = 11,ISS = 10},cls)
TCB 2: 1'(EST{RCV_NXT = 11,SND_NXT = 21,SND_UNA = 21,ISS = 20},cls)

User 1: empty
| User 2: 1°Close
: 1{SEQ = 11,ACK = 21,CTL = (FIN,on)}

mpty
TCB 1: 1 (FIN_W1{RCV_NXT = 21,SND_NXT = 12,SND_UNA = 11,ISS = 10},cls)
TCB 2: 1'(EST{RCV_NXT = 11,SND_NXT = 21,SND_UNA = 21,ISS = 20},cls)

|4 |
User 1. empty

| User 2: empty

H1_H2 1: l‘(SEQ = 1].,ACK = 21,CTL = (FIN,on))

IUser 1: empty |
| User 2: empty
H1_H2 1: empty |
1'{SEQ = 21,ACK = 11,CTL = (FIN,on)}++ 1'{SEQ = 22,ACK = 12,CTL = (ACK,on)}
(FIN_W1{RCV_NXT = 21,SND_NXT = 12,SND_UNA = 11,ISS = 10},cls) |
TCB 2 1'(CLOSING {RCV_NXT = 12 SND_NXT = 22 SND_UNA = 21 ISS = 20},cls) |

|14 |
User 1: empty |
| User 2: empty
H1_H2 1: 1 {SEQ = 12,ACK = 22,CTL = (ACK,0n)} |
1'{SEQ = 22,ACK = 12,CTL = (ACK,on)} |
|

TCB 1: 1'(CLOSING {RCV_NXT = 22,SND_NXT = 12,SND_UNA = 11,ISS = 10},cls)
TCB 2: 1(CLOSING {RCV_NXT = 12,SND_NXT = 22,SND_UNA = 21,ISS = 20}.cls)

User 1. empty
| User 2: empty
|HLH2 1: 1 {SEQ = 12,ACK = 22,CTL = (ACK,0n)}

mpty
TCB1:1 TIME WAIT {RCV_NXT = 22,SND_NXT = 12,SND_UNA = 12,ISS = 10},cls)
TCB 2: 1’(CLOSING {RCV_NXT = 12,SND_NXT = 22,SND_UNA = 21,ISS = 20},cls)

User 1: empty
| User 2: empty
IH1 H2 1: empty

H2_H1 1: empty
|TCBl 1(TIME_WAIT {RCV_NXT = 22,SND_NXT = 12,SND_UNA = 12,ISS = 10},cls)
TCB 2: 1'(TIME_WAIT {RCV_NXT = 12,SND_NXT = 22,SND_UNA = 22,ISS = 20},cls)

|44 |
User 1: empty

| User 2: empty

| HI_H2 1 empty
H2_H1 1: empty
TCB 1: 1’ (CLOSED {RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 0},cls)

TCB 2: 1'(TIME_WAIT,{RCV_NXT = 12,SND_NXT = 22,SND_UNA = 22,ISS = 20},cls)

User 1. empty
| User 2: empty
IHl H2 1: empty

mpty
TCB 1: (CLOSED {RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 0},cls)
TCB 2: 1'(CLOSED,{RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 0},cls)

TCP Entity 1 TCP Entity 2
ESTABLISHED ESTABLISHED
(close)
(close)
FIN_WAIT_1 FIN (11, 21)

FIN (21, 1) FIN_WAIT_1

CLOSING ACK (22, 12) CLOSING
ACK (12, 22)
TIME_WAIT
N TIME_WAIT
CLOSED

CLOSED




[((#2(#CTL(seg))=on

andalso #ACK(seg)<=#ISS(v))
orelse #ACK(seg)>#SND_NXT(v))
andalso #1(#CTL(seg))<>RST]

(SYN_SENT,v,i) Rov UACK B seg
& <

RSTackoff(seg)

[(#ACK(seg)<=#ISS(v)
orelse #ACK(seg)>#SND_NXT(v))
andalso #CTL(seg)=(RST,on)]

