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Abstract

The use of cell phones has become prevalent in
Pakistan. Several cell phone manufacturers have
incorporated Urdu language keypads into their cell
phone products. This paper analyzes the Urdu cell
phone keypads and proposes a much better layout of
Urdu character set on cell phone 12-buttons keypad.

1. Introduction

Cell phones use a standard telephone 12-key
keypad. The standard numeric telephone keypad
contains digits 0-9, * and # symbols. The cell phone
keypad also contains characters on keys for entering
text into cell phones. Several characters are mapped
to the same key because of small number of buttons
available on cell phone keypads. The multitap
method is the simplest text entry method in such
situation. In multitapping, the user presses each key
one or more times to specify the desired input
character [4]. Bilingual keyboards provide the ability
to enter text in different languages [3]. Urdu-English
twelve button keyboard is a bilingual keyboard for
cell phones. Urdu language contains 45 characters
compared to English language, which contains 26
characters. The large number of characters in Urdu
language makes text entry very slow. Moreover, out
of the 12 keys on mobile phones only 8 are used for
entering text. All of the major brand cell phones use a
standard mapping of Urdu characters given in table 1.

Figure 1: Nokia 3250 Arabic keypad
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Table 1: Standard 12-button keyboard layout

Order
Key [ Il 1l \Y \Y VI VI
2 - @ & 3 & &
3 | 1 3 6 . 15
4 o S| e | o
5 a S 1o o | 3 A
6 d d c « °
7 8] E) 2 s o 2
8 < 3 < X J ° U
9 L L & ¢

The standard layout for Urdu language is derived
from standard Arabic keypad implemented by
handsets such as Nokia 3250 (www.nokia.com)
(figure 1).
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Figure 2: Samsung SGH-C140 Arabic/Urdu
keypad

The extended keypad layout for Urdu is
implemented by handsets such as Samsung SGH-
C140 (www.samsung.com) (figure 2). This mapping
is inefficient in terms of keystrokes per character

(KSPC) and keystrokes per word (KSPW). The
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layout of characters for Urdu language on cell phone
keypad can be improved based on the frequency
analysis of Urdu alphabets.

2. Frequency Based Character Mapping

Frequency based cell phone keyboard layout has
been studied for English language to make typing
English text on cell phones easier and faster [1]. For
Urdu language the optimized layout presented in
Table 2 is based on character frequency analysis of
16,638,852 words raw corpus. The frequencies of
individual characters in the corpus are shown in
Table 3. The ordering of characters on each key was
decided based on digraph frequencies. Figure 3
shows the optimized keypad based on mapping
shown in table 2.
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Figure 3: Optimized layout

Table 2: Optimized 12-button keyboard
layout

Order

v \% VI
2 ! e | e | ¢ 3 .
3 « < A ) 3 5
4 < o s < o 3
5 B J S z 1 B
6 ) <@ i ¢ ¢ 2
7 . o o | o= | 3

