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CLOS-
ING

CLOSE_
WAIT

LAST_
ACK

ESTAB-
LISHED

SYN_
SENT

SYN_
RCVD

LISTEN

FIN_
WAIT_1

CLOSED

FIN_
WAIT_2

TIME_
WAIT

passive open 
         (2)

close
 (19)

active open/SYN 
             (1)

SYN/SYNACK 
         (3)

send/SYN 
      (7)

      SYNACK 
        (6)

   ACK
     (5)

SYNACK/ACK 
           (4)

FIN/ACK 
     (9)

close/FIN 
    (18)

close/FIN
       (8)

FIN/ACK 
   (15)

ACK/ 
(10)

FINACK/ACK
          (17)

FIN/ACK 
   (12)

ACK/ 
(16)

close/FIN 
     (11)

ACK/ 
 (13)

close/ 
  (20)

Timeout
   (14) 

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

SYN/

(2MSL)
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[member(UDATA,q) andalso
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TCP-UDATA.reqTCP-UDATA.ind

TCP-UDATA.req TCP-UDATA.ind

q^^[DATA]

q

DATA::q
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S1_S2

Meslist [] FG

S2_S1

Meslist [] FG
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RCNF

TCP-RELEASE.cnf

TCP-RELEASE.req

rind

State

P I/O
SAP2

TCP-RELEASE.ind

rres

TCP-RELEASE.res

rcnf

rreq

RRES

RIND

TCP-RELEASE.reqTCP-RELEASE.ind

TCP-RELEASE.res TCP-RELEASE.cnf

q^^[RELEASE]

q
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q
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q

DTR

NDR
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q

DTR

NDS

DTR

NDR

NDR

CLOSED

NDS
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q^^[RELEASE] RELEASE::q
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Meslist [] FG
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AREQ
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AIND

[q<>[] andalso 
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State
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areq
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TCP-U_ABORT.ind TCP-U_ABORT.req

PIND

[s<>IDLE andalso s<>CLOSED]

pind

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

CLOSED

s
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q

q

q s
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TCB

P I/O

In

SEG

P InOut

SEG

P Out

Rcv_noRST

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

Rcv_RST

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

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

seg

(CLOSED,v,i)

(CLOSED,v,i)

seg
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Rcv_ACK

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

Rcv_RST

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

Rcv_SYN

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

In

SEG

P InOut

SEG

P Out

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

seg

seg

seg

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

RSTackoff(seg)

(LISTEN,v,i)

(LISTEN,v,i)

(LISTEN,v,i)
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Rcv_uACK

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

Rcv_uACK_RST

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

RST_LISTEN

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

RST_CLOSED

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

Rcv_SYN

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

noSYN_noRST

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

Rcv_SYNACK

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

Rcv_RSTnoACK

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

In

SEG

P InOut

SEG

P Out

(SYN_SENT,v,i)

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

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

(SYN_SENT,v,i)

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

(SYN_SENT,v,i)

(SYN_SENT,v,i)

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

seg

seg

seg

seg

seg

seg

seg

seg

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

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

RSTackoff(seg)

(SYN_SENT,v,i)

(SYN_SENT,v,i)

(SYN_SENT,v,i)

(SYN_SENT,v,i)
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Rcv_uSeq_RST

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

RST_LISTEN

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

RST_CLOSED

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

SYNinw_LISTEN

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

Rcv_ACKonA

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

Rcv_ACKonU

[#SEQ(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))]

Rcv_ACKoff

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

Rcv_uSeq

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

SYNinw_CLOSED

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

In

SEG

P InOut

SEG

P Out

Rcv_FIN

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

(SYN_RCVD,v,i)

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

(EST,
{RCV_NXT=#RCV_NXT(v),
SND_NXT=#SND_NXT(v),
SND_UNA=#ACK(seg),
ISS=#ISS(v)},i)

(SYN_RCVD,v,i)

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

(SYN_RCVD,v,i)

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

(SYN_RCVD,v,i)

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

seg

seg

seg

seg

seg

seg

seg

seg

seg

RSTackoff(seg)

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

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

ACKseg(v)

(SYN_RCVD,v,i)

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

seg

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

(SYN_RCVD,v,i)

(SYN_RCVD,v,i)

(SYN_RCVD,v,i)

(SYN_RCVD,v,i)

(SYN_RCVD,v,i)
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Rcv_uSeq_RST

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

RST_CLOSED

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

Rcv_SYNinw

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

Rcv_ACKoff

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

Rcv_ACKonNS

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

Rcv_FIN

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

Rcv_ACKonDUP

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

Rcv_uSeq

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

In

SEG

P InOut

SEG

P Out

(EST,v,i)

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

(EST,v,i)

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

(EST,v,i)

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

seg

seg

seg

seg

seg

seg

seg

seg

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

ACKseg(v)

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

ACKseg(v)

(EST,v,i)

(EST,v,i)

(EST,v,i)

(EST,v,i)

(EST,v,i)
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P I/O

RST_CLOSED

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

Rcv_SYNinw

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

Rcv_ACKoff

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

Rcv_ACKonA

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

Rcv_FINACK

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

Rcv_FINsim

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

Rcv_ACKonNS

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

Rcv_uSeq

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

Rcv_uSeq_RST

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

Rcv_ACKonDUP

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

In

SEG

P InOut

SEG

P Out

Rcv_ACK

[#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)

(FIN_W2,
{RCV_NXT=#RCV_NXT(v),
SND_NXT=#SND_NXT(v),
SND_UNA=#ACK(seg),
ISS=#ISS(v)},i)

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

(FIN_W1,v,i)

(FIN_W1,v,i)

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

(FIN_W1,v,i)

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

(FIN_W1,v,i)

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

seg

seg

seg

seg

seg

seg

seg

seg

seg

seg

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

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

ACKseg(v)

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

ACKseg(v)

(FIN_W1,v,i)

(FIN_W1,v,i)

(FIN_W1,v,i)

(FIN_W1,v,i)

(FIN_W1,v,i)

(FIN_W1,v,i)

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

seg
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Rcv_uSeq_RST

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

RST_CLOSED

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

Rcv_SYNinw

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

Rcv_ACKoff

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

Rcv_FIN

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

Rcv_ACKonNS

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

Rcv_uSeq

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

Rcv_ACKonDUP

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

In

SEG

P InOut

SEG

P Out

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

(FIN_W2,v,i)

(FIN_W2,v,i)

(CLOSED,
{RCV_NXT=0,
SND_NXT=0,
SND_UNA=0,
ISS=0},cls)
(FIN_W2,v,i)

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

seg

seg

seg

seg

seg

seg

seg

seg

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

ACKseg(v)

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

ACKseg(v)

(FIN_W2,v,i)

(FIN_W2,v,i)

(FIN_W2,v,i)

(FIN_W2,v,i)

(FIN_W2,v,i)
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Rcv_uSeq

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

Rcv_uSeq_RST

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

RST_CLOSED

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

Rcv_SYNinw

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

Rcv_ACKonNS

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

Rcv_ACKonDUP

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

Rcv_ACKoff

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

In

SEG

P InOut

SEG

P Out

Rcv_FIN

[#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)

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

(CLOSE_WAIT,v,i)

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

seg

seg

seg

seg

seg

seg

seg

ACKseg(v)

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

ACKseg(v)

(CLOSE_WAIT,v,i)

(CLOSE_WAIT,v,i)

(CLOSE_WAIT,v,i)

(CLOSE_WAIT,v,i)

(CLOSE_WAIT,v,i)

(CLOSE_WAIT,v,i) seg

ACKseg(v)
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Rcv_uSeq_RST

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

RST_CLOSED

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

Rcv_SYNInw

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

Rcv_ACKoff

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

Rcv_ACKonNS

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

Rcv_ACKonDUP

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

Rcv_uSeq

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

Rcv_ACKonA

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

In

SEG

P InOut

SEG

P Out

Rcv_FIN

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

(TIME_WAIT,
{RCV_NXT=#RCV_NXT(v),
SND_NXT=#SND_NXT(v),
SND_UNA=#ACK(seg),
ISS=#ISS(v)},i)

(CLOSING,v,i)

(CLOSED,
{RCV_NXT=0,
SND_NXT=0,
SND_UNA=0,
ISS=0},cls)
(CLOSING,v,i)

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

seg

seg

seg

seg

seg

seg

seg

seg

ACKseg(v)

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

ACKseg(v)

(CLOSING,v,i)

(CLOSING,v,i)

(CLOSING,v,i)

(CLOSING,v,i)

(CLOSING,v,i)

(CLOSING,v,i)

(CLOSING,v,i)

ACKseg(v)

seg
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Rcv_uSeq

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

Rcv_uSeq_RST

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

RST_CLOSED

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

Rcv_SYNinw

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

Rcv_ACKonDUP

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

Rcv_ACKonA

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

Rcv_ACKoff

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

In

SEG

P InOut

SEG

P Out

Rcv_FIN

[#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)

(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)

(LAST_ACK,v,i)

(LAST_ACK,v,i)

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

seg

seg

seg

seg

seg

seg

seg

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

ACKseg(v)

(LAST_ACK,v,i)

(LAST_ACK,v,i)

(LAST_ACK,v,i)

(LAST_ACK,v,i)

seg

ACKseg(v)

(LAST_ACK,v,i)
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Rcv_uSeq

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

Rcv_uSeq_RST

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

RST_CLOSED

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

Rcv_SYNinw

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

Rcv_ACKonDUP

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

Rcv_ACKoff

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

In

SEG

P InOut

SEG

P OutTimeout

Rcv_FIN

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

(TIME_WAIT,v,i)

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

(TIME_WAIT,v,i)

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

seg

seg

seg

seg

seg

seg

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

ACKseg(v)

(TIME_WAIT,v,i)

(TIME_WAIT,v,i)

(TIME_WAIT,v,i)

(TIME_WAIT,v,i)

(TIME_WAIT,v,i)

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

seg

ACKseg(v)

(TIME_WAIT,v,i)
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Out

SEG

P Out

Timeout_Retrans

[(s=SYN_SENT orelse
s=SYN_RCVD orelse
s=FIN_W1 orelse
s=LAST_ACK) andalso 
n<Max(s)]

Retrans_
Counter

RC 1`(SYN_SENT,0)++
1`(SYN_RCVD,0)++
1`(FIN_W1,0)++
1`(LAST_ACK,0)++
1`(CLOSING,0)

Abort

[s=SYN_SENT orelse
s=SYN_RCVD  orelse
s=FIN_W1 orelse
s=LAST_ACK]

Closing_Retrans

[n<MaxRetransFIN1-m]

Closing_Abort

[n=MaxRetransFIN1-m]

(s,v,i)

(CLOSING,v,i)

(FIN_W1,m)

(FIN_W1,m)

(s,n+1)

(s,n)

(CLOSING,n+1)

(CLOSING,n)

(CLOSING,0)

(CLOSING,n)

(s,0)

(s,Max(s))

(CLOSING,v,i)

(s,v,i)

(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)

RSTseg(v)

RSTseg(v)

FINretrans(v)

RetransSeg(s,v)
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E5;#E



Lf" +#"="<9
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; "<'5(������iU "V'& #"�-&"<'%3,X *,;4;@-&/4+#A5;4"<')3,+�.VS#;4'&/1-2"<')-�3 �,"=$ * UD*,-2/1- -&"('<( 2 (������������

�

6���E���� �•6"! (#�TB

�NX S#+!�(')/13,+6') #*O'��<35+ �5"<$2')- *�-&/4+#A5;4"<')3,+6.VS�;4')/4-&"('K'&3 / ')-KUD*,-&/4-i"<;1"<.�"<+T'i/1-KA5/��5"=+QU��%$'& 2 (����'�)( ( b
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�

�

�

6���E������,�Ÿ65B

h "6+#3�L79�"<\D+#"n') #"nM#$235M "<$2'&/1"=- �<35+!�="<$&+#/4+#A '& #">X S#+!�(')/13,+D*,;+�=3,$&$&"��<'&+#"=-2- 3,X ����� � 3,+#+#"��(')/435+

�Q*O+D*,A5"<.�"<+T' 20'&"=$2.�/4+D*O')/435+ b@*,U#-&"<+!�=">3OX89#"�*,9�;13#� � -<bF-&"��TS#"<+!�=" �=3,+#-&/4-2')"<+!� �,bm*,U#-&"<+!�=" 3,X8;4/��,"=;13#� �T-=b

