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Abstract

In this paper we presentan implementationof a StandardML combhator library

for serializng and deserializingdata structures. The combindor library supports
serializationof cyclic datastructuresand sharing. Itgenerate€ompactserialized
values,both dueto sharing,but aso dueto type specialization.The library is type

safein thesensdhat atypespecializederializercanbe appliedonly to valuesof the

specializedype. In the paperwe demonstratéion programmercontol provided by

thecombinatolibrary canleadto efficientseializerscomparedo genericserializers
supportedy traditionallanguageimplementations.

1 INTRODUCTION

Most practicalprogramminganguagesystemsrovide meansfor serializingval-
uesto byte streams.In somecasesfor instancefor Java and C#, serializationis
partof thelanguagespecificationyetfor otherlanguagesprogrammersiaverelied
onimplementatiorsupportfor serialization.Theimportanceof efficient serializa-
tion techniquess partly dueto its relationto remotemethodinvocation(RMI) and
distributed computing(marshalling). Otherusesof serializationsupportinclude
storingof programstateon disk for future reinvocationsof the program.

For mostsystemsserializationanddeserializatiorproceduresireprovided by
the systems runtime component. In this paper we expandon Kennedys type
indexedapproactio serialization9], which providesthe programmemwith acom-
binatorlibrary for constructingpairs of a serializeranda deserializerfor a given
datatype .The approacthasthefollowing key advantages:

e Compactnessgueto specialization.No type information (tagging)is writ-
ten to the byte streamby the serializer which leadsto compactserialized
data.All necessaryypeinformationfor deserializinghe serializedvalueis
presenin thetypespecializedleserializer

e No needfor runtimetags. The combinatorlibrary imposesno restrictions
on the representationf values. In particulat the techniquesupportsa tag-
freerepresentationf values asthelibrary is written entirelyin thelanguage
itself.

e Typesafety A type specializedserializer maybe appliedonly to valuesof
thespecializedype. A subsetf thelibrary is truly type safein thesensdhat
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with this subsetft is not possibleto constructserializersghatdo not behae
asexpected Moreover, the techniqueanbeextendedsothat,beforeavalue
is deserializedatype checksumin the serializeddatais checled aginstthe
typechecksunof thespecializedleserializer

e Programmercontrol. The programmemay exploit knowledgeaboutdata
invariantsto obtainefficientserializersn casesvherehash-consingloesnot
performwell (e.g.,for serializingmary valuesof typebool ref in cases
whereeachvalueis usedlinearly; thatis, with only onepointerto it).

Contraryto Kennedys approachthe approactwe take here alsdeadsto auto-
matic compactnesdueto sharing. Thatis, serializationof two equivalentvalues
leadsto sharingin the serializeddata. And moreimportantly whenthevaluesare
deserializedthe values sharé¢heir representation programmemory which may
leadto drasticmemorysavings during programexecution. Further our approach
alsoprovidessupportfor serializingmutableandcyclic datastructures.

We have alreadymentionedhat,in generalthereis a problemwith serializing
StandardVIL references.In orderfor deserializedsaluesto be indistinguishable
from non-serializedralues the serializemustpresere distinctnesandsharingof
referencesAlso noticethatit is not possiblein StandardviL to accesshe pointer
valueof areferencgindeed,a garbagecollectioncould changehe pointervalue).
Thus,the bestpossiblesolutionfor computinga hashfunctionfor areferences to
computethe hashvalue of the contentof the referencegandin the processavoid
cycles). But this solutiondoesnot give distinct hashvaluesto two distinctrefer
encespointing at identical values,which leadsto serializationalgorithmswith a
worstcasequadraticime compleity.

We identify a partial solutionto this problem,which requiresthe programmer
to identify if a referenceappeardinearly (i.e., only once)in the serializeddata.
In this case,the programmemay usea particularcombinatorwhich avoids the
recordingthatthe valuehasbeenvisited.

1.1 Outline

In Section2, we presentheserializatiorlibrary interfaceandshov someexample
usesof the library combinators. In Section3, we describethe implementation
of the combinatorlibrary. In particular we describethe use of hashingand an

implementatiorof type dynamicin StandardViL to supportsharingandcyclesin

deserializedralues efficiently. In Sectiond, we describethe performancéenefits
of usingthelinearreferenceeombinatowhenserializingsymboltableinformation
in the ML Kit, a StandardviL compiler Relatedwork is describedn Section5.

