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natural language understanding
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Abstract: Address matching algorithm that has broad application prospects is the core and key technology for location-based
services. This paper analyzes the existing three major address matching algorithms which are the level based matching algorithm,
the full-text search algorithm and the regular expression algorithm. An address matching algorithm based on Chinese natural
language understanding is proposed in this paper. The complete process of this new algorithm includes five parts as pretreatment,
address parsing, address elements standardization, reasoning about address matching and matching registration. This paper focuses
on address parsing and reasoning matching the two most important parts. The paper establishes a complete Chinese address matc-
hing algorithm based on natural language understanding. In the principle of Chinese segmentation and semantic reasoning in natural
language understanding, the new algorithm achieves the goal to combine natural language understanding with address matching by
processing Chinese address of unstructured format. To check the new algorithm, an address matching experimental system was
developed. The matching experiment using 1000 resident addresses of Puyang city, Henan province shows that the matching rate
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can be 95% or more and the accuracy rate is above 93%.
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1 INTRODUCTION

Address information is closely related to human activities.
Many departments such as statistical departments, the business
organizations, the public security departments and so on collect
and store a lot of information that contains the addresses. The
result of US Census Bureau statistics shows that 80% of infor-
mation systems in the government’s management information
systems contain address information (O’ Reagan, 1987). Address
matching technology links text message containing location with
geographic coordinates, and integrates spatial information and
socio-economic  information, and provides  supporting
technologies for data analysis, positioning, mapping and visual-
ization services. So address matching technology plays an indis-
pensable role in national economic construction and people’s life.

Strictly speaking, address matching technology is a process
that text address is mapped into geographical coordinates(Daniel,
2007). The process constructs the relation between text position
and geographical coordinates. Chinese address matching is a
process that text address described by Chinese is mapped into
geographical coordinates. Some foreign companies have
launched the address matching products or services for example,

ESRI’s Geocoding, MapInfo’s MapMarker, Google’s Geocoder

for the United States and Europe. Due to differences in national
conditions, these products or services cannot meet the needs of
China.

From the theoretical point of view, the major Chinese
address matching algorithms exist the following three categories.
(1)The first category is a level based model matching algorithm
(Jiang, 2003; Wang, 2004; Guo, 2009; Sun,2010). (2)The second
category is a full-text search matching algorithm (Sun, 2007). (3)
The third category is a regular expression matching algorithm
(Chen, 2004). The following analysis will discuss the problems
of these three types of address matching algorithms. The first
type of algorithm has the characteristics that address elements
have a unique level of value. Because the level based matching
algorithm requires the descending order of address elements, the
first type algorithm can only match some special addresses. The
second type of algorithm treats addresses as documents, and has
the characteristics of high speed, high matching rate and low
accuracy. The third type of algorithm treats addresses as normal
string with the characteristics of low speed, high matching rate
and low accuracy.

The use of the natural language understanding, artificial
intelligence, is the main idea of this paper to create a new
Chinese address matching algorithm. The essence of existing
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three types of address matching algorithms are based on string,
key words or rules address matching technology, rather than
based on semantic; so the three types of algorithms cannot
achieve semantic matching. The three types of algorithms do not
belong to nature-based language understanding of the Chinese
address matching algorithm. In addition to these matching algo-
rithm, researches also study the relation between natural
language understanding and spatial information, such as the
proposed spatial information retrieval by natural language (Ma &
Gong, 2003a, 2003b), and the matching algorithm based on the
agent’s address (Hutchinson, 2010). The characteristic of
of artificial
intelligence technology to the address matching process. The

Hutchinson’s algorithm is the introduction
Hutchinson’s algorithm is based on level based model which is
not suitable for Chinese address matching. The combination of
address matching with nature language understanding has not yet
been found. This paper proposes a new algorithm that the natural
language understanding is applied to the Chinese address matc-

hing.

2 CHINESE ADDRESSES MATCHING ALGO-
RITHM BASED ON NATURAL LANGUAGE
UNDERSTANDING

2.1 The address matching and the natural language
understanding

The essence of natural language understanding is a
computer processing of natural language parsing, so that the
computer has the ability of the natural language understanding.
Natural language understanding technology has not reached the
level of human intelligence, and is limited to specific areas of
shallow natural language understanding. But even the shallow
natural language understanding could bring valuable assistance to
many application areas.

