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Abstract

In this paper we presentan implementationof a StandardML combinator library
for serializing and deserializingdatastructures. The combinator library supports
serializationof cyclic datastructuresandsharing. Itgeneratescompactserialized
values,both dueto sharing,but also dueto type specialization.The library is type
safein thesensethat atypespecializedserializercanbeappliedonly to valuesof the
specializedtype. In thepaper, wedemonstratehow programmercontrol providedby
thecombinatorlibrary canleadto efficientserializerscomparedto genericserializers
supportedby traditionallanguageimplementations.

1 INTRODUCTION

Most practicalprogramminglanguagesystemsprovide meansfor serializingval-
uesto byte streams.In somecases,for instancefor Java andC#, serializationis
partof thelanguagespecification,yetfor otherlanguages,programmershaverelied
on implementationsupportfor serialization.Theimportanceof efficient serializa-
tion techniquesis partlydueto its relationto remotemethodinvocation(RMI) and
distributedcomputing(marshalling). Otherusesof serializationsupportinclude
storingof programstateondisk for futurereinvocationsof theprogram.

For mostsystems,serializationanddeserializationproceduresareprovidedby
the system’s runtime component. In this paper, we expandon Kennedy’s type
indexedapproachto serialization[9], whichprovidestheprogrammerwith acom-
binatorlibrary for constructingpairsof a serializeranda deserializerfor a given
datatype.Theapproachhasthefollowing key advantages:

• Compactnessdueto specialization.No type information(tagging)is writ-
ten to the byte streamby the serializer, which leadsto compactserialized
data.All necessarytypeinformationfor deserializingtheserializedvalueis
presentin thetypespecializeddeserializer.

• No needfor runtimetags. The combinatorlibrary imposesno restrictions
on the representationof values. In particular, the techniquesupportsa tag-
freerepresentationof values,asthelibrary is writtenentirelyin thelanguage
itself.

• Typesafety. A typespecializedserializer maybeappliedonly to valuesof
thespecializedtype.A subsetof thelibrary is truly typesafein thesensethat



89

with this subsetit is not possibleto constructserializersthatdo not behave
asexpected.Moreover, the techniquecanbeextendedsothat,beforeavalue
is deserialized,a typechecksumin theserializeddatais checked againstthe
typechecksumof thespecializeddeserializer.

• Programmercontrol. The programmermay exploit knowledgeaboutdata
invariantsto obtainefficientserializersin caseswherehash-consingdoesnot
performwell (e.g.,for serializingmany valuesof typebool ref in cases
whereeachvalueis usedlinearly; thatis, with only onepointerto it).

Contraryto Kennedy’sapproach,theapproachwetakehere alsoleadsto auto-
maticcompactnessdueto sharing.That is, serializationof two equivalentvalues
leadsto sharingin theserializeddata.And moreimportantly, whenthevaluesare
deserialized,thevalues sharetheir representationin programmemory, which may
leadto drasticmemorysavingsduringprogramexecution. Further, our approach
alsoprovidessupportfor serializingmutableandcyclic datastructures.

Wehavealreadymentionedthat,in general,thereis aproblemwith serializing
StandardML references.In orderfor deserializedvaluesto be indistinguishable
from non-serializedvalues,theserializermustpreservedistinctnessandsharingof
references.Also noticethatit is not possiblein StandardML to accessthepointer
valueof a reference(indeed,a garbagecollectioncouldchangethepointervalue).
Thus,thebestpossiblesolutionfor computingahashfunctionfor a referenceis to
computethe hashvalueof the contentof the reference(andin the processavoid
cycles). But this solutiondoesnot give distinct hashvaluesto two distinct refer-
encespointing at identicalvalues,which leadsto serializationalgorithmswith a
worstcasequadratictimecomplexity.

We identify a partialsolutionto this problem,which requirestheprogrammer
to identify if a referenceappearslinearly (i.e., only once)in the serializeddata.
In this case,the programmermay usea particularcombinatorwhich avoids the
recordingthatthevaluehasbeenvisited.

