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Executive Summary

Introduction
The Ethiopic script is derived from the Ge'ez script, which is the liturgical language of the Ethiopian Orthodox church. It consists of a larger set of characters than those that were available in the original Ge'ez script.

Ethiopic is currently widely used than Ge'ez in the computer industry, including international standard making bodies such as the Unicode Consortium and by International software vendors such as Microsoft and Sun.

Although Ethiopic is one of the oldest scripts of the world, its development in the ICT world is currently very limited. One key issue that is mostly considered as a major factor of the low level development of the script in this regard is the lack of appropriate standards.

The only noticeable achievement in terms of Ethiopic standardization is the recent inclusion of the Ethiopic script in the Unicode character set standard. 

To address the problems of lack of appropriate standards and present low level developments of Ethiopic localization, the Ethiopian Government, through the Ethiopian Information and Communications Development Authority (EICTDA), is currently taking a number of initiatives towards the development of relevant standards and other activities which are required by the Computer industry.  

One such initiative is this project which focuses, among others, on the development of Keyboard Layout Standard. 

Study Approach

The process of standardization demands the consensus of different stakeholders.  Accordingly, the assignment had followed a participatory approach where different individuals and organizations, both private and Governmental, were involved at different stages of the project.

The project team was composed of different companies and individuals that had experiences relevant to the assignment.  The major companies that undertook the assignment were CUSTOR COMPUTING PLC, Partners Consultancy and Information Services PLC, and Data Concepts Systems PLC. Other individual professionals had also worked as part of the core project team.

During the project period, we had reviewed similar international and national experiences, collected opinions through formal questionnaires, and enriched the process through a series of workshops and expert meetings that were organized by the EICTDA. 

The EICTDA had organized the forums at different stages of the project. The pre-draft document of the project was first discussed at an expert meeting that participated a group of professionals drawn from different private and governmental organizations. 

The feedbacks of the first expert meeting were used as input for the preparation of the draft report that was presented at a larger national workshop that participated a large number of stakeholders from different Governmental organizations, the Private sector and other individuals. 

Another expert meeting was also organized by the EICTDA to further discuss on some major issues that were raised during national workshop.

In addition to the formal forums, the project team had also held regular discussions with the Standardization and Regulatory Project department staff in order to address issues raised at the various discussion forums.

The Proposed Ethiopic Keyboard Layout Standard
The first step of the standardization process was the setting of well accepted design guidelines that would help to avoid subjectivity. 

The currently available proprietary keyboard layouts were assessed in order to identify their strength and weakness in this regard. Moreover, current international practices were considered in setting up the design guidelines.

The major design guidelines include character order (ግእዝ, ካእብ, ሳልስ, ራብእ, ሃምስ, ሳድስ, ሳብእ) frequency, right and left hand balance, and phonetic similarity of Ethiopic characters and Latin keys.

A computer program was developed for performing a character frequency analysis in order to determine the optimal key mappings. The outcomes of this program revealed that over 70% of the characters in Ethiopic documents are sixth order (ሳድስ) and first order (ግእዝ) family of characters.  Accordingly, it was determined that first order (ግእዝ) family of characters have to be produced with a single key stroke. The sixth order (ሳድስ) characters are produced using two modifier keys (c and ,) that are located on each side of the standard keyboard. The modifier on the left side (c) will be used to produce sixth order (ሳድስ) characters located on the right side, while the other will be used for those that are mapped to Latin keys located on the left side of the keyboard.

Using two modifiers located on both sides of the keyboard for sixth order (ሳድስ) Ethiopic characters, which are the most frequently used, would make the balance between the right and left hand side reasonable. Significant imbalance between the left and right hand side as well as the fingers would cause adverse health problems.

The Ethiopic characters were mapped into the standard keyboard keys as follows.

Group I Ethiopic Characters - No Shift Key

	Ethiopic Character
	ቀ
	ወ
	ረ
	ተ
	የ
	ፐ
	ሰ
	ደ
	ፈ
	ገ
	ሀ
	ጀ
	ከ
	ለ
	ዘ
	አ
	ቸ
	ቨ
	በ
	ነ
	መ
	ፀ
	ጨ

	Associated Latin Character
	q
	w
	r
	t
	y
	p
	s
	d
	f
	g
	h
	j
	k
	l
	z
	x
	c
	v
	b
	n
	m
	]
	[


Since the number of Ethiopic characters can not fit into the standard keyboard, the following Ethiopic characters are produced using the shift key.

