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Abstract 

This paper introduces the OD-RETE pattern matching d- 
gorithm which is obtained by incorporating the on-demand 
evaluation mechanism into the RETE algorithm and which 
is suitable for production systems accessing to large scale 
data. It allows the construction of both a “data-driven” 
network simulating an ordinary RETE network and a 
“request-driven” network performing on-demand formula 
evaluation. The latter network can treat large data with- 
out loading the entire data into the network. This paper 
describes the OD-RETE algorithm by defining nodes as 
“objects” which exchange messages between one another, 
it also discusses the -ways to utilize this algorithm with 
DBMSs. 

Keywords: RETE algorithm, object-oriented program- 
ming 

1 Introduction 

RETE[S] is a well known pat’tern matching algorithm. It is 
efficient for comparing a large collection of patterns with a 
large collection of data. Many production systems such as 
OPS5(5,8] use this-algorithm or one of its variants[9,15,19]. 
It is used to determine which rules satisfy condition parts. 

Sharing pattern matching tests and storing the results 
of the tests make the RETE algorithm efficient. The RETE 
algorithm which has these features is useful not onIy for 
production systems but also for database management sys- 
tems., It can be used to validate integrity constraints of 
a database management system (DBMS) and to evaluate 
queries. 
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The RETE algorithm has been seldom used with a 
DBMS. With a DBMS, the original RETE algorithm has 
several problems such as memory shortage and evaluation 
time explosion. The RETE algorithm requires a very large 
memory area for the working memory (WM) because the 
records in a DBMS must be loaded into the WM. There are 
some attempts(l0j in which only activated data are loaded 
in order to save the WM &ma. 

The network in the R.ETE algorithe is reconstructed 
when rules are changed. It is difficult to keep the net- 
work and the WM consistent after reconstruction. Several 
production systems support incremental compilation of a 
RETE network [3,5,X]. It is not a crucial problem that 
the WM is cleared in reconstrnction~as far as a RETE net- 
work is seldom reconstructed. However it may be a severe 
problem when the network is often reconstructed or the 
recomputation cost of the WM is untolerable. The RETE 
algorithm running with a DBMS has a large WM, therefore 
re-evaluation will require a great deal of computation. 

If the above problems ace sdved, the RETE algorithm 
increases efficiency of database queries and expert systems 
that use very large scale data. It is also applied to view 
update[4,12,17], snapshot updatell,lI] and muttiple query 
optimization[6,18]. It is also useful for inference procedures 
on a database such as checking database integrity [7,14]. 

The RETE algorithm works effectively only when data 
in a RETE netwqrk change relativeli slowly. Because the 
RETE algorithm maintains states betw&h production cy- 
cles, it is inefficient in siCuations where most of the data 
change in every cycle. Int&r&diate results of matching 
can be stored in a RETE network so that all data in the 
WM need not be recomputed every time the WM is modi- 
fied. But if there are a lot of data, the size of intermediate 
results may be combinatorially explosive. An algorithm 
named TREAT in which pattern matcfiing is recomputed 
every cycle without intermediate restilts is proposed[l3]. 
TREAT is better than RE’TE when dixta change’frequently. 
An algorithm that stores or recom@es the intermediate 
results needed is better than RETE and TREAT. 

We have solved these problems by adding special func- 
tions to each node in a R;ETE network. Our enhanced al- 
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gorithm is called OD-RETE algorithm, where ‘OD’ stands 
for On-Demand evaluation mechanism. 

In the OD-RETE algorithm, nodes in a network are 
regarded. as “objects” (in the sense of object-oriented pro- 
gramniing paradigm), or processes communicating to one 
another. A node can send a message to hother node. A 
node that receives a message will take some actions and 
send a reply to the message sender. All interactions be- 
tween nodes can- be handled as messages. A downward 
data flow (seen in RETE) is simul&d by “feed data” mea- 
sages that are sent from upward nodes to downward nodes. 
A node can request to retransmit all data by sending a 
“request all data” message to its upward node. In general, 
data feeding messages flow downwards an+ data requesting 
messages flow upwards. An OD-RETE network can be- 
have as an ordinary RETE network with using the former 
feature, and also perform on-demand formula evaluation, 
as a DBMS does, with using the latter feature. These fea- 
tures improve the efficiency of memory use and increase the 
computing speed. 

