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TheContext of thisWork

BaseSchema
�

View Schema�

�

��� ��� � 	

��� ��� � 	

�induces


 To eachschema
�

is associateda set
��� ��� � 	

of legal
statesor legal databases.


 Thedatabasemapping� � ��� ��� � 	� ��� ��� � 	
which

definestheview is surjective.


 This framework coversvirtually all notionsof view.


 Exception:Viewsnotdefinedby functionalmappings;
e.g., definitionvia paraconsistency.
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Translatorsfor View Update

� �

�

Translatedupdate
onbaseschema � � � ����� � 	

�

� � � ��	�� � � View update � � � � � � � � � ��� ��	�	


 An updatestrategy is apartialfunction:� � ��� ��� � 	�� ��� ��� � 	� ��� ��� � 	� � BaseStates
�

View States


BaseStates�
CurrentBaseState

�
New View State

	��
New BaseState.


 Not all view updatesareallowed;thus
�

is a partialfunction,in
general.

Question: Whatis anappropriatetranslationfunction?

Answer: It dependsuponboth:


 thenatureof theview function � , and
 theuseto which theview will beplaced.
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ExtremeCasesof theView UpdateProblem

Examplebaseschemaandinstance:

Name


Dept Proj


Budget

Rel P: Name Dept Proj
Smith 1 A
Jones 2 A
Jones 2 B

Rel Q: Proj Budget
A 100
C 300
D 300

Exampleviews:

View  "! : All of Q

Proj


Budget

Proj Budget
A 100
C 300
D 300


 Any update which re-
spectstheFD is allowed.
 Natural translation of
view updates keeps
relation P constant in
all reflections of view
updates.

View  $# : % Budget
�
Q
	

Budget
100
300
 No view updatespossi-

ble underany reasonable
translationstrategy.
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Criteriafor DeterminingAdmissibility
of UpdateTranslations

In lessextremecases,therearetwo typesof criteriawhichmay
beappliedto assesstranslatabilityof view updates.


 Uniquenesscriteria:
 A view updateis supportedif it hasonly one“reasonable”
reflectionto anupdateof thebaseschema.
 No adhocchangesto thebaseschemaarepermittedin the
translation.
 Mostwork on thesupportof view updateshasfocusedupon
this typeof criterion.


 Interfacecriteria:
 Thesecriteriafocusuponhow theview appearsto its users.
Importantexamplesincludethefollowing:
 Thetranslationof aview updateto anupdateof thebase

schemamustbecompletely“understandable”within the
context of theview itself.
 Changesto thebaseschemawhicharenot visiblewithin
theview schemaarediscouraged.
 Relatively little work on thesupportof view updateshas

focuseduponthis typeof criterion.
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Example1 — Uniquenessvs. InterfaceCriteria

Baseschemaandinstance:

Rel P: Name Dept Proj
Smith 1 A
Jones 2 A
Jones 2 B

Constraints:
Name


Dept

No nullsallowed.

View andinstance:

R
� & '

Name ( Proj ) � P 	 : Name Proj
Smith A
Jones A
Jones B

Constraints:
No FD’s
No nullsallowed.

Proposedview update:Delete
�
Smith

�+* 	
from R.


 Thisupdatewould beallowedundermostuniquenesscriteria.
 Theunique“reasonable”baseupdateis:
Delete

�
Smith

�-,.��* 	
from P.
 Thisview updatemight bedisallowedundercertaininterface

criteria.
 Theupdateinvolvesahiddentrigger. ThefactthatDept
� ,

for Smithis removedfrom thebaseschema,but this deletion
is not visible within theview.
 Theupdateis irr eversiblewithout knowledgeof thestate
historyof thebaseschema.Re-insertionof

�
Smith

��* 	
into

theview cannotmagicallyre-createthefactthatSmithwasin
Department1.
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Example2 — Uniquenessvs. InterfaceCriteria

Baseschemaandinstance:

Rel P: Name Dept Proj
Smith 1 A
Jones 2 A
Jones 2 B

Wilson 1 Null

Constraints:
Name


Dept

Nulls allowedfor Proj.

View andinstance:

R
� & '

Name (0/Proj ) � P 	 :1
Proj = Proj

with nulls
disallowed

Name Proj
Smith A
Jones A
Jones B

Constraints:
No FD’s
No nullsallowed.

