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Abstract

In this papewe analyzetheamortizedcostof insertsandexactsearches
in a DRT*, anorderpreservingscalabledistributed datastructureableto
manageboth mono-dimensionaandmulti-dimensionabata.We shaw that
by addingto theDRT* strategy acorrectionalgorithmaftersplit operations,
a sequencef m requestf intermixed exact-searcheandinsertionsover
aDRT* startingwith oneemptysenerandendingwith n senershasa cost
of O(m-a(m,n)) messagesyherea(m, n) is theclassidnverseof the Ack-
ermannfunction, thusimproving the previous O(mlog 1., ny/ny ) bound.

1 Introduction

ScalableDistributedDataStructurefSDDS)[7] areaccessnethodsspecifically
designedo satisfythehigh performanceequirementsf adistributedcomputing
ervironmentmadeup by a collection of computersconnectedhrougha high
speechetwork.

An accessnethodbasedn the SDDSparadigmhasto be dynamic it hasto
expandto new seners,andonly whenalreadyusedsenersareefficiently loaded,
andscalable it hasto keepthe samelevel of performancesvhile the numberof
managedbjectschanges.

Themainmeasuref performancdor agivenoperatiorin theSDDSparadigm
is the numberof point-to-pointmessageexchangedy the sitesof the network

*This work hasbeenpartially supportedoy the CNR-Agenzia2000Program,underGrantsNo.
CNRCO0CAB8andCNRGO03EF8andby the ResearchProjectREAL-WINE, partially fundedby
theltalian Ministry of EducationUniversityandResearch.
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to performthe operation Neitherthelengthof the pathfollowedin the network
by a messageor its size are relevant in the SDDS context. Note that, some
variantsof SDDSadmitthe useof multicastto performrangequery

TheLH* [7] is thefirst SDDSthatachiezesworst-caseonstantcostfor ex-
actsearchesndinsertionsnhamely4 messagest is basedn thepopularlinear
hashingtechnique However, lik e otherhashingschemeswhile it achievesgood
performancedor single-key operationsrangesearchesre not supportedeffi-
ciently. Thesamaeis truefor any operationexecutedby meansf ascaninvolving
all thesenersin the network.

Onthecontrary orderpreservingstructureq1, 2, 3, 6, 8] achieze goodper
formancedor rangesearchesnd a reasonablyow (i.e., logarithmic), but not
constantworst-caseostfor singlekey operations.

In this paperwe proposean extensionof the DRT* [4, 5], an order pre-
servingSDDS able to manageboth mono-dimensionaand multi-dimensional
data.In [5] we analyzedthe amortizedbehaior of the DRT* andwe proved
thata sequenc®f m requestf intermixed exact-searcheandinsertionsover
a DRT* startingwith one empty sener and endingwith n senershasa cost
of C(m,n) = O(MIog(1 myn) N) MessagesSucharesultis obtainedoy adapting
someof thetechniqueslevelopedfor thesolutionof the SetUnion Problem[10]
(SUPfrom now on).

Herewe continueto analyzesucha relationto find betterperformancesin
fact,we shav thatby addingto the DRT* stratayy a correctionalgorithmjustaf-
tereachsplit of asener, we areableto improve theabove costto O (m- a(m,n))
messagesyherea(m,n) is the classicinverseof the Ackermannfunction [9].
Dueto the well known slow growth of the function a(m,n), we canassumeo
have C(m,n) ~ O(m) in realisticscenarioof SDDSmadeup by thousandor
evenmillions of seners.

The paperis organizedasfollows: In Section2 we review basicconceptn
the DRT*, in Section3 we presenta sketchof the algorithmandthe complexity
analysisFinally, Section4 concludeghe paper

2 TheDRT* data structure

In this sectionwe review the main conceptselative to distributed searchtrees
andin particularto the DRT*, in orderto prepareheway for the presentatiomf
ourresult.

The DRT* (Distributed RandomTree)[5, 6] proposes distributed search
tree for searchingboth single items and rangesof valuesin a totally ordered
setof keys (allowing insertionof keys). It is basicallya searchstructure based
on key comparisonsmanagedasa generictree. The overall treeis distributed
amongthedifferentsener sites.Eachleafnodeis allocatedo a differentsener,
togetherwith a partial copy of the overall searchstructure(calledlocal tred.
Whenaleaf nodeoverflows, its bucketis splitin two andanew seneris brought
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in. The overflowing leaf nodeis transformedn aninternalnodewith two sons
(leaf nodes).The leaf nodecorrespondindo new sener becomegheroot of a
new local tree(whichis the partof the overall treeallocatedto the new sener).

