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1 Introduction
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1.2 0000

0000000 Agda OO0DODOOOOOOODOOOOOOOOOOODOOOODODOOODODOO
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O0D02000000000000 syntaxOOODOOOOD30000 McBride O OO unification
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https://github.com/KDXU/InferAgda

2 Syntax 0 0O00O0O

OoboooopDoooD syntax DOOO0D0OO0OO0O0OO0O0O00O0O0DOOODOO de Bruijn index
OO00DO00O00O000000 nODO wellscoped DOODOOOOOOODOO

data WellScopedTerm (n : N) : Set where
Var : Fin n » WellScopedTerm n
Lam : WellScopedTerm (suc n) — WellScopedTerm n
App : WellScopedTerm n — WellScopedTerm n — WellScopedTerm n

goodoooooobobobobouobo TverbooooooTIntboOobObOO=0D0
0000000000000 0b00O00DO0O0DOwell-scoped termO 0 TiIntOOOOOOOD
OO0O0O0TIntdDOO0 arrow 000000000 OCODOOODOODOOOCODO TINtODOOD
googoo

data Type (n: N) : Set where
TVar: (z: Finn) - Typen - OO0 (de Bruijn index)
TInt : Type n - base case [[J
O :(st: Typen) - Type n - arrow L[]

3 Unification

00000000000000 unification00000000000000O McBride [3|0000
000 AgdaOO0OO0O0O0O0OCOOO0O0DOOD unification 00000000000 O0DOOOOO
00000000000 [7jo0000Agda0D000000O00O0OO0DOOODOOOOOODOOO
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000 McBride DOOO0O0O0O0COCOO0O0OOOCOOO0ODOOOOOODOOOOOODODOOO
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3.1 0Uogogooobooggd

gooooobooooooooobooodnooobD FnepOOOOOOODDODOOO =
gbobooobooboobooobobuooboboobobo n+10000000 nO0OO0ODO
gboboob,b0 000000000D0O000O00DO0DODOODDOODOOOODO00 n—-10
O000000000000000000000000000000000 McBride O thin, thick
O0000000ooooD. 000000 thinOODOOOOOOOODOODOOOOOODO,O00
thick 000 0000000000000D0000000Mthinzy 000 y0O 20000000
gobooboobdd.- 0000000000 O0DO00D.,O00000 41 000000000ODO
thinO OO0 000000000 ODO0OOODODOOCOOOOOOOOOD

Y (y <)

thin x y =
sucy (otherwise)

gboooooboobogn

thin : {n: N} - Fin (suc n) - Fin n - Fin (suc n)
thin {n} zero y = suc y

thin {suc n} (suc z) zero = zero

thin {suc n} (suc z) (suc y) = suc (thin z y)

00 O thin O partial inverse 0 00 thick D0 00000000 Othickzy OO0 yO 20000
gboooboodbtdde. b0b0boobobobobbboe. 00000000 -100002z0 yO
0000000000000 nothingOODODDODOODOOODOODODODODODOOOOO

just (sucy) (y <x)
thick x (suc y) = < nothing (y =x)
just y (otherwise)

ooooooooogog

thick : {n: N} -~ (z y: Fin (suc n)) » Maybe (Fin n)

thick {n} zero zero = nothing - x = y OO0

thick {n} zero (suc y) = just y - 0O OO

thick {zero} (suc ()) zero

thick {suc n} (suc z) zero = just zero - x D000 O0O0O00OO
thick {zero} (suc ()) (suc y)

thick {suc n} (suc z) (suc y) with thick {n} z y

... | just " = just (suc z’)

... | nothing = nothing - x = y OO0

000000000000 thiekOOOOOOthinO thick OOOOOOOOOODODOODODOOO
3]0

thick DD 0DO00D0DO000000000000D000D000000tforz 00000 20 ¢t0O0O
O0O00000o0oooboooodd0 ¢+ 000000000 000000000000
0000000 z0 thieckOODOOOOOOODO

_for_:{n:N} -~ (t: Typen) - (z: Fin (suc n)) - Fin (suc n) - Type n
_for _ tzywith thick z y

.. | just y’ = TVar gy’

