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CONSUMER COMMUNICATIONS AND
NETWORKING

INTRODUCTION

Since the widespread proliferation of cellular
telephone networks and wireless devices in the
1990s, mobile email and short messaging appli-
cations continue to experience extraordinary
growth across the world. Current statistics indi-
cate that short messaging service (SMS) offered
by Global System for Mobile Communications
(GSM), the most dominant cellular communica-
tions system in the world, generates traffic
exceeding 35 billion messages/mo [1]. Similar to
the way email applications expedited the Inter-
net’s maturity from its infancy stages, mobile
short messaging appears to have become the
main driving force in fueling the development of
wireless Internet access in the near future.

Among the many unique technical challenges
faced by communication engineers in imple-
menting ubiquitous Internet access, one subtle

obstacle lies in designing a simple and efficient
user interface for text entry on mobile devices.
These wireless gadgets often do not possess
enough physical space to accommodate the com-
plete keyboard configuration available to their
full-size computing counterparts. Therefore, a
single button on the input keypad may be
assigned to more than one character, thus creat-
ing plurality in character resolution that requires
disambiguation schemes to identify the original
character intended by the user. Similar data
entry issues exist in other technical applications
as well, such as personal digital assistants
(PDAs), wearable computers, interactive TV,
automotive navigation systems, and smart appli-
ances, and an efficient solution for text entry is
urgently needed to foster the next stage of devel-
opment in these emerging fields.

Besides relying on the physical keypad, sever-
al innovative approaches such as touch-screen
keypads, character recognition, and virtual key-
boards have been actively pursued to support
mobile text entry. While each approach is associ-
ated with various benefits, their respective limi-
tations make them not applicable to all
situations. For example, touch-screen keypads
can be loaded with a full keyboard for access via
fingers or a stylus, but restrictions on device
dimensions often lead to very small on-screen
key size that may be difficult to see and select.
On the other hand, not all mobile devices can be
equipped with specialized hardware and ade-
quate processing power to support character
recognition and virtual keyboards. Therefore, a
more concerted research effort should be direct-
ed to a text entry solution based on physical key-
pads whose applicability encompasses most
mobile devices.

An investigation into ways to enhance perfor-
mance and usability in character disambiguation
via a 12-button telephone keypad culminated in
the development of SIMKEYS, a highly efficient
keypad configuration for mobile communications
that is the primary focus of this article. As it
offers unparalleled performance improvement
over existing methods, SIMKEYS will undoubt-

Rick W. Ha, Pin-Han Ho, and Xuemin (Sherman) Shen, University of Waterloo

ABSTRACT

Although text messaging services are becom-
ing increasingly popular in today’s global wire-
less market, fundamental design issues still
linger with respect to text entry methods on
mobile communication devices. Current methods
may often be plagued with problems such as
poor typing efficiency, stringent physical size
limitations, and an unwarranted cognitive pro-
cessing burden on mobile users. The proposed
text entry method for mobile communication
devices, called SIMKEYS, balances input effi-
ciency, ergonomics, usability, and cost via a com-
pact 12-button keypad. Pursuing a deterministic
and linguistically optimized approach to charac-
ter disambiguation, SIMKEYS achieves signifi-
cant improvement in typing performance over
existing methods, verified by extensive simula-
tion results. It also consumes negligible amounts
of system resources and incurs minimal develop-
ment costs. Because of its simplicity and efficien-
cy, SIMKEYS opens the door to exciting
opportunities in the next stage of development
of the wireless Internet.
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edly be instrumental in facilitating future devel-
opment of mobile computing devices.

The rest of this article is organized as follows.
We provide a general description and the design
drawbacks of the current mobile text input meth-
ods. Specifics of the proposed SIMKEYS
method are introduced, while corresponding per-
formance analysis and comparisons are also pre-
sented. We summarize the article with some
concluding remarks.

MOBILE TEXT INPUT METHODS
The current text messaging input methods via
physical keypads can be classified into three cat-
egories: full keyboard, deterministic approaches,
and predictive algorithms; each with its own dis-
tinct advantages and drawbacks.

