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mod* INDEX{
pr(INT)

*[ Index 1*

op init-index : -> Index - initial
op dec_: Index -> index -- method
op inc_: Index-> Index -- method

bop val : [ndex -> Int -- attribute

var X : Index

eq val(init-index) = 0 .

eq val(inc X) = (val(X) + 1) .
ceq val(dec X) = (val(X) - 1) if val(X) =/= 0 .

31l% 2.1 saatinanaga INDEX

muadaasne luegailiie i
o n191szn1ARIEn (Import Declaration)
| dautiasl  (Elements) ”Lum'a@@mmmfa”’]@\ﬁm@@@émﬁ@ﬁ'\ﬁﬂu’]ﬁwméwﬁu
mannsandlatiainassindgy 3 wuy A nastdnuuuilesiu (protecting) Usznnrsiag
o dwydnwal protecting vza pr nsdduuntene (extending) Usznisdednydnmol

e . = o 9 , ) o & , =
extending ¥38 ex warn1sundwLuldeu (using) dsennaadydnsnl using ¥3a us



® pasidauuutlesiu annsaflasiuneganitidanldousuiuld Tnanegs
sandnaazligninanauas la@anie

] ° -4 S'LW ° o 2 2 i
nasduuLTene annaaldrenanisitnuaeweganindianldiueanty
1 uaznsinauBndasa inglignvinane

° 2 2 9 = ¥ d’ ° 2/ L 1 < lﬂl g’/

' mswnduuulden eygaldGenldounegantiudinnldadrafiun vienns
= 3 v ° p o 9 o o o a
Ganlfuuusssunt aienieiieulud vrawinssisinaenisin ey

e nsilszniAdtindaya (Sort Declaration)

windeya (Sort) Ae iAraszinndautian (A set of classified elements) wiliin

ayaaaniiy 2 dszny e gdsdayausdaan (Hidden Sort) detlsyniadaedoydnenl

ki

:
<

[ deriiadeya ] viu [ Bool ] uasalladeyandainaald (visible Sort) Geilsznaasian

al

as

Rryanmod ¥ %@ﬁﬁmﬁ@yﬂ]* 1 ¥ Index J*
e nissenAsziiiens (Record Declaration)
nstseniesuiion Ae nsdsznialasairesdaysuuusiinguiday Falaseaing
ﬁijizﬂ@‘ué’qmwﬁ@w (field) #ina] ffinsUszneanfinsauslsdeysaganely ﬁqgﬂ‘?{ 2.2
s
® n19lsznndnnganLliunng (Operation Declaration)
nstlszniAnisaiiunis  Usenndld 3 F5Pe  naseliuninfiunth  (prefix
operation) N1IANRUNINANNAN  (infix operation) WAYNNTANIUNITIENNAY  (postfix
operation) UszniaAsaadyanuol op Flaatan1slszn1AnIsA TN TIRNNAS
op dec_ : Index -> Index 0TS aemune _ utlssnfunnsanisdnunefi-
wiuazuds azilunisdszniAndsaiuNILLLINARIFIM AABENUTY
op initindex : -> [ndex
® miﬂ@zmﬁﬂﬁm"nﬁumaﬁqwqﬁﬂﬁm (Behavioral Operation Declaration)
: n1sdszniAnITAN U BN ANT TN TidmiunmuanzauiiunisuL
lanzianzatduiudeyartiaulasn (Hidden Sort) Felsympdaadydneal bop i
bop val : Index -> Int
® ndsznadsauls (Variable Declaration)
sautlsusiazsaifhugaunilesisdeys (Sort %dLLWuﬁQﬂW@ﬁﬂ@d‘ﬁﬁﬁ%@ﬁﬂ@ﬁu“]

Vi var X Index



record Segment{

sourceport : Int

destport : Int

segnumber : Int

acknumber : Int

offset : Int --value = 0 ; where data begins

reserved : Int -- value =0 ; for future use

urg : Bool

ack : Bool

psh : Bool

rst . Bool

syn : Bool

fin : Bool

window : Int --value = 0 ( for no Segment )

checksum : Int  -- value = 0 ( checking data in correctly)

urgentptr : Iﬁt -- noUrgentprt

options : Int -- value = 0 {(endOfOption),
value = 1 (noOperation),
value = 2 (maximumSegmentSize)

padding : Int -- vaiue = 0 ;Tcp header end and
data begin on 32 bit boundary

data : Int

as

2.2 fiaetinaszidien Segment

=Sh.

31

e n131s¥n1AaNNIT (Equation Declaration)

nstlsrnidaunisuieaantd 2 dsuiam Ae aunnsuuulng (A Plain Equation) wax
~gunssuuiideuly (A Conditional Equation) @stszniadiaadudneal eq uas ceq mn-
-

FAeU FnetenslszniAaNnTwLULNR eq valiinitindex) = 0 . uazaNnshuLiReauly

ceq val(dec X) = (val(X) — 1) if val(X) =/= 0.



2.1.2 WuNIWeAA (ADJ Diagram)
=~ < . 9 = i = o
mazgﬂiﬂummuaﬁmmm (Notation) AAENNNW LTENAT LAUAINLAALA [6] A

wanalugy 2.3 Teldeasunenginssuaasdeninunnudaninualuglii 2.1

> unu n1eaiiunig
) v ]
uni wiadayausai

= 2 d‘ o ’ v
(O unu glladeyaidanmndnld

dec_ init-index

inc_ /

s ]

$17 2.3 FetinaununINaRLa Index

oop val : Index -> Int Ttk wlugtn 2.3 U unienenisaitiunig val dnnsiuen

: Q % i 9 d} o o b : ! [~ a 9
‘HHG\T@N”@LLBJ\??]’) Index L“lﬂN’lL‘W’BW}LHMH’]TLL@')'&QW]@@HN’]Lﬂuﬂﬁuﬂ‘ﬂ’ﬂ%@ Int
2.2 NN (Transmission Conroi Protocol)

g (TCP) (Aannmsgunszyluenfiand 793 [8)) unrrudedayauuunszuade-
yaLF9TRg (connection-oriented byte stream) antwsinaaaniishidv@ninsnananily

A , ° Ay o o = o o a e
@@ﬂLL‘UULW@U??@@QSL“L&LLUU@’]ﬂ‘ﬂ\ﬂﬂsﬁwiﬂw (gﬂ‘Vl 24) ‘Nmuuﬂ‘léuﬂﬁﬁ‘ﬂ’]\i’luﬂlmLL@‘W‘W@me
v
p

o o & Y Aot 1 o o o 2 -
Vll‘ﬁ\ﬂuﬁ@’m’] LATRUNE V]QUW%WV]T_]@"]QMNﬂ']ﬁ‘ﬁ"l]?@\‘lﬂquﬂﬂM@\jluﬂq??Ude@H@ 13~J3~|

L1l
|

Ty lunisfudsdayaamsiiduganailunsfuduasiiaidatanainainisndedeya

q

Lz ://
- wdleanafs



4 xxx bytes
AH | Data
The . 20 ah 4 bytes data xxx
. . Message
Application Application s p—
Layer sourceport 2
. destport 2
- sequence 4
o The acknumber 4
. _
Transport | UDP | TCP | Segment N erve oo
layer urg  1bit
20 ack 1 bit
psh 1 bit
rst 1 bit
syn  1bit
5 | cmp fin  1hbit
h=] )i . window 2
3 checksum 2
s - urgent 2
2 2 | The b
o Internet IP Datagram versionihl
c
b5 | Layer éig)er 4,ihl 4 -
x | i
| ;
tos 1 f13
| 4 len 2 b
| id 2 - E
flagsoffset 2 ' !
(flags 3, it
ARP | RARP offset13bits)
e ttl 1 s
e protocol 1 i
g The Data checksum 2 i
a . :
15 . Data Link Frame sourceip 4
= . Link Layer destip 4
o
i~ DH
z destmac 6
§ The sourlceenmac g .
3 Physical Physical Bit e -
a Layer | PH i
= i " i
| bit ;}
i
-~ — 46- 1500 bytes— > i
. |
i
TCP/IP Model Data Sorts |

917 2.4 wuuR1sesdn lafuazatindaya [8,9,10]

v
ar Aad Al o

prpRp ° Aoty A - o
W“ﬂW@@ﬂLLUUﬂqN@ﬂqﬁm‘ﬂﬂ??NLLUU@W@@QV}GﬁWIQW AT UABINTNR ﬂ@%el,u"ﬁuﬂ’]?

o i

g4 (The Transport Layer) Ludu@umasiiln (The Intemet Layer) anfinila Auiindifuds

b9 ¥
as

win-ust (Segment) aesdagauuuliifuaniunsu (Datagram) lufugumesids udadu
fumefilsilazdedoyalununagaessumnisuazithvuneg  (Addressing  source  and
destination) siald

alad o

2.2.1 NI : dausiatseani (Interface)
prppep . v P R o Y A
VanNdousatlsvauananesaiy neanikpe  Usranuiugldeuise
N9rLIauNIINITUsEaNssing (Application processes) uavneviaes Ae tszanuiulnsin-
Traansuane 1y Sumedidninsinees diusadsraiuszudtanszusunimnisdseynatii
UsznensaegareanisGenduniauiumdsBunainssuudddRnisinszuaung

Uszenellddmnafulwdsine iy ArdaGen “da usz Ua” AldlunsGendonaclonis
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a ]

° oI/ =l w " - cll 1Y a9 dll o a [ b
Fosa LarAgasan “dae” uay “fu ﬂiﬂuﬂ’]ﬁ‘ﬂﬂ%@?ﬂ@&@t?ﬂﬂﬂﬁg@LN@WWH’]?M@M@L?HU?@H :
k4 4 u’/ = | n:gl’d & 5" a; i = =Y o ar ° o
LA ﬁ’]@\iLﬁ‘ﬂﬂLV@’]MNH’W?Z‘S\‘]W’]?%\IL[}*lﬂﬁ“lJ'EN‘Vl@% 1UAIRINT LTS [IOUAINMNAETIALY

e 2 ' 4
As-taendy uavdayaniuausie desanlildog

2.2.2 13N : N13AT1NNT (Operation)

4 f

T Qs aa A = ] d‘ =] i dil A
AANUNLNRANUBINAN A ANTTLAUNNTFARBAEATNANLNTaNE LY

a

24
=

] - o 9 o A o ‘ SR B o X = o 4 4
Cmsfudedeya nsdanisLiEnissanatatasdnilusiesnse ANt azB e adsa Ll
e nvsinsleuteya (Data Transfer)
ANl al Y oA 4 o
Wﬁfwmmmdw@gﬂLmunmmmmum@aﬂme (Continuous stream of octets) 184
Aldanu Taeminnisussqeannresdayaaslifamniuus (Segment) (9317 2.5) uaaderinn

sryvdumadifindalyl

packaging into

number of octets segments

T

7% 2.5 nasussquEninus

]
=

® AnnMNERnA (Reliability)

prpmpe [ A o T o o A
NEWNRATNITONURNRVLAY U @ﬂ;ﬂﬂqﬂ WaEd bRl QULu@\quqqﬂﬁqLuﬁJm@Q?zﬂﬂ

U a al

N13AAFRADABUWATIIR ATINAINITUAIUN A IAENITANUAATRIALATE (A

Sequence Number) LAZNITANALAATANALNISIL (An Acknowledgement Number) 83

[ as

aal A 4 14 o [l [ QJ‘ ¥ o v v
FaRaecfiu dusadsunisiuliannsoiudeyaluszavinanlaninuald dayaazgnds
as v o U

wn ol MellfFuazdesinnisFaeddudeyanisiarddunisdedenanaietaiudey st

a al

W v o o 14 v o o v d’g 2 Y
WAGea1ienld uaranasieaindndeyandrfewaanly

e 117AUANATENTI (Flow Control)

o as

Fafsan “Aulad (windows) d1miuardidunisiy  ieuaneFunudeyan iy

d a/ 2 v
Ieudayaaingda
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e n7udIMAIENIg (Multiplexing)
. =

VEW AN WaTaININ (A Set of Addresses or Ports) Tuyne widne (Host) taed

'
@

SAdaa ! o & [ = ) % ¥ = oA ] as 1 td} =1 '
VanRnsedeasTaiuwariulwATatnemenisiimanedvTetamesanats  aafivagly

< ! < =1 ’ 1 =2 o as

ﬁuﬂ]@anLW@gLumﬁG‘ﬂﬂqq “ganinm” @T@Q“ﬂ@ﬂlﬁﬁlﬁﬁﬂ’l ﬁdﬁ\im‘zuquﬂ’m‘ﬁm&im NULATNY
- 2 o

Tuszumsadng Teefuddnananst amilendasmielilianszusunisiianinissssdaniia

15 lunnshinsiawzatasugaiiegsedesnsisyy ludendis (Fig17 2.6)

process » socket

917 2.6 nszuauNsRTIdRnLAs

® 13 FaNse (Connection)

)
a8

s ‘:M, =4 ¢d‘1 2 3 2 W ¥ o ) .2/ ° ! 2
m’mmLmﬂﬂmmzm@mu@mmamumlmﬂmqlfmwmu@’uﬂummmuummwumu

99T LAz MuATaYALEARNIUNIN (Status Information) A1uiunszuadeysiu 3

dayauanianiunin deyaludaniin daysiaransunisds 4ayanIasunIeFy LAz

£ 1 4 v 2/ 1 ¥
1aedoys deyamantinaatasiunisdenseiedn nismensewsiazanisinsatiufa ns-

4l a

a 3 ar 1 1 57 123 A’ ol alal = 1 Q @ % ¥ .Z

AARANUIZUINNTEUIUNTTNIUATANING INENTWUNITAAADAUNTALTULUTBELAT UWRTAUGR
QV ': . 4 o’ ] d‘ o b7 2 o 174 ar

MIASRBACAUYIIWEINTE TN ‘wLﬂﬂmmhmuhﬂu;ﬂmmmme

®  NITNNRULAZAINKLAS (Precedence and Security)

=5

i A Y | qI/ | o ! a ] dJ ISR
H %W%WM@Q?ZHFWF]QWNNHFNLL@&ﬂWﬂW?WWﬂ@MlHﬂW?W@M@ - gananlnedTengy

o o @ i o 4 2 Aoy val v
mm“uﬂ’]ﬂ')'mNumtmzﬂ’m’]i‘w}ﬂ@um@ﬂ’W]x‘m@\‘]uNlmLiﬂﬂhﬁu

223 PERN - dusiasuedssULsTUINaLATedne  (Element of the Internetwork
System)
by 1 1 9 =1 o d‘a 3 o [l
mm‘wmmmm:mwimmmﬁizﬂ@umﬂmemwmmmm@nu‘LuImwm
i o [ 7 d‘ [N di Y| d‘
dunsagl (Gateway) taan19fUgeanIu (message) AnATasutge il lideiniaTas-

WNTUGENIY  “N9TUUNNS" (Processes)  NIELAUANTAINAIHN19UMHBUAI 191
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(Active Agent) Yanemns Inddaya giinsnlsine fnsfinsedednsiaiunazis nsvuaunis
A fusinfindedeasdanaadan Foifdmesiinmhasedeansaine Ko
Huwmilaunisiinsededaissudnanszuaunisvis U gannszuaunami AR AINANT
nszvaunsniiusiataunsainsessndtmane neruaunienieuiuuazsan htannssie-
fa lfansrusunisniauanindes  wiaznszuaunsiitesmaiieldlunishinsielUss

N9TUAUNISIEIUN TR (FagURl 2.7) wuiu

. it
port1 2 o process |———» = process |« | port 1 ﬁi _
port 2 bnd ! process | T aoRE T S|osess [« bind port 2

gU¥i 2.7 nalnnszuaunisiisfedeaisszndnaiinifa

2.2.4 3N : WUURNA8IN19ANENNNS (Model of Operation)

Vanussataysnwies (Buffer) lulfaniuug (Segment) uazsaAnda

[ s o s

Fananuega1esdumasiie (The internet moduie) iada dayasanannluduaniuudiaa

o A o v el = [ Lo ) v ar
Fandanane lunsmsaiudiunandatenieaziudeyaananisuiudnlddeays lldaiw-

. = el v

W (agh 2.8) Aandrdtyanilsznishie RaRsausandeysldlunisasugunisiudede-

< v 2/ ‘;/ ¥ o [ 1 ﬁ‘ < 4 ar
H@LﬂU‘l’ﬁuLsﬁﬂLNuﬂmQE LW?WtﬂﬂH@dQHMI‘H@W%?iJ[ﬂﬁ"mﬂ@‘uﬂQ’]Nu’)L‘ﬁ’Bﬂ@LL@Z@’]@‘Uﬂ'}?

- fugadeya

L0225 RER  aNWHIARANTAALNNe (The Host Environment)

o aaial A ¥ ar A as d‘ ¥ 2 A&
ﬂ’?ﬁ‘Vlﬂ\?’]Uﬂ@ﬂW“ﬁWLWﬂUlﬁﬂﬂN‘ﬂ@@I‘l&?:ﬁUUﬂ.ﬂUﬂﬂqﬁ‘ m;ﬁhmmmwmw-

'
o =

dddﬂl 1 = [ L= -7 el 1 2 O as =]
FRdwaeaiunndtesruninddeya  FaRldansaldardaananidsunsuduisa-
4ae1 (The network device driver) Wilaasss usausnldadaGanainuagaaasingivnae

aBumeiin
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buffer | P%2% .| segment 2 » Internet Module b

2l Internet Module |-mermmem- -

buffer le22% segment

¥ [
2.2.6 NFN : nNSHARLATNNTLNIANNNSTaNAS (Connection Establishment and

~"Clearing)

as Ala

NN sy tasn g miunannssuadaysusrszyotivesudaridn  ng
s, a ¢ @ ; b @ o eyl V- g
‘szyfaguacdumedidn (ntemet address) Huenlumt i flnarinuimiddami
(port icentifies) Wakdanfni i fuiaeiednaludananfinnsinsetefusas i
nadessedaldfineden “de atameneluiacseifioamfes

o @ o P | o g o 9 AaAo § v P | =
_sﬂ@ﬂLﬂWﬂu"] ENINTHABDNLADNU Lu'ﬂq\‘lm?\‘]ﬂuquVlsﬁW@ﬁiﬂN‘;ﬁ@eLUﬂqﬂ‘ﬂ@Nm@L@WWﬁVI (A

' |
a

. A g vy vy R A : o o @ A |
local connection name) e e lfuldaeneninaensalunieudy daniuanating
a o v = o o $ P ~ \ % " L
fo \ivdeyaiasiumndeuselily nduezifisuniuqunisaudsdaya” (Transmission
Control Block) Fouanereazidunlugili 2.9

mRasensiensiedufaUszaiunsn sikeseneansan "Ta” An-
fannssenaenisdan “ifla” (passive OPEN) yngi nszwnunisiisanisiasaanisinsie
] = [~ A = = d I as =

nerUauNTeEne AnanmaleaiinissensanisiGun e degiu ns e’

a

o j = Y aaa v a9 F Wyo a
NI (active OPEN) IANTTLAUNTTAL AINUUNTANAZUASIINIILINANIN I BRI

:‘ma‘mommﬂummmomm

mumummmmqmmommo‘lmmmuﬂu syn Tunsfudsdnansin 3 T
moummummmq “Ageuiie 3 907 (3-way handshake) MsideusetiEuannmn LT
u'mummmu syn Lazsadndaan s’ gl Lwommsmwﬂomomwmuerm—

udsdona (TCB) LN@Lﬁ‘QJﬂWTL‘H’BN ﬂ@Nﬂ’]ﬁ‘L"ﬁ’ﬂNM@ﬁ‘tﬂQ"l\‘l“ﬁﬂﬂm Annglulazdaniinnfe-

u

v

uandndnaiu Waanirdansesausasiaswliiiluan uznnsfinse (ESTABLISHED)
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nsimansemnuanysnlielanunduanuznisiiasiadues  nsen@nnisideusied
¥ 1 1
L neREA AN Rasanstexse wiseiumsanisldinaauan fin iesniannis

TeNFAaN 1T luN19A08NT

9 ©

2.2.7 WdA : Fanmuateridu (Function Specification)

el

ININWATRTITR (TCP Segments) dadayamdauiunisasdayanaanni-

Z’/ a a5 [A:il o ' A a = o T =3 oo
wnsnleduaumaiivin (@EL‘V] 2.4) NILIANFDUDIVITEN ZJﬂ’)’?ﬁd@’]Lﬂum'ﬂﬂ’]ﬁ‘LﬂUﬁ‘Wﬂ@SL@ﬂﬂ

] tdl [ Y d; ] i dl t .
sina Wldlunnsiudedeyalunisdenseadlussiliauniaimansia (A Connection Record)

[ 1

“Baundn “nguszliaumruunisaudedays” (TCB) (Fagtid 2.9)

J

record Tcb{
snd-una : Int -- send unacknowiedged
snd-nxt : Int -- send next
snd-wnd : Int -- send window
snd-up : Int -- send urgent pointer
snd-wi1 @ Int -- send seguence number used for last window update
snd-wi2 : Int -- send acknowledgement number used for last window update
iss @ Int -~ initial send sequence number
rov-nxt : Int -- receive next
©rev-wnd : Int -- receive window
rev-up : int -- receive urgent pointer
irs : Int -- initial receive sequence number
seg-seq : int -- segment sequence number
seg-ack: Int -- segment acknowledgement number
seg-len : Int -- segment length |
seg-wnd : Int -- segment window
seg-up : Int -- segment urgent pointer
E seg-prc @ int -~ segment security and precedence value
}

gﬂﬁ 2.9 nauszidauasuANnisIudsdasys (TCB)
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nezuaunadensasulmuaniuzsine sdesmuadmiiaedid-
A (ﬁqgﬂ‘ﬁ 2.10) ?ﬁmmuwi’m lsznavsag @annusie (LISTEN) @auzds (SYNSENT)
A071UziU (SYNRCVD) gnzRng (ESTABLISHED) @n1uzsaWu1 (FINWAIT-1) a0714z9a-
A2 (FINWAIT-2) @anruzsalla (CLOSEWAIT) 4a011z1n13Ln (CLOSING) annuepauiy-

e

C@eve (LASTACK) 4011299081 (TIMEWAIT) wazannustle (CLOSED) Aaudmasns-

[

a 4 é’
ATLBRUANTITNINTIUAIY

®  an Uz Lﬂuﬁmuz%mmﬁqmaﬁfa ABEINTT5RITIANTTITRNARAN nvanszezing

(remote TCP) WLazdadINnig

= = % v - : o = 2
o amuzds uaniusiuaastenisdngnisfasaaniadansendsainiidnisiasaenig
Aasialiudn
[ <3| d’ =X o~ o dl 1 s o d’i/a./ 2
o anuziu uanruriuassianistiudunismensaaInnIsRe LT UNAIRNAG UL Y-
| [ % = ] ~ U v
deiinsfunazdsnisiastanishinseFauiasudn
e anuzbiass uanusiuasstienistlanismansie dedayalldagldau
a o = = a = : ey
® a0 UL Wuanurhuanstianissaaasnisanidannisdenseaniidn

sveirlng WaN19ARLSLNN2EINT195AUREINANNN T AN ADABUNEN

a & ~ =< % = ‘:‘4' | PP
@ ’&muzﬁ"aWHZ Lﬂu@ﬂqut‘wLL@Q@NQQﬂ’ﬁ‘?@ﬂ@ﬁlﬂ']ﬁ‘ﬁ"fN”lJ@?;lﬂL@ﬂﬂ']ﬁ‘L”ﬁ‘ﬂN[;lﬂ';‘}"]ﬂ‘ﬂsﬁw
szalng
a ndl = v = dl 1 3/
® ﬂﬂquzﬁ‘@ﬂﬂ Lﬂu@ﬂquzmLL@ﬂ\jﬂﬂﬂq??'ﬂ@@ﬁﬂq?ﬁ'@Qfﬂ@ﬂﬂL@ﬂﬂqﬁ‘L"ﬁ@ﬂJﬁ]@@qﬂm“ﬁ\?qu

n1euan (local user)
© | = zﬂl =3 e d’b = d’ T
o aonuzynnatle  DuaniusiuansienisrereunnsneuiLiiasesnann1siian e
==
anAanNszezlng
. s 2 [~ -d' =X as d|9/ =N
o gnuzmaLiUgAYne Wua e ALdAaNNI299ARSNNIAALSUN AR NIANNNS
Tensanauutinndalldandnszaslng
k=1 :ll & 1 d} ~d‘ ] o A
®  A0NUTIAIN Fugn e uanaian1saAaegiana NN A nafena sz Ing

50 NeReLfLIAINNNTFR R NANNITITaNGD

A o a = e p ; - Iy
® ﬂﬂquz_ﬂﬂ Lﬂu'&ﬂquz'ﬂL’b'&ﬂﬂﬂﬁﬂ"l?‘lNN’&ﬂ’lugﬂq?Lm@N[5]@15]"' ANLLRI
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passive OPEN
create TCB

< CLOSED >‘
1 -

active OPEN
create TCB
E snd SYN
CLOSE CLOSE i
delete TCB

i

H 1

! :

' | delete TCB
N

P

- & :

< ?*d\ S‘\\Q/O :

Pt RO §

- ° rev SYN RN ' :

SYNROYD T d ACK I SYNsenT g

' N 404’0 \%C{:/ !