Finally, in Section6, we concludeanddescribepossiblefuture work.
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2 THE SERIALIZA TION LIBRARY

Theinterfaceto the serializationlibrary is givenin StandardML asa structureP
with the signaturél CKLE presentedn Figurel.

signature PICKLE = sig
(* abstract pickle/unpickle type *)

type "a pu
val pickle :'apu->'a->string
val unpickle : "a pu -> string -> "a

(* type safe conbinators *)

val word : word pu

val int »int pu

val string : string pu

val pair ;. 'apu* 'bpu->(a*’h) pu

val triple

val vector :
val |ist D
val option : ’
val refCyc :

pu* 'b pu* 'c pu->("a*b*c) pu
pu -> "a Vector.vector pu

pu ->"a list pu

pu -> 'a option pu

->"a pu ->"aref pu

DO DD D

(* unsafe conbinators *)

val ref0 : 'apu->"aref pu

val refLin: "a pu -> "a ref pu

val enum : ("a->int) * "alist ->"a pu

val data : ("a->int) * ("a pu->apu) list ->"a pu
val data2 : ("a->int) * ("a pu*’ b pu->"a pu) list

* ("b->int) * ("a pu*'b pu->b pu) Ilist
->"apu*’'b pu

val con0 »’a->"b->"a pu

val conl : ("a->'b) ->("b->a) ->"apu->"b pu

(* other useful conbinators *)
val conv : ("a->Db) * ("b->a) ->’apu->"b pu
end

FIGURE 1. The Pl CKLE signature.

Theserializatiorinterfaceis basednanabstrattype’ a pu. Givenavalueof
typet pu, for sometypert, it is possibleto serializevaluesof typet into a streanof
charactersysingthe functionpi ckl e. Similarly, the functionunpi ckl e allows
for deserializinga serializedvalue.

Theinterfaceprovidesa seriesof basecombinatos, for serializingvaluessuch
asintegers,words, andstrings. The interfacealso providesa seriesof construc-
tive combinatos, for constructingserializersfor pairs, triples, lists, and general
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) appearswice in the serializedist, sharingis introduced
by theserializerwhich meanghatwhenthelist is deserializedthepairs( 2, 3) in
thelist sharethe samerepresentation.

Thefirst part of the serializationcombinatorsaretruly type safein the sense
that,with this subsetdeserializatiomesultsin avalueequivalentto thevaluebeing
serialized. Thecombinatorconv malesit possibleto construcserializerdor Stan-
dardML recordsguadruplesandotherdatatypeshatareeasilycorvertedinto an
alreadyserializabletype.

2.1 Datatypes

Given anenumeratiordatatypet with nullary valueconstructor<y---Cy_1, a se-
rializer (of typet pu) maybeconstructedy passingo theenumcombinatoy (1) a
functionmappingeachconstructo€; to theintegeri and(2) thelist[ Co, - - -,Cr_1] -
Thus,for constructinga serializerfor the datatype

datatype color = R| G| B

we canwrite thefollowing:

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

In generalfor constructingserializerdor datatypesthecombinatordat a may
beused put only for datatypeshatarenot mutuallyrecursve with otherdatatypes.
Thecombinatordat a2 makesit possibleto constructserializerdor two mutually
recursve datatypes.

Givenadatatypd with valueconstructor&y - - - C_1, aserializen(of typet pu)
may be constructedy passingo thedat a combinatoy (1) a function mappinga
valueconstructedisingC; to theintegeri and(2) alist of functions[ fo,---, fn_1] ,
whereeachfunction f; is a serializerfor the datatypefor the constructorC;, pa-
rameterizedver a serializerto usefor recursve instancesf t. As anexample,
considerthefollowing datatype:

datatype T=L | Nof T* int * T

To constructa serializerfor the datatyperT, the dat a combinatorcanbe applied,
togethemwith the utility functionscon0 andconl:

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

Considerthevaluedeclaration

91



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

Thevalueboundtot iscommonlyrepresenteth memoryasshowvnin Figure2(a).
Serializingthe value and deserializingit again resultsin a value that shareshe
commonvalueN(L, 2, L), aspicturedin Figure2(b):

val t' = (P.unpickle pu T o P.pickle pu T) t

— 1]

[Llefue] [ylefe] [Llzfe) [ylefe]
—

(@) (b)

FIGURE 2. Representationof atreevalue (a) without sharing and (b) with sharing.

