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Abstract 
Studies on standardization of addressing system have been conducted by the regional and international organizations 
in many countries. However, they have not received much attention in countries such as Turkey where the address 
systems have been newly formed and developed. The objective of this study is to examine the component-driven 
similarities of address data used in Turkey after parsing the postal addresses into meaningful components. In this 
context, the postal addresses of the accommodation buildings in the district of Fatih in Istanbul are analyzed using the 
Damerau-Levenshtein distance algorithm, which is known as one of the string similarity measures in binary. These 
addresses are collected by using web scraping method from five different web portals and obtained by geocoding from 
four different map services. The reference data for the comparison process is taken from the Turkish Address 
Registration System (TARS). The results show that each component does not have similar accuracy. 

Keywords: Addressing system, Damerau-Levenshtein Distance Algorithm, String Similarity, Web Scraping, Geocoding, 
Address Registration System 

INTRODUCTION 

An address is a syntax used to describe a location in the world. The address, which is the most basic defining element 
for any piece of land, regardless of traditional land use types, is used in response to a location of geographical detail. 
Local governments and public institutions in the world need the addresses in line with their needs.. Therefore, accurate 
planning and co-ordination of public services is possible only if the government has rapidly access to the basic 
information of all citizens. The address information used in determining relationships between individuals and their 
locations is also very important in establishing national or international information infrastructures (Coetzee et al., 
2008; Geymen et al., 2008; Lind, 2008; Zandbergen, 2008; Li et al., 2010; Zandbergen, 2010; Yildirim et al., 2014). 

Efficient use of address information by individuals and public institutions, is ensured by consistently expressing of the 
components that make up the address. Address components are geographical elements used to identify an address. 
Neighborhood, street, boulevard and square names, door number, postal codes, province and district names are the basic 
components used to define addresses. The use of address components in a specific order reveals the concept of a 
standard address. With the intent of the establishment of address-based spatial information infrastructures, data sharing 
between public institutions and the establishment of strategic plans for the future, Turkish National Geographic 
Information Systems (TNGIS) project has been implemented. Even though regulations for standardization of the 
addressing system in Turkey continuing at a great pace, using different address formats by organizations and public 
agencies, inconsistencies between the components that define the address, differences in abbreviations, the frequency of 
changing street, boulevard, square names and many more, affect many address-oriented applications adversely. Within 

Proceedings, 7th International Conference on Cartography and GIS, 18-23 June 2018, Sozopol, Bulgaria 
ISSN: 1314-0604, Eds: Bandrova T., Konečný M. 

401



the scope of this study, in order to create awareness on the standard usage of address descriptions, it is aimed to design a 
method to determine the consistency levels between address data obtained from different sources. In this direction, 
address components in different sources collected from a test region are compared using a measurement approach that 
detects similarities between texts. 

The Study Area and Preprocessing 

Information on accommodation facilities in a number of countries is presented by various web portals to the users. The 
majority of these portals belong to the companies that operate globally and each independent portal contains address 
information for accommodation facilities. Within this framework, various web portals (such as Agoda.com, 
Booking.com, Hotels.com, Hotelscombined.com and Tripadvisor.com) provide serve in Turkey. In this study, different 
address contents of the same hotels collected from the above mentioned five different portals are compared. The test 
area was chosen as the Fatih district of Istanbul, where accommodation facilities are concentrated (Figure 1). 

 

Figure 1. Study area and the location of accommodation facilities 

The addresses were obtained by a method called web scraping from internet sites. Web scraping is a data extraction 
process used to collect standard information at a specific point on a web page. In this study, address contents in five 
different web portals are extracted using Web Content Extractor software developed by Newprosoft. In addition to this 
information, standard address contents defined in each hotel's ArcGIS Online, Bing, Google and Yandex services are 
obtained by geocoding process. Geocoding is the process of assigning geographical coordinates expressed in terms of 
latitude and longitude to an address (Zandbergen, 2008) and provides the standard address format conversion for that 
point. Geocoding, which is one of the processes that form the basis for spatial analysis in nowadays, is performed as 
conventional and online in the GIS environment (Roongpiboonsopit and Karimi, 2010). In this study, the online method 
was used to collect address content. Finally, the address of each hotel was obtained from the Address Registration 
System website, which was created by the General Directorate of Population Registration and Citizenship Affairs. 
These addresses have been accepted as reference data. 

Method 

Preparation Phase 

There are various differences in address contents collected from different portals. The contents of an address component 
in a portal may not be available in another portal in some cases. Therefore, it has been determined that the compliance 
of each address component to the ARS implementation directive in order to identify such inconsistencies in address 
content. According to this standard, it is mandatory that the province, district name, outer door number and postal code 
in each address are included. Besides, in city centers; province, district, neighborhood name and only one of the road 
type and the outer door number and postal code must be found (ARS, 2007). Since the study area remained in 
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settlement, the parsed addresses are consist of six components in total: province, district, neighborhood, road name, 
numbering and postal code. Since the study area is within the borders of a single country, the country component was 
not taken into the assessment. 

