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Abitofbackground :

• Context: theOcsigenproject, typesafemulti-tiersprogramming inOCaml
• Ontheserver : high level, type safeXMLgeneration
• Ontheclient : theDOM, low level, unsafedocumentmodifications
• Wewant the same levelof typesafetyonbothparts fordocumentmanipulation
• TheDOMmakes it impossible

Weproposeanalternativedocumentmodel

• Usableonbothparts
• Compatiblewithhigh level abstractions
• Compatiblewith static typing

Outlineof this exposé :

• Explanationof theproblem
• Principleof the solution
• Presentationof cDOM, ournewdocumentmodel
• Conclusionand futureworks
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• The internal representationof thedocument is a tree
• TheDOMisageneral, low level graphAPI
• Actions thatwould introducesharingor cycles

• Are rejecteddynamically (exceptions)
• Performsideeffects topreserve the structure : implicitmoves

• Westartwith fromasimple, validpage

1 : . . . <ul id="L1">
2 : < l i id="A">A</ l i >
3 : < l i id="B">B</ l i >
4 : </ ul>
5 : <ul id="L2">
6 : < l i id="X">X</ l i >
7 : < l i id="Y">Y</ l i >
8 : </ ul> . . .

• RenderingandDOM
..

• A • X
• B • Y

.

Lists -Browser

.

l1

.

a

.

b

.

l2

.

x

.

y

• Weexecute the followingJavaScript

1 : var l2 = getElementById ( " L2" )
2 : var a = getElementById ( "A" )
3 : l2 . appendChild ( a ) ; ;

• Resulting inan implicitmove
..

• B • X
• Y
• A

.
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With imperativemanipulations:

• Usinganother JavaScript

1 : var l2 = getElementById ( " L2" )
2 : var a = getElementById ( "A" )
3 : var b = getElementById ( "B" )
4 : l2 . appendChild ( a )
5 : l2 . appendChild (b )

• Webreak thevalidity (empty list)

..

? • X
• Y
• A
• B

.
Lists -Browser

.
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Withpurely constructive code:

• WestartwithaHOPsource code tobuild two lists:

1 : ( l e t ( ( a ( <LI> "A" ) )
2 : (b ( <LI> "B" ) ) )
3 : ( <DIV> (<UL> ( a ) )
4 : ( <UL> ( a b ) ) ) )

• Resulton the server:

1 : <DIV>
2 : <UL><LI>A</ LI></UL>
3 : <UL><LI>A</ LI><LI>B</ LI></UL>
4 : </DIV>

• Resulton theclient:

1 : <DIV>
2 : <UL> .. ..</UL>
3 : <UL><LI>A</ LI><LI>B</ LI></UL>
4 : </DIV>

.
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Nosurprise, theDOMisnotaniceAPI fordeclarativeprogramming:

• It hasanunusual, difficult topredict semantics
• It breaks static typingofmodificationaswell as construction
• It introducesdifferencesbetweenserver andclient sides
• Staticdetectionof implicitmoves isdifficult

Butdowe,declarativeprogrammers, really care ?

• Aswehaveseen, using theDOMdirectly is notanoption
• Usual cheat: intermediate representationallowingsharing
• In theend, thedocument is always storedasaDOM
• The transition to theDOMcanbedelayed,butnotavoided
• Shared instanceshave tobeexpanded /duplicated : not so simple
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The idea is simple:

• Detect at run-timewhenever sharingwouldbe introduced
• Insert a copy insteadof thenode itself toprevent themove

The implementationnot somuch:

• Theeasyway: deepcopyof thedocument structureonly

• Asdoneby theDOMprimitivecloneNode(n,true)
• Thecopy looks similarbutdoesnot respond toanyaction

• Theusefulway: deepcopy that includesattachedobjects

• Donebysome librariesbutwith important restrictions
• Needs some informationor convention toknowwhichobjects to copy
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Weneedasensibleand intuitive convention

• To let theprogrammerknow/decidewhetherobjectsbelong toanodeornot
• In anappropriateway for thehigh level language /documentmodel

Tobeasgeneric aspossible:

• Wedefineastratifiedsolution: high level language+ low levelAPI
• Thehigh level languagegivesa sense to themeta information
• The low levelAPIhasprimitives tomanipulate themeta information

In this article:

• Wegiveaglimpseofourworkon thehigh levelpart for the intuition
• Whatwepresent thegeneric, low level layer: cDOM

9



.

.

.

Overview of the high level part

..
Adeclarative-friendlyAPI forWebdocumentmanipulation

.
PADL2013

.
10 /17

.

