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Implementation of Object—oriented Active Rule System
in Distributed Environment

Koeng-wook Ko' - Sang-Bong Yoo'' - Ki-Chang Kim''"- Sang Kyun Cha'''™

ABSTRACT

In this paper we present compiler-based active rule system to efficiently maintain spatial integrity constraints in a
heterogeneous, distributed environment. Specially, the prototype active rule system presented has been developed as a
component of a whole middleware system called SDBC(Spatial DataBase Connectivity). Due to this reason, our active
rule system is provided for heterogeneous ODBMSs in a distributed environment and used to define spatial integrity
constraints using the active rules in E*C'A(Event*Conditipn*Action) type. Using this active rule system, an application
programmer can free himself from a heavier burden on the integrity maintenance of application objects.

In the compiler-based approach, active rules applicable to events raised by a database program are directly inserted
into the program in a function type by the preprocessor, and then they are compiled with the application program source
codes. One advantage of this approach is that there is no run-time overhead accompanied by monitoring all the database
transitions when preprocessed program is executed. This active rule system also provides facilities to manage changed
rules and dynamically interpret those rules at run-time.
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active_rule =rule_head event_stmt [declaration] condition_stmt
action_stmt END ;
rule_head = DEFINE rule_mode RULE rule_id FOR ( class_name
{, class_name} ) ;
rule_mode = INSTANCE-ORIENTED
| SET-ORIENTED
event_stmt = EVENT trigger_event
declaration = var_decl [ query }
var_decl = VAR {var_name {, var name} : [ SET OF ] class_name
e
query = var_name ‘= QUERY (temp_var from_clause where_clause) ;
from_clause = FROM class_name
where_clause = WHERE logical_expression {connector logical_
expression}
condition_stmt = CONDITION condition_stmt ;
action_stmt =ACTION action_stmt ;
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DEFINE INSTANCE-ORIENTED RULE R1 FOR(SewerPipe) ;
VAR sp, new_sp: SewerPipe ;



EVENT DELETE(sp) ;
CONDITION sp.usage == TRUE ;
ACTION replace(new_sp, sp) ;
END_RULE ;
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DEFINE INSTANCE-ORIENTED RULE R2 FOR(SewerPipe) ;

VAR sp: SewerPipe ;

EVENT INSERT(sp) ;

CONDITION (sp.type = Transport OR sp.material = Steel)
AND sp.diameter < 350 ;

ACTION update(sp.diameter, 350) ;

END_RULE ;

DEFINE SET-ORIENTED RULE R3 FOR(SewerPipe) ;
VAR sp: SewerPipe ;

EVENT INSERT(sp) ;

CONDITION count(SewerPipe) > MAX_NUM ;
ACTION ABORT ;

END_RULE ;
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DEFINE INSTANCE-ORIENTED RULE R4 FOR(SewerPipe) ;
VAR sp: SewerPipe ;

EVENT UPDATE(sp) ;

CONDITION sptype = Transport AND sp.material != Steel ;
ACTION remove(sp) ;
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list <pc> pelist;

struct pe { char *name; };

list<po:> polist;

struct po {
char *oname; 1/ object name
char viype; // object reference type (V_HANDLE or V_ITERATOR)
char *cname; // class name this object belongs to

Hist<oe> celist;
struct ce {
char *cname; J/ class name
char event; /f event type (E_CREATE, E_DELETE OR E_UPDATE)

Tist<mo> molist;
struct mo {
T_OID oid; 1/ object id
char *cname; char event; char vtype;
k
list<active_oe> active_celist;
streut active_ce { char *cname; char event; int count; };
list<rf>rule_func_array;

struct 1f {
char *cname;
char event;
char mode; // 0if instance-oriented rule; 1 if set-oriented rule
void (*rule_func) (;
int Lmvt; // Tast modified time
char interp; /11 if this rule should be interpreted; 0 otherwise
int rid; /nileid
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1 class Pipe: public s_Object{

2 public:

3 Pipe(Type pipe_type, int pipe_thickness);

4 statics_Set<s_Ref<Pipe>>> pipes; / a reference to class extent
5 void set_thickness(int val) {mark_modified(); thickness = val;}
6 Type type; int thickness;

7%
8

9

10 s_Database DBh;

i1 s_Ref<Pipe>Ph;

12 s_lterator<s_Ref<Pipe>> Pi;
13 s_Transaction trans;

15 trans.begin(DBh);