1.1 Outline

In Section2, wepresenttheserializationlibrary interfaceandshow someexample
usesof the library combinators. In Section3, we describethe implementation
of the combinatorlibrary. In particular, we describethe useof hashingand an
implementationof typedynamicin StandardML to supportsharingandcyclesin
deserializedvalues,efficiently. In Section4, we describetheperformancebenefits
of usingthelinearreferencecombinatorwhenserializingsymboltableinformation
in theML Kit, a StandardML compiler. Relatedwork is describedin Section5.
Finally, in Section6, weconcludeanddescribepossiblefuturework.
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2 THE SERIALIZA TION LIBRAR Y

The interfaceto theserializationlibrary is given in StandardML asa structureP
with the signaturePICKLE presentedin Figure1.

signature PICKLE = sig
(* abstract pickle/unpickle type *)
type ’a pu
val pickle : ’a pu -> ’a -> string
val unpickle : ’a pu -> string -> ’a

(* type safe combinators *)
val word : word pu
val int : int pu
val string : string pu
val pair : ’a pu * ’b pu -> (’a*’b) pu
val triple : ’a pu * ’b pu * ’c pu -> (’a*’b*’c) pu
val vector : ’a pu -> ’a Vector.vector pu
val list : ’a pu -> ’a list pu
val option : ’a pu -> ’a option pu
val refCyc : ’a -> ’a pu -> ’a ref pu

(* unsafe combinators *)
val ref0 : ’a pu -> ’a ref pu
val refLin : ’a pu -> ’a ref pu
val enum : (’a->int) * ’a list -> ’a pu
val data : (’a->int) * (’a pu->’a pu) list -> ’a pu
val data2 : (’a->int) * (’a pu*’b pu->’a pu) list

* (’b->int) * (’a pu*’b pu->’b pu) list
-> ’a pu * ’b pu

val con0 : ’a -> ’b -> ’a pu
val con1 : (’a->’b) -> (’b->’a) -> ’a pu -> ’b pu

(* other useful combinators *)
val conv : (’a->’b) * (’b->’a) -> ’a pu -> ’b pu

end

FIGURE 1. The PICKLE signature.

Theserializationinterfaceis basedonanabstract type’a pu. Givenavalueof
typeτ pu, for sometypeτ, it is possibleto serializevaluesof typeτ into astreamof
characters,usingthe functionpickle. Similarly, the functionunpickle allows
for deserializingaserializedvalue.

Theinterfaceprovidesaseriesof basecombinators, for serializingvaluessuch
asintegers,words,andstrings. The interfacealsoprovidesa seriesof construc-
tive combinators, for constructingserializersfor pairs, triples, lists, andgeneral
datatypes.For example,it is possibleto constructa serializerfor lists of integer
pairs:
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val pu_ips:(int*int)list P.pu = P.list(P.pair(P.int,P.int))
val s:string = P.pickle pu_ips [(2,3),(1,2),(2,3)]

Althoughthepair(2,3) appearstwice in theserializedlist, sharingis introduced
by theserializer, whichmeansthatwhenthelist is deserialized,thepairs(2,3) in
thelist sharethesamerepresentation.

The first part of the serializationcombinatorsaretruly type safein the sense
that,with thissubset,deserializationresultsin avalueequivalentto thevaluebeing
serialized.Thecombinatorconvmakesit possibleto constructserializersfor Stan-
dardML records,quadruples,andotherdatatypesthatareeasilyconvertedinto an
alreadyserializabletype.

