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Abstract. This article expounds an agorithm for static analysis of termination
of adive database rules. As most previous termination algorithms, our
algorithm uses the nation of triggering graph. But whereas previous termination
algorithms only remove from a triggering gaph rules which are triggered a
finite number of times or rules whose @ndition is deteded as deadivated, our
algorithm also removes ome rules which can be triggered infinitely and whose
condtion can be evaluated to true infinitely. To achieve this, our algorithm
splits the initial triggering graph in severa triggering graphs. New termination
situations can so be discovered.

1 Introduction

This paper deds with the termination problem of adive rules. Active rules (or Event-
Condtion-Action ruleq7]) are intended to fadlitate the work of design and
programming catabases. But writing a set of rules adually remains a tricky work,
often devolved upon spedalists. Indeed, a set of rules is not a structured entity : the
global behavior of a set of rules can be hard to predict and to control [1]. In particular,
reseach works have brought to the fore the termination problem of the rules (the
exeaution of the rules can be infinite in some situations), or the confluence problem
(the same rules do nd necessarily give the same results, depending on the exeaution
order of therules).

In sedion 2 we expose the related work ; in sedion 3, we present a motivating
example ; in sedion 4, we introduce the maximal order N paths precealing arule; in
sedion 5 we propcse afunction for the evaluation of the truth value of the condtion
of arule; in sedion 6 we introducethe notion o incompatible paths; in sedion 7, we
expase our algorithm for termination analysis ; sedion 8concludes.

2 Related Work

Thetermination d the adive rulesis an undeddable problem, except when languages
of rules with very limited possbiliti es are used [2]. The previous works on the static
analysis of the adive rules propose aiteria suppying sufficient condtions allowing to
guarantee termination. The majority of works on the termination of the adive rules
exploit the mncept of triggering graph.
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[5] introduced, for the first time, the notion of triggering graph. This notion is
clarified by [1] : a such graph is built by means of a syntactic analysis of rules ; the
nodes of the graph are rules. Two rules rl and r2 are connected by a directed edge
from r1 towardsr2 if the action of r1 contains an triggering event of r2. The presence
of cycles in a such graph means a risk of non-termination of the set of rules. The
absence of cyclesin the triggering graph guarantees the termination of the set of rules.
However, the possible deactivation of the condition of the rule is not taken into
account by this analysis. A finer analysisisled by [3, 4, 8, 9, 14], taking the possible
deactivation of the condition of a rule into account or the possible deactivation of the
overall condition of a path. Generalized connection formulas are introduced by [8], in
order to test if the overall condition of a path can be satisfied. [10] proposes a
technique to remove a path instead of removing a node, [11] proposes a technique to
unroll a cycle. [13] refines the triggering graphs, using partial and total edges, to take
into account the influence of composite events.

We present in this paper an improvement of the previous termination algorithms.
The basic idea of our improvement is the following : let us suppose that we have two
rules Ry and Ry of the triggering graph G such that if Ry occurs infinitely, Ry can not

occur infinitely. We can then split the initial triggering graph in two triggering graphs
G1 and Go such that G contains Ry and not Ry, and Gy contains Ry and not Rj.

Termination analysis is then performed with the two triggering graphs G1 and G,

instead of the initial triggering graph G. New termination situations can so be
discovered.

3 Motivating Example

We present here an example, which motivates our proposition. We consider a banking
application. Six active rules are defined. The production mode of these rules is "after
the triggering event". The coupling modes of the rules are "immediate”.

RuleRy : Event : A4 - decrease_overdraft(X4)
Condition : 6000 < A;.capacity
Action : A4 - decrease_capacity(1000)
RuleRy: Event : Ao - decrease_capacity(X,)
Condition : 100 < A,.overdraft
Action : Ao - decrease_overdraft(20)
RuleRg: Event : Ag - decrease_capacity(X3)
Condition : Ag.type = standard_account
Action : Ag-increase_rate(1)
RuleRy: Event : A4 - decrease_overdraft(X,)
Condition : Ay-type = stocks_account
Action : A4 - decrease_rate(1)
RuleRg: Event : Ag - increase_rate(Xg)
Condition : Ag.amount > 10000

Action : Ag - increase_capacity(1000)
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RuleRg: Event : Ag - decrease_rate(Xg)
Condition : Ag-amount > 6000
Action : Ag - increase_overdraft(40)
Ry | Ra

[Rs] Ra]
Rs| Rs|

Fig. 1. Triggering Graph.

