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Triggersand active databasds

Relationaldatabasesa bund of tables(relationalinstances)

EMP

Empld EmpName DeptName

27 John
31 Mary
42 Peter
ol Doug

Accoutiing
Administration

Services

Accourting

DEPT

DeptName Managerlg

Accouting
Service

27
34

Triggers:Evert-Condition-Action(ECA) Rules.
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{ Certainupdatesto the databasdriggeradditionalupdatesas
dictatedby the ECA rules.

{ An ECA rule
Evert: Deletionof a tuple in the EMP table
Condition: The Empld in that tuple appearsasa Managerldn

the DEPT table.
Action: Remae all sut tuplesin the DEPT table.
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Curren status: DB systemghat have triggersandtheir usag

Availablein mostrecem databasesystemsiBM DB2/V2, Oracle,etc.
But rarely used.

Too dangerousautomaticallychangethertables.

What is the purposeof a setof triggers?

How do we statethe purpose?in what langauge?

What doesit meanthat a setof triggersis not dangerous?
Correct! Correctwith respectto whar?

Needto be ableto specifythe purpse.

Needto be ableto formulatethe notionof carectnes®f a setof
triggerswith resgectto a speci cation.

{ Needto be ableto verifythe carectness.
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{ It would be greatif certaintriggerscouldbe automatically
generatedrom the speci cation.
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Evolution of a databaselueto updatesandtriggerg

Updatesandactions:Inserta tuple, deletea tuple, modify or updatea
tuple.

Sematics: A function + from statesandactionsequences a
sequencef states.

T( ; ) isthe sequencef databasestatesrecordinghow the database|
would ewolve whena sequencef actions isexecutedn in presence
of the setof triggersT .

Notations:

{ :denoteghe last stateof the ewlutiongivenby ( ; ).
{ (. ,: denoteshe laststateof the ewolutiongivenby ( ;5 2)

{ Wesimilarlyde ne ...
{ & (¢, iirisasequencefquiescenstates.
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Speci cationideas

Four kinds: stateinvarianceconstraifs; state mairtenanceconstraims
(or quiesceinstate constraims); trajectoryinvarianceconstraims; and
trajectory mairtenanceconstraifs.

Invariancevs mairtenance:lnvarianceconstraims areabout all states
of the databasewhile the mairtenanceconstraims focusonly onthe
guiesceinstates.

A state constraint ¢ on a databasesdhemeR, is a functionthat
assaiateswith eat database of R a booleanvalue ¢(r). A database
r of R is saidto satisfy ¢ if ¢(r) istrue.

A trajectory constraint ; onadatabasesthiemeR, is a functionthat
assagiateswith eat databasesequence of R a booleanvalue ().
A databasesequence of R is saidto satisfy if () istrue.
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The speci cationin our example\For ary tuplet in the DEPT table,
theremust be a tuple t’in the EMP table sud that

t:M anagerl d = TCEmpl d" istrue in all quiescenstates.

(a trajectory mairtenanceconstrair)
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De nition of correctneds

Let i beasetof stateinvariart constraims, sy be a setof state

mairtenanceconstraims,  be a setof trajectoryinvariarnt constrais,
im be a setof trajectory mairtenanceconstraims, A be a setof

exogenouactions,and T be a setof ECA rules.Wesa/ T is correctwith

resectto [ sm H i[ mandA,if _noﬁ all databasestates where

the constraims in

consistingpf mxoam:ocmoﬁ_o:m:oq: A,

all ﬁ:mmﬁmﬁmm_: thesequences ; 1), ( 2),
( n) satisfythe constraims in ;

.) satisfythe constraifs in = gm;

ﬁ:m:m_.moﬁoa\ogm_:mag\ oo:omﬁm:mﬁ_smﬁ ;1) with
( o 2.0 ( (g n)satisfythe constraits in - ; and

the trajectory ; Ll ,) satis esthe constraims in .
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Declaratie Logic EonBB.:QU_._uv_

A DLP is a collectionof rulesof the form

Ao
wherea;'s areatoms.

Intuitive meaningif a; : . : an, aretrue andan.1 : ::a, canbe assumeq
to be falsethen ag must be true.

Sematcs: Givenin termsof ansver sets.
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An illustration: the databasesthhemaandthe speci cation)

The shema

purchasgpurchaseid client; amount).
payment(paymentid; client; amount).
accoun{client; credit; status).