... | nothing =t



3.2 check

checkzt 0 0000000 ¢+t00000000O0thickOOOOOOOOOOOOODDOODODO
0000 nothingODOOOOOOOOOOOODOOOOOD t0O00OO000D00OD00O0O0 20000
O0000000000000000¢+00000000000Ocheck2xztO000000000O00O0
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check : {n: N} - Fin (suc n) — Type (suc n) - Maybe (Type n)
check z (TVar y) with thick z y

. | just y’ = just (TVar y’)

... | nothing = nothing - x 000O0O0Ox =y O0OO0O

check z TInt = just TInt

check z (s O t) with check z s | check z ¢

.. | just 7| just ' = just (s’ O t’)

... | just s’ | nothing = nothing

... | nothing | just ¢’ = nothing

... | nothing | nothing = nothing

0¢+000000000C0Cthick 00O0OO0ODODOD 200000COCDOO0O0O0O0O0.O0D0DDOOCO ¢t
02000000 nothingOOOOODOOOOOOOthick OOOOOOOOOOO0ODOOO tO0O
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3.3 Most general unifier

OO0O0O0O0O0O0O0O0O0ODDODALIstO000O0O0OALIstmndOm,n0 m>n00000000
bodbmbOODO0OO0OO0O0OO0O00ODOn0D0O0O0O0O00DOO0O00O0O0O0O0O0O00O0O000OO

data AList : N -~ N - Set where
anil: {m: N} - AListmm - 0000000
_asnoc_/ :{m:N}{n: N} - (o : AList mn) - (t’: Type m) -
(z: Fin (sucm)) - AList (sucm)n- x U v J00000000cOO0OODO

anil 00000000000 OOeasnoct /20000000 20 ¢+0000000c000OO
goooogoog

OO0 OflexFlexO flexRigid OO OO OOO0O0O00OOflexFlexOOODO 20 y OOOOOODOOO
gooooooooooogooobogoonog

flexFlex : {m: N} - (zy: Finm) -~ £ [n0 N]AList mn
flexFlex {zero} () y

flexFlex {suc m} z y with thick z y

... | nothing = (sucm , anil) - x =y 00000000000

. | just y’= (m, anil asnoc (TVar y’) / ) - TVar y’ for x OO0

xr0yO00000000 thikOOOODOOOOOOOODOOOOOO0ODO =20 yOOODOODO
gbooobooobooobooboobuoobooboobooboooboooboooboobbob
ooog

flexRigd D000 200 t00000000OO0OOODODOOOO



flexRigid : {m : N} - (z: Fin m) - (¢: Type m) — Maybe (£ [ n O N ] AList m n)
flexRigid {zero} () ¢

flexRigid {suc m} z t with check z ¢

... | nothing = nothing - x 0 t 0O0O0OO0O

.. | just ¢’ = just (m, anil asnoc ¢’/ z) - t’ for x OO

o000 0 ¢+00000D0O0DODOODODOO 20<¢t00000000O0OO0OODOOOODO
00000 cheeck DOODODOODOOOO
000000 most general unifier 000000 mgu 000000

mgu : {m: N} - (st: Type m) - Maybe (£ [ n O N ] AList m n)
mgu {m} s ¢t = amgu {m} st (m, anil)

mgustOUOO sO0 ¢tO000000O00O00O000O000O000O0 sO¢:t00000 mOOOO00OO
O0000OmguO 00000 (n,00)000000000000 n0O unification 0000000
gooooooboboo mOobO0OO0O0 nDOO0DOO0OOOODOODODODM—-OO00000DODO
gboogboogbooboobuooboobuoobooboobob amgudOOoooooooo

amgu : {m: N} - (st: Type m) - (acc: £ [n0O N]AList mn) -— Maybe (£ [ n O N] AList m n)
amgu TInt  Tlint acc = just acc
amgu Tint (¢t 0 #) acc = nothing
amgu (s 0 s1) Tint  acc = nothing
amgu (s O s1) (¢t 0 t1) acc  with amgu s ¢ acc
| just ace’ = amgu s1 t acc’

| nothing = nothing
amgu (TVar z) (TVar y) (s, anil) = just (flexFlex z y)
amgu (TVar z) t (s, anil) = flexRigid z ¢
amgu ¢ (TVar z) (s, anil) = flexRigid z ¢
amgu {suc m} st (n, 0 asnocr/ 2)

with amgu {m} ((rfor z) < s) ((rforz) <t) (n,0)
. | just (n”, 0 ) = just (n’, @ “asnoc r / 2)
... | nothing = nothing