The termination of this graph can not be guaranteed by the previous algorithms:
the action of Ry falsifies the condition of R after a finite time, but the action of Rg

can make TRUE the truth value of the condition of R1. Ry can not be removed from
the triggering graph by [14]. The action of Ry falsifies the condition of Ry after a
finite time, but the action of Rg can make TRUE the truth value of the condition of
Ro. Rp can not be removed from the triggering graph by [14]. No rule can be removed

from the triggering graph by previous termination algorithms.
Let us analyze more in detail the behavior of this triggering graph. Let us consider
arules process P4 such that an instance of Ry is triggered during P1. As the coupling

modes of the rules are "immediate”’, we have A = Ao = Ag = Ag = A5 = Ag =
Constant during P1. So, if the condition of Ry is evaluated to TRUE, the type of the
account is "stocks_account” during the evaluation of the condition of R4. As no rule
action modifies the type of the account, the condition of Rg will be evaluated to
FALSE during P1. So, Rg (which is triggered by Rg) can be triggered during P1. So,
the condition of Ry will be evaluated to FALSE after afinite time during Pq (because,
during P4, Rg can not make TRUE the condition of Rq), and P41 will terminate. Let us
consider now a rules process P, such that an instance of Rg occurs during Po. The
condition of R4 can not be evaluated to TRUE during Po. Then, Rg (which is
triggered by R4) can not be triggered during P». The condition of Ry will be evaluated
to FALSE after a finite time during P (because, during Py, Rg can not make TRUE
the condition of Ry), and P will terminate.

Let us consider a rules process Pz such that no instance of Rg and no instance of
R4 occurs during P3. The conditions of the rules Ry and Ry will be evaluated to
FALSE after afinite time, and P3 will terminate.
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Hence, this rules set can not exhibit an infinite behavior. But no previous
termination algorithm is able to prove this termination. This is due to the two
following facts:

(i) previous termination algorithms only try to remove rules which are not triggered
infinitely or whose condition is deactivated, but do not consider "incompatible" rules;

(ii) previous termination algorithms only try to remove rules from cycles, but do
not try to remove rules which do not belong to cycles, but which are triggered by
cycles.

We propose a termination algorithm, which solves these two shortcomings.

4 Maximal Order N Pathsin Triggering Graphs

4.1 Triggering Graphs

We consider in this paper Event-Condition-Action rules. The underlying database
model is arelational model or an object-oriented model. We assume that the coupling
modes Event/Condition and Condition/Action are immediate or deferred. We do not
make any assumption about the execution model of the rules.

Definition. Let R be an arbitrary active rule set. The triggering graph is a directed
graph where each node corresponds to a rule R O R A directed arc

(R1 ., Ro ) belongs to the triggering graph iff the action of rule Ry generates events
which trigger rule Ro.

4.2 Maximal Order N Path Preceding a Rule

Simple Path. We build a simple path of the triggering graph in thisway : Ry, Ry, ...
R, ... Ry are nrules (not necessarily all distinct) of atriggering graph such that there
is an edge from Rj; 1 to R;. The tuple (R, Ry, ... Ry) make up a simple path. We
adopt the following notation : Ry — Ry « ... « Rj « ... « Ry. (Notethat we adopt a
notation in the opposite direction of the edges, for convenience reasons). Ry is said
the last rule of the simple path. Ry, is said the first rule of the simple path.

Maximal Order N Path. We replace the classical notion of cycle by the notion of
maximal order N path preceding a rule. The usefulness of this notion is to represent
in one single entity all the simple paths preceding a rule. N is a number fixed by the
designer, and corresponds to alimit on the length of the considered paths.

Let Ry be a rule. We perform a "depth search” in the opposite direction of the

edges in order to calculate the maximal order N path preceding Ry: Max_Path(R; ; N ;
Graph). The procedure is the following:
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Pathg = (Rq)
Max_Path(Ro ; N ; Graph) = Path_Building_Function ( Pathg )
Path_Building_Function (incoming variable : Path;,, outgoing variable : Path,; ) {

Let R be the first rule of Path;,,

LetRq, Ry, ... Rp be the rules such that there is an edge from R; to R

FOReachrule R; (1<i<p){

IF R; appears less than N times in Path;, {
Path; = Path_Building_Function (Path;, « R;)}}

Path,,; = ( Pathy OR Path, ... OR Pathp )}
Example. Seefigure 1. The maximal order 1 path preceding Ry is:
Max_Path(Rs ; 1 ; Graph) = (Rg « R3 « Ry « Rp)

5 Evaluation of the Truth Value of the Condition of a Rule

We introduce afunction TV, which allows us to store the truth value of the aondition
of arule due to a simple path. Thanks to the properties of the function TV, we @n
then evaluate the truth value of the mondition d a rule due to the maximal order N
path precading therule.