The underlinedattributes arethe primary keysand the attribute cliert
In the relationspurchaseand payment is a foreignkey with respectto
the relationaccount The relationpurchaserecordgshe purchase
history of clierts andthe relationpayment recordghe paymen
history of clierts. The relationaccountstoresthe availablecreditfor
eat cliert andtheir credit status.

Allowableexogenouactions:additionof tuplesto the purchaseand
payment relationsfor existingclierts.
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Statemairtenanceconstraiis:

1. For eat client ¢ whidh appearsin a tuple a in the relation
account if a:credit < 3K thena:status = bad andif
a.credit 3K thena:status = good

2. For eat cliert ¢ whidh appearsin atuple a in the relation
account a:credit is 5K minusthe sumof all the purdhase
amourtts for ¢ plusthe sumof all the payment amourns for c.
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Triggers:

{

Chitta Baral

Triggerl: Whenatuple p is addedto the purchaserelation,then
the tuple a in the relationaccountsud that p:client = a:client is
updatedsothat the updateda:credit hasthe valueobtainedby
subtractingp:amount from the old a:credit.

Trigger2: Whena tuple a in the relationaccountis updatedsud
that a:credit is lessthan 3K then a is further updatedsud that
a:status hasthe value\bad".

Trigger3: Whena tuple pYis addedto the payment relation,then
the tuple a in the relationaccountsud that p®client = a:client is
updatedsothat the updateda:credit hasthe valueobtainedby
addingp®amount to the old a:credit.

Trigger4: Whena tuple a in the relationaccountis updatedsud
that a:credit is morethan or equalto 3K thena is further updated
sut that a:status hasthe value\good".
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A generamethalologyandanillustration|

Stepl: Represamg the initial state( in)
holds(purchasd1; a; 3); 1).
holds(purchasg?2; b;5); 1).
holds(payment(1; a; 1); 1).
holds(payment(2; b;1); 1).
holds(accoun{a; 3; good; 1).
holds(accountb;1; bad; 1).
holds(accoun{c;5; good; 1).
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Stepl': Enumeratingthe possiblanitial states( 5™

holds(purchasdX;Y;Z);1)
iId_dom(X); cnamedom(Y ); amount(Z);
not n_holds(purchasgX;Y;Z);1).
n_holds(purchasgX;Y;Z);1)
iId_dom(X ); cnamedom(Y); amount(Z);
not holds(purchasgX;Y;Z);1).
holds(payment(X;Y;Z);1)
id_dom(X); cnamedom(Y); amount(Z);
not n_holds(payment(X;Y;Z);1).
n_holds(payment(X;Y;Z);1)
iId_dom(X); cnamedom(Y ); amount(Z);
not holds(payment(X;Y;Z);1).
holds(accoun(X;Y;Z); 1)
cname dom(X ); amount(Y); status(Z);
not n_holds(accouni(X;Y;Z).
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n_holds(accouni(X;Y;Z); 1)
cnamedom(X ); amount(Y); status(Z);
not holds(accoun(X;Y;Z).

maint _constr(C); violated(C; 1).

Step2: Action occurrencen the initial state( oc9:
occurs(ins; purchasd5; c;5); 1).
Step2': Enumeratingthe initial exogenouactions( g¢"
not_initial ly(X;Y) initial ly(U;V);U 6 X.
not_initial ly(X;Y) initial ly(U;V); not sameg(Y;V).
initial ly(X;Y) possibe(X;Y);not not.nitial ly(X;Y).
same(purchasgX;Y; Z); purchas€X;Y;Z))

iId_dom(X ); cname dom(Y); amount(Z).
sameg(payment(X;Y;Z); payment(X;Y;Z))

iId_dom(X); cname.dom(Y ); amount(Z).
same(accoun{X;Y;Z);accoun(X;Y;Z))

cname.dom(X ); amount(Y); status(Z).
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occurs(X;Y;1) initial ly(X;Y).

