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Abstract

In this paperwe presenta discretedatastructurefor resenationsof limited
resources.A resenation is definedas a tuple consistingof the time intenal of
whentheresourceshouldberesered, Iz, andthe amountof the resourcehatis
resered, Bg, formally R = {Ir, Br}.

The datastructureis similar to a segmenttree. The maximumspanningintenal

of the datastructureis fixed anddefinedin adwance. The granularityandthereby
thesizeof theintervals of theleavesis alsodefinedin adwance.Thedatastructure
is built only once. Neithernodesnor leavesare ever inserted,deletedor moved.

Hence therunningtime of theoperationsloesnotdependn thenumberof reser

vations previously made. The running time doesnot dependon the size of the
intenal of theresenation either Let n bethe numberof leavesin the datastruc-
ture. In the worst case,the numberof touched(i.e. traversed)nodesis in ary

operationO(log n), hencetherunningtime of ary operationis alsoO(log n)

1 Intr oduction

Theoriginal, never publishedversionof this papemwascalled“An EfficientData Struc-
ture for AdvanceBandwidthReservationsn the Internet”. The original paperwas
referredto in the paper‘Performanceof QoS Agentsfor Provisioning Network Re-
sources”([10]) by Scheénet. al. underthe referencenumberl4, but the reference
shouldreally be changedo the currentpaper

2 Definition of the problem

Theproblemwe dealwith, we call “The BandwidthReservatioriProblem”. A resera-
tion is atime interval duringwhichwe resene constanbandwidth.The solutiongiven
hereworksin adiscreteboundeduniverse.

By a discreteboundeduniversewe meana universewith a limited durationand
a fixed time granularity By usinga fixed granularitywe have divided the time into
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time slots(frames).We usea slottedtime in hopeto geta smallerdatastructure faster
operationandhencegainbenefitoof alargeraggreyation. This hopeis inspiredby the
factthatproblemsaregenerallyeasietto solvein aboundeddiscrete)universethanin
thegenerakase([4]).

We obsene thatthe bandwidthresenation problemis constrainedy the physical
world andthereforeno resenationswill occurin the pastandvery few in a distant
future.

Throughouthe paperwe usethefollowing notation:

e We have a boundedmaximuminterval M startingat S, andendingat E,,,
henceM = [Sys, Enf]. M is dividedinto fixed sizetime slotsof sizeg. The
sizeof theinterval M is denotedby |M|.

¢ In general,a discreteinterval, I, is definedasthe durationbetweena starting
point S andanendingpoint E, andtheinterval is divided into discreteslots of
sizeg. In short, = [S, E]. Moreover,sinceSy; < S < E< Ey I C M.

e Thebandwidthis denotedby B. A resenation, R, is definedby aninterval I and
a(constantamountof resenedbandwidthB, duringI. In short,resenationis a
tuple R = {B, I'}. Itemsrelatedto resenationsaredenotedby a subscripte.g.
R ={Bg,Ir}.

e A datastructurestoring resenationsmadeis denotedby D. An item related
to a “query” toward the datastructureis denotedby a subscript@, e.g. I =
[Sq. Eq).

ThebandwidthresenationproblemdefineghreeoperationsFirst,we haveaquery
operationthat only makesqueriesof the kind: “How muchbandwidthis resened at
mostbetweertime S andtime £?”. Further we have updateoperations:aninsertion
of a new resenation and a deletionof a resenation alreadymade. Formally these
operationglefine:

Definition 1 We havea boundedmaximuminterval M dividedinto time slotsof size
g. Letareservation,R = {Bg,Ir}, beonaninterval Ir C M with an associ-
atedbandwidth,Br. Thenthe bandwidthresenation problemrequiresthe following
operations:

Insert(D , R), which increaseghe reservedbandwidthduring the interval I for
Bg.

Delete(D, R), which decreasegshe reservedbandwidthduring the interval I for
Bg.

MaxReserved(D, Ig) which returnsthe maximumreservedbandwidth,during the
interval I.

Note,deletionis the sameasaninsertionbut with a negative bandwidth.



2.1 Background of the problem

Thebandwidthresenationproblemis notsowell studiedin theliterature.Ontheother
hand,two relatedproblems the partial sumproblem([5], brief in [8]), andthe prefix
sumproblem([5]), are. In the partialsumproblemwe have anarrayV (i),1 < i <n
andwantto performthesetwo operations:(1) update: V(i) = V(i) + x; and(2)
retrieve: Y., V(k) for arbitraryvaluesof i, z andm. Thereis only a slight
differencebetweerthe partial sumproblemandthe prefix sumproblem,in the prefix
sumproblemthe queryalways startsat the beginning andin the partial sumproblem
thequeriesarefor anarbitraryinterval.