FULL KEYBOARD
Because of the ubiquitous penetration of the
current full keyboard design, commonly referred
to as the QWERTY keyboard, in the computing
world, designers are prompted to try their utmost
to incorporate the same key configuration or
variants of it onto mobile devices. However, this
notion seems to ignore some fundamental issues
that are pertinent to the mobile environment.
From a user’s perspective, the smaller physical
size of mobile devices causes the keys on the
keyboard to cluster together, thus drastically
diminishing the possibility of applying touch typ-
ing techniques for efficiency improvement. Simi-
larly, with such a large concentration of buttons
on very limited physical space, the user will like-
ly experience some trouble in searching for and
actually typing the keys. As the user usually
relies on both thumbs to perform typing, the
extra distance spanning different keys makes the
full keyboard not conducive to ergonomics and
one-handed operation.

On the other hand, mobile device designers
will be vexed by the fact that the large area
occupied by the keys leaves less leeway in device
design. Since newer versions of mobile devices
tend to successively decrease in size, the full key-
board will most likely not be able to fit onto
these miniature modules. More important, a full
keyboard will demand extra circuitry and elicit
more battery power from mobile devices that are
already energy deficient. This leads to additional
development costs that will be transferred onto
consumers, who will certainly be dissatisfied.
Therefore, regardless of how accustomed the
public is to the universal QWERTY keyboard,
these adverse factors should certainly justify the
adoption of other methods of mobile text entry. 

DETERMINISTIC METHODS
In order to reduce the number of keys installed
on mobile devices, some ambiguity must be
introduced in the character identification pro-
cess. For deterministic methods, mobile users
would enter a distinct combination of keys con-
secutively to unambiguously represent a certain
character. Currently available methods that are
based on the 12-key telephone keypad but with
different character assignments include Multitap,
Less-Tap, MessagEase and Two-Key. The first

two allow variable keystrokes per character from
one to four, while the latter two assume a fixed
two keystrokes per character.

Multitap, which is based on the alphabetic
telephone keypad shown in Fig. 1, has practically
become the standard text entry method for
mobile communications because of its seamless
integration with existing telephony applications.
Its operations are straightforward: a particular
button is pressed i times to select the ith charac-
ter located on that button. If two consecutive
characters reside on the same button, the user
would need to wait for a timeout or press a time-
out-kill button in between to reset the internal
state machine. Although Multitap allows easy
memorization of the character assignments and
achieves seamless integration with the current
telephone system, there exist a number of prob-
lems regarding its efficiency and usability. First,
some characters that are frequently used require
more than one tap, while letters that are seldom
used often involve fewer taps during typing. This
lettering arrangement thus leads to very high
keystrokes per character and subsequently a
lower realizable typing speed. Second, both
instances of waiting for a full timeout and press-
ing an explicit button to delimit the characters of
the same button result in lower typing efficiency.
A Multitap-based scheme called Less-Tap,
shown in Fig. 2a, improves typing efficiency by
reconfiguring the character layout such that
more frequently used characters are given prece-
dent by requiring fewer keystrokes [2]. Neverthe-
less, the segregation of consecutive characters
still requires the use of timeouts or an explicit
key that would degrade typing speed.

Figure 2b shows the character layout of Mes-
sagEase, which assigns unique key combinations
according to the topological location of the let-
ters and symbols on the keypad [3]. While this
method improves efficiency by allocating the

nnnn Figure 1. The standard telephone keypad layout.
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most frequently used characters in English with
combinations that just require double pressing of
the same key, the scattered letter layout makes
memorization very time-consuming. A variant of
this approach, commonly known as Two-Key,
maps the familiar telephone keypad shown in
Fig. 1 with a coordinate system where the first
keystroke locates the group of letters and the
second keystroke identifies the location of the
letter within the group. Although this method
does not stipulate lettering rearrangements from
the alphabetical keypad configuration, it still
requires two keystrokes per character, and fails
to exploit linguistic characteristics that will sub-
stantially improve typing efficiency.

PREDICTIVE ALGORITHMS
Compared to full keyboards, deterministic meth-
ods are simpler to implement on mobile devices
with fewer buttons, but the resultant keypad lay-
outs require character disambiguation methods
that often drastically reduce input efficiency.
The investigation into other approaches that
combine simplicity and efficiency led to the
development of predictive algorithms, which
originally serve the purpose of facilitating text
entry and computer access for individuals with
disabilities via a keypad or reduced keyboard [4].
Instead of manually delimiting each character,
predictive methods associate input key sequences
to distinct words according to linguistic statistics.

