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Abstract

Recent advancement in Information and Communication Technologies (ICT)
have offered a huge prospect for computing in our own language. However, there
have been several challenges that have slowed down the moment. One of the
biggest hinderance is the absence of standardized Nepali Keyboard Layout. The
existing keyboard layouts have been highly intuitive in design rather than being
scientific and statistically optimized. These layouts don’t consider the basic
factors like distribution of frequency load among the keys, hand alternation, and
many other factors due to which they put excessive and disproportionate stress
on the fingers, which on long term can cause several adverse effects. This report
deals with an attempt to create an optimum Nepali keyboard layout which
aims at creating a scientifically proportionate and statistically induced character
mapping. While several methods of creating and optimizing a keyboard layout
may exist, we have used Genetic Algorithm to find an optimized Nepali Unicode
Keyboard Layout.
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Chapter 1

Introduction

Recent advancement in Information and Communication Technologies (ICT)
have offered a huge prospect for computing in our country. It has helped us
grow oppurtunities and meet our development goals. However, there have been
several challenges that has slowed down the initial moment that we had gained.
Among one of the biggest hinderance is the absence of standardization of Nepali
Keyboard layout. Due to this, different varieties of keyboard layouts are being
used for computing in Nepali. Though these layouts are being used by the users,
the fact that the layout and fonts are not standardized is causing a wide spread
problem in data interportability and other important applications of Nepali
computing.

In addition to the upper mentioned issues, present keyboard layouts have
been designed without much research on how they impact the typing behaviour
of the users. These layouts are irregular in terms of stastistical distribution of
the keys due to which the keyboard layout puts excessive and disproportionate
stress on the fingers which on long term can cause adverse effects.

Though widely used forms of keyboaed layout exist, detailed analysis of
the whether these are truly optimal layouts or not has not been done. The
drawbacks of existing Nepali Keyboard Layouts leads to the requirement of the
detailed scientific and statistical study of the Nepali corpus in designing the
new standard and widely acceptable layout. Furthermore the design should
be consistent with the capability of human fingers and fluency with the Nepali
language structure. This layout is an attempt to create an optimum Nepali
keyboard layout which aims at creating a scientifically proportionate and sta-
tistically induced character mapping. The main goal of this particular layout
are:

• Allow for minimum typing effort

• Maximize typing speed

• Reduce typing errors

• Allow easy learning of the touch typing method.
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Chapter 2

Unicode and Nepali

Fundamentally, computers just deal with numbers. They store letters and other
characters by assigning a number for each one. Before Unicode was invented,
there were hundreds of different encoding systems for assigning these numbers.
No single encoding could contain enough characters: for example, the European
Union alone requires several different encodings to cover all its languages. Even
for a single language like English no single encoding was adequate for all the
letters, punctuation, and technical symbols in common use. Any given computer
(especially servers) needs to support many different encodings; yet whenever
data is passed between different encodings or platforms, that data always runs
the risk of corruption.

Unicode provides a unique number for every character used in the computer,
no matter what the platform, no matter what the program, no matter what the
language. This completely minimizes the conflicts and data corruption caused
by the incompatible coding system.

Unicode enables a single software product or a single website to be targeted
across multiple platforms, languages and countries without re-engineering. It
allows data to be transported through many different systems without risk of
data being corrupted.

2.1 How Does it Help Nepali Computing

Traditionally Nepali fonts such as Himali, Preeti, Kantipur, Sama etc. has
been developed and used to fulfill the need of documents required in Nepali
language. All these fonts, though use the Devnagari font as their base, have
different coding system. This brings about a lot of complication in downloading
the documents from one pc to other, especially when the document prepared in
a particular font doesn’t get downloaded in the other computer in the absence
of the same font in the latter one.

To view the document, the exact font had to be installed in the receiving
computer. Sometimes even a single page of document may contain several kinds
of fonts which make the downloading process even more complicated and time
consuming. But with the Unicode Devnagari font installed in the keyboard, this
problem is completely minimized.

2



Chapter 3

Existing Layouts

Currently, three major keyboard layouts exist for typing in Nepali Unicode.

1. Traditional Layout

2. Romanized Layout

3. Devanagari Keyboard (Dp)

3.1 Traditional Layout

The Traditional Keyboard Layout has been derived from the layout used in
Nepali (mechanical) typewriters (see Appendix A.6). The unicode version of
this was developed by Madan Puraskar Pustakalaya (MPP). Although it directly
corresponds with the traditional layout and might be easier for anybody already
familiar with the traditional layout, it has the following pitfalls:

• It is more of an intuitive design rather than scientific and statistically
correct,

• Does not consider the aspects of learnability,

• It is not unicode compatible making it difficult to port to other platforms,

• It is designed considering key-sticking problem of type-writers which has
become obsolete.