Let Graph be theinitial triggering graph, or a subgraph of the initial triggering graph ;
let Path be asimple path of Graph and Rule the last rule of Path. We evaluate the
truth value of the condtion of the rule Rule due to the path Path for the graph Graph
using a function TV, which associates a bodean value to the triple ( Rule ; Path ;
Graph).

The meaning of the function TV is the following :
If TV ( Rule ; Path ; Graph ) is FALSE, this means that, for ead rules process P,
composed of rules of Graph, thereis only afinite number of occurrences of Path.
If TV (Rule; Path ; Graph) is TRUE, this means that we ae not sure of the truth value
of the @mndition o Rule due to Path for Graph.

The function TV is determined using the foll owing formulas :
An urknown value TV ( Rule ; Path ; Graph ) is supposed equal to TRUE. (@D}

TV(Rule; Path; Graph) = FALSE ) (2

if we ae sure that the path Path can just occur a finite number of times for any rules

processcomposed of rules of Graph. Previous termination algorithms can be used to

determine this[3, 4, 8, 9, 12, 14]. For example, we can use ageneralized connedion

formula[8] along Path.

We extend then the function TV to the maximal paths, using the foll owing formula:

TV( Rule; Path OR Pathq ; Graph) = ©)]
TV(Rule; Path ; Graph) OR TV( Rule; Pathy ; Graph).

(where Pathq is a path such that Ruleisthe last rule of Pathq)
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6 Incompatible Paths

Definition. Let Graph be the initial triggering graph, or a subgraph of the initial
triggering graph. Let Pathq, Path, be two simple paths of Graph. We say that Pathq

and Path, are incompatible for Graph iff we have the following property :

For each rules process P composed of rules of Graph, if there is an infinite number
of occurrences of Pathq during P, thereisjust afinite number of occurrences of Pathy

during P (and vice versa).

Previous termination algorithms can be extended to determine incompatible paths.
For example, we can study if the conjunction of the following generalized connection
formulas [8, 12] can be satisfied for each pair (n, p): (i) a generalized connection

formula binding the nth occurrence of Pathq and the pth occurrence of Pathy ; (ii) a
generalized connection formula concerning the nth occurrence of Pathq ; (iii) a

generalized connection formula concerning the p'[h occurrence of Patho.

7 Termination Algorithm

Our termination algorithm removes rules from the current triggering graph, and splits
the current triggering graph in several triggering graphs. The algorithm is composed
of three main parts. The first part deas with the "forward propagation” of rules
removal. The second part deals with the detection of the deactivation of the condition
of arule due to the maximal order N path preceding the rule. The thirst part deals with
splitting the current triggering graph.

7.1 Algorithm

The sketch of the termination algorithm is the following :

G = { Initial_Triggering_Graph }
FOR each graph G; of G

set down Current_Graph = G;

WHILE a new split of Current_Graph is detected {
WHILE new rules of Current_Graph are removed {
WHILE new rules of Current_Graph are removed {
Part One: Forward propagation of the rules removal
remove the rules of Current_Graph without incoming edge }
WHILE (a deactivation of condition is not detected)
AND (all the rules of Current_Graph are not tried (as rule Rp)) {

Part Two: Detection of the deactivation of the condition of a rule }
WHILE (a split of Current_Graph is not detected)
AND (all the rules of Current_Graph are not tried (as rule Rq)) {

Part Three : "Splitting the graph" } } }
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Part Two: Detection of the Deactivation of the Condition of a Rule. The goa of
this part is to find a rule Ry whose condition is deactivated by the maximal order N

path preceding Rg. A such rule can be removed from the current triggering graph.

Part Two:
Choose a rule Ro

Calculate Max_Path(Rq ; N ; Current_Graph)
IF TV(Rg ; Max_Path(Rg ; N ; Current_Graph) ; Current_Graph) = FALSE {
remove Rq from Current_Graph }

Part Three: Splitting the Graph. The goal of this part is to find a pair of smple
paths (SP1, SPp) such that SP1 and SP» are incompatible for the current triggering

graph. In this case, we split the current triggering graph in two triggering graphs: in
the first triggering graph, we consider that SP1 can not occur ; in the second triggering

graph, we consider that SP5 can not occur.