In our solutionwe will usea datastructuresimilar to sggmenttrees([9]). Se&y-
menttreesrepresents methodfor storing setof intervals. For instance we have m
intervalswith n uniquestartingor endingpoints. The sggmenttreeis thenan efficient
datastructurefor storingthoseintervals and answeringgueriesover which of the m
intervals spansthe queryinterval. Formally, let S denotea setof m intervals with
n uniquestartingand endingpoints. Let Z; be a startingor endingpoint for anin-
tenal in S. Let U beour universewhereU = {7y, Zs, ..., Z,} giventhat Z; ; <
Z; wherel < i < n. Theleavesin the sgmenttree correspondo the intervals:
(=00, Z1), 21, Z1] 5 (21, Z3) , [Z2, Za] ;.

(Zyp, +00) asshavn in Fig. 1.
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Figurel: An exampleof a sggmenttree.

An internalnoderepresentshe interval of the treerootedat it andit alsostoresthe
informationabouttheinterval of its left subtree.Theinterval of the nodeis the union
of the intervals of its children. Eachnode(and a leaf) containsa list of pointersto
previously insertedintervalsthat completelycover theinterval of the nodebut not the
interval of the nodes parent. During theinsertionof theinterval I, the pointerto the
interval I is insertedin anodeN’s list, if all childrenof NV have their corresponding
intervalswithin I andthe parentof N doesnot. Consequentlypointersto aninterval
arestoredatmaximumtwo nodeson eachlevel of thetree. Thesegmenttreehas2n +1
leavesand2n nodes.Sincethe nodesin thetreehave constannhumberof childrenthe
heightof thetreeis O (logn). Thisis alsothe complexity of aninsertionanda query



3 Solution

Oursolutionis amodifiedsegmenttree([9]). In our datastructure AdvancedSegment
Tree (AST), eachnoderepresent®netime interval. Every nodein the tree consists
of the interval it representspointersto eachof the nodes children, and two values
(describednorethoroughlyfurtherdown).

Theinterval to whichtheroot correspondss M. Let L denotehenumberof levels
thatthe datastructureconsistsof. All nhodeson level I have time intervalsof the same
sizeandthey do notintersect.They follow consecutiely oneanother This meanghat
theunionof all intervalsonlevel [ is M. Eachlevel hasadivisor thattells the number
of childrenthata nodeon thatparticularlevel has. The divisorsaregatheredup from
therootto theleavesin asetX = { X, Xo,..., X1}, whereX; is thenumberof the
root’s children. The divisor X; doesnot only tell the numberof childrenthata node
has,but alsothesizeof theinterval | A/;| onlevel i:

M= |]W| =1 1
| l|4 Wﬁlgl\ 1<I<L ()

Consequentlyhe numberof nodeson level [ is

=1
nl:{HllX 1<1<L . @
andthe numberof leavesof thecompletedatastructures
n=mny= H Xi . (3)
The divisors X; mustbe setsothatg = M \wheren is definedin eg.(3) and

whereg is the time granularity(size of thelea/es) Hence the choicesof |M|, g, L,
n and X arerelated.For instancechoosing| M| to bea primenumbemalesthetree
consistof only two levels, the top andthe leaf level. We getthe simplesttreewhen
M| =2F.g,ie. X ={X; | X; =2,for 0 <[ < L}. Notethatthe fundamentals
of the datastructuredo not changeif the valuesof the divisors change. Therewill
however be a deteriorationin performancdor eachaddedevel. Thetreeis only built
onceandthereforethetreeis alwaysperfectlybalancedThereis a differencebetween
the sgmenttreeandour datastructureregardingthe leaves. In the segmenttreethere
is a leaf for the openintenal, (X;_1, X;), aswell asthe closedinterval, [X;, X;], but
in our datastructureleavesrepresensemi-operintenals (X;, X;;1]. To describeour
datastructurewe usethefollowing notation:

e Let N denote'the currentnode” during a descriptionof a traversalof thetree.
Let NV, denotetheleftmostchild of N, and Ny therightmostchild.

e Eachnode,N, storesheinterval Iy = [Sy, En] thatthenodesubtends.

e Eachnode, N, storesthe amountof bandwidth,nvy, that wasresered over
exactly thewholeinterval I .



e EachnodeN alsostoresthe maximumvalueof resened bandwidthexcluding
thevaluenvy ontheinterval I;. This maximumvalueis denotedasmo .

