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An-%g;m], machipe is the tem such that
1lgura fystem

tion
1) There are line RSL and line SRL.
2) There are counter SSN and counter RSN.’

1) Initially RSL and SRL is empty.
2) Initially RSN and SSN is O,

It

transmits sequence of bit t means that
1) Initially it begins to send the message made
from sequence of bit t and SSN to line SRL.
2) If it finishes sending to line SRI,
then it begins to read from line RSL
and timer is started.
3) If it finishes reading acknowledgement A
from line RSL and
3-1) the alternating bit of A is SSN,
then it begins to complement SSN.
3-2) the alternating bit of A is not SSN,
then it begins to send the message made from
sequence of bit t and SSN to line SRL
and timer is reset.
4) If it finishes complementing SSN,
then it finishes transmitting.
5) If it doesn't finish reading from line RSL
until timer is time-out,
then it begins to send the message made from
sequence of bit t and SSN to line SRL
after timer is time-out,

end transmit 3

It receives a sequence of bit means that

1) Initially it begins to read from line SRL.
2) If it finishes reading message m from line SRL and
2-1) the alternating bit of m is RSN,
then it begins to reply acknowledgement m
to line RSL
and it is successful in receiving
the data unit of m
until it finishes receiving.
2-2) the alternating bit of m is not RSN,
then it begins to reply acknowledgement m
to line RSL and
it is not successful in receiving
until it finishes replying to line RSL.
3) If it finishes replying to line RSL and
it is successful in receiving,
then it begins to complement RSN,
4) If it is successful in receiving sequence of bit
t and it finishes complementing RSN,
then it finishes receiving sequence of bit t.
5) If it finishes replying to line RSL and
it is not successful in receiving,
then it begins to read from line SRL.

Lexicon
1) It replies acknowledgement A to line RSL
= it sends message A to line RSL.

2) It reads message m from line SRL
= it receives message m from line SRL.

end receive

Line associated with send,receive, and empty line

construction
1)It sends message m to line 1
= the result of sending m to 1 is a line.
2)It reads message m from line 1

= the result of reading from 1 is

m and a line,
3)Empty line is a line,
Satisfy
1) /read[send[m,1]] = <m,empty line> v
send[m,1]=empty line/.

ng
1) If it begins to read,
then it is waiting to read
until line is not empty.
2) If it is waiting to read and line is not empty,
then it is reading.
3) If it begins to send infinitely often,
then it will finish sending
and then line is not empty.
end line;

Lexicon
1) message := sequence of bit.
2) acknowledgment := sequence of bit.
3) Message m is made
from sequence of bit t and bit b
= m is the concatenation of b and t.
4) The aglternating bit of message m is bit b
:= b is the head of m,
5) The data upit of message m is sequence of bit t
:= t is the tail of m.

end AB-protocol machine
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Haxdvare level protocol machine It is continuously transmitting 1

i at i times means that
Configuratuion 1s the system such that : 1) It finishes putting 1l to L at i times
1) There is line L. since it finishes putting 0 to L.
2) There is register Send-register, end continuously transmitting;

_3) There is register Receive-register.