Part Three :
Choose a rule R1

Calculate Max_Path(Rq; N; Current_Graph)
(Max_Path(R4; N; Current_Graph) = Simple_Path{1 OR ... OR Simple_Path4,)

WHILE (a split of Current_Graph is not detected)
AND (all the rules of Current_Graph are not tried (as rule R»)) {

Choose arule Ry
Calculate Max_Path(R5; N; Current_Graph)
(Max_Path(Ro; N; Current_Graph = Simple_Path,1 OR ... OR Simple_Patth)

Determine two integers k and m (k 0 {1, 2, ...,n}, m O {1, 2, ...p}) such that :
(i) Simple_Pathq, and Simple_Path,, are incompatible for Current_Graph

(i) TV(Rq ; Simple_Pathy, ; Current_Graph) = TRUE
(iii) TV(R, ; Simple_Path,, ; Current_Graph) = TRUE
IF k and m exist {
Split Current_Graph in G1 and G,
Initialize G4 and G, with Current_Graph
Set down :
TV(Rq ; Simple_Pathq, ; G1 )= FALSE
TV(R5 ; Simple_Pathy, ; G5 )= FALSE
G =G 0 {Gy, Gy} \ {Current_Graph}
Current_Graph =G4 } }

Termination of the Initial Triggering Graph. If all the rules of al the graphs of the
set G have been removed, the termination of the initial triggering graph is guaranteed.
If, after application of the termination algorithm, there is at least one graph in the set
G with remaining rules, these rules risk being triggered infinitely. The designer has to
examine, and possibly, modify the remaining active rules. Several rules subsets are
then provided to the designer : if two rules Ry and Ry are in the same remaining

graph, they may both occur infinitely during the same rules process ; if there is no
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remaining graph such that Ry and Ry are in the same remaining graph, Rq and Ry can
not both occur infinitely during the same rules process.

7.2 Example

Let us study the example of section 3. Let G be the initial triggering graph (figure 1).
The parts 1 and 2 of our algorithm give no result. Let us apply the part 3. Let us
choose the rule Ry. We build the maximal order 1 path preceding Ry :

Max_Path(R4;1;G)=(Rg « Ry « Ry « Ry)
L et us then choose the rule Rg. We build the maximal order 1 path preceding R3 :
Max_Path(R3;1;G)=(R3 « R{ « Ry « Ryp)

Let Aj3(n) be the variable refering to the account raising the event of the rule R;
during the nth occurrence of Max_Path(Rg ; 1 ; G) and let Aj4(p) be the variable

refering to the account raising the event of the rule Rj during the pth occurrence of
Max_Path(R4 ; 1 ; G). We have the following property: Ao3(n) = Aoy(p), for each n
and each p. We can then establish the following generalized connection formula :

\* nth occurrence of Max_Path(Rg; 1; G) *\

(Az3(n).type = standard_account AND Ag3(n) = A13(n) AND Aq3(n) = Ayz(n)) AND
\* pth occurrence of Max_Path(Rg4; 1; G) :*\

(Ag4(p)-type = stocks_account AND Ag4(p) = Ao4(p) AND

\* Formula binding the nth occurrence of Max_Path(Rg ; 1 ; G) and the pth
occurrence of Max_Path(Rs ; 1; G) *\

A3(n) = Ag4(p)

This generalized connection formula can not be satisfied. The attribute type can not
be modified by arule action. Thus, Max_Path(R3 ; 1 ; G) and Max_Path(R4 ; 1; G)

are incompatible paths for G.

We split G in two triggering graphs Gq and Go. In Gq, we set down: TV( Ry ; (Rg «
Ry « Ry « Rp); G1) = FALSE. Hence, Ry can be removed from Gq (figure 2).
We have then:
TV(Ry ; Max_Path(Ry; 1; G,) ; G1) = FALSE (using [8,12]).

Ry can be removed from G1. By forward propagation, all the rules of G; are
removed.

In Gy, weset down: TV(R3; (R3 « Ry « Ry « Rq); Go) = FALSE. Hence, R
can be removed from G, (figure 3). We have then:

TV(Ry ; Max_Path(Ry ; 1; G,) ; Go) = FALSE (using [8, 12]).
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Ry can be removed from Go. By forward propagation, all the rules of G, are

removed.
So, termination of this active rules set is guaranteed by our algorithm.

[ re—

Fig. 3. Triggering Graph G».

8 Conclusion

We have presented an algorithm to improve the previous termination algorithmsin the
context of active databases. Our termination algorithm can remove rules which are
triggered by cycles, but which are not contained in cycles (previous termination
algorithms only remove rules from cycles). New termination situations can so be
discovered. Thanks to the graph splitting, our algorithm removes from the triggering
graph some rules which can in principle be triggered infinitely, and whose condition
can in principle be evaluated to TRUE infinitely. Thisis a substantial improvement of
the previous termination algorithms.

In the future, we will improve the previous termination algorithms, to determine if
two simple paths are incompatible.
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