The structure of this paper is as follows. In the next 
section, the OD-RETE algorithm is defined. In section 3, 
the features of this algorithm are described. In section 4, 
applications for a DBMS are discussed. Section 5 concludes 
this paper and presents a discussion of future works. 

2 Algorithm Description 

This section describes the OD-RETE algorithm. An OD- 
RETE network is constructed from three types of nodes 
-kl&h are test nodes, join nodea, and memory nodes. Test 
and join nodes correspond to one-input nodecr and two- 
input. nodes in tlie original RETE algorithm [S] respectively. 
Memory nodes correspond to left- and right-memoties of 
tw&nput nodes in [s]. A memory node has data storages, 
called folFen memories, each of which can contain a token 
sequence. This section describes how these three nodes in 
our algorithm work. 

Like an ordinary RETE network, au OD-RETE net- 
work has several entries (from which the network receives 
tokens from the outer world) and exits (i.e., goals, each of 
which corresponds to each production rule). In this paper, 
downward direction means the direction from entries to ex- 
its, and upward direction means the opposite direction. 

2.1 Notation 

This section introduces some concepts and notations that 
are necessary to describe our algorithm. 

Let U be the set. of all values we are concerned with. 
When a set of attributes A is given, a tuple on A is defined 
as a mapping from A tb U. We represent the set of all 
tuples on A by UA. When A is empty, there exists only 
one tuple, denoted by 1. 

A token is a signed tuple as defined in [S]. Tokens +z 
and --5 denote an addition and a deletion of zz respectively. 
A sequence of signed tuples on A is called a to&n sequence 

. The product of two token sequences Xl = Cclaxld 
and X2 = CQ~XZ, is defined by X1X2 = C(c~,c~p)y,p 
(where y,p = x if {xl} W {x2} = (5); y,p = 0 when {zl) W 
{x2} = { 1). Obviously 1X =Xl=XandOX=XO=O 
hold for any X. When all c;, is 1, the product XY is 
equivalent to the natural join of two relations, i.e., X W Y. 

For a token sequence X = Ccasa and a logical for- 
mula $, X’s restriction by rl, is defined by Restrict+,(X) = 
CC$ZC~ (where c$ = c, if zc, satisfies $,; CL = 0 otherwise). 

For a token sequence X = C c,z, (where za # sa for 
all different ac and p, and c, # 0 for all o), its absolute 
value is defined by Abs(X) = Es,. Note that Abs(X) is d 
relation. 

When x is a tuple on A and A’ is a subset of A, its 
projection x’ = 21~’ is a tuple on A’ that satisfies x’(a) = 
x(a) for all (I E A’. For a relation X = Es, on A, X’s 
projection is defined by X14, = Abs(C(x,]A,)). 

A message expression [R, M] denotes an action to send 
a message M to a node R and to await its reply, and the re- 
turned value. A message expression (R, M) denotes an ac- 
tion to send a message M to a node R. In (R, M), the mes- 
sage sender does not wait for a reply, the returned value is 
discarded. For ease of explanation, we introduce a dummy 
null node, denoted by 0. [0, M] returns 0 and (0, M) means 
no operation for any message M. 