In particular, predictive methods direct users to
enter groups of characters per keystroke rather
than individual letters and let the built-in algo-
rithms decipher the input key sequences into
most probably intended words and phrases. Pre-
dictive methods such as T9 and LetterWise pur-
port to achieve performance close to one
keystroke per character [5, 6].

Although predictive algorithms generally
achieve higher typing efficiency over determinis-
tic approaches, there exist a number of problems
that severely hamper their operation. First, pre-
dictive methods realize lower keystrokes per
character at the expense of higher demands on
mobile processing and memory storage. Second,
the increase in typing efficiency only comes
when proper vocabulary usage and perfect
spelling are in effect, and spelling mistakes tend
to be difficult to correct without re-entering the
entire sequence. Third, implementing predictive
algorithms for different languages will require
separate linguistic modules, thus increasing
development and licensing costs for device man-
ufacturers. Fourth, although fewer keystrokes
are required per character via predictive meth-
ods, users will inadvertently expend additional
mental processing power to manually verify the
prediction results after entering the key
sequences. Therefore, overall typing efficiency
may be degraded in spite of the gains achieved
by character prediction.

SIMKEYS SPECIFICATIONS
Given the deficiencies of the current text input
methods, the concept of SIMKEYS is conceived
in an attempt to incorporate design features
such that efficiency, ergonomics, usability, and
costs in mobile text messaging can be balanced.
Upon analyzing the advantages and drawbacks
of various methods, a deterministic approach is
pursued by SIMKEYS because of its structural
simplicity, which translates into ease of use and
low development costs. To enhance typing effi-
ciency, a completely revamped keypad design
linguistically optimized for text entry replaces
the universal alphabetic telephone layout that is

nnnn Figure 2. Keypad layouts: a) Less-Tap; b) MessagEase.
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nnnn Table 1. Frequency ranking of letters and space in English.

1 Space 18.66% 10 H 4.20% 19 P 1.46%

2 E 10.83% 11 D 3.64% 20 W 1.32%

3 T 7.97% 12 L 3.52% 21 B 1.25%

4 A 6.61% 13 F 2.50% 22 V 0.87%

5 O 6.28% 14 C 2.33% 23 K 0.81%

6 N 5.39% 15 M 2.01% 24 X 0.13%

7 R 4.94% 16 U 1.92% 25 J 0.11%

8 I 4.90% 17 G 1.77% 26 Q 0.06%

9 S 4.78% 18 Y 1.70% 27 Z 0.05%
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ill equipped for text entry. Furthermore,
SIMKEYS is based on a deterministic model
that uses neither a timer for letter disambigua-
tion nor a prediction algorithm for letter entry.
The novel SIMKEYS design signifies major
improvements in typing efficiency while consum-
ing minimal system resources.

Because of the legacy of the alphabetic tele-
phone keypad and its influence on Multitap-
based and Two-Key methods, the characters are
all concentrated on buttons 2 to 9 while keys 0,
1, *, and # are often assigned auxiliary functions
such as shifting, symbols, space, and character
disambiguation. SIMKEYS allocates fewer
keystrokes to more frequently used characters in
order to increase typing efficiency, similar to
Less-Tap and MessagEase. However, the style in
which keystrokes are assigned is quite different
from that of the Multitap method. The first step
in assembling the new SIMKEYS keypad layout
is to determine the usage frequency of all the
letters in the alphabet. Table 1 shows the fre-
quency ranking of letters and space in English
[7]. Similar character occurrence patterns have
also been found in other major Latin-alphabet-
based languages such as French, German, and
Spanish [8]. Based on this, the SIMKEYS letter
configuration would be arranged according to
character frequency rather than character order-
ing within the alphabet.