2.1 Datatypes

Given anenumerationdatatypet with nullary valueconstructorsC0 · · ·Cn−1, a se-
rializer (of typet pu) maybeconstructedby passingto theenum combinator, (1) a
functionmappingeachconstructorCi to theintegeri and(2) thelist [C0, · · · ,Cn−1].
Thus,for constructingaserializerfor thedatatype

datatype color = R | G | B

wecanwrite thefollowing:

val pu_color : color P.pu =
P.enum(fn R => 0 | G => 1 | B => 2, [R,G,B])

In general,for constructingserializersfor datatypes,thecombinatordata may
beused,but only for datatypesthatarenotmutuallyrecursivewith otherdatatypes.
Thecombinatordata2 makesit possibleto constructserializersfor two mutually
recursivedatatypes.

Givenadatatypet with valueconstructorsC0 · · ·Cn−1, aserializer(of typet pu)
maybeconstructedby passingto thedata combinator, (1) a functionmappinga
valueconstructedusingCi to theinteger i and(2) a list of functions[ f0, · · · , fn−1],
whereeachfunction fi is a serializerfor the datatypefor the constructorCi , pa-
rameterizedover a serializerto usefor recursive instancesof t. As an example,
considerthefollowing datatype:

datatype T = L | N of T * int * T

To constructa serializerfor the datatypeT, thedata combinatorcanbe applied,
togetherwith theutility functionscon0 andcon1:

val pu_T : T P.pu = P.data (fn L => 0 | N _ => 1,
[fn pu=>P.con0 L pu,
fn pu=>P.con1 N (fn N a=>a) (P.triple(pu,P.int,pu))])

Considerthevaluedeclaration
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val t = N(N(L,2,L),1,N(N(L,2,L),3,L))

Thevalueboundtot is commonlyrepresentedin memoryasshown in Figure2(a).
Serializingthe valueanddeserializingit again resultsin a value that sharesthe
commonvalueN(L,2,L), aspicturedin Figure2(b):

val t’ = (P.unpickle pu_T o P.pickle pu_T) t

1
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FIGURE 2. Representationof a tr eevalue(a) without sharing and (b) with sharing.

2.2 References

In StandardML, cyclic datacanbeconstructed,only byuseof references(notcon-
sideringrecursive closures).The combinatorref0 assumesthat the reference—
whenserialized—doesnotcontributeto a cycle in thevalue.Ontheotherhand,the
combinatorRefCyc takes asits first argumenta dummyvaluefor the typeof the
referencecontent,which allows thedeserializerto reintroducecyclesappearingin
theoriginal value.Thefinal combinatorfor constructingserializersfor references
is the refLin combinator, which assumesthat for eachof the referencevalues,
thereis only ever onepointerto the reference.As weshall seein Section4, this
combinatoris importantfor efficiently serializinglargevaluescontainingdistinct
referencespointingat identicaldata(i.e.,booleanreferences).

3 IMPLEMENT ATION

Beforewepresenttheimplementationof theserializationlibrary, wefirst presenta
moduleDyn for embeddingvaluesof arbitrarytypeinto atypedyn (typedynamic)
andastreammodulefor implementinginputandoutputstreams.

ThesignatureDYN for theauxiliarystructureDyn is asfollows:

signature DYN = sig
type dyn
val new : (’a*’a->bool) -> (’a->word)

-> (’a->dyn) * (dyn->’a)
val eq : dyn * dyn -> bool
val hash : dyn -> word

end
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Hereis an implementationof this module,basedon Filinski’s implementationof
typedynamic[6, page106],but extendedto provideahashfunctionandanequality
functionon valuesof typedyn:

structure Dyn :> DYN = struct
datatype method = RESET | EQ | SET | HASH
type dyn = method -> word
fun new eq h =
let val r = ref NONE
in ( fn x => fn HASH => h x

| RESET => (r := NONE; 0w0)
| SET => (r := SOME x; 0w0)
| EQ =>

case !r of NONE => 0w0
| SOME y =>

if eq(x,y) then 0w1
else 0w0

, fn f => ( r:=NONE ; f SET ; valOf(!r) )
)

end
fun eq (f1,f2) = ( f2 RESET ; f1 SET ; f2 EQ = 0w1 )
fun hash f = f HASH

end

ThestreammoduleS hasthefollowing signature:

signature STREAM = sig
type ’k stream
type IN and OUT (* kinds *)
type loc = word
val getLoc : ’k stream -> loc
val outw : word * OUT stream -> OUT stream
val getw : IN stream -> word * IN stream
val toString : OUT stream -> string
val openOut : unit -> OUT stream
val openIn : string -> IN stream

end

A streamis eitheraninputstreamof kind IN or anoutputstreamof kind OUT. The
functiongetLoc makesit possibleto extract the locationof a streamasa word.
For outputstreamsthereis a functionfor writing words,outw, which compresses
word valuesby assumingthat smallerword valuesare written more often than
largerones.Dually, thereis a functiongetw for readingcompressedwordvalues.

The final non-standardlibrary usedby the implementationis a hashtable li-
brary. In the following, we assumea structureH matchinga simplifiedversionof
the signaturePOLYHASH from theSML/NJLibrary:
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signature POLYHASH = sig
type (’key, ’data) ht
val mkTable : (’k->int) * (’k*’k->bool)

-> int*exn -> (’k,’d) ht
val insert : (’k,’d) ht -> ’k*’d -> unit
val peek : (’k,’d) ht -> ’k -> ’d option
end

3.1 RepresentingSerializers

Theabstracttype’a pu is definedby thefollowing typedeclarations:

type pe = (Dyn.dyn, S.loc) H.ht
type upe = (S.loc, Dyn.dyn) H.ht
type instream = S.IN S.stream * upe
type outstream = S.OUT S.stream * pe
type ’a pu = {pickler : ’a -> outstream -> outstream,

unpickler : instream -> ’a*instream,
hasher : ’a -> word*int -> word*int,
eq : ’a*’a -> bool}

A pickler environment(of typepe) is ahashtablemappingvaluesof typeDyn.dyn
to streamlocations.Moreover, anunpickler environment(of typeupe) is ahashta-
blemappingstreamlocationstovaluesof typeDyn.dyn. A valueof typeoutstream
is a pair of anoutputstreamanda pickler environment.Similarly, a valueof type
instream is apair of aninput streamandanunpicklerenvironment.

Givena typeτ, a valueof typeτ pu is a recordcontaininga pickler for values
of type τ, an unpicklerfor valuesof type τ, a hashfunction for valuesof type τ,
andanequalityfunctionfor valuesof typeτ.

From a valuepu of type τ pu, for sometype τ, it is straightforward to im-
plementthe functionspickle andunpickle asspecifiedin thePICKLE signa-
ture,by composingfunctionality in thestreamstructureS with thepickler and
unpickler fieldsin thevaluepu.

3.2 Serializersfor BaseTypes

For constructingserializers,we shall make useof a small moduleHash for con-
structinghashfunctionsfor serializablevalues:

structure Hash = struct
val maxDepth = 50
fun add w (a,d) = (w + a * 0w19, d - 1)
fun maybeStop f (a,d) = if d <= 0 then (a,d) else f (a,d)

end

To ensureterminationof hashfunctionsin caseof cyclesandto avoid thatvalues
aretraversedfully, thecombinatorscountthenumberof hashoperationsperformed
by thehashfunctions.
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We cannow show how serializersareconstructedfor basetypes,exemplified
by aserializerfor wordvalues:

val word : word pu =
{pickler = fn w => fn (s,pe) => (S.outw(w,s),pe),
unpickler = fn (s,upe) =>
case S.getw s of (w,s) => (w,(s,upe)),

hasher = Hash.add,
eq = op =}

3.3 Product Types

For constructinga pair serializer, thepair combinatortakes asargumenta serial-
izer for eachof thecomponentsof thepair:

fun pair (pu1 : ’a pu, pu2 : ’b pu) : (’a * ’b) pu =
{pickler = fn (v1,v2) =>

#pickler pu2 v2 o #pickler pu1 v1,
unpickler = fn s =>
case #unpickler pu1 s of (v1,s) =>
case #unpickler pu2 s of (v2,s) => ((v1,v2),s),

hasher = fn (v1,v2) => Hash.maybeStop
(#hasher pu2 v2 o #hasher pu1 v1),

eq = fn ((a1,a2),(b1,b2)) =>
#eq pu1 (a1,b1) andalso #eq pu2 (a2,b2)}

Notice theuseof theHash.maybeStop combinator, which returnsthehashresult
whenthehashcounterhasreachedzero.