Because most of the Chinese addresses are described by
non-structural text, the essence of address matching is the associ-
ation between address and spatial information. It is theoretically
possible that natural language understanding method is applied to
the address matching algorithm.

Every language has a specific syntax. Compared with the
English, there is no separator between the words of Chinese, and
Chinese belongs to ideographic. Processing Chinese is more
difficult than English so that many methods for processing
English are not suitable for Chinese.

Chinese natural language understanding methods include
Chinese segmentation, semantic label, Syntactic analyses,
semantic reasoning. Due to the lack of effective knowledge
abstract model, the technology of natural language understanding
is generally related to the specific application scenarios.
According to the particular scene of address matching, the four
major aspects of natural language processing are implemented
specially. The Chinese segmentation part solves address segmen-
tation. The semantic label part solves soles labeling. The
syntactic analyses part solves address type identification. The
semantic reasoning part solves spatial relation reasoning.
Through these targeted methods, this paper achieves the goal to
combine natural language understanding and address matching

application. As a result this paper designs a Chinese address
matching algorithm based on natural language understanding.

2.2 Chinese Matching algorithm based on natural
language understanding and process

In this paper, the Chinese address matching algorithm based
on natural language understanding process is shown in Fig.1.
The complete algorithm processes include five parts as pretreat-
ment, address parsing, address element standardization, reasoning
about address matching, and matching registration. First, the
address data to be matched is preprocessed to simple code and
filter information. The second step of processing the address
performs address parsing to convert unstructured address into a
structured representation. The third step does address elements
standardization to convert non-standard address elements into the
standard address elements. The fourth step does reasoning about
address matching to get geograhpical coordinates by using a
knowledge base. The last step is matching registration for matc-
hing results to quantify results matching.

Pretreatment| |« / Addresses
Y
Address . Address
parsing standardization

Reasoning
about address > IResglt
matching ogging

Fig.l Chinese address matching based on
nuture language understanding

In the process of the algorithm, the pretreatment is ordinary
procedure to process string. The standardization procedure
address element does query dictionary to standard elements
names. The matching registration procedure writes matching
result into XML file. The above three procedures are simple and
are not the main point. In Section 2.4 and Section 2.5, this paper
will respectively describe two important procedures address
parsing and reasoning about address matching in the alogrithm of
Chinese address matching algorithm based on natural language
understanding.

2.3 The address model of the spatial relationships
and the logic model of address database

Address model is abstract to the address to express the rela-
tionship between the address elements. Address database model
is a storage model of address elements to record the relationship
of the address elements. Address model and address database
model are the basis and foundation for the address parsing and
reasoning match. This paper proposes the spatial relationship
address model to solve abstract problems of the Chinese address
by a new perspective, and builds a new address database model
to to solve the storage problem of the address information for
knowledge representation and address elements of the inner
contact.
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2.3.1 A spatial relationship address model instead of the hierar-
chical address model

The Chinese address is composed by place name,
orgnization name, house numbers, etc. These ingredients are
known as the address elements. Address model is abstract to the
relationship of address elements. Different language and culture
cause the differences of address expression. As a result the
address model is not the same. Common address model is hierar-
chical address model. The hierarchical address model is proposed
according to the U.S. situation. The hierarchical model assumes
that affiliation exists between adjacent elements of the address.
This model is only suitable to describe simple street address for
China. Usually Chinese address is composed by zoning and local
location name or number elements. These elements exists spatial
relation. By analyzing the Chinese address this algorithm finds
that address elements have the five kinds of spatial relations:
containing, adjacency, adjoining, direction, and distance. This
paper proposes the spatial relationship address model to take
place of the hierarchical address model for China. Fig.2 shows
the relationship between address elements.

