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1 Introduction

We would like to exploit latent parallelism in 7-calculus processes. For example, in the process z(w).z2(y). Puzyz,
the two inputs are independent (assuming z # x,w), and this process is observationally equivalent to
2(y). 2 (w). Pyzyz-

We propose that such observational equivalences are justified by commuting conversions in the proof
theory. To support this claim, this document provides a catalog of commuting conversions for linear logic
(currently excluding &, @, T, and 0).

A smaller question is whether the commuting conversions involving 1L suffice to show that the process
assignment

;AR P z:C I
I'i-F0:z:1 1R F;A,x:l}—P::z:Cl
is equivalent to the alternate process assignment
AR P 2C
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A similar question exists for the process assignment for IL.

2 Catalog of Commuting Conversions

The commuting conversions are organized into subsections according to their top-level proof term constructor.
Within each subsection, each proof term constructor is considered as a possible secondary constructor in
each of the possible subterm positions.

2.1 -—oR

In the following cases, there are no commuting conversions in the proof theory. In the process assignment,
this is reflected by a dependence of names, as in z(y).z(z). Pyq-.

—oR-—R No conversion for —oR (Ay. —R (Az. Dy x))
2(y)-2(x). Pya-

—oR-®R-1 No conversion for —oR (Ay. ®R (Dyy) Ds)

2(y).(va)z(z).(Pya | Q=)

—oR-®R-2 No conversion for —oR (Ay. ®R Dy (D3 y))
2(y).(va)z(z).(Pr | Qy2)



—R-1R —oR (Ay. 1R) is not a well-formed proof term.
—oR-IR —R (Ay.!R D) is not a well-formed proof term.

—oR-YR No conversion for —oR (Ay.VR (Aa. Dya))
z(y)-2(a)-Pyaz
—R-3R No conversion for —R (Ay. IR M (Dy))
2(y).2(M).P,.

The next three cases exemplify three other common patterns. In the first, —oR-—oL-1, the run-time value
of y is known only after the input along z occurs, and so the output depends on the input. In the second,
—oR-—oL-2, the input z(y) cannot occur after the output along x since the input contributes to both the
output process, Py, and the continuation process, Q),.. In the third, a conversion exists because the input
and output occur along independent names and the input contributes only to the continuation process, Qyz -

—oR-—oL-1 No conversion for —oR (Ay. —oL y Dy (Ay. D2 7))
2(y)-(va)y(@).(Pr | Qy2)
—oR-—oL-2 No conversion for —oR (Ay. —oL z (D1 ) (Az. Dy z))
2(y).(vw)az(w).(Pyw | Qu=)
—oR-—ol-3 —oR (A\y. —L 2 Dy (Az. Dyyz)) < —oL 2 Dy (Az. —R (A\y. Doy x))
) ()2 (). (P | Qyas) & (0)a(w).(Pu | 2(9)- Q)
The following cases are similar to those described above.
—oR-®L-1 No conversion for —oR (Ay. ®L y (Az.Ay. Dz y))
2(y)-y(2)-Puy-
—R-®L-2 —oR (A\y.®L z Qw.Az. Dywz)) < QL 2 (Aw.A\z. —R (Ay. Dyw z))
z2(y).2(w). Pywz> © x(w).2(y). Pywz-
—oR-1L-1 No conversion for —oR (Ay.1L y D)
2(y)y()-P:
—R-1L-2 —R (Ay.1L z (Dy)) < 1L z (—R (Ay. Dy))
2(y)-x()-Pyz < x()-2(y).Py2
—oR-IL-1 No conversion for —oR (Ay.!L y (Au. Du))
2(y)-y/uPu
—oR-IL-2 —oR (Ay.!L z (A\u. Dyu)) < IL 2 (Au. —R (A\y. Dyu))
z2(y).x/u.Pyy, © x/u.2(y). Pyus
—oR-copy —oR (Ay.copy u (Az. Dyuz)) < copy u (Az. (—R (Ay. Dyux)))
z2(y).(ve)u(x) . Pyuz: & (va)u(z).2(y). Pyua-
—oR-VL-1 No conversion for —R (Ay.VLy M (Ay. Dy))
2(y)y(M).Py.
—oR-YL-2 —oR (Ay.VLaz M (Az. Dyz)) < VL M (Az.—R (\y. Dy z))
2(y)-a(M).Pyy. < x(M).2(y).P,

yxrz



—oR-3L-1 No conversion for —oR (Ay.3L y (Aa.Ay. Day))
2(y)-y(a)-Pay-
—oR-3L-2 —R (Ay.3L 2 (Aa.Az. Dyaz)) < L z (Aa.\z. —R (\y. Dyax))
2(y).2(a). Pyas> < (a).2(y)-Pyas-
—oR-cut-1 No conversion for —oR (Ay.cut (Dyy) (\z. Dy z))
2(y)- () (Pys | Quz)
—oR-cut-2 —oR (Ay.cut Dy (Az. Dyyx)) < cut Dy (Az. —R (Ay. Dy y )
2(y)-(ve)(Py | Quoz) & (va) (P | 2(y).Qyaz)

—oR-init No conversion for —oR (\y. init y)

2(y).ly < 2]
—oR-cut'-1 —R (Ay.cut' (D1 y) (Au. Dy u)) is not a well-formed proof term.
—oR-cut'-2 —oR (Ay.cut' Dy (Mu. Dyyu)) < cut' Dy (Au. —R (Ay. Dy yu))

z2(y)-(vu)(tu(z). Py | Qyuz) & (vu)(u(z).Pe | 2(y)-Qyuz)

2.2 ©®R
®R-—R-1 No conversion for ®R (—oR (Az. Dy x)) Dy

(vy)2(v)-(y(2)-Poy | Q=)

®R-—R-2 No conversion for ®R Dy (—R (Az. Dy z))
(vy)z{y)-(Py | 2(2).Qu2)

®R-®R-1 No conversion for ®R (®R Dy D3) D3
(vy)z(y)-((vo)y(e)(Pe | Qy) | R-)
®R-®R-2 No conversion for ®R D1 (®R D2 Ds)
(vy)z(y)-(Py | (v2)2(2).(Qa | R2))
®R-1R-1 No conversion for ®R 1R D
(vy)z(y)-(y()-.0 | Pz)
®R-1R-2 No conversion for ®R D 1R

(vy)z(y).(By | 2().0)
®R-IR-1 No conversion for ®R (IR Dy) Dy
(vy)z(y).(ly(z).Po | Q)
®R-!R-2 No conversion for ®R Dy (IR D5)
(vy)z(y).(Py | 12(2).Q-)
®R-VR-1 No conversion for ®R (VR (Aa. Dy a)) Ds
(vy)z(y)-(y(a).Pay | Q2)
®R-VR-2 No conversion for ®R D; (VR (Aa. Dz a))
(vy)2(y)-(Py | 2(a)-Qaz)