Each node has several upward poti and downward 
ports which contain information about the network struc- 
ture. We represent the i-th upward port and the j-th down- 
ward port of a node R by (i(R and Rlj) respectively. An 
upward port can be connected to a downward port of an- 
other node, and a downward port can be connected to an 
upward port of another node. We represent. a connection 
Rli) between (jJS by a diagram: 

44 - (AS 

2.2 Messages 

This section gives descriptions of messages that are ex- 
changed between nodes in the OD-RETE algorithm. Those 
messages can be classified into three groups: network ma- 
nipulating messages, data feeding messages, and data re- 
questing messages. Network manipulating messages (MiGty 

MI+ Mmmct, ad Mdi.con) are used to grow or shrink net- 
works. Data feeding messages (M& are used to send data 
downwards, as in a RETE network. Data requesting mes- 
sages (M&old ad Mwner) are used to request data. Data 
requesting messages flow upward and replies flow downward 
in a network. 

Mtit(R) - Where R is a node. This message requests 
the r’eceiver node to connect its first upward port to the 
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appropriate downward port of R. This is used to add 
a test or memory node to a network. (A test/memory 
node has one upward port.) 

Mnid&, R2) - Where RI and Rz are nodes. This mes- 
sage requests the receiver node to connect its first 
and second upward pods to the appropriate downward 
ports of Rx and Rz. This is used to add a join node to 
a network. (A join node has two upward ports.) 

Mk, - When this message is sent to a node in a net- 
work the receiver node is removed from the network. 

M come4R, m) --l Where R is a node and m is an upward 
port number of R. This message requests to connect 
(mlR to some downward port in the message receiver. 
The receiver returns the downward port number. 

A&.mn(i ) - Where i is a downward port number of the 
message receiver. This message requests to disconnect 
a connection on a downward port i. 

Medm, X) - Where m is an upward port number of 
the message receiver and X is a token sequence. This 
message is used to send X to the receiver node through 
its upward port m. 

M-ld(i, x) - Where i is a downward port number of 
the message receiver node and X is a relation. If the 
downward port i is defmed to send tokens on A, X 
must be a relation on a subset of A. When X = 1, 
this message requests to transmit all data that have 
been sent through the downward port i of the receiver 
node. Sending this message simulates a memory-scan 
operation. When X # 1, XY will be returned, where 
Y is the returned value for MIe,ld(i,l). Note that 

when Mnpold is sent twice the second execution will 
return the same value as the first one (if there are no 
other activities in the network). 

M reqper(i) - Here i is a downward port number of the 
message receiver node. This message requests to trans- 
mit all data that have arrived at the receiver node and 
that have not been sent through the downward port 
i. Those data are sent through the downward port i. 
Note that when M-,,(i) is sent twice the second ex- 
ecution will return 0, i.e., an empty token sequence (if 
there are no other activities in the network). 

2.3 Nodes 

We give complete definition of OD-RETE nodes here. First 
we explain variables allocated and maintained by each 
node. A node has several variables in it which contain the 
node’s state information. These variables are listed below. 

Upward/downward ports - An upward port is im- 
plemented as a pair of two variables Ryp and rnyp 
(where i = 1 in a test/memory node; i = 1,2 in a join 
node). Similarly, a downward port is implemented as 

Fecd(i, X) =. 

ReqOld(i, X) I = 
ReqNcw(i) = [R;p,M,.&&m~p)] 

Figure 1: Procedures wed ,ia’node descriptions. 

a pair of Rew” and VT#“~ (where i = I,2,. . .). When 
there exists a connection between Rim) and (n]S, 
~dom =Sandmdom = n hold in R, and Ry p R 
an”d rnip = m hold:n S, 

Token memories - A memory node has one upward 
token memory XT’ and several downward token mem- 
ories X,d-“, .TT$+~” *.... Forevery memory corresponds 
a port. (A memory node has oneupward port and sev- 
eral downward ports.) The X,“” ralunory keeps the sum 
of all tokens that have arrived atthe memory node and 
the Xem memory keeps the sum of all tokens that 
have departed from the i-th downward port. Since 
these token memories can ‘be implemetlted to share 
stored data, the amount of the stored data is propor- 
tional to-11 Abs(X,UP)V(Abs(X~~n)uAbs(X~m”)u.. .)I[ 
which is less than 11 Abs(Xy)\\ + (\I Abs(Xp”“)\\ + 
11 Abs(X,d”‘“ll . . .), where 11X{\ denotes the number of 
tuples contained in a relation X. 

