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Abstract

In thispaperweanalyzetheamortizedcostof insertsandexactsearches
in a DRT*, an orderpreservingscalabledistributeddatastructureable to
managebothmono-dimensionalandmulti-dimensionaldata.Weshow that
by addingto theDRT* strategy acorrectionalgorithmaftersplit operations,
a sequenceof m requestsof intermixedexact-searchesandinsertionsover
aDRT* startingwith oneemptyserverandendingwith n servershasacost
of O

�
m � α �

m� n��� messages,whereα
�
m� n� is theclassicinverseof theAck-

ermannfunction,thusimproving thepreviousO
�
mlog � 1� m� n	 n� bound.

1 Introduction

ScalableDistributedDataStructures(SDDS)[7] areaccessmethodsspecifically
designedto satisfythehighperformancerequirementsof adistributedcomputing
environmentmadeup by a collectionof computersconnectedthrougha high
speednetwork.

An accessmethodbasedon theSDDSparadigmhasto bedynamic: it hasto
expandto new servers,andonly whenalreadyusedserversareefficiently loaded,
andscalable: it hasto keepthesamelevel of performanceswhile thenumberof
managedobjectschanges.

Themainmeasureof performancefor agivenoperationin theSDDSparadigm
is thenumberof point-to-pointmessagesexchangedby thesitesof thenetwork
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to performtheoperation.Neitherthelengthof thepathfollowedin thenetwork
by a messagenor its size are relevant in the SDDS context. Note that, some
variantsof SDDSadmittheuseof multicastto performrangequery.

TheLH* [7] is thefirst SDDSthatachievesworst-caseconstantcostfor ex-
actsearchesandinsertions,namely4 messages.It is basedon thepopularlinear
hashingtechnique.However, like otherhashingschemes,while it achievesgood
performancesfor single-key operations,rangesearchesarenot supportedeffi-
ciently. Thesameis truefor any operationexecutedby meansof ascaninvolving
all theserversin thenetwork.

On thecontrary, orderpreservingstructures[1, 2, 3, 6, 8] achieve goodper-
formancesfor rangesearchesanda reasonablylow (i.e., logarithmic),but not
constant,worst-casecostfor singlekey operations.

In this paperwe proposean extensionof the DRT* [4, 5], an order pre-
servingSDDSable to manageboth mono-dimensionalandmulti-dimensional
data.In [5] we analyzedthe amortizedbehavior of the DRT* andwe proved
that a sequenceof m requestsof intermixedexact-searchesandinsertionsover
a DRT* startingwith one empty server and endingwith n servers hasa cost
of C � m� n�� O � mlog � 1� m� n� n messages.Sucha resultis obtainedby adapting
someof thetechniquesdevelopedfor thesolutionof theSetUnionProblem[10]
(SUPfrom now on).

Herewe continueto analyzesucha relationto find betterperformances.In
fact,weshow thatby addingto theDRT* strategy acorrectionalgorithmjustaf-
tereachsplit of aserver, weareableto improvetheabovecostto O � m � α � m� n�
messages,whereα � m� n is the classicinverseof the Ackermannfunction [9].
Due to the well known slow growth of the function α � m� n , we canassumeto
have C � m� n�� O � m in realisticscenariosof SDDSmadeup by thousandsor
evenmillions of servers.

Thepaperis organizedasfollows: In Section2 we review basicconceptson
theDRT*, in Section3 we presenta sketchof thealgorithmandthecomplexity
analysis.Finally, Section4 concludesthepaper.

2 The DRT* data structure

In this sectionwe review the main conceptsrelative to distributedsearchtrees
andin particularto theDRT*, in orderto preparetheway for thepresentationof
our result.

The DRT* (DistributedRandomTree) [5, 6] proposesa distributedsearch
tree for searchingboth single items and rangesof valuesin a totally ordered
setof keys (allowing insertionof keys). It is basicallya searchstructure,based
on key comparisons,managedasa generictree.The overall tree is distributed
amongthedifferentserversites.Eachleafnodeis allocatedto a differentserver,
togetherwith a partial copy of the overall searchstructure(called local tree).
Whena leafnodeoverflows,its bucket is split in two andanew server is brought



Di Pasquale, Nardelli, Proietti: An ImprovedUpperBoundfor SDDS 3

in. Theoverflowing leaf nodeis transformedin an internalnodewith two sons
(leaf nodes).The leaf nodecorrespondingto new server becomesthe root of a
new local tree(which is thepartof theoverall treeallocatedto thenew server).
This nodethereforeappearstwice in the overall tree(onceasa leaf in the old,
overflowing,nodeandonceasaroot in a local tree).Internalnodesaretherefore
distributedto thedifferentserversaccordingto thewaythetreehasgrown.Client
sitesquerythestructure,eachusingits own view of theoverall structure.