®R-3R-1 No conversion for ~ ®R (IR M D;) Do
(vy)z(y).(y(M).By | Q:)
®R-3R-2 No conversion for ~ ®R D; (3R M D)
(vy)z(y)-(Py | 2(M).Q)
®R-—oL-1 @R (=L z Dy (Az. Dy x)) D3 < —oL & Dy (Az. ®R (Dy ) Ds)
(vy)z(y)-((rw)z(w) (Pu | Quy) | Rz) & (vw)z(w).(Pu | (vy)2(y)-(Quy | R-))
®R-—oL-2 ®R Dy (—oL z Dy (Az. Dgz)) < —oL z Dy (Az. ®R Dy (D3 x))
(vy)z(y).(Py | (vw)z(w)(Qu | Rez)) & (vw)z(w).(Qu | (vy)z(y).(Py | Ra2))
®R-®L-1 ®R (®L z (Aw.Az. Dy wz)) Dy < @L 2 (Aw.Az. ®R (Dywz) Ds)
(vy)z(y)-(2(w). Puwy | Q=) = 2(w).(vy)2(y)-(Puy | Q=)
®R-®L-2 ®R Dy (®L 2 (Aw.\z. Dywz)) < ®L 2 (Aw.\z. ®R Dy (Dywx))
(vy)z(y).(Py | 2(w) - Quaz) & 2(w).(vy)z(y).(Py | Qua-)
®R-1L-1 ®R (1L z Dy) Dy < 1L 2 (®R Dy Ds)
(vy)z(y)-(x().Py | Q=) < 2()-(vy)z(y).(Py | Q=)
QR-1L-2 ®R D; (1L D2) < 1L = (®R Dy D5)
(vy)z(y)-(Py | £().Q=) & x()-(vy)z(y).(Py | Q=)
®R-IL-1 @R (IL x (Au. D1 u)) Dy < IL 2 (Au. QR (Dqu) Ds)
(vy)z(y)-(x/u.Puy | Q=) < z/u.(vy)z(y).(Puy | Q=)
®R-IL-2 ®R Dy (IL z (Au. Do w)) & 'L 2 (Au. ®R Dy (Dyu))
(vy)z(y)-(Py | /u.Quz) & z/u.(vy)2(y).(Py | Quz)
®R-copy-1 ~ ®R (copy u (Az. Dy ux)) Dy < copy u (Az. ®R (Dy ux) D)
®R-copy-2  ®R D; (copy u (Az. Dauz)) < copy u (Az. ®R Dy (Dyu))
(vy)z(y)-(Py | (vo)ule) Quaz) & (va)ulz).(vy)z(y).(Py | Quaz)
®R-VL-1 ®R (VL2 M (\z.Dyz)) Dy < VL 2 M (Az. ®R (D1 z) Dy)
(vy)z(y)-(2(M).Poy | Qz) & x(M).(vy)2(y)-(Pay | Q=)
®R-YL-2 @R Dy (VL M (Az.Dyz)) < VLo M (Ax. ®R Dy (D3 )
(vy)2(y)-(Py | £(M).Qqz) & x(M).(vy)z(y).(Py | Quz)
®R-IL-1 ®R (3L 2 (Aa.Az. Dyax)) Do & 3Lz (\a.z. ®R (D1 az) Dy)
(vy)2(y)-(x(a). Pazy | Q:) & x(a).(vy)2(y).(Paay | Q=)
®R-IL-2 ®R Dy (AL z (A\a.dz. Dyazx)) < L & (Aa.Az. ®R Dy (Dyax))
(vy)z(y)-(Py | 2(a) Qazz) & 2(a)-(vy)z(y).(Py | Qua-)
®R-cut-1  ®R (cut Dy (Az. Dy z)) D3 < cut Dy (Az. @R (Dyz) Ds)
(wy)2(y) (V) (Pe | Quy) | R2) = (va)(Pe | (vy)2(y) (Quy | R2))



®R-cut-2 ®R Dy (cut Dy (A\z. D3 ) < cut Dy (Az. ®R Dy (Ds )
(vy)z(y)-(Py | (v2)(Qa | Raz)) & (v2)(Qu | (vy)2(y)-(Py | Rez))
®R-init-1 No conversion for ®R (init z) D
(vy)z(y)-([z = y] | P2)
®R-init-2 No conversion for ®R D (init x)
(vy)z{y)-(Py | [z < z])

®R-cut'-1 ®R (cut' Dy (M. Dyu)) Ds < cut' Dy (Au. ®R (Dyu) Ds)
(vy)2(y)-((vu) ("u(z). Py | Quy) | R2) < (vu)(tu(z). Py | (vy)2(y)(Quy | R2))
®R-cut'-2 ®R Dy (cut' Dy (Au. D3 u)) < cut' Dy (Au. ®R Dy (D3 u))

(vy)z(y)-(By | (vu)(u(2).Qu | Ruz)) < (vu)('u(z).Qx | (vy)z(y).(Py | Ruz))

2.3 1R
There are no cases here because 1R has no subterms. (However, there will be cases involving 1R as a
secondary constructor——oR-1R and cut'-1R-2, for example.)
2.4 'R
IR-—oR No conversion for 'R (—R (Az. D x))
12(y).y(x). Pry

'R-®R No conversion for R (®R Dy D3)

l2(y). (v )y(z).(Pe | Qy)
'R-1R No conversion for IR 1R

12(y).y().0
IR-IR No conversion for IR (IR D)

12(y)y(x). Py
IR-YR No conversion for IR (VR (Aa. D a))

'2(y).y(a).Pay

IR-3R No conversion for R (3R M D)

2(y).y(M).P,
'R-—L IR (—oL = Dy (5@ D5 x)) is not a well-formed proof term.
IR-®L IR (®L 2 (Aw.Az. Dw)) is not a well-formed proof term.
IR-1L IR (1L z D) is not a well-formed proof term.
IR-IL IR (IL  (Au. D)) is not a well-formed proof term.

IR-copy No conversion for IR (copy u (Az. Dux))
2(y).(va)u(z). Pyay

IR-VL 'R (VL 2 M (Az. D z)) is not a well-formed proof term.



IR-3L R (AL = (Aa.Az. D az)) is not a well-formed proof term.
IR-cut No conversion for IR (cut Dy (Az. Dy x))
12(y).(v2) (Pr | Quy)

IR-init IR (init ) is not a well-formed proof term.

The following case is noteworthy because it allows us to lift the definition of a server out of another
server’s body.

IR-cut’ IR (cut' Dy (Au. Dyu)) < cut' Dy (Au. 'R (Dyu))
lz(y)-(vu) (lu(@) P | Quy) & (vu)(lu(z).Py | 12(y).Quy)

2.5 VR
VR-—oR No conversion for VR (Aa. —R (Az. D az))
z(a).z(x).Pay.

VR-®R No conversion for VR (Aa.®R (Dya) (D2 a))
z(a).(va)z(z).(Paz | Qaz)

VR-1R No conversion for VR (Aa.1R)
z(a).z().0

VR-IR No conversion for VR (Aa.!R (Da))
2(a).\2(x).Pyy

VR-VR No conversion for VR (Aa.VR (Ab. D ab))

z(a).z(b).Paps

In the following case, the process has type Vz.3y. A(x,y). This is a case where we could apply Skolem-
ization to get 3f.Va. A(x, f x). However, this would not be a commuting conversion because it changes the
type of the process.

VR-3R No conversion for VR (Aa.3R (M a) (D a))
z(a).z{M a).P,.

The other cases are similar to ones described above.
VR-—oL-1 No conversion for VR (Aa. —oL 2 (D a) (Az. Dy ax)) when the first occurrence of a is strict.
z(a).(vw)z(w).(Paw | Qaxz)
VR-—oL-2 VR (Aa. —L z D; (Az. Dyaz)) < —oL z Dy (Az. VR (Aa. Dyax))
z(a)-(vw)z(w).(Py | Qazz) & (vw)z(w).(Py | 2(a).Qaz-)
VR-®L VR (Aa.®L z (Aw.Az. Dawz)) < ®L z (Aw.Az.VR (Aa. Daw x))
z(a).x(w). Powzz < ©(w).2(a). Pays:

VR-1L VR (Aa.1L z (Da)) < 1L z (VR (Aa. D a))
z(a).z().Pyy < x().2(a). P,

VR-IL VR (Aa.!L x (Au. Dau)) < Lz (Au. VR (Aa. D aw))
z(a).x/u.Pyy, < x/u.2(a). Poys



VR-copy VR (Aa.copy u (Az. Dax)) < copy u (Az.VR (Aa. Dax))
z(a).(vx)u(z).Puagz < (vx)u(z).2(a). Puaxs
VR-VL-1 No conversion for VR (Aa.VL z (M a) (Az. D az)) when the first occurrence of a is strict.
z(a).x(M a).Pyy.
VR-YL-2 VR (Aa.VLz M (Az.Dax)) < VL M (Az.VR (Aa. Dax))
z(a).x(M). Py, < 2(M).2(a).Pay:
VR-3L VR (Aa.3L z (Ab.Az. Dabz)) < 3L 2 (Ab.Az. VR (Aa. Dabz))
z(a).x(b). Papwz < x(b).2(a). Papgz
VR-cut-1 No conversion for VR (Aa.cut (D1 a) (Az. Dy ax)) when the first occurrence of a is strict.
z(a).(ve)(Paz | Qacz)
VR-cut-2 VR (Aa.cut Dy (Az. Dyax)) < cut Dy (Az.VR (Aa. Dyax))
z(a).(va)(Py | Qaxz) & (va)(Pr | 2(a) Qaxz)
VR-init No conversion for VR (Aa.init x)
z(a).[x < 2]
VR-cut'-1 No conversion for VR (Aa.cut' (D a) (Au. Dy au)) when the first occurrence of a is strict.
z(a).(vu)('u(z)-Pox | Qauz)

