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AB3STRACT

This paper is a description and analysis of of one
the data structure types called a B-tree. B-treas are

‘hélannad multi-branch free structures which make it

possible to maintain large files with a guaranteed
efficiency. A proposed algorithm are presented here to
help us to measure the behavior (such as the free
utilization and the leaf node utilization) of this type of
data structure.
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1. B-Traa

Bamicaly, a B-tree i3 a balanced tree with @ prudelenmmed Maximum number
of branches from each noade. This maximum pumber of branches (known as the
‘arcer” of the [ree) can Da amy valda greater Man e, An dastration of a smale B-
troa node is green m Figure 1.
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Figure 1. A Sampla of B-treo Hode

In this node, kj represent tha i-th key and INFO i3 the information (or poasibly a
pointer ta tha informalion) asseciated with this koy. It showd be noted here that
e Keys are In astending order within any particular node. P4 is & fiakd that

points to & node or group of nedes conlainiayg keys less than iy and p pomls to a
noda ar group of nodes which containg keys greater than k. Depending on stored

position of the B-troe, these pointers may bo either addressas i primany memony
or secondary storage. _
A B-Ires witich |5 mace up of only one node shown I Figere 2,

al7?l 2 Iyl a

Figure . A B-lree Consisting of 8 SinEa Mode

wolice thalt fhe tree B made up of onoe nodo which condaing two Koys and (free
pointers which are null (indicated by L), Two important facts that may be pointed
out about thiz B tree are that there i5 one level in the tree and the single node of
the-fres i alsn the root.

Figure 3 llusirates a Gttle more compbcaled B-lrea of order 3 {a madmum of
three way branching from wach node). Ths B-liwe conzisls of two bevels and
contains four nodes. The single noda o the top kevel (the node with keys of 35
and 55 in Figire 3) 5 the rool node (as will be the case Tor al Brees), The three
nodes om the boDom Mevel are leal nodes due bo Ihe Tact that they have nud
pontars {ag shown in Figura 3, the podaz nende net be completaky full). !
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Figure 3, An Order Three 8-Tree

B trec= can have a varable number of ovels s did hinary trecs and mutl-

& prancten]] fom fhe hodes as o pgesed S2uential: but these pione could he

i :‘__mnjr;: of miny ruil-hranehing bree (& leee with & wariable number of branches
| o oach nodi). Tho charselodsties of Bofraos which maka thum unique as

§  folows(l) ;

- (al Everynode has al Most mosons,

; 1hj Every node, exenpt the ront and the lraves has at leas? [mv2] snns i

symbal [ x | indicates the smallst integer (hat is greater than ar equal to x|

] The roet node haz af keast two sons Uedas It ks & leaf, I which casy

it £ Tthe only node iy the bre {as in Flgure 2).

0] Al leaves wail have nul poReTs AN Wil De o6 e same lewed, which

- w7 fact will be the botiom level of the tres,
{«] A nor-eal nods with k sons has k-1 koye, :

This propemy ainng with the first twa implies that every nade, except the roat,
will conferdr hetwenn [mi? - 47 and m-1 kiys '
A Bbres bas the imporant characteristics of Lelng Liiltt fram the baltem up.

| The implies that when 2 A brvet b2 23200 ba the bres, 2 vt B added as A e

oot node. Because of this mettod of RUlicing a B-treg, In contrast to a tHnary lrees
winrh 15 huit from: the tap down the B-tree canstanty staye bn batance: al leat

dudes are on the botlom level and af ks In the leaf nodrs may be reached by

lhe came number of probies info the tree. “ince thic is a balancad tree, the longest

possibie search wil be equal to the number of levels fii the B-lree. Knuth (4) has
Jven anuprer bnonded on the number aflilf levels (1} in & Btree af order m with N
hevs to be )

£<=1 & logyp N+ 112) (1)
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An axample of a fres with K =2,000,000 and converlently chasen ordor of m =
200, the maximum number of lovels and thus the maximum number of probes nto
the  Blres wil be Tour. (it should be recognized that the number of node probes is
very impostant ff each probe requires 3 reference lo a secondary slorage.
Howewer, if a large number of lays are contained within 8 nods, seaich
performance within the node Hself iz also a facter). :