: « Tor ;

E @/70_’- }\\ 6‘)7[/ Qjﬁ;}d‘ |

: . oS ;

! 00%‘ \\ // ) E

i CLOSE KN rcv FIN i

y snd FIN ESTABLISHED J~"sndAck = CLOSEWAIT 3

! il ! CLOSE |

E o9%K isnd FIN ;

; S0 j rev ACK of FIN |

rev FIN LASTACK )y~~~ >

FINWAIT-1 JsnaAck ®{ CLOSING ) <nd n)éthm g |

rev ACK of FIN rev | ACK ' ;

X X !

snd <nothing> snd | <nothing> _ :

o FIN v Timeout=2MSL |

FINWAIT-2  J"5ndACK P TIMEWAIT = )rremsmmmmmmmssmsmmm oo »'
delete TCB

‘tdl & o a 9 d’ o
sun 2.10 12N TRUALTINUINUBINTW

a e o _
2.3 9u3ReNNeelas (Literatures Survey)

asr ©

.".:"12.3.1 Fag1lin wiudasivuaredinsinaesdeans (A Formal  Specification
Technigue for Communication Protocoi) {3]

luenddans Layuan aueisplidwiudernmunaedinsinaeaieais
Imﬁ%gﬂﬁﬂﬁqﬂ@i’n‘f’:lﬂumiﬁﬁ%mwmm aganaNiy  wdothdenveussrdtunld
| .@.gdfga;;i_ﬁdl,umm_u Fannnssaaiasananaiiin Hybrid Formal Method (FCA) Gatlsznandae

seNdnurANin  (Finite  State  Machine  (FSM))  NIzuawuni1sansunisaeans
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(Communicating Sequential Processes (CSP)) LL@mﬁmﬁ’T’agﬂu’mﬁiﬁ‘u (Abstract Data
Type (ADT)) Tatiuanadaaunissielli |
Hybrid Model (FCA) = (FSM, CSP, ADT)
Taedi ADT THasunessarduadayalulnsinasa (e.g. address size = 16;)
CSP nsz1auNsmAumuAF NI Aeans
FSM = (S,P,1,0,T)
S = afinite set of states
P = a set of processes
| = aset of input
O = a set of output

T = a state transition function (T: I x S -> S)

TR L

U7 211 ununwanuenIsmuasdayaldl  gUN 2.12 wuawaniuenisiudayala]

lnedl 2 N input
3 ! L output
-> W sequential command
=> LU assignment operator
Il LV parallel operator
P, ¢?x: initialize -> S, => §; (1)
P, c?x: datareqg -> S,=> S; | (2)
FRetaemnurinta  nazLaumeidunisieans uprriiadayauiNess
ﬁﬂﬁm:mumiﬁqmummiwi‘t?mﬂ@@%wumm@uﬂ@ummnﬁm*‘ﬁ@g@ (c?x) NFLUIUNNS-

VNN LU NITUNU P, WaY P, Tugun1s? (1) war (2) mMuadu wazanuzaasinsinaea

U du s, => S; luaunedl (1) uaz (2)
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2.3.2 nednguitinsineeauazinouasy (Protocol Specification & Verification -
Methods: An Overview) [2]
T1e3deeee Michael uay Stephen Wansauntieagnaiuueddsnish

o/

WNizaNfan1saasldtuazningeLteayataainslnrasfnsedadns Saaanldane anau-

a b

'
vooA

nsEUIUNTRARadad1? (Communicating Sequential Processes (CSP)) LWRZAMIALILIAN

]
r=1|

NSELAUNIRAGRAeAYS (Timed CSP) SxUUNNANTWNLSENALIAIENIZLIUNITUATANIN-
windan JpsnanatisaNngRnssnaeenseuaunsideuaziiudndon  usileNasounuan

uNasINdaya (The abstraction) $9MMas

2.3.3 3§gﬂﬁaLmzﬂwmumuﬁw?ﬂwﬁm@@mzmuﬁ’]é’fa . N3EFANET. (Formal
_specification and verification of a procedural protocol: case study) [4]
TiseTed Lai auensaidnmdeldianisasuanus (The State
Transition technique) Lﬁuﬁaﬁu (The Numerical Petri Nets) LL@ZTW?ﬁuLﬂgmﬁ@ﬁqum
(PROTEAN) ’lumﬁmgﬂLmzmu@@u‘lﬁwﬁwﬂ@@ﬂimfmﬁﬂz& TunAdeiiaaalifiui
a.ls:‘imu‘iumﬂ‘ﬁ%'ﬁmgﬂﬁﬂLL@zﬂﬁimumumamﬂﬁ%mummiwﬂwﬂ@@LﬂﬁﬂuzLﬂ@qiﬂ
fauiiznisylend uaddlifieanesianisdngildewsinaeansziaudnds wu naslun-
fire1gi1e1 121471 (Job Transfer Manipulating) Fasanani lgunsaiivuewnmimesive

FTYNTSUUNN TN BT LU



<
Unn 3
= a
FLATITNLRZBRN LU

g a
3.1 AUAAUNITILATIZH

Tununiwesialamaazideadayasasinsinaesiidiainandland 793 (8] uas

v
¥ s

THuann NS RS LAN T AINIZLAUNIITNNUENGT BTN wianvaaiang T ldden

it )
i
= .d'
NEN

) Y v e o ealny 4 3 o = =
wrnnwsaad s nadwsnld Ae denuuainsinaeanan (93l# 3.1

dl 2’/ = L o A
g‘ﬂ‘ﬂ 3.1 fusuntsaaszidaninuainsinaaanan

=

¥ o L3 =tal } 7 o dll 8 A - o
ngan1uialns inaaanT i I‘HLLN‘HQWWLé/uﬂ’“-‘ﬁuﬁlLQ@’]LW@i‘D@ﬁU’Wﬂﬂ'}ﬁ‘W’N’\M

A oo =l

il/ < ¥ ?\I/ = 2 2/ o o ]
el ungn @\‘]ﬂﬁ‘m%mﬂﬂluﬂ‘ﬂﬂ 5 WIANNLLAA ﬂ’?ﬁ‘Lﬁ‘Elﬂl‘N'WM‘lJ’Bﬂ’WﬂHﬂTWi‘I% ARANEN

anszAuUBsenstiAnE luuni 5 Wi (930 3.2)
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519 3.2 dupauaiuranisFanldannsdifinm
3.2 MsiaaniATaINa

3.2.1 anrannledia (CafeOBJ Language)

as

a pmpep 3 2 = oo M
Lu@\‘]r“]’]ﬂ‘ﬂsﬁ‘wwﬂqﬁ‘mud\j"ﬂ’l’]H@LLUUﬂ?:ﬁLL@T@H@LTQQmﬂ LUK AN

Q

meandlatialunisnmuagiile srziiasannimaletivimuiniainaenlad-

¥
o as

=t =l 1 ) = a o L2 o 2 o
@ (OBJ) anvedeiuduuunendunuuiganin  MlddenmusausantuaaulFs

= a
WrALe

3.2.2 LHWNTNLBBLA {The ADJ Diagram)

nmasdiadiwagunenimiaulugleesnisaiiunis (Operation) ey
aun1e (Equation) Teaiianisanifiunisuazaunissnafiansanieiiadayatinduazds-
4 4 ao a4 N
aan (inputoutput) NNTEVlUNITLIUNITUIE PuAlERLRENLNUNINBARINERTLNE
= = 2 et a b2 o v o =
MEATIBLATUATBYAIRINTA NIz RINNTILE A THATEYAUNENIATA9BRNIBINITANTN-

n7Ls



dec_ init-index
inc_

2. addDataToBufferSegment
3. délBufferSegment

Index

Segment
Buffersegme record Segment{
record Buffersegment{ sourceport
sourceport destport
dastport seqnumber
segnumber acknumber
acknumber offset
offset reserved
Int reserved 5 2 urg
= ack
psh
rst
syn
fin
window
checksum
urgentprt
Inlt-buffersegment Eptors
padding
no-buffersegment data )
messagel . len
noMessage noMess
- errorLen
errorBind localSocket

LoczlConnectionName

Massage foreignSocket

record Message{ record LocalConnectionName{
mess1 localSocket
ress2 foreignSockat
mess3

messq

closedState
listenState
synsentState
synrcvdState

establishedState

finwalt-1State
finwait-2State
closingState
timewaitState
closewaltState
lastackState
nolrgentState
curState

init-segment

/ no-segment

checkStatus

init-status

— P
statusCall

917 3.3 unnnnieRia

valuegtate

Status
recard Status{
local-socket,
foreign-socket
rev-wnd
snd-wnd
cennection-state
num-buf-walt-ack
num-buf-pend-receipt
urg-state
precedence
security-or-compartment
trans-timeout

deleteTcb

Tch

init-tcb
no-tch
createTchb

snd-una
snd-nxt
snd-wnd
snd-up
snd-wil
snd-wl2
iss
Tev-mdt
rev-wnd

L



Segment

record Buffersegment{
sourceport

destport

seqnumber

acknumber

affset

errorLocalConnectionName

Y

LocaiConnecticnName

record LocalConnectionName{
localSocket
fareignSccket

~
active < % ‘{'?%
passtive\ . <3:‘

ActiveOrPassive_::

opencCall

\@ closeCall
abortCall

P receiveCall

noTimeout 3

byteCount

Message
record Message{
precedenceStatusvalue messi
mess2
Int mess3 setPsh
mess4
closeOk messS }
securityOrCompartmentValue closeFail
abortOk
abortFail byteCount
endOfOption Int - segrSﬂg\gment:
noOperation sourceport
maximumSegmentSize e
setPsh acknumber
opt affset
ops Ecrvcd
sendCall o

rst

7% 3.4 uunNEALA (sia)

cc
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3.2.3 WHUANANTIL R U N (State Transition Diagram)

o

b
NFTUIUNIININUIINY ﬁl‘ll@ddsﬁd’ﬂé‘l_l’]ilﬁ'}]ﬂLLNuﬂ’]WﬂWi‘Lﬂ@ﬂuﬁﬂﬂu“ﬂﬂ\‘l

a N o

ﬁ%ﬂ [8] %QLﬂuLLNUﬂqWVl@ﬁUqﬂﬂl@ﬂ’]“umL“ﬁ\jﬂuq'ﬂﬂl@\'}'ﬂ ﬂﬂ’)uqu\‘i"] OL'HLLNuﬂ']WLMﬂPlu
= Nl Al
(ﬂ\‘iqﬁ:ﬂ'ﬂ 2. 1'1) @ﬁuqﬂﬂ\‘]@qﬂﬂﬂﬁ‘vuqunqﬁ‘wqqqu'ﬂqwﬂ@"]J@Q TN
a a = a v P
LLNuﬂqWL@ﬂL"QﬂquTﬂ@ﬁU’]ﬂ?’]ﬂ@zL@ﬂﬂ“ﬁuﬂﬂ]@ﬂﬂ@ﬂ]@\?‘ﬂsﬁw RSN UNTN
a e A a =2 o o o A ANA R o 8y
ﬂ"]ﬁ‘l,ﬂ@ﬁiu@ﬂ']uz‘]]@qmsﬁ‘wmqﬂq?ﬂ@ﬁuqﬂﬂﬂﬁqm'l_mi‘zuquﬂq?vm\?quvmﬂﬂﬂﬁl@\’ﬂsﬁw @\37]"!1“
% agll ) = dl d‘l o4 I = 9/
Q']U'J'QﬂuurlLLNuﬂqWL@ﬂlf‘]LL@”LLNu.ﬂqWﬂqﬁ‘Lﬂ@ﬂu@ﬂquxllﬁlLﬂuLﬂ?@QN@ﬁQﬁsLUH"I?Lﬂ]ﬂu"ﬂ@-
ﬂquum"ﬂaﬁW']Lﬂﬁ‘qvu ﬂq?sLTLLNUﬂqWWQ@@\T?QNﬂquiumqﬂqﬁ\ﬂ? U“ﬂ@ﬂquu@iﬂﬂﬁ‘ﬂﬂﬂﬂﬂwq
ﬁ‘qﬁlﬂzlgﬂﬁ‘ﬂ@Q%@N‘J@LL@zﬂiquuﬂq?ﬁqqquﬁ\ﬂﬁNﬂ ﬂﬂi‘ﬁ@’zﬁ‘M’Wﬂ’]’:?sL‘N’m?"mﬁ/u"ﬂmLLN‘LA-

’uJ/ =K o -1 ¥ =l rdl 9 -ﬂ‘ :// v Y as as =
NINVIRERN Q\W']Lﬂuﬂ@\‘lﬂﬂgﬂiﬁLTAﬂqﬁ‘L‘ﬁ’ﬂﬂ\JLLNMWWVN@@\’LT']@QEHH PRLARNTEATLREA

L 4 sell

3.2.4 WHWATWEUAIUUAAEAT (The Timed Line Diagramd)
a o ::gfs‘y o = o 4w [ s
nidseilfdunuanatTamnsauanenisiudeday s i unszud e nEa
Wianidavile Taeflaomusine AfmualSluwmnmnisfeuanuz Anudidyan
dsmidiu Ao utmsnanididnlaieuasiesienisfunanisiudedesallinseminediti
msldduinsmmnaiiingmndesduionumos  wuaeRauazuEuNNN9AE

2 v v o [ o = 5} d’
ADNUTNAE AU UAN AILAAITIEIATIRLA LULNT 5

AR LAWY ARRNTA

ol - v | PRy P
WL Wa AR LA Ea Bt adayasne  1edtnsTnaeadi i (usuiBuAmN
anfland 793) 5egLif 3.33.4 TIRZUAMTIUALIBUATEYA VBN TNBALAANNTELAUNS

Q ] a2 :;II
Mnusine Aasie il

3.3.1 @ousailszaniy (Interface)
AAda “Ban” Tnauum 5 Adasaeii Ae AdaBuniile AndeGande Arda

=t o 3 olz =l = o y =) a
Banfu AndaBunte wazAndalrananian
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3.3.1.1 mdaiFan “da”
o y = o o e/ v o dy N .
ANdaisen “ita” NINTIULBYAAIU “local socket, foreign socket,
- active/passive, timeout, precedence, security/compartment, options” Wadlannsdause
audanfiniszyld  (local socket, foreign socket) Wﬁm&iﬂﬂﬂ’ﬂﬁﬂﬂﬂmﬂmﬂwﬁ’u
AUwaIIR

Tnefrfndayasiie] Afudiaanliunis op openCall : Int Int

ActiveOrPassive Int Int int Int -> localConnectionName HAMUNNIUANANAL (51191 3.5)

S
At
it
° Int Wl Negiunig
K int W Aeguananag
@ ActiveOrPassive Wi gRansinisEaniauuy active we passive
® Int wny  nIsaIsIINsuNALEan Inad

®  noTimeout N Tifn1sRansinnsnaaan

-~ B timeout ‘VIN’]EIﬁ\'i 991981 1IN ALY

® Int wni  nnannnew (TnaflanTasd3eane = 0)
] Int Wi Areusues (aedAnlaefFene = 1)
o Int WNL AMMNa@aen avil 3 ANdneiy Ae 0,1 uay 2 laeh

® A1 0 Mg D MuARIENIININAEN opt(endOfOption)
" gn 1 wuneds ldfinnsandiunisuda opt (noOperation)
" A1 2 nuned muqmsnnmuﬁ@ngm opt (maximumSegmentSize)
' d‘ =) . . o % N = i 3
_ \Walis active/passive gninuualiiily passive an1uzaaendnsi-
R F e x ' -
naacgnilasuliiflu LISTEN (deasins eqd lugdwn 3.6) iesanisGanitlauuy active
(Bedlaniuziiliy SYNSENT (Faaunng eqs Tugiln 3.6)) a1ng foreign socket 2097idW1lane-
N1 uiasaAdaends
dl a a ] v 9 § = i as
Halllanishssaudaazainngusniouaugunisaudsdays (5
aums eq5 ugilf 3.6) lldranflunisGunitlanuy active vise passive finnu aiFunitle
Y ° 7 ‘ﬁ' Yes =3 by d' 2 o s 1]
udaanindayanlafunfiuen ineldauluasusaly
welllaleaarnousaudvizesd MIIuaINAININI N NLATAIA N
: o Ay vo a a 1q12 = Y (o | = 3y .
- fuasildsunnlunis@lanisiinsie wanldiinisBunldudidenataazFunldalae-

“{Lﬁmﬂ
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a5 ar <) dll 3 SJd‘ d} ] d‘ dll 2
HAANEUAIANNITIANTTITaN mmﬂmﬂumm@umqut‘w W ld

graiagnszuauniadansiasanataiiludndusien W (deaunig eql waz eq2 luglii 3.6)

4& errorLocalCannectionName

LocalConnectionName
record LocaiConnectionName{
: IocatSocket

opencCall

forelgnSocket

neTimeout

precedenceStatusValue

securityOrCompartmentValue
endOfOption
noOperation
: maxlmumSegmentSize

@ 4

T z BT

91/% 3.5 WHUANIERARIRIANRI G “(TIn”

U
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mod* OPENCALL{
. pr(SEGMENT + STATE + TCB + STATUS + STATUSCALL)
*{ ActiveOrPassive 1*

-~ OPEN (1:local port, 2:foreign socket, 3:active (1) /passive(0) 4:[tmeout] 5:[ precedence] 6:[,security/compartment]

7:[,options])

op openCall : Int Int ActiveOrPassive Int Int Int Int -> LocalConnectionName -- method
op active : -> ActiveOrPassive
op passive : -> ActiveOrPassive
op timeout : -> Int
vars 111214 (51817 : Int
var S Segment
var O : Ops
var P : ActiveOrPassive
var C : Tch
var L : LocalConnectionName
ceq openCall( 11, 12, P, 14, 15, 16, 17) = LocaiConnectionName { localSocket = [1, foreignSocket =12 }
if(11>0)and (12>0)and
(11 =/=12) and
( P == active or P == passive ) and
14 == noTimeout and
15 == precedenceStatusValue and
16 == securityOrCompartmentValue and
|7 == opt{maximumSegmentSize) . ~ correct local + foreign port ..{eqg1)
_ ceqgopenCall( 11,12, P, 14, 15, 16, [7) = errorLocalConnectionName '
' if(11<iorl2<1or 11==12}and
( P == active or P == passive ) and
14 == noTimeout and
15 == precedenceStatusValue and
16 == securityOrCompartmentValue and
17 == opt(maximumSegmentSize) . --error P ...(eq2)
ceq curState = listenState
if openCall( 11, 12, P, noTimeou, precedenceStatusValue, securityOrCompartmentVaiue,
opt(ﬁaximumSegmentSize) ) == LocalConnectionName { localSocket =11, foreignSocket=12}. ...(eq3d)
~ceq curState = synsentState
. if  openCall( 11, 12, P, noTimeout, precedenceStatusValue, securityOrCompartmentValue,
opt{maximumSegmentSize) ) == LocalConnectionName { localSocket = i1, foreignSocket =12} . ...(eq4)
ceq checkTcb(createTeb) = true
if openCall(11,12,P,14,15,16,17) == LocalConnectionName { localSocket = 11, foreignSocket = 12 } .
...(eqb)

917 3.6 fafmuagUdAdsFun “Te”
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3.3.1.2 md’qz?ﬂn "dq"

md’al.?ﬂn “dQ” 'ﬂ'm”l?m'ilﬂuﬂmu “local connect:on name, buffe. _
address, byte count, PUSH flag, URGENT flag, timeout” Lﬂﬂﬂﬁn’mﬁﬂn “@a” ﬁlﬂuﬂiﬂﬂw

S FRUanemne fan .‘smtuumf sendCall (ﬂjﬂ 3.7)

[

Tmﬂmummuﬁamﬂ fsudwndduns op  sendCall

LocalConnectionName Messagé Int Bool Bool Boof -> Segment HANMUNUNEAINAIAL

ol

~® ' LooalConnecﬁonName Uy 'ﬁﬂlumﬂ'nﬂumamm (Looai Connection Nan‘e)
®  Message o o unu faya

° Int "y UM RN

® Bool 3 unu FarivEnsudn (PUSH flag) Toedi

[

E  resetPsh uuneie Lffats@nnsudn
&  setPsh nunane Afednnsudn
: ' e o
‘& Bool ‘ unu FaLisEnsde (URG flag) Taeh
. ‘ = 1= 1 d!’ ]
noUrg uunete llsLsdnnsise
® Bool ' U AERANTRNINANES Taeh

= noTimeout et WinsRansannisvuanan

timeout #RNENe Foaeanlunsunaaen

fayaiussqadly Message azgnélufuduniandlalismudalu

L]
v

nadeusieenzi Tasdunauusndayesine asfuliluireSiagndadugneusiion
e Fd#flanmy  Ineideyatasgnaslldeidiuasmeisadleln push Tewdu
setsh aalufiazmnuuslu Binnainfduausneas Brpn wealRaRgunaues
JanemradesfineBundagnieaduifefenuds Fumuasiduatasmuagliunisden

“g4” Module SENDCALL lun1meuan n)
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LocalConnectionName

record LocalConnectionName(
focalSocket
foreignSocket

}

Message
record Message{
messl
mess2
mess3
mess4
mess5 }

Segment
record Segment{

byteCount

setPsh

sendCall

window
checksum

nourg

noTimeo
Bool

717 3.7 uunnenRTedAIdaen “de”

3.3.1.3 Andaen “Hu
Aadaidan “su” ﬁ’lﬂ’lﬁvm,fmﬂ@ﬁdﬁ “local connection name, buffer
address, byte count, PUSH flag, URGENT flag, Segment” Lﬁ’ﬂﬁ’m%ﬁ‘ﬂﬂ "3y %}!J,ML&’Q
il idgatiwwas sansa1iiunng receiveCall (gﬂﬁ 3.8)
. o

Tnengdndayasie]  iudhusnfiunig op  receiveCall

LocalConnectionName Id int Bool Bool Segment -> Buffersegment AMNUNIEANANAL

o/ C;‘l

NI

9 LocalConnectionName L %Iumn%wimww:ﬁ (Local Connection Name)
e d wnu Nagivines

& int WA ATUIULTALHIE
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[ %

3t 3 Bool uni FatkEnnsudn (PUSH flag) Tneh

1= as '

resetPsh nuneDa TiNFLsEATNAD

7
= [

setPsh VNN HF1NEANTNEA

o Segment WNW LA NdaNn

Segment
record Buffersegment{
sourceport
destport
seqnumber

fin

window
LocalConnectionName checksum
urgentprt
record tocalConnectionName({ aptions
locatSocket padding
forelgnSocket data }

}

receiveCall

setPsh

Segment

record Segment{

rst
syn

fin
window
checksum
urgentort
options
padding
data }

917 3.8 ununweRRTBIAN &S BEN U
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wWatin Push HALT setPsh AERasfL N WA AU 9Nl

dll d‘l I Ei’ v o n‘t:il Yo [ d‘ % S‘l:l' v
mndelunisdensaanizh  udeaztinuuen U Ui umaiiad tmia s ldezyun
wazA vl B aavinfud ua NI 155N annaan uzazil Al
ESTABLISEHD (seseazidendariwunagiiiansGan “§u" Module RECEIVECALL Tu

~ ANANWAN N)

3.3.1.4 prdaGun “1la”

© y = = 4 [ Y W . o d‘l o
Adaizen “Ua” ansfuteya “local connection name” LWavn

[ a

- o A I} s {
meiEan ‘e’ Madensie sanisaniiunis closeCall (317 3.9)

1
a b 1 as

Tnenrdadeyasiiey  Afudiunatuns  op  closeCal

al

LocalConnectionName -> Bool HAYINUN1E Fall

® . LocalConnectionName wnu Taluniadansaianizi (Local Connection Name)

LocalConnectionName

record LocalConnectionName{
localSocket
foreignSacket

b

closeCall
abortCall

closeOk
closeFail
abortOk
abortFail

917 3.9 unAWERRTEIAANTEN “Ta” usY “EnEn”

4o oA 4 vy ww a4 .
Wannistiansdausiad ldsay iasdalunisidansamnyiug,

2 ) =l 9 | = ar 4#’ = 9 ar’

azaungueziiourauaunisudedayadlunsiunineamsfiiraGonldann (deaunng

eq1 ’Lugﬂﬁ 3.10)
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mod* CLOSECALL{
pr(RECEIVECALL)

-- CLOSE(I1:local connection name)
op closeCall : LocalConnectionName -> Bool - method
op closeOk ; -> Bool

op closeFail : -> Bool

var C: Tcb

var L : LocalConnectionName

ceq closeCall{L) = closeOk if L =/= errorLocalConnectionName .
ceq closeCall(L) = closeFail if L == errorLocalConnectionName .

ceq deleteTcb(C) = no-icb if closeCall(L) == closeOk . ... (eg?)

U7 3.10 danmuagiiaAdeiEen “Ta”

3.3.1.5 AdaEen “anan”
2 °I’ =l = 1 = e [ H n dl °
ANRaEen “Up’ NINNITULIDYR local connection name” LWANN

NFIEN “Uni@n” N1sidawsia Aan1saNluNTg abortCall (g1 3.11)

Tnenadateyasiie  #Fudananliunis op  abortCall

U

[

LocalConnectionName -> Bool HA2nuuane fail

® LocalConnectionName w4 Jalunaideansaweniz® (Local Connection Name)

A o a = | sy Py o = ‘ =
FHANINITUNANNTEIRNA AN Lﬂ‘j‘t‘i_ql‘l’] AN lUNN T ANFRIRNIZY)

=1

v ! 12 dJ <3| e as ¢=l| = 9 as
warazaungusilaunLaNnsrudetaystalunshunine e Fanlden (64

Do

gun? eql lugl# 3.10)

3.3.1.6 AdalFan “a01uAIN"
AdaEan “an1unIn” inisiudaya “local connection name” e
NNTEAN “A0UNINT NITITANEE GIN1ANTNNNT statusCall (U7 3.12)
9 o

Tenafindayasiie  Afudisnaniunie op  statusCal

LocalConnectionName -> Status HAMNMHNE A1)

@ LocalConnectionName Ui FalunismaNAaRNIZ {Local Connection Name)
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v
ar 2

viatidayasiae azgniiulily record Status lunega STATUS (lu

naRwan n) deArnisiiveanuduasairaiiadeannislugly 3.13

mod* ABORTCALL{
pr(TCB + OPENCALL)

op abortCall : LocalConnectionName -> Bool S — method
op abortOk : -> Bool

op abortFail : -> Bool

var C:Tcb

var L : LocalConnectionName

ceq abortCall(L) = abortOk if L =/= errorLocalConnectionName .
ceq abortCall(L) = abortFail if L == errorLocalConnectionName .

ceq deleteTeb(C) = no-tcb if abortCall(L) == abortOk . ... (eg1)

1% 3.11 danmuagiiuAdeiGen “wn@n”

mod* STATUSCALL{
pr(STATUS)

op statusCall : LocalConnectionName -> Status - method

var L : LocalConnectionName

ceq checkStatus(statusCall{L)) = true if localSocket(L) > 0 and foreignSocket(L) > 0 .

ceq checkStatus(statusCall(L)) = false if ( localSocket(L) < 1) or ( foreignSocket(L) < 1).

919 3.12 datmungiie Andalen “aniunw’

3.3.2 N3ANUNIT (Operation)
PrpRpRp Iy : Lo & pr \ .
Paninndetayantunsruaratiaslugiadanuug  ivedeiiussu -
¢ @ o 3 | el o - Y ! o € 9
wedldn  Ieeluntsfudadayassudnandilu  Hnisrsageudayadngumieradideu

wralidnnda syn uar ack msvaseuTeudnFrIndayaliFudeaintin Windows
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> A o ¥ = % S s Ay v o o
welilunnsiudeteyanseununisniie avasdayalumunegisatamnildseyenld an-
?s’/ ar d} ] %’/ é’?) < 9 < ] nﬁl a’
ManszuaunnsdanismeNseiainalifaui udayauanITeaziensine  Aldlunisiuge
2 d’ 1 2 v
ayams@ausia i
= ar ;IJ‘:R = 5 as c!l d‘a
AeiRseenuuusvilisuanmud (Aegdn 2.2) Taewidn syn ack way

. N oAl o % 9 °  ar 2 ;
windows Hutivinaseunisfuditeyaiaziuiuteyaniuansiv Inadatayamutes-
M95unIe (sourceport) Uardeanieatamig (destport) (Hatadayaiduiaranuiwiy
MBTNHA N eI IAedRs e TRe s LAy eiudeane 1) esyly

= - & v : = o ' = v
suifsuaniuiuaziivdayauanianiozsine Aldlunsgenselilussdouaniuninda

uaneseaziasalugli 3.13

record Status{
local-socket : Int
foreign-socket : Int
rov-wnd : int
snd-wnd : Int
connection-state : Int
num-buf-wait-ack : Int
num-buf-pend-receipt : Int
urg-state : Int - no urg-state = 0
precedence-status : Int - defauit value = 0
security-or-compartment : Int -~ default value = 1 (have security), value = 0 ( no secure)

trans-timeout : Int -- default value = 0

51¥i 3.13 suilEuan U

=R © [~4 i nﬂld a} 9, 3'/ s A
nezLaungsisaieninm N teamanE aumea liniunsyuauanulue gy
o ; o [ 4 % ' , - ; ~

2.6 amnsnuanIniginelagaziiy localSocket Way foreignSocket v luszifien

LocalConnectionName 18114 local-socket (gun13¥ 3) waz foreign-socket (@un1h 4) T

SUTEUANIUATNANNAIAL A NIUALNINIFFTF8NITANINANT bind  WalFaulunisg-

Gandanfimdiutdadnna sourceport (@Nn1sT 5) WaT destport (@nn1en 6) lussdeu
Segment fia 'l

eq local-socket(Status) = localSocket(LocalConnectionName) . (N

eq foreign-socket(Status) = foreignSocket(LocalConnectionName) . ..(2)
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eq sourceport{Segment) = bind(localSocket({LocalConnectionName)) . ...(3)

eq destport(Segment) = bind(foreignSocket (LocalConnectionName)) . ..(4)

3.3.3 dutiasredrsuussndNamsatie (Element of the Internetwork System)
nezuaunisaniusiasaunsafndenae vanfeniu ausaznszuou-

d d’ = 3 = as Q’!’d d‘ °o o 1 o ]
msfidamiadialdlunsiiosde  uddeliRsesnuuunszuunsiiansAnsai LN
ma1E) Nadae sourceport ua destport edlatindayaiudiuanin unnateainnrnfina-

( 1% [ b4
savane | nendaniuls

3.3.4 WWURNABITRINTTANIUNT (Model of Operation)
Ao A 74 as as L8 o ol/ = o 5
ViAussqdayaainivivasllduanmuduazsafdazanaindumediiln
7 d‘ o oAl ol -ﬂl Yo [ 1'%
uagaiedaTnwuslldarididaiante idndarenadialdiudeyslugUaesanmus uda

sz hihiudeiinessesfiuinerdayalldausen 1

-\ segment

71 3.14 uuuRaesTeInITatiunIg
daiiReenuuy (931 3.14) n1sanfiunng retrieveSegmentinBuffer Aa