VR-cut'-2 VR (Aa.cut' Dy (Au. Dyau)) < cut' D; (Au.VR (Aa. Dy au))

z(a).(vu)(Mu(x). Py | Qauz) € (vu)(lu(x).Py | 2(a).Qauz)
2.6 dJR
JR-—R No conversion for IR M (—R (Az. D z))
JR-®R No conversion for IR M (®R D; D»)

2(M).(v)z(z).(Py | Q2)
3R-1R No conversion for 3R M 1R
JR-IR No conversion for IR M (IR D)
2{(M)\z(x). P,
JR-¥R No conversion for IR M (VR (Aa. D a))
2{M).z(a).P,,

JR-3R No conversion for IR M; (3R Mz D)

JR-—oL IR M (—oL z Dy (Az. Dyz)) & —oL 2 Dy (Az.IR M (D, z))
2(M).(vw)xz(w).(Py | Qzz) & (vw)z(w).(Py | 2(M).Qy)



FR-9L IR M (®L 2z (Aw.Az. Dwz)) & ®L z Aw.z. IR M (Dwx))
2(M).x(w).Pyyy < x(w).2(M).Pyy

JR-1L 3RM (1Lz D)< 1Lz (3R M D)
JR-IL IR M (IL z (Mu.Dw)) & ILz (Au. IR M (D u))
z2(M).x/u.P,, < x/u.z(M).P,,
JR-copy IR M (copy u (Az. D)) < copy u (Az. IR M (D z))
2(M).(ve)u(z).Pyy, < (vr)u(z).z(M).Py,.
JR-VL IR M, (VL 2 My (Az. D)) < VL 2 My (Az. 3R M, (D z))
2(My).x(M3).P,, < x(Ms).2{M;).P,,
JR-3L IRM (BLz (MaAz. Dax)) < 3Lz (Aa.dz. IR M (Dax))
2(M).x(a).Pyy, < x(a).2(M). Py,
JR-cut IR M (cut Dy (Az. Dy z)) < cut Dy (Az. IR M (Do z))
2(M).(ve)(Py | Quz) & (va)(Pr | 2(M).Qx2)

IR-init No conversion for IR M (init x)

JR-cut' IR M (cut' Dy (Mu. Dyu)) & cut' Dy (M. 3R M (Dqu))
2(M).(vu)("u(z).Py | Quz) & (vu)(lu(x).Py | 2(M).Quz)

2.7 —L

—olL-—oR-1 No conversion for —oL 2 (—oR (Ay. D1 ) (Az. D2 z)

(vw)z(w).(w(y)-Puy | Q=)
—olL-—oR-2 Refer to —oR-—oL-3.
—oL-®R-1 No conversion for —L z (®R Dy Dy) (Az. D3 )
(vw)z(w).(vy)wly).(Py | Qu) | Re-)

—oL-®R-2 Refer to ®R-—oL-1.

—oL-®R-3 Refer to @R-—oL-2.

—L-1R-1 No conversion for ~—oL z 1R (Az. D z)

(vw)a(w).(w().0 | P.)
—ol-1R-2 —oL D (Az.1R) is not a well-formed proof term.
—oL-IR-1 No conversion for —oL z (IR Dy) (5\37 D5 )
(vw)z(w).(‘w(y).Py | Qu-z)
—oL-!IR-2 —oL z D; (Az.!R Dy) is not a well-formed proof term.

—oL-¥R-1 No conversion for —oL z (VR (Aa. Dy a)) (Az. Dy )
(vw)z(w).(w(a).Pow | Quz)



—oL-VR-2 Refer to VR-—oL-2.
—L-3R-1 No conversion for —oL z (3R M Dy) (Az. Dy z)
(vw)a(w).(w(M).Py | Qzz)

—oL-3R-2 Refer to IR-—L.
—ol-—ol-1 —oL z (—oL y Dy (Ay. Dy y)) (Az. D3z) & —L y Dy (Ay. —oL z (Dyy) (Az. D3 x))

(vw)z(w).((V0)y(v).(Py | Quu) | Raz) & (v0)y().(Py | (vw)z(w).(Qyuw | Raz))
—ol-—ol-2 No conversion for —olL z Dy (Az. —oL 2 Dy (Az. Dy x))

(vw)a(w).(Pu | (vy)z(y).(Qy | Raz))
—olL-—oL-3 Refer to —oL-—oL-1.
—ol-—ol-4 —oL & Dy (Az. —oL y Dy (Ay. Dszy)) < —oL y Dy (Ay. —oL Dy (Az. D3 zy))
(vw)z(w).(Py | (v0)y(0)(Qu | Rayz)) & (v0)y(0)(Qu | (vw)z(w).(Py | Reyz))
—oL-®L-1 —L z (®Ly (Av.Ay. D1vy)) (Az. Dyz) < &Ly (Av.Ay. —oL 2 (D1 vy) (Az. Dy x))
(vw)az(w).(y(v)-Poyw | Quz) < y(v).(vw)az(w).(Poyw | Q=)
—L-®L-2 No conversion for —oL z Dy (Az.®L = (Ay.Az. Dy y z))
(vw)a(w).(Py | 2(y)-Qya-=)
—oL-®L-3 —oL z D; (Az.®Ly (Av.dy. Dazvy)) © QL y (Av.dy. —L z Dy (Az. Dazvy))
(vw)z(w).(Py | Y(v)-Quvyz) < y(v).(vw)z(w).(Py | Quuy:)

—ol-1L-1 —oL z (1L y Dy) (Az. Do) < 1Ly (—oL 2 Dy (\z. Dy z))

(vw)z(w).(y()-Po | Q=) < y()-(vw)z(w).(Py | Quz)
—oL-1L-2 No conversion for —oL 2 Dy (Az. 1L 2 D)

(vw)z(w).(Py | 2().Q-)

—oL-1L-3 —oL z D; (Az.1Ly (D)) < 1Ly (—oL x Dy (Az. Dy x))

(vw)az(w).(Po | Y()-Qzz) < y().(vw)z(w).(Pu | Quz)
—oL-IL-1 —oL z (ILy (Au. Dy ) (Az. Daz) < Ly (Au. —oL z (D1 u) (Az. Dy z))

(vw)z{w).(y/u.Puw | Quz) < y/u.(vw)z{w).(Puw | Quz)
—oL-!L-2 No conversion for —oL 2 Dy (Az.!L 2 (Au. Dy u))
(rw)x(w).(Py | ©/u.Quz)
—oL-IL-3 —oL z Dy (Az.!Ly (©u. Dy zu)) < 'Ly (Au. —L & Dy (Az. Dy z u))
(vw)a(w).(Pw [ y/u-Quuz) < y/u.(vw)z(w).(Py | Quuz)

—ol-copy-1 —oL z (copy u (Ay. Dy uy)) (Az. Dy z) < copy u (Ay. —L & (D1 uy) (Az. Dy x))
(vw)z(w).(vy)u(y) - Puyw | Qzz) & (vy)uly).(vw)az(w).(Puyw | Qu=)

—ol-copy-2 —oL x D, (S\x copy u (S\y Dy zuy)) < copy u (;\y —oL x Dy (5\:6 Dy zuy))
(I/'LU)QS<U/>(Pw | (Vy)u<y>Qmuyz) g (Vw)z<w>-(Pw | (Vy)u<y>Qzuyz)