(SYN_SENT.v.) Rov_UACK_RST g seg
,—>| _UACK <

[#ACK(seg)<=#SND_NXT(v)
andalso #ACK(seg)>#SND_UNA(v)
andalso #CTL(seg)=(RST,on)

(SYN_SENT.vi) andalso i=lis]

RST_LISTEN < seg
<

(LISTEN,

(SFLCDV&NQT;O* [#ACK(seg)<=#SND_NXT(v)

— andalso #ACK(seg)>#SND_UNA(v)
SND_UNA=0,
ISS=ISS._inst2},i) andalso #CTL(seg)=(RST,on)
- andalso i=cls]

(SYN_SENT,v,i) seg

RST_CLOSED g
<

(CLOSED,
{RCV_NXT=0,
SND_NXT=0,
SND_UNA=0,

15=0}.cls) [#CTL(seq)=(RST,off)]

(SYN_SENT.v.) Rev_RSTNOACK | seg

[#CTL(seg)=(SYN,on)
andalso #ACK(seg)<=#SND_NXT(v)
andalso #ACK(seg)>#ISS(v)]

(SYN_SENT,v,i) Rcv_SYNACK < seg

(EST, ACKseg({RCV_NXT=#SEQ(seg)+1,
{RCV_NXT=#SEQ(seg)+1, SND_NXT=#SND_NXT(v),
SND_NXT=#SND_NXT(v), SND_UNA=#ACK(seg),
SND_UNA=#ACK(seg), I1SS=#ISS(V)})

1SS=#ISS(v)}.i)

[#CTL(seg)=(SYN,off)]

SYN_SENT,v,i
(SYN_SENTv.) Rev_SYN < seg
<
(SYN_RCVD,

ROV NXToASEQ(seq). SYNACKseg({RCV_NXT=#SEQ(seg)+1,

SND_NXT=#ISS(v)+1,
SND_NXT=#ISS(v)+1, SNDiuNA=#ISS((v)).
SND_UNA=#ISS(v), ISS=HISS(V)})

1SS=#ISS(v)}.i)
[#ACK(seg)<=#SND_NXT(v)
andalso #ACK(seg)>#ISS(v)
andalso #1(#CTL(seg))<>SYN
andalso #1(#CTL(seg))<>RST]

(SYN_SENT,v,i) oSYN_noRST < seg




[#SEQ(seg)<#RCV_NXT(v)
andalso #1(#CTL(seg))<>RST]

(SYN_RCVD,v,i) seg

Rcv_uSeq <

ACKseg(v)

[#SEQ(seg)<#RCV_NXT(v)
andalso #1(#CTL(seg))=RST]

(SYN_RCVD,v,i) Rov_uSed RST |« seg y

[#SEQ(seg)>=#RCV_NXT(v)
andalso #1(#CTL(seg))=RST
andalso i=lis]

) se
(SYN_RCVD.v.) RST_LISTEN |g 9
| < N
(LISTEN,

{RCV_NXT=0,
SND_NXT=0,
SND_UNA=0,

| ISS=ISSinS2h) 2ol imcis]

cB LY (SYN_RCVD,v,i)
QTCB — RST_CLOSED |4 seg N
(CLOSED,

{RCV_NXT=0,
SND_NX

[#SEQ(seg)>=#RCV_NXT(v)
andalso #1(#CTL(seg))=RST

[#SEQ(seg)>=#RCV_NXT(v)

DD N0 andalso #1(#CTL(seg))=SYN
=0},cls)
andalso i=lis]
(SYN_RCVD,v,i) SYNinw_LISTEN |4 Seq
/| < ~
(LISTEN, if #2(#CTL(seg))=on
{RCV_NXT=0, then RSTackoff(seg)
SND_NX’ else RSTackon(seg)
SND_UNA=0,  [#SEQ(seg)>=#RCV_NXT(v)
1SS=IsS_inst2},jy andalso #CTL(seg)=(SYN,off)
indalso i=cls]
(SYN.RCVDV) _ ['SyNinw_CLOSED | seg
X < ~