Group II Ethiopic Characters

	
	ቐ
	ጠ
	ጰ
	ዸ
	ጘ
	ሐ
	ኸ
	ዠ
	ዐ
	ኘ
	ሠ
	ቨ
	ጸ
	ኀ
	ቸ

	With shift key
	q
	t
	p
	d
	g
	h
	k
	z
	x
	n
	s
	v
	[
	]
	c


The remaining family of characters is produced using the following key combination pattern.
	
Key Combination
	Examples

	key + u=Second order Ethiopic Character (ካእብ)
	b + u =  ቡ

m + u = ሙ

	key + i=Third order Ethiopic Character (ሳልስ)
	b + i =  ቢ

m + i = ሚ

	key + a=Forth order Ethiopic Character (ራብእ)
	b + a =  ባ

m + a = ማ

	key + e=Fifth order Ethiopic Character (ሃምስ)
	b + e =  ቤ

m + e = ሜ

	key + o=Seventh order Ethiopic Character (ሳብእ)
	b + o =  ቦ

m + o = ሞ

	key + A=Extended character (አረቤ)
	b + A =  ቧ

m + A = ሟ


The Extended family of Ethiopic characters (ቷ ቿ ሟ ሏ ሯ ፏ ጔ ኴ ኲ etc) is produced as follows.

	
	with shift

	
	o 
	i
	a
	e
	u

	g
	ጐ
	ጒ
	ጓ
	ጔ
	ጕ

	k
	ኰ
	ኲ
	ኳ
	ኴ
	ኵ


The Ethiopic punctuation characters are mapped as follows.

A. Without using a switch key

	፣
	፤
	።
	፡

	<
	>
	;
	:


B. Using a switch key

	
	፥
	፦
	-
	_
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	With \ (switch)
	"
	'
	|
	´
	?


The Latin punctuation characters will remain intact except for the "[" and "]" keys which are assigned to "ጸ/ፀ" and "ጨ/ኀ" respectively. The "," and "\" keys are also assigned for sixth order characters modifier and "switch" respectively.

The Switch (\) key is used to produce Ethiopic digits as shown below.
	
	፩ 
	፪
	፫
	፬
	፭
	፮
	፯
	፰
	፱
	፻

	With the \ key
	1
	2
	3
	4
	5
	6
	7
	8
	9
	0


	
	፲
	፳
	፴
	፵
	፶
	፷
	፸
	፹
	፺
	፼

	With the \ key and Shift
	1
	2
	3
	4
	5
	6
	7
	8
	9
	0


The final layout of the proposed standard keyboard is depicted below.
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Background

At present, Ethiopia lacks a standard Keyboard Layout and Input Method. The ICT community currently uses proprietary Input Methods developed by different bodies, which are incompatible.  The lack of this standard is considered by major software and hardware vendors as one of the main reasons for not fully supporting the Ethiopic script in their products.

The major objective of this project was to design a well accepted keyboard standard that would be used by domestic and international users. 
The Designed Keyboard Layout was based on the latest Unicode Standard Ethiopic Character Set.

The present Keyboard Design focuses on Standard Keyboard Layout that can be used both for the Amharic, Tigrigna, and other languages such as Guragigna and the Agew languages which can be accommodated by the basic Ethiopic Range of character codes (1200-137F Hex). The design of Keyboard layouts for other languages may be considered in future initiatives.
This document presents the outcomes of the standardization process. 

Types of International Keyboard Layouts

Currently, there exist a number of standard keyboard layouts at the international level. Among these, the QWERTY (and QWERTZ) and DVORAK keyboard layouts are the most popular.

QWERTY is by far the most popular keyboard layout used in the world. The US and most European countries use this keyboard layout. Moreover, the Far East countries such as China and Korea use this standard keyboard layout by implementing Input Methods that enable them to input characters using the QWERTY keyboard.

The QWERTY keyboard layout is shown below:
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The QWERTZ layout is variation of the QWERTY which is widely used in Germany and many Central Europe coutries. The main difference between QWERTZ and QWERTY is that:

· Y and Z have been swapped
· Some punctuation characters are replaced by German special characters. 

The QWERTZ layout is shown below:
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DVORAK is an alternative keyboard layout that was designed with the intention of improving the QWERTY layout. It mainly aims at:

· Increasing productivity as a result of reduced finger movement 

· Reducing the learning curve for new users. 
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Dvorak Keyboard
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Alternative View of Dvorak
Design Alternatives

There are two options of designing a standard keyboard layout. The first option is to design a physical keyboard which is a variation of the currently available international physical keyboards such as QWERTY and DVORAK.