*,+�9R*,U#-&"<+!�=">3OXi9�"�*,9 �=3 9#"OB �! �" ')"=$2.�/4+D*O'&/135+ M#$&3,M "<$2'	� /4-(�=3,+!�="<$&+#"<9RL8/ ') L8 #"(') #"<$�*
M#$&3O')3#�=35;

�=*,+�')"=$2.�/4+D*O'&"�/1+P*>9#"<-&/4$&"=9P-_'
*O'&",Bl?D35$ ����� � 35+#+#"��<')/435+��Q*,+D*OA5"=.0"=+o'�b '& #/1-c.0"�*O+#- ') D*J' * �=35+




+#"��<'&/135+n-& #3,S#;19nU "%*,U�;1"c')30U " "<-2'
*OU#;1/4-& #"<9 b $&"=;4"�*,-2"=9Q*,+#96*,U 3,$2')"<96-2S!���<"=-2-2X S#;4; �5Bfh�" X 35$&.�S#; *O'&"�') �"

'&"=$&.0/1+#*O')/435+ M#$235M "<$2'	� *O-8X 3,;1;13�L8-<B

WZYKL�-�B•Y�I�.tO•QcSMOVU0/�BRY+� GMF�1\IKG_LpF•WZY„L2-�B•Y�I�.+f

�! #"c'&"=$&.0/1+#*O')/435+ M#$235M "<$2'	�>X 35$!����� � 35+#+#"��<')/435+ �Q*,+D*,A,"=.0"=+o'K/1+!�<;1S#9#"<- 2

U43�f5�|bd]E]:BRe e76kb8�9��e%I�1;:8� GMe=<
� BRFpI?> g X�35+�"% �35-2'K$&" �TS#"=-_')-i'& D*O'i* �=35+�+#"��(')/13,+6UW" 35M "<+#"=96*,+#9 ') �"

3,'& #"=$� �35-2'F/4-�L8/1;1;4/1+#AK')3 *%���="<M�'F') #" �=3,+#+#"��(')/435+�35$�')3 $&" �TS#"=-_'m'& D*O'�'& #"8-)*,.0"+�=35+�+#"��(')/13,+0UW"!35MW"=+#"<9

*O'!'& #" -)*,.0" ')/4.�"Ob�') �"=+ ') #" �=3,+#+#"��(')/435+6-2 #35S#;49 U " "=-_'
*,U�;1/1-2 #"=9 B

U43�3�f'WZYKL�-�B•Y@��e I�1;:8�MG e=<
� BRFpI*> h� #"=+ *$�=3,+#+#"��(')/435+P D*,-cUW"="=+P"<-2'
*OU#;1/4-& #"<9 *J'cU 3O') �"=+�9#-=b ') �"

�O*,$2/ *,U#;4"

`

��� �BA ��.VS#-_' " �TSD*,;

`

��� &���� *O'm') �"�-)*O.�"K"=+#9 3,X ') �"��=3,+#+#"��(')/435+ b:L8 �/ �
 .VS�-2'!*O;1-&3

" � S#*,; d+�fe �BA � *J'!') #" 3,'& #"=$8"=+�963,X ') �" �<35+#+#"��<'&/135+ B

U43�3�3�f��|bd]E]:BRe e76kb8�,C�B��_B�1 e8B*> g X 35+#"K #35-_' $&" �TS#"=-_')- '& D*O'F') #"0�=35+�+#"��(')/13,+ UW"0�<;135-2"=9 *O+#9�'& #"�3,'& #"=$

 #3,-2'V/4- L8/4;1;1/4+#A>')3 �<;135-2" ') �" �=3,+#+#"��(')/435+]35$V*O;1-&36$&" � S�"=-2'&-l') D*O' ') #" �=35+#+�"��<'&/135+�U "$�<;135-2"=9]*J'�') �"

-&*,.�" '&/1.0",b ') #"<+6') �" �<35+#+#"��<'&/135+ -& �35S#;19nUW" *OU#;1"�'&3�UW"c$&"<;1"=*,-&"<9 B

U43�D�fE�TbH]E]:BRe e76…b
�GFH:�LNY�I�> � �<35+#+#"��<'&/135+ -2 #35S#;49 UW" *,U#;4"K'&3VUW" *,UW35$2'&"=9 /4+�'& #"��=*,-&"�'& D*O' "=/4'& #"=$

35$!UW3,'& nS�-&"=$2-i/4-&-2S#"%*,+Q*OU 35$_' �=35.0.�*,+#9 B

�! #"�-&S:���="<-&-_X S#;m*,+#9PM#$&3,M "<$ "=-_'
*,U#;4/1-2 #.�"<+o' M#$&35MW"=$_')/4"=-��=*,+PU "(�,"=$&/ \D"=9 U��
" �#*O.�/4+#/1+#A�') #"V'&"=$




.0/1+D*O; .�*,$ �T/1+�A5-V3,XK') #" -_'
*O'&"n-2MD*%�<"63,Xi����� �=3,+#+#"��(')/435+R"=-2')*,U#;4/1-& �.�"<+T'=B]�! #"n9#"=-2/1$&"<9Y'&"=$2.�/4+D*,;
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�! #" 9#"<-&/4$&"=9 ')"<$&.0/1+D*O; . *O$ �T/1+#A�b ���…� b#X 35$+�<35+#+#"��<')/435+ "=-_'
*,U#;4/1-2 #.�"<+o'i/4-8*l. *,$ �T/1+#AVL8 #"<$&"
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�! #/4-V9#"<\#+#/4'&/135+ /1+#9#/���*O'&"=-%') D*O' ') #" 9#"=-2/1$&"<9 ')"<$&.0/1+D*,;F.�*,$ �T/4+#A6X 35$ �=35+�+#"��(')/13,+]"=-2')*,U#;4/1-& �.�"<+T'

 D*O-m+�3 .0"=-2-)*,A5"<-f;4"<X 'F/4+�'& #"��
 D*,+#+#"<;W*,+#9 UW3,'& 0�����]"<+T'&/4'&/1"=-�/4+�-_'
*O'&"�'

`

����� ; g

`��
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�O*,$2/ *,U#;4"=-F$&"<; *O'&"=9 *,- 9#"<- �<$&/1UW"=9 /1+

�

g&g ��3,X ��$&3,M "<$2'	�6E Q�B E5B@�! #"�. *,$ �T/1+#A5-F3,X ') #"iS#-&"<$ M#; * �="=-f*,$2"�+#3,'

/4+!�=;4S#9#"=9�/1+�') #"i9#"<\#+#/4'&/135+ B �! #/1-f/1-mU "���*,S�-&"�'& #"iS�-&"=$ M#; *%�<"=-m/1+0') #"���� ��.�3 9#"<; *,$&"0�=$&"=*O')"<9 ')3 -&"('

S#M69#/�� "=$2"=+o'��<35+�\DA,S#$)*O'&/135+�-KX 35$i*,+D*O; � -&/4+#A�9�/�� "=$&"<+o' - �<"=+D*O$&/13,-�3,X������ � 35+#+�"��<'&/135+ �Q*,+D*OA5"=.0"=+o'�B

�! #" � ��*O+>U "c.�*,$ �O"=9 9#/ � "<$&"=+o'&; � *%���<35$&9#/4+#AV')3l9�/�� "=$&"<+o'!- �<"=+D*,$2/135-<BF�! #/1-!/4- +#3,'!/4.�MW35$_'
*,+o'mX 35$ ') �"

'&"=$&.0/1+#*O')/435+ M#$235M "<$2'	�,B
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-&"<$"�,"=$ �=35+�+#"��(')/13,+6"<-2'
*OU#;1/4-& #.0"=+o'�b:') #"cM#$23,')3#�=3,; ��*,+n*,;4-&3l')"<$&.0/1+D*J')" /4+ *�-_'
*O'&" L8 #"=$2"

'& #"c�����9�<;1/1"<+o'!/1- /4+ � ;

�%`

')�Z*,+#9 '& #"c����� -2"=$"�,"=$8/1- /1+ ; g

`

� ' � b#L8 #/��
 /1-!*%���="<M�'
*,U�;1",BF�! #/4- /1-

UW"��=*,S#-&" L8 �"=+ ') �" �����^-2"=$"�,"=$!/4- 9#3�L8+n*,+#9 '& #"=$2"<X 35$2" /1+$� ;

� `

'@�N*,+#9>$2"��<"=/��,"=-8*

`oa

� b�/4'f-&"=+�9#-

*6d

`

� L8 #/ �
 �
 #*,+#A5"<-�') #"�-2')*O')"�3,X '& #" ����� �=;4/1"=+o' X $&3,.

`Ta

�

`

'
�K� ')3 � ;

� `

'@�VB �! #" �����

-2"=$"�,"=$8') #"<+6"<+o')"=$2-�; g

`

� ' �Z*OX ')"<$!/4'8 D*O-��<35.0"cS#M63,+6$2"��="</�� /1+�A�*lMD*O-&-&/��5"%35MW"=+ B

��+�3,') #"<$K*%���<"=M�')*,U#;1"c-_'
*O'&" /1- L8 #"<$&"%U 3O') ����� "=+o'&/4')/4"=-8*,$2" � ;

�%`
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;4/1-& �.�"<+T'=b /4' ��*O+�$&"<-&S#; ' X $&35. L8 �"=+�'& #"������N-2"=$-�5"=$ $&"(')$)*O+#-&.0/4'&- '& #"

`Ta

�������7*OX ')"<$%-2"=+#9�/1+#AQ*

`Ta

�0������/4+l$&"<-&MW35+#-&"8')3 *

`Ta

� bT*,+�9�'& #"=+�*,UW35$2'&-�') #"+�<35+#+#"��<'&/135+

�
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�

+
*,U 3,$2')/4+#A�') #"(�<35+#+#"��<'&/135+ b ') �"V����� -2"=$-�5"=$�-&"=+�9#- * d

`

�

*,+�9 "<+T'&"=$2- � ;

� `

'@�VB �! �" d

`
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+#"<35S#- �=35+#+�"��<'&/135+ "=-_'
*,U#;4/1-2 #.�"<+o'�b '& #/1- *%���="=M:'
*,U#;4" -_'
*O'&" ��*O+�$&"<-&S#; ' X $235.kL8 #"=+�35+#" �����["<+T'&/4'	�

35MW"=+�- ') #" �<35+#+#"��<')/435+�L8 #/1;4"�') �"l3,') #"<$ ������"<+T'&/4'	�Q/1- � ;

� `

'@�VBT� "=;43�LZLf"lX 35$&.�*,;4/1-&" ') �"=-&"l'jLf3

*%���="<M�'
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�
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�i+^* ���="<M�'
*OU#;1" '&"=$&.0/1+#*,; .�*,$ �T/4+#AQX 35$ �<35+#+#"��<')/435+R"=-_'
*,U#;4/1-2 #.�"<+o'�/1-V"</4') �"=$l3,X8') �" X 3,;1;13�L8/4+#A6'jLf3

.�*,$ �T/4+#A5- 2
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T

!"�
�

†VU@W UHXK‹ Œ m�Z\[2h^] †_W�`�a
	�‹

T

!"�
�

†VUYX U%W%‹ Œ m�Z\[2h^] †_W�`�a��K‹

T

!"�V�

†�o –gf W%‹ Œ W
��†_–•v��-g|r.™’‡%†V`:‡ `:‡ `:‡ `„‹X‡�œ��Jy ‹ †_W�`�a��K‹

T

!"�V�

†�o –gf XK‹ Œ W
��†•vHw:gpo�r.x’‡%†V`:‡ `:‡ `:‡�w:gcgc‹X‡�� Š y ‹ †_W�`�abW�`„‹
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†eXK‹

T

!"���

†VU@W UHXK‹ Œ m�Z\[2h^] †_W�`�abW�W%‹

T

!"���

†VUYX U%W%‹ Œ m�Z\[2h^] †_W�`�abW�XK‹

T

!"���

†�o –gf W%‹ Œ W
��†_–•v��-g|r.™’‡%†V`:‡ `:‡ `:‡ `„‹X‡�œ��Jy ‹ †_W�`�abW�hK‹

T

!"���

†�o –gf XK‹ Œ W
��†_–•v��-g|r.™’‡%†V`:‡ `:‡ `:‡ `„‹X‡�œ��Jy ‹ †_W�`�abW il‹

' �TSD*O')/435+ E Q�B Cn/1+#9�/ ��*J')"=- ') #*O' L8 �"=+R*6�����["<+T'&/4'	� "=+o'&"=$&- � ;

� `

'@�Vb /4'&- -_'
*O'&" �O*,$&/1*,U#;4"=-%*,$&"