Clock ¢ is send-timing means that

Timing p
1) Initially L is 1. 1) cis 1. .
2) Initially it begins to receive. end send-timing;
3) Initially it begins to transmit. end transmit;
4; Initially Send-register is cleared.
5) Initially Receive-register is cleared. It i sequence of bit t means
) State phrase that
It transmit sequence of bit t means that 1) ready to finish [adjl.
configuration Timin
1) There is clock of baud-rate cycles Sclock. 1) Initially it waits to receive until
timing . a start bit is got from L.
1) Initially it waits to transmit 2) If it waits to receive and
until Send-register is not empty. a start bit is got from L,
2) If it waits to tramsmit ) then it begins to gemerate Rclock.
and Send-register is not empty, 3) If it finishes generating Rclock,
then it generate Sclock, then it is ready to receive
3) If it finishes generating Sclock, until Rclock is receive-timing.
then it is ready to tramsmit 4) If it is ready to receive and
until Sclock is send-timing, bit b is synchronizingly got from L and
4) If it is ready to transmit it is not detecting stop bits
and Sclock is send-timing 4-1) it is continuously receiving 1
then it begins to put a start bit to L. at three times,
5) If it finishes putting to L and it is not then it stops receiving
continuously transmitting 1 at three times and until Rclock is receive-timing again.
5-1) Send-register is mot empty, 4-2) it is not continuously receiving 1
then it begins to serial-output at three times,
from Send-register. then it begins to serial-input b
5-2) Send-register is empty, ) to Receive-register.
then it begins to send stop bits. 5) If it finishes serial-imputting
6) If it finishes serial-outputting bit b to Receive-register
from Send-register, and it is not detecting stop bits,
then it finishes serial-outputting bit b then it is ready to receive
from Send-register until Rclock is receive-timing.
until Sclock is send-timing. 6) If it stops receiving
7) If it finishes serial outputting bit b : and Relock is receive-timing,
from Send-register and it is not continuously then it is ready to receive
transmitting 1 at three times and until Rclock is receive-timing again.
Sclock is send-timing, 7) If it is detecting stop bits,
then it begins to put bit b to L. then it is ready to finish
8) If it finishes putting to L and until it is continuously receiving 1
it is continuously transmitting 1 at four times.
at three times, - 8) If it is ready to finish and
then it is ready to insert bit 0 it is continuously receiving 1 at four times,
until Sclock is send-timing. then it finishes receiving.
9) If it is ready to inmsert bit 0 9) If it finishes receiving,
and Sclock is send-timing, then (it waits to receive
then it begins to put 0 to L. until a start bit is got from L)
10) If it finishes sending stop bits, in the next time.
then it finishes transmitting. A X
11) If it finishes transmitting, , It is detecting stop bits meams that
then (it waits to transmit 1) 0 is synchronizingly got from L.
until Send-register is mot empty) 2) ((Rclock is receive-timing then 1 is got from L)
in the next time. until Relock is receive-timing at four times)

. in the next time.
end detecting;

It send stop bits means that

1) Initially it is ready to send stop bits Clock ¢ is receive-timing means that
until Sclock is send-timing. 1) cis L.
2) If it is ready to send stop bits and end receive-timing;
Sclock is send-timing,
then it begins to put 0 to L. It is continuously receiving 1 at integer i times
3) If it is not continuously transmitting 1 means that
at four times and Sclock is send-timing, 1) 1 is synchronizingly got from L at i times
then it begins to put bit 1 to L. since 0 is synchronizingly got from L.
4) If it is continuously transmtting 1 end continuously receiving;
at four times and Sclock is send-timing,
then it finishes sending stop bits. lexicon

send s its;
ead £op bits: 1) Bit b is gynchronizingly got from line L
= Rclock is receive-timing
and b is got from L.
end receive;

[3-3 Hardware level protocol o fh&k
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Line associated with put and got
is implemented by bit.
construction
1) It puts bit b to line L
= The result of putting b to L is a line,

satis:
_12 fyPUt[st:I:b /.

1) If it begins to put bit b,
then it finishes putting bit b
in the next time,

Bit b is got from line L means that
1) bis L.
end got;

end line;

Bit b is a gtart bit means that
1) b is 0.
end start bit;

Clock of i cycles associated with generate

construction

1)1t generates clock
= The result of generating is a clock.
2)It advances clock
:= The result of advancing is a clock.
satisfy
1) / gen[1=0 /.

_2? / advance[x]=mod[x+1,i] /.