The most common approach used by different languages, such as the East Asian languages, is to apply logical Key mappings using the existing international keyboard layout as opposed to implementing a new physical keyboard that would deviate from the commonly used international keyboards.

The latter option was applied in designing the Ethiopic Standard Keyboard layout.

The Dead key Mechanism

One key challenge that is encountered during the key mapping process of international characters is the inability of the standard keyboard to accommodate the set of characters of international scripts such as Ethiopic.

International languages that have larger number of characters than the Latin alphabets apply a technique known as the Dead key Mechanism. This mechanism assigns one or more keys of the keyboard to act as a dead key which does not display any output when pressed but modifies the next key pressed to produce the desired character.
The dead key mechanism is used in the design of the Standard Ethiopic Keyboard Layout for two ways. 

· Vowels are used as dead key modifiers to produce the second, third, fourth, etc order Ethiopic characters.

· The "\" key is used as a switch for producing some of the Ethiopic punctuations and Ethiopic digits. Moreover, this key is used to extend the standard keyboard to support other Ethiopian languages such as Sebat Beit and Me'en without changing the general pattern.

	Switch
	Key


	Key alone
	With u
	With i
	With 

a
	With 

e
	With c or ,
	With 

o

	None
	q
	ቀ
	ቁ
	ቂ
	ቃ
	ቄ
	ቅ
	ቆ

	Shift (Tigrigna)
	q
	ቐ
	ቑ
	ቒ
	ቓ
	ቔ
	ቕ
	ቖ

	\ (Sebatbeit)
	q
	ⷀ
	ⷁ
	ⷂ
	ⷃ
	ⷄ
	ⷅ
	ⷆ


Ethiopic Keyboard Layout Design Guidelines

The first task of the standardization process was the setting up of a design guideline that consists of a list of internationally well accepted practices that would make the design process less subjective.

The following guidelines were identified and applied in the design of the Ethiopic keyboard layout.  

Apply minimum number of keystrokes per character (GL 1)

Speed is a key factor in keyboard layout design. As a result, the minimum possible key combinations should be used in designing the new keyboard layout standard. 

The output of Character Frequecy Analysis would be used to produce the most frequntly used Ethiopic characters with the minimum possible key strokes.

Right and Left hand load balance (GL 2)

This is another common keyboard layout design factor. Significant imbalance between the right and left hand fingers has long run health implications for users that spend longer hours using computers.

Limited Deviation from Existing Keyboard Layouts (GL 3)

Most of the current computer users are already familiar with one of the existing propriety phonetic keyboard layouts that are available in the market. To improve the level of user acceptance, the new standard should not significantly deviate from the present keyboard layouts except in situations where there are convincing problems in terms of speed, ergonometric and other technical factors.

Avoiding System Keys (GL 4)

In most keyboard layouts system keys such as Ctrl, Alt and Caps Lock are avoided for different technical reasons. Moreover, the use of these keys with other characters is also not recommended as it may create conflict with short cuts used in different applications.

Using a Single Switch Key   (GL 5)

The key mapping process demands the use of switch key(s) for certain groups of characters, as the number of Ethiopic characters is far more than the standard keyboard can accommodate. 

Using a single switch key would make using the Input Method easier to use. As a result the Ethiopic characters would be grouped into two major groups - those that are produced with no switch key pressed and those that are produced after a switch is pressed.
Thus avoiding the use of more than one switch key would be one of the major principles applied in designing the new Ethiopic Keyboard Layout.

The Design Process

Methodology

During the project period, we have undertaken the following tasks in order to approach the assignment in a more objective way.
Review of Present Proprietary Ethiopic Keyboard Layouts

We have reviewed the popular non-standard Ethiopic keyboard layouts such as Agafari, Alpas, Power Geez, and Visual Geez.
We have gathered the comments of users and ICT experts with regard to the current proprietary keyboard layout implementations. As most end users tend to feel comfortable with the keyboard layout they are already used to, irrespective of the drawbacks, we have focused on experts that may provide analysis on the strength and weakness of the keyboard layouts.
The project team had prepared a questionnaire and distributed to different users. The questionnaire is shown in annex 1. The respondents include users from:

· The Ministry of Education

· The Transport Authority

· The Finance and Economic Development Bureau

· The Ethiopian Petroleum Enterprise

· The Ethiopian News Agency

· The Ethiopian Telecommunications Corporation, and

· Various private institutions

Moreover, the questionnaire had also been completed by different individual experts in the ICT field.
The major problems faced during the data collection period include failure of respondents to return the questionnaire on time and level of capacity to analyze the draw backs of the Keyboard layouts.

