⋆

⋆

Abstract

1 In tro duction

event-c ondition-

action

Gio v anna Guerrini

Danilo Mon tesi

Preprint submitted to Elsevier Science 20 F ebruary 1997

Design and Implemen tation of Chimera Activ e Rule

Language

guerrini@disi.unige.it

                                               montesi@dsi.unimi.it

                                                                                                                      dm@sys.uea.ac.uk

DISI - Universit` a di Genova, Via Do de c aneso 35, 16146 Genova, Italy

DSI - Universit` a di Milano, Via Comelic o 39/41, 20135 Milano, Italy

Scho ol of Information Systems - University of East Anglia, Norwich NR4 7TJ, UK

Keywor ds:

Active database systems [0] provide active rules that execute actions in re-

sp onse to sp ecific events. An active rule is a syntactical construct to define the

reaction of the system and is usually sp ecified by means of the

(ECA) paradigm: events are monitored and their o ccurrence activ ates

(triggers) the rule, a condition is a declarative formula that must b e satisfied

in order to execute the action; an action is a sequence of database op erations

(p ossibly causing state changes). The intro duction of active rules in a DBMS

This pap er describ es the implementation of active rules in the Chimera ob ject-

oriented database system. The Chimera active rule language is very rich, since

it provides alternative semantics for active rules and combines several innov ative

features. W e show how a run-time supp ort for that active rule language is designed

and implemented through the necessary data structures, functional comp onents and

algorithms. The pap er also compares Chimera active rule implementation with other

active database system implementations.

Active databases, trigger supp ort, design and implementation.

This work has b een supp orted by ESPRIT pro ject P6333 IDEA.

set-oriente d is imp ortant mainly for integrity constraint enforcement, for view materializa-

tion, for auditing and security issues and for different kinds of knowledge base

pro cessing. 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 requested from the applications or the users. This view

leads to see the active features as an orthogonal dimension in database design

and implementation. Indeed, 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 supp orting active rules in an

ob ject-oriented data mo del have indeed b een prop osed [0,0,0,0,0,0] and some

prototyp es have b een develop ed. Unfortunately

, to the b est of our knowledge,

there is no detailed description ab out the design and implementation of active

rules in ob ject-oriented databases.

The aim of this pap er is to describ e the design and implementation of the

active rule language of Chimera [0,0] through data structures, functional com-

p onents and basic algorithms. Since Chimera relies on an ob ject-oriented data

mo del, this pap er provides a new insight on the design and implementation

of active ob ject-oriented database systems. Chimera integrates an ob ject-

oriented data mo del, a declarative query language based on deductive rules

and an active rule language for reactive pro cessing [0]. The reactive comp o-

nent constitutes the most innov ative and challenging feature of Chimera. This

is the reason to consider only the design and implementation of this part.

Chimera supp orts the usual active rules computation [0]: they

react to sets of changes to the database and may p erform sets of changes. In

most active ob ject-oriented databases, active rules are asso ciated with ob jects

through metho ds. Rules are triggered by metho d activ ations and are used as

devices for testing pre and p ost-conditions for metho ds applications to indi-

vidual ob ject instances. The Chimera approach is substantially different: it

uses set-oriented active rules, activ ated as the effect of several, logically in-

distinguishable events affecting multiple ob jects. This approach is consistent

with the rest of Chimera which supp orts a set-oriented declarative query and

up date language. Moreover, active rules in Chimera have several innov ative

features; indeed, they supp ort: optional comp osition of event effects, when the

same ob ject is the target of multiple op erations; different mo dels for pro cess-

ing events; different activ ation times; mechanisms for accessing intermediate

states of affected ob jects during transaction execution. The ab ove features are

orthogonal to each other and are combined for the first time in the Chimera

language allowing different semantics to b e sp ecified for different active rules.

In this pap er we describ e how Chimera active rules have b een implemented in

the Chimera prototyp e develop ed at Politecnico di Milano, on top of the AL-

GRES extended relational database environment [0]. The prototyp e is fo cused

on the integration of ob ject-orientation and active b ehavior, thus it deals with

compilation and implementation of triggers and the developmen t of a run-

1

1

2 Chimera Activ e Rule Language

A blo ck is an execution unit, that can b e either a transaction unit in usual

pro cessing, or an active rule in reactive pro cessing.

time comp onent to provide the supp ort for trigger execution. In this pap er

we describ e the structures to b e maintained and the main op erations to b e

p erformed in order to supp ort all the features of Chimera active rule language,

thus we rep ort the metho ds and the techniques that allow efficient implemen-

tation of the combined novel asp ects of the Chimera active rule language. The

main adv antage of the describ ed architecture is that it allows to handle event

consumption and preserv ation, event comp osition, ev aluation of event formu-

las and of formulas on past database states in a very efficient way

. This has

b een obtained thanks to the synchronization of the structures handling dif-

ferent information through a transaction-level timestamping mec hanism, and

thanks to appropriate auxiliary index structures. In particular, the event tree

allows a very fast detection of the rules triggered by the o ccurrence of an

event, and a fast comp osition of event effects.

