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0000000000000 00DOoooooo
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let f = Azr.x
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goobdad

O00000000000Mimer0000000000 Q0000000 OO BNFO
gooboboodd

ex=c" x| xe|fixze|ee|ltz=cine

D000 0000000002z0000Nze0000000Fixzed AzeO0O OO0
O0Oletz=emmedO0O0Olet0O0OOO0O
0000000000 s0000O000obonouooooogo

To=blt|T—T

on=r71|Vt.T

O000s00000¢00000¢t00000000000
gbogooobobooMLOODOODOOOoobooDOIr'»e:cdbbogon
goboboooobbbooo21b0ggoobooooobooon
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(const) T'>cb:b

(var) z:o}>ax:7 O7<o0

M{e:n}l>e:n

(abs)
' Are:m — 1

(fix) F{x:.T}De:T
I'>fixze:T
'be:m—mn I'be:mn

(app)

I'>eey:m

e :m THo:Vinm}oe:n

I'>letx=e;iney:m

(let) OtNFTV(D) =00

g 210000000000

22 0J00O0OOoooOoow

gi1ooboobooboobbobobobbbboobbbbobbboobboboobbon
Mimer OO OOQOOOOODOWOOOOOOODODODODOOWOODOODOODO

WUOORobinsonO0OOOOO0OOOO (1500000000000 000O0OOOO0O
ooobyoologbgoboooboboboobobobooboboboouonog
gboboboooobod

e U(n,,)0000O0ODODOO0OONRD nO0O0O0O0O0DODODOOOOOOOOO

e 000n"0»000000000000000U(n,)00000nr0 000
00000000000

e U(m, )0 0000DOODODNKODOD 0000000000 ODODODOCODOO

wibouoooTrotdegdbobooboooooo Soor0oobooboobooooo
gobob22200000000040

wioboobooooouooobobooooooboboooooobobobooo
gboboodgbbooobbooobbogbbooobboobobuoooboodobbe
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Wz :7},2) = (0,7)
Wz :V(ts,... tn). 7} x) = 0,[t)/te, ..., th/ta]T)  (t),... ¢, fresh)

W, Ax.e) = let (Si,71) = W[ {z:t},e) (¢ fresh)
in (Sl, Sl(t) — 7'1)

W(T, fix x.e) = let (S1,71) = W(I{z :t},e) (t fresh)

Sy =U{(S1(t),71)})
in (SQ e} Sl, S2 o Sl(t))

W(T, ey ex) = let (S1,71) = W(T,eq)
(52, 72) = W(51(I), €2)

Sz =U({(S2(m1), 72 — t)}) (¢ fresh)
in (S5 0.5 0571, 55(t)

W(T,let © = e; in ey) = let (S1,71) = W(T,e1)
f=FTV(r)\FTV(D)
(S2,m2) = W(S1(D){x : VE.11 }, e2)
n (SQ o Sl, 7'1)

0 22 Mimer OO QOODOOD0OOOO

23 willbouooooooooooo
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OO0DoOoobo SOed0s00000O000DOODOOOO230000000000OW
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goooogbbobooooooboboboooorooooroooboboobog
SO00rogoo0ooo0o0U00 AUDOD0ODOUODOODODOUODOODOOO SO0
O0000000000ooopooooOOoUdUooo ADooooogdrsooooo

DW(T, S, A,e) = (S, A7)
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3.2 0O0OO

gooooboboobooobobtbbdoooooboobbboodooooon
gooooooooon

000000000 XO0O0OoOoX0o0ooooooooooo FIV(X)ooooo
OO0 SOO0000oooooooo+00ooooooooo r0O0D ((,m)OOOOO
00000 S ={(t.7),...,(ts, )} 00000000000000, SO000O00O
O (well-formed) 0 0 00O

o ty,...,t,0OOODO.
o ty,....t,0n,...,, 0.