8 - ) 8 [ &

9 o < S L 3
Table 3: Urdu character frequencies
Unicode Alphabet Frequency Percentage
627 ! 6733610 12.23570
écc s 5752357 10.45266
6a9 < 3911143 7.10697
631 B) 3669392 6.66768
648 3 3327481 6.04639
6cl > 2994305 5.44098
6d2 . 2857846 5.19302
646 U 2773651 5.04003
645 ¢ 2684946 4.87884
62a o 2117669 3.84803
633 o 1987451 3.61141
644 J 1915841 3.48129
628 @ 1492997 2.71294
6ba v 1469466 2.67018
62f 2 1431230 2.60070
é7e <@ 914273 1.66133
62c fa 844670 1.53486
ébe A 800600 1.45478
626 s 664594 1.20764
6af < 643263 1.16888
639 ¢ 636166 1.15598
641 - 546973 0.99391
642 3 544460 0.98934
634 g 532262 0.96718
62d d 501602 0.91147
632 B) 454158 0.82525
679 = 420666 0.76440
686 z 358159 0.65081
é2e ¢ 352729 0.64095
635 o 327434 0.59498
622 | 259879 0.47223
637 L 220613 0.40088
688 5 183081 0.33268
691 3 143244 0.26029
636 U 142813 0.25951
638 L 104163 0.18928
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63a ¢ 100331 0.18231 < 2.71 1 2 2.71 5.43
630 3 79372 0.14423 v 2.67 7 2 18.69 5.34
62b & 69641 0.12655 2 2.60 1 2 2.60 5.20
624 5 32355 0.05879 < 1.66 2 2 3.32 3.32
621 . 24930 0.04530 z 1.53 1 3 1.53 4.60
6c2 8 4390 0.00798 2 1.45 3 3 4.36 4.36
698 5 2522 0.00458 & 1.21 6 3 7.25 3.62
629 E 2275 0.00413 £ 1.17 4 3 4.68 3.51
6d3 2 1479 0.00269 ¢ 1.16 3 3 3.47 3.47
Total 55032482 100.00000 ] 0.99 1 3 0.99 2.98
S 0.99 2 3 1.98 297
The proposed optimized layout shown in Table 2 el 097 2 3 193 290
is based on the frequencies of Urdu characters. The < 091 3 4 273 3.65
layout has been constructed by mapping consecutive ) 0.83 3 4 2.48 3.30
characters from rows of Table 3 to cells of Table 2. & 0.76 5 4 3.82 3.06
. c 0.65 2 4 1.30 2.60
3. Evaluation
¢ 0.64 4 4 2.56 2.56
The proposed keypad layout has been evaluated o= 0.59 3 4 1.78 2.38
on character-set and words from the lexicon Qerived i 0.47 2 4 0.94 1.89
from Urdu corpus. Table 4 shows the comparison of z
keystrokes per character for individual Urdu 0.40 ] 4 0.40 160
alphabets on ‘standard’ layout and frequency based E 0.33 2 5 0.67 1.66
layout. The keystroke's per character for ‘standard’ 5 0.26 5 5 1.30 1.30
layout are shown in column named KSPC-S :
(Keystrokes per Character on Standard layout). The il 0.26 4 S 1.04 130
column with KSPC-F (Keystrokes per Character on L 0.19 2 5 0.38 0.95
Frequency based layout) shows keystrokes per ¢ 0.18 4 5 0.73 0.91
character on frequency based layout of the keypad. .
2 0.14 6 5 0.87 0.72
Table 4: Keystroke per character comparison < 0.13 6 5 0.76 0.63
5 0.06 3 5 0.18 0.29
Alpha % KSPC-S  KSPC-F S-Exp F-Exp
. 0.05 5 6 0.23 0.27
I 12.24 1 1 12.24 12.24
8 0.01 4 6 0.03 0.05
s 10.45 4 1 41.81 10.45
5 0.00 7 6 0.03 0.03
7.1 3 1 21.32 7.1
E 0.00 4 6 0.02 0.02
B 6.67 4 1 26.67 6.67
2 0.00 6 6 0.02 0.02
5 6.05 2 1 12.09 6.05
s a4 s : 2720 544 Total 100.00 154 150 309.96 166.73
- 5.19 5 1 25.97 5.19
o 5.04 1 1 5.04 504 The last two columns of Table 4 show the
. 488 6 9 29 97 9.76 expected values of keystrokes for ‘standard’ (S-Exp:
- 3.85 3 5 1154 770 Standard layout Expectancy) and frequency based (F-
3.61 : ; 3;51 7'22 Exp: Frequency based layout Expectancy) layouts
l : : : respectively. The expectancy values for each
d 348 5 2 1741 6.96 character have been computed by multiplying
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percentage by the number of keystrokes required by
each layout. Looking at the last row of table 4, it is
evident that a total of the expectancy value of all the
characters for the ‘standard’ layout i.e. 309.96 is
much larger than 166.73 for frequency based layout.
As a result, most frequently occurring characters are
typed quickly compared to the least occurring
characters. The layout has also been evaluated on 100
most frequent Urdu words [2]. The number of
keystrokes per word (KSPW) was reduced by
50.16357688% in frequency based layout (FBL)
KSPW as compared to current standard KSPW. The
comparison of keystrokes between current standard
layout and frequency based layouts is given in table
5. Moreover, the number of keystrokes required for a
lexicon of 51218 words (excluding the probability of
each word) reduced by 36.73491806% KSPW in
FBL-KSPW which is a significant improvement over
the current standard layout KSPW.