—oL-YL-1 —oL z (VL y M (Ay. D1 y)) (Az. Dy x) YLy M (Ay. —L z (Dy y) (Az. Dy z))
(vw)z(w).(y(M).Pyo | Quz) < y(M).(vw)y(w).(Pyw | Qu)
—oL-YL-2 No conversion for —oL z Dy (Az.VL z M (Az. Dy x))
(vw)ax(w).(Py | (M).Qzz)
—oL-VL-3 —oL z Dy (Az.YLy M (Ay. Dyzy)) < VLy M (Ay. —L & Dy (Az. Dy zy))
(vw)z(w).(Pu [ y(M).Quy=) < y(M).(vw)z(w).(Puw | Quy=)
—oL-3L-1 —oL z (3L y (Aa.Ay. D1 ay)) (Ax. Daz) < 3Ly (Aa.dy. —L z (D1 ay) (Az. Dy x))
(vw)z(w).(y(a). Payw | Quz) & y(a).(vw)y(w).(Payw | Qu=)
—oL-3L-2 No conversion for —oL z Dy (Az. 3L z (Aa.\z. Dyax))
(vw)x(w).(Py | z(a).Qazz)
—oL-3L-3 —oL z Dy (Az.3Ly (Aa.\y. Dazay)) < Ly (Aa.dy. —L z Dy (A\z. Dy zay))
(vw)z(w).(Py | ¥(a).Quay=) © y(a).(vw)z(w).(Py | Quay-)
—ol-cut-1 —oL  (cut Dy (Ay. Do) (Az. Ds ) < cut Dy (Ay. —oL  (Dyy) (Az. D3 x))
(vw)z(w).(vy)(Py | Qyu) | Rez) & (vy)(By | (vw)z(w).(Qyuw | Raz))
—ol-cut-2 —oL & Dy (Az.cut (Dyx) (Ay. Dsy)) < cut (—oL z Dy (Az. Do z)) (Ay. D3 y)
(vw)z(w).(Puw | (vy)(Qay | Byz)) & (vy)((vw)z(w).(Pu | Quy) | Ry:)

—ol-cut-3 —oL & Dy (Az.cut Dy (A\y. Dsxy)) < cut Dy (\y. —oL = Dy (\z. D3z y))
(vw)z(w).(Puw | vy)(Qy | Rayz)) & (v9)(Qy | (vw)z(w).(Pu | Ray-))

—oL-init-1 No conversion for —oL  (init ) (Az. D )
(vw)z(w).(ly = w] | Pr.)

—oL-init-2 No conversion for ~ —oL z D (Az.init x)
(vw)az(w).(Py | [z < z])

—ol-init-83 —oL & D (Az.init y) is not a well-formed proof term.

—ol-cut'-1  —oL  (cut' Dy (Mu. Dyw)) (Az. D3 x) < cut' Dy (Au. —oL 2 (Dyu) (Az. D3 z))
(rw)z(w).((vu)("u(y)-Py | Quw) | Rez) & (vu)(tuly).Py | (vw)z(w)(Quuw | Ra:))

—ol-cut'-2 —oL & D; (Az.cut' (Dyz) (Au. D3u)) is not a well-formed proof term.

—olL-cut'-3 —L 2 Dy (Az.cut' Dy (Au. Dszu)) < cut' Dy (Mu. —oL 2 Dy (Az. Dgzu))
(vw)z(w).(Py | (vu)(lu(y)-Qy | Reuz)) € (vu)(tu(y).Qy | (vw)z(w).(Py | Reuz))

2.8 o®L

®L-—R Refer to —R-®L-2.

®L-®R-1 Refer to ®R-®L-1.

®L-®R-2 No conversion for ®L z (Aw.Az. @R (D1 w) (Dy x))
z(w)-(1y)2(y)-(Puwy | Quz)
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®L-®R-3 No conversion for ®L 2 (Aw.Az. @R (D; z) (Dyw))
z(w)-(vy)2(Y)-(Pay | Quz)
®L-®R-4 Refer to ®R-®L-2.

®L-1R ®L 2 (Aw.Az. 1R) is not a well-formed proof term.

®L-IR ®L z (Aw.Az.!R (Dwz)) is not a well-formed proof term.

®L-VR Refer to VR-®L.

®L-3R Refer to IR-®L.

®L-—L-1 No conversion for ®L z (Aw.Az. —oL w (Dy x) (Aw. Dy w))
z(w).(vo)w(v).(Pry | Quz)

®L-—oL-2 No conversion for ®L z (Aw.Az. —oL w Dy (Aw. Dy zw))
z(w).(vo)w(v)(Py | Qews)

®L-—L-3 No conversion for ®L & (Aw.Az. —oL 2 (Dy w) (Az. Dy x))
z(w).(vv)x(v).(Pyy | Quz)

®L-—oL-4 No conversion for ®L z (Aw.Az. —oL 2 Dy (Az. Dyw z))
z(w).(vo)z(v).(Py | Quaz)
®L-—L-5 Refer to —L-®L-1.

®L-—oL-6 No conversion for ®L z (Aw.Az. —oL y (Dy w) (Ay. Dy xy))
2(w).(V0)y(v)-(Puwo | Quyz)
®L-—L-7 No conversion for ®L z (Aw.Az. —oL y (D1 z) (\y. Dy wy))
z(w). (V)Y (V). (Pov | Quy:)
®L-—L-8 Refer to —L-®L-3.

®L-®L-1 No conversion for ®L z (Aw.Az. ®L w (Ay.\w. Dz yw))
z(w).w(Y). Pryws

®L-®L-2 No conversion for ®L z (Aw.Ax. L 2 (A\y.A\z. Dwyz))
z(w).2(y). Puya-=

OL-®L-3 ®Lz (Aw.dz. oLy (Av.dy. Dwzvy)) © oLy (Av.dy. Lz (Aw.dz. Dwzvy))
z(w).y(v). Pugoyz © y(v).2(w). Pygoy=

®L-1L-1 No conversion for ®L z (Aw.Az. 1L w (D))
x(w).w(). Py

®L-1L-2 No conversion for ®L z (Aw.Az.1L z (D w))
x(w).z(). Py

®L-11-3 ®Lz (AwAz. 1Ly (Dwz)) < 1Ly (9L z Aw. z. Dwx))
z(w).Y(). Puzz < y().x(w).Pyas
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®L-!L-1 No conversion for ®L 2 (Aw.Az.!L w (Au. Dz u))

z(w).w/u. Py
®L-IL-2 No conversion for ®L z (Aw.Az.!L & (A\u. Dwu))

(w).2 /. Py

QL-IL-3 ®L z Aw.dz. 'Ly (M. (Dwzu))) < Ly (M. (QL z Aw.Az. Dwzu)))
z(w).y/u.Poguz < y/u.z(w).Pogus

®L-copy ®L z (Aw.z.copy u (A\y. Dwxuy)) < copy u (Ay. (QL 2 (Aw.Az. Dw zuy)))

y.
x(w)'(yy)u<y>~Pwmuyz a4 (Vy)U<y>x(w)Pwmyz

®L-YL-1 No conversion for ®L z (Aw.Az. VL w M (Aw. Dz w))
(W) w(M).Ppy.

®L-YL-2 No conversion for ®L z (Aw.Az.VL z M (Az. Dw z))
x(w).x(M).Pyy.

®L-VL-3 ®L 2z (Aw.Az.VLy M (A\y. Dwzy)) < VLy M (\y. ®L z (Aw.Az. Dwzy))
(W) Yy(M).Pyzy. < y(M).x(w).Pyzy-

®L-3L-1 No conversion for ®L z (Aw.Az. 3L w (Aa.Aw. Dz aw))

z(w).w(a).Peaws
®L-3L-2 No conversion for ®L z (Aw.Az. 3L z (Aa.Az. Dwazx))
z(w).z(a). Pyazs
@L-3L-3 ®L 2z (Aw.Az.ILy (Aa.dy. Dwzay)) < Iy Aa.dy. ®L z Aw.Az. Dwz ay))
x(w)~y(a)-Pumayz = y(a)nx(w)-Ruxayz

®l-cut-1 ®L 2 (Aw.Az.cut (Dywz) (\y. Day)) < cut (®L 2 (Aw.Az. Dy wz)) (Ay. Dy y)
z(w).(vy) (Puay | Qyz) & (vy)(@(w).Puzy | Qy2)

®L-cut-2 No conversion for ®L z (Aw.Az.cut (D w) (Ay. Doz y))
2(w).(vy)(Puy | Quy=)

®L-cut-3 No conversion for ®L z (Aw.Az.cut (D1 z) (Ay. Dy wy))
z(w).(vy) (Pry | Quyz)

®L-cut-4 ®L z (Aw.Az.cut Dy (A\y. Dawzy)) < cut Dy (Ay. ®L z (Aw.Az. Dywzy))
2(w).(vy)(Py | Quayz) & (y)(Py | 2(w)-Quay-)
@L-init-1 ®L z (Aw.Az.init w) is not a well-formed proof term.
@L-init-2 ®L z (Aw.Az. init z) is not a well-formed proof term.
®@L-init-3 ®L x (Aw.Az.init y) is not a well-formed proof term.
!

