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Information is on epsentisl resource {n the present
day socisbty, Collootion and mnintenance of this resource Ls
quite costly and time consumings The ovents happen so rapid
that the orgendzations have to mdko quick decislons, somstimes
oven instent decinions. The effeots of these quick decisions
sy be boyond the contral of the organizations, OPEand 28
tions noed most revent information to madntain tholr amﬁtﬁm
pusition in the present day

Informution flow is continuous, rapid and voluminous,
Sometises the useful foforention moy be very low par cent of
the information receiveds This received information ahould be
£41tered, orgenized end mainteined in such o way that any tiwe,
the information roquired by the orgonization is auatlable amd
wtrisved fast. Achioving this moanually became simost
frpongible because of tho volume of the :im'omaums To
utilize the inforestion uvailadle ﬁfﬁmmtly, Wania& is
Antroduceds The organization of the informetion is fsportant
since the retricval techniques dependt on the logical am
physical organization of this informstions

Tho aim Gt ”ﬁhis work is to aem; & d&t& o

«1@, Tho data 8 4 i*“?.:ea e mzmmmsmm Btrery
'wes Structure is desoribed in Chapter IL, Tbis dsta P——
| aum geroreliced and mxmm queries €0 he angwo

o g
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. very efficiently. For lsplomenting the verious seorching
algorithes bosed on this data gtrusture, o snadl Bxperinental
Date Dase of Jawsharlal Hehru Univorsity students iz developed,
The organizetion of this dissertation S8 as Lollowst

Shepter 1 deals with the Data Base congopts ang its
sedvantages over the Conventionsl Data
Procasaing systems, Various types of ¢onventionsl logical

Chepter X1 desls with the verious types of cearehing
| iques aveilable, Tho Multidimensions) Binawy Tree
Structurs i described i this chapter. The Experimentsl
Data Base developod for implemonting the various sssrching
algorithms based on this date structure 42 olso aasmm.

Chapter IIT deals with searching algordithms hased
en Maltidimensionnl Binnry Tres Structurs and thelr fmples
Chuptér IV Gonatsts of conclusions, Tho source
programmes and the results ere given in Appendix,

i
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CHAPTER I
DATA BASE CONCEPTS AND DATA STRUCTURES

in moot aﬁ e cmmmcml data processing systews
: 1y maintain indopandent sets of files
nantos  The iadependent maintononce of
£4les creates several diffioulstics, like redundency, inteprity
of dato, standards meintononte etg. as the volume of data amd
interreolationship botwsen various departnents increasss, To
avold these difficulties the concept of Dato Base came into
existenco,

for cach of the depard

The ters Data Bave refaras o the most efficliont form
of atorage and marnogomeat of o lapge collection of information;
The range of mfamamm prosent and the sleplicity in ecéessing
the information prosent and g0 on congtituto the measure of &
successful Data Boso systom. The Datn Bsse system with m
above facflities tag@f&mr with the fmwla €A '_‘j;"’

wing, sm: uﬁd&%ﬂg and wmtms of Mﬂmuam

°-’“ asta mﬁ is ,i:fj: wplot

“ 1 -



| retrovals Wﬁ&w obo, o0 these dete items
be using the saes Dats Haso, Which sesns that onch user msy be
using 4 awmall pordl

lon of it and the portions used Ly meny users
my o) mmwm&

ho Dats Base aysten pruvides & centralised mm
over L3s @mﬁmmm data through a ai&w fdentifisble person

bnxw@mm,maﬁmﬁmwmmmgwmﬁ
be aﬁmm ard orgenized scoording to

these requivosento,

uzed in Dats Daso aves

Dats Tteas & date fTom s the seallost unit of srowed dete el
ﬁmmsammaﬁm or datn oloment, An exsmple mey be

utm . mm mmk in ;&wmx 8 name and reférred to as & Woles
An Sxample Bay D@ thd date of birth of the SWMant whish is
rpeged 6 the deta itams; mg month. end yEers

hpeardy & reessd Lo o naned selloetion of data items or data
Wﬂmi When as spplication programes reads dats frem the
Dita Bass it ey resd one ecwplete loglcel recerd, An exemple
for this may be e séademic recerd of a stadens,




Eept A dote ttem am&;& to 18ontit 003
referrel 40 %% Key. AnL exasple Loy this way be they nase of o
student in the university,

Prigery Eovs A ey whileh unigueely Sdenti Foomd
w %8 wm Keye An sxopple for this ey be the Idensifice~
tion mumber of & student in the university,

sndquels mummmmwmmmm
i t&ﬁmmm‘iﬁﬂq

@.pﬂzﬂf‘%
Ingex: mmwurﬁam@mamhm shilch with &
pmm thet wmm irfaration about Sepk




mgmt whish camot be mmxw by m wisbing @
coses & modads for thot can be developsd ard oan %e locorporated

L ntvedrend ﬁaammtﬂy in oxder %o g:ws fnproved sOORSS Limmg
o a&w&w soosaning sethols et and o provids the vapebility
to resoveyr from agcidental lesa of dsta,

| vith the centroligad control or the Date Baas; the

D84 s zble fo enforce standards snd sse to At that these
standards are £s)lowsd in the repressntation of data; THe
steniris of data end Anterchange of data betwesr




or mm# mﬁ sheschong defingd W the Wﬁlmﬂm
rogradans Can bo derived from the scheme of the Dats Base

with the Ml of the Date Bope Mensgewent software, This will

incpenze the portebility of the appliostion Programses,

accass %o the Data &m&; ammm ﬁmﬁméﬁﬁ& ie
under his sontrol and the DBA hog the koowlsdge of the applis

sprpivars 18 thely dota veguliresants, ¥ithout an
afficisnt IBA of course the seturity of dsta in a Date Base
is more st eteke than in the conventional DF systems, |

aintensme of integrity of data seans Wm
that any two sntbles represanting the sene fatt Ara sonsietent
m My e L dEte m gm’tt‘i;;a am e retund:

an tm“i' ; '”’_’_-7‘.“ .




spsons €0 have Dobo Base sydtees
v Gats very %ﬁilm

Wm sbout the dats thet la sbored,

.ﬁiﬁy to search o Data Base

ﬂawﬁm
w@e@tw& of the ama Bane m‘mmm is Lo actieve Lant
and €lemible seorch capebility,

Soms of the logloal sod phystoal dste erganisstions
semerally ussd i Date Base systams are describsd in sectisns
5 and %4, The covventionsl ssarehing tashmiges m m
theas date organtzaticos vill be discusel in Cragter IL,

ypes of data ergenimations genavally
used in Deta Ews éyﬂ:m ey
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attribute; The a¥tribites in the above
date, sadicsl dats; The “mﬁ’mﬁm
in ldentifier of the recerds
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structsro cosposed of @ hiaraschy of alensnts . |
teoott, Buary nodo dme only dne node yelated to 1t &t A
higher level and this 19 celied its Tparent™, Ench node ten
have one o more sixies reisted o At of a lower level, whish
are called sonss Eech nods s considored &8 & subtre having

thet oode a5 root of the gubtr
mmﬁwmwmh node yepresmts & |
in ths 24le,  Treo structures oan be uved in both ;,gggm} andt

wm% and Sﬁaﬁm&

Pigs 42 A Sisple Tréo dats Structuve

Slushuost In the Balanced Tree Structure
i GF branchas sl the eamk




The Binary Trec Data Structre permits up to two

| bbamhes por node, Some logleal dotn armmtims £1t
natirally into bimary trec structure tut its main afvantages
will ba in rhysieal data awmaﬁm

Mg. 1,4 Unbolanced Fige ‘iﬁ Bolanced Binary Trée
Binary Treo.

The féilming proparty csn be mum in e
Binary Tree ﬂm&m' i€ G ava R are the iodss
right subtrecs of the pode Ps Them

Q<@ wa R>P

gffictent aearch ax‘ the table and tmmk mmx-tzon ami delation
of ntdes of the tree,



tructurs theys o siltilink tree
O B notwork dats steucture, Uniiks in treo dota
BLrUCture, aamwmmmﬁamm%mm

Fige .6 5 Simple Network Date Sty

is insertion ond delotion of ,
 also tocoease the mm% since il tho miaum have

Any repressntation of é&m oén be reduted w &
ams.m; tadle with mm e o Lwos




ki

losing avy relstionship between e Satoeitans Lo calied Nowone
lizetion. A Dsts Basse terninology for £lot«£ilos io "Relatisa®,
s o Dets Base zonetmuobed fros polaticns is called o Reletioned
Dats Bmste The rows are celled the tuples (records) of the
Relation and the Helation with metoluwne fe an wetupls,

Tach colusn &a called an stirilute, The attrilute tkde

velugs mnd the values in & coluon of & Relstion is celled
Dowaing ﬁmm axong Various relstions pre degoribed
precissly by o . notations mﬁ o Ralationsl

aam for providing o ﬂamﬁ:&ig* mam b@? ﬁm VLIPS,

3, Indax amm asta mm
fm mme !‘ﬂa é&% stracture

4 manner W&M o aitz‘ s hey or mugh icam.
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nerallys; these records will be sorted in ssconding or
desconding order on the mzs of o single key or multiplo
xeys. Insertion of yoords will be done ot tho appropriats
position depending upos the insertion record key,

In this dnta etructaros the records will be laid out
sequantialy in Rey sequence snd osual mothod of eddroseing
1t in by opecifying the Index, ¥hoo on Indes ig used for
addresasing a4 £ile, Zirst the sparch talties plate on the
Index, The Infex contains the sidress of the recowd or
sddress of o logatlon which moy contain the address of the
pecord, Sinpo the date structure s in key soquonce, tho
Index does not norsslly contaln g polntor to overy record dut
s reference o blocks of reconds which con be searched,
Roferoncing to Block of records rother then individual
recoyde substanticlly roduces the size of the Index
Semetloes the Irdex ig often too large @ be searched in
1ts entivety, and an Indext €0 an Index i5 useds Thus this
data structure can heve more levels of Indices bassd Gn the
secordory keys;. '

s

contdswsy
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sagared, st then the pequired data values are

= ¥ procesd dn %ﬁw a%mm First the mﬁm 15
~ iospected, then ¥he Oscurrense Indexs The Osourramse Tundes
woy bo sesyehod m?.%m tima hafors prooscding to tho data

vEreiae



CHAPTER I

mmﬁm ALGORITHM3 AND mmmm@ BISARY
TREE STRUCTURE

008 of Loglosl and Phyaicol Dets
wribed in ﬁhmp I Here wo will disouss
about ths verious types of senrehing techniques based on these
datn organizstions, Tho data strusture colled Multidimensionsl
ucture™*® 1o moo tntroduced, The Bsperimentsl
Data Baso devawyaﬁ for inplementing this dats stractize 1o
desoribed in section 2.6,
| Bafore diccutsing about e various searching teohe
. niques, the asfferont terns usod will be deacribed,

Singlo Rev Seasehs  In this case, soorsh is besed only on o
s&z:,gm ey, Tho key, vhich will bo primary hoy, uniquely
idontitics o rocoxd, An exarple may b Lind the nane of the
student whose dentifioation musber is given,

Mudtinie Kov Seaxch: In this case, seorch Lo baged on mdtiple
Eze?ﬂ. ?hea mltiple koys moy contain one prisaey key which
identifies tho record uniquely end one or more scoondory keye.
An example for this mey ber £ind cut the pemes of top 5 gtudents
in WA, History course, |
Ezsct Matoh Ssarchs The simplest type of search is the

ﬁxact Hawh Mmh, In this ssarch the key of the yecord ia
given and the mwm With key equal to tho specifisd key is