This nodethereforeappeardwice in the overall tree (onceasa leaf in the old,

overflowing, nodeandonceasarootin alocaltree).Internalnodesaretherefore
distributedto thedifferentsenersaccordingo theway thetreehasgrown. Client

sitesquerythe structure gachusingits own view of the overall structure.

A clientview is a portion of the overall tree,andmay be out-of-datesincea
leaf nodemay hassubsequentipeensplit dueto an overflow. A client usesits
view to identify to which sener the searchrequesthasto be sent.If this sener
evolved and hasno morethe key, thenit forwardsthe requestto the sener it
identifiesusingits local trees.This forwarding chainendsat the sener having
thekey.

Thislastsenersendsabackwardchainof LTC (Local TreeCorrection)mes-
sagescontainingtheinformationaboutiocaltreesof senerstraversedduringthe
forwardingphasefollows the samepathfollowed by the forwardingchain. In-
formationaboutlocaltreesin anLTC messagareusedby eachsenerreceving
it to updateits local tree. The client finally receives,togetherwith the message
relatedto the key, the overall view adjustment.

2.1 Bucket management

Theprotocolof asenermanagingbucketis commonto all theproposal®ndis-
tributedsearchtrees.Eachsener manages uniquebudket of keys. The bucket
hasa fixed capacityb. We definea sener “to bein overflow” or “to goin over
flow” whenit manage® keys andonemorekey is assignedo it. Whenasener
s goesin overflow it startsthe split operation.It requestghe addresof a new
freshsener s gy t0 a specialsite called split coordinator. Whenever s receves
theaddres®f shay, it sSendd0o shey half of its keys.

After a split, s managesg keys and shew manage§ + 1 keys. It is easyto
prove thefollowing property:

Lemmal Leto bea sequencef mintermixedinsertionsand exact seaches.
Thenwe canhaveat most| 2| splits.

2.2 Local tree

Clientsandsenershave alocal indexing structure calledlocal tree

The local tree of a clientis neededo avoid clientsto make addresserrors.
Whenever a client performsa requestwhich resultsin an addresserror, (i.e.,
it sendsthe requestto a wrong sener), it receves, togetherwith the answer
informationto correctits local tree. This preventsa client to committhe same
addres®rrortwice.
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Fromalogical point of view, thelocal treeis anincompletecollectionof as-
sociations(sever, interval of keys) managednternally with arny datastructure:
list, tree, etc. For example,an associations, | (s)) identifiesa sener s andthe
managedntenal of keys I (s). The local tree of a client canbe wrong, in the
sensehatin thereality sener s is managingan interval smallerthanwhat the
client currently knows, dueto a split performedby s andyet unknawn to the
client.

In the DRT*, aclient c thatwantsto performa requestthoosesn its local
treethe sener s thatshouldmanagehe requestandsendst arequesimessge.
If sis pertinentfor therequestthenperformsit. If sis not pertinentwe have an
addresrror. In this cases looks for the pertinentsener s in its local treeand
forwardsto it therequest.

Sinces canbe not pertinentaswell, it might forward the requestto still
anothersener. In general,we canhave a seriesof addresserror that causesa
chainof messagebetweerthe senerss;,s,...s. Finally, sener s is pertinent
and cansatisfythe requestMoreover, s recevvesthe local treesof the seners
S1,%,--S—1 Which have beentraversedby therequestlt first builds a correction
treeC aggrayatingthe local treesrecevedandits own one,andthensendd. TC
messagewith C to theclient (evenif it wasaninsertoperationjandto all seners
S1,9,..,—1, Soto allow themto correcttheir local trees.

2.3 Splittree

Let T bea DRT*. Fromthe above descriptionof the local treesand how they
changedueto the distribution of informationaboutthe overall structurethrough
LTC messagest is clearthatthenumberof messageseededo answerarequest
changeswith theincreaseof the numberof requestsTo analyzehow changesn
the contentandstructureof local treesaffect the costof answeringo requests,
we associatavith eachsenersof T arootedtreeST (s), calledthesplittreeof s
(Figurel.ashavsasplittree). Thenodesof ST (s) arethesenerspertinentfor a
requestrriving to s. Thetreehasanarbitrarystructureexceptthattherootis s.
An arc(s1,s) in ST(s) meanghats; is in thelocal treeof s,. Whenasplitin T
occurs,the structureof split treeschangegfor example,in Figure1.b, the split
of senere addsthenodes andthearc(s,e) in ST(a)).

