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Abstract C?
For the application background on a guidance of audit ifQrmation this paper
constructs the ontology of audit methods which is suit orymedical rance in audit
field, and provides information basis for the ontolog@ d Pule reasoning, through utilizing

the collected relevant information of audit metho actual medical insurance.
Then, the paper mainly researches the rule rea algo —forward rule rapid
matching Rete algorithm in expert system. Aimi the exl'éoroblems in Rete algorithm,
the paper introduces the improved method o @ IVe hash y, the paper verifies that the

improved Rete algorithm can impro Tiplem @ efficiency, and has practical
significance in the intelligent retrleval@ e\
Keywords: ontology—based% oning, @ expert system, intelligent retrieval, audit

method
1. Introduction @ 5\\9

*
With the develo P@d pro f the field about computer technology, especially the
Internet technolo ple co are information resources through the Internet in the
whole world , wt&@/ke the Internet information resources to increase constantly

and become ich. So and effectively access to information resources has become
an important force to p social progress. However, to find and obtain useful information
isn’t an easy thing he rapid growth of information in the large number of information
resources. There@ow to quickly access the information resources in a particular area has
become an i t and meaningful issue in order to achieve the sharing and utilization of
informatior%urces

The tra@ al information retrieval technology is based on the keyword matching, lacking
seman ormation. So it introduces the semantic and semantic processing in intelligent
r rocess. In the study of natural language, semantics is the people's know or feel for
ob e things. However, due to the weak ability of the computer in understanding and
dealing with natural language, it can only deal with and understand the symbolic logic
expressions of formalization. Therefore, it is using logic symbols to represent the concepts
and logical relationships among each concept in natural language that converts into the
semantic which the computer can understand and deal with. Through the formal description
and an abstract representation of a concept, intelligent semantic retrieval, which understands
the real query target of users, uses the semantic relations between the concepts of computer
analysis to find knowledge that is hidden in the information resource and accord with the
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intention of users. In the network era of rich information, the rapid and efficient query and
access to the needed information requirements become more and more strong, therefore, to
realize the intelligent retrieval becomes more realistic.

At present, the demand for a complete retrieval system of social insurance audit field is
also more obvious. In the field of social insurance audit, audit information resources of
various types (including the audit methods, the audit results, policies and regulations, etc.) in
the audit plays an important role, in past auditors use these resources in the manual search
ways in the audit process, and the efficiency is low. The professional information guidance
system, which is researched and designed for social insurance audit field, by establishing the
relationship between audit methods and domain ontology, regards the audit method as a
service to realize the specific audit target, recommending related audit methods.

0

2. Background and description

To realize the semantic retrieval is without the understanding and treatme mantics,
and semantic analysis can’t be separated from knowledge. Therefore, @mowledge
base is the necessary condition to realize semantic retrial. Q( lication of
ontology in the information retrieval system is more an ide. As description of

system on domain knowledge conceptualization, d s the term in the
field, describes the relationships among concepts ides t %Qgﬁ rules for semantic
reasoning, and can provide powerful support for the reasonin retrieval process [1]. In
semantic retrieval system based on ontol owle e, semantic analysis and

reasoning orients concept, relation and E S (metadata)» The entire semantic retrieval

process is to make the computer to re e ang u@,stand the structure and metadata
information of the domain ontology, & inse esults even tacit knowledge process
in the information base accordin (@ nt Io icr 2].
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Figure 1. Framework on ontology-based guidance system of audit information

insurance data

and information
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The system architecture on semantic retrieval is analyzed according to retrieval process, as
shown in Figure 1. In the whole system, ontology is information organization framework of
system. The metadata which is formed by analysis of audit information resources and on the
basis of ontology annotation domain resources is stored in the database. Semantic reasoning is
that retrieval system calls inference engine for reasoning according to the relevance of
concept and inference rules by using the concept on ontology and instance (metadata)[3]. In
view of the request on user's query, the results are searched in an ontology database. Because
the metadata which is stored in the ontology is formed by reasoning, the matching results will
contain implied conclusion of logical reasoning rules, which reveals the internal relationships
among the things to realize intelligent retrieval.