$2"=-&"('8')3 Q�b#/4.�M�; � /1+#A%') D*J'!') #"c��� � X 35$ '& D*O' �=3,+#+#"��(')/435+ /1- 9#"<;1"(')"=9 Bm�! �"5; g

`

� ' ��� *,A�/4- $&"<-&"<'8'&3

'& #"l/1+#/ ')/1*,;4�,*O;1S#">$ �=;4-�# B ' �TSD*O'&/135+RE Q:B4E Q�/1+#9#/���*O'&"=-�'& D*O'cL8 #"<+ * ����� "=+o')/ '	��$&"(')S#$2+#- ')3 ; g

`

� ' �%b

/ ')-�-_'
*O'&" �O*,$&/1*,U#;4"=- *O$&"V$2"=-&"(' ')3 Q�" � �="<M�' X 35$i'& #"V/1+�/4')/1*,; -&"<+#9P-&" � S�"=+!�<"�+TS#.VUW"=$<b L8 #/��
 �/1- -2"<' X 35$

'& #"V+#" �:' �<35+#+#"��<'&/135+
/4+#-2')*,+!�<",B �! #"'; g

`

� ' ��� *,A  #*,-c* �O*,;1S�"�3,X•$ ;1/4-�# b /1+�9#/ �=*O')/4+#A�/ '  D*O- U "<"=+�/4+

; g

`

� ' � B

`

/4.�/4; *,$8')3 �5"<$&/ X �:/4+#A>') #"�-2S!���<"=-&-_X S#;m"=-2')*,U#;4/1-& �.�"<+T' M�$&35MW"=$_'	�5b4�5"<$&/4X � /4+#A>') #"�-&S:���="<-&-_X S#;f$2"=;4"�*,-2"

*,+�9Q*,UW35$_'iM�$&35MW"=$_')/1"<-i/4-89#35+#"%U��6/4+#-&MW"��(')/4+#A0'& #" ')"=$2.�/4+D*,; .�*,$ � /4+#A5-83,X��=35+�\#A5S#$)*J')/13,+#-!L8 #"=$2" ') �"

�<35+#+#"��<')/435+ /4-�$&"<;1"=*,-&"<9 35$V*OU 35$_')"<9 B
�! #" 9�"=-&/4$&"<9 ')"=$2.�/4+D*,;�.�*,$ �T/4+#A6X 35$ �=35+�+#"��(')/13,+ $&"<;1"�*O-&">*,+�9

*,UW35$_'8/1-!A5/��5"=+ /4+ � "(\D+#/ ')/13,+�E Q�B��:B
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1 
0:2

1
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)

2 
1:2

2
User 1: empty
User 2: 1`P_Open
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`(CLOSED,{RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 20},cls)

3 
1:1

3
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)
TCB 2: 1`(LISTEN,{RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 20},lis)

4 
2:1

4
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)
TCB 2: 1`(LISTEN,{RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 20},lis)

5 
1:2

5
User 1: empty
User 2: 1`P_Open
H1_H2 1: empty
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)

7 
1:1

7
User 1: empty
User 2: empty
H1_H2 1: empty
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`(LISTEN,{RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 20},lis)

8 
1:1

8
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)

10 
2:0

10
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`(LISTEN,{RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 20},lis)

6 
1:1

6
User 1: empty
User 2: empty
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,ISS = 20},lis)

9 
1:1

9
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)
TCB 2: 1`(SYN_RCVD,{RCV_NXT = 11,SND_NXT = 21,SND_UNA = 20,ISS = 20},lis)

11 
1:0

11
User 1: empty
User 2: empty
H1_H2 1: empty
H2_H1 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)

Open'Active_Open 1 Open'Passive_Open 2

Open'Passive_Open 2

CLOSED'Rcv_noRST 2 Open'Active_Open 1

Open'Passive_Open 2
SYN_SENT'RST_CLOSED 1

SYN_SENT'RST_CLOSED 1

Open'Passive_Open 2

LISTEN'Rcv_SYN 2

SYN_SENT'Rcv_SYNACK 1

SYN_RECEIVED'Rcv_ACKonA 2

��0�>8?�3-,$] Q�X_]52B­�
�
7?13-35,4%�
7,N>&3�#

L

D•!&@*��!8%�='>&?13�#)6-0�!8%F) v �[!H.�,4(‰]§{

] � Q



42 
6:0

42
User 1: empty
User 2: empty
H1_H2 1: empty
H2_H1 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},cls)

32 
2:0

32
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)
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51 
10:0

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)
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95 
1:0

95
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},lis)

31 
17:0

31
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)

23 
2:0

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)
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85 
2:0

85
User 1: 1`Close
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)

256 
18:0

256
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)

2081
 

5:0

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)

1608
 

5:0

1608
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},cls)

152 
4:0

152
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)

142 
4:0

142
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)
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1 
0:2

1
User 1: 1`A_Open++ 1`Close
User 2: 1`P_Open++ 1`Close
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)

2 
1:2

2
User 1: 1`A_Open++ 1`Close
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 = 10},cls)
TCB 2: 1`(LISTEN,{RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 20},lis)

5 
2:3

5
User 1: 1`Close
User 2: 1`Close
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)

10 
1:3

10
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,ISS = 20},lis)

17 
1:3

17
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)}
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)

36 
1:2

36
User 1: 1`Close
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)
TCB 2: 1`(FIN_W1,{RCV_NXT = 11,SND_NXT = 22,SND_UNA = 20,ISS = 20},lis)

46 
1:1

46
User 1: 1`Close
User 2: empty
H1_H2 1: empty
H2_H1 1: empty
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)

58 
2:1

58
User 1: empty
User 2: empty
H1_H2 1: 1`{SEQ = 11,ACK = 21,CTL = (FIN,on)}
H2_H1 1: empty
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)

73 
1:1

73
User 1: empty
User 2: empty
H1_H2 1: empty
H2_H1 1: 1`{SEQ = 22,ACK = 12,CTL = (ACK,on)}
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)

95 
1:0

95
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},lis)

26 
1:2

26
User 1: 1`Close
User 2: empty
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`(FIN_W1,{RCV_NXT = 11,SND_NXT = 22,SND_UNA = 20,ISS = 20},lis)

1:1->2
Open'Passive_Open 2: {v={RCV_NXT = 
0,SND_NXT = 0,SND_UNA = 0,ISS = 20},
i=cls}

4:2->5
Open'Active_Open 1: {v={RCV_NXT = 0,
SND_NXT = 0,SND_UNA = 0,ISS = 10},
i=cls}

11:5->10
LISTEN'Rcv_SYN 2: {v={RCV_NXT = 0,
SND_NXT = 0,SND_UNA = 0,ISS = 20},
seg={SEQ = 10,ACK = 0,CTL = (SYN,
off)},i=lis}

22:10->17
Close'SYNRCVD_EST 2: {v={RCV_NXT = 
11,SND_NXT = 21,SND_UNA = 20,ISS = 
20},s=SYN_RCVD,i=lis}

67:36->46
FIN_WAIT_1'Rcv_ACK 2: {v={RCV_NXT = 
11,SND_NXT = 22,SND_UNA = 20,ISS = 
20},seg={SEQ = 11,ACK = 21,CTL = (
ACK,on)},i=lis}

85:46->58
Close'SYNRCVD_EST 1: {v={RCV_NXT = 
21,SND_NXT = 11,SND_UNA = 11,ISS = 
10},s=EST,i=cls}

108:58->73
FIN_WAIT_1'Rcv_FINsim 2: {v={
RCV_NXT = 11,SND_NXT = 22,SND_UNA = 
21,ISS = 20},seg={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}

36:17->26
SYN_SENT'noSYN_noRST 1: {v={RCV_NXT 
= 0,SND_NXT = 11,SND_UNA = 10,ISS = 
10},seg={SEQ = 21,ACK = 11,CTL = (
FIN,on)},i=cls}

51:26->36
SYN_SENT'Rcv_SYNACK 1: {v={RCV_NXT 
= 0,SND_NXT = 11,SND_UNA = 10,ISS = 
10},seg={SEQ = 20,ACK = 11,CTL = (
SYN,on)},i=cls}
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CLOSED CLOSED

SYN_SENT

FIN_WAIT_1

CLOSING

FIN_WAIT_2

(close)

FIN_WAIT_1

(close)

SYN_RCVD

TCP Entity 1 TCP Entity 2

ESTABLISHED

(passive open)

LISTENSYN (10)
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ACK (11, 21)

FIN (11, 21)

ACK (22, 12)

(active open)
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573
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)
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
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)
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1107
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)
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
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)

��09>8?13-,R] Q�X�
72@�J,C#&.�(�!�
�ˆ+*n!)@(�”#&*5,4*Y~§a��/aƒvz]8; Q�; Q�; Q8{—#&%1.[~§a…�/alv
]8; QH; Q�;_]§{

] �&•



793 
3:0

793
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)
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
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,1)++ 1`(LAST_ACK,0)++ 1`(FIN_W1,0)++ 1`(CLOSING,0)
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1:0

336
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)
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
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)
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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)
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
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)
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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)
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
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,1)++ 1`(LAST_ACK,0)++ 1`(FIN_W1,0)++ 1`(CLOSING,0)
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4344
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)
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
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,1)++ 1`(LAST_ACK,0)++ 1`(FIN_W1,0)++ 1`(CLOSING,0)
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5:0

4064
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)
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
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)
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1:0

1381
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)
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
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)
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1 
0:2

1
User 1: 1`A_Open
User 2: 1`A_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)

42 
6:0

42
User 1: empty
User 2: empty
H1_H2 1: empty
H2_H1 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},cls)

2 
1:2

2
User 1: empty
User 2: 1`A_Open
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`(CLOSED,{RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 20},cls)

4 
2:2

4
User 1: empty
User 2: empty
H1_H2 1: 1`{SEQ = 10,ACK = 0,CTL = (SYN,off)}
H2_H1 1: 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)
TCB 2: 1`(SYN_SENT,{RCV_NXT = 0,SND_NXT = 21,SND_UNA = 20,ISS = 20},cls)

8 
1:2

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)}
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},cls)

13 
2:2

13
User 1: empty
User 2: empty
H1_H2 1: 1`{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)

21 
1:2

21
User 1: empty
User 2: empty
H1_H2 1: empty
H2_H1 1: 1`{SEQ = 20,ACK = 11,CTL = (SYN,on)}++ 1`{SEQ = 21,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)

33 
2:2

33
User 1: empty
User 2: empty
H1_H2 1: 1`{SEQ = 11,ACK = 21,CTL = (ACK,on)}
H2_H1 1: 1`{SEQ = 21,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)

40 
4:1

40
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)
TCB 2: 1`(SYN_RCVD,{RCV_NXT = 11,SND_NXT = 21,SND_UNA = 20,ISS = 20},cls)

Open'Active_Open 1: {v={RCV_NXT = 0,
SND_NXT = 0,SND_UNA = 0,ISS = 10},i=cls}

Open'Active_Open 2: {v={RCV_NXT = 0,
SND_NXT = 0,SND_UNA = 0,ISS = 20},i=cls}

SYN_SENT'Rcv_SYN 2: {v={RCV_NXT = 0,
SND_NXT = 21,SND_UNA = 20,ISS = 20},
seg={SEQ = 10,ACK = 0,CTL = (SYN,off)},
i=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)},
i=cls}

SYN_RECEIVED'Rcv_uSeq 2: {v={RCV_NXT = 
11,SND_NXT = 21,SND_UNA = 20,ISS = 20},
seg={SEQ = 10,ACK = 21,CTL = (SYN,on)},
i=cls}

SYN_RECEIVED'Rcv_uSeq 1: {v={RCV_NXT = 
21,SND_NXT = 11,SND_UNA = 10,ISS = 10},
seg={SEQ = 20,ACK = 11,CTL = (SYN,on)},
i=cls}

SYN_RECEIVED'Rcv_ACKonA 1: {v={RCV_NXT 
= 21,SND_NXT = 11,SND_UNA = 10,ISS = 10}
,seg={SEQ = 21,ACK = 11,CTL = (ACK,on)},
i=cls}

SYN_RECEIVED'Rcv_ACKonA 2: {v={RCV_NXT 
= 11,SND_NXT = 21,SND_UNA = 20,ISS = 20}
,seg={SEQ = 11,ACK = 21,CTL = (ACK,on)},
i=cls}
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1 
0:2

1
User 1: 1`A_Open
User 2: 1`A_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)

2 
1:2

2
User 1: empty
User 2: 1`A_Open
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`(CLOSED,{RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 20},cls)