As can ba seen by eguation (1), the number of ievels and this Lhe Maximem
numbar of probes into a B-tree depands not oody on the number of Keys m tha lres
but also upon Lhe order of the Bdres. Ferthis reason, semthing should be sald
about the selaction of the order when designing a B-tree. The lrade-off is bobween
the number of levels in the tree and the size of the nodes. If the tres is clored on
a secondary memory device such as disc, an ideal node size is the same as the
capacity of a track. The tres can be completety contained within the main memory
{if storage capacity permits) of the computer to aliminate the exira delay in
areese tme due Lo the disc arm movemént and disc rolztion. B for exiremely
large irees this could be impossible. I the primary memary of the computer 1s
actually awiriual storage smaronment then a page of thas maching's memory could
comveniently cantain cne nede of the B-trea.

There are thrae distingd methods of constructing Be-treas to orpanize information,
A record associated wih a key may be stored adjacent to the Xey in the lree; all
records may be stored in the lowest level of the tree, and finalrs the records may
be stored i 8 manner entirely mdependent of the tree stru-!'we. The primary
application of this type of B-lree ks for files that are intemalky struclurad and
stored such as symbel tables,

The second type of B-tree struclure meorporates [he concept of stofng recerds
directhy in the tree but onky at the lowest level. Hera the keys in Iha upper lovels of
the tree act as a sel of indices to control tha traversal down fo iha comect "block”
which containg the traget record. For this reason this Type of ree structure Is guite
similar Lo indexed sequential, IBA's Virtual Storags: Access Method (YSAM) is an
axampla of an application of this type of B-lree. ‘

In the third typa of B-tres clructuro, 1he key is used solety as an index. Tha
recards themsehes are not stored directly in the trea bul are stored separalely
and ara accessed by pointers in the free. Thus, there is no need Tor the records Lo
be physicaly ordered. This bype of fie structura is woll sulted to random accoss
requirements. In this method of structunng B-tree, unike the pravious bwo, all
nodes wil hold the same type of information.

Beside the three methods of strucheing B-iree mentioned above, @t sheuld ba
evident thatl they may ha used in a vanety of appications. In fact E-brdes and wol
soted for feany apphcatlions that mvebe the use of files or tables of infommalion
thal must be randomby 2ccessable wia a key. Algordhms are avaiable tor
maintainn B-trea balanced during the inserion and delation {17.
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,, OPERATIONS ON B_TREES
il et 10 satisly thes five propatlies of Blress b presvioushy slaled, some rigid
les must be gwen regarding tho throc basle operations Lo be performed an B
jees. Before discuselng Ihese operations (search, insert, and delete). R I8
pcE3sAry to mention that there are hasically three ritferent classes of B-rees.

[£] Thase that hold informatian ooy in the leafl nodes,

] Those that hald Information in all levels of the trea.

(€} Trosethat hald onty pointers (o the recards whish are stored eicEwnere.

ip the frst cless of O-tree, B levels excep ihe bottem level of the lree gontain
oty keys and are used ms ritllewel T ndex, similar to tha indexed sequentlal
gra. This peper will not be conceranad with this fvpe of structure.
p-tree of the seconed class contain iformation et all levels. The records are in
he tree adjacant Lo thel asscclated keys
Tha third clage contain nothing but pointors
patamal to the tree.

to the recards which are glored

2. 1 Search .
The operation of searching for & record Is the basis of al aperatlons on a Gres
(as @ Is for any fila structurs ) because al other operations depend on it. A
nonsequential search for 8 key wil ahways begin with the r=at nade. For this
caazon k might be advisabie 1o keep the eurrent raot nade 1n the inferanal memary
of the computer at el times. When sgarching any B-iree node, elther a linear of
binary saarch may be wsed since the keys in a nede are stored in aseending oroes
yrom left to right. I the key is found when searching o hade, then tha related
hat needs ta be "retainec” is the ientification of the node ko wiieh the
is found and ks posifion within this nodé. If the key 1s found In this node, then It
s gasy to dotdmine botween which two kays this key should be logically located.
the nade at this paint 13 nat the nul pointer, then the successor of
g etarts over as If this were the new
root node ( fhis s actualy the roat pode for a subtree ). This proceas continues
unlil the key b Tound or the bottam of the trea 15 reached.
If tnlz pointer I3 null REWEVET, {he node Is a leaf node { thi nade ls an the botiom
lewe! of the tree } and the related information hat should be retained It this case |3
the ldentification of the node the key should be In and the position which the Key

should occupy within this node.