3. The construction of audit method \(*
0

Through the research and analysis of existed construction methods on doma ay
[4], this paper puts forward specific steps to build the audit method ontology ing with
1ethQ

the analysis which is for knowledge structure from the audit business an d'in social
insurance audit field [5], as shown in Figure 2. ¢
The main steps in Figure 2 are described below. \ \/

Determine the \

scope and
function of the
audit method

ontology N 0

Knowledge
acquisiti

%uali- ¢

zation

Use attributes to
describe and define

class

Create a class
instance

onstruction of audit method ontology steps

(1)Determine @pe and function of the audit method ontology
’t mature standard ontology in the social insurance audit field in use, in

Becauseqthgre i
order to the guidance system on audit information, a new method ontology on
medical_jRsurance audit needs to be constructed. The scope of the Medicare audit method
ontelo the related knowledge of medical insurance auditing field, mainly including the
r@t e medical insurance fund, the insured person, the insurance unit, medical institutions,
drug¥ the nature of units, audit methods etc.. The related knowledge’s collection and
acquisition in medical insurance audit field is mainly derived from audit experts and staff who
actually participate in medical insurance audit [6].

The role of audit method ontology on medical insurance is mainly to manage a variety of
knowledge on medical insurance audit field, especially audit method, providing the data and
semantic support for service of audit guidance information, and then providing certain
information foundation for the realization of the audit guidance system, which is an important
part of the system [7].
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(2)Determine the concepts and class of audit approach ontology

Ontology is an information organization and expression form which has a good kind of the
hierarchical structure, and its concept has hierarchical relationships. The kind of hierarchical
relationships well reflect the relationships between the concept and concept. It is convenient
to describe the knowledge of class by using the inheritance relationships and relationships
between parts and whole of concept [8].

In the actual medical insurance audit work, through the analysis and research of some
auditing policies and regulations medical insurance, making actual investigation in some
areas, listening to the actual business operations from the social security person, and
collecting many information of medical insurance audit field, audit method ontology on
medical insurance is constructed by extracting some concepts [9].

(3)Establish hierarchical structure among attributes and describe the relationshi among
the classes

After the analysis and construction of hierarchical relationships among seg’on audlt

method ontology of medical insurance, it is necessary to set up propertie ethod
ontology on medical insurance, including data proper tatype and object
property (Objectproperty).

kind of class in ontology, Range is the basic dat S, |e at int, string, date,

datetime, etc.
< @
Characteris
aracteristics of
\ audit approach

Belongsto Y

Data properties are used to express the knowledg ‘ S about 0 y, its domain is a

Business
description
.

Business

description from ¢
audit approach

Personnel

properties |

Unit

Insured unit

Medicatipn

medical Properties
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JDisease

Medlcal The nature

institutions project of units

Hierarchical Joint
o
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re 3. Conceptual relationship diagram of audit method ontology on
medical insurance

Concept ——»

Object properties are used to describe the relationships among classes. Its domain is a class
of ontology, and its range is an instance of a class.

In the foundation on hierarchical relations b concept and class, according to the property
relationships among concepts, conceptual relation diagram can be used to describe the overall
of audit method ontology on medical insurance, as shown in Fig. 3.
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4. The improved Rete algorithm based on active hash method

This section introduces the first fast matching algorithm-Rete algorithm based on the rule
reasoning [10], in view of the existing problems in Rete algorithm, e.g., because the fan-out
of a node is too large, adding the fact process leads to low efficiency. It proposes Improved-
method based on the active hash method, and gives the improved algorithm.

4.1. Rete algorithm

Rete algorithm is an efficient matching algorithm to realize the reasoning rules in the
system based on rules [11]. The Rete algorithm firstly builds a Rete network, and then it
provides an efficient implementation for expert system by the network for pattern matching.