The contribution of the pap er is then that of describing an architecture for

implem enting set-oriented active rules on an ob ject-oriented database system.

The richness of the Chimera active rule language causes that architecture to

cover most of the features supp orted by other active rule languages. The pro-

p osed architecture brings some similarities with the ones develop ed for other

set-oriented active rule languages, namely Starbust [0] and NAOS [0]. How-

ever, as we will discuss in detail in Section 7 it extends them, since the Chimera

language is richer, and it has some adv antages over them, mainly due to the

maintenance of an explicit event base, synchronized with other structures by

means of the timestamping mechanism and appropriately indexed, rather than

of the transition/delta tables employed in those systems.

The remainder of the pap er is organized as follows. Section 2 intro duces

Chimera active rule language. Section 3 presents the overall architecture of

the rule pro cessor, Section 4 explains how information is recorded and co ordi-

nated during blo ck execution . Rule selection and execution are describ ed in

Section 5. Section 6 illustrates the describ ed implementation through an ex-

ample. Section 7 provides a comparison with other active system implemen ta-

tions taking into account the differences among the underlying rule languages.

Finally

, Section 8 concludes the work.

In this section we describ e the syntax and the execution mo del of active rules

in Chimera.

Example 1

2.1 L anguage

tar gete d

untar gete d

Events

trigger e d

Given a class c ontaining an attribute examples

of events ar e

, ,

In triggers tar gete d to class those events ar e shortene d as ,

, , r esp e ctively.

                                                                                     define [TriggerOptions] trigger TriggerName [for ClassName]

                                                                                     events TriggerEvents

                                                                                     condition ConditionFormula

                                                                                     actions Actions

                                                                                     [PriorityOptions]

employee salary

                                                                                   create(employee) modify(employee.salary) query(employee.salary)

employee create

modify(salary) query(salary)

Active rules in Chimera are called triggers. Each trigger consists of four com-

p onents: events, condition, actions and priority

. Moreover each trigger is char-

acterized by trigger options defining the pro cessing and the event consumption

mo des. The definition of a trigger is:

Active rules may b e defined in the context of a single class, in which case

they are called rules, or in the context of multiple classes, in which

case they are called rules. T argeted triggers 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 dularization, but there

is little syntactic difference and no semantic difference b etween targeted and

untargeted triggers. In the following we discuss in details the trigger comp o-

nents.

Events define the conditions under which an active rule is . Such con-

ditions can b e up date op erations or queries. In case of events as up date op-

erations p erformed over instances of ob ject classes, events are denoted by the

name of the up date op eration and the target (class name, p ossibly attribute

name) of the op eration. Primitiv e up date op erations av ailable in Chimera are

ob ject creation (b oth temp orary and p ersistent), deletion, up date, ob ject mi-

gration in inheritance hierarchies and their change of p ersistence status. In

case of events as queries p erformed over ob ject classes, events are denoted by

the name of the target of the query (either a class or an attribute of a class).

2

2

Example 2

holds cr e ate, delete

mo dify

sp e cialize gener alize employee

employee

occured(create,X), X.salary > 4000

X employee

salary

holds(modify(salary),X), X.salary > 4000

X employee

salary

Currently the predicate only applies to the primitives and

, which are the most significant. However, other up date primitives of Chimera,

such as and , could b e considered for net effect as well.

Condition

event formulas old states

o c curr e d holds

event instanc e

o c curr e d holds

cr e ate delete

mo dify

cr e ate mo dify

mo dify delete

R eferring to class of Example 1 ab ove, an example of

c ondition, in a trigger tar gete d to class , is the fol lowing

The formula is satisfie d by those obje cts cr e ate d as memb ers of class

whose (curr ent) value for attribute is gr e ater than 4000.

By c ontr ast, a c ondition of the form

is satisfie d by those obje cts of class not affe cte d by cr e ations or

deletions, whose attribute has b e en mo difie d and (curr ently) has a value

gr e ater than 4000.