Combinatorsfor serializing triplesandquadruplesareeasilyconstructedusing
theconv andpair combinators.

3.4 A Sharing Combinator

We shall now seehow it is possibleto make explicit useof streamlocationsand
environmentinformationto constructa combinatorshare that leadsto sharingof
serializedanddeserializeddata.

The share combinator, which is listed in Figure 3, takes any serializer as
argument andgeneratesaserializerof thesametypeastheargument.

For serializinga value,it is first checked if someidenticalvalueis associated
with a location l in the pickleenvironment. In this case,a REF-tagis written to
theoutstreamtogetherwith a referenceto thelocationl . If thereis no valuein the
pickle environmentidenticalto thevalueto beserialized,a DEF-tagis written to
theoutputstream,thecurrentlocationl of theoutputstreamis recorded,thevalue
is serialized,andan entry is addedto the pickleenvironmentmappingthe value
into the location l . In this way, futureserializedvaluesidenticalto theserialized
valuecansharerepresentationwith theserializedvaluein theoutstream.



96

fun share (pu:’a pu) : ’a pu =
let val REF = 0w0 and DEF = 0w1

val (toDyn,fromDyn) = Dyn.new (#eq pu)
(fn v => #1 (#hasher pu v (0w0,Hash.maxDepth)))

in {pickler = fn v => fn (s,pe) =>
let val d = toDyn v
in case H.peek pe d of

SOME loc => (S.outw(loc,S.outw(REF,s)),pe)
| NONE => let val s = S.outw(DEF,s)

val loc = S.getLoc s
val res = #pickler pu v (s,pe)

in case H.peek pe d of SOME _ => res
| NONE => (H.insert pe (d,loc); res)

end
end,

unpickler = fn (s,upe) =>
let val (tag,s) = S.getw s
in if tag = REF then

let val (loc,s) = S.getw s
in case H.peek upe loc of

SOME d => (fromDyn d, (s,upe))
| NONE => raise Fail "impossible:share"

end
else (* tag = DEF *)
let val loc = S.getLoc s

val (v,(s,upe)) = #unpickler pu (s,upe)
in H.insert upe (loc,toDyn v); (v,(s,upe))
end

end,
hasher = fn v => Hash.maybeStop (#hasher pu v),
eq = #eq pu}

end

FIGURE 3. The share combinator.

Dually, for deserializinga value,first the tag(i.e., REFor DEF) is readfrom
the input stream.If the tagis a REF-tag,a locationl is readandusedfor looking
up theresultingvaluein theunpicklerenvironment. If, on theotherhand,the tag
is a DEF-tag,the location l of the input streamis recorded,a valuev is deserial-
izedwith theargumentdeserializer, andfinally, anentry is addedto theunpickler
environmentmappingthelocationl into thevaluev, which is alsotheresultof the
deserialization.

One importantpoint to notice hereis that efficient inhomogeneousenviron-
ments,mappingvaluesof differenttypesinto locations,arepossibleonly through
theuseof theDyn library, which supportsa hashfunctionon valuesof typedyn
andanequalityfunctionon valuesof typedyn.1

1Thestraightforwardimplementationin StandardML of typedynamicusingexceptionscanalso
be extendedwith ahashfunctionandanequalityfunction,by definingthetypedyn to havetype
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3.5 Referencesand Cycles