%




If a search for key 25 s made k the tree in Figure 4, then i3 Enmedlateby found
In position 1 of node 1.

@'zzn

Ll 30 |} 40
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Flgure 4. An Order Three B_Tree Wih Three Levels

5 N®

Using the same tres, if a scarch Is made for the key 20, then the following action I
would take place: the root noda 1 is scanned and i is determined that Bhe key Is
less than 25, therefore the left branch s taken and node 2 |s accessed. The key is H
larger than the single key In node 2 so the right branch Is taken and 5 Is accessed,
< Thaka‘fhﬂ'ﬂlymﬂtdhpﬂﬂW1ﬂnaﬂ&i.ﬂnsﬁuﬂmmpiﬁhpmsmﬂﬁm
ilustrate the mathod used in determining that a key is absent from tha tree. When I
searching for Key 2% in Figure 4, the soot node I3 scannad, the right oranchis
selocredq, and nooe 3 e accessed. The key fals between the frst and second .

kmhmampﬂdﬁihmnd{ﬁnémmda?.Itlthlpmant!umm&m!;er Flgure 5. J
that as soon as oné key In a node i found to be largar than the key sought, the |
sean can be stopped because all keys further Eo the right will alsa be larger. !
Scanning Across node 7, It Is determined that tha key fals between the first and Tha
second keys In the node implying that the pointer 1 s to be selected for the next exceaded
branch. Simqt%ﬂspnﬁari:m,H]sdﬂmﬁwdﬂmtﬂt&k&ﬂsnﬂhmmahm Betrees, |
shouid be In position 2 of node 7. From this example, ks evident thal a key take plac
cannot be determined to be absent from the tree untl ona node from each level two nade
has been inspected. Thess examples also show that amy now key thal will Be arkls ane
added to the trea will be Inseded info a leal node. nodes in
middle k
2. 2Insartion predecos
Insertion of a new keys Inta a B-lree s somewhal different fram Insertlon Inta an node in
erdinary binary tree or an indexed sequentiat file becawse of the special properties the right
of B-trees, By using the Bdres sesrch technique, the pasition within the tree In point ta tl

which the key should be feund may be determined. If, while searching for this
pasition, the key Is found to be afready b the tree, then some type of emor
condition should be ratsed. If the key ks mol found, then it should be inserted in the
correct ordered pasition In the appropriste leafl node (Flgure 5)
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b} After Insertion 13

Figure 5. An Order Five E-Tree Hustrating the Baslc insertlan Process

Tha nades n a D-trea have a maximum { and also a minlrum } size which, if
preeeded durng ihe maﬂmuhhey',wMMﬂaumuimehaﬂ:prmaMEﬂnf
etrees, I this occles then tm&dﬂﬂacﬁmhﬂwﬂnmﬂmqﬂﬂwm
take phm.ﬂbmw&f:pﬁmﬂMg:mMQmWnn&'nrddehgkhm
two nodes, each of which s approximataly one-talf full Dus totha tact that this
pdds one New nﬂdgtqtmtree.nnewpqﬁm‘musthe created in as much g3 all

podes in & tree except thE roct must be pointed to by anather node. Therefore the
“middle key from the nade belng split ks meved up Into the father of this nede { the
preducessor node of any hode in the tree }. This key is ingerled inta tha father
nads in ks comect ordered pasition and sl ather keys and polers are ghifted 10
space ls created which ean now be used to
_Mtnmmmﬂ#mizm&ﬁiutmu:emgmrmaplah:FlgLraS}.
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b) After Insertion of Key 11