3.2 Romanized Layout

Romanized Layout has been developed by Madan Puraskar Pustakalaya (MPP)
and has been designed to ease Nepali typing for those who are already familiar
with English keyboard layout (see Appendix A.7). However it has following
pitfalls:

• Though a very good keyboard layout for english users, due to the absence
of proper arrangment of alphabets, it is not statistically optimized,
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• The keys are placed haphazardly, i.e., the alphabets are not arranged
according to the load distribution attribute of keyboard design,

• Though it is unicode based and easy to use, even in long term, it does not
increase the typing speed,

• User needs to know how to type in english and should have knowledge of
the language before he can start relating to the Nepali layout,

• Learnability is not considered (except for english users).

3.3 Devanagari Keyboard (Dp)

Devanagari Keyboard (Dp) Layout has been developed by Dhak Prasad Upreti
(Bishnu). Although not popular in mainstream use, this Keyboard Layout has
been statistically modeled and corresponds to the frequency of letters in Nepali
(see Appendix A.8). However, this layout has following pitfalls:

• The corpus analysis deals with only single letter frequency (monograph)
and no study of pair of letters (digraph) is done.

• The letters are arranged solely using the frequency of individual letters
and no optimization parameter is maintained.

• The layout is not optimized for typing characteristics like modifier over-
head (shift key), hand alteration, finger alteration and hit direction.

• The layout is designed manually and no machine assisted optimization is
done.
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Chapter 4

Corpus

The corpus was created using gathering texts from leading Nepali e-newspaper
and wiki web-sites like eKantipur, Hamro Samachar and Nepali Wikipedia.
Altogether 7,797 articles were collected for this purpose which consisted of
2,452,937 words.

4.1 Analysis

The frequency analysis has been done in both letter and syllable level (i.e.,
monograph and digraph). The result are too big to be included with this report.
It can be found at website mentioned at Appendix A.2. The Python scripts that
were used to calculate the frequencies are in Appendix A.5.

The following characters were selected for the layout which represent the
Nepali written language, as a subset of Devanagari Script.
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Chapter 5

Optimization Strategy

Keyboard layout optimization is a discrete combinatorial problem which is con-
strained by various factors such as statistically oriented optimization, learnabil-
ity. The statistical optimization problem can be solved with many optimum
results using the Genetic Algorithms. They are less susceptible to getting stuck
at local optima than any other methods of optimizing keyboard layouts.

Solving such kind of problems with the GA is an art of representing a solu-
tions. There may be many optimum layout satisfying the given layout. To use a
genetic algorithm, the first and the most important part is to represent a solu-
tion to the problem as a genome (or chromosome). The genetic algorithm then
creates a population of solutions and applies genetic operators such as mutation
and crossover to evolve the solutions in order to find the best one(s). Since the
algorithms selects only the best out of the population for the reproduction, the
process ultimately lead to the best possible solutions. It may not be the best
or the optimum but it by nature leads to the solutions near to the best ones.
Further more it may not necessarily lead to the best ones. This report outlines
some processes of the basics of genetic algorithms. The three most important
aspects of using genetic algorithms are:

1. definition of the objective function,

2. definition and implementation of the genetic representation, and

3. definition and implementation of the genetic operators.

Once these three have been defined, the generic genetic algorithm should
work fairly well. Beyond that many different variations can be tried to improve
performance, find multiple optima (species - if they exist), or parallelize the
algorithms.

5.1 Keyboard Representation

The representation of keyboard along with pre-occupied keys are shown in Ap-
pendix A.3

6



Chapter 6

Genetic Algorithm

Genetic Algorithm is adopted from theory of natural selection. Theory says that
the best of the population only survive termed as ‘Survival of the fittest’ rest are
selected by the nature. Offspring not necessarily but generally possess better
quality than their parents. Hence the improvements are made from generation
to generation.

Genetic algorithm is an iterative process. It is not an exact mathematical
method to solve a well defined problem. It is a heuristic approach to solve for
an optimality in a huge domain of possible solutions. As it is not an exact
mathematical method it does not guarantee the best solution but according
to the theory of the natural selection it ensures the solution near to the best
ones. The solution approaches best as number of generation increases. It also
depends on other factors like the crossover probability, population size and
mutation probability. Generally mutation probability is very low compared to
the crossover probability. And the solution approaches its best faster as the
population size is increased.

