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Developing Recursive Forward Chaining Method in Ternary
Grid Expert Systems
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Summary

The poformance of cxpat systems is detemuned by the
paformmnce of it main components. One of menbioncd
component i infarence engine. It inferences the lmowledge of
expert system and gives answer 1o user, Since the idea of temary
gnd issucd in 2004, there is only sevenl developed method,
technique or engine working on temary gnd knowledge model.
in 2010 an inference mthod of expert system based on tenary
grid was developed The process of infacnce implements
taaive forward chaning The dissdvintage of mentioned
method is low cflicicncy beeause of the high mumber of temtive
process. In order to improve the efficiency, a new method of
forward chaining in temary gnd hass been developed. It
mplements  recursve  process.  This  papa  desaibes the
development of infaence engine of expat system that can work
n tanwy gnd knowledge model The strategy to mfaemce
knowledge uses forward chaming with recumsive process. The
design result is unplanented in the form of software. The result
of experiment shows that the inference process works properdy
and mere cfficient in comparisen to the previous devedoped
itaative forward chaining.

Koy words: expert sysiem. inference method, recursive
method, ternary grid

1. Introduction

An expert system is 2 set of programs thal manipulate
encoded knowledge Lo solve problems in a specinlized
domain that normalty requires human expertise. An expert
systemn’s knowledge is obtained from expert sources and
coded in a form suitsblc for the system to use in its
inference or reasoning processes The expert knowledge
must be obisined from specialist or other sources of
expertise, such as texts, jonmal, artides, and database [9].
This type of knowledge usually requires much raining and
experience 1n some speaalized field such as medicine,
geology. sydem configuration, or engincering design.
Once a sufficent body of expert knowledge has been
acquired, it must be encoded in same form, loaded into a
knowledge base, then tested, and refined continually
throughout the life of the system.

Expert systems can perform some task which requires
expertise. Such tasks often have onec or more of the
following chamctesistics: the task may be difficult to
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specify, the task may have incomplete or incertain data,
there may not always be an optimum solution, the task
cannol be solved in a step-by-step manner. and solutions
are often obtained by using accumulated expericnce 9] {5)
[14).
Expert systems can bring the following benefits [13): they
can preserve valuable knowledge which would otherwise
be lost when an expert systam is no longer available, they
can allow an expert o concentrate oo more difficult aspect
of the task, they can enforce consistency, and they can
perform  dangerous fasks which would otherwise be
cammied out by humans
One of known and very popular expert system type is
production rule. Production rule are smple but powerful
forms of knowledge represenlabon providing the
flexibility of combining declarative and procedural
representation for using them in a unifed form. The term
production mile came from production system which is
developed by [12]. A production system is a model of
cognitive processing, cousisting of a collecion of rules
(called production rules, or just productions). Fach mile
has two parts a condition part and an action (conclusion)
part, The meaning of the mule is that when the condition
holds true, then the action is taken. A typical production
rule i gven bedow:

IF (mathematic score == 6% ) AND (physic score

> Jan)

THEN studers passed the exammation

The statement of the rule above means that a student can
pass the examination if he/she has got mathematic score
more than ot equal 60% and physic score more than $8%.

Production system or production rufe provides appropriate
structures for performing and describing search process. A
production system has four basic componeats as
enumeraied below [10fF A sel of miles following the
classical IF-THEN construdt. If the condilions on the left-
hand sde are satisfied, the rule is fired, resulting i1n the
perfonnance of action on the right-hand side of the mle. A
database of current facts established dunng the process of
inference, A control strategy which specifies the order in
which the rule are selected for matching of antecedent= by
comparing the facts in the database 1t aleo specifies how
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to resolve conflicts in selection of rule or selection of facts,
and a2 mle firing module. An expert sydem that
impalements production rule is known as rulec-based
expert system.

In most rule-based expert system, building of miles can
casily be done. Knowledae engineer does not have to do
any work specifying rules and how they are linked to each
other. Sometime the imowledge engineer can reference
rules or facts that have not yet been created. I seems to be
a simpie and an instant work The problem due to the
peformance of the knowledge will not occur until the
number of rules is gethng higher. Some problem may
appetr in the form of inconsastent nifes, unreachable mles,
redundant rle and closed rule chain of rules.

In 2004 the solution to those problems were issued It
known as Temary Grid [1}{2]{3]) Since the idea of ternary
grid issued in 2004, there is no any developed inference
method, technique or machine working on ternary grid
knowledge modd. As consequence of it, all temary grid
knowledge must be converted into production system
forma, so that the knowledge can be processed by mle-
based inference machine to deliver solution.

The inference engine of an expert system fakes over the
processing of the rules, which is called with rule-based
expert systems also easily rule interpreters (7). By the
numerous methods of problem solution, which can be
implemented in a rule interpreter, only the represevtatives
of the concatenation strategies are to be trealed here
forward chaining and backward chaining

Teanary grid knowledze modd is an allernative solation to
solve the mentioned problem. The developed inference
machine of expert system can work n temary grid
knowledge model. The stralegy to find solution uses
forward chaining with iterative approach [6]. Due fo the
efficiency of algorithm. the recursive approach should be
implemented in forward chaming process, which will be
explained in this paper,

2. Method

The organisation of production rule can be ecasly
represented in @ Temary Grid that has the following
structure in Fig. 1.
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T

Fig 1 Temary Gnd banc stucture

Ri: Rulei (i is the number of rule)
Fj: Fact j or logical term (j is the number of fact)

=0L23..1)
J=0.23...7}
J>I+1

The Value of every grid box is0, 1 or 2

0 = unused, is represented by empty grid box

I = Fact Fm belongs to the condition part of rule Rn
(LHS= Left Hand Side).