- 10 -
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strieved, An osamls of ﬁmgm&mﬁw e £l the nomw of
the awﬁm wasss ey o 19954

soorak; the limito for ekl ths keys
soards whoss Keys 1le within the lisits
» &n exanple for this mey be, Lfind the
sty 4n o perticolss progravae of

Parsind, Baton Seavews Bs3l 70 snts sonren, only a sbest of the
?&m are am&f;w mﬁ M the roctrds having this subset of
dmrasteriotics can e faands S0 Wm Lop this sy be
£And the nomep of all the studs point 5,5,

mts having the preds
of conventional soarohing tsthnigues

(a) Ssguentisl Sosrch on unordered dats strustu
(3) Seguentisl Semreh on ordersd data at

v REPY aYe xi; aapnmga Hhe t@x‘m

m&m BeATENEY tw & vecord whodd kay 18 X The oni

Ewmption in this algorithe 4s thet the dats strostude
coptains st lsast ooe records This algorithe
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puentisl Seareh (K, ¥)
y dopat to this prosedure Lo B; e
M&WWW%M@M%MM#
‘&Wmﬁm}&& ﬁiﬁ W WX&‘}W& i

wt L =4
sesren iodioptor SSEARDHY

Mspw the record with sy B¢

sesrch indicotor o YSUCCESS®

get fedet
IF L>K ©en
begin
dlsplay YNOT PRASKNT®
search trdfontor o "UNMKCCESES
snd



gheusture of rooords aﬁ# ﬂgt e
R vhioge Roys oo in mm&w opdey ﬁg ) ﬁa) 2 Kgﬁ
this algorithn mecrches for & gives srgument B, Por
'ng thia algorithn assusss the mmmw of 5
ouszy secord R, whose Rey valus As He 4 » By

ﬁe@m&m gopreh (D {8)

Topat to 2&&% adgorithn ta T key of the
ool &p mﬁ‘ m%m W W m W
wm;w& is m&m in the dats structure,

Senreh Anfdicator o “SEARCH®
50 untdl soarch indicator = SSUCCESEW/TUNBIKCESSY
IF K LKy them "
begin
¥ Xs Ky then
dispiny the vesord with K,
search infieater = *SUCCEES®



28 B A* Given a dats shrusture of reowds

Rys Bys ave Ry Whose keys o0 o inorcestog ordar Ky Ko |
wos  Eye thin slgorithm ssavehos for yecord vhoss key is
Ky

Frocadure BDIARY SEARCH (X, B)
Commentt  Ioput to this algorithis is B, the ssxi o




22t R i el

Csel@ews

w» K<&£ hen
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%mmmﬁx:“
% Insdioabor » PRCC

Stop.



In thin gosrch, when a voquest for a rooord ooours,

il sporeh Index for the correeponding argunent
witdch say poink to $he lototion of 'cm record or the logstion
snothor Index otc. This doponis wpon the levels of indexing.
The syguents in the Iadices may be Sequontisl dota struoture
or Dingy deta otricture, The search alwsys starts from the
pogtming of the Injox tablo. In the mlilelevel Index
sequentiel organization, the argumsnt of the higher level
Indexz table points o the bogloning of the next level Index
£abla,

Aftor disvussing tho somrentionsl goerching teshnie
ques 4t 15 found that ol thece techniquos are not very ef€i-
clent 1o the case of miltiple key soareh and partial match
senrcheps The Sequontisl Scurch is simple but 4t 4s very
fnaficiont bocauss of its high complesity., The Binary sesrch
will bo effictent £or singlo hey soorghes, But &t ia
inefficient in the case ¢f aultiple ey searchos beoasme the
binsry troo orgontzation is basod on aingle ey fee privery
i‘eéw The Index Sequenticl ﬁaamh is efficient up to some

Rey intresses, the Index soguentisl sesrch alsc bDecomes
inofficient becsuse it hes to scarch meny Irdex tablos
_befors gething thoe mairm records  Partiel match scarches
are quite ALfficult to imploment; Insurtion sand delstion

N S30




The misidimoneivns) Rinwry Tree st
deseritad in ouoddon 245, iz quite helpful i ovareom
Al22iculties, Thiz dats strusture is sisple ond can be eosily
' roptasd Ealtddisensionsl Bingry Toee
_ lowarted and tho slgorithes bassd on this dete
amw are Sooted by developing an Dxperisentsl Deta Bass
of Jawahorlal Behru University Thic Data Base is
domsrided in seobion 2.8, |

" Mt #d 5 Sy i & b B Ry Sl 0 i 1 . & sl
e 18 : N Al P 4oy SR L LT oNy 3P . el 4 ;
2&% A el S b S % 81 PEAZ I 2P SRV R Ry R A AR R

Adtidineneioned Dinary Yroe structurs is & ganereilond
ructure of Binary tres strupture, Booh record &s stored es a
uode hoviag a-koys in the oedimensionsl tree stracture, In
sidition to the ® keys which comrdce the record, sach nody
containg thres poluters which are sithsr sl or point to
tounsionel tros, Each pointor omn Dw
g pbteese Ansocizted with sach node
11y stored as & 2418, is a dlscrisis
 whioh is an amw batwesn O ond wet, nclusives A1
rodes on any glven ievel of e troe Mave the same dlscriminater,
The root node hes the dlsorimlnator O; Lt twd two sons have
CisSrimator ¥ aid so on o the mih Yevel vhere the 41 PYES
tor te mei, whe (#+1) the level hus Alscrisibor
sytle repeata: . \
The m heys of ths pede P will be calied
Kg(P)y KylPloses Kgoq(P) the potnters will be FANSY (),




Losots (), HIS0N (P) ond tho discrinetor wikl be DI (P).
e pointar PARENT {F) will point to the sromt of the nade

Po For the rovt node, PARERT & mull and

aey be il vhen t&m

snnsaionel trae, MJ o0
 ¥he DI (P m:rwwmﬂ@ in Losom {#) 4% 4s trus
that Egla) £ BgP)) Ukewiso for any asde R in the HISCH (P),
It te true than Eg{i) 7%@}& The squality cendstion say

pobiess in soardhing the data strudture boSsuse 16
mg m Enaw which son to chooto as suotessass This ¢on be
” ot SUDCESSOR (PyThe  This funstion
ppsriiing on the supsr keye

let § = DIsC (P)
ﬁéi?} uﬁs {r} ﬁéﬁi?}mﬁi& &W'ﬁi?) {9} ﬁﬁig&,gip)

the ayolical convatimation of all keys staring with Eg@_g
The SUCCRSEIOR raturns LOSON Lf &5(‘32)433&?3
and returne mm iz ﬁﬁ{?)?ﬁé(?}t b 4 Qﬂix‘} - ﬁ‘j{’) Whan
IMmkmmWMWaﬁmmm o Indisite:
2ne Weys of a1l nodes in the subtres of asy node
#ay 7, in s e troe are known by PYe posttion in the tree




to e bounfed by oortatn valuos. For oxm ,, 4P Le In
mbtree of 4 nod ﬁiﬁ‘i {Q) as 3& thon all podes in
veatar than O so for any R o HIngH W?@
&aﬁ‘%} 7,%{9% 2o uep this information in the
G areey s definad €0 hold this information.
y aosecintod with node Py then B bas

5’@

This 1n

s Jawatinrial Mohwn Undversity, conazituted usder
Jowanarial Behry ﬁgﬁmaﬁy sot, 1966 (33 of Y066) tame into
esistence in 1989, The w&mxav bes idertifisd end ix
concentrating upen some 28JoP 60

Algo 6f relevence to natiomal progress

BIHOOL hex been virselised sk & Mmﬁw of scholors £
isciplines which aro 1isked with exch other orgmnieally in
teras of their subject wetter snd ssthodology so well ss in




- warieus admi

b GRRRE : | Lath School will De mede up of &
faisher of ﬁwﬁma whtch conatitube the tagk forces opevating
‘ s M) a@amhmm

Along with this, wordous s'muem; iike sooompodetion end
firencicl assistance eto, ware alsc increased. Free m:jr

the priveraity is m&m 7 hostalas for Tacheloy smm ad
& sonsiderabls timber of & pusriirs for serrisd students,

#ith Whis Vast incresm nt commmity and the various

- facddities; 1t bas hecoms e;;nm ditficult o manige the

2o rgtuw he variou _
this unfversity and fo provide the saxiokis facilities 16 the
studaonks 0 pursus thelir scadesios s€fcetively, the universiscy




(&) arsa @z Sty

" {a) Roll nv.

e Lor enoh shudonts. The sdvantege
B g boe 48 thet such » pricary
ﬁs&y mm:; contoine somo &aﬁ@mﬁm oivut the mﬁm&;
sy oot to zeduntion of mecond Jength. This type of
desntageous for She fest

ia& Find the neme of the studon®s 4n a pasticular frea
of Study

{1) Pint tho date of birth of all students residing in
sutie) Hoatel

{c) Find thy e of the students mmm U Zeliowship




{a) KEYS, {b) ASKEY, (o) LSKEY, (&) VRREY, (3) DIs0

{a) KE¥S: This i o unlque numoric charoutor string ond
fdontifios o particular node in the trée structure.
(SKEY: This iz o uniouo mumorio chovoober strmg which

dentifios the Right s

in the treo stpucture.
This £i0ld contains the wilgue mmerd

node under consideration dooe nok have

{v)

identifies the left son of the node undor considerntions
This ficld contolns the uanlque charncter string 00000999009,
it the nofo does ot have tho lofd Son,

{4) PAREY: This 45 o unkque chovecter string which identifies
the m‘t of the Mta under conpideration in the tres
gtructure, This :mm containg the atring %00,,:.99" &f
the node doesn't have psreat vhich is possible only in
tho case of the root of the tree,

{¢) PISCY This 18 o twoechepscter (mmeric) £1614 which wiil

- sontaln the distriminstors The fivst chorscts




(o) Bawn, () Date of Birth, (o) State of
sicile, {(4) Yeor of Jolning in the Unfversity,
{%) Grede point
{a) Emt wiah 15 10 charsoter alrhebetls charscter stoing
a0l is pume of the noSe under considerstion in the

&w&:ﬁm M% of dondedlo of tho m@ wnden
Lsoration in the See structure,

- poimt in m‘ -ast £ane
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MILTIDIMENSIONAL DINARY SEARCH ALGORITHMS

In ths previcus choptor . the Faltidisensional Binoy
’!’m Structurs ond the Exporimental Data 3&6@3 are deogoridbed,
The Multidisensionnl Binary Tree Structare can e constpucted
by repested insertion of tho nodos, The elgordths for inmer~
tion of nodes 1o described in scotion 3.4 This chapter alsd
describas diffevent types of gearching algorithes btmecd on
soarchos possible on Multidimeonsional Binery Treo strue
ares

(1) fxnot Pateh Scarch

| For inserting o new node into the troe structure;
this algorithn starts at tho root end searches down the tree
for the sppropricte position of thic node by cumparing the Keys
of each node encountered with that of the given node, The
irput to this algorithn fs AUOT, which 1o the root of the tree -
structure and the nods P to be ingerted.

szeatma Insert gm, P)
Comnant e input to this algorithm &5 root of the
| tres structure and the node P to be inserted,

& X -



bagin

m&t&m Lor zza,;,'_* bing B oan
sady cortelin & node with mzm vsiug then
Losgrred and SUCCES3® ie returned, I there
12 & node in the tree strocturs with keys enwl
‘ L NODE® is wetwrned snd P owill mot

‘o) then

AOT w P

1o308(9) « A
HranlP) = A
EARSRE(P ) A
DIEC (P » O

seareh Andioator « YSEARCHW
8 o ROT

ma - aw:{ﬁ}

dvAleatar = WSUCERSSS
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| LY
$3{93 - ﬁaﬁﬁ*é ﬁéﬁgﬁ’}nw %?; Bo(Pleasse
ﬁ&g@"?