2.2 References

In StandardviL, cyclic datacanbeconstructedonly by useof referencegnotcon-
sideringrecursve closures). The combinatorr ef 0 assumeshat the reference—
whenserialized—doerot contributeto a ¢/clein thevalue.Ontheotherhand the
combinatorRef Cyc takes adts first agumenta dummyvaluefor the type of the
referencecontent,which allows the deserializeto reintroducecyclesappearingn
the original value. Thefinal combinatorfor constructingserializerdor references
is ther ef Li n combinatoy which assumeshat for eachof the referencevalues,
thereis only ever one pointerto the reference.As we shall seein Section4, this
combinatoris importantfor efficiently serializinglarge valuescontainingdistinct
referencepointingatidenticaldata(i.e., boolearreferences).

3 IMPLEMENT ATION

Beforewe presentheimplementatiorof the serializatiorlibrary, we first present

moduleDyn for embeddingraluesof arbitrarytypeinto atypedyn (typedynamic)

andastreammodulefor implementingnput andoutputstreams.
ThesignatureDYN for the auxiliary structureDyn 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 animplementatiorof this module,basedon Filinski’s implementatiorof
typedynamic[6, pagel06], but extendedo provide ahashfunctionandanequality
functionon valuesof typedyn:

structure Dyn :> DYN = struct
dat atype nethod = RESET | EQ | SET | HASH
type dyn = nethod -> word
fun new eq h =
let val r = ref NONE
in ( fnx =>fn HASH => h x
| RESET => (r := NONE, 0wO0)
| SET => (r := SOMVE x; O0wO0)

| EQ =>
case !r of NONE => OwO
| SOME y =>
if eq(x,y) then Owl
el se OwWO

, fnf = (r:=NONE ; f SET ; valO(!r) )
)
end
fun eq (f1,f2) = ( f2 RESET ; f1 SET ; f2 EQ = Owl )
fun hash f = f SH
end

The streammoduleS hasthefollowing signature:

signature STREAM = sig

type 'k stream

type IN and OQUT (* Kkinds *)
type loc = word

val getlLoc : "k stream-> | oc

val outw : word * QUT stream -> OUT stream
val getw : INstream-> word * I N stream
val toString : OUT stream-> string

val openCQut : wunit -> QUT stream

val openln : string -> IN stream

end

A streamis eitheraninput streamof kind I N or anoutputstreamof kind OUT. The
functionget Loc makesit possibleto extractthe locationof a streamasa word.
For outputstreamghereis a functionfor writing words,out w, which compresses
word valuesby assumingthat smallerword valuesare written more often than
largerones.Dually, thereis afunctionget wfor readingcompresseaord values.
The final non-standardibrary usedby the implementatioris a hashtable li-

brary In the following, we assumaea structureH matchinga simplified versionof
the signaturéOLYHASH from the SML/NJ Library:
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signature POLYHASH = sig

type (' key, 'data) ht

val nkTable : ("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
Theabstractype’ a pu is definedby thefollowing type declarations:

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. QUT S.stream* pe

type "a pu = {pickler "a -> outstream -> outstream

unpi ckler : instream-> 'a*instream
hasher © a ->word*int -> word*int,
eq : 'a*’a -> bool}

A pickler ervironmen{of typepe) is ahashtablemappingvaluesof typeDyn. dyn
to streamlocations.Moreover, anunpidler ernvironment(of typeupe) is ahashta-
blemappingstreamocationgo valuesof typeDyn. dyn. A valueof typeout st r eam
is a pair of anoutputstreamanda pickler environment. Similarly, a valueof type
i nst r eamis a pair of aninput streamandan unpicklerervironment.

Givenatypet, avalueof typet pu is arecordcontaininga pickler for values
of type 1, anunpicklerfor valuesof type 1, a hashfunction for valuesof type T,
andanequalityfunctionfor valuesof typeTt.

