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Communicating Processes
c!2 || (c?. xi=¢)
= My,=2 A (Ww=w+l) | (r=r+l. x=M,_|)
= My=2rNw=w+l A =7r+l A X'=M,
c!1. (c!2 || (2. xi=¢)). ¢?

channel declaration

newc?T-P

AMc: o*T- AT ¢c: ©*xnat new rc ,wec: xnat :=0- P
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ignoring time

new c? int- ¢!2 || (¢?. x:=¢)

= ANM: o*int new v, w: xnat :=0-

X=M, N My,=2 A ¥=r+] A w =w+1 A (other variables unchanged)

= ANM: o*int new r, w: xnat

X=My A My=2 A =1 A w'=1 A (other variables unchanged)

= x'=2 A (other variables unchanged)

= x:=2

including time

new c? int- ¢!2 | (=t (T, +1). ¢?. x:=¢)

x'=2 A t'=t+1 A (other variables unchanged)
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Deadlock

new c,d? int- (c?. d'6) || (d?. c!'7)
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Input on channel a: ayaya, ... A = ay+apx + aya® + ..
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p 09102 0 1 2
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C=a0xB+ D+ Axb0 <= (a?| b?||d?). ¢! aOxb +d + axb0. C = a0xB + D + Axb0
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A2 = a2 + Cl3><.x + a4><.x2 + ... Bz = b2 + b3><x + b4><.x2 + ...

C = AxB = Cloxbo + (Cloxbl + alxbo)x + (Closz + Alel + Aszo)xxz

(c?rarr C=AxB)c <  (a?| b?). c! axb.
new a0: rat .= a- new b0: rat := b- new d? rat-
(¢? rat C = AxB) d
I (@?]|BY). ¢! aOxb + axb0. C = a0xB + D + Axb0)
C=a0xB+ D+ Axb0 <= (a?| b?||d?). ¢! aOxb +d + axb0. C = a0xB + D + Axb0
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Power Series Multiplication

Input on channel a: ayaya, ... A = ay+apx + aya® + ..
Input on channel b : b, b, b, ... B = by + byxx + byxx2 + ...
p 09102 0 1 2
Output on channel ¢: ¢y ¢, ... C = co+Cpx+ coxx? + ...
= da aA~HxX AYxXX = XX XX
A, |+ ArxX + ayxx? + B, = by + byxx + byxx? +
A2 = a2 + Cl3><.x + a4><.x2 + ... Bz = b2 + b3><x + b4><.x2 + ...

C = AxB = Cloxbo + (Cloxbl + alxbo)x + (Closz + Alel + Aszo)xxz
(c?rarr C=AxB)c <  (a?| b?). c! axb.
new a0: rat := a- new b0: rat := b new d? rat
(¢? rat C = AxB) d
|| ((a? || b?). ¢! aOxb + axb0. C = a0xB + D + Axb0)
C=a0xB+ D+ Axb0 <= (a?| b?||d?). ¢! aOxb +d + axb0. C = a0xB + D + Axb0
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Power Series Multiplication

Input on channel a: ayaya, ... A = ay+apx + aya® + ..
Input on channel b : b, b, b, ... B = by + byxx + byxx2 + ...
p 09102 0 1 2
Output on channel ¢: ¢y ¢, ... C = co+Cpx+ coxx? + ...
= da aA~HxX AYxXX = XX XX
A, |+ ArxX + ayxx? + B, = by + byxx + byxx? +
A2 = a2 + Cl3><.x + a4><.x2 + ... Bz = b2 + b3><x + b4><.x2 + ...

C = AxB = Cloxbo + (Cloxbl + alxbo)x + (Closz + Alel + Aszo)xxz

(c?rarr C=AxB)c <  (a?| b?). c! axb.
new a0: rat .= a- new b0: rat := b- new d? rat-
(¢? rat C = AxB) d
I (@?]|BY). ¢! aOxb + axb0. C = a0xB + D + Axb0)
C=a0xB+ D+ Axb0 <= (a?| b?||d?). ¢! aOxb +d + axb0. C = a0xB + D + Axb0
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Power Series Multiplication

Input on channel a: ayaya, ... A = ay+apx + aya® + ..
Input on channel b : b, b, b, ... B = by + byxx + byxx2 + ...
p 09102 0 1 2
Output on channel ¢: ¢y ¢, ... C = co+Cpx+ coxx? + ...
= da aA~HxX AYxXX = XX XX
A, |+ ArxX + ayxx? + B, = by + byxx + byxx? +
A2 = a2 + Cl3><.x + a4><.x2 + ... Bz = b2 + b3><x + b4><.x2 + ...