Figurs @ An Order Five B-tree Hustrating the mmg.mprttﬁmmmg

Insertion

If the father noda has overflowed because of this action, the antlne bwo way
opit process iz applied fo the father node. Loglealty then, thia spiitting process
may be propageted back tp through the entire tree. if the node belng spilt does
not have a father then & must be the root node. In this case the two way spit
eroates & new rost node which neceasarily adds ano lovel to the height of the tres
{ Flgure 7 ). The fact that the number of levels ln the B-iree lncreases only when a
new rool node k8 addad to the tree shows that a B-iree I3 actualy bust from the

hottom up.
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23 Deletlon

Jusl as & the cazs of Insertlon, the deletion of & key from a B-tres i
stralghtforward unloss cne of the Basic properties of B-free Bs viclated. Becausa
of the characteristic of B-tree being constantly in balance, a koy may have to be
remaved from a node which may cause the size of this node to fall akow the
minrmum node e,

There are wo typas of nodes & a B-tree from which a key may be deleted: a
leaf rode or a non-leaf node, Deleting from a Teaf node does nol cause immediate
prodlems becausa the delelion may take place without regand (o lagsing a polnter
since al pointers in a keaf are pul, ;

A preblem dees arise however, when aliempting to delete a key from a nor-leaf
noda or more direclly a node with nen-null pointers. This implies that a noda or
possibly 3 completa subtree below this node will be jost, To aveid tnis, Ma key -
that is being deleled is merely replaced by the nexd largest ( or next smales! ) key
in the ree. The next largest key is the smallest key in the sublree pointed to by :
the posder immediately to the right of the key being deleted, The smaliest key ina
sulirea I5 found by the following pointer Zero down through the ree until & null
peinter i3 sncountered, indicaking a leall The first key in this leaf node is the
smallest key of thy sublres, { Simiarty, the next emallest key i the tree is the
largest key in the leaf sublree ). The onfy problem left to hundig in-tha delation
process is If the node size of the leaf that is reduced falls below the minimum
nede size allowed in the ree. If this condition does not occur then the deleteion of
the key i= compiatad. However, if this problem arises, one of two possitle
correciive actions must be taken. Thess bwo actions, which are mutually oxcluzive,
A8 ANCWT a5; :

- caterstion, and

= underflow

a) Be

In the casa of catenation, the node that is too small and a brather node (a node
wiuch has the same father and is iImmediataly adjacent to the noda in question)
are calenated or joined together to form a single node. This process can oy
tzken place if the sum of the numbers of keys in the bwo brother nodas being
“catanated” ks striclly less than the maximum number of keys allowed in amy noda
in the ree. The catenation will decreass the number of nodes in the tree by cne
50 the painter to this lost nede also must be removed. The father ley is the kay in
tha father node that logically fags batwean the two brothers beaig combined.
Therefere the father key also becomes part of the new node Being formad which
means hal R is deleted from the father node along with the no longer needed
poiiter. This is iestrated by the subtree shown in Figure 8. When key 6 &5 deleted
from nede 2 in Figure 8.0, node 2 and 3 along with father ety 10 wlll be combinad
Lo form a new node 2 as shown in Figure Bb,

Ehve nesd I
[Figure 9}

aj &
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Flgure 8. A Sublree of An Order Five B-Tree lustrating the Catenelicn Frocess
Used During Deletion

Sinee the father node has been reduced in size i must be tested to g | 5

has fallen below the minimum nede size. If so, either cafenation or underfiow st

be perfarmed on this noda. catenation, as in the caso af bwa eplite dunng
insertion, may be propageted thraugh the tree toward the rost node, I, during &
calenaticn, he father of the twa brothers being combined Is the root ol the tree
and it contains coly ene key, then the node formed by the catenatlon process i
the new ract of the tree and the number of levels in the tree s rediced oy one

[Figure 9).
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a) Before Daletion of Kay 7
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b) After Dekalion of Key 7

Elgure 9, The deletion of a Key From &n Grder Fhwe B-tres Which Results
In the Construction of & Mew Roet Node,

M catenation is precluded by the upper imit on the node ske, an "underfiow” must
be performed on the nodes Mvolved.

