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Triggers and active databases|

e Relational databases: a bunch of tables (relational instances)

e EMP
Empld | EmpName| DeptName

27 John Accounting
31 Mary | Administration
42 Peter Services

51 Doug Accounting

DEPT
DeptName | Managerld

Accounting 27
Service 34

e Triggers: Event-Condition-Action (ECA) Rules.
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— Certain updates to the database trigger additional updates as
dictated by the ECA rules.

— An ECA rule

x Event: Deletion of a tuple in the EMP table

x Condition: The Empld in that tuple appears as a Managerld in
the DEPT table.

x Action: Remove all such tuples in the DEPT table.
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Current status: DB systems that have triggers and their usage

e Available in most recent database systems: IBM DB2/V2, Oracle, etc.

e But rarely used.

— Too dangerous: automatically changes other tables.

— What is the purpose of a set of triggers?

— How do we state the purpose? In what langauge?

— What does it mean that a set of triggers is not dangerous?
— Correct! Correct with respect to whar?

— Need to be able to specify the purpose.

— Need to be able to formulate the notion of correctness of a set of
triggers with respect to a specification.

— Need to be able to verify the correctness.
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— It would be great if certain triggers could be automatically
generated from the specification.
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Evolution of a database due to updates and triggers

e Updates and actions: Insert a tuple, delete a tuple, modify or update a
tuple.

e Semantics: A function Wy from states and action sequences to a
sequence of states.

e Up(0,a) is the sequence of database states recording how the database
would evolve when a sequence of actions « is executed in ¢ in presence
of the set of triggers T.

e Notations:

— 0, denotes the last state of the evolution given by V(o a).

— O(ay.09): denotes the last state of the evolution given by V(o , o)

— We similarly define o, o))

— Oay Oag.a9)s - - - 18 @ sequence of quiescent states.
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Specification ideas|

e Four kinds: state invariance constraints; state maintenance constraints
(or quiescent state constraints); trajectory invariance constraints; and
trajectory maintenance constraints.

e [nvariance vs maintenance: Invariance constraints are about all states
of the database, while the maintenance constraints focus only on the
quiescent states.

e A state constraint 5 on a database scheme R, is a function that
associates with each database r of R a boolean value v4(r). A database
r of R is said to satisfy s if vs(r) is true.

o A trajectory constraint ; on a database scheme R, is a function that
associates with each database sequence T of R a boolean value (7).
A database sequence T of R is said to satisfy v; if (1) is true.
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e The specification in our example: “For any tuple ¢ in the DEPT table,
there must be a tuple ¢ in the EMP table such that
t. Managerld =T .Empld’ is true in all quiescent states.
(a trajectory maintenance constraint)
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Definition of correctness

Let I'y; be a set of state invariant constraints, I'y, be a set of state
maintenance constraints, I';; be a set of trajectory invariant constraints,
[, be a set of trajectory maintenance constraints, A be a set of
exogenous actions, and 7' be a set of ECA rules. We say 1T" is correct with
respect to I'y; U 'y, UT'y; UTYy, and A, if for all database states o where
the constraints in I'y; and I'y,, hold, and action sequences o, ..., a,
consisting of exogenous actions from A,

e all the states in the sequences V(o, ay), V(04,, aa), ...,
V(o (aq,yeestp—1) o, ) satisfy the constraints in I'y;;

e all the states o4, ..., 0, a,) satisty the constraints in I'y,;

e the trajectory obtained by concatenating V(o, ay) with
V(oay,a2), .., ¥(0(ay....a, 1) On) satisfy the constraints in I';; and

e the trajectory 0,04, ..., 0y, .a,) satisfies the constraints in I'y,.
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Declarative Logic Programming (DLP)]

e A DLP is a collection of rules of the form
ag <— ai, ..., Ay, N0t a,.1,...,n0t a,

where a;’s are atoms.

e Intuitive meaning: if a; ... a,, are true and a,,,1 ... a, can be assumed
to be false then ag must be true.

e Semantics: Given in terms of answer sets.
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An illustration: the database schema and the m@@owmomios_

e The schema

purchase(purchaseid, client, amount).
payment(paymentid, client, amount).
account(client, credit, status).

