
 

TheMLModulesystem
Donald Pinckney

what is the MLmodule system
It is difficult to say
Derek Dreyer's PhD Thesis

0 Why modularity Pre ML work
on modules

1 MacQueen's Module Proposal for SML
Examples implementation uncleansemantics

2 Modelling modules using dependent type theory
Dependent sums vs existential types

3 Translucent types
Novel weird dependent types



Modularity

late 605 software crisis
See Cameron's contracts lecture

I
Languages need features to
help programmers build their systems
from separate subsystems

it
System F Smalltalk

i v

SteepO Liskov's CLU 70g
JavaInterfaces

Generics ML
t f

see Ryan's Steel Modules for ML
system F lecture 1

o u o



O Barbara Leskov's CLU Language
19705 CLU Reference Manual

Abstract data types via clusters

RecurringEIamele Set datastructure

IntSet cluster is empty insert member

rep array int this ishidden to clients

empty ooo ow

insert But implementation code knows
members if input thisCig then

the type
end Int set

Intset s is Intset createC

Int Setsinsert6 12



Polymorphism
Parameterized Modules

Set clusterft type is empty insert member

where T has compare roctypeCT.T returns order

rep array
Withsome required interface

empty o o o

insert oooo

member if T compare inputthisCi LESS then

ew set

setCint s Setfeint createa
Setfint insertIs 12



Questions on concept of Modules
so far

ML as meta language for LCF n 705
theorem prover

t
Mlas stand alone functional language v80s

Uhoh we need a module system tosupport
programming in thelarge



Step 1 ModulesforstandandML
MacQueen 1984

3 components

E

Isigestatul SHIFT Functors
t t t

Abstract Implementation Functions on
Spec Structures



signatures Structuresyntax o

TSIGNATURE is ESTRUCTY

Sig struct

Ityeeseeast Ttyeeimdst
value specsy frame imply
Tstructure specs structureimpls

end end



ELI Int set

signature INT SET sig structure Iutset INESEE struct
type set T type set int lis

YalienFett ise
su ii YeIEi iate

Val member int set boot Val memer XcxD
end if X sci then

end

Using to V

lets IntSet set Intset empty in IntsetoinsentCbs

Hint list IntsetSet c y
r

lets in Iutset empty in



Canwegeneralizethesignaturef

signature SET Sig
type item
type set

ral empty set
val insert item set set
raf member item set bool

end

unimplement
structure Iutset SET struct

type item int
type set item list or int list
Val empty C
val insert Xcxs V t x item 1 item_int
Val member XcxD if sci then e o

end

Using lets Intset empty in Intsetinsenth2s
off Intset item int x



canwegenenalizethesignatune.org
nature SET Sig
type item
type set

ral empty set
val insert item set set
raf member item set bool

end

unimplement
structure Iutset SET struct

type item is int public
type set item list or int list
Val empty C
val insert Xcxs V t x item 1 item_int
rat member XcxD if sci then e o

end

Using lets Intset empty in Intsetinsert s



Functors Parameterize astructure
by astructure

functor Tformal paramsY TSIGNATURE
TSTRUCTY

functor Set Item L SET
THE item is Item items

struct

type set item list
val empty C
val insert
al member Xcxs ifTtemcompare sci no

end



Potential structure argue for Seto

structure Intorder struct
type item is int
Valcompare int int boot XCXy

end

signature OR D Sig
type item
Val compare item item boot

end

functor Set Item 11 SET struct
type item is Item item

type set item list
val empty C
Val insert
al member Xcxs if Item compare sci no

end

Using structure Intset SetCIntonden
lets Intset empty in Intset insert112 s
1 Int set item Intonder item int



Mainfeaturesof MacQueensthoduls

Signature
Structures
Functors

AdditionalFeatures

Type propagation type item is int

Nested structures EI
o Sharing



Ext Set Intersection

signature 5PAIR Sig
structure X SET
Struetune Y SET

end

I 1
functor Spain X SET Y SET SPAIR tuna
structure X X 4 41

end

functor Intersect P SPAIR SET astruct

type item is P X item
type set P X set P Y set
val empty P X empty P Y empty
Val insert
al member Xfm Csx Sy
P Xmember m s and RYemembermsy

end t m P X item
X P X item P4 item



Exe Set Intersection

signature 5PAIR Sig
structure X SET
Struetune Y SET

end

I 1
functor Spain X SET Y SET SPAIR tuna
structure X X Y Y

end

functor Intersect P SPAIR SET astruct
sharing P X item P Y item
type item is P X item
type set P X set P Y set
val empty P X empty P Y empty
Val insert
al member XIm Sx Sy
P Xmember m s and RYemembermsy