Containing
Address adjacent Address
element adjoin element
direction
distance

Fig2 The spatial relationships between address elements

The address elements of the spatial relationships and the
type of address elements are closely linked. Containing relation:
the region contains region, roads, Points of Interest (POI); road
contains the POI. Adjacent relation: region adjacents to region
and road, and road adjacents to road and POI, and POI adjacents
to the POI adjacent. Adjoining relation: road adjoins road. Direc-
tion relation: direction between the POI points. Distance relation:
distance between the POI points. In order to more clearly explain
the relationship between the address elements, The following
three addresses, The department of transportation, Longhua dis-
trict, Puyang city 200 m west, Building 5, Fenglinshuian, Lidu
road, Longhua district, Puyang city and No. 161, Daqing road,
Shengli east road, Longhua district, Puyang city, are resolved, As
shown in Fig.3.

Direction (West)

The department of

Puyang city » Longhua district
Containing

Containing

transportation

Distance (200 m)

(a) The department of transportation, Longhua district, Puyang city 200 m west

Puyang city Longhua district
Containing Containing

Building 5

Lidu road

Adjacent
A

— Fenglinshuian
Containing

(a) Building 5, Fenglindhuisn, Lidu road, Longhua district, Puyang city

Puyang city — Longhua district — | Shengli east road |
Containing Containing

No.161

Adjoin

\ 4
Daqing road

(¢) No.161,Daqing road, Shengli east road, Longhua district, Puyang city

Fig3 Instance of address element relationship

2.3.2  Address database logical model

The semantic understanding is based on knowledge base. In
the paper the knowledge base is built based on address database.
The knowledge is the relationship among address elements in the
knowledge base. Address database, also known as the address
reference library, is the address matching engine data base to
meet the demand of address match and exchange.

Because address reference library is a very important foun-
dation library, reasonable design is essential. As most of the
needs of business systems are the residential address and enter-
prises address matching, the address database designed by this
paper is focused on these two types of application. The address
database design is also covered by these special data records to
ensure a number of important locations (bus stops, bridges,
roads, ports, parks, stadiums, squares, etc.) are matched.

The logical model design of the address database refereces
the names address data standard (2010). Address records contain
structured and unstructured data to provide sufficient data basis
for a variety of different types of address matching algorithms.
The address elements are the basic unit of the address in the
address database. The address is stored in the structure of the
address elements as the basic unit. The spatial relationship
among address elements is the core of the address database
model design. The address database consists of three parts:
zoning, spatial relationships, and place names. The affiliation of
Zoning (provinces, cities, counties, streets, etc.) is the main struc-
ture in the logical model. The spatial relationships of address
elements are recorded. The alias table of the model is the base
table, which records the most detailed information of names. The
alias table is refrenced by other tables to avoid redundancy and
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to keep consistency. The auxiliary table of the address record is
the gate address table, which records the actual collection of
local point.

The address database model requires data support. The data
collection is a heavy task of work, for which the main method is
to use high-resolution remote sensing images (aerial imagery) to
manully plot, and some areas’ surveys are supplemented by arti-
ficial to reduce the cost of data collection.

2.4 Address parsing

The address parsing refers to the unstructured Chinese
address into address elements and determines the type of address
elements. The address parsing is considered as the second impor-
tant procedure. Usually the Chinese address is described by
unstructured text, and there is no separator between the address
elements, and not easy to split. Address segmentation that solves
the problem of unstructured addresses split is the basis of
semantic processing. No separator between Chinese words, so the
Chinese address segmentation is a more complex process than
the English segmentation.

The parsing algorithm consists of two components: the
segmentation and the label of the address elements. The Chinese
address parsing is similarity with Chinese segmentation, which is
a process of splitting Chinese statement into words and labeling
the words.

The algorithm process’s framework references the Chinese
word segmentation process, and introduces some special process-
ing techniques according to the characteristics of the Chinese
address. Address segmentation aims to recognize place names
and organization names, so address segmentation is application-
specific named entity recognition. Over time, a large number of
new place names and organization names appear, the forms of
which are not stable.

The address segmentation faces the following challenges.

(1) Place names coverage: the gazetteer library cannot keep
up the changes with the society, which leads to difficulty to
recognize unregistered named entity.

(2) Boundary identified: need to determine the boundaries
of the place name or organization. Because of the complexity of
the law of the place names and organization names, it is not easy
to use simple rules to match and to determine the boundary.