®l-cut'-1 ®L z (Aw.Az. cut' (D wz) (Au. Dy u)) is not a well-formed proof term.

®L-cut'-2 ®@L z (Aw.Az. cut' (D1 w) (Mu. Dy zu)) is not a well-formed proof term.
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®L-cut'-2 ®@L z (Aw.Az. cut' (D1 z) (Au. Dy wu)) is not a well-formed proof term.

®l-cut'-4 ®L z (Aw.Az.cut' D1 (Au. Dywzu)) < cut' Dy (M. ®L & (Aw.Az. Dy w z u))
w(w).(vu)('u(y)-Py | Quauz) < (vu)(tu(y)-Py [ 2(w).Quzuz)

29 1L

1L-—R Refer to —oR-1L-2.

1L-®R-1 Refer to ®R-1L-1.

1L-®R-2 Refer to ®R-1L-2.

The next two cases distinguish the process assignment that uses a silent 1L from the process assignment
that uses an explicit (). In the former, !2(y).P, could immediately offer a replicated input action to
the external environment, but, in the latter, the replicated input action can only be offered to the external
environment once x terminates. We cannot postpone waiting on z to terminate because there is no commuting
conversion here; IR (1L D) is not a well-formed proof term. More comments on this issue appear at the
end of this document.

1L-1R No conversion for 1L x 1R
1L-!'R No conversion for 1L z (IR D)
2()12(y).P,
The following cases are similar to those described above.
1L-VR Refer to VR-1L.
1L-3R Refer to IR-1L.
1L-—oL-1 Refer to —oL-1L-1.
1L-—L-2 Refer to —oL-1L-3.
1L-®L Refer to ®L-1L-3.

1L-1L 1Lz (1L y D)< 1Ly (1L x D)
2()y()-P < y().x().P

1L-IL 1Lz (ILy (Auw. Du)) < Ly (Au. 1L 2 (D u))

1L-copy 1L z (copy u (Ay. Duy)) < copy u (Ay. 1L z (Duy))
2()-(vy)u(y)-Puy> & (vy)u(y).()-Puy-

1L-VL 1Lz (VLy M (Ay.Dy)) < VLy M (Ay. 1Lz (Dy))
z().y(M).P,, < y(M).x().Py.

1L-9L 1Lz 3Ly (Aady. Day)) < Ly (Aady. 1Lz (Day))
z().y(a).Pay, < y(a).z().Pay:

1l-cut-1 1L z (cut Dy (A\y. Day)) < cut (1L x Dy) (Ay. D2 )
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1l-cut-2 1L z (cut Dy (A\y. D2y)) < cut Dy (Ay. 1L z (Dyy))
2()-(vy)(Py | Qyz) = (vy)(Py | 2()-Qyz2)
Here is another instance where we cannot postpone waiting on x to terminate.
1L-init No conversion for 1L z (init y)
z().ly < 2|
And then one last case:
1l-cut' 1L z (cut' Dy (Mu. Dyw)) < cut' Dy (Au. 1L 2 (Do u))
z()-(vu)(tuy). Py | Quz) < (vu)(tu(y)-Py [ 2()-Quz)
2.10 L
IL-—R Refer to —oR-IL-2.
IL-®R-1 Refer to ®R-IL-1.
IL-®R-2 Refer to ®R-IL-2.

'L-®R-3 No conversion for IL z (Au. ®R (D7 u) (D2 u)) when both occurrences of u are strict.
z/u.(ry)z(y)-(Puy | Quz)

IL-1R No conversion for IL z (Au. 1R)

IL-'R No conversion for L & (Au.!R (D u))
x/ulz(y). Py
IL-VR Refer to VR-IL.
IL-3R Refer to IR-IL.
IL-—oL-1 Refer to —oL-IL-1.
IL-—oL-2 Refer to —oL-!L-3.
IL-—oL-3 No conversion for !L z (Au. —oL y (D1 u) (Ay. Dy uy)) when both occurrences of u are strict.
fu.(vw)y(w).(Puw | Quyz)
IL-®L Refer to ®L-!L-3.
IL-1L Refer to 1L-IL.
IL-IL L2 (Auw.lLy (Aw.Duwv)) < Ly (Av.ILz (Au. Duv))
x/uy/v.Puy: < y/v.2/u.Pyy.,
IL-copy-1 No conversion for IL & (Au.copy u (A\y. Duy))
zfu(vy)uly) Puy
IL-copy-2 IL = (Au. copy v (5\y Duvy)) < copy v (S\y ILz (Au. Duvy))
z/u.(vy)v(y)-Puvy= < (vy)v(y).2/u.Pyoy:

IL-VL Lz (A\u.VLy M (Ay. Duy)) < VLy M (\y. 'Lz (Au. Duy))
z/uy(M).Pyy, < y(M).x/u.Pyy,
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IL-3L 1Lz (M. 3Ly (Aady. Duay)) < 3Ly (Aady. 'Lz (Au. Duay))
z/uy(a).Puayz < y(a).x/u.Pyuay:
IL-cut-1 'Lz (Au.cut (Dyu) (A\y. Day)) < cut (L 2 (Au. Dy u)) (Ay. Day)
z/u.(vy)(Puy | Qyz) & (vy)(z/uPuy | Qy:)
IL-cut-2 L 2 (Au.cut Dy (Ay. Dyuy)) < cut Dy (Ay. L 2 (Au. Dy uy))
z/u.(y)(By | Quyz) < (vy)(Py | 2/u.Quyz)
IL-cut-3 No conversion for IL  (Au.cut (Dg u) (5\y D5 wuy)) when both occurrences of u are strict.
/u.(vy) (Puy | Quy=)
IL-init No conversion for L 2 (Au.init y)

IL-cut'-1 No conversion for 'L  (Au.cut' (D; u) (Av. Dy uv)) when the first occurrence of w is strict.
z/u.(v0)(W(y)-Puy | Quoz)

IL-cut'-2 1L 2 (\u.cut' Dy (M. Dauw)) < cut' Dy (M. IL & (\u. Dy uv))
z/u.(vv)(W(y).Py | Quoz) < (vv)((y).Py | 2/u.Quyvs)
2.11 copy
copy-—oR Refer to —oR-copy.
copy-®R-1 Refer to ®R-copy-1.
copy-®R-2 Refer to ®R-copy-2.
copy-1R copy v (Az. 1R) is not a well-formed proof term.
copy-!R copy u (:\m IR D) is not a well-formed proof term.
copy-VR Refer to VR-copy.
copy-JR Refer to 3R-copy.
copy-—oL-1 No conversion for copy u (Az. —oL & Dy (Az. Dy x))
(va)ulz).(vy)x(y).(Puy | Quaz)
copy-—L-2 Refer to —oL-copy-1.
copy-—oL-3 Refer to —olL-copy-2.
copy-®L-1 No conversion for copy u (Az.®L z (Ay.Az. Dy z))
(va)ulz).2(y)-Puya-
copy-®L-2 Refer to ®L-copy.
copy-1L-1 No conversion for copy u (Az.1L z D)
(ve)u(z).z(). Py,
copy-1L-2 Refer to 1L-copy.

copy-!L-1 No conversion for copy u (Az.!L z (Av. Dv))
(ve)u(x).x/v.Pyy,
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copy-!L-2 Refer to !L-copy-2.