000000 S0000000000000000000 {t,...,t,}0 dom(S)0000

000 SO0000000000000000000000000000000000
0000000000000000000000000SO0000000000000
0000000 XO000O0O0OXO000000000000000 S000000o0n
00000000000000 X’0000000 SX)=X' 00000000000
0oo0 s08 000008080008 0500000000000 X0000
S109(X)=5,(S(X)000000

0000000000000000000

00 3.1. 000000 08 00000dom(S; 0S,) = dom(S;) U dom(S,)0

00 3.2.000000508080000000000 XO00000(S;05,)055(X) =
Sl o) (SQ o Sg)(X)D

00 3.3. 000000 SO00000000D0 XOOOoooSoooooooooooo
FTV(S(X))Udom(S)=00000

00 3.4.S00000000-000000¢t000000008 ={(t,7)}00000
0SOS(r)=5¢)000000000000 70000 S(5(r)=58()0000

00 3.5. 000000700000 0000070000000 8000000 be:T
000 SM)ee:S(r)0000

00 3.6. 000000 SO0D0O0OODOOOOOD A\0A, 00000A; C A, 000
FTV(S(A,)) CFTV(S(A,) 0000

00 3.7.000000 S00700000FTV(S(r)) =FTV(SETV(7))).

gbobooodgoobod



(u-i) (S,8,EU{(r,7)}) = (S,5,E)
(u-ii) (5,58, EU{(m1 — 712,721 — T22)}) = (5,5, EU{(711,721), (T12, T22) })
(u-iil) (5,8, EU{(t,7)}) = (S, {(t, 5" 0 S(7))} U ({(t, 5" o S(T))})(5), E)
if t ¢ dom(S" 0 5),t & FTV(S o0 S(7))
(u-iv) (S,S",EU{(t,7)}) = (S,S", EU{(S 0 S(t),7)})
if ¢ € dom(S' o S)

03L0000booboDbyooboon

3.3 Uuugooouu DU

000000000 DUOOGallierd Snyder 0000 3]0000000O0O0O0ODOO
U=00gbbboogobbbuoobbobod

S’ if (S,@,E) = (Sa S,7®>7

failure  otherwise.

Dm&m:{

O0000SO0O0 S00000EO0000OO0OOOOODUODOOOO (n,m) € EO
000 S(n)=S(») 000000000 SO000O0OCOOOOOUOUOOOO SOUOEO
O000unifierd 0000

DUOODOOOOOOOOO0O0OOO31000. 0000000000000 O00OO
FOOO0O0O0DOOO0OO0OO0DODOOO0SO00DOOO000O0OO000 S000o0o000a0an
OO0 FO0O0DOOOOOODOODOOOODOO

0000000000000 00000O0O00000D0O0o000a

00 3.8. (3,5, F) = (5,5, E,)0000800000000000%000000
000

oooooobooopbyoboobobbobooboon

00 3.9 (bU0000000O0). 0000000000000 SOOO0oOoooooO
FEO0O0000O0O0S(P)O0O00DU00oooooooooooo DyO S(E)oooooo
0000 (most general unifier) D0 O0O0S(E) 000000000000 DYOOOOO
gogd

00.000000000000000000000000000000000000
(3,51, F1) = (5,9, F,) 0000000000 S0000080 8 U(S; 0 S(E))
000000000000000000008,0 S,U(S,08(E,)0000000000
000000000000 (uH)000 (ui)0000000000000000 (wiv)00
0000t € dom(S;05)0000008,U(S108(E)) = S,U(S058(F,))0000000
0000000 (wil) 00000t ¢ dom(S08)0000008,U(S;08(E)) = S1U(S0
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S(E))U(S10S{(t,7)})) = S1U(S10S(E)) U{(t, S0 S(r)}000 0t ¢ FTV(S; 0 S(7))
0000008 ={(tS0S(r)}00000S,U(So0S(Es)) =S US5(S1)U(Ss08 0
S(E)) U (S50 810 S({(t,7)})) = S3 U S5(51) U S3(51 0 S(E)) U{(S105(7), 51 05(7))}0
000000 340008,0 S10S(E)USI0000000000 So0 Sso08(Es)US,
oodooogooogooooo
D000000DUS,E)=S0000(S,0,E) == (S,5,0)00000 0000
0000000 S(P)ODO00000000ooooooooo s8oo sYoooooo
O00oosS00boo0ooooooo s0oooooooUoS(Pyoobooooooo
OO0 s 000od
O000000000000000000000000DU(S, E) = falureDDOODO0O0O0O
000D0000000000 (S,0,E) = (5,51, E1) = (8,8, E;) 000 B, £000
000000000000 0000000(S,S,, E) == (5,8, E,) 000 S oS(E)US,
00000000000 00000O00000O00ODO0OOUOOS(F)DOOO0OOODOO
O000000000000000(S,S,p)000000o0 SeSE)00oooogd
O000FEO0O00O00dom(S’eS)0000000000OO0O0OOO FOOOOODOO
oooodoooodoo3sguouooodonooooooooooogoooogn
Oo0oooooooooon ]