Address elements label faces the following problem.

(1) Duplicate named entities: The problem of Duplicate
names causes that some names have many address element types.

(2) The uncertain type of unregistered named entities: as the
entity name does not exist in the address database, the type of
unregistered named entities is uncertain.

The artificial address segmentation algorithm is different
from the traditional segmentation algorithm. Word is the smallest
semantic unit in linguistics, and is also the composition of unit of
address element. Usually the word is less semantic unit than the
address elements. Address elements may be composed by one or
more words. The address elements can be viewed as compound
words. The core of Chinese address intelligent segmentation
makes use of the address context, and automatically optimizes
the segmentation results.

The intelligent segmentation algorithm combines rules and

statistics, and simulates human to process address segmentation
process. The rules not only contain the framework rules, but also
contain the constraint rules of the address elements. The
statistical segmentation algorithm makes use of the word proba-
bility to identify word.

The intelligent address matching algorithm determines the
action based on the type of address elements. Therefore, to
ensure the matching algorithm correctly, the type of address
elements must be correct. The purpose of address labeling is to
determine the type of address elements.

The type of place names is determined by two aspects: the
context and expression habits. The context has a strong binding
with the occurrence of address elements and determines the type
of some address elements. Habits of expression belong to statisti-
cal areas, and the inter-occurrence probability of the address
elements type determines the address type. Taking into account
these two factors on the address type, this algorithm combines
rules and statistics. The statistical model used here is the Hidden
Markov Model (HMM) (Rabiner, 1989).

HMM is widely applied to recognize states by observing the
sequence values. For this application, the states’ values of HMM
correspond to place name type, and observing values correspond
to place names. Solving the type of address elements is converted
into finding the optimal state sequence. The brute-force strategy
is huge computational, and cannot be applied in practice. The
algorithm finds a local optimal solution by the HMM decoding
algorithm (Viterbi algorithm). The type of address elements
relates with the relationship among the address elements. Such
as, building’s name cannot follow the road name. Therefore,
when using the Viterbi algorithm constraints should be
considered. These constraints are obtained by summing up the
combination law of the address elements.

2.5 Reasoning about address matching

The reasoning about address matching is a process of
reasoning and location based on nature language understanding,
and is one of the two important aspects of this algorithm. From
the perspective of artificial intelligence, the reasoning is used to
infer another. Because of varieties of linguistic expressions, a
position can be described by many different addresses. The
following example shows that a simple position of Puyang city,
Henan Province has at least five forms. (1)No.17, Jinrong road,
Hualong district, Puyang city; (2) the residential area of the
industrial development bureau, Jinrong road, Hualong district,
Puyang city; (3)the residential area of the industrial development
Bureau, Hualong district, Puyang city; (4) No.17, Jinrong road,
hualong district, Puyang city; (5) No.17, the residential area of
the industrial development bureau, jinrong road, Hualong district,
Puyang city. For this same location a variety of descriptions, it is
impossible that matching result is correct.

The reasoning about address matching makes use of natural
language understanding technology to reason and determine the
spatial relationships among the address elements. According to
the characteristics expressed by the Chinese address, the major
components of the Chinese address are the regional names
(zoning areas, functional areas, the natural area) and a local
point. The relationships include adjacent, containing, adjoin,
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direction, and distance. Reasoning is based on decision tree
established by address database to select the appropriate action.
The description of the address may contain the redundant infor-
mation, such as there is equivalence relationship of the address
elements. For example, house number with the corresponding
organization can be used to represent the local point, and is an
equivalence relation. Reasoning process contains the diagnosis
and treatment of multiple relationships. The reasoning of the
main action contains finding, relationship recognition, the
relative position of the calculation, and interpolation calculation.
The purpose of finding collection is to judge whether the
address elements is in the address database records. Relations
determine spatial relations or equivalence relations between the
current address elements and the previous address elements.
When the address is described by the reference position, the
algorithm needs reference sites as a benchmark to calculate of
the offset position. The accuracy of the offset location of the
reference point is determined by the offset position description.
When the address point does not exist in the address database
and the address contains doorplate, interpolation is used to solve
two types of the address position. The first class is the encoding
method, and the second is sequential coding method.