copy-copy copy u (Az.copy v (Ay. Dz y)) < copy v (Ay. copy u (Az. Dz y))
(vz)ulz).(vy)v(Y). Pugvy> < (vy)v(y).(vz)u(z). Puzoy-
copy-YL-1 No conversion for copy u (Az.VL z M (Az. D z))
(va)ulz).x{M).Pyy.
copy-YL-2 copy u (Az.VLy M (A\y. D y)) < YLy M (Ay.copy u (Az. Dz y))
(va)u(x).y(M).Puyy. < y(M).(ve)u(z). Puy-
copy-3L-1 No conversion for copy u (Az. 3L 2 (A\a.Az. Dax))
(vz)u(x).z(a).Pyass
copy-dL-2 copy u (5\;3 Ly ()\a.j\y. Dzay))< 3Ly ()\a.j\y. copy u (5\33 Dzavy))
(ve)u(z).y(a). Pugay- < y(a).(ve)u(z).Puzay-
copy-cut-1 copy u (Az. cut (D1 z) (Ay. Day)) < cut (copy u (Az. Dy ) (Ay. Dy y)
(v )u(z).(vy) (Puzy | Qyz) < (vy)(vo)u(z).Pusy | Qy2)
copy-cut-2 copy u (Az.cut Dy (Ay. Dy zy)) < cut Dy (Ay.copy u (Az. Dy zy))
(va)ule) (vy)(Py | Quayz) < (vy)(Py | (va)ule) Quay-:)
copy-init-1 No conversion for copy u (5\:10 init x)
(va)u(z).[xz < 2]

copy-init-2 copy u (5\:v init y) is not a well-formed proof term.
copy-cut'-1 copy u (Az.cut' (Dy ) (Av. Dav)) is not a well-formed proof term.
copy-cut'-2  copy u (Az.cut' Dy (Av. Dy zv)) < cut' Dy (hv. copy u (Az. Dy xv))

(va)ulz).(vo) (W (y).Puy | Quavz) & () (W0 (y)-Puy | (v2)ul) Quanz)

2.12 VL

VL-—R Refer to —oR-VL-2.

VL-®R-1 Refer to @R-VL-1.

VL-®R-2 Refer to ®R-VL-2.

VL-1R VL 2 M (Az.1R) is not a well-formed proof term.
VL-'R VL z M (Az.!R D) is not a well-formed proof term.
VL-VR Refer to VR-VL-2.

VL-3R Refer to IR-VL.

VL-—olL-1 No conversion for VL 2 M (Az. —L & Dy (Az. Dy x))
z(M).(vw)z(w).(Py | Quz)

VL-—oL-2 Refer to —oL-VL-1.

VL-—L-3 Refer to —oL-VL-3.
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VL-®L-1 No conversion for VL 2 M (Az.®L z (A\y.A\z. Dyz))
a(M).2(y)-Qye-
VL-®L-2 Refer to ®L-VL-3.

VL-1L-1 No conversion for VL z M (Az.1L z D)
x{M).x().P,
VL-1L-2 Refer to 1L-VL.

VL-IL-1 No conversion for VL z M (Az.!L 2 (Au. D u))
x(M).x/u.P,,)
VL-IL-2 Refer to !L-VL.
VL-copy Refer to copy-VL-2.
VL-VL-1 No conversion for VL 2 M; (Az.3L z (AMy.Az. D x))
x(My).x(Ms).P,,

VL-VL-2 VL My (Az.VLy My (\y. Dz y)) < YLy My (Ay.VL 2 My (\z. Dz y))

VL-3L-1 No conversion for VL 2 M (Az.3L z (Aa.\z. D ax))
x(M).x(a). Py

vL-3L-2 YLz M (5\1 Ly ()\a-j\nyay)) < dly ()\a.;\y.VL M (S\x.Dzay))
z(M).y(a).Pray: < y(a).x(M).Pypay.

Vi-cut-1 VL& M (Az.cut (D1 2) (Ay. Day)) < cut (VL 2 M (Az. Dy ) (A\y. Do)
w(M).(vy)(Pry | Qyz) < (vy)((M).Poy | Qy-)

Vi-cut-2 VL x M (Az.cut Dy (Ay. Doz y)) < cut Dy (Ay. VLo M (Az. Dy zy))
a(M).(vy)(Py | Quyz) & (vy)(By | £(M).Quy-)

VL-init-1 No conversion for VL z M (Az.init z)

VL-init-2 VL z M (5\35 init i) is not a well-formed proof term.

Vi-cut'-1 VL 2 M (Az.cut' (Dy ) (Au. Dyu)) is not a well-formed proof term.

Vi-cut'-2 VL2 M (Az.cut' Dy (Au. Dyzu)) < cut' Dy (Au.VL & M (Az. Dy u))
o(M).(vu)("u(y).Py | Quuz) < (vu)(lu(y).Py | 2(M).Qzuz)

2.13 dL

JL-—R Refer to —oR-3L-2.

IL-®R-1 No conversion for L z (Aa.Az. ®R (D1 ax) (D3 a)) when the second occurrence of a is strict.
z(a).(vy)2(y)-(Pazy | Qaz)
JL-®R-2 Refer to @R-3L-1.

17



JL-®R-3 No conversion for 3L z (Aa.Az. ®R (D a) (D2 az)) when the first occurrence of a is strict.
z(a)-(vy)2(y)-(Pay | Qaxz)

JL-®R-4 Refer to ®R-3L-2.

JL-1R 3L z (Aa.Az. 1R) is not a well-formed proof term.

IL-'R 3L 2 (Aa.Az. R (Da)) is not a well-formed proof term.
JL-VR Refer to VR-3L.

JL-3R-1 No conversion for L z (Aa.Az. IR (M a) (D ax)) when the first occurrence of a is strict.
z(a).z2(M a).Pyy.

JL-3R-2 Refer to IR-IL.

JL-—oL-1 No conversion for IL z (Aa.Az. —oL z (D1 a) (Az. Dyaz))
z(a).(vw)z(w).(Paw | Qaxz)

JL-—oL-2 No conversion for L z (Aa.Az. —L y (Dyaz) (Ay. D2 ay)) when the second occurrence of a is

. z(a).(vw)y(w).(Pazw | Qayz)
strict.

JL-—L-3 Refer to —oL-3L-1.
JL-—L-4 No conversion for IL = (Aa.Az. —oL y (D1 a) (Ay. D2 azy)) when the first occurrence of a is strict.
z(a).(vw)y(w) (Paw | Qazy-)
JL-—oL-5 Refer to —oL-3L-3.
JL-®L-1 No conversion for L z (Aa.Az. ®L z (A\y.Az. Dayx))
z(a)2(y) Qaya-
JL-®L-2 Refer to @L-IL-3.

JL-1L-1 No conversion for 3L z (Aa.Az. 1L z (D a))
x(a).x(). P,

JL-1L-2 Refer to 1L-3L.

JL-!L-1 No conversion for IL z (Aa.dz.!L 2 (Au. D aw))
z(a).x/u.Pyyz)

JL-IL-2 Refer to L-JL.

JL-copy Refer to copy-dL-2.

JL-VL-1 No conversion for L z (Aa.Az.VL = (M a) (Az. D ax))
z(a).2{M a).Pyy.

JL-VYL-2 No conversion for L z (Aa.Az.VL y (M a) (Ay. D axy)) when the first occurrence of a is strict.
w(a).y(M a). Py

JL-VL-3 Refer to VL-IL-2.

3L-3L-1 No conversion for 3L z (Aa.Az. 3L 2 (Ab.Az. Dabz))
x(a).2(b). Paps
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IL-3L-2 3Lz (MaAz. 3Ly (Ab.Ay. Dazby)) < 3Ly (AbAy. 3L 2 (Aa.Az. Daxzby))
2(a).y(b). Pogpy> < y(b).x(a). Pogpy-
JL-cut-1 No conversion for L z (Aa. Az cut (D1 ax) )\y D5 ay)) when the second occurrence of a is strict.
2(a).(vy) (Pazy | Qayz)
JL-cut-2 3L 2 (Aa.Az.cut (D1 az) (\y. Day)) < cut (3L 2 (Aa.Az. Dy ax)) (Ay. Dy y)
2(a).(vy) (Pazy | Qyz) & (vy)(2(a)-Pazy | Qyz)

IL-cut-3 No conversion for L z (Aa.Az.cut (Dya) (Ay. Dz axy)) when the first occurrence of a is strict.

