∗

∗

1

1

2

1

Abstract

1 In tro duction

danilo@idt.unit.no

S. Castangia G. Guerrini D. Montesi G. Ro driguez

Design and Implemen tation for the Activ e Rule

Language of Chimera

montesi/german@ipmel2.elet.polimi.it

guerrini@disi.unige.it

1 2 1 1

Current address: Department of Computer Systems and

T elematics, The University of T rondheim, 7034 T rondheim,

Norway ,

A Chimera is a monster of Greek mythology with a lion’s

head, a goat’s b o dy and a serp ent’s tail; each of them represen ts

one of the three comp onen ts of the language.

In this p ap er we describ e how Chimer a active rules ar e

implemente d in the pr ototyp e develop e d at Polite cnic o

di Milano. Chimer a active rule language is very rich,

sinc e it pr ovides the inte gr ation of obje ct-orientation

with rules and the availability of alternative semantics

for active rules. This p ap er shows how such a rich set

of c ap abilities is designe d and implemente d, c omp ar-

ing Chimer a active rule implementation with the im-

plementations of wel l-known active datab ase systems.

event-c ondition-action set-oriente d

i

net effe ct

c omputation

ii event

c onsumption mo des

Dipartimento di Elettronica e Informazione, Politecnico di Milano

Piazza L. da Vinci 32 - 20133 Milano, Italy

Dipartimento di Informatica e Scienze dell’Informazione

Universit` a di Genov a

Viale Benedett o XV 3 - 16132 Genov a, Italy

An active database is a database in which some op-

erations are automatically executed when sp ecified

events happ en and particular conditions are met [9].

Thus, active databases are different from traditional

databases (passive ones) in which the only op erations

p erformed (queries or up dates) are those explicitly re-

quested from the applications or the users. An ac-

tive database is able to autonomously reply to up-

dates, when particular states or state transitions o c-

cur. An active rule is a syntactical construct to de-

fine the reaction of the system. Active rules are usu-

ally sp ecified by means of the

(ECA) paradigm: events are monitored and their o c-

currence activ ates (triggers) the rule, a condition is a

declarative formula that must b e satisfied in order for

the action to b e executed; an action is a sequence of database op erations (p ossibly causing state changes).

The intro duction of active rules in a DBMS is imp or-

tant mainly for integrity constraint enforcement, for

view materialization, for auditing and security issues

and for different kinds of knowledge base pro cessing.

The research on active databases has b egun on the

relational mo del, but active rules may b e added to

a database indep endently from the underlying data

mo del. Several systems which supp ort active rules in

an ob ject-oriented data mo del have indeed b een pro-

p osed [6, 10].

Chimera is a novel database language designed with

the aim of integrating active and deductive rules with

an ob ject-oriented data mo del [5]. The reactive com-

p onent constitutes the most innov ative and challeng-

ing feature of Chimera. Chimera supp orts the usual

active rules computation [15]: they re-

act to sets of changes to the database and may p er-

form sets of changes. This approach is consistent with

the rest of Chimera, which supp orts a set-oriented,

declarative query and up date language. In this as-

p ect, Chimera is different from most other active

ob ject-oriented databases where rules are triggered by

metho d activ ations, and are used to test pre and p ost

conditions for metho d applications to individual ob-

jects. Active rules in Chimera are parametric with

resp ect to several dimensions: ( ) they supp ort op-

tional comp osition of event effects (called

), when the same ob ject is the target of

multiple op erations, ( ) they supp ort different

, that is, different mo dels for pro-

•

2

2

Events:

Condition:

2 Chimera activ e rule language

A blo ck is an execution unit, that can b e either a trans-

action unit in usual pro cessing, or an active rule in reactiv e

pro cessing.

iii pr o c essing

mo des

iv

tar gete d triggers

untar gete d event formulas old state

Event formulas

o c curr e d holds

event instanc e

o c curr e d holds

cr e ate delete

mo dify cessing events, ( ) they supp ort different

, that is, different activ ation times, and finally

( ) they supp ort mechanisms for accessing intermedi-

ate states of affected ob jects during transaction execu-

tion. The ab ove features are orthogonal to each other.