Working variables - ‘Some working areas are tem- 
porarily needed. 

The self node - In the description of each node, the 
node itself is referred as a special variable p. 

For ease of node description, we define three proce- 
dures as shown in FigI. Procedure Feed(i,X) feeds data 
X to R&Ii): procedure ReqOld(i,X) requests {ilP” to 
retransmit all data: pticedure ReqNtw(i) requests (i]R‘eU 
to transmit new data. 

Test node - Let A be a set of attributes, and rJ be 
a logical formula. The test node for + restricts a to- 
ken sequence on A by $. The describtion of this test 
node is shown in Fig.2. When receiving M&d( 1, X), 
this node behaves like a one-input node in [g], i.e., 
this node feeds Restrict+(X) to alI downward nodes. 
When receiving Mregdd or Mrtsnerr this node forwards 
this message to its upward node, restricts the value 
returned from the upward node by $, and replies the 
restricted data. 

Join node - Let A1,Az be sets of attributes. The 
join node 012 Ar and AZ joins two token sequences 
on A1 and A* and generates a new token se- 
quence on A1 U As. For h&(i,X), this node 
behaves like a two-input node in [8], except that 
it sends d&,,~~ message upward instead of scan- 
ning left- or right-memory. For &&,&(i,X) and 
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M-(R) : G” + R, 4” + P, ~M.mt(*,,l))l 
M&: IR;Ip>J&coII(eY 
M -&(R,m) : find i such that R‘- = 0 

Izg”cR,n$‘k-t 
reply i 

M&&i) : Rpto 

MfeadO, X) : Feed& Restrict+(X)) (for all i) 

Mm&i, x) : reply R+iict,( ReqOld( 1, X)) 
M-(i) : X + Restrict+( ReqNew(1)) 

Fecd(j, X) (for aI i # i) 

WIY x 

Figure 2: Test node for 3. 

Minit(R~,Rz) : 

M,+: 

M ec-t(R, m) : 
MdLcoa(i) : 
Mreod(i, X) : 

RI;” + RI, my’ + [RI, Mmmect( R’“‘, I)] 
Gp c- Rz, mp + [Rz, Marnnect(Rell, 211 
y$ J$yyq 

UP , ~scm n-9 
same ES MeoMect for a test node 
same as Ma;-,, for a test node 
Y + ReqOld(2 - i, Abs(X)IA,ti,) 
Fccd(j, XY) (for all j) 
reply X ReqOld(1, X/al) ReqOld(2, Xlaz) 
Xl t ReqNew(1) 
YZ + RcqOld(2,Abs(X~>IAlna,) 
X2 +- ReqNew(2) 
l’i + ReqOW, Abs(-&)1AlnA2) 
Feed(j, XIY2 + X&) (for all j # i) 

reply XI Uz f X25 

Figure 3: Join node for Al and Ap. 

M rc9nel(i) messages, the node generates data request- 
ing messages to-compute X ReqOld(l,l) ReqOld(2,l) 
and RcqNcw(1) RcqOld(2,l) + ReqNew(2) ReqOld(l,l) 
respectively. The detailed algorithm is shown in Fig.3. 

Memory node - A memory node has token memo- 
ries X,“‘, ewn xZdorn , , . . . as explained before. Each 
memory node runs in either of two modes: buflering 
mode and non-buffering mode. When receiving a Mid 
message, a non-buffering memory node sends the re- 
ceived data to all downward nodes immediately, while 
a buffering memory node does not send them until 
required by a Mnsncs message. Token memories are 
scanned when actions for Mrcpola and Mrewen messages 
are taken. The detailed algorithm is shown in Fig.4. 

3 Features and Usage 

This section shows how networks are constructed from 
nodes defined in the previous section. 