0000 sO0¢+t0000000D00C0O unification 00000000000 mOO0D00OO0O0ODO
0000000000000 00000000000000 flexRigid, flexFlex 0 O OO unification
000000000000 000 (rforz)<s000 sO0OO0OD0ODOOOOODOOO (rforz) 00
gooooon

O0000000000000 mguO unify 00000000000 O0OO0OOO unify¢l¢20
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unify : {m: N} - Type m - Type m - Maybe (£ [ n O N ] AList m n)
unify {m} t1 t2 = mgu {m} t1 t2

4 Type Inference

O0000000Oalgorithm W 2] 00000000000 00O00OO0OOOOODO well-scoped
00 s000000000s000000000 MaybeOOODOOOOOOOO infer00000O0O
O00 inferr sO T O0O0O0 sO0O000O0OO0ODODOOOO

infer: {mn: N} -~ (I : Cxt {m} n) - (s: WellScopedTerm n) —
Maybe (£ [ m’0 N ] AList (count s + m) m’x Type m’)



000 count s 0 well-scoped D0 s OO0D0OODO0O0OO LamO AppO0000O0DO0OODOODODOO
0000000000000 00000o0o0000oDooo0oooo0ooooooooooon
mO000000000000OO0O (»/,00,0)0000000 » 0000000000000O0
O00000)000000000 sO00 Lam,App0000000O0OCOOOOOOOODOOOO
00000000000 m+counts 000000000 ODOODOODOOOO0O m + count s O
O0x/ 0000000000

count : {n: N} - (s: WellScopedTerm n) -~ N
count (Var z) = zero

count (Lam s) = suc (count s)

count (App si s2) = count s + suc (count s2)

infer000 sO0O0O0 nO0000O0O0ODOODOOOr OO0 n0O0OO0OO0OOO0DOOOOOOODOOO
00000000000 mO0OO0D00D00O0O00O00C0D0O0OCOO infer 00000000 count
s00000000000000000000D0 sO00000000 nothingdsOOODODODOD
just ((m/; 0,1 )0000000000T 0 s00000 » 00000000000 OOOO
O counts+m 000000 o 0000000000000DO0O0ODO0OOODO0O0O o'k s:7
0000000000000 00 liftCxt, liftAList, litType 000000000000 O0OOOOO
gboooobooboobobooobooboobo

- liftcxtm’> [ @ [ OO0OOO0OO0OOO0 m> OOOOO

liftCxt: (m’: N) -~ {mn: N} - Cxt {m} n - Cxt {m’+ m} n

- liftAlist n 1st : 1st UUOO0OUOO0O0O0OO0 n OOOOO

liftAList : {m m’: N} - (n: N) - AList m m’ - AList (n + m) (n + m’)
- liftTypem’ t : t 000000000 m> OOO0OO

liftType : (m’: N) - {m: N} - Type m - Type (m’+ m)

gbooopoobooboobboobooboobon
00 OsubstCxt O substType 00 Cxt 0 Type 0000000000 DODDOODOOOOOO

substType : {m m’: N} - AList m m’ - Type m — Type m’
-substCxt o [ : [ 0 o OOOOOOOOOOO
substCxt : {m m’n: N} - AList m m’ - Cxt {m} n - Cxt {m’} n

4.1 Variable
goooogopoooguoooooooooooooooboogoboooouoobnoooo

infer {m} I (Var z) = just (m, anil , lookup zT )

4.2 Lambda
000 lambda OO OOOOOCOOOOOOO

infer {m} I (Lam s)
with infer (TVar (fromN m) = liftCxt 1 T ) s - TVar (fromN m) OO OO0
... | nothing = nothing - s 000000000
o |just (m”, 0 ,t) =
just (m’, 0" ,tx0 ¢) - TVar (fromN m) O t 0 Lam s OO

where
0 ' : AList (suc (count s + m)) m’
0 ' = subst (A m — AList m m’) (4-suc (count s) m) o
tx : Type m’

tx = substType o (liftType (count s) (TVar (fromN m)))



ubbO0O+-sucO0O00O0000O00O40DOO

+-suc: 0 mn - m+sucn= suc (m+ n)

