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Ve descrlbe a method for the formal description in OBJ of communication
protocols based on 0SI's Layered architecture.

In this paper, we focus on the general structure of each layer of 0SI.
This structure leads us to the general framework for the description of
the communication protocol. In this framework we can describe many kind
of protocols. In addition, the concept of time-proceeding is explicitly
described in this framework and we can see the protocol’s behaviour in
order of time. When we use the execution system of OBJ, this framework
gives a means for testing the protocol description and make it possible
to check the description from the point of performance.

Again in addition, we describe explicitly the non-determinism of the
communication medium. and make it possible to see protocols’ behaviour to
the non-deterministic error in the communication medium
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obj IN-FROM-USER 1is sort InFromUser .
pr USER-DATA .
op ut : UserData -> InFromUser .
op ur : UserData -> InFromUser .
endo
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obj INPUT-FROM-USER is sort InputFromUser .
pr IN-FROM-USER .

pr TIME .
op in-u : InFromUser Time
-> InputFromUser .
op time : InputFromUser -> Time .-
endo
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th PE is sort Pe.

pr INPUT-FROM-USER .

pr OUTPUT-TO-USER .

pr INPUT-FROM-MEDIUM .

pr OUTPUT-TO-MEDIUM .

op iu : InputFromUser Time Pe
-> Pe .

op ou : Pe -> QutputTolUser .

op im : InputFromMedium Time Pe
-> Pe . .

op om : Pe => OutputToMedium .

op available-iu : Pe -> Bool .
op available-im : Pe —> Bool .

endth

th MEDIUM is sorts Medium Path .
pr INPUT-FROM-MEDIUM .
pr OUTPUT-TO-MEDIUM .
op m : Path Path -> Medium .
op put-pdu : OutputToMedium Time Path
-> Path .
op get-pdu : Path —> InputFromMedium .

endt.h' .
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transit(input, layer (pel, pe2, medium, t))
—layer(pel’, pe2’, medium’, t’)
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obj LAYER [ XY ::PE, Z ::
sort Layer .

MEDIUM 1 is

Pe.X Pe.Y Medium Time

-> Layer .

op l-transit : Layer -> Layer .

op I-transitl : Time Layer -> Layer .

op layer :

InputFromUser Time
Layer -> Layer .
InputFromUser Time
Layer -> Layer .

op data-to-pel :

op data-to-pel :

endo
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th USER 1is sort User .
pr INPUT-FROM-USER .
pr OUTPUT-TO-USER .
op accept : OutputToUser User
-> User .
op top-data : User —> InputFromUser.
endth

BICREALTIR ., 2—9ESPERCDEDTBID
DR EERT B, CCTERINBZBR. 53
2—FhSSPEFITHD . T e —YIcE
THEEE L TORBTHES, COBEVWSHR/CT A
—ZANDENS A — 5% | HIEIOLAYERE EH{LL
TEONB AT V=27 b ThHbo

th LAYER-TH is sort Layer'.
pr INPUT-FROM-USER .
pr OQUTPUT-TO-USER .
pr TIME .
op request-ul : InputFromUser Time Layer
-> Layer .
InputFromUser Time Layer
-> Layer .
op out-of-pel-to-u : Layer

op request-u2 :



) -> OutputToUser .
op out-of-pe2-to-u : Layer
-> OutputToUser .

endth
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transit(sys (ul, u2, layer, t))
—sys (ul',u2’, layer ,t")
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obj 'SYSTEM [ AB :: USER, C:
is sorts SysLog System Log
op slg : System Log -> SyslLog .
op sys : User.A User.B Layer Time

-> System .
op s-transit : SysLog -> SyslLog .
op s-transitl : Time System Log
-> SysLog .