Thus, the active rule language of Chimera is very rich

and allows different semantics to b e sp ecified for dif-

ferent active rules. They yield a p owerful language

that supp orts a v ariety of applications, ranging from

active integrity constraints, to derived data and view

materialization, to monitoring and b o okkeeping.

A prototyp e of Chimera fo cusing on the integra-

tion of ob ject-orientation and event-driven b ehavior

has b een develop ed at Politecnico di Milano. The tar-

get DBMS used in the implementation is ALGRES

[2], an extended relational DBMS characterized by a

rich schema (supp orting orthogonal typ e constructors

such as sets, multisets and lists) and a p owerful al-

gebraic language (supp orting op erations over complex

relations). The aim of this pap er is mainly to de-

scrib e the design and implementation of Chimera ac-

tive rules.

The remainder of the pap er is organized as fol-

lows. Section 2 intro duces Chimera active rule lan-

guage. Section 3 presents the overall architecture of

the rule pro cessor, Section 4 explains how information

is recorded and co ordinated during blo ck execution .

Rule selection and execution are describ ed in Section

5. Section 6 provides a comparison with other active

system implementations. Finally

, Section 7 concludes

the work.

In this section we summarize the main characteristics

of triggers in Chimera. F or a complete sp ecification of

Chimera active rules and their execution mo del we re-

fer to [4, 5]. T riggers are a mean of intro ducing sp ecific

reactions to particular events relev ant to the database.

Active rules are used in Chimera for expressing trig-

gers. T riggers may b e defined in the context of a single

class, in which case they are called , or

b e defined in the context of multiple classes, in which

case they are called triggers. T argeted trig-

gers use only the concepts defined in the class they

refer to and are included in the signature of the class.

This notion is relev ant for schema design and mo du-

larization.

Before intro ducing the active rule language we sp ec-

ify that in Chimera a transaction is a sequence of calls

to the query and up date primitives. Query primitives

are used to display the content of the database or

to provide bindings to v ariables. T ransaction units,

which we refer to as transaction lines, define the scop e

of v ariables. A Chimera transaction is thus a se-

quence of transaction lines, appropriately delimited.

Each transaction line contains itself queries and up-

date primitives. T ransaction lines are the basic exe-

cution units from the pro cessing viewp oint.

A Chimera active rule consists of four comp onents:

events, condition, action and priority

. Moreover each

rule is characterized by a pro cessing mo de and an

event consumption mo de.

Events indicate the primitive op erations

monitored by the rule; they are denoted by the name

of the primitive op eration and of the schema element

to which the op eration is applied (a class or an at-

tribute of a class). Primitiv e op erations are queries,

ob ject creations, deletions, mo difications and ob ject

migrations in inheritance hierarchies. Queries and

mo difications may refer to sp ecific attributes.

The condition is a formula monitoring

the execution of the reaction part. It is a conjunction

of atomic formulas and it is interpreted as an expres-

sion of predicate calculus over typ ed v ariables. Con-

ditions may contain, in addition to usual conjunction

of atoms, and reference s to .

are particular formulas supp orted by

the declarative language of Chimera, built by means

of the binary predicates and . These

predicates are used to insp ect the events that have o c-

curred during a transaction. Syntactically

, these pred-

icates have two arguments: an event name and a v ari-

able ranging over the OIDs of the ob jects affected by

the event. This v ariable b ecomes b ound to OIDs of

instances which were sub ject to the event; each OID

b ound by the computation of an event formula is called

an . The distinction b etween predicates

and is that in the former case all events

which originally caused rule triggering are returned,

while in the latter case some events are excluded: pre-

cisely

, those events whose effect was comp ensated by

subsequent events on the same ob ject, thus computing

the net effect of event instances. Comp ensations are

p erformed as follows:

a sequence of and primitiv es on the

same ob ject, p ossibly with an arbitrary numb er

of intermediate primitiv es on that ob ject,

has a null net effect;

3

3

•

•

employee name salary mgr

specialEmpl employee

holds

cr e ate, delete mo dify

sp e cialize

gener alize

Action:

Priority:

Pro cessing mo de:

Event Consumption Mo de:

Example 1

Currently the predicate only applies to the primitives

and , which are the most significant. How-

ever, other up date primitiv es of Chimera, such as and

, could b e considered for net effect as well.