Address Similarity Detection 

Similarity measurement is performed using lexically or semantically working algorithms. String-based algorithms that 
operate lexically, concentrate on string series and character combinations (Gomaa and Fahmy, 2013). Semantic 
algorithms are used in different application areas such as artificial intelligence, natural language processing, and 
cognitive science. In this study, the similarity rates are calculated using the Damerau-Levenshtein distance algorithm, 
which is one of the most common lexical algorithms (1). 

    (1) 

where ve  refer to two sample strings which are compared and  represents the distance measure that computes the 
necessary procedure steps to transform  into .  

The Damerau-Levenshtein distance algorithm, which has been the basis for many studies from 1964 to the present day, 
is described as an extended version of the Levenshtein algorithm (Damerau, 1964; Levenshtein, 1966; Hall and 
Dowling, 1980; Peterson, 1980; Brill and Moore, 2000; Peled et al., 2013; van der Loo, 2014). The Levenshtein 
algorithm computes the minimum number of operations needed to transform a string into another. The superiority of the 
Damerau-Levenshtein algorithm to the Levenshtein algorithm is transposition of two neighboring characters with a 
single process step (Damerau, 1964). For example, in Turkish, the term "Mah." is generally used as the abbreviation for 
the component "Neighborhood". Unlike this term, when it is used another term such as "Mha.", the Levenshtein 
algorithm finds a two unit distance between these two abbreviations. Whereas, the Damerau-Levenshtein algorithm 
computes the distance as a unit. The shorter distance between two terms, the higher similarity rate results. Given that 
web portals may have made similar simple mistakes in address expressions, it is found more appropriate to use the 
Damerau-Levenshtein algorithm in determining the distances. The comparisons are implemented on a component basis 
for a total of 74 hotels in the study area. Each hotel's reference addresses include information about the neighborhood 
name, road name, numbering, district name, postal code, and province name components. However, there are some 
shortcomings in components for services and web portals. For example, Google and Bing services may not provide 
neighborhood information for a hotel address. If both of the contents compared as binary is not present, a consistency 
value cannot be calculated. If one of the contents is present, the compliance is calculated as 0%. 

Average consistencies obtained from the binary comparisons for the above mentioned components of 74 hotels in the 
test area are given in two separate tables. The first table shows the consistency of the portals with each other (green) and 
with the ARS (yellow) and, the second table shows the consistency of the services with each other (orange) and with the 
ARS (blue). The abbreviations used in the tables are given below: 

• P1: Agoda.com portal 

• P2: Booking.com portal 

• P3: Hotels.com portal 

• P4: Hotelscombined.com portal  

• P5: TripAdvisor.com portal 

• S1: ArcGIS Online Service 

• S2: Bing Service 

• S3: Google Service 

• S4: Yandex Service 
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Table 1. Address Components Similarity for ARS and Portals 

 

According to Table 1, consistency levels with the reference data of the neighborhood information obtained from the 
portals, are very close to each other (yellow). However, this value which is around 45% on average for the portals, is 
insufficient. The average consistency level (green) within the portals itself is around 63% and the values are very close 
to each other. In the light of these values obtained, it can be said that the neighborhood information obtained from the 
portals is not very reliable in general.  

For the road name component, the web portals have a high consistency level (green) of over 80% with each other, but in 
their consistency with ARS (yellow), this ratio appears to fall to 70%. For 'Hotels.com', the consistency rate with ARS 
drops up to %57. The cause of this reduction observed in the consistency between reference and the web portals is that 
the road name component in the web portals have more than one road names, which are contrary to the ARS directive.  

In numbering component results, it is seen that the consistency levels between reference and portals are more relatively 
lower and variable than results obtained between each other. For the district component, the consistency values (yellow) 
between reference data and portals are generally low and highly variable, because comparative portal data has multiple 
or repetitive information. Due of this reason, the consistency of the portals with themselves (green) is also lower than 
expected.  

(%)  Ref P1 P2 P3 P4 P5 
 Ref 100 45.73 45.05 44.76 47.06 41.41 
 P1  100 67.29 53.91 61.29 55.05 

Neighborhood P2   100 63.39 68.08 64.43 
 P3    100 62.08 66.76 
 P4     100 63.81 
 P5      100 
 Ref 100 75.79 73.8 57.39 72.5 75.95 
 P1  100 86.36 79.1 80.34 81.5 

Road Name P2   100 85.25 84.21 85.89 
 P3    100 87.26 86.68 
 P4     100 85.25 
 P5      100 
 Ref 100 72.11 85.6 56.61 89.24 79.76 
 P1  100 78.09 69.58 70.25 70.89 

Numbering P2   100 79.79 82.56 83.83 
 P3    100 78.59 77.66 
 P4     100 82.12 
 P5      100 
 Ref 100 27.38 51.88 29.6 44.89 33.55 
 P1  100 62.41 52.68 47.15 54.49 

