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ABSTRACT

EversincePawlakintroducedtheconceptsofroughsets,ithasattractedmanyresearchersandscientists
fromvariousfieldsofscienceandtechnology.Particularlyforalgebraistsasitpresentedagoldmine
toexplorethealgebraicandtopologicalconnectionswithroughsettheory.Thepresentarticledeals
withtheconnectionsbetweenroughsetsandsheaves.Theauthorsstudiedsheafrepresentationofan
informationsysteminroughsetframeworkandillustratedhowithelpsinformationretrieval.
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1. INTRoDUCTIoN

OnecandescribeRoughsetsbytwoways.Oneisconstructiveapproachandtheotherisalgebraic
approach.Upperand lowerapproximationsaredeveloped inconstructiveapproachfromvarious
conceptsofbinaryrelations,partitions,coveringsdefinedontheuniverse.Partiallyorderedsets,
lattices,Booleanalgebrasandthesub-algebrasrelatedtoitarealsoexploredbyPawlak(1982)and
MilanVlach(2008).

AlgebraicapproachestotheoryofRoughsetsaredevelopedbyconsideringupperandlower
approximationsasfundamentalnotions.Yao(2003)analysedvariousroughsetmodelsandrelated
algebras.AsetofaxiomsonapproximationoperatorsarediscussedbyZakowski(1983).Connections
betweenroughsetsandinformationsystemswasstudiedbyS.D.Comer(1993),theanalysisismade
withintheframeworkofPawlak(1982)informationsystems.Propositionalmodallogicandrough
settheorycanberelatedtoBooleanalgebrawithaddedoperatorsdiscussedbyY.Y.YaoandT.Y.
Lin(1996).E.K.R.Nagarajanetal.(2013)gaveacharacterizationandstudiedalgebraicproperties
ofroughsetsbasedonquasi-order.

JeanLerayintroducedSheafrepresentations.Todeduceglobalpropertiesfromthelocaldata,
Sheavesconstructedovertopologicalspacesaresuitable.Comer(1971),Keimel(1971),Hofmann
(1972),Davey(1973),Swamy(1974)studiedabouttherepresentationsofalgebraicstructuresthrough
sheavesdefinedovertopologicalspaces.Swamy(1974)andWolf(1974)independentlydevelopedthe
sheafconstructionmechanismbasedonChineseRemainderTheoremforagivenuniversalalgebra.
Usingequivalencerelations(congruences)ontheset(algebra),Swamy(1974)developedthesheaf
constructions.
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Theapplicationsofsheavestovariousalgebraicsystemsandreal-worldproblemsareexplored
consequentlybyresearchers.J.Lambeketal.(1982)drawnanalogiesbetweenTopostheoryand
ring theory and studied the sheaf representations on Topos. Leuştean (2005) studied the sheaf
representationsonBL-algebras.Y.V.Srinivas(1993)appliedthesheaftheoreticapproachtopattern
matchingandexploredthenewmechanisms.Ghristetal.(2011)developedmodelsthatappliessheaf
representationstoNetworkcoding.

In recent timesKishoreet al. (2016) illustratedamechanism toconstruct sheavesbasedon
tolerancerelations.PadminiSrinivasan(1989),H.Jiang(2009)proposedanInformationretrieval
modelbasedonroughsettheoryanddemonstratedhowqueriescanbeansweredwithmorerelevant
information.RamaMurthyGarimellaetal.(2015)proposedaroughsettheory-basedmechanism
foraudio,videoobjectretrievalfrommultimediadatabases.Butleretal.(2012)proposedasheaf
datamodelinwhichdataisrepresentedintheformoftablessimilartothatofrelationaldatabase
model,buttherowsinthetablesareequippedwithauserdefinedlatticeorder.Intheliteratureitis
observedthatmethodsareproposedforinformationretrievalbasedonroughsets,datarepresentations
basedonsheaftheoreticmodels.However,noworkcouldbeidentifiedthatcombinesallthethree
aspectstobestoftheknowledgeofauthors.Inthepresentworktheconnectionsbetweensheaves,
roughsetsandtheinformationsystemsisexplored.Inparticularasheafofsetsisconstructedover
aninformationsysteminwhicheachstalkrepresentsanapproximationspace.Theadvantagesof
suchrepresentationsareanalysedininformationretrieval.

