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King Sejong’s Invention: Korean Characters
and Real-time Korean Information Network

Yung Bok Kim'

ABSTRACT

The Internet, especially the mobile Internet influences enormously in many areas in human society, especially in terms of the exchanging
speed of knowledge and information. This new society of knowledge and information will introduce many new types of services based on
valuable knowledge and information, Among many new services in this mobile computing environment, the real-time worldwide Korean
information networking service using the Korean characters invented by the King Sejong is possible ubiquitously with wired and mobile Internet.
We studied the user interface with Korean characters in the mobile computing environment, and introduce the useful results with new metrics

of performance analysis after real implementation for real-time Korean information networking using Korean domain names.

FI19E : Mobile [nternet, Korean Alphabet and Korean Characters, Information Network

1. Introduction

Exchanges of information, with speech and characters, ha-
ve evolved the human society enormously since the ancient
age. Recently, one hundred of great people, who had influ-
enced the global human society during last millennium since
the year of A.D. 1000, were chosen by a group of American
leaders and introduced in the History TV channel. Among
the one hundred great people, Mr. Gutenberg, the German
who invented the printing technology in the year of 1455,
was elected as the number one in the ranking, the second
person in the rank was Mr. Isaac Newton, the great scientist.

In the mid-fifteenth century Johannes Gutenberg [1] in-
vented a way of mechanizing the production of printing type,
as distinct from individually engraved or cast letters. This
was the beginning of the mass production of books. The
Gutenberg Bible was printed in Mainz around 1454-5. It is
the first major book printed in the west, and about 180 copies
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were printed and significant parts of 48 copies still survive.

In Korea, Jikji [2] is the first book published using metal
printing method in the year of 1377. Dating 78 years back
from Gutenberg's ‘42-line bible’, the western hemisphere’s
proud tradition, Jikji is the manifestation of the advanced
printing technology and flourishing publishing culture in late
Goryeo Dynasty. UNESCO, a UN organization, instituted
“Memory of the World Program” to protect and preserve
” In September 4, 2001, Jikji is listed on
Memory of the World program.

“written legacies.

King Sejong [3] the Great is regarded as the most enligh-
tened king in Korean history. King Sejong was born in 1397,
and ascended the throne in 1418 at the age of 21. During
his 32-year reign, King Sejong energetically promoted lear-
ning. He was responsible for the creation of the Korean Han—
gul alphabet, and this scientific alphabet is his most known
achievement; the Korean alphabet composed of 28 Korean
characters were invented by the King Sejong himself in the
year of 1443. This alphabet enabled literacy to become more
available to the general population, who could not be expec-
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ted to master the classical Chinese language that was the
official written Janguage of Korea at the time. In 1420, King
Sejong established the Chipyon chon (Hall of Worthies), a
royal research institute. He gathered the foremost scholars
and writers of the time and had them compile some 20 works
on history, geography, astronomy, mathematics, military sci-
ence, pharmacology, and agriculture. These also included en-
cyclopedias on Chinese medicine and Korean medicine (han-
yak), Of the many valuable books that were published during
his reign, a collection of King Sejong’s own poems praising
Buddha entitled Worin Chon-gangjigok were also published.

The wired Internet introduced in the last decade of 20™
century, Le. at the just ending period of last millennium, has
influenced many areas in human society, especially the speed
of knowledge and information exchange; the mobile Inter-
net is affecting much more in ubiquitous computing envi-
ronment and will introduce many special applications in this
21st century. This new age of knowledge and information
derives also many new aspects of human life and business
model, and the worldwide real-time racial information net-
work based on the access of Internet, both the wired Internet
and mobile Internet, becomes realistic especially using the
multilingual Internet domain names and related contents, e.g.
Korean Domain Names using Korean characters invented by
King Sejong.

For wired Internet using HTML, for PCs, and for mobile
Internet using WML, mHTML or HDML, for mobile phones,
the management of server becomes more difficult. The mo-
bile clients-server web applications with a real-time requi
rement were studied and the study for the overall system
performance considering the case of writing web pages were
left for further study [4]. For the mobile phone Internet, as
one of major protocols, the WAP protocol has been used a
lot, especially in Korea and many other countries, and WAP
browsers, with WAP 1.0 to WAP 2.0 version, have been
implemented in many mobile phone devices. The challenged
performance in the ubiquitous mobile computing (5] is what
the bottlenecks in the application architecture or the content
path are.