17 Ph=new(DBh,"Pipe") Pipe(Transport, 20);
18  pipes->insert_element(Ph);

19 Pi= pipes.create_iterator();

20 while (Pi.next(Ph)){

21 Ph->set_thickness(40);

2 )
23 trans.commit(};
24}
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pclist "Pipe"
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17 : Ph = new(DBh, Pipe) Pipe ;
mo = build_mo(Ph, Pipe, E_INSERT, V_HANDLE) ;
molist.insert(mo) ;
active_ce = build_active_ce(Pipe, E_INSERT) ;
report_active_ce(active_ce) ;

221 : A4 AA g UPDATE EIYe olHE
Z  mark_modified() & E4He F: 2 Piped WH &
% set_thickness()8l &&)7} LA HUT 22RE o]
oWl EE WA celiste] AslEh

celist "Pipe" "| "Pipe"
E_INSERT E_UPDATE
= 4§ Zaa9e o NS Y o8
Soh waE 2SS AR WS SAH,

20 : while (Pi.next(Ph)) {
21 :  Ph->set_thickness(40);

mo = build_mo(Pi, Pipe, E_UPDATE, V_ITERATOR) ;
molist.insert(mo) ;

active_ce = build_active_ce(Pipe, E_UPDATE) ;
report_active_ce(active_ce) ;

22}
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void rule_pipe_insert1(coHandle(Pipe) Ph) {
if (Ph->thickness < GAS_MIN_THICKNESS)
remove(Ph);

}

<HE 1>9A oHlE ("Pipe”, E_LINSERT)o} thsll, A} 71
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while ('molist.empty()) {
mo = molist.pop();
execute_rule_code(mo);

}

23 : trans.commit();

}\]’7154 Oﬂxﬂoﬂ}\«] 3 /‘ ”eXeCute mle Code(rno)u\_ ”rule_
func_array” & ©]-&3td modl| 71EF o|WEM oF
3 geEsS At o&A ANYE EE 73 ¥
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(E 15 rule_func_array2| &t o

cname event rmode rule func Imt rid

Pipe insert instance ptr to "rule pipe inserti()" 9802021234 344

Pipe insert instance ptr to "rule pipe insert2()" 9802121235 345

Pipe insert set ptr to "rule pipe insert3()" 9802121236 346

Pipe update Vinstance ptr to "rule pipe updatel()" 9803021237 456
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class Pipe: public s_Object{

public:
Pipe(Type pipe_type, int pipe_thickness);
static s_Set<s_Ref<Pipe>>> pipes; // a reference to class extent
void set_thickness(int val) {mark_modified(); thickness = val;}
Type type; int thickness;

0~ AN AW N

9 main() {

10 s_Database DBh;

11 s_Ref<Pipe> Ph;

12 s_lterator<s_Ref<Pipe>> Pi;
13 s_Transaction trans;

17 Ph =new(DBh,"Pipe") Pipe(Transport, 20);

18  mo = build_mo(Ph, “Pipe”, E_INSERT, V_HANDLE);
19  molist.insert(mo);

20 active_ce = build_active_ce(“Pipe”, E_INSERT);

21  report_active_ce(active_ce);

22 pipes->insert_element(Ph);

23 Pi= pipes.create_iterator();

24 while (Pi.next(Ph)) {

25 Ph->set_thickness(40);

26 mo = build_mo(Pi, “Pipe”, E_UPDATE, V_ITERATOR);
27 molist.insert(mo);

28 active_ce = build_active_ce(“Pipe”, E UPDATE),
29 report_active_ce(active_ce);

30 )

31  while (!molist.empty()) {

32 mo = molist.pep();

33 execute_rule_code(mo);
M4 )

35  trans.commit();

36}
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DEFINE INSTANCE-ORIENTED RULE R1 FOR(SewerPipe);
VAR sp, new_sp: SewerPipe;

EVENT DELETE(sp);

CONDITION sp.usage == TRUE;

ACTION replace(new_sp, sp);

END_RULE;
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if ("commit()” statement is found) {
open "rulefile.C”
call rulefetch()
modify application program to include code for
poping "molist” and
executing rule code.

}
9ol &4 “rulefetch()"E th&3} o] Heojwc

void rulefetch()
{
while (celist is not empty) {
take out one "ce”
fetch all related rules for this "ce”
for each of these rules {
if it is a triggering rule {
process it according to step 3 of algorithm
1. during this process,
all additional events occurring in this rule
code will be added to "celist”, and
the rule code will be modified appropriately.
}
dump its code in "rulefile.C”
report this rule function in "rule_func_array”
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while(!molist.empty) {
mo = molist.pop();
execute_rule_code(mo);

}
29} execute_rule_code(mo)oll 4, 9+ TAP F3
o] EglAY wAolH, o AL AFoz #H AH
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17 : Ph = new(DBh, Pipe) Pipe ;
mo = build_mo(Ph, Pipe, E_INSERT, V_HANDLE) ;
molist.insert(mo) ;
active_ce = build_active_ce(Pipe, E_INSERT) ;

report_active_ce(active_ce) ;