The underfiow process compiises equal distribution of the keys between the
two nodes. The father key as well as the keys of the twa brothers are Involved in
this distributlen. The underfiaw algortthm can be described as a slapultse procass
where the father key s moved to the nade that |s too small and & key Trom i3
hmﬂm‘bmﬁ;mmphmwtﬂﬂm,mhkmpﬂamduﬂmmmm
are the same st (6f a3 poar as possibla), For example, let Figure 10a
represents the configuration of part of an order 7 B-trae afier the defetion of a
key. The “underfus® node In this ease |s node 2 and it is the ket brother, Figure
10b represents the same portion of the tree afler the underfiow has laken place.
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flgures 10, A Sublres af an Order Seven B-Tree Hustrating the Linderflaw
Process  During Debalion

24 Insertion With
After looking at the
mothed ef insertion using a

Overflow
hasle Bsertion algorthm and defllon with uhderficw, a

n onverflow tachriqus te handla nodes when biesy

pacome too full can be developed. This mathad comprizas movement of koy's

petween brothers. Ovarfiow IS veny simiar to und
too full becouse of an Insertion of & key, an allem|
yioys of the averfull and a brother before ragorting te a node spli
inderflow, can be considered to ba a stepwise pracess lvahing the

erfiow, When a node Becomes

pt ls made to redistribse Lhe

i Owerfull, like
father kay aa

well as the keys in e brothers.
Figure 112 Is an example of & tree aler @ new key has been Inseried but

beforo execution of an overfiew.

Figure 11b llustrates the tree affer comoleting an

serfiow to the Aght. Overfiow can ga in either directien Lo aither brother;
therefore an overflow Lo the left can be performed oo the tree in Figure $1a

resulting the tree in Flgure 11c.

@

@©

1n1.|£[t |

® @

5]

12 ] 18 [ 2o = 3n_|[u|:ﬂ?u|l |

&) Before Orverfiow




@

o) ED

©

1 llz]|l3 121l 5 |jz0|zs s0 || 6@
By After Overflow Lo the rAght
@ 12 50 e ||

a0

15 §) 20

75| |30 BO |

T8 ||

&
IBEE

%
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Flgure 11. An Order Fve B-Tree [Bustrating the Cverficw Insertion Technlque

It iz important to note at this paint that an overflow (Exe an underflow) changes
ondy the contents and not the size of the Tather node. For this reason, overfiows

will not propage! back up through the tree,
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3. Proposed Algorithm __ |

This propased algonthm is a2 dleated to tha problems reviahing around the
gifpciure of 8 B-lree, [he metheds of fasertion and dedesianin B-Liees, Far
instance, methods of handfing overtull nodes. If a node I3 overfiowing and it 1 the
lefimast er ightmost son of a father then an gverflow may take place in enly cné
diractian, A possible variation is 1o attempl an ovarfiow io & cosm nade hatera
performing a nede spet it e brother neds 15 full, Also If @ node and RS Twa
barothers we full, @ Tour way split requines dhiding the contenta of the three full
nodes and producing faer rodes, cach of which are apprasimatety three-faurths
fill Az important condition on B-tree that must be taken lnto cansideratlan has
heen stated by Keuse (5), "The condition that all leaves be on the same level
faress & characteristle behavior of B-tree. B-trees are not allowed Lo grow &t thelr
leaves; instead they ara forced to grow at the rosd.*

The purpase of this algarithm is to perfarm the three hasle operations pos sible
on B-trees | search, Insert, and delete} and provide &n anatysis of tres utllization
Dy using differcnt method of Insertion with trees of diferent order.

The algerithm Is structurod so thal the procedures that perfarm tha tred
operations are combined |n a hasic package {main program). All auxiliary
procedures are external to this package S0 that they may be comvesiently
madifled.

Thas main algarithm (MAIN) parfarma bwe functions: read in the paramoters .
needed and then call the B_TREE precedure that perfam warious operatiens on
the treg. : :

Thé maln parameters needed aret
- Fhe. mlrimum rumber of keys allowsd In one node (MHM).

_ The maximum number of keys to be b the trea (KUM).

- A switch which Indicates if the method of sverflow [ (o be used during
insertion (OVERFLOW).

- The overflow diraction (left or right owerflow). .

