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1 Polymorphic A-calculus (System F)

Types
A o= YA TLesAi | A=A X
| SSXAXX] | TIX-A[X, X] where A[—, +]
| uX.A[X] | vX.A[X] where A[+]
Parametricity isomorphisms for all
[[xA = A A
[[X.(B[X,X] = X) — A[X,X] = J[X.A[X,pY.(X+ B[X,Y])] Al—, 4], B[—, 4]
[IX.(Xx — B[X,X]) — A[X,X] = [[X.A[pY.(X x B[X,Y]),X] Al—,+], B[—,+]
[[X.AX,C xX] = J[X.A[C — X, X] Al—,+], C
[[X.A[X,Xx — B] = J[X.A[X— B,X] Al—,-], B
We deduce
[IX.(B[X,X] = X) — A[X] = A[l] Al=], B[-, +]
[IX.(Xx — B[X,X]) — A[X] = A0] A[+],B[—,+]
[[X.(B[X] = X) — AX] = A[uY.B[Y]] Al+], B[+
[[X.(x — B[X]) — A[X] =~ A[vY.B[Y]] A[-], B[+]
We also deduce isomorphisms dual to the above ones:
SXA ¢ A A
D X(BX,X] = X) x A[X,X] = Y XAlpY.(X+ B[XY]),X] | A[- +], B[-,+]
S X.(X — B[X,X]) x AX,X] = S X.AJX,vY.(X x BX,Y])] Al—,+], B[—,+]
SXAXC —X =2 YXAC XXX Al—,+], C
SXAX — B, X = Y XAXX— B Al+,+], B
2 X(BX,X] = X) x A[X] = A[l] Al+], B[, +]
> X.(X— B[X,X]) x A[X] = A[0] Al-].B[—, +]
> X.(B[X] = X) x AX] = A[uY.B[Y]] A[-], B[+]
>X.(X— B[X]) x A[X] = A@Y.B[Y]] Al+], B[+




2 Polymorphic call-by-push-value

Types
A = UB| YA | 1] AxA|X
| STX.A[X, X] where A[—, +]
| S X.AX X] where A[—, 4]
| vX.A[UBJX]] where A[+], B[+]
B u= FA|[[igBi| A—=B|X
| TIX.B[X, X] where B[—, +]
| TIX.B[X, X where B[, 4]
| pX.BIFA[X] where A[+], B[+]
Parametricity isomorphisms for all
SXA =2 A A
[[x4 = A A
STXX x AKX 2 S XA[m x X +n,X] A=, 4], m, n
[1X.x" — AX™, X] =2 J[X.A[X,m X X+ n] Al—,+], m, n
SX.UX — B[X,X]) x AX,X] = S X.A[X,vY.(X x UB[X,Y])] A[—,+], B[—,+]
[[X.U(X — B[X,X]) — AX,X] = J[XA[vY.(Xx UBIX,Y]),X] Al—,+], B[—, +]
SXA[U(X — B),X] = YXAX,UX — B)] Al+,+], B
[[XAX,U(X — B)] = J[XA[U(X — B),X] Al-, -], B
> XA = Aflg] Al]
[IXAX = Allg Al

Y XUBU(C = X),X] = X) x A[X, U(C — X)]

o~

SXA[uY.F(C x X+ BIX,Y]),X]

[IX.U(B[U(C — X),X] — X) — A[U(C — X),X]

~  J[X.A[X, uY.F(C x X+ B[X,Y])]

We deduce

DX x A[X]

[[X.x" — A

S XUX — B[X,X]) x 4]
[TX.U (X — BIX, X)) — A[X

> XU(B[X] — X) x A

[[X.U(B[X] — X) — A]
> X(U(X — B[X]) x
[[XU(X — B[X]) — A[X]
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3 Polymorphic calculus of no return

Types
A u= A YA 1] AxA|X
| STX.A[X, X] where A[—, +]
| vX. A[-A'[X]] where A[+], A'[-]
Parametricity isomorphisms for all
XA ¢ A A
XX X AX, XM 2 S X.A[m x X+ n,X] A=, +], m, n
S XX x BIX,X]) x AX,X] =2 Y X.AX vY.(X x -BI[Y,X])] Al—,+], B[—,+]
SXAR(X x B),X] = YXA[X,~(X x B)] Al+,+], B
We deduce
SXX" X A[X] = Aln] Al-], n
S X.~(X x B[X,X]) x A[X] = A[0] A[-], B[—,+]
S XX x B[X]) x A[X] = A[pY.-B[Y]] A[+], B[]

4 Transforms

The following transforms convert each listed parametricity isomorphism into an

instance of another one:

e the trivialization transform from call-by-push-value to A-calculus

e the state passing transform from call-by-push-value to call-by-push-value,

using a value type S

e the exception transform from call-by-push-value to call-by-push-value, us-
ing a value type F, and more generally the I/O transform from call-by-
push-value to call-by-push-value using P[+]

e the CPS transform from call-by-push-value to calculus of no return

e the result transform from calculus of no return to call-by-push-value, using

a computation type .
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