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I. INTRODUCTION 
 
1. Statistics are numeric indicators that show the history of a nation. Especially the every five-year 
Population and Housing Census is very crucial to the Republic of Korea as well as to the world because it 
covers the population households and housing etc. 

 
2. The Census method has improved as the society changes. In the past, interviewers visited every 
household in person. To overcome the difficulties of this traditional survey method, many countries currently 
adopt a register-based census in which administrative data are heavily used, or a rotational census in which a 
specific region is rotationally covered. Especially, continuously developing information technology is widely 
used for the census taking. Some nations carry out the Census by e-Questionnaire (Internet Survey). Others 
conduct the Census by using phones, which is called CATI (Computer Assisted Telephone Interviewing) and 
ICR (Intelligent Character Recognition).  

 
3. By using administrative data (address DB, housing DB, resident registration DB etc.) and highly 
advanced IT, the KNSO tried its best to minimize respondents’ burden and carry out the census economically. 
In the 2005 Population and Housing Census, the KNSO introduced the e-Questionnaire for the first time. 
Approximately, 0.9 percent or 141 thousand households responded to the e-Questionnaire at that time. 

 
4. In the 2010 Census, the KNSO will use more administrative data and increase the percentage of the e-
Questionnaire participants to 30 percent. In April 2009, we completed a pilot test of Internet survey to increase 
the share of the e-Questionnaire applicants re-using the system built in 2005 Census. Furthermore, related 
technology is highly advanced.  
 

                                                      
1 ‘e-Census’ defined as  the system that all the census-taking process lines are set up on the Web. It consists of functions, i.e  survey field management, 
housing register DB, data input management(Internet survey or ICR), data edit & imputation,  tabulation and reporting, etc.  
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5. This paper presents how the 2010 Integrated e-Census System, which will be planned and built during  
2009 for the 2010 Census and one-year-before rehearsal Census in November 2009, will help increase the 
percentage of the e-Questionnaire to 30 percent. Also the paper shows how the Integrated e-Census System is 
being built so that the other censuses may utilize the resources of the server infrastructure and application 
common functions. This paper will be also useful for nations and organizations which plan to use IT for the 
Census. 

 
6. In Part II, the 2005 Population and Housing Data Processing System will be introduced. In Part III, how 
the Integrated e-Census System is being built for the 2010 Population and Housing Census will be shown. In 
Part IV, how IT is being utilized for the surveys will be presented. And the future plan will be given. 
 
 
II. 2005 POPULATION AND HOUSING CENSUS 
 
7. In the Republic of Korea, the number of one-person households, elderly households and dual-income 
households have been rapidly increasing in recent years. The percentage of non-response shows an upward 
trend because more Koreans want to protect their personal information and privacy. Accordingly, it is more 
difficult to carry out the census in a traditional way. For these reasons, in the 2005 Population and Housing 
Census, the KNSO conducted the Internet survey so as to encourage the hard-to-interview households to 
respond the census by themselves.  
 
8. The 2005 Population and Housing Census was very meaningful in that all the census process was 
actively utilized in order to increase efficiency and accuracy. The KNSO minimized the costs of building and 
operating taken the information system by outsourcing the development of the system to a professional System 
Integration corporation for the 2005 Census. Besides, the equipment used in the Population and Housing Census 
Data Processing System in Nov. 2005 was reused in the Agriculture, Forestry and Fishery Census in Dec. 2005 
and in the Census on Establishments in May 2006.  
 

 
<Figure 1> Data Processing System of the 2005 Population and Housing Census 

 
9. In the 2005 Population and Housing Census, about 100 thousand interviewers were recruited and 
trained by Internet. By doing so, the KNSO cut down the expenses and time spent in managing and training 
enumerators fairly and transparently. And supplies needed for the 2005 Census were provided and managed 
through a single channel, the Population and Housing Census Data Processing System. Moreover, data were 
collected through the e-Questionnaire, and questionnaires were inputted and edited on the Web directly in Si, 
Gun and Gu (county level). Consequently, the results of the 2005 Census were released 4 months earlier than 
ever. 
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<Figure 2> Workflow of the 2005 Population and Housing Census 

 
 
III. INTEGRATED E-CENSUS SYSTEM FOR 2010 POPULATION AND HOUSING CENSUS 
 
A. Key points of the Integrated e-Census System for the 2010 Population and Housing Census 
 
10. At the planning phase in developing the system, we should consider several additional factors in a sense 
that new hardware and software should be re-used in the following large-scale Census, i.e.  2010 Agriculture, 
Forestry and Fishery Census and 2011 Economy Census in the Republic of Korea. The Integrated e-Census 
System for the 2010 Population and Housing Census aims at providing the most appropriate and stable 
equipment enough for 30 percent of respondents to participate in the Internet survey. And the Integrated System 
should be built so that it may be reused in the Agriculture, Forestry and Fishery Census in 2010 and the 
Economy Census in 2011. Also the security system should guarantee the protection of personal information and 
the application programs should be user-friendly. 
 