- op retrieveSegmentinBuffer ; Index Buffersegment -> Segment
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d’ & kY as o & v o ol/ <t a
Faaaanenisussydaganiiwimaslilduanus udsendsiFanaindu-
L~ dl s o alz £ o ar aAal A 9 [-] = o
mesilln wags WeldfuArdudoninisdelldanidndateniesaanisaniunis send f9
op send : Segment Bool Bool Bool -> Segment
n19AMIuNg send avavlifisialila nspsaaaay State Teb waz Status ¥
derndunnily Bool Fiafi 12 waz 3 MNAALIAMINGNGDY lanmussiana1aaegnaslids

ala) o
YN anunng

e Yo Y o <8 o = d!’ 9
mwﬂmwwimwmﬂammuum A8 oufput IBANNTITATLLUNNT send 3 LLAN
n‘d‘ Pas o 13 g & Yar Y o = s
wnue isFugni ldiugaiwmefredfusaanisaiiiunis 6

_op addSegmentToBuffer : Index Segment -> Buffersegment

3.3.5 NI ARANWNGNe (Host Environment)

b7 4

VanldadsGunanuagarasinsinraadumefidnse  Adasan  “Tla”

i
=

“de” 5Ur Up" "wAEn” WY RRIHAN (AILAAITIERTRLAT LA NANINTLAY Tt
3.2.1)

3.3.6 NITAARILATANTALANNNNEANAE  (Connection  Establishment  and

Clearing)

)
=1

o a d’ f a & 1 o/ d’ & v 1 3
naNszynatra@uwmaiiinlag i uniesinsrytamie iweldasedanion
L oA

v t ] 1 b7
Litntulunisfudedeyavaetatne  nsfiarenisidensearFanduadeFansie  fail

a

)
o o o

i‘» Ned = 1 = - dl =) a 1 % o/ dl as ) as
Tuusnnawazizanituatdzen “ila” Wwaltlan1sbesauluy active (ﬂﬂgﬂ‘ﬂ 3.16) augnu

]
=

mssenilawuy passive (FagUn 3.17) imsifivdayasinar 11y sasluteenlddnelu-.

| , o - A o a o o . Aal oy Y e o ¢
NTLERANRAR (@\‘]gﬂ'ﬂ 3.15) LN@V"\iﬂqTWﬂm\?njﬂm@um’ﬂLﬂu‘ﬂL?ﬂU?@ﬂLL@q NINWATAUBUA LA

a

R Adaien de (FegUin 3.18) uarhandFuariudeyasmuadeiFan Su” (Fegin 3.19)
fnegearilanisdensasiuadazan “Uar (AgUd 3.20) vdanisdaaniannisidausiesios
AdaFan “unian”

Adeizen “ia” woy passive (FagUlR 3.17) axiinailadeanienishinse

frssiMainne  localSocket(l) Ay foreignSocket(l) uwazdlanis@aniafluuy

passive anuvazi/aeann closedState 11léls listenState WasanisBanillanuy active

at

B ' Y ) £y o -
ainenidnvile viatdeyanlafusinlunisBanitlatufildiylussdeuanuninuazien-

]
=

‘..’e"‘[." ‘g Y @ a \ o < @ v PRI
LNTBL - WT@N‘VN@?'N“H@QLNT_”?LT@Nm@Lﬂqu‘V]@’]ﬂﬁNqﬂLﬂmsﬂﬂﬂLﬂﬂmu'ﬂqﬂuﬂzﬂﬂqﬂ‘ﬂqﬁvn@
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as dl 1Y £ ~ ] ar i % tm’ 9 3 b % =
i“LIJJ’]LW@I‘muﬂ’Wi‘ﬂ’W\m\m’]ﬁ‘ﬁlﬂm‘ﬂﬂ\‘iﬂ@’m (ﬂﬂgﬂ'ﬂ 3.15) NIELGAAZNINTATNTLLULUATL-

ANNTTRdetaya

LocaiConnectionName

record tocalConnectionName{
localSocket
foreignSocket

5117 3.15 Falunisimansialanizy

op openCall : Int Int ActiveOrPassive Int I[nt Int Int -> LocalConnectionName
| | | | :

s ;

localSocket(L) active I

precedenceStatusValue
foreignSocket(L)
SecurityOrCompartment Value‘

opt(maximumSegmentSize)
synsentState

y
createTcb(init-tcb)

9117 3.16 FupaunaTlaAnsARGOULL active

‘;é.p openCall : Int Int ActiveOrPassive Int Int Int Int -> LocalConnectionName

l_ noTimeout

- localSocket(L) passive

il precedenceStatusValue
foreignSocket(L)

SecurityOrCompartment Value

opt(maximumSegmentSize)
listenState

v
createTcb(init-tcb)

X \ ., R
51I7 3.17 4%
AndaFun e wuy active (deguit 3.16) Hwihfininineuadiedunis

Ganitlauuy passive wisaiunsaRantuzaztasullifusantuz synsentState
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ar = a A b % v dc&‘ . . o =
waeanianisinseiauiasuds TARRGEENTauLY active azinisEen
ANdaEEn “de” (op sendCall lugL 3.18) anuzazgniddeuliiilu establishedState Ve
vnsdeanun ildadunelddaldmumelunisdanseanzi  naluduneuisnde-

' oV va [ = PN v v o o o ' )|
yannaeeildFunnludunaunsSonitlamuivdeysluaideBondeasgnussgiduen: -
s udedmiulilutWesieugnadhlmuiidfidaeme ( foantsandiunig send T
91l# 3.18) Viadlneunusnanaaazgnacllieidfilatans (output 289 op send lu
s 3.18) 16l azdunismsagauaniuz soilluy AruRunIsudedoya uazsnlow-

AOVUAN

op sendCall : LocalConnectionName Message Int Bool Bool Int -> Segment

| | l |
v

sourceport(S) = bind(localSocket(L))
destport(S) = bind(foreignSocket(L))

data = mess1-5(M) A imeout

byteCount --

\ A |
setPsh noUrg v
addSegmentToBuffer(1d,S)

retrieveSegmentInBuffer(1d,S)

op send:SegX\ent Bool Bool Bool -> Segment
i |

State Tcb Status
|

changeState(establishedState, establishedState)

717 3.18 dumaunisasdays

rA ZJ/ ol o 9 4 o o’l = . o d’
wnusg ndanntii NaRananisaziudeyantaadarun “Fur (Aeg

v
% a a

= - ) = H A v w sy v @
3.8) mwdalunsidensalanzi  Vieldenanliiudeya luanuudFaufasudaauiu
dayanlsFunlFluiWmes Fhonisanfiunig addSegmentToBuffer lugd#l 3.19) e

dayalidanusely (Frennssniiiunig retrieveDatalnBufferSegment lugt/ii 3.19)
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op receiveCall : LocaiConnectionName Id Int Bool Bool Segment -> Buffersegment
|

Wl N

loca!SocL«et(L) l setPsh addSegmentToBuffer(Id,S)

foreignSocket(L) nolrg

Id byteCount ol
retrieveDataInBufferSegment(Id,B). -

Message

517 3.19 dumaunisiudays

op closeCall : LocalConnectionName -> Bool
]

:

deleteTcb(Tch)

31% 3.20 dumaunsianisinse

op abortCall : LocaiConnectionName -> Bool

|

deleteTco(Tcb)

b ¥
717 3.21 dupeunisun@nnisinsie
- S SV S PN T y 4
nsUanagenseniIanunasAdaisen “Ua” T9eziInnsauaenIsiTeNse

o A \ PR o = ~ 3 o P
m'\mm'ﬂﬂ']ﬁl‘ﬁ’ﬂl{mﬂLﬁqumLW@ﬂuWﬁ‘Wﬁmﬂ?VlLﬂﬁl’ﬁ‘ﬂﬂl’ﬁ\‘i’]u (@Nglh’l 3.20)
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a = A Y o o a a . o y
ﬂqj‘ﬁmLﬂﬂﬂq?LmﬂNm@uuqﬂ'N']UQ']ﬂﬂqﬁﬂL?Em "enLan” %Qﬂﬂqﬁ"ﬂr_\\?quﬂ@qﬂ—
o o o o S o o o : - o \ a4 a0 o a
NUATRAILTEN Al FENTINTALURANATLTANFADATNLIRANITLTANFDLBWISVHLARALUNTWE ATV

waFanldeuauiu (gl 3.21)

3.3.7 daniuuaendis (Function Specification)

=~ =t '

S o v 4
n1sieNsareshtiiLMeazidansiie Hldlunisiudedeyaluniszeanse

g = ;Y " d' d‘ dll ] [ =Y )
Tu 'nguszilaupsugunisrudedeys” (GU% 2.9) Fanszusunindausan iyl

9 U
: ¥ o a o al N A
ﬂﬂ']u:m’m"] ATHNARN TN UALTIINUINUDINIEN [8j
oo Aa P o A =
Q"IHQ“QHH"V\‘]ﬂ@ﬂLLUU?:LUﬂuﬂQU@qu?ﬂuﬁ\? (@NEﬂ 29) INBLNUTIBIRZLRE A

angdi 210 usziuusatindeyaresaniuniy State WNewassAn AN Ande-

ar

o =y 9 z:;cJ i
Anuadantinainszy 13l RFC793 [8] sagiyl 3.24 (anaga STATE lunianwan n)

1
=3

.:4' i a4 o sl mlelal Y oa
ﬂi‘:uquﬂ'}ﬂ‘n@ﬁd[ﬂ'ﬂ‘-ﬂﬂﬂ“ﬁ‘v\mmiﬂmaﬂwﬂﬁwumuuW@’}i‘mmmuz (State)

%
o o S

ARaden wazmniuus saduluauldsiiaeeanuuunisfude N @nGqe n19enuNg send

bQ
=he

op send : Segment Bool Bool Bool -> Segment
Tnei® Bool A1ALT 1 2 UAY 3 NIAINNITAFIAGBLNITNINLYEL State TCB

Uae Status MHANAL LHBATIAABLIANANNT Frufesudsazdesinduniluaieviamianay

| !
o =LY

dastninus i faidnaannsienagnldsvyld Segment (agil 3.23)
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closedState
listenState
synsentState
synrcvdState
establishedState
finwait-1State
finwait-2 State
closingState ,
timewait_State valye
closewaitState _
lastackState
noUrgentState
curState

ate il

changeState

Bool

91l7 3.22 wunweARIBINTILREUAD Y

sen d rom Siate

From Tcb

Segment
From Status

91/7 3.23 nMsATuNTde
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= Py g
3.4 BRUMNATLRAUFDIUZUABIINT INARRNI BN

FavihflesunsanIuznsune 10sTER (1] fueandenluiade 227
ImﬂmsﬁfmummLLmumwé‘Emmsﬁqmulﬂﬂ”m@@@ STATE CALLS TCB STATUS uav
SEGMENT (muﬁqm@@ MESSAGE BUFFER uaz INDEX #28)

TuuNUNTWAT W (gﬂﬁ' 3.24) Tasmsnnelunens STATE 16lan nsauiiu-nig
changeState(T, T} Haniuztwdn (unnegneas=T) uaraniusdasn (Uaagnas=T) (a1l
73.24)

luunun iR (Uit 3.24) fmeazBuniivandlidneg qnastuniseine side au
TcB Gelmenisinenlunegs TCB (goUdt 2.9) lAlaannssnfunis createTeb uay
-  deleteTeb(Tcb) AMuAIAU
| lununiaR (qUf 3.24) fnpasBuaiuandlidne gnastesindeiun OPEN
(WL passive WIBLUL active) SEND CLOSE f'i';ﬂimmiﬁﬂmuium@@ OPENCALL
SENDCALL CLOSECALL @aannsaniiiunig openCall (luada 3.3.1.1) sendCall Tuiiada
3.2.1.2) uaz closeCall (luinda 3.3.1.4)

lunaun miiER (U7l 3.24) TeeaziBusressnuuiuanslidne gnas fe syn
ack fin 1isa data Tesnazidnnfinanazgnszyalu Segment { syn, ack, fin, data} (17

[

2.2) fignFudeszndanTn
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( CLOSED  J--m--mmmmmemmmmmmmme e active OPEN
— O - . create TCB
g ; ) ¢ snd SYN
passive OPEN § | CLOSE CLOSE i
create TCB | E delete TCB delete TCB E
{ USTEN ;
&7k ‘S‘\ 2 f ;
-~ ! D o } ;
/"g\ég{ ' S : i
’ rev SYN . L N A i
SYNRCVD  J*7 o et 7 SYNSENT ’
i . 4“4'0 (rd
! Sg, . Sy e :
i . SaAL
; * . < 7S
| CLOSE
j snd FIN ESTABLISHED '"gﬁa‘z\'ck"" CLOSEWAIT
f ¢ ! CLOSE
; 0;9?{&\* isnd FIN
: S , rev ACK of FIN
rev [ LASTACK V™ A
INWAIT-1 " 7snd ACK LOSING t
FINWAIT snd ACK@ snd nothing i
.rcv E ACK of FIN rev | ACK 2
i X X ;
sndi <nothing> snd | <nothing> i
A y Timeout=2MSL ’
rcv FIN T o !
FINWAIT-2 J "sndACK" TIMEWAIT Pl B et~ e »
delete TCB

gﬂﬁ 3.24 wnunwnnsilaeuanue [11]

i . . -
3.5 nONISIEaNLEUANLERLALAS WRUMWMTIL Reusanu

nsldanudianimue nsineaaidnn vnlaleeFuannupuAIwnIslasuan 1wy uaa
=l v c{’ ar é’
Tm‘mm BeadayarashanllduemunwanalFdaunenen 3.1 fail

[ﬂ'ﬁi"N‘V] 3.7 mmmgm?m@mmumwmmmmwumumwmz‘uﬂﬂﬂummuv

Lmummamq | Lmunmﬂﬂﬂﬂﬂﬂuﬁmuz
: openCaH(H 12,passive,l4,(5,i6,17), passive OPEN,
openCall(11,12,active,i4,15,i6,17), active OPEN,
~sendCall(), SEND,
“closeCall() CLOSE

op checkTcb(C)

2} e
Taefi C A createTeb deleteTeb mANANAL

TCB (create, delete)

T usz Tl op ChangeState(T. T

State 14N (T)

State g4aan (T")
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o '
Tunaun1sineundn Aty resteivuatnsineeshidn dawanagaanimandlai-
| [y
\lumnaed 3.2 Fall
A199% 3.2 meennesinaula
'Rule Numbéers 112731456 |7|8}9 10/11|12|13|14|15[16[17[18]19{20
Condition 1: B1 == changeState(T1,T72) ¥ TITITIT|ITIT TITIT{T|T|ITT|T|IT|(T|T
Condition 2: B2 == checkTcb(createTch) TIT
Condition 3: B2 == checkTcb(deleteTch(C)) T T
Condition4: B3 == checkState(U) TIT|T{TITIT|IT|T TIT|T|T|T|T|T|T|T(T|(T
Action 1: T == closedState and T' == [istenState X
-+ |Action 2: T == closedState and T' == synsentState X
Action 3: T == listenState and T' == closedState X
Action 4: T == listenState and T' == synsentState X
Action 5: T == listenState and T' == synrcvdState X
Action 6: T == synsentState and T' == closedState X
. |Action 7: T == synsentState and T' == synrcvdState X
: Action 8: T == synsentState and T' == X
establishedState
Action 9: T == synrcvdState and T' ==
establishedState
Action10: T == synrcvdState and T' == finwait-1State X
Action11: T == establishedState and T' == finwait- X
Bk S_t'a.te
Action12: T == establishedState and T' == X
closewaitState
Action13: T == finwait-1State and T' == closingState X
Action14: T == finwait-1State and T' == finwait-2State X
Action156: T == closingState and T' == timewaitState X
Action16: T == finwait-2State and T' == timewaitState X
Action17: T == timewaitState and T' == closedState X
:_A_ction18: T == closewaitState and T' == lastackState X
“|Action19: T == lastackState and T' == closedState X
Action20: X
T == establishedState and T' == establishedState
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ar o oo o e n;l t o [ ] k4 [ % 4
n1edngliifadluaidnil uivesuieeenifiuassdoulun fafu douusnia
FuRTA (TCP Layer) Baflunisinaunialueesiinlseazide s wasdiunaes Ao vy

(Top Level) 3uifludaunisinauaenisianldemuaingldase

& ooy
4.1 TUNTN

t
(%

PPN a - = =
ﬂ']ﬁ‘@@i‘ﬂu%l AWLTNIINVATIENLAZADNLLLLNBAINIDARSIN  RFC793 [8] 4

¥
%

LA ANTIBIAZIDE m@mmwm &QV]‘T]W TneWasnngniuzn ﬂﬁ"/l"l\‘i’]u[ﬂ’]\‘l‘”[ FINLNUNTINAT-

Lﬂ@ﬂu@mux LAZLAMINNGTS mgﬂut}mﬁumm@y@ ANLAUNTWEUNIMUALIAN

datuupgiiainsnaeandn wieenidly 15 Negasouiu Aa wega INDEX
MESSAGE SEGMENT BUFFER STATE TCB STATUS STATUSCALL SEND OPENCALL
SENDCALL RECEIVECALL CLOSECALL ABORTCALL uaz TCP-SYSTEM IﬁﬂLL?ﬂﬂ\‘l

TR L’E]Elﬁﬂ’\ﬁ‘ﬂ’}dﬂuﬂﬂfﬂ@iﬂu

- 4.1.1 1aga INDEX
vinuthiniluassri (index) 1auivines nssallBEuien 0 (eqt lugll# 4.4.1)
WAZAEeE A HINUANBIATIIWEN (Integer) Taedinisiiin (eq2 Tugld 4.4.1) uazan

m399% (eq3 Tug1lil 4.4.1) (9 ADJ Diagram lugu#n 3.1 Useney)

o

eq val(init-index) = 0 . ...{eq1)
eq val(inc X) = (val(X) + 1) . ...(eqg2)
ceq val(dec X) = (val(X) - 1) ifval(X) =/= 0. ...{eq3)

U7 4.1 annslunens INDEX

4.1.2 uagh MESSAGE
o 2/ d‘ j=3 2/ kg 3 19 2 o .
'1’1’1‘1/11&’11’1Lﬂ'l.l"ll@:?;lj@LL@xM‘J"}@Wﬂ‘UﬂQWQJEJWQ“II‘BQ‘H@H@IULLW@ZLSHHLﬂ\luﬁh\li‘ﬂLﬂu

PUNALTNLNUFNANNNT0USTY LAD 24 T6 (Faannig eql-3 Tugl¥ 4.2)




45

eq opt(maximumSegmentSize) = 429497296 . - 65536 * 65536 = Data 24 bit : Segment ...{eqt)
ceqlen (1) = | ' '

if | < opt{maximumSegmentSize) + 1.  — Message Length not over 1024 ...(eq2)
ceq len (I) = ErrorLen ' .

if | > opt{maximumSegmentSize) . -- Message Length errror if over 1024 ...{eq3}

9117 4.2 aunislunegs MESSAGE
4.1.3 Nenen SEGMENT
Vuihiifiussazieuadeyavianuagadaniuus (Augli 2.4 uaz 3.6) 199

o

TaARAansnn AvusAusnEnsaquaniuus (317 4.3) eldiflusnloen Fangraaaniuus

4.1.4 4aga BUFFER
o 2 dl [~ o o« o 9 d‘ [~ 2 o - ] =t s
Muiniduiniesinudeys  Tewesniaiiudeyarestviefiduineaiy
WNARNALIRENNUST (Array of Segment) (2317 4.4) 1nssaT (luiada 4.1.2.1) Index u
negneiesalaunile) wesivinaifina1ell Sendeuivineiilfe tvwefian-wms”
(Buffersegment) Inaiiiwwafisniuusiidiutrznaunielumileuiuemnmus
v ° o Is =4 o ' o o &
wihiinamnnuaasuesatiwes  Aa  niuuaAlLInENTenWvas-
CJ y 3 ! LY L
Nt (eql luglh 4.5) weldilluArlaeBunsvaatimasionuius nslddeyaudnlds
iwaf  (addDataToBuffersegment  lugih  4.5)  nasindayasanuiainiwines
(retrieveDatalnBufferSegment 1ugﬂﬁ 4.5) NTAULWINAF T NLNUR (delBufferSegment
Tug¥ 4.5) msintWirefisniuus (addSegmentToBuffer lugill 4.5) uaznistindeya

anntiadisniuus L hgasnmus (retrieveSegmentinBuffer Tugiil 4.5)




eq dataBegin =0 .

eq reservedValue =0 .

eq noWindow =0 .

eg setWindow = 1.

eq correctChecksum =0 .
eq errorChecksum = 1.
eq opt(endOfOption) = 0.
eq opt(noOperation) = 1.
eq opt{maximumSegmentSize) = 2 .
eq paddingvalue = 0.

eq initlss = 0 .

eqinitirs = 0.

— for "offset" bit

-- for "reserved" bit

- for "window" bit

- for initial "window" bit
- for "checksum" bit

- for "checksum” bit

- for "options" bit

- for "options" bit

— for "options" bit

-- for "padding” bit

eq init-segment = Segment { sourceport = initSouceport,

destport = initDestport,

segnumber = initlss,

acknumber = initlrs,

offset = dataBegin,

reserved = reservedValue,

urg = resetUrg,
ack = resetAck,
psh = setPsh,
rst = resetRst,
syn = setSyn,

fin = resetFin,

window = setWindow,

checksum = correctChecksum,

urgentptr = noUrgentptr,

options = opt{maximumSegmentSize},

padding = paddingValue,

data = noMess } .

517 4.3 aunislunaga SEGMENT

Index  Buffer

Segment

Buffersegment

Segment

17 4.4 Trliafianiusuazianisug
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eq init-buffersegment = Buffersegment { sourceport = initSouceport,
destport = initDestport,
seqnumber = initlss,
acknumber = initlrs,
offset = dataBegin,
reserved = reservedValue,
urg = resetUrg,
ack = resetAck,
psh = setPsh,
rst = resetRst,
syn = setSyn,
fin = resetFin,
window = setWindow,
checksum = correctChecksum,
urgentptr = noUrgentptr,
options = opt(maximumSegmentSize),

padding = paddingValue,

data = noMess } . : ...(eg1)
ceq retrieveSegmentinBuffer(X,B) = no-segment if B == no-buffersegment . ...(eq2)
ceq addSegmentToBuffer(X,S) = B if val(X) =/= -1 . ...(eq3)
ceq addSegmentToBuffer(X,S) = no-buffersegment if val(X) == -1 . ...(eg4)
ceq addSegmentToBuffer(X,S) = B if retrieveSegmentinBuffer(X,B) == no-segment . ...(egb)
ceq retrieveDatalnBufferSegment( X, addSegmentToBuffer(X',S) ) = data(S) if X == X" . ...(egb)
eq retrieveDatainBufferSegment(X, B) = data(B) . ...(eq7)

ceq addDataToBufferSegment(X,B.B') = B' if retrieveSegmentinBuffer(X.B) == no-segment . ...(eq8)

eq delBufferSegment(X,B) = addSegmentToBuffer(X,no-segment) . ...(eq9)
ceq delBufferSegment(X,B) = no-buffersegment if retrieveSegmentinBuffer(X,B) == S . ...(eq10)
ceq retrieveSegmentinBuffer(X,addSegmentToBuffer(X',S)) = Sif X == X' . ..{eq11)

ceq delBufferSegment(X,B) = addSegmentToBuffer(X,no-segment) if retrieveSegmentinBuffer(X,B) ==
...(eq12)
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ceq changeState(T,T") = true if ( T == closedState and ( T' == listenState or T' == synsentState ) ) . ...(eg1)
ceq changeState(T.T') = false if ( T == closedState and ( T' == synrcvdState or T' == establishedState or T' == finwait-1State or
T' == finwait-2State or T' == closingState or T' == timewaitState or T' == closewaitState or T' == lastackState ) ) . ...(eq2)
ceq changeState(T,T) = true if { T == listenState and { T' == synsentState or T' == synrcvdState or T' == closedState ) ) . ...{eq3)
ceq changeState(T,T') = false if ( T == listenState and { T' == listenState or T' == establishedState or T == finwait-1State or 7' ==
finwait-2State or T' == closingState or T' == timewaitState or T' == closewaitState or T' == lastackState ) ) . ...(eqd)
ceq changeState(T,T) = true if ( T == synsentState and ( T' == closedState or T' == synrcvdState or T' == establisnedState ) ) .
...(egh)
ceq changeState(T.T') = false if ( T == synsentState and ( T' == listenState or T' == synsentState or T' == finwait-1State or T" ==
finwait-2State or T' == closingState or T' == timewaitState or T' == closewaitState or T' == lastackState ) ) . ...(eqb)

ceq changeState(T,T) = true if { T == synrcvdState and ( T' == establishedState or T' == finwait-1State or T' == closewaitState ) )

...{eq?)
ceq changeState(T,T') = false if ( T == synrcvdState and ( T' == closedState or T' == fistenState or T' == synsentState or T' ==
synrcvdState or T' == finwait-2State or T' == closingState or T' == timewaitState or T' == lastackState ) ) . ...{eg8)
ceq changeState(T,T") = true if { T == establishedState and ( T' == finwait-1State or 7" == closewaitState or T' ==
establishedState ) ) . ...{eq9)

ceq changeState(T,T') = false if { T == establishedState and ( T' == closedState or T' == listenState or T' == synsentState or T'

== gynrcvdState or T' == establishedState or T' == finwait-2State or T' == closingState or T' == timewaitState or T' == lastackState ) } .
...{eq10)
ceq changeState(T,T") = true if ( T == finwait-1State and ( T' == closingState or T' == finwait-2State ) ) . ..(eq11)
ceq changeState(T,T') = false if ( T == finwait-1State and ( T' == closedState or T' == listenState or T' == synsentState or T' ==

synrcvdState ar T' == establishedState or T' == finwait-1State or T' == timewaitState or T' == closewaitState or T' == lastackState ) ) .
...(eq12)
ceq changeState(T,T") = true if (T == closingState and T' == timewaitState ) . ...(eq13)
céq changeState(T,T") = false if ( T == closingState and ( T' == closedState or T' == listenState or T' == synsentState or T' ==

synrcvdState or T' == establishedState or T' == finwait-1State or T' == finwait-2State or T' == closingState or T' == closewsitState or T' ==

lastackState ) ) . .(eq14)
ceq changeState(T,T") = true if ( T == finwait-25tate and T' == timewaitState ) . ...{eq15)
ceq changeState(T,T) = false if ( T == finwait-2State and { T' == closedState or T' == listenState or T == synsentState or T' ==

synrcvdState or T' == establishedState or T' == finwait-1State or T' == finwait-2State or T' == closingState or T' == closewaitState or T' ==

lastackState ) ) . ...(eq16)
ceq changeState(T,T') = true if ( T == timewai{State and T* == closedState ) . i ...(eq17)
ceq changeState(T,T') = false if { T == timewaitState and ( T' == listenState or T == synsentState or T' == synrcvdState or T' ==

establishedState or T' == finwait-1State or T' == finwait-2State or T' == closingState or T' == timewaitState or T == closewaitState or T' ==

lastackState ) ) . ...(eq18)
ceq changeState(T.T') = true if ( T == closewaitState and T' == lastackState ) . ...{eq19)
ceq changeState(T,T') = false if ( T == closewaitState and ( T' == closedState or T' == listenState or T' == synsentState or T ==

synrcvdState or T' == establishedState or T' == finwait-1State or T' == finwait-2State or T' == closingState or T' == timewaitState or T' ==

closewaitState ) ) . ...(eq20)
ceq changeState(T,T') = true if ( T == lastackState and T' == closedState ) . ...(eq21)
ceq changeState(T,T') = false if ( T == lastackState and ( T' == listenState or 7' == synsentState or T' == synrcvdState or T' ==

estaplishedState or T' == finwait-1State or T' == finwait-2State or T' == closingState or T == timewaitState or T' == closewaitState or T' ==

lastackState ) ) . ...{eq22)
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WATATIRARLTTIEUAILANNTIUAN (op checkTcb) Fearmsaaaaudniinanugnsiavizaly

wdndeArnismsneuiindunanuiudiuifamia (eq3 uax eqs Tugil 4.7)

eq precedenceStatusValue =0 .
eq snd-una{C) = sndunaValue .
eq snad-nxt(C) = sndnxtValue .
eq snd-wnd{C) = sndwndVaiue .
eq snd-up{C) = nolUrgentptr .
eq snd-wi1(C) = sndwl1Value .
eq snd-wi2(C) = sndwi2Value .
eq rev-nxt{C) = val(ld} + 1.

eq rev-wnd(C) = val(ld) .

eq rcv-up(C) = noUrgentplr .

eq ség-seg(C) = segnumber(S) .
eq seg-ack(C) = acknumber(S) .
eq seg-len{C) = opt{maximumSegmentSize) .
eq seg-wnd{C) = window(S) .

eq seg-up(C) = noUrgeniptr .

eq seg-prc(C) = precedenceStalusValus .

eq init-icb = Tcb { snd-una = initlss, snd-nxt = initlss + 1, snd-wnd = sndwndValue,

snd-up = noUrgentptr,snd-wi1 = sndwl1Value, snd-wi2 = sndwl2Value, iss = initlss, rcv-nxt = val(init-index) + 1,

rcv-wnd = val(initindex}, rcv-up = nolrgentptr, irs = initlrs, seg-seg = initlss, seg-ack = initlrs, seg-len

opt(maximumSegmentSize), seg-wnd =  window(init-segment), seg-up

precedenceStatusValue } .
eq createTcb = init-tcb .
eq deteteTcb{C) = no-tcb .
ceq checkTcb(C) = faise if iss(C) == -1.

ceq checkTch(C) = true if iss{C) =/=-1.