A client view is a portionof theoverall tree,andmaybeout-of-datesincea
leaf nodemayhassubsequentlybeensplit dueto anoverflow. A client usesits
view to identify to which server thesearchrequesthasto besent.If this server
evolved andhasno more the key, then it forwardsthe requestto the server it
identifiesusingits local trees.This forwardingchainendsat the server having
thekey.

This lastserversendsabackwardchainof LTC (LocalTreeCorrection)mes-
sages,containingtheinformationaboutlocaltreesof serverstraversedduringthe
forwardingphase,follows thesamepathfollowedby the forwardingchain.In-
formationaboutlocal treesin anLTC messageareusedby eachserverreceiving
it to updateits local tree.Theclient finally receives,togetherwith themessage
relatedto thekey, theoverall view adjustment.

2.1 Bucket management

Theprotocolof aservermanagingabucketiscommontoall theproposalsondis-
tributedsearchtrees.Eachserver managesa uniquebucket of keys. Thebucket
hasa fixedcapacityb. We definea server “to be in overflow” or “to go in over-
flow” whenit managesb keysandonemorekey is assignedto it. Whenaserver
s goesin overflow it startsthe split operation.It requeststhe addressof a new
freshserver snew to a specialsite calledsplit coordinator. Whenever s receives
theaddressof snew, it sendsto snew half of its keys.

After a split, s managesb
2 keys andsnew managesb

2 � 1 keys. It is easyto
provethefollowing property:

Lemma 1 Let σ be a sequenceof m intermixedinsertionsand exact searches.
Thenwecanhaveat most � 2m

b � splits.

2.2 Local tree

Clientsandservershavea local indexing structure,calledlocal tree.
The local treeof a client is neededto avoid clientsto make addresserrors.

Whenever a client performsa requestwhich resultsin an addresserror, (i.e.,
it sendsthe requestto a wrong server), it receives, togetherwith the answer,
informationto correctits local tree.This preventsa client to commit the same
addresserrortwice.
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Froma logical pointof view, thelocal treeis anincompletecollectionof as-
sociations� server� intervalof keys� managedinternallywith any datastructure:
list, tree,etc.For example,an association� s� I � s�� identifiesa server s andthe
managedinterval of keys I � s . The local treeof a client canbe wrong, in the
sensethat in the reality server s is managingan interval smallerthanwhat the
client currently knows, due to a split performedby s andyet unknown to the
client.

In the DRT*, a client c thatwantsto performa requestchoosesin its local
treetheserver s thatshouldmanagetherequestandsendsit a requestmessage.
If s is pertinentfor therequest,thenperformsit. If s is not pertinent,wehavean
addresserror. In this cases looks for thepertinentserver s� in its local treeand
forwardsto it therequest.

Sinces� can be not pertinentas well, it might forward the requestto still
anotherserver. In general,we canhave a seriesof addresserror that causesa
chainof messagesbetweenthe serverss1,s2,..,sk. Finally, server sk is pertinent
andcansatisfythe request.Moreover, sk receivesthe local treesof the servers
s1,s2,..,sk � 1 which havebeentraversedby therequest.It first buildsa correction
treeC aggregatingthelocal treesreceivedandits own one,andthensendsLTC
messageswith C to theclient(evenif it wasaninsertoperation)andto all servers
s1,s2,..,sk � 1, soto allow themto correcttheir local trees.

2.3 Split tree

Let T be a DRT*. From the above descriptionof the local treesandhow they
changedueto thedistributionof informationabouttheoverall structurethrough
LTC messages,it is clearthatthenumberof messagesneededto answerarequest
changeswith theincreaseof thenumberof requests.To analyzehow changesin
the contentandstructureof local treesaffect thecostof answeringto requests,
weassociatewith eachserversof T arootedtreeST � s , calledthesplit treeof s
(Figure1.ashowsasplit tree).Thenodesof ST � s aretheserverspertinentfor a
requestarriving to s. Thetreehasanarbitrarystructureexceptthat theroot is s.
An arc � s1 � s2  in ST � s meansthats1 is in thelocal treeof s2. Whena split in T
occurs,thestructureof split treeschanges(for example,in Figure1.b, thesplit
of servereaddsthenodes� andthearc � s� � e in ST � a ).