- A switeh which Indicate whethear a twa way splt or three way spit 12
ta be used {3_W_SPLIT).

- The number of trees to be generated (#_of trees).

(=]

The B_TREE procedure reads a transaction code to determine ene of tha four
posaihle operation (nsert, search, delele, and cutpedt} s to be performed and call
the comect procedure to carmy out this tesk. ;

B ARCH is the reuting that searchs the trec for a particular ke Tha saarch

" " briginated with the root nade. A binary search is used whan "loaking® Tor the kay.
~ INSERT Is the procedure that Is called to kysert 4 key into the B_tree. Each tima
a new key Is added 1o the tree, the key count bs increascd by one, The routlne
HEAD_MODE is called only when attampling to insort a key into an emply rea.
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Before Insering the key, the node size
meen exceaded, thet either 3 two way spitt o an overfiow will be parfanmed

gecordng to the stafus of the Input pRrameians provided In the maim routine.
When the deletion of a key troi he tree ks requested, the procedure PELETE
s Wwoked. First tho search procodurs iz ealied to positlon the key in tha tree. If
tha key Is not found then the delete request |s ipnored. Otherwise cne of ta
methods Is used to deleta me key: ane method Tor leaf nodes and anathsar for

nonleafl nedes. ,
OUTPUT progedure print tha following Information:

« The: number of keys in the tres.

- The order of the tree. .

- The number of levelks in the frce.

- Tha numbsr and percentage of the ava

- The total utfiration of the tree.

- The fraquency count of the niemher of keys In the leaf nodes.

- The frequency utilization of the |eaf node In the ree.

- The number and percentage of overfiows thal occured during all insertlons
fry the: tree. :

- The total number of shbiing noces reterenced curing all of these oVertiows,

- The total nanber of sibling nodes referenced during all aplits that have
oecured in tha construction of the tree.

table podes used i lhe e,

3.1 Algerithms

i
all read-parsmeler
i #oHnees (=8 .
othees e |
© prinl pasamater
B - 2§ HHH
CRDER = MAX + 1
K = Fpsueg 2 Hg =197
forbesent = 1 1o ot
ieyest = podes_used=prev_oubd sme=0
#_ot_ovesilows =8 s _red = 0
p_ib_rel_metw=§_sib_rel_splil= 8
ronl = [l = 0
call BTRIE
end méin i
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ds lorever

tend Wuazachon

¥ Tascaction ks issert
eall IMSERT

ol irengaction 1 reanch
call SEARCH

if mrnracton b delele
cell DELETE

i gz action it eutput

o traazacten 15 cod
return Lo main

sccest ned_Lode
pestorm bmary search on nade b key
i ki foend
e patiion whew key is lesnd
ietun
4214
# leat_node
sove poidion waere key thould be
(14111
tlee
delermipe nevd_nade
O N
eal
end do
end SEARCH a:

EHEERAT
i tree emply
eiifres] pede =0
hey cumest = key _faarent +
esfl HEAD MODE
relure 1o B_TREE
elze
rzll BEARCH
il key found
“refurn ke B_TREE
elik
#n Mrevet
il pew key inlo curresl nade
B hEl_peiz
key_current < key_purend + 4
turn off arel_pess wilzh
wnd
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f averdow imserion
detrinine overfios dsechon
gel father made
i mal Endeelow
eald] OVEL
end
bRd y
e ey st

end da
— end SLE_EX

detenming pariton of lathes key :
f e direcasa s 1cf aod 18 uother xis] OR
g forowed
ELeAT
sce=eq hrathes 20de
o ot aod full
"Fm sbies mio tha free
fe'aam Yo [MEERT
(3 1]
ey full
¥ nel both disechoe
[ 3 W SRLT
tlzx —
# Fig brothed B
ﬁ:_‘ﬂ_ﬂlﬂ
"
Fﬂ:ﬂ benthier pode
i brothet node eddd
i mot hoth direclioa
eall 3 W _EPLIT

Elis
i cthar &mched
exll 1 W_EPLIT
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elin
o lefl brother nel et
ezl LW_EPL['[
end
cnd
gad
sk
perorm mierioe ia the right
teplsc: nades inks the Tae
retern la INEFERT
ol
gad
endi
end
ﬂﬂ i
=ad
end OVEEFLOVY