In the sameway, if we considerthe correctionof local trees,the structure
of the split tree of s changeslin fact, dueto the correction,after a requestto
a senerd, s addsall the senersin the pathbetweens andd in its local tree.
The consequences thatnow s canaddresdlirectly thesesenersin the future.
In orderto describethis new situationin the split treeof s, we deletethe arcsof
thetraversedpathandaddto sthearcsbetweers andthetraversedseners.The
resultis acompressionf the pathbetweers andd (seeFigurel.c).

We usethe split treesto takesinto accountn theamortizedanalysisthe use
of LTC messaget reducethe costof satisfyingtherequest.
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Figurel: ThesplittreeST (a) (a). Sener e splits,with s asnew sener (b). The
effect of acompressiomfterarequespertinentfor d andarrivedto a (c).

3 Correction algorithm after a split

Let usconsidera DRT* madeup by n senerss, ..., Let ST(s) bethe split
treeassociateavith seners;, andlet hj beits height.Moreover, letH = max{h; |
1<i<n}.

Recallthatary sequence of mrequestsnadeup by intermixedinsertsand
exact searchesver a DRT* startingwith one empty sener andendingwith n
seners,canberegardedasaninstanceof aSUP[5]. More preciselythesequence
o is equivalentto a sequenc® of mfinds,n make-setsandl < n— 1 links. By
using the path compressiorheuristicsfor the finds, and naive linking for the
links, the costin termsof numberof messagesf o is boundedby the costfor
executingp, thatis well known to be O(mlog; /) N). Thisis dueto the fact
thereis a correspondencleetween:

¢ senersof aDRT* andelementof SUP;
e splitsof aDRT* andmake-setsandlinks of SUP;
o splittreesof a DRT* andcompressetteesof SUR

Let usnow assumdor amomentH < clogn for afixed constant. In this case
we canapplytheresultin [10], thusobtainingacostof O(m-a(m,n)) for solving
the SUPandthenfor managinga DRT*.

Thereforethe ideais to perform somecorrectionsafter a split in orderto
obtainthe desiredbound.Moreover, the costof suchcorrectionshasto berea-
sonablylow.

3.1 Restricted sequence of splits

In orderto describethe correctiontechniqueafterasplit, let usfirst considerthe
situationwherethe last createdsener is alwaysthe next splitting one.In this
case,if we do not performary correction(after eithera split or a request}he
split treeof ary seneris alwaysa chain.
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We associatevith eachseners:

e alevel £(s) > 1,wherel(s) = 1 whensis justanew freshsener.

e apointerp(s) to the parentserverof s. After the split of s with t asnew
sener, we setp(t) = s. Noticethat p(sp) = NULL, wheres, is theinitial
senerof aDRT*.

We recallthata correctionbetweerntwo senerss andt consistof thefollowing
stepsit sendsa copy of its local treeto s; s updatests local treewith the one
recevedbyt (see[5] for moredetails).

We defineak-correctionat level A, startingfrom seners;j, asa sequencef
correctionbetweers ands_1, fori = |, ..., j — k+ 1. Moreover, afterthecorrec-
tion betweers ;1 ands, if 5 haslevel A, thenit updatests levelto A + 1, for ary
j —k<i<j—1.After that,sj_x sendsa messageo Senerssj_gi1,...,Sj—1, Sj
in orderto updatetheir parentpointerto s;_x. A k-correctionatlevel A costs2k
messages.