In the sameway, if we considerthe correctionof local trees,the structure
of the split treeof s changes.In fact, due to the correction,after a requestto
a server d, s addsall the servers in the pathbetweens andd in its local tree.
The consequenceis that now s canaddressdirectly theseserversin the future.
In orderto describethis new situationin thesplit treeof s, we deletethearcsof
thetraversedpathandaddto s thearcsbetweens andthetraversedservers.The
resultis acompressionof thepathbetweensandd (seeFigure1.c).

We usethesplit treesto takesinto accountin theamortizedanalysistheuse
of LTC messagesto reducethecostof satisfyingtherequest.
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Figure1: Thesplit treeST � a (a).Server e splits,with s� asnew server (b). The
effectof a compressionaftera requestpertinentfor d andarrivedto a (c).

3 Correction algorithm after a split

Let us considera DRT* madeup by n serverss1 ��!"!#!#� sn. Let ST � si  be the split
treeassociatedwith serversi , andlet hi beits height.Moreover, let H � max$ hi %
1 & i & n ' .

Recallthatany sequenceσ of m requestsmadeup by intermixedinsertsand
exact searchesover a DRT* startingwith oneemptyserver andendingwith n
servers,canberegardedasaninstanceof aSUP[5]. Moreprecisely, thesequence
σ is equivalentto a sequenceρ of m finds,n make-setsandl & n ( 1 links. By
using the path compressionheuristicsfor the finds, and naive linking for the
links, the costin termsof numberof messagesof σ is boundedby the costfor
executingρ, that is well known to be O � mlog � 1� m� n� n . This is dueto the fact
thereis a correspondencebetween:) serversof aDRT* andelementsof SUP;) splitsof a DRT* andmake-setsandlinks of SUP;) split treesof a DRT* andcompressedtreesof SUP.

Let usnow assumefor a momentH & clogn for a fixedconstantc. In this case
wecanapplytheresultin [10], thusobtainingacostof O � m � α � m� n� for solving
theSUPandthenfor managingaDRT*.

Thereforethe idea is to perform somecorrectionsafter a split in order to
obtainthe desiredbound.Moreover, the costof suchcorrectionshasto be rea-
sonablylow.

3.1 Restricted sequence of splits

In orderto describethecorrectiontechniqueafterasplit, let usfirst considerthe
situationwherethe last createdserver is always the next splitting one.In this
case,if we do not performany correction(after eithera split or a request)the
split treeof any server is alwaysa chain.
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We associatewith eachservers:) a level *+� s-, 1, where*+� s.� 1 whens is just a new freshserver.) a pointer p � s to theparentserverof s. After the split of s with t asnew
server, we setp � t /� s. Notice that p � s0 0� NULL, wheres0 is the initial
serverof a DRT*.

We recallthata correctionbetweentwo serverssandt consistsof thefollowing
steps:t sendsa copy of its local treeto s; s updatesits local treewith the one
receivedby t (see[5] for moredetails).

We definea k-correctionat level λ, startingfrom serversj , asa sequenceof
correctionbetweensi andsi � 1, for i � j ��!#!"!#� j ( k � 1. Moreover, afterthecorrec-
tion betweensi � 1 andsi , if si haslevel λ, thenit updatesits level to λ � 1, for any
j ( k & i & j ( 1. After that,sj � k sendsa messageto serverssj � k� 1 ��!#!"!#� sj � 1 � sj

in orderto updatetheir parentpointerto sj � k. A k-correctionat level λ costs2k
messages.