2(a).(vy) (Pay | Qawyz)
IL-cut-4 IL z (Aa.Az.cut Dy (Ay. Daazy)) < cut Dy (Ay. 3L z (Aa.Az. Dyazy))
2(a)-(vy)(Py | Qazyz) & (vy)(Py | 2(a)-Qaay:)
IL-init-1 No conversion for 3L z (Aa.Az. init z)
z(a).Jx < 2]
IL-init-2 3L 2 (Aa.Az. init y) is not a well-formed proof term.

IL-cut'-1 3L 2 (Aa.Az. cut' (D1 az) (Au. Dyaw)) is not a well-formed proof term.

IL-cut'-2 No conversion for 3L z (Aa.Az.cut' (D1 a) (Au. Dy azu)) when the first occurrence of a is strict.

z(a).(vu)("u(y). Pay | Qazuz)
IL-cut'-3 3Lz (Aa.Az.cut' Dy (M. Dyazu)) < cut' Dy (Au. 3L 2 (Aa.Az. Dy axw))
z(a).(vu)(u(y).-Py | Qazuz) & (vu)(tu(y).Py | 2(a) Qazu:)
2.14 cut

cut-—oR-1 No conversion for cut (—R (Ay. D1 y)) (Az. Do z)
(v2)(@(y)-Pya | Quz)

cut-—oR-2 Refer to —oR-cut-2.

cut-®R-1 No conversion for  cut (®R Dy D) (Az. D3 )
(vz)((vy)z(y).(Py | Qu) | Ra-)
cut-®R-2 Refer to ®@R-cut-1.
cut-@R-3 Refer to @R-cut-2.
cut-1R-1 No conversion for cut 1R (Az. D )
(va)(x().0 | Py-)
cut-1R-2 cut D (Az.1R) is not a well-formed proof term.

cut-R-1 No conversion for cut (IR Dy) (Az. Dy z)

(vz) (e (y)-Py | Qzz)

cut-'R-2 cut Dy (Az.!R Dy) is not a well-formed proof term.

cut-YR-1 No conversion for cut (VR (Aa. D1 a)) (\z. Dy z)
(va)(z(a) Pox | Quz)
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cut-YR-2 Refer to VR-cut-2.

cut-3R-1 No conversion for cut (3R M D;) (Az. Dy z)
(va)(z(M).Py | Quz)
cut-dR-2 Refer to IR-cut.

cut-—ol-1 Refer to —ol-cut-2.

cut-—oL-2 No conversion for cut Dy (Az. —oL & Dy (Az. D3 )
(va)(Pe | (vw)z(w).(Qu | Rez))

cut-—oL-3 Refer to —oL-cut-1.

cut-—olL-4 Refer to —oL-cut-3.

cut-®L-1 Refer to ®L-cut-1.

cut-®L-2 No conversion for cut Dy (Az. ®L z (Aw.\z. Dy w )
(va)(Pe | 2(w)-Qua-)

cut-®L-3 Refer to ®L-cut-4.

cut-1L-1 Refer to 1L-cut-1.

cut-1L-2 No conversion for cut Dy (Az.1L & Ds)
(va)(Py | 2().Q-)
cut-1L-3 Refer to 1L-cut-2.

cut-'L-1 Refer to !L-cut-1.

cut-1L-2 No conversion for cut Dy (Az.!L 2 (Au. Dy u))
(va)(Pe | 2/u.Quz)
cut-!L-3 Refer to 1L-cut-2.

cut-copy-1 cut (copy u (Ay. Dy uy)) (Az. Dy x) < copy u (Ay. cut (Dyuy) (Az. Dy x))
() (vy)uly)-Puye | Quz) < (vy)uly).(ve)(Puys | Quz)

cut-copy-2 cut D (S\x copy u (5\y Doz uy)) < copy u (5\y cut Dy (S\x Dy zuy))
wa)(Pe | (vy)u(y) - Quuyz) < (vy)uly).(v2)(Pr | Quuyz)

cut-VL-1 Refer to VL-cut-1.

cut-YL-2 Refer to VL-cut-2.

cut-3L-1 Refer to IL-cut-2.

cut-3L-2 Refer to JL-cut-4.

cut-cut-1 cut (cut Dy (A\y. Do y)) (Az. Dsx) < cut Dy (Ay. cut (Dyy) (Az. Dsx))
(va)(vy)(Py | Que) | Rez) & (vy)(Py | (v2)(Qya | Raz))

cut-cut-2 Refer to cut-cut-1.

cut-cut-3 cut Dy (Az.cut Dy (Ay. D3z y)) < cut Dy (Ay.cut Dy (Az. D3z y))
(va)(Py | (vy)(Qy | Ray:)) & (vy)(Qy | (vz)(Pr | Ray:))
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cut-init-1 No conversion for cut (init ) (Az. D )
(va)(ly < a | Prz)

cut-init-2 No conversion for cut D (Az. init z)
(va)(Py | [z < 2])

cut-init-3 cut D (Az.init y) is not a well-formed proof term.

cut-cut'-1 cut (cut' Dy (Au. Dy u)) (Az. Ds ) < cut' Dy (Au.cut (Dyu) (Az. D3 z))
(va)(vu)('u(y) Py | Qua) | Rez) < (vu)(fu(y)-Py | (v2)(Qua | Rez))

cut-cut'-2 cut Dy (Az. cut' (Dy ) (Au. D3 u)) is not a well-formed proof term.
cut-cut'-3 cut Dy (Az.cut' Dy (Au. Dz u)) < cut' Dy (M. cut Dy (Az. Dg )

(va)(Py | (vu)(u(y)-Qy | Reuz)) & (vu)(lu(y).Qy | (ve)(Py | Ryus))
2.15 init

There are no cases here because init has no subterms.

2.16 cut'

cut'-—oR-1 No conversion for cut' (—oR (Ay. D1 )) (Au. Do w)
(vu)(fu(z).2(y)-Pya | Quz)
cut'-—oR-2 Refer to —oR-cut'-2.
cut'-®R-1 No conversion for cut' (®R Dy D) (Au. D3 u)
(vu)(tu(@).(vy)z(y)-(Py | Qz) | Ruz)

The following case is noteworthy because it duplicates a persistent service. This also occurs in the
subsequent cut'-—ol-2, cut'-cut-2, and cut'-cut'-2 cases.

cut'-®R-2 cut' D; (\u. ®R (Dyu) (Dsu)) < &R (cut' Dy (Au. Dau)) (cut' Dy (Au. D3 u))
(vu)(fu(@)-Pe | (vy)2(y)-(Quy | Ruz)) < (vy)z(y).(vu) (tu(z).Po | Quy) | (vu)(tu(z).Pe | Ruz))
cut'-1R-1 No conversion for  cut' 1R (Au. D)

(vu)(lu(z).x().0 | P,.)

The following case is noteworthy because it garbage-collects an unused persistent service. This also occurs
in the subsequent cut'-init-2 case.

cut'-1R-2 cut' D (Au. 1R) & 1R
(vu)(lu(z).Py | 2().0) < 2().0
cut'-!R-1 No conversion for cut' (IR Dy) (Au. Do u)
(vu)(tu(z).lz(y).Py | Quz)
cut'-IR-2 Refer to !R-cut'.

