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Communicating Processes

c! 2  ||  (c?.  x:= c)
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Communicating Processes

c! 2  ||  (c?.  x:= c)

= 𝓜𝔀 = 2  ∧  (𝔀:= 𝔀+1) || (𝓻:= 𝓻+1.  x:= 𝓜𝓻–1 )
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Communicating Processes

c! 2  ||  (c?.  x:= c)

= 𝓜𝔀 = 2  ∧  (𝔀:= 𝔀+1) || (𝓻:= 𝓻+1.  x:= 𝓜𝓻–1 )

= 𝓜𝔀 = 2  ∧  𝔀ʹ = 𝔀+1  ∧  𝓻ʹ = 𝓻+1  ∧  xʹ = 𝓜𝓻

c! 1.  (c! 2  ||  (c?.  x:= c)).  c? 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Communicating Processes

c! 2  ||  (c?.  x:= c)

= 𝓜𝔀 = 2  ∧  (𝔀:= 𝔀+1) || (𝓻:= 𝓻+1.  x:= 𝓜𝓻–1 )

= 𝓜𝔀 = 2  ∧  𝔀ʹ = 𝔀+1  ∧  𝓻ʹ = 𝓻+1  ∧  xʹ = 𝓜𝓻

c! 1.  (c! 2  ||  (c?.  x:= c)).  c?

channel declaration 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Communicating Processes

c! 2  ||  (c?.  x:= c)

= 𝓜𝔀 = 2  ∧  (𝔀:= 𝔀+1) || (𝓻:= 𝓻+1.  x:= 𝓜𝓻–1 )

= 𝓜𝔀 = 2  ∧  𝔀ʹ = 𝔀+1  ∧  𝓻ʹ = 𝓻+1  ∧  xʹ = 𝓜𝓻
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Communicating Processes

c! 2  ||  (c?.  x:= c)

= 𝓜𝔀 = 2  ∧  (𝔀:= 𝔀+1) || (𝓻:= 𝓻+1.  x:= 𝓜𝓻–1 )

= 𝓜𝔀 = 2  ∧  𝔀ʹ = 𝔀+1  ∧  𝓻ʹ = 𝓻+1  ∧  xʹ = 𝓜𝓻

c! 1.  (c! 2  ||  (c?.  x:= c)).  c?

channel declaration

new c? T· P

= ∃𝓜c: ∞*T· ∃𝓣c: ∞*xnat· new 𝓻c , 𝔀c: xnat := 0·  P  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ignoring time
new c? int·  c! 2  ||  (c?.  x:= c) 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ignoring time
new c? int·  c! 2  ||  (c?.  x:= c)

= ∃𝓜: ∞*int· new 𝓻, 𝔀: xnat := 0·

xʹ = 𝓜𝓻  ∧  𝓜𝔀 = 2  ∧  𝓻ʹ = 𝓻+1  ∧  𝔀ʹ = 𝔀+1  ∧  (other variables unchanged)
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ignoring time
new c? int·  c! 2  ||  (c?.  x:= c)

= ∃𝓜: ∞*int· new 𝓻, 𝔀: xnat := 0·

xʹ = 𝓜𝓻  ∧  𝓜𝔀 = 2  ∧  𝓻ʹ = 𝓻+1  ∧  𝔀ʹ = 𝔀+1  ∧  (other variables unchanged)

= ∃𝓜: ∞*int· new 𝓻, 𝔀: xnat·

xʹ = 𝓜0  ∧  𝓜0 = 2  ∧  𝓻ʹ=1  ∧  𝔀ʹ=1  ∧  (other variables unchanged)
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ignoring time
new c? int·  c! 2  ||  (c?.  x:= c)

= ∃𝓜: ∞*int· new 𝓻, 𝔀: xnat := 0·

xʹ = 𝓜𝓻  ∧  𝓜𝔀 = 2  ∧  𝓻ʹ = 𝓻+1  ∧  𝔀ʹ = 𝔀+1  ∧  (other variables unchanged)

= ∃𝓜: ∞*int· new 𝓻, 𝔀: xnat·

xʹ = 𝓜0  ∧  𝓜0 = 2  ∧  𝓻ʹ=1  ∧  𝔀ʹ=1  ∧  (other variables unchanged)

= xʹ=2  ∧  (other variables unchanged) 

/11 64



ignoring time
new c? int·  c! 2  ||  (c?.  x:= c)

= ∃𝓜: ∞*int· new 𝓻, 𝔀: xnat := 0·

xʹ = 𝓜𝓻  ∧  𝓜𝔀 = 2  ∧  𝓻ʹ = 𝓻+1  ∧  𝔀ʹ = 𝔀+1  ∧  (other variables unchanged)

= ∃𝓜: ∞*int· new 𝓻, 𝔀: xnat·

xʹ = 𝓜0  ∧  𝓜0 = 2  ∧  𝓻ʹ=1  ∧  𝔀ʹ=1  ∧  (other variables unchanged)

= xʹ=2  ∧  (other variables unchanged)

= x:= 2 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ignoring time
new c? int·  c! 2  ||  (c?.  x:= c)

= ∃𝓜: ∞*int· new 𝓻, 𝔀: xnat := 0·

xʹ = 𝓜𝓻  ∧  𝓜𝔀 = 2  ∧  𝓻ʹ = 𝓻+1  ∧  𝔀ʹ = 𝔀+1  ∧  (other variables unchanged)

= ∃𝓜: ∞*int· new 𝓻, 𝔀: xnat·

xʹ = 𝓜0  ∧  𝓜0 = 2  ∧  𝓻ʹ=1  ∧  𝔀ʹ=1  ∧  (other variables unchanged)

= xʹ=2  ∧  (other variables unchanged)

= x:= 2

including time
new c? int·  c! 2  ||  (t:= t↑(𝓣𝓻 + 1).  c?.  x:= c)

