Rule Summary

L10.1

Abstract Syntax

Types T
Terms e

Contexts I

Judgments

I ctx

't 7 type

I'kFe:7

e value
e e

Theorems

Preservation. If -Fe:7ande+— e then:-F €' : 7.

n—n|Vor|la|nxn|l[n+mn|0]par

x| Ar.e|e e
Aa.e | elT]

(e1,€9) | case e ((x1,22) =€)

()| casee (()=¢€)

l-e|r-elcasee(l-xy = e |r a9 = €9)

case e ()
fold e | unfold e
fixf.e

| Tatype | Tz o7

I" is a valid context
7 is a valid type

expression e has type 7

expression e is a value

expression e steps to ¢’

X < |

x

=)

e~ —
—_
~— — ~—

(all variables distinct)

presupposes I ctx
presupposes I ctx, ensures I' - 7 type

presupposes - - e : 7 for some 7
presupposes - - e : T for some 7

Progress. For every expression - |- e : 7 either e — ¢’ for some ¢’ or e value.

Finality of Values. There isno - - e : 7 such that e — €’ for some ¢’ and e value.

Sequentiality. If ¢ — e; and e — e, then e; = es.

Canonical Forms. Assume - - v : 7 and v value.

(1) If r = — 7 then v = Ax. e5 for some e,

(ii) If 7 = Va. 7’ then v = Aa. ¢ for some €

(iii) If 7 =7 x 75 then v = (v, vy) for some vy value and vy value

(iv) If 7 =

1 thenv = ()

(v) If 7 =71 + 7 then v =1 v; for some v; value or v = r - v9 for some v, value

(vi) If 7 = 0 then we have a contradiction

(vii) If 7 = pa. 7’ then v = fold v’ for some v’ value
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Rule Summary L10.2

Contexts I

T ctx Ietx T'F 71 type
ctx/emp ——————— ctx/tpvar ctx/var
(+) ctx (T, « type) ctx (T, :7) ctx

Functions 1 —

I'=7 type T'F 7 type
tp/arrow
I'= 7 — 1 type
IEmtype Tixp:imber:mn x:17€el 'Feyg:m—7m IM'Fey:m
tp/lam —— tp/var tp/app
I'EAxyim.en:m — 1 'tx:7 I'Fees:m
N ey value tep/app/|
val/lam step/app/lam
Az. e value (Ax.e1) eq — [ea/x]eq Prapp
e €] ey value ey +— €
— step/app, ; step/app,
€1 62 > €] €2 €1 62 > €1 €9
Polymorphic Types Vo. T
atype € T’ I', o type = 7 type
——— tp/tpvar tp/forall
I' = o type I' = Vo. 1 type
Iatypet-e: T I'Fe:Va.r I't o type /
tp/tplam tp/tpa
I'FAa.e:Va.r P/tp I'kelo]:[o/alr PIEPaRP
e e
val/tplam step/tpapp/tplam step/tpa
Aa. e value ftp (Aa.e) [1] — [T/ale P/tpapp/tp er] — €' [7] P/tpapp
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Rule Summary L10.3

Pairs 7 X 1

I'-7 type T+ 7 type
tp/prod
I'= 7 X 7o type
I'Fe:mm They:m ) I'be:mxm Dyxy:m,xe:mbe 7
tp/pair tp/casep
L'k (e,69) 11 X Ty ['Fcasee ({(x1,m0) =€) : 7’
e, value ey value _ vy value vy value )
val/pair step/casep/pair
(€1, e2) value case (v1,vs) ((z1,29) = e3) — [v1/x1][va/22]es
e €] _ vy value ey — € _
/ step/pair, — step/pair,
<61a 62> = <€17 €2> <Ula 62> = <vla 62>
ep > €
step/casep,
case ey ({x1,x2) = e3) > case e ({(x1,x2) = €3)

Unit 1

. FFe:1 THe: 7
—— tp/one —— tp/unit tp/caseu
I' -1 type 'E():1 I'Fcasee (() =€) : 7

() value val/unit case () () > o) o o step/caseu/unit

ey > €

/ step/caseu,
case e (() = e1) — case ¢ (() = €1)
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Rule Summary L10.4

Sums 7 + 71

I'=7 type T+ 7 type

tp/sum
I'= 7 + 7 type P/
I'te:m TI'Emytype I'Emtype TI'ey:m
tp/left tp/right
F|_1‘6127'1+7'2 Fl_r'€2:7—1+7_2

I'te:mm+mn Dizy:mber:o Tiazg:mbey:o

tp/cases
lFcasee(l-zy = ey |r a9 =€) : 0

ey value ey value ,
———  val/left —— val/right
1-e; value r - ey value

v, value

step/cases/left
casel- vy (-2 = ey | v 29 = €3) — [v1/x1]eg

vy value _
step/cases/right
caser-vy (1- 2y = €1 | r- 29 = €3) > [va/23]e2
e €] ey > € _
——— step/left ~ —— step/right
l-e;—1-€) r-ey—r-e
ep — €
step/cases,

caseey (-1 = e |r-xo=ey)—>caseeg (121 =€ |1 20 = €3)

Empty Type 0
I'Fey:0 I'F7type
—— tp/zero tp/casez
I' =0 type (no constructor) IlFcaseey (): 7
ey > €
—— step/casez,,
(no values) case e () + case ¢ ()
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Rule Summary

L10.5

Recursive Types pa. 7

I, o type = 7 type

tp/rho
I' = pa. 7 type P
'Fe:|pa.7/alT 'kFe:pa.t
pa-/al tp/fold P tp/unfold
['Ffold e : pa. T ['F unfold e : [par. 7/a]T
_covalue i fold v value step/unfold /fold
fold e value unfold (fold v) — v
/ /
ez e step/fold e e step/unfold,
fold e — fold ¢ unfold e — unfold ¢’
Recursion
Lf:rke:r _
f_ tp/fix : . step/fix
'Hfix fite: 7 fix f.e > [fix f.e/fle
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