We definethe k-correctiontechniqueasfollows. Supposeve do not operate
ary correctionthroughthe first k— 1 splits andthe k-th split hasjust occurred.
Therefore we have a chainof lengthk of senerssy, ..., (seeFigure2.a). Af-
ter the k-th split we apply the first k-correctionstartingfrom sener s¢. Thatis,
seners, sendsacopy of its localtreeto senersc_1. Senersc_1 updatests local
treewith the onerecevedby s, updatests level to 2, andthensendsa copy of
its local treeto sc_». The operationcontinuesupto s (seeFigure2.b),andthen
S sendshe message® updatethe parentpointerof senerss, ..., . Now, the
level of senerss, ..., is 2 andthe parentpointerof senerss, ..., is setto 5
(seeFigure2.c).After that,we wait for thenext k splits,andwe thenperforman-
otherk-correctionatlevel 1 startingfrom sy andinvolving thesenerss, ..., Sx.
After k correctionsat level 1, the sener s startsthe first k-correctionat level
2 involving the senerssy, S, Sk, --., S (SeeFigure3.a). After that, the level of
seners Sy, S, Sk, ---, S 1S 3. Figure 3.b shavs ST (sp) and ST(sy) after the k-
correctionat level 2. Figure6 shavs ST (sp) just befores,, startsa k-correction
atlevel A.

In the following we denotewith T a DRT* startingwith onesener sp and
wherethe next splitting seneris alwaysthelastcreatedone.We applyto T the
k-correctiontechniqudor agivenk > 1. Leth; = h(ST (sj)) denotetheheightof
ST(sj) andletH betheheightof T, thatis H = max; T {h; }. In thefollowing
we show thatwith asuitablechoiceof k, H hasalogarithmicboundandthenthe
resultin [10] canbeapplied.

In orderto provetheresultwe give a setof definitions.We sayT is atlevel A
if thesenerwith themaximumlevel haslevel A. We wantto computethelongest
heightof T whenT is atlevel A.

Moreover, let A, represena treewith aroot nodeconnectedo kY nodes for
agivenk (seeFigure4). Let F, (sp) representhe shapeof ST (sp) just afterthe
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k-correctionatlevel A — 1. F\(sp) representST (o) whenT is atlevel A for the
firsttime.

Lemma?2 F,(s) hastheshapeof A, _,, for a givenk andfor A > 1.

Proof.

It is easyto seethatthe claimis truefor thecaseA = 2 (seeFigure4).

Supposey inductionF, (s9) hasthe shapeof A, _4, for agivenA > 1. Con-
sideringthe k-correctiontechniqueand that the next splitting sener is always
the new createdone, it is easyto shav thatthe k-correctionat level A + 1 starts
with the configurationof Figure5.a.After thatwe have the configurationof Fig-
ure5.h By definitionthisis F,, 1 (so) andit correspondso A, (Figure5.c).

O

LetL, (o) representheshapeof ST (s) justbeforethek-correctiondeading
T atlevel A + 1. It is easyto shav with a proof by inductionsimilar to the one
of Lemmaz2 that Figure 6 representd ) (s). In fact, after the last split, a k-
correctionatlevel 1 would start,followedby a k-correctionat level 2 andfinally
followedby ak-correctionatlevel A. L, (sp) representST (sp) whenT is atlevel
A for thelasttime.

Lemma 3 ConsiderT atlevel A > 1 whenST (sp) correspondso R, (so). LetH
betheheightof T. ThenH = h(ST(s1)) =A — 1.

Proof.

It is easyto seethatthe claimis truefor A = 2 (seeFigure4).

Supposdy inductionH = A — 1, for agivenA > 1. Considetthek-correction
atlevel A startingfrom the configurationshovn in Figure5.a.Dueto thecorrec-
tion, the distancebetweensener s,_1 ands, in ST(Sa-1) is just one.Hence,
it is easyto show thatthe heighth; is the distancebetweensener s; andsa-1
in ST(s1), plusthe distancebetweensener s,—1 ands, in ST(sa-1). But, by
inductionthe distancebetweensener s; ands,_1 in ST(sy) is equalto A — 1,
henceh; = A. It is easyto shawv thatary othersplit tree hasa smallerheight.
Therefore afterthe k-correctionatlevel A, H = h; = A, andT is atlevel A + 1
whenST (sg) correspond$o K, 1(%).- O

Lemma4 ConsiderT atlevel A > 1. Lethg betheheightof ST(sp). Thenhg <
(A —1)(k—1) +k, for a givenchoiceof k.