Proposedview update:Delete
�
Smith

�+* 	
from R.


 Thisview updateis realizableby thebaseupdate:
Modify

�
Smith

�-,2�+* 	�� �
Smith

�3,.�
Null

	
.
 Thehiddentriggerandirreversibility problemsarenotpresent

in this modifiedview.
 Unfortunately, this view posesotherupdateproblemswith
respectto interfacecriteria: a hiddendynamicconstraint.
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Example2a— Uniquenessvs. InterfaceCriteria

Baseschemaandinstance:

Rel P: Name Dept Proj
Smith 1 Null
Jones 2 A
Jones 2 B

Wilson 1 Null

Constraints:
Name


Dept

Nulls allowedfor Proj.

View andinstance:

R
� & '

Name (0/Proj ) � P 	 :1
Proj = Proj

with nulls
disallowed

Name Proj
Jones A
Jones B

Constraints:
No FD’s
No nullsallowed.

Proposedview updates: Insert
�
Smith

�+* 	
into R

Insert
�
Young

�+* 	
into R


 Thefirst is realizableby thebaseupdate:
Modify

�
Smith

�-,2�
Null

	�� �
Smith

�-,.��* 	
.
 Thesecondis not realizable,evenunderuniquenessconditions,

becausenodepartmentinformationis availablefor Young.
 Notethatit is notpossibleto determine,from theview state
alone,whetheror nota proposedupdateis admissible.Further
informationfrom thebaseschemastatemustbeknown. This
view containsahiddendynamicconstraint
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Openvs.ClosedViews

Open:
BaseSchema�
View Schema�User


 Theuserhasaccessto boththeview andthebaseschema.
 Theview is providedasa convenience.
 Uniquenesscriteriasuffice for updatetranslation.

Closed:
BaseSchema�
View Schema�User


 Theuserhasaccessonly to theview.
 Theuserhasno directknowledgeof thebaseschema.
 The view must be self containedin terms of knowledge
neededto effectupdates.
 Theview shouldpreferablylook “just” like a completebase
schema.
 Interfacecriteriafor updatetranslationsareextremelyimpor-
tant.
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Major Goalof thisWork

➣ Theoverall goalis to developasystematictheoryof update
supportfor closeddatabaseviews.


 This impliesin particularthatcarefulattentionbepaid
to interfacecriteria.

➣ Thestrategy is to build upontheseminal
constant-complementapproachof BancilhonandSpyratos.

➣ Major enhancementsdevelopedhere:


 Uniquenessof translations
 Meet-basedcharacterizationof admissibleupdates
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ClosedUpdateFamilies

Recall:
��� ��� � 	

denotesthesetof statesor legal databasesof
theschema� .


 A closedupdatefamily for � is anequivalencerelation 4 on��� ��� � 	
.


 � � � � � ��	65 4 meansthattheupdate
� � 78 � �

is
admissibleon � .


 Interpretationof equivalencerelationproperties:

➪ Reflexivity impliesthattheidentityupdateis always
allowed.

➪ Symmetryimpliesthateveryupdateis reversible.

➪ Transitivity impliesthatupdatesmaybecomposed.

Fundamental modelling assumption: Thesetof admissible
updateson aview formsa closedupdatefamily.
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ClosedUpdateStrategies


 Recallthatanupdatestrategy for theview  � � � � � 	 with
respectto thebaseschema

�
is a partialfunction:� � ��� ��� � 	�� ��� ��� � 	� ��� ��� � 	� � BaseStates

�
View States


BaseStates�

CurrentBaseState
�
New View State

	��
New BaseState.


 Let 9 �
a closedupdatefamily for theview � .

4 �
a closedupdatefamily for thebaseschema

�
.


 In aclosedsetting,thefollowing conditionsarealsoimposedto
yield aclosedupdatestrategy for 9 with respectto 4 .

(upt:1) [Only view updatesfrom 9 areembodiedin
�
.]� � � �+� 	;:

if f
� � � � 	 ��� 	<5 9 .

(upt:2) [Only baseschemaupdatesfrom 4 areembodiedin
�
.]

If
� � � ��� 	;:

, then
� � � � � � ��� 	�	65 4 and� � � � � �+� 	�	�� �

.