= xʹ=2  ∧  tʹ = t+1  ∧  (other variables unchanged) 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Deadlock
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Deadlock

new c? int·  t:= t↑(𝓣𝓻 + 1).  c?.  c! 5
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Deadlock

new c? int·  t:= t↑(𝓣𝓻 + 1).  c?.  c! 5

= ∃𝓜: ∞*int· ∃𝓣: ∞*xnat· new 𝓻, 𝔀: xnat := 0·

t:= t↑(𝓣𝓻 + 1).  𝓻:= 𝓻+1.  𝓜𝔀 = 5  ∧  𝓣𝔀 = t  ∧  (𝔀:= 𝔀+1)
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Deadlock

new c? int·  t:= t↑(𝓣𝓻 + 1).  c?.  c! 5

= ∃𝓜: ∞*int· ∃𝓣: ∞*xnat· new 𝓻, 𝔀: xnat := 0·

t:= t↑(𝓣𝓻 + 1).  𝓻:= 𝓻+1.  𝓜𝔀 = 5  ∧  𝓣𝔀 = t  ∧  (𝔀:= 𝔀+1)

= ∃𝓜: ∞*int· ∃𝓣: ∞*xnat· ∃𝓻, 𝓻ʹ, 𝔀, 𝔀ʹ: xnat·

𝓻:= 0.  𝔀:= 0.  t:= t↑(𝓣𝓻 + 1).  𝓻:= 𝓻+1.

𝓜𝔀 = 5  ∧  𝓣𝔀 = t  ∧  𝓻ʹ=𝓻  ∧  𝔀ʹ = 𝔀+1  ∧  tʹ=t
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Deadlock

new c? int·  t:= t↑(𝓣𝓻 + 1).  c?.  c! 5

= ∃𝓜: ∞*int· ∃𝓣: ∞*xnat· new 𝓻, 𝔀: xnat := 0·

t:= t↑(𝓣𝓻 + 1).  𝓻:= 𝓻+1.  𝓜𝔀 = 5  ∧  𝓣𝔀 = t  ∧  (𝔀:= 𝔀+1)

= ∃𝓜: ∞*int· ∃𝓣: ∞*xnat· ∃𝓻, 𝓻ʹ, 𝔀, 𝔀ʹ: xnat·

𝓻:= 0.  𝔀:= 0.  t:= t↑(𝓣𝓻 + 1).  𝓻:= 𝓻+1.

𝓜𝔀 = 5  ∧  𝓣𝔀 = t  ∧  𝓻ʹ=𝓻  ∧  𝔀ʹ = 𝔀+1  ∧  tʹ=t

= ∃𝓜: ∞*int· ∃𝓣: ∞*xnat· ∃𝓻, 𝓻ʹ, 𝔀, 𝔀ʹ: xnat·

𝓜0 = 5  ∧  𝓣0 = t↑(𝓣0 + 1)  ∧  𝓻ʹ=1  ∧  𝔀ʹ=1  ∧  tʹ = t↑(𝓣0 + 1)
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Deadlock

new c? int·  t:= t↑(𝓣𝓻 + 1).  c?.  c! 5

= ∃𝓜: ∞*int· ∃𝓣: ∞*xnat· new 𝓻, 𝔀: xnat := 0·

t:= t↑(𝓣𝓻 + 1).  𝓻:= 𝓻+1.  𝓜𝔀 = 5  ∧  𝓣𝔀 = t  ∧  (𝔀:= 𝔀+1)

= ∃𝓜: ∞*int· ∃𝓣: ∞*xnat· ∃𝓻, 𝓻ʹ, 𝔀, 𝔀ʹ: xnat·

𝓻:= 0.  𝔀:= 0.  t:= t↑(𝓣𝓻 + 1).  𝓻:= 𝓻+1.

𝓜𝔀 = 5  ∧  𝓣𝔀 = t  ∧  𝓻ʹ=𝓻  ∧  𝔀ʹ = 𝔀+1  ∧  tʹ=t

= ∃𝓜: ∞*int· ∃𝓣: ∞*xnat· ∃𝓻, 𝓻ʹ, 𝔀, 𝔀ʹ: xnat·

𝓜0 = 5  ∧  𝓣0 = t↑(𝓣0 + 1)  ∧  𝓻ʹ=1  ∧  𝔀ʹ=1  ∧  tʹ = t↑(𝓣0 + 1)

                    ↑               ↑ 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Deadlock

new c? int·  t:= t↑(𝓣𝓻 + 1).  c?.  c! 5

= ∃𝓜: ∞*int· ∃𝓣: ∞*xnat· new 𝓻, 𝔀: xnat := 0·

t:= t↑(𝓣𝓻 + 1).  𝓻:= 𝓻+1.  𝓜𝔀 = 5  ∧  𝓣𝔀 = t  ∧  (𝔀:= 𝔀+1)

= ∃𝓜: ∞*int· ∃𝓣: ∞*xnat· ∃𝓻, 𝓻ʹ, 𝔀, 𝔀ʹ: xnat·

𝓻:= 0.  𝔀:= 0.  t:= t↑(𝓣𝓻 + 1).  𝓻:= 𝓻+1.

𝓜𝔀 = 5  ∧  𝓣𝔀 = t  ∧  𝓻ʹ=𝓻  ∧  𝔀ʹ = 𝔀+1  ∧  tʹ=t

= ∃𝓜: ∞*int· ∃𝓣: ∞*xnat· ∃𝓻, 𝓻ʹ, 𝔀, 𝔀ʹ: xnat·

𝓜0 = 5  ∧  𝓣0 = t↑(𝓣0 + 1)  ∧  𝓻ʹ=1  ∧  𝔀ʹ=1  ∧  tʹ = t↑(𝓣0 + 1)

                                                                                   ↑ 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Deadlock

new c? int·  t:= t↑(𝓣𝓻 + 1).  c?.  c! 5

= ∃𝓜: ∞*int· ∃𝓣: ∞*xnat· new 𝓻, 𝔀: xnat := 0·

t:= t↑(𝓣𝓻 + 1).  𝓻:= 𝓻+1.  𝓜𝔀 = 5  ∧  𝓣𝔀 = t  ∧  (𝔀:= 𝔀+1)

= ∃𝓜: ∞*int· ∃𝓣: ∞*xnat· ∃𝓻, 𝓻ʹ, 𝔀, 𝔀ʹ: xnat·

𝓻:= 0.  𝔀:= 0.  t:= t↑(𝓣𝓻 + 1).  𝓻:= 𝓻+1.

