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This is how | write 7-calculus things. ..

Term P, Q, R
n=vx.P
| x[y]-P
| x(y)-P
| 0
(P Q)

| x>y

create a new channel x, then run P
send a channel y over x, then run P
receive a channel y over x, then run P
halt

run P and Q in parallel

forward all messages on x to y and vice versa



This is how | write 7-calculus things. ..

Term P, Q, R

| x[inl].P send a bit (inl) over x, then run P
| x[inr].P send a bit (inr) over x, then run P

| case x {P; Q} receive a bit over x, then run P or Q



This is how | write 7-calculus things. ..

Term P, Q, R

| x[].P send a ping over x, then run P
| x().P receive a ping over x, then run P

| case x {} loop



Local choice

P+Q



Non-determinism in the 7-calculus (or “global” choice)

vx.(x(y).P | x(2).Q | x[a].x[b].0)

(P{a/y} | Q{b/z}) (P{b/y} | Q{a/z})



Example: a patisserie

v x(m). % | x(m). % | x[®x[©]0 )
(${o/m} [ {©/m}) (${®/m} [£{©/m})



Pros and cons

Local choice Global choice
Pros: Pros:
o It's pretty simple. .. o It's inherent in the m-calculus!

o We have typing rules. ..

Cons: Cons:
o Everything else! o We don't have typing rules. ..



Encoding global choice using local choice

(P{a/y} | Q{b/z}) + (P{b/y} | Q{a/z})

(P{a/y} | Q{b/z}) (P{b/y} | Q{a/z})



Encoding global choice using local choice

(${0/m} [${@/m}) + (1{®/m} [£{©/m})

(${o/m} [£{®/m}) (${®/m} [£{©/m})



Local choice is not modular

If we extend. ..
vx.(x(y).P | x(z).Q | x[a].x[b].0)
...to. ..

vx.(x(y).P | x(2).Q | x(w).R | x[a].x[b].x[c].0)



Local choice is not modular

Then we must extend. ..

(P{a/y} | @{b/z}) + (P{b/y} | Q{a/z})

...to. ..

(P{a/y} | Q{b/z} | R{c/w})
(P{b/y} | Q{a/z} | R{c/w})
(P{a/y} | Q{c/z} | R{b/w})
(P{b/y} | Q{c/z} | R{a/w})
( )
( )

+ o+ o+t

P{c/y} | Q{a/z} | R{b/w}
P{c/y} | Q{b/z} | R{a/w}



Encoding local choice using global choice

vx.(case x {P; 0} | case x {Q; 0} | x[inl].x[inr].0)



Example: a patisserie

v x(m). % | x(m). % | x[®x[©]0 )
(${o/m} [ {©/m}) (${®/m} [£{©/m})



Classical Processes—Input and Output

Type A, B:=a|at |A®B|A®B

T AX
xybExi Ay A

PHT,x: A QF A, x: AL
vx.(P|Q)FT,A

Cut

PFET, y:A QFAx:B
xy.(P| Q) FT,A;x:A® B

PHT,y:Ax:B
x(y)PFT,x: A% B




Classical Processes—Input and Output

Type A, B:i=a|at |A®B|ABB

AX

xyFxi Ay AL

PHT,x: A QF A, x: AL
vx.(P|Q)FT,A

Cutr

PET,y:A QFAx:B
x[yL(P|QFTIAx:A® B

PHT,y :Ax:B
x(y)PFT,x: A% B

k)



Classical Processes—Input and Output

Type A, B:i=a|at |A®B|ABB

AX

xyFxi Ay AL

PHT,x: A QF A, x: AL
vx.(P|Q)FT,A

Cutr

PET,y:A QRFA,x: B
x[y.(P|QFTIAx:A® B

PHT,y :Ax:B
x(y)PFT,x: A% B

k)



Classical Processes—Input and Output

Type A, B:i=a|at |A®B|ABB

T AX
xyExi Ay A

PET,x: A QF A, x: AL
vx.(P|Q)FT,A

Cut

PFET y:A QFAx:B
xy (P Q) FT,Ax:A® B

PHT,y:Ax:B

x(y).PFT,x: A% B ?