= noUrgentptr, seg-prc

...{eq1)
...(eq2)
...(eg3)
...{eqd)

i
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4.1.7 uana STATUS
wwmihfumeaziBaagaiuninsig 7ldlun1sAnsefiFn (eqi-eq13 lugy
#i 4.8) InafvusdusnGurasssafisunivaunsaudedeys (eqi4 TugLl 4.8) e ldiilu

Arlnen Banpeassnidauaruqunisaudedays

eq bind{ly=1. ..{eq?)
eq locai-socket(U) = iocalSockeXL} . o ...{eq2}
eq foreign-socket{U) = foreignSacket{L) . ._ i ...{eq3)
eq rev-wnd{U) = rcv-wnd(C) . ...{eq4)
eq snd-wnd(U} = snd-wnd(C} . ...{eg5}
eq ccn‘necﬁon-s*zaie(u; = QaiueSiate(curSia‘ie,‘a 5 ...{eq8}
eq precedence-status({U) = seg-prc(C) . ‘ ...{eq7)
eq security-or-compartment(U}) = securityOrComparimeniValue . ...{eq8)
eq urg-state(U} = valueState(noUrgeniState) . ...{eg8)
eq vaiueState{noUrgentState}) = 0 . ...{eq10)
eq securityOrCompartmentValue = 1. .. {eqit}
eq transTimecutValue = noTimeout . ..{eq12)
aq trans-timeout{U) = transTimeout'Value i ...(eqi3}
eq init-status = Status { iocal-socket = initLocalSocket,

foreign-socket = initForeignSocket,

rev-wnd = rev-wnd(init-tcb),

snd-wnd = snd-wnd(init-icb},

connection-state = valueState(closedState), -
num-buf-wait-ack = initNumBufWaitAck,
nufn-buf—pendfeceipt = initNumBufPendReceipt,
urg-state = valueState(noUrgentState),
precedence-status = precedenceStatusValue,
security-or-comparntment = securityOrCompartmentValue,

trans-timeout = transTimeoutValue } . ...(eq14)
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4.1.7 uaga STATUS -
ﬁ'xm’hﬁzﬁmﬁﬂa:tﬁﬁmammwwm"\.q-] #ldlun1sAnsiaNdN (eq1-eq13 lugl

71 4.8) TnuAmuadusniZurasssifiaunrunumsruddays (eq14 lugii 4.8) a4l

] =4 s
Al FenerassilisumiugunisrudiTays

eq bind{yy = 1. : ...{eqt)
eq Iocae-socket(u) = localSccket(L) . - {eq2)
eq foreign-socket(U) = foreignSocket(L) . . ...{eq3)
eq rev-wnd(U) = rev-wnd(C) . ...{eq4}
eq snd-wnd(U) = snd-wnd{C} . ...{eq5)
eq connaction-state(U) = Qa!ueState{curState) : ...{eg6)
eq precedence-status{U) = seg-prc{C) . : ...(eq7)
eq security-or-compartment{U} = securityOrComparimentVaiue . ...{eg8)
eq urg-state(U) = valueState(noUrgentState) . ...{eq8)
eq valueState(ncUrgentSiate} =0 . ...(eq?0)
eq securityOrCompartmentValue = 1 . ..{eqtt)
eq transTimeoutValue = noTimeout . ...{eq12}
eq trans-timeout(U) = transTimeousa!ue : ...(eq13)
* eg init-status = Status { locai-socket = initLocalSocket,

foreign-socket = initForeignSocket,

rev-wnd = rev-wnd{init-tcb),

snd-wnd = snd-wnd(init-tcb),

connection-siate = valueState(closedState}, -
num-buf-wait-ack = initNumBufiWaitAck,
nuin-buf—pend-receipt = initNumBufPendReceipt,
urg-state = valueState(notrgentState),
precedence-status = prececenceStatusVaiue,
secuity-or-compasniment = securityOrCompanmer.}tValuea

trans-timeout = transTimecutValue } . ...(eqi4)
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4.1.9 u8gA SEND
mw‘immqmmn'*.ss*uzéﬁﬂ:;jmwdwﬁ%ﬁ@:wﬁa’]' WNUATNNUFIEANT
suflumg send lunema SEND Semsdnifiums send & AraLAgLUazREadeefLMs
19714289 Segment State Tcb Status AnsavE
uaga SEND wthidedayamnausdannfitfivicluddnidivie (ggu
2.8 Segment (Ut) -> Segment (879)) Tafirrsauntisantuy sulaumuamnsudadays

1 2

uarszauanIunINEeT fandan (Meanitiunng send lugiii 2.8 aunislugy 4.9)

4.1.10 #aga OPENCALL
uags OPENCALL azvihnadanisfindeudaduananuiilutiaiunis-

:ﬂ‘ 1 n;v ad 4 ~ ¥
[FaNABRNIENASLARE AR EALARS URITD 3.3.1.1

4.1.11 vaga SENDCALL

u8ge SENDCALL azmnisdedayasiulildaduniimdalunisdeusie-

&

NIEfaasRnanans iede 3.3.1.2

4.1.12 Hega RECEIVECALL
188 RECEIVECALL asvinmisiudayamudunietisyylfludalunis-

P ' a; s =i o P -
VIRNABRIANIEN fasngaziauauansluiode 3.3.1.3

4.1.13 uaga CLOSECALL
%ags CLOSECALL azinistianisissesisdalunisidauseianici ae

suazPuALasnlinde W 3.3.1.4

4.1.14 uaga ABORTCALL
Neps ABORTCALL azvinisuni@nnisiinsienintielunisidansaanci

Gareasiaauansluiade 3.3.1.5



ceq send{S,B1,B2,B3) = no-segment
if window(S} == noWindow and B! == true and B2 == true and B3 == true .
ceq send(S,81,82,B3) = no-segment
if psh(S) == resetPsh and Bt == true and B2 == true and B3 == true .
ceq send(S,B1,B2,B3) = no-segment
if BY == false or B2 == faise and B3 == false .
-- send Ack, Fin : seqnumber = acknumber, acknumber = segnumber + 1
ceq send(S,81,82,83) =
Segment { sourceport = bind(sourceport(S)), destport = bind(destpon(S)), seqnumber = acknumber(S),
acknumber = seqnumber(S) + 1, offset = dataBegin, reserved = reservedVvalue, urg = resetUrg, ack = resetAck, psh = setPsh,
rst = resetRst, syn = setSyn, fin = resetfin, window = setWindow, checksum = correctChecksum, urgentptr = :_xoUrgenlptr.
options = opt{maximumSegmentSize), padding = paddingValue, data = data(S) }
if window(S) =/= noWindow and psh(S) =/= resetPsh and ack(S) == setAck and fin(§) == setFin
and B1 == true and B2 == true and B3 ==true .
- send Syn, Ack : acknumber = segnumber + 1, segnumber = acknumber
ceq send(S,81,82,B3) =
Segment { sourceport = bind(sourceport(S)), destport = bind(destport(S)), segnumber = acknumber(S},
acknumber = seqnumber(S) + 1, offset = dataBegin, reserved = reservedValue, urg = resetUrg, ack = setAck, psh =
setPsh, rst = resetRst, syn = setSyn, fin = resetFin, window = setWindow, checksum = comectChecksum, urgentptr =
noUrgentptr, options = opt(maximumSegmentSize), padding = paddingValue, data = data(S) }
if window(S) =/= noWindow and psh(S) =/= resetPsh and syn(S) == setSyn and ack(S) == setAck
and Bt ==true and B2 == true and B3 == true .
| - send Syn : acknumber = seqnumber + 1
ceq send(S.B1,82,B3) =
Segment { sourceport = bind(sourceport(S)}, destport = bind{destport(S)), seqnumber = initlss,
acknumber = seqnumber(S) + 1, offset = dataBegin, reserved = reservedValue, vrg = resetUrg, ack = resetAck, psh = setPsh,
rst = resetRst, syn = setSyn, fin = resetfFin, window = setWindow, checksum = comectChecksum, urgentptr = noUrgentptr,
options = opt(maximumSegmentSize), padding = paddingVaiue, data = data(S) } g
if window(S) =/= noWindow and psh(8) =/= resetPsh and syn(S) == setSyn"
and B1 == true and B2 == true and B3 ==true .
-- send Ack : segnumber = acknumber »
ceq sena(S,B1,82,B3) =
Segment { sourceport = bind(sourceport(S)), destport = bind(destport(S)). seqnumber = acknumber(S),
acknumber = initirs, offset = dataBegin, reserved = reservedValue, urg = resetirg, ack = setAck,
psh = setPsh, rst = resetRst, syn = resetSyn, fin = resetFin, window = setWindow, checksum = correctChecksum, urgentplf.:
nolrgentptr, options = opt(maximumSegmemSize), padding = paddingValue, data = data(S) }
if window(S} =/= noWindow and psh(S) =/= resetPsh and ack(S) == setAck
and B.1 == true and B2 == true and 83 ==true .
-- send Rst : seqnumber = iss{C)
ceq send(S,81,82,B3) =
Segment { sourceport = bind(sourceport(S)), destport = bind(destport(S)), seqnumber = iss(C),
acknumber = initirs, offset = dataBegin, reserved = reservedValue, urg = resetUrg, ack = resetAck,
psh = setPsh, rst = setRst, syn = resetSyn, fin = resetFin, window = sétWindow, checksum = comectChecksum, -zljrgenlptr =
noUrgentptr, options = opt{maximumSegmentSize), padding = paddingValue, data = data(S) } =
if window(S) =/= noWindow and psh(S) =/= resetPsh and rst(S) == setRst
and B1 == true and B2'== true and B3 == true .

ceq send(S8,81,B2,B3) = S if Bt == true and B2 == true and B3 == true .
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4.2 unan

4.2.1 4aga TCP-SYSTEM
ﬁwﬁqﬁL%aunwﬁmmﬂn%um?ﬂ?:gmﬁ (Application Layer) Tulffedunns
audq (The Transport Layer) #afAa m?ﬁ;ﬂunﬁ?ﬁ'}qqufmnrﬂ%muiﬂﬁqﬁ%ﬁ Tae pouiAy
ANFNNULRIRONUY (eq1 'Lugﬂi?i 4.10) [N (eq2-eqd 7.ugﬂ'ﬁ' 4.10) Uvias (eq5-eéj’?

Tug1# 4.10) et led (eq8-eqo lugilh 4.10)

— State
ceq state-sys(T) = curState if T == no-system . ) . ...{eq1)
.~ Segment
ceq seg-sys(l,T) = no-segment if T == no-system .
ceq seg-sys(l,T) = Segment { sourceport = get-ip1(T), desiport = get-ip2(T} } _
if T =/= init-system . ...(eq3)
ceq seg-sys(l,T) = init-segment
if | == init-index and T == init-system . . (64)
-- Buffersegment -
ceq buf-sys(l,T} = no-buffersegment if T == nc-system . ...{eab)
ceq buf-sys{i,T) = Buffersegment { sourceport = get-ip1(T), destport = g_é_t;ipZ(T) 3
if T =/= init-system . _‘ ...(eqB)
ceq buf-sys{l,T) = init-buffersegment
if | == init-index and T == init-system . o (ea?)
~1P o
eq get-ip1(sys(IPs,|Pc)) = IPs . . ...{eqg8)
eq get-ip2(sys{tPs IPc)) = iPc . ...{eq9)

24091 4.10 aunsdoun 1 lunama TCP-SYSTEM

LY u

vielluega TCP-SYSTEM Hnnsanfiunisfenldaudndaunsieg

e

] =

mﬂ;g‘l"ﬁmu%umm@zﬁmﬁ FaselLil nnsdenl¥mndedandlauy active (eq3-eq6 “Lugﬂﬁ'
411 ) nsGanldandaBunidlawiy passive (eq7-eq10 Eugu'?f 4.11) yauusnsnma.
sevielunnsdensoenisi (eq1-eq2 "mgﬂﬁ" 411) nﬂaﬁﬂﬂlﬁéq_gﬁf\aﬁﬂnm (gﬂ'ﬁ 4.1)
naianldAndedensy (gﬂﬁ' 4.13) mMaBunldadafanduaziu (gﬂﬁA.M) w’?*@m’jns;ﬁe

nsFanldadaGeuntla (eqi-eqs lugih 4.15) vise enidn (eg5-eqs Tugih 4.15)




- Check Open ]
ceq checkName(L) = openFail if L == erroriocalConnectionName . et}
ceq checkName({L) = openOk if L =/= errorLocalConnectionName . .4.(eq2). .

-- Open Call : Active _
‘ ceq open-active-sys(T) =  checkName(openCali(get-ipi(T), get-ip2(T), active, noTirﬁeoul.
precedenceStatusValue, securityOrCompartmentVaiue, opt{maximumSegmentSize) ) ) '
if { get-ip1(T) > 0 ) and { get-ip2(T) > 0 ) and (get-ip1(T) =/= get-ip2(T) } —noeror iF  ...{eq3} -~
ceq open-active-sys{T) = openFail
if ( get-ip1(T) < 1) or { get-ip2(T) < 1) or (get-ip1(T) == get-ip2(T) ). - efror IP ...(eq4)
ceq state-sys(T) = synsentState
if open-active-sys(T) == openOk . ...(eq5)
ceq state-sys(T) = closedState
if open-active-sys(T) == openfFail . ...(egB}
-- Open Call : Passive
ceq open-passive-sys(T) = checkName(openCali{get-ip1(T), get-ip2(T), passive, noTimeout,
precedenceSiatusValue, securityOrCompartmentValue, opt{maximumSegmentSize) ) )
if ( get-ipt{T) > 0 ) and ( get-ip2(T) > 0 ) and {get-ip1(T) =/= get-ip2(7) } . ~ no error IP .. (eq7)
ceq open-passive-sys{T) = openfail
if ( get-ip1{T) < 1) or { get-ip2(T) < 1) or (get-ip1(T) == get-ip2(T) }. --error IP ...{(eq8)

ceq state-sys{T) = listenState

if open-passive-sys(T) == openOk . ...(eq9)
ceq state-sys(¥) = closedState ,,
if open-passive-sys(T) == openFall . ...(eq10)
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— Send Cali
ceq send-sys(T,M) = errorip
if open-active-sys(T) == open Faif or
getipt(T) < 1or
get-ip2(T) <1 or
{ get-ip{T) == get-ip2(T) ) . ...{eqt)
ceq send-sys(T .M} = noMessage
if M == noMessage . ...{eq2}
ceg send-sys(T,M) = Message {
messt = data(sendCaH(LocélCcnnectionName { localSocket = get-ipi(T), foreignSockét = get-ip2(T) },M,
1, setPsh, noUrg, noTimeout) ), ‘
mess?2 = data(sendCall{LocalConnectionName { locaiSacket = get-ip1(T), foreignSocket = get-ip2(T) },M,
2, setPsh, nobrg, noTiméout) ).
mess3 = data(sendCall{LocalConnectionName { localSocket = get-ip1(T), foreignSocket = get-ip2(T) }.M,
3, setPsh, noUrg, noTimeout) ),
mess4 = data(sendCaii(LobalConneciionName { localSocket = get-ip1(T), foreignSocket = get-ip2(T) }M,
4, setPsh, nQUrg, noTimeout) ), ('
mess5 = data{sendCail{LocalConnectionName { localSocket = get-ip1(T}, foreignSocket = get-ip2(T) },M,
5, setPsh, noUrg, noTimeout) } } »

if open-active-sys(T) == openOk and M =/= noMessage and ( get-ip1(T) > § ) and { get-ip2(T) > 0 ). ...(eq3)
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- Receive Cail
ceq receive-sys(T.M) = noMessage
if M == noMessage . ..{eq1)
ceq receive-sys(T,M) = errdr%p .
if open—paséive-sys(?) ==openfail or
getipt{T) <1 or
get-ip2(T) < 1 or
get-ip(T) == get-ip2(T) or ‘ -
M ==errorlp . _ ) ...(eq2) .
ceq receive-sys(T,M) = Message { ‘ )
mess1 = retrieveDatalnBufferSegment(init-index, receiveCali(LocalConnectionName{ focaiSocket = get-
ip1(T), foreignSocket = get-ip2(T) }, init-index, 1, setPsh,nolrg, sendCall(LocalConnectionName { localSocket = get-
ip2{T), foreignSocket = get-ip1(T) },M, 1, setPsh, nolrg, noTimeout) } ) , o

mess2 = retrieveDaialnBufferSegment(inc init-index, receiveCatl(LocaiConnectionName{ localSocket =
get-ip(T), foreignSocKet = get-ip2(T) }, init-index, 2, setPsh,nolrg, sendCali{LocalConnectionName { iocalSocket =
get-ip2(7), foreignSocket = get-ip1(T) },M, 2, setPsh, noUrg, naTimeout} ) ) ,

mess3 = retrieveDatalnBufferSegment(inc inc init-index, receiveCall{LocalConnectionName{ localSocket =
get-ip3(T), foreignSocket = get-ip2(T) }, init-index, 3, setPsh,noUrg, sendCaH(LocafConnectionName { localSocket =
get-ip2(T), foreignSocket = get-ip t{T} },M, 3, setPsh, noUrg, noTimeout) ) ) ,
mess4 = refrieveDatainBufferSegment(inc inc inc initindex, receiveCall(LocaiConnectionName{
localSocket = get-ip1(T}, foreignSocket = get-ip2(T) }, init-index, 4, setPs‘h,noUrg, sendCall{LocaiCennectionName {
localSocket = get-ip2(T), foreignSocket = get-ip1(T) }.M, 4, setPsh, noUrg, noTimeout) ) ) , -
messb = retrieveDatalnBufferSegment(inc inc inc inc init-index, receiveCall{LocalConnectionName{
locaiSocket = get-ip1(T), foreignSocket = get-ip2(T) }, init-index, 5, setPsh,noUrg, sendCali{LocalConnectionName {
localSocket = get-ip2(T), foreignSccket = get-ip1(T} },M, 5, setPsh. noUrg, noTimeout) ) ) }
if open-passive-sys(T) == openCk and
M =/= noMéssage and
( get-ipt(T) > 0 ) and
( get—ipZ(T) >0 )and

get-ip(T) =/= get-ip2(T) . ...{eq3)

= d
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-- Send Call and Receive Call
ceq receive-sys(T' send-sys(T,M)) = noMessage
if M == noMessage . ..,(e_q1)
ceq receive-sys(T',send-sys(T,M)) = errorlp o
if get-ip1(T) <1or
get-ip2(T) < tor
get-ip(T) < 1 or
get-ip2(T) < 1 or
get-ip1(T) == get-ip2(T) or
get-ipI(T") == get-ip2(T") or
get-ipH(T) =/= get-ip2(T") or
get-ipH(T") =/= get-ip2(T) . . ...(eq2)
ceq receive-sys(T' send-sys(T,M)) = Message {
mess1 = retrieveDatainBuﬁerSegment(init—ind_ex. receiveCall{LocalConneciionName{ _locaISocket = get-
ip1{T"), foreignSocket = gef-ip2(T') }, init-index, 1, setPsh,noUrg, sendCali{LocalConnectionName { localSocket = get-

ip1(T), foreignSocket = get-in2(T) }.M, 1, setPsh, noUrg, noTimeout) ) ),

mess2 = retrieveDatalnBufferSegment(inc init-index, receiveCall{LocalConnectionName{ localSocket

il

get-ip1(T"), foreignSocket = get-ip2(T'} }, init-index, 2, setPsh,noUrg, sendCali{LocalConnectionName { localSocket
get-ip1(T), foreignSocket = get-ip2(T) },M, 2, setPsh, nolrg, noTimeout) ) ),

mess3 = retrieveDatalnBufferSegment(inc inc init-index, receiveCali{LocalConnectionName({ localSocket =

get-ip1(T'), foreignSocket = get-ip2(T") }, init-index, 3, setPsh,noUrg, sendCall{LocaiConnectionName { iccalSocket
get-ip1(T), foreignSocket = get-ip2{T) },M, 3, setPsh, noUrg, noTimeout)} ) ) ,
messd = retrieveDatalnBufferSegment(inc  inc inc init-index, receiveCali(LocalConnectionName{
localSocket = get-ip1(T'), foreignSocket = get-ip2(T'} }, init-index, 4, setPsh,noUrg, sendCall{Loca!ConnectionName {
localSocket = get-ip1(T), foreignSocket = get-ip2(T) }.M, 4, setPsh, noUrg, noTimeout) ) ) , .
mess5 = retrieveDatainBufferSegment(inc inc inc inc init-index, receiveCa!I(LocafConnectionName{
locaiSocket = get-ip1(T'), foreignSocket = get-ip2(T") }, init-index, 5, setPsh,noUrg, sendCali{LocalConnectionName { i
locaiSocket = get-ip1(T), foreignSocket = get-ip2(T) 1.M, 5, setPsh, noUrg, noTimeout) ) } }
if M =/= noMessage and
M =/=errorlp and
open-active-sys(T) == openOk and
open-passive-sys(T') == openOk and
get-ipt(T) == get-ip2(T') and
get-ip2(T) == get-ip1(T") and
get-ip (T} =/= get-ip2(T) and

‘get-ipH{T*) =/= get-ip2(T') . "— correct IP and pair of port ...{eq3)
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- Close Call
ceq close-sys(T) = false
if T == no-system or
get-ip{T) < 1 or
get-ip2(T) < 1or

get-ip(T) == get-ip2(T} . ...{eq1)

ceq close-sys(T) = true
if T_:/: no-system and
get-ip1{T) > 0 and
get-ip2(T) > G and
get-ip1(T) =/= get-ip2(T} . ~.{eq2)- .
ceq closeCail{LocalConnectionName { localSocket = get-ip1(T), foreignSocket = get-ip2(T) } ) = closeOk
if close-sys(T) == true . ...{eq3)
ceq closeCall{LocalConnectionName { localSocket = get-ip1(T), foreignSocket = get-ip2(T) } ) = closeF_ail )
if close-sys(T) == false . ...(ead) -
| -- Abort Cali
ceq abort-sys(T) = faise
if T == no-system or
get-ipi(T) < 1or
get-ip2(7) <1 or
get-ip1(T) == get-ip2(T) . ...{eg5)
ceq abort-sys(T) = true v
if T =/= no-system and
get-ip1(T) > 0 and
get-ip2(T) > 0 and -
get-ip1(T) =/= get-ip2(T) . ...(eqb)
ceq abortCall(LocalConnectionName { localSocket = get-ip1(T), fareignSocket = get-ip2(T) } ) = abortOk
if abort-sys(T) == true . . {eq?)
ceq abortCali{LocalConnectiocnName { localSocket = get-in(T), foreigrSccket = get-ip2(T) }) = abonFail

if abort-sys(T) == faise . ...(eq8)”'
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red send{nc-segment, changeSta(e(closgdStateJisﬁenState). checkTcb{createTcb), checkStatus(init-
status)) . : ...{egt)

red send( no-segment, changeState{closedState,synsentState), checkTch{createTcb), checkStatUs(i_nit- '
status)) . ) ) ...(eq2) :

red send( no-segment, changeState(listenState synrcvdState), checkTeb(C), checkStatus(U)) .