Although in MessagEase all the characters
require two keystrokes, the nine most frequently
used characters are placed on individual number
keys such that each letter only requires a double
click of its respective button. SIMKEYS goes a
step further by dictating only one keystroke for
the most frequently used characters, and the
character placement is shown in Fig. 3b. In addi-
tion, the 0 button is dedicated as the space key
since it is often more frequently used than any
other character. These frequently used charac-
ters (i.e., A-E-I-L-N-O-R-S-T), which only
require one keystroke per letter, constitute the
center plane of SIMKEYS.

In contrast to MessagEase and Two-Key
where a coordinate-based system is sought for
mapping characters to keys, SIMKEYS follows

an approach that is similar to how the shift key
functions on a regular keyboard for assigning the
rest of the characters onto the 12-key keypad.
Much like how the shift key divides the standard
keyboard into two planes of upper and lower
case characters, SIMKEYS exploits the seldom-
used star and pound keys on the telephone key-
pad to generate additional unique key
combinations for accommodating the entire
Latin alphabet. Let the remaining characters be
separated into two groups, each containsing the
second most and least frequently used charac-
ters, respectively. To access the first group (i.e.,
B-C-D-F-G-H-M-P-U), the user would first
press the star key and then the corresponding
number key. Likewise, the latter group (i.e., J-K-
Q-V-W-X-Y-Z) is accessed via the pound key.
These two groups of letters are referred to as
the star plane and pound plane, and their
arrangements are shown in Fig. 3a and c. Since
the pound plane only has eight characters, the
extra ninth slot is allocated to the shift function.
Upper case letters can be entered by first press-
ing the key sequence of #-9 to activate the shift
function followed by typing the desired letter.
This method adequately handles entry of capital
letters if they appear infrequently during mes-
sage composition. Figure 4 presents the final
SIMKEYS layout after all three character planes
are combined.

As text messages often involve a combination
of lower and upper case characters, numbers and
symbols, and so on, SIMKEYS proposes a new
key called mode, shown in Fig. 4, to interchange
the character entry modes of the telephone key-
pad. Four character entry modes are specified:
normal (lower case), caps lock (upper case),
num lock (numbers), and symbol. By successively
pressing the mode key, the entry mode of the
keypad transfers from normal to caps lock, then
to num lock, then to symbol, then back to nor-
mal, and so forth. Just like the many mobile
messaging applications available today, symbol
entry can be performed via a list or a multipage
array format, both of which are expandable to
include more symbols and icons in the future. By
embracing the mode button format, SIMKEYS

nnnn Figure 3. SIMKEYS character planes: a) star plane; b) center plane; c) pound plane.
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reduces the need for separate functional keys
and maximizes key reuse for the telephone key-
pad, both of which are beneficial to conserving
precious system resources in the mobile operat-
ing environment. On the other hand, frequently
used functions such as enter and backspace can
be assimilated into the available keys on a mobile
phone, such as talk and end.

In addition to the regular 26-letter Latin
alphabet used in English, many other Latin-
alphabet-based languages supplement the nor-
mal alphabet set with accented and special
characters. Since the three character planes in
SIMKEYS together only have enough slots for
the 27 elementary letters, any extra character
must be allocated in one of the following two
ways. First, they can be classified as universal
symbols so that they can be incorporated in all
language versions of mobile messaging services.
However, this approach may be as a nuisance
since the user needs to invoke the symbols entry
interface each time such characters are encoun-
tered. Another approach is to let the text entry
program automatically generate the appropriate
notation with reference to the words typed.
While this approach may be clever, it suffers
from the same deficiencies common to predic-
tive algorithms such as increased memory
demands and poor cross-lingual adaptability.
The third method suggests the inclusion of a

new key called accent, also shown in Fig. 4, such
that accented and special characters are associat-
ed with the corresponding regular letter in the
alphabet. For instance, to enter accented ver-
sions of the letter e in French (i.e., é, è, ê, and
ë), the user would first press the 2 button and
then select the desired character by successively
pressing the Accent button. This method entails
customizing the default SIMKEYS interface to
specific languages, which may incur additional
costs, albeit relatively minor, in development and
logistics. In summary, mobile device manufactur-
ers and wireless carriers should be able to pro-
vide downloading and upgrading of multilingual
SIMKEYS input methods with little technical
difficulty.