Most difficult and prominent part of the implementation of genetic algorithm
is the representation of the problem or the design of the chromosome(genome).
Fitness function is the one which ensures the improvements in the chromosomes
as the generation evolves. This is only the function which ensures the surviv-
ability of the genomes. So it must ensure all the constrains that must be took
care of while optimizing the solution. Most visible and prominent qualities that
should be considered at first place are:-

• Allow for minimum typing effort,

• Maximize typing speed,

• Reduce typing errors,

• Allow easy learning of the touch typing method, etc

The problem is not completely solvable by the computer algorithms since it
includes human psychology and the movement capabilities of the fingers while
typing. And it depends on the language pattern too. The algorithm imple-
mented and the fitness of the genome is computed by the weighted contribution
of the individual six criteria (coefficients). And the final score of the keyboard
is taken as the weighted sum of the six scores.
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The Basic Algorithm for this approach based on the criterias above is as
follows:-
start

1. generate a random population

2. calculate the fitness function based on something is here

3. new population

(a) select best population according to the fitness coefficient

(b) crossover the chromosomes of the parents with probability say ‘pc’

(c) mutate the child chromosome with the probability say ‘pm’

4. generate new population until the number of offspring is equal to the
number of the parent population

5. Population produced in each one cycle is called a generation

6. Above process continued for a no. of generation, until a satisfactory con-
dition is achieved

6.1 Optimization Characteristics

At a very macro level, an optimal keyboard layout should have the following
qualities:

• Allow for minimum typing effort

• Maximize typing speed

• Reduce typing errors

• Allow easy learning of the touch typing method

Some ergonomic studies have been done regarding keyboards. A concrete
definition of the optimality of a keyboard is provided by [2]. This definitionis
motivated by the qualities listed above. Their definition is discussed here and
used as a standard metric in this work. According to the method proposed,
each keyboard is evaluated on six criteria and the final score of the keyboard is
taken as a weighted sum of these six individual scores. These six criteria are:

1. Load Distribution

2. Modifier Overhead

3. Hand Alteration

4. Consecutive Usage of Same Finger

5. Big steps by fingers of same hand

6. Hit direction

8



Load Distribution

Each finger of the hand has a certain strength. Note that while typing, the to-
tal load on the fingers is constant. However,it would be highly desirable if this
total load can be distributed among the fingers in proportion of their relative
strengths. Therefore, the index finger which is the strongest should share most
of the total load. Along similar lines,keys in the middle row are the most eas-
ily accessible and therefore these should contain the most frequently occurring
characters. Hence, keys near the center of the keyboard (which are hit by the
index finger) and in the middle row should share the maximum fraction of the
total load. Formall ystated, we can assign an ideal load distribution betweenall
the monographs and the performance of any keyboard can be measured by cal-
culating the deviation that the actual load distribution for this keyboard has
with the ideal distribution. Hence, let fmi

be the observed relative frequencyof
a monograph mi having ideal relative frequency fdesired

mi
let mibe the set of all

monographs. So on this index the performance of the keyboard is measured as:

v1 =
∑

mi∈m1

(fmi − fdesired
mi

)2 (6.1)

The values used for fdesired
mi

given in Table 6.1. To interpret the values the
value for fdesired

mi
can be obtained by multiplying the respective fractions given

in table for row and column and then multiplying by a factor of 0:5 so that the
total load is divided equally between the left and right hands. The computed
value for the overall keyboard can be found at Appendix A.3

S.No. Row Column
1 17.39 15.70
2 19.57 10.58
3 47.83 15.70
4 15.21 23.40
5 18.27
6 6.73
7 5.45

4.17

Table 6.1: Ideal Load Distribution

Modifier Overhead

Every time a modifier such as the SHIFT key has to be pressed, it adds to the
inefficiency of the keyboard. Hence,the most commonly used characters should
be assigned to normal macros while the lesser used characters must be assigned
to shift modified macros. The performance of the keyboard on this index is
measured by a factor v2 and is calculated by dividing the total number of keys
pressed bythe number of characters that were typed. Hence if the text to be
typed was ‘The’, the total number of characters is 3 while the number of keys
pressed is 4. Hence the modifier overhead will be 1.33.
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Hand Alternation

Fast and comfortable typing is assured if keys that are to bestruck consecutively
are on opposite sides of the keyboard.The reason is that this allows one hand
to move to the nextkeys position while the other is in the process of hittingthe
current key. In order to quantify this hand alternationindicator, we add up the
frequency of the digraphs which aretyped by using one hand only. The hand
alternation index iscalculated as:

v3 =
∑

di∈d3

fdi
dist(fdi

) (6.2)

where d is the set of all digraphs which are typed usingone hand only.