2.PReLIMINARIeS

Wepresentedsomefundamentalconceptsofsheavesandsomeofthedefinitionsinthissection.

Definition 2.1.Arelationdefinedonaset issaidtobeanequivalencerelationif it isreflexive,
symmetricandtransitive.

Definition 2.2. Consider a non-empty finite set B   and equivalence θ  on  B . The set of all
equivalencesonB isrepresentedby  E B( ) .Forany � ,a B∈ anequivalenceclassofanelement

c isθ θc b B c b( ) = ∈ ( ) ∈{ }� |� ,�� , wedenote � |θ c c B( ) ∈{ } byB | θ .Twoequivalenceclasses
E and ′E areeitherdisjointorequal.

Definition 2.3.LetR beanequivalencerelationdefinedontheuniverse  V .ForanysubsetX V⊆ ,
theapproximationspaceisdenotedbythepair � ,�S V R= ( ) .

Thesubsets �RX x V x X
R

= ∈ 


 ∩ ≠{ }| φ ,RX x V x X

R
= ∈ 



 ⊆{ }| �arecalledtheR -upper

and R -lowerapproximationofX, respectively.Where x
R



 denotes theequivalenceclassof the

elementxwithrespecttotheequivalencerelationR and � ,�� �RX RX RX= ( ) representstheroughset
ofXin � .�S TheroughsetRX  describeXintermsoftheinformationgranulesunderthepresent
knowledge,i.e.,theclassificationof  V .

Definition2.4:Arelationdefinedonanon-emptyfiniteset issaid tobeaquasi-orderingif it is
reflexiveandtransitive.

Notation2.5:Ifβ beaquasi-orderingonA andif  a bβ ,fora b A, ∈ wedenoteitby a b, .∈ β
Definition2.6 (E.K.R.Nagarajan):Letβ beaquasi-orderingdefinedonafinitenon-emptyset  B .

Thesetconsistingofallquasi-orderingson B  isrepresentedby  Q B( ) .Forany � ,c B∈  the

quasi-orderedclassofc is c b B c b


 = ∈ ∈{ }
β

β| , , wedenote � |c c B


 ∈{ }β

by � |B β .
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Definition 2.7:Let   β beaquasi-orderingdefinedontheuniverse  V .ForanysubsetX V⊆ , the
pair S V= ( ),β  is called quasi-ordered approximation space. The β - upper and β -lower

approximationsofXaregivenby β φ
β

X x V x X= ∈ 


 ∩ ≠{ }| , β

β
X x V x X= ∈ 



 ⊆{ }| ,

respectively.Where x

β denotesthequasi-orderedclassoftheelementxwithrespecttothe

quasi-ordering   β andthequasi-roughsetofXinSis β β βX X X= ( ), .Theroughset βX 
describesXunderthequasiordering  β .

Definition 2.8:LetXbeanon-emptysetandT  beacollectionofsubsetsofXsatisfyingthefollowing
threeconditions:
1. T shallcontainemptysetandthetotalsetX
2. T isclosedunderfiniteintersections
3. T isclosedunderarbitraryunions

ThenT iscalledatopologyonX,themembersofT arecalledopensetsandthepair X T,( ) 
iscalledatopologicalspace.

AsetXonwhichatopologyT hasbeenspecifiediscalledatopologicalspace(X,T).Ingeneral,
wesayXisatopologicalspace.

Example:LetX = { }1 2 3 4, , , andT X= { } { } { }{ }φ, , , , , , , , ,1 2 3 2 3 2 3 4 besomecollection
ofsubsetsofX.

Clearlyφ andXareinT .Also,Tisclosedunderarbitraryunionsandfiniteintersections.
Hence,wecansaythatXisatopologicalspace.

Definition 2.9:AsubsetU  of  X issaidtobeopeninX ifforeachy U∈ thereisabasiselement
B ∈ β suchthaty B∈ and  B U⊆ .

Definition 2.10:Let X,τ( ) and Y , ›( ) betopologicalspaces.Amapping f X Y: → issaidtobe
continuousif itbringsbackopensets inYtoopensets inX.That isforeachWopeninY
f − ( )1 W isopeninX.