b+ 4 %@ w %{?} Ehen

clepiey PDUPLICATE NODE®
search indfoator = *UKCESSY

wloe | .
son(a) = o (Q)

b1 4 %ﬁﬁ% nithen |

PRAENTL P e

mw{p) s DLEC{Q)+% mod on
aren indicator w TRUDCRESY

dwpzay starch indigator.

set O » poN{a)

8507,
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Fig. 3: 1 Binary Tree Structure with 19 Nodes

HTREE 1% (Number in circle indicates
stcaxmm)
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Fig. 3.2 Binary Tree Structure with 39 Nodes
RTREE 2" (Number in circle indicates DISCRIMINENT)



Tois slg ?ﬁm £ient oheaks whethar the Syee vith
POk 5@3@'& is o mildl treo o ok I 1t 48 & mall trog, then
1% will foowrd the node F os the rm of the %m and
Mﬁm%m%%mwm*ﬁ&smamQIWg it
ﬁi& #0% ¢ » BO00 amd ama whether the noles @ ael P are
matchinge ¢ the Roys satoh 18 will return Qe
12 the nodes 2 and P doesn't match thon &t will eet
M (4) = BUCCRISOR (G,P) depsading upon K (Q) end B(P) S.e
let 3 = DIGE (P) them &£ |
1@3@33‘7%&&3 then S08(0) » LOs0N{Q) otherwies
5060} = HIson(a) |

10| the ewnt of opality L.y Kgla) = K47} the
BROLEHOT (2,7} is chosens on the baols of tho supsr koys
53@} ﬁgim abd the soarsh comtinues along SUCCESSOR (OP)
{odtner LODOR or HISON) until 4% finds tho epproprists pesition
to tnoert the node P, |

The sultidisensional binary tree structuss for
19 and 39 nodes ars shown in fige %9 end fige %2, Now et
us considar two Sets of nodes to b insurted to these trees,
The tus gots of nodes et




(1) et (2
2p220 |

it with the node 22241, which has to bo

insorbod bren with root node koy equax oo iﬂﬁ.ﬁz.
Sincus the tree vwhoso voot i 19132, mgﬁtam‘mmm
algorithn chosog tho HISCH of ¢he Ropd 19132 for acnrching
tho troe %o inoert the nodo 28311 by ualng the Super Koy
This progess continues wtil 1% veachag the node 41215 vhose
toorininent furction is 4. Since the nodo 11231 doosn™t hove
awﬁ ingorts tho nods 22291 as %o BISON, by updeting HISON
£48348 of ﬁt&e node 11213 and the Paren KGY of ¢he node 22211,

Thon the aﬁ.@ﬁm mmmm the secord nodo €0 be mm

Le0e 22222 ond rogtarts tho prododure with ROOT o 11922, This
edurs contingoes €111 m the nodos are innert

~ The total number of nodes to be visited :az*
insorting the Lirst sot of nmsa is %,

The total mwbér of nodes visited fop hmx*tmg the
second got of nodeo §o 66, . -

The total rurmber of noden visited for mmsmg tho
Lirst emd second sots of nodes $h peoond tree are 32 ond 704




Fig,

3,3 TREE 1 afiuwr tnsertion of first set of nodes
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porEs

/ ' ‘ ~ 23
l1i41 @ 15333 A @
Va2 - O 11234

i 11243 -

11244
Fig. 3.4 TREE 2 after tne insertion of first set of rodes, |



Take Algoriths can be ueed far finding out whather
a particular mode P 13 present in the trec structure of not,
e slgorithe fop this sesrch sterta at the root of the tres
and procesds dewn the tros, going BISOE ov 10308, by cosparing
the desired sode’s key «ith the node umder wmi&omt&m. Just
as is the Insertion slgorithe. In this sesrsh; the algevithm
will cither £ird the nods on the way down the tree strusture
artaﬁ.w@ttm'mwmmﬁwmtmm% The
wlgerithn retwmns the dats correspoiding to ‘m satohad node
glee @ mosgnge VMY PRESERE® is seturned

Cormont:  This Wmﬁ sesrches the traw for petrieving
| the nxde £y I pressnt the node P will be
peturasd olos WNOY PERSBSTY is refureed,

begin
Ir 30T« A then
Ataplay "HILL TREES
' ator
begia
Q = NOOY
B0 until search indiester » V3K




%0

st 4 = DLE {Q)
54000 = RO Rerg(a) guen Kyl2) KglOlpaso
K .4(0) |
S4P) = Ky(P) Ky 0P sann KlP) Ky(Phosas

1 séi@k = 54(P) then

begin
display the node G
seareh Snliostor = PSUCCSH

 aise
——

guslal » Lo30N{Q)
#ine
gm{n) « srson (o)

bagin o

Mwﬁ = 308 (Q)
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Fig. 3.5 Searching Path for the Node 11113 in TREE 1
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" Fig. 3.6 Searching path for the Node 11113 in )
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Let us consider two mets of nodos, which have to
be retrieved from the treo structures heving 0T, 19132 amd
1121%  Theutwo asts of nodes sres

{a) 11393 C{p) v
1114 19415

11124 R FL)

11122 | 1122

14123

2z

11431

The algorithnm starts with the node 19113 vhioh hes
to bo petrisved from the tros sbructure, wacse rook s 19132,
Since this tree is not o pall tves, the algoriths choses the
LOBOR of the root 19152 for ssurching by using the Super Ney,
e ssorching contiviies until 4t Linds & nods haviag @ key
V1193 or o nodo which dooe ol hove any song. In this dess, it
retrisves the nodo Boving the key 11913 successfully, since it
io present in the tree, The total muser of comparizons made
in this csse ic 4, The algorithm coatimes with the pacent
node, 1f sny, 50 be retrieved wod 1t continues $111 all nodes;
which are asked to ¥etrieve, are retrieved sucosssfully it
- pressnt or unssccesenil if ot presént, |

The tatsl mwber of nedes Visited for rédrisving firse
a0t of nodes s 22 In the case of second set ef nedes this
nusbar s 4%, a




The mimhor of nodes violted for retrieving the first
and mesond got of mg from the troee strusture baving root
Mgﬁ are 22 end 49,

aamzmgﬂ aw 5t 1@ rathor swpensive €o do o,  If the
To0h; suy Py to by daloted hes no sudtrees then tho rosulting
trce 4o the Taill teew, I¢ P doos hove descerdont then the
root should bo rurlaced w&ﬁh ore of those descendants, suy @,
thet will retain the order 53-@&%-1 W Py, That is, all nodes
in the HISON subtres of & will De in the HISON cubtres of G
and likewice for tho ROSUN mubtroes. Reorgenisstion of the
mbtives of P, Zar esoh deletion is ewpensive, To swoid

this, the algoriihs s nodlfied by introducing sn indicator

in cuch nodes This indicator, which is colled delete
indicator 1o on for deloted nodes srd off for Live nodens
Poricdically tho tree atructurs ¢an be recrganised for ghysioal
doletion of thess ot

Procefure DELETE (R0OT, 2) -

Comment:  The ingut %0 this algorithm AOOY and the
rode P which iy to be deleted. This slgorithe
updstes the delete indicator of the node ¥, &7
P i pressot in thy tree structures Othervide
it siaply reboms "NOT PMESENY®, If the node
to. alrded




1F ROOT m_/l thon

Gisplay "HULL TREE®
stop

Search Lndicator = VEEARCHT

DO until search x.@aawr = ggg:&%gﬂgs i

= A ms‘; (Q)

contdyvus’



bogin
ﬁsiﬁ} & Kﬁ{Q) K{,}@g(@} ryr ﬁmﬁa}c@;
&a(ﬁ;ioinnﬁéﬁ&{ﬁ)
$3€?) L Ksigé K&qtg}cﬁiﬁama;i?}
-ﬁa{?}mmﬁ&giw
W 8448) « S4(P) then
I delete indicator = (TR, then

tsploy YALREADY DELETED
mm fuxtoator = "SUCCESS"

@1@% mmw e +TRUE,
ssareh Lrélcator eUSUCCESSR
ﬁmgw m irdicotor

slae b1 %@ﬁ}> 8 3{@ thon
- 8ON(Q) » L0s0N(Q)
50M(0) o HISON(Q)
w 201a) » A then
dtaplay "NOT PRESENTY
search indicetor = YUNSUCCESS®
elo8 yomin
e e sona)

S%0Ds
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"Fige 3.7 Tree 1 after deletion of first set of nodes
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Fig. 3.8 TREE 2 after deletion of first set of Node. |



The two asts of nodes cansidored for Search slgorithm
ere conaidered for the Doletion slgordths, |

This slgorithy starts with the nodée 11115 which bas
5 be deloted from the tree structure wioss root node is 11932,
Sim0e this treo is not o rull tres, @ie algorithe chosss the
LOSON of the root 19132 for eesrching by using the Super Key,
Ihe searching continues until It finds & node heving the 51412
or o nods which does Bk have axy sons, In the first case it
updates the first charscter of the Discriminent %2, which is
ussd as the dalete indieator, If this charscter in *5%, fhe
delote indloator is ‘on othervise off. The totel mumber of
nofes visited for the fwo ssts nodsn, which sre to te deletsd,
are 22 and 45

he total mmivber of nodes visited made for the two
sots of nodes, vhich are £o b Gsleted from the tree structure
Boaving the yoot 19211, are 22 end 49,

This rucursive algorithm ¢an be uzed for retriavieg
&1l the mwdas mmh, Iie Ain the regiovn awﬁ.ﬂaﬁ by the region
‘ 3 1 VAng 4 group of commdn
g m:b; Aty mubset of the set of valid noder can be
specified in this query snd it s we a8t ganeral Intersecy
query possibles mmmmsammuvmmxu
the root of the tres abructure, beunds array vhish specifieg
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the bounde ond reglom Loumdaries, This algorithw aspomes the
existence of the prosodures INBUIGH, BOUHDS~INTERECT-SECION

RECION sBanCH (P, B, BR)
%ﬁﬂ%&tﬁmmmiwymmm
node P in the tree structure,; B the dounds
~ and BR the liasits of the region unier search,
| e output will bs cll the nodes, An the tree
stramture, which e in the seglon apecified
15 the reglon intorests the hyper-pectzngle
BERESICH HOT PRESENTY in reburnsd, This pro-

eodure asmutes thy exlstorice of the boolosn

I IH-REGION (P, BR) «-TSUE. Shen
CALL FOUND (P)
sut
bagin
vt Bl = B
' M eSS
2w pIss(®)
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Comments § 45 the dimension of the bounds to be

Mgg@zﬁ’? - %éﬁ?}

33% {@) n ﬁa(y} ‘

Here %{93 i3 = upperpount of fsz;a pries
. in the LOSCH subtres snd J-lower bound

of the noles in the HISOK mibtres.

g

I wson(e) ¢ A then
19 BOUMDB-IBYERSECT.
csll NEOIOR asastH (LOSON(P), BL, BR)

REGION (BL, BR) » THRIB, then

IF HISOR (F) F4 taen
SO ETERSREDLRBGION (BE, BR)w ¥TRIE then

oal) REGION SYANCH (MISCH(P), BH, BR)



o2

voploan procedurs Il
e
comment retorns »THUE, if P m in the hypore
' ;.,._-»a&eﬂmﬁwm
for I =0 stop § until net do

XI0H (25R)