3W_SPUT
a3 w spl specified
replace nades inlg e e
elie
ret wp modes for 3_wwy split
generale o new pode
calculed: siza slthe 1 rinder .
mirve Ly trem Jefl node infe eew ceoter node
kewving laft nate in final fam
mive isthet key inlg new cenlst nade
mave by e lell nade mie lather key
camplete ¢ updsting o e new center pade
ghifl Inthar node by make room lar oo key
i3 2hes PR ol hadese=1"4
sk faber key bom center node
Elie
take pew dnther key bom dglnade
compleds the updating of the Aght ssde
erd
fieee beether nodes iglo the bree
i lther size acl exceeded
peplace igther node info B fres
rehurn lo HEERT

Bl :
relurn o SOE_EX
" oend
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HEAD WODE
(neremiesd numeber of fovels o tree oy 1
generale new pads for Bhe tree
et e key inta the aew pade
pe up tee g poiniers from Bas sods
make Bl pode s e ool o the Tee
placs B node inlo Be tree
retum

end HEAD_ WODE

TBELETE
eall SESACH
By aptin e bee
retum
cnd
fl key in o feaf mode
[emove key kom lead node
replace nede inks fas ren
if mede ool ool -
£all SU7E_CHK
13
Hien
rasl= hevel =
end
eod
e b with nead Demgesd KEY
[Taadid 4 :
mﬂmmmmmuﬂmww
tepback mon_leol mode islo the tree
reduce tiam ¢ lesl node
peplece leal mede inhs Bk Mee
call B0 _CHK | .
eod
end JELETE

EE CHE
i node not o pmall
FEMIm
end
Il nade is naot
refum
£ad
. wectre Bather node
if kel nadie rightmost sibliay
seeaex ol brethar
el
sooz s right beoffier
end :
if cxbenafion passible
g lef brsther loe tmal
mezvn Fathar ke inbe W8 brodhor
mave pmase et ey from ngsd broflsr e (e key
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clie
mave largest key rez lef brother b
{nthet key

end
replace padera inla the frew

Elie
moen fulier key inta leal node
repiace isthet node inls e ree
replace ieaf nede infs the bee
remove bather nade from Be ken
il 1ather ne-de i3 not roal

call B0E_CHE

e
t resd node is emply
tool = best
decremend levels is bree
remove {athes nede from ek
end
eod
g0
ead BEC_CHK

CRITPUT . -
print & ke ba bree, order of tree. B _of_levele
& caleulsts trep wlilzafion %
¢_noder = 100 *fnodes_ssedimac §_of nedes)
¢ Bsage= 100" w-l_ﬂ_m__h_mf
s ured ™ mex, ) ofirys_sliowed im_one_node]
prinf c_pade, ¢ uzage

B calculate lenf pode elizaton &
prisd &_of_keys cxnlsined in lef node
prizt inlef_ufization ol lead node =

keys_in_lowves / F_of beeves # max, 4 ke
edlgwed [ one sode) * 100
priad apl_sweslow = [_ol_ovedivw]
fectosl B keyeintreel}® 108
prnt # of_overow keyond,
& od_aib_vel_ aveellok,
B_cd_sib_rel_splil
#nd QUTPUT




T

4. Discusslon :

The acvantage of this method caf be Teund through the statistical information
about the tree utdzation, alsg tha number of node accesses guring overflows and
splits. If the tree is stored on a secandary storage device guch as dise, each of
thase node ACCESSES represant a dist aeeass which can be a very important
factor to show the overall efficlency of the Bres.

Trse uiiization and node accesses are vory important in the censtruction and
maintananse dﬂ—haabdﬂﬁisnﬂmmﬂamammch those play a vital role.
vyhen saarching Tor a key ina B-mummmnlengtnnfsmhpamhﬂﬁ
namber of levels in the tree and of cowsa this means 3 noce access at each level
Therefore the predication of the nagriber of levels that will rosult i the tree can be
very impertant facior in choosiag a node ciza for e e,
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