Definition 2.11:Let X,τ( ) and Y , ›( ) betopologicalspacesandlet f beamappingofX  into
Y .Then f issaidtobeahomeomorphismifandonlyif f isisomorphic,continuousandan
openmapbetweenthetwotopologicalspaces.

Definition 2.12:Let X,τ( ) and Y , ›( ) betopologicalspacesandlet f beamappingofX intoY  

isa localhomeomorphismifforeverypoint x X∈  thereexistsopensets � ,G D containing
X f X, ( ) ,respectivelysuchthattherestriction f G D

G
| : → isahomeomorphism.

Definition 2.13:LetM andN besets.ThedisjointunionofM andN isthesetrepresentedby
M N ofelementsoftheform a M,( ) , b N,( ) wherea M∈  andb N∈ ,symbolicallywe

write � ,� ,�M N a M a M b N b N = ( ) ∈{ }∪ ( ) ∈{ }| |

Example: Let M = { }1 2,  and N = { }2 3, .  The disjoint union of M  and N  is

M N M M N N = ( ) ( ) ( ) ( ){ }1 2 2 3, , , , , , ,

Asheafisamathematicaltoolforstoringlocallydefinedinformationattachedtotheopensets
ofatopologicalspace.

Definition 2.14(Swamy,1974):



International Journal of Rough Sets and Data Analysis
Volume 6 • Issue 2 • April-June 2019

76

Asheafisrepresentedbyatriple G Y, ,π( ) whichsatisfiestheconditions:

a. GandYbetwotopologicalspaces.
b. π :G Y→ bethelocalhomeomorphismfromGontoY.

Thatis,π :G Y→ isasurjectioninsuchawaythatforany   g G∈ ,thereexistsopensetsAB, 
inG Y, ,respectively,suchthat � � ,��g A g B∈ ( ) ∈π .Also � | :π

A
A B→ isahomeomorphism.Gand

Yarenamedasthesheafspaceandthebasespacerespectivelyandπ isnamedastheprojectionmap.
Oftenwecalledthat � ,�� ,��G Yπ( ) isasheafoverY .Forany � ,�� �p Y p∈ ( ) ≠ ∅−π 1 andisnamedthe
stalkat p ,werepresentthisby  G

p
.NotethatGisthedisjointunionofall � ’G s

p
.

Definition 2.15:Let G Y, ,π( ) beasheafandX Y⊆ .AsectiononX  isacontinuousmapping
f X G: → suchthatπ � f Identity= . Sectionsonthetotalspace  Y arecalledglobalsections.

Definition2.16:Let G Y, ,π( )beasheaf.Ifforeveryg G∈ ,thereisaglobalsection f and  y Y∈ 
suchthat,  g f y∈ ( ) ,then G Y, ,π( ) iscalledaglobalsheaf.

Definition 2.17(BurrisandSankappanavar,n.d.):ABooleanalgebraisanalgebrawithtwobinary
operations∨ ∧, oneunaryoperationofcomplementationandtwonullaryoperationsnamely
leastandgreatestelementsandisdenotedby B, , , , ,'∨ ∧( )0 1 issatisfyingthefollowing:

B, ,∨ ∧( ) isadistributivelattice

y y∧ ≈ ∨ ≈0 0 1 1, 
y y y y∧ ≈ ∨ ≈' , '0 1 

Definition 2.18: An ideal   I  becomes a prime ideal of a Boolean algebra if 1 ∉ I  and
a b I a I∧ ∈ ⇒ ∈  or  b I∈ .

3. SHeAF oF SeTS oVeR AN INFoRMATIoN SySTeM

Consider I V A= ( ), beanInformationsystemwhereV denotestheuniverseofobjectswhichare
finiteandA denotetheattributesset.

LetZbetheBooleanalgebradefinedonthesubsetsofA togetherwiththeorderingdefinedby
setinclusion,thatis,Z P A A= ( ) ∪ ∩ ∅( ), , , , ,' whereP A( ) denotesthesetofallsubsetsofA .

LetX bethesetwhichconsistsofallprimeidealsofZ.