Proof.
ConsiderT atlevel A > 1 andsupposeve apply the k-correctiontechnique
to T, for agivenk. We shav thathg is maximumwhenST (sp) hasthe shapeof

Lx(s0)-
Thisistruefor A = 2 (seeanexamplefor k= 4 in thethird box of Figure3.a).
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Supposéy inductiontheabove statemenits truefor agiveni > 1. Consider
now T is atlevel A. Supposét is thefirsttimeT is atlevel A andthenST (sp) has
the shapeof F, ;1(so). Furthersplit from 5,1 build up ST(s,-1) asa subtree
of ST(s9). Dueto thek-correctiontechnique ST (sa-1) evolvesin thesameway
as ST (sp). Hence,by the inductive hypothesisthe heighth,,_1 of ST(sa-1) is
hoa-1 < (A —1)(k—1) + kandwe have the equalitywhenerer ST (s_1) hasthe
shapeof Ly (s ). In suchaconfigurationhg=1+hy-1 =1+ (A —1)(k—1) +k
andit is the maximumheighthy hasreachedDueto thefactthat ST (sa-1) has
the shapeof Ly (sa-1), we have a setof k-correctiondeadingST(S,-1) to the
shapeof Ay, 1(Sa-1). In suchnew configurationhp = 1+ 1. Now we canapply
the previous argumentto the sener s, 1. Upon ST(s,,1) hasthe shapeof
La(sya-1), ho=1+14+hya1 =2+ (A = 1)(k—1) + k andit is the maximum
heighthg hasreachedlt is straightforvardthatthemaximumheighthy canreach
whenT is atlevel A + 1 is whenST () hasthe shapeof L, (so) (seeFigure6).
In thiscase

ho = (k—=1)+hy_ppa-1=(k=1)+ A=) (k=1)+k=A(k-1)+k.
]

Lemma5 ConsiderT atlevelA > 1. LetH betheheightof T. ThenH < Ak—1,
for a givenchoiceof k.

Proof.

ConsiderT atlevel A > 1 andsupposeve apply the k-correctiontechnique
to T, for agivenk.

Following a proof by inductionlike in lemma4 it is possibleto show thatH
is maximumwhenST (sp) hasthe shapeof L) (s9) andthatH = h;.

ConsidersuchaconfigurationFromLemma4, ho = (A — 1) (k— 1) + k. From
Lemma3, thedistancebetweers; ands, 1 in ST(s;) isA — 1. Hence

hi=A-1)+(ho—1)=A-1)+A-1)(k—1)+k—1=Ak-1
It is easyto shaw thatary othersplittreein T hasa smallerheight.
m|
Let us now computethe relationbetweenthe level of T andthe numberof
splitsin T.

Lemma 6 LetA bethefinal levelof T. Letn bethe numberof splitsin T. Then,
for a givenchoiceofk, A < |log,n| +1

Proof.
We performLEJ correctionsatlevel 1, [k—“zJ correctionsatlevel 2, andfinally

wehavel< [WLJ < k—1correctionsatlevel A — 1 leadingT atlevel A. In this
case) < |logyn| + 1. m|
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I splits ! k-correction at : k-correction at level 1
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Figure2: A sequencef k splits (a), the k-correctionat level 1 (b) andthefinal
configurationof ST(sy), ST(s1) andST(s,) ().

Thefollowing resultis a directconsequencef previouslemmas.
Theorem 1 LetH betheheightof T. ThenH < klog, n, for a givenchoiceof k.

Finally, if we choosek = 2, wehave H < 2log, n.
Now, we computethecostin termsof messagesf applyingthethek-correction
techniquao T.

Lemma7 LetA bethefinal level of T. Let n bethe numberof splitsin T. The
numberof messgesfor the correctiontechniqueis M < 4n.

Proof.
We perform| | correctionsatlevel 1, [ J correctionsatlevel 2, andfinally

wehavel < [kA 1J < k—1correctionsatlevel A — 1. Hence

M= |7 ]2t i3] 2ot | o 1J2k<2n<1+i+ +kA12)54”'

O

3.2 Generic sequence of splits

In thefollowing we denotewith T aDRT* startingwith onesener 5. We apply
to T the k-correctiontechniquefor k = 2. Figure 7 shows an exampleof the
configurationof T for k = 2. Let usassumea genericsequencef splits. In this
casewe have atighterboundon H, becausave performmorecorrectionswith
respecto thechain.Hence the previousboundon H of Theoreml holds.