Classical Processes—Choice and Selection

Type AB:=---|A®B|A&B
PET,x: A PHEI,x:B
: D1 - D2
x[inl ., PFT,x:A® B x[inr,PFT,x:A®d B

PHT,x: A QFA,x:B
case x {P;Q}FT,A,x: A& B
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Classical Processes—Units

Type A, B:=---|1|L|0|T
S PHT
x[0Fx:1 xOPF Ll —

T

(no rule for 0)  “case x {IFx:T

11



Example: a patisserie

v x(m). % | x(m). % | x[®x[©]0 )
(${o/m} [ {©/m}) (${®/m} [£{©/m})



Classical Processes—Input and Output

Type A, B:i=a|at |A®B|ABB

AX

xyFxi Ay AL

PHT,x: A QF A, x: AL
vx.(P|Q)FT,A

Cutr

PET,y:A QFAx:B
x[yL(P|QFTIAx:A® B

PHT,y :Ax:B
x(y)PFT,x: A% B

k)
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Non-Deterministic Classical Processes

Type A,B:i=--- | 7,A|1,A
Term P, Q,R ::=--- | ?x[y].P | 'x(y).P
PEI,y:A > PET,y:A '
X[y].PFT,x: 1A . Ix(y).PFT,x: 1A 1

PHET,x:7,Ay : 7,A
P{x/y}FT,x:?minA

CONTRACT

PHT,x:1,A QA x:1,A
(Pl QFT,Ax:1htnA

PooL

14



Example: a patisserie

PRLy:At QFAz: AL RF©,a:Ab:A )
Ix(y).PFT,x: 1AL Ix(2).QF A, x : LA+ .POOL ?x[a].?w[bl.RF©,x : 1A, w: A CONT
(x(y).P | 'x(2).-Q) F T, A, x : LAt ?x[a].?x[b].R - ©,x : 1A .

vx.(Ix(y).P | 'x(2).Q | ?x[a].?x[b].R) - T, A,©

5



Example: a patisserie

PW GM
S HT,y: AL I $FAz: AL i
PW ’ GM ’ 0F©,a:Ab: A
! L8 X AL ! LS EA x AL : - ?(2
X(y) ! );W & = X(Z) ! XcH PooL ?X[@].?W[@].O F e,X o ?1/47 w ?1/4 C(()?\IT
(Ix(y). % | 'x(2). 2)F T, A x: LAL 7x[@].7x[®].0F ©,x : 12A .
uT

vx.(1x(y). £11x(2). 3] 7x[0].2x[€].0) F T, A, ©

5



Cut-elimination procedure

PET,x:?7,A Q"A,X:!,,AJ‘
vx.(P|Q)FT,A

Cutr

16



Cut-elimination procedure

PEI,x:7,A
xTtyrynPEL 1 iAoyt A

Exp

PET,y1: Ay A QF A, x:1,A+
xlyi- o ynQFA

INT

16



Cut-elimination procedure

PEI,x:7,A Q"A,X:!,,AJ‘
vx.(P|Q)FT,A

Cutr

4

PET, x:7,A B
XAy Yy Py Ay A 00 QF A x: 1A
Iyt yn(xTyr-ynP|QFA

INT

16



Non-determinism

PET,x:7,A
XtyiynPET it Acoyn i A
x 1 shuffle(yr - yn).PET,y1: A-ciyp i A

Exp
ND
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Non-Deterministic Classical Processes

Type A,B:i=--- | 7,A|1,A
Term P, Q,R ::=--- | ?x[y].P | 'x(y).P
PEI,y:A > PET,y:A '
X[y].PFT,x: 1A . Ix(y).PFT,x: 1A 1

PHET,x:7,Ay : 7,A
P{x/y}FT,x:?minA

CONTRACT

PHT,x:1,A QA x:1,A
(Pl QFT,Ax:1htnA

PooL
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