So many different kinds of portals and web sites might
give some confusion for some unified application like world-
wide racial networking even though they have given us
many valuable applications. We introduce the real-time uni
fied portal for worldwide racial information network based
on wired and mobile Internet, and show the useful results
from real implementation for Korean information network

using Korean domain names.

2. Korean Characters and Mobile Internet

The usefuiness of the Korean domain names, as a multi-
lingual domain name, was studied. Especially the conveni
ence of the single Korean character and Korean Alphabet
as a URL or domain name was studied, e.g. ‘¢].net’, ‘*77.com’,
and "t-.com’ etc. For the real-time service, the speed for
typing URL, here Korean domain name, will be one of the
dominating factor in performance especially for Korean mo-
bile phone users in near future. The single Korean character
is meaningful because every word or acronym as a domain
name starts from a single Korean meaningful character as
well as from a Korean consonant alphabet.

The user interface to type-in the domain name for the ac-
cess of Internet, both the wired Internet and the mobile
Internet, should be as simple as possible. The single cha-
racter, here, the Korean character, satisfies the convenient
user interface for the wired and mobile Internet. The scheme
for multilingual domain names including Korean domain
name has been standardized world-widely by IETF and is
being approved by ICANN [6]. The multilingual domain na-
me service using plug-in program, which is converting the
Korean domain name to ASCII code, has been serviced since
January 2003.

The performance of the unified portal is important to pro-
vide services with cost-effective and inexpensive system
solution. Therefore, we considered the requirement for per-
formance and its metrics in the pervasive computing envi-
ronment. We introduce the real-time Korean information net-
work, based on Korean domain names, and shows also the
useful results of implementation of the unified portal for wo-
ridwide Korean information networking, using Korean cha-
racters invented by the King Sejong in the vear of 1443.

For the consistency of information and for the convenient
user interface, we need the unified portal for wired Internet
and mobile Internet. The real-time access of information,
knowledge and advertisement is required for many applica-
tions, e.g. location based services and mobile commerce
services and so forth. Also, we need to write the information
or advertisement in real-time way. Even though the conven-
ient access and search of required information in many in-
formation portal sites using search engines based on server
clustering architecture [7], the writing of information or ad-
vertisement of web sites or special notices is difficult or not
possible, especially in terms of real-time way.

With proliferation of pervasive computing devices, the
Internet applications should be integrated into existing social
systems [8]. There are so many different kinds of portals



that are based on the wired or mobile Internet, and also many
community sites are proliferating. However, the complexity
of consistent information access from the portal or commu-
nity sites has been increasing, in other sense the isolated
information islands may increase continuously, e.g. the mo-
bile portal sites managed by the mobile communication ope-
rators, e.g. in Korea. We suggest the unified portal using
Korean domain names for the above situation and the in-
formation anarchism, e.g. numerous immoral sites, should
be expelled from this promising information super highway.

The unified web server should have the capability of sho-
wing the appropriate contents, i.e. the HTML contents for
wired Internet as well as the mohile contents for many
different kinds of mobile devices, e.g. WML, mHTML, HDML,
etc. For unified service, there are several constraints, com-
pared to the contents for the wired Internet. Therefore the
development and application environment are very different
from the existing wired Internet environment, i.e. mainly
based on MS Explorer as an Internet browser.

We suggest the minimum requirements as capabilities of
unified Web server instead of Juxurious capabilities, because
of the cost-effectiveness and low cost/performance ratio. To
provide the minimum requirement for the wired Internet
using PC and for the mobile Internet for the wireless mobile
devices, e.g. handheld devices and mobile phones, we can
provide the simplest functionality with the less capable mo-
bile Internet phone. Among several constraints with mobhile
phone, in terms of the contents, the WML deck size should
be below around 15Kbyte, even though recently several
models for the CDMA 1x EVDO with 2mbps speed have
been introduced in the Korean mobile services, e.g. ‘June'
service by SKT and Fimm’ (First in Multimedia Mobile)
service by KTF and the deck size over 45Kbyte is bigger
than old models. We implemented the suggested unified
portal of Korean Information Network for wired Internet for
PC and wireless Internet for mobile devices. The size of con-
tents is below 1.5Kbyte as a WML deck, which is the trans-
mission packet unit in the WAP environment. and even for
the wired Internet the packet size is almost same for unified
service. The easy typing of the URL was also considered
for both wireless and wired Internet. The Korean domain
names, which become the key for retrieval of information
or registration of information as well as advertisement, were
considered as a user interface for Korean information net-
working. Moreover, for real-time writing of contents with
mobile phone, the speed of typing-in with keypads in the
mobile phone was studied using Korean characters and Ko-
rean alphabet invented by King Sejong.
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3. User Interface with Mobile Phone