#define Split {2,2,2,2,2,3,2,2,2,3,2,2}
#define MaxSplit 3
typedef struct NODE {

interval type Interval;

i nt node_val ue;

i nt max_val ue;

struct NODE *Chil dren[ MaxSplit];
} AST_type;

Algorithm 1: AdvanceTreeDefinitionsin C

In Fig. 2is givenanexampleof how to make thedatastructuresubtendinga 32-day
month,with g representing minutes.All nodeshave 2 or 3 childrenin orderto have
thewantedintenal sizes.Hence,jn Fig.2 X = {2,2,2,2,2,3,2,2,2, 3,2, 2}.

Fig. 3 presentsan example of a bandwidthutility graph. The graphshaws the
amountof bandwidththatis resenedovertime. In Fig. 4 we areshoving thevaluesin
thetreecorrespondingo the examplegraphfrom Fig. 3. Fig. 4, alsoshovshow muv is
calculated.

| | 32 days
\ | | 16 days
\ \ \ \ | 8 days
\ \ \ \ \ \ \ \ | 4 days
N N N O O
(TTTTTITITITITIIII I I I ITITITITTIT] tday(24h)
‘ 8h
00.00 - 08.00 | 8h
00.00 - 04.00 \ | 4n
00.00 - 02.00 \ \ \ | 120min/2h
00.00 - 01.00/ \ \ \ \ \ \ \ | 60 min
0000-00204 [ T T T TTTTITTTTTTTITTITTITTTT ] 20min
00.00 - 00 oA LTI T I ITT AT I T ITTITTITTITITTITTT 16 min
00.00 - 00.05 AT s min Time

Figure2: An exampleof thedatastructure.

To describethe operationgrom Definition 1 we usethe datastructureformally de-
fined in Algorithm 1. We start by describing the function
MaxReserved(NNV, Ip).
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Figure3: Bandwidth- Time graph.

o If theinterval of nodeN satisfiesly = In (i.e. Sy = Sg andEx = Eg) then
nun + muoy is returnedastheresult.

o If I isentirelycontainedvithin theinterval of child N¢ of N, thenthereturned
valuewill be: nvy+ MaxReserved(N¢, Ig).

o If I spangheintervalsof morethanonechild of N, I is dividedinto onepart
for eachof them childrenof N whichintervals I atleastpartially spans-i.e.
lg, = 1o N Ing,, for 1 < i < m wherelg, istheleftmostintervaland/y,, is
theinterval of theleftmostchild of N thathasaninterval thatat leastpartially
spanslq. TheFig. 5illustratesthe split of I into smallerintervals.

Thereturnedvaluewill be

max (MaxReserved(Ncy, Ig;))
1<i<m

andit canbe moreefficiently computedas:

max (  MaxReserved (N¢i,1g1)

1211‘1)7(_” (nvNC’i + mUNc-;) 3 (4)

MaxReserved (Ncm, Igm) )

In Fig. 6 aninsertionof a resenation of Br units of bandwidthis shovn. The
figure alsoshows which nodeswill be touchedwhenaMaxReserved functionis in-
vokedwith the samequeryinterval. TheMaxReserved functionis formally definedin
Algorithm 2.
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The function Insert(N,{Ir,Br})

Figure4: An exampleshaving valuesin thedatastructure.

works in a similar way as the

MaxReserved function. Insert mustalsoverify thattheinsertedresenationdoesnot
resultin an overresenation of bandwidth. This verificationcanbe doneby making
theresenation,thenperformingaMaxReserved(N, Ir) query andfinally comparing
with the maximumresenablebandwidthon thelink. If anoverresenationoccursthe
resenationmustberemoved. More efficientis to let the Insert function performthe
checkduring its execution. We will describethe recursve Insert functionwithout
integration of MaxReserved functionality, which inclusionis trivial andis shovn in

Section3.2.2.

e If theinterval of nodeN satisfieghatIr = Iy (i.e. Sy = Sg andEx = ER),

thennvy isincreasedy Br.

e If I is entirely containedwithin the interval of onechild N¢ of N, thenthe
function Insert(N¢, {Ig, Br}) is calledandwhenit returnsthe muvy is up-

datedaccordingo theequation

wherek is thenumberof childrenthat N has.