1) If it begins to generate clock
then (it finishes generating clock and
it begins to advance clock)
in the next time.
2) If it begins to advance clock
then it finishes advancing clock
in the next time,
3) If it finishes advancing clock
and it doesn't begin to generate clock .
then (it begins to advance clock) until
it begins to generate clock
in the next time).
end clock;

®3-3 Hardware level protocol o fti (H %)
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associated with clear,preset,parallel-load,
serial-input and serial-output
is implemented by sequence of bit
construction

1) It clears register R
= the result of clearing is a register.
2) It presets sequence of bit x to register R
:= the result of presetting x to R
is a register.
3) It parallel-loads sequence of bit x
from register R i
:= the result of parallel-loading from R
is a sequence of bit and a register.
4) It serial-ipputs bit b to register R
:= the result of serial-inputting b to R
is a register,
5) It ial- bit b from register R
:= the result of serial-outputting from R
is a bit and a register.

satisfy

1) The result of clearing is empty sequence.

2) The result of presetting x to R is x.

3) The result of parallel-loading from R
is R and empty sequence.

4) . The result of serial-inputting b to R
is the concatenation of b and R,

5) The result of serial-outputting from R
is the head of R and the tail of R,

timing
1) If it begins to clear,
then it finishes clearing in the next time.
2) If it begins to preset,
then it finishes presetting in the next time,
3) If it begins to parallel-load,
then it finishes parallel-loading
in the next time.
4) If it begins to serial-input,
then it finishes serial-inputting
in the next time.
5) If it begins to serial-output,
then it finishes serial-outputting
in the next time.
end register
lexicon -
1) Register r is empty := r is cleared.

end hardware level protocol machine
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Line in AB-protocol machine is implemented
by Hardware level protocol machine means that
1) 1 is empty
= the reg:l.ster correspondmg to 1 is cleared
or it doesn't wait to receive.
2) It sends message m to line 1
== it passes down message m,
3) It reads message m from line 1
$= it passes up message m.
4) 11 is the result of sending message m to 12
:= the register corresponding to 11 is
the result of presetting m to
the register ‘corresponding to 12
and it waits to receive.
5) m and 11 is the result of reading from 12
:= m and the register correspoding to 11
is the result of parallel-loading
from the register corresponding to 12.
6) line := Receive-register.
It pagses down sequence of bit m means that
1) Initially it begins to preset m
to Send-register and it is passing down.
2) If it finishes presetting to Send-register,
then it is ready to finish passmg down
until it finishes transmlttmg.
3) If it is ready to finish passing down
and it finshes transuuttmg.
then J.t finishes passing down
in the next time,
end pass down;

It pagses up sequence of bit m means that
1) Initially it waits to pass up
until (Receive-register is not empty and
it waits to receiving).
2) It waits to pass up and Receive-register

is not empty and it waits to receiving,

b 1t is passmg up.
3) If it is passing up,
then it begins to parallel-load
from Receive-register,
4) If it finishes parallel-loading m
from Receive-register,
then it finishes passing up m.
end pass up;
lexicon
1) Register r is empty := r is cleared.

[43-3 AB-protocol X*Hardware level protocol @
1 v —7 4 R

QA AOBY=>O(times[A,Bl=1)
é AO~B)—>O(t1mes[A Bl=0)

s[A,Bl=x =Q(times[4,B]=z+1))
(times[A,B]=z—+O(times[A,B]=x))

OB)~ .
(tlmes[A Bl=z - QO (times[4,B]=x))

Bd4-1 . 4-2 . 4-3 izAB-protocol ?line. Hard-
ware level protocol Mreceive *register, f v &
-7z AMHROBRERERT. CCTCOAR, ~
O~ATHD. THEOLDHLAVFTRTHLELHBOANR
EThHd. B9/ > Rline, registerdBRIZ. 2+
—wHREBSTHBY, ENBEDAVARYRT LK
AF - bRBERANRERIN B, FlXiEregisterd
4 v RZ ¥ ZReceive-registeric W L Tit, Kd-2 b
DT R ThDregister, WELZA HHIL% K ~Receive-
register, A-Receive-registerv@ E# X -4 Rk
T, ToORBRXBRIECFEHINSG, fv&2—72
= AR ORI, REEORICFERTIEHRZE~
vl oTHS,