12 Ky(P) < B8 (2,3) wmon
rotarn »FALSE,.
3¢ K o(P) > BR (2.3¢1) then
mmm SFALSE,

Bl ir

SOUNDS-INTERSECT-REGEON (B,BR)

wms , (RUE, 1£ the hyper-rostaagle
dcfined by bounds prray B intorgects
the hyperrectangle defined by DR,

for =0 mamm 2e{m~1) do

if B(I) >BR (1s1) then
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¢ B{Ie1) < 2R {X) then
rétors SFALSE.

aleplaye tue oo P,
élaplsy P

The drgut to this recursive algerivhe 14 & nods Py
;mwmmama%m:wmmmmxn
ko, maeMrmmmmaa%se&%ﬁam
region under searchs mm@mmmmmrwm
beslean procedure INABS whieh returme true If ¥ is centained
mmmﬂmumumt

:trum»mmmtbemgm then the
mmwrummm%ummtw;exzum
and HISCH and M N
followst
I et 3 =
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That 18, K((P) 1s & Jeupper bourd of the modes in
the LOS0DK subtres end J-lower bound of nodes 4n the HISOR
B tred,

If the LOS0N of the nofe P axiasts thew: this algoe
ritha teste whether the region interoects the hyperrectangle
if 1t Lnversscts

doscribed by the bmovis vy of WESON of
then the HISON of P ant 1ts bounds
stank amd the

1f the JONOH {%’) dogs not oxint or the reglon does
oot inversects thes hyperrentangle descrided by the bound
array Bf, it starts mm&mgmtw M§%a£‘ﬁwwﬁw 1 4
it exigts,

This procoss contisucs until &t Zinds & node Q «hich
is conteinad in the Wm f o nede B walch does not have

[region LOSOK or HISON, &z 5 node which t%{mz the hyperroctangle

aoes
not

desorided by itz bs,amsa erray. 1In the first case, this
algoriths calls the provedure FOUND whieh will roport all the
nedes in the scbtres which are contalned in the regiom;: In
the second osse this slgorithe ehesks wheather the staek
containg any nodess IS 1¢ centaiie thea thet neds will be

popsd up end the search continues, Othervise it will atop,

This algeriths uses the bounis storsd &t esch nods
of the troe to determine whethsr it is possidls thst eny
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domcerdants of the node might iie in the roglion being searched,
A mibtree Lo visited ty the clgoriths 1££ this poosibility
mim‘ . ' ‘
poastble, given the limited information ntored st oach node
. which maltes 4t more fasbor; |

iz, ﬂ mﬁmﬁ m;:

rotriove all the nodes in the treo Mmmiﬁ having yoot

122 and 11299 mﬁ. Lo 4n theoe teo voglono, The bourds sreray

for both root nodes 1o [Sooon, 990l _

tha thos structurs having root 11352; This algorithn chochks

whothor the troe shructure f8 mill. Since it 18 oot null, 1%
soloan mm IN-FBGION with ROOT {99132) amd

14287 which sre LORES & HIREG ap

How the a&ﬁmﬁm Wﬁw the boundnries
nodes n LOSON subtyos and HISOH @W@ of the RODI

e ROOT hns LOSON Lt will @&1 tha bmzem Wm Bﬁurms-u

mwrmmn with uyﬁam& boundoeries apd repioh

,ﬁﬂm, 199287 as pesometers, BOUNRDS-INIBRSICTSREOION roturnd

the value ,THIE; aima t!za regtim of gearch intersects the

hyper of bour ﬁfs of the LOSON of tho m Row,
Aey ,”smmm into the stack and

the HISON m its A
the scarch is cm%im&ﬂ elong the LOSGHN by aasigning LOSON

o RDOT.
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11111, is in the region specifiod by calling the boolosn prow
cedure IN-REGION, Simco £t is noty it updates the bowdarios

of the modes in LOSON and HISCH mibtreen. ©The uplatod boundaries
tar LOSON ond HISON subtrecs ore Loooon, 11590987 omd

- Mz _i:hiﬁ puinty the root does not have a LOSON, the
search along the LOSON stops, Sinve 16 has a HINON, the
sigorithm exlis the BOUNDS-IRIERSECTLREGION with houodsries
of BISON and the region specificd for finding whother to
sosroh the HISON subtyee or not, Hore the scarch contioes
along HISON gulbtree, since the region intorseccis the hypere
rectongle defined bty the boundaries of thoe HISON sudtrees

This process contimios until 1t finds, & rodo in
the treo ﬁtmm, whm& does mtmvew sons or ¢ node for
which the pogion doss not fnte e '
defincd by the bounds , ,
mmmmemmm3wmmmmwmm.
Wiﬁti&amﬁ?m&& is mthemgmm M;caus ‘
mmmmwhwemxs@mmncnmmmmmmgm |
specified, The total mumber of nodes vieited for both veglon
in first and second tree are

This slgorithm firet searches the LOSON subtrees
alvays and when it cannot proceed along the LOSON mibtroes,
it starts searching the HISON eubtrees by poping up the HISON




i

nodes fvom the stack, The searching poth for this rogion
gegreh is shown in £igs 3:9 for both the troc strustures
- whose roots are 14132 and 19299

| Date Bose deseribed in Cheaptor LI
and all these slgorithme are implemonted on DED<10 computer
systes at National Centre for Snftware Developmant and
Computing Teotnfques {TIFR), Bovbay. The progrommes arp
written in FORTRAN IV langusge. The source programass and
the rosuits sre given in the Appardix.

PHESEERE
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Fig. 3.9 Searching .t‘or egion Search of [THZ‘\. 111247
8 2% I ThEs 3 R%E
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Fig. 3.10 A more balanced Binary Tiee Structure,
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CHAPTER IV

CONCLISIONS

 The multiGisensioral Blnary Troe structure with
19 and 39 nodes 1o shown in Fige 3.1 and Fig, 3.2, Bech
slgorithn 1= fliustrated by toking owomples, Thore sre sany
myaigmm the complonity o thess algorithms, One of them
may be, the average nmumber of nodes visited for answering a
quary, The average nuzber of nodes visited by each of the
algorithms for onowering o query i5 given, This depends
hoavily on the teee srructure, This bocomos minimum when the
tree ghructure is completely dalanced, l.¢. the ratio of
totel nusber of sons in LOSON and HISOR subtrees is 1 for eny
node. 1If this ratic &iffers from, constdsrebly, for eny nodé;
the entire subtree with root st thot node &s redult for ‘,‘
valsncing the troe structure, This data structure becones
inefeicient, 1f 1% 15 too unbalanced, Thls cen be avolded \by
rebuilding the subtress as explained aboves

A more balenced tree atmm is shown in fig, 3/.93.::
This g developed by using the tree optimization algorithm |
given in Appeniix, The average musber of nodes visited for
exsot match quertes in tres shown in fig: 3.1 and fige 39
are 6 and 3.9 mmttww* Irs the socond cese, this value \‘
15 approximetely néar to the %heamtical value mm is of 0
S{log N), whore M is totel nuzber of nodes in the tres st

-
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in tho oase of Reglon Senrchos the ﬁtﬂmﬁm voluas of
average numbey of nodes visitod Lo 0 {log Ne¥) whore ¥ ig tw
nuhor nodes found in the region, The shooryved veluo
is 94 | - |

Portisl matoh queries described in Chaptor XI
gan b Soplomentod Ly meling sliight sodiflcations in the
Regi@n search programg,  The partigl match quories are wore
gorsral and Wf&m |

nother sdyantage with this data structure is that
%h&kayamn%méataf&iﬁnhmﬁwmmw shoald be
strictly saintainod, This pay help in reduting the macm
size up 40 some axtent, The presence of the Discrimfrntor
reduces the mxbor of comparioons af ench node congideradly,
Mﬁmkmmmwam%wgywmmw '
using the PARENT,

This date sbructure will be quits useful in Data
Basc systems where the queries; which involve Ragmn saaré‘h
or Partiol Matoh Seerch, are frequént, The organization of
this data structure is simple, This dsta Structurs oan bs
tsplemented sesily; The presence of PARENT et each mods
vill facflitate the application of becktracking techniGues,
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APFERDIX

1f any of the subbtrees sre Too unbhslenced, that
lancing, This can be done by

‘ TRRGLPTIREZE (X, )
Comments  The ingut to this algoritim is snodes, A |
' digerieinntor 3. It returns s pointsr o the
optisiged subtres whose poot iz Jsdiscriminetor,

1w A = A tan
%@W "Ll SET OF RopEn%
wepgin

S0t P e 5 sodian node in A

end

Bt AclacAlais jeless thanP |
hgcime Als ia J ~ grester than P
cantd,.

._6'.\



5%

begin
sat DI (P) » §
HobISC (PF) + tmod
LOSOI( P) < TREROPTIMIZE (A, M)
HISON(¥) < TREECPTIMIZE (A, M)

display P
ond

shrebed



¢Goloo
00200
00300
00400
06500
00600
007090
00800
00900
01000
01100
01200
01309
01400
01500
01600
01700
018900
01900
42000
02100
02200
02390
02490
02509
02600
027909
02800
02900
03004
03100
03200
0330¢
03400
035090
03600
03700
03800
03900
Q4000
04190
04200
04300
04400
04500
04600
04700
04800
04900
05000
653100
05200
05300
054060
055090
05600
05700
05809
05900
06009

oo Ne R KR

!

e}

w

15
20
25

30

400
440

410

INTESER ROOT, TRCQT, RSKEy, PRREY, DISC

DINMENSTON INAME(19)

NIMENSTION HAME(19) )

PIMENSION KEYS(5), ROKFY(s), USKEY(5), PRREY(S)
DINEMSION ROOT(5Y, TROOT(S) e -
DINENSION TKEYS(3), IRSKEY(s5)s TLSKEY(S), TPRKEY(S)
INTEGER TIMF,STINE,ETINE B

"TIHEw Is AN INTRGER FURCTION WHICH RETURMS THE CpU TIME
50 FAp A3 ITS VALUE TN MILLISHCUNDS,

: T : =Nk’ , ¢ ="TREE DAT” ,MODE=ASCIT~
OPENLUNIT=5, DEVICE="DSK’ ,FILE . "
: ,Acéﬁss:'gamnnM',Rﬁcme SIZE=g0,A580CIATE
VARIADBLE = ID)

IS

READ (1-10, ENP=820) MAp, (TRNUT(I),T1=1,5), KK
FORMAT (12,1X,512,1X,11)

IF (RF .FQ. 1) WRITE(3,1000) .

FORMAT (40X,  THE RECORDS REQUESTED ARE:®//)

Ir (l:}; ;EQ' 2) WRITE(3I1020) ) "

FORHAT (40X, “THE RECORDS CREATED ARE:®//)

IF (MK .EQ. 3) WRITE(3,1040) —

FORHAT (40X, *THE RECORNS DELETED ARE:®//)

IF (PK WFQ. 4) WRITE(3,1030) o .

