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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-Condition-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
s

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 ;

[4 2] g 73e Y d¢Ede €Yo Trans-
porto} At A Fo] Steeld o) #7o] 3x0RT}
Fod F S BR¥ #ARFE 0oz WAY
g FAE

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

EVENT INSERT(sp) ;

CONDITION count(SewerPipe) > MAX_NUM ;

ACTION ABORT ;
END_RULE ;

[of 4] thgo A& s4x el Eljle] Transport

o] 2 Aol Steelolojok Bl 19 ¥
& 42 AZHY, WAE sk BE A
g AE Aown

DEFINE INSTANCE-ORIENTED RULE R4 FOR(SewerPipe) ;

VAR sp: SewerPipe ;

EVENT UPDATE(sp) ;

CONDITION sp.type = Transport AND sp.material != Steel ;

ACTION removel(sp) ;

END_RULE ;
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331 Y #E TR oWE(F, YW 28 olgH F
43 ojflE BlE Ze o|ME)7} active_celisto] ©l
ol 2, @A R FoiAlzich
332 2384 @od, oAy ojWEd s NEE A=E
s} gdstan, JHEEHE 12 AR ek
4. 9 commit T8& T, celisto] olWlEZ} do} e Bt
gl dRES HEH
4.1 celistollAl o]HEZE AUz, 1 olWlEd #BE TAES
FH wolAzie 2% ddc 1 v d2d 4 73
uith gl ARES FYPdh
411 F8€ C #+2 As9 niefileC 2 Hdof 712
L= 8
412 FHo| B HLEE rule func_array® T4 @k
42 EWAHe] commit H7] e, §8§ Z2IYo] molistol
A BAE AANES Al 3 73 2= A¥Y +
URE ¢4 WL AL

719 g FolA rule func_arrays o8 oJWIE
of ojm E o] HZEolof st=AE HAFI] A&
FAEY. daE 1& 98 AHEEHE F8 dolH
TZES g (19 5%

list <pe> polist;
struct pe { char *name; };
struct po {
char *oname; 1/ object name
char vtype; 1/ object reference type (V_HANDLE or V_ITERATOR)
char *cnarne; / class name this object belongs to
b
ist<cex>celist;
struct ce {
char *cname; # class name
char event; // event type (F_CREATE, E_DELETE OR E_UPDATE)
I8
ist<tnoe> molist;
struct mo {
T_OID oid; 1/ object id
char ¥cname; char event; char viype;
h
list<active_ce> active_celist;
strout active,_ce { char *cname; char event; int cours; };
list<rf>rule_func_array;

struct f {
char *cname;
char evend;
char mode; /1 0if instance-oriented rule; 1 if set-oriented rule
void (*rule_func) (;
int lmt; 1/ last modified time
char interp; /1 if this rule should be interpreted; O atherwise
int rid; M mileid

(38 5) THM2|7} AFBSHE HlO|E| Tx&

oo (18 62 dmaF 1€ 433) ¥ SDBC
$8& Z2ad9 48 BoFu g ofd Iy
F Hse oA 4%E A3 FAEA

1 class Pipe: public s_Object{

2 public:

3 Pipe(Type pipe_type, int pipe_thickness);

4 static s_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

main() {
10 s _Database DBh
11 s_Ref<Pipe>Ph;

13 s_Transaction trans;

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

19  Pi = pipes.create_iterator();

20  while (Pi.next(Ph)){

21 Ph->set_thickness(40);

23 trans.commit();

(228! 6) SDBC S8 Z=I™9| of

%1:SDBCAAM A& ZHie 282 s Object]
a9 S22 H99d. a3EE, Zd2 Ppes
pelistoll A€ot

pelist I "Pipe"

%11,12: X4 AA Phe} Pivt AAHAE A& A
HEL polistoll A

polist ¥ "ph" T e
V_HANDLE V_ITERATOR
Pipe" pipe"

F17: A% A7 A=A F, INSERT EY
9] oWEZ} WAHPLerg F A AV £Y-
o}, WA o] olHE7} celistel 7]E ¢t}

— P

celist "Pipe"