To access pervasively this unified portal for Korean in-
formation network, as we mentioned already, the user in-
terface should be as convenient as possible even for typ—
ing-in the domain names or URLs as well as for typing-in

the contents with mobile phone.

(Table 1> Average Keypad Press Number
(LG Wever—net Model)

- (Mean)
' Press No Alphabet Probability Press Number
‘ 1 time adg,mptw 8/26 8/26
| 2times |behknagrux| 9% 18/2
3times | C, f il 08 v,y z 9/26 27/%6
Average Keypad Press Number for _
English Alphabet 53/%6 = 2.04

About the user interface, <Table 1> shows the average
of the keypad press number in the case of LG's Wever-net
model. Based on the assumption of single English alphabet
character, this is analyzed at the user’s point of view. For
writing the information in real~time way, the user’s typing
speed of character is one of important performance factors,

especially with the mobile phone.

(Table 2> Average Keypad Press Number

(LG 1500 Model}
Press No Alphabet Probability |, Meaw
Press Number
1 time a d g jmpt w 8/26 8/26
2 times b, e h k n,q u x 8/26 16/26
3 times ofLLLornvy 3/26 24/26
| 4times | sz % | %
Average Keypad Press Number for
Englis!lgl Alp}}llgbet 86/2% = 215 B

In the <Table 2>, the other model by LG Telecom in Korea,
LG-11500 shows the average about 2.15. Among many other
models from other vendors in Korea, the Anycall model by
Samsung in Korea shows that the average keypad press

number is about 2.04.

(Table 3> Average Keypad Press Number

(LG 11500 Model}

Press No Korean Character Probability ng(ls/[;a;;ber
1 time T, @, U A0 6/14 F 6/14
2 times A8, " RF 5/14 L 10/14

3 times [EE L 3/14 914
Average Kevpad Press Number for oA = )
)i» Korean AlphabetA_ /4 = 176
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For Korean alphabet of 14 consonants, 1.(G- 11500 model
shows the averaged Keypad Press Number is about 1.76 as
shown in <Table 3>. The other models from SK and Sam-
sung show the average about 1.5 for both models as shown
in <Table 4> and <Table 5>. We could see that the Korean
alphabet is easy to type with mobile phone.

(Table 4> Average Keypad Press Number
(SK SKY cdma2000 Model)

. N . - (Mean)
Press No Korean Character Probability Press Number
ltme |7, %, =84 7 0] 7 7/14
2times |2,/ A T E 2, F /14 14/14
Average Keypad Press Number for Y14 - 15
Korean Alphabet B

{Table 5> Average Keypad Press Number
(Samsung Anycall Model)

Press No Korean Character Probability Pre:yﬁu%tg
1 time T, L., &, B, A RO /14 /14
2 times 2, 0 &K B L F r 7/14 14/14

Average Keypad Press Number for

=15
| Korean Alphabet W14 =15

Abhout the user interface for single Korean character, the
following <Table 6> shows the average of the keypad press
number in the case of LG's Wever-net model. Based on the
assumption of single Korean character composed of one con—
sonant and one vowel; this is analyzed for the user's point
of view and the average is around 3.86.

(Table 6y Average Keypad Press Number
(LG Wever-net Model)

R’ress No | Consonant and Vowe! | Probability T P fMefm) A]
L ress Number
; I I '_IY «, \'JY /\' = 5/14 5/14
‘ ime
A S P Pl 0 B SN2 U
f — B 0, R 5/14
2 times — S
S PR I Y
T""- i 4/14
L3 fimes
e N 414 12/14

for Single Korean Character 54/14 = 386

z Average Keypad Press Number
(I consonant and 1 vowel)
_ e

The other model by LG Telecom in Korea, LG-i11500, sho-
ws the average about 3.93. Among many other models from
other vendors in Korea, The ‘Chon -Ji-In’ model by Samsung
in Korea shows that the average keypad press number is
about 4.07. Similarly, in the <Table 7>, the SKY model IM-
6200 hy SK Telecom in Korea, shows that the average is

about 4.14. In the case of single Korean character composed

of two consonants and one vowel, the results will be chan

ged.