The feedback of the data collected from users has enabled the project team to identify the major limitations of the present propreitry keyboard layouts and prepare guidelines that address the identified limitations. The limitations and strong sides of the keyboard layout implementations of these proprietary applications have been used as input for the new Ethiopic Keyboard Layout. 
The following table summarizes the major weaknesses of the Proprietary keyboard layouts that have helped us to avoid them in the new design. 
Table: Some of the Major Limitations of the Proprietary Keyboard Layouts

	Keyboard Layout
	Limitations

	Agafari
	· Is not fully phonetic. Keys such as ".", "/", and ";" are used as modifiers instead of vowels.

· The English punctuation keys area is assigned for other purposes (for modifiers). 

	Visual Geez
	· Uses system keys for some Ethiopic characters For example; the ኸ, ጰ, ቐ and ዠ characters are produced in combination with the Ctrl key.
· The English punctuation keys area is assigned for other purposes. For example, "," is assigned for ኘ and "."  is assigned for ሸ.

	Power Geez
	· Uses multiple switch keys - Shift for some character groups and CAPS LOCK for some others.

· Uses many key strokes for the extended Ethiopic characters such as ቷ ቿ ሟ. For example, the following key combinations are pressed to produce ኟ: shift + n + CAPS LOCK + w + a + CAPS LOCK. 
· Uses the "y" consonant as a modifier for fifth order characters, which is less straight forward.

	Alpas
	· Uses multiple switch keys - Shift for some character groups and "\" for some others.
· Uses the "v" consonant as a modifier for first order characters, which is less straight forward.



Other Proprietary Keyboard Layout

The proprietary keyboard layouts discussed above are mainly developed in Ethiopia. However, there are also a number of proprietary keyboard layouts mainly developed by individuals and firms in the Diaspora.
The additional keyboard layouts reviewed include:

· GeezWord (www.geezsoft.com)
· Abyssinica SIL (http://scripts.sil.org/cms/scripts/page.php?site_id=nrsi&item_id=AbyssinicaSIL)
· Samawarfa

· EFont (http://www.amharicsoftwares.com/)

· SERA based keyboard layouts
· GFF Amahric Unicode Keyboard (keyboards.ethiopic.org)

We have considered the lessons drawn from the aforementioned keyboard layouts. 
Review of International Keyboard Layouts

We have drawn lessons from the experiences of the implementations of other countries. We have reviewed the US and European Keyboard Layouts, as well as the implementations of the East Asian Keyboard Layout.

Character Frequency Analysis

Character frequency analysis is a common technique that is applied in designing standard keyboard layouts. It is used to determine the most frequently used characters. 

We have developed a program that parses Ethiopic documents to determine the frequency of each Ethiopic character with its corresponding order (ግእዝ, ካእብ, ሳልስ, etc). 

Moreover, this web-based program enables to determine the frequency of each family of characters.

 The output of the character frequency analysis has been used in determining the characters mapped into the keyboard keys. 
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Types of Keyboard Layouts

Two popular keyboard layouts have been considered in this project - The Typewriter and Phonetic keyboard layouts. 

The Typewriter keyboard layout is derived from the traditional manual typewriter keyboard layout.

The Phonetic keyboard layout employs a method of mapping Ethiopic characters into Latin keys based on soundex similarities. 

The Phonetic Keyboard Layout

Currently, the Phonetic keyboard layout is a much preferred layout to the Typewriter keyboard layout due to its ease of use. In this scheme, Ethiopic characters are mapped into the Latin keys based on their soundex similarities.

The Phonetic Ethiopic Standard Keyboard Layout was designed based on Ethiopic Keyboard Layout Design Guidelines presented in the previous sections.

The design procedures of the Phonetic keyboard layout are presented below.

Major Character Categories

The Ethiopic characters were first grouped into five major categories.