We definethek-correctiontechniqueasfollows.Supposewe do not operate
any correctionthroughthefirst k ( 1 splitsandthe k-th split hasjust occurred.
Therefore,we have a chainof lengthk of serverss0 ��!"!#!#� sk (seeFigure2.a).Af-
ter the k-th split we apply the first k-correctionstartingfrom server sk. That is,
serversk sendsacopy of its local treeto serversk � 1. Serversk � 1 updatesits local
treewith theonereceivedby sk, updatesits level to 2, andthensendsa copy of
its local treeto sk � 2. Theoperationcontinuesup to s0 (seeFigure2.b),andthen
s0 sendsthemessagesto updatetheparentpointerof serverss1 ��!"!#!"� sk. Now, the
level of serverss0 ��!#!#!"� sk is 2 andtheparentpointerof serverss1 ��!#!"!#� sk is setto s0

(seeFigure2.c).After that,wewait for thenext k splits,andwethenperforman-
otherk-correctionat level 1 startingfrom s2k andinvolving theserverssk ��!"!#!#� s2k.
After k correctionsat level 1, the server sk2 startsthe first k-correctionat level
2 involving theserverss0 � sk � s2k ��!#!"!#� sk2 (seeFigure3.a).After that, the level of
serverss0 � sk � s2k ��!"!#!#� sk2 is 3. Figure 3.b shows ST � s0  andST � s1  after the k-
correctionat level 2. Figure6 shows ST � s0  just beforeskλ startsa k-correction
at level λ.

In the following we denotewith T a DRT* startingwith oneserver s0 and
wherethenext splitting server is alwaysthelastcreatedone.We applyto T the
k-correctiontechniquefor agivenk 1 1.Let h j � h � ST � sj � denotetheheightof
ST � sj  andlet H betheheightof T, that is H � maxsj 2 T 3 h j 4 . In thefollowing
weshow thatwith asuitablechoiceof k, H hasa logarithmicboundandthenthe
resultin [10] canbeapplied.

In orderto provetheresultwegiveasetof definitions.WesayT is at level λ
if theserverwith themaximumlevelhaslevel λ. Wewantto computethelongest
heightof T whenT is at level λ.

Moreover, let Av representa treewith a root nodeconnectedto kv nodes,for
a givenk (seeFigure4). Let Fλ � s0  representtheshapeof ST � s0  just after the
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k-correctionat level λ ( 1. Fλ � s0  representsST � s0  whenT is at level λ for the
first time.

Lemma 2 Fλ � s0  hastheshapeof Aλ � 1, for a givenk andfor λ 1 1.

Proof.
It is easyto seethattheclaim is truefor thecaseλ � 2 (seeFigure4).
Supposeby inductionFλ � s0  hastheshapeof Aλ � 1, for a givenλ 1 1. Con-

sideringthe k-correctiontechniqueand that the next splitting server is always
thenew createdone,it is easyto show that thek-correctionat level λ � 1 starts
with theconfigurationof Figure5.a.After thatwehavetheconfigurationof Fig-
ure5.b. By definitionthis is Fλ � 1 � s0  andit correspondsto Aλ (Figure5.c). 5

Let Lλ � s0  representtheshapeof ST � s0  justbeforethek-correctionsleading
T at level λ � 1. It is easyto show with a proof by inductionsimilar to theone
of Lemma2 that Figure 6 representsLλ � s0  . In fact, after the last split, a k-
correctionat level 1 wouldstart,followedby ak-correctionat level 2 andfinally
followedby ak-correctionat level λ. Lλ � s0  representsST � s0  whenT is at level
λ for the last time.

Lemma 3 ConsiderT at levelλ 1 1 whenST � s0  correspondsto Fλ � s0  . Let H
betheheightof T. ThenH � h � ST � s1 �/� λ ( 1.

Proof.
It is easyto seethattheclaim is truefor λ � 2 (seeFigure4).
Supposeby inductionH � λ ( 1, for agivenλ 1 1.Considerthek-correction

at level λ startingfrom theconfigurationshown in Figure5.a.Dueto thecorrec-
tion, the distancebetweenserver skλ 6 1 andskλ in ST � skλ 6 1  is just one.Hence,
it is easyto show that the heighth1 is the distancebetweenserver s1 andskλ 6 1

in ST � s1  , plus the distancebetweenserver skλ 6 1 andskλ in ST � skλ 6 1  . But, by
inductionthe distancebetweenserver s1 andskλ 6 1 in ST � s1  is equalto λ ( 1,
henceh1 � λ. It is easyto show that any othersplit treehasa smallerheight.
Therefore,after thek-correctionat level λ, H � h1 � λ, andT is at level λ � 1
whenST � s0  correspondsto Fλ � 1 � s0  . 5
Lemma 4 ConsiderT at level λ 1 1. Let h0 betheheightof ST � s0  . Thenh0 &� λ ( 17� k ( 1 � k, for a givenchoiceof k.