𝓜𝔀 = 5  ∧  𝓣𝔀 = t  ∧  𝓻ʹ=𝓻  ∧  𝔀ʹ = 𝔀+1  ∧  tʹ=t

= ∃𝓜: ∞*int· ∃𝓣: ∞*xnat· ∃𝓻, 𝓻ʹ, 𝔀, 𝔀ʹ: xnat·

𝓜0 = 5  ∧  𝓣0 = t↑(𝓣0 + 1)  ∧  𝓻ʹ=1  ∧  𝔀ʹ=1  ∧  tʹ = t↑(𝓣0 + 1)

= tʹ=∞ 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Deadlock

new c, d? int·  (c?.  d! 6)  ||  (d?.  c! 7)

/22 64



Deadlock

new c, d? int·  (c?.  d! 6)  ||  (d?.  c! 7)

new c, d? int·  (t:= t↑(𝓣c 𝓻c + 1).  c?.  d! 6)  ||  (t:= t↑(𝓣d 𝓻d + 1).  d?.  c! 7)
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Deadlock

new c, d? int·  (c?.  d! 6)  ||  (d?.  c! 7)

new c, d? int·  (t:= t↑(𝓣c 𝓻c + 1).  c?.  d! 6)  ||  (t:= t↑(𝓣d 𝓻d + 1).  d?.  c! 7)

= ∃𝓜c, 𝓜d: ∞*int· ∃𝓣c, 𝓣d: ∞*xnat· ∃𝓻c, 𝓻cʹ, 𝔀c, 𝔀cʹ, 𝓻d, 𝓻dʹ, 𝔀d, 𝔀dʹ: xnat·

𝓜d 0 = 6  ∧  𝓜c 0 = 7  ∧  𝓻cʹ = 𝔀cʹ = 𝓻dʹ = 𝔀dʹ = 1

∧ 𝓣c 0 = t↑(𝓣d 0 + 1)  ∧  𝓣d 0 = t↑(𝓣c 0 + 1)

∧ tʹ = t↑(𝓣d 0 + 1)↑(𝓣c 0 + 1)
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Deadlock

new c, d? int·  (c?.  d! 6)  ||  (d?.  c! 7)

new c, d? int·  (t:= t↑(𝓣c 𝓻c + 1).  c?.  d! 6)  ||  (t:= t↑(𝓣d 𝓻d + 1).  d?.  c! 7)

= ∃𝓜c, 𝓜d: ∞*int· ∃𝓣c, 𝓣d: ∞*xnat· ∃𝓻c, 𝓻cʹ, 𝔀c, 𝔀cʹ, 𝓻d, 𝓻dʹ, 𝔀d, 𝔀dʹ: xnat·

𝓜d 0 = 6  ∧  𝓜c 0 = 7  ∧  𝓻cʹ = 𝔀cʹ = 𝓻dʹ = 𝔀dʹ = 1

∧ 𝓣c 0 = t↑(𝓣d 0 + 1)  ∧  𝓣d 0 = t↑(𝓣c 0 + 1)  ←
∧ tʹ = t↑(𝓣d 0 + 1)↑(𝓣c 0 + 1)
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Deadlock

new c, d? int·  (c?.  d! 6)  ||  (d?.  c! 7)

new c, d? int·  (t:= t↑(𝓣c 𝓻c + 1).  c?.  d! 6)  ||  (t:= t↑(𝓣d 𝓻d + 1).  d?.  c! 7)

= ∃𝓜c, 𝓜d: ∞*int· ∃𝓣c, 𝓣d: ∞*xnat· ∃𝓻c, 𝓻cʹ, 𝔀c, 𝔀cʹ, 𝓻d, 𝓻dʹ, 𝔀d, 𝔀dʹ: xnat·

𝓜d 0 = 6  ∧  𝓜c 0 = 7  ∧  𝓻cʹ = 𝔀cʹ = 𝓻dʹ = 𝔀dʹ = 1

∧ 𝓣c 0 = t↑(𝓣d 0 + 1)  ∧  𝓣d 0 = t↑(𝓣c 0 + 1)

∧ tʹ = t↑(𝓣d 0 + 1)↑(𝓣c 0 + 1)   ←
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Deadlock

new c, d? int·  (c?.  d! 6)  ||  (d?.  c! 7)

new c, d? int·  (t:= t↑(𝓣c 𝓻c + 1).  c?.  d! 6)  ||  (t:= t↑(𝓣d 𝓻d + 1).  d?.  c! 7)

= ∃𝓜c, 𝓜d: ∞*int· ∃𝓣c, 𝓣d: ∞*xnat· ∃𝓻c, 𝓻cʹ, 𝔀c, 𝔀cʹ, 𝓻d, 𝓻dʹ, 𝔀d, 𝔀dʹ: xnat·

𝓜d 0 = 6  ∧  𝓜c 0 = 7  ∧  𝓻cʹ = 𝔀cʹ = 𝓻dʹ = 𝔀dʹ = 1

∧ 𝓣c 0 = t↑(𝓣d 0 + 1)  ∧  𝓣d 0 = t↑(𝓣c 0 + 1)

∧ tʹ = t↑(𝓣d 0 + 1)↑(𝓣c 0 + 1)

= tʹ=∞ 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Power Series Multiplication
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Power Series Multiplication

Input on channel  a :  a0 a1 a2 ... 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Power Series Multiplication

Input on channel  a :  a0 a1 a2 ... A  =  a0 + a1×x + a2×x2 + ... 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Power Series Multiplication

Input on channel  a :  a0 a1 a2 ... A  =  a0 + a1×x + a2×x2 + ...

Input on channel  b :  b0 b1 b2 ...  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Power Series Multiplication

Input on channel  a :  a0 a1 a2 ... A  =  a0 + a1×x + a2×x2 + ...

Input on channel  b :  b0 b1 b2 ... B  =  b0 + b1×x + b2×x2 + ... 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Power Series Multiplication

Input on channel  a :  a0 a1 a2 ... A  =  a0 + a1×x + a2×x2 + ...

Input on channel  b :  b0 b1 b2 ... B  =  b0 + b1×x + b2×x2 + ...