The condition is a formula that serves the purp ose of monitoring the execution

of the reaction part. Condition of triggers may contain, in addition to conjunc-

tion of atoms, and references to . Event formulas are

particular formulas supp orted by the declarative language of Chimera, built by

means of the binary predicates and . Syntactically

, these predi-

cates have two arguments: an event name and a v ariable name. The v ariable

app earing as second argument of the event formula ranges over the ob jects of

the class affected by the event, and it b ecomes b ound to the identifiers (OIDs)

of ob jects which were sub ject to the event; each OID b ound by the computa-

tion of an event formula is called an . The distinction b etween

predicates and is that in the former case all events which origi-

nally caused rule triggering are b ound, while in the latter case some events are

excluded: precisely

, 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 primitives on the same ob ject, p ossibly with

an arbitrary numb er of intermediate primitives on that ob ject, has

a null net effect;

– a 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 primitiv e on the same ob ject has

the net effect of a single delete op eration on that ob ject.

Example 3

Example 4 employee

employee

occured(create,X), old(X.salary) > 4000

X employee

salary

employee

employee

occured(modify(salary),X), integer(Y), integer(Z),

Y = X.salary - old(X.salary), Y > 5000,

Z = old(X.salary) + 5000

modify(employee.salary),X,Z)

X

Z salary

PriorityOptions old

R eferring to class of Example 1 ab ove, the c ondition,

in a trigger tar gete d to class ,

is satisfie d by those obje cts cr e ate d as memb ers of class whose p ast

value for attribute was gr e ater than 4000.

A ctions

R eferring to class of Example 1 ab ove, c onsider a trig-

ger tar gete d to class , with c ondition

and action

The action is exe cute d on al l obje cts b ound to variable by the c ondition, and

the c orr esp onding value of variable is assigne d to their attribute.

Priority

References to past database states are allowed in active rule conditions by

the function , that can b e applied to atomic formulas, indicating that the

resp ective formula is to b e ev aluated in a previous database state. The chosen

state dep ends on event consumption mo de (see b elow). If the rule is event-

preserving then the old state refers to the state prior to the transaction start.

If the rule is event-consuming, then the old state is the one pro duced by the

last rule execution; if the rule has never b een executed during the transaction,

then the old state refers to the state prior to the transaction start.

The action is a sequence of database op erations, 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. Moreover,

op erations that constitute the action are executed in strict sequence, b ecause

each of them may have side effects.

An ordering among rules can b e sp ecified in the clause of

the trigger definition, to control run-time trigger. Priorities can b e sp ecified

as follows:

after TriggerList

                                                     before TriggerList

Pro cessing Mo de

Ev en t Consumption Mo de pr o c essing

mo de event c onsumption mo de

imme diate deferr e d

c onsume d

pr eserve d

– through a statement , sp ecifying the list of triggers after

which the trigger b eing defined must b e executed (that is, listing triggers

with higher priorities);

– through a statement , sp ecifying the list of triggers

b efore which the trigger b eing defined must b e executed (that is, listing

triggers with lower priorities).

Such sp ecifications define a partial order on triggers, acyclicity of the prece-

dence relation b etween triggers is checked when a new trigger is defined.

W e have seen that a trigger has options which allows to define the

and the . Let us see them in details.

F or each trigger a pro cessing mo de is sp ecified. The

pro cessing mo de of a trigger may b e or . Immediate triggers

are pro cessed at the end of the transaction unit or reaction in which triggering

o ccurs. Deferred triggers are pro cessed at the end of the transaction (after the

commit command). Default for pro cessing mo de is set to deferred. Note that

Chimera do es not supp ort detriggering of triggered deferred rules b ecause

of net effect of events, as Starbust [0] or NAOS [0]. Thus, once triggered, a

deferred rule is always executed at the end of the transaction. Chimera net

effect, therefore, only affects the bindings returned from event formulas in rule

conditions, while Starbust and NAOS one also affects the triggering of rules.

Two distinct event consumption mo des are

p ossible for each trigger; this feature is relev ant when a given trigger is con-

sidered multiple times in the context of the same transaction. Events can b e

after the consideration of a rule, therefore, each event instance is

considered by a rule only for the first execution, and then disregarded. Alter-

natively

, events can b e , i.e., all events since the transaction start are

considered at each rule consideration. Default for event consumption mo de is

set to consuming.

The notions of immediate/deferred and event consuming/preserving are or-

thogonal and they are motiv 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

Example 5 of the constraint, but not individually

. Immediate rules are required for view

materialization or data deriv ation (changes to basic data are propagated im-

mediately 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 ok-keeping.

employee

name salary mgr specialEm

ployee employee R1

                                                                                   define immediate trigger immAdjustSalary for employee

events create

modify(salary)

condition Self.salary > Self.mgr.salary

actions modify(employee.salary,Self,Self.mgr.salary)