Group I Ethiopic Characters

The following group of characters represents a set of Ethiopic characters which have direct soundex similarity to a given Latin key. Moreover, the characters under this family are among the most frequently used Ethiopic characters.
	Ethiopic Character
	ቀ
	ወ
	ረ
	ተ
	የ
	ፐ
	ሰ
	ደ
	ፈ
	ገ
	ሀ
	ጀ
	ከ
	ለ
	ዘ
	አ
	በ
	ነ
	መ

	Associated Latin Character
	q
	w
	r
	t
	y
	p
	s
	d
	f
	g
	h
	j
	k
	l
	z
	x
	b
	n
	m


Group II Ethiopic Characters

This group represents Ethiopic characters which have similar sound to a given Latin character that is already assigned to an Ethiopic character of group I. The shift key is used to produce the Ethiopic characters in this group.

	
	ቐ
	ጠ
	ጰ
	ዸ
	ጘ
	ሐ
	ዠ
	ዐ
	ኘ
	ሠ
	ኸ
	ቨ

	With shift key
	q
	t
	p
	d
	g
	h
	z
	x
	n
	s
	k
	v


Group III Ethiopic Characters

The following Ethiopic characters have either no similar Latin key or another Ethiopic character is already assigned to a Latin key of a similar sound.   

	ጸ
	ፀ
	ኀ
	ሸ
	ጨ


Regrouping the Character Categories

Dividing the Ethiopic characters into three groups would require the use of more than one switch key. This would violate one of the design guidelines - Use a single Switch Key (GL 5). As a result it would make the learning curve steeper.

To address this problem, the group III characters were distributed among group I and II characters. The ሸ and ኸ characters were mapped based on shape similarities with "v" (ቨ) and "k" (ከ), respectively. The characters ጸ/ፀ and ጨ/ኀ were mapped into the "[" and "]" Latin characters, which are rarely used in Ethiopic documents.

Thus the Ethiopic characters were re-grouped as follows.

Group I Ethiopic Characters

	Ethiopic Character
	ቀ
	ወ
	ረ
	ተ
	የ
	ፐ
	ሰ
	ደ
	ፈ
	ገ
	ሀ
	ጀ
	ከ
	ለ
	ዘ
	አ
	ሸ
	በ
	ነ
	መ
	ፀ
	ጨ

	Associated Latin Character
	q
	w
	r
	t
	y
	p
	s
	d
	f
	g
	h
	j
	k
	l
	z
	x
	v
	b
	n
	m
	[
	]


Group II Ethiopic Characters

	
	ቐ
	ጠ
	ጰ
	ዸ
	ጘ
	ሐ
	ኸ
	ዠ
	ዐ
	ኘ
	ሠ
	ቨ
	ጸ
	ኀ
	ቸ

	With shift key
	q
	t
	p
	d
	g
	h
	k
	z
	x
	n
	s
	v
	[
	]
	c


Group III Ethiopic Punctuation Characters

This group represents the following Ethiopic punctuation characters.

	Character
	Unicode Standard Name 

	፡
	Ethiopic Wordspace

	።
	Ethiopic Fullstop

	፣
	Ethiopic Comma

	፤
	Ethiopic Semicolon


	፥
	Ethiopic Colon

	፦
	Ethiopic Preface Colon
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	Ethiopic Question Mark

	|
	Not Available

	´
	Not Available


Group IV Ethiopic Digits and Numbers

The Ethiopic Digits and Numbers are represented in this group.

Group V Latin Punctuation Characters

This group represents Latin punctuation characters which are also used in Ethiopic documents.  

Key assignments  
After the characters are grouped as presented in the previous sections, the key assignment procedure was undertaken taking the guidelines set forth into consideration.

Using The Shift Key  
The Ethiopic Syllables presented in groups I through IV are larger than the number of keys available in the standard keyboard. Thus a switch key is required to produce some of the Ethiopic characters. The "Shift" key is selected for this purpose. 

 Group I characters are produced with no Shift key, while the characters in group II are produced using a Shift key.

Group I Ethiopic Characters - No Shift Key

	Ethiopic Character
	ቀ
	ወ
	ረ
	ተ
	የ
	ፐ
	ሰ
	ደ
	ፈ
	ገ
	ሀ
	ጀ
	ከ
	ለ
	ዘ
	አ
	ቸ
	ቨ
	በ
	ነ
	መ
	ፀ
	ጨ

	Associated Latin Character
	q
	w
	r
	t
	y
	p
	s
	d
	f
	g
	h
	j
	k
	l
	z
	x
	c
	v
	b
	n
	m
	]
	[


Group II Ethiopic Characters

	
	ቐ
	ጠ
	ጰ
	ዸ
	ጘ
	ሐ
	ኸ
	ዠ
	ዐ
	ኘ
	ሠ
	ቨ
	ጸ
	ኀ
	ቸ

	With shift key
	q
	t
	p
	d
	g
	h
	k
	z
	x
	n
	s
	v
	[
	]
	c


Note: 


· The ኸ and ሸ characters are mapped into Latin keys based on shape similarities.