lambda DO DOOOODO body DOODOODOODODOODO0OOODOODODODODOOD mOOODOO
gobooboor ocoobdm—-10b00b000DODOODbDO0ODOODDODmMOODbDOO
O000000000fCt 1T OF 00000000 1000000000body 000000
gooooboobooboo0oooooooon

body 00 sO0O000OO(m ,0,t) 00000000000 o(m=T)Fs:t000000
0000000000000 o'k (Lams) : eom=t0000000000000 (m',0,0m
=¢)00000000s000000 counts 000000000000 0OOOOOOOOOOO
0000000000000000 t2 00000000 O AList (count s +sucm)m/ 00000
O000000000000000000000000+4-sucO0000O0O AList (suc (count s) + m)
m 0000000 subst0000000000 /O0000000O0OOO

4.3 Application

OO0o0o000O00DoobDoObObAppsls20000000DO0OO0DOOOOOODOODO
OO0 sl0 20000000000 s10000s2000p000000DO0OOODOOOOD
gooboobooobooboood

1. 000000oo0oOinfer{m}I's10 ou ' sl :¢1 00 o, t1 000000

2.00 s200000000000000000000 o0 000 s2000 infer {my} o1T
200000003 (1) F s2: 200 09,200000000000006,0 1. 000
00000000000003(010) F sl:0p(t1) 0000

3. O00o9(tl) = t2 - p0 000 00000000000 unifieros 000000000
O0os(02(tl)) =03(t2 — ) 000003 0 2. 00000000 DOOO0OODOODOOODOOO

o3 (o2 (011)) F sl : o3 (o2 (t1))
o3 (o2 (011)) F s2: 03(12)

0000000000000000000000O0s(oa(o1T)) F App sl s2: o3(8) D00
000

4. 0000Appsls2000000 App (me, o3+!+(o2+!+01), 03(8)) DOODODOOO++
gooooooboboboboooooa

gobooboooboboooboooon

infer {m} I (App sI s2)

with infer [ s1
... | nothing = nothing - s1 000000000
v Jjust (m1,0 1,¢1)-s1 000 +1

with infer (substCxt o 1 (liftCxt (count s1) T )) s2
... | nothing = nothing - s2 OO0 O OOOOOO
v Jjust (m2,0 2,¢2) - s2 000 t20m2 0 App s1 s2 0000000 OOOOO

with unify (liftType 1 (substType o 2 (liftType (count s2) t1))) - t1
(liftType 1 t2 0 TVar (fromN m2)) - t2 O TVar (fromN m2)
... | nothing = nothing - wnify 000000
. | just (m8,0 3) =



just (m3,0 3+!+ (0 2" +!+ 0 1), substType 6 3 (TVar (fromN m2)))
where
o 1': AList (count s1 + suc (count s2) + m) (suc (count s2 + ml))
o 1" rewrite +-comm (count s1) (suc (count s2)) | +-assoc (count s2) (count sI) m
= liftAList (suc (count s2)) o I
o 2': AList (suc (count s2 + m1)) (suc m2)
o 2" =liftAList 1 o 2

gbobooboobobobooboobooobooobooobboboobooboobboooboboon
Ubooobbod mO0D00O0s1000000DO0O0O0O00O0 countsl +m 0000000000
g0o000oooooooooD m10000000s2000000000 counts2+ml1 0000
0000000000 0DO0O0DOO0O0ODO0O0O0 m200000000p00000000 14m2
000000000000 unification 0 m3d 000000000000000 infer000000
gbooagboboobuoobboobuodgboobbod

5 Well-Typed O 0O O[O

OO0 infer 0000000000000 0ODODOOOOOOInfer0000000000OOOOO
000000000000 0D0000DO0DO00O0000D00D0DOD0DO0o0o0oODOooDOooDOon
go0ooOobOoboboooooOooDobobooooooOobDobOobOoooOOobDooDOobOoD
000000000000 well-typed OOODOOOOODOO0ODOOODOOODOODOODOOOOOODOO
0000000000 well-scoped OO well-typed DO OODOO0O0OOOOONOOwell-typed O
O0000o0ooOooooooog