...(eq3)
red send( Segment { segnumber = J, syn = setSyn, psh = setPsh, window = setWindow },
changeState(synsentState, synrcvdState), checkTeb(C), checkStatus(init-status)) . » .'..(eq4)

red send( Segment { seqnumber = J, syn = setSyn, psh = setPsh, window = setWindow },
changeState(synsentState establishedState), checkTcb(C), checkStatus(U)) . , ...{eq5)

red send{ Segment { segnumber = K, acknumber = J + 1, ack = setAck, syn = setSyn, ﬁsh = setPsh,
window = setWindow }, changeState(synrcvdState,establishedState), checkTcb(C). checkStatus(U)} . ...{eq6)
red send( S, changeState(synrcvdState, estabiishedState), checkTch(C), checkStatus{U)) .
...(eq?)
red send{Segment { seqnumber = K + 1, ack = setAck, psh = sc—tPsh._window = setWindow },

changeState(establishedSiate establishedState}, checkTcb(C), checkStatus(U)) . ...{eq8)

=
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100
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red retrieveDatalnBufferSegment(init-index, addSegmentToBuffer(init-index, send{Segment { sourceport =
1, destport = 2, seqnumber = 1, ack = setAck, psh = setPsh, window = 4096, data = 100 },
changeState(establishedState,establishedState), checkTch(C), checkStatus(U)))) . ...{eq1)

red remeveData!nBufferSegment(fnc init-index, addSegmentTdBuffer(inc init-index, send(Segmeﬁt(
sourceport = 1, destport = 2, segnumber = 1025, ack = setAck, psh = setPsh, window = 4086, data = 200 },
changeState(establishedState establishedState), checkTcb(C), checkStatus{U)})) . ‘ ...{eq2)..

red retrieveDatalnBufferSegment(inc inc init-index, addSegmentToBuffer(inc inc init-index, send{Segment {
sourceport = 1, destport = 2, segnumber = 2049, ack = setAck, psh = setPsh, window = 4086, data = 300 }, .
changeState(establishedState,e'stabﬁshedSta:e)‘ checkTeb(C), checkStatus(U)})) . ...{eq3)

red retrieveDatalnBuffefSegment(init-index, addSegmentTcBuffer{init-index, send{Segment { sourceport =
2, destport = 1, seqnumber = 2049, ack = setAck, psh = setPsh, window = 4096, data = 200 },
changeState(establishedState establishedState), checkTcb{C), checkStatus{U))}) . ...(eq4)

red retrieve DatainBufferSegment(init-index, addSegmentToBuffer{inc init-index, send{Segment { sourceport
= 2, destport = 1, seqnumber = 3073, ack = setAck, psh = setPsh, window = 4096, data = 300 },
changeState(establishedState,establishedState), checkTcb(C), checkStatus(U)))) . ...{egh)

red retrieveDatalnBufferSegment(inc inc inc init-index, addSegmentToBuffer(inc inc inc init-index,
send{Segment { sourcepart = 1, destport = 2, segnumber = 3037, ack = setAck, psh = setPsh, window = 4096, data
= 400 }, changeState(establishedState establishedState), checkTcb(C), checkStatus{U)))) . ...(eq6)

red retrieve DatalnBufferSegment{inc inc init-index, addSegmentToBuffer(inc inc init-index, send(Segment {
sourceport = 2, destport = 1, segnumber = 4097, ack = setAck, psh = setPsh, window = 4096, data = 400 },
changeState(establishedState establishedState), checkTcb(C), checkStatus(U)))) . ..(eq?)

red retrieveDatalnBufferSegment(inc inc inc inc init-index, addSegmentToBuffer(inc inc inc inc init-index,
send(Segment { sourceport = 1, destport = 2, seqnumber = 4097, ack = setAck, psh = setPsh, window = 4096, data
=500 }, changeState(establishedState establishedState), checkTcb{(C}, checkStatus(U)))) . «.(eq8)

red retrieve DatalnBufferSegment(inc inc inc inc inc init-index, addSegmentToBuffer(inc inc é:c inc inc init-
index, send(Segment { sourceport = 1, destport = 2, seqnumber = 5121, ack = setAck, psh = setPsh, window = 4096,
data = 600 }, changeState(establishedState,estabiishedState), checkTcb(C), checkStatus(U)))) . ...{eq8)

red retrieveDatalnBufferSegment(inc inc inc inc inc inc init-index, addSegmen:ToBuﬁ‘er(%nc inc incinc inc
ir_]c init-index, send(Segme‘nt { sourceport = 1, destport = 2, seqnumber = 6145, ack = setAck, psh = setPsh, window
= 4096, data = 700 }, changeState(establishedState establishedState), checkTcb(C), checkStatus(U)))}. ...(eq10)

red retrieveDatainBufferSegment{inc inc inc inii-index, addSegmeniToBuffer{inc inc inc init-index,
send(Segment { sourceport = 2, destport = 1, seqnumber = 6145, ack = setAck, psh = setPsh, window = 4096, data
= 600 }, changeState(establishedState establishedState), checkTcb(C), checkStatus(U)))) . ...(eqt1)

red retrieveDatainBufferSegment(inc inc inc inc inc inc inc init-index, addSegmentToBuffer(inc inc inc inc inc inc inc
init-index, send(Segment { sourceport = 1, destport = 2, seqnumber = 7169, ack = setAck, psh = setPsh, window = 4096, data
= 800 }, changeState(establishedState, establishedState}, checkTcb(C), checkStatus{U))))y. - ...8q12)
. red retrieveDatalnBufferSegment(inc inc inc inc init-index, addSegmentToBuffer(inc inc inc inc init-index,
send(Segment { sourceport = 2, destport = 1, seqnumber = 8193, ack = setAck, psh = setPsh, window = 4096, data

= 800 }, changeState(establishedState establisnedState), checkTeb(C), checkStatus(U)})) . (eq13)
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red send( S, changeState(estabIish(_adState,ﬁnwait-1State).checchb(C), checkStatus(U)) . ...(eqT)

red send( S, changeState{establishedState closewaiiState), checkTcb(C}, checkStatus(U)).  ...{eg2)

red send{ Segment { segnumber = M, fin = setFin, psh = setPsh, window = setWindow },
changeStaze(eslablishedState,ﬁnwait-‘.Sfate), checkTceb{C), checkStatus(U}) . - ..(eq3)

red send( S, changeState(establishedState,closewaitState), checkTcb{(C), checkStatus(U))}. ...(eq4)

red send( Segment { seqnumber = M + 1, ack = setAck, psh = setPsh, window = setWindow },

changeState(timewaitState finwait-2State), checkTcb(C), checkStatus(U)) . ...(eq5)
red send( S, changeState(closewaitState lastackState), checkTcb(C), checkStatus{U)) . ...(eqB)
red send( S, changéState(ﬁnwaitQState.timewaitSﬁate). checkTcb(C), checkStatus(U)) . ...(eq?)

red send( Segment { segnumber = N, fin = setFin, psh = setPsh, window = setWindow },

changeState(lastackState timewaitState), checkTcb(C), checkStatus(l)) . ...(eq8)
red send( 8, changeState{lastackState closedState), checkTcb(C), checkStatus(U)) . ...(eq9)
red send( S, changeState(timewaitState closedState), checkTch{C), checkStatus(l)) . ...(eq10}

red send( Segment { seqnumber = N + 1, ack = setAck, psh = setPsh, window = setWindow }, _

changeState{timewaitState,closedState), checkTcb(C), checkStatus(U)) . ..{eat1)
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OPEN : active

open-active-sys(System)

§

op openCaii ;: Int Int ActiveOrPassive Ir}t Ilnt ;nt Ilnt -> LocaiConnectionName

l

il

cpt{maximutﬁSegmentSize)

noTimeout
localSocket(L) active
. precedenceStatusValue i
foreignSocket(L)
SecurityOrCompartment Value L
v
synsentState

v
createTcb(init-tcb) +
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OPEN : passwe
open—passwe-sys(Sysbem)

op openCall : Int Int ActiveOrPassive Ir}t I'nt Flt Int -> LocalConnectionName
i ! 1

l noTimeout
localSocket(L) passive
) precedenceStatusValue
foreignSocket(L)
SecuntyOrCornpartment Value
opt(max:mumSegmemSzze)
listenState
v
createTcb(init-tch)

s'ﬂ'n 5.10 mﬂ?ﬂmﬂmmwu passive cﬂ'ﬁmu

&g

SEND open-active-sys(System) == LocalConnectionName

, send-sys(SVstem,Message)

T

op sendCall : LocalConnectionName Message Int Bool Bool Int -> Segment
i | | |
\
sourceport{S) = bind{localSocket(L})
destpert(S) = bind(foreignSocket{L))

data = mess1-5(M) l e .

byteCount --

i v
setPsh nolrg Y
addSegmentToBuffer(Id,S)

relrieveSegmentinBuffer(id,S)

op send : Segxlent Bool Bool Bool - Segment

! |

State Tcb Status

l

* changeState(establishedState, establishedState)
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WaszuudeFamiauuy active #uy70Ild7 (open-active-call(System) == true)

b 4 3
ar

‘ 4 H o \ . o o
funeusaliaziy dureundlduinisdadayalaaiudrdaFun “de” iiadadayalild
an¥id# sxunazdaFunds (send-sys(System Message) lugilfi 5.11) idfaziansdedaya
Aaen13ALTiLNIT sendCall (Praziandclugiiil 5.11) wnwussainisdeazgndalile

. ol 57 . 4 . o
Whmnaesdemiei ifezyen lduda suidieediu (fessuuresfFudeGandauuy
. e v v Yy o o o . R VI ¥ .
passive  @uysaluaa) azfusdeAndaidun “fur (sruudeFuniudeya (receive-
call(System,send-sys(System,Messgae}) ﬁ'ﬁfﬁq:ﬁqmﬁuiaqﬂE\'Qﬂnqi"éqnﬁunﬂs

receiveCall ﬁdgﬂﬁ 5.12)

RECEIVE
open-passive-sys(System) == LocalConnectionName

receive-sys(System,send-sys(System',Message))

op receiveCall : LocalConnectionName Id Int Bool Bool Segment -> Buffersegment

| |

T 1|

setPsh

i
tocalSocket(L) addSegmentToBuffer(id,S)
foreignSocket(L) noUrg
vy
Id byteCount v
retrieveDatalnBufferSegment(id,B) |
p il
Message &
EE I ORI SR T e SO S T T T SR S e

7U% 5.12 nsGanfusnglidany

v ¥

CLOSE

R

close-sys(System) == true

op closeCall : LocalConnectionName -> Bool

i

deleteTcb(Tcb)

7U# 5.13 nmsFantaanng i



ABORT g
abort-sys(System) == true '

op abortCall : LocalConnectionName -> Bool 3:&

deleteTch(Tcb) b

i

S

7 5.14 meGanun@nanng i

§ 4 Y =y [ %4 J o
WasruumimsdaFanila (close-call(System) AagUfn 5.13) HFRazinslle ns
A N [ 3 = @ :; =l Aﬂ’ I

wenslafian1zantiunts closeCall  wianvisaufeyalusziliaurununisauganiaglu

wiazanan Wunishuniwensliunldaou
ailsruuannsoaniannisfasialelautinuAdeFunani@n (abort-cali(System) §4

¢ o = J 1 ° - ,:'
R 5.14) RERAsINsEn@nNIsdausadaen1sAliunTg abortCall wianveaudayalu

=4 [ o = %4
FELLEUAILAN nsauds luniaausiandas
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5.7 nsnIudau

o

mmmaudeufeniuuefitil wiknisviugaueaniilugesdousoniy e noudeu
. .

NBQKEIRLT N7 NBQR (Unit Test) uaznisnaudauiessuu (System Test)

5.7.1 nMInIudaLNagat” - v
Tnensmauseufinssanyfgiudevdnmndaeiu Ae IntsddweniEy -

o - 1 T ] ar " ar 3 AJ

(Initial Value) AYGAIRTA20EN (Integer) uazAfauLls (Variable) (Faraszigaalugli

5.15) HANITNIUABLVIVHAGNSIBIAIUAMITEATIREATIMNAUNANLIN 1

open INDEX

red val(init-index; . I -0:Z2ero

red val(inc init-index) . - 1:NzNat

red vai(dec init-index) . — val{dec init-index) : Int
ved val(X) .- —val(X) : Int

close .

gﬂﬁ 5.15 plaptianTImauaaLNega INDEX

5.7.2 nMInquaaussuy

= > = o 2 . cded =
Taamanauaeuszuvasinnasanyisulunsiudedeyaliunianidn

d! -

wiklUfa@nnTfivile waznageunisidadeFundia 5u 49 Ta uazan@n negaunissugds

R.

whitldeya narsumsiudedeyalaevunune 1P Ba (@Genuszi@ualugl® 5.16) &
] v
soatanenouaanluglfl | 516 HAMMIIMINARLITLLIVUAQNFBIAILAAIHRSIBLA
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— ——— Active Open —————
— yed open-active-sys{client} . ' — openOk : Bool
— red open-active-sys{errorSys) . * — openfail : Bool

— red open-active-sys{self) . — openFail : Bool

Passive Open
-- red open-passive-sys{server) . —openOk : Bool
— red open-passive-sys{errorSys) . — openFail : Bool
- red open-passive-sys(self) . - openfFail : Bool
- ————— Send and Receive Sys ————
— red receive-sys(server, send-sys(client, m1)) . -
~— Message { (mess1 = datasegment , mess2 : datasegment2 , mess3 = datasegment3 ,
- —mess4 = datasegmentd , messd = datasegments) }: Message 7
— red féceive-sys(server, send-sys(client, m2)} .
- Message { (mess1 = datasegment1 , mess2 = noMess , mess3 = noMess ,
~ mess4 = noMess , mess5 = noMess) }: Message
— red receive-sys(client, send-sys(server, m1)} .
- Message [ (mess1 = datasegment1 , mess2 = datasegment2 , mess3 = datasegment3 ,
-- mess4 = datasegmentd | massd = datasegments) }: Message
- red receive-sys(client, send-sys(server, m2)) .
— Message { (messt = dafasegmem? , mess?2 = noMess , mess3 = noMess ,
-- messd = noMess , mess5 = noMess) }: Message
- —e—m—— ErrorSys —————
--red receive;sys(server: send-sys{erorSys, mi)) . — errorlp : Messagé’:_
— red receéve-éys(e.rrorSys. send-sys{client, m1)) . -- errorlp : Message
- red receive-sys{errorSys, send-sys{errorSys, m1)) . -~ errorlp : Message
-- red receive-sys{self, send—sys(se.rve_r, mt)). ‘ - erroripb : Message
-- red receive-sys{server, send-sys{self, m1)} . - errorfp . Message

-- red receive-sysiself, send-sys(seif, ™)) . - errorip - Message

- Close Sys ———

— red close-sys(server) , — true : Bool

-- red close-sys(errorSys) . — false : Bool
- red close-sys(self) . — false : Boot
—————————— Abort Sys —-—-—---

- red abort-sys{client) . —true : Bool
- red ébon—sys(efrorS);s) . ~—false : Bool
— red abort-sys(self) . - falsé - Bool

717 5.16 Fhatan1mIuaaLsTLL TCP-SYSTEM
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- INDEX Module
mod* INDEX{

prINT)

*{ Index 1*

op init-index : -> Index - initial

op dec_ : Index -> Index -- method

opinc_: Index -> Index -- method

bop val : Index -> int - attribute

var X : Index

eq val(init-index) = 0 .

eg val(inc X) = (val(Xj + 1) .

ceq val(dec X) = (val(X) - 1) if vai(X} =/=0 .

1
mod* ID{

protecting(!NDEX *{ hsort Index -> Id })
}

MESSAGE Module

mod* MESSAGE{
pr{INT)

*[ Data Ops J*

record Message{

mess

mess2 :
mess3
messd :

messh :

Int

Int
int
int

Int

78



}

op mess1 : Message -> int
op mess?2 : Message -> Int
op mess3 : Message -> int
op mess4 : Message -> Int

op messS : Message -> Int

op messagel :-> Message:

- op noMessage : -> Message ..
op noMess : -> Int .
op len: Int -> int

op ErrorLen : > Int

op endOfOption : -> Ops
op noOperation : -> Ops
op fnaximumSegmen_tSize 1> 0Ops

op opt: Ops -> int
vart: int

eq opt(maximumSegmentSize) = 429487296 .
ceqlen(=1 )

ifl < opt(ma*imumSegmentSize) +1.
ceqlen (I} = EmorLen

if | > opt(maximumSegmentSize) .

79

G

- 65536 * 65536 = Data 24 bit . Segment

— Message Length not over 1024

-- Message Length errror if over 1024

SEGMENT Module

mod* SEGMENT{

pr(iD + MESSAGE)
record Segment{
souréeport Dint

destport : Int



- segnumber : Int

acknumber : int
offset : Int
reserved : int
urg : Bool
ack : Boot

psh : Bodi

rst: Bool

syn : Boot

fin . Bool
windbw: int
checksum ; int

urgentptr ; Int’

80

-- value = 0 ; where data Begin

-- value =0 ; for future use

—value = 0 { for no Segment )

-- value = 0 { checking data in correctiy)

-- noUrgentprt

-- value = 0 (endCfOption), value = 1 {(noOperation),
value = 2 (maximumSegmentSize)

--value = 0 ;Tcp header end and data begin on 32 bit boundary

options : Int
padding : Int
data : int

}
op init-segment : -> Segment

op no-segment : -> Segment

op sourceport : Segment -> Int
op destport : Segment -> Int
op segnumber : Segment -> Int
op acknumber : Segment -> Int
op options : Segment -> Int

op urg : Segment -> Bool

op psh : Segment -> Bool
op-syn :-Segment -> Bool

op ack : Segment -> Bool

op fin : Segment -> Bool

op data : Segment -> Int

op initSouceport : -> Int

op initDestport : -> Int

- initial

-- {nitial

-- projection

~- projection

- projection
-- projection
-- projection
-- projection
-- projection
-- projection
-- projection

-- projection

-- projection

-- method for “sourceport” bit

-- method for "destport” bit



op dataBegin : -> int

op reservedVaiue : > Int
op setirg : -> Bool

op resetUrg : -> Boo!

op setAck : -> Bool

0op resetAck : -> Bool

op setPsh : -> Bool

op resetPsh : -> Boot

op setRst : -> Bool

op resetRst ; -> Bool

op setSyn : -> Booi

op resetSyn : -> Bool

op setFin : -> Bool

op reseifin : -> Bool

op noWindow : -> Int

op setWindow : -> int

op correctChecksum : -> int
op errorChecksum : -> Int
op noUrgentptr : -> Int

op paddingValue : -> Int

op initiss : -> int

op initirs : -> Int

eq dataBegin =0 .

eq reservedVaLe = (.
eq noWindow =0 .

- eq seWindow = 1,

eq correctChecksum =0 .
eq errorChecksum = 1.
eq opt{endOfOption) = 0 .

eq opt(noOperation} = 1.

eq opf{maximumSegmentSize) = 2 .

eq paddingVaiue = 0.

eqinitlss=0.

-- method for "offset” bit

-- method for "reserved” bit
-- method for "urg” bit -

-- method for "urg” bit

-- method for "ack” bit |

-~ method for "ack” bit

— method for "psh"” bit

-- method for "psh’ bit

-- method for "rst” bit

-- method for "rst” bit

-~ method for “syn” bit

= method for “syn" bit

-- method for “fin" bit .

-- method for "fin” bit

-- method for "window" bit

-- method for "window" bit

-- method for "checksum” bit
-- method for "checksum® bit
-- method for “urgentprt” bit

-- method for "padding" bit

-- method for “iss" bit

-- method for “irs"” bit

-- for "offset” bit

S,

-- for "reserved’ it

-- for "window" bit

- for initial "window" bit
-- for "checksum® bit

-- for "checksum” bit

-- for "options” bit

-- for "options” bit

-- for “options” bit

-- for "padding"” bit

81



eqinitlrs =0 .

eq init-segment = Segment {

82

sourceport = initSouceport,

destport = initDestport,
seqnumber = initiss,

acknumber = initlrs,

offset = dataBegin,

reserved = reservedValue,

urg = resetUrg,

ack = resetAck,

psh = setPsh,

rst = resetRst,

syn = setSyn,

fin = resetFin,

window = setWindow,

checksum = correctChecksum, v
urgentptr = noUrgentptr,

options = opt(maximumSegmentSize),
padding = paddingValue,

data = noMess } .

BUFFER Module

mod* BUFFER({
pr(lD + SEGMENT)
record Buffersegment{
sourcepoit | int
destport : int
segnumber : Int

acknumber : int

offset : int -- value = 0 ; where data Begin
reserved : Int -- value =0 ; for future use
urg : Boo!

ack : Bool



psh : Bool

rst: Bool

syn : Bool

fin : Bool
window : Int
cheokéum Dnt

urgentptr : Int

options : Int
padding : Int
data : int

-- value = 0 { for no Segment )

--value = 0 ( checking data in correctly)

-- noUrgentprt

-- value = 0 {endOfOption), value = 1 {(noOperation),

valie = 2 {(maximumSegmentSize)

-- value = 0 ;Tcp header end and data begin on 32 bit boundary

op init-buffersegment : -> Buffersegment - initial

op nobuffersegm_ent : -> Buffersegment -~ initial

op sourceport : Buffersegment -> Int -- projection
op destport . Buffersegment -> Int - projection
op options ; Buffersegment -> int -- projection
op urg : Buffersegment -> Bool -- projection
op psh : Buffersegment -> Boal -- projection
op syn : Buffersegment -> Bool -- projection
op ack : Buffersegment -> Bool

op fin : Buffersegment -> Bool

op data : Buffersegment -> Int

-- Buffersegment(Old), Buffersegment( want to add ) - > Buffersegment(new)

op addDataToBufferSegment : Id Buffersegment Buffersegment -> Buffersegment

op deiBufferSegment : id Buffersegment -> Buffersegment

‘op retrieveSegmentinBuffer : |d Buffersegment -> Segment

op addSegmentToBuffer : Id Segment -> Buffersegment

op retrieveDatalnBufferSegment : |d Buffersegment -> Int

vars X X' : id

vars B B' : Buffersegment

var S : Segment

-- projection
-- projection

-- pro’ection

-- method
-- method
-- method
-- method
-- method

-- attribute



varl:int

var D : int

eq init-buffersegment = B'uffersegment{ sourceport = initSouceport,
o - * destport = initDestport,
segnumber = initlss,
acknumber = initirs,
offset = détéBegin,
reserved = reservedValue,
urg = resetUrg,
ack = resétAck,
psh = setPsh,
rst = reseiRst,
syn = setSyn,
fin = resetFin,
window = sét\/\ﬂndow,
¢ ‘checksum = correctChecksum,
urgentptr = noUrgentptr, _
options = opt(maximumSegmentSize),
padding = paddingValue,
data = noMess } .
eq retrieveSegmentinBuffer(X,B) =S .
ceq retrieveSegmentInBuffer(X,B) = no-segment if B == no-buffersegment .
ceq addSegmentToBuffer(X,.S) =Bifval(X) =/=-1.
ceq addSegmentToBuffer(X,S) = B if retrieveSegmentinBuffer(X,B) == no-segment .
ceq retrieveDatalnBufferSegment( X, addSegmentToBuffer(X'.S) ) = data(S) if X == X' . .

eq'retn'eveDatamBufferSegment(X, B) = data(B) .

ceq addDataToBufferSegment(X,B,B") = B' if retrieveSegmentinBuffer(X,B) == no-segment .

eq delBufferSegment(X,B) = addSegme'h'tToBuffer(X,no-segment) .
ceq délBufferSegment(X,B) = nb—buffersegment if retrieveSegmentinBuffer(X,B) ==

ceq retrieveSegment.lnBuffer(X,addS’egmentToBuffer(X‘,S)) =SifX==X".
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- STATE Module
mod* STATE({
pr{INT)
“[ State ]*
op closedState : -> State -- initial
op listenState : -> State -- initial
op synsentState ; -> State -- initial
op synrcvdState : -> State - initial
op establishedState : -> State -- initial
op finwait-1State : -> State - initial
op finwait-2State : -> State -- {nitial
op closingState : -> State -- initial
op timewaitState ; -> State -- initial
op closewsitState ; -> State -~ initial
op lastackState : -> State -~ initial

op changeState : State State -> Bool-- method
op valueState : State -> Int - attribute

op curState : -> State

vars T T' . Staie

vart:int

ceq changeState(7,T') = true
if (T == closedState and ( T' == listenState or T' == synsentState ) ) .
ceq changeState(T,T") = false |
if ( T == closedState and ( T' == synrcvdState or T' == establishedState or
T' == finwait-1State or T' == finwait-2State or T' == closingState or T' == timewaitState
or T' == closewaitState .or T' == lastackState ) ) .

ceq changeState(T,T') = true

if ( T == listenState and ( T' == synsentState or T' == synrcvdState or T' == closedState ) ) .

ceq changeState(T,T') = false

if (T == listenState and { T' == listenState or T' == establishedState or T' == finwait-1State
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or T' == finwait-2State or T' == closingState or T' == timewaitState or T' == olosewai.tState orT
== lastackState ) ) .
ceq changeState(T,T") = true
if (T == synsentState and ( T' == closedState or T' == synrcvdState or T' == establishedState )
). |
ceq changeState(T,T') = false
if (T == synsentState and ( T' == listenState or T' == synséntState or T' == finwait-1State or
T' == finwait-2State or T' == closingState or T' =¥ timewaitState or T' == closewaitState or T' ==
lastackState ) ) . .
ceq changeState(T,T') = true
if ( T == synrcvdState and ( T' == establishedState or T' == finwait-1State or T' ==
closewaitState ) ) .
ceq changeState(T,T') = false
if ( T == synrcvdState and ( T' == closedState or T' == listenState or ' == synsentStatevor
T' == gynrcvdState or T' == finwait-2State or T' == closingState or T' == timewaitState or 7' ==
lastackState ) ) .
ceq changeState(T,T") = true
if ( T == establishedState and ( T' == finwait-1State or T' == closewaitState or 7' ==
establishedState ) } .
ceq changeState(T,T') = false
if (T == estabiishedState and { T' == closedState or T' == listenState or T' == synsentState or

{

T' == gynrcvdState or T' == establishedState or T' == finwait-2State or 7' == closingState or
T == timewaitState or T' == lastackStaie ) ) .

ceq changeState(T,T°) = true
if ( T == finwait-1State and { T' == ciosingState or T' == finwait-2State ) ) .

ceq changeState(T,T'} = false

if (T == finwait-1State and ( T' == closedState or T' == iistenState or T' == synsentState or
T' == synrcvdState or T' == establishedState or T' == finwait-1State or T' == timewaitState or
T' == closewaitState or T' == lastackState ) ) .

ceq changeState(T,T') = true
if ( T == closingState and T' == timewaitState ) .
ceq changeState(T,T") = false
if ( T == closingState and ( T' == ciosedState or T' == listenState or T' == synsentState or
T' == synrcvdState or T' == estabiishedState or 7' == finwait-15tate or T' == finwait-25tate or

T* == closingState or T' == closewaitState or T' == lastackState } ) .



ceq changeState(T,T') = true
if (T == finwait-2State and T' == timewaitState ) .
ceq changeState(T,T') = false

if (T == finwait-2State and { T' == closedState or T' == listenState or T' == synsentState or

T' == synrcvdState or T’ == establishedState or T' == finwait-1State or T' == finwait-2State or
T' == closingState or T' == closewaitState or T' == lastackState ) ) .

ceq changeState(T,T") = true
if (T == timewaitState and 7' == closedState ) .

ceq changeState(T,T') = faise

if ( T == timewaitState and ( T' == listenState or T' == synsentState or T' == synrcvdState or
T' == establishedState or T' == finwait-1State or T' == finwait-2State or T' == closingState or
T' == timewaitState or T' == closewaitState or T' == |astackState } ) .

ceq changeState(T,T") = true
if ( T == closewaitState and T' == |astackState ) .

ceq changeState(T,T') = faise

if (T == closewaitState and ( T' == closedState or 7' == listenState or T' == synsentState or
T' == synrcvdState or T' == establishedSiate or T' == finwait-1State or T' == finwait-2State or

T' == closingState or T' == timewaitState or T' == closewaitState ) } .
ceq changeState(T,T') = true '
if ( T == lastackState and T' == closedState ) .

ceq changeState(T,T") = false

o

if { T == lastackState and ( T' == listenState or T' == synsentState or T' == synrcvdState or
T == estabiishedState or T' == finwait-1State or T' == finwait-2State or T' == closingState or
T' == timewaitState or T' == closewaitState or T' == lastackState } ) . v

ceq valueState(T) = 1 if T == closedState .

ceq valueState(T) = 2 if T == listenState .

ceq valueState(T) = 3 if T == synsentState .
ceq valueState(T) =4 if T == synrcvdState |
ceq valueState(T) = 5 if T == establishedState .
ceq valueState(T) = 6 if T == finwait-1State .
ceq valueState(T) =7 if T == ciosingStatve .
ceq valueState(T) = 8 if T == finwait-25tate .
ceq valueState(T) = 9 if T == timewaitState .

ceq valueState(T) = 10 if T == ciosewaitState . .'
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ceq valueState(T) = 11 if T == lastackState .

}
- TCB Module
mod* TCB{
‘ pr(INDEX + BUFFER)
record Tcbf
-- send
snd-una :int -- send unacknowledged
snd-nxt: Int - send next
snd-wnd : int - send window
snd-up : Int - send urgent pointer
snd-wlt : Int -- send sequence number used for last window update
snd-wi2 : Int -- send acknowiedgement number used for tast window update
iss : Int -~ initial send seguence number
-- recv
rev-nxt @ Int -- receive next
rcv-wnd : int -- receive window
rev-up :Int -- receive urgent pointer
irs : int -- initial receive sequence number
-- cur segment :
seg-seq : Int -- segment sequence numboer
seg-ack : int -- segment acknowledgement number
seg-len: Int -- segment length
seg-wnd : Int -- segment window
seg-up : Int - segment urgent pointer
seg-prc : Int -- segment security and precedence value
}
opiss: Tch -> Int -- projection
opirs: Tch -> int -- projectéoh
op snd-una : Tcb -> Int -- projection
op snd-nxt : Tcb -> int -- projection
op snd-wnd : Tcb -> Int : -- projection

op snd-up : Tcb > Int : -- projection



op snd-wl1 : Tcbh -> Int
op snd-wl2 : Tcb -> Int

op rev-nxt : Teb -> Int

op rcv-wnd : Teb > int

oprov-up: Teb->int 7

op seg-seg : Teb -> Int
op seg-ack : Tcb -> Int
op seg-len: Tch > Int
op seg-wnd : Téb -> int
cp seg-up : Tcb -> Int

_op seg—prb :Teb-> Int

op sndunaValue : -> Int
op sndn'xtValu.e :v-.> Iﬁt
op 'ér.dendVa!ue > Int
0p sndupValue ; -> Int

op sndwitValue : -> lnt

op shdwlZValue c>int

op recvnxtValue : -> Int
op revwndValue : -> Int
op rcvupValue : -> Int
op segsegValue : -> Int
op segackValue : -> Int
op seglenValue : -> Int
op segwndValue : -> Int
op segupValue : -> int

op.segprcValue : -> Int

op prececenceStatusValue : -> Int

op init-tcb : -> Tcb

op no-tcb 1 -> Tcb,

op deleteTeb : Tch > Teb . -

op createTcb : -> Tch

- projection
- projection
-- projection
-- projection
- prbjection

-- projection

- -- projection

-- projection
-- projection
-- projection

— projection

-- method for “snd-una" th

--method for "snd-nxt" bit
-- method for "snd-wnd" bit
-- method for "snd-up” bitv
-- method for "snd-wl1" bit
-- method for "snd-wi2" bit
-- method for "rev-nxt" bit

-- method for "rcv-wnd” bit
-- method for "rev-up” bit

-- method for "seg-seqg” bit

-- method for "seg-ack” bit

- method for "seg-len” bit

-- method for "seg-wnd" bit

-- method for "seg-up” bit

-- method for "seg-prc” bit

-- initial

-- initiat

-- method

-- method
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op checkTcb Tch -> Bool - - attribute

vars CC': Tcb
var S : Segment

var Id : Index

eq precedenceStatusValue = 0 .
eq snd-una{C) = sndunaVaiué .
eq snd-nxt(C) = sndnxtValue .
eq snd-wnd(C) = sndwndValue .
eq snd-up(C) = ncUrgentptr .
eg snd-wii(C) = sndwitValue .
eq snd-wi2(C) = sndwi2Value .
eq rcv-nkt(C) =val(ld) + 1.

eq rev-wnd(C) = vali(id) .

eq rev-up(C) = noUrgentptr .

eq seg-seg{C) = seanumber(S) .
eq seg-ack(C) = acknumber(S) .