(upt:3) [Identity updatesarereflectedasidentities.]
For every

� 5 ��� ��� � 	
,
� � � � � � � 	�	�� �

.

(upt:4) [Every view updateis globally reversible.]
If
� � � ��� 	;:

, then
� � � � � ��� 	 � � � � 	=	�� �

.

(upt:5) [View updatereflectionis transitive.]
If
� � � ��� �>	;:

and
� � � � � �+� ��	 �+� �3	?:

, then� � � �+� �3	�� � � � � � �+� �>	 �+� �3	
.
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Complement-BasedUpdateStrategies


 Context:
�

: baseschema
 � � � � ��� � � � �  � � 	

: aview of
�

 � � � � � � � � � �  � �-	
: aview of

�

 Theview  � is a (subdirect)complementof  � if thestateof

�
mayberecoveredfrom thecombinedstatesof � �

and � �
.

Formally,� � � � � � ��� ��� � 	� ��� ��� � ��	�� ��� ��� � ��	� � � � � � � 	 � � � � � 	=	
mustbeinjective.

Observation [Bancilhon& Spyratos81]: Every subdirect
complement � of  � definesanupdatestrategy on  � as
follows:@BADC3E�FHGJILKBM�NOK�P�QSR;T MUNWV�P�XBYZ R\[ M�] [ P X_^ M R`V P Na[ P R?T M XbX

if
R`V P Na[ P R?T M XOX8c R\[ M�] [ P XdRJegfihjR`k XbX

undefined otherwise

l l m M npo�qsrstvuSw`x MDy x PDz={ m M|y~} P>�

� M<� � P � M<� � P � M { m M � � � P { m M � } P�� � P { m M �

 This is calledtheupdatestrategy definedby constant

complement � .
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Equivalenceof Strategies

Theorem [Bancilhon& Spyratos81]: Every closedupdate
strategy is definedby aconstantcomplementupdatestrategy. �

Fact: Thereexist subdirectcomplementswhichdo notdefine
closedupdatefamilies. �


 To understandtheproblem,considerthefollowing
visualization,in which  � � � � � � � � 	 is to beupdatedwith
constantcomplement � � � � � � � � 	 .

� � � �

�


 Intuitively, thereis an“overlap” of thetwo views, inducedby
themappings� � and � � .


 Whenupdating � , thepartof thestateof � �
whichoverlaps� �

mustbeheldconstant,while therestmaybemodifiedat
will.


 Formalizationof this notionis thekey to identifying just those
complementswhichdefineclosedupdatefamilies.
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TheCongruenceof aView


 Thecongruence��������� �  	 of aview  � � � � � 	 of
�

is the
equivalencerelationdefinedby� � � � � �3	65 ��������� �  	 if f � � � ��	�� � � � ��	

.


 In aset-basedcontext withoutadditionalstructure,everyview
is defined,up to isomorphism,by its congruence.


 Thus,thereis anaturalcorrespondence:

Equivalencerelations
on statesof the base
schema

Isomorphismclasses
of views of the base
schema


 Notethata closedupdatefamily 4 on
�

definesaview of
�

,
sinceit is anequivalencerelation.


 Givena closedupdatestrategy
�

for  � � � � � 	 ,� R;T M NHT P X�c egfihjR`k X ] egf�h�R`k Xp��R?�gV c egf�hjR�� XbXSRL��R?T M NWV X�Y V P X��
is thecongruenceof aview complementaryto  whichyields

�
with constant-complementupdate.
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CommutingCongruencesandMeetComplements


 A pair �� � �  ��� of views of
�

is calleda fully commutingpair
if ��������� �  � 	�� ��������� �  � 	�� ��������� �  � 	�� ��������� �  � 	 .


 In thiscase,�����g��� �  � 	�� ��������� �  � 	 is anequivalencerelation.


 If �� � �  �g� is a fully commutingpair, theview whose
congruenceis  �"�  � is calledthemeetof  �"�  � , andis
denoted �$�  � � � � �8�= ¡���~¢ � � � � �$� � �3	 .