To constructaserializationcombinatorfor references,anumberof challengesmust
be overcome.First, for any two referencevaluescontainedin somevalue,it can
be observed (eitherby equalityor by trivial assignment)whetheror not the two
referencevaluesdenote thesamereferencevalue. It is crucial that suchrefer-
enceinvariantsarenot violatedby serializationanddeserialization.Second,for
datastructuresthatdo not containrecursive closures,all cyclesgo througha ref
constructor. Thus in general,to ensureterminationof constructedserializers,it
is necessary(andsufficient) to recognizecyclesthatgo throughref constructors.
The pickle environmentintroducedearlier is usedfor this purpose.Third, once
a cyclic valuehasbeenserialized,it is crucial thatwhenthevalueis deserialized
again, thecycle in thenew constructedvalueis reestablished.

Thegeneralserializationcombinatorfor referencesis shown in Figure4. The
dummyvaluegivenasargumentto therefCyc combinatoris usedfor thepurpose
of “tying theknot” whenaserializedvalueisdeserialized.Thefirst timeareference
valueis serialized,a DEF-tagis written to thecurrentlocationl of theoutstream.
Thereafter, the pickleenvironmentis extendedto associatethereferencevaluewith
thelocationl . Thentheargumentto thereferenceconstructoris serialized.On the
otherhand,if it is recognizedthat thereferencevaluehasbeenserializedearlierby
findinganentryin the pickleenvironmentmappingthereferencevalueto astream
locationl , aREF-tagis written to theoutstream,followedby thelocationl .

For deserializingareferencevalue,first thelocation l of theinputstreamis ob-
tained.Second,a referencevaluer is createdwith theargumentbeingthedummy
valuethat wasgiven asargumentto therefCyc combinator. Thenthe unpickle
environmentis extendedto map the location l to the referencevalue r. There-
after, a valueis deserialized,which is thenassignedto thereferencevaluer. This
assignmentestablishesthe cycle and the dummyvalueno longerappearsin the
deserializedvalue.

As mentionedin theintroduction,it is difficult to find abetterhashfunctionfor
referencesthanthatof usingthehashfunctionfor thereferenceargument.Equality
on referencesreducesto pointerequality.

Thetwo otherserializationcombinatorsfor references(i.e.,ref0 andrefLin)
areimplementedasspecialcasesof thegeneralreferencecombinatorrefCyc.

Theref0 combinatorassumesthatno cyclesappearthroughreferencevalues
serializedusingthis combinator.

TherefLin combinatorassumesthattheentirevaluebeingserializedcontains
only onepointerto eachvaluebeingserializedusingthis combinator(which also
doesnot allow cycles)andthat theshare combinatoris usedat a higherlevel in
the type structure,but lower thana point wheretherecanbe multiple pointersto
the value. With theseassumptions,the refLin combinatoravoids the problem

{v:exn, eq:exn*exn->bool, h:exn->word}, wherev is theactualvaluepackedin a
locally generatedexception,eq is anequalityfunctionreturningtrue only for identicalvalues
appliedto thesameexceptionconstructor, andh is ahashfunctionfor thepacked value.
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fun refCyc (dummy:’a) (pu:’a pu) : ’a ref pu =
let val REF = 0w0 and DEF = 0w1

val (toDyn,fromDyn) = Dyn.new (op =)
(fn ref v => #1 (#hasher pu v (0w0,Hash.maxDepth)))

in {pickler =
fn r as ref v => fn (s,pe) =>
let val d = toDyn r
in case H.peek pe d of

SOME loc => (S.outw(loc,S.outw(REF,s)),pe)
| NONE => let val s = S.outw(DEF,s)

val loc = S.getLoc s
in H.insert pe (d,loc)
; #pickler pu v (s, pe)

end
end,

unpickler =
fn (s,upe) =>
let val (tag,s) = S.getw s
in if tag = REF then

let val (loc,s) = S.getw s
in case H.peek upe loc of

SOME d => (fromDyn d, (s, upe))
| NONE => raise Fail "impossible:ref"

end
else (* tag = DEF *)
let val loc = S.getLoc s

val r = ref dummy
val _ = H.insert upe (loc,toDyn r)
val (v,(s,upe)) = #unpickler pu (s,upe)

in r := v ; (r, (s,upe))
end

end,
hasher = fn ref v => #hasher pu v,
eq = op =}

end

FIGURE 4. Cyclesupporting serializer for references.