The related concepts in Rete algorithm are as below:

(1) The fact: that is, the multiple relationships between the object and the object orfgetween
object and attribute. It generally uses a triple group to represent (id” attr value) fo e:

wl:(B1~on B2)

w2:(B1 “on B3)

w3:(B2 "Meft-of B3) %
(2) Rule: The statement composed of conditional part Ius for reasoning,
when existing facts meet the condition, rules ar ted, tt| es corresponding

conclusion. The general form of a rule is as below:
(name of the rule
LHS /* One or more conditions */
->

RHS) g{

The LHS is part of the conditions a@s IS ti@& conclusions.
A rule example is as below 6

(rulel A \

(B1 ~on B2)

(B2 Meft-of B3) @ 5\\9

-->

(B1 “on B3)) \] ﬁ

(3) Pattern: Th? e condlt art of the rules, generalization form of the known facts,
i

and relations ns an@on The form of pattern is as follows:
("on)

(Meft-of)

(“color red) @'

The compiled@of Rete algorithm is a Rete network consisting of the facts, rules and
patterns, as showmNin Fig. 4, including four nodes like the root node, type node, alpha node,
beta node. h%bg them, the root node is the entrance of the rete network, not an actual node.
Type nod@ es in the various types about facts, all the facts from the corresponding type

noﬁ @1 0 rete network.
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According to the rete network

of three rules:
The condition of P1 is C1*C2"C3
The condition of P2 is C1*C2°C4"C5
The condition of P3 is C1*C2°C4"C3

Alpha memory

Beta memory

Working
Beta joint node memory
element

AM for C1

olJC

‘ Root node

Figure 4. I@\netwg@ram
Figure 4 shows a Rete networ v@\wis construc y three rules. It can be seen from the
elemk§ n

figure that working memory amel@acts) into the Alpha network, according to
the node types after discriminatioh, are,i corresponding Alpha memory (i.e. AM).
According to certain sequ@ alpha and other nodes do join operation. According
to the conditions of‘eaq in theyordéf, the first condition corresponding to the Alpha
memory and a root 8@ 0 are,C ed, and then generate a joint node which matches the
ndition in rules and beta memory which is generated

recently do j ation, rating joint node that matches the condition and all conditions
before, so on all co@ in rules are fulfilled, and the path after each rule matching is
got finally.

4.2. Improved R@gorithms

In Figure 4, the\grocess how the facts enter corresponding the Alpha memory after it is into
the Alpha n&h&k is transparent, however, it is an important process, as shown in Figure 5.

Figure ws a fact will be added to the Alpha network, then the Alpha network
seque detects attribute and value, but only detects the constants, facts will be added into
onding Alpha memory according to the detected constant.
paper mainly studies and improves another drawback of Rete algorithm. It is obvious
that adding fact has a big shortcoming [12], that is, if one of the attributes and values has a lot
of constant forms, it means a node in the graph will spread out a lot of child nodes. If the most
common method is used, e.g. using simple data-flow network, in turn, begins to detect these
child nodes from the first child node, finds which is the corresponding child node of the
current constant of fact, and then adds the facts to corresponding AM, which will be a lot of
useless comparison operations, leading to time-consuming. For example, the color contrast in
Figure 5, if some expert system contains many color constants, e.g. it has five kinds of color
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like red, maize, blue, green, white. when the corresponding color constant in fact is white, it
does, in turn, the matching search from head, and then needs compare for 5 times, which the
top four is invalid comparison operations, costing a lot of time, leading to a slow operation. In
order to reduce the cost of comparison operation, this paper seeks an improved method.