From a value pu of type T pu, for sometype T, it is straightforvard to im-
plementthe functionspi ckl e andunpi ckl e asspecifiedin the PI CKLE signa-
ture, by composingfunctionality in the streamstructureS with the pi ckl er and
unpi ckl er fieldsin thevaluepu.

3.2 Serializersfor BaseTypes

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

structure Hash struct

val maxDept h 50

fun add w (a,d) = (w+ a * 0wl9, 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
aretraversedully, thecombinatorzountthenumberof hashoperationgperformed
by the hashfunctions.
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We cannow shaw how serializersare constructedor basetypes,exemplified
by a serializerfor word values:

val word : word pu =
{pickler = fn w=>1fn (s,pe) => (S. outww, s), pe),
unpi ckler = fn (s, upe) =>
case S.getws of (ws) => (w (s, upe)),
hasher = Hash. add,
eq = op =}

3.3 Product Types

For constructinga pair serializerthepai r combinatortakes asagumenta serial-
izerfor eachof thecomponent®f the pair:

fun pair (pul : "a pu, pu2 : "bpu) : ("a* b)) pu=

{pickler = fn (v1,v2) =>
#pi ckl er pu2 v2 o #pickler pul vi,

unpickler = fn s =>
case #unpickler pul s of (vl,s) =>
case #unpickler pu2 s of (v2,s) => ((v1,v2),s),

hasher = fn (v1,v2) => Hash. maybeSt op
(#hasher pu2 v2 o #hasher pul vl1),

eq = fn ((al,a2),(bl, b2)) =>
#eq pul (al, bl) andal so #eq pu2 (a2, b2)}

Notice theuseof theHash. maybeSt op combinatoywhich returnsthe hashresult
whenthe hashcounterhasreachedzero.

Combinatordor serialzing triplesandquadruplegreeasilyconstructedising
theconv andpai r combinators.

3.4 A Sharing Combinator

We shallnowv seehow it is possibleto make explicit useof streamlocationsand
ervironmentinformationto constructa combinatorshar e thatleadsto sharingof
serializedanddeserializedlata.

The shar e combinatoy which is listed in Figure 3, takes ary serializr as
argument andyenerates serializerof the sametype astheargument.

For serializinga value, it is first checledif someidenticalvalueis associated
with a location! in the pickleervironment. In this case,a REF-tagis written to
the outstreantogethemwith areferenceo thelocationl. If thereis no valuein the
pickle ervironmentidenticalto the valueto be serialized,a DEF-tagis written to
the outputstreamthe currentlocation! of the outputstreamis recordedthevalue
is serialized,andan entry is addedto the pickleervironmentmappingthe value
into thelocationl. In this way, future serializedvaluesidenticalto the serialized
valuecansharerepresentatiowith the serializedvaluein the outstream.
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fun share (pu:’a pu) : 'a pu =
let val REF = Ow0 and DEF = 0wl
val (toDyn,fronDyn) = Dyn.new (#eq pu)
(fn v => #1 (#hasher pu v (0wO, Hash. maxDept h)))
in {pickler = fn v => fn (s, pe) =>
let val d = toDyn v
in case H. peek pe d of
SOME | oc => (S. outw(l oc, S. out W REF, s)), pe)
| NONE => let val s = S. outw DEF,s)
val loc = S.getlLoc s
val res = #pickler pu v (s, pe)
in case H peek pe d of SOVE _ => res
| NONE => (H.insert pe (d,loc); res)
end
end,
unpi ckler = fn (s,upe) =>
let val (tag,s) = S.getw s
inif tag = REF then
let val (loc,s) = S.getw s
in case H. peek upe |oc of
SOME d => (fromDyn d, (s, upe))
| NONE => raise Fail "inpossible:share"
end
el se (* tag = DEF *)
let val loc = S.getlLoc s
val (v, (s,upe)) = #unpickler pu (s, upe)
in Hinsert upe (loc,toDyn v); (v, (s,upe))
end
end,
hasher = fn v => Hash. maybeSt op (#hasher pu v),
eq = #eq pu}
end

FIGURE 3. Theshar e combinator.