Theorem 3.1:Let A beanyfinitesetandtheBooleanalgebradefinedonthesubsetsof A be
� ,�� ,�� ,���,�� ,��’Z = ( ) ∪ ∩ ∅( )P A A .TheneveryprimeidealofZisoftheformP A a−{ }( ) forsome

   a A∈ ,whereP A a−{ }( ) isthepowersetof A a−{ }( )
Proof: We show that first  P P A a= −{ }( )  is a prime ideal. Choose A A P

1 2
, ∈ . Clearly

A A P A A P
1 2 1 2
∪ ∈ ∩ ∈, .NowforanyC Z∈  andD P∈ itcanbeobservedthata C D∉ ∩ ,

since   a D∉ therefore,  C D P∩ ∈ .
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SupposeforsomeB C Z, ∈ ,letB C P∩ ∈ whichimplies a B C� .∉ ∩ Thenitfollowsthat
anot inB    (or)     anot inC .ThereforeB P∈  orC P∈ whichshowsthatPisaprimeideal.

Conversely, suppose thatP is aprime ideal.ThenP ismaximal, sinceeveryprime ideal is
maximalandhenceP Z≠ thereexistsC Z∈ suchthatC P∉ .

Claim:C a= { } forsomea .

SupposeC a a P= { } ∉1 2
, .ByaboveobservationP A a P A a−{ }( ) −{ }( )1 2

, areprimeideals

which are in turn maximal ideals. Therefore P P A a⊆ −{ }( )1
 and P is maximal which is a

contradiction.

3.2. Structure of Indiscernibility Relation

ConsiderI V A= ( ), beanInformationsystemwhereV denotestheuniverseofobjectsandAdenote

theattributesetand � , , , , ,’Z P A A= ( ) ∪ ∩ ∅( ) beaBooleanalgebra.TheneveryprimeidealPofZ

isoftheformP A a−{ }( ) forsomea A ∈ .
LetX bethesetwhichconsistsofallprimeidealsofZ.
ForeachB A⊆ , �defineN P X B P

B
= ∈ ∉{ }| .

ConsiderthetopologyT onX forwhichtheset N B A
B
| � ⊆{ } formsabase. X T, ��( ) is

calledthespectrumofX isdenotedbySpec X( ).
ForP X ∈ ,defineanindiscernibilityrelation IND

P
onP V( ) by

IND
o o P V P V Foreach x o y o

suchthata xP =
∈ ( )× ( ) ∈ ∃ ∈

1 2 1 2
, |

(( ) = ( )∀ ∈ ∈













a y a B B P� � ,��



Clearly,IND
P

satisfiesreflexivepropertyandtransitivepropertybutneednotsatisfiessymmetric
property.Henceitisthequasi-orderingonV and V IND

P
,( ) isaquasi-orderedapproximationspace.

3.3. Construction of a Sheaf Through Quasi-ordering
Given a collectionofdocuments, eachdocumentmay sharekeywordswith several documents.
Documents can be clustered in several ways. For example, clustering the documents that share
commonkeywordsthatshareatleastsomekeywordsmayresultinequivalenceclasses,tolerance
classesrespectively.However,inthehugecollectionofweb-basedobjectsthismayresultinlarge
numberofclusters.Insuchcasemaintainingthemetadataitselfbecomesahugetask.Inthisregard
inthepresentworkitisproposedtogroupthedocumentsinsuchawaythateachdocumentmay
belongtoseveralclustersbasedonthepresenceofkeywordsbyusingthefollowingquasiordering.

Let I V A= ( ), beaninformationsystem.ConsideratopologicalspaceY definedonasetof
attributes.ForP Y∈ ,defineanindiscernibilityrelation IND

P
onP V( ) by

IND
o o P V P V Foreach x o y o suchthat

a xP
=

∈ ( )× ( ) ∈ ∃ ∈
1 2 1 2
, |

(( ) = ( )∀ ∈












a y a P� �



ClearlyIND
P

satisfiesreflexivepropertyandtransitivepropertybutneednotsatisfiessymmetric
propertyandhence IND

P
belongstoQ A( ).
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ConsiderG V IND
P P
= / �andG G

PP Y
=

∈

+∪ be thedisjointunion.Define ˆ :o Y G→ as

 o P IND o
P

�( ) = ( ) ,foranyo V∈ .  IND o
P ( ) isthequasiorderedclassofo .TopologiseG with

thelargesttopologywithrespecttoeach ô iscontinuous.
Defineπ :G Y→ byπ IND o P

P ( )( ) = , ∀ ( ) ∈  IND o G
P P

.Then G Y, ,π( ) formsatriple.