11. Especially, the architecture that supports the target rate of the e-Questionnaire (30 percent) will be 
explained. And the architecture that allows the KNSO to reuse the application programs and the infrastructure in 
the other censuses will be presented. The two key points are as follows. 
 
B. Architecture to support Internet survey 
 
(a)  Rapid and accurate Internet survey 
 
12. The most important thing in carrying out the e-Questionnaire is to support a system in which 
respondents can fill out questionnaires rapidly and questionnaire data can be effectively inputted and edited on 
the Web. Also, even when many users access Web-based questionnaires at the same time, the system should be 
operated smoothly and stably. Real time-based resource reallocation and server virtualization technology should 
be newly added. And the system should be built so that data can be sent back to the person who inputs data after 
checking the accuracy as speedily as possible. 
 
13. To increase data accuracy, erroneous data should be automatically sent back. And respondents who give 
up filling out e-Questionnaire should be encouraged to continue filling out them. Otherwise, data would be 
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incorrect even though 30 percent of respondents respond to the Internet survey. To solve this problem, through 
the integrated system, after editing data, the KNSO will send emails or short messages (SMS) to respondents to 
let them correct erroneous data and directly input accurate data. And then respondents will explain the reason 
why erroneous data are inputted. Especially, the KNSO will minimize the number of respondents who give up 
filling out e-Questionnaire by guiding them through the 080 toll-free telephone service system.2 
 

 
<Figure 3> Internet Survey Input System 

 
(b)  Stable infrastructure 
 
14. It’s necessary to manage and operate servers effectively because a multitude of users may take part in 
the e-Questionnaire simultaneously. Because the system needs hardware of high capacity, its architecture is 
composed of hardware which guarantees basic tpmC3. Also virtualization technologies such as partitioning are 
used to rapidly cope with system failures. Dual physical servers consist of several servers by the partitioning4 
process, virtualization technology. In that case, load balancing is guaranteed even when a large number of users 
connect to the system simultaneously, and the system will be smoothly operated without server failures.  
 
15. The WEB5 server and the WAS6 server are divided into several partitions to make the best use of 
computing resources. Each logical or physical partition has the same capacity of CPU and memory. By using 
the partition load management functionality, resources are automatically allocated so as to enable partitions to 
be reorganized according the amount of workload. Like this, resources are maximally utilized. 

                                                      
2 080 system: Toll-free telephone services to provide the guidance 
3 tpmC (Transaction per minute Council): The number of transactions per minute. To calculate CPU capacity, the number of concurrent users, the 

number of transactions, default TPC correction and redundancy rate in peak time are used. CPU capacity (tpmC) = Number of concurrent users X 
Number of transactions X Default TPC correction X Peak time load correction X CPU load correction X Application complexity X Network correction 
X Cluster correction X Redundancy correction 

4 Partitioning: A physical server is divided into several physical or logical servers. Each partition is operated independently by its own OS. Through 
dynamic partitioning technology, resources such as CPU, memory and IO assigned in each partition will be added, deleted or relocated according to 
service situations. 

5 WEB (World Wide Web): A computer program that is responsible for accepting HTTP requests from web browsers, and serving them HTTP responses 
along with optional data contents, which usually are web pages 

6 WAS (Web Application Server): Middleware (software engine) that serves to perform application programs through HTTP on the Internet in user PCs or 
equipment. Contrary to the web server, dynamic contents such as Java EE, .NET are performed 
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<Figure 4> Increase in server capacity by dynamic partitioning and reorganization of the servers by survey 

period 
 

16. The e-Census system consists of 3-Tiers7 to distribute its workload step by step. The Web server is 
divided into the Internet server for the management of the e-Questionnaire and the Intranet server for the census 
management, and the DMZ8 is separately configured to reinforce security. In preparation for the increase in 
users and workload, the Internet and Intranet L4 switches are set up so that the load of the multi-tier Web server 
and WAS server can be distributed. To maximize data reliability and management efficiency, the contents and 
applications of the Web server and the WAS server that perform the same functions are stored in an excellent 
storage to compose shared disks.  
 