4 
2:2

4
User 1: empty
User 2: empty
H1_H2 1: 1`{SEQ = 10,ACK = 0,CTL = (SYN,off)}
H2_H1 1: 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)
TCB 2: 1`(SYN_SENT,{RCV_NXT = 0,SND_NXT = 21,SND_UNA = 20,ISS = 20},cls)

8 
1:2

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)}
TCB 1: 1`(SYN_SENT,{RCV_NXT = 0,SND_NXT = 11,SND_UNA = 10,ISS = 10},cls)
TCB 2: 1`(SYN_RCVD,{RCV_NXT = 10,SND_NXT = 21,SND_UNA = 20,ISS = 20},cls)

13 
2:2

13
User 1: empty
User 2: empty
H1_H2 1: 1`{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)
TCB 2: 1`(SYN_RCVD,{RCV_NXT = 10,SND_NXT = 21,SND_UNA = 20,ISS = 20},cls)

20 
1:2

20
User 1: empty
User 2: empty
H1_H2 1: 1`{SEQ = 10,ACK = 21,CTL = (SYN,on)}++ 1`{SEQ = 11,ACK = 0,CTL = (RST,off)}
H2_H1 1: empty
TCB 1: 1`(CLOSED,{RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 0},cls)
TCB 2: 1`(SYN_RCVD,{RCV_NXT = 10,SND_NXT = 21,SND_UNA = 20,ISS = 20},cls)

32 
1:1

32
User 1: empty
User 2: empty
H1_H2 1: 1`{SEQ = 10,ACK = 21,CTL = (SYN,on)}
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)

42 
2:1

42
User 1: empty
User 2: empty
H1_H2 1: empty
H2_H1 1: 1`{SEQ = 21,ACK = 0,CTL = (RST,off)}
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)

37 
4:0

37
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)

Open'Active_Open 1: {v={RCV_NXT = 0,
SND_NXT = 0,SND_UNA = 0,ISS = 10},
i=cls}

Open'Active_Open 2: {v={RCV_NXT = 0,
SND_NXT = 0,SND_UNA = 0,ISS = 20},
i=cls}

SYN_SENT'Rcv_SYN 2: {v={RCV_NXT = 0,
SND_NXT = 21,SND_UNA = 20,ISS = 20},
seg={SEQ = 10,ACK = 0,CTL = (SYN,off)},
i=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)},
i=cls}

SYN_RECEIVED'SYNinw_CLOSED 1: {v={
RCV_NXT = 20,SND_NXT = 11,SND_UNA = 10,
ISS = 10},seg={SEQ = 20,ACK = 11,CTL = 
(SYN,on)},i=cls}

SYN_RECEIVED'RST_CLOSED 2: {v={RCV_NXT 
= 10,SND_NXT = 21,SND_UNA = 20,ISS = 
20},seg={SEQ = 11,ACK = 0,CTL = (RST,
off)},i=cls}

CLOSED'Rcv_noRST 2: {v={RCV_NXT = 0,
SND_NXT = 0,SND_UNA = 0,ISS = 0},seg={
SEQ = 10,ACK = 21,CTL = (SYN,on)},
i=cls}

CLOSED'Rcv_RST 1: {v={RCV_NXT = 0,
SND_NXT = 0,SND_UNA = 0,ISS = 0},seg={
SEQ = 21,ACK = 0,CTL = (RST,off)},
i=cls}
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SYN_RCVD

SYN_SENT

(active open)

CLOSED

SYN_SENT

CLOSED

SYN_RCVD

(active open)

TCP Entity 1 TCP Entity 2

SYNACK (10, 21)

SYNACK (20, 11)

RST (11,0)
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SYN (10)
SYN (20)
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SAP1 1: 1`CLOSED
SAP2 1: 1`CLOSED
S1_S2 1: 1`[RELEASE]
S2_S1 1: 1`[RELEASE]
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2:0

74
SAP1 1: 1`CLOSED
SAP2 1: 1`CLOSED
S1_S2 1: 1`[RELEASE,ABORT]
S2_S1 1: 1`[RELEASE]

73 
2:0

73
SAP1 1: 1`CLOSED
SAP2 1: 1`CLOSED
S1_S2 1: 1`[RELEASE]
S2_S1 1: 1`[RELEASE,ABORT]
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SAP1 1: 1`CLOSED
SAP2 1: 1`CLOSED
S1_S2 1: 1`[RELEASE,ABORT]
S2_S1 1: 1`[RELEASE,ABORT]
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S1_S2 1: 1`[RELEASE,ABORT]
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S1_S2 1: 1`[RELEASE]
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S1_S2 1: 1`[RELEASE]
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SAP2 1: 1`CLOSED
S1_S2 1: 1`[RELEASE,ABORT]
S2_S1 1: 1`[ABORT]
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SAP1 1: 1`CLOSED
SAP2 1: 1`CLOSED
S1_S2 1: 1`[]
S2_S1 1: 1`[CONNECT,RELEASE,ABORT]

37 
2:0

37
SAP1 1: 1`CLOSED
SAP2 1: 1`CLOSED
S1_S2 1: 1`[ABORT]
S2_S1 1: 1`[CONNECT,RELEASE]
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S2_S1 1: 1`[CONNECT,RELEASE]
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SAP1 1: 1`CLOSED
SAP2 1: 1`CLOSED
S1_S2 1: 1`[]
S2_S1 1: 1`[CONNECT,ABORT]
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SAP1 1: 1`CLOSED
SAP2 1: 1`CLOSED
S1_S2 1: 1`[ABORT]
S2_S1 1: 1`[CONNECT]
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SAP2 1: 1`CLOSED
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S1_S2 1: 1`[]
S2_S1 1: 1`[CONNECT]
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SAP1 1: 1`CLOSED
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S1_S2 1: 1`[]
S2_S1 1: 1`[ABORT]
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SAP1 1: 1`CLOSED
SAP2 1: 1`CLOSED
S1_S2 1: 1`[ABORT]
S2_S1 1: 1`[]
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SAP2 1: 1`CLOSED
S1_S2 1: 1`[ABORT]
S2_S1 1: 1`[ABORT]
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SAP2 1: 1`CLOSED
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SAP1 1: 1`CLOSED
SAP2 1: 1`CLOSED
S1_S2 1: 1`[]
S2_S1 1: 1`[RELEASE]
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SAP1 1: 1`CLOSED
SAP2 1: 1`CLOSED
S1_S2 1: 1`[ABORT]
S2_S1 1: 1`[RELEASE]
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SAP1 1: 1`CLOSED
SAP2 1: 1`CLOSED
S1_S2 1: 1`[]
S2_S1 1: 1`[RELEASE,ABORT]
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SAP1 1: 1`CLOSED
SAP2 1: 1`CLOSED
S1_S2 1: 1`[ABORT]
S2_S1 1: 1`[RELEASE,ABORT]
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2:0
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SAP1 1: 1`CLOSED
SAP2 1: 1`CLOSED
S1_S2 1: 1`[RELEASE,ABORT]
S2_S1 1: 1`[]

87 
5:0
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SAP1 1: 1`CLOSED
SAP2 1: 1`CLOSED
S1_S2 1: 1`[RELEASE]
S2_S1 1: 1`[ABORT]
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7:0
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SAP1 1: 1`CLOSED
SAP2 1: 1`CLOSED
S1_S2 1: 1`[RELEASE]
S2_S1 1: 1`[]
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2:0

85
SAP1 1: 1`CLOSED
SAP2 1: 1`CLOSED
S1_S2 1: 1`[RELEASE,ABORT]
S2_S1 1: 1`[ABORT]
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2:0
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SAP1 1: 1`CLOSED
SAP2 1: 1`CLOSED
S1_S2 1: 1`[CONNECT,RELEASE,ABORT]
S2_S1 1: 1`[]
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2:0
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SAP1 1: 1`CLOSED
SAP2 1: 1`CLOSED
S1_S2 1: 1`[CONNECT,RELEASE]
S2_S1 1: 1`[ABORT]
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3:0
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SAP1 1: 1`CLOSED
SAP2 1: 1`CLOSED
S1_S2 1: 1`[CONNECT,RELEASE]
S2_S1 1: 1`[]
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SAP1 1: 1`CLOSED
SAP2 1: 1`CLOSED
S1_S2 1: 1`[CONNECT,RELEASE,ABORT]
S2_S1 1: 1`[ABORT]
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SAP1 1: 1`CLOSED
SAP2 1: 1`CLOSED
S1_S2 1: 1`[]
S2_S1 1: 1`[CONNECT,RELEASE,ABORT]
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2:0
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SAP1 1: 1`CLOSED
SAP2 1: 1`CLOSED
S1_S2 1: 1`[ABORT]
S2_S1 1: 1`[CONNECT,RELEASE]

67 
2:0
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SAP1 1: 1`CLOSED
SAP2 1: 1`CLOSED
S1_S2 1: 1`[ABORT]
S2_S1 1: 1`[CONNECT,RELEASE,ABORT]
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3:0
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SAP1 1: 1`CLOSED
SAP2 1: 1`CLOSED
S1_S2 1: 1`[]
S2_S1 1: 1`[CONNECT,RELEASE]
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SAP1 1: 1`CLOSED
SAP2 1: 1`CLOSED
S1_S2 1: 1`[CONNECT,ABORT]
S2_S1 1: 1`[]
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2:0
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SAP1 1: 1`CLOSED
SAP2 1: 1`CLOSED
S1_S2 1: 1`[CONNECT]
S2_S1 1: 1`[ABORT]
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2:0

59
SAP1 1: 1`CLOSED
SAP2 1: 1`CLOSED
S1_S2 1: 1`[CONNECT,ABORT]
S2_S1 1: 1`[ABORT]
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2:0
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SAP1 1: 1`CLOSED
SAP2 1: 1`CLOSED
S1_S2 1: 1`[]
S2_S1 1: 1`[CONNECT,ABORT]
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2:0

47
SAP1 1: 1`CLOSED
SAP2 1: 1`CLOSED
S1_S2 1: 1`[ABORT]
S2_S1 1: 1`[CONNECT]

46 
2:0

46
SAP1 1: 1`CLOSED
SAP2 1: 1`CLOSED
S1_S2 1: 1`[ABORT]
S2_S1 1: 1`[CONNECT,ABORT]

40 
4:0

40
SAP1 1: 1`CLOSED
SAP2 1: 1`CLOSED
S1_S2 1: 1`[CONNECT]
S2_S1 1: 1`[]

35 
2:0

35
SAP1 1: 1`CLOSED
SAP2 1: 1`CLOSED
S1_S2 1: 1`[CONNECT]
S2_S1 1: 1`[CONNECT]

34 
2:0

34
SAP1 1: 1`CLOSED
SAP2 1: 1`CLOSED
S1_S2 1: 1`[CONNECT]
S2_S1 1: 1`[CONNECT,ABORT]

32 
10:0

32
SAP1 1: 1`CLOSED
SAP2 1: 1`CLOSED
S1_S2 1: 1`[]
S2_S1 1: 1`[ABORT]

31 
2:0

31
SAP1 1: 1`CLOSED
SAP2 1: 1`CLOSED
S1_S2 1: 1`[CONNECT,ABORT]
S2_S1 1: 1`[CONNECT]

30 
2:0

30
SAP1 1: 1`CLOSED
SAP2 1: 1`CLOSED
S1_S2 1: 1`[CONNECT,ABORT]
S2_S1 1: 1`[CONNECT,ABORT]

29 
4:0

29
SAP1 1: 1`CLOSED
SAP2 1: 1`CLOSED
S1_S2 1: 1`[]
S2_S1 1: 1`[CONNECT]

27 
10:0

27
SAP1 1: 1`CLOSED
SAP2 1: 1`CLOSED
S1_S2 1: 1`[ABORT]
S2_S1 1: 1`[]

26 
10:0

26
SAP1 1: 1`CLOSED
SAP2 1: 1`CLOSED
S1_S2 1: 1`[ABORT]
S2_S1 1: 1`[ABORT]

25 
28:0

25
SAP1 1: 1`CLOSED
SAP2 1: 1`CLOSED
S1_S2 1: 1`[]
S2_S1 1: 1`[]

110 
2:0

110
SAP1 1: 1`CLOSED
SAP2 1: 1`CLOSED
S1_S2 1: 1`[RELEASE]
S2_S1 1: 1`[RELEASE]

109 
2:0

109
SAP1 1: 1`CLOSED
SAP2 1: 1`CLOSED
S1_S2 1: 1`[RELEASE,ABORT]
S2_S1 1: 1`[RELEASE]

108 
2:0

108
SAP1 1: 1`CLOSED
SAP2 1: 1`CLOSED
S1_S2 1: 1`[RELEASE]
S2_S1 1: 1`[RELEASE,ABORT]

107 
2:0

107
SAP1 1: 1`CLOSED
SAP2 1: 1`CLOSED
S1_S2 1: 1`[RELEASE,ABORT]
S2_S1 1: 1`[RELEASE,ABORT]

�

-/4�


B =

�

6
�

9�� =

N����MN

B��

-/3X4:.