2 = Fact Fm is pant of the conclusion part of Ra (RHS =
Right-Hand Side).
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Ternary Grid can be considered as matrix. It iz shown in
the Fig. 2.

a, =1{0,1.2}

Value O is represented by empty matrix cdl The
following value sets are needed for knowledze
optimisalion process
The set of condilion parts in row i is defemmined as
follows:

R1=1j|a, =1 )

The set of conclusion parts in row i is determined as

follows:
R2=1j|a, =2{ @)

The set of condilion parts in column j is determined 3s
follows

!"J'l=‘:"iﬂ,,=l= 3)

The set of conclusion parts in column | is determined as
follows:

h |
F2=t|a, =2| @
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The developed forward chaining method will be
implemented in inference engine of expert sydem based
on Ternary Grid. Inference engine of expert syslem is
computer program that answers questions from user, 1t
processes all infonnation from the knowledge Lase by
firing rules and facts [11].

In the previous approach where iterative process was
implemented, the complexity can be described as follows:

n= TZX,J (5)
L

Using recursive approach, the process of forward chaining
can be illustrated as follows:

= Rl1 P12
&, ()
L
hS /
Y rd
Fd
\ /
N\ /
LY '

‘5 R32  -» R33
.‘\‘_ /

/

N
A pc)

Fig 3 Pxchwird chmmng illustration

Fact R11, R21, R31. R32 and R42 are already known, The
inference process begins from fact R11 and move forward
to it conclusion pasts. From the fig. 3 above it can be seen
that only one tule is applied, in which fact R42 as the
conclusion part and fact R21 respectively R22 as the
condition part of the rule. The same way of inference
process can be 3lso used in Temary Grid The developed
dgorithm  of forward chaining in Ternary Grd is
described as follows:

Inputienown facts
Mok Rootnode .
Searchnode = Reotnode
Searchbegin = 1

Do while there 1s applied rele or the gueue 1s no:
ampty
Search s1ep
Star? search from rule Searchbegin according to a
rle number x which 15 apphicable in the
Searchnode and leads 1o an wnicr own Nextnode
Ifthere 1s apphed nile then
Confinuz search
Store Nextnaods in Marikc
Searchbegin = 1
Else if the gueus 15 not ety
Changae Searchnode
Searchneds = Eh_ang
of the first edge of the quouc
Searchbagur = 1
Adance e quewe

Rezuit outprt

3. Resulf

The same data as [6] is used in this experiment.

IF <hutorial score >= 0> AND <ihesis draft is
Sfinighed> THEN <tutonal result pasaed>, IF <
hitonal rasult passed> AND  <presentahon
sceve  greater than or eguals 60> AND
ccormpreRensive  test passed> THEN <final
proyect passes>, IF <finai project passes> AND
<thesis revision on Ame> THEN < gracuaton
an hme> [P < final prowet passes > AND

THEN

<thests rentsion not on fime ]

<graduaton postponed>

According to Temary Grid acquisition techaique [3), the
mentioned rules are inputted info ternary prid knowledge
base as it iz shown in fip. 4. Using the developed coneept,
the mile-based format mud not be converted into ternary
erid. The inference process of the expert system in ternary
grid uses forward chaining with recursive approach. Al
fact inputs are stored in set of facts Fk. The inference
engine searches all rules that are possible to he executed
and stores them in set of rules Rx which.

( ' i
Rx='l.l’i17_)q'P'EFk'Pt}"pk -'_FJ, 6)
The inference ¢ngne deterimines then rules that are able to
be applied and stores in the following set of nide Jyn.
R.‘CR. (7

rn
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To avoid duplication. the following formula are
implemented in the inference engine

R‘ _UR?- (®)

Fig 6 Resmlt of inference process

The result of inference process shows the effectiveness of
the developed algonithm. In comparison to the method of
[8) and [4)[6]. the deveoped inference method can work
directly in temary grid without having o be converted to
rule-based format. In comparison to [6). the developed
method wark more efficient. The implemented recursive
spproach in infaence process reduced the number of
required looping.

The following data are taken from several conducted
experiments

Tabel 13 Expenment dza

Figare £ thow the effot of recurnca st ot mflumced by meressng the
member of Tacts aed rules

Recu.n-on Effort

Humber of
Laop

Witnbet af
Facts

Nuinbas of Rales

Fg 6 Eccurnce effon

4. Conclusion

The developed inference engine using recurave forward

method in temary grid works properly. It can
determine all facts that Jead to mies which are possible to
be applied In comparison to the previous work usng
iterative approach, the devedoped method can reducc the
number of looping significantly and works therefore more
efficient. Referring to some literatures concermed expert
systems, the developed method is novel and will give
contribution in developing inference method of expert
systems
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