Dually, for deserializinga value,first the tag(i.e., REF or DEF) is readfrom
theinput stream.If the tagis a REF-tag,alocationl is readandusedfor looking
up theresultingvaluein the unpicklerervironment. If, onthe otherhand,the tag
is a DEF-tag,the location| of the input streamis recordeda valuev is deserial-
izedwith the agumentdeserializerandfinally, anentryis addedto the unpickler
environmentmappingthelocationl into thevaluev, whichis alsotheresultof the

deserialization.

Oneimportantpoint to notice hereis that efficient inhomogeneougnviron-
ments,mappingvaluesof differenttypesinto locations,are possibleonly through
the useof the Dyn library, which supportsa hashfunction on valuesof type dyn

andanequalityfunctionon valuesof typedyn.!

IThestraightforvardimplementatiorin StandardViL of type dynamicusingexceptionscanalso
be extendedwith ahashfunctionandanequalityfunction,by definingthetypedyn to havetype
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3.5 Referencesand Cycles

To constructserializatiorcombinatorfor referencesanumberof challengesnust
be overcome. First, for any two referencevaluescontainedn somevalue, it can
be obsered (either by equality or by trivial assignmentwhetheror not the two
referencevaluesdenote thesamereferencevalue. It is crucial that suchrefer
enceinvariantsare not violated by serializationand deserialization.Second for
datastructureghatdo not containrecursve closuresall cyclesgo throughar ef
constructor Thusin general,to ensureterminationof constructedserializers,jt
is necessaryandsufficient) to recognizecyclesthatgo throughr ef constructors.
The pickle ervironmentintroducedearlieris usedfor this purpose. Third, once
a gsclic valuehasbeenserialized,it is crucialthatwhenthe valueis deserialized
agqain,thecycle in thenew constructedralueis reestablished.

The generalserializationcombinatorfor referencess shovn in Figure4. The
dummyvaluegivenasargumento ther ef Cyc combinatoris usedfor thepurpose
of “tying theknot” whenaserializedvalueis deserializedThefirsttimeareference
valueis serialized a DEF-tagis written to the currentlocation| of the outstream.
Thereafterthe pickleervironmentis extendedo associat¢hereferencevaluewith
thelocationl. Thentheamgumentto thereferenceconstructoiis serialized.Onthe
otherhand.,if it is recognizedhat thereferencevaluehasbeenserializedearlierby
findinganentryin the pickleervironmentmappingthereferencevalueto astream
locationl, a REF-tagis written to the outstreamfollowed by thelocationl.

For deserializingareferencevalue,firstthelocaion | of theinputstreamis ob-
tained.Secondareferencevaluer is createdwith theargumentbeingthedummy
valuethat was given asargumentto the r ef Cyc combinator Thenthe unpickle
ervironmentis extendedto map the location| to the referencevaluer. There-
after, avalueis deserializedwhichis thenassignedo the referencevaluer. This
assignmenestablisheghe cycle and the dummy value no longerappearsn the
deserializedralue.

As mentionedn theintroduction,it is difficult to find abetterhashfunctionfor
referenceshanthatof usingthe hashfunctionfor thereferenceargument.Equality
onreferenceseducego pointerequality

Thetwo otherserializatiorcombinatorgor referencesi.e.,r ef 0 andr ef Li n)
areimplementedasspecialcase®f thegenerakeferencecombinator ef Cyc.

Ther ef 0 combinatorassumeshatno cyclesappeathroughreferencevalues
serializedusingthis combinator

Ther ef Li n combinatotassumethattheentirevaluebeingserializedcontains
only onepointerto eachvaluebeingserializedusingthis combinator(which also
doesnot allow cycles)andthattheshar e combinatoris usedat a higherlevel in
the type structure but lower thana point wheretherecanbe multiple pointersto
the value. With theseassumptionsthe r ef Li n combinatoravoids the problem

