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O modelo basico

Machine := coin?.coffee!.Machine

é muito simplista. Normalmente temos de usar varias moedas
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Machine := coin?.Machine + coin?.PaidMachine

PaidMachine := coffee?.(change!.Machine + 7.Machine)
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Mas, suponham uma maquina em que o café custa 5 euros e aceita moedas de 1,2 e 5

euros. Como tomar café? Solucdo: considerar todas as possibilidades... e troco
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Mas, suponham uma maquina em que o café custa 5 euros e aceita moedas de 1,2 e 5
euros. Como tomar café? Solucdo: considerar todas as possibilidades... e troco

Machine0 := coinl?.Machinel + coin2?.Machine2 + coin5?.Machineb
Machinel := coinl?.Machine2 + coin2?.Machine3 + coin5?.Machineb
Machine2 := coinl?.Machine3 + coin2?.Machine4 + coin5?.Machine7
Machine3 := coinl?.Machine4 + coin2?.Machine5 + coin5?.Machine8
Machine4d = coinl?.Machineb + coin2?.Machine6 + coin5?.Machine9
Machineb = coffee?.Machine(

Machine6 = coffee?.changell.MachineQ

Machine? = coffee?.changell.changell.Machine0

Machine8 := coffee?.changell.changel!.changel!.MachineQ
Machine9 = coffee?.changell.changel!.changel!.changel!.Machine0
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Mas, suponham uma maquina em que o café custa 5 euros e aceita moedas de 1,2 e 5
euros. Como tomar café? Solucdo: considerar todas as possibilidades... e troco

MachineO := coinl?.Machinel + coin2?.Machine2 + coin5?.Machineb
Machinel = coinl?.Machine2 + coin2?.Machine3 + coin5?.Machine6
Machine2 = coinl?.Machine3 + coin2?.Machine4 + coin5?.Machine7
Machine3 := coinl?.Machine4 + coin2?.Machine5 + coin5?.Machine8
Machine4 := coinl?.Machineb + coin2?.Machineb + coin5?.Machine9
Machine5 := coffee?.MachineO

Machine6 = coffee?.changel!.MachineO

Machine? = coffee?.changell.changel!.MachineQ

Machine8 = coffee?.changell.changell.changel!.MachineQ
Machine9 := coffee?.changell.changel!.changel!.changel!.Machine0
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Sender := put?.send!.Sending
Sending = receiveAck?.Sender + receiveNAck?.send!.Sending
Receiver := receive?.get?.sendAck!.Receiver +

gargled?.sendNAck!.Receiver

Medium := send?.(receive!.Medium + i.garbled!. Medium)
AckMedium = sendAck?.receiveAck!.AckMedium +
sendNAck?.receivedNAck!.AckMedium
DupMedium := Medium|AckMedium
Protocol := (Sender | Receiver | DupMedium)\

{send, receive, sendAck, receiveAck,
receiveNAck, sendNAck, garbled }
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Sender = put?x.send!x.Sending|[x]
Sending[x] := receiveAck?.Sender + receiveNAck?.send!x.Sending|[x]
Receiver[x] := receive?x.get?x.sendAck!.Receiver|x] +
gargled?.sendNAck!. Receiver|x|
Medium := send?x.(receivelx.Medium + i.garbled!.Medium)
AckMedium = sendAck?.receiveAck!.AckMedium +
sendNAck?.receivedNAck!.AckMedium
DupMedium := Medium|AckMedium
Protocol := (Sender | Receiver | DupMedium)\

{send, receive, sendAck, receiveAck,
receiveNAck, sendNAck, garbled }
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Protocol |put!2.put'4.put!'2.put!8.0\{ put}
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= alv: saida do valor v no canal a (enviar)
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= alv: saida do valor v no canal a (enviar)

= a?v: entrada do valor v pelo canal a (receber)
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= alv: saida do valor v no canal a (enviar)

= a?v: entrada do valor v pelo canal a (receber)