MA*(R) : Rrp c R, my + :R, Mm,,,,&-, l)] 
X,Up - ReqOldfl, 1) 
X+wn t X,Up (for all i) 

Mr,: ‘w [Rl , Mtim(m~p)l 
M COMKt(R, m) : same as M-& for a test node 
M&,,,(i) : same as M- for a test node 

Mi-et&, X) : x,uptp+x 
(Xi”“” t x,up, Feed(i) (for all i) 

- in non-buffering mode) 

Figure 4: Memory node. 

3.1 Data-Driven Network 

Let us suppose there are relations Xfb,Xtb,. . . on 

AI, AZ,. . ., and A c IJAi. When a logical formula $ 
is given, a query by + means to compute X+ = {z E 

UA I I satisfies $; 31~; E Xfb holds for alI i) from 
xdb xdb e , . . . . If the formula $ is simple enough, it is possi- 
bl:! t’, construct a RETE network that processes this query. 
This RETE network can be considered as a data-driven 
computing system. Since each node is programmed to take 
en action when a token arrives at the node, the whole com- 
putation process will be completed just after tokens are fed 
to the network. 

The OD-RETE algorithm is designed as an extension 
of the RETE algorithm, and it is possible to construct a 
data-driven OD-RETE network as follows. First, a net- 
work is constructed from the given condition 4 according to 
the ordinary RETE algorithm; test nodes are used instead 
of one-input nodes, join nodes connected to non-buffering 
memory nodes are used, i.e.: 

instead of two-input nodes (where Ry” and ecm are 
non-buffering memory nodes, and Rioin is a join node). 
The network will have several ports- of entry nodes 
(mf”llpt, (m~n’~R.$“~, . . . that correspond to Xtb, X,“, . . . 
respectively, and one exit node R”“‘* that corresponds to 
X+ The next step is to add a buffering memory node R$ 
to the exit node by sending M~~it(Rexi’) message to Rztit. 
The final step is to execute: 

to allocate an upward port in Rzdt (where Rdummy is a non- 
null dummy node and mdw is an arbitrary integer). As 
shown in Fig.5, R:x”lrn~““) is used to retrieve X+ 

Whenever a tuple is added to or deleted from a rela- 
tion X;db, the memory in REtit is recomputed and updated 
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Initialize : 

Add x to X” : 
Delete x from Xfw : 
Update X+: 

(Gnt, Mfd(m?*, -x)) 
x$l +-.X+ + [R=““, MAqm”(m:tit)] 

Figure 5: Usage of a data-driven network. 

Initialize : X$ t [Rzxit, M,.&d(m:tiL, l)] 

Figure 6: Usage of a data-driven network when X,“” = 0. 

automatically. The resulting relation Xe is simply updated 
by data transmission between RE”’ to X+. If X4 is imple- 
mented as a reference to X;l” in Pstit, even this transmission 
will be unnecessary. 

Here we present examples of data-driven OD-RETE 
networks. Suppose Xfb, Xzdb are relations on Al, AZ, and 

ti = PI(&)AP~(&)AQ(A) where G(A),P2(&) andQt-4) 
are atomic formulas on Al,Az, and A = Al U An, re- 
spectively. In this case, a data-driven OD-RETE net- 
work for 1c, will be created as in Fig.7. Here RF,!’ and 

Ry we test nodes for P;(A;) and Q(A), R$$& is a join 
node I23$” is a non-buffering memory node, and Rvm 
(= &it) is a buffering memory node. Next suppose 
1(1’ G Pl(Al) h Pz(&) A Q’(A). Since formulas ?1, and $’ 
have a common subformula, these two formulas can share a 
subnetwork for the common subformula, as shown in Fig.& 

In most cases where RETE networks are used, Xi” = 
0 holds for all i in the initial state. In such a situation, the 
initialization step is simplified as Fig.6. 

3.2 Request-Driven Network 

The design goal of the OD-RETE algorithm is to incorpo- 
rate the request-driven query evaluation mechanism into 
the RETE algorithm, which is based on data-driven query 
evaluation. When tokens are fed to a request-driven RETE 
network, the network stores those tokens into memories in 
it and does no more processing until it is requested to eval- 
uate queries. 