Alpha network for the following conditions
C1: (?x"on %)

C2: (?y Meft-of ?z)
C3: (?z "color red)
C4: (?a "color maize)
C5: (?b ~color blue)
(

(

(

Fact into
2c ~ color green)
2d Acolor white)

C6:
Cr:
C8: (?s "on table)

Root node

) ) w

AN for C
-

|

N,

AMforC8 AMforC3 AMforC4 AM AMYor C6 AM f3F

Figure 5. Facts are into the Alpl\ twork process in Rete algorithm

D" ¢\
4.3. Active hash method is introducex
In the existing problems in R e@ thm, compared with traditional hash method, active
hash method is an improvemg%:‘o the t@wal hash method. In the traditional hash
methods, for frequent added constant in \ corresponding node of the constant is set to
end of a linear list when t sh table @rated, and then it can be found by traversing a
large number of nodes 4 inearj%d ermining its position, which is bound to increase

the average search whe ble is successfully found. At same time, it leads to
inefficiency, and oblem t he”efficiency of adding fact in Rete algorithm is low

doesn’t have @ olutio
In fact, mayspheno

doesn’t appear in a re

nd things in reality have a continuity truth, i.e. the thing
iod of time, and it does in the near future, that possibility is also
very small. The id so widely used in the page replacement of the operating system,
namely Least R@/ Used (LRU) replacement algorithm. Active hash method is put
forward by, the i based on continuity principle. In active hash method, when a node is
searched, t%ﬂe moves forward to the linear list header, using the idea and operation can
reduce th@ ayerage search length in the process of the whole search on fact constant. The

prafs@active hash method is as shown in Figure 6.
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Constant enter,
calculate hash
value, positioning
chain header

Traverse the
next node

forward to the

list heafer o @
AN )

O\SU;S\\}/

| Y
®?~

The specific steps of activeb%.‘ od ar@ollow
Step (1): According to the factthat e instance, in turn, testing attribute and value

contains constants; x
Step (2): For every. nt, cal hash value, to determine their own linked list,

positioning chain h
Step (3): To tr, the nex the current linked list, check whether the constant

with the con tained @ode is same, if so, perform step (4), otherwise, perform step

(5);

Step (4): Move th node forward to the list header in the current chain table, and
then successfully ct into the Alpha network.

Step (5): Che&ether the next node in current list is empty, if so, perform step (6),
otherwise, backtrasking perform the step (3);

Step (6).%&9 fact instances in Alpha network have no effect, abandon the fact instance.

Return to @ m the step (1) until all instances are into the Alpha network.

I @ ocess of adding the fact in Rete algorithm, using active hash methods do hash of
age"compared to traditional hash methods, which reduces the average search length, and

iciency was improved, but there are still some problems, considering a following

situation. As shown in Figure 7.

keyo »  key; »  key, »  keys

Figure 7. A situation of existing problem
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Assume that the number of searching Key; is very few, and one is the search about Keys.
According to the active hash method, Keys will need to move forward to the linear list header
after finding Keys; successful. There is no search about Keys after a long period of time,
however, the search is key,, key;, keyp. It is obvious that, in this case, the average search
length to find these nodes are still large, however, the modification for the linear list header is
too frequent, at same time there are some problems on efficiency and system load.

It is due to the existing problem, this paper finds a solution for improving active hash
method, which makes it more suitable for constant hashed in Rete algorithm. The idea is that
judging a node instead of moving directly it forward to the linear list header. If the node is
always needed to find, it is moved forward to a linear list header, if not, do not move, it
remains in the original location.

In this case, the problem becomes how to determine whether a node is often needed 40
search, and how to define that the measure becomes points to improve active h
The definition given in this paper is that using two times to find time interva@ node as

basis. A variable (time) is set at each node to record and store last time to find t

uses "search frequency g" to represent a node frequency, "Search fr " of a node

is the reciprocal of the current search time and the time in a%q the last tofind,g=1/

(time - timeold ), e.g. the larger is the time mteran ler the |I|ty to be found
(&

recently is. y

In addition, setting another variable average ader ncm as average of “search
frequency g” on all nodes in corresponding «lin&ar hsto searching for a node, if
according to formula on "search frequency alculate th isn’t less than average value
of "search frequency g" on all the nodes. nsid tthe probability of the node to be
found is larger in the future, so it is orw mear list header, and updates the
average value of all node "searc fr for test value (here needs set a variable at
each node to support, that is e& |mes.t the node). Otherwise, it is considered that
the node couldn’t be searched lon w time, so node still maintains its original

location.