(Table 7> Average Keypad Press Number
(SK SKY IM-6200 Model)

~—N _— . . S (Mean)
Press No Consonant and Vowel Probability Press Number |
I ¢ e, m o, o, % 7/14 7/14
1 time
b, 4, T 5/14 5/14
) o8, K, A E, L E /14 14/14
2 times
Fod, o, -- A3 7/14
. A, 5L B 4/14
3 times
H, 4 2/14
Average Keypad Press Number

for Single Korean Character 58/14 = 4.14

(1 consonant and 1 vowel)

The Korean domain name is consisted of several charac-
ters where the each character is at least composed of one
consonant and one vowel; that means the minimum bound
of keypad pressing number for single Korean character is
the same as we discussed above. Therefore the minimum
bound of keypad pressing number for Korean domain names,
in the case of several Korean characters, will be the multiple
of the ahove keypad pressing number.

The English domain name is at least consisted of several
alphabet characters: that means the minimum bound of key-
pad pressing number for single alphabet character is the
same as we discussed above. Therefore the minimum bound
of keypad pressing number for English domain names, in
the case of using several alphabets, will be the multiple of
the above keypad pressing number. For example, our unified
portal site ‘ktrip.net’, the actual keypad pressing number
with the above LG-11500 model is around 20 including the
mode change from Korean mode to the English mode; in the
case of the portal site ‘vahoo.com’, the keypad pressing
number is around 22. The number of keypad pressing ‘net’
itself is 6 and the keypad pressing number for ‘.com’ itself
is 8 for both LG models. For Korean domain ‘kr’, the keypad
pressing number is 6. Therefore we might need the one-
touch button in the mobile phone, for “net’, for ‘.com” and
kr'.

Evaluating servers with commercial workloads becomes
more difficult [9]. We used single web server as a unified
portal service for the simplicity of management and the co-
st-effectiveness. This method gives the effectiveness and
efficiency for the notification of information and utilization
of resources, in terms of the bandwidth for communication
and the size of disk storage

Instead of the traditional performance analysis [10], for the



mobile user in the ubiquitous computing environment, we
could consider the following delay metric. The round-trip
response time for user’s single interaction, from user to the
contents in DB through wired/mobile Internet before next
interaction, with mobile phone is 7,, which is composed of
the time for user's preparation to get mobile phone in his
hand is U, ; the time spent with mobile phone to do appro-

priate action for service is D,, ; the aggregate time to the

web Server after the mobile device through wired/mobile In-
ternet for mobile service is S, (the network time is inctuded

here) ; the time depending upon mobile contents is C,, . Am-
ong the above random variables (U,,, D,,, S,., C,,) for mobile

user, the most dominating factor, i.e. the random variable,
may be different from person to person. From our study,
we can order the dominating random variables, as follows,
Un?> Dy Su> Cotwrity 7 C miready-

This relation may be changed from person to person, from
contents to contents, but our main concern is how to make
the dominating times to be shortened.

For the real-time application using wired Internet and mo-
bile Intemet, the dominating factor and the variance of that
random variable should be bounded within the deterministic
response time. To be deterministic for real-time application,
the user should be skilled, the user interface of device should
be convenient, the server should be efficient and have high
performance for the dedicated application if possible, and
finally the contents should be simple as possible with simpli-
fied and efficient format. The user’s preparation time U,
will be shortened depending upon the proliferation of perva-
sive devices, e.g. mobile Internet devices.

Let’s consider the average of the keypad press number
for the case of LGT’s, Samsung’s and SKT’s model, discus-
sed before, and this is related to the device time D,,. Based

on the assumption of single Korean character composed of
one consonant and one vowel ; this is analyzed at the user’s
point of view. For writing the information in real-time way,
the user’s typing speed of Korean character is one of im-
portant performance factors. The Korean characters or al-
phabet is simpler than English characters or alphabet in the
case of same condition.