District P2   100 58.62 68.14 61.23 
 P3    100 42.55 61.87 
 P4     100 46.6 
 P5      100 
 Ref 100 74.59 79.2 75.68 0 70.86 
 P1  100 62.41 70.54 0 66.35 

Postal Code P2   100 79.46 0 73.96 
 P3    100 0 70.73 
 P4     - 0 
 P5      100 
 Ref 100 99.51 100 68.7 98.82 100 
 P1  100 99.51 69.1 98.33 99.51 

Province P2   100 68.7 98.82 100 
 P3    100 67.94 68.7 
 P4     100 98.82 
 P5      100 
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In postal code component results, although Hotelscombined.com does not provide postal code information, consistency 
between the reference and other portals (yellow) is around 75% on average and the values are very close to each other. 
Likewise, the consistency of the portals with each other is close (green). 

Information on the province name component, which is generally provided from different sources, is highly compatible. 
However, province names provided by 'Hotels.com' are inferior to all other data sets. The reason for this is that it has 
repetitive information, as mentioned earlier. 

Table 2. Address Components Similarity for ARS and Services 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

According to Table 2, when the services' consistency with the reference (blue) is examined, it seems that Google has 
done quite well, whereas Bing does not have neighborhood component. Although ArcGIS Online and Yandex have the 
neighborhood component, it cannot be said that this information is reliably reflected to users. Similarly, services cannot 
be said to be very compatible among themselves (orange). On the other hand, the reason for the higher compatibility 
between Google and ArcGIS Online is that ArcGIS Online service only keeps 'neighborhood name' as the standard in 
the neighborhood component. Since Yandex does not reflect neighborhood information regularly, the consistency 
values with the other two services are low.  

In road name component results, the consistency level between services and reference data is quite high (blue). Bing is 
approximately 99% compatible with the reference. In consistency levels with the reference for Google and Yandex were 
obtained lower results in comparison with other. Bing is more compatible with ArcGIS Online when the consistency 
between services (blue) is examined. Similarly, Google and Yandex are more compatible with each other. The reason 
for the higher consistency rates between the services is that they use abbreviations in similar standards.  

When examining the results of the numbering component, it can be said that the three services, especially those other 
than ArcGIS Online, are highly consistency with the reference. The numbering information provided by Bing is very 
sensitive to reference data. Concordantly, services (orange) have higher compliance values within themselves.  

(%)  Ref S1 S2 S3 S4 
 Ref 100 66.78 0 89.73 45.23 
 S1  100 0 72.64 50.04 

Neighborhood S2   - 0 0 
 S3    100 50.59 
 S4     100 
 Ref 100 88.35 98.69 81.71 78.68 
 S1  100 88.63 73.18 70.04 

Road Name S2   100 82.03 78.73 
 S3    100 92.15 
 S4     100 
 Ref 100 88.03 98.65 92.53 95.5 
 S1  100 89.24 82.53 83.53 

Numbering S2   100 91.18 94.14 
 S3    100 89.38 
 S4     100 
 Ref 100 97.88 0 99.21 98.65 
 S1  100 0 97.1 96.53 

District S2   - 0 0 
 S3    100 97.86 
 S4     100 
 Ref 100 100 100 95.95 0 
 S1  100 100 95.95 0 

Postal Code S2   100 95.95 0 
 S3    100 0 
 S4     - 
 Ref 100 98.65 87.5 100 100 
 S1  100 86.32 98.65 98.65 

Province S2   100 87.5 87.5 
 S3    100 100 
 S4     100 
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In district component results, the consistency between reference data and services (blue) is quite high, except for Bing. 
The reason is that Bing does not provide any district information for this study area. In addition, consistency between 
Google and reference has the highest value. Similarly, it can be said that the other services have high results with each 
other (orange). 

ArcGIS Online and Bing services provide postal code information by reference (blue) 100% compatible. Google's 
consistency is slightly lower than these two services. On the other hand, Yandex does not provide any postal code 
information. The consistency of the services with each other are also parallel to this (orange). 

Finally, the consistency levels in the province name component show that the services are compatible with each other 
and with the reference data. 

CONCLUSIONS 

In this study, consistency levels between address definitions used in Turkey were examined based on the components, 
using a character-driven process algorithm, through services and web portals. The calculated average consistency values 
show that address information provided by the services is more compatible with ARS than web portals information.  

The results from the portals generally vary widely. Hence, the unsuccessful consistency values such as approximately 
27% were determined in Table 1. The main reason for this situation, the address information in Turkey still cannot be 
expressed in a standard way. 

Since the Damerau-Levenshtein algorithm used in comparisons is character-driven, usage different abbreviations and 
space between the characters reduces the similarity results. This seems to be a weakness of the Damerau-Levenshtein 
algorithm. By ignoring abbreviations and spaces, an algorithm that gives semantic relations prominence may overcome 
this problem. In the future, we will work on the design of an address comparison algorithm that can overcome these 
problems. 
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