gbogoobuogbbooboobbooobbooboobboooboobbon
gbobbuoooobbbdooooboboooobbobooobobobboo

00 3.10. 0000000000000 SOO000O00O0ODO EFOOUOOODU(S,E)=5
O0O00S.SO0000noooon

00 3.11. 000000 SOO00000000 EOOD0OOODU(S,E) =S 0000
dom(S)Ndom(S")=00000

OO0 3.12. SO0O0O0ODOOO0OOOO0ODOODODFEOODOOOOUOO FOODODOOO
DU(S,E) = 00000000 0000 FIV(S'(r)) € (FTV(r) UFTV(S(E))) \
dom(S")0 OO0

34 U0OoooooooDw

O00ooo0oooo D DPwobooooooooooooooooooo
DW(I, S, A, e) = (5", A, 7)

DwoOo,b0oorooocgoooogooooo sobsooorooooooboooooo
000000000 A, 000000D0e000DODO,00D000080S80SO0000
00000000000 COCOOOOOD A'D0OOoOo SOSOorooooooUbUenno O
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DW(T, S, A, %) = (0,0,0)
DW(T{x: 7} S, A x)=(0,0,7)

DW(T{x :V(t1,... t,). T} S, A x) =
let {¢] .} = newvars(dom(S) U A, {ty,. .., tn})
Sp=At,th), ., (tn, 1) }
7 = S5105(7)
in (0, {t},...,t,}, 1)

DW(T, S, A, Az.e) =
let t = newvar(dom(S) U A)
(S1,A1,m) =DW([I{x:t}, S, AU{t},e)
in (S, Ay U ({t} \ dom(Sy)),t — m)

DWI(T, S, A, fix x.e) =
let t = newvar(dom(S) U A)
(S1, A1, 7)) =DW([I{x:t}, S, AU{t},e)
S = DU(Sy 0 S, {(t,m1)})
in (S 051, (AU ({t} \ dom(Sy))) \ dom(Sz), 1)

DW(I', S, A ey e3) =
let (S1,Aq, ) =DW(T, S, A e;)
(Sa, Ao, 73) = DW(T', S1 0.5, (A\ dom(Sy)) UAq,ez)
t = newvar(dom(Sz 0510 5) U (((A\ dom(Sy)) UA;)\ dom(Ss)) U Ay)
S3 =DU(Sy30 5,085, {(r1,72 —1)})
in (S30 5057, (A \ dom(S3055)) U ((Ax U{t})\ dom(S3)),1)

DW(T, S, A, let z = e; in eg) =
let (S1,A1, ) =DW(, S, A, e;)
o =VY(((A\ dom(Sy)) UA;) \ FTV(S1(A))).7
(S2, Ao, 70) =DW(T{x:0},S1 085, (A\ dom(S1)) UAy,es)
in (Sz 051, (A1 \ dom(S2)) U Ay, 1)