@ �

0��

=

.

=HB1I

-/J

=

. 02N]0

=

.

>

NPJ

=QL

DONP.

=
�

R

®:®:®



� � � � � � ��� �

� 	

��



 � 
����

��������
 � �

� � �

� ���

�

��� �

���, 	��� � �p!	��� � ��" ��� � $%&! � ��� �� 

�

-/.102-K3X4#"

687:9�� =

J%$•N

B

N]02-

@

3X.

@��

D��'& �

@

�

=

$)(�-80 �

�¥@

$ �

=

�(0

B

NP3X. -K02-

@

3X.

†+*-,),/.10325476)8:9;9=<%>@?A0B,C,ED

“+FHG�IJG�K ˆ5bV¢\¢as l �ML�NPORQ5S s5‰_bPj5fPg T ~5‰_bPj5fPg T T_fPg n T ˆ5{ m [PfUT sV‹ m e_UWV

š

œX*-,),ZY[6]\_^]25`a9b25>Hc:0d,[,ED

•+FHG�IJG�K ˆVž\„V‹ZY•U�L�NeORQ�S'Tgf
l

T —aT:žhT s\ˆjihT zx€
l

V

 kFHG�IJG�K saˆai
�X{_WV‚ML�NPORQ5S
m

g;T
m

����V

‡+FHG�IJG�K TVŠ5h5‰_ˆ_ža„lLnmoKpGoqCroFgQ•ˆVža„:‹ZY•U�sasaˆEi��5{\WV‚tV

•kFHG�IJG�K €Sg\U/L˜YSg\U'V

‘kFHG�IJG�K T:Š\huLnK3v]FwGCKxq

†8” T:Š��po €SgaU�s

†™† s\ˆji o €SgaU�s

†K“ ˆVž\„<o T_ŠahX‰Vˆ_ž5„yV

†8š{zw|oK [Pf:‚ o T:Šah}V

†8œ

†K•X*-,),�Y;4�<a>)0:9•~€0•0:~€8w>‚6ƒ8]>„c•4:8]…d†ƒ…J8w‡5ˆ‰,),ED

†8 ŠFHG�IJG�K T:ž_s\ž_Š�L�NPORQ5S'ˆ_„ab_T:Š��‚T „t€PT:ž_Š
l

T�TEf
l

‰_TVŠ
l

ž‹T�TEf
l

‰:—aˆaŒ��‹T ŠaTVžhT

†K‡ ˆ\„Xb_T_ŠX‰Ž•5sZ€]ž‹T�„_sXTVžt‰:saˆai•T zx€
l

‰@• q•T zx€
l

‰@•5Ž�T

†8• ˆ\„Xb_Tx€
l

h•T žZ€d¢aŠX‰g•asZ€]ž}V

†8‘ŠFHG�IJG�K TŽŒ‘LnK’vHFaG)K3q

“•” —aˆaŒX‰
la“

žyo €Sg\U�s

“–† T
l

�X‰
la“

žyo €Sg\U�s

“™“ T
l

�X‰Pƒ
l

syo €Sg\U�s

“•š €]T_TyoS€Sg\U'V

“•œŠFHG�IJG�K „x€:TVžaŠ
l

[PU5W_UML�NeORQ�S'{5YV['T?^:{a[”V

“™•kFHG�IJG�K ž\ˆ
}

LnmoKpGoq)rHFgQ TVž_s_ž_Š•s_TŽŒ)s\„x€PT_ž\Š
l

[]UXWVU�V

“• {zw|oK [ o TVž_s_ž_ŠWV

“™‡–zw|oK Ÿ o�TŽŒ'V

“••{zw|oK Yuo „x€PT_ž\Š
l

[]UXWVUtV

“•‘

š™”—*-,™˜@>�~3ca~x<•…/^H2@š]›„2@>[‡52Mœ'›a9e•a2x4p0ž,ED

š¤†#z„|)I €:T\Ta‰VUx^]j«q7L•q•wyV

š¥“Ÿz„|)I €:T\Ta‰VUx^]jXŽ L’Ž_wyV

š™š+z„|)I €:T\Ta‰tY•gA[]U5Ž L �\wyV

š™œ

š¥•X*-,),¢¡ƒ£�¤’›�>y‡gcA~¥8„>”0‰¤38[4�Y[6]\¦0%2A`w9§2@>oc:0ž,),ED

®:®

�



š™ ��’r�� Tgf l [Pf:‚��­Ÿ<o�TŽŒ��«oHTVŠ\huL

š¥‡ �XTVŠ��lL
	«€]T_T�� Ÿ����

š™• saˆji/L|w �

š™‘ ˆ_ž\„/L
�+T@f l � m �������”V

œ™”��’r��'TEf l s5ˆEiZ[:fV‚�� Ÿ o�TŽŒ��«oHT:Š\huL

œ¤† �XTVŠ��lL
	«€]T_T�� Ÿ����

œ¥“ saˆji/L
	t—aˆaŒX‰ lw“ ž��­Ÿ����

œ™š ˆ_ž\„uL��HT@f l � m g����”V

œ™œ��’r��˜s\ˆjix[Pf:‚��­Ÿ<o�TŽŒ��«oHTVŠ\huL

œ¥• �XTVŠ��lL
	ZT l �X‰ lw“ ž��­Ÿ����

œ™  saˆji/L
	t—aˆaŒX‰ lw“ ž��­Ÿ����

œ¥‡ ˆ_ž\„uL��¬sVˆŽi � m g����”V

œ™•��’r��˜zx€ l [Pf:‚��­Ÿ<o�TŽŒ��«oHTVŠ\huL

œ™‘ �XTVŠ��lL
	ZT l �X‰ lw“ ž��­Ÿ����

••” saˆji/L
	t—aˆaŒX‰ lw“ ž��­Ÿ����

•–† ˆ_ž\„uL��¬zX€ l � m g����”V

•™“��’r��•zA€ l eXfVUae5W:gA[��¬Ÿyo�TŽŒ��«o?T:ŠahuL

••š �XTVŠ��lL
	ZT l �X‰ lw“ ž��­Ÿ��\`5q �

••œ saˆji/L
	t—aˆaŒX‰ lw“ ž��­Ÿ����

•™• ˆ_ž\„uL��¬zX€ l � m g����”V

•• ��’r��˜—aT:žx[Pf:‚��­Ÿ<o­TŽŒ��«o?T:Š\huL

•™‡ �XTVŠ��lL
	ZT
l

�X‰
lw“

ž��­Ÿ����

••• saˆji/L|w �

••‘ ˆ_ž\„uL��¬—_T]ž �
m

�������”V

 ™”��’r��•—XTVž5Wt^ 	
m

g��d[Pf:‚ o TVŠ\h��«o?T:Š\huL

 ¤† �XTVŠ��lL|w �

 ¥“ saˆji/L
	xT:Š����•[:f:‚��•©xq �

 ™š ˆ_ž\„uL��¬—_T]ž �
m

g����”V

 ™œ��’r��•—XTVž5Wt^ 	
m

�����•[:f:‚<o T:Š\h��«o?T:Š\h‘L

 ¥• �XTVŠ��lL
	Xs\ˆji��•[:f:‚����

 ™  saˆji/L|w �

 ¥‡ ˆ_ž\„uL��¬—_T]ž �
m

�������”V

 ™•

 ™‘—*-,),��ƒ2•c3›H43>•c��„2 0�c@<HcŽ2‹<o¤’cg2w4 4@2w‡E2w~��•~->”` < ‡E…-8[0@2 ,[,ED

‡•”��’r��'T_U5WVUXfVs��_U5f_eaˆX{
m

[Vf��S[ o?TPžVsVžVŠ �­Ÿyo2TAŒ��SY o?„Z€PT_ž\Š
l

[]UXWVU��«o­ž\ˆ
}

L

‡–†ŠI€v[Q¦z„|)I f:g5U5f_e\zZ€
l

‰g•«q@L
�+zx€
l

‰Ž• q �

‡™“ �5—aˆaŒX‰
la“

ž]L�	t—aˆaŒX‰
la“

ž��­Ÿ�� �

‡•š T
l

�X‰
la“

ž]L�	ZT
l

�X‰
la“

ž��­Ÿ��•©xq �

‡•œ T
l

�X‰Pƒ
l

s]L�	ZT
l

�X‰Pƒ
l

s��­Ÿ�� �

‡™• €]T_T]L�	«€]T_T�� Ÿ�� � �SY!�CV

‡•  z„|)I f:g5U5f_ea„_sXTVžt‰:saˆaioL
�S„VsaT:žX‰Ps\ˆji �

‡™‡ �a—aˆaŒX‰
lw“

žHL�	t—aˆaŒX‰
la“

ž�� Ÿ����

‡•• T
l

�X‰
lw“

žHL�	ZT
l

�X‰
la“

ž�� Ÿ��•©xq �

‡•‘ T
l

�X‰]ƒ
l

sHL�	ZT
l

�X‰Pƒ
l

s�� Ÿ����

•™” €]T_T]L�	�€]T_T��­Ÿ�� � �SY!�CV

•¤†{O"� O����S[ŽLZTEf
l

‰:—aˆaŒ��¦G”K:vCI$#gv [gLaŠ5T:ž��

•¥“ Q•Swv%�

•™š f:g5U5f_e\zZ€
l

‰g•«q

•™œ vCI$#gv

•¥• f:g5U5f_ea„_sXTVžt‰:saˆai

•™ bv��EqƒV

•¥‡

•™•—*-,),!^„c�<wc�2'&ƒ4-8A›)(+* ,C,ED

®:®

�



•™‘��’r��'T_U5WVUXf_h\e m caj«q��+[ o?TVž_s_ž_Š
�5L

‘™” [jL£Tjf l ‰:—5ˆEŒ��_G”K:vCI$#gv

‘¤† [jL|ŠaTVž G”K:vCI$#gv

‘¥“ [jLizZ€ l ‰@• q G”K:vCI$#gv

‘™š [jLizZ€ l ‰@•5Ž G”K:vCI$#gv

‘™œ [jL ˆ\„5b\TVŠt‰Ž•asA€dž¦G”K:vCI$#gv

‘¥• [jL›ˆa„5b\Tt€ l h G”K:v)I$#Žv

‘™  [jL „_s5T_žX‰VsaˆEi_G”K:vCI$#gv

‘¥‡ [jL’žZ€d¢aŠX‰g•asZ€]žtV

‘™•

‘™‘—*-,),!^„c�<wc�2'&ƒ4-8A›)(��/,C,ED

†8”™”��’r��'T_U5WVUXf_h\e m cajXŽ��+[ o?TVž_s_ž_Š
�5L

†8”¤† [jL|ŠaTVž G”K:vCI$#gv

†8”¥“ [jLizZ€ l ‰@• q G”K:vCI$#gv

†8”™š [jLizZ€ l ‰@•5Ž G”K:vCI$#gv

†8”™œ [jL ˆ\„5b\TVŠt‰Ž•asA€dž¦G”K:vCI$#gv

†8”¥• [jL›ˆa„5b\Tt€ l h V

†8”™ 

†8”¥‡X*-,),!^„c�<wc�2'&ƒ4-8A›)(��‘,C,ED

†8”™•��’r��'T_U5WVUXf_h\e m caj ���+[ o?TVž_s_ž_Š
�5L

†8”™‘ [jL ˆ\„5b\TVŠt‰Ž•asA€dž¦G”K:vCI$#gv

†™†8” [jL›ˆa„5b\Tt€
l

h G”K:v)I$#Žv

†™†™† [jL „_s5T_žX‰VsaˆEi_G”K:vCI$#gv

†™†K“ [jL’žZ€d¢aŠX‰g•asZ€]žtV

†™†8š

†™†8œ—*-,),M. (]?]<@c’2�Y[6]†�›)(w8@>•4A2]‡E2w~��•~->”` <A>•<o‡j‡g2�(CcA<H••… 2��[6�� ,[,aD