C = AxB = Cloxbo + (aoxbl + alxbo)x + (Closz + Alel + Aszo)xxz

(c?rarr C=AxB)c <  (a?| b?). c! axb.
new a0: rat .= a- new b0: rat := b- new d? rat-
(¢? rat C = AxB) d
| (@?]|b?). ¢! aOxb + axb0. C = aOxB + D + Axb0)

C=a0xB+ D+ Axb0 <= (a?| b?||d?). ¢! aOxb +d + axb0. C = a0xB + D + Axb0
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Power Series Multiplication

Input on channel a: ayaya, ... A = ay+apx + aya® + ..
Input on channel b : b, b, b, ... B = by + byxx + byxx2 + ...
p 09102 0 1 2
Output on channel ¢: ¢y ¢, ... C = co+Cpx+ coxx? + ...
= da aA~HxX AYxXX = XX XX
A, |+ ArxX + ayxx? + B, = by + byxx + byxx? +
A2 = a2 + Cl3><.x + a4><.x2 + ... Bz = b2 + b3><x + b4><.x2 + ...

C = AxB = Cloxbo + (aoxbl + alxbo)x + (Closz + Alel + Aszo)xxz

(c?rarr C=AxB)c <  (a?| b?). c! axb.
new a0: rat .= a- new b0: rat := b- new d? rat-
(¢? rat C = AxB) d
| (@?]|b?). ¢! aOxb + axb0. C = aOxB + D + Axb0)

C=a0xB+ D+ Axb0 <= (a?| b?||d?). ¢! aOxb +d + axb0. C = a0xB + D + Axb0
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Power Series Multiplication

Input on channel a: ayaya, ... A = ay+apx + aya® + ..
Input on channel b : b, b, b, ... B = by + byxx + byxx2 + ...
p 09102 0 1 2
Output on channel ¢: ¢y ¢, ... C = co+Cpx+ coxx? + ...
= da aA~HxX AYxXX = XX XX
A, |+ ArxX + ayxx? + B, = by + byxx + byxx? +
A2 = a2 + Cl3><.x + a4><.x2 + ... Bz = b2 + b3><x + b4><.x2 + ...

C = AxB = Cloxbo + (aoxbl + alxbo)x + (Closz + Alel + Aszo)xxz
(c?rarr C=AxB)c <  (a?| b?). c! axb.
new a0: rat := a- new b0: rat := b- new d? rat
(¢? rat C = AxB) d
|| ((a? || b?). ¢! aOxb + axb0. C = a0xB + D + Axb0)

C=a0xB+ D+ Axb0 <= (a?| b?||d?). ¢! aOxb +d + axb0. C = a0xB + D + Axb0
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Power Series Multiplication

Input on channel a: ayaya, ... A = ay+apx + aya® + ..
Input on channel b : b, b, b, ... B = by + byxx + byxx2 + ...
p 09102 0 1 2
Output on channel ¢: ¢y ¢, ... C = co+Cpx+ coxx? + ...
= da aA~HxX AYxXX = XX XX
A, |+ ArxX + ayxx? + B, = by + byxx + byxx? +
A2 = a2 + Cl3><.x + a4><.x2 + ... Bz = b2 + b3><x + b4><.x2 + ...

C = AxB = Cloxbo + (aoxbl + alxbo)x + (Closz + Alel + Aszo)xxz
(c?rarr C=AxB)c <  (a?| b?). c! axb.
new a0: rat := a- new b0: rat := b- new d? rat
(¢? rat C = AxB) d
|| ((a? || b?). ¢! aOxb + axb0. C = a0xB + D + Axb0)

C=a0xB+ D+ Axb0 <= (a?| b?||d?). ¢! aOxb +d + axb0. C = a0xB + D + Axb0
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Power Series Multiplication

Input on channel a: ayaya, ... A = ay+apx + aya® + ..
Input on channel b : b, b, b, ... B = by + byxx + byxx2 + ...
p 09102 0 1 2
Output on channel ¢: ¢y ¢, ... C = co+Cpx+ coxx? + ...
= da aA~HxX AYxXX = XX XX
A, |+ ArxX + ayxx? + B, = by + byxx + byxx? +
A2 = a2 + Cl3><.x + a4><.x2 + ... Bz = b2 + b3><x + b4><.x2 + ...