 
<Figure 5> Hardware Architecture 

 
17. The DB server is configured in dual Active-Standby9 mode, which aims at providing services 
continually. By using highly available solutions, the service failure of the Active server will be solved because 

                                                      
7 3-Tier: An architecture for solving the problems of the Client/Server system in which the presentation of the Web server, the application processing of 

the WAS server and the data management of the DB server are logically separated. 
8 DMZ(DeMilitarized Zone): A sub network which is located between the Intranet and the Internet to reinforce security 
9 Active-Standby: A dual system of either active or standby mode. To increase the availability of the DB server, the DBMS is composed dually. Owing to 

this composition of physically high availability, the standby server will replace the Active DB server in case of system failures 
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the Standby server can take over the services of the Active server within the shortest time period. The storage 
houses SAN Architecture10. To optimize its capacity, memory-based disks (SSD11), which are excellent at data 
reading, and FC (Fiber Channel)12 disks, which are excellent at data reading and writing, are set up. Especially, 
to make the best of the advantages of respective disks in the integrated storage devices, SSD disks are used for 
sharing web contents of the Web server and searching the DB server. And FC disks are used for inputting data 
in the DBMS because they show excellent writing performances. Like this, the capacity is optimized and the 
stability is secured. And to secure the continuity and stability of the storage, the replicated volume will replace 
data volume in case of physical failures. 
 

 
<Figure 6> Integrated Storage Scheme 

 
18. In addition, through a monitoring system, the capacity, the composition and the failures of server 
resources such as CPU and memory will be monitored on a real time basis. In the case of the system overload, 
resources will be expanded by activating deactivated resources at the moment when the system overload is 
expected or happens. In the case of average load, resources will be deactivated so as to upgrade capacity 
temporarily. 
 

                                                      
10 SAN Architecture (Storage Area Network Architecture): A comprehensive network architecture in which different kinds of data storage devices are 

connected to a data server. 
11 SSD (Solid State Disk or Drive): A data storage device that uses semiconductors. Data are rapidly exchanged and the drives are silent. 
12 FC (Fiber Channel): A channel used for SAN, which was standardized in 1998. 
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<Figure 7> Real time-based Resources Reallocation by System Monitoring 

 
(c) Preparation for system failures 
 
19. To enhance the reliability and stability of the system, major components of hardware were dualed. The 
OS (Operating System) of the server was designed to prepare for physical disk failures by the 
RAID131(Mirroring) configuration. By adding built-in disks, in the case of logical failures (file deletion, 
distortion, etc.), which are caused unintentionally by administrator’s errors, as well as physical failures, the 
replicated OS disks will minimize downtime of services. The dualization of network adapters and storage 
channel adapters guarantees ceaseless service provision. 
 
20. On the other hand, by dual Internet service providers for the stable Internet survey, the KNSO will cope 
with service failures of Internet service providers. And the dual network equipment such as Internet router and 
backbone switches, and the dual security equipment will serve to cope with system failures. In addition, the 
service modules of the Internet and Intranet backbone switches14 were duplicated so as to reinforce the 
availability of the network and server by improving security, balancing server load and analyzing traffic. 
 

 
<Figure 8> Dual Architecture to Cope with Network Failures 

 

                                                      
13 RAID (Redundant Array of Inexpensive Disks): A technology that stores some repetitive data into several hard disks to achieve high levels of data 

reliability 
14 Backbone Switch: A high-capacity switch position in the physical backbone of a network 
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21. The SAN architecture-based data backup environment was configured and the integrated backup 
devices were set up by using VTL15 (Virtual Tape Library). Especially, with backup tape devices, the secondary 
backup and disaster recovery area backup will be performed to make preparation against disasters, which is 
called multilevel backup system. 
 

 
C. Building e-Census architecture : ‘Reusing common functions and infrastructure’ 
 
(a) Reusing major application systems 
 
22. Some systems such as the Online Survey Management System, the ICR Input System, the Cyber 
Training System, the Editing & Imputation System in the Integrated e-Census System built for the 2010 
Population and Housing Census will be reused in the 2010 Agriculture, Forestry and Fishery Census and the 
2011 Economy Census to reduce costs and shorten system development time. Universal processing is set up in 
an analysis stage so that it can be flexibly applied and used again in the other censuses. 
 