†™†K•��’r��•—Z^]Ÿ\s5ˆEi
m

gast‰]ƒ5j
n

W_U5f_žaˆ
}

�S[uo¬TPžVsVžVŠ � Ÿ<o2TAŒ��SY o¬„t€PT:ž_Š
l

[]UaW:U �•[Pf:‚ o?T:Š\h��«o­ž\ˆ
}

L

†™†8 ¢I€v[Q¦z„|)I f:g5U5f_e\Š5T_žwL
�?Š_T]ž��

†™†K‡ �X—aˆEŒt‰
lw“

žwL�	x—aˆEŒt‰
lw“

ž��¬Ÿ����

†™†8• T
l

�t‰
lw“

žwL�	AT
l

�t‰
lw“

ž��¬Ÿ����

†™†8‘ T
l

�t‰]ƒ
l

swL�	Xsaˆji �][:f:‚����

†K“•” €PT_T]L�	«€]T_T�� Ÿ�� � �•Y!�CV

†K“–† z„|)I f:g5U5f_e\zZ€
l

‰g•XŽwL
�+zx€
l

‰Ž•5Ž �

†K“™“ �5—aˆaŒX‰
la“

ž]L�	t—aˆaŒX‰
la“

ž��­Ÿ�� �

†K“•š T
l

�X‰
la“

ž]L�	ZT
l

�X‰
la“

ž��­Ÿ�� �

†K“•œ T
l

�X‰Pƒ
l

s]L�	Xs\ˆji��][Pf:‚�� �

†K“™• €]T_T]L�	«€]T_T�� Ÿ�� � �SY!�CV

†K“•  z„|)I f:g5U5f_e\žZ€]¢\Št‰Ž•asA€džoL
�+žx€d¢_Š5‰@•\sZ€•ž �

†K“™‡ �5—5ˆEŒt‰
la“

žwL�	t—5ˆEŒt‰
la“

ž�� Ÿ����

†K“•• T
l

�t‰
la“

žwL�	ZT
l

�t‰
la“

ž�� Ÿ����

†K“•‘ T
l

�t‰]ƒ
l

swL�	Xs\ˆEi �d[Pf:‚����

†8š™” €]T_THL�	«€PT_T��­Ÿ�� � �•Y �CV

†8š¤† z„|)I f:g5U5f_eaˆ\„Xb_T_Š��HL
�Sˆ_„abVTVŠ�� �

†8š¥“ �5—aˆaŒX‰
la“

žwL:w �

†8š™š T
l

�X‰
la“

žwL:w �

†8š™œ T
l

�X‰Pƒ
l

swL:w �

†8š¥• €]T_T]L_w � �•^:{a[ �CV

†8š™  z„|)I c\j
n

W_U5f\TVg
n

ƒagXW]L
�H[ �

†8š¥‡ �5—5ˆEŒt‰
la“

žwL�	Z—aˆEŒt‰
lw“

ž��­Ÿ����

†8š™• T
l

�t‰
la“

žwL�	 T
l

�t‰
lw“

ž��­Ÿ����

†8š™‘ T
l

�t‰]ƒ
l

swL�	tsaˆji��][PfV‚����

†8œ™” €]T\TwL�	«€PT_T��­Ÿ�� � �•Y%�CV

†8œ¤†{O"� O���	Xs\ˆji �][Pf:‚��AL 	AT
l

�t‰
lw“

ž��­Ÿ��

®:®

�



†8œ¥“ Q�Swv%�

†8œ™š �CO��’[gL TEf l ‰V—aˆaŒ��

†8œ™œ Q�Swv%�

†8œ¥• f:g5U5fVeaŠ5T_ž

†8œ™  vCI$#gv O��’[gL›zZ€ l ‰@• q

†8œ¥‡ Q�Swv%�

†8œ™• f:g5U5fVeazZ€ l ‰Ž•tŽ

†8œ™‘ vCI$#gv O��’[gL’ˆa„5b\Tt€ l h

†K••” Q�Swv%�

†K•–† f:g5U5fVeažZ€]¢\ŠX‰g•asA€dž

†K•™“ vCI$#gv O��’[gL’„\s5T_žX‰:s5ˆEi

†K••š Q�Swv%�

†K••œ f:g5U5fVe5ˆ\„Xb_TVŠ
�

†K•™• vCI$#gv

†K••  c\j n WVUXf\TVg n ƒ5gXW��

†K•™‡ v)I$#Žv

†K••• caj n WVU5faT:g n ƒagtW

†K••‘bv��EqƒV

†8 ™”

†8 ¤†k*-,),�� >oc%2@4�05cŽ<]c@2/£w˜ ^AY��Cœ 8w4Z6H£���^���� ,[,aD

†8 ¥“��’r��'fVgaU5f_ea„Z€PTVžaŠ lXm eaˆa„5b\TVŠ�� �•Y o¬„Z€PTVžaŠ l []U5W_U��«o?ž\ˆ } L

†8 ™š O��£Y@LZ{5Y_[

†8 ™œ Q�Swv%�

†8 ¥• �H„t€]T:ž_Š
l

�

†8 ™  �a—aˆaŒX‰
lw“

ž]L:w �

†8 ¥‡ T
l

�X‰
lw“

ž]L:w �

†8 ™• T
l

�X‰]ƒ
l

s]L:w �

†8 ™‘ €]T_TwL�€PTaTa‰XYdgZ[PU5Ž)� �+Y%�

†K‡•” v)I$#Žv

†K‡–† �Hˆ_„abVT:Š����

†K‡™“ �a—aˆaŒX‰
lw“

ž]L:w �

†K‡•š T
l

�X‰
lw“

ž]L:w �

†K‡•œ T
l

�X‰]ƒ
l

s]L:w �

†K‡™• €]T_T]L_w � �•^:{a[��CV

†K‡• 

†K‡™‡X*-,),��ƒ2•c3›H43>•c��„2 0�c@<HcŽ2 ‡ �„<E>o`E2A?•¤38o4 0�cg<]c@2n`a4x8E› ( * ,),ED

†K‡••��’r�� h\e
m

caj«qdˆVkXWVga‚Xf\TVUXWVUXf��•[ o¬TPžVsVžVŠ �+Y o?„x€:TVžaŠ
l

[PU5W_U��«o¬žaˆ
}

L

†K‡•‘ O�� [ŽLZTEf
l

‰:—aˆaŒ��

†8•™” Q�Swv%�

†8•¤† f:gaUXfVe5„x€PT_ž\Š
l5m

e5ˆ\„Xb_TVŠ
� �SY)�

†8•¥“ v)I$#Žv

†8•™š �Hˆ_„abVT:Š����

†8•™œ �a—aˆaŒX‰
lw“

ž]L:w �

†8•¥• T
l

�X‰
lw“

ž]L:w �

†8•™  T
l

�X‰]ƒ
l

s]L:w �

†8•¥‡ €]T_T]L_w � �•^:{a[��CV

†8•™•

†8•™‘—*-,), Y��g2�0A2jc‰8H¤/05cg<oc@2]0!c �C<ac�<w4•2¦2	��(•2E‡Žc5~ >•`‰<�
„˜€œ�,),ED

†8‘™”��’r�� [ �_gaeZ^]Ÿ
n

‰_ft[]U �+[ o¬TPžVsVžVŠ � Ÿ<o T5Œ��S[:f:‚<o¬T:Šah�� L

†8‘¤† �•[ŽLATjf
l

‰:—5ˆEŒ��_G”K:vCI$#gv [gLXŠaT:ž��/| �„q[|oI #5G�	5s\ˆji��d[Pf:‚��AL)	ZT
l

�X‰
lw“

ž��­Ÿ��CV

†8‘¥“

†8‘™š��’r�� �ZY•g
…

q]‰X^:WX[VfZq��+[ o¬TPžVsVžVŠ � Ÿ<o T5Œ��S[:f:‚<o¬T:Šah�� L

†8‘™œ [jLXzx€
l

‰@• q�|��oq[|oI #5G 	Xs\ˆEi �d[Pf:‚��@L 	ZT
l

�X‰
la“

ž�� Ÿ��CV

®:® �



†8‘¥•

†8‘™ ��’r�� �ZY•g … q]‰X^:WX[Vf\Ž��+[ o¬TPžVsVžVŠ � Ÿ<o T5Œ��S[:f:‚<o¬T:Šah�� L

†8‘¥‡ [jLXzx€ l ‰@• q�|��oq[|oI #5G 	Xs\ˆEi �d[Pf:‚��@L 	ZT l �X‰Pƒ l s�� Ÿ��CV

†8‘™•

†8‘™‘��’r�� �tYSg … Ž��+[uo?TPžVsVžVŠ � Ÿ<o T5Œ��•[Pf:‚ o­TVŠ\h�� L

“•”™” [jLXzx€ l ‰@•5Ž_|��oq[|oI #5G 	Xs\ˆEi �d[Pf:‚����ŽL�	xT l �t‰]ƒ l s�� Ÿ��CV

“•”¤†

“•”¥“��’r��•—Z^]Ÿ\zA€ l ‰_TVUXWVUXf_h_e m caj��•[ o¬TPžVsVžVŠ �2Ÿ<o TAŒ �d[PfV‚<o¬T:Š\h�� L

“•”™š [ �_gaeZ^]Ÿ n ‰_ft[]U �?[ �2Ÿ �•[PfV‚��!G”K:vCI$#gv

“•”™œ �ZY•g … q]‰X^:WX[VfZq��?[ �2Ÿ �•[PfV‚��!G”K:vCI$#gv

“•”¥• �ZY•g … q]‰X^:WX[Vf\Ž��?[ �2Ÿ �•[PfV‚��!G”K:vCI$#gv

“•”™  �tYSg … Ž��H[ � Ÿ �S[:f:‚��CV

“•”¥‡

“•”™•—*-,),l. (]?a<Acp<7Y[6]†�›)(w8@>•4A2]‡E2w~��•~->”` < 
„˜€œ�,C,ED

“•”™‘��’r��•—Z^]Ÿ\zA€ l ‰Pc\j n W_U5fVž5ˆ } �+[ o¬TPžVsVžVŠ �2Ÿyo T5Œ��+Yuo¬„t€]T:ž\Š l [dUaWVU �•[Pf:‚ o?T:Š\h��«o­ž\ˆ } L