 In thiscase, � �  � mayalsoberegardedasaview:£ �  � �  �-	�� � � � �|¤¦¥  � �  �-§=	 of  � .
�

¨  

¨  ª© ¨ ¢
¨ ¢

� �
«¬L®   ( ® ¢+¯

� �
«¬�® ¢ ( ®  ª¯

� �°�   ��� ¢ � �

  � �  � is effectively a glb of  � and  � .
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MeetComplementsandClosedUpdateStrategies

Theorem [HegnerICDT90,FoIKS02]: Theupdatestrategy±³²2´¶µ¸· � ¥  � �  � § is closediff �� � �  � � formsa fully commuting
pair. �


 Theview updatefamily on  � definedby themeet
complementarypair �� ���  � � is just �����g��� �  � �  � 	 .

 In otherwords,theadmissibleupdateson  � areunder

constantcomplement � arepreciselythosewhichkeepthe
meet � �  � constant.

Bottom Line: For agivenview  , thereis a naturalbijective
correspondence:

Closedupdatestrategies ¹ 
Meetcomplements� � 7º » $¼±³²2´½µ½· � ¥  �  ¿¾ § ¹ 7°À  ¿¾
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Meetin theRelationalContext


 Underreasonablecircumstances,themeetof two projectionsin
therelationalcontext is theprojectionon theintersectionof the
view attributes.
 Let:
 Á ÂÄÃ Å = relationschemeon attributeset Ã .
 Æ = setof full dependencies.
 Ç �vÈ

= subsetsof Ã .
 Supposefurtherthatthedecompositionis losslessand
dependency preserving;i.e.,
 É ÂÄÇ �vÈ Å 5 Æ Ê .
 � %�Ë � Æ 	pÌ %jÍ � Æ 	=	 Ê � Æ Ê .
 Then� Á ÂÎÇ Å � %�Ë � Æ 	�	p� � Á Â È Å � %jÍ � Æ 	�	�� � Á ÂÎÇ Ï È Å � %�ËÑÐ2Í � Æ 	�	

.

� Á ÂÎÃ Å � Æ 	
Ò�Ó

Ò Ó�ÔDÕ
Ò3Õ

� Á ÂÎÇ Å � % Ë � Æ 	�	
Ò ÓºÔ>Õ

� Á Â È Å � % Í � Æ 	�	
Ò Ó�ÔDÕ

� Á ÂÄÇ Ï È Å � % Ë�ÐÖÍ � Æ 	�	
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Updatein theRelationalContext

Examplebaseschemaandinstance:

�J× ÂABC Å � � B 
C
�Ø	

: A B CÙ¶Ú Û�Ú ÜDÚ
Ù � Û � Ü �
Ù � Û � Ü �

View to beupdated:

View
&

AB
� �b× ÂAB Å �ÞÝ 	

A BÙ Ú Û Ú
Ù � Û �
Ù � Û �

Complementaryview:

View
&

BC
��b× ÂBC Å � � B 
C
�Ø	

B CÛ Ú Ü Ú
Û � Ü �


 Themeetof thesetwo views is
&

B
� �b× ÂB Å �ÞÝ 	 .


 Theupdateswhichareallowedto
× ÂAB Å underconstant

complement
&

BC arepreciselythosewhichhold themeet
&

B
fixed.
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TheUniquenessQuestion


 Generallyspeaking,distinctcomplementsgive riseto distinct
updatestrategiesunderconstant-complementtranslation.


 In thegeneralsets-and-mappingsframework, complementsare
never unique,exceptin degeneratecases.


 This is trueevenfor complementswith thesamemeet.

Question: How doesonechoosethe”right” complementto
supportupdatetranslationona view?

Answer: Usually, this is doneonæstheticgrounds,by selectinga
mostnaturalcomplement.

Observation: In many cases,thereis anobvious”natural
complement”whichappearsto betheonly onewhichmakes
sense.

Goal: Developa formal theorywhich identifiesthis natural
complementastheonly reasonableone.
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AlternateUpdatein theRelationalContext

Baseschema:�J× ÂABC Å � � B 
C
�ß	

A B CÙ Ú Û Ú Ü ÚÙ � Û � Ü �Ù � Û � Ü �

View to beupdated:

View
&

AB
� �J× ÂAB Å �ÞÝ 	

A BÙ Ú Û ÚÙ � Û �Ù � Û �

 For any Û 5 � ��à �

B
	
, á A

� Û 	 = numberof distinctvaluesof for
attributeA associatedwith Û in % AB

� � 	
.
 Let

� ��à �ãâ 	�� � Ü Ú � Ü ��� Ü � �
 ä � � ��à �Oâ 	� � ��à �ãâ 	
; ÜDå � Ü ' å Ê � æ$çDèêé ) .
 Define %�¾ë¦ì � � 	��

� � Û � Ü 	 í � Û � Ü 	<5 % ë¦ì � � 	
and á î � Û 	 is odd

�ÑÌ
� � Û � ä � Ü 	=	 í � Û � Ü 	65 % ë¦ì � � 	

and á î � Û 	 is even
�
.
 Theupdateswhichareallowedto

× ÂAB Å underconstant
complement

& ¾BC areexactly thesameasthoseallowedunder
constantcomplement

& ¾BC.
 ConsidertheupdateInsert
� Ù � � Û�Ú 	 into

&
AB.

Constantcomplementview:& ¾BC
� �J× ÂBC Å � � B 

C
�ß	

B CÛ�Ú ÜDÚÛ � Ü �

Baseschemaafterupdate:�J× ÂABC Å � � B 
C
�ß	

A B CÙ¶Ú Û�Ú Ü �Ù � Û�Ú Ü �Ù � Û � Ü �Ù � Û � Ü �
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Order— theKey to UpdateUniqueness


 Databasestatesin commondatamodelsoftenadmita natural
orderstructure.

Example: Relation-by-relationinclusionin therelational
model.


 Databasemorphismsin commondatamodelsoftenpreserve
this orderstructure.

Example: Select-Project-Join(SPJ)-mappingsin the
relationalmodel.


 Thesepropertieshave beenusedto establishuniquenessof
directcomplements[Hegner94JCSS].

Question: Is is possibleto extendtheseresultsto subdirect
complements?

Short Answer:


 It is notgenerallytruethatsubdirectcomplementsare
unique,evenin thepresenceof orderconstraints.
 Despitethis, it canbeshown thatthereflectionsof updates
whichareorderbased(i.e., insertionsor deletions)are
uniquewithin thecontext of closedupdatestrategies.

22



Key Featuresof theOrder-BasedFramework


 Thelegal databasesof aschema
�

form apartiallyorderset�ª��� ��� � 	 �ðï ñ 	
.


 Themapping� � ���ò��� � 	� ��� ��� � 	
of aview  � � � � � 	 is

anopenposetmorphism;i.e.,� � � ��	 ïêó � � � �3	
if f

� � ï ñ � �
.


 For �� �Ñ� � � � � � �D	 �  � � � � � � � ��	Þ� to beapair of subdirect
complements,thedecompositionmapping� � � � � � ���ò��� � 	� ��� ��� � 	
mustbeasection(isomorphisminto).


 A closedupdatefamily for
�

is anorder compatible
equivalencerelationon

��� ��� � 	
.


 A closedupdatestrategy for theview  � � � � � 	 of
�

is
subjectto threeadditionalorder-basedconditions.

(upt:6) [View updatereflectsorder.]
If
� � � ��� 	?:

and � � � 	 ïêó �
, then

� ï ñ � � � ��� 	
.

(upt:7) [Chainreflection.]
If
� � � ����� � 	;:

with
� � ï ñ � � � ���+� � 	

, thenfor all� � 5 ��� ��� � 	
with

� � ï ñ � � ï ñ � � � ���+� � 	
, there

is an
� � 5 ��� ��� � 	

with
� � � � �+� �3	�� � �

.

(upt:8) [Orderinheritance.]
If
� � � � � 5 ��� ��� � 	

with � � � ��	 ïêó � � � �3	
and��ô � � ��� � 5 ��� ��� � 	=	 � � � � � ��� � 	 ï ñ � � � � ��� � 	�	

,
then

� � ï ñ � �
.
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TheMain Result


 Let
�

beadatabaseschema,andlet 4 beaclosedupdate
family for

�
. A pair

� � ��õ � � 	65 4 is called:
(i) a formal insertionwith respectto 4 if

� � ï ñ � �
;

(ii) a formaldeletionwith respectto 4 if
� � ï ñ � �

;
(iii) anorder-basedupdatewith respectto 4 if it is realizable

asasequenceof formal insertionsanddeletions.
 Theupdatefamily 4 is calledorder realizableif everypair in 4
is anorder-basedupdate.