It remaingo calculatethe costin termsof numberof messagesf thecorrec-
tion technique.
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| | [ . !
| second k-correction | after second k-correction | k-th k-correction | fﬂ'“ k-correction at lev_el 2 |
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Figure 3: Evolution beforethefirst k-correctionat level 2 (a). ST (sp) (left) and
ST(s1) (right) afterthek-correctionatlevel 2 startedat s,z (b).

50
2
2 2 2 2
S1 82 Sk s1

Sk

Figure4: ThetreeA; for agivenk.
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(a) (b) (c)

Figure5: ST(s) before(a) andafter (b) the k-correctionat level A leadingT at
level A + 1.

50

ST(so)

232423265232 42232°65
5182 84 S8 S16

23242325

(a) (b)

Figure7: ST(s0) (a) andST (s1) (b) afterak-correctionatlevel 4, with k= 2
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: k-correction at : k-correction at : after k-correction
level 1 level 2 | at level 2
1S o _TEe AT
:ST(S()) :ST(SO) :ST(SO)
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| | !
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I S1¢2 I (’ 281 : 302 3
| > | | 53 S S1
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Figure8: Thenumberof k-correctionawith respecto the numberof splitsstart-
ing from aseneratlevel 2.

Lemma 8 Letn bethe numberof splitsin T. Thenumberof messgesfor the
correctiontechniqueis M = 4(n—1).

Proof.

Let us considerFigure 8.a. Supposea chain of splits startsfrom s;. After
2 splits we have a 2-correctionat level 1 (Figure 8.a), followed by another2-
correctionat level 2 (Figure 8.b), becauses; is at level 2 andit is not 5. The
situationis now shown in Figure8.c.

Suppose chainof splitsstartsfrom s,. After 2 splits,we have a2-correction
atlevel 1. After the next 2 splits,we have a 2-correctionat level 1, followed by
anothemneatlevel 2 andanothemneatlevel 3, becauses, is atlevel 3 andit is
notsp.

The sameargumentappliesto s, s, S16. Henceif we startfrom a sener at
level 1, we geta 2-correctionafter just 1 split andwe getno 2-correctionafter
1 split from a sener at level greaterthanl. If we startfrom a sener atlevel 2,
after 2 splitswe getat mosttwo 2-correctionslf we startfrom a sener atlevel
3, after 4 splits we getat mostfour 2-correctionsin generalif we startfrom a
seneratleveli, after2'~1 splitsthe numberof 2-correctionss atmost2'—1.

SinceT startswith 5p atlevel 1,to geta2-correctionve needatleast? splits.
Then,after 2 splits, we have at mosta 2-correctionat level 1. After that, all the
senersareat level 2. It is clearthatif we always performa chain of 2 splits
startingfrom a sener at level 2, we getthe maximumnumberof 2-corrections
per splits. The associatechumberof messages thenM = 4(n— 1), wheren is
thenumberof splits, becauseach2-correctiomeedst messages.

m|

Finally, from Theoreml, Lemmal, Lemma8 andfrom theresultin [10] we
have our mainresult:

Theorem 2 LetT bea DRT* startingwith oneemptyserverand endingwith n
serves. If weapplyto T thek-correctiontechniquefor k = 2, thenthe numberof
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messgesof a sequencef m requestsnadeup by intermixedinsertsand exact
seachesoverT is

C(m,n) = O(m-a(m,n)) +8%1 =O(m-a(m,n)).

4 Conclusions

We consideredhe DRT*, aclassicaSDDSableto managdothmono-dimensional
andmulti-dimensionablata.We studiedthe variantof the DRT* to whichthek-
correctiontechniqueis applied Basically this techniquds basedon a policy of
standarctorrectionsafter splitsof senersin the DRT*,

We shavedthat,combiningthe k-correctiontechniqueandthe standardcor-
rectiontechniqueafteran addres®rror, a sequencef mrequestof intermixed
exact-searcheandinsertionsover a DRT* startingwith one empty sener and
endingwith n senershasacostof O(m- a(m,n)) messagesyherea(m,n) isthe
classidnverseof the Ackermanrfunction.Dueto thewell known slow growth of
thefunctiona(m,n), we canassumeo have amortizedconstantostsfor inserts
andexactsearchen realisticscenario®f SDDSmadeup by thousand®r even
millions of seners.Theresultappearvery promisingin thelight of the possibil-
ity of the DRT* of managingmulti-dimensionaldataandof goodperformance
for multi-keys requeststypical of orderpreservingSDDS.
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