FORMAT (40X, *THE RECORDS INSERTVED ARE:*//)

KOTE THE STARTING TIME
STINE = TIME(STINE)D
TTEST=0

CGOTO 15

po 4 I=1,Nnp
TROOY (T)=ROAT(I)
COBTIUE

JTESY = i

GOTO 25

O 2V I=1,K0D.1
ROOT(I)I=TRONT (L)
conTinuk

ID=0

K1=90

R2=) ST(R aprK1)

CALL- TEST(ROOT,H0OP K . v »
Réhgti,Bolﬁubzﬁf“) (IKEYS(T),L=3,NOp), (JIRSKEY(1),T=1,N0D)

1  (ILSKEY (1), T=1,N0OD)Yr CIDPRKEY(T),T=1,H0D)
2 o IDISC, (THARE(IM) , IM=1,19)

FORMATC 512, S5T2, 612, 519 I?;l?@Ag)) ﬁ
gg((ni*.éo_’sj .AED, EKH ,ég. 1 JOR, KK .EQ. 3))GOTO 400
TF (K1 LEQ. S).AID, (KK ,g0. 2.0R.KK ,EQ. 4)) GOTO *10
IF (M .EQ. 0) GOoTD 420

TF ({K1 .GT, 0) _AED, (ki .iT. 5)) GOTO 430

WRITE (3,%240) } )
;SRMAT(;’NO RECORDS T} THg TREE. IT IS A NULL TRCE,”)
GOTO 800

CALL TEDTL(1IXEYS,NOD,K2)



00100
00200
00300
00400
00500
00600
00700
00¢00
00900
01000
01100
01200
01300
01400
01500
01600
01709
01800
01900
02000
021090
02260
02300
024090
02500
02600
02700
028G0
02900
03000
031¢90
03200
03360
03400
1035¢0
03600
03709
03800
03%00
04000
04100
04200
04300
04400
04500
4600
04700
04800
04900
05000
05100
05200
05300
05400
058500
056090
05700
05800
05900
06009

!

e

3200

3000

e

3100

C
30%¢

ouéRUUTINE SEARCH(NOD,RODT,KEXSIRSKEY,%SKEY,PRKEX:?ES%F

? o Mqu,]KFYS;]RSKFy,ILDKEY,IPRKEY,IDISCthAAhpLA)
! RN * s ’ AR

THTEYLR ROOT, RSKRY, PRKEY, DiSC

DIMENSTION INAME(19)

DINEMNSINY HAME(19)

DIMENSTON ROOT(S) ' o ]

DINENSION KEYS(S), RSKEY(s), LSKEL(S), PRK%f‘g;(q)

DIMENSTON IKEYS(5), IRSKEY(5)7ILSKEY(5), IPRKEY(S

LIMIY = 99
L MAP(ROOT, ID) - =1,
géib 22n§n,5u603 (KEYS(I),I=1,N0D), (RSKEY(I).I=1,N0D)

1 , (LSKEY(T),I=1,H0p), LPRKEY(I),I=1,n0D)
] DISC, (PMRME(INY, gM=1,19)

FORMAT (4(>T2),14, 19(A2))
K2= 0O

KDISL = DISC+1 o

IF (RpISc .GT. 90) KDISC = KDLSC = 90

DO 3741 g2=1,5 o N

}F (Rr¥scrpIsc) .pE. IKEYS(KPL3SCY)  GOTO 3043
¥KDISL = KDISC+1 ]

IF (APISC ,GT. MOp) KDISC=KpldC=NOD

CONTLHUE

G0 T 3070

IF (REYS(KPISC) LT, IKEYS(KDLSC)Y) GO TOr 3030
no 3:4” lerf‘!ﬁnrl :
ROCTYJ)=RSKEY (1)

copTipul

K3=2

GOTO 3050

PO 3960 J=1,M0D,1
ROOT (JI=LEKEY (J)
CONTAHUE

K3=1 "
GOTL 3090

CALL FOunp (KEYS,1SKEY,RSKEY,PRKEY,DISC,NAME,NOD,KK)
GOTO 3150°

FALL TEST (ROOT, pOD,K1)

IF (K1 .nE, NODY  GOTO 3200 o )

TF (KK JEQ. 1 .0OR_, KK .FQ. 3) 6070 3160

IF (N3 LEQ. 1) GnTD 3090

pO 3400 I=1,N0D
RSKEX(I)=IKEYS(I)
TPRREY(LI=KEYS(I)
ILSKLEY (I)=LINIT
TRSKEY (I)=LIMIT
CONTLRURE

¢ TY 3097

pn 3ves I=1,10D,1



061090
06200
06309
06400
06500
06600
06700
06800
- 06900

07009

07106
07200
07300
07400
07500
07600
07700
07800
072090

08000

08100
082090
08300

08400

0839% 

08600
08700
08800
08200
69000
09100
09200
093¢0
09400

510

420

430
800

820

810

830

835

IF (K2 JNE. @) 6070 g00
pN 549 Iz, n0p
ROODTLIISIREYS(T)
CONTLNUE

NRIIE‘(3,,\00) {TIKEYS(I)s1= )
i s (ILSKEY(T),I=1,NM0D)

1,

noupy,
(IPRKEY(ij)1=1,NDDJ"

(IRSKEY(1),1=1,80D)

2 SIDISC, CIMNAME(IMY,gM= 1.L9)

FORMAT(4(232),12,19A2)

WRITE (12,9994) (Pnum(r),xzi,sg

FORMAT(4X, °RO0T=<,  SI2)
CALL HMAP(IKEYS,1D)

CALL INSERY(ROOT, TKFYS,IRSKEY » ILSK!Y TPRKEY, IDISC, THAME

1 NOD)
GOTD gov

- - — =

CALL SEARCH(NGD,R0OT,KEYS,RgKLY, LSKEY, PRKEY, DISC, HAWUE
1 S IKEYS,IRSKEY, IL%kFy,IPthY IDTISC, THANE, KK)

GO TY 800

CALL FRR(ROQT,NOD)
CONTANUE

1F (KK -gQ. 7 «AND. ITEST
Gorn 1s

EQe

hRITﬂT3'810) (TROOT(T),T1= 3,N0“)

FORMAT (4X,° ROCT oF TREE =~

BOTE ThE TIMp AT THE END
ETIHE = II;(FTIHF)
WRITE(3,830) STIMR,RTIME
FHRMAT(/// oTARTING TTHE

* FINISHING TIME
&T1M5 = FTIME~STIuE
MRITE(3,835) ETIME
FORMAT(/* PROCESSTNG TINE
STOP

"”D

IH

J

A1

I?J

0) GO TOS

“, 16, MILLISECONDS/

+ 16,

e
IIJ,

%TLL}QFFUND")

MIDLTSECONRS )~



06160
06200
06300
06400
06500

06660 -
06700
06800
06904

07000
07100
07200
07300
07400
075900
07600
07700
07800
07909
08000
08100
08200
08300

08400
0850¢ .

08600
08760
08890
089¢0
09000
091040

092090 -

- 093090
09409
09530
09GoY
09700
09860
099¢0
10000
10109
10209
10300
10400
10500
10600
10700

3093

3119
C
3120

31390

- C

314¢
s

»

C3180
31890
C
3150

LSKEX (I)=IKEY5 (1)
IPRREY(I)=KEVS(T)
TLSKEY (Ty=LIMIT

CIRSKEY (1)=LInIT

CONTLanE

CANTLARUE

IF (VInC,oT.90) Ipls
IF (VISC,LE,90) IpIS = DIgC+1
IF (ADIS L6E, POD) GNTO 3110
IDIRC = IDIS

[ H

CGOTO 3140

DISL=Nn=IDTS

DO 4130 J=1,M0D,1
R001(7)= £YS(J)
CONTARDE

CALJ. KAP(ROQYT,ID)

g BUD),
WRT Tt. "’FTDI_‘S]SU) (YF .)(I) T=1r
1 = (LuK Y(I),I=1, NOD), (PRKF‘Y(I) 1_1,!\!“0)
2 L DISC, (NANE(IM), gn=1/12)"

nO 3140 J=1,H0D,1
ROOT (.J)=TKEYS (J)
coONTANUE

CALL AP (RONOT,ID)

WRITE(5%ID,3180) (IKEYS(I),I=1,M0D) ,(IR&KFY(IJrI 1.&019.

WRITE (3,3170)

PORMAT (" FROM SUBRCUTIME SCAPhﬂ" . .
':}LA L (~ 10X l'.tnPR‘;l THE RFQHIP'"I) RECORD IS NDT IN THE

,THE PILE. /10X, *PRISTING THE
: "RECORD ;OR POSSIBLE ALTlmn,

[OF N

URTTHE (3,3180) (IKEYS(T),1=1,70D),

DISC=9U+1 -

(R‘)KFY(T)!l J,NUD)I -

1 (TLSKEY (1), T=1,00p), ~CIFRKEY(1),I=1,800) "
2 _,IDISC, CINAME(IM)FUMTI19) B
GDTO 3165

INSFRTTDN'

fIRSKF\(T):T 1,VOD)

1 T, (ILSKEY(J),I=1,80p)7 UIPRKEY(I), I=1,800)

JIDISC, (TNAMECIM), gM=1,19)

2 )
FGRHﬂm( 4vX, Q(SI?l?X Y, 12, LXe
”OR”AM(4(?T?) I2, 19(AA))

RETURI!
gD

3
i -



00100
00209
00300
00400
00500
00600
00709
00800
009200
01000
01100
01200
01300
014090
01500
01603
01700
01800
01900
02000
02100
02200
02300
024¢¢
02500
02609
02700
02800

1000
C

1010

1020

SUBRUUTIME THSERT(ROOT,IKgYs, LRSKEY,ILSKEY,IPRKEY, IDISC
1 L, INAME, NOD)

THTEGER ROOT

DIMENSIOR INAME(19) )
PIMENSTON ROUT(S5),IKEYS(S), 1PSKEY(5), TLSKEY(5), IPRKEY (3)

LIMIT = 99
DO 1Y00 1=1,5:0D,1
RONT(TII=TKEYS(I)
IRSKEY (T)=LTMIT
TLHEREY (I)=LIMIT
IPREEY (L) = LIMNIT
CONTANUE

DISC=0
CALL AP (IKEYS,1D) 4
WRITE(5#1Dr1010) (IKEYS(I),1=1,M0D), (TRSKEY(I),1=1,N0D),

1 (ILSKEY (1), I=1,M0p), LIPRKEY(I),T=1,N0D)
2 s L1 SC, (INAMECJM)lJMflll?)

éORM%T(%(512),12,19(A2))

WRTITE (3,1020) (pOOT(I),7=1,0N0D)

FORMAT(® NULL TREE : TREE STRUCTURE Ig JUST STARTED®
1 /10X, ° RQOOT OF THE TEER = ¢, 5I2°/)

RETUKRE

END



00100 o
00299
00300 SUBRUUTINE ERR(RONT, QD)

00409 ' I'T'EGER ROOT T s - - -

60500 DIMENSTUNM RONT(S)

00709 WRITE (3,2000) (RDOQT(I),1=1.R0D) o .

00800 2000 FORMAT (5X, * ROOT 18 ROT SATESPYING THE LIMIT CONDITIONS. : - - - _— -

00900 1PLEASE CHECK IT AGATN ., - /20X, °ROOT = 7, 2712) Lol
01000 RETU}(IE - e - . - —_— . . e e - - o Tl e T
011909 END ‘

)
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001900
00200
003090
00400
005090
006090
00700
00800
00900
61000
01100
012090
0130¢
01400
01500
01600C
017090
01800
01900
02000
02190¢
02200
02300
02400
02563
02600
02700
02802
029900
03G0¢
03100
03200
03300
03400
03509

4900
4910

4020

@]

4070

by

4100

4030 -

4040:”

WRITE (274000

SUBRUUTINE FOUND(KEYS,LSKEY,RSKEY,PRKEY,DISC,
IRTESER RSKEY, PRKEY, DISC

DIMENSTIOHN HaA: ME(19)

DIMENSTION KEYS5(5), RSKEY(s), LbFFY(J)r PRKEY (5)

TAME » NOD » KK)__

IF (PK.EqQ,1) 60 Ta 4100

IF (KK.EQ.3) GO Tn 4040

WRITE (3,4010)

WRITE (3,4020)

WRITE (3,4000) (KEYS( 1),7= 1,NUD), (RSKEY(T),I=t,N0D),

1 (LSKEY(I), I=1, NU")), (l’RKr‘Y({) I=1,N0D)