R2

                                                                                   define immediate trigger recordAccesses for employee

events query(salary)

condition occurred(query(salary),X),

old(X.salary) > 40000

actions recQueried(X)

after immAdjustSalary

recQueried(X) X

40000

R3

                                                                                   define trigger spEmp for employee

events create

condition holds(create,X),

X.salary > 40000

actions specialize(employee,specialEmployee,X)

specialEployee

Assume the curr ent datab ase has a class , with at-

tributes , and . Supp ose mor e over that a sub class

of is define d. Consider the fol lowing tar gete d trigger

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 an old state in its c ondition. The effe ct of this trigger is

to invoke the exe cution of the pr o c e dur e for e ach employe e

which e arns 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 trigger is to sp e cialize by inserting in the

class e ach employe e inserte d (and not delete d) during the

Example 6

40000

monitorSalary

define event-preserving trigger modifySpecialEmp for employee

                                                                                     events modify(salary)

                                                                                     condition occurred(modify(salary),X), integer(Y),

Y = X.salary - old(X.salary), Y > 5000

                                                                                     actions monitorSalary(X,Y).

                                      select (X where employee(X), X.dept = 13),

                                      modify(employee.salary, X, X.salary + 100);

X tr ansaction which e arns mor e than . This sp e cialization is p erforme d at

tr ansaction c ommit.

R eferring to the classes of Example 5, c onsider the fol lowing trig-

ger, that sele cts al l employe es who get, in the c ourse of the tr ansaction, a high

salary r aise (p ossibly c ause d by smal l salary r aises due to individual mo dify

op er ations). Note that the rule is event-pr eserving , ther efor e al l mo dific ations

sinc e the tr ansaction start ar e ac cumulate d at e ach rule c onsider ation; fur-

ther, note that the c ondition p art evaluates the salary differ enc e b etwe en the

state b efor e tr ansaction exe cution and the new state determine d at active rule

pr o c essing time. The r e action c onsists in c al ling the pr o c e dur e .

2.2 Exe cution Mo del

Finally

, the following example shows the usefulness of event-preserving trig-

gers.

F urther details ab out the Chimera active rule language can b e found in [0,0].

Before intro ducing the execution mo del we sp ecify that in Chimera a transac-

tion is a sequence of calls to the query and up date primitives. Query primitiv es

are used either 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. Thus, a Chimera transaction is a sequence of transaction

lines, appropriately delimited. Each transaction line contains itself queries and

up date primitiv es; it may contain as well pro cedure invo cations. T ransaction

lines define the scop e of v ariables which are shared by different op erations and

play a relev ant role in fixing the semantics of database triggers, as describ ed

b elow. An example of transaction line is:

In the transaction line ab ove, is b ound by the execution of the select op-

eration to a set of OIDs, and these identify the employ ees whose salary is

mo dified. Note that the condition-action sequence of an active rule is very

similar to a query-mo dify sequence in a transaction line. Thus triggers may

b e regarded as transaction lines from the execution viewp oint.

3 Arc hitecture of the Activ e Rule Pro cessor trig-

ger e d

rule sele ction

rule c onsider ation

rule exe cution

quiesc ent state

al l final state

savep oint

savep 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 rigger pro cessing time

dep ends on the trigger pro cessing mo de: at the end of the transaction line or

at transaction commit. Although initiated at different times, rule pro cessing

of immediate and deferred triggers is conducted in the same way as an itera-

tive execution of rule pro cessing steps, each of which in turn consists of three

phases, called rule selection, consideration and execution.

– consists in cho osing non-deterministically one of the rules at

highest priority;

– consists in the ev aluation of the condition, which is a

declarative formula; at this p oint the selected rule b ecomes untriggered;

– o ccurs if the condition is true or pro duces some bindings, and

it is p erformed by sequentially executing the op erations in the reaction part

of the rule.

T rigger execution consists of queries and up dates, which may in turn trigger

other rules; rule pro cessing continues until no more 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 com-

pleted, active rule pro cessing is applied to immediate triggers until a fixp oint

is reached (called a with resp ect to immediate 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 architecture of the active rule pro cessor

in the Chimera prototyp e develop ed at Politecnico di Milano. The prototyp e

is built on the ALGRES environmen t [0] but it is highly indep endent from

ALGRES, b eing thus p ortable to any other target system. Therefore AL-

GRES features are encapsulated through the definition of a Virtual Interface

of Chimera (VICHI) which supp orts a set of services. An overall description

of the prototyp e may b e found in [0,0,0], while details on the comp onents of

the pro cessors are presented in the following sections.

Figure 1 intro duces the overall architecture for reactive pro cessing, showing

b oth data structures and functional comp onents. W e denote with rectangles

the structural comp onents and with ov als the functional comp onents of the

architecture. Plain arrows represent information flow, while dashed arrows

Support

Triggered

Rules

Block

Executor

Occurred

Events

Logs database

Trigger

ALGRES block C++

ALGRES

C++ Handler Event

5 4

3

1 - 9

2 10

12 8 7 11

6