muy = max (nve; +mue;)
1<i<k

()

e If I spangheintervalsof morethanonechild of NV, I is dividedexactly asthe
queryinterval into onepartfor eachof them childrenof N whichintenvalsiy at
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Figure5: An exampleshaving a split of aninterval (circlesrepresenhodesandrect-
anglesrepresenintervals).

leastpartiallyspansi.e. Ir, = IrNIn,,,forl < i < m. TheInsert function
is calledoncefor eachof the m children N¢;, Insert(Ney, {Igr,, Br}),1 <
1 < m. Whenthecallsreturn,themuvy is updatedasshovnin eq.(5).

In Fig. 6 aninsertionof aresenationandthe calculationof thenew nv'sandmuv’s are
showvn. The Insert functionis formally definedin Algorithm 3.

The Delete(N,{Ir,Bgr}) is implementedas a call of Insert with Bp
negated Algorithm 4.

The Insert functionaswell asthe MaxReserved functiononly traverseghetree
twice from thetopto thebottom.Oncefor therightmostpartof theinterval I andonce
for theleftmostpart. For themiddlepartof theinterval therecursiomevergoesdeeper
thanl level. Theupdateof themv valuess doneduringthetraversalsonofurtherwork
is neededFor atreewhereevery nodeonly hastwo children,bothfunctionswill touch
atthemost4 - (Ign) — 7 nodes For atreewith otherdivisorsthe constantaredifferent
but still the runningtime remainsO(log n). Evenif the checkfor over-resenationsis
implementedisa separateall to theMaxReserved functiontherunningtime remains
within O(log n).

Theorem1 The running time for all opemations solving the bandwidthreservation
problemasdefinedn Definition1 andusingAST is O(log n).

3.1 Implicit datastructure

The obviousway to implementour datastructurels to usepointersbetweerthe nodes.
Sinceour datastructureis built only onceandthe nodesnever changeit is possibleto

storethe datastructurein animplicit way in anarray In animplicit datastructurethe
positionsof thenodesareimplicitly defined.We usethesetX, whichtellsthenumber
of childreneachnodehasonlevel (seeeq.(1)), to computethe positionsof thenodes.
Oncethearrayis built we canuseX to calculatetheindex of thenodeinsteadof using
pointersto traversethetree. To calculate);, the numberof nodeson level [ andabove,
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Figure6: An exampleshaving aninsertionin the datastructure.
we getfrom eq.(3):
1 =1

_ 1 /i1

o= (HXi)+1 1<I<L ©)
j=2 \i=1

We index the elementdn the arrayfrom 1 to §;, and orderthe nodeslevel by level
(cf. standarcheaporder).Consequentlytheindex of thefirst elementonlevel [, is the
numberof nodesin thetreeon all previouslevels,plus1,i.e. §; 1 + 1. We storethese
valuesin vectoro.

The numberof nodesbetweenthe nodewith the index N on level [ andthe first
nodeon level [ is givenby N — ;. The numberof nodesbetweerthe first nodeon
level I + 1 and N'sfirst child is givenby (N — ¢;) - X. Theindex of thefirst node
onlevel [ + 1 is givenby o;41. The numberof childrenthat N hasis X; henceN’s
childrenindexes~ are:

y=o041+(N—0)) - X;+e¢, for 0<c< X @)



By usingan arrayinsteadof usingpointerswe save the memoryfor two pointersper
node.The executionwill befasterdueto onememoryprobelesssincevectorsX and
o will bein cache.

3.2 Improvements

In this sectionwe describesomeperformancemprovementavhich shouldbe seenas
hintsto animplementeiof our datastructure.

3.2.1 Choiceof the intervals

Theideais, to make properchoicesabouttheintervalsto improve the runningtime of
the functions. The choicesto be madeareregardingthe durationaswell as starting
timesandendingtimes.|f we aredealingwith manmaderesenationswe obsene:

e Granularity:
Peoplewill make resenationsduring timesthat arelogical to them, hencethe
smallestinterval can be 1 minute, 5 minutes, 30 minutes,1 hour and so on,
dependingntheapplication.

e Startingpoints:
All interval sizesin thetreeshouldbewhole minuteintervals. For instanceijf an
interval of 15 minutesshouldbedivided,thedivisor2 is notaproperchoicesince
thechildrenwill thenhave aninterval sizeof 7.5 minutesandthosechildrenwiill
in turn bedividedto 3.75 minutes which bothwill rarelyoccur Thedivisor3 is
in this exampleamoresuitabledivisor, which will make the 15 minutesinterval
dividedin 3 intervalsof size5 minuteseach.