2 ,D15C, CHAME (IM) , JH=171Y)

FORMAT( "‘\-‘x, 512, )X,3(512 2)():2)(, I2, 2X,19(A2)) .
FORMAT( 20X, anhr IS ALREADY ONE RECORD HAVING THE SAME KEY |
FORBAT(20Xs 4X; hF 57, 4, 4X, “SKEY‘, 3X, 4X,
1 “PRKEY®, 3X, “PIsc’, 17X, “MAMET //)
GO TY 4030

‘LSKEY", 3X, 4X,

DISC = DISC+9N
CALL NAP(Y Ys,?nw

(KEYS5(X),1=1,80D), (RSKEY(T),I=1,N0D)

HR (%#*0,4070) ‘
1 , (LSKFEY (1) ,I=1,M0p), (PRKEY(T),T=1,N0D)
2 ,ﬁIsc,(ﬁAnE(JM),JM=1,193

19(A2)) e

URITE(374020)

(KEYS(T1)rI=1,N0D) s (REKEY(I),I=1,H0D)
s (LSKEY (1Y I=1,100), (PRKPY(I),1m1 NQGD)
HDISC, (HAMECIN)Y , JM= 1,19{

A ke %

RExHH'
EHD



00109
00200
00390
00490
800S00
00600
00700
00800
00900
010¢0
01100
01200
01300
01400
01500
01600
01709
01800
019200
02000
02100
02200
02300
02400

02500

M)

3600

3610

36290

3

SUBRUUTINE TEST1(IKEYS, NgD,K2)

WIﬂE“SIﬂn TKEYS(5) ) )

K2

K3= 0“" T ' ) :
K4=0 ..
LINIT = ng T
LLIMIT = 9

DO 3000 I=1,N0D

IF'(TKFXS(I) LQ. INITY) gaz=Ka+1 e

IF (INRYS (1) .Ba. LLINTT) K3=K3+3

CORTInun ) e

IF (K3 .gT. 0) HRITE (3,3610) (IKRYS(I),1=1,H0D)
IF (R4 ,gT.70) WRITE (3,3620) (IKEYS(I),I=1,H0D)
IF (NNT, ((K3.GT. o) NR.(K4.GT. 01)) K2 = 0 -

M F ]Rl,"!\ﬂ (' Q“n’pn“rpt .‘ - jrqr’ 1 : /- . - .2 .

i _ 7 INSERTION KEY EXCFIDS LUhFP II%I{Q CHECK?/

2 - ROUTE *, 519)
PO ﬂA“(' SURROUTIHE Tr%T;- -’/

- INSERTIGN KEY EXCEFVS HIGH LIMITS, CHECK-/

1
2 /7 RONT= », S512//)
T RETURR ‘ ‘ B

Ry

Fi



00100
002G0
00300
00400
00500
00607
00700
00800
00900
010C0
01100
01200
01300
01400
01500
016G0
01799
01809
01900
020010
02100
02200

@]

%4090
24420

4410

SUBRYUTInE MAP(ROAT, ID)

INTESER pooT

DINMENSION ROOT(S)

fan IR o B ]
SR IEH

IF
IF

CLROUP (1)
(CROO™(2)
((PnoT(3)
(LRODT(4)
(LRONT(S)

L,
i
QEQ *
-E().

Q.

LOR,
LNR,
LOR,
LOR,
.OR,

(RUYT(1)
(ROVT (92)
(ROUT(3)
(ROYT(4)
(ROUT(5)

.GT.
.GT.
LGT.
.GT.
.CT.

GOTO 4400
GOTG 4400
GOTO 440¢
COTO 4400
GNTO 4400

ID:RQDT@S)+RﬂﬂT(4)*4+RDOT(3)*%6+RUOT(2)%32+ROOT(1)*64

D

GOT

URY

= ID=110
0 42910

Tk (3, 4420)

STOP

RETUK["

FHD

FQRMAT(f SUBROUTINE MAP :

»

KgY 1S HOT WITHIN LIMITS. //)



001002

00200

003900

00400

00300

00600
00700
00800 -
00900

01000
011900
01200
01309
01400
01500

C o
C | ‘
SUBRYUTINE TuST(REOT,HOD,K1)
INTESER ROOT -
DIMEBATON ROOT(S)
. _
K1 = 0o
LINIY = 99
¢ 500 nop T
k ) J= ! 1
-22 E@nnT(j)ip.RQ.‘ LImIT ) Kl=Kj+1
"3500  cOnTinpk o
C
- RETUKRI
END



THIS PROGRAM WAS DEVELOPED BY GSR MURTHY

geree C.
aag@z C...  THIS PROGRAM. WAS DEVELOREDR FOR REGION SEARCH, .
eB300  C

pe40e® . COMMON /WORLD/ KEYS(5),LSKEY(5),RSKEY(5),PRKEY(5)

. ensae 3 pNAhb(19)pSTAPK(5@pSJ ROOT(S)

00620 e oLQ(SJoHI(SJpLOﬂEGCS),HIR&G(S) e

_ 2070e .3 ,mon DISC,PTR,IDN,STIME,ETIME

.-ge8ep  C - , i

- peene INTEGER KEYS,LSKEY, RSKEY:PRKEYpNAME:STACK ROOT

- .p1000 -4 ,,Lo,ux,uopsc,nxgaa
gLiee 2 'NCD:DISC:PIR ID,STIME,ETIMNE
‘@lzgﬁ’ C
21300 INTEGER I,J,LLO(S), LHI(S);RLO(SJ,RHICS)

01400 INTEGER IESﬁ,MAP TIha

g1500 LQ%ICAL :Naae BIREG

gi16ge C ~ .

g1720 C NTIKE" IS AR INTFGEF FUNCTION WHICH RETURNS THE

gi82e C ZCPU TIME .50 -FAR AS IT§ VALUE IN MILLISECONDS,

g19ee C . , .
__‘ﬁzﬂﬂa -NQD F 5 A P ‘i‘f . - - . ,;,L_ [
..-02100. PTR =0 - - .

SV P Y] T o i sl
0e3ee . OPF“(UNITﬂs,DEVICFEJDSK',FIhEz'TREE.DAT'rWODE—'ASFII'
02409 =i 4 T ACCESSEVRABDOM!,RECORD SIZE=BY,ASS0CIATE .
02508 ;z ' VARIABLE ® ID)
a26e¢ - C= = .
e270¢ . PO 3 Iﬂi NOP " .
B2800 G L0CI) & @ . o L e oL
22900 HI(I) = 99
g3eee -3 :CONTINUE ' . e
g310¢ C. .

23200 - WRITEC12,306)
- --83380 300 FORPRAT(' GIVE THE ROOT OF THE TREE1',s)

- @34ne : ~REAR(12,31#)--(ROOT(I),1=1,5) -
83500 310 FORRAT(512)

“e36pg €
23700 WRITF(12032PJ
23820 320 SFORPAT (L GIVE LOW LIMIT OF THE REGIONS',$)

83960 READ (12,324) (LORPNG(I):I*f-ipgoD)

p4eoe 324 FORPAT(S(I2,1X))

g4100 ,WWRITE(JZ:BSP)

@4200 330  SFORMAT(Y. GIVE HIGH -LIMIT OF THE REGION?',§)
24300 READ(12;334) (HIREG(I),I=1,N0D)

24400  -334 FORFAT(S(12,X)) :

24500 C

p46e C :NOTE THE TIHE AT THE START OF THE PROCESS.
v4leo C- ' o :

@480 STIPE & TIME(STIME)

24900 C )

05020 5 CONTIRUE

051080 J = TEST(ROOT,NoOD)

05200 IF (J +EQ, nun) GOTC 50

853209 IF (J +EQ, 0) GOTN 80

95409 C
25500 20 WRITE(3, 3@)

@568¢. -~ 3@ FORFAT(" ROGT NOT WITHIKN LIMITS: PLEASE CHECK') .

--25700 - WRITE (3,40) (RoOT(I),I=1,H0D) ~
05800 4¢ FORFAT (10X, -+ ROOT® ', 5(I2))

. 8890 .GOTO 9@? .

""" 96 gee -  C.. ... . e St o e & e e e



pé6100
Pe200
76300
06400
26500
06600
06100
68020
P69¢Q
areae
27100
27200
27300
07440
g0
27600
e7700
27800
97920
880020
28100

¢8200.

28300

08400
08500

- .98600

28700

28800
28900
29000
29100
29200
29300
29406
29500
29600
09700

99800

89900
10000
12100
102090
10300

10400

12500
10600
10700
108060
10900
11020
11100
11200
11300
11400
11500
11609
11700
11800
11900
12000

50
6%
(&

L

95 -

100

5j?ﬂ

117

11¢

125

120

wRITt(B,Sv)

FORFAT(' NO RECORDS IN THE TREE, IT IS A NULL TREEs

WRITEC3,7¢) ( ROQT(I),I=1,N0R)
FORPAT (10X, 'ROOTS 1, 5¢(I12) )
GOTO 90p

CONTINUE

ID & MAP(CROOT,NOD)

READ(5#ID,95) (KEYS(I),151,M0D), (RBKEY(I), I=1,NOD)
1 pcuath(r) 1=1, NOD): (PRKEY(I)I=1,H0D)

2 'DIBC, (NAMF(J) J=1,19)

FOREAT(4(51I2), 12, 19A2)

IF G.NOT.,INREGLKEY&,LOREG:HIREG,NOD)J GO To 100

'CALL FOUND
GOTO 12p

;DQ 90 I=1 NQU

LLOtI) = Locz)

LHICI) = HIC(I)

;RLQ(IJ = LO((Y)

_RHILI) = HI(D)
COnTInug ,

MEPISCH+]

IF (0 «CT, 94) J & \J=02

LRI = hEYS(d)

,;RLQ(J) 2 KEYS(J)

M & TEST(LSHEY,NOD)

IF (J oFQ, NOD) GO TO 110

IF (o NOT, BIREG(LLO,LHI,NCD)) &Q TO 11¢

__CALL PUSH(RSKEY,NOD)
CALL PUSH (RHI,NOD)
_CALL PUSH(RLU,NOD)
SCALL PUSH(LKHI,NOD)

CAL& PUSH(LLU,ROD)

‘DQ 117 I=1,R0CD
ERCOT(I) = LSKEY(I)
4L0CT) = LLO(I)
EHICI) & LHICI)

;gpmmzwug
6070 8o

J B TEST(RSKEY,NOD)
IF (J «EQ, ROD) GO TO 120
IF (.noTe BIREG(RI:0/RHI,NoD))Y Go To 126

RO 125 I=1,HN0D
Loely = RLD(I)
HICI) & RRI(I)
ROOT(I) = RSKEY(I)
GOTC 8@

CONTINUE
IF TPTR JEQ, 2) GN TO 900

CALL POP{LLOsNOD)

")



12100 CALL POP(LHI,NOD)

o..32200 -CALL POR(RLG,NOD
12300 CALL POP (R 1) NOD)
. v CaLk pop
12800  © AL (RSKEY,NOD)
12600 60 TO 11p
1270 C T
12800 9vw  _ CONTINUE .
1g9m0 - o
13000 C _NOTE THE TIpE :
13800 € Mgomr THE TIME AGAIN AT THE.END oF THE PROCESS,
13200 . ETIKE & TIME(ETIME
y -
, _132@@ HwaTECBIQ 1) STIME,ETIME
“"'13553 916 UTORMATC/{/;IiigngHG TIME 5 1,16,' MILLISECONDS!'/
R - £ 8] ¢ i X
=TE13600 » ZETIME & Fr:uy-sm%hg ?;ﬁFg '16" “ILLI&ELONDS')
_ h%gggg 015 gﬁgfacs 1915) ETIME
B E ! QRRAT( /! - X
~i3toe Eoob / PRUCLSSING“E;ME o 1,15, MILLISECONDS!)

