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if t; then ty else t3: T

(T-IF)

O000000000if0000000 30000 (E-IFTRUE), (E-IFFALSE), (E-IF)
00000000t —-+¢000+¢000000000000300000000000
ODodooooooooooooooogooooooooo3gooonoooonn

E-IFTRUEOOO: OO0OO0O0OO0O0

; E-IFTRUE
if t; then ty else t3: T — to ( )

D000+t :TOOOOOO PODOOODOO
E-IFFALSEOODO: E-IFTRUECOOODOODO
E-IFO00: 00000b0o0booboobo

t — t)
if t; then ty else t3 — if t) then t, else t3

(E-IF)

000000000000 0000000¢t,:Bool 0000000 t9:TO
O0+t;:TOOOO TIFOOOOOOODO if t) then ty else t3: TO OO
OO0+t :TO000000

T-SUCCUODOUO: 0bO0boboooooooogoon

t1: Nat

_ (T-
succ t; : Nat (T-SUCC)

OO000000D0O0Osuccy, J0O000O0O0DOODOOOODO ESUCCOOOODOOO

t—-t000+¢00000000000000000CO0O0000000D0O0O0O0O

t — t)

succ t; — succ t)

(E-SUCC)

00000000000 00000000t,:NatOOO00O0O0O T-SUCCOOOOOO
00 succt):NatOOODO ¢ :NatOOOOODODOODO

T-PREDUOOUO: DO00O0O0OOO0OO0ODOO0ODOOO

t, : Nat

pred t, : Nat (T-PRED)

O00000000Opred0 000000 30000(E-PREDZERO), (E-PREDSUCC),
(E-PRED) 00000000t -+t 000+t 00000000000 30000000
gogoooboobobobbbbbbboboboboobobbbobobbbboos3sgoooon
goo



E-PREDZEROUOUOO: DOOOOOOODO

O000(T-ZERO)DOOOo0:NatODOOODDOOOO

E-PREDSUCCOO00: 000000000000 DDO0O
(E-PREDSUCC)

pred (succ nv,) — nv;
00000000000 700000000000nv; :NatOO0O ()OO0
gad

(MY OOO0D0OO0OwONatOOOOOOOO 70000000000 nvO000O
000000000000 OdONatOOOO0OOOUOOOBoolOOOOO
O00000O0inversion lemma O 00 OO M

E-PREDOUO0O: J000O0D0OD0OOOOODOOO

t — t)

pred t, — pred t}

(E-PRED)

0000000000000 00D000D000 ¢t :NatOOODOOO(T-
PRED)O OO0 pred t) :Nat OO ODOOOODOO

T-ISZEROUOUOD: 0000000 DOODbOoOoObOO

t1 : Nat
iszero t; : Bool

(T-ISZERO)

O000000000Diszero0 000000 30000(E-ISZEROZERO), (E-ISZEROSUCC),
(E-ISZERO) 00000000t -+t 000+ 00000000000 3000000
gboogobuogbbodboooboobbogboboobooboob 3ggboon
goo

E-ISZEROZERO U UOO: OO0O0ODOOOOO
(E-ISZEROZERO)

iszero 0 — true

O0O0OOinversion lemmad 0 true:Bool OO OO OOOOO

E-ISZEROSUCCOOO: 000000000
(E-ISZEROSUCC)

iszero (succ nv) — false

OO000000000inversion lemmad 0 false:BoolODODOOOOOOO
E-ISZEROOOO: 0O0OO0O0O0OO0OOO0O0OOooOoOoooo

t — t)

E-ISZERO
iszero t; — iszero t} ( )

0000000000000 00D00D000OD ¢t :NatOOODOOO(T-
ISZERO)O OO0 iszero ty:Bool OO DODOODOODOO

3



]

00 00O preservation 0 0O O subject reduction 0 0 O O subject evaluation 0000000000 t
TOOOOO +00TOOOOOOOOOstatementDO0 0000000000 t+00t0 reduced 000
Oevaluated 000D O0D0OD0O00OD0O0O0DOOO0DOOO0DOODODOODOODOO

3 Uboooboogon

gbooboooobbobuooooboboooon

3.1 000

0000000000000 0oU0o0o0ooooooooooooooooooo-
ooon
AX.t —

goooboobboobbbobotbotbddddddduioooooooooooooon
gboboggbogbobodobbobboobboobbooboooboobboobbn
gobbobobooooobobobobbbbbobooououououooooooooooon
gbobobooooogobbbbuoooooobobbbooooobb—-00000
T, —-T. 0000000000 booougooon
gbbbuoogbobbboodbbbeeolUbbOUOO0bODbOOOOD

OO0 1. Bool O OO OO OO simple types over the type BoolO O O DO ODOOODODOOOO
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T := T—>T
| Bool

U0ooo type constructord -0 000000 0OOOO0OT; - Ty — T3U U OO OO type
expressiond 0 T; — (Te — T3) D000

3.2 0JOO0O0O0O

godgobogbbodgbbooboobboobbodgboooboooboobboo
g20000000b01bbbuooobbboooaooboo

AX Tl. to

0000000000000 000000 1000000000000 00D000O000
OO000000000000000000000O00Oo00o0o0oOoo0oooOoonan
0000000000000 000D000O000DO00DO000O000O000O00DO0o00n
00 (type annotation) 0000
O0000000000000000000000 (explicitly typed language) 0 0 0O O
O0000000000000000000000 (infer 00O reconstruct) 000000

4



0000000 (implicitly typed language) 0 D 000000000000 OOOOOO

oooooo
OO00000O0o0obOOo0obOoOobOo0boO0obObO0obOobobOooDoOooobDooDboOoo

Ooboobobobooooobooboboboooogon

XZTll_tQ : T2
|_>\XIT1.t2 : T1—>T2

00000 Xx:Ty.t, 000 t, 0000000000000 0O0DO xO0O00 1,000
oooooooooobobooooobobooborss s TO3000O0ODDODOOOOgr
O0000+000000000000000000000 (typing context 00 O type
environment) 00 000000000000 0O00OOO0O0OOOO0OOODOOOOODOO
000000000000 binding(DOOOOODODOx @ TOOOOO)OOOOOOO
0000 000000000000 000Rt : TOOOOODOOOOOOOOOO
oo

O00o0o0o000ooooooooboonx:TOOODODODOODODOOTOO x0000
gbooodbtooobobooboobboobuoobboobboooboobboon
Jo0o0oboooboooboooboooboooboboobooborooooboon
0000000000000 000ooooOdeon()DO0OOTOO0DOOODOOOOO
goooo

goobobobooooobobboooobobboooobobo

F,X:Tll_tg : T2
P")\XITl.tQ . T1—>T2
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- E-IFTRUE
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if false then ty else t3 — t3 (E-IFFALSE)
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if t; then t; else t3 — if t] then t; else t3
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T-TRUE T-FALSE
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if [x — s|t; then [x — s]t, else [x — s]t;
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1. £:Bool—Bool  f (if false then true else false) : Bool

2. f:Bool—Bool - A\x:Bool. f (if x then false else x) : Bool — Bool