Main Theorem: (Setin theorder-basedframework.)
 Let:
 �
= databaseschema.
  � � � � � 	 = view of

�
.
 4 = closedupdatefamily for

�
.
 9 = closedupdatefamily for � .
 � �

,
� �

= closedupdatestrategiesfor for 9 with respect
to 4 .
 Then:
 For any

� 5 ��� ��� � 	
and

� 5 ��� ��� � 	
with� � � � 	 �+� 	ö5 9 anorder-basedupdate,� � � � ��� 	�� � � � � ��� 	

.
 In particular, if 9 is orderrealizable,then
� � � � �

. �
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UpdateUniquenessin aRelationalExample

Baseschema:�J× ÂABC Å � � B 
C
�ß	

A B CÙ Ú Û Ú Ü ÚÙ � Û � Ü �Ù � Û � Ü �

View to beupdated:

View
&

AB
� �J× ÂAB Å �ÞÝ 	

A BÙ Ú Û ÚÙ � Û �Ù � Û �

 Recallthatthe“natural” updatestrategy usesthecomplement&

BC.


 This impliesthattheallowableupdates9 arethosewhichhold
themeetview

&
B constant.


 Observe thateveryadmissibleupdateto
&

AB is orderbased.
 An updatesuchas
Replace

� Ù¶Ú � Û�Ú 	 with
� Ù é � Û�Ú 	

mayberealizedasthesequence:
Insert

� Ù é � Û�Ú 	
Delete

� Ù¶Ú � Û�Ú 	 .

 Thus,within theorder-basedframework, thereis only one

closedupdatestrategy whichsupports9 .

 Thebizarrecomplement

& ¾BC fails to beorderbased,andthus
theupdatestrategy definedby holdingit constantis notwithin
theorder-basedframework.
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UpdateUniquenessin aRelationalExampleII

Baseschema:�J× ÂABC Å � � B 
CA

�ß	
A B CÙ Ú Û Ú Ü ÚÙ � Û � Ü �Ù � Û � Ü �

View to beupdated:
&

AB
� �b× ÂAB Å � � B 

A
�ß	

A BÙ Ú Û ÚÙ � Û �Ù � Û �

 Theadditionalfunctionaldependency B


A blockstheability

to realizeall updatesasinsertionsfollowedby deletions.
 Thenaturalrelationalorderingcannotbeusedto guaranteethe
uniquenessof updatereflectionsin a closedstrategy.
 Thefollowing trick canbeusedto establishuniqueness.
 Let ÷ î beanarbitrarytotal orderon

� ��à � * 	
.
 Define ÷ on ABC-tuplesby

� Ù Ú � Û Ú � Ü Ú 	 ÷ � Ù ��� Û ��� Ü � 	 if f�=� Ù Ú ÷ î Ù � 	 © � Û Ú � Û � 	 © � Ü Ú � Ü � 	�	 .
 Define ÷ on AB-tuplesby
� Ù½Ú � Û�Ú 	 ÷ � Ù � � Û ��	 if f�=� Ù¶Ú ÷ î Ù �D	 © � Û�Ú � Û �D	�	 .
 Define ÷ on BC-tuplesby
� Ù¶Ú � Û�Ú 	 ÷ � Ù � � Û �|	 if f�=� Û�Ú � Û ��	 © � ÜDÚ � Ü �>	�	 .
 Extend ÷ to relationsby Á � ÷ Á �

if f�;øBù Ú 5 Á � 	 ��ôù � 5 Á � 	 �úù Ú ÷ ù � 	
.
 Underthis new ordering,all updatesareorderbased,and

sotranslationis unique.
 Sincethis new orderingis strictly strongerthantheoriginal, the
updatesarethesameasthosewhicharisefrom the

&
BC as

constantcomplement.
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ConclusionsandFurtherDirections

Conclusion:


 Order-basedtechniquesareapromisingtool for establishing
uniquenessof closedupdatestrategies.

Further directions:


 Pursueamuchmoresystematicdevelopmentof thetechnique
of addingartificial domainordersto establishuniqueness.
 Identify conditionsunderwhich thereis a uniquegreatest
closedupdatestrategy for aview.

➾ Identify conditionsunderwhichaview hasa least-meet
complement.
 Studyview-centeredschemadesign.
 Examinecomplexity issuessurroundingclosedupdate

strategies.
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