14000 . CERD



gaioe  C

en20Q c ‘ :

OR3GO SUBROUTINE FOUND

Q420 C

20560 COMMON /VoREP/ KEYs(S),LsKFY(S);RSKLYCSJrPRKEY(S)
eR60a 1 pNAME(19), STACK(52,5),R00T(5)

oplee 2 pLOCS)PHI(S) ,LOREG(5) yHIREG(S)

oe82e 3 P NOD,DISC,PTR,ID

2900 c

01090 JINTEGER KpYSs)LSKEY,RSKEY,PRKEY,NAME,STACK, ROQT
g11@20 1 +LO,HILOREG, HIREG

21200 2 ,NOP DISC,PTR,ID
.e13ee  C

214020 INTEGER COUNT,I,J

01500 INTEGER Mpp

21600 LOGICAL INREG

@170 C

@1800 COUNT = ¢

@;9@@ 5010 CALL QUT?UT

p2000  C

g219¢ IF (,NOT, INREG(LSKEY,LOREG,HIREG,NOD)) GO TO swse
p220¢ CAhh PUSH(RSKEY,NCD) -

62300 COUNT F ColnT#+l

g242¢ C

22500 DO sﬁzw I=1,NOD

22600 5020  ROOT(I)=LSKEY(I)

2770 GO TQ 5(A5p

g8  C

02900 171 IF ( NOT, INR&@(RSKFY,LQREG HIRFG,NOD)) GO TO 5p4p
w3eee C=

@310@ . Do 5@35 I = 1,NoD
03200 5035 ROOT(I) = RS&FY(IJ
93300 . GO0 .To 550
23400 C
03500 504¢  CONTIRUE
3600 IF _(COUNT .ER, ©) RETURN
@370@ CoUnT # CoUNTe)
@3820 CALL POP(ROOT,NOD)
2390 C
:e4@ﬁ@ IF - ( norT, INPLC(RGOT;LOREG,HIREG NOD)) GO TO “@4@
24100 o
04200 5650 CONIInUF
24300 ' IR # MAR(ROOT,NOD)
0440¢ C o
‘ﬁ459@ REAF(S#ID 5057) (KEYS(I),I=1,NOD),(RSKEY(I),I&1,NOD)
P4600 1 v ,cuaxarc:; I=1,H0D), (PRKEY(I),I»l NOD)
04700 ) 2 DISC, (NAMECI), IR} 19)
04800 5057  FORMAT c4csz23,12,19A2)
249c0 [ o '
pSece GCTO 506
510 C -

25200 ERD



T ap1ee

c
_@gggg C N L _
] ' LOGICAL FUNCTIO . -
00400  C - bOH UNCTION INREG(KEYS,BL,)BH,NOD)
ao500 INTEGER NoD,KEYS(D 100 :
o ene  C  INTEGES oK 5¢ qo),aucnon),aa(nopn
ge1ee  C ,
oosee  C 'RETURNE TRUE IFF THE GIVEN NQDE N THE REGION
0p9ne  C SPECIED DY BI AND BR, - o o L0 THE REGION
21000 C - ~
21100 , INTEGER -
. 0120¢ C T R
. 21300 IRREG & FALSE,
o140 C o S
.g11ee IF (KEYS(Y) .,GTe B S PURN

91960 C L |
920800 = . INREG & ,TRUE,
e2100 RETUIRN
@220@... C. T
02300 Ep0



eni00 c

20200 C . -

00300 LOGICAL FUNCTION BIREG(BML/BMH,HN)

og400  C

o590 COMMON /“QRLD/ KFYS(S)pthEYCS),RﬁKFY(S],ppKLy(s)
ee6an 1 P NAHE(19),85TACK(50,5),R00T(5) :
2e720 2 pLO(S)HIC(S) yLOREG(5) ,HIREG(S)
20era 3. s NODyDISC,PTR, ID

Qeene C

21029 INTEGER KEYS,LSKEY,RSKEY,PRKEY, NAME, STACK,ROOT
gliee 1 ' LO,HILOREG,HIREG

G120:0 ' 2 +NOD,DISC,PTR,ID

2130 C o B

21400 INTEGER N,BML(N),BMH(N)

01500 INTEGER I

2i6p0 C .

01760 BIREG & ,FALSE,

o180 C =

@1900 DO jee I = 1, NOD

02000 : IF-{BML(I) ,GT, HIREG(I)) RETURK

22100 IF_{BMH(Y) .LT. LQRFG(I)) RFTURh
. @2200- 100 CONTINUE -

g230e  C o

024002 . BIRLG"':TRUE.fi

@2500 RETURN

@360 C

g2700 END.



pel1ee
0200
ee3c9
gg400
050
Q600
Q700
Peeoe
Yokl

pLroee

giL100
71206¢
21320
gl4a0e
01500
Q1600
%1700
g1800
21920

. greee.
w2106
92200
223020
g2400

22500
82600
@272¢
02800

12

1oy
116

’6@«11@ I&g, N

SUBROUTINE POP(TOP,N)

CoMMon
ON /WORLP/ KEYﬁ(S)cLSKEY(S);RSKFY(S):PRK&Y(S)

1 JHAME(19y,8T

- ACK(5@,5),R00T
2 10 (5) HI¢ )/ ROOT (5
’ I(5),LORE
3 /NOP ,DISC, PIR, IDFG(SJ'“IRE@(5)
INTEGER KEYS,LSKEY,R

SKEY, PR

i ILO,HI,LQREG'HIRéG KEY,NAME, STACK,ROOT

2. 'NONDISCPTR,ID

INTEGER N, TdP(N) 1

LF (PTR GT, 2) GO
WRIﬁﬁtl?: (73] ) 60 o 1ed

FORMAT(?! STAC
STOP s A K UNDERFLOw9J

T0R(1) = 6TALK(PTR 1)

ANLGNTINUF
‘R?Bmz ?TR-l

RETURM

.END



NN o0On

g

SUBROUTINE PUSH(TOP,N)

COMMON /WORLD/ KEYS(5),LSKEY(5),RSKEY(5)sFRKEY(5) .

1 +NAME(19) ,8TACK(5@/5) ,R00T(5)

2 - #LO(5)  HI(5),LOREG(5),HIREG(5)

3 /NOD,DISC, PTR, ID

INTEGER KEY&:LSKEY.RSKEY;PRKEY,NAME,STACK ROOT
47 . LOsHI,LOREG,HIREG

2 .mon, ISC,PTR xn

INTFGFR N, TQP(N) I

:PTR = PWR+1
CTE=(PTR ,LE, . 50) GO To. 1@@

WRITE(12,10)

FORPAT( . qTALK'QVERFLowoJ
sTQP

DO_110 I=1,0 .

STACK(PTR,I)===TOP(I) .

CQNTIQUE

anuan

END:



0e100

20200
@a300
00400
@ns0e
@o600
0p700
L
30900
@1000
01100
01200
?1300
- -gi40e
- 91500
01600
'@LIQQ
-g1800
21906

32000

02100 .
w2200 -

annn

4400

4420

INTEGER FUKCTION MAP(ROOT,N)

INTEGER NpRQOT(N)

GOTO 4400

IF (RoSTeLy wka. 03 LOR. (ROOT(1 yGT, £
1F (cRooTcgg 'EQ' #) 4,ORe (ROOT(2) +GTy 5)) GOTO0-4400
IF ((ROOT(4) .EQ. gg +0Rs (ROOT(3) oGT, 4)). CaTo 44up
0 oone [ GTe 4 GOTO..446¢
IF ((ROOT(5) .FG, @) .OR. (ROOT(S) .GT. wé;) c§¥b422§¢'

'MAPEROOT (5 4 K( :
MAB = MA?.;Iw)OT(4)‘4*ROOT(3Jil&*ROOT(2)*32+R00T(1)*hq
RETURN o

WRITE (3u442w)

FORAAT(Y SUBROUTIMNE MAP 3 KEY IS.NOT WITHIN LINITS,1//)
STOP ]
END-



er100
@6200
@e30e
29400
@e50e
20600
00700
PBB8e0
02900
010600
01100
21200
21300

INTEGER FUNCTION TEST(R
2 NCTTO T (ROOT
INTEGER mau,uoortnonafa,x rROP)

K=& 0
LIKIT = 99

DO 3508  J=¢,N0D,1

IF (ROOT
3500 sontanos

es1 = K

RETURN

ERD

oEQ,

LIMIT )

K=K+l



er10e
. 00200
@e 300

20400 .

Bes500

oe600. .

20700
02800
Q0900
@1000
21100
21200
21300
01400
21500
216090
21700
21800
81900
02000

554¢

suaﬁomma meru',r

Cnmmom /WQRLD/ KEYS(S),LSKEY(SJpRSKFY(5)oPRKEY(S)

KN yNAME(19),8TACK
¢50,5),R00T (5
2 1 LOCS) P HI(5) LOREG(S)'HIth(%)
S rNOI, DISC;PTR,ID - - -
INTEGER KEYS,LSKEY,RSKEY,PRKE -
Y,NAME,STACK

1 1L, HI  LOREG, HIREG ’ ’ et
2. lNOﬁfDISC,PTR ID

 WRIT& (3;55&%) (KFYS(I) 1= 1 N
- ‘ QD)p (RSKEY(I),1=1, NOD
AT (LBKEYAI)SIm 1, NOB), (PRKEY(I);I:I,NOD), D%;C,_

(NARE(]) ,Ju=1,19)

2
‘FORMAT( &X, 4(512,sx,1x),V12 5X, 19A2) :

RETURh
END
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S i ek b b ek en P ek e ek bk b bbb el ped ber b

NN N b ek ek e bl ke bk e el ek Rk Rl Lk ea ks e

e DD DWW W WN NN RN P s

29999999999

492999999909
411121
29999999999
379%0n009g0a
1999999909949
99999009n90qqq
9999939%19099090
31 1 4

WA RS N e

WO
‘.’J'\O

\.D\.)
0NN D ek bk b e e ped (D D) b kA M e b D fea

3

3 499“9900990
4 19939999999
4211211
4 3Y999999999
4 49999999999
3999999999990999

e
W

¥

O
WO R M A ek R e 3 b et (D A el e R el e

9996 99999994n09900

39659999999

119

el T T YR S SO TR RS

a

e Loy Lo e sient - e e .
PH»HyH»HH\Ow»M»HﬁHHM

9

MNNF‘HHHF‘H@P—-H'—'HHHMHH

G

o B W W WD NI e (N NS e e e e (U

(Y]
N o= QN LN W W N =D WA= N

~AM/d< STHGH
2AMARJIT STNGH
3AMIRUDDIN
t}AMRLTLAL JINDAL
pARAND PRAKSH
1ANARD MADAN
2AMRIT ANEJA
oAJALL KUMARI
38HAG RANT ARORA
0GSR MURTHY
1ARORA KRISHARN
?ARORA VIJAY
ISTHHA SARAT
ASEKAAR ANAND
0SUBBA RAO ALK,
{RAMAM ALV,
AVENKATA hATNAM
QVCRA RABHAVAN
ARJANh SINGH

03025301777543
050095608772543
06114915778535%
0512590376794376
03116104797
040254087765435
0801520478516
0509580276557431
21065709797
0302530177/7543
291254217752891
12115R8167942891
3112531278487
24105818795
1506551978589
14115607755
25075116775938¢
1212612078151
1902581178352