Table 5: Keystroke count for 100 most
frequent words

S# Word Frequency KSPW-S KSPW-F

1 = 618958 8 2
2 U 510330 17 5
3 = 495344 7 2
4 = 417230 10 2
5 o) 352897 7 3
6 = 319683 6 3
7 w 268072 4 2
8 S 239480 5 2
9 o 221585 2 3
10 = 200405 6 2
11 o 196799 16 4
12 ~ 184643 8 2
13 By 173181 6 3
14 =& 127457 8 6
15 ~ 120063 9 2
16 S 116695 8 3
17 A 111749 7 2
18 u 103967 17 5
19 o 97549 2 2
20 » 90129 7 2
21 S 89452 8 3
22 5 82484 5 3
23 3] 75497 7 2
24 = 60458 16 6
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25 [ 55527 7 6
26 oy 55404 12 10
27 =5 52084 13 4
28 5 51059 3 4
29 = 45321 9 2
30 s 43449 2 1
31 i 42718 6 2
32 - 41801 9 5
33 LS 41399 9 3
34 o 40080 4 6
35 L 39963 9 5
36 o 38483 2 5
37 & 37790 11 6
38 S 37160 6 3
39 PN 35325 13 8
40 o5 35145 13 5
41 amy 34798 5 7
42 il 34483 8 8
43 s 33759 18 6
44 S 33042 15 6
45 B 31839 18 5
46 L 31410 6 4
47 S 31300 5 4
48 i 31106 9 5
49 = 30280 8 5
50 = 30275 14 3
51 233 29315 14 9
52 S 29142 8 4
53 b 28754 5 2
54 =5 28696 15 5
55 a 28667 11 3
56 s 28484 13 4
57 & 28288 10 6
58 ol 27802 16 6
59 s 27670 13 5
60 ok 26850 8 9
61 el 25951 5 5
62 = 25853 2 5
63 X 25853 9 5
64 o 25481 2 3
65 us 25341 14 4
66 RS 24980 9 4
67 Sl 24930 14 5
68 Gy 24642 11 5
69 =y 24503 7 6
70 S 24501 8 4
71 I 23885 8 3
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72 e 23084 10 4
73 duala 23054 12 11
74 = 22708 15 7
75 5 22705 3 3
76 Cia S 22680 17 10
77 i 22399 23 8
78 S 22145 14 7
79 3} 21722 10 3
80 Ul 21473 6 7
81 LS 21360 9 4
82 S 20903 2 4
83 B 20774 9 2
84 A4S 20083 8 8
85 e 19370 8 8
86 e 19214 17 6
87 sk 19075 7 6
88 o 18940 5 3
89 &L 18865 14 5
90 @2 18834 5 3
91 oS 18739 9 3
92 > 18571 2 4
93 S 18099 8 5
94 &S 18009 13 3
95 = 17907 7 4
96 ud 17751 18 6
97 ) 17345 6 4
98 — 16988 16 10
99 Jus 16655 7 5
100 < 16584 5 3
Total 917 457

The total number of keystrokes for 100 most
occurring words in contemporary ‘standard’ layout is
917 where as in the proposed layout it is 457 which is
an improvement of 50.16357688%.

4. Conclusion

The frequency based Urdu characters layout on
12-button phone keypad reduces the keystrokes per
word significantly compared to the standard layout.
The probabilistic analysis of 51218 words from the
Urdu corpus shows that the proposed frequency
based layout reduces keystrokes by 46% compared to
the standard keyboard layout. Keeping in view the
large number of character in Urdu language
compared to the number of keys available on the
mobile phone, memorizing the layout is worthwhile
and practical.
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