Output on channel  c :  c0 c1 c2 ... 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Power Series Multiplication

Input on channel  a :  a0 a1 a2 ... A  =  a0 + a1×x + a2×x2 + ...

Input on channel  b :  b0 b1 b2 ... B  =  b0 + b1×x + b2×x2 + ...

Output on channel  c :  c0 c1 c2 ... C  =  c0 + c1×x + c2×x2 + ... 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Power Series Multiplication

Input on channel  a :  a0 a1 a2 ... A  =  a0 + a1×x + a2×x2 + ...

Input on channel  b :  b0 b1 b2 ... B  =  b0 + b1×x + b2×x2 + ...

Output on channel  c :  c0 c1 c2 ... C  =  c0 + c1×x + c2×x2 + ...

C   =   A × B  
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Power Series Multiplication

Input on channel  a :  a0 a1 a2 ... A  =  a0 + a1×x + a2×x2 + ...

Input on channel  b :  b0 b1 b2 ... B  =  b0 + b1×x + b2×x2 + ...

Output on channel  c :  c0 c1 c2 ... C  =  c0 + c1×x + c2×x2 + ...

C   =   A × B   =   a0×b0 + (a0×b1 + a1×b0)x + (a0×b2 + a1×b1 + a2×b0)×x2 + ...
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Power Series Multiplication

Input on channel  a :  a0 a1 a2 ... A  =  a0 + a1×x + a2×x2 + ...

Input on channel  b :  b0 b1 b2 ... B  =  b0 + b1×x + b2×x2 + ...

Output on channel  c :  c0 c1 c2 ... C  =  c0 + c1×x + c2×x2 + ...

A1  =  a1 + a2×x + a3×x2 + ... B1  =  b1 + b2×x + b3×x2 + ...

A2  =  a2 + a3×x + a4×x2 + ... B2  =  b2 + b3×x + b4×x2 + ...

C   =   A × B   =   a0×b0 + (a0×b1 + a1×b0)x + (a0×b2 + a1×b1 + a2×b0)×x2 + ...
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Power Series Multiplication

Input on channel  a :  a0 a1 a2 ... A  =  a0 + a1×x + a2×x2 + ...

Input on channel  b :  b0 b1 b2 ... B  =  b0 + b1×x + b2×x2 + ...

Output on channel  c :  c0 c1 c2 ... C  =  c0 + c1×x + c2×x2 + ...

A1  =  a1 + a2×x + a3×x2 + ... B1  =  b1 + b2×x + b3×x2 + ...

A2  =  a2 + a3×x + a4×x2 + ... B2  =  b2 + b3×x + b4×x2 + ...

C   =   A × B   =   a0×b0 + (a0×b1 + a1×b0)x + (a0×b2 + a1×b1 + a2×b0)×x2 + ...

                                                                                                      ↑ 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Power Series Multiplication

Input on channel  a :  a0 a1 a2 ... A  =  a0 + a1×x + a2×x2 + ...

Input on channel  b :  b0 b1 b2 ... B  =  b0 + b1×x + b2×x2 + ...

Output on channel  c :  c0 c1 c2 ... C  =  c0 + c1×x + c2×x2 + ...

A1  =  a1 + a2×x + a3×x2 + ... B1  =  b1 + b2×x + b3×x2 + ...

A2  =  a2 + a3×x + a4×x2 + ... B2  =  b2 + b3×x + b4×x2 + ...

C   =   A × B   =   a0×b0 + (a0×b1 + a1×b0)x + (a0×b2 + a1×b1 + a2×b0)×x2 + ...

                                                              ↑    ↑ ↑    ↑ 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Power Series Multiplication

Input on channel  a :  a0 a1 a2 ... A  =  a0 + a1×x + a2×x2 + ...

Input on channel  b :  b0 b1 b2 ... B  =  b0 + b1×x + b2×x2 + ...

Output on channel  c :  c0 c1 c2 ... C  =  c0 + c1×x + c2×x2 + ...

A1  =  a1 + a2×x + a3×x2 + ... B1  =  b1 + b2×x + b3×x2 + ...

A2  =  a2 + a3×x + a4×x2 + ... B2  =  b2 + b3×x + b4×x2 + ...

C   =   A × B   =   a0×b0 + (a0×b1 + a1×b0)x + (a0×B2 + A1×B1 + A2×b0)×x2
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Power Series Multiplication

Input on channel  a :  a0 a1 a2 ... A  =  a0 + a1×x + a2×x2 + ...

Input on channel  b :  b0 b1 b2 ... B  =  b0 + b1×x + b2×x2 + ...

Output on channel  c :  c0 c1 c2 ... C  =  c0 + c1×x + c2×x2 + ...

A1  =  a1 + a2×x + a3×x2 + ... B1  =  b1 + b2×x + b3×x2 + ...

A2  =  a2 + a3×x + a4×x2 + ... B2  =  b2 + b3×x + b4×x2 + ...

C   =   A × B   =   a0×b0 + (a0×b1 + a1×b0)x + (a0×B2 + A1×B1 + A2×b0)×x2

                                                           ↑                        ↑ 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Power Series Multiplication

Input on channel  a :  a0 a1 a2 ... A  =  a0 + a1×x + a2×x2 + ...

Input on channel  b :  b0 b1 b2 ... B  =  b0 + b1×x + b2×x2 + ...

Output on channel  c :  c0 c1 c2 ... C  =  c0 + c1×x + c2×x2 + ...

A1  =  a1 + a2×x + a3×x2 + ... B1  =  b1 + b2×x + b3×x2 + ...

A2  =  a2 + a3×x + a4×x2 + ... B2  =  b2 + b3×x + b4×x2 + ...

C   =   A × B   =   a0×b0 + (a0×b1 + a1×b0)x + (a0×B2 + A1×B1 + A2×b0)×x2

                                                                         ↑ 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Power Series Multiplication

Input on channel  a :  a0 a1 a2 ... A  =  a0 + a1×x + a2×x2 + ...

Input on channel  b :  b0 b1 b2 ... B  =  b0 + b1×x + b2×x2 + ...

Output on channel  c :  c0 c1 c2 ... C  =  c0 + c1×x + c2×x2 + ...

A1  =  a1 + a2×x + a3×x2 + ... B1  =  b1 + b2×x + b3×x2 + ...

