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1 Language
Types:
AB:=P|ANB|AVB|A>B|T|L
Terms:
M, N == (My, M) | m;M | inj; M
| (case, M of x1.M; | x2.M>)
| Agx.M | My My | () | abort, M
| letccuin M | throw M tou
Answers:

an=M|| Mvu|(My?zi.01 | z2.00) | M1,

Pre-answers:
B = (a1, a0) | ma | inj;

| (casep aof x1.a1 | z2.002)
| Aez.a | @1 a2 | () | abort, o

| letccuina | throw atou

1.1 Refinments of the Syntactic Class of Answers

a-Pure Answers:
a =M | (M?,z1.05 | z2.05) | M,
a-Separated Answers: (for ¢ 2 a)
a®n=a% | Mou| (M?,x1.0f | 22.03) | M,
a-Pre-separated Answers:

B u= (M?,21.08 | 22.05)



2 Typing

2.1 Terms and Pre-answers

X:=M|«

z:Alplel’  Thkp<gq
ARz Algl
AR Xy Alpl ;AR X5 Blp]
AR (X, Xo) 0 AA B[]
AR X 2 Ay A Agp)
DA FmX o Alpl
;AR X : Apl
I AFing, X @ Ay Vv As[p]
Iyzq: Chlgl; A F X7 2 Alp]
AR X O v Calg] [,z : Cogl; A Xo : Alp]
I A ¢ (case; X of 21.X7 | Xa.ai0) : Alp]
Iz Alal,a > p; A+ M : Bla]
AR N2 M : A— Blp]
D,z : Alal,a > p; A+ o : Bla)
;A A\z.a® 0 A— Blp]
AR Xy AD Blp] AR Xy Alg 'Fqg>p
AR Xy Xy Blg

LA : Tlpl
AR X Lq]
I'; A+ abort, X : Alp]

2.2 Answers
Do, M:A
;AR M| - Alp)
DlegFM:L
;AR M Alpl
Pl<,FM:B  u:BgeA
;AR Mpu: Alp)

2



D,z : Chlgl; AF a; : Ap]
Pl<gEM:C1VCo [,22: Calgl; A g : Alp]
AR (M?,21.00 | 22.000) = Alp]

3 Termification

When Ji, Jo are judgments and R is a relation, the symbol

J1(X)
PP{ X RY
Jo(Y)

means that both of the following are true:
o (‘progress’) If J;(X), then there is a Y such that X RY.
o (‘preservation’) If J;(X) and X R Y, then J5(Y).

For instance, we claim of the termification relation that it satisfies

I, %: Alal,a > p; A+ o : Bld]
PP oy -7 M
A

T|<,,@:AFM:B

(assuming that a ¢ ', A) when defined by

Ml —=>T M

M!, --»7 abort M

Oé(ll =37 M1 Oég =37 MQ

M?,21.08 | z2.a5 --+7 case M of M, | Ms




4 Separation

;A B Alp)
PP<{ (3% --»5a®
T;A ¢ af : Alp)
M?,x1.0f; | 22.05 —-+5 M| M?,11.055 | m2.05 ~-+5 M

(M?axl-(N?qxll-a?l | .2312.0&(17'2) | xg.ag') -=>g N?qxll.M{ | .1312.M2/

a a / a a /
M?.21.08 | z2.05y --+5 M} M?,x1.08 | T2.055 --+5 M,

(M?,21.05 | 2. (N?q@21.05, | ®22.055)) --+5 N?wa1. M | x92. M)

(M?,21.N, | z2.05) --+5 N, (M?,21.05 | 22.N!,) --»5 N,

(M?,21.Nvu | 12.05) -~-+5 N>u (M?,21.05 | 22.N>u) --+5 N>u

(M?,x1.05 | 22.05) —-+5 (M?qz1.05 | 2.05)
o —g
AR Q @ Alp)

PP<{ o --»5a°
[AFR o Alp]