mentionedearlierof filling up hashtablebucketsin the pickleenvironmentwith
distinctvalueshaving thesamehashvalue.In general,however, it is anunpleasant
taskfor aprogrammerto establishtherequirementsof therefLin combinator.

3.6 Datatypes

It turnsout to bedifficult in StandardML to constructa generalserializationcom-
binatorthatworksfor any numberof mutuallyrecursivedatatypes.In this section,
we describethe implementationof the serializationcombinatordata from Sec-
tion 2.1, which canbe usedfor constructinga serializeranda deserializer for a
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single recursive datatype. It is straightforward to extend this implementation to
any particularnumberof mutuallyrecursive datatypes.Theimplementationof the
data serializationcombinatoris shown in Figure5.

fun data (toInt:’a->int, fs:(’a pu->’a pu)list):’a pu =
let val res : ’a pu option ref = ref NONE

val ps : ’a pu vector option ref = ref NONE
fun p v (s,pe) =
let val i = toInt v

val s = S.outw (Word.fromInt i, s)
in #pickler(getPUPI i) v (s,pe)
end

and up (s,upe) =
case S.getw s of (w,s) =>
#unpickler(getPUPI (Word.toInt w)) (s,upe)

and eq(a1:’a,a2:’a) : bool =
let val n = toInt a1
in n = toInt a2 andalso #eq (getPUPI n) (a1,a2)
end

and getPUP() =
case !res of
NONE => let val pup = share {pickler=p,hasher=h,

unpickler=up,eq=eq}
in res := SOME pup; pup
end

| SOME pup => pup
and getPUPI (i:int) =
case !ps of
NONE => let val ps0 = map (fn f => f (getPUP())) fs

val psv = Vector.fromList ps0
in ps := SOME psv; Vector.sub(psv,i)
end

| SOME psv => Vector.sub(psv,i)
and h v =
Hash.maybeStop (fn p =>
let val i = toInt v
in Hash.add (Word.fromInt i) (#hasher (getPUPI i) v p)
end)

in getPUP()
end

FIGURE 5. Singledatatypeserialization combinator.

Toallow for arbitrarysharingbetweenpartsof adatastructure(of somedatatype)
andperhapspartsof anotherdatastructure(of the samedatatype),the combina-
tor makesuseof theshare combinatorfrom Section3.4. It is essentialthat the
share combinatoris not only appliedto theresultingserializationcombinatorfor
thedatatype,but that thissharingversionof thecombinatoris theonethat is used
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TABLE 1. Serialization time (S-time in seconds), deserialization time (D-time in
seconds),and file sizes(in kilobytes) for serializing the compiler basisfor the Stan-
dard ML BasisLibrary . Differ ent rows in the table show measurementsfor differ ent
configurationsof the serializer.

S-time(s) D-time (s) Size(Mb)
Full sharing 14.2 4.0 1.88
No linearreferences 302 3.7 1.96
No sharing 297 3.4 4.10

for recursive occurrencesof the type beingdefined. Otherwise,it would not, for
instance,bepossibleto obtainsharingbetweenthetail of a list andsomeotherlist
appearingin thevaluebeingserialized.Also, it would not bepossibleto support
thesharingobtainedwith thetreevaluein Figure2(b).

Thus,in theimplementation,thefour functions(thepickler, unpickler, equality
function,andhashfunction)thatmakeuptheserializeraremutuallyrecursiveanda
cachingmechanism(thefunctiongetPUP) makessurethattheshare combinator
is appliedonly once.