Let Xfb, Xdb r , . . . be relations on A1,A2,. . . and$be 
a logical formula on a subset of UA;. A request-driven 
OD-RETE network for $ can be constructed according 
to the ordinary RETE algorithm; In construction, test 
nodes axe used instead of one-input nodes, join nodes are 
used instead of two-input nodes, and buffering memory 
nodes Rfb, gb,. . . are used as entry nodes corresponding 
to xdb xdb z , . . . respectively. The port to retrieve X,, the 
resuli of the query, is allocated by: 

metit t [Retit, Mcom,t(Rd”nmy, mdm)] 

Here, Reti”’ is the exit node of the network. Thus the port 

Figure 7: A data-driven network for + m Pi(A1) A Pg(A2) A 
Q(A). 

(Xfb> - (l]R$$‘tll) - fllR~‘V) - {I] 
(Xib> -3 #Rr]l} - (lJqmll) 3 (21 1 

@oia 
RAA 

Figure 8: A data-driven network for + f Pl(A1) A &(A*) A 

Q(A) ad cc1’ = W-4) A p2(Ad A Q’(A). 

R”‘“jm”“‘“> for X4 is obtained. The usage of this network 
is shown in Fig.% . . 

In this network, requesting data to Pit triggers ah 
necessary computations and causes X,” in Etit to be up- 
dated. This happens in the initialization step and the up- 
dating step by &&@d. If X,Up in each Rtb is implemented 
as a reference to a relation X,* in a DBMS, the initializa- 
tion step is simplified BS Eig.10, which is the same as the 
initialization step of a data-driven OD-RETE network as 
shown in Fig.6. 

Fig.11 is a request-driven OD~RETE network for 4 5 

PI(~) A f’z(Az) A Q(A) ad II” 3 Pi(&) A pz(Az> AQ‘(A)- 
Networks discussed. in the previous section and here 

are to be calIed totdly-data-&&n OD-RETE networks 
and totally-request-driven 0%RETE networks. There are 
various ways to construct networks be&es these two ex- 
treme strategies, since it is possible to make partially- 
data-driven/partially-request-driven QD-RETE networks 
in which both of data-driven subnetworks and request- 
driven subnetworks exist. Such n&ed OD-RETE networks 
can be used to integrate production systems and DBMSs. 

Fig.12 is an example. of the mixed network. Here Rtb 
is a non-buffering memory node, and eb and Pfiyfi are 
buffering memory nodes. Suppose Xjb is a large relation in 
a DBMS When a token fsr is fed to (lIRfb, gb receives 
Mrrq~ld(l,y) (where y = zrl~,,-,>,)%nd v&II return yX,dmn. 
If Xprn has an index whose key is Aa n AP, yXfwn can be 
retrieved easily by utilizing the index. Thus, only required 
data in X2” flow into the network. ’ 

3.3 Dynamic Network Construction 

In section 3.1 and 3.2, networ& are constructed statically, 
i.e., no tokens are fed to a network during network con- 
struction. However, our OD-RETE algorithm allows to 
feed tokens to a network under the construction. Networks 
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Figure 9: Usage of a request-driven network. Figure II: A request-driven network for $ m Pi(A1) A 
%42)~Q@) and 4'~ &(AdA S(+42)Af2'(4. 

Figure 10: Usage of a request-driven network when Ry’ is 
implemented on a DBMS. 

can grow (or shrink) even after they have been initialized 
and have been fed data. 

For any node R in a OD-RETE network, it is possible 
to &tow the network by sending M&R) message to a new 
test/memory node S. Similarly, for any nodes RI, Rz in a 
OD-RETE network, it is possible to grow the network by 
sending M&RI,&) message to a new join node S. The 
newly created part of the network is initialized by M&,-J 
message toward the downward end, same as in Fig.6 and 
Fig.10. Once initialized, there are no differences between 
the older part and the newly created part of the network. 
Thus, in our algorithm, usage of a network is independent 
of the way how the network has been constructed, in data- 
driven manner or request-driven manner, statically or dy- 
namically, etc. 