C = AxB = Cloxbo + (aoxbl + alxbo)x + (Closz + Alel + Aszo)xxz
(c?rarr C=AxB)c <  (a?| b?). c! axb.
new a0: rat := a- new b0: rat := b new d? rat
(¢? rat C = AxB) d
|| ((a? || b?). ¢! aOxb + axb0. C = a0xB + D + Axb0)
C=a0xB+ D+ Axb0 <= (a?| b?||d?). ¢! aOxb +d + axb0. C = a0xB + D + Axb0
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Power Series Multiplication

Input on channel a: ayaya, ... A = ay+apx + aya® + ..
Input on channel b : b, b, b, ... B = by + byxx + byxx2 + ...
p 09102 0 1 2
Output on channel ¢: ¢y ¢, ... C = co+Cpx+ coxx? + ...
= da aA~HxX AYxXX = XX XX
A, |+ ArxX + ayxx? + B, = by + byxx + byxx? +
A2 = a2 + Cl3><.x + a4><.x2 + ... Bz = b2 + b3><x + b4><.x2 + ...

C = AxB = Cloxbo + (Cloxbl + alxbo)x + (Closz + Alel + Aszo)xxz

(c?rarr C=AxB)c <  (a?| b?). c! axb.
new a0: rat .= a- new b0: rat := b- new d? rat-
(¢? rat C = AxB) d
I (@?]|BY). ¢! aOxb + axb0. C = a0xB + D + Axb0)
C=a0xB+ D+ Axb0 <= (a?| b?||d?). ¢! aOxb +d + axb0. C = a0xB + D + Axb0

61/64



Power Series Multiplication

Input on channel a: ayaya, ... A = ay+apx + aya® + ..
Input on channel b : b, b, b, ... B = by + byxx + byxx2 + ...
p 09102 0 1 2
Output on channel ¢: ¢y ¢, ... C = co+Cpx+ coxx? + ...
= da aA~HxX AYxXX = XX XX
A, |+ ArxX + ayxx? + B, = by + byxx + byxx? +
A2 = a2 + Cl3><.x + a4><.x2 + ... Bz = b2 + b3><x + b4><.x2 + ...

C = AxB = Cloxbo + (Cloxbl + alxbo)x + (Closz + Alel + Aszo)xxz

(c?rarr C=AxB)c <  (a?| b?). c! axb.
new a0: rat .= a- new b0: rat := b- new d? rat-
(¢? rat C = AxB) d
| (@?]|b?). ¢! aOxb + axb0. C = aOxB + D + Axb0)

C=a0xB+ D+ Axb0 <= (a?| b?||d?). ¢! aOxb +d + axb0. C = a0xB + D + Axb0
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Power Series Multiplication

Input on channel a: ayaya, ... A = ay+apx + aya® + ..
Input on channel b : b, b, b, ... B = by + byxx + byxx2 + ...
p 09102 0 1 2
Output on channel ¢: ¢y ¢, ... C = co+Cpx+ coxx? + ...
= da aA~HxX AYxXX = XX XX
A, |+ ArxX + ayxx? + B, = by + byxx + byxx? +
A2 = a2 + Cl3><.x + a4><.x2 + ... Bz = b2 + b3><x + b4><.x2 + ...

C = AxB = Cloxbo + (Cloxbl + alxbo)x + (Closz + Alel + Aszo)xxz

(c?rarr C=AxB)c <  (a?| b?). c! axb.
—> new a0: rat := a- new b0: rat := b- new d? rat-
(¢? rat C = AxB) d
| (@?]|b?). ¢! aOxb + axb0. C = aOxB + D + Axb0)

C=a0xB+ D+ Axb0 <= (a?| b?||d?). ¢! aOxb +d + axb0. C = a0xB + D + Axb0
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Power Series Multiplication

Input on channel a: ayaya, ... A = ay+apx + aya® + ..
Input on channel b : b, b, b, ... B = by + byxx + byxx2 + ...
p 09102 0 1 2
Output on channel ¢: ¢y ¢, ... C = co+Cpx+ coxx? + ...
= da aA~HxX AYxXX = XX XX
A, |+ ArxX + ayxx? + B, = by + byxx + byxx? +
A2 = a2 + Cl3><.x + a4><.x2 + ... Bz = b2 + b3><x + b4><.x2 + ...

C = AxB = Cloxbo + (aoxbl + alxbo)x + (Closz + Alel + Aszo)xxz

(c?rarr C=AxB)c <  (a?| b?). c! axb.
new a0: rat := a- new b0: rat := b new d? rat:
—> (c? rar C = AxB) d
—> || ((a@?]|b?). ¢! a0xb + axb0. C = a0xB + D + Axb0)

C=a0xB+ D+ Axb0 <= (a?| b?||d?). ¢! aOxb +d + axb0. C = a0xB + D + Axb0
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