Theorem 3.4:Thetriple G Y, ,π( ) definedasaboveisasheafoveraninformationsystemifand

onlyifforevery � ,�� ,�� ,� | �o o V Y o o P Y o P o P
1 2 1 2 1 2

∈ ( ) = ∈ ( ) = ( ){ }� � isopenin  Y .

Proof:Consider theglobal sheaf � ,�� ,��G Yπ( ) .Wenowprove that first for o V o
1 1
∈ , �  isaglobal

sect ion.  From the  def in i t ion  i t  i s  c lear  that  o
1

�  i s  cont inuous .  Moreover

π π π η� � �o P o P o P
P1 1 1( ) = ( )( ) = ( )( ) = , forall  P Y∈ whichimpliesπ � �o Identity

1
= �and

weconcludethato
1

� isglobal.WenowproveY o o
1 2
,( ) isopenin  Y .LetP Y o o∈ ( )1 2

, that

is, � ,P Y o P o P g∈ ( ) = ( ) =1 2

� � (say),g G∈ .NowthereexiststwoopensetsL and  W inG 
and   Y ,respectively,fromsheafdefinitioninsuchawaythat g L∈  and � | :π

L
L W→  isa

h o m e o m o r p h i s m .  O b s e r v e  t h a t � ,��π πg o P P P W( ) = ( )( ) = ∈
1

� .  N o w  t a k e

K o L o L W= ( )∩ ( )∩
− −

1

1

2

1� � . Since � ,��o o
1 2

� � arecontinuousandW isopen,impliesthatK is

openin Y andalso P K∈ .Forany� ,��� ,Q K o Q o Q G
1 1 1 2 1
∈ ( ) ( ) ∈� � and� �π πo Q o Q

1 1 2 1

� �( )( ) = ( )( ) 

implieso Q o Q
1 1 2 1

� �( ) = ( ) ,sinceπ |
L

isaone-onemap.ThenQ Y o o
1 1 2
∈ ( ), implies � ,Y o o

1 2( ) 
isopen.

ConverselyassumethatY o o
1 2
,( ) isopenin  Y .Nowweclaimthat G Y, ,π( ) isaglobalsheaf.

Let  � .g G∈  Then  there  ex i s t s  � � � ,��P inY o V
1
∈  such  tha t  g o

P
∈ ( )η

1
.  Now s ince

η
P
o o P o P o Y
1 1 1 1( ) = ( ) ( ) ∈ ( )� � �, impliesthatg o Y∈ ( )1

� .

Nowweclaimthat � | :π
o X
o Y Y

1
1�
�

( ) ( ) → isahomeomorphism.

Suppose,let � | | .�π η π η
o Y P o Y Q

o o
1 1 11 1� �( ) ( )( )( ) = ( )( ) Fromthedefinitionof  π , �P Q=

1
implies

η η
P Q
o o
1 11
( ) = ( )�andtherefore � |π

o Y1
�( )

isone-one.Let � ,�P Y∈ observethat � |π η
o Y P

o P
1

1�( ) ( )( ) = 

for � ,�� .�o V o o Y
P1 1 1

∈ ( ) ∈ ( )η � Then� |π
o Y1
�( )

isonto.LetW betheopensetin  Y and� |g W
o Y

∈






 ( )( )

−

π
1

1

� .

Then π | .
o Y

g W
1
�( ) ( ) ∈ Nowsince g G

P
∈ forsome  P ,thereexisto V

1
∈ suchthat g o

P
= ( )η

1


and hence π η| .
o Y p

o W
1

1�( ) ( )( ) ∈  Since π η| ,
o Y P

o P
1

1�( ) ( )( ) =  it follows that  � ,�P W∈  clearly

o P o W
1 1

� �( ) ∈ ( ) .Aso
1

� isanopenmap,implieso W
1

� ( ) isopeninG.

Let ′ ∈ ( )g o W
1

� then ′ = ( ) = ( )( )g o Q o
Q1 1 11

� η �forQ W
1
∈ .