· The ጸ, ፀ, ጨ and ኀ characters are mapped into Latin characters that are rarely used in Ethiopic Documents.

Key Combinations (Input Method)

The key combinations used to produce each family of Ethiopic characters were determined according to the following general guidelines:

· The frequency of character family

· The phonetic combination mapping - a Latin Consonant key is combined with a Latin vowel to produce an Ethiopic character.
· Finger Load Balance

Character Frequency Analysis

Character Frequency Analysis is a common technique that helps to determine the most frequently used character families and orders (ግእዝ፣ ካእብ፣ ሳልስ etc). The output of such analysis can be is applied in designating an ergonomic keyboard layout.

A computer program was developed in order to determine the most frequently used group of Ethiopic characters as well as to determine the finger load balance of the existing proprietary keyboard layouts and the proposed standard keyboard layout.
The following tables show the result of such analysis, as applied to two public documents - The Ethiopian Constitution and Turnover Tax Proclamation No 380/1995.

Output of Character Frequency Analysis

Document: Ethiopian Constitution (የኢትዮጵያ  ህገመንግስት)

	Character Order
	Frequency
	%

	ሳድስ (ህ፣ል፣ም ወዘተ)
	14526
	40.05

	ግእዝ (ሀ፣ለ፣መ ወዘተ)
	10824
	29.84

	ራብእ (ሃ፣ላ፣ማ ወዘተ)
	5285
	14.57

	ሳልስ (ሂ፣ሊ፣ሚ ወዘተ)
	1581
	4.36

	ሳብእ (ሆ፣ሎ፣ሞ ወዘተ)
	1498
	4.13

	ካእብ (ሁ፣ሉ፣ሙ ወዘተ)
	1225
	3.38

	ሃምስ (ሄ፣ሌ፣ሜ ወዘተ)
	1170
	3.23

	አረቤ (ኋ፣ሏ፣ሟ ወዘተ)
	159
	0.44

	 
	36268 *
	100.00%


* spaces and punctuations not counted
Output of Character Frequency Analysis

Document: Turnover tax proclamation 380/1995 EC 

	Character Order 
	Frequency
	%

	ሳድስ (ህ፣ል፣ም ወዘተ)
	6167
	37.52%

	ግእዝ (ሀ፣ለ፣መ ወዘተ)
	5683
	34.57%

	ራብእ (ሃ፣ላ፣ማ ወዘተ)
	2589
	15.75%

	ሳልስ (ሂ፣ሊ፣ሚ ወዘተ)
	737
	4.48%

	ሳብእ (ሆ፣ሎ፣ሞ ወዘተ)
	542
	3.30%

	ካእብ (ሁ፣ሉ፣ሙ ወዘተ)
	448
	2.73%

	ሃምስ (ሄ፣ሌ፣ሜ ወዘተ)
	247
	1.50%

	አረቤ (ኋ፣ሏ፣ሟ ወዘተ)
	25
	0.15%

	 
	16438
	100.00%


Character Family Frequency
Document: Ethiopian Constitution (የኢትዮጵያ  ህገመንግስት)
	Character Family
	Frequency