(=~

AAQ
~4 AQ
(~B AO
(time
~B
A

Line
(1) read[send[m,11] = <m,empty-line> v
send[m, 1]#empty-line
(2) sending A send-arg=a A lines
Og%flmsh(send) A 11ne-send[a,q])
(3) reading A line=q
~+ OX(finish(read) A line=arg2[read[q]]
A read~arg=argl[read[q]l)
[timing part]
(4) begin(read)
+ waiting(read) until 11ne¢empty-1me
(5) waiting(read) A lineZempty-line =+ receiving
(6) begin(send) - sendin
(7) Ksending + O(f:.msh%send) A linefempty-line)

Bd4-1  AB-protocol olined>FHER

5. UL 4% 70t 3)OEEHORIES

Tell/NSLiZ & - TRk S ok, HrRiERTE <
THREND, 20kH. ChbhoKEREROES%
LT LTV AT LEEOHE 2RIET S Z &R
EThB. VAT LOHFEOMEITIX. safety prop-
erty, liveness property, precedence propertyiZ4y
Hin, ENFRoO—ROSREIEL IS TV
4], Tell/NSLid, #EE4 < EHE bAH LRI
EEEERTE N TE. ZOEE. RIETAE
HEEbOhYOTVEhR E RSB,

BBT—FF I/ F+ VAT LADBAETE. ThHD
HELNZH, BEATOBOY—ERICL-TEL
CEHINTVANERIETILERD D, TnEE
B oRiEn—Ec, ARETE, TORIEFMITOV
Tk B,

Tell/NSLIZ B 2 EBEEOBRIE IR DFIETITHN
60
DI Lcv bt o E 2 i RE R LR T 5,
THRINENRERZA LT3,

DA&4/5 7 x4 ZAEH( W3- itz d &
TEoZEMrEHRERA’ WERT 3.
wTﬁmﬁﬁmbﬂﬁ*nrf%éﬁﬁﬁﬂﬁmﬁé
ZHAV, Init - OA’ %i¥HT 5. 2T clit
BTEROY A7 A0MMEGETH 2.

LA F cAB-protocol o linecdfL#E( B42-3)»Hard-
ware level protocol ( M3-2) 2 k- CEEIhTW
A ERIET 5. ARG CEARTHRIEOIRTRSEME L
L<hit2FAL R CHHEHTCE 3 d, BHEDx
HITHEEA EFEH L, & Yhnit -~ OA°
SAZHEHTE 3.

[#EEFI 1] : R4-1 oskl)
receive[send[m,1]]

=<m,empty-1ine> v send [m, 1]=empty-line ...1]
#EFBH+3, Hardware level protocol iz, HE®
EEZELRVIDLELTVERDT., TORDYVDLE
el
¥eceive[send(m,1]]=<m,empty-1ine> ...2]
NEHTE R, TR,

g=send [m,1] A y=empty-line— read[z]=<m, y> ..3]
LEffich b, H4-3 oFBAF-<1), 1), 5 EE
LT IRTHETIR
z=preset[m,1] Await(receive) A (y=clear[]v

~wait(receive)) —+parallel-load(x]=<m,y> ...4]
583, oML INER
x=preset[m,]] Await(receive) Ay=clearl]

" —>parallel-load(z]l=<m, y> ...5]