4, Empirical Results

This system is based on wired or mobile internet, many
single Korean character domains for fast access to the re-
quired Korean domain name, the required information or

advertisement can be registered in any time and any place
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using wired or mobile Internet [11] with the single Korean
character domain name, e.g. ‘F~.net’, ‘.net’, ‘T.com’, ‘* .com’
etc. The implemented system is as follows; for the ope-
rating system, Windows 2000 server; for wired and mobile
Internet web services, 11S5.0 web server and ASP 3.0; for
DBMS, MS SQL server; for the mobile markup language,
WML for SK Telecom, mHTML for KTF, HDMI. for L.G
Telecom. The E1 (2.048Mbps) Internet communication line
to the web server, i.e. the unified portal, for both wired and
mobile Internet service, is being used, because this E1 or
T1 line is most popular and cost effective for many small
and medium size companies. As we discussed already, the
size of web page for unified service was considered below
{1.5Kbyte, i.e. between 50Bytes and 1.5Kbytes, to minimize
the dependency of the overall performance to the shared and
stochastically varying network traffic; also the web server
is dedicated to minimize the server load, and dedicated for
the unified portal for Korean information networking.

The speed of real-time registration of advertisement as
well as the speed of access of special information for various
communities is fast enough for real application. Moreover
the effectiveness and efficiency of storage for advertisement
and information is being anticipated if we consider the inef-
ficient worldwide applications, e.g. various community sites,
home pages for small companies, or inconvenient notification
boards, as far as the consumed disk storage, operation and
administration are concerned.

Ping Response Time

500
(%)
ke
c
[e]
<§ N Std
= A Mean
g
Server Via A Via B
M Stid 4.35 11.56 7.82
B Mean 30.5 223.5 2211

Web Site (Direct or Via)

(Figure 1) Response Time with Ping Command

(Figure 1) shows the response time after Ping command
from wired PC to the unified server (ktrip.net) directly, via
A site (‘71.com’, web forwarding service server A of domain
registrar), and via B site (‘g.net’, similarly, the web for-
warding service server B of domain registrar). We can ob-
serve that the direct access to the server without any inter—
mediate server is rather faster than the others, via A and
via B. (Figure 2) shows the mean and standard deviation
of around 100 samples gathered in June 2003, we can observe
that the response time at wired PC is fastest and stable with
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little deviation, the averaged response time with mobile
phone Internet is around 12 seconds with about 2 second
standard deviation, the other two cases with wired PC via
the intermediate server in domain registrar office show that
depending upon the intermediate server the mean and devi-
ation of the response time become very different.

Response Time

50
(2]
°
o
Q
[5)
[}
[}
0 .
Mobile Wired Via A
Bl Mean 12.11 1.94 6.02
EStd 1.96 0.3 1.64 10.1

Mobile/Wired Internet

(Figure 2) Response Time (Mean and Standard Deviation)

The size of one web page for wired Internet is around
25Kbytes, and the notations are marked with Via A (for
‘-1.com’) and Via B (for ‘4.net’) in (Figure 2). The size of
web page for the wired Intemet accessed by the domain
name ktrip.net is about 5Kbytes, and the size of the mobile
web page (uncompiled) is about 15Kbytes which become
about 1Kbytes after compiling to WAP binary file. For ex-
ample, the uncompiled 1639Bytes becomes 988Byte WAP
binary, the uncompiled 993Bytes becomes 662Byte binary,
the uncompiled 1Kbyes becomes 650Byte binary (compiled
WAP binary), respectively.

With the (Figure 1) and (Figure 2), we can conclude that
the network and server response time for Ping command is
much shorter than the content retrieval time in the server.
The mobile 1.5Kbyte content retrieval time with mobile In-
ternet is about 10 seconds longer than the wired (PC) 5Kbyte

content retrieval time.

5. Conclusions

A real-time unified portal using Korean domain names has
heen implemented for worldwide real-time Korean infor-
mation network, based on wired and mobile Internet. The
results of implementation show the usefulness and conve-
nience for the society of knowledge and information, with
Korean alphabet invented by King Sejong in the vear of 1443,

The analysis of the unified portal for the wired and mobile
Internet using Korean characters and alphabet was discus-
sed, considering the effective response time for worldwide
service. As one of future works, the use of Korean domain
names by mobile operators will be promoted to reduce the

speed of domain names, and the effects to the mobile cu-

stomers will be studied in terms of the real-time exchanging
speed of knowledge and information.
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