I t  c a n  b e  n o t e d  t h a t  π η|
o Y Q

o W
1 1 1�( ) ( )( ) ∈  a s  � .π η

P
o Q
1 1( )( ) =  T h e r e f o r e

′ = ( ) ∈ ( ) ( )
−

g o W
Q o
η π

1 1
1

1

| .� Thuso W W
o Y1
1

�
�( ) ⊆ ( )( )

π | whichimpliesπ |
o Y1
�( )

iscontinuous.
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LetMbetheopensetino Y
1

� ( ) .Sincethesubspacetopologyinducedby  G ,thereisanopen

set N  in G  such that �M o Y N= ( )∩1

� . Let � ,g M∈  then there is Q Y
1
∈  such that

� ,��g o Q o g N
Q

= ( ) = ( )( ) ∈
1 1 11

� η .SinceQ o N
1 1

1

∈ ( )
−� , consider � .�N Y( ) ∩ ObviouslyQ J

1
∈ �and

J   is open set in  Y . Consider � ,�Q J
1
∈  that is,P o N Y∈ ( )∩

−

1

1� .  Then � �o P N
1

� ( ) ∈  and since

o P o Y
1 1

� �( ) ∈ ( ),  i t  implies  that � .� | | .o P o Y N M P o P M
o Y o Y1 1 1
1 1

� � �
� �( ) ∈ ( )∩ = = ( )( ) ∈ ( )( ) ( )

π π 

Therefore � |π
o Y1
�( )

isopen.

Hence G Y, ,π( ) isasheafoveraninformationsystem.HereG
P

iscalledastalkwhichdescribes
anapproximationspaceonV  correspondingtotheattributeset � .P A⊆

Note3.5:
Intheaboveconstructionwemaychooseaconvenienttopologyonthesetofallattributesand

obtainthecorrespondingsheafofsetsoveraninformationsystem.Similarlybyconsideringdifferent
indiscernibilityrelationsonthesetofallobjectswegetsuitablesheafspaces.

4. ILLUSTRATIoN

Example 4.1:ConsideraninformationsystemgiveninTable1.
IntheaboveinformationsystemV V V V= { }1 2 3, ,�� �� andA C H W P= { }, , ,

T h e  p o w e r  s e t  o f  V ,
P V V V V V V V V V V V V V( ) = ∅{ } { } { } { } { } { } { } { }, , , , , , , , , , , ,1 2 3 1 2 2 3 1 3 1 2 3{{ } .  O b v i o u s l y

P V P V( )× ( ) consistsof64elements.

ConsiderthetopologyX C H W C H W P A= { } { } { } =( ){ }∅, , , , , , , ,��� �� �� ��P ���

LetusdenoteP P C H P W P C H W P
1 2 3 4
= = { } = { } = {∅, , , , , , , ,���� �� ���� � ��P �� }} =( )A

Bythedefinitionoftheindiscernibilityrelationdefinedin3.2
Theindiscernibilityrelationsaregivenasfollows.

IND
V V V V V

V V VP1

1 2 3 1 2

2 3 1
=
∅ ∅ ∅ { } ∅ { } ∅ { } ∅ { }
{ }
, , , , , , , , , , ,

, , , ,∅ ∅ ,, , , , ,V V V V3 1 2 3{ } ∅ { }
















Table 1. Domains of keywords

Group of 
Documents 
(Objects) (V )

Domains of key words (Attributes) (A)

Chemistry (C) History (H) Wealth (W) Physics (P)

V1 organic king Gold rays

V2 reaction rule Villa opaque

V 3 organic king Gold magnet
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IND

V V V V V V V V V V V
P2

1 3 1 1 2 1 2 3 1 1 3

=

∪

{ } { } { } { } { } { } { } { }

” �

, � , , , , , , , , , ,,

, , , , , , , , , ,

, , ,�

V V V V V V V V V V

V V V

2 2 3 2 1 2 3 3 1 3

3 2 3

{ } { } { } { } { } { }
{ } { } VV V V V V V V

V V V V V V V

3 1 2 3 1 2 3

1 3 1 1 3 3 1

{ } { } { } { }
{ } { } { } { }

, , , , , , ,

, , , , , , ,,� , , , , , , ,

, , , , , ,��

V V V V V V V

V V V V V V V

3 1 3 1 3 2 3

1 3 1 2 3 1 2

{ } { } { } { }
{ } { } {{ } { } { } { }
{ }

,�� ,�� ,�� ,�� ,�� ,�� ,

,�� ,�� ,��

V V V V V V

V V V V

1 2 1 2 2 3

1 2 1 22 3 1 2 3 1 2

1 2 3 2 3 1 2 3

, , , , ,�� , ,

, , , , , , , ,

V V V V V V

V V V V V V V

{ } { } { }
{ } { } { } VV V V1 2 3, ,{ }























Where ” = { } { } { } { } { } { }{ }V V V V V V1 1 2 2 3 3, , , , , 

Similarlyotherindiscernibilityrelationscanbedescribed.
Observethatthequasi-orderedclassesof IND