-eq seg-len(C) = opt(maximumSegmentSize) .

eq seg-wnd(C) = window(S) .
eq seg-up(C) = noUrgentptr .

eq seg-prc{C) = precedenceStatusValue .

‘90

eq init-tcb = Tecb {  snd-una = initlss, snd-nxt = initlss + 1, snd-wnd = sndwndVaiue, snd-up =

noUrgentptr,snd-wit = sndwl1Value, snd-wi2 = sndwl2Value, iss = initlss, rov-nxt = val(init-index) +

1, rev-wnd = val(init-index), rev-up = nolUrgentotr, irs = initirs, seg-seg = in'tiss, seg-ack = initirs,
: -2

seg-ten = opt(maximumSegmeniS ze), seg-wnd = window{init-segment), seg-up = noUrgentotr, seg-

prc = precedenceStatusValue } .

eq createTcb = init-tcb .
eq deleteTcb(C) = no-tcb .
ceq checkTchb(C) = false if iss(C) == -1.

ceq checkTcb(C) = true if iss{C) =/=-1 .

STATUSCALL Module




mod* STATUSCALY{

"pr(STATUS)
op statusCall : LocalConnectionName -> Status -- method

var L : LocaiConnectionName

var U : Status

ceq checkStatus(statusCali(L)) = true if localSocket(L) > 0 and foreignSocket(L) > 0 .

ceq checkStatus(statusCali(L}) = false if locéfSocket(L) < 1) or (foreignSocket(L) < 1). .
ceq checkStatus(U) = true if U == init-status .

eq checkS.tatus(U) =true .

ceq checkStatus(U) = true if checkStatus(statusCall(L)) == true .

- SEND Module

mod* SEND{
pr(BUFFER + TCB + STATE + STATUS + STATUSCALL)

-- State, Tcb, Status

op send : Segment Boo! Bool Bool -> Segment

var S : Segment

varC:Tcb

vars B1 82 B3 : Booi

vars 81 B2 B3 : Bool

var L : LocaiConnectionName

var U : Status

ceq send(S,B1,B2,B3) = no-segment
if window(S) == noWindow and B1 == true and B2 == true and B3 == true .
ceq send(S,81,B2,B3) = no-segment _
if psh(S) == resvetPsh and B1 == true and 82 == true and B3 == true .
ceq send(S,B1,82,B3) = no-segment
if B1 == false or B2 == false and B3 == faise .
-- send Ack, Fin : segqnumber = acknumber, acknumber zy'seqnumber +4

ceq send(S,B1,82,83) =
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Segment { sourceport = bind(sourceport(S)), destport = bind(destport(S)), seanumber =
. aéknumber(S), acknumber = seqnumber(S) + 1, offset = dataBegin, reserved = reserved\/.alg_e',. .
urg = resetUrg, ack = resetAck, psh = setPsh, rst = resetRst, syn = setSyn, fin = resetFin, o
window = setWindow, checksum = correctChecksum, urgentptr = noUrgentptr, options =
opt(maximumSegmentSize), padding = paddingValue, data = data(S) } .
if window(S) =/= noWindow and psh(S} =/= resetPsh and ack(S) == setAck and fin(S) ==
setFin and B1 == true and B2 == true and B3 == true .
-- send Syn, Ack : acknumbér = segnumber + 1, segnumber = acknumber
ceq send(S,B81,B2,B3) =
Segment { sourceport = bind{sourceport(S)), destport = bind{destport(S)), segnumber =
acknumber(S), acknumber = segnumber(S} + 1, offset = dataBegin, reserved = reservedValue,
urg = resetrg, ack = setAcR, psh = setPsh, rst = resetRst, syn = setSyn, fin = resetFin, window
= setWindow, checksum = correctChecksum, urgentpir = noUrgentptr, options =
opt(maximumSegmentSize), padding = paddingValue, data = data(S) }
if window(S) =/= noWindow and psh(S) =/= resetPsh and syn{S) == seiSyn and ack(S) ==
setAck and B1 == frue and B2 == frue and B3 == true .
-- send Syn : acknumber = segnumber + 1
ceq send(S,B1,B2,B3) =
Segment { sourceport = bind{sourceport(S)), destport = bind{destpori(S)), segnumber = initlss,
acknumber = segnumber(S) + 1, offset = dataBegin, reserved = reservedValue, urg =
resetUrg, ack = resetAck, psh = setPsh, rst = resetRst, syn = setSyn, fin = reset.Fth, window =
setWindow, checksum = correctChecksum, urgentptr = noUrgentiptr, options =
opt{maximumSegmentSize), padding = paddingValue, data = data(S) }
| if window(S) =/= noWindow and psh(S) =/= resetPsh and syn(S) == setSyn
and B1 == true and B2 == true and B3 == true .
-- send Ack : segnumper = acknumber |
ceq send(§,B1,B2,83) =
Segment { sourceport = bind(sourceport(S)), destport = bind(destport(S})), segnumber =
acknumber(S), acknumber = initirs, offset = dataBegin, reserved = reserved\(alue, urg =
resetlrg, ack = setAck, psh = setPsh, rst = resetRst, syn = resetSyn, fin = resetFin, window =
setWindow, checksum = correctChecksum, urgentptr = noUrgentptr, options = o
opt{maximumSegmentSize), padding = paddingValue, data = data(S) }
if window(S) =/= noWindow and psh(S) =/= resetPsh and ack(S) == setAck
and B1 == true and B2 == true and B3 == true .

-- send Rst : segnumber = iss(C)
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ceq send(S,B81,82,B3) =

-Segment { sourceport = bind(sourceport(S})), destport = bind(destport(S)), segnumber = iss(C), -

acknumber = initirs, offset = dataBegin, reserved = reservedValue, urg = resetUrg, ack =-
resetAck, psh = setPsh, rst = setRst, syn = resetSyn, fin = resetFin, window = setWindow,
checksum = correctChecksum, urgentptr = noUrgentptr, options = opt(maximuhSegmentSize),
padding = paddingVaiue, data = data(S) }

if window(S) =/= noWindow and psh(S) =/= resetPsh and rst(S) == setRst

and BY == true and B2 == frue and B3 == true .

ceq send(S,B1,82,B3) = Sif BT == true and B2 == frue and B3 == frue .

OPENCALL Module

mod* OPENCALL{

--OP

pr{SEGMENT + STATE + TCB + STATUS + STATUSCALL)
*f ActiveOrPassive T*

EN(1:local port, 2:foreign socket, 3:active (1) /passive(0) 4:[ timeout] 5:[,precedence]

6:[,security/compartment] 7:{,options])

=12}

op openCall ; Int int ActiveOrPassive Int Int Int Int -> LocalConnectionName -- method

op active : -> ActiveOrPassive
op passive : -> ActiveOrPassive

op timeout : -> int

vars 1112141516 17 : Int

var S . Segment

var O : Ops

var P : ActiveOrPassive

var C . T¢cd

var L : LocalConnectionName

ceq openCall{ 11, i2, P, 14, 15, i6, 17) = LocalConnectionName { localSocket = [1, foreignSocket

if (M>0)and(i2>0)and
(11 =/=12)and

( P == active or P == passive ) and
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i4 == noTimedut and
I5 == precedenceStatusValue and
16 == sepurityOrCompadmen'tValQe and
17 ;z opt(maximumSegmentSize) . | -- correct local + foreign port
ceqopenCall{ 11,12, P, 14,15,16,17) = errorLocaiConnectiQﬂName
if (11 <1orl2<1or 1==12)and
( P ==active orvP__;z bassive )} and
|4 == noTimeout and |
1o == precedeﬂceStatusVafue and
6 == sééurityO@ompartment\fa!ue and
i7 := obt(maximumSegmentSize) . | -- error 2
ceq curState = listenState v
if openCall{ 11, 12, P, noTiméout, precedenceStatusValue, securityOrCompartmentVa%Qé, .
opt(maximumSegmentSi.ze) ) ' \
== LocalConnectionName { localSccket =11, foreignSocket =12 } .
' ceq curState = synsentState ,
.if openCall( i1, 12, P, noTimeout, precedenceStatusValue, securityOrCompartmentValue,
opt(maximumSegmentSizej ) - v
== Looa!ConﬁectionName { localSocket = I1, foreignSocket =12 }.
ceq checchb{cfeatech) = frue : »
if openCali(i1,12,P,14,15,16,17) == LocalConnectionName { iocaiSocket = 11, fgl(eigﬁSocket

=i2}.

- : : ——— SENDCALL Module

mod* SENDCALL{
pr(BUFFER + OPENCALL + SEND + MESSAGE + STATUS + TCB)
-- SEND(IT:iocal'ecbnnection. name, ld:buffer address= Message,
- 13:byte Coun;t z:num of segment, B4:PUSH flag, B5:URGENT ftag, 16:[,timecut])

op sendCall : LocalConnectionName Meséage Int Bool Bool Int -> Segment -- method -

op byteCount : -> Int, - for |3 N

op noUrg © -> Bool



95

vars 11121316 : Int

vars B1 B2 B3 B4 B5 : Bool
varC: Tcb ‘

var S : Segment

var P : ActiveOrPassive

var U : Staius

vart:id

var B : Buffersegment

var L : LocalConnectionName

var M : Message
eq byteCount=5. -- number of Message segment

ceq sendCall{LocaiConnectionName { locaiSocket =11, foreignSocket = 12} M, 13, B4, B5, 16)
= no-segment

ifl1<1or

12 <1or

1==i2o0r

M == ncMessage or

(13 <0or!3>byteCount) or

B4 =/= setPsh or

B85 =/=noUrg or

16 =/=noTimeout .
ceq sendCall(LocalConnectionName { localSocket =11, foreignSocket = i2 } M, 13, B4, B5, 16)
= send{retrieveSegmentinBuffer(init-index ,addSegmentToBuffer(init-index ,
Segment { sourceport = bind(I1), destport = bind(12), psh = B4,
urgentptr = B5, data = mess1(M) } )}, changeState(establishedState establishedState),
checkTeb(init-tch), checkStatus(statusCall{LocalConnectionName { localSocket = i1,
foreignSocket =12 })) )

if 11>0and

12>0and

1 =/=12 and

M =/= noMessage and

{3 == { byteCount - 4 ) and

B4 == setPsh and
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B5 == noUrg and

16 == noTimeout .
ceq sendCaH(LQca!ConnectionName { localSocket = 11, foreignSocket = (2 },M, 13, B4, B5, 16)
= send(retrieveSegmentinBuffer(inc init-index ,addSegmentToBuffer(inc init-index ,
Segment { sourceport = bind(i1), destport = bind(12), psh = B4,
urgentptr = B5, data = mess2(M) } )), changeState(establishedState, estabiishedState),
checkTcb(init-tch), checkStatus(statusCa!i(LoéaIConneotionName { localSocket = I1,
foreignSocket =12 })) )

if 11 >0 and

12>0and

i1 =/=12and

M =/= noMessage and

13 == (byteCount - 3 ) and

B4 == setPsh and

B5 == noUrg and

16 == noTimeout .
ceq sendCai!(_LocathnneotionName {loccalSocket = 1, foreignSocket = 12 },M, {3, B4, B5, 16)
= send(retrieveSegmentinBuffer(inc inc init-index ,addSegmentToBuffer(inc inc init-index ,
Segment { sburceport = bind(l1), destport = bind({2), psh = 84 ,
urgentptr = B5, data = mess3(M) } )), changeState(establishedState,establishedState),
checkTeb(init-tcb), checkStatus(statusCall(LocaiConnectionName { locaiSocket =q'!1,
foreignSocket =12 1)) )

if11>0and

i2>0and

11 =/=12and

M =/= noMessage and

13 == ( byteCount - 2 ) and

B4 == setPsh and

B5 == noUrg and

16 == noTimeout . _ ‘
ceq sendCall{LocalConnectionName { localSocket =11, foreignSocket =‘l2 1M, 13, B4, B5, 16) o
= send(retrieveSegmentSnBuffer(énc inc inc init-index ,addSegmentToBuffer(inc inc inc init-
index , Segment { sourceport = bind{! 1}, destport = bind(lZ),‘psh =B4,
urgentptr = B5, data = mess4(M) } )),'changeState(estab»iishedState,establishedState),
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checkTcb(init-tcb), checkStatus(statusCali{LocalConnectionName { localSocket = 1,
foreignSocket = 12 })) )

if |1 >0 and

12 >0and

1 =/=12 and

M =/= ncMessage and

13 == { byteCount - 1) and

B4 == setPsh and

B5 == noUrg and

16 == noTimeout .
ceq sendCall{LocalConnectionName { localSocket = |1, foreignSocket = 12 } M, i3, B4, 85 16)
= send(retrieveSegmentinBuffer(inc inc inc inc init-index ,addSegmentToBuffer(inc inb inc inc
init-index , Segment { sourcéport = bind(i1), destport = bind(12), psh = B4,
urgentptr = B5, data = messb(M) } ), changeState(establishedState,establishedState),
checkTeb(init-tch), checkStatus(statusCall(LocalConnecticnName { locaiSocket =11,
foreignSocket = 12 })) )

if11>0and

i2>0and
i1 =/=12 and

M =/= noMessage and
13 == byteCount and
B4 == setPsh and
B5 == noUrg and
|6 == noTimeout .

ceq curState = establishedState
if sendCall(L.ccalConnectionName { localSocket = |1, foreignSocket = 12 },M, 13, B4, 85,
16) == send(retrieveSegmentinBuffer(init-index ,addSegmentToBuffer(init-index ,
Segment { sourceport = bind(i1), destport = bmd($2), psh =84,
urgentptr = B5, data = mess1(M) } )), ohamgeState(estabéishedState,estainshedState),
checkTcb(init-tcb}, checkStatus{statusCall(LocalConnectionName { locaiSocket = I1,
foreignSocket = 12 })} ) or
sendCalI(LocalCcﬁneotionName {localSocket = i1, fereignSocket =12 } M, 13, B4, B5, 16)
== send(retrieveSegmentinBuffer(inc init-index ,addSegmentToBuffer(inc init—inde.x ,
Segment { sourceport = bind(l 1}, destport = bind(12), psh = B4 , _
urgentptr = B5, data = mess2(M) } )), changeState(establishedState,establishedState),
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checkTcblinit-tch), checkStatus(statusCall(LocalConnectionName { lccalSccket = 11,
foreignSocket = 12 })} ) or sendCall(LocalConnecticnName { localSocket = i1,
foreignSocket = 12 },M, 13, B4, B5, i6) ==
send(retrieveSegmentinBuffér(inc inc init-index ,addSegmentToBuffer(inc inc init-index ,
Segment { sourceport = bind(11), destport = bind{I2), psh = B4, v o
urgentpir = B5, data = mess3(M) } )), changeState(establishedState establishedState),
checkTcb(init-tcb), ChéckStams(statusCall(LocaiConnecﬁonName {localSocket =I1,
foreignSacket = 12 1)) ) or ' |

" sendCail(LocalConnectionName { locaiSocket = {1, foreignSccket = {2 },M, 53; B4, B5, 16)
== gend(retrieveSegmentinBuffer(inc inc inc init-index ,addSegmentToBuffer(inc inc inc
init-index , Segment { sourceport = bind(l1), destport = bind(i2), psh = B4,
urgentptr = B5, data = mess4(M) } )), changeState(establishedState establishedState),
checkTchlinit-tcb), checkStatus(statusCall(LocalConnectionName { localSocket = 11,
foreignSocket = 12 })) ) or sendCali(LocaiConnectionName { localSocket = i1,
foreignSocket = 12 },M, 13, B4, B5, I6) == send(refrieveSegmentinBuffer(inc inc inc inc init-
index ,addSegmentToBuffer{inc inc inc inc init-index , |
Segment { sourceport = bind(l1), destport = bind({2), psh = B4,

" urgentptr = B5, data = mess5(M) } ). changeState(establishedState, establishedState),
checkTch{init-tcb), checkStatus(statusCall(LocalConnectionName { iocalSocket =11,

foreignSocket =12 })) ) .

- RECEIVECALL Module

mod* RECEIVECALL{

pr{SENDCALL)
-- RECEIVE {It:local connection name, |d:buffer address, 13:byte count, B4:PUSH flag, B5:URGENT
flag) .

op receiveCall : LocalConnectionName Id Int Bool Bool Segment -> Buffersegment - method

vars 111213141618 : Int
vars S1 82 83 84 : int
vars B4 B5 B6 B7 : Bool
var C:Tcb

varil:ld
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var M : Message
vars L1 1L2: LocalConnecﬁonNarﬁé

var S : Segment

ceq recé_éveCalI(LocalConnectionName {localSocket = {1, foreignSocket =12} 1,13, B4, B5.S)
= no-buffersegment ‘ “
ifln<tor
2<tor
M ==12or
~val(l)<0or .
(13<Qori3> byteCount )or
B4 =/= éé{Psh or
B5 =/= noUrg of -
S == no-ségment g

ceq receiveCall(LocalConnectionName { localSocket = I1, foreignSocket = 12 }, 1, 13, B4, B, S

= ad.dSegmentToBuffer(ix S) K
'if|1..>0and 1 |
[2>0and - )
1 =/=12and. .
val(l) >= 0 and .
13 == byteCount - 4 and
B4 == setPsh and
B5 == notrg and
S =/= no-segment .

ceq receiveCall{LocaiConnectionName { locaiSocket =11, foreignSocket = 12 }, 1, 13, B4, B5, S

= addSegmeniToBuffer(inc |, S)
if11>0 aﬁd
12 >0 and
.I1 =/=12 and
val(l) >=0 ahd
13 == byteCount - 3.and
B4 == setPshand 7

B5 == noUrg and
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S=/= no-segmént .

ceq receiveCall{LocalConnectionName { localSocket = [1, foreignSocket =12}, 1,13, B4, B5, S

= addSegmentToBuffer(inc inc I, S)
~ ifi1>0and
I2>0and
11 =/=12 and
val(l) >= 0 and
13 == byteCount - 2 and
-B4 == setPsh and
B5 == noUrg and
S =/= no-segment .

ceq receiveCalI(LocélConnecﬁonName { localSocket =[1, foreignSocket =12}, 1,13, B4, B5, S

= addSegmentToBuffer{inc incinc 1, S)
if 11 >0 and
i2>0and
i1 =/=i2 and
\}al(l) >= 0 and _
13 == byteCount - 1 and
B4 == setPsh and
B5 == noUrg and
S =/=no-segment .

cegq receiveCall(LocalConnectionName { localSocket =11, foreignSocket =12}, i, I3, B4, B5, S

= addSegmeniToBuffer(inc inc inc inc |, S)

if11>0and

{2>0and
11 =/=12and

val{l) >= 0 and

i3 == byteCount and

B4 == setPsh and |

B5 == noUrg and

S =/= no-segment .
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- CLOSECALL Module

mod* CLOSECALL{
pr(RECEIVECALL)

-- CLOSE(}1:local connection name)}
op closeCall : LocalConnectionName -> Béol : -- method
op closeOk : -> Boal

op closeFail : -> Bool

varC: Tch

var L : LocalConnectionName

ceq closeCall(i) = closeOk if L =/= errorlLocalConnectionName .
ceq closeCall(L) = closeFall if L == errorLocalConnectionName .

ceq deleteTch(C) = no-teb if cioseCail(L) == closeOk .

-- ABORTCALL Medule

mod* ABORTCALL(
pr(TCB + OPENCALL)

-- ABORT(l1:local connection name)

-- (11 == local-connection-name(T))
op abortCall : LocalConnectionName -> Booil -- method
op abortOk : -> Boal

op abortFail : -> Boo!

var C: Tcb

var L : LocalConnectionName

ceq abortCall{L) = abortOk if L =/= errorLocalConnectionName .
ceq abortCall{L) = abortFail if L == errorLocalConnectionName .

ceq deleteTco(C) = no-teb if abortCall(L) == abortOk .
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- TCP-SYSTEM Module

mod* TCP-SYSTEM({

pr(BUFFER + TCB + STATE + STATUS + GPENCALL + SENDCALL + RECEIVECALL +

CLOSECALL + ABCRTCALL)
*[ System J*

op init-system : -> System

op no-system ; -> Sysiem

op no-segment : -> Segment

op no-buffersegment : -> Buffersegment

op checkName : LocaiConnectionName -> Bool
op openfaii : -> Beol

op openOk : -> Bool

op erronp : -> Message

-- get State
op state-sys : System -> State
- getlIP
op get-ip1 : System -> Int
op get-ipZ : System -> Int
-- Projection for System
op sys : Int Int -> System
op puf-sys : |d System -> Buffersegment
oD seg-sys : id System -> Segment
-- open-sys
op open-active-sys : System -> Boo!
op open-passive-sys : System -> Bool
-- send-sys
op send-sys : System Message -> Message
-- receive-sys
op receive-sys : System Message -> Message
-- close-sys

op ciose-sys : System -> Boot

- initial state

-- no state

-- no Segment

-- no Buffersegment

-- method

-- projection

-- attribute

-- attribute
-- projection ; Int = ip
-- projection

-- projection

-- method

- 'néthod

-- method

-- method

-- method



-- abort-sys

op abort-sys : System -> Bool . - -- method

vars T T': System

vars iPs IPc IPs" IPc : Int
varsi':1d

var B : Buffersegment

vars B1 B2 B3 B4 B5 : Bool
var 8 : Segment

var D Int -- data

varC: Teb

vars M M': Message

var E : State

var L : LocalConnectionName

-- State
| ceq state-sys(T) = curState if T == no-system .
-- Segment |
ceq seg-sys(l,T) = no-segment if T == no-system .
ceq seg-sys(l,T) = Segment { sourceport = get-ip1(T), destport = get-ip2(T) }
if T =/= init-system . v
ceq seg-sys(},T) = init-segment
if | == init-index and T == init-system .
-- Buffersegment
ceq buf-sys(l,T) = no-buffersegment if T == no-system .
ceq buf-sys{l,T) = Buffersegment { sourcepcrt = get-ip1(T), destport = get—ipZ(f} }
if T =/= init-system .
ceq buf-sys(l,T) = init-buffersegment
if | == init-index and T == init-system .
- 1P
eq get-ip1(sys{IPs,IPc)) = IPs .
eq get-ip2(sys{IPs,IPc)) = IPc .
-- Check Open
ceq checkName(L) = openFail if L == errorLocalCennectionName .

ceq checkName(L) = openCk if L. =/= errorLocalConnectionName .

103
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-- Open Call : Active
ceq open-active-sys(T) = checkName(openCall(get-ip1(T), get-ip2(T), active,
noTimeout, precedcnceStaLUaValue securityOrCompartmentValue, opt(maxmumSegmentStze)
)) ' '
if ( get-ip1{T) > 0 } and ( get-ip2(T) > 0 ) and (get-ip (T} =/= get-ip2(T) } . -- no error IP
ceq open-active-sys(T) = o’penFail » -
get ip1(T) <1 ) or ( get- |p2(T‘ <1 )or (get-ip1(T) == get-ip2(T) } . -- error |P
ceq state- sys(T) = synsentState
if open—active-sys(“{) == gpenOk .
ceq state-sys(T) = closedState
if opeﬁ—active—sys(T) == openFail .
--Cpen Call : Passive
ceq open-passive-sys(T) = "heCK'\Jaﬁ‘e(openCaH\get--" (T), get-ip2(T), passive,
noTimeout, precedenceStatusValue, securityOrCompartmentValue, opt(maxrmumSeg"}entSrze)
) '
if ( get-ip1(T) > 0 ) and ( get-ip2(T) > 0 ) and (get-ip1(T) =/= get-ip2(T) ) . -- nd error IP
.ceq épen—passive-syS(T) = openFail _
. if ( get—ip’i(T) <1}or{ get—pr(T) < 1) or(get-ip1(T) == get-ip2(T) ) . -~ error |P
ceq state-sys(T) = listenState
if open-passive-sys{T) == openOk .
ceq state-sys(T) = closedStaie

if open-passive-sys{T) == openFail .

-- Send Call and Receive Call
ceq receive-sys(T',send-sys(T,M)) = noMessage

if M == noMessage .

ceq receive-sys(T',send-sys(T,M)}) = errorip
if get-ip1(T) < 1or
get-ip2(T) < 1or
get-ipt(T) <1or
get-ip2(T") < 1or
get—ip1 (T) == get-ip2(T) o
getip1(T") == get-ip2{T") or
get-ip1{T) =/= get-ip2(T) or
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get-ip(T") =/= get-ip2(T) .

ceq receive-sys(T',send-sys(T,M)) = Message {

mess1 = retrieveDatalnBufferSegment(init-index, receiveCall(LocalConnectionName{ localSocket =

get-ip1(T"), foreignSocket = get-ip2(T") }, init-index, 1, setPsh,noUrg, sendCall{LocaiConnectionName
. { localSocket = get-ip1(T), foreignSocket = get-ip2(T) }.M, 1, setPsh, noUrg, noTimeout) ) ) .

mess2 = retrievéDatémBufferSegmem(inc init;index, receiveCall(LocalConnectionName{ IocaISo_cke_z_i
= get-ip1(T"), foreignSocket = gét—ib2(T') 1, init-index, 2, setPsh,noUrg, B
sendCail{LocalConnectionName { localSocket = get-ip1(T), foreignSocket = get-ip2(T) IM.2, |

setPsh, noUrg, noTimeout} ) ), \ ST

me333_£ retrieveDatalnBufferSegment(inc inc init-index, receiveCall(LocalConnectionName{

localSocket = get-ip1(T*), foreignSocket = get-ip2(T") }, init-index, 3, setPsh,noUrg,
sendCall(LocatConnectionName { localSocket = get-ip1(T), foreignSocket = get-ip2(T) }.M, 3,
setPsh, roUrg, noTimeo'ut) )
mess4 = retrieveDatainBufferSegment(inc inc inc init-index, receiveCall{LocalConnectionName({
localSocket = get-ip1(TY), foreignSocket = get-ip2(T'} }, init-index, 4, setPsh,noUrg,
sendCall(LocalConnectionName { localSocket = get-ip1(T), foreignSocket = get-ip2(T) },M, 4,
setPsh, noUrg, noTimeout) ) ),
mess5 = retrieveDatalnBufferSegment(inc inc inc inc init-index, receiveCall{LocaiConnectionName(
localSocket = get-ip1(T"), foreignSocket = get-ip2(T') }, init-index, 5, setPsh,noUrg,
sendCali(LocalConnectionName { locaiSocket = get-ip1(T), fbreignSocket = get-ip2(T) LM 5,
setPsh, noUrg, noTimeout) ) ) } |

if M =/= noMessage and

M =/= errorip and

open-active-sys(T) == openCk and

openﬁpass%ve-sys('ﬁ") == openOk ard

get-ip1(T) == get-ip2(T') and

get-ip2(T) == get-in1 (1) and

get-ip1(Y) =/= get-ip2(T} and

get-ip1(T') =/= get-ip2(T"} . -- correct IP and pair of port

ceq send-sys(T,M) = errorip
if ocpen-active-sys(T) == openfail or
get-ipT(T) < 1 or '
get-ip2(T) < 1 or
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(get-ipH(T) == get-ip2(T) ) .

ceq send-sys(T,M) = noMessage

if M == noMessage .

ceq send-sys(T,M) = Message {
messt = data(sendC'ail(LocaIConneCtionName { IoQaESocket = get-ip1(T), foreignSocket = get—'v
ip2(T) },M, 1, setPsh, nolrg, noTimeout) ),
mess2 = data(sendCall{LocalConnectionName { localSocket = get-ip1(T), foreignSocket = get- “
ip2(T) 1M, 2, setPsh, nolrg, noTimeout) ), l
mess3 = data(sendCall(LocalConnectionName { localSocket = get-ip1(T), foreignSocket = get- .
ip2(T) },M, 3, setPsh, noUrg, noTimeout) ), | |
mess4 = data(sendCall{LocalConnectionName { localSocket = get-ip1(T), foreignSocket = get-
ip2(T) }.M, 4, setPsh, noUrg, nocTimeout) },
mess5 = data(sendCall(LocalConnectionName { localSocket = get-ip1(T), foreignSocket = get-
ip2(T) 1M, 5, setPsh, noUrg, noTimeout) ) } _
if open-active-sys(T) == openOk and M =/= noMessage and ( get-ipt{T) > 0 ) and ( get-
ip2(T) >0).

ceq receive-sys(T,M) = noMessage

if M == noMessage . )
ceq receive-sys(T,M) = errorlp

if open-passive-sys(T) == openFail or

get-ip(T) <1or

get-ip2{T; <" or

get-ipt{T) == get-ip2(T) or

M == errorlp .

ceq receive-sys(T,M) = Message {
mess1 = retrieveDatalnBufferSegment(init-index, receiveCali{LocalConnectionName{ localSocket = _ '
get-ipf(T), foreignSocket = get-ip2(T) }, init-index, 1, setPsh,noUrg, sendCall(LocalConnectionName
{ iocélSocket = get-ip2(T), foreignSocket = get-ip (T} }M 1, setPsh, noUrg, noTimeout) ) ) ,
mess?2 = retrieveDatalnBufferSegment(inc init-index, receiveCaI.i(LocalConnectionNa.me{ IocaiSooke_t

= get-ip1(T), foreignSocket = get-ip2(T) }, init-index, 2, setPsh,noUrg,



sendCall{LocalConnectionName { locaiSocket = get-ip2(T), foreignSocket = get-ip1(T) },M, 2,
setPsh, noUrg, noTimeout) ) ),
mess3 = retrieveDatalnBufferSegment{inc inc init-index, receiveCali(LocalConnectionName(
localSocket = get-ip1(T), foreignSocket = get-ip2(T) }. init-index, 3, setPsh,noUrg,
sendCall(LocalConnectionName { localSocket = get-ip2(T), foreignSocket = get-ipH(T) 1M, 3,
setPsh, nouUrg, noTimeout) )} ), -
mess4 = retrieveDatalnBufferSegment(inc inc inc init-index, receiveCali(LocalConnectionName{
localSocket = get-ip1(T), foreignSocket = get-ip2(T) }, init-index, 4, setPsh,noUrg,
sendCall(LocaIConnectionName { localSocket = get-ip2(T), foreignSocket = get-ip1(T) }.M, 4,
setPsh, noUrg, noTimeout) } ), - ‘
mess5 = retrieveDatalnBufferSegment(inc inc inc inc init-index, receiveCall(LocaiConnectionName{
localSocket = get-ip1(T), foreignSacket = get-ip2(T} }, init-index, 5, setPsh,nolrg, _
sendCall(LocalConnectionName { localSocket = get-ip2(T), foreignSocket = get-ipt{T) }.M, 5,
setPsh, noUrg, noTimeout) ) ) }

if open-passive-sys(T) == openOk and

M =/= noMessage and

(get-ip1(T) > 0 ) and

( get-ip2(T) >0 ) and

get-ip1{T) =/= get-ip2(T) .