= Ou usar variaveis
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= alv: saida do valor v no canal a (enviar)

= a?v: entrada do valor v pelo canal a (receber)
* ou usar varidveis

» alx: saida do valor guardado em x no canal a (enviar)
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= alv: saida do valor v no canal a (enviar)

= a?v: entrada do valor v pelo canal a (receber)
= Ou usar varidveis
» alx: saida do valor guardado em x no canal a (enviar)

= a’x: entrada de um valor que se guarda em x pelo canal a (receber)
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alv: saida do valor v no canal a (enviar)

a?v: entrada do valor v pelo canal a (receber)

ou usar variaveis

alx: saida do valor guardado em x no canal a (enviar)

a’x: entrada de um valor que se guarda em x pelo canal a (receber)

e 0s nomes dos processos podem ter varidveis com parametros permitindo assim
enviar e receber valores (A[x, y])
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B = put?x.Bl1[x]
Bl[x] := get!(x+1).B
Ent3o temos para
(B|put!3.get?y.printinly){x, printin}
o LTS

println! (4)
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Sendo V um conjunto de valores e K um conjunto de canais temos
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Sendo V um conjunto de valores e K um conjunto de canais temos

A = {alv]aeK,veViu{al|aeK},
AT = {alv]|aeK,veV}u{a?|acK},
Com = AUA

Act = ComU{r}
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Sendo V um conjunto de valores e K um conjunto de canais temos

A" = {alv|aecK,veV}u{al|acK},
A" = {alv]|aeK,veV}u{a?|acK},
Com = A'UA’
Act = ComU{r}

P = O|X[r1,...,r,,] | P+P|XP| P|P| P\H

n= 7 |al|a?|alv]|a?v|alx|a’x

onde X € Var, xe D, e DUVUK
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o € Act
a.PS P

Pref
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a € Act
aPS P

Pref

A avaliacdo de expressGes e || z: a expressdo e avalia para z.
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« € Act

a.PS P

Pref

A avaliacdo de expressGes e || z: a expressdo e avalia para z.

Output ell'z
ale.P 25 p
el z
Valor b >
ate.P 25 p
Input vEV

a?x.P 2% P{v/x}

onde P{v/x} é P onde x é substituito por v (e x ndo é uma ac3o)
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o € Act

a.PS P

vevVv
a?x.P 2% P{v/x}

Pref

Input

onde P{v/x} é P onde x é substituito por v (e x ndo é uma ac&o)

(aly.P){v/x} = aly.P{v/x} sey#x

(alx.P){v/x} = alv.P{v/x}
(a?y.P){v/x} = a?y.P{v/x} sey#x
(a?x.P){v/x} = a’x.P

XI{v/x} = X[v]

XlyH{v/x} = X[y] sey#x

Para as restantes expressGes é passado para as subexpressoes.
ﬂ 8/ 18



sendly.Sending[x]{3/x,5/y} = send!5.Sending|3]
send'y.Sending[x]{3/x,5/y, receive/send} = receive!5.Sending|3]

send!(x + y){3/x,5/y} = sent!(8)
3+5 | 8

8/18



Calcular o LTS de put?x : 0..5.send!x.0
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P{v/n,....va/r} S P T(X[n,...,r]) =P

Rec X[vi,...,va] & P’
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Supomos V = Z (CCSZ)
B[x] := when(x < 4)put?.B[x + 1] + when(x > 0)get?.B[x — 1]

BJ[0] ou B[5] o que fazem?
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Supomos V = Z (CCSVZP
A expressdo when(b)P se b é verdade comporta-se como P sendo bloqueia.

Vamos sé considerar expressdes com inteiros.