“–†8”¢I€v[Q¦z„|)I f:g5U5f_eaˆ\„Xb_T_ŠX‰Ž•5sZ€]žHL
�dˆ_„abVTVŠ5‰@•\sx€dž �

“–†™† �5—aˆaŒX‰ lw“ ž]L�	ZT:Š����][Pf:‚��•©xq �

“–†K“ T l �X‰ lw“ ž]L�	AT l �X‰ la“ ž��¬Ÿ����

“–†8š T l �X‰]ƒ l s]L�	ts\ˆji �][Pf:‚����

“–†8œ €]T_T]L�	«€]T_T�� Ÿ�� � �SY �CV

“–†K• z„|)I f:g5U5f_e\žZ€]¢\Št‰Ž•asA€džoL
�+žx€d¢_Š5‰@•\sZ€•ž �

“–†8  �5—5ˆEŒt‰
la“

žwL�	xT:Š ���d[Pf:‚��•©xq �

“–†K‡ T
l

�t‰
la“

žwL�	ZT
l

�t‰
la“

ž�� Ÿ����

“–†8• T
l

�t‰]ƒ
l

swL�	Xs\ˆEi �d[Pf:‚����

“–†8‘ €]T_THL�	«€PT_T��­Ÿ�� � �•Y �CV

“™“•” z„|)I f:g5U5f_eaˆ\„Xb_Tx€
l

hHL
�+ˆ_„5bVTX€
l

h��

“™“–† �5—5ˆEŒt‰
la“

žwL�	ZTVŠ��
�][PfV‚��•©xq �

“™“™“ T
l

�t‰
la“

žwL�	 T
l

�t‰
lw“

ž��­Ÿ����

“™“•š T
l

�t‰]ƒ
l

swL�	tsaˆji��][PfV‚����

“™“•œ €]T\TwL�	«€PT_T��­Ÿ�� � �•Y%�CV

“™“™•kO"� O��¡[ �\gaeZ^]Ÿ
n

‰_ft[]U��+[ �2Ÿ �d[PfV‚��

“™“•  Q•Swv%�

“™“™‡ f:g5U5f_eaˆ\„Xb_T_ŠX‰Ž•5sZ€]ž

“™“•• vCI$#gv O � � �xYdg
…

qP‰5^VWX[:fAq��H[ � Ÿ �d[Pf:‚��!G”K:vCI$#gv �tYSg
…

Ž��+[�� Ÿ �•[Pf:‚����

“™“•‘ Q•Swv%�

“•š™” f:g5U5f_e\žZ€]¢\Št‰Ž•asA€dž

“•š¤† vCI$#gv

“•š¥“ f:g5U5f_eaˆ\„Xb_Tx€
l

h

“•š™šbv��EqƒV

“•š™œ

“•š¥•X*-,), �e2gc54A<H>�0�9–~¥050�~ 8H>•0 ,[,aD

“•š™ ŠFHG�IJG�K —\TuL #Žr�� #AvwQ TVž_s_ž_Š NPORQ�S §¬Tgf
l

‰VT:Š
l

ž �HTgf
l

‰P—\ˆjŒ�� �?zx€
l

‰@• q �Hˆ\„abVTX€
l

h��+„\s5T_žX‰:s5ˆEi5¨yV

“•š¥‡kFHG�IJG�K —_ˆ/L‰moKpGoqCrHFgQ —\Tosx€SgaU�V

“•š™•{zw|oK g oS€Sg\U'V

“•š™‘{zw|oK Œ�oS€Sg\U'V

“•œ™”+z„|)I ¢XW��\—XfVUae5W:gA[:TEf
l

L’Ž”V

“•œ¤†#z„|)I ¢XW��\—XfVUae5W:gA[:TEf
l

s5ˆEi/L›Ž”V

“•œ¥“Ÿz„|)I ¢XW��\—XfVUae5W:gA[]zA€
l

q L’Ž”V

“•œ™š+z„|)I ¢XW��\—XfVUae5W:gA[]zA€
l

ŽML’Ž”V

“•œ™œ��’r��¡¢aW����+[ o?T:ž_s_ž\Š�� L!Fa|%#�v¡[

“•œ¥• G � TEf
l

‰_TVŠ
l

žML��i¢5W	�\—XfVU\eXW:gA[:Tjf
l

“•œ™  T�TEf
l

‰:—aˆaŒ��ML��i¢5W	�\—XfVU\eXW:gA[:Tjf
l

s5ˆEi

“•œ¥‡ T zx€
l

‰@• q L��i¢5W	�\—XfVU\eXW:gA[]zZ€
l

q

®:®:°



“•œ™• T „\s5T_žX‰:s5ˆEiML��i¢5W	�\—XfVU\eXW:gA[]zZ€ l ŽtV

“•œ™‘��’r��•—XfVU\eXW:gA[:T\f_‚��•[ o¬TPžVsVžVŠ �2Ÿ<o­TŽŒ�� L

“™••” O�� [žL TEf l ‰_TVŠ l ž�Q•Swv%� Tgf l [:f:‚ �­Ÿ��

“™•–† v)I$#Žv O��’[ L£Tjf l ‰:—5ˆEŒ���Q•Swv%�'TEf l s5ˆEiZ[:fV‚�� Ÿ��

“™•™“ v)I$#Žv%zA€ l e5fVUae5WVgZ[��­Ÿ��CV

®:® �



�

�

� 
!� �  � � ���p��� �F��� �p� ��� � $'&! &��
�#���

Hierarchy#10010 Declarations#0

TCP_Overview#1

M Prime

Event_Processing#2

Segment_Processing#4

SEQ_Unacceptable#9

RST_Check#10

SYN_Check#11

ACK_Check#12

FIN_Check#13

Open#6

Timewait_Timeout#14

Retransmissions#15

Timeout#5

User_Commands#3

Close#7

Abort#8

TCP'1

TCP'2

Segment_Processing

SEQ_Unacceptable

RST_Check

SYN_Check

ACK_Check

FIN_Check

Timeout

TimeWait_TimeOut

Retransmissions

User_Commands

Open

Close

Abort
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TCP'2

HS

TCP'1

HS

H1_H2

SEG

H2_H1

SEG

User_1

COMMAND
1`A_Open

User_2

COMMAND
1`P_Open

TCB_1

1`(CLOSED,
  {RCV_NXT=0,
  SND_NXT=0,
  SND_UNA=0,
  ISS=ISS_tcp1},
  cls)

TCB

TCB_2

1`(CLOSED,
  {RCV_NXT=0,
  SND_NXT=0,
  SND_UNA=0,
  ISS=ISS_tcp2},
  cls)

TCB

Lossy_Channel1

[false]

Lossy_Channel2

[false]

seg

seg
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 TCB
TCB

P I/O

In

SEG

P InOut

SEG

P Out

User_Commands

HS

Segment_Processing

HS

 User

COMMAND

P In

Retrans_Timeout

HS
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 TCB

TCB

P I/O

Open

HS

Abort

HS

Close

HS

Out

SEG

P Out
 User

COMMAND

P In
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 TCB

TCB

P I/O

Passive_Open

Active_Open User

COMMAND

P In

Out

SEG

P Out

Send

(CLOSED,v,i)

(LISTEN,v,lis)

P_Open

SYNseg(v)

SYNseg(v)(LISTEN,v,lis)

(SYN_SENT,
{RCV_NXT=0,
SND_NXT=#ISS(v)+1,
SND_UNA=#ISS(v),
ISS=#ISS(v)},i)

(CLOSED,v,i)

(SYN_SENT,
{RCV_NXT=0,
SND_NXT=#ISS(v)+1,
SND_UNA=#ISS(v),
ISS=#ISS(v)},i)

A_Open

Send
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 TCB
TCB

P I/O

LISTEN_SYNSENT

[s=LISTEN orelse
 s=SYN_SENT]

SYNRCVD_EST

[s=SYN_RCVD 
orelse s=EST]

 User

COMMAND

P In

Out

SEG

P Out

CLOSE_WAIT

(s,v,i)

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

Close

FINseg(v)

FINseg(v)(CLOSE_WAIT,v,i)

(LAST_ACK,
{RCV_NXT=#RCV_NXT(v),
SND_NXT=#SND_NXT(v)+1,
SND_UNA=#SND_UNA(v),
ISS=#ISS(v)},i)

(s,v,i)

(FIN_W1,
{RCV_NXT=#RCV_NXT(v),
SND_NXT=#SND_NXT(v)+1,
SND_UNA=#SND_UNA(v),
ISS=#ISS(v)},i)

Close

Close
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 TCB

TCB

P I/O

Abort

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

Abort_SndRST

[s=SYN_RCVD orelse
 s=EST orelse
 s=FIN_W1 orelse
 s=FIN_W2 orelse
 s=CLOSE_WAIT]

 User

COMMAND

P In

Out

SEG

P Out

(s,v,i)

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

Abort

(s,v,i)

(CLOSED,
{RCV_NXT=0,
SND_NXT=0,
SND_UNA=0,
ISS=0},i)Abort

RSTseg(v)
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 TCB
TCB

P I/O

SEQ_Unacceptable

HS

RST_Check

HS

FIN_Check

HS

ACK_Check

HS

SYN_Check

HS

In

SEG

P InOut

SEG

P Out
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 TCB
TCB

P I/O

Rcv_uSeq_RST

[StateGroup1(s)
andalso #SEQ(seg)<#RCV_NXT(v)
andalso #1(#CTL(seg))=RST]

Rcv_uSeq

[StateGroup1(s)
andalso #SEQ(seg)<#RCV_NXT(v)
andalso #1(#CTL(seg))<>RST]

In

SEG

P InOut

SEG

P Out

seg

seg

ACKseg(v)

(s,v,i)

(s,v,i)
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 TCB
TCB

P I/O

CLOSED_noRST

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

LISTEN_CLOSED

[(s=LISTEN orelse
 s=CLOSED) andalso
#1(#CTL(seg))=RST]

SYN_SENT

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

SYNSENT_ACKoff

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

StateGroup1

[StateGroup1(s) 
andalso #SEQ(seg)>=#RCV_NXT(v) 
andalso #1(#CTL(seg))=RST]

In

SEG

P InOut

SEG

P Out

Group1ChangeState(s,i)

(SYN_SENT,v,i)

enterLISTENorCLOSED(i)

seg

seg

seg

seg

seg

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

(s,v,i)

(CLOSED,v,i)

(s,v,i)

(SYN_SENT,v,i)
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 TCB
TCB

P I/O

LISTEN

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

SYNSENT_SYNACK

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

SYNSENT_SYN

[#CTL(seg)=(SYN,off)
andalso #ACK(seg)<=#ISS(v)]

SYNSENT_SYNoff

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

SYN_inWindow

[StateGroup1(s)
andalso #SEQ(seg)>=#RCV_NXT(v) 
andalso #1(#CTL(seg))=SYN]

In

SEG

P InOut

SEG

P Out

Group1ChangeState(s,i)

(LISTEN,v,i)

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

(SYN_SENT,v,i)

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

(SYN_SENT,v,i)

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

seg

seg

seg

seg

seg

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

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

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

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

(s,v,i)

(SYN_SENT,v,i)
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 TCB
TCB

P I/O

SYNSENT_ACKonU

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

SYNSENT_uACKRST

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

ACKoff

[StateGroup1(s)
andalso #SEQ(seg)>=#RCV_NXT(v) 
andalso #1(#CTL(seg))<>RST 
andalso #1(#CTL(seg))<>SYN 
andalso #2(#CTL(seg))=off]

SYNRCVD_ACKonU

[#SEQ(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))]

ACK_NotSent

[StateGroup2(s)
andalso#SEQ(seg)>=#RCV_NXT(v) 
andalso #1(#CTL(seg))<>RST 
andalso #1(#CTL(seg))<>SYN
andalso #ACK(seg)>#SND_NXT(v)]

ACK_Duplicate

[StateGroup1(s)
andalso#SEQ(seg)>=#RCV_NXT(v) 
andalso #CTL(seg)=(ACK,on)
andalso #ACK(seg)<=#SND_UNA(v)]

LISTEN

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

ACK_Acceptable

[StateGroup1(s)
andalso #SEQ(seg)>=#RCV_NXT(v) 
andalso #CTL(seg)=(ACK,on)
andalso #ACK(seg)<=#SND_NXT(v)
andalso #ACK(seg)>#SND_UNA(v)]

In

SEG

P InOut

SEG

P Out

RcvACKonA_UpdateTCB(s,v,i,seg)

seg

seg

seg

seg

seg

seg

seg

seg

ACKseg(v)

RSTackoff(seg)

RSTackoff(seg)

RSTackoff(seg)

(s,v,i)

(LISTEN,v,i)

(SYN_SENT,v,i)

(SYN_SENT,v,i)

(s,v,i)

(SYN_RCVD,v,i)

(s,v,i)

(s,v,i)
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 TCB
TCB

P I/O

Rcv_FIN

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

In

SEG

P InOut

SEG

P Out

Rcv_FIN_remain

[StateGroup3(s) andalso 
andalso #SEQ(seg)>=#RCV_NXT(v)
andalso #ACK(seg)<=#SND_NXT(v)
andalso #ACK(seg)>#SND_UNA(v)
andalso #CTL(seg)=(FIN,on)]

(s,v,i)

RcvFIN_updateTCB(s,v,i,seg)

seg

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

(s,v,i)

ACKseg(v)

seg
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 TCB

TCB

P I/O

Out

SEG

P Out

TimeWait_TimeOut

HS

Retransmissions

HS
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11 
1:0

11
User 1: empty
User 2: empty
H1_H2 1: empty
H2_H1 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)

10 
2:0

10
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`(LISTEN,{RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 20},lis)
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42 
6:0

42
User 1: empty
User 2: empty
H1_H2 1: empty
H2_H1 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},cls)

32 
2:0

32
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)
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45 
3:0

45
User 1: empty
User 2: empty
H1_H2 1: empty
H2_H1 1: empty
TCB 1: 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)

44 
3:0

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)

37 
4:0

37
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)
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41 
3:0

41
User_1 1: empty
User_2 1: empty
H1_H2 1: empty
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 = 10,SND_NXT = 21,SND_UNA = 21,ISS = 20},cls)

40 
3:0

40
User_1 1: empty
User_2 1: empty
H1_H2 1: empty
H2_H1 1: empty
TCB_1 1: 1`(EST,{RCV_NXT = 20,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)

35 
2:0

35
User_1 1: empty
User_2 1: empty
H1_H2 1: empty
H2_H1 1: empty
TCB_1 1: 1`(CLOSED,{RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 0},cls)
TCB_2 1: 1`(CLOSED,{RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 0},cls)

32 
2:0

32
User_1 1: empty
User_2 1: empty
H1_H2 1: empty
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)
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51 
10:0

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)
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95 
1:0

95
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},lis)

31 
17:0

31
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)

23 
2:0

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)
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85 
2:0