-- Close Call -
ceq close-sys(T) = false
if T == no-system or
get-ip1(M) < tor
get-ip2(T) <1 or
get-in1(T) == get-ip2(T) .
ceq close-sys(T) = true
if T =/= no-system and
get-ip1{T) > 0 and
get-ip2(T) > 0 and
get-ip1(T) =/= get-ip2(T} .
ceq closeCail(LocalConnecticnName { localSocket = get-in1(T), foreignSocket = get-ip2(T) } )
= closeOk

if close-sys{T) == true .
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ceq closeCall(LocalConnectionName { localSocket = get-ip1(T), foreignSocket = get-ip2(T) } )
= closeFail

if close-sys(T) == false .

-- Abort Call
ceq abort-sys(T) = false
if T == no-system or
get-ipH(T) < 1or
get-ip2(T) < 1 or
get-ip1(T) == get-ip2(T) .
ceq abort-sys(T} = true
if T =/= no-system and
get-in1(T) > 0 and
get-ip2(T) > 0 and
get-ipi(T) =/= get-ip2(T) .
ceq aberiCall(LocalConnectionName { localSocket = get-ip1(T), foreignSocket = get-ip2(T) } )
= abortOk
if abort-sys(T) == true .
ceq abortCall(LocalConnectionName { localSocket = get-ip1(T), foreignSocket = get-ip2(T) })
= abortFail

if abort-sys(T) == false .
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- I INDEX Module

-- red val(init-index) . --0: Zero

-- red val(inc init-index) . -1 NzNét

- red vé!(dec init-index) . . -~ --val(dec init-index) : Int
- red val{X) --val(X) : Int

- MESSAGE Module

-- red dpt(maximumSegmentSize) . -- 429497256 : NzNat
-~ red len(1025} . _ -- 1025 : NzNat
-- red en(429497297) . : -- ErrorLen : Int

--red Message { mess1 = 1, mess2 = 2, mess3 = 3, mess4 = 4, messb = 5} .

-- Message { (messt =1, mess2 =2, mess3 = 3, mess4 =4 , mess5 =5) } : Message

— _ SEGMENT Module

- 'réd init-segment . -- Segment { (scurceport = initSouceport , destport = initDestport , seqnumber
=1, acknumber = initirs , offset = 0, reserved = 0, urg = resetUrg , ack = resetAck , psh = seiPsh ,
rst = resetRst, syn = setSyn , fin = resetFin , window = 1, checksum = 0, urgentptr = noUrgentptr,

1
3

options = 2, padding = 0 , data = noMess} }: Segment

- : BUFFER Module

. --red init-buffersegment . -- Buffersegment { ( sourceport = initSouceport , destpod =
init_Destpor't , seqnumber =1, '
o acknumber = initirs , offset = 0, reserved = 0 , urg = resetUrg ,
-- ack = resetAck , psh = setPsh , rst = resetRst, syn = setSyn , fin = res‘etFin ,
- window = 1, checksum = 0, urgentpir = noUrgentptr , options =2,
- padding =0, data = noMess) } : Buffersegment '
-- -—-- Delete Buffer : no Buffer ----- _

-- red délBuﬁerSegment(init—index.%nét-buffersegment) . --: no- Buffersegment
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-- red delBufferSegment(init-index, Buffersegment { sourceport = 5, d_estport =1, seqnumber_ =1,
acknumber = 2,0ffset = 0,

-~ reserved = 0, urg = §,ack = 0,psh = 0,rst = §,syn = 0 fin = 0,window = 0,

- checksum = 0, urgentptr = 0, options = 0, padding =0, data=0}) .

-- . no-: Buffersegment

- red delBufferSegment(inc init-index, Buffersegment {  sourceport = 5, destport = 1, segnumber =
1, acknurﬁber =2 offset = 0, |
- reserved =0, urg = 0,ack = 0,psh = 0,rst = 0,syn = 0,fin = O,window = 0,
- checksum = Q, urgentptr = 0, options = 0, padding =0, data =0} )..

-- . no-: Buffersegment
--red deIBufferSegment(x,init—buﬁersegmem) . -~ no- Buffersegment
-- red delBufferSegment(X, Buffersegment { sourceport = 5, destport = 1, seqnumber = 1,
acknumber = 2 offset = 0, reserved = Q,
-~ urg = 0,ack = 0,psh = 0rst = 0,syn = 0,fin = 0,window = 0,checksum = C, urgentptr = G,
- options =0, padding =0,data=01}). --:no-: Buffersegment
-- red delBufferSegment(inc X, Buffersegment { sourceport = 5, destport = 1, segnumber = 1,
acknumber = 2 offset = 0,
--  reserved = 0, urg = 0,ack = 0,psh = 0,rst = 0,syn = 0,fin = 0,window = 0,
-~ checksum = 0, urgentptr = 0, options = , padding =0,data =01} .

-- . no-~: Buffersegment
-- red retrieveDatainBufferSegment(init-index,delBufferSegment(init-index, init-buffersegment)) .
--:-1:Nzint )
——————— Add Buffer if free : Buffer -—-
-- red addDataToBufferSegment(  init-index, no-buffersegment,Buffersegment { sourceport = 5,
destport = 1, segnumber = 1, acknumber = 2,offset = 0, reservec = 0, urg = 0,ack = 0,psh = 0,rst =
0,syn = 0.fin = O,window = 0,checksum =0, urgentptr = 0, options = 0, padding =0,data=01}) .

-- . Buffersegment
-- red addDataToBufferSegment{  inc init-index, no-buffersegment,Buffersegment { sourceport =
5, destport = 1, segnumber = 1, acknumber = 2 offset = 0, reserved = 0, urg = 0,ack = 0,psh = O,rst
= 0,syn = 0,fin = 0, window = 0,checksum = 0, urgentptr = 0, options =0, padding =0, data=0}) .

-- : Buffersegment , '

-- red addDataToBufferSegment(X, no-buffersegment,Buffersegment { sourceport = 5, destport = 1,
seqhumber =1, acknumber = 2,offset = O,. reserved = 0, urg = O;ack = 0.psh = 0,rst = 0,syn = 0,fin
= Q, window = 0,checksum = G, urgentptr = 0, options = 0, paddiﬂg =0,data=0}).

-- . Buffersegment
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-- red addDataToBufferSegment(inc X, no-buffersegment,Buffersegment { sourceport = 5, destport =
1, seqnumber = 1, acknumber = 2,offset = 0, reserved = 0, urg = 0,ack = 0,psh = 0,rst = 0,syn =
0.fin = 0, window = 0,checksum = 0, urgentptr = 0, options = 0, padding = 0, datab= 0}).

-- : Buffersegment |
——————— Add Data from Segment to Buffer : Buffer ——
-- red addSegmentToBuffer{init-index,init-segment) -- . Buffersegment
-- red addSegmentToBuffer(init-index,Segment { sourceporf = 3, destport = 1, segnumber = 1,
acknumber = 2 offset = 0, reserved = 0, urg = 0,ack = 0,psh = 0,rst = 0,syn = 0,fin = O, window = G,
checksum = 0, urgentptr = 0, options = 0, padding =0, data=01}}

-- . Buffersegment :
- red addSegmentToBuffer(inc init-index,Segment { sourceport = 3, destport = 1, seqnumbet =1,
acknumber = 2,offset = 0, reserved = 0, urg = 0,ack = 0,psh = 0,rst = 0,syn = 0.fin = Q,window = 0,
checksum = 0, urgentptr = 0, options = 0, padding =0, data=01}).

“-- : Buffersegment
-- red addSegmentToBufer(X,Segment { sourceport = 3, destport = 1, segqnumber = 1, acknumber =
2, offset = G, reserved = 0, urg = 0,ack = 0,psh = G,rst = 0,syn = 0.fin = 0,window = 0,
checksum = 0, urgentptr = 0, options = 0, padding =0, data=01}).

-- : Buffersegment
-- red addSegmentToBuffer(inc X,Segment { sourceport = 3, destport = 1, segnumber = 1,
acknumber = 2,0ffset = 0, reserved = 0, urg = 0,ack = 0,psh = C,rst = 0,syn = 0,fin = 0,window =
0,checksum = 0, urgentptr = 0, options = 0, padding =0,data=0}). |

<o

-- . Buffersegment

-- red retrieveDatainBufferSegment(init-index,init-buffersegment) . - 0: Zero.
-- red retrieveDatalnBufferSegment(X,init-buffersegment) . - 0: Zero

-- red retrieveDatalnBufferSegmeni(X,3uffersegment { soLrceport = 3, desiport = 1, segnumber = 1,
acknumber = 2,0ffset = 0, reserved = 0, urg = C,ack = 0,psh = J,rst = §,syn = 0.fin = 0,window = 0,

checksum = 0, urgentpir = 0, options = §, padding = 3, data =555} ) .

-- 555 NzNat

-- red retrieveDatalnBufferSegment(init-index, addSegmentToBuffer(init—index, init-segment ) ) .
--noMess : Int .

-- red retrieveDatalnBufferSegment(X, addSegmentToBuffer(X, init-segment) ) .
- ncMess : int

-- red retrieveDatalnBufferSegment(X, addSegmentToBuffer(X, Segment{ data =666} )} .
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— 666 : NzNat
-- —-- Add Segment to Buffersegment and then Delete it : no-Buffersegment -—-
-- red delBufferSegment(init-index, addSegmentToBuffer(init-index,init-segment) ) .
-- no-Buffersegment: Bufferségment
-- red delBufferSegment(X, addSegmentToBuffer(X,init-segment) ) .
-- no-Buffersegment: Buffersegment
-- red delBufferSegment{X, addSegmentToBuffer(X,Segment{ data = 666}) ) .
-- no-Buffersegment; Buffersegment
-- -—— Del Bufferegment and‘ then retrieve it's data ; -1 -——-
-- red retrieveDatainBufferSegment(init-index, delBufferSegment{init-index,init-buffersegment) ) .
—-1: Nzint
-- red retrieveDatalnBufferSegment(X, delBufferSegment(X.init-buffersegment) } .
-1 N‘zlr\;t
-- red retrieveDatalnBufferSegment(X, delBufferSegment(X,Buffersegment{ data =666 }) ) .
---1:Nzint
-- —— Del Bufferegment and then retrieve it : no-segment —---
-~ réd retrieveSegmentinBuffer(init-index, delBufferSegment(init-index,init-buffersegment) ) .
- -- no-segment ; Segment
-- red retrieveSegmentinBuffer(X, deIBufferSegment(X,init—buﬁerségmenl) ).
- né—segment : Segment
-- red retrieveSegmentinBuffer(X, delBufferSegment(X,Buffersegment{ data = 666 }) } .

<

-- no-segment : Segment

- : STATE Module

-- red valueState(closedState) . -1 :NzNat
-- -—— Checking changing State : Must be true and false -—--

-- red changeState(closedState, listenState) . -- true : Bool
-- red changeState(closedState lastackState) . -- false : Bool
-- -——— Checking value of State : Must be 2 --—

-- red valueState(listenState) . -- 2 : NzNat

- - TCB Module




113

— red init-tcb .

-- red iss(init-tcb) . ' : - initlss : Int
—red createTcb . v | _ : - inittcb : Teb
-- red deleteTcb(init-tcb) . B no-tcb : Tcbh
-- red checkTcb{createTch) G . - --true : Bool
-~ red checRch(deietech(init{tob)) S - -- true : Bool
-- red checkTeb(Tcb{ is‘s':’-1_"}) o " false : Bool

~ _ ' STATUSCALL Modiule

-- red check_S_tatus_(_init—status) B -- true : Bool

--red .checkStat&'é(.StatusCa!!(LocaIConneotionName { iocaiSockéf = 1, foreignSocket = 2 })) ..
-- tme. .: Bbéi

--red checkaétu’S(.sta.tusCaiI(Loca!ConnectionName { lccaiSccket = -1, foreignSocket =2 1)) .

-- faise : Bool

- - - SEND Moduie

-- red send(Segment { window = noWindow },true,true true) . ~ no-segment : Segment
—- red send(Segment { psh = resetPsh } true,true, true) . -- no-segment : Segment
-- red send(init-segment,true,true true) . -- init-segment : Segment

——————— Checking value of send Syn -—--
-- red send(Segment { seqnumber = 10, acknumber = 20, syn = setSyn, psh = setPsh, window =
setWindow } true true true) .

-- Segment { (aokhumber =11) } : Segment
—————— Checking yéiue of send Ack --——-
-- red send(Segment { seqhu_'.'nber =10, acknumber = 20, ack = setAck, psh = setPsh, window =
setWindow },tr@e,true.true} !

. Segment { (seqnumber = 20) } : Segment
——————— Checking value of send Ack, Fin ----- ‘ '
- red send{Segment { seqnurhber“: 10, acanmber = _20; ack = setAck, fin = setFi‘n, psh = setPsh,
window = sétWihdow },true,true,trﬂe‘) .

-- Segment { (segqnumber = 20, ackhumber =11) }: Segment

------- Checking value of send Syn, Ack ----
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- red send(Segment { seqnumber = 10, acknumber = 20, ack = setAck, syﬁ = setSyn, psh = setPsh,
window = setWindow },true,true truej .

-- Segment { (segnumber = 20 , acknumber = 11) } : Segment
-- —-- Connection Established -——
-- red send(no-segment, changeState(closedState listenState), checkTcb(createTcb),
checkStatus(init-status)) .
-- red send( no-segment, changeState{closedState, synsentState), checkTcb{createTcb),
checkStatus(init-status)}) .
-- red send( no-éégment, changeState(listenState, synrcvdState), checkTcb(C), checkStatus{U)) .
-- red send( Segment {:seqnufnber = J, syn = setSyn, psh = setPsh, window = setWindow },
changeState(synsentSiate, synrcvdState), checkTeb(C), checkStatus(U))..
-- red send( S, changeState(synsentState, estabiishedState), checkTcb(C), checkStatus(U)) .-
-- red send( Segment { segnumber = K, acknumber = J + 1, ack = setAck, syn = setSyn, psh =
setPsh, window = setWindow }, changeState(synrcvdState,establishedState), checkTcb(C),
checkStatus{l))) .
-- red send( S, changeState(synrcvdState, establishedState), checkTcb(C), checkStatus(U)) .
-- red sen.d(Segmemr { seqnumber =K + 1, ack = setAck, psh = setPsh, window = setWindow },
changeState(establishedState, establishedState), checkTcb(C), checkStatus(U)) .
------- Data Transfer --—-
-- red retrieveDatalnBufferSegment(init-index, addSegmentToBuffer{init-index, send(Segment {
sourceport = 1, destport = 2, sednumbe. =1,ack= setAck,’ psh = setPsh, window = 4038, data =
100 }, changeState(establishedState establishedState), checkTcb(C), checkStatus{U)))) .
-- red retrieveDatalnBufferSegment(inc init-index, addSegmentToBuffer(inc init-index, send(Segment
{ sourcepbrt =1, destport = 2, seqnumber = 1025, ack = setAck, psh = setPsh, window = 4086, data
=200}, changeStéte(estabEishedState,establishedState}, checkTcb(C), checkStatus(U)v))):.
-- red retrieveDatalnBufferSegment(inc inc init-index, addSegmentToBuffer(inc inc init-index,
send(Segm'e{.\t { sourceport = 1, destport = 2, segnumber = 2049, ack = setAck, psh = seéPs‘h.',
window = 4096, data = 300 }, changeState(establishedState establishedState), checkTcb(C),
oheCkStatuS(U))}‘):'; _ '
-- red retrieveDatainBufferSegment(init-index, addSegmentToBuffer(init—index, send(Segrﬁent{
“sourceport = 2, destport =.1, seqnumber = 2049, ack = setAck, psh = setPsh, window = 4096, data
= 200 }, changeState(establishedState establishedState), checkTcb(C), checkStatus(U)))) .
-- red retrieveDatalnBufferSegment(inc init-index, addSegmentToBuffer(inc init-index, send(Segment
{ sourceport = 2, destport = 1, segnumber = 3073, ack = setAck, psh = setPsh, window.= 4096, data
=300}, ChangeState(estabfféhedSta{e‘,establishedState), checkTcb(C), checkStatus(U)))) .
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-- red retrieveData!nBufferSegment(inc inc inc init-index, addSegmentToBuffer(inc inc inc init-index,
send(Segment { sourceport = 1, destport = 2, segnumber.= 3037, ack = setAck, psh = setPsh,
window = 4096, data = 400 }, changeState{establishedState establishedState), checkTch(C),
checkStatus(U)))) .

-- red retrieveDatalnBufferSegment(inc inc init-index, addSegmentToBuffer(inc inc init-index,
send(Segment { sourceport = 2, destport = 1, segnumber = 4087, ack = setAck, psh = setPsh,
window = 4096, data = 400 }, C'nangeState(estab!i‘shedState,estab!ishedState). CheCkTo_b(C), |
checkStatus{U)))) . | |

-- red retrieveDatalnBufferSegment(inc inc inc inc init-index, addSegmentToBuffer(iﬁo inc motnc ir;it-kb
index, send(Segment { sourceport = 1, destport = 2, seanumber = 4097, ack = setAck, psﬁ.:,
setPsh, window = 4096, data = 500 }, changeState{establishedState,establishedState), checkTeb(C),
checkStatus(U)))) . | :
-- red retrieveDatalnBufferSegment(inc inc inc inc inc init-index, addSegmentToBuﬁer(énb inc inc inc
inc init-index, send(Segment { sourceport = 1, destport = 2, segnumber = 5121, ack = setAck, psh =
setPsh, window = 4096, data = 600 }, changeState(establishedState establishedState), checkTeb(C),
checkStatus{U)))} . |

-- red retrieveDatalnBufferSegment(inc inc inc inc inc inc init-index, addSegmentToBuffer(inc inc inc
inc inc inc init-index, send(Segment { sourceport = 1, destport = 2, segnumber = 6145, ack =
setAck, psh = seiPsh, window = 4098, data = 700 },
changeState(establishedState,establishedState}, checkTcb(C), checkStatus(U)))) .

-- red retrieyeData?nBufferSegment(inc inc inc init-index, addSegmentToBuffer{inc inc irLg init-index,
send(Segment { sourceport = 2, destport = 1, segnumber = 6145, ack = setAck, psh = setPsh,
window = 4096, data = 600 }, changeState(establishedState,establishedState), checkTcb(C),
checkStatus(U)))) . _

-- red retrieveDatalnBufferSegment(inc inc inc inc inc inc inc init-index, addSegmentToBuffer(inc inc
inc inc inc inc inc init-index, send{Segment { sourceport = 1, destport = 2, seqnumber = 7169, ack =
setAck, psh = setPsh, window = 4096, data = 800 },
changeState(establishedState,establishedState), checkTcb(C), checkStatus(U)))) .

-- red retrieveDatainBufferSegment(inc inc inc inc init—i.ndex,'addSegmentToBuﬁer(énc inc inc inc init-
index, send(Segment { sourceport = 2, destport = 1, segnumber = 8193, ack = setAck, psh =
setPsh, window = 4096, data = 800 }, changeSiate{estabiishedState, establishedState), checkTch(C),
checkStatus(U)))) .

-- ——-- Termination --— v

--red send( S, changeState(establishedState,ﬂnwéit-?Stafe)_‘ éhecchb(C), checkStatus(U)) .

- red send( S, changeState(establishedState,closewaitState), checkTch(C), checkStatus(U)} .
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-- red send( Segment { segnumber = M, fin = setfin, psh = setPsh, window = setWindow },
changeState(establishedState, finwait-1State), checkTcb(C), checkStatus(l)) . 7

--red send( S, changeState(establishedState,closewaitState), checkTcb(C), checkStatus(U)) .
--red send( Segment { segnumber = M + 1, ack = setAck, psh = setPsh, window = setWindow },.
changeState(timewaitState, finwait-2State), checkTcb{C), checkStatus(U)) .

--red send( S, changeState(closewaitState,lastackState), checkTcb(C), checkStatus(U)) .

-F_red send( S, changeState{finwait-2State, timewaitState}, checkTcb(C), checkStatus(U)) .

—~red send( Segment { sednumber =N, fin = setFin, psh = setPsh, window = setWindow },
ohangeState(lastackaate‘timewaitSiate), checkTcb(C), checkStatus(U)) .

-red send( S, changeStateflastackSiate,ciosedState), checkTcb{C), checkStatus(l)) .

--red send( S, changeState(timewaitState ciosedState), checkTcb(C), checkStatus(U)} .

— red send( Segment { seqnumber = N + 1, ack = setAck, psh = setPsh, window = setWindow },

changeState(timewaitState,closedState), checkTcb(C), checkStatus(U)) .

-- OPENCALL Module

-- red openCall( -1, 2, active, noTimeout, precedenceStatusVaiue, securityOrCompartmentValue,
opt(maximumSegmentSize) ) .

-- errorLocalConnectionName : LocalConnectionName
-- red openCali( 1, -2, active, noTimeout, precedenceStatusValue, securityOrCompartmentValue,
opt(maximumSegmentSize) ) .

- errorLocalConnectionName : LocaiConnectionName
-- red openCall( 1, 1, active, noTimeout, precedenceStatusValue, securityOrCompartmentValus;
opt(maximumSegmentSize) ) .

- errorLocalConnectionName : LocalConnectionName
-- red openCall(2, 3, active, noTimeout, precedenceStatusvalue, securityOrCompartmentValue, .
_opt(maximumSegmentSize) } .

-- LecalConnectionName { {lccaiSocket = 2 , foreignSocket = 3) } : LocalConnectionName
-- red openCall(2, 3, passive, noTimeout, precedenceStatusValue, securityOrComparimentValue,
opt(maximumSegmentSize) ) .

-- LocalConnectionName { (localSocket = 2 , foreignSocket = 3) } : LocalConnectionName
-- red openCali(sourceport(Segment { sourceport = 2}), destport(Segment { destport = 3}}, active,
noTimeout, precedenceStatusValue, securityCrCompartmentValug, opt(maximumSegmentSize) ) .

-- LocalConnectionName { (localSocket = 2 , foreignSocket = 3) } : LocalConnectionName
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-- red openCall(sourceport(Segment { sourceport = -2}), destport{Segment { destport = 3}), active,
noTimeout, precedenceStatusValue, securityOrCompartmentValue, opt{maximumSegmentSize).) .

-- errorocalConnectionName : LocalConnectionName

- SENDCALL Module

-- red changeState(establishedState establishedState) .
-- red checkTcb(init-icb) .
-- red checkStatus(statusCali{LocalConnecticniName { localSocket =
localSocket(LocaiConnectionName {locaiSocket = 4, foreignSocket = 6 }), foreignSocket =
foreignSocket{LocalConnectionName { locaiSocket = 4, foreignSocket =61 })).
-- —- Checking value of <add segment to buffer> then <retrieve it> to <send> through another TCP -
-- red send(retrieveSegmentinBuffer(init-index,addSegmentToBuffer(init-index, Segment { sourceport
= bind(localSocket(LocalConnectionName {  localSocket = 4, foreignSocket = 6 })), destport =
bind{foreignSocket(LocalConnectionName {  locaiSocket = 4, foreignSocket = 6 })}, psh = setPsh,
urgentptr = noUrg, data = mess1(Message { mess1 =3}) } )).
changeState{establishedState establishedState), checkTeb(init-tcb),
checkStatus(statusCall(LocaiConnectionName { localSocket = 4, foreignSocket=61)) ).
-- red send(retrieveSegmentinBuffer(init-index,addSegmentToBuffer(init-index, Segment { sourceport
.= bind{localSocket(LocalConnectionName {  localSocket = 4, foreignSocket = 6 }}), destport =
bind(foreignSocket(LocalConnectionName {  localSocket = 4, foreignSocket =6 })), gfs,h = setPsh,
urgentptr = nolrg, data = mess1{Message { mess1 =3}) } }),
changeState(establishedState,establishedState), checkTceb(init-icb),
checkStatus(statusCall(LocalConnectionN ame { localSocket = 4, foreignSocket=61)) ).
-- Segment { (sourceport = 4 , destport =6, psh = setPsh , urgentptr = noUrg , data = 3} }:
Segment
-- -—--- Checking value of sendCall -—-
-- red sendCall(LocalConnectionName { localSocket = 4, foreignSccket = 6 },Message { mess1 = 3
}, byteCount - 4, setPsh, noUrg, naTimeout) .
- Segment { (sourceport = 4 , destport = 6, psh = setPsh , urgentptr = noUrg , data = 3) }:
Segment
— -—-- Checking value of sendCall : Message { mess1 = 111, mess2 = 222, mess3 = 333, mess4d =
444, messb = 555 } —--
------- Checking value of sendCall : Message Segment 1 ——

-- red sendCall(LocalConnectionName { localSocket = 4, foreignSocket = 6 },
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Message { messt = 111, messz 222 mess3 333, mess4 = 444 messb = 555 }. 1, setPsh,
noUrg, noTlmeout) ‘ _ _ '
- Segment { (soﬁrcepprt =4, destport = 6 , psh = setPsh , urgentptr = no.Urg ,data =
111) }:Segment ' | ' ) '
------- Checking value of sendCall : Mé_ss_age Segment 2 -
-- red sendCall(LocalConnectionName {_ iocalSocket = 4, foreignSocket = 67};- Message { mess1 = |
111, mess2 = 222' messS : 333, mess4 = 444, rﬁeSs5 =555}, 2, setPsh notrg, nofimeout) _
- Segment { (sourceport 4, dest pN‘f 6, psh = setPsh, urgentptr =nobrg , data .
1222) }: Segment

-- red sendCall(LocalConnectionName { localSocket = 4, foreignSocket = 6 }, Message { messt
111, mess2 = 222, mess3 = 333, mess4 = 444, mess5 = 555 } , 3, setPsh, noUrg, noTimeout) .
- Segment { (sourceport =4, destpért =6, psh = setPsh , urgentptr = noUrg data =

333) }: Segmeht

--red sendCall(i__oCa!ConnecﬁonName { locaiSccket = 4, foreignSocket = 6 }, Messége { mess1
111, mess2 222, mess3 = 333, messd = 444, 5'= 855}, 4, seiPsh, noUrg, noTimeout) .
--'Segment { (scurcepon 4, destport =6, , psh = setPsh , urgentptr = noUrg , data =
444) }:Segment v '
——————— Checkingvvasue of séndCaH : Message Segment 5 -—-
-- red sendCaH(LocaIConnectiors&ame { locaiSocket =4, foreignSocket = 6 }, Message {messt = .
111, mess2 = 222, mess3 = 333, mnssd =444 messb =555}, 5, setPsh, noUrg noT meout)
- -- Segment { { {sourceport = 4 , desiport = 6 , psh = setPsh , urgentptr = nolUrg , data :. -
555) }: Segment _
------- Checking value of error _sébket e
-- red sendCall{LocalConnectionName { EooalSookeé = -4, foreignSocket = 6 }, Message { mess? =
111, mess?: 222, mess3 = 333, mesé4'= 444, mess5 = 555}, 5, setPsh, noUrg, noTimeout.)r'.» ' '

- -- no-segment.: Segment

: —--— RECEIVECALL Module

mod* RECEIVECALL{
pr(SENDCALL) _ , _ _ _
— RECEIVE (i1:local conn:ection name, ld:buffer address, i13:byte count, B4:PUSH flag, BS:URGEN.T'

flag)
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- red receiveCall{ LocaiConnecﬁonNamé { localSocket = 6, foreignSocket = 4 §, init-
index, 1,setPsh,noUrg, sendCai!(LocalConnectionName {localSocket = 4, foreignSocket =6},
noMessage , 1, setPsh, noUrg, noTimeout) ) .