Consecutive Usage of Same Finger

The same concept of hand alternation can be extended to fingers as well. If con-
secutive keys are hit by the same finger,it might lead to in efficiency in typing.
This index is calculated by summing up the frequencies of all diagraphswhich
require both keys to be hit by the same finger. However,instead of simply sum-
ming up the frequencies of these diagraphs, these frequencies are first weighted
by a distance coefficient. The greater the distance between the two keysof a
diagraph, the more penalizing a consecutive usage. The relevant set d4 there-
fore the set of digraphs which are typed using the same finger. However instead
of simply summing up the frequencies of these diagraphs, these frequencies are
weighted first by a distance co-efficient. The greater the distance between the
two keys of a diagraph, the more penalizing a consecutive usage. The relevant
set d4 therefore the sets of a diagraps which are typed using the same finger.
Therefore,

v4 =
∑

di∈d4

fdi
dist(fdi

) (6.3)

The distance co-efficient is given by the Manhattan distribution function
dist(di) = |c2 − c1|+ |r2 − r1|

Big Steps by Fingers of the Same Hand

When the same hand is used for two consecutive hits, largedistances which
require awkward hand posture lead to slowand laborious typing. This happens
for diagraphs whosecomponent keys have a vertical distance greater or equal
toone. The relevant set d5 therefore the set of digraphsw hich are typed using
the same hand, but not the same fingerand the vertical distance between the
two keys is greaterthan or equal to one row. A weight coefficient depending on
the two fingers used is assigned to each digraph.The index is calculated as:

v5 =
∑

di∈d5

Φi(di)fdi

The value for the co-efficients Φ(i, j) were taken from the Table 6.1, which were
derived from [2].

10



Thumb Index Mid Ring Little
Thumb 0 0 0 0 0
Index 0 0 5 8 6
Mid 0 5 0 9 7
Ring 0 8 9 0 10
Little 0 6 7 10 0

Table 6.2: The values of Φ

Hit Direction

Ergonomic research has revealed that for digraphs typed usingone hand only,
the preferred hit direction is from thelittle finger towards the thumb. This is
the finger movementthat most people find natural. d6 is therefore the set of
alldigraphs which are produced by using one hand only andwhose hit direction
is not the preferred one. This index iscalculated as:

v6 =
∑

di∈d6

fdi
(6.4)

6.2 Overall Grade

A natural way to define a global grade from the six indices vj(1 ≤ j ≤ 6) is
to take a weighted sum. Each indicatorcan be assigned weights based on their
relative importanceand a single objective optimization can then be performedon
the resulting overall score. However, these indices have different ranges and
units and therefore cannot just be simply added. They are first divided by
the corresponding indices of a reference keyboard vj,ref (1 ≤ j ≤ 6). Once the
indicators are turned dimensionless they can be multiplied be a relative weight
coefficient Ψ(j) and added. The values of weights Ψ(j) are represented in the
Table 6.3.

Using these values, the final score of a keyboard can be evaluated as:

V =
6∑

j=1

Ψ(j)
vj

vj,ref
(6.5)

6.3 Optimization Details

With the keyboard abstraction presented in the next section, optimizationis
essentially reduced to search to find the best keyboard based on the optimality
factor. A Steady-State Genetic Algorithm is be usedfor this search with many
variations for parameters like mutationprobability, population size etc.
But a typical combination of the parameters is provided below:

• Population Size - 500

• Number of generations - 2000

11



Relative Weigths of the various factors
Index Relative Weight

Load Distribution 0.45
Modifier Overhead 0.5
Hand Alternation 1.0

Consecutive Usage of same finger 0.8
Big Steps 0.7

Hit Direction 0.6

Table 6.3: The values for Ψ(j) used for the computing the overall grade for a
keyboard from vj(1 ≤ j ≤ 6)

• Probability of Mutation - 0.1

• Probability of Crossover - 0.9

• Selection Operator - Tournament Selection

• Steady-State GA Overlap - 50% of the population isinherited from the
parent pool

6.4 Learnability

Learnability was the main issue when we designed the algorithm. In Nepali
language, we have pairs of letters that sound similar. eg, ka and kha, ga and
gha, etc. While computing the layout, we have made sure these pairs fall on the
same key.

However, we were skeptic whether placing the complement would ruin the
load distribution as the compliment has modifier overhead (see Section 6.1). But
statistics showed us that the ratio of frequency of main key vs. compliment was
usually greater than 5, which assured us that placing the pair on the same key
has no noticable effect on load distribution, but rather enhances learnability.

The compliment pairs and the frequency ratio of main key vs. compliment
key is shown in Appendix A.4.

6.5 Genetic Operators

We have use the following selection, mutation and crossover operators for the
optimization.