P P b | True
when(b)P Ny

cond
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Acrescentamos a gramatica

P == 0| X[n,...,m] | P+P | x.P | PIP | P\H| when(b)P

n= 7 lal|a?]alv|a?v|alx|a?x
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Machine[b] := when(b < 5)coin?c.Machine[b + c]
+when(b > 5)coffee!. ReturnMachine[b — 5]

ReturnMachine[b] := when(b > 0)change!.ReturnMachine[b — 1]
+Machine[0]
User = coin!2.coin!2.coin!2.coffee?.change?.0

Calcula [(Machine[0]|User)\{coin, change, coffee}]r.
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IterMult[z, x,y] = when(x > 0)i.lterMult[z + y,x — 1, y]
+when(x == 0)printin!z.0
IterMult[0, 3, 7]

 José Proenca (slides mainly from Nelma Moreira) 12 /16



prefLaAct Outputle
aP=F ale.p 22 p
Input vEV el z
a?x.P 2% P{v/x} Vealer ?
o ateP 2L p
P{vi/r,...,vo/rn} = P’ rX[r,...,m)) =P P2 P b | True
Rec = cond S
X[r,...,m] — P when(b)P — P’
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Fac[n,j] := when(j > 0)i.Fac[nx*j,j— 1]
+when(j == 0)printin'n.0

Calcular Facl[1,5]
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Celly[cur] = geti!cur.Cell[cur] 4 set,?new : 0..2.Celly[new]
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Mais geralmente:

Cell[rd, wr,x] := rdx.Cell[rd, wr,x]+ wr?y.Cell[rd, wr, y]
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Mais geralmente:

Celllrd, wr,x] = rd!x.Cell[rd, wr,x] + wr?y.Cell[rd, wr,y]

= Cell[rd, wr,5]
= Cell[rdA, wrA, 0]| Cell[rdB, wrB, 0]
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Mais geralmente:

Celllrd, wr,x] = rd!x.Cell[rd, wr,x] + wr?y.Cell[rd, wr,y]

= Cell[rd, wr, 5]
= Cell[rdA, wrA, 0]| Cell[rdB, wrB, 0]

Cells := Cell[rdA, wrA,0]|Cell[rdB, wrB, 0]
Serve = mult?.rdA?x : R.rdB?y : R.lterMult[0, x, y]
IterMult[z, x,y] := when(x > 0)i.lterMult[z + y,x —1,y]

+when(x == 0)printin!z.Serve
Use = wrAl7.wrB!5.mult!.0

e G slelnene el bidd e dld B, B, mult}
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Fac[n,jl := when(j > 0)i.Fac[n = j,j— 1]
+when(j == 0)printin'n.0

Ficheiro no Pseuco.com:

https://pseuco.com/#/edit/remote/5bglrm4937vzel0dvlqi
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https://pseuco.com/#/edit/remote/5bglrm4937vze10dvlqi

Fac[n,jl := when(j > 0)i.Fac[nxj,j— 1]
+when(j == 0)printin!n.0

Fak := rdJ?j: R.(when(j > 0)rdN?n.wrN!(n x* j).wrJ!(j — 1).Fak
+when(j == 0)rdN?n.print!n.0)
Celllv,rd,wr] = rdlv.Cell[v,rd, wr] + wr?x : R.Cell[x, rd, wr]
Cells := Cell[0, rdN, wrN]|Cell[0, rdJ, wrJ]

(we 1w 5. Fak| Cells)\{rdN, wrN, rdJ, wrJ} i


https://pseuco.com/#/edit/remote/5bglrm4937vze10dvlqi

..logo é sé "syntatic sugar"...

CCEys ccs

alv.P a,!.P

a’x.P Svev av?.P{v/x}
Xlut, ..., un) L

Isto é basta usar acdes e nomes indexados, podendo ser considerados conjuntos
infinitos de indices (V ou D)
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O seguinte cédigo P[3] teria o seguinte LTS

while (a > 0) {

println("loop"); println! (*

a = a1;
+

rintln("a is zero");
p
println!("loop")

pode ser escrito em CCS

Pl[a] := when( a<=0)i.Q[a] println!
+ when(a>0) println!"loop". P[a-1]
Qlal :=println!"a is zero"
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