data WellTypedTerm {m n : N} (I : Cxt n) : Type m — Set where
Var: (z: Fin n) —» WellTypedTerm I (lookup z T )
Lam: (t: Type m) — {t’: Type m} — WellTypedTerm (¢ :: I ) t’ - WellTypedTerm I (¢t ¢’
App : {tt’: Type m} — WellTypedTerm ' (¢ U ¢’) - WellTypedTerm I ¢t — WellTypedTerm I ¢’

ooooborocgboobobobodbod nODbDOO tDOO0O0O0ODO well-typedOODOODOODOOO
00000 term OOD0O00OD0DO well-typed DDO000000O0000O0O0O0O simply-typed OO
gboooboboobooboon

gobodboooobooboooobooboo

infer2: {mn: N} - (I : Cxt {m} n) - (s: WellScopedTerm n) -
Maybe (£ [ m’0 N]
2 [o O AList (count s + m) m’]
[t O Type m’]
WellTypedTerm (substCxt o (liftCxt (count s) [ )) T )

00000000 wellscoped 00 s00000000000000 WO sO00 7000000 ¢
O00b0O00O well-typed D OO MaybeUDOODUODOUODODODODODODODODOOOODOODOODOD
0 O well-scoped term 000 O0000O0algorithm W 2| 000000000000

5.1 Variable
goooo0 Temogogooooooo



infer2 {m} I (Var z) = just (m, anil , lookup z T , VarX)
where
VarX : WellTypedTerm (substCxt anil (liftCxt O T )) (lookup z T )
VarX rewrite substCxtAnil ' | lifttCxtZero I = Var z
- Var x : WellTypedTerm I (lookup x I )

well-scoped term 00000000000 O00ODOOOOOCOO0OOOOO0ODOOODOOOODOOOD
O0Owell-typed D00 VarzOOOOOOO Varz OO (OOOO00OO0OO0OO)0DO0O0O0OO (O
O VarXOO)OOOOOOOOOOOOOOOOOOOoOooOoooooooooo

- substCxt anil O [ OO0

substCxtAnil : {m n: N} - (I : Cxt {m} n) - substCxt anil [ = T
- liftCxtZero : Cxt [ 0O O 0O0OUOOOOOO r OO0OO
liftCxtZero : {mn: N} - (I : Cxt {m} n) - liftCxt O = T

5.2 Lambda

D00 term O0O0O0OD0 LamsOOOOO0OO0OOOOOOOOOOONO well-scoped term O 0O O
O000000 body OOODOOOOOOODbody DODODOODODODODODODOOODOOD
OO0 body OOOODOODOODOODOODOODOODODOODODODO

infer2 {m} {n} I (Lam s) with infer2 (TVar (fromN m) :: liftCxt 1 T ) s - TVar (fromN m) OO OO0
... | nothing = nothing - s 0O 00OOO0OOO
v JJust (m’, 0 , ¢, w) =just(m’, 0", tx0 ¢, LamW)

where
o ' : AList (suc (count s + m)) m’
0 ' = subst (A m - AList m m’) (4+-suc (count s) m) O
tx : Type m’

tx = substType o (liftType (count s) (TVar (fromN m)))
LamW : WellTypedTerm (substCxt o ' (liftCxt (count (Lam s)) I )) (tx O ¢)
LamW = Lam tx w'
where
w’ : WellTypedTerm (tx :: (substCxt o ' (liftCxt (count (Lam s)) T ))) ¢
w' = subst (A [ — WellTypedTerm (tx :: I) ¢) eq w
where
eq : substCxt 0 (liftCxt (count s) (liftCxt 1 I )) = substCxt o ' (liftCxt (count (Lam s)) I")

-eq= ...
000000 wellscoped DODOODO0O0OODOOODODOODODOOONO well-typed ODODOOODOO
0000000000 well-typed O LamWOOOOOOODODOOOODOOOODbody OO s O
DO000000Owell-typed 0 w O0O00O00O0O0O0O0O0ODO0O0OO well-typed DOOOO Lam
tzw00000000DOODDOO0O0O0O0O0O0 wODODO
WellTypedTerm (substCxt o (liftCxt (count s)( TVar (fromN m) = liftCxt 1 T ))) ¢
gogooboobbbotbdooodoaon
WellTypedTerm (tx :: substCxt o (liftCxt (count (Lam s)) T )) ¢