E_INSERT

Loz HAre &8 Z2ado] A ATl
222 #d AA9 AA ID, Ed2 o, 2z 9
HE B}dE molistdl AU + UEE & =g
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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& AAo] i3 UPDATE Elgel oyE
(%, mark_modified)& Fyte a2 Pipedl @9 &
4 set_thickness()8] Z&)7} 22Ut 2HBR o
OHIEE WA celistol Addrt

—>

celist "Pipe" "Pipe”

E_INSERT E_UPDATE

a2 g 4 ZzaPe oo INSERT Bl ol
E7} 24 A4ok HAE e sAE

20 : while (Pinext(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:} ‘

223 "commit” TEo| FAHY, +4 AFNYsE
celistol Y& WMEEE 98 Hagy TE #3F 3=
Eg 7tAgol gt} 73 2= Axrld o8 &
dg o8& zte F+2 'nilefileCete Y J1E
dch =8 2 73 gl #F ARE "rule_func_
array’e] Rngrh ofgfe <R 1> ¥ JqAE 9%
"rule_func_array” ¢} 3 & HAFT

SABZOIM HAXIE 58 & A" 8 2883

£ 4AE A% "ruefileC'E & 2 7Y ¥
+& XY@

void rule_pipe_insertl{coHandle(Pipe) Ph) {
if (Ph->thickness < GAS_MAN_THICKNESS)
remove(Ph);

}

<FE 1>ollA o|WlE ("Pipe”, EINSERT)o} dis), A 7
o] FAE] EATE B & gtk o] ¥ &L instance-
oriented(¥ = rmodeol] 4] "instance”2 HEAIH)e]H, o
A pAEL dx B AFe] dMY HEHe A
& oujgc} oA FHL set-oriented( Y= rmoded]
A "set’o.2 BAIg)olH, old FHE #FH F 2
£3 BE AMEe g3 AgEs AL g A
H7le 39 "rulefileC'E& 4T ¥, molistdl UE
7 AXNE Aol 48 73 Z=E 49T 5 ¢
2 oldigt ol 4 T2aYg FAYY 28R
2 989 "commit” TS Y #E oY =
zo o RE 73 m=go] Aigd Foof WzA
AgYsA drh

while (Imolist.empty()) {

mo = molist.pop();

execute_rule_code(mo);
}

23 . trans.commit();

4719 e Aol M B4 “execute_rule_code(mo)'E "nile_
func_array" & o] &38ta] mool 715¥ oldES i
F ¥5EL 4P ojgA FHd ZE FH ¥
FE& sy Rz JPEn

e (2™ De oAZA (29 6)9 ¢4 =2
Yo e REHoz HAHHUY AA HHYBo] &
8¢ 3o M2 A4¥ SDBC Z2I1e oE HA
Zrh, @A AP FHNAZ 2oF A=Fo| HA
grlel g3 A ZEES vehin

(¥ 1) rule_func_arraye| 3t of

cname event rmode rule func Imt rid
Pipe insert instance ptr to "rule pipe inserti()" 9802021234 34
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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1 class Pipe: public s_Object{

2 public:

3 Pipe(Type pipe_type, int pipe_thickness);

4 static s_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

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_sctive_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 = bulld_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 ('moli:t.empty()) {

k7] mo = molist.

a3 execute_rule. code(mo),

4}

35  trans.commit();

(38 7) MX2/" SDBC Z=I1¥e| of

52 E2|HY &gl Xa

@ e dH Hge ® g 7HES E8A &
T AT B&9 de 32 HelA v dAd 7o
E of2g F9d siddrh

DEFINE INSTANCE-ORIENTED RULE Rl FOR(SewerPipe);
VAR sp, new_sp: SewerPipe;

EVENT DELETE(sp);

CONDITION sp.usage == TRUE;

ACTION replace(new_sp, sp);

END_RULE;

ol ¥ AYd o N2 ArE B AL op
33, 2 thg 32384 U= 73 R2¢ 2L INSERT
By e FA g B4 278 od £F
o THE Y3 ¢4 TP AEOCE RY T
THE #Aske Aol HAgHoop @r) g F R2
7t E OE 73& EYA &Y, Z2age 94 2
A THE A § glolor Frh olyF AW
A 48 (forward chaining)7} ZAE¢ AYHz
IYL BE #UYE FHES $UAY & glojof #wr
ol FH FHE oY & AAHsE 499