e Sizeof intervals:

If aninterval is estimatedto be morelikely thananother usethe morelikely
choice. For instancejf a 24 hourdayis goingto be divided, the divisors2 and
3 seemlike goodchoices.If we estimatethatit is morelikely thatresenations
of 8 hourswill occurratherthan12 hours,dueto thefactthata working day of
humansds 8 hours,thedivisor 3 shouldbe chosen.This choiceis however only
animprovementf it makesthe startingtime andthe endingtime of theinterval
the sameastheworking hours.

An exampleof atreedividedwith respecto humansareshavn in Fig. 2.

3.2.2 Early rejection

Thesoonemwe candetectthatareserationwill notfit, dueto thefactthatthereis not
enoughbandwidthleft to resenre, the better In the descriptionof the Insert function
we assumedhat the checkis doneindependentlyf the insertion. In this sectionwe
give somehintshow to incorporatethe checkinto the Insert function
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Inclusion of checkwithin insertion

In order not to resene more bandwidththan can be deliveredthe Insert function
hasto checkfor overresenations. Oneway to do this is whenthe Insert function
discoversthattherewill be an over-resenation,the recursionstops,andundo of the
insertionsin the nodesso far is performed. Anotherway is thatthe recursionstops,
marksthecurrentnode,andthena cleanup functionis calledwith the samearguments
astheInsert functionbefore.ThecleanupfunctioncanbeimplementedisaDelete
functionthatonly deleteghevaluesupto the markednodeandthenstops.Thesecond
approachgives simpler code,fewer booleanchecks,and thereforeis also somavhat
faster

Order of traversal

The probability thata new resenationwill not fit within the resenable bandwidthis
somehav biggerat larger intervals. Henceduring the recursion,if aninterval hasto
bedividedinto smallerparts,therecursiorfirst follows the largestinterval of theedge
partsof theinterval, thatis max (1g,,1Q,.,im... ) (S€€Fig. 5).

3.2.3 Locality

Sinceour treeis spanninga largetime interval, we canassumehattherewill besome
form of locality in theresenationsandqueriesmade.Thelocality givesadditionalim-
provementglueto thefactthatpartsof generatedlatausedduring previousoperations
is alreadyin thecache(cf. cache-wvaredatastructureg1-3]) For our datastructurewe
have developeda methodof startthetraversalof thetreeinsidethetreeandnot always
from thetop. In orderto do thatwe needto find the lowestnodethat spansboth the
lastinterval, I1,5; andthe currentinterval, Io..-rent, thatis thelowestnodethatspans
theinternval Insergeq = [min (Srast, Scurrent) ; Max (Erast; Ecurrent)]. This canbe
achieved by usingthe set X andatableof | M;| (eq.(1)). The operationon our data
structurecollectinformationfrom thetop nodeanddown andwe needto maintainthis
informationevenwhenstartingfrom theinsideof thetree. Thisis doneby usingastack
in which all accumulatedhv’s arestoredduring the recursiondown to the uppermost
nodein which I,5; wasdivided. When,for instancequeryingtheintenal Icyrrent,
wedoabinarysearcramongthe (L = O (log n)) levelsin thestackto find thelevel, /,
thathasanode,N, spaninglsergeq. Thentherecursionstartsin N with the startnv
from level [ in thestack.Therunningtime of thesearcHor N is O(log logn).

Similar results

Thereis a resemblancéetweenthe searchingin this datastructureand a repeated
searchin a B-tree. Guibaet al. ([7]) have proposedan algorithmto traversea B-
treewithout alwayshaving to startfrom thetop node. They areusingalot of fingers
(pointers)betweemodesin thetreeanda specialsearchpattern. They usethe search
patternto find thelowestcommonancestarlf thennodeto find is to theright of thelast
nodethepatternwill be:
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e “go toright neighbour”,“go to father”andsoon.

If thenext nodeis to theleft of thelastnodethe patternis:

e “go toleft neighbour”,“go to father’andsoon.

Sincein ouroperationghenodevalueneeddo beaccumulatedrom therootanddown
onthesearctpath,Guibaet. al. s proposaktannotbedirectly usedin our case Further
theideato performa binary searchon the completepathfrom therootto a givennode
is notnew andwasalreadyemployedin [6].