U32.000000000
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newvar(A) =z such that x ¢ A

newvars(A, {t1, ..., t,}) = let t| = newvar(A)
th, = newvar(A U {t}})

t! = newvar(AU{t),....t0 _1})
in {¢),th, ...t}

U 33 b0buougobobuoaon

ooboooooobooo Dwob 32000000, pwodboogoooooooog
gb33000nboo
ooooogowiooobooboooooobooo

00 3.13(DwoooQo). SO000o000ooo0ooooooroooooogoAOO
000000000.00000000000000 FTV(S(T)) S AQdom(S)NA = 00
OO0 DWW, S, Aje) = (S A, r)D000SoST)>e: S0 S(r) 0000

00. 0000000000000 S0000000T0000000000 ADOOO
0000 e0000O0FTV(S(T)) C ADdom(S)NA =000 DW(T, S, Ae) = (5, A, 7)
0000000000000000000000

1. SoST)>e: S oS(r)0

2. FTV(S 0 S(7)) C (A\ dom(S’)) UA'D
3. FTV(S'(A)) C (A \ dom(S")) U A'D

4. dom(S") N dom(S) = PO

5. dom(S 0 S) N A" =0

6. ANA =00

7. 808000000000

gbbegddbbboooooobogn

4ooo.
00000000 Sk =00000000000 (const) D0 S(T)>cb: SO0 D0
20700000000000000

s gg.
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'=T{z:7}00000000C00000 S@{z:7}) =ST"){=:S(n)} 000000
00000 (var) 0O S(M{z: 7)) >2: S(r)000 2070000000000000.

'=r{z:vtr}0000000000000000000 nOVES(r)00OO0O000
OO00newvars 00000 {t},...,t,}Ndom(S)=000000 n, =S(m)0OO0 S(n)
0VLS(r)D00000000000 3500000000 (var)00 S oS(I{Vir))>a:
S'oS(n)00D000D000 FTV(S(Vir) C ADDDDODODOODO PWODOO
00 FIV(S(n)) CAU{t,....#.}\000000 20000000 $070000000
newvars 10O 0OOOOO0O0O00O0.

Az.eO 00O

D0O00D000000000 A, =((AU{t})\dom(S)))UA, DODOD

newvar 00000 ¢t € dom(S)UATO OO0 dom(S)N(AU{t})=00000000
0 FTV(S() CAU{0D0000000000D0000000000

00 £ 00000000 S;0ST{z:t})>e:Si08(n) 0000000000 (abs)
00 S;0S8(0) > Axe:S10S(t) — S108(n)D0000OS;05() > Axe: S;0S(t — )0
002 00000000 FTV(S,08(r)) € AOD0D0Ot ¢ dom(S) 00000
FTV(S;05(t) =FTV(S,(t))D0000OFTV(S;0S5(t — 7)) =FTV(S:(t)) UFTV(S; o

S(7)) € AD
g su7 0oobbobiutdd newver DO O0OOOOOMO

fixzeODODO.

D000D000000000 Ay =((AuU{t})\dom(S)UA, 0000

Az.e00000000dom(S)N(AU{t}) =p0FTV(S(T) CAU{} 0000000
guooooooooooood

00 1. 003500 80808 {x:t})>e: S50808(r)000 3.900 Sy08,05(t) =
0000000000000 S0808({z:n})>e:So0S(n) 000000000
O (fix) OO Sy08108() > fix x.e : Sg0.5; 0.5(m)0

002 00000000 FTV(S105(m)) CAOFTV(Si(t)) € A0 newvar 0000
0t¢dom(S)000ODOOFTV(S;08()=FTV(S,(t)CA 0000000 3.1200
FTV(Sy05108(m)) C(FTV(S;05(m)) UFTV(S; 0 S(1))) \ dom(S2) € Af \ dom(S2)0

00 % 00000000 FTV(Si(AU{t}) C A00O0000 31200 FTV(S; 0
S1(A)) C (FTV(S1(A))UFTV(S;05(t)) UFTV(S; 0S(m1))) \ dom(S;) € A} \ dom(S2)0

OO0407 0000000newver DODOO0DUODODOODOOODOOODOO

er eo 00O

OD000000oooogg Al =A\dom(S;)UA;OA, = A\ dom(Ss) UAy O
oo.