{v:exn, eq:exn*exn->bool, h:exn->word}, wherev istheactualvaluepackedn a
locally generate@xception,eq is anequalityfunctionreturningt r ue only for identicalvalues
appliedto the sameexceptionconstructorandh is a hashfunctionfor the packed alue.
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fun refCyc (dumry:’a) (pu:'a pu) : "aref pu =
et val REF = Ow0 and DEF = Owl
val (toDyn,fronDyn) = Dyn.new (op =)
(fn ref v => #1 (#hasher pu v (0w0, Hash. maxDept h)))
in {pickler =
fnr as ref v => fn (s, pe) =>
let val d = toDyn r
in case H. peek pe d of
SOME loc => (S.outw(l oc, S. out W REF, s)), pe)
| NONE => let val s = S. outwDEF,s)
val loc = S.getlLoc s
in Hinsert pe (d,loc)
; #pickler puv (s, pe)
end
end,
unpi ckl er =
fn (s,upe) =>
let val (tag,s) = S.getw s
inif tag = REF then
let val (loc,s) = S.getw s
in case H. peek upe |oc of
SOME d => (fronmDyn d, (s, upe))
| NONE => raise Fail "inpossible:ref"
end
el se (* tag = DEF *)

let val loc = S.getLoc s
val r = ref dumy
val _ = Hinsert upe (loc,toDyn r)
val (v, (s,upe)) = #unpickler pu (s, upe)
inr :=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 pickleervironmentwith
distinctvalueshaving thesamehashvalue.In generalhowever, it is anunpleasant
taskfor aprogrammeto establishtherequirementsf ther ef Li n combinator

3.6 Datatypes

It turnsoutto bedifficult in StandardviL to constructa generalkserializationcom-
binatorthatworksfor any numberof mutuallyrecursie datatypesin this section,
we describethe implementationof the serializationcombinatordat a from Sec-
tion 2.1, which canbe usedfor constructinga serializerand a desrializerfor a
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single reaursive datatype. It is straightforvard to extend this implementatbn to
ary particularnumberof mutuallyrecursve datatypesTheimplementatiorof the
dat a serializationcombinatoris shovn in Figure5.

fun data (tolnt: 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 =tolnt v
val s = S.outw (Word.fromnt i, s)
in #pickler(getPUPl i) v (s, pe)
end

and up (s,upe) =
case S.getw s of (w,s) =>
#unpi ckl er (get PUPI (Word.tolnt w)) (s, upe)
and eq(al:'a,a2:'a) : bool =
let val n =tolnt al
inn =tolnt a2 andal so #eq (getPUPI n) (al, a2)
end
and get PUP() =
case !res of
NONE => | et val pup = share {pickl er=p, hasher=h,
unpi ckl er =up, eq=eq}
in res := SOVE pup; pup
end
| SOVE pup => pup
and getPUPI (i:int) =
case !ps of

NONE => |l et val psO map (fn f =>1f (getPUP())) fs

val psv Vector. fronii st psO
in ps := SOMVE psv; Vector.sub(psv,i)
end
| SOME psv => Vector.sub(psv,i)
and h v =
Hash. maybeStop (fn p =>
let val i =tolnt v
in Hash.add (Wrd.fromnt i) (#hasher (getPUPI i) v p)
end)
in get PUP()

end

FIGURE 5. Singledatatype serialization combinator.

To allow for arbitrarysharingoetweerpartsof adatastructurgof somedatatype)
and perhapsartsof anotherdatastructure(of the samedatatype) the combina-
tor makesuseof theshar e combinatorfrom Section3.4. It is essentiathatthe
shar e combinatoiis not only appliedto the resultingserializationcombinatorfor
the datatype put that thissharingversionof the combinatoris the onethatis used
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TABLE 1. Serialization time (S-time in secomnls), deserialization time (D-time in
seconds)and file sizes(in kilobytes) for serializing the compiler basisfor the Stan-
dard ML BasisLibrary . Differentrowsin the table shovw measuementsfor differ ent
configurations of the serializer.

S-time(s) D-time(s) Size(Mb)

Full sharing 14.2 4.0 1.8
No linearreferences 302 3.7 1.96
No sharing 297 3.4 4.10

for recursve occurrence®f the type beingdefined. Otherwise,it would not, for
instancepe possibleto obtainsharingbetweerthetail of alist andsomeotherlist
appearingn the valuebeingserialized.Also, it would not be possibleto support
the sharingobtainedwith thetreevaluein Figure2(b).