: LAYER-TH ]

endo

5. B&BSRELEE Y R T A DIEK

CCETT /5 A—5{tENFES 2 — &
LTCO—MMIREE v X7 LD T L1z,
C OHEITIE | BiEI T O Ic B {&HIPE LB EER
DEBREE/ 5 A—5ELTHEL ., BIENIE
LEEYRT ADREBRDOERKRICOWVWTARRS o

FF.E S A5 ELTERXA L bODHEE
TR, 2o, BERORBEVOIERTER,D
Bic2WTHBRBE , %Ki, BLEBEE X
F ADERDOEFULIZO>WTRRS

5.1 BE{A#Y7IPELEEROIER LIEREH DT W

C & Ti3Sliding Window Protocol (LLTFSWP)
DFRERT [5] o WPOEAEEEROKLTRY o

TRANSMITTER- RECEIVER-
USER USER-

TRANSMITTER- BECEIVER-
PE PE

MEDIUNM

X4 SYPHEESX

SWPTIRLEDOPEMHREINTEYD . Z4Trans-
mitter &Receiver BN % o, BER TIIPDIDEL
EREBEUZTEERSH B,

Transmitterx ;Re4 7 ¥ = 7 FTRANSMITTER &
ReceiverZiRd 4 7 ¥ = # FRECEIVER. T i@
EBETRTA T V=2 FSWP-MEDIUMEFERK L 72 o
VAF AT BENGTA—FELTR, 2 ¥
%RE AT Y =/ + TRANSMITTER-USER & RECEIVER
-USER%Z{ERK L 72 o

SWP-MEDI UMD SR Iz B\ T « BEE DIERTE
HEERLTVWE,, BMEOITLEE EREVEHL
Mo TREEEMAL CEREREESEER L,
ELEODOEIC X » T EERICBI 2PDIOIEMIE
BRITROLNI LB . BRERSEEDLILBE
EBEUIDERET S . ELHOERIZOBISTRIT
BWTABTE ., Chitk > TBERTDOF—2

BREORLEOHIN ZFHEL | B »OERARY
@%&ﬁ%&er/\;v va vEFRESZ
EMWTEB,

T, SEHETIEYa—VERRT S,
CNPAR . BEOBRETEIRT S,
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obj 'COMMUNICATION-STATE is sort ComState .
pr NAT .
op normal : -> ComState
op discard : —-> ComState
op com-state
op error-state
eq com-state
= if (random-num < 60)
then normal
else error-state
fi .

endo

: => ComState .
: => ComState .

5.2 @&y RF ADEROERL

AFITER LA—MAIREE v 2 FA0ER et
LT. B CER LISWPOILREE/ 5 2 —5 &
LTEAB I ick-T . BENR Y274 (&
DIFERSPDO v R 7 L) BEKEND , IHiT.
makeE Wi A= v FTITRHLN B,

SE DR TIE | BLAYER & & X & ASYSTEMOI
TS X — S LENTWS o, BE- T, instanti
—ation 2B TN B . HIb | ¢ EOILER%E
instantiateL . # S CTCE L EENRBREOIERE
HALTY R 7 ADinstantiate®{TH D,

EREICHERL X AL 7-SWP-SYSTEME W H A 7 ¥ =
W, COPTDry TURVLDFTT V=7 b
THbo

make SWP-LAYER is  LAYER
[ view to TRANSMITTER is
sort Pe to Transmitter ....
endv,
view to RECEIVER is ... endv,
view to SWP-MEDIUM is ... endv ]

endm

make SWP-SYSTEM is SYSTEM
[ view to TRANSMITTER-USER is ...endv,
view to RECEIVER-USER is ...endv,
view to SWP-LAYER . is ...endv]
endm

6. YAFADEFTEFRX b

OBJDEFTREFH VS C &tk » T, Lok
DENMEZTER T D IEBTE S,

H15 | s-transit(sys) (syslid¥ZAF4) £
B OETHELRZC EIcLD v RAFARE
DL IIRBV . BRI ED X S BRREIW
BOEMBCENTE | B LANESERIED