O00DWwWOoOUOOO0O00O0O0OO0O0Ooooooog FTV(S:(A)) € AlO0dom(S;085)N
A;=00000 dom(S108)NA=000000000 FTV(S(I)) CADOODODOOO

13



03600 FTV(S,0S()CA000DODODNODONODNODNOOOODD

00 £ 00000000000 3500 S,08,0S(T)>e1:S08108(m)0Sy08; 0
S(T)>eg: 595085,05(m) 000000 3900 S30508105(1) = S305308,085(15 — )0
O00,00000 (app) 00 S308208,08(I")>e1 e5: 5308550851 08(t).

00 2 newvar00 000 ¢ € dom(S205,05)0 0000 FTV(S,05105(¢)) = {¢t}00 O
000000 FTV(S05(n)) € A,OFTV(S:(A])) € AYOFTV(S05,05(m)) € ALOD O
0000 3.600 FTV(Sy05105(m)) € ALO0 O Onewver 00000 Ot & dom(Se05105)0
O00000 31200 FTV(S308,05105(t))) C (tUFTV(S305;085(m1)) UFTV(S;0
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letz=e; ine 000
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oo.

000 DWOUOOOOO0OO0OO00O0OO0OO000000 dom(S; oS)NA] =(00D0000
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S1) =FTV(S1(A\ dom(S3057))) CFTV(S1(A)ODD OO FTV(S30S5;05(T)) C Ay C
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g})>eg: 505 08(n)0000,00000 (app) 00 Sy0S5, 05 >letz =einey:
Sy 0851 08(t)0

02070000 o000oo0ooooooboonoooon ]
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let 1 = \y.\z.zyy
in let 23 = Ay.z1(21(y))
in...
in let 2, = A\y.2,_1(2n-1(y))
in x,(\z.2)

034 00000000000000000000O (8)uOoOoO)
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gooooobobobbbbobobobbobobobbbbboddoodouoooooooon
gboboogbboogbbuooobouoobbooobuoobbgssuuobobaan
000 000000000000000000 +n0000000000000O00O4n
0000000000000000000000000000000 »*0000000
gobobbooooobobobooooboboboooobobobooooobbboooooo
gbouogbobodbuodgbboobuoboooobuoobbobnoobooobon
gogdobbooooobbuoooooboboooooboobo

fn x = (x 1,
fn x2 => (x2 1,
fn x3 => (x3 1,

fn x, => x, 1

= ))))
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041: 000000000 0O00:0M()0DO0O0000O0OCOOOODOOO

000000 |00 | SMLE DW PWOSOO0O0O W
boyer 934 | 0.259 | 1.231 (899,160) | 1.354 (942,658) | 20.216 (19,160,380)
fft 222 | 0.033 | 0.126  (69,362) | 0.135  (74,981) | 0.618  (628,015)
knuth-bendix | 592 | 0.147 | 0.456 (182 005) | 0.493 (206 107) | 1.781 (1,149,024)
life 154 | 0.054 | 0.178  (68,656) | 0.203  (80,875) | 0.515  (339,018)
mandelbrot 66 | 0.005|0.013  (3,710) | 0.013  (4,365) | 0.031  (31,748)
nucleic 3230 | 10.699 | 1.849 (1,406,689) | 2.216 (1,668,696) | 45.631 (5 856 353)
ratio-regions | 644 | 0.155 | 0.613 (418,652) | 0.654 (439,119) | 4.185 (3 162,308)
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goo