000w DO0OO000000

WellTypedTerm (tx :: substCxt o (liftCxt (count s) (liftCxt 1 T ))) ¢



O00000wO000000000100000 counts0000000000O0O0O count (Lam
s) 000 count (14s) 000000000000 00O0D00DO0O0O0ODO0O0OD «' 00000
gbboobboobd eqUboonobooboaobbooboobboobooboobbod

5.3 Application

000 term 00000 Apps? s20000000000000000O0O0O well-scoped term O
O00000OApps?s200000s1 0000000000000 0O0TTO0ODOODO on"0O0O
00 «2000000000000000s2000 B0 s100000000000O000OO0 unify
O000o00ooooooooooooooooon

infer2 {m} {n} T (App sI s2) with infer2 [ s
... | nothing = nothing - s1 OOOOOOOOO
e |just (m1,0 1,t1, wl)

with infer2 (substCxt o 1 (liftCxt (count s1) I )) s2
... | nothing = nothing - s2 DO00OO00O0O0OO
. ljust (m2,0 2,12, w2 - m2 0 App sl s2 D0OO0DO0DO00O0

with unify2 (liftType 1 (substType o 2 (liftType (count s2) t1))) (liftType 1 t2 0 TVar (fromN m2))
... | nothing = nothing - wnify 000000
. | just (m3,0 8, eq) =
just (m3,0 3+!+ (0 2" +!+ 0 1), substType 0 3 (TVar (fromN m2)) , AppW1W2)
where
o 1': AList (count sI + suc (count s2) + m) (suc (count s2 + m1))
o 1" rewrite +-comm (count s1) (suc (count s2)) | +-assoc (count s2) (count sI) m
= liftAList (suc (count s2)) o I
o 2': AList (suc (count s2 + m1)) (suc m2)
o 2' = liftAList 1 0 2
AppW1W?2 : WellTypedTerm (substCxt (o 3 +!4+ (o 2" +I4+ o 1')) (liftCxt (count (App sI s2)) T ))
(substType 0 3 (TVar (fromN m2)))
AppW1W2 = App wl' w2’
where
wl' : WellTypedTerm (substCxt (¢ 3 +!4+ (o 2" +!4+ o 1")) (liftCxt (count (App sI s2)) I ))
(substType o 3 (liftType 1 t2 0 TVar (fromN m2)))
-wl = ...
w2' : WellTypedTerm (substCxt (6 3 +!4+ (0 2" +!I4+ o 1")) (liftCxt (count (App sI s2)) I ))
(substType o 3 (liftType 1 t2))

- w2 = ...

00000000000 Owellscoped 000000000000000000 wl,w2000000
000000000 well-typed D AppWIW2 00 0000000000000 0O000 AppW1W2
0000 Appw! w20000000000000000000000O000000000 w20
0oOoooooooon

w2000

WellTypedTerm (substCxt o 2 (liftCxt (count s2) (substCxt o 1 (liftCxt (count s1) I )))) 2
O0000w2 00000000000000000000000000w200000000 App
s1s200000000000000000000 wify0DOOO o 30000000000 w20

0000000000000 o 30000 substWTerm o & (liftWTerm 1 w2) 0000000

WellTypedTerm (substCxt o 3 (liftCxt 1 (substCxt o 2 (liftCxt (count s2) (substCxt o 1 (liftCxt



(count s1) I )))))) (substType o 3 (liftType 1 ¢2))

0000000000 «200000000000000000000000O000OOO
gbobobobobobobooboboboroooo

e (countsl) D0DOO0OOOOOOo 10000
e (counts2) 000D 0O0OUO0OOO 20000
e 100000000000 3000
go
e 000 (count (Appsis2)) 00000000000 84!+ (0 27+'+0 1) 000

O00000000000000DOcount ( App sf s2) 0 count (1 + count s1 + count s2 ) 00O
gogobobbotbdooooouobbbtbtbdoooooboboooooubobDbboouoo oo
goooooon

e JUUDODOOODLOUODLDDOODLUODLDOLODUOOLODOLODOODLOOLODOObLOO
e IO DOOO0ODOOODLOOODDOODLOODDOODLOODLOODOD
e JIDDOOO0ODOUODLDODDUODLOUUODDOODLOUODDbOOODOODOO

gboboobboobuoobobobbuooboobbooboobbooobooboanbobg
Ub0bwlOOOO0OD0OO0O0000D0000w1 OOO