The reasoning process uses heuristic strategies, and knowl-
edge (the relationship of address elements) is stored in implicit.
The method of implicit graph search solves problems. In order to
reduce the size, the search uses backward reasoning strategy. The
core of the intelligent matching is knowledge-based reasoning to
find the optimal solution in the knowledge space. In this algo-
rithm, the knowledge base is also the address database. The final
result of knowledge reasoning is a path from the root node to a
leaf node with depth-first strategy. Because of the record pointer
from the child node to parent node (parent node identifier) in the

End

address database, the complexity of depth-first search reduces
significantly. The depth-first search recursively finds the current
child node as a starting point and finds parent node for the end
of local path. If the path exists, it is successful that moving from
the parent node to the current node. Otherwise, the path does not
exist.

The reasoning about address matching algorithm is shown
in Fig4 and the process is described as below.

Step 1 The input of standized address and matching object
(building, doorplate, road, etc.) is the premise. The procedure
judges the validity of the address. If the address is valid, the
procedure goes to Step 2, else goes to Step 9.

Step 2 The step determines wheather the address contains
directional elements. If the directional elements do not exist, then
goes to Step 3, otherwise goes to Step 7.

Step 3 The step recognizes the address type. If the address
is simple, than goes to Step 4, otherwise goes to step 5.

Step 4 The step queries the positon by full-text search
method, and than goes to Step 9.

Step 5 The step computes position with finite state
machine, and than goes to Step 6.

Step 6 The step locates the position by interpolation, and
than goes to Step 9.

Step 7 The step matchs partial address, and than goes to
Step 8.

Step 8 The step computes the relative position, and than
goes to Step 9.

Step 9 The step logs ther matching results.

The reasoning algorithm simulates human behavior. The
process is similar to post in accordance with zoning extent. The
matching success or failure is determined by the path from start
to finish node.

Result logging

Reaoning
> about address
matching (5)

Locating
(6)

il ©)
\
N
Validate?
(1)
Full-text
matching
4)
Exist direction?
() N
Match
reference " Compute
address offset address
(7) ®)

Fig4 Reasoning about address matching
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3 EXPERIMENTAL RESULTS AND ANALYSIS

In order to verify this algorithm, an experimental prototype
system of Chinese address matching is developed. The experi-
mental system uses 15336 items of records from population
library of Puyang city, Henan Province. 1000 items of addresses
are used as the test data. Then this article analyzes experiment’s
results. In order to measure the effectiveness of the algorithm,
the paper uses the matching rate and accuracy to measure the
pros and cons of the algorithm. These two indicators are defined
as follows. Where M is as total of matching addresses, and NV is
as total of successful matching addresses, and K is as total of
correct matching addresses, matching rate is defined by (N/M) -
100% ; correct rate is defined by (K/M) - 100%.

3.1 The artificial, experimental prototype system of
Chinese address matching

Based on domestic geographic information system platform
GeoBeans, the SDK 8.1, the three-tier software framework is
used to develop the Chinese address smart match the
experimental system with the algorithm proposed by this paper.
The experimental system includes mainly the gazetteer library
module, the address training samples module, the matching
module and the visualization module. The gazetteer library
module managers place names. The address training samples
module is used to the address model (HMM) parameter training.
The matching module and the visualization module are used to
interactive matching. The back-end database of the experimental
system is the ORACLE 10.2 g with ordinary computer desktop
(2 G of memory, the CPU Intel E6550, hard drive 7200 rpm).

3.2 Experimental results and validation

Using the above developed experimental system with Popu-
lation address data of Puyang City, Henan Province, we selected
some compliant address data to build address database with
15336 items. In addition, we chose the Puyang City planning and
administrative data with zoning name, road name, district name,
village name, and the organization name for the gazetteer to
cover most place names.

In order to calculate the matching rate of the algorithm, we
randomly selected 1000 items from Population address library to
do experiments. Depending on the application requirements, we
set match level to the building. In order to test the accuracy of
the spatial understanding semantic for the address matching algo-
rithm, we artificially constructed the same location described
with more than one addresses. 100 items from the address library
that can be completely accurate matched is as considered as basic
addresses. We added or removed part of the address elements to
construct new address. These new addressed have the same posi-
tions with the former to do semantic experiment.