8 T2 IcofAg vAvtAE A1 P
E 74 2=§ #A%Y &, ANrie 73 2o
e ZE HMEES ©Asd celistol I ojHES
€ 71835, AN Fol molistsd active_celistS
TAE F UEE 73 I=E FRGHEnAE 19
@A 3 32). ol¥A ) Ha YnEB 19 A ¢
= %S ge] #£38

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

AN §4 "rulefetch("s THeT o] Aeach

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”
11}

EQAY Ao At EE HEEL celisty] ¥
o F7IHEE I oMIEEL #dd ¥4 FHEL
AR o Agdch ¢d ol FHE g EF
AY THEd ¥ gy, 2 FHEL AN
717t 4 12&(fetching) 3‘}@‘- wEEA go = o
Al OHEES] UL celistl F7Hrt o)H Aoz
4L F¢ 278 ¢ Y EE 7Y =S5
rulefile.Cell Tulsh ok 44 F39 d¥L dL
Axis o]l FA & Helsh: HA Foo] LAFT

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

A9} execute_rule_code(moyoll A, Wy #dE 73
ol EFAY WHold, 21 FH& AFo8 A A
€ molistl] A4Y33r active_celisto] 2 ojWlEE W
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1 Ao MG viol o] HAAel(EEe AAYY)
71k A o] AR gL FAEY RE EE IA
7t RAEAE 9 8§ Z2ae]l 1 WAEE FAHL
A&7 M A AR HojAop drke Ao
o WY 2A FH B REuhe] wig W W

AY A% 2 deig A8 Zzode oAl Zads

' AL vy ®e d98E a7 Ak 2@ 4
4 M =g HEsr] A8 & =EolMe old 7
Fol B3 74 #HY7E AP FHOE FHE
& 7] A% ¢4 T2ade Asd @ 73 =
EES A¥7] Ao HA dFE FHE UeA
TE A BAAAA ¥ §ojdd wAY 7
Hgo] EAstd, 1 H3d FHES vo|E 3= ¥
HE Ag do} H47E o] &3 FHoE AYHA
B} o]3A &7l 98 commit 7E He| 73 &<
44& WAl @ e I=EL WHE 7
o AP H4E AE A9 AN 28L& AF
Yoz Myt I=goH, FA% =g A
o sitt

while(imolist.empty) {
check_result = identify_rule_change(rule_info);
if(check_result.change_message == UPDATED ar INSERTED) {
update_rfa(rule_func_array);
execute_changed_rule_bytecode(check_result.
changed_rule_bytecode);
}
else if(check_result.change_message == UNCHANGED) {
mo = molist.pop();
execute_compiled_rule_code(mo);
}
else if(check_result.change_message == DELETED)
update_rfa(rule_func_array);
}

BUBIZEOIM HAXIZ B8 78 ALH 73 2885

4 identify_rule_changex= $4 51 EdjA o=
€ A7 ¥ rule_func_arrayol e 4 dEBNH
<cname, event, Imt, rid>% & ¥el9 4-FEF(d-tuple)
23718 22aYedM rule_info® FA}E
olglof AFE)E FE3 FF WA BUAAA A
g¥ch 5% 7H gEe 1 $9o8 74 A4
di#f <cname, event, rmode, Imt, rid, change_message,
changed_rule_bytecode># #2 #Hejo] 6-FE(6-tuple)
B 2E(47]9 Z2aYo)A check result& TFA =
delele] AFE)E HEHED nde func amaylls $
4 Z2afdA 24E & UE ZE JMEE <dass,
event> #EY &4 Z2IaPA o)u] <A Agste
HER g0 71EH Q7] g, 55 7 #BEAE o
| ojfiEd] Pk FHo] WHHAER A #AF Fo
$2E 4 Aok 73 geixo] A% &9 A 6-FFo)
A change message YE+= UNCHANGED(H7ZH R 49k
£ YEhd), UPDATED(®EE 448 Yebd), DELETED
(A5 8-¢ vehd), INSERTED (M2 7189
< Jehd) 3 4 E uedo, o|3 UPDATES
INSERTED®] 79} changed rule_ bytecode Y=+
UAFHAY 2 448 73 2= Hlo]E IE Y
2 2gg