3.2.4 Time goes

In ourmodifiedsegmenttreethenodesarenotmovedinto new positionsandnew nodes
arenotinsertedneitherarenodesn thetreedeleted Hence thetime frameof thetree
is static. But astime movesaheadowardsthefuture,moreresenationswill beinserted
moreandmoreto theright partsof thetree.Eventuallytheintervalsof theresenations
will besofar off into thefuturethattheinterval will missthe datastructure A solution
is to make the datastructurewrap the spanningnterval. Let the spanningnterval of

thedatastructurebetwice aslarge asis believedto be neededThenwhenthe current
time passeshefirst half of the entireinterval, the interval is wrappedso that the first

half becomesghethird, andsoon.

4 Conclusions

In this papemwe presentec discretedatastructurefor resenationsof limited resources
over a time-span. The datastructureis madewith bandwidthresenationson the In-
ternetin mind, but it is quite generic. It canbe appliedwheneer a limited resource
shallberesened. The datastructureproposechastime complexity independentf the
numberof resenationsmadeandthe sizeof theinterval. We definedthreeoperations
on the datastructure;Insert to insertaresenation,Delete to deletea resenation,
andMaxReserved to queryhow muchbandwidthis usedduringa queryinterval. The
worstcasetime complexity of all operationds O(log n). In the secondpartof the pa-
perwe simplified the datastructureby makingit implicit. We concludethe papemwith
anumberof suggestiontiow to improve the solution.
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bwtype _MaxReserved(AST_type *node,int start, int stop,
int iLevel) {
bw.t ype MaxBel owNode, MaxBel owNode;
i nt i1;
AST_t ype *pRunni ngNode;
if (start==node->Interval.Start && stop==node->|nterval.End)
return (node->nodeval ue + node->max_val ue);
el se {
MaxBel owNode = O;
for (i1=0;i1<Split[iLevel];il++) {
pRunni ngNode = node->Children + i1,
if ( start < pRunningNode->Inteval.End ) {
i f (pRunni ngNode->Interval.End < stop) {
MaxBel owChi | d = _MaxReserved(pRunni ngNode, start,
pRunni ngNode- >I nt erval . End, iLevel +1);
if ( MaxBel owChild > MaxBel owNode )
MaxBel owNode = MaxBel owChi | d;
start = pRunni ngNode- >I nt erval . End;
} else {
MaxBel owChi | d = _MaxReserved(pRunni ngNode, start,
stop, i Level +1);
if ( MaxBel owChild > MaxBel owNode )
MaxBel owNode = MaxBel owChi | d;

br eak;
}
A R
}I* for */

return( node->nodeval ue + MaxBel owNode ) ;
}
}
bw.type MaxReserved(AST_type Data, interval type I) {
_MaxReserved(&Data,|.Start, |.End, 0);
}

Algorithm 2: AdvanceTreeMaxReseredin C
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void _Insert (ASTtype *node,int start, int stop,int bandw dth,
int iLevel) {
i nt m, nr, i1;
AST_type *pRunni ngNode;
if (start==node->Interval.Start && stop==node->Interval.End)
node- >node_val ue = node->node.val ue + bandw dt h;
else {
for (i1=0;i1<Split[iLevel];il++) {
pRunni ngNode = node->Children + i1;
if ( start < pRunningNode->Inteval.End ) {
i f (pRunni ngNode->Interval.End < stop) {
JI'nsert (pRunni ngNode, start,
pRunni ngNode- >I nt erval . End, bandw dt h,

i Level +1);
start = pRunni ngNode- >l nterval . End;
} else {
I nsert (pRunni ngNode, start, st op, bandwi dt h,
i Level +1);
br eak;
}
YIrEoif xS

Y I* for */
m = node->max_val ue;
for (;i1>=0;i1--) {
nT = node->Children[i 1] . node_val ue+
node- >Chi I dren[i 1] . max.val ue;
if (mr>nl )
m =nt;
}

node- >max_val ue=nl ;

}

}

void Insert(ASTtype Data, reservationtype R {
JInsert(&Data, R Interval . Start, R Interval . End, R BWDO0);

}

Algorithm 3: AdvanceTreelnsertionin C

voi d Del ete(ASTtype Data, reservationtype R {
Insert(&Dbata, R Interval.Start,R Interval.End, 0-R BWO, 0);
}

Algorithm 4: AdvanceTreeDeletein C
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