The underlined attributes are the primary keys and the attribute client
in the relations purchase and payment is a foreign key with respect to
the relation account. The relation purchase records the purchase
history of clients and the relation payment records the payment
history of clients. The relation account stores the available credit for
each client and their credit status.

e Allowable exogenous actions: addition of tuples to the purchase and
payment relations for existing clients.
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e State maintenance constraints:

1. For each client ¢ which appears in a tuple a in the relation
account: if a.credit < 3K then a.status = bad, and if
a.credit > 3K then a.status = good.

. For each client ¢ which appears in a tuple a in the relation
account: a.credit is 5K minus the sum of all the purchase
amounts for ¢ plus the sum of all the payment amounts for c.
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e [riggers:

— Trigger 1: When a tuple p is added to the purchase relation, then
the tuple a in the relation account such that p.client = a.client is
updated so that the updated a.credit has the value obtained by
subtracting p.amount from the old a.credit.

— Trigger 2: When a tuple a in the relation account is updated such
that a.credit is less than 3K then a is further updated such that
a.status has the value “bad”.

— Trigger 3: When a tuple p’ is added to the payment relation, then
the tuple a in the relation account such that p'.client = a.client is
updated so that the updated a.credit has the value obtained by
adding p’.amount to the old a.credit.

— Trigger 4: When a tuple a in the relation account is updated such
that a.credit is more than or equal to 3K then a is further updated
such that a.status has the value “good”.
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A general methodology and an illustration

e Step 1: Representing the initial state (I1;,)

holds(purchase(1,a,3), 1).
holds(purchase(2,b,5),

(

( L.
holds(payment(1,a,1),1).
holds(payment(2,b,1),1).

( ),
A
A

1).
)

holds(account(a, 3, good

moEmQQQQ:i@Hg&V
holds(account(c, 5, good), 1
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e Step 1: Enumerating the possible initial states (11"

holds(purchase(X,Y, Z),1) «
id_dom(X ), cname_dom(Y'), amount(Z),
not n_holds(purchase(X,Y,Z),1).
n_holds(purchase(X,Y, Z),1) «—
id_dom(X ), cname_dom(Y'), amount(Z),
not holds(purchase(X,Y,Z),1).
holds(payment(X,Y, Z),1) «—
id_dom/(X ), cname_dom(Y'), amount (%),
not n_holds(payment(X,Y, Z),1).
n_holds(payment(X,Y, Z),1) <
id_dom(X ), cname_dom(Y'), amount(Z),
not holds(payment(X,Y, 7Z),1).
holds(account(X,Y, Z),1) «—
cname_dom(X), amount(Y), status(Z),
not n_holds(account(X,Y, 7).
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n_holds(account(X,Y, Z),1) «—
cname_dom(X), amount(Y), status(Z),
not holds(account(X,Y, 7).

— maint_constr(C'), violated(C, 1).

Step 2: Action occurrence in the initial state (I1,.):
occurs(ins, purchase(5, ¢, 5),1).

Step 2" Enumerating the initial exogenous actions (I1¢24™)
not_initially(X,Y) «— initially(U,V),U # X.
not_initially(X,Y) < initially(U, V), not same(Y,V).
initially(X,Y) < possible(X,Y ), not not initially(X,Y).
same(purchase(X,Y, Z), purchase(X,Y, 7)) «—
id_dom/(X ), cname _dom(Y'), amount(Z).
m@Sm@@@EmSiNM\NVEQQSQ:NANM\NVV
v

id_dom(X), cname _dom(Y), amount(Z).

);
same(account(X,Y, Z), account(X,Y, 7)) «

cname_dom(X), amount(Y

status(Z).
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occurs(X,Y, 1) « initially(X,Y).
e Step 3: Effect of actions and inertia (Il.¢)

holds(F, T + 1) « occurs(ins, F,T), executable(ins, F,T).
holds(G,T 4 1) < occurs(upd, F, G, T), executable(upd, F, G, T).

ab(F, T+ 1) < occurs(del, F,T), executable(del, I, T).
ab(F, T + 1) « occurs(upd, F, G, T), executable(upd, F, G, T).

holds(F, T + 1) « holds(F,T), occurred(T),not ab(F, T + 1).

Step 4: Executability (Il.,)

executable(ins, purchase(X,Y, W), T
executable(del, purchase(X,Y, W), T
holds(purchase

) —.
) —
(X, Y, W
executable(ins, payment(X,Y, Z),T) «.
executable(del, payment(X,Y, Z),T) «
holds(payment(X,Y, Z), T
executable(ins, account(X,Y, Z),T) «.
executable(del, account(X,Y, Z),T) « holds(account(X,Y, Z),T).