cr e ate mo dify

mo dify delete

R efer enc es to p ast datab ase states

old

b efor e after

imme diate deferr e d

c ommit

savep oint c onsume d

pr eserve d

Consider a datab ase c ontaining a class

, with attributes , and and

a sub class of . Consider the

fol lowing tar gete d trigger:

define immediate trigger adjSal for employee

                                                                 events create

modify(salary)

                                                                 condition Self.salary > Self.mgr.salary

                                                                 actions modify(employee.salary,Self,

Self.mgr.salary)

define immediate trigger recAccesses for employee

                                                                 events query(salary)

                                                                 condition occurred(query(salary),X),

old(X.salary) > 40000

                                                                 actions recQueried(X)

                                                                 after adjSal

The trigger is imme diate and event c onsuming, it do es not

employ neither event formulas nor r efer enc es to old states

in its c ondition. The effe ct of this trigger is to disal low

(also at interme diate states) that an employe e e arns mor e

than its manager.

Now c onsider the fol lowing tar gete d trigger:

The trigger is imme diate and event c onsuming, it employs

an event formula and a r efer enc e to old states in its c ona sequence of and several primitiv es

on the same ob ject has the net effect of a single

create op eration;

a sequence of several and a primitive

on the same ob ject has the net effect of a single

delete op eration on that ob ject .

are allowed in active

rule conditions by the function , that can b e applied

to atomic formulas, indicating that the resp ective for-

mula must b e ev aluated in a previous database state.

The chosen state dep ends on the rule event consump-

tion mo de (see b elow). If the rule is event-preserving

then the old state always refers to the state at trans-

action start. If the rule is event-consuming, then the

old state is the one holding at the last consideration

of the rule; for the first consideration of a rule the old

state refers to the state at transaction start.

The action is a sequence of database op era-

tions, including up date or display primitives, class op-

erations or transactional commands. Condition and

action may share some atomic v ariables, in which case

the action must b e executed for every binding pro-

duced by the condition on the shared v ariables. More-

over, op erations that constitute the action are exe-

cuted in strict sequence, b ecause each of them may

have side effects.

An ordering among rules is defined to con-

trol their run-time selection. This ordering is defined

through and declarations, which indicate

the names of rules that have a lower or higher priority

than the one b eing defined. Such sp ecifications define

a partial order on rules, acyclicity of the precedenc e

relation b etween rules is checked when a new rule is

defined.

The pro cessing mo de of an active

rule may b e either or . Immediate

rules are considered for execution at the end of the

transaction unit or reaction in which triggering o c-

curs. Deferred rules are pro cessed at the end of the

transaction (after the command), or after the

ev aluation of the primitive. Default for pro-

cessing mo de is deferred.

Two distinct event

consumption mo des are p ossible for each active rule;

this feature is relev ant when a given rule is consid-

ered multiple times in the context of the same transac-

tion. Events can b e after the consideration

of a rule, therefore, each event instance is considered

by a rule only at its next execution, and then disre-

garded. Alternatively

, events can b e , that

is, all events since the transaction start are considered

at each rule consideration. Default for event consump-

tion mo de is consuming.

The notions of immediate/deferred and event con-

suming/preserving are orthogonal and they are mo-

tiv ated by sp ecific applications. The large numb er

of alternatives for triggers is motiv ated by their wide

sp ectrum of applications. Event consuming deferred

rules (with the use of net effect) are suited for check-

ing static integrity constraints at transaction commit,

allowing the database to b e inv alid at intermediate

states of the transaction. Event preserving rules are

required for checking of dynamic integrity constraints,

event preserv ation is required to avoid sequences of

events collectively leading to the violation of the con-

straint, but not individually

. Immediate rules are

required for view materialization or data deriv ation

(changes to basic data are propagated immediately to

derived data) or to check integrity constraints that

cannot b e violated even at intermediate states. Events

without net-effect comp osition are required by triggers

used for b o okkeeping.