4 EXPERIMENTS WITH THE ML KIT

In this section,we presentexperimentswith serializingsymboltableinformation
in theML Kit [12], a StandardML compiler, which allows arbitrarysymboltable
informationto migrateacrossmoduleboundariesat compiletime [5].

Many of the compilationphasesin the ML Kit make useof the possibility
of passingcompilationinformation acrosscompilationboundaries,thus symbol
tablestendto be large. For instance,the region inferenceanalysisin theML Kit
[13] is a type-basedanalysis,which associatesfunction identifierswith so called
region typeschemes,which provide informationabout in which regionsfunction
argumentsandresultsarestored.

Table4 presentsmeasurementsfor serializingML Kit symbol tablesfor the
StandardML BasisLibrary. The tableshows serializationtimes,deserialization
times,andfile sizesfor threedifferentserializationconfigurations.Themeasure-
mentswererun on a 2.80GHz IntelPentium 4 Linux box with 512Mbof RAM.
Thefirst configurationimplementsfull sharingof values(i.e., with consistentuse
of the share combinatorfrom Section3.4.) The secondconfigurationdisables
thespecialtreatmentof programmerspecifiedlinearreferencesby usingthemore
generalref0 combinatorinsteadof the refLin combinator. Finally, the third
configuration supportssharingonly for references(which also avoids problems
with cycles). Thethird configurationentailsunsoundnessof thespecialtreatment
of programmerspecifiedlinearreferences,which is thereforealsodisabledin this
configuration.
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5 RELATED WORK

Thereis a seriesof relatedwork concernedwith dynamictyping issuesfor dis-
tributedprogrammingwherevaluesof dynamictypearetransmittedoveranetwork
[1, 3, 4,11]. Recently, Leifer etal. haveworkedonensuringthatinvariantsondis-
tributedabstract datatypesarenot violatedby checkingtheidentity of operations
onabstractdatatypes[10].

TheZephyr AbstractSyntaxDescriptionLanguage(ASDL) project[15] aims
at providing a languageindependentdataexchangeformat by generatingserial-
izationcodefrom genericdatatypespecifications.WhereasgeneratedASDL seri-
alizationcodedoesnot maintainsharing,it doesavoid storingof redundanttype
informationby employing a type specializedprefix encodingof treevalues.The
approachis in this respectsimilar to oursandto thePackedEncodingRules(PER)
of ASN.1[14].

Independentlyof the presentwork, Kennedyhasdevelopeda similar combi-
natorlibrary for serializingdatastructures[9]. His combinatorlibrary is usedin
theSML.NET compiler[8] for serializingtypeinformationto disksoasto support
separatecompilation. Contraryto our approach,Kennedy’s share combinator
requiresthe programmerto provide functionality for mappingvaluesto integers,
which in principleviolatesabstractionprinciples.Moreover, Kennedy’sfix com-
binatorsfor constructingserializersfor datatypesdonotsupportsharingof subparts
of datatypes,asourdatatypecombinators.

Also relatedto this work is work on garbagecollectionalgorithmsfor intro-
ducingsharingto savespaceby theuseof hash-consing[2].

6 CONCLUSION AND FUTURE WORK

In thispaper, wehavepresentedaStandardML combinatorlibrary for serialization
anddeserialization.Thecombinatorlibrary mayintroducesharingin deserialized
valuesevenin caseswheresharingwasnotpresentin thevaluethatwasserialized.
The approachworks with mutableandcyclic data,andis madepossiblethrough
the useof an implementationof type dynamic. We further identify how a linear
combinatorfor referencesmay leadto efficient serializersthat cannotcleanlybe
madeavailableusinggenericapproachesto serialization.

A possibilityfor futurework is to investigateif it is possibleto useavariantof
multisetdiscrimination[7] for eliminatingtheneedfor thelinearreferencecombi-
natorof Section3.5. Anotherpossibilityfor futurework is to implementa tool for
generatingserializersanddeserializersfor a givendatatype,usingthecombinator
library.
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