A2  =  a2 + a3×x + a4×x2 + ... B2  =  b2 + b3×x + b4×x2 + ...

C   =   A × B   =   a0×b0 + (a0×b1 + a1×b0)x + (a0×B2 + A1×B1 + A2×b0)×x2

C = A×B
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Power Series Multiplication

Input on channel  a :  a0 a1 a2 ... A  =  a0 + a1×x + a2×x2 + ...

Input on channel  b :  b0 b1 b2 ... B  =  b0 + b1×x + b2×x2 + ...

Output on channel  c :  c0 c1 c2 ... C  =  c0 + c1×x + c2×x2 + ...

A1  =  a1 + a2×x + a3×x2 + ... B1  =  b1 + b2×x + b3×x2 + ...

A2  =  a2 + a3×x + a4×x2 + ... B2  =  b2 + b3×x + b4×x2 + ...

C   =   A × B   =   a0×b0 + (a0×b1 + a1×b0)x + (a0×B2 + A1×B1 + A2×b0)×x2

〈c? rat· C = A×B〉
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Power Series Multiplication

Input on channel  a :  a0 a1 a2 ... A  =  a0 + a1×x + a2×x2 + ...

Input on channel  b :  b0 b1 b2 ... B  =  b0 + b1×x + b2×x2 + ...

Output on channel  c :  c0 c1 c2 ... C  =  c0 + c1×x + c2×x2 + ...

A1  =  a1 + a2×x + a3×x2 + ... B1  =  b1 + b2×x + b3×x2 + ...

A2  =  a2 + a3×x + a4×x2 + ... B2  =  b2 + b3×x + b4×x2 + ...

C   =   A × B   =   a0×b0 + (a0×b1 + a1×b0)x + (a0×B2 + A1×B1 + A2×b0)×x2

〈c? rat· C = A×B〉 c
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Power Series Multiplication

Input on channel  a :  a0 a1 a2 ... A  =  a0 + a1×x + a2×x2 + ...

Input on channel  b :  b0 b1 b2 ... B  =  b0 + b1×x + b2×x2 + ...

Output on channel  c :  c0 c1 c2 ... C  =  c0 + c1×x + c2×x2 + ...

A1  =  a1 + a2×x + a3×x2 + ... B1  =  b1 + b2×x + b3×x2 + ...

A2  =  a2 + a3×x + a4×x2 + ... B2  =  b2 + b3×x + b4×x2 + ...

C   =   A × B   =   a0×b0 + (a0×b1 + a1×b0)x + (a0×B2 + A1×B1 + A2×b0)×x2

〈c? rat· C = A×B〉 c    ⇐ (a? || b?).  c! a×b.

new a0: rat := a·  new b0: rat := b·  new d? rat·

〈c? rat· C = A×B〉 d

|| ((a? || b?).  c! a0×b + a×b0.  C = a0×B + D + A×b0)

C = a0×B + D + A×b0    ⇐   (a? || b? || d?).  c! a0×b + d + a×b0.  C = a0×B + D + A×b0 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Power Series Multiplication

Input on channel  a :  a0 a1 a2 ... A  =  a0 + a1×x + a2×x2 + ...

Input on channel  b :  b0 b1 b2 ... B  =  b0 + b1×x + b2×x2 + ...

Output on channel  c :  c0 c1 c2 ... C  =  c0 + c1×x + c2×x2 + ...

A1  =  a1 + a2×x + a3×x2 + ... B1  =  b1 + b2×x + b3×x2 + ...

A2  =  a2 + a3×x + a4×x2 + ... B2  =  b2 + b3×x + b4×x2 + ...

C   =   A × B   =   a0×b0 + (a0×b1 + a1×b0)x + (a0×B2 + A1×B1 + A2×b0)×x2

                                                ↓  ↓
〈c? rat· C = A×B〉 c    ⇐ (a? || b?).  c! a×b.

new a0: rat := a·  new b0: rat := b·  new d? rat·

〈c? rat· C = A×B〉 d

|| ((a? || b?).  c! a0×b + a×b0.  C = a0×B + D + A×b0)

C = a0×B + D + A×b0    ⇐   (a? || b? || d?).  c! a0×b + d + a×b0.  C = a0×B + D + A×b0 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Power Series Multiplication

Input on channel  a :  a0 a1 a2 ... A  =  a0 + a1×x + a2×x2 + ...

Input on channel  b :  b0 b1 b2 ... B  =  b0 + b1×x + b2×x2 + ...

Output on channel  c :  c0 c1 c2 ... C  =  c0 + c1×x + c2×x2 + ...

A1  =  a1 + a2×x + a3×x2 + ... B1  =  b1 + b2×x + b3×x2 + ...

A2  =  a2 + a3×x + a4×x2 + ... B2  =  b2 + b3×x + b4×x2 + ...

C   =   A × B   =   a0×b0 + (a0×b1 + a1×b0)x + (a0×B2 + A1×B1 + A2×b0)×x2

                              ↑                                  ↓
〈c? rat· C = A×B〉 c    ⇐ (a? || b?).  c! a×b.

new a0: rat := a·  new b0: rat := b·  new d? rat·

〈c? rat· C = A×B〉 d

|| ((a? || b?).  c! a0×b + a×b0.  C = a0×B + D + A×b0)

C = a0×B + D + A×b0    ⇐   (a? || b? || d?).  c! a0×b + d + a×b0.  C = a0×B + D + A×b0 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Power Series Multiplication

Input on channel  a :  a0 a1 a2 ... A  =  a0 + a1×x + a2×x2 + ...

Input on channel  b :  b0 b1 b2 ... B  =  b0 + b1×x + b2×x2 + ...

Output on channel  c :  c0 c1 c2 ... C  =  c0 + c1×x + c2×x2 + ...

A1  =  a1 + a2×x + a3×x2 + ... B1  =  b1 + b2×x + b3×x2 + ...

A2  =  a2 + a3×x + a4×x2 + ... B2  =  b2 + b3×x + b4×x2 + ...

C   =   A × B   =   a0×b0 + (a0×b1 + a1×b0)x + (a0×B2 + A1×B1 + A2×b0)×x2

〈c? rat· C = A×B〉 c    ⇐ (a? || b?).  c! a×b.