P2
are

V V V V V V V V
INDP

1 1 3 1 3 1 2 2
2

{ }



 = { } { } { } { }, , , , , , ,VV V V V3 1 2 3{ } { }



, , , 

V V V V V V V V V
INDP

2 2 1 2 2 3 1 2 3
2

{ }



 = { } { } { }, , , , , , ,{{ }



 

V V
IND INDP P

1 3
2 2
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 = { }



 

V V V V V V V V V
INDP

1 2 1 2 2 3 1 2 3
2

, , , , , , ,{ }



 = { } { } { }



 

V V V V V V V V V V
INDP

1 3 1 3 1 3 2 3 1 2
2

, , , , , , , , ,{ }



 = { } { } { } { } ��V 3{ }



 

V V V V V V V V
INDP

2 3 1 2 3 1 2 3
2

, , , , , ,{ }



 = { } { } { }



 

V V V V V V V V V V
INDP

1 2 3 1 2 2 3 1 2 3
2

, , , , , , , ,{ }



 = { } { } { }



 

Observe thatG V IND
P P2 2
= /  represents a stalk with the above quasi-ordered classes and

V IND
P

,
2

( ) isaquasi-orderedapproximationspace.

G G G G G
P P P P

=
1 2 3 4
   (disjointunion)thatis, g p g G

j Pp X ij

, :( ) ∈{ }∪ andbytheabove

sheafconstructiongivenin3.3 G Y, ,π( ) isasheafwhereπ :G Y→ isgivenbyπ o P
INDP












 =

2
2

whereo V⊆ .

5. APPLICATIoN oF SHeAF RePReSeNTATIoN To INFoRMATIoN ReTRIeVAL

Considerasetofdocuments V( ) .LetA denotethedomainsofkeywords.LetF V A: → bea
mapthatassignsforeachdocumentthekeywordspresentinit.Then V F A, ,( ) denotesaninformation
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system.Wecanconstructasheafoveraprescribedtopologyforthisgiveninformationsystemas
illustratedabove.Inthesheafeverystalkcontainsquasi-orderedclassesforaprescribedsetofkey
words.

Thestorageofthemetadataintheaboveformatforthegiveninformationsystemfacilitatesquick
queryprocessingonthecorrespondingstalk.Givenaquerywithasetofkeywordsthecorresponding
smallestelementPinthetopologyisconsideredandthecorrespondinginformationfromV IND/

P


isretrievedfromtherelevantstalk.
Intheaboveexample4.1,if“organic”and“king”areselectedaskeywords,thenitcorresponds

to the set P C H
2
= { }, ��  and the stalk information corresponding to P

2
 indicates that

V V
IND INDP P

1 3
2 2

{ }



 = { }



 andhencedocumentsV V1 3, aretherelevantdocumentsandwillbegiven

asanpreliminaryoutput.Further,thequasiorderingclassescorrespondingto IND
P2

canalsobe
presentedbutwithlesserpriority.

Similarschemaandconstructioncanalsobeappliedtoanyscenariowheresuitablerelationscan
bebuilt.Forexample,incaseofnetworks,nodescanbeconsideredasobjectsandcharacteristicsof
nodesorothernodesconnectedtothisnodecanbeconsideredasattributes.

6. CoNCLUSIoN

Inthispaperanewquasiorderingisproposedonthecollectionofdocumentsbasedonkeywordswhich
facilitatesgroupingofdocumentscanbecarriedoutinamoregeneralandmeaningfulsetting,and
alsoasheaftheoreticmodalforinformationstorageandretrievalusingquasi-orderedapproximation
spacesispresentedanddemonstratedhowthemethodcanbeusedinrealtimesystems.Furtherthis
canbeimplementedandtestedonrealtimedatatoobservetheimprovementsinqualityofrelevant
answersandtimetakenforqueryprocessing.
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