In the SMS universe there are specialized
terms, commonly referred to as lingo, that are
sometimes undecipherable by the untrained eye.
These terms are often abbreviations of standard
text (e.g., tmr for tomorrow), borrowed words
from foreign languages, or outright concoctions
out of users’ imaginations. Because SIMKEYS is
not dictionary-based, users will encounter very
little difficulty in entering lingo via SIMKEYS.
Also, even though some of the letters that
appear frequently in lingo text may not be com-
monly used characters, the requirement in typing
is at most two keystrokes per character. There-
fore, SIMKEYS is still able to offer increased
efficiency and adaptability in the ever evolving
realm of lingo usage.

PERFORMANCE ANALYSIS
In order to evaluate the effectiveness of
SIMKEYS in comparison to other methods, a
set of performance metrics is specified and com-
puted. Since most of the other input methods do
not stipulate standardized approaches in han-
dling case switching and entry of numerals and
symbols, the performance analysis below will be
only on lower case alphabetical character entries. 

KEYSTROKE PER CHARACTER
In general, the most fundamental performance
metric for any input method is its keystroke per
character (KSPC) figure, which indicates the
average number of key presses to type a charac-
ter. The formula to calculate KSPC is

(1)

where Pi is the probability of occurrence for the
ith character of the alphabet, and ni is the num-
ber of keystrokes to type the ith character. The
KSPC for the various entry methods is evaluated
using linguistic statistics as listed in Table 1 for
every letter excluding space, and the results are
presented in Table 2. Note that the KPSC fig-
ures for T9 and LetterWise are directly drawn
from [9] based on similar linguistic statistics.
From Table 2, both Two-Key and MessagEase
require two keystrokes for every letter of the
alphabet. Predictive methods such as T9 and
LetterWise fare quite well as their KSPC
approaches 1, but both are based on the gener-
ous assumption that only dictionary-based
English words are entered. Among the deter-
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ministic methods, it is clear that SIMKEYS pre-
vails over Multitap and Less-Tap in KSPC evalu-
ation. Compared to the ideal 1 KSPC figure,
Multitap and Less-Tap require 150 and 55 per-
cent in keystroke overhead when typing English,
respectively. SIMKEYS only incurs around 30
percent overhead, which is a near 40 percent
improvement in efficiency over Multitap. 

WORDS PER MINUTE
Another effective performance metric for mea-
suring the efficiency of an input method is words
per minute (WPM), which concerns the project-
ed typing speed of users. The major factors in
determining WPM are keypad dimensions, lin-
guistic correlations, finger movement quickness,
and cognitive delays. The general formula in cal-
culating WPM is given by

(2)

where CPW, short for characters per word, indi-
cates the average number of characters that con-
stitutes each word in the English language, which
is roughly equal to 5 characters/word. TPC stands
for time per character, which represents the
average time required to type a character. It can
be calculated via an analytical model that con-
siders the combined effects of finger movements,
cognitive processing, and linguistic statistics on
typing speed. In short, the model can be repre-
sented by the following formula:

(3)

where Pij denotes the probability of letter-pair
(digraph) i-j consecutively appearing in text, and
CTij is the character entry time for letter j given i
has appeared. Pij values are conveniently drawn
from Mayzner and Tresselt’s table, which is
essentially a 27 × 27 alphabet matrix that docu-
ments the relative frequencies of digraphs from
a large number of vocabulary samples in a vari-
ety of English media sources [7]. The derivation
for CTij is more complex since it involves finger
movements and cognitive processing, both of
which rely heavily on physical dimensions of the
mobile device as well as empirical data obtained
from previous usability studies. In the current
WPM analysis, two methods of modeling CTij
are studied and compared. The first one,
described in [9], only considers finger movement
as the sole determinant of CTij, which in essence
assumes that the users are expert typists with lit-
tle mental hesitation when entering consecutive
characters on telephone keypads. The second
model, introduced in [10], incorporates both fin-
ger movement and cognitive processing over-
head in computing CTij such that the behaviors
of nonexpert and average mobile messaging
users can be portrayed. In essence, the total
input time is the sum of the time used for finger
movement and any associated cognitive delays,
in which the latter values are determined
through empirical evidence collected from exten-
sive user trials as noted in [10]. As different text
entry methods are associated with distinct finger
movement and cognitive delay patterns, the
exact model formulation will vary in each case.