Selection

Both the Roulette Wheel Selection and Tournament Selection can be used. In
actual usage, performance with boththese selection operators was found to be
comparable. So we employed the Roulette Wheel Selection.
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Mutation

Given our representation of the keyboard as a 4-D array, mutation can be very
intuitively defined as simply swapping the values at two points in the array. On
the keyboard, it would translate to swapping the macros mapped for two of the
characters. Suppose the parent key mapping is f and the characters randomly
selected for swapping are c1 and c2.

Crossover

Intuitively the crossover operator that we use, takes a part of the keyboard from
one of the parents and copies it verbatim into the child. With this some of the
characters are assigneda macro in the child. For the remaining characters, the
otherparent is consulted for a macro and the nearest available free macro is then
assigned to the character in the child. Formally stated, given two parent key
mappings (fp1, fp2) and a random partition of C (the set of Nepali characters)
C = C1 ∪ C2, a child mapping fc is defined as:

fc(c) =
{

fp1 , ∀c ∈ C1

nearest(fp2(c)) , ∀c ∈ C2

Here nearest(m) for a macro m is defined as a macro m0that is unassigned
to any character and is as close to m aspossible on the actual keyboard. Note
that this nearestfunction is required for this case because it is quite possiblethat
the macro fp2(c) may already be assigned to someother character while copying
part of the mapping from fp1.
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Chapter 7

Results

The optimized keyboard layout obtained from above mentioned criteria can be
found at appendix A.1. The entire code to compute the optimized keyboard
layout was written in C++. The code can be obtained at website mentioned at
Appendix A.2.

From the keyboard obtained and tests performed over it, we can be sure that
this layout is better than any existing Nepali keyboard layouts. Such a claim
can be made because the keyboard has been based on formal mathematical
calculations and is modelled upon Nepali corpus statistics.

However, this layout can be more optimized if we go on to more generations
of computations. Currently, due to lack of resources, we have optimized the
keyboard only upto 2000 generations, which is a very small number as far as
Genetic Algorithm’s capability is concerned. Optimizing the keyboard to even
more genetic generations will definitely lead to even more optimized and perfect
layout.
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Appendix A

Appendix

A.1 Nepali Unicode Keyboard optimized using
Genetic Algorithm

NOTE: For more optimized layout, please visit
http://www.jwalanta.com.np/nepalikeyboard

A.2 Website

The code, report and corpus used in this research can be found at
http://www.jwalanta.com.np/nepalikeyboard
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A.3 Overall Ideal Load Distribution
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A.4 Monograph Frequencies

A.5 Nepali corpus analysis code

#! /usr/bin/env python
# -*- coding: UTF-8 -*-

import os

# not value of variables not shown due to

18



# unicode incompatibilities in LaTeX
consonants = u"..."
vowels = u"..."
joiners = u"..."
othersymbols = u".."

# file and folder path
textfolder = "./nepaliarticles/" # folder in which files are kept
#resultfile = "freqency.txt" # file in which frequency is updates

filelist = os.listdir(textfolder)

# module definition
# this module calculates the freq of given str in all the files and updates the result to resultfile
def calculateAndUpdate(findString):
count = 0
for f in filelist:
in_file = open(textfolder+f, "r")
text = in_file.read()
in_file.close()

count += text.count(findString.encode(’utf-8’))

print findString, count

out_file = open(resultfile, "a")
out_file.write(findString.encode(’utf-8’)+"\t"+str(count)+"\n")
out_file.close()

# calculate consonants
resultfile = "frequency-consonants.txt"
for i in range(len(consonants)):
calculateAndUpdate(consonants[i])

# calculate vowels
resultfile = "frequency-vowels.txt"
for i in range(len(vowels)):
calculateAndUpdate(vowels[i])

# calculate joiners
resultfile = "frequency-joiners.txt"
for i in range(len(joiners)):
calculateAndUpdate(joiners[i])

# calculate othersymbols
resultfile = "frequency-othersymbols.txt"
for i in range(len(othersymbols)):
calculateAndUpdate(othersymbols[i])

# calculate consonant+joiner
resultfile = "frequency-consonant-joiner.txt"
for i in range(len(consonants)):
for j in range(len(joiners)):
calculateAndUpdate(consonants[i]+joiners[j])

# calculate consonant+consonant
resultfile = "frequency-consonant-consonant.txt"
for i in range(len(consonants)):
for j in range(len(consonants)):
calculateAndUpdate(consonants[i]+consonants[j])
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A.6 Traditional Layout

A.7 Romanized Layout
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A.8 Devanagari Keyboard (Dp)
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