Proof.
ConsiderT at level λ 1 1 andsupposewe apply thek-correctiontechnique

to T, for a givenk. We show thath0 is maximumwhenST � s0  hastheshapeof
Lλ � s0  .

This is truefor λ � 2 (seeanexamplefor k � 4 in thethird boxof Figure3.a).
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Supposeby inductiontheabovestatementis truefor agivenλ 1 1. Consider
now T is at level λ. Supposeit is thefirst timeT is at level λ andthenST � s0  has
the shapeof Fλ � 1 � s0  . Furthersplit from skλ 6 1 build up ST � skλ 6 1  asa subtree
of ST � s0  . Dueto thek-correctiontechnique,ST � skλ 6 1  evolvesin thesameway
asST � s0  . Hence,by the inductive hypothesis,the heighthkλ 6 1 of ST � skλ 6 1  is
hkλ 6 1 &8� λ ( 17� k ( 1 � k andwe have theequalitywheneverST � skλ 6 1  hasthe
shapeof Lλ � skλ  . In suchaconfiguration,h0 � 1 � hkλ 6 1 � 1 � � λ ( 17� k ( 1 � k
andit is themaximumheighth0 hasreached.Dueto thefact thatST � skλ 6 1  has
the shapeof Lλ � skλ 6 1  , we have a setof k-correctionsleadingST � skλ 6 1  to the
shapeof Aλ � 1 � skλ 6 1  . In suchnew configuration,h0 � 1 � 1. Now we canapply
the previous argumentto the server s2kλ 6 1. Upon ST � s2kλ 6 1  hasthe shapeof
Lλ � s2kλ 6 1  , h0 � 1 � 1 � h2kλ 6 1 � 2 � � λ ( 17� k ( 1 � k andit is themaximum
heighth0 hasreached.It is straightforwardthatthemaximumheighth0 canreach
whenT is at level λ � 1 is whenST � s0  hastheshapeof Lλ � s0  (seeFigure6).
In this case

h0 �9� k ( 1 � h � k � 1� kλ 6 1 �9� k ( 1 � � λ ( 1:� k ( 1 � k � λ � k ( 1 � k ! 5
Lemma 5 ConsiderT at levelλ 1 1. LetH betheheightof T. ThenH & λk ( 1,
for a givenchoiceof k.

Proof.
ConsiderT at level λ 1 1 andsupposewe apply thek-correctiontechnique

to T, for agivenk.
Following a proof by inductionlike in lemma4 it is possibleto show thatH

is maximumwhenST � s0  hastheshapeof Lλ � s0  andthatH � h1.
Considersuchaconfiguration.FromLemma4,h0 �;� λ ( 1:� k ( 1 � k. From

Lemma3, thedistancebetweens1 andskλ 6 1 in ST � s1  is λ ( 1. Hence

h1 �9� λ ( 1 � � h0 ( 1<�=� λ ( 1 � � λ ( 17� k ( 1 � k ( 1 � λk ( 1 !
It is easyto show thatany othersplit treein T hasasmallerheight. 5

Let us now computethe relationbetweenthe level of T andthe numberof
splitsin T.

Lemma 6 Let λ bethefinal levelof T. Let n bethenumberof splitsin T. Then,
for a givenchoiceof k, λ &?> logk n@ � 1

Proof.
Weperform � n

k � correctionsatlevel 1, A n
k2 B correctionsat level 2,andfinally

wehave1 & A n
kλ 6 1 B & k ( 1 correctionsat level λ ( 1 leadingT at level λ. In this

case,λ &?> logk n@ � 1.
5
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Figure2: A sequenceof k splits (a), thek-correctionat level 1 (b) andthefinal
configurationof ST � s0  , ST � s1  andST � s2  (c).

Thefollowing resultis adirectconsequenceof previouslemmas.

Theorem 1 LetH betheheightof T. ThenH & k logk n, for a givenchoiceof k.

Finally, if wechoosek � 2, we haveH & 2log2n.
Now, wecomputethecostin termsof messagesof applyingthethek-correction

techniqueto T.

Lemma 7 Let λ be thefinal level of T. Let n be thenumberof splits in T. The
numberof messagesfor thecorrectiontechniqueis M � 4n.