          → new a0: rat := a·  new b0: rat := b·  new d? rat·

〈c? rat· C = A×B〉 d

|| ((a? || b?).  c! a0×b + a×b0.  C = a0×B + D + A×b0)

C = a0×B + D + A×b0    ⇐   (a? || b? || d?).  c! a0×b + d + a×b0.  C = a0×B + D + A×b0 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Power Series Multiplication

Input on channel  a :  a0 a1 a2 ... A  =  a0 + a1×x + a2×x2 + ...

Input on channel  b :  b0 b1 b2 ... B  =  b0 + b1×x + b2×x2 + ...

Output on channel  c :  c0 c1 c2 ... C  =  c0 + c1×x + c2×x2 + ...

A1  =  a1 + a2×x + a3×x2 + ... B1  =  b1 + b2×x + b3×x2 + ...

A2  =  a2 + a3×x + a4×x2 + ... B2  =  b2 + b3×x + b4×x2 + ...

C   =   A × B   =   a0×b0 + (a0×b1 + a1×b0)x + (a0×B2 + A1×B1 + A2×b0)×x2

〈c? rat· C = A×B〉 c    ⇐ (a? || b?).  c! a×b.

new a0: rat := a·  new b0: rat := b·  new d? rat·

            → 〈c? rat· C = A×B〉 d

|| ((a? || b?).  c! a0×b + a×b0.  C = a0×B + D + A×b0)

C = a0×B + D + A×b0    ⇐   (a? || b? || d?).  c! a0×b + d + a×b0.  C = a0×B + D + A×b0 

/50 64



Power Series Multiplication

Input on channel  a :  a0 a1 a2 ... A  =  a0 + a1×x + a2×x2 + ...

Input on channel  b :  b0 b1 b2 ... B  =  b0 + b1×x + b2×x2 + ...

Output on channel  c :  c0 c1 c2 ... C  =  c0 + c1×x + c2×x2 + ...

A1  =  a1 + a2×x + a3×x2 + ... B1  =  b1 + b2×x + b3×x2 + ...

A2  =  a2 + a3×x + a4×x2 + ... B2  =  b2 + b3×x + b4×x2 + ...

C   =   A × B   =   a0×b0 + (a0×b1 + a1×b0)x + (a0×B2 + A1×B1 + A2×b0)×x2

                                                                                         ↑
〈c? rat· C = A×B〉 c    ⇐ (a? || b?).  c! a×b.

new a0: rat := a·  new b0: rat := b·  new d? rat·

            → 〈c? rat· C = A×B〉 d

|| ((a? || b?).  c! a0×b + a×b0.  C = a0×B + D + A×b0)

C = a0×B + D + A×b0    ⇐   (a? || b? || d?).  c! a0×b + d + a×b0.  C = a0×B + D + A×b0 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Power Series Multiplication

Input on channel  a :  a0 a1 a2 ... A  =  a0 + a1×x + a2×x2 + ...

Input on channel  b :  b0 b1 b2 ... B  =  b0 + b1×x + b2×x2 + ...

Output on channel  c :  c0 c1 c2 ... C  =  c0 + c1×x + c2×x2 + ...

A1  =  a1 + a2×x + a3×x2 + ... B1  =  b1 + b2×x + b3×x2 + ...

A2  =  a2 + a3×x + a4×x2 + ... B2  =  b2 + b3×x + b4×x2 + ...

C   =   A × B   =   a0×b0 + (a0×b1 + a1×b0)x + (a0×B2 + A1×B1 + A2×b0)×x2

〈c? rat· C = A×B〉 c    ⇐ (a? || b?).  c! a×b.

new a0: rat := a·  new b0: rat := b·  new d? rat·

           〈c? rat· C = A×B〉 d

        → || ((a? || b?).  c! a0×b + a×b0.  C = a0×B + D + A×b0)

C = a0×B + D + A×b0    ⇐   (a? || b? || d?).  c! a0×b + d + a×b0.  C = a0×B + D + A×b0 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Power Series Multiplication

Input on channel  a :  a0 a1 a2 ... A  =  a0 + a1×x + a2×x2 + ...

Input on channel  b :  b0 b1 b2 ... B  =  b0 + b1×x + b2×x2 + ...

Output on channel  c :  c0 c1 c2 ... C  =  c0 + c1×x + c2×x2 + ...

A1  =  a1 + a2×x + a3×x2 + ... B1  =  b1 + b2×x + b3×x2 + ...

A2  =  a2 + a3×x + a4×x2 + ... B2  =  b2 + b3×x + b4×x2 + ...

C   =   A × B   =   a0×b0 + (a0×b1 + a1×b0)x + (a0×B2 + A1×B1 + A2×b0)×x2

〈c? rat· C = A×B〉 c    ⇐ (a? || b?).  c! a×b.

new a0: rat := a·  new b0: rat := b·  new d? rat·

           〈c? rat· C = A×B〉 d

|| ((a? || b?).  c! a0×b + a×b0.  C = a0×B + D + A×b0)

                                                       ↑   ↑
C = a0×B + D + A×b0    ⇐   (a? || b? || d?).  c! a0×b + d + a×b0.  C = a0×B + D + A×b0 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Power Series Multiplication

Input on channel  a :  a0 a1 a2 ... A  =  a0 + a1×x + a2×x2 + ...

Input on channel  b :  b0 b1 b2 ... B  =  b0 + b1×x + b2×x2 + ...

Output on channel  c :  c0 c1 c2 ... C  =  c0 + c1×x + c2×x2 + ...

A1  =  a1 + a2×x + a3×x2 + ... B1  =  b1 + b2×x + b3×x2 + ...

A2  =  a2 + a3×x + a4×x2 + ... B2  =  b2 + b3×x + b4×x2 + ...