cut'-¥R-1 No conversion for cut' (VR (Aa. Dy a)) (Au. Dy u)
(vu)(lu(z).2(a). Py | Quz)
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cut'-VR-2 Refer to VR-cut'-2.
cut'-3R-1 No conversion for cut' (3R M D;) (Au. Dy u)
(vu)(tu(z).x(M). Py | Qu:)
cut'-3R-2 Refer to 3R-cut'.
cut'-—oL-1 cut' (—oL y Dy (A\y. D2 y)) (Au. Dsu) is not a well-formed proof term.
cut-—ol-2  cut' Dy (Au. —oL y (Dzu) (\y. D3uy)) & —oL y (cut' Dy (Mu. Dau)) (Ay. cut' Dy (Au. D3 uy))
(vu)(tu(z). Py | (vw)y(w)-(Quuw | Ruyz)) < (vw)y(w).((vu)(u(z). Py | Quw) | (vu)(tu(z).Pr | Ruy:))
cut-®L-1 cut' (®L y (Aw.A\y. Dy wy)) (Au. Dau) is not a well-formed proof term.
cut'-®L-2 Refer to ®L-cut'-4.
cut'-1L-1 cut' (1L y D) (Au. Dy u) is not a well-formed proof term.
cut'-1L-2 Refer to 1L-cut’.
cut'-1L-1 cut' (IL y (Av. D1 v)) (Au. Dy u) is not a well-formed proof term.
cut'-IL-2 Refer to !L-cut-2.
cut'-copy-1 No conversion for cut' (copy v (Ay. Dy vy)) (Au. Dy u)
(vu) (fu(@)-(vy)v(y) - Poya | Qu=)
cut'-copy-2 Refer to copy-cut'-2.
cut'-VL-1 cut' (VL y M (Ay. D1 y)) (Au. Dy w) is not a well-formed proof term.
cut'-VL-2 Refer to VL-cut'-2.
cut'-3L-1 cut' (AL y (Aa.dy. D1 ay)) (Au. Dy u) is not a well-formed proof term.
cut'-3L-2 Refer to IL-cut'-3.
cut'-cut-1 No conversion for cut' (cut Dy (5\y Dy y)) (Au. D3 u)
(vu)(fu(z).(vy) (Py | Qya) | Ruz)
cut'-cut-2 cut' Dy (Au.cut (Dyu) (A\y. Dsuy)) < cut (cut' Dy (Au. Dow)) (Ay. cut' Dy (Au. D3 uy))
(vu)(fu(z).-Pe | (vy)(Quy | Ruyz)) < (vy)((vu)(tu(z).Pe | Quy) | (vu)(tu(z).Pe | Ruyz))
cut'-init-1 cut' (init y) (Au. Du) is not a well-formed proof term.
cut'-init-2 cut' D (\u. init y) < init y
(vu)(tu(z).Py | [y = 2]) < [y < 2]
cut'-cut'-1  cut’ (cut' D; (M. Dav)) (Mu. D3 u) < cut' Dy (. cut' (Dyv) (Au. D3 u))
(vu)(lu(z).(vo)((y).Py | Quva) | Ruz) & (vv)(Iv(y).Py | (vu)(lu(z) Qus | Ruz))
cut'-cut'-2 cut' Dy (M. cut' (Dyu) (M. Dzuw)) < cut' (cut' Dy (Au. Dyw)) (Av.cut' Dy (Au. Dy uwv))
(vu)('u(z).Py | (v0)('(y).Quy | Ruvz)) < (vv)(lo(y).(vu)(u(z).Py | Quy) | (vu)(lu(z).Py | Ryv:))
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10.

11.

12.

13.

14.

15.

16.

Summary of Multiplicative Fragment

- 2(y).2(w). Pygzw € 2(w).2(y).Pyzzw if and only if 2z # y, 2 and = # w, 2.

—oR-—oR, —oR-®L-1, —oR-gL-2, ®L-—R, ®L-8L-1, ®L-0L-2, ®L-®L-3

z(y).2().Pye < 2().x(y). Py, if and only if z # y, z.
—oR-1L-1, —R-1L-2, ®L-1L-1, ®L-1L-2, ®L-1L-3, 1L-—R, 1L-®L

z(y).(vw)z(w).(Pyzw | Q2) < (vw)z(w).(x(y).Pyzw | Q) if and only if z # y,x and = # w, 2.
®R-—R-1, ®R-®L-1, —oL-—R-1, —L-®L-1, ®L-®R-1, L-—L-5

z(y).(vw)z(w).(Py | Quaz) & (vw)z(w).(Py | 2(y).Qys-) if and only if z # y,x and = # w, 2.
—oR-®R-2, —oR-—oL-1, —oR-—L-3, ®R-—0R-2, ®R-®L-2, —oL-—R-2, —oL-®L-2, —L-®L-3, QL-’®R-4,
QL-—ol-2, ®L-—l-4, )L-—L-8
(vy)x(y).(rw)z(w).(Py | Qzy) | Rz) © (vw)z(w).(Py | (vy)z(y).(Q:y | Rs)) if and only if z # y,z
and x # w, 2.

®R-®R-1, ®R-—L-1, —oL-®R-1, —L-®R-2, —olL-—ol-1, —oL-—L-3
(vy)z(y).(Py | (vw)z(w).(Qu | Rsz)) & (vw)z(w).(Qu | (vy)a(y).(Py | Ryz)) if and only if z # y,z
and x # w, z.

®R-®R-2, ®R-—oL-2, —oL-®R-3, —oL-—oL-2, —oL-—L-4

(vy)a(y)-(20-Py | Qz) & 2().(vy)2(y).(Py | Qx) if and only if 2 # y, x.
®R-1L-1, —oL-1L-1, 1L-®R-1, 1L-—oL-1

(vy)z(y).(Py | 20).Q) & 2()-(vy)2(y).(Py | Q) if and only if 2 # y, z.
®R-1L-2, —oL-1L-2, —oL-1L-3, 1L-®R-2, 1L-—oL-2

1L-1L

(vx)(2(y).Pyzz | Qz) © 2(y).(vx)(Py2z | Q) if and only if z # .
®L-cut-1, cut-—R-1, cut-®L-1

(vz)(Py | 2(y).Qyzz) < 2(y).(vx)(Py | Qyzz) if and only if z # .

—oR-cut-2, ®L-cut-4, cut-—oR-2, cut-®L-2, cut-®L-3

(vx)(2().Py | Qz) © 2().(vx) (P, | Q) if and only if z # x.

(ve)(Py | 2().Qz) < 2().(vz)(Py | Q) if and only if z # x.

(va)(vy)z(y)-(Py | Qza) | Ra) & (vy)z(y).(Py | (v2)(Qzz | Re)) if and only if 2 7# .

(va)(Py | (vy)2(y).(Qay | R2)) & (vy)z(y).((vx)(Py | Qzy) | R.) if and only if z # .

(vz)(Po | (vy)2(9)-(Qy | Raz)) & () 2(y)(Qy | (v2)(Py | Ry2)) if and only if 2 7# .
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4 Other Comments

e It’s interesting to note that commuting conversions do not fit the labeled transition system exactly as
one might expect. For instance, the 7-calculus LTS includes the rule

la(y).Py, “ N Py | L) Py
We might expect that (roughly)

w().1z(y).P, &* 2 e* My w().P, | lz(y).P,

and

z(2)

w()12(y)-P, & et Ay, P, [ w().t2(y). P,

However, because there is no commuting conversion for w().!z(y).P,, these transitions are not derivable
in the absence of an explicit rule for transitions under a w(). prefix:

P 20,

w().P 9 My w().Q,

Similarly, though somewhat less unexpectedly, it is not possible to terminate a session until all of the
sessions that it uses have terminated. This is formally reflected in that the transition

y0).2().0 =+ 2.

is not derivable. Note that this differs from the behavior of y().0 | z().0, which does allow the transition

y0.0 | 20.0 2% y().0.

e On the other hand, if we are not interested in offering !z(—) and z() external actions, then I claim:

Claim 1. If T;A F P 2 2:A and P - Q, then either: 1. A = 1A and s(a) = z, 2. A =1 and
s(a) =z, or 8. z().P &5 2().Q.

Proof Idea. By induction on the derivation of the transition.

Case:
Quz —— QL.
(v2)(Py | Quz) == (va)(Py | Q)
y().(vz)(Py | Quz) & (va)(y().Pr | Quz)

(va) (y()-Pe | Quz) = (va)(y()-Pe | Q52)
(va)(y()-Po | Q3.) < y()-(ve)(Pr | Q)

O

e The above is related to the problem we had in giving a labeled transition system for reductions under

1L and !L. For instance,
(va) (y()-z().0 | 2().2().0)
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will not reduce until we use commuting conversions to move y(). to the other branch:

(vz) (y()-2().0 | 2().2().0)
— y()-2().0

This non-local conversion can’t be represented locally in an LTS, which is why we needed to introduce
a process context as an extra output.
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