€6



receiye
1? begin(receive)
+ wait(receive
until Igot[L,x] A startbit[x]]
2) wait(receive§ A got[L,b] A start-bit[b]
+ begin(generate-Reclock
3) finish%generate-Rclock)
-+ ready(receive) until receive-timig[Rclock]
4) ready(receive) A synchronizingly-got[L,b]
A ~detecting-stop~bits -
4~1) continuously-receive[it,3]
-+ stop(receive)
i until_, receive-timing[Rclock]
4-2) ~continuous%y-receive[it »3
-+ begin(serial-input-Receive-register)
A serial-input-Receiverarg=
5) finish(serial-input-Receive-register)
A ~detecting-stop-bits
~+ ready(receive) until receive-timing[Rclock]
6) stop(receive) A receive-timing[Rclock]
+ ready(receive)
until_, receive-timing[Rclock]
7) detecting-stSp-bits
-+ ready-finish(receive)
until continuously-receive[it,4]
8) ready-finish(receive)
A continuously-receivel[it,4]
-+ finish(receive
9) finish(receive)
-+ O(wait(receive)
until I got[L,x] Astartbit[x]])

detecting-stop-bits
1) synchronizingly-got[L,0]
2) oreceive-timing[rclockl+got[L,1])
until_, receive-timing[Rclock]

receive-timing[c]
1) e=1

continuously-receive[it,i]
1) times[synchronizingly-got[L,1],
synchronizingly-got[L,0]]=i

lexicon .
1) synchrinizingly-got[L,b]
> receive~timing[Rclock] A got[L,b]

register
6 clear[ J=empty-sequence
2) preset[x,rl=x
3) parallel-load[r]=<r,empty-sequence>
4) serial-input[b,r]=concat[b,r]
5) serial-output[r]=<head[r],taillrl>
6) begin(clear)
+ o(finish(clear) A register=clear[])
7) begin(preset) A preset-arg=x A register=r
+ OO&inish(preset) A register=preset[x,r])
8) begin(parallel-load) A register=r
-+ o finish(parallel-load)
A parallel-load-arg=argllparallel-load[r]]
‘ A register=arg2[parallel-load[r]])
9) begin(serial-input) A serial-input-arg=b
A register=r
-+ o{(finish(serial-input)
A register=serial-input[b,r])
10) begin(serial-output) A register=r
-+ X finish(serial-output)
A serial-output-arg=argllserial-output[r]]
A register=arg2[serial-output[r]])
timing
1) begin(clear) - Ofinish(clear)
2) begin(preset) = Ofinish(preset)
3) begin(parallel-load) =+ Ofinish(parallel-load)
4) begin(serial-input) - Ofinish(serial-input)
5) begin(serial-output) - Ofinish(serial-output)

f4-2 Hardware level protocol @EHER

£7)

Interface
transformation schema
1) (l=empty-line)! = l'=clear[]
i v ~vait(receive)
2-1) (p(send))' = p(pass-down)
2-2) (send-arg=m)' = pass-down-arg=m
3-1) (p(read)%' = p(pass-up)
3-2) (read-arg=m)' = pass-up-arg=m
4)  (1ll=send[m,12])' =
11'=preset[m,12']
A wait(receive)
5) (<m,11>=read[12])' =
<m,11'>=parallel-load[12']
6) line' = Receive-register

pass down .
1) begin(pass-down) Apass-down-arg=m
-+ begin(preset-Send-register)
A preset-Send-register-arg=m A passing-down
2) finish(preset-Send-register)
+ ready-finish(pass-down)
until finish(transmit)
3) ready-finish(pass-down) A finish(transmit)
-+ Ofinish(pass-down)

pass up
1) begin(pass-up)
~+ wait(pass-up) until
(~empty[Receive-register] A wait(receive))
2) (wait(pass-up) A ~empty[Receive-register] A
wait(receive)) <> passing-up
3) passing-up
-+ begin(parallel-load-Receive-register)
4) finish(parallel-load~Receive-register)
A parallel-load-Receive-register-arg=m
: -+ finish(pass-up) A pass-up-arg=m
lexicon
1) empty[r] +*> clear[J=r