To quantify the entry time elapsed through
finger movements and the actual keystroke on a
telephone keypad, a simple mathematical expres-
sion called Fitts’ Law can be applied [11], which
takes the form

MT = a + blog2(A/W + 1), (4)

where a and b are system coefficients that
depend on the method of entry, A is the length
or amplitude of movement, and W is the target
size. For every input method in the current
study, it is assumed that the user relies on only a
single thumb to perform text entry. Subsequent-
ly, coefficients a and b were experimentally veri-
fied to be 176 ms/b and 64 ms/b, respectively, for
one-thumb typing mode [29]. On the other hand,
parameters A and W both depend on the physi-
cal dimensions of the 12-button telephone key-
pad tested, which has button sizes of 6 mm × 10
mm and interkey distances of 9–11 mm.

Table 3 presents the projected WPM values
for different input methods with and without
considering user cognitive delays. It can be seen
that SIMKEYS outperforms all other determin-
istic input methods by a significant margin with
or without considering cognitive delays. In par-
ticular, SIMKEYS offers 47 and 31 percent high-
er improvement in efficiency over Multitap in
both models, respectively. Despite the seemingly
considerable difference in WPM between
SIMKEYS and predictive methods, the actual
performance difference is much smaller in prac-
tice since predictive methods were supplied with
the generous assumption of perfect disambigua-
tion and word prediction. Because of the sub-
100 percent prediction accuracy of predictive
algorithms in reality, the user will habitually veri-
fy the prediction results after entry completion
of each word, thus incurring additional cognitive
processing overhead.

CONCLUSIONS
SIMKEYS, an efficient keypad configuration
that offers a fresh perspective in implementing
text entry on mobile devices, has been proposed.
Rather than relying on sophisticated user inter-
face approaches, SIMKEYS is based on a deter-
ministic approach that exploits linguistic statistics
to achieve simplicity and performance improve-
ment using a modified 12-button telephone key-
pad configuration while incurring minimal
system resources in the mobile computing envi-
ronment. The meticulous SIMKEYS keypad lay-
out is optimized for most languages based on the
Latin alphabet, and it seeks to be a global stan-
dard for ambiguous text input. Extensive analyti-
cal results have proven that SIMKEYS prevails
over existing methods by a considerable margin
in several performance metrics. The next steps in
SIMKEYS development include usability trials
and industry feedback to further refine the novel
keypad design for better memorization and a
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quicker learning process.
Fully embracing the SIMKEYS concept may

take time and genuine conviction from both the
wireless industry and the user population
because its implementation entails a radical key
reconfiguration of the familiar alphabetical tele-
phone keypad that could impact existing tele-
phone dialing practices such as vanity numbers
(e.g., 1-800-SIMKEYS). With clever user inter-
face design, however, the SIMKEYS configura-
tion can coexist with the current telephone
keypad layout such that users can switch between
operation modes with ease. It is expected the
general public will soon discover that the bene-
fits of using SIMKEYS for text entry will far
outweigh its few disadvantages in the long run.
Also, the use of SIMKEYS does not preclude its
integration with predictive methods on mobile
devices, which together will offer users addition-
al performance enhancements in text entry.
Because of its simplicity and efficiency,
SIMKEYS opens the door to exciting opportuni-
ties in product design for mobile communica-
tions, and will certainly help pave the way toward
the next stage of wireless Internet development.
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nnnn Table 3. Projected WPM values for different input methods with or without cognitive delay.

Method WPM Difference WPM Difference
(without cognitive delay) (with cognitive delay)

Predictive 40.65 24.99% 9.99 7.57%

SIMKEYS 30.49 — 9.23 —

Less–Tap 25.13 –21.36% 7.77 –18.90%

MessagEase 25.00 –21.97% 8.66 –6.65%

Two–Key 22.43 –35.97% 8.33 –10.89%

Multitap 20.73 –47.12% 7.03 –31.38%

Because of its

simplicity and

efficiency, SIMKEYS

opens the door

for exciting

opportunities in

product design

for mobile

communications,

and it will certainly

help to pave the

way towards the

next stage of

wireless Internet

development.
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