end
t P X item P4 item



Mainfeaturesof MacQueensthoduls

Signature can include structure fields
Structures
Functors

AdditionalFeatures

sina.in

sharing PXitem P4item

wi
I

Propagate more info



Step 2 Abstraottyeeshareexistentfalty

e_s.Mitched and Plotkin 1985

t
UsingDe
endentTyeestoExeressModularS_tuture.M

acQueen 1986

Mitotkin
Use existentially for modules
Based on System F

TtM o th

Mt tacks T M to F t go.TT oCIntno
Implementation T Operations

Type

Int Set pack int list C Nas Nys
to F S S int S 5 lintxts bool

Tt C int list



TI Mo.I t.tt x otN
CEiim7TtabstIpeswithxis Min N p

i r r
Abstract ops

Existential

type to unpack

Intset FS S int S 5 Lint bool

abstype s with ops is Intset in

IoT ops S int s s Lint s 2bool

And ops 3 fstoes bool

Parameterized Modules Use it

Set IT pa CT list 4
to FS S IT 5 ft bool

set V T.IS S IT Sss IT S bool



Problems Too restrictive
TI Mo.tt.tl x otN
pTtabstypeswith X isM in N o

a p
Ond IT T T bool

abstypee s with le is Kade int MxH to Ono in

E Tko Ie SAS bool

d
le 3 S X TX s int

Parameterized Modules Use it

Set FT FS S It Sss IT S bool

Set IT pact CT list C c to C 7

Problem can't parameterize by Structs only types



UsingDe
endentTyeestoExeressModularS_tuture.M

acQueen 1986

Argues for using full MLTT

Existential types 7 Dependentsum
Universal quantification t Dependentfunction IT

T t.TTM.tt IT
r t CT M E o Intro

tot MacQueen Chooses T Type

ftp EE o

T t AICP oft it CP
v Elims

T M I a o



Ord I T T bool
T Type

let le Nz int X K y i l in

le 2 3

t le A C xNY ooo bool

and un Cne int



maydepend on X

p KA t bi Intro

t.A.BIZ
IIBA CEHm

TtMN BCxi sN

Ord I T T bool
t THE

type oeeerdsraffe

a
Set oI Esees twins 5 fiticisxts bool

Set Hi Ord Mi list CCI I Aei

Set int Xcx yl i
µe Gnt S D lintS

bad



2k THI
types

transparent parameterizing values
encapsulation stunetires by Structures

Is

Ftypey Vtypese
opaque parameterizeby Types
encapsulation

whatbmrssinginthem.de
Typepropagation type taints Hee t is int
Sharing sharing P.X.item P.Y.iton

DependentTypes are Concerning
Modules can'tbe compiled away Complex



Quickmeation HigherorderModine
PhaseDBthotion

Harper Mitchell Maggi 1990

Working on a formalization of ML

Develop a phasedistination intheir
ML calculus so modules can be
compiled away

What's missing in the model

Typepropagation
7 Sharing
e



Step 3 Translucent Types

ATypetheoreticapproachtoltigherOrderModaleswithsharing

Harper and Lillibridge

gzqqqqyeqm.ci aeaa e
iaqy

Leroy

Lemont I 2
opaque transparent

c

SMI type't tyeetis

Sharing



Ideas Take existential types
generalize by adding optional
typeequations

syntax T ua 4fD Dnlg V.ble

D bDx Type
dependencies

I b Dx Tyee T

yl x T JTA Private PublicPublic names

Names type info

Tendencies
i a.co fB Bnlg V.y
uaBbrx A

I yDX
A a a

Public Private Private
Names names Implementation

T.io T x Tyee T xiType T T xiT



EI

Int Set
itemDI int
setDS T listI

memberD m X X s x e sci

1 Typeinference
Int Set Fully transparent I
item DI Type int
setDS Type int list

c

memberDm int Lint list bool

Tc

Int set member 12 3 Intset empty

Fully transparent



EI

Iutset
itemDI int
setDS T listI

memberDM X X s x sci

Forced coercion
item DI Type int
set 175 Type

memberDm int Lint list boat

subtyeing

MainrdeaE Use translucent saws to
possibly propagate type equalities they
hide info via subtyping



Translucently
Subtyping relationship on signatures
Let user choose what type
equations to propagate
Functors as before IT types

Can also encode SML's
sharing by dependent order
of gum fields

whatbmrssinginthem.de
Typepropagation

Sharing

X A Bunch of other dimensions I've
uroden



84
iMacQueen'sSML

Proposal 85
Mitchell

typlotkin
7 types
t types

86
MacQueen 2 types

IT types
Honeer Phase Distinction 90

94
Hang'entLillibridge1Leroy

I
in i

types
OCaml

Great resource Derek Dreyer's
PhDthesis



Exf Symbol Tables
Derek Dreyer's thesis

signature SYMBOLTABLE Sig
type symbol
Val string2symbol a string symbol
Val symbol2stning symbol string

end

functor SymbolTableC SYMBOL TABLE struct

type symbol int
rat table reallocatenew hashtablet quinate

Val string2symbol AStn
5lookup on insert stn into table return index

rat symbol2String Xie table i
end

Usingit
structure STI SymbolTableC
structure STL SymbolTableC

X ST2 symbol STI symbol
STZ.symbdl2stningfstl.stning2symboll.HR