KEYS

1112

‘ROOT OF TRER, = 1 1 1 3 2

STARTING TIME =
FINISHING TIME =

PROCESSING TIME 6o0

THE RECORDS REQUESTED ARE:

SKEY

3 9999999999
SKITY

4 111 21
Y

SKE

1 9999993999
SEEy

2 9999999999

291237 MILLISECOHDS
201837 MILLISECONNS

MILLISECONDS

LBKEY

13 1 4
LSKEY

11 2 4
LSKEY

112 2
LSKEY

1123

PRKFY

11 11
PRKEY

1111

PRKEY

pDIsC

pIsc

pIsC

pIsc

NAME

AMIRUDDQN
i NAME

AMRITTLAL JINDAL
- NAME

ANAND PRAKSH
) MAM

ANAND MADAN

061149157785 35
0512590376794376
03116104797

040254087765435



KEY S

1112
"KEYS

1112

- REYS

KEYS
ROOT OF TREE = 1 1§ 1 3

STARTING TIUE

'PROCESSING TIHE

W

]

= 19730¢ MILLISECONDS
FINISHEEQ TIME = 19¢44g MILLISECOPDS

1139 WILLIAECONDS

SKEY

9996999999 11

2999999999 1
SKEY

9099999999 1
SKRY

9999999999
SKEY

9929999999

THE RECORDS REQUESTED ARE:

LSKEY PRKEY -
1 131 4 11112
SKEY LSKEY PRKEY

2 1 11124 11113
LSKEY -~ '

9999399%99 111 2 2 1111 4
SKEY ' '

LSKEY PRKEY
11123 11121
BSKEY PRKEY

1-1 3 3 11122

LisKEY - PRKEY
11213 11211
Lskey PRKEY
9999999999 11 1 2 3

nIsSC

NAME

3 AMIRUDDLN

pIsd MAML

4  AMRITLAL JINDAL

pIsSC— NAME
0 ANAND PHAKSH

DISC 7. N - NAME
1 ANAND MADAN

pIsc - - T HAME
2  AMRIT ANEJA

PISC T N NANME
0 - VERp RABHAVAN

pIsC T T NAME

3  RBHAG RANI ARNOKA

06114915778535

N

-

0512590376794376
i A

[

03116104797
i .

040254087765435

: "
0801520478510

L

+ [ B 1

121.61207815}

r o

21065709797

it



THE RECORDRS TNSERTED ARE:

2MKS ROY 0504530245678Y

2 2 2 1 19999999999%929999999 1 | 2 1 3 4

2 2 2 2 29999999999Y999990999 2 2 2 { 1 3Mp CHARRAVARTHY  070556080994329

2 2 2 2 39999990999929%a90990 2 2 2 2 2 aAM PILLAT 26125608976543

2 2 2 2 4%99999999997999999999 2 2 2 2 3 RN RAQ - 2104540504987 6
ROOT OF TREE = L 1 ¢ 3 2

STARTING TIME = 212642 MILLISECONDS
FINISHING TIME = 213771 MILLISECONDS



PROCESSING TIME = %129 MILLISKCNONDS



2 2 2 1 199999999999999999999 1 1 2 1
272 2 2 29999999999Y919999909 2 » 2 1
2 2 2 2 39999999995999999999% 2 2 2 2
272 2 2 4999999912999999009999 2 2 2 2
2 2 2 3 19299999992999999q999uy? 2 2 2 2
2 2 2 3 29999993999299999990999 2 2 2 3
2 2 2 3 499909999999999099999 2 2 2 2

ROOT OF TREE = 1 1 1 3 2

204476 MILLISECONDS
206426 MILLISECORDS

STARTING TINE
';FLN1SHING TINME

SRTI (I

~=PROCESSING TIME =

1

1650 MILLISKECQNDS

W = D L RN e W

THE RECURDS TPSERTRD ARE:

2MES ROY

3IMN
4AM
ORN
oLM
1PR
1TK

UHAKRAVARTHY
PIQLAI

KA

HENQN

ADAVI -
JAGAHNATH

05045302456789Y
0705560809%4329
26125608976543
2104540504087 "6
150847040867
161250040805432
16055507084786



KEYS

14113
KEYS

11114
KEYS

11121
KEYS

e 1 1902
cE11132

STARTING_ TIME
FINISHING TIME

E5£@91;42-MiLLISECdND6

THE RECORPS DELETED ARES

SKEY LSKEY
11114 95999999999
SKEY LSKEY
11124 11121
SKEY 1.SKEY
11122 9999999999
SKEY LSKEY

111723 5999999999

1289996 MILLISECONDS

PROCESSTNG TIME ® - 1146 MILLISECONDS

1

1

1

.

L4

PRKEY

1112 93
PRKEY  DISC

1113 24

PRKEY ~ DISC
1114 9
PRKEY  DISC

11924 .-..91 .

PISC

AMRITLAL JINDAL

ANAND PRAKSH

NAME

6114915778535

AMIRUDDIN
‘ NAME

©512590376794376
NAME

13116104797
NAME

AMAND._MADAN. PAGD54UBTTE5435



lSTARTING“TIME
‘FINISHING TIME

agqczs§;we TINE = _

Pty

KEYS

1141

KEYS

1121
KEYS:

i L1101 3 1
QQF TREE*F 1 1132

 SKEY

1111
~-SKEY

1112
- -SKEY- -

i 1 1 2

.SKEY -

THE RECORDS DELETED ARE1

=

--LSKEY

4 9999999999

LSKEY

4 11121
T LSKEY

2 9999999999
LSKEY
3."§é§§§999§9
e o L SKEY

9999999999

2574 MILLISECONDS

..:éa9gs99999

13 "9999999999

- LiSKEY

99999“999%

24980272 MILLISEGONDS -
iR.12826846 MILLISECONDS

PRKEY

1111

PRKEY

11

1111

PRKEY

PRKEY ..

Fery

oz PRKEY- M—DISC“-F@w: iz

vl 1.

1 2
~PRKEY-

1121
PRKEY -

1112

DIscC

2 93 APIRUDDINW
pIsc o

3 94 AMRITLAL JIND%L

PIsC

’4'w  0p ANAND PRAKSH

DISC-.

1 if 91 ANAND MADAN

2.
CPISCEEmaE

'§M"' qa BHAF RANT AROWA

NAKE.

- 92 AMRIT ANEJA

1 en VERA RAéHAQAN
1 b IL\C T L mLT

NAME . o

m6114915778535

#51259¢376794376
,.; PRSP » N
. 73116104797
NAME o L

_“E_ -

ﬂ4ﬂ254ﬁ87765435
NAME R ;..‘IT.’./.-. - —

et v—-—w

¥BP1520478516
NAME T

121?612978151

iNAME.

}

2;@657MQ557



1 11 2 1 it1122 99999G99Y9 111 1 4 0 - ANAND PRAKSH 03116104797
1112 2 11123 9899999999 11121 1 ANAND MADAN 040254087 765435
11123 11131 9999999999 111922 2 AMRTT AHEDA Caaris0atuse s -
1112 4 9599999999 9999999999 11114 0 AHJALL KUMARL 0595802765574 51

-
el A )

Y06 MILLISECOPDS
FINISHING TIME 79

7
8778 PILLISECONDS

PROCESSING TIME = 872 MILLISECONDS



11141 11142 11211 11134 3 STNHA SARAT 3112531278487
11142 11143 9699999999 11141 4 SEKHAK ANAND 24105818795
11143 11144 9929999999 191 4 2 0 SUBBA RAG ALK, 1506551978589
11144 9999999999 9999929949 11143 1 RAMAM ALV, 14115607753

STARTING TIME = 222930 MILLISECOMDS
FINTSHING TIMF= 223451 MILLISECOUDS

PROCESSING TIME = 921 MILLISECOMDS

T



o

i

Imb el A h e e

';1

mm@k&p&m@uwwwnwnwun»u

2
Sk
3

STARTING TIME &
FINISHING TIME =

PROCESSING TIME =

MNN LB Y Mi—n.:s.:a..papggw‘u

tedeteopgnn
! TREE STRuCryRrE IS
ROQT CF THE TREE &

192909599999999099999
2999999999%9999990969
399909999999990990999
4999999999999990996929
1999999949959696999999
299999999999999999999
3999590999992999964599
499999999999999999999
199999996999999950999
2999989998999999904909
399999999399999066529
422999999992999%9900999
19994999999999992990599
2999999999999999994999
39999Q999999999999999
4992999995999999950529

29999999999999@99@@

39“9q999999949ﬁ999999

;499999999999?99Q9999Q

19”99999999Qﬂ99999990
29“9999999999Q9999999
399°99Q999”99999996°9
49Q99999999q9969q9999
19999999999999”??9999

3.:299999999959999860999
-3999995999999999999999
+'49999929999599200995999
199959999999229960980
+2999999929099999469999
-3599999999980999999999
1489999999999999999999

19?99990999999@99Q909

'?999Q999999q99qee9999
399999999990999964999
f4?999999999999999ngg9
192902999899999969999
'290999999999996099999
394999999996992993999
OGT OF TRﬁL‘=‘1 1 2 1 1

THE RECORDS CREATED ARE?

@6 e e BGSR MURTHY
JUST STARTED
141 2:1.1

{AMAR SINGH .
2AMARJIT SINGH
RAMIRUDDIN
ARMRITLAL JINDAL
@ANAND PRAKSH
LARAND MADAN
2AMRIT ANHEJA
AANJALT KUMARI
S3BHAG RANI AROQRA
4ARORA HARBARS
PARORA KRISHAN
1ARORA VIJAY
ASINHA_-SARAT
_1SEKHAR ANAND

-0 SUBBA=RAO ALK,
2RAMAM_ ALV,

4 VERA_RAGHAVAN .
2HARBANS SINGH
3RAKESH--JAIN
AARVIND KUMAR
APARVEEN KAUR
1AMJANA DEVY
2VISHAL -KUMAR -
3SUDHANSHU MEHTA
ARAKESH SHUKLA
PARJAN. BAKBHI
{AVIIASH SASEA
OREDDY P,G,K,
2DEEPAK BANFRJT
3ALOK AIMA
AHEMNANI A K, -
3VEMNKAT PAGHAVAN
ABRIJESH PATEL
@SARDAR A.n,

{1 SHAMEER BEGUM
PRITESH KUMAR
2AJIT YADAY
3BENJANIN

}bSSLJSrthhatup:OP~munh)»a»

o e A R R Gk Gk Jd P (b gk b bk (b e b b ek Sd Bk e e b e Bl Lk fb fa A A e el R Sl A B A s
: - : [ i B}

S e el il SRR RNVESES BN il LR PR VR A RS RTRE-SE S N RV R el e
W N

AN DI DI NI AY 58 1o B fod ok Joh [wd Tod foie [ b BB IR Tk ok b 18 o B fuh S e fob Sk (b B P S A BA 3R a

e pmre e e kA A AD ADIND DNIND NI RIAD KI NIND DD BI RI N hen Bn fh a 3ob £2 1o Son s 0k Bk Jd A Ta 2 ND
194»&3unpraun»s:@qoobhzhnbnnhak-»

65241 MILLISECONDS
73577 MILLISECONDS

8336 NILLISECONDS

3625301777543

R3626311777543
B5795608772543
6114915778538
P5125913767941376
3116104797
C4N254087765435
08P152478516
f509580276557431

21965709797 . . .

191155264178453

291254217752891 -

121158167942891

3112531278487
24105818795
156551976580 . .

14118607755

1210612678151

1902581178352

1211570278867
N310560878838
A512580218865

0610590178875

1511576978862
1114551037785348
3NBTER047T785239

311251¢87783867
251153067797352
1912540778583
1214552878828
2485522078987
1228582178786
3112581878694
1210571974788
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