WellTypedTerm (substCxt o 1 (liftCxt (count s1) I )) ¢1

O00000wl’ 0000000000000 0000000000000wl O0O0O00O0O000O0
gboogobooboodan

substWTerm ¢ 3 (liftWTerm 1 (substWTerm o 2 (liftWTerm (count s2) wl)))
gbooobooooog

WellTypedTerm (substCxt o 3 (liftCxt 1 (substCxt o 2 (liftCxt (count s2) (substCxt o 1 (liftCxt
(count s1) T )))))) (substType o 3 (liftType 1 (substType o 2 (liftType (count s2) t1))))

0000000000 w’000000000OOOO0OO0DO0OO0Ow20000000D0ODOODO

goooooooon
googoobooboobboboobboboboobooboobooboobboobbobo

a

substType 0 3 (liftType 1 (substType o 2 (liftType (count s2) ¢1)))

g

substType o 3 (liftType 1 ¢2 O TVar (fromN m2))

0000000000000 00000O0000O00000DO0OOOOOOOOO wifyODOO
0000000000000 000000D00043000000 wifyOOOODOOODOOOOOO



0000000000000 0O0000000000000O00C00O00O0O0O0O00OO0OOunify2
O00000000000000000000000000000000000000OOnfer2 0
O00000000000000000 infer 000 wnifyOOO0O wnify20000000000
O0uwify2 00 0000000000000 00O0000000O00O0O0O00000 e 0000
0000000000 w20 w2°000000000infer0000000O00OOODOOO

unify2 0000000000000

6 unify 000000000000 unify 00

00000 wellscoped 000000 wnify 0000000000000 O0O0OOO0OOOO
0000000000000 O0O000O00DbOC00DO00bOO0OU0DOO0Dwell-typed OODO
0000000000000 0000000 wifyJOOOODDODOOODOO0D0OO0ODODOODOOO
gbobogoboabooanoodgd

unify 00000000000 flexFlexOflexRigid OO OOO0O0OO0OO0OO0OO0OOOOOOOOOOO
000000000000 0000D000D00000D0D0D flexFlex2O flexRigidk20 0000000
flexFlex2 0 20 000000000000 o 00000 000OOOOOOO 2000000000
O0000000000OflexRigid20000000O

flexFlex2 : {m: N} ~ (zy: Fin m) -

(Z [n0 N]Z [o O AList m n] substType o (TVar z) = substType ¢ (TVar y))
flexRigid2 : {m: N} - (z: Fin m) - (¢: Type m) -

Maybe (£ [n0 N]X [o O AList m n] substType ¢ (TVar z) = substType 0 ¢)

00000000000 amgu O mguOOOD0ODOOOOO amgu2 O accumulator 00 0O 0O
unification 0000 0000000000000 substType 00000000 DO0ODOOOO0ODODOO
000 amgu2 000000000 0ODOO0OOODOODOOODO0ODO0O o O eccO0O0O0O0O0ODOOO
oO0o0Ooooooogonoog

amgu2: {m: N} - (st: Type m) - (acc: £ [n0O N]AList m n) -
Maybe (£ [n0 N]XZ [0 O AList mn] (n, 0 ) extends acc x substType 6 s = substType 0 1)

000 mgu2 000000 wify OOOODOOOOOOOiInfer 000000 wnify0ODODOODOO
substType 00 000000000000 O0OOOODODOOODOODODDOUWY2 t1¢t20 0D0O0O0O
mO00000000+«A0<2000000000000DOO00OOO

mgu2 : {m: N} - (st¢: Type m) -
Maybe (£ [n0 N]X [o O AList m n] substType 0 s= substType 0 ¢)

unify2 : {m: N} - (st: Type m) -
Maybe (£ [n0 N]X [o O AList m n] substType 0 s= substType 0 ¢)
unify2 {m} t1 t2 = mgu2 {m} t1 t2

O0000 well-typed DODOODOOODOODOOODO wellscoped OO OOOODOOOOODOO
0000000000 uifyOOOOOOODOOD flexFlexO flexRigdOOOOOOOOOOOO
gooooo
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