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(0AL: USE TYPES TO EYPRESS THE LARGE-
SCALE STRUCTURE OF PROGRAMS
MAIN POINTS:

~ » Mitchell-Plotkin existential types
 won't do.
x S imple ‘t}gge.s and interpreted ‘Qg;e_s
* Expressinﬂ i’ype abstraction

- opaque Vs transparent structures

¥ Interaction ot de;genolen.c.?g and

abstraction

x A stratitied dependent 'E)lpe system




EXISTENTIAL TyPeS

Start with 2"4- order X—calc_u_lus

It o (+) (a signature)

Typi .
ypzca/ element dato algebra

<1.. ; ¢_o_ > Pac kaﬂe
'[- struecture
i “interpratatio n of 7
representation ‘.l:)l[:oe

existential introduction rule :

e : o(r)

{r,e) : t.c*)




| 3
Exa.mple : COMP lex Numbers

CbMP; EX = acomplex. <~l : complex,
A | one : complex,

Plus ¢ cOmplexa—v comp!ex>

— >

Torariex Emplex)
Carf : COMPLEX =
<rea.l x real

v ‘ <l.. = (0.0,i.O),
Ga,,,‘,,m("ea‘“f} one = (1.0,0.0),
| Plus = )‘("n>.‘|)a(rz»iz>° (rl* T2, i:* i25>

: COMPLEX =
<real x real
<i = (1.0, w/2.0),
G(Eomm.ax("ealxredx one = ( 1.0, O‘O> ) )
o | 'Plu.s = %(mnel):(mz)ezx‘ '">
bz

TBlar




USE OF EXISTENTIAL STRUATURES

abstype t with x = e, 11 e,

L L client

implementing structure

Existentia/ elimination .ra/e : |
A ke, :It.alt) QAlo@)/x] e, P
a l‘((t__b_s_j’;)Lp_e T with x=¢, h e,)¢ &

dssum/i‘g: T_not Free in 2 (opa?ueness>
nor any a(y) for '3#2’ free n e,

/]
77

SEMANTIC VIeEw

[2t.e@®] = U [o]
| Aedd

’Ué[lﬂ‘f:.d(‘i‘)ﬂ = ve ﬂc‘(‘\slﬂ some Ac

but A 15 not am‘faeé/ cletermined.
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MOBLEMS wWITH OPAQUE EXISTENTIAL STRUCTURES

OF\’DEI? = =s. sxs—s bool/

TntOrd = (int, < (4 Useless" structurs)

Lexord = AQO: ORDER.
abstype s with £ =0 wn

- <¢s list, AL, 14, :s list. ."ZRDEK

Lexerd : OrRpER —s ORDER (a “useless” mappm‘j )



TornT = E[T.)on;d: . <\thch' : int x mt —>pent,
| x —coord. : 'Pofwt—% int ,
- coord :fFowI-l- - 1t
trans: 'Ponh‘t X nt x 1&‘['——5‘F0tv{f>

C_ircle.WRT(?'.%tNT> =
,abs-fype P with pomit_ops = Y on

o <T>“ <fo nt /21!?'¢13°UPS\\>CIRCLE'(‘P) >CIR4LE'

Reet WKT(?‘.(POINTB = wee

C = Cirele WRT (Faimt) Ne witeract o !
R= Reat WRT (Pont) Iterastion:
abstype P with pewrt_ops = Pouit in

et C = Ct‘r‘c!eW'RT*['Pl(-‘ch{'&_ch> -

andl R = Rect WRT* [p] (pert_cps)
in abstype ¢ with eirele_cps = C
W obstype r with rect.ops ="K n

¢ &




MAKING COMPONENTS ACCESSIBLE

(3s.

sxs—>boo)> => siq

t s
;_ﬁg L'i:\:\‘ S x s — bool
end
structure IntOrd =
struet
'gxlzg s = int
val Lt = (<) : nt x int = beel
end

TntOrd : ORDER

In:HDrA. S = In‘t

Int

Int

‘l_‘ransparenc‘/
Ord. |t : int x int = beol

Ord.l1t (5+1; ha [7,3, 4]5




DEPENDENCE: > - CLOSURE

signature POINT =

‘chg ’Povt‘n":

val wmkpemnt : int x int — point

vel «_ecord : point = mt

struecture toint ¢ TOoINT = -
signature CIRCLE =

‘l%p_a cirele

val wmReairele « 'Podx-l: Xx mt = oirele

val center : circle — -Pou‘v\'b

struecture Cirele : CIRCLE =

structure P = Peint

't¥ze cirele = Popoint x int
val wmkeirele (P,n) = (p,n)



‘DEPENDENCE: 2.- CLOSURE

| signoture PoINT =
S‘%
'_lqgg_g Point
val mkpofn‘i: : intx int— Pofn‘f
val «_ecord : point — nt

strueture Point : TOINT = ¢« -

signature CIreLE =
structure P: PornT
vpe cirele
val mReircle :~.P5‘l>¢:|;\'l: x mt — aircle
val center : circle — P-'Pou‘n'l'

end

L

ZP,‘POINT.Zcircle:TYPE. [ ce- ]

struecture Cirele : (IRCLE =

struet
structure P = Peint

‘t¥ge cirele = ?.*pouht x nt

g_a._l mkeirele ('P,rd = (p,n)



ARSTRACTION

funetor Mklirele (P ?OIN‘T) : CIRCLE =
struet

structure P =P’
't¥2e eirele = P.pomt x int

end

CE—

MRCirele : TT P PoinT. CIROLE i?:'pt}

"The parameter P’ s opague , therefore
abstract. §uithin the body of Y fanclon§

SHARING

tunetor MhFic}ure (C'. Cirere R:Reer

sharhg C.P=R.P): F1oure
= S‘t‘ruct ¢ e e

MhFi3Qra : TUC: C1rere xR:Reet §C.P=R.P}. Froure
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STRATIFIED SoOL

o ::= int l bool lc’-xcr lcr-acrl small [U.l)
It.olt) | vie@) larqe (U5 )
(+ hm%/«kolmw *\5@&4 ondy *5&15} »
Restrictions: ’

‘fype application : efloc] - o must be small
ex:é‘fenhblpm?mjz {c,> - o must be small

Structures are small:

s € At.a(t) |
TJt.ofr) € L, Ccluan-lf-Pfca.{'tbn cver LL,S
S € u‘ (-Par'l:\‘cu.laf 'typa: $=(‘r.e>)

Funeters are larac

F € V'l'.c'(-l:) € U.,‘ (quan{'ﬂ:&xl'\‘on ovev ut)
+ e U.l (abs'l'rad:(on over LL,B

Level ar\al03aes
strueture ~ ob:]ec.i‘ ~ set
Sil'gna'l'ure. ~ ca:legory ~ olass (o¥ sets)

“ . .
Funetor " ~  $uneter ~  class (oPera:l'lon
| over sete )