	የ የ ሃረግ (የ ዩ ዪ ወዘተ)
	3209

	የ መ ሃረግ (መ ሙ ሚ ወዘተ)
	3100

	የ ነ ሃረግ (ነ ኑ ኒ ወዘተ)
	3097

	የ ተ ሃረግ (ተ ቱ ቲ ወዘተ)
	3037

	የ ለ ሃረግ (ለ ሉ ሊ ወዘተ)
	2811

	የ በ ሃረግ (በ ቡ ቢ ወዘተ)
	2726

	የ ረ ሃረግ (ረ ሩ ሪ ወዘተ)
	2278

	የ ወ ሃረግ (ወ ዉ ዊ ወዘተ)
	1817

	የ ሰ ሃረግ (ሰ ሱ ሲ ወዘተ)
	1537

	የ ገ ሃረግ (ገ ጉ ጊ ወዘተ)
	1482

	የ ከ ሃረግ (ከ ኩ ኪ ወዘተ)
	1343

	የ ደ ሃረግ (ደ ዱ ዲ ወዘተ)
	1266

	የ አ ሃረግ (አ ኡ ኢ ወዘተ)
	1232

	የ ቸ ሃረግ (ቸ ቹ ቺ ወዘተ)
	1163

	የ ቀ ሃረግ (ቀ ቁ ቂ ወዘተ)
	855

	የ ጠ ሃረግ (ጠ ጡ ጢ ወዘተ)
	798

	የ ፈ ሃረግ (ፈ ፉ ፊ ወዘተ)
	605

	የ ሀ ሃረግ (ሀ ሁ ሂ ወዘተ)
	578

	የ ዘ ሃረግ (ዘ ዙ ዚ ወዘተ)
	563

	የ ሐ ሃረግ (ሐ ሑ ሒ ወዘተ)
	555

	የ ሠ ሃረግ (ሠ ሡ ሢ ወዘተ)
	455

	የ ኘ ሃረግ (ኘ ኙ ኚ ወዘተ)
	307

	የ ጀ ሃረግ (ጀ ጁ ጂ ወዘተ)
	226

	የ ዐ ሃረግ (ዐ ዑ ዒ ወዘተ)
	223

	የ ጸ ሃረግ (ጸ ጹ ጺ ወዘተ)
	195

	የ ፀ ሃረግ (ፀ ፁ ፂ ወዘተ)
	195

	የ ሸ ሃረግ (ሸ ሹ ሺ ወዘተ)
	165

	የ ጨ ሃረግ (ጨ ጩ ጪ ወዘተ)
	150

	የ ፐ ሃረግ (ፐ ፑ ፒ ወዘተ)
	117

	የ ኀ ሃረግ (ኀ ኁ ኂ ወዘተ)
	76

	የ ጰ ሃረግ (ጰ ጱ ጲ ወዘተ)
	71

	የ ዠ ሃረግ (ዠ ዡ ዢ ወዘተ)
	7

	የ ቨ ሃረግ (ቨ ቩ ቪ ወዘተ)
	3


The results indicate that the "sixth order (ሳድስ)" and "first order (ግእዝ)" family of characters are by far the most frequently used - over 70%. As a result, due attention should be given to these family of characters.

Accordingly:

· The "First order (ግእዝ) - ሀ, ለ, በ, ነ, መ, ከ etc" characters are proposed to be produced by a single key stroke.

· The "Sixth order (ሳድስ) - ህ, ል, ብ, ን, ም, ክ" characters are produced in combination with the "c" and "," keys. 

The main reason for assigning two keys for producing the sixth order characters is to maintain the finger load balance. Since, the sixth order characters are the most frequently used characters, assigning a single key would create a load pressure on a single finger.

The "c" key, which is located on the left side of the standard keyboard, is used to produce the sixth order charters that are assigned to keys on the right side of the keyboard.
Similarly, the "," key, which is located on the right side of the standard keyboard, is used to produce the sixth order charters that are assigned to keys on the left side of the keyboard.

Note:
1) The input method should be implemented in such a way that users can use any of the proposed modifier keys (c and,) to produce sixth order characters assigned to keys on any side of the keyboard.


2) The modifier keys (c and,) should be first pressed and released before the main key is pressed. For example:

· c + k produces ብ
· , + q produces ቅ
The remaining family of characters is produced using the following key combination pattern.

	Key Combination
	Examples

	key + u=Second order Ethiopic Character (ካእብ)
	b + u =  ቡ

m + u = ሙ

	key + i=Third order Ethiopic Character (ሳልስ)
	b + i =  ቢ

m + i = ሚ

	key + a=Forth order Ethiopic Character (ራብእ)
	b + a =  ባ

m + a = ማ

	key + e=Fifth order Ethiopic Character (ሃምስ)
	b + e =  ቤ

m + e = ሜ

	key + o=Seventh order Ethiopic Character (ሳብእ)
	b + o =  ቦ

m + o = ሞ


The Extended family of Ethiopic characters (ቷ ቿ ሟ ሏ ሯ ፏ ጔ ኴ ኲ etc) is produced as follows.

	
	with shift

	
	o 
	i
	a
	e
	u

	g
	ጐ
	ጒ
	ጓ
	ጔ
	ጕ

	k
	ኰ
	ኲ
	ኳ
	ኴ
	ኵ


Key Mapping of Ethiopic Punctuation Characters

The Ethiopic punctuation characters are mapped as follows.