The matching visualization of this algorithm is shown in
Fig.5. The figure shows the matching result of the address exper-
imental kindergarten block, Longhua district, Puyang city, 102
victory road, Building 1 with red diamond symbol.

The statistical results of the experiment are shown in Table 1.
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Fig5 Matching visulization

The matching results are manually checked to test the accuracy.
The average time consuming of each address match takes about
02s.

Table 1 Matching result

. Matching ~ Accuracy/ Speed
Source Number )
rate/% % (Every Item) /s
Random residence address 1000 98.7 93.5 0.2
Artificial address 100 98 96 0.2

3.3 Result analysis

The experimental results showed that matching rate and
accuracy rate were over 93% with matching to building level.
By analyzing the raw experimental data, we found that the
reason for the failure of partial addresses matching is incomplete
gazetteer library. The matching rate of artificial addresses is very
high, and this shows that the matching algorithm based on
natural language understanding can understand spatial semantic.
The reason for matching failure of the artificial addresses is lack
of spatial relationship between address elements. The matching
algorithm depends on the quality of the address database.

The matching efficiency of this algorithm in the common
desktop is about 5/s, so the algorithm achieves a practical level.
The recognition of the spatial relationship is the most time-
consume procedure. The algorithm needs a large number of read
operations in the procedure. External storage devices reading and
writing (I/O) speed is far behind the CPU operation speed, so the
file I/O is the main factor affecting the algorithm; In order to
reduce the frequency of reading the file, the buffer is very useful
for high-end equipment to improve the matching speed.

4 CONCLUSIONS

This paper analyzes the three main categories matching
algorithms for Chinese address, elements of level matching, full-
text search method, regular expression method. We found that
the relative limitations of these algorithms. A Chinese address
matching algorithm is proposed based on natural language
understanding with verification experiment using 15336 items of
addresses from population database, Puyang city, Henan. The
results showed that the matching rate and accuracy of the algo-
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rithm can achieve a high level, indicating that this algorithm is
an effective method of address matching with good adaptability.
This algorithm not only can be used to match the specification of
the Chinese address, but also can be used to match non-standard
address.
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About the Cover

20105+ EHBERISBUSIEEEMR ( ChinaCover2010 )
The China National Land Cover Data for 2010 (ChinaCover2010)

2010 S E T EERERETUEIESE ( ChinaCover2010 ) HFERFRIEMSHFHIRMRAAKSEM 9 AN HEREAE , RA 30 m 25
SHRNTEE (H)-1A/1B ) 48 , FARSERKRES (FAO) NLCCSHE TR, MBTIERTPEERREN 38 - EW SRR, F
BEFBEFANEETLE. ERNRNBmSE. WEEASEHSHN 10 A MNFINFELURBASIERE S38EaI5E | 8UENEIAT 85%.
ChinaCover2010 EEE‘FE?‘EEB?& ﬁﬂﬁ%ﬁm & . FEEMERI M LR PSR RIS HIERATE R RIE 78RR | rlhs
E&EAINET AL SR ARG EREHRSTH. ( Rkt : http://www.chinacover.org.cn)

The China National Land Cover Data for 2010 (ChinaCover2010) has been completed after two years of team effort by the Institute of
Remote Sensing and Digital Earth (RADI), Chinese Academy of Sciences (CAS), together with nine other institutions’ participation. The HJ-
1A/1B satellite at 30 m resolution is main data source. Based on the landscape features in China, 38 land cover classes have been defined
using UN FAO Land Cover Classification System (LCCS). Super computers were used in the data preprocessing. An object-oriented method
and a thorough field survey (about 100000 field samples) were used in the land cover classification, with radar imagery as auxiliary data.
The overall accuracy of ChinaCover2010 is around 85%. Mainly based on domestic imagery, the products take advantage of various in situ
data and strict quality control. ChinaCover2010 is a good dataset for ecological environment change assessment and terrestrial carbon
budget studies. (Website: http://www.chinacover.org.cn)
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