 
<Figure 9> Universal e-Census Processing 

 
23. Through universal processing, the reusing rate of the Online Survey Management, the Cyber Training, 
the Internet Survey, the ICR Input and the Editing & Imputation will stand at more than 50 percent in three 
censuses.  

 
<Table 1> Reusing Plans of the e-Census System 

Application Common functions Distinctive functions Reusing rate 

Online Survey 
Management  

Survey management, 
personnel/supplies management, 
survey status management, 
evaluation management, free board, 
etc. 

Management survey 
districts, 
Management of populations 
such as households and 
establishments 

65% 

Cyber Training  Training management, learning 
management, completion rate, etc. 

Training contents that 
present the guideline of each 
census 

60% 

Internet Survey  Survey items/code management, Formulation of unique 65% 

                                                      
15 VTL (Virtual Tape Library): A storage device that appears to be a tape library used to backup data, but actually stores data into disks. 
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survey item characteristics 
management,  questionnaire design 
and production management 

templates 

ICR Input  

Universalization of the entire ICR 
process (scan, recognition, 
correction, edit and transmission of 
questionnaires)  

Compilation suitable for 
each census 65% 

Editing & 
Imputation  

Editing rule management, 
editing process monitoring,  
non-response imputation and item 
imputation, etc. 

Compilation and imputation 
suitable for each census 50% 

 
24. Especially, in the case of the Internet Survey System, the KNSO is reusing the Integrated System for the 
household sector which is being operated. This integrated system serves to easily change survey items when 
designing questionnaires, inputting data and editing data. 
 

(b) Reusing the infrastructure 
 
25. The infrastructure of the Integrated e-Census System to be used for the 2010 Population and Housing 
Census was built by considering the reusability of equipment which guarantee high capacity and availability. 
The resources will be rearranged and then reused in the Agriculture, Forestry and Fishery Census in 2010 and 
the Economy Census in 2011. As the optimal architecture is built after considering the scalability and flexibility 
from the beginning, it will be easily reused. 
 

 
<Figure 10> Server Rearrangement to Reuse the Infrastructure in the Agriculture, Forestry and Fishery Census 

and the Economy Census 
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IV. FUTURE PLANS 
 
26. To improve interoperability and develop a sharing system among governmental agencies, the 
Government of the Republic of Korea is currently building Enterprise Architecture (EA). The KNSO built CIO-
level KNSO EA (1 level) in 2008 and is building social statistics designer-level EA (3 level) in 2009 to 
reinforce the administrative information sharing system. The KNSO is also establishing mid- and long-term 
Information Strategy Planning in 2009 to lead statistical informatization. The KNSO will accelerate the 
changeover to the e-Census governance and architecture after analyzing the results of the Population and 
Housing Census in 2011. 
 
27. This paper presented how to build the architecture of the Integrated e-Census System for the 2010 
Population and Housing Census to increase the Internet survey participation rate to 30 percent. By using 
virtualization technology to provide stable services, the architecture became more flexible. In order to operate 
the Internet Survey effectively, load balancing, dynamic partitioning of servers and dualization of Internet 
service providers and Intranet backbones were materialized. Also, the KNSO considered the scalability when 
developing the Population and Housing Census System to reuse part of the system in the Agriculture, Forestry 
and Fishery Census in 2010, and in the Economy Census in 2011. 
 
28. For the successful 2010 Census, the KNSO will take advantage of the merits of a registration census 
and plans to improve the Internet survey system continuously so that it can be used in a rotational census 
concept. Especially, the wizard function will be reinforced to design e-Questionnaire more conveniently and 
this questionnaire will be immediately utilized in the Integrated System. Also by building the system that serves 
to edit data automatically, the whole process of designing a questionnaire, conducting the Internet survey and 
editing survey data will be carried out smoothly, which can be called one-stop services. 
 

 
<Figure 11> e-Census survey architecture 

 
29. We pay attention to the completion of this Integrated e-Census System, which will serve to carry out the 
census cost effectively and highly efficiently. 
 
30. In 2011, we are willing to present the Internet survey participation rate and the comprehensive results of 
the operation of the Integrated e-Census System around. Also some considerations for more developed census 
and more advanced Internet survey will be given. 
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