C   =   A × B   =   a0×b0 + (a0×b1 + a1×b0)x + (a0×B2 + A1×B1 + A2×b0)×x2

                                                   ↑
〈c? rat· C = A×B〉 c    ⇐ (a? || b?).  c! a×b.

new a0: rat := a·  new b0: rat := b·  new d? rat·

           〈c? rat· C = A×B〉 d

|| ((a? || b?).  c! a0×b + a×b0.  C = a0×B + D + A×b0)

                                                                                  ↑
C = a0×B + D + A×b0    ⇐   (a? || b? || d?).  c! a0×b + d + a×b0.  C = a0×B + D + A×b0 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Power Series Multiplication

Input on channel  a :  a0 a1 a2 ... A  =  a0 + a1×x + a2×x2 + ...

Input on channel  b :  b0 b1 b2 ... B  =  b0 + b1×x + b2×x2 + ...

Output on channel  c :  c0 c1 c2 ... C  =  c0 + c1×x + c2×x2 + ...

A1  =  a1 + a2×x + a3×x2 + ... B1  =  b1 + b2×x + b3×x2 + ...

A2  =  a2 + a3×x + a4×x2 + ... B2  =  b2 + b3×x + b4×x2 + ...

C   =   A × B   =   a0×b0 + (a0×b1 + a1×b0)x + (a0×B2 + A1×B1 + A2×b0)×x2

〈c? rat· C = A×B〉 c    ⇐ (a? || b?).  c! a×b.

new a0: rat := a·  new b0: rat := b·  new d? rat·

           〈c? rat· C = A×B〉 d

|| ((a? || b?).  c! a0×b + a×b0.  C = a0×B + D + A×b0)

                                                                                                    ↑
C = a0×B + D + A×b0    ⇐   (a? || b? || d?).  c! a0×b + d + a×b0.  C = a0×B + D + A×b0 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Power Series Multiplication

Input on channel  a :  a0 a1 a2 ... A  =  a0 + a1×x + a2×x2 + ...

Input on channel  b :  b0 b1 b2 ... B  =  b0 + b1×x + b2×x2 + ...

Output on channel  c :  c0 c1 c2 ... C  =  c0 + c1×x + c2×x2 + ...

A1  =  a1 + a2×x + a3×x2 + ... B1  =  b1 + b2×x + b3×x2 + ...

A2  =  a2 + a3×x + a4×x2 + ... B2  =  b2 + b3×x + b4×x2 + ...

C   =   A × B   =   a0×b0 + (a0×b1 + a1×b0)x + (a0×B2 + A1×B1 + A2×b0)×x2

〈c? rat· C = A×B〉 c    ⇐ (a? || b?).  c! a×b.

new a0: rat := a·  new b0: rat := b·  new d? rat·

           〈c? rat· C = A×B〉 d

|| ((a? || b?).  c! a0×b + a×b0.  C = a0×B + D + A×b0)

                                               ↓  ↓
C = a0×B + D + A×b0    ⇐   (a? || b? || d?).  c! a0×b + d + a×b0.  C = a0×B + D + A×b0 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Power Series Multiplication

Input on channel  a :  a0 a1 a2 ... A  =  a0 + a1×x + a2×x2 + ...

Input on channel  b :  b0 b1 b2 ... B  =  b0 + b1×x + b2×x2 + ...

Output on channel  c :  c0 c1 c2 ... C  =  c0 + c1×x + c2×x2 + ...

A1  =  a1 + a2×x + a3×x2 + ... B1  =  b1 + b2×x + b3×x2 + ...

A2  =  a2 + a3×x + a4×x2 + ... B2  =  b2 + b3×x + b4×x2 + ...

C   =   A × B   =   a0×b0 + (a0×b1 + a1×b0)x + (a0×B2 + A1×B1 + A2×b0)×x2

〈c? rat· C = A×B〉 c    ⇐ (a? || b?).  c! a×b.

new a0: rat := a·  new b0: rat := b·  new d? rat·

           〈c? rat· C = A×B〉 d

|| ((a? || b?).  c! a0×b + a×b0.  C = a0×B + D + A×b0)

                                               ↓  ↓   ↓
C = a0×B + D + A×b0    ⇐   (a? || b? || d?).  c! a0×b + d + a×b0.  C = a0×B + D + A×b0 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Power Series Multiplication

Input on channel  a :  a0 a1 a2 ... A  =  a0 + a1×x + a2×x2 + ...

Input on channel  b :  b0 b1 b2 ... B  =  b0 + b1×x + b2×x2 + ...

Output on channel  c :  c0 c1 c2 ... C  =  c0 + c1×x + c2×x2 + ...

A1  =  a1 + a2×x + a3×x2 + ... B1  =  b1 + b2×x + b3×x2 + ...

A2  =  a2 + a3×x + a4×x2 + ... B2  =  b2 + b3×x + b4×x2 + ...

C   =   A × B   =   a0×b0 + (a0×b1 + a1×b0)x + (a0×B2 + A1×B1 + A2×b0)×x2

                                                                           ↑
〈c? rat· C = A×B〉 c    ⇐ (a? || b?).  c! a×b.

new a0: rat := a·  new b0: rat := b·  new d? rat·

           〈c? rat· C = A×B〉 d

|| ((a? || b?).  c! a0×b + a×b0.  C = a0×B + D + A×b0)

                                                                             ↓
C = a0×B + D + A×b0    ⇐   (a? || b? || d?).  c! a0×b + d + a×b0.  C = a0×B + D + A×b0 

/58 64



Power Series Multiplication

Input on channel  a :  a0 a1 a2 ... A  =  a0 + a1×x + a2×x2 + ...

Input on channel  b :  b0 b1 b2 ... B  =  b0 + b1×x + b2×x2 + ...

Output on channel  c :  c0 c1 c2 ... C  =  c0 + c1×x + c2×x2 + ...

A1  =  a1 + a2×x + a3×x2 + ... B1  =  b1 + b2×x + b3×x2 + ...

A2  =  a2 + a3×x + a4×x2 + ... B2  =  b2 + b3×x + b4×x2 + ...

C   =   A × B   =   a0×b0 + (a0×b1 + a1×b0)x + (a0×B2 + A1×B1 + A2×b0)×x2

                                                                                         ↑
〈c? rat· C = A×B〉 c    ⇐ (a? || b?).  c! a×b.

new a0: rat := a·  new b0: rat := b·  new d? rat·

           〈c? rat· C = A×B〉 d

|| ((a? || b?).  c! a0×b + a×b0.  C = a0×B + D + A×b0)

                                                                                     ↓
C = a0×B + D + A×b0    ⇐   (a? || b? || d?).  c! a0×b + d + a×b0.  C = a0×B + D + A×b0 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Power Series Multiplication

Input on channel  a :  a0 a1 a2 ... A  =  a0 + a1×x + a2×x2 + ...