85
User 1: 1`Close
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)

256 
18:0

256
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)

2081
 

5:0

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)

1608
 

5:0

1608
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},cls)

152 
4:0

152
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)

142 
4:0

142
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)
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42 
1:0

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)

31 
5:0

31
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)

22 
4:0

22
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)
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73 
2:0

73
User 1: 1`Abort
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)

228 
4:0

228
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)

140 
7:0

140
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)

139 
7:0

139
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)
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80 
2:0

80
User 1: 1`Close
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)

338 
8:0

338
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)

324 
2:0

324
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)

321 
12:0

321
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)

307 
2:0

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)

304 
12:0

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 = 0},cls)

303 
10:0

303
User 1: 1`Abort
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)

15 
1:0

15
User 1: 1`Close++ 1`Abort
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)

136 
3:0

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)

134 
3:0

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 = 0},cls)

13 
1:0

13
User 1: 1`Close
User 2: 1`Close++ 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)

114 
3:0

114
User 1: 1`Abort
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)

112 
3:0

112
User 1: empty
User 2: 1`Close++ 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)
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31 
7:0

31
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)

23 
4:0

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)
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54 
1:0

54
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)

31 
9:0

31
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)

22 
2:0

22
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)
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84 
2:0

84
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 = 0},cls)

247 
8:0

247
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)

150 
7:0

150
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)

140 
4:0

140
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)
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9110
0 

7:0

91100
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)
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
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)

8930
4 

7:0

89304
User_1 1: empty
User_2 1: empty
TCB_1 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
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)

6126
1 

5:0

61261
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)
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
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)

5926
0 

7:0

59260
User_1 1: empty
User_2 1: empty
TCB_1 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
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)

5065
0 

7:0

50650
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)
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
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)

4714
3 

5:0

47143
User_1 1: empty
User_2 1: empty
TCB_1 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
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)

1968
1 

5:0

19681
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)
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
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)

1787
1 

5:0

17871
User_1 1: empty
User_2 1: empty
TCB_1 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
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)
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9661
 

5:0

9661
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)
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
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)

6356
 

5:0

6356
User_1 1: empty
User_2 1: empty
TCB_1 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
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)

4444
3 

4:0

44443
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)
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
Retrans_ 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)

4333
3 

4:0

43333
User_1 1: empty
User_2 1: empty
TCB_1 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
H2_H1 1: empty
Retrans_ 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)

3371
2 

3:0

33712
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)
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
Retrans_ 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)

3297
1 

3:0

32971
User_1 1: empty
User_2 1: empty
TCB_1 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
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,1)++ 1`(LAST_ACK,0)++ 1`(FIN_W1,0)++ 1`(CLOSING,0)

2707
5 

5:0

27075
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)
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
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,1)++ 1`(LAST_ACK,0)++ 1`(FIN_W1,0)++ 1`(CLOSING,0)

2111
7 

5:0

21117
User_1 1: empty
User_2 1: empty
TCB_1 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
H2_H1 1: empty
Retrans_ 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)
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3986
 

5:0

3986
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)
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
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)

2460
 

5:0

2460
User_1 1: empty
User_2 1: empty
TCB_1 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
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)
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1 
0:2

1
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)

2 
1:2

2
User 1: empty
User 2: 1`P_Open
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`(CLOSED,{RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 20},cls)

4 
2:1

4
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)
TCB 2: 1`(LISTEN,{RCV_NXT = 0,SND_NXT = 0,SND_UNA = 0,ISS = 20},lis)

6 
1:1

6
User 1: empty
User 2: empty
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,ISS = 20},lis)

9 
1:1

9
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)
TCB 2: 1`(SYN_RCVD,{RCV_NXT = 11,SND_NXT = 21,SND_UNA = 20,ISS = 20},lis)

11 
1:0

11
User 1: empty
User 2: empty
H1_H2 1: empty
H2_H1 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)

Open'Active_Open 1

Open'Passive_Open 2

LISTEN'Rcv_SYN 2

SYN_SENT'Rcv_SYNACK 1

SYN_RECEIVED'Rcv_ACKonA 2
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CLOSED CLOSED

SYN_SENT

(active open)

SYN_RCVD

LISTEN

(passive open)

ESTABLISHED

ESTABLISHED

Client Server

SYN (10)

ACK (11, 21)

SYNACK (20, 11)
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1 
0:2

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

2 
1:2

2
User 1: empty
User 2: 1`Close
H1_H2 1: 1`{SEQ = 11,ACK = 21,CTL = (FIN,on)}
H2_H1 1: empty
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)

5 
1:2

5
User 1: empty
User 2: 1`Close
H1_H2 1: empty
H2_H1 1: 1`{SEQ = 21,ACK = 12,CTL = (ACK,on)}
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)

10 
1:2

10
User 1: empty
User 2: empty
H1_H2 1: empty
H2_H1 1: 1`{SEQ = 21,ACK = 12,CTL = (ACK,on)}++ 1`{SEQ = 21,ACK = 12,CTL = (FIN,on)}
TCB 1: 1`(FIN_W1,{RCV_NXT = 21,SND_NXT = 12,SND_UNA = 11,ISS = 10},cls)
TCB 2: 1`(LAST_ACK,{RCV_NXT = 12,SND_NXT = 22,SND_UNA = 21,ISS = 20},cls)

16 
2:1

16
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,{RCV_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)

24 
1:2

24
User 1: empty
User 2: empty
H1_H2 1: 1`{SEQ = 12,ACK = 22,CTL = (ACK,on)}
H2_H1 1: empty
TCB 1: 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)

38 
4:1

38
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)

51 
10:0

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)

Close'SYNRCVD_EST 1

ESTABLISHED'Rcv_FIN 2

Close'CLOSE_WAIT 2

FIN_WAIT_1'Rcv_ACKonA 1

FIN_WAIT_2'Rcv_FIN 1

LAST_ACK'Rcv_ACKonA 2

TIME_WAIT'Timeout 1
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LAST_ACK
FIN_WAIT_2

TIME_WAIT

CLOSE_WAIT

(close)

FIN_WAIT_1

(close)

CLOSED

TCP Entity 1 TCP Entity 2

CLOSED

FIN (11, 21)

ACK (21, 12)

FIN (21, 12)

ACK (12, 22)
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1 
0:2

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

2 
1:2

2
User 1: empty
User 2: 1`Close
H1_H2 1: 1`{SEQ = 11,ACK = 21,CTL = (FIN,on)}
H2_H1 1: empty
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 
2:2

4
User 1: empty
User 2: empty
H1_H2 1: 1`{SEQ = 11,ACK = 21,CTL = (FIN,on)}
H2_H1 1: 1`{SEQ = 21,ACK = 11,CTL = (FIN,on)}
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},cls)

8 
1:2

8
User 1: empty
User 2: empty
H1_H2 1: empty
H2_H1 1: 1`{SEQ = 21,ACK = 11,CTL = (FIN,on)}++ 1`{SEQ = 22,ACK = 12,CTL = (ACK,on)}
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},cls)

14 
2:2

14
User 1: empty
User 2: empty
H1_H2 1: 1`{SEQ = 12,ACK = 22,CTL = (ACK,on)}
H2_H1 1: 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)

21 
1:2

21
User 1: empty
User 2: empty
H1_H2 1: 1`{SEQ = 12,ACK = 22,CTL = (ACK,on)}
H2_H1 1: empty
TCB 1: 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)

34 
2:2

34
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`(TIME_WAIT,{RCV_NXT = 12,SND_NXT = 22,SND_UNA = 22,ISS = 20},cls)

44 
4:1

44
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`(TIME_WAIT,{RCV_NXT = 12,SND_NXT = 22,SND_UNA = 22,ISS = 20},cls)

51 
10:0

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)

Close'SYNRCVD_EST 1

Close'SYNRCVD_EST 2

FIN_WAIT_1'Rcv_FINsim 2

FIN_WAIT_1'Rcv_FINsim 1

CLOSING'Rcv_ACKonA 1

CLOSING'Rcv_ACKonA 2

TIME_WAIT'Timeout 1

TIME_WAIT'Timeout 2
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ESTABLISHED

(close)
(close)

FIN_WAIT_1
FIN_WAIT_1

CLOSING

ESTABLISHED

CLOSED
CLOSED

TIME_WAIT
TIME_WAIT

CLOSING

TCP Entity 1 TCP Entity 2

FIN (11,  21)
FIN (21, 11)

ACK (12, 22)
ACK (22, 12)
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 TCB
TCB

P I/O

Rcv_uACK

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

Rcv_uACK_RST

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

RST_LISTEN

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

RST_CLOSED

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

Rcv_SYN

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

noSYN_noRST

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

Rcv_SYNACK

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

Rcv_RSTnoACK

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

In

SEG

P InOut

SEG

P Out

(SYN_SENT,v,i)

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

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

(SYN_SENT,v,i)

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

(SYN_SENT,v,i)

(SYN_SENT,v,i)

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

seg

seg

seg

seg

seg

seg

seg

seg

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

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

RSTackoff(seg)

(SYN_SENT,v,i)

(SYN_SENT,v,i)

(SYN_SENT,v,i)

(SYN_SENT,v,i)
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 TCB
TCB

P I/O

Rcv_uSeq_RST

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

RST_LISTEN

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

RST_CLOSED

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

SYNinw_LISTEN

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

Rcv_ACKonA

[#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)]

Rcv_ACKonU

[#SEQ(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))]

Rcv_ACKoff

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

Rcv_uSeq

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

SYNinw_CLOSED

[#SEQ(seg)>=#RCV_NXT(v) 
andalso #CTL(seg)=(SYN,off)
andalso i=cls]

In

SEG

P InOut

SEG

P Out

Rcv_FIN

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

(SYN_RCVD,v,i)

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

enterEST(v,i,seg)

(SYN_RCVD,v,i)

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

(SYN_RCVD,v,i)

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

(SYN_RCVD,v,i)

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

seg

seg

seg

seg

seg

seg

seg

seg

seg

RSTackoff(seg)

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

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

ACKseg(v)

(SYN_RCVD,v,i)

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

seg

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

(SYN_RCVD,v,i)

(SYN_RCVD,v,i)

(SYN_RCVD,v,i)

(SYN_RCVD,v,i)

(SYN_RCVD,v,i)
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 TCB

TCB

P I/O

Rcv_ACK

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

Rcv_RST

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

Rcv_SYN

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

In

SEG

P InOut

SEG

P Out

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

seg

seg

seg

RSTackoff(seg)

(LISTEN,v,i)

(LISTEN,v,i)

(LISTEN,v,i)
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 TCB
TCB

P I/O

LISTEN_SYNSENT

[s=LISTEN orelse
 s=SYN_SENT]

SYNRCVD_EST

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

 User

COMMAND

P In

Out

SEG

P Out

CLOSE_WAIT

(s,v,i)

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

Close

FINseg(v)

FINseg(v)(CLOSE_WAIT,v,i)

(LAST_ACK,
{RCV_NXT=#RCV_NXT(v),
SND_NXT=#SND_NXT(v)+1,
SND_UNA=#SND_UNA(v),
ISS=#ISS(v)},i)

(s,v,i)

(FIN_W1,
{RCV_NXT=#RCV_NXT(v),
SND_NXT=#SND_NXT(v)+1,
SND_UNA=#SND_UNA(v),
ISS=#ISS(v)},i)

Close

Close
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 TCB

TCB

P I/O

Rcv_uSeq_RST

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

RST_LISTEN

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

RST_CLOSED

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

SYNinw_LISTEN

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

Rcv_ACKonA

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

Rcv_ACKonU

[#SEQ(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))]

Rcv_ACKoff

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

Rcv_uSeq

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

SYNinw_CLOSED

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

In

SEG

P InOut

SEG

P Out

Rcv_FIN

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

Snd_SYNACK

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

(SYN_RCVD,v,i)

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

(EST,
{RCV_NXT=#RCV_NXT(v),
SND_NXT=#SND_NXT(v),
SND_UNA=#ACK(seg),
ISS=#ISS(v)},i)

(SYN_RCVD,v,i)

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

(SYN_RCVD,v,i)

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

(SYN_RCVD,v,i)

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

seg

seg

seg

seg

seg

seg

seg

seg

seg

RSTackoff(seg)

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

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

ACKseg(v)

(SYN_RCVD,v,i)

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

seg

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

(SYN_RCVD,v,i)

(SYN_RCVD,v,i)

(SYN_RCVD,v,i)

(SYN_RCVD,v,i)

(SYN_RCVD,v,i)

(SYN_RCVD,v,i)

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

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