Figure 12: Another network for 11, z P~(A~)AP~(A~)AQ(A) 
and +’ 3 Pl(AI) A Pz(A2) A Q’(A). 

example of productions on a database. 
OD-RETE can connect and disconnect its network 

without clearing the WM. It can add or delete rules dy- 
namically. The.property of the dynamic reconstruction is 
useful ,for query optimization of a database. 

Checking integrity, materialized view, and query op- 
timization are illustrated in this order as examples of its 
applications. 

For example, the network in Fig.7 can grow up 
to the network in Fig.8 by [R$f’,M~t(R$~~pz)] and 
[R$vF’,A~~,(R&~)]. The newly created part is initialized 
by xqv + @$m,Mrrqdd(lrl)). 

4.1 Checking Database Integrity 

A network can shrink by an Mfne message. A node R 
is removable when R has no downward nodes (i.e., Rp’“’ = 
0 for all i). The Mt, message to a removable node removes 
the node from a network. If S is the only downward node 
of R, removing S makes R removable. Fig.13 is a definition 
of the “recursive free” message to remove the receiver node 
and all other nodes that become removable. 

Database integrity is concerned with ensuring- that the 
database is correct even though ,users or application pro- 
grams-try *o incorrectly modify it. It is desirable to be 
able to describe integrity constraints on any combination 
of records. Most DBMSP, however, allow users to constrain 
only dues of fields and referential integrities. 

4 Application for DBMS 

OD-RETE may be applied to several kinds of problems for 
which RETE is inefficient. The OD-RETE algorithm loads 
data into the WM as little as possible. It can be applied to 
rule bases with very large data. Especially, it isuseful for 
productions that refer a lot of objects in a database. 

In order to check the database integrity, an OD-RETE 
network is constructed from the negation of the integrity 
constraint. The network has a buffered memory node as 
its exit node. While the database satisfies the integrity 
constraint, no tokens reach the exit node of the network. 
At the end of each transaction, the exit node is checked 
whether its memory is empty or not. If the memory is not 
empty,‘the integrity constraint is not satisfied in the current 
state and its corresponding transaction must be rollbacked. 

In RETE, even invariable records such as code tables, 
must be loaded into the WM. OD-RETE makes the WM 
small. It also improves the speed of inferences. Therefore, 
inferences on a database can be executed with OD-RETE 
at an enough speed. Checking database integrities is an 
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Initidizie : 

Add X to Xi : 
Delete z from X; : 
Update X+ : 

[Hb, Mfd(1, X;db)] (for all ;) 
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(P, Mwd(L +x)) 
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Figure 13: MEhe message to recursively free nodes. 
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Figure 14: A network for materialized views. 

Initialize : 

Add z to Xfb : 
Delete 2 from Xfb : 
Update X,@“: 
Remove Xyier. I . 

fR;tb, Me&, Xfb)l 
xyie” + [Ry-, ME@d( 1, I)] 

Figure 15: Usage of the network for materialized views. 

4.2 Materialized View 

Yiev naterializalion means to evaluate a view definition 
and store its results. The resulting relation is called a mate- 
rialized view. As the database changes because of updates 
applied to the base relations, the materialized view also 
changes. A materialized view &n always be brought up 
to date by re-evaluation. However, complete re-evaluation 
is often inefficient, and the cost involved may be untoler- 
able The problem addresses how to quickly update a’view 
in response to database changes. This problem is different 
from the traditional view update problem. User can only 
update base relations and direct update to views are not 
considered. 

It is possible to construct an OD-RETE network from 
the condition that ,defmes a view. If this network has a 
memory node as its exit node, it works as a materialized 
view. The access to the materializqd view is performed by 
sending Mnqner to the memory node. 