B4-3 4 vF—3 - 2fEOFER

LEMiThHDd. DA Hardware level protocol @
AL YEH T2, THLE-2 DregisterdfIERl).
2), ALY,
x=preset[m,r] —parallel-load[x]=<m, clear([]>
x=presetim,r] Ay=clear(]
—parallel-load(z]l=<m, y> C(EffiZ#)
l-z=preset{m,r] Await(receive) Ay=clear(]
—»parallel-load[z]=<m, v> (&#fFHIM
Lo SIEREHIN, UXNEFHINTWRI L
MEEH T .
paEfi2] : B4-1 D3R
reading A line=g
-+QO (finish(read) A line=arg2{readl[ql]]
read-arg=argliread[q]]) Y
linedconstructor !dempty,send,receive LMD
T, ZO3IDDHERAT TGEHT B,
o line=empty & &
X ENLE-3 BB F-<1), 3-1), B)it&o
T, TROZKERT DL
passing-up A (Receive-register=clear[] v
~wait(receive))
-+~Q<C(finish(pass-up)
A Ppass-up-arg=
argl[parallel-load-Receive-register[clear[1]]
A Receive-register=
arg2lparallel-load-Receive-register[clear{]]])
‘ ...2]



CoREFHTZ. K4-3 Dpass-up HEE2),
legicon k¥,
b~ ((passing-up A Receive-tegister=clear[]) v
(passing-up A ~wait(receive))
F~AKXY, FA-BTHanbH, F2lThb.
line=send[m,11) & &
AR LTTRORCERTZ L
passing-up AReceive-register=c Await(receive)
-+QO<C (finish(pass-up)
A pass-up-arg=
arglparallel-load-Receive-register[c]]
A Receive-register=
arg2[parallel-load-Receive-register(xz]])
where c=preset[m,Receive-register]
( EHTRER)
registerdd(EER( F4-2) 8) &Y
parallel-loading A register=x
+QOO (finish(parallel-load)
A parallel-load-arg=
argl[parallel-load[register]]
A rtegister=arg2[parallel-load[registerl])
...4]
T DFDregistericReceive-register®, TEx K
preset[m,Receive-register]lZ 4 v X2 v 4 }
L. pass updfE#k 8) . ORKY
passing-up A Receive-register=c
->QO (finish(pass-up) A
pass-up-arg=
argl[parallel-load-Receive-register[c] A
Receive-register=
arg?[parallel-load-Receive-register(c]])
where c=preset[m,Receive-register] ...5]
k185, Th&YEERITait(receive) &M
AL L&Y, 3]
line=arg2(read(ql] > & ¥
FEk I LT TR ERT R
passing-up A Receive-register=c
=+ Q<O (finish(pass-up)
A Pass-up-arg=
argl[parallel-load-Receive-register(cl]
A Receive-register=
arg?[parallel-load-Receive-register[c]]))
where z=arg2{parallel-load[Receive-register]]
GEH$+ER) ...8]
oL, registerdfLER8) V3 & line=send
m,1] o & FRGEHTE 3.
F21. 3], FRl & WIIRRER SN THWB T L25EE
Xz,
[A&aE#1 3 ]
begin(read)
— wait(read) until line =empty-line

.3

: ®e-1 oK

.. 1]
Me-3 oBTERF—-<1), -DEHAVT
begin(pass-up)
- wait(pass-up)
until (Receive-register=clear(]

A wait(receive)) ...21
iy, TORNMHATRERTHE, LTAB
pass up O{EEN L. lexicon ZHWVB &, 2]k
RBD. &-TF21Thd,

(8

[#aEFi4] : K4-1 DB
wait(read) A linexempty-line
- reading
TRoRCERTZIL
(wait(pass~up) A Receive-register =clear{] A
wait(receive)) — passing-up .22
ZORDETRERTH B2, pass up DIEEIR
1%, lezicon ZFHWVA L, 21K CRDB. £-TH2]
<hd,

L
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