M| —s M| M!q(_’SM!q Mpru—g Mp>u

/ a / a
o] —g af Qy —g a5 qra

/ / a a
M?,z1.0 | 22.0y —g M?,x1.08 | 22.05

o —sal ah—say M?xi.af | z2.05 --+5 a®

M?,21.0) | x9.04 —g



5 letcc Elimination

;A F B Alpl
PP{ (G -->a
AR o Alp]
M — «
AR M : Alp]
PP{ M — «
AR o Alpl

5.1 Conjunction Introduction
My — o My — as (a1, q0) -+’

<M1, M2> — O/

(My|,Ms|) --» (My, Ms)|

(Mg, o) -=» M, (o, Mgy --» M,

(Mv>u,a) --+ M>u (o, M>u) --» M>u

(a1, Q) --» af (g, @) —-» ay

(M?,x1.00 | 22.00), @) —=» M?,21.0) | 22.04

(a, 1) --» o} (o, ) --+ aly

(a, (M?gz1.00 | m2.02)) —=» M?qx1.0) | w2.0h

5.2 Conjunction Elimination

!
M — « T —=>

/
M — «

mi(M]) --+ (m;M)] mi(Mly) --» M, mi(Mpu)--» Mbu

/
Ty -+ o iy =% Qi

/ !/
mi(M?gx1.a1 | z2.00) ——> M?qx1.04 | z2.04



5.3 Disjunction Introduction

M < « inj, a -—-» o

inj, M — o

inj,(M]) --» (inj, M)| inj,(M!;) --» M, inj,(M>u) --» M>u

inj; a1 -+ &} inj; oz - g

o« e ! /
inj,(M?,x1.01 | 22.02) —=» M?qx1.04 | 2.04

5.4 Disjunction Elimination

!
M — « My — o My — aq case; acof T1.0 | 2.0 --» v

. /
case, M of x1. My | o.My — «

case, M!of z1.a4 | z3.c0 —-» M!

case; M >uofzi.cq | ma.0 -—-» M u

case, o of T1.aq | x2.0i0 —-» f case, b of T1.a1 | x9.00 —-» f

case,(M?.y1.0} | y2.ab) of z1.a1 | 2.2 —=» M?,y1.0 | y2.0y

case, M| of 1.0 | x2.cp ——» M?z1.001 | T2.000

5.5 Implication Introduction
M — o o —ga® Aoz.0% =5 o

Ao M — o

o --sp M

)\ax.aa N AZ‘MJ, )\al'.M!q -—> M'q /\ax.Mbu --—sMpu

a / a /
AaZ.0f --» o Aoy —=»

Ao M?,1.05 | 22.05 -+ M?,21.0) | 29.00



5.6 Implication Elimination
M, — aq My — ai a1 ag --+ o

M1 MQ‘—>O/

Mll Mgl i 4 (Ml Mg)l

My o --+ M, a My, --+ M|,

(M>u)a--»Mp>u a(M>u)--» M>u

!
ap o --» o ay @ --» ol

(M?y21.01 | m2.00) @ == M?,x1.0) | 22.04

a - a g - o

a (M?,z1.00 | 22.00) ==+ M7 21.04 | T2.04

5.7 Truth Introduction

5.8 Falsehood Elimination

M — « abort,a --» o/

abort, M — o/

abort, M! --» M!

abort,(M>u) --» M>u

/! 1" ! 1"
abort, o) --» o abort, a; --» ay

abort,(M?,y1.0) | y2.ah) -=» M?y1.04 | y2.0y

abort,(M]) --» M|,



5.9 Throw

M <« throw atou --» o/

throw M tou — o

throw M!tou --» M!

throw (M >v)tou --» M v

throw o tou --» o  throwa,tou --» af

throw (M?,y1.0) | y2.ab)tou --+ M?,y1.a4 | ya.aly

throw (M|)tou --+ M >u

5.10 Letcc

M — « letccuina --» o/

letccuin M — o

letccuin M! --» M!
uFv

letccuinM>v --» Mo

letccuin M >u --» M|

letccuina) --» of letccuinal --» o

. ! ! 1 2
letccuin M7?,y1.0] | ya.ay —-+ M?y1.07 | y2.05

letccuin M| --» M|