Input on channel  b :  b0 b1 b2 ... B  =  b0 + b1×x + b2×x2 + ...

Output on channel  c :  c0 c1 c2 ... C  =  c0 + c1×x + c2×x2 + ...

A1  =  a1 + a2×x + a3×x2 + ... B1  =  b1 + b2×x + b3×x2 + ...

A2  =  a2 + a3×x + a4×x2 + ... B2  =  b2 + b3×x + b4×x2 + ...

C   =   A × B   =   a0×b0 + (a0×b1 + a1×b0)x + (a0×B2 + A1×B1 + A2×b0)×x2

                                                                                                       ↑
〈c? rat· C = A×B〉 c    ⇐ (a? || b?).  c! a×b.

new a0: rat := a·  new b0: rat := b·  new d? rat·

           〈c? rat· C = A×B〉 d

|| ((a? || b?).  c! a0×b + a×b0.  C = a0×B + D + A×b0)

                                                                                              ↓
C = a0×B + D + A×b0    ⇐   (a? || b? || d?).  c! a0×b + d + a×b0.  C = a0×B + D + A×b0 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Power Series Multiplication

Input on channel  a :  a0 a1 a2 ... A  =  a0 + a1×x + a2×x2 + ...

Input on channel  b :  b0 b1 b2 ... B  =  b0 + b1×x + b2×x2 + ...

Output on channel  c :  c0 c1 c2 ... C  =  c0 + c1×x + c2×x2 + ...

A1  =  a1 + a2×x + a3×x2 + ... B1  =  b1 + b2×x + b3×x2 + ...

A2  =  a2 + a3×x + a4×x2 + ... B2  =  b2 + b3×x + b4×x2 + ...

C   =   A × B   =   a0×b0 + (a0×b1 + a1×b0)x + (a0×B2 + A1×B1 + A2×b0)×x2

〈c? rat· C = A×B〉 c    ⇐ (a? || b?).  c! a×b.

new a0: rat := a·  new b0: rat := b·  new d? rat·

           〈c? rat· C = A×B〉 d

|| ((a? || b?).  c! a0×b + a×b0.  C = a0×B + D + A×b0)

                                                                                                          ↓
C = a0×B + D + A×b0    ⇐   (a? || b? || d?).  c! a0×b + d + a×b0.  C = a0×B + D + A×b0 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Power Series Multiplication

Input on channel  a :  a0 a1 a2 ... A  =  a0 + a1×x + a2×x2 + ...

Input on channel  b :  b0 b1 b2 ... B  =  b0 + b1×x + b2×x2 + ...

Output on channel  c :  c0 c1 c2 ... C  =  c0 + c1×x + c2×x2 + ...

A1  =  a1 + a2×x + a3×x2 + ... B1  =  b1 + b2×x + b3×x2 + ...

A2  =  a2 + a3×x + a4×x2 + ... B2  =  b2 + b3×x + b4×x2 + ...

C   =   A × B   =   a0×b0 + (a0×b1 + a1×b0)x + (a0×B2 + A1×B1 + A2×b0)×x2

〈c? rat· C = A×B〉 c    ⇐ (a? || b?).  c! a×b.

new a0: rat := a·  new b0: rat := b·  new d? rat·

           〈c? rat· C = A×B〉 d

|| ((a? || b?).  c! a0×b + a×b0.  C = a0×B + D + A×b0)

C = a0×B + D + A×b0    ⇐   (a? || b? || d?).  c! a0×b + d + a×b0.  C = a0×B + D + A×b0 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Power Series Multiplication

Input on channel  a :  a0 a1 a2 ... A  =  a0 + a1×x + a2×x2 + ...

Input on channel  b :  b0 b1 b2 ... B  =  b0 + b1×x + b2×x2 + ...

Output on channel  c :  c0 c1 c2 ... C  =  c0 + c1×x + c2×x2 + ...

A1  =  a1 + a2×x + a3×x2 + ... B1  =  b1 + b2×x + b3×x2 + ...

A2  =  a2 + a3×x + a4×x2 + ... B2  =  b2 + b3×x + b4×x2 + ...

C   =   A × B   =   a0×b0 + (a0×b1 + a1×b0)x + (a0×B2 + A1×B1 + A2×b0)×x2

〈c? rat· C = A×B〉 c    ⇐ (a? || b?).  c! a×b.

         → new a0: rat := a·  new b0: rat := b·  new d? rat·

           〈c? rat· C = A×B〉 d

|| ((a? || b?).  c! a0×b + a×b0.  C = a0×B + D + A×b0)

C = a0×B + D + A×b0    ⇐   (a? || b? || d?).  c! a0×b + d + a×b0.  C = a0×B + D + A×b0 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Power Series Multiplication

Input on channel  a :  a0 a1 a2 ... A  =  a0 + a1×x + a2×x2 + ...

Input on channel  b :  b0 b1 b2 ... B  =  b0 + b1×x + b2×x2 + ...

Output on channel  c :  c0 c1 c2 ... C  =  c0 + c1×x + c2×x2 + ...

A1  =  a1 + a2×x + a3×x2 + ... B1  =  b1 + b2×x + b3×x2 + ...

A2  =  a2 + a3×x + a4×x2 + ... B2  =  b2 + b3×x + b4×x2 + ...

C   =   A × B   =   a0×b0 + (a0×b1 + a1×b0)x + (a0×B2 + A1×B1 + A2×b0)×x2

〈c? rat· C = A×B〉 c    ⇐ (a? || b?).  c! a×b.

        new a0: rat := a·  new b0: rat := b·  new d? rat·

        →   〈c? rat· C = A×B〉 d

        → || ((a? || b?).  c! a0×b + a×b0.  C = a0×B + D + A×b0)

C = a0×B + D + A×b0    ⇐   (a? || b? || d?).  c! a0×b + d + a×b0.  C = a0×B + D + A×b0
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