Z21: A& AAd W3 UPDATE B9 olHE
(Z, mark_modified)E F1te a2 Piped W 3

4 set_thickness()8] #%)7} 2AEHUL I BR o]
oMEE WA celistd] AYE T
celist "Pipe" "Pipe”
E_INSERT E_UPDATE
I g $8 ZEaWd o9 INSERT Y old
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20 : while (Pi.next(Ph)) {
21 : Ph—>set_thickness(40);

mo = build_mo(Pi, Pipe, E_UPDATE, V_ITERATOR) ;
molist.insert(mo) ;
active_ce = build_active_ce(Pipe, E_UPDATE) ;

report_active_ce(active_ce) ;

22: )
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void rule_pipe_insertl(coHandle(Pipe) Ph) {
if (Ph->thickness < GAS_MIN_THICKNESS)
remove(Ph);

}
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while ('molist.empty()) {
mo = molist.pop();
execute_rule_code(mo);

}

23 : trans.commit();
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cname event rmode rule func Imt rid
Pipe insert instance ptr to "rule pipe insert1()" 9802021234 344
Pipe insert instance ptr to "rule pipe insert2()" 9802121235 345
Pipe insert set ptr to "rule pipe insert3()" 9802121236 346

Pipe update instance

ptr to "rule pipe updatel()"

9803021237 456
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class Pipe: public s_Object{

public:
Pipe(Type pipe_type, int pipe_thickness);
static s_Set<s_Ref<Pipe>>> pipes; // a reference to class extent
void set_thickness(int val) {mark_modified(); thickness = val;}
Type type; int thickness;

IS

main() {

10 s_Database DBh;

11 s_Ref<Pipe> Ph;

12 s_lterator<s_Ref<Pipe>> Pi;

13 s_Transaction trans;

14

15  trans.begin(DBh);

16 e

17 Ph=new(DBh,"Pipe") Pipe(Transport, 20);

18  mo = build_mo(Ph, “Pipe”, E_INSERT, V_HANDLE);
19  molist.insert(mo);

20  active_ce = build_active_ce(“Pipe”, E_INSERT);

21  report_active_ce(active_ce);

22 pipes->insert_element(Ph);

23 Pi= pipes.create_iterator();

24 while (Pi.next(Ph)) {

25 Ph->set_thickness(40);

26 mo = build_mo(Pi, “Pipe”, E_UPDATE, V_ITERATOR);
27 molist.insert(mo);

28 active_ce = build_active_ce(*“Pipe”, E UPDATE),
29 report_active_ce(active_ce);

30

31  while (!molist.empty(}) {

32 mo = molist.pop();

33 execute_rule_code(mo);

W0~ AW AW —

34}
35  trans.commit();
36}
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DEFINE INSTANCE-ORIENTED RULE R1 FOR(SewerPipe);
VAR sp, new_sp: SewerPipe;

EVENT DELETE(sp);

CONDITION sp.usage == TRUE;

ACTION replace(new_sp, sp)

END_RULE;
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if ("commit()” statement is found) {
open "rulefile.C"
call rulefetch()
modify application program to include code for
poping "molist” and
executing rule code.

}
oAl A g “rulefetch()’= th&3 2o] Ho@ct

void rulefetch()
{
while (celist is not empty) {
take out one "ce”
fetch all related rules for this "ce”
for each of these rules {
if it is a triggering rule {
process it according to step 3 of algorithm
1. during this process,
all additional events occurring in this rule
code will be added to "celist”, and
the rule code will be modified appropriately.
}
dump its code in "rulefile.C"
report this rule function in "rule_func_array”
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while('molist.empty) {
mo = molist.pop();
execute_rule_code(mo);

}
29| execute_rule_code(mo)dll A, T+ #AH T2
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while('molist.empty) {

check_result = identify_rule_change(rule_info);

if(check_result.change_message == UPDATED or INSERTED) {
update_rfa(rule_func_array);
execute_changed_rule_bytecode(check_result.
changed_rule_bytecode);

}

else if(check_result.change_message ==
mo = molist.pop();
execute_compiled_rule_code(mo);

}

else if(check_result.change_message == DELETED)
update_rfa(rule_func_array);

UNCHANGED) {
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cname event rmode rule func Imt rid
Pipe insert instance ALA . 9808073434 344
Pipe insert instance ptr to "rule pipe insert2()" 9802121235 345
Pipe insert set ptr to "rule pipe insert3()" 9802121236 346
Pipe update instance ptr to "rule pipe updatel()" 9803021237 456
Pipe insert instance 99 9901192513 512
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