In summary, the spe s of t into the Alpha network based on improved active
hash method of Ret Qm are as%lwowed

Step (1): Accorg the fa ters the instance, in turn, testing attribute and value
contains consta

Step (2): very ¢ @ calculate hash value, to determine their own linked list,

positioning chain head
Step (3): To traver%se next node in the current linked list, check whether the constant
with the constan is contained in node is same, if so, perform step (4), otherwise,

perform step (8);
Step (4): ulate search frequency g of the current, e.g. the reciprocal of the current
search ti the time interval of the last time to find, g = 1/ ( time - timeold );

=The search frequency of current node isn’t less than the average of all nodes
guency g” in current chain table, if so, perform step (6), otherwise, perform step

Step (6): Move the current node forward to the list header in the current chain table;
Step (7): Update average, time, and num in current chain table, fact is successfully added
into Alpha network;

Step (8): Check whether the node in the current chain table is empty, if so, perform Step
(6), otherwise, backtracking perform the step (3);

Step (9): If the fact instances in Alpha network have no effect, abandon the fact instance.
Return to perform the step (1) until all instances are into the Alpha network.
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The progress of improved active hash method is shown in Fig.8.

onstan
enters,calculate
hash,positioning

Traverse the
next node

»

Y

A
Calculate the 0;

node “search

frequency g" * .

p forward to
\ list header

Failure

Figure 8. phproved active hash

LIST; is as a linear I st in the table, which i represents the position of current
linear linked list in th table. A ume that the capacity of hash table is N, Key denotes

the corresponding ue o onstant Every node in linear list contains a variable
of time, whic £S hat the er of the node has been found. In addition, each item in
an array (av epre e search frequency of the corresponding linear chain. The
improved alg descripNOTT is given below:

NotNull(i, j) : node% isn’t empty;
EQ(key, i, ) ether key and Key in LISTi[j] is the same;
TimeSpace(i, h&tain the time interval on the current time of current node LTSTi[j] and a
search for the node last time;
Greater e(g, i) : Judge whether 1/g is greater than or equal to the average search frequency
average[i] in the current linked list LISTi;
o@ont(i, j) : Move the current node LIST[j] forward to the corresponding linked list header;
%te(i, J) : Update the average search frequency of current linked list LISTi, set the time in node
LISTi[j] to the current time;
Input is the Key of constant form;
Procedure HashMethod(KeyType key)

begin
i = Hash(key); // Obtain hash address
i=1 [l Traverse the next node of linked header for every linked list

while( NotNull(i, j) // There is record in the position
&& 'EQ(key, i,j))  // Keyisn’tequal
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jt+ /I The next node of current linked list
end while;
if EQ(key, i,]) then
g = TimeSpace(i, j);
if (GreaterThanAve(g, i)) then // 1/g is greater than or equal to the average search frequency
of current linked list
MoveFront(i, j) ;
Update(i, j);
end if;
end if;
end

The fact instances of Alpha network in Rete is the algorithm input, and all effeative faet
instances entering into the corresponding Alpha memory in Alpha network ar Its
which are obtained after algorithm finished.

4.4. Algorithm analysis
In the social insurance audit, rules are set according to N icy, egu S and specific

audit business. It uses the improved Rete algorith actlve h ethod, and it else
uses social security audit data as a basis for match’les W agtivate audit rules that
meet all conditions. It provide obtained conclusion as Trformation udit person.
(1)Complexity analysis §
Assume that P is the number of condltkon
Alpha memory in Alpha network.
The major space-spending when R %Jrlth nds on how many beta memory is
produced in Beta network, so th ompIeX| in*Rete is represented by the number of
i

nina pr ion rule, A is the number of

the beta memory. The space cogm of im d Rete algorithm in the worst is O(AP).