InML,we introduceadelimitednodedefinition syntax

• Welet theprogrammerdecidewhetherobjectsbelong toanodeornot
• Wereuse the familiar notionof lexical scope
• Everythingallocated insideanodedefinition is copiedalong
• Everythingallocatedoutside is sharedbetweencopies

Example: abutton incrementingacounter andupdating its text

• Sharedcounter

1 : l e t with_shared_counter =
2 : ..l e t r = ref 0 in ( * outs ide * ) ..

3 : l e t rec se l f =
4 : ..node <a>
5 : [ node <text > content = " i n c r " end ]
6 : prop on_c l i ck = fun ( ) −>
7 : r := ! r + 1 ;
8 : replace se l f
9 : [ node <text > ( )

10 : content = s t r i ng_o f_ in t ! r
11 : end ]
12 : ..end
13 : in se l f ; ;

• Local counter

1 : l e t with_copied_counter =
2 : l e t rec se l f =
3 : ..node <a>
4 : .. l e t r = ref 0 in ( * i n s i d e * ) ..

5 : [ node <text > content = " i n c r " end ]
6 : prop on_c l i ck = fun ( ) −>
7 : r := ! r + 1 ;
8 : replace se l f
9 : [ node <text > ( )

10 : content = s t r i ng_o f_ in t ! r
11 : end ]
12 : ..end
13 : in se l f ; ;

.
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AnAPI:

• As low level as theDOMso it canbeusedasa replacement
• Canbe implementedon topof theDOM
• Introducesnewprimitives tomaintain run-timemeta (scoping) information
• Performs implicit copies insteadofmoves

Specifiedas follows:

• Assetof simply typed, languageagnosticprimitives
• Formal specificationof thedocument state
• Operational semantics rules (complete spec in thepaper)

Anda fewproperties:

• Internal consistency
• Structurepreservationusedby thehigh levelpart toensure typepreservation
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Thedocument state is specifiedasa tuple (H, L, T, P, S, s)

• Document structure: Heap, Labels, TreeandProperties

• H ⊆ Node ∪ Block is thedomainofexistingobjects
• L ⊆ Node × Tag givesa tag toeachnodeof thedocument
• T ⊆ Node × List(Node)associates toeachnode the list of its children
• P ⊆ Object × Key × Value associatesobjects tovalues through labels

• Meta (scope) information: ScopesandStack

• S ⊆ Node × Object records foreachnodes theobjectsunder its scope
• s ∈ List(Node) represents the stackof currentlyopenedscopes

Implementationsof run-timescope information:

• Scopeofeachnodestoredasa list ofpointer toobjects (as in the spec)
• Eachallocation storesahiddenpointer to the lastopenednode
• Inbothcases,weneedweak references
• Thescopestack ismanagedby theallocator
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• Access

• Int children (Node) numberof childrenonanode
• Node + Nil child (Node, Int) retrieve thenth child
• Enum(Node) roots (Nil) retrieveall nodeswithoutparents
• Enum(Key) properties (Object) domainofproperties of anobject
• Value + Nil get (Object ,Key) access toaproperty
• Tag tag (Node) retrieve the tagofanode

• Creation

• Node create_node (Tag) new, emptynode+open its scope
• Nil close (Node) close the scopeofanode
• Object create_block (Nil) new, emptyblock

• Modification

• Nil reopen (Node) repoen the scopeofanode
• Nil detach (Node) unlinkanode from its parent
• Node copy (Node) explicit deep copyoperation
• Nil bind (Node,Node, Int) linkanode toaparent, copy if nec.
• Nil set (Object ,Key ,Value) assignaproperty
• Nil unset (Object ,Key) removeaproperty
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Thecopyworksas follows ( . =documentnodes, . = languagevalues (blocks)):
..........

← copy target

.
initial graph

.........
nodes in scope

..............
duplication of nodes

..............

internal relink

..............

external relink

..............

copied node

.

copy→

Copyalgorithm in3 recursive traversals:

• Collect all the candidates to thecopyusing scope information
• Restrict toaccessibleobjects
• Duplicate thenodesandcreateamap fromoriginal to copies
• Traversetheoriginalvalueandperforminternalandexternal relinkingusingthemap
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Weproposedanewdocumentmodelwhichfixes theDOM:

• Doesnotperformunexpectedsideeffects
• Preserves typesafety thanks to structurepreservation
• Allows theuseexistinghigh level systems forXML in thebrowser
• Hasa formal specification

And introducesnewpossibilities:

• Typecheckingof imperativemanipulationsof theWebpage
• Explicit copy is anewtoolgiven to theprogrammer
• Usemeta information forotherpurposes, eg. serialization,migration ?
• Generalize tootherdelimited languagestructure (eg. objects,modules) ?

What remains todo:

• Aserver side (native) implementation
• Tryand integrate cDOM into theOcsigen framework
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