For example, Fig.14 is a network for multiple views. 
In this figure, Xp is a database relation. Rf” is a non- 
buffering memory node. @‘- is a buffering memory node. 
The conditions corresponding to the views are as follows: 

Xview . 
1 . th(X,“> z P*(X,“) A Pi(Xfb) 

x&n . 
2. 

. ~&(xf~,x$~) E P,(X,db) A pZ(X,“) A Q(X,db,Xtb) 
XFw : v+b,g(Xfb,x$b) E Pl(xp) A &(x,d”) A Q’(X,db,Xfb) 

In this network, requesting data to Ry”” only causes the 
access to the memories in Ry”’ because Ry” is recom- 
puted when a tuple is added to or deleted from Xfb. XT” 
is accessed as fast as an ordinary materialized view. 

When a database is updated, new tokens correspond- 
ing to ,the update flow into the network and views are 

differentially updated., .Tk&.is faster. than complete’ re- 
evaluation. Multiple vi&w ‘CM share intermediate results 
of subconditions. The total throughput of .muJtiple view 
evaluation is higher than that of individual evaluation of 
views. 

Wh& a view is added or *ted, the OD-FLETE net- 
work is reconstructed. The network is re’constructed dy- 
namically without interfering another view accvs. Even 
after the reconstruction, the speed of view access does not 
slow down. A partial change of tiew schemas does not 
cause complete re-evaluation of the whole view. 

4.3 Query 0gtimizatk.m . . 

The method of view optimization applies to ordinary query 
optimization. The result of queries is stored in an OD- 
RETE network in the +me way a& the materialized views. 
The result gives a possibility, of improveme& of response 
time of a DBMS. Howevei, there &e a lot of various queries 
in retrievals. It is impossible to build the network in ad- 
vance, because d cannot predict all the queries. In each re- 
trieval, the subnetwork corresponding to the query is added 
to the OD-RETE network. After a retrieval is executed, 
identical retrievaIs are executed‘only by accessing to the 
WM. It is useful for queries which are partially equivalent 
to previous ones. ‘, 

The method is also applicable to multiple‘ query op- 
timization. If there are queries that contain common sub- 
queries, it is not efficient to process them individually. The 
process can share intermediate results of the subpatterns. 

By the existence of various patierns of retrievals, the 
network may grow unlimitedly. %is explosion can be 
‘avoided by removing rarely used subnetworks using strate- 
gies such m LRU. The removal causes no effect. to other 
parts of the network. Queries that are not related to the 
removed subnetworks can be answ&ed quickly after the re- 
moval. 

5 Cojncluding Remarks 

A new approach, the the :Ol&RETE ,+lgorithm, has been 
proposed to adapt the RJZTE4gorithm to DBMSs. This 
algorithm has been obtained by incorporatirig an on- 
demand evaluation mechanism into the RETE algorithm 
and treating all control/data tiowti’ as “messages” ex- 
changed between RETE nodes. 

The OD-RETE algorithm is an extension of the origi- 
nal RETE algorithm and has all, advantages that the mTE 
algorithm has. Besides those kdtitages, the OD-RETE 
algorithm has the ‘<request-driveti” feature. This feature 
enables to avoid feeding all contents of a database into 
an OD-RETE network. It also enables incremental query 
addition/deletion. The OD-RETE algorithm, which has 
the “data-driven” feature that comes from the RETE algo- 
rithm and the “request-driven” feature that fits DBMSs, is 
a relevant solution for integrating production systems and , 
DBMSs. 
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Finally we mention iuture plans relating to this re- 
search. The first plan is to implement an experimental 
OD-RETE -based production system to ev&ate the OD- 

WI 

,. RETE algorithm. The second is to enhance the algorithm 
and to make it possible to remove and reconstruct a branch 
of a network while the branch is in use. The last is to in- 
corporate an on-demand evaluation mechanism into other 
extensions of the RETE algorithm. Specifically we plan to 
integrate the OD-RETE and an enhanced RETE algorithm 
that is designed to treat quantified logical formulas [2]. 

PI 
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