W), T).
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executable(upd, account(X,Y, Z), account(X,Y, Z2),T) «
holds(account(X,Y, Z),T).
executable(upd, account(X,Y, Z), account( X, Y2, 2),T) «
holds(account(X,Y, Z),T).

e Step 5: Trigers (I1y)

occurs(del, account(Y, B,S),T + 1) «
holds(account(Y, B, S),T),
occurs(ins, purchase(X, Y, W), T).
occurs(ins, account(Y, B — W, S8), T 4+ 1) «
holds(account(Y, B, S),T),
occurs(ins, purchase(X,Y, W), T).
occurs(del, account(X,Y,S), T+ 1) —Y < 3,5 = good,
occurs(ins, account(X,Y, S),T).
occurs(ins, account(X,Y,bad), T + 1) «— Y < 3,5 = good,
occurs(ins, account(X,Y, S),T).
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occurs(del, account(Y, B, S), T + 1) « holds(account(Y, B, S),T),
occurs(ins, payment(X, Y, W), T).
occurs(ins, account(Y, B+ W, S), T + 1) «
holds(account(Y, B, S),T),
occurs(ins, payment(X, Y, W), T).
occurs(del, account(X,Y,S), T+ 1) «—Y > 3,5 = bad,
occurs(ins, account(X,Y,S),T).
occurs(ins, account(X,Y, good), T + 1) «— Y > 3,5 = bad,
occurs(ins, account(X,Y, S),T).

Step 6 : Identifying quiescent states (Il,,)

occurred(T) < occurs(ins, F,T).

occurred(T') < occurs(del, F,T).

occurred(T) «— occurs(upd, F,G,T).

occurs_after(T) < occurred(TT), T <TT.
quiescent(T + 1) « occurred(T), not occurs_after(T).
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e Step 7: Defining domains (I1go,,)

fluent(purchase(X,Y,W)) «
id_dom(X), cname_dom(Y'), amount(W).
fluent(payment(X,Y, 7)) «

id_dom(X ), cname_dom(Y'), amount(Z).
fluent(account(X,Y, 7)) «—
cname_dom(X), amount(Y), status(Z).

e Step 8: Specification (I1qgps)

payment total(C, Sum,T) < time(T'), cname _dom/(C'),
Sum|holds(payment(X,C,Y),T) : id dom(X) :
amount(Y )| Sum.

purchase total(C, Sum,T) < time(T), cname _dom/(C'),
Sum|holds(purchase(X,C,Y ), T) : id dom(X) :
amount(Y )| Sum.
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violated(c2,T) < cname_dom(C'), payment total(C, Suml,T),
purchase total(C, Sum2,T), holds(account(C, Cr, Status), 1|
Cr #5— Sum2+ Suml.

violated(cl,T) < cname_dom/(C'),

)
holds(account(C, Cr, good), T), Cr < 3.
)

violated(cl,T) < cname_dom(C),

holds(account(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(purchase(X,C,Y ), T) =Y.

e Theorem 1:
z@.z U zm\ U zomm U Em& U E? U ﬂ@: U z&cs U ﬂnozm _ngo&&m correct

e Theorem 2:
[Ierem Ul p U ISR U Ty U Tl U Ty, U o, U ons Fsmodels correct

occ
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Next Steps: some in the paper

e More general constraints; temporal constructs.

e Various execution models. (deferred, immediate)
e Inferring events.

e More complicated triggers.

e Automatic generation of triggers. (before triggers; after triggers.)

Chitta Baral




SPECIFYING AND VERIFYING CORRECTNESS OF TRIGGERS Using DLP for specification, simulation and verification

Conclusion]

e Active rules (triggers) are necessary in updating databases as operators
do not necessarily know about the interrelationship associated with a
database.

e But they may me dangerous unless we make sure that they are in some
sense “‘correct”.

e We discussed how to sepcity the purpose of a set of triggers; and what it
means by a set of triggers to be correct with respect to a specification.

e We showed how to use declarative logic programming in simulating
triggers and verifying their correctness.

e Eixhaustive verification may take a long time, so we may do selective
verification.
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