21



s ot

5.1 U0OOOOOOOONO

gooogoogobooboobboobuooboobbooboobboooboan
OOO0OMiner OO0 OD0OOO0OOODODOWOOODOOOOOODOOOODOOOODOOO
000000000oooooooooooooowoooowooooooooo
googobodbbobobodoobuoobboobooooboooboobobon
gbboggbouooobooobooobobbuoobboobboobbbooboo
goobodbbodgbooobuoooboobboobbooboooboobbon
gbboobobuogbbodooboobbuoboboooboobobooboobbobon
gbobogobodbogobuoobooobobbboobooboooboobobon
gbuogbobodbougbboobuoobboobooboobboobooobon
goboboooobbbooooboboboo

gogbogbooobooboobooboobooboobooboobo owod
gboogobodbodbboobdooboobbooboobbooboobobon
OoowoDwioooooooooooooooooooooopooooooooooo
gboogobodbodbboobdooboobbooboobboooboooobon
gbuogbobodbodbboobuooboobbooboobbbuoobooobon
goboboooobbboooobobbooobboboooobobbooooobooo

O000000o0o0o0oooooooooooow o HOwoOoooooooooogod
oooo0obooobuooobooboboobooobobooobbooobo owo 230
gbogbobodbogboboobooobuogoboobbuoouoooboobbod
googoboobodboobboobuooboboobbooboobboobon
gooo

5.2 U0O0OOOOOOO

JonesUO0O0OOU0OODO Haskel DO OOOOOODOOOOOOD 400000000
ooTigooooooboobooboobboobooboobooobooboobog
googobodbbooboobbouoobobbobobbooboooboobobon
gboogbobuogbboboooboobbuoobboobboboboooobbooon
gbogogbdooboboobboobuoobbooboobbobbooboooobon

22



gbobbuoooobbobooobobbboognobooo

goodbboobogbuoobooobooboobobooboogboboooboan
000000 N0O0000000000000000000000000O000o0O0
gbobogobuogbbbooobuodgobuogbbooboooboboboobobon
gboobobodbboboboobbooboobboobobogooboobbod
gboobodbooobuoobboobuoobboobooobuoobooobbbon
gbobobuooogbbbuoooobbbooogg

let0 000000000000 OOOOWOOOMODOODOOOO 7OWwWoOOOO
oooobobooooboooobobobooooooboboooMbObOoboooogo
gbobogbodbbooboooboobuogbbobobooobbobooooboon
gbugobodbuodgbboobuooobboobooboobbooboooobon
OwoooobooooooomMmooooooz230boobooooooooownogno
gbooboooobobboooobbboooon

23



el UOUOOOOONO

6.1 00O

gboodbboobogboobbboobuooboobbooboobboobon
gboobogoboobboobooobooobbobobobooboobooboon
gbobooggbuogobooboobbuoobbuoobbooooobbboboobbboon
googobodbodbboobdooboobbooboobbooboobobooan
gobooboobdobobooooobooo o»wuoubuobooboooooooooboooboan
Oo0Dyobooooobobooo o Pwioobobooooobooboooowioobog
goooboobbobbobobbbbbboboboboooouoduuooooooooooon
googobobbodboooboobobuoobboobbboooobbboobbon
OO0 DEXPTIMEOUOUODODOODDOOODODOODDOOOOOOOOObOOODbDDOO
goboboooobbbuoooobobboogobboboooobobobood

000000000000 PWO SMLIOOOO0ODO00000DWOOOO0000
gboogobodbodbboobdooboobbooboobbbooboooobon
ooogbooboobbooboobboobboobbooooDwiooooboooobg
wioooboooobooboboboobuooboobobooboobuoobooooboo
gbobobuoooobbbdooon

6.2 UUO0O0OO

obooooboobboooboobooooboobobooboboobbooooDoDwd
O000000000oooooOoOgUo S'0A'000ooo sScAoDoooooooo
gobobbooooobobobooooobobobooooobobbooooobbbooooon
OoOooooooOoooooooooooDpPwhO sbAOODOOOOOOoooD SoAOdOo
OOoO000oO0o0ooosSobAO0O0DO0ODOOOOO0ODbDO0ODOODbDOODObOOOobDOobObOOD
gbobbuoooobbbooobbbboooobboboaan

ooooboobo DD wiooboobooobooobobobobobobooobuooooDw
gbbooggbbuooobbuoog1lbooobb.oogbbuoobboobobbgo
gbobogobodbogobuodbdoobuoobboobooboooboobobon
oboooooooboobooboo o wiobuoobooboobuoobooboobog
000000000000 [1]oo000000o0O0O0000oOoooOoooooobooo