A. Without using a switch key

	፣
	፤
	።
	፡

	<
	>
	;
	:


B. Using a switch key

	
	፥
	፦
	-
	_
	[image: image9.png]




	With \ (switch)
	"
	'
	|
	´
	?


Key Mapping of Latin Punctuation Characters

The Latin punctuation characters will remain intact except for the "[" and "]" keys which are assigned to "ጸ/ፀ" and "ጨ/ኀ" respectively. The "," and "\" keys are also assigned for sixth order characters modifier and "switch" respectively.

Key Mapping of Ethiopic Digits and Numbers
The Switch (\) key is used to produce Ethiopic digits as shown below.
	
	፩ 
	፪
	፫
	፬
	፭
	፮
	፯
	፰
	፱
	፻

	With the \ key
	1
	2
	3
	4
	5
	6
	7
	8
	9
	0


	
	፲
	፳
	፴
	፵
	፶
	፷
	፸
	፹
	፺
	፼

	With the \ key and Shift
	1
	2
	3
	4
	5
	6
	7
	8
	9
	0


The following keyboard layout shows the final key mapping proposal.

[image: image10.png]




Finger Load Balance
Maintaining a reasonable load balance between the right hand side and the left hand side as well as a fair load distribution among the fingers is the most critical factor in designing an ergonomic keyboard layout design.

Unreasonably balanced load between the right and left hand side and fingers is considered as one of the causes of different repetitive stress induced diseases such as Carpal Tunnel Syndrome, which is a disorder that affects the wrist (carpal) part of a specific nerve.
Ideally, the pointer finger, which is the strongest, takes the highest number of keystrokes. The load distribution should then proportionally decrease towards the little finger, which is the weakest finger.

We have undertaken different Finger Load Balance exercises on the various proprietary keyboard layouts using different sample Ethiopic texts. Our findings reveal that proprietary keyboard layouts had not considered the issue of load balancing.

For example, our analysis on Power Geez's phonetic keyboard using the Ethiopian Constitution documents shows that there is a significant imbalance between the right and left hand side: 65% load to the left hand and 35% to the right hand. The finger load balance is also unbalanced, as shown below:
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Finger Load Balance of Power Geez
As shown from the chart, the Left Middle finger alone takes 23.43 % of the load. The reason is that Power Geez uses the key "e" (Left Middle finger) to produce the sixth order (ሳድስ) Ethiopic Characters, which are the most frequently used family of characters. Similar analysis on other proprietary keyboard layouts that use a single modifier to produce the sixth order characters, such as Samawarfa and GeezWord, shows an output which is skewed towards the finger used to type the sixth order modifier.

The chart also shows that the left Little finger, which is the weakest of all fingers, takes a very high (17.83%) percentage of the load.

Similarly, although the left- right hand load balance (52%/48%) seems reasonable, Visual Geez's Keyboard layout puts unreasonable load on the right and left Little fingers, 23.74% and 18.24%, respectively. The reason behind this imbalance is that Visual Geez uses the shift keys, which are typed by the Little fingers to produce the sixth order (ሳድስ) Ethiopic Characters that are the most frequently used family of characters. The effect is also observed on Agfari and the Typewriter keyboard layouts that use the Shift keys for similar purposes.
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Finger Load Balance of Visual Geez
Finger Load Balance of the Standard Keyboard Layout
We have applied the Finger Load Balance analysis on different key combination scenarios.

The proposed keyboard layout has attempted to distribute the load between the fingers by using two modifiers for producing the sixth order (ሳድስ) Ethiopic Characters. The sixth order characters assigned to keys on the right side of the keyboard are produced in combination with the "c" key, while those on the left are produced in combination with the "," key which is located on the right side of the keyboard.

Moreover, some Ethiopic characters have been mapped to keys that have no soundex similarity with a view to maintaining the load balance without significantly affecting the overall association of the phonetic mapping between the Ethiopic Characters and Latin Keys. The average load distribution of the proposed keyboard layout as applied to the Ethiopian constitution document is shown below.
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Finger Load Balance of the Standard Ethiopic Keyboard Layout

The chart shows that the left and right hand load balance is 51% load to the left hand and 49%, respectively.

Although the left-right hand load balance is reasonable, there still exists an imbalance between the fingers, specially the right Middle and left Little fingers. The trade off was accepted in order to accommodate other design