Thus,in theimplementationthefour functions(thepickler, unpickler equality
function,andhashfunction)thatmalke uptheserializeraremutuallyrecursve anda
cachingmechanisn{the functionget PUP) makessurethattheshar e combinator
is appliedonly once.

4 EXPERIMENTS WITH THE ML KIT

In this section,we presentxperimentswith serializingsymboltableinformation
in the ML Kit [12], a StandardML compiler which allows arbitrarysymboltable
informationto migrateacrossmoduleboundariesit compiletime [5].

Marny of the compilationphasesn the ML Kit make useof the possibility
of passingcompilationinformation acrosscompilationboundariesthus symbol
tablestendto belarge. For instance the region inferenceanalysisin the ML Kit
[13] is a type-basednalysis,which associatesunction identifierswith so called
region type schemeswhich provide informationabout in which regionsfunction
argumentsandresultsarestored.

Table 4 presentameasurementfor serializingML Kit symboltablesfor the
StandardVL BasisLibrary. The table shows serializationtimes, deserialization
times,andfile sizesfor threedifferentserializationconfigurations.The measure-
mentswererun on a 2.80GHz Intel Pentum 4 Linux box with 512Mb of RAM.
Thefirst configurationimplementsfull sharingof values(i.e., with consistenuse
of the shar e combinatorfrom Section3.4.) The secondconfigurationdisables
the specialtreatmenbf programmesspecifiedinear referencedy usingthe more
generalr ef 0 combinatorinsteadof the r ef Li n combinator Finally, the third
configuration supportsharingonly for referencegwhich also avoids problems
with cycles). Thethird configurationentailsunsoundnessf the specialtreatment
of programmesspecifiedinearreferenceswhich is thereforealsodisabledin this
configuration.
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5 RELATED WORK

Thereis a seriesof relatedwork concernedvith dynamictyping issuesfor dis-
tributedprogrammingvherevaluesof dynamictypearetransmittecbver anetwork
[1, 3, 4,11]. Recently Leifer etal. have worked on ensuringhatinvariantson dis-
tributedabstract datéypesarenot violatedby checkingthe identity of operations
on abstractdatatype$10].

The Zeptyr AbstractSyntaxDescriptionLanguaggASDL) project[15] aims
at providing a languageindependentiataexchangeformat by generatingserial-
izationcodefrom genericdatatypespecificationsWhereagyeneratedASDL seri-
alizationcodedoesnot maintainsharing,it doesavoid storing of redundantype
informationby employing a type specializedorefix encodingof treevalues. The
approachs in this respecsimilarto oursandto the Packed EncodingRules(PER)
of ASN.1[14].

Independentlyof the presentwork, Kennedyhasdevelopeda similar combi-
natorlibrary for serializingdatastructureq9]. His combinatoribrary is usedin
the SML.NET compiler[8] for serializingtypeinformationto disk soasto support
separatecompilation. Contraryto our approachKennedys shar e combinator
requiresthe programmeto provide functionalty for mappingvaluesto integers,
whichin principleviolatesabstractiomprinciples.Moreover, Kennedysf i x com-
binatorsfor constructingserializerdor datatypeslo notsupportsharingof subparts
of datatypesasour datatypecombinators.

Also relatedto this work is work on garbagecollectionalgorithmsfor intro-
ducingsharingto save spaceby the useof hash-consingg].

6 CONCLUSION AND FUTURE WORK

In this paperwe have presentec StandardL combinatotfibrary for serialization
anddeserialization.The combinatodibrary mayintroducesharingin deserialized
valuesevenin casesvheresharingwasnot presenin thevaluethatwasserialized.
The approachworks with mutableandcyclic data,andis madepossiblethrough
the useof animplementatiorof type dynamic. We further identify how a linear
combinatorfor referencesnay leadto efficient serializersthat cannotcleanly be
madeavailableusinggenericapproacheto serialization.

A possibilityfor futurework is to investigateif it is possibleto useavariantof
multisetdiscrimination[7] for eliminatingthe needfor thelinearreferencecombi-
natorof Section3.5. Anotherpossibilityfor futurework is to implementatool for
generatingserializersanddeserializergor a given datatype usingthe combinator
library.
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