The major time-spending w et ithm run depends on how many times are
compared between beta no the Bet and alpha node in Alpha network when they
do joint operation. Tbe ed time thatfacts enter into the corresponding Alpha memory
in Alpha network @ a cem%component in the time consumption of the whole
algorithm. The ti plexit tching rule in improved Rete algorithm in the worse
time is O(A* I@

Rete algo sacrifi e for time, and the rule matching algorithm based on rule
reasoning in expert s \%was good applicability. This paper introduces improved Rete
algorithm based on a ash method, which makes the execution time of algorithm to be
further reduced.

(2)Comparisorngnalysis

i) Exper | goal

In ord illustrate the validity of the improved Rete algorithm based on active hash
can improve the execution efficiency of algorithm, the different algorithms are
the same experiment environment, and it analyses and compares the performance
ithm.

ii) Experimental data

The experimental data is a social security audit data in 2008 which is provided by
Heilongjiang province audit department.

iii) Experimental program

In order to verify the efficiency of improved Rete algorithm, this paper conducted two sets
of experiments. The first group sets the fixed number of rules; the other sets the fixed number
of facts.
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(3)Comparative analysis of the execution time
Two sets of experimental results are as shown in Fig. 9 and Fig. 10.

Execution time(ms)
50
40 . After optimization
30
e .- | Before optimization
20 — .

R \/
IR | | ?“
100 200 300 goq"e numoer of f@

Figure 9. Execution time contrast of rule Q&r’ﬁxed%
Execution time(ms) (‘\Q V
D\

50

o QN Y

30 AN

20 5

10

- the number of

10 15 rule

. 5 ﬂ 20
Figu@*xecuﬁ@i e contrast of fact number fixed 100
The exper

ptal resu st group are shown in Figure 9, and the number of rule is set
observing the execution time along with the number of fact

at 10. The change is
increased. Form Fi @'it is obvious that the execution time of algorithm before and after
optimized algori@creased along with the fact increased. When fact’s quantity is small,
of the optimized algorithm isn’t obviously improved. When the number of fact
and 400, the efficiency of the optimized algorithm is obviously improved.
@ ental results of the second group are as shown in Figure 10. With reference to
the fir Q of experiments, the number of fact in the second group is set at 100, and the
got by observing the execution time along with the number of rule increased. Form
Fig\l0, the execution time of algorithm before and after optimized algorithm increases along
with the rule increased. At the same time, when rule’s quantity is small, the efficiency of the
optimized algorithm isn’t obviously improved. When the number of rule increases to 15 and
20, the efficiency of the optimized algorithm is obviously improved.
It is seen from two sets of experiments, the efficiency of optimized algorithm is higher than
the unimproved algorithm. When the number of facts and rules are large, the efficiency is
obviously improved.
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5. Conclusions

In intelligent retrieval system, the introduction of ontology provides the basic conditions
which are necessary for the realization of the semantic reasoning. On the support of ontology
database, the retrieval system understands the user's intent from the semantic level and the
extraction of metadata which is based on ontology needs the retrieval of deep-level. The
retrieval system seeks the relations which are contained in the concepts, explores the hidden
information in the data, completes the deductive reasoning of metadata, and ultimately
achieves the advanced and intelligent retrieval in the matching manner and all this is based on
the inter-level association of concepts, associated attributes and related inference rules.

This paper studies rule inference algorithm- forward rules fast matching algorithm- Rete
algorithm in expert system. There are some questions in the Rete algorithm, e.g. a node which
its fan-out is too large leads to inefficient in the fact entering the process. In order%o solve
this problem we introduced the active hash method to improve. The improved Re
on efficiency in implementation is improved by validating analysis. The
performance on reasoning algorithm and the perfection of th&sonm

the focus
of further research.
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