DY —ERERBTI6DTHE I EMHET S
EMTEB,

Tl  BPB—-HFhSEAEXSN/ Y., B
DO —HFAFESNIEL ., vy v s YHBRTL
ERIb R EMTELZOT BB LAAYRF
ADWHIENT 3 —2 Vv RAEHB I LEMNTE B,
Chick->T PBEicEX %/¢5 A — 5 OO
EEERDZ2ELEEEBIIELELTETH S, FlL
ESWPTHNIE | TransmitterDIFDowindowd ¥ A
ARtimeout FTO Y. 3 » FOEREEZX B LI
&0 ZhooBEEOCELEEZEMNIC TN
MBECENTES,

RICETOHERT o

reduce in SWP-SYSTEM :
s-transit(slg(sys(t-user(Tinit ;
is(in-u((ut (" datal)), 1)) ;
is(in-u((ut ( data2)),3)) ;
is(in—u((ut ( data9)),17));
is(in-u((ut( datal0)), 19))),
r-user(Rinit),
init-layer,
D,
log))
result Syslog:
slg(sys(t-user (Tinit),
r-user (Rinit ;
os(out-u((ur{ datal)), 10));
os{out-u{(ur( data2)),12));
os(out-u((ur (" data9)), 188));
os (out-u((ur (' datald)), 250))),
layer (t-cnst ((empty). ‘
x-sys((empty),
NoPool,
timer(InitTimer, 40)
x-win(10, 11, 2))),
r-cnst ((empty), (empty),
r-sys ((NoOut), (empty)
nilArr,
r-win(10, 11, 2))),
sm(path-tr, path-rt),
258),
258)),
log;...1¢(
sys(t-user (Tinit ; ,
is(in-u((ut( datal0)), 189))),
. r-user (Rinit ;
os{out-u((ur (" datal)), 10)) ;
os(out-u((ur (" data2)).12)) ;

os(out-u({ur (" dataT))., 122)))



layer(t-cnst ((empty),
x-sys((empty),
put (9, data9, put (8, ' datas,
NoPool)),
timer (put (9, 180, put (8, 180,
InitTimer)), 40),
x-win(9,8,2))),
r-cnst ((empty), (empty),
r-sys ((NoOut), (empty),
nilArr,
r-vin(7,8,2))).
sm{path-tr; p(unit(’ data$8, 8),188);
p(unit( data8, 8),188);
p(unit( data9, 9),188),
path-rt),
180),
180))

C T FIETREET W Transni tterfllo 2 — 4
ERTt-userEVWIRE T THELNTWSPOR
TS . BIKIREE T iZReceiverflO 2 — ¥ % Fdr-
user& WO HEF THESNLSPER->T VS,

layerE WHEEFTHEOSNATVWADIR . BER
TIEHTHD . TOH T} « PEXHEEEE OREIR
EhTWVW3B, 7. init-layerid . BOWIEIKE
ERTIHTH S0

F72 . resultDHDlogE WAL SEADOHES
B ERBRRECRZ2ITEDL I BELDET -
fon %
COFTIE . Transmitterfld 2 —+1c datald &
WHSPWEE > THD | Receiverfljd = —+ic
i3 datalP> 5 dataTETHEFEL TV B, t-cnst
WS BRF THRE TV B3 Transnit ter DPET
.Yy 77T data8 & datadBEL ST
%, ZD2DDPIF, smEWIHERFTIEShTY

%Transmitter® SReceiver ~DEIRICA > TEHD .

II3188 & W S B TReceiverfiliciE2 D &
WAHATAL ARV THONWT WS o YRAF AN
DX HIREITH ZEFZ180EVWIHETREh
TW3 )
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PERE L 7 0BIOEFTREHVWT.,. OO
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NBVETHEDE . MAZIE. SEOIEARTIIPEDOA
HAOZERICERLT,. CNE I L—Ly—2 &
BEHENRZ7o b avoWRETHAALE LTWS
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EEZLFRERITEFTMEHTEED & LIV,

HE
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