Proof.
Weperform � n

k � correctionsatlevel 1, A n
k2 B correctionsat level 2,andfinally

we have1 &�A n
kλ 6 1 B & k ( 1 correctionsat level λ ( 1. Hence

M ��A n
k B 2k � A n

k2 B 2k � !#!"! � A n

kλ � 1 B 2k & 2n � 1 � 1
k � !#!"! � 1

kλ � 2 � & 4n ! 5
3.2 Generic sequence of splits

In thefollowing wedenotewith T aDRT* startingwith oneservers0. We apply
to T the k-correctiontechniquefor k � 2. Figure 7 shows an exampleof the
configurationof T for k � 2. Let usassumea genericsequenceof splits.In this
case,we have a tighterboundon H, becausewe performmorecorrectionswith
respectto thechain.Hence,thepreviousboundon H of Theorem1 holds.

It remainsto calculatethecostin termsof numberof messagesof thecorrec-
tion technique.
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Figure8: Thenumberof k-correctionswith respectto thenumberof splitsstart-
ing from a serverat level 2.

Lemma 8 Let n be the numberof splits in T. Thenumberof messagesfor the
correctiontechniqueis M � 4 � n ( 1 .
Proof.

Let us considerFigure8.a.Supposea chainof splits startsfrom s1. After
2 splits we have a 2-correctionat level 1 (Figure8.a), followed by another2-
correctionat level 2 (Figure8.b), becauses1 is at level 2 andit is not s0. The
situationis now shown in Figure8.c.

Supposeachainof splitsstartsfrom s2. After 2 splits,wehavea2-correction
at level 1. After thenext 2 splits,we have a 2-correctionat level 1, followedby
anotheroneat level 2 andanotheroneat level 3, becauses2 is at level 3 andit is
not s0.

The sameargumentappliesto s4 � s8 � s16. Henceif we startfrom a server at
level 1, we get a 2-correctionafter just 1 split andwe getno 2-correctionafter
1 split from a server at level greaterthan1. If we startfrom a server at level 2,
after2 splitswe getat mosttwo 2-corrections.If we startfrom a server at level
3, after4 splits we get at mostfour 2-corrections.In generalif we startfrom a
serverat level i, after2i � 1 splitsthenumberof 2-correctionsis at most2i � 1.

SinceT startswith s0 at level 1, to geta2-correctionweneedat least2 splits.
Then,after2 splits,we have at mosta 2-correctionat level 1. After that,all the
serversareat level 2. It is clear that if we alwaysperforma chainof 2 splits
startingfrom a server at level 2, we get the maximumnumberof 2-corrections
persplits.Theassociatednumberof messagesis thenM � 4 � n ( 1 , wheren is
thenumberof splits,becauseeach2-correctionneeds4 messages. 5

Finally, from Theorem1, Lemma1, Lemma8 andfrom theresultin [10] we
haveourmainresult:

Theorem 2 Let T bea DRT* startingwith oneemptyserverandendingwith n
servers. If weapplyto T thek-correctiontechniquefor k � 2, thenthenumberof
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messagesof a sequenceof m requestsmadeup by intermixedinsertsandexact
searchesover T is

C � m� n/� O � m � α � m� n� � 8
m
b

� O � m � α � m� n�¤!
4 Conclusions

WeconsideredtheDRT*, aclassicalSDDSableto managebothmono-dimensional
andmulti-dimensionaldata.We studiedthevariantof theDRT* to which thek-
correctiontechniqueis applied. Basically, this techniqueis basedon a policy of
standardcorrectionsaftersplitsof serversin theDRT*.

We showedthat,combiningthek-correctiontechniqueandthestandardcor-
rectiontechniqueafteranaddresserror, a sequenceof m requestsof intermixed
exact-searchesandinsertionsover a DRT* startingwith oneemptyserver and
endingwith n servershasacostof O � m � α � m� n� messages,whereα � m� n is the
classicinverseof theAckermannfunction.Dueto thewell knownslow growthof
thefunctionα � m� n , wecanassumeto haveamortizedconstantcostsfor inserts
andexactsearchesin realisticscenariosof SDDSmadeupby thousandsor even
millions of servers.Theresultappearsverypromisingin thelight of thepossibil-
ity of the DRT* of managingmulti-dimensionaldataandof goodperformance
for multi-keysrequests,typical of orderpreservingSDDS.
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