BMAE a5 s ¢4 Z2aPe WAPE 7y
o vlolE =g XEE 1 o9 MAY PRE A
wol rule func_array®| Z AENE £} 4F
B9}, <E oA % nid7t 3449 T3 o} Imtllast
modified time) °|¥2 WAH R rid7} 5122 FHo|
oWE (Pipe, INSERT)o] F7lElcid, $4 Z2
e HAd FHEY nlo]lE =g 48] Ad
rule_func_array & 7348l AN nule_func_array s
<E 2>9 Zo] FHHTY <F DA HAXE ups}
o) rid7} 34431 A BE dE Imtrt B
i, rid7t 512Q) W3 #¢ dEs} &4 T2y
ol o8 rule_func_arrayol F7bgth

(B 2 82 =2780) 2is HAE rule_func_array=] of

cname event rmode rule func Imt rid
Pipe insert instance A44¥. 9888073434 344
Pipe insert instance pr to "rule pipe insert2()" 9802121235 345
Pipe insert set ptr to "rule pipe insert3()" 9802121236 346
Pipe update instance pir to "rule pipe updatel()’ 9803021237 456
Pipe insert instance 99, 9901192513 512
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72 el mE=9 54 #Arie A deld 7
Z2 object_infod} interp_result& &k 3475}
T uelE A= AT o A HE diige] H
t A dolEE AAAE, A 4 AHE 4+ Aok
Pt olE A& object_infod o] &3, o|HE A<
OID, diolEjulo] reference, 12X HA reference 7
BE #3d @9, £ o9& diolH 7+ interp.
resuts 34 AnE FEsty] A@ Ao, A 2
3 Az o Aol A dolelE Basy] 948 A
£dch

6.4 &

B =8dAe 30 744 Ag2dg &3
#37] HE % 1 AadE AASAG AA
" 5% 13 ANade Z2EEYL ODMG U #H o]
2 %2 ODBMSe] uiz 3 &3 g AFse o &
FRY wEdo]l Mgy @ FIVER FHHUT
B =RdAME 5% w3 A2dE vEde] e
FEFo N A A4 EF 2"l 5¢AHY
oz olf ODBMSES 93 Azdd £ 5%
3 AN2goA FE 7L E-C-A ¥HzZ HYH
o, 37 FAA4 AdxAL Ao €118y K4
o] &€t}

e 5% 3 A2dEY TR wudd, B =
Bl AR A2ge dHolEMols & X2
< ARY gozq BE dHolEHuojs Y HIES
APA ] RUE Y sted fitEE 2w =E 7
4% ECA HHEYNAM B¥d 724 Y zds
< #asly] 48 A=EL F dojEuols TR
ol A AYEh B9 E A€ ¥Ad FHE
o td APA7E AL AT AP A4 E
98 HAE FHEY stub ZEEL 5F 7H #a
AaRE Addr 5% 7L WHEFLE Bl
71 9ie EllA"E Huy EAY oz A4
th 5% FEAEAA e Wzt gg o, AHeAE
Zzads v Hid 8x Ex d3d #HES
APzl HHE Ao B HEe ¥ £ Utk 2
AU, #3319 B Ay 7eE B g FFs
22 APA 83 =(overhead) & FH3HA Hh
olg3 eHHE A A F /X FddM nd
g £ gt st FHE AGATe] FF wol2g

RE d&ded =& F4 e¥Ezoln, tiE sy
e 73 DB FHOER MY 2aFHE AT
engeoelt}, ¥ ATdAE odd HI=E Ha
3} 8l7] Y8 HlolE IE &Y 7|WE o8t o
o, £ A eHIH=g HAZ sy Hs 7F =
=9 s (caching)ol #¥ 7I'Ho] #F d7E I
st ik

FE A ds A A7t Yol AT
4, M2 g8 5 TIEY 7H AUHEL FF
TE HEEE ¥EIvh o&E(dependency) THZ
g o]&% F4d o Fo F3 AUAEd W
T/ REET HHY Y SA4E AT + Yo
[14]. &2 2 EE ODBMSZHE #HHsg 3% 7}
A e AEES dF Ao, I F Adx AR
¥ 53 3 AAEC dd o Fasth 2 olfE
It A AFo] S8 t] 5o HEe|r15].
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