- noMessage : Message
-- red receiveCall{ LocalCohneCtionName{ localSocket = -6, foreignSocket = 4 }, init-
index,1,setPsh,nolrg, sendCa!I(LocaIConnectionNéme { localSocket = 4, foreignSocket =6
},Message { mess1 = 111, mess2 = 222, mess3 = 333, messd = 444, messb = 555} ,.1, setPsh,
noUrg, noTimeout) } . R

L noMessage : Messagé

—————— Checking value of receiveCall : Buffersegment 1 —-
-- red receiveCall{LocalConnectionName{ localSocket | = g, foreignSocket = 4 }, init—_index. 1,
setPsh,nolrg, sendCaH(LocaiConneotionName{ localSocket = 4, foreignSocket = 6 }, Message { |
messt = 111, mess2 = 222, messS‘: 333, mess4 = 444, mess5 =555}, 1, setPsh, noUrg, »
noTimeout)) . '

-- init-index,data = 111 : Buffersegment
-- ——- Checking value of _'reoeiveCail : Buffersegment 2 -
-- red receiveCall{LocaiConnectionName{ localSocket = 8, foreignSocket = 4 }, init-index, 2,
setPsh,nolrg, sendCall{LocalConnectionName{ locaiSocket = 4, foreignSocket =6 }, Message {
mess1i : 111, mess2 = 222, mess3 = 333, mess4 = 444, mess5 = 555}, 2, setPsh, nolUrg, .
noTimeout)) .

--inc init-index, data = 222 : Buffersegment
-- -—- Checking value of receiveCall : Buffersegment 3 -—--
-- red receiveCall{LocaiConneciionName{ localSocket = 6, foreignSocket = 4 }, init-index, 3,
sefPsh,noUrg, sendCa%\(‘gooaiConnectionName{ localSocket = 4, foreignSocket = 6 }, Message {
mess1 = 111, mess2 = 222, mess3 = 333, mess4 = 444, mess5 =555}, 3, setPsh, noUrg,
noTimeout)) .

-- inc (inc init-index), data = 333 . Buffersegment

-- red receiveCall(LocalConnectionName{ localSocket = 6, foreignSocket = 4 }, init-index, 4,
setPsh,nolUrg, sendCall{LocaiConnectionName{ localSocket = 4, foreig'ﬂsnocket =6}, Message {
mess1 = 111,.mess2 =222, mess3 = 333, mess4 = 444, mess5 = 555}, 3, setPsh, noUrg,
noTimeout)) .

- inc (inc (inc init-index)), data = 444 : Buffersegment
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-- red receiveCall{LocaiConnectionName{ localSocket = 6, foreignSocket = 4 }, init—index,_S,
setPsh,nolrg, sendCall(LocalConnectionName{ localSocket = 4, foreignSocket = 6 }v,' Meésage {
mess1 = 111, mess2 = 222, mess3 = 333, mess4 = 444, messb = 555}, 5, setPsh, noUrg,
noTimeout)) .

--inc (inc (inc (inc init-index))),data = 555 : Buffersegment

- CLOSECALL Module

red closeCall{errorl.ocaiConnectionName ) .

- red closeCall{L:LocalConnectionName ) .

-- . ABORTCALL Module

-- red abortCall{errorLocalConnectionName ) .

-- red abortCali{L:i.ocalConnectionName ) .

-- TCP-SYSTEM Module

—————— Open Call —-

-- red open-active-sys(sys(-2,4)) . -- openfFail : Bool
-- red open-active-sys(sys(2,-4)) . -- openfail : Bool
-- red open-active-sys(sys(2,4)) . -- openOk : Bool
-- red open-active-sys(sys(2,4)) . -- openOk : Booi
-- red open-passive-sys(sys{-2,4)) . -~ openFail : Bool
-- red open-passive-sys(sys(2,-4)) . -- openfail : Boal
- red cpen-passive-sys(sys(2,4)) . -- openOk : Bool
————— -~ Seg-sys ~—

-- red seg-sys(init-index, init-system) .

-- Segment { (sourceport = initSouceport , destport = initDestport , segnumber = 1, acknumber
= initlrs , offset =0 , reserved =0 , urg =resetUrg , ack =resetAck , psh :se_tPsh , st =resetRst , syn
=setSyn , fin =resetFin , window =1 ;cheoksum =0 , urgentptr =noUrgeniptr , options =2 , padding
ZO , data =noMess) }: Segmeht :
-- red seg-sys(init-index,sys(2,4)) . -- Segment { (sou}roepo‘rt =2 ,destport=4)}: Segm‘ent E

-- red seg-sys(i,no-system) . -- no-segment ;' Segment
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- —--- buf-sys —-
-- red buf-sys(init-index,init-system) .

- Buffersegment { (sourceport = initSouceport , destport = initDestport , segnumber = 1,
acknumber = initlrs , offset =0 , reserved =0, urg =resetUrg , ack =resetAck , psh =setPsh , rst
=resetRst, syn zsétSyn . fin =resetFin , window =1, checksum =0 , urgentptr =noUrgentptr , options
=2, padding =0, data =noMess) } : Buffersegment
-- red buf-sys(init-index,sys(2,4)) .-- Buffersegment { (sourceport = 2 ' destport = 4) } : Buffersegment
-- red buf-sys(l,no-system) . -- no-buffersegment : Buffersegment '

open TCP-SYSTEM

- ops m1 m2:->Message .
ops datasegmentt datasegmentZ datasegment3 datasegment4 datasegment5 : -> Int .
ops server client client1 errorSys self : -> System .

ops ips ipc ipct errorip 1 > Int .

eqmt = Message { mess1 = datasegment1, mess2 = datasegment2, mess3 = datasegment3, -
mess4 = datasegment4, mess5 = datasegment5 } .
eq m2 = Message { mess1 = datasegmeniti, mess2 = noMess, mess3 = noMess,

mess4 = noMess, mess5 = noMess }.

eqips = 111,
eqipc =222 .
egipcl =333.

eqerrorip =-1.

eq server = sys(ips,ipc) .

eq client = sys{ipc,ips) .

eq clientt = sys{ipci.ips) .

eq errorSys = sys(errorip,errorip) .

eq self = sys(ips,ips) .

------------ Active Open —----------

- red open-active-sys(client) . -- openOk : Bool
-- red open-active-sys(errorSys) . - opénFai: : Boo!
- red open-acté\_/e-sys(self) . -- openFail : Bool



-- red open-passive-sys(server) . -- openQk : Bool

-- red open-passive-sys(errorSys) . -- openfail : Bool
-- red open-passive-sys(self) . -- openfFail ; Boo!
————————————— Send Sys ----m---mm-

-- red send-sys(server, m1) .
-- Message { (mess1 = datasegment1 , mess2 = datasegment2 , mess3 = datasegment3,
-- mess4 = datasegmentd , mess5 = datasegment5) }: Message

-- red send-sys(client, m1) .
-- Message { (mess1 = datasegment1 , mess2 = datasegment? , mess3 = datasegmeknt?; ,

-- mess4 = datasegment4 , mess5 = datasegment5) }: Message

-- red send-sys(errorSys, m1) . -- errorip - Message

-- red send-sys(self, m1) . -- errorlp : Message

-- red send-sys{client, noMessage) . -- noMessage : Message
-- red send-sys(server, noMessage) . -- noMessage : Message
-- red send-sys{seif, noMessage) . -- errorlp : Message

- réd send-sys{errorSys, noMessage;) . -- errorip : Message
------------- Receive Sys -—-----—--

——k red receive-sys(server, m1) .
-- Message { (mess1 = datasegment1 , mess2 = datasegment2 , mess3 = datasegment3 ,
-- mess4 = datasegment4 , mess5 = datasegment5) }: Message

-- red receive-sys(client, m1) .
-- Message { {mess1 = datasegment1 , mess2 = datasegment? , mess3 = datasegment3 ,

-- messé4 = datasegment4 , messS = datasegment5) }: Message

-- red receive-sys{errorSys, m1) . -- errorlp : Message
-- red receive-sys(self, m1) . -- errorip : Message
-- red receive-sys(client, noMessage) . — noMessage : Message
-- red receive-sys{server, noMessage) . -- noMessage : Message
-- red receive-sys(errorSys, noMessage) . - errorip : Message
-- red receive-sys(self, noMessage) . -- noMessage : Message

-- red receive-sys(server, send-sys{client, m1)) .

-- Message { (mess1 = datasegment1 , mess2 = datasegment? , mess3 = datasegment3 ,
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--mess4 = datasegment4 messs = datasegmentS) .} Message
- red receive- sys(server sepd -sys{client, m2)) .
-- Message { {(mess1 = datasegment1 mess2 = noMess , mess3 = noMess ,
- mess4 = noMess , messb = noMess) b Message
-- red receive-sys(client, send sys(server m1))
- Message { (mess1 = datasegfnenﬁ mess2 = dafasegmer‘tZ mess3 = datasegment3 ,
-- mess4d = dafaseg'nenm messS datasegmentS) }: Message
- red receive- sys(ci;ent send- sys(server, m2)) '
-- Message { (mess? = datasegrner? , mess2 = noMess , messS = noMess ,

-- mess4 = noMess ., mess5 = noMess) }: Message

- - ErrorSys e

. ~-red receiVe—sys(sewer, sen&sys(errorSys, m1}). - Rerro.rlp : Mess_age '
-- red receive-sys(erroéys, send-sys(client, m1)) . -- errorlp : Messége
-- red receive-sys(enorSys, send-sys{errorSys, m1)) . -- errorip : Message -
--red reeeive-sys(se{f, send-sys(server, m1)) . --errorlp : Message 7
- red receive—s?s(server, send;sys(self, m1)) . -~ errorip : Message

-- red receive-sys(self, send-sys(seif, m1)). - errorip : Message

----------- - no Message ------——-

-~ red receive-sys{server, send-sys(client, noMessage)) . noMessage : Message

-- red receive-sys(client, s_end-sys(serve noMessage)) . - noMessage : Message

-- red receive-sys{client, send-sys{client, noMessage)) . -- noMessage : Message

-- red receive-sys(server, send-sys(server, noMessage)) . - noMessage : Message

-~ ———---—- Close Sys ------—-—

-- red cios_e—sys(se_rve;) ; -- true : Bool’

-- red close—sys(errorsys) ! b -- false : Bool

- red close-sys(self) . " - - false : Bool

———————————— Abort Sys --------—-

- red abort—sys(client) o R -~ true : Bool

-- red abort—sys(erforSys) i . false : Boo!
- —red abort—sys(s_eif) L . ~ false : Bool _.

close .

eof
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ABSTRACT

In this paper, we propose a new technique for specifying and verifying the
formal specification. This method synthesizes the TCP Normal Connection
Establishment and Termination specification using the CafeOBJ specification
language from the TCP State Transition diagram and the Time Line. As a feature of
CafeOBJ, the specification is described as a behavioral abstraction. The procedure of
this specification is analyzed by using the TCP State Transition diagram and the Time
Line. In addition, the specification of the TCP encapsulation and decapsulation is
provided. The result shows that the specification is both clear and precise; in addition
it is valid for the satisfied operation. We conclude that this approach is effective and
appropriate for the formal specification of the TCP Normal Connection Establishment
and Termination.

INTRODUCTION

Formal software specifications are specifications expressed in a language in
which vocabulary, syntax and semantic are formally defined. Their consistency and
completeness are mathematically proven [Gaudel, 1994]. Moreover, they are also
automatically processed and used as a guide to the tester of a component in
identifying appropriate test cases [Pressman, 1997]. Due to the fact that user
requirements need to be precise and unambiguous, the formal specification methods
must be employed in the software design. For example, communication protocols are
complex so specifying and verifying them require a clear and concise appropriate
specification. Furthermore, the protocols specification should support the verification
of protocol properties and proof of their correctness.

Over the last decade, there has been a growing research interest in the area of
protocol specification and verification. The techniques for specification and
verification of computer network protocols have progressed significantly. Several
approaches have been presented for specifying and verifying data communication
protocols [Lai, 1995], [Zhang, Takahashi, Shiratori and Noguchi, 1988], [Chu and
Liu, 1988), [Hinchey and Jarvis, 1993], [Nakata, Higashino and Taniguchi, 1995],
[Park and Miller, 1997]. In protocols [Lai, 1995], [Zhang, Takahashi, Shiratori and
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Noguchi, 1988], [Chu and Liu, 1988], the techniques based on the State Transition -
diagram were proposed; however, these methods are not sufficient for specifying the . = -
system procedure. Recently, [Hinchey and Jarvis, 1993], [Nakata, Higashino and .-
Taniguchi, 1995], [Park and Miller, 1997] proposed to use the techniques based on -

time, but such methods cannot specify the system abstraction.

This paper presents a new formal technique based on the TCP State Trarmtlon'__ -.

diagram and the Time Line. This new method use the CafeOBJ specification
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language, based on the behavioral abstraction, to specify the TCP Normal

125

Connection Establishment and Termination. In addition, the spemﬁcatmn of the

TCP encapsuiatlon and decapsulation is also provided.
The paper is organized as follows. First, the necessary background is given.
Then, the review of literature is described. Finally, our methodology is introduced.

BACKGROUND

¢ CAFEOBJ OVERVIEW
CafeOBJ [Futatsugi and Nakagawa, 1997], [Nakajima and Futatsngx 1997],
[Nakagawa, Sawada and Futatsugi, 1999], [Diaconescu, Futatsugi and lida, 1999] isa

successor of the OBJ- specification language adopting the algebraic specification

paradigm. In brief, it has important new features to take into account concurrency and
the behavioral specifications. Concurrency and behavior are respectively based on
rewriting logic and behavioral algebra. The CafeOBJ methodology introduces a
graphical notation extending the classical ADJ diagram notation for the data types to
identify the behavioral specification.
The main features of CafeOBJ reflect its logical semantics as follows:
¢ FEquational specification and programming: CafeOBJ is executable, which
gives a refined declarative way of the functional programming.
@ Concurrent systems specification: This is based on the rewriting logic
specification framework for concurrent systems.
® Behavioral specification: This represents how objects and systems behave,
not how ‘they are implemented. Hidden sort represents the behavioral
concept of satisfaction based on the idea of state indistinguishability.
¢ Object orientation: In CafeOBJ, there are two origins of object-orientation.
Firstly, the rewriting logic represents implementation oriented. Secondly,
the behavioral specification is truthful of the principle of state encapsulation.

¢ Powerful module system: The principles of the CafeOBJ module system are -

inherited from OBJ. CafeOBJ has several kinds of imports, the
parameterized programmings, views and module expressions.
& Powerful type system: Order-sorted algebra is granted the system subtypes
to increase expressiveness, to provide a rigorous framework for multiple
* data representations and to automate coercion among them.

¢ CAFEOBJ SYNTAX
In CafeOBJ, a module plays two different roles, depending on where it appears

and what it contains [Nakagawa, Sawada and Futatsugi, 1999]. When a module is -

declared with module*, it always denotes a class of models. When a module is declared
with module! or module, it always denotes a unique model, such as the module SEND:
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module SEND{
protecting (INITIAL)
op s5tos4 : SData -> STcp
op s4tos3 : STcp -> Slp
op s3tos2 : Slp -> SDlink
op s2tosl : SDlink -> SPhy
op sltocl : SPhy -> CPhy
op send : SData -> CData
op cltoc2 : CPhy -> CDlink
op c2toc3 : CDlink -> Clp
op c3tocd : Cip -> CTcp
op cdtocs : CTep -> CData
var § : SData
var C : CData
==> e SEND

eq cdtocS(c3tocd(c2ioc3(cltoc2(sitoc (s2tos] (A 3tos2(s4tos3(s5t0s4(S)))))) ))) c.

}

The detail of each part is described below.
¢ Import declaration. Module elements can refer to other modules. CafeOBJ
has three kinds of import declarations, which are called prosecting, extending
and using, €.8.
protecting (INITIAL)
¢ The command protecting is the strongest: it requires all the mtended
modules marked as protecting (here INITIAL) to be preserved as they are.
" ¢ The command extending allows its module(s) to be inflated, but not to be
collapsed.
¢ The command using allows total destruction.
¢ Sort declaration. A sort is a set of classified elements. There are two kinds
of sorts in CafeOBJ, which are called visible sorts and hidden sorts, e.g.
[NAT] and *{ Bool J* respectively.
¢ Operation declaration. CafeOBJ allows users to employ various notations in
writing terms. There are infix, prefix and postfix operations (e.g., op_+_: Nat
Nat -> Nat ), If any preference is not shown, get a standard notation for
function application (e.g., op synsent-synrevd : CData -> SData).
¢ Behavioral operation declaration. Behavioral operators use for specifying a
special kind of operators, which are hidden sorts such as bop check : -> Bool . |
& Variable declaration. In CafeOBJ, each variable belongs to a sort and_.’ -
represents an arbitrary term of that sort, e.g. var C : CData . o
¢ FEquation declaration. A plain equation is an axiom. Antchpatmg

conditional cases are called as unconditional, such as
eq cdtoc5(c3toc4(c2toc3(citoc2(sitoci(s2tosl (s3tos2(s4tos3(s5tos4(S)}))) = C.

¢ PROTOCOL LAYERING

TCP/IP [Washburn and Evans, 1993],  [Information Sciences Institute
University of Southern California, 1981] is a five-layered model (figure 1). Layer 1
and 2, the Physical Layer and the Data Link Layer, are not actually defined by the
TCP/TP RFCs, as TCP/IP was designed to be independent for the Physical media.
Layer 3, the Internet Protocol Layer, provides a basic datagram service. Layer 4, the
Transport Layer, provides the message sending and the connection closing to each
node, this take time. And layer 5, the Application Layer, provides suitable services for
the different types of application that wish to use the network. :
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Figure I. TCP/IP Model and Data Sorts of TCP
LITERATURE REVIEW

Lai [Lai, 1995] presented a case study using the State Transition technique, the
numerical Petri nets (NPN) and the automated tool (PROTEAN) to specify and verify
the procedural protocol. He showed that it was very useful for the formal specification
and verification of state event protocols. Although this technique was very advantage, -
it was inadequate for specifying the procedural protocol such as Job Transfer
Manipulating (JTM). This method could not hold the parameters associated with the
primitives that required system processing.

Hinchey and Jarvis [Hinchey and Jarvis, 1993] determined the need of
appropriate methods for specification and verification of the data communication
- protocols. Their approach was based on the combination of Communicating
Sequential Processes (CSP) and Timed CSP process algebras. They claimed that any .
protocol (at any level in the OSI stack) could gain the benefit from their approach.
The system consisted of processes and environment. This method combined the
behavior of the sender and the recelver processes, but the system abstraction was

~ ignored.

- Layuan [Layuan 1989] presented the new formal method for the =
communication protocol specification. His new method included Finite State Machine
(FSM), CSP ‘and Abstract Data Type (ADT) for designing the specification. The best
features of these approaches for the protocol specification were determined. The result
showed the effectiveness and suitableness of communication protocol spemﬁcat:lon
However, this method was lumted in reachability analysns :
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In this séction, the detail of the TCP Normal Connection Establishment and

Termination [Comer and Stevens, 1996], [Stevens, 1995], [Stevens, 1991] using the
TCP State Transition diagram and the Time Line is proposed. In fact, the object-
oriented CafeOBJ methodology is based on the behavioral abstraction. Furthermore,
the behavioral specification is more faithful principle of the state encapsulation.

Hence, we represent the sort in CafeOBJ for encapsulating and decapsulating TCP/IP -

header as shown in figure 1.

In CafeOBJ, the record inheritance is used for identifying the frame buzldlng of
TCP/IP header [Washburn and Evans, 1993]. We design records SData, STcp, Slp,
SDIlink and SPhy which represent the server data in the Application Layer, the
Transport Layer, the Internet Layer, the Data Link Layer and the Physical Layer
respectively (see figure 2). In the same manner, we design records CData, CTcp, Clp,
CDlink and CPhy for the client data in the Application Layer, the Transport Layer, the
Internet Layer, the Data Link Layer and the Physical Layer respectively.

The behavioral specification may be the most distinctive feature of CafeOBJ |
within a family of the algebraic specification languages. The basic behavioral

specification is the simplest level of the behavioral specification operations. With this

feature of CafeOBJ, we observe the behavior of the TCP/IP encapsulation and

decapsulation by using the operation.

When each layer of TCP/IP encapsulates or decapsuiates data, we represent
operation, such as the server encapsulates in the Application layer to the Transport
layer which is represented by op s5tos4 : SData -> STep (see figure 2). This means that
the server encapsulates (SData = AH + Data) from the Application layer to the
Transport layer (STcp = TCP + AH + Data).

Q Visible (data) sorts

Figure 2. The TCP/IP Encapsulation and Decapsulation AD.J Diagram

When the data in each layer of the server and the client is encapsulated and
- decapsulated, we represent send and recv operations. The behavior of send operation
encapsulates the data from the Application Layer to the Physical Layer of the server,

sends through network and decapsulates the data from the Physical Layer to the .
Application Layer of the client {op send : STcp -> CTcp). We represent the module SEND

128



129

for sending the data from the server to the client through TCP/IP. In the same

way, the behavior of recv operation decapsulates the data from the Application
Layer to the Physical Layer of the client, sends through network and encapsulates the
data from the Physical Layer to the Application Layer of the server (op recv : CTcp ->
STcp). We represent the module RECV for receiving the data from the client to the server
through TCP/IP. The following modules are SEND and RECY modules by using
CafeOBJ, :

module SEND{
protecting (INITIAL)
op s5tos4 : SData -> STcp
op s4tos3 : STep -> Sip
op s3tos2 : Slp -> SDlink
op sZtosl : SDlink -> SPhy
op sltocl : SPhy -> CPhy
op send : SData -> CData
op cltoc2 : CPhy -> CDlink
op c2toc3 : CDlink -> Clp
op c3tocd : Cip-> CTep
op c4tocs : Clcp -> CData
var S : SData
var C : CData
—~> ——— SEND
eq cdtocS(c3tocd(c2toc3(cltoc2(sltoci (s2tos] (s3tos2(s4tos3(sStos4(S)))))) = C.
/
module RECY{
protecting (INITIAL)
op cStocd : CData -> CTep
op cdtoc3 : CTep -> Clp
op c3toc2 : Clp -> CDlink
op c2tocl : CDlink -> CPhy
op cltos] : CPhy -> SPhy
op sltos2 : SPhy -> SDlink
op s2tos3 : SDlink -> Sip
op s3tos4 : Sip -> STep
op sdtos5 : STep -> SData
op recv : CData -> SData
var S : SData
var C : CData

eq s4tos5(s3tos4(s2tos3(s1tos2(cltos] (c2toc ] (c3toc2(cdtoc2 (cStoc4(CH)I)) = 8.

In previous articles [Lai, 1995], [Zhang, Takahashi, Shiratori and Noguchi,
1988], [Chu and Liu, 1988], the techniques based on the State Transition diagram
were proposed; however, these methods are not sufficient for specifying the system
procedure. And [Hinchey and Jarvis, 1993], [Nakata, Higashino and Taniguchi,
1995], [Park and Miller, 1997], proposed to use the techniques based on time, but
such methods cannot specify the system abstraction. These formal specification
techniques motivate the idea to consider the TCP State Transition diagram and the
Time Line together.

From the TCP State Transition diagram for the server and the client (figures 6
and 5), the number 1-6 are represented the sequences of the TCP Normal Connection
Establishment and Termination with considering the Time Line in figure 4. The
characters § represent the record SData for the server and the characters € represent
the record CData for the client.
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Figure 3. The TCP state corresponding to the Figure 4. The Time Line of the TCP Normal
TCP Normal Connection Establishment and Connection Establishiment and Termination
Termination

In figure 4, the TCP Normal Connection Establishment and Termination is
described [Washburn and Evans, 1993], [Stevens, 1995]. It shows three-way
handshake and TCP’s half-close. '

Three-way handshake is shown for the completeness of connection

establishment. In the first step (figures 3, 5 and 6) the client performs an active open

(C1), the server performs a passive open (S1 When the client sends the first SYN J to
the server S2). Second step, the server receives SYN J and sends the next SYN K
which performs a passive open, and the server also SYN+1 to the client. Finally, the
client must acknowledge this SYN from the server by ACK+1 to establish the
connection (C2). The following is CafeOBJ specification which is analyzed by using
the TCP State Transition diagram (figure 6 and 5) and the Time Line (figure 3).

open TCPSTATE

eq closed-listen = init-sdata . -- 87
eq closed-synsent = init-cdata . --Ci
red CTep {syn=J} .

ceq listen-synrcvd(recv(C)) = S if check == Yes . - 82
eqJ+1=JI.

red STep { syn = K, ack=J1}.

ceq synsent-established(send(S)) = C if check == Yes . - C2
eqK+17=KI.

red CTep { ack =K1 } .

ceq synrcvd-established(recv(C)) = S if check == Yes . - S3

close
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The details of three-way handshake are analyzed as follows;
application passive open and send nothing
CafeOBJ: Define the record SData for the server
application active open and send SYNJ
CafeOBJ: Define syn = Jin the record CData for the client
send ACK J

CafeOBJ: Send the record CData to the server by using
op recv : CData -> SData

These operations also encapsulate and decapsulate through the TCP/IP.
send ACK J+1 and SYNK .
CafeOBJ: Define syn = K and ack = J+i in the record SData for the server and
send the record SData to the client by using

op send : SData -> CData

These operations also encapsulate and decapsulate through the TCP/IP

send ACK K+1

CafeOBJ: Define ack = k+1 in the record CData for the client and send the

record CData to the server by using
op recv : CData -> Sdata

These operations also encapsulate and decapsulate through the TCP/IP.
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With the Sam_e concept of methodology, the TCP’s half-close is analyzed.
The proof score validates that the TCP Normal Connection: Establishment and
Termination specification is correct. *

CONCLUSION |

The result of the: TCP Normal Connection Establishment and Termination
specification which is specified by considering the TCP State Transition diagram and
the Time Line method is both clear and precise: This specification is especially valid
for the correct operation.

As the feature of CafeOBJ, the: specxﬁcatlon is described as the behavioral abstraction.

The procedure of the specification is analyzed by combining the TCP State Transition |

diagram and the Time Line ‘and represented by using operation in CafeOBJ.

Consequently, this specification is effective and appropriate for the system abstr_action_ ]

- and the system procedure.
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