•

•

•

•

•

•

2.1 Execution mo del

3 Arc hitecture of the activ e

rule pro cessor

trigger e d

rule activation

rule sele ction

rule c onsider ation

rule exe cution quiesc ent state

al l final

state save-

p oint

savep oint

Oc curr e d Events:

T rigger e d Rules:

recQueried(X) X

40000

define trigger spEmp for employee

                                                                 events create

                                                                 condition holds(create,X),

X.salary > 40000

                                                                 actions specialize(employee,specialEmpl,X)

specialEmpl

40000 dition. The effe ct of this trigger is to invoke the exe cu-

tion of the pr o c e dur e for e ach employe e

which e arne d mor e than and whose salary has b e en

ac c esse d.

Final ly c onsider the fol lowing tar gete d trigger:

The trigger is deferr e d and event c onsuming, it employs

an event formula in its c ondition. The effe ct of this trig-

ger is to sp e cialize by inserting in the class

e ach employe e inserte d (and not delete d) during the tr ans-

action which e arns mor e than . This sp e cialization

is p erforme d at tr ansaction c ommit.

The condition-action sequence of an active rule is es-

sentially a query-mo dify sequence in a transaction line.

Thus triggers may b e regarded as transaction lines

from the execution viewp oint. When one of the events

of an active rule o ccurs, the rule is said to b e ;

several rules may b e triggered at the same time. T rig-

ger pro cessing time dep ends on the trigger pro cessing

mo de: at the end of the transaction line or at trans-

action commit. Although initiated at different times,

rule pro cessing of immediate and deferred triggers is

conducted in the same way as an iterative execution

of rule pro cessing steps, each of which in turn con-

sists of four phases, called rule activ ation, selection,

consideration and execution:

consists in determining the trig-

gered rules, that is the ones for which any of the

triggering events has o ccurred;

consists in cho osing non determin-

istically one of the triggered rules at highest pri-

ority;

consists in the ev aluation of the

condition, which is a declarative formula; at this

p oint the selected rule is detriggered;

o ccurs if the condition is true i.e.

pro duces some bindings, and it is p erformed by

sequentially executing the op erations in the reac-

tion part of the rule.

T rigger execution consists of queries and up dates,

which may in turn trigger other rules; rule pro cess-

ing continues until a state is reached where no rule is

triggered. Clearly

, the p ossibility of infinite rule pro-

cessing due to chains of active rules that trigger each other exists in Chimera. Whenever a transaction unit

is completed, active rule pro cessing is applied to im-

mediate triggers until a state is reached where no im-

mediate rule is triggered (called a with

resp ect to imm ediate triggers); at commit time, active

rule pro cessing is applied to triggers until a

is reached. The transactional command

forces rule pro cessing over all triggers (including

deferred ones); rule pro cessing started by a

command pro duces an intermediate transaction state

which is quiescent with resp ect to all triggers.

In this section we present the overall structure of the

active rule pro cessor in the Chimera prototyp e devel-

op ed at Politecnico di Milano. Details of particular

comp onents are given in the remainder of the pap er.

A more detailed description of the active rule pro-

cessor can b e found in [1, 7], while an overall pre-

sentation of the prototyp e can b e found in [3]. The

prototyp e is built on the ALGRES environment, it

is however highly indep endent from ALGRES, b eing

thus p ortable to any other target system. ALGRES

features are indeed encapsulated.

Figure 1 intro duces the overall architecture for re-

active pro cessing, showing b oth data structure s and

functional comp onents. Rectangles denote the struc-

tural comp onents of the architecture and ov als denote

the functional ones. Bold rectangles denote secondary

memory structures. Plain arrows represent informa-

tion flow, while dashed arrows represe nt control flow

among mo dules. An incoming plain arrow to a data

structure (from a pro cess) represents writing of in-

formation into the data structure, while an outgoing

plain arrow from a data structure (to a pro cess) rep-

resents reading of information from it.

The data main tained by the rule pro cessor are:

This is a global event base

which records all the event instances relev ant to

a particular transaction.

This table keeps track of the

triggered rules and records the evolution of event

pro cessing for each individual rule. Actually

, the

table has an entry for each defined rule and it also

maintains general information ab out rules, dupli-

cating, for efficiency reasons, information stored

in the rule catalog in the database.

Support

Triggered

Rules

Block

Executor

Occurred

Events

Logs database

Trigger

ALGRES block C++

ALGRES

C++ Handler Event