(CLOSED, if #2(#CTL(seg))=on

BV T2 [#SEQ(seg)>=#RCV_NXT(y)  then RSTackof(seg)
SND_UNA=0. andalso #1(#CTL(seg))<>RST €lse RSTackon(seg)

155=0)cls) andalso #1(#CTL(seg))<>SYN
' andalso #2(#CTL(seg))=off]

(SYN_RCVD,v,i) Rev_ACKoff | seg
N \

[#SEQ(seg)>=#RCV_NXT(v)
andalso #1(#CTL(seg))<>RST
andalso #1(#CTL(seg))<>FIN
andalso #ACK(seg)<=#SND_NXT(v)
andalso #ACK(seg)>=#SND_UNA(v)]

(SYN_RCVD,v,i) Rov_ACKonA ¢ seg

eNErEST(VIS0) LS Q(seg)>=#RCV_NXT(V)
andalso #1(#CTL(seg))<>RST
andalso #1(#CTL(seg))<>SYN
andalso #2(#CTL(seg))=on
andalso (#ACK(seg)>#SND_NXT(v)
orelse #ACK(seg)<#SND_UNA(V))]

'YN_RCVD,
(SYNRCVD) Rcv_ACKonU < seg ~
RSTackoff(seg)

[#SEQ(seg)>=#RCV_NXT(v)
andalso #ACK(seg)=#SND_NXT(v)
andalso #CTL(seg)=(FIN,on)]

(SYN_RCVD,v,i) Rev_FIN | seg
= R
(CLOSE_WAIT, ACKseg({RCV_NXT=#SEQ(seg)+1,
{RCV_NXT=#SEQ(seg)+1, SND_NXT=#SND_NXT(v), SEG

SEG
SND_NXT=#SND_NXT(v), SND_UNA=#ACK(seg),
SND_UNA=#ACK(seg), 1SS=HISSM)})
ISS=HISS(V)}i) out ) [P ou] In [P ]



[#L(#CTL(seg))<>RST

andalso #2(#CTL(seg))=on]

(LISTEN,v,i) Rcv_ACK

[#1(#CTL(seg))=RST]

(LISTEN,v,) Rev_RST

[#CTL(seg)=(SYN,off)]
Rcv_SYN

(LISTEN,v,)

(SYN_RCVD,
{RCV_NXT=HSEQ(seg)+1,
SND_NXT=#ISS(v),
SND_UNA=#SND_UNA(v),
ISS=HISS(V)}i)

Close
(CLOSED,
{RCV_NXT=0,
SND_NXT=0
SND_UNA=0,
Close 1SS=0}cls)

COMMAND

&

(el ]

(FIN_W1,

ISS=HISS(V)}i)

(CLOSE_WAIT,v,i)

(LAST_ACK,
{RCV_NXT=#RCV_NXT(v),

SND_NXT=#SND_NXT(v)+1,
SND_UNA=#SND_UNA(V),
\__ Close ISS=#ISS(V)}Li)

SYNRCVD_EST

{RCV_NXT=#RCV_NXT(v),
SND_NXT=#SND_NXT(v)+1,
SND_UNA=#SND_UNA(v),

CLOSE_WAIT

~N
RSTackoff(seg)
seg
< ™
seg
N N
y SEG SEG

[s=LISTEN orelse
S=SYN_SENT]

v LISTEN_SYNSENT

[(s=SYN_RCVD andalso
#SND_NXT(V)=#ISS(v)+1)
orelse s=EST]

FINseg(v)

FINseg(v)



TCB

[#SND_NXT(v)=#ISS(v)]

Snd_SYNACK

(SYN_RCVD,v,i)