Step3: E ect of actionsandinertia( ¢f)

holds(F; T + 1) occurs(ins; F; T); executabk(ins; F; T).
holds(G; T + 1) occurs(upd;F; G; T); executabe(upd;F; G; T).
ablF; T+ 1) occurs(del;F; T); executabg(del, F; T):

ablF; T+ 1) occurs(upd;F; G;T); executabk(upd;F; G; T):
holds(F; T + 1) holds(F; T);occuredT); not ab(F; T + 1):

Step4: Executabiliy ( ex)
executab(ins; purchasgX;Y; W); T)
executabg(del; purchasgX;Y; W); T)
holds(purchasgX:;Y; W); T):
executabk(ins; payment(X;Y;Z); T)
executabk(del; payment(X;Y;Z); T)
holds(payment(X;Y;Z); T):
executabk(ins; account(X;Y;Z);T)
executabk(del;accouni(X;Y;Z); T) holds(accoun{X;Y;Z);T):

Chitta Baral 19
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executabg(upd;accouni(X;Y;Z);accoun{X;Y;Z2);T)
holds(accoun(X;Y;Z); T):
executabk(upd;accoun(X;Y;Z);accoun{X ;Y2 Z);T)
holds(accoun(X;Y;Z); T):

Step5: Trigers( )

occurs(del;accoun(Y;B;S); T + 1)
holds(accoun(Y;B;S); T);
occurs(ins; purchasgX;Y;W); T):

occurs(ins; accoun(Y;B W, S); T + 1)
holds(accoun(Y;B;S); T);
occurs(ins; purchasgX;Y;W); T):
occurs(del;accoun(X;Y;S); T+ 1) Y < 3,S = good,;
occurs(ins; accoun(X;Y;S); T).
occurs(ins; accoun{X;Y;bad; T+ 1) Y < 3'S = good,;
occurs(ins; accoun(X;Y;S); T).
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occurs(del;accoun(Y;B;S); T + 1) holds(accoun(Y;B;S); T);
occurs(ins; payment(X;Y;W); T).
occurs(ins; accoun(Y;B + W;S); T + 1)
holds(accoun(Y;B;S); T);
occurs(ins; payment(X;Y; W); T):
occurs(del;accoun(X;VY;S);T+1) Y 3,S= bad,
occurs(ins; accoun(X;Y;S); T):
occurs(ins; accoun(X;Y;good; T+ 1) Y 3,S= bad,
occurs(ins; accoun{X;Y;S); T):

Step6 : Idertifying quiescenstates( )

occuredT) occurs(ins; F;T):

occuredT) occurs(del,F;T).

occuredT) occurs(upd;F;G;T).

occurs_after(T) occumredTT);T < TT.
quiescent(T + 1) occuredT); not occurs_af ter(T).
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Step7: De ning domainy gom)

f luent(purchas€X;Y;W))

Id_dom(X); cnamedom(Y ); amount(W).
f luent(payment(X;Y;Z))

id_dom(X); cnamedom(Y); amount(Z).
f luent(accouni(X;Y; Z2Z))

cnamedom(X ); amount(Y); status(Z).

Step8: Speci cation(  ¢ong)
payment_total (C; Sum;T) time(T);cnamedom(C);
Sumlholds(payment(X;C;Y); T) :id_dom(X) :
amount(Y)]Sum.

purchasetotal (C; Sum; T) time(T);cnamedom(C);
Sum[holds(purchasgX;C;Y);T) : id_ dom(X) :
amount(Y)]Sum.
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violated(c2, T)  cnamedom(C); payment total (C; Sum1; T);
purchasetotal (C; Sum2; T); holds(accoun{C; Cr; Status); T|};
Cr65 Sum2+ Suml.

violated(cl; T) cnamedom(C);
holds(accoun{C; Cr;good; T);Cr < 3.

violated(cl; T) cnamedom(C);
holds(accoun{C;Cr;bad;T);Cr 3.

not_correct maint constr(X); quiescent(T); violated(X; T).
correct not not_correct

weight  holds(payment(X;C;Y);T) =Y.
weight holds(purchasgX;C;Y); T) =Y.

Theoreml:
inl el occl ex[ o[ qul dom[ consFsmodes COITeECt

Theorem2:

o ef [ oco ex| wl o_cH doml  consF smodes COIT€Ct
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Next Steps:somen the paper

More generakconstraims; temporal constructs.
Variousexecutiormodels. (deferredjmmediate)
Inferringevernts.

More complicatedriggers.

Automatic generatiorof triggers. (beforetriggers;after triggers.)
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Conclusioh

Active rules(triggers)are necessaryn updating databaseasoperators
do not necessariliknow about the interrelationshipassaiatedwith a
database.

But they may medangerousinlessve make surethat they arein some
sensacorrect".

We discussetiow to seify the purposeof a setof triggers;andwhat it
meanduy a setof triggersto be correctwith resgectto a speci cation.

We shaved how to usedeclaratie logicprogrammingn sirmulating
triggersand verifyingtheir correctness.

Exhaustie veri cation may take a longtime, sowe may do selectie
veri cation.
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