24



booboboooboobobooobobobobooboboboboobOoboobann
gbogboboboboboobodbobobobboboboobobdgdbd vacuous
0000 (vacuous type variable)[12) 0 0 000000000000 O0O0OOOOOOO
Oobooboboooobooboobobobooon

gobooboobooboobyooboobooobooooobobooooooooboad
oobooboobooobooo byoboooooobooobbooboobobooobbobon
goboooooooooboobooboobooobooobooooobobooboon
Oobooooboooboooboooboobooboboobooooooooooobooon
ooooboobdon

25



] [

gboodgbuogbobuoobbuogobbuoobbodbbooboooboooboon
gboogobodbogobuoobooobuoobboobbuoooboooboobbon
gboobobuogbbodbbobobuoooboboobboboboouoboobobon
oooooboboboMLOObOOooooobobobobooobouoboboobooog
gbuogbobodgbodgbboobuouoobbooboobobobbuoobooobon
good

26



[]

[1]

[10]
[11]

[12]

HRERE

M. Abadi, L. Cardelli, P.-L. Curien, and J.-J Levy. Explicit substitutions. Journal
of Functional Programming, 1(4):375-416, 1991.

Benchmark suite for Standard ML. ftp://ftp.research.bell-labs.com/dist/
smlnj/benchmarks/.

J. Gallier and W. Snyder. Complete sets of transformations for general E-unification.
Theoretical Computer Science, 67(2):203-260, 1989.

M. P. Jones. Typing Haskell in Haskell. In Proceedings of the 1999 Haskell Workshop,
Paris, France, October 1999. Published in Technical Report UU-CS-1999-28.

P. Kanellakis, H.G. Mairson, and J. Mitchell. Unification and ML type reconstruc-
tion. In J-L Lassez and G. Plotkin, editors, Computational Logic: Essays in Honor
of Alan Robinson. MIT Press, 1990.

A.J. Kfoury, J. Tiuryn, and P. Urzyczyn. An analysis of ML typability. Journal of
the ACM, 41(2):368-398, 1994.

O. Lee and K. Yi. Proofs about a folklore let-polymorphic type inference algorithm.
ACM Transactions on Programming Languages and Systems, 20(4):707-723, 1998.

H. G. Mairson. Deciding ML typability is complete for deterministic exponential
time. In POPL, pages 382-401, 1990.

R. Milner. A theory of type polymorphism in programming. Journal of Computer
and System Sciences, 17:348-375, 1978.

R. Milner, R. Tofte, M. Harper, and D. MacQueen. The Definition of Standard ML.
The MIT Press, revised edition, 1997.

M. Odersky, M. Sulzmann, and M. Wehr. Type inference with constrainted types.
Theory and Practice of Object Systems, 5(1):35-55, 1999.

A. Ohori. A polymorphic record calculus and its compilation. ACM Transactions on
Programming Languages and Systems, 17(6):844-895, 1995. A preliminary summary

27



appeared at ACM POPL, 1992 under the title “A compilation method for ML-style
polymorphic record calculi”.

[13] A. Ohori and K. Yamatodani. An interoperable calculus for external object access.
In ICFP ’02: Proceedings of the seventh ACM SIGPLAN international conference
on Functional programming, pages 60-71, New York, NY, USA, 2002. ACM Press.

[14] A. Ohori and N. Yoshida. Type inference with rank 1 polymorphism for type-directed
compilation of ML. In Proc. ACM International Conference on Functional Program-
ming, pages 160-171, 1999.

[15] J. A. Robinson. A machine-oriented logic based on the resolution principle. Journal
of ACM, 12:23-41, March 1965.

[16] SML# Compiler. http://www.pllab.riec.tohoku.ac.jp/smlsharp/.

28