(SYN_RCVD, SYNACKseg({RCV_NXT=#RCV_NXT(v),
{RCV_NXT=#RCV_NXT(v), SND_NXT=HISS(V)+1,
SND_NXT=#ISS(v)+1, SND_UNA=#ISS(v),

SND_UNA=#ISS(v), ISS=HISS(V)})

ISS=HISS(V)})

[#SEQ(seg)<#RCV_NXT(v)
andalso #1(#CTL(seg))<>RST]

SND_NXT=#SND_NXT(v), SND_UNA=#ACK(seg),
SND_UNA=#ACK(seg), 1SS=#ISS(V)}) out
1SS=#ISS(V)},i) u

(SYN_RCVD,v,i) seg
Rcv_uSeq < ~
ACKseg(v)
[#SEQ(seg)<#RCV_NXT(v)
andalso #1(#CTL(seg))=RST]
(SYN_RCVD,v,i) Rov_uSeq RST |4 seg
~
[#SEQ(seg)>=#RCV_NXT(v)
andalso #1(#CTL(seg))=RST
andalso i=lis]
SYNRCVDVD) I RST LISTEN g °e9
> -~ < ~
(LISTEN,
{RCV_NXT=0,
z:g—ﬁﬂfg [#SEQ(seg)>=#RCV_NXT(v)
ISS:TSSiinSIVZ},i) andalso f#_l(#CTL(seg)):RST
2 andalso i=cls]
— (SYN_RCVD,v,i) se
TCcB RST_CLOSED  |¢ 9
~
(CLOSED,
{RCV_NXT=0,
gmg—mA [#SEQ(seg)>=#RCV_NXT(v)
155=0},cls) ' andalso #1(#CTL(seg))=SYN
! andalso i=lis]
(SYN_RCVD.v.)) SYNInw_LISTEN | se9
/_L I« ~
(LISTEN, if #2(#CTL(seg))=on
{RCV_NXT=0, then RSTackoff(seg)
SND_NX else RSTackon(seg)
SND_UNA=0, [#SEQ(seg)>=#RCV_NXT(v)
1SS=ISS_inst2},i) andalso #1(#CTL(seg))=SYN
. andalso i=cls seg
(SYN.RCVDV) _ I'SyNinw_CLOSED |
— R
(gg\)/SEST—O if #2(#CTL(seg))=on
{SND N XT-_O . [#SEQ(seg)>=#RCV_NXT(v) then RSTackoff(seg)
SND_UNA=0. andalso #1(#CTL(seg))<>RST else RSTackon(seg)
1SS=0},cls) ! andalso #1(#CTL(seg))<>SYN
andalso #2(#CTL(seg))=off]
(SYN_RCVD,v,i) > Rev_ACKoff ¢ seg \
[#SEQ(seg)>=#RCV_NXT(v)
andalso #CTL(seg)=(ACK,on)
andalso #ACK(seg)<=#SND_NXT(v)
andalso #ACK(seg)>=#SND_UNA(v)]
<
I N
(EST,
{RCV_NXT=#RCV_NXT(v), [#SEQ(seg)>=#RCV_NXT(v)
SND_NXT=#SND_NXT(v), andalso #1(#CTL(seg))<>RST
SND_UNA=#ACK(seg), andalso #1(#CTL(seg))<>SYN
ISS=#ISS(V)}Li) andalso #2(#CTL(seg))=on
andalso (#ACK(seg)>#SND_NXT(v)
orelse #ACK(seg)<#SND_UNA(v))]
OMRCYOM) R Ackon) 5
> - < ~
RSTackoff(seg)
[#SEQ(seg)>=#RCV_NXT(v)
andalso #ACK(seg)=#SND_NXT(v)
andalso #CTL(seg)=(FIN,on)]
(SYN_RCVD.V.) Rev_FIN < €9
- <
~
(CLOSE_WAIT, ACKseg({RCV_NXT=#SEQ(seg)+1,
{RCV_NXT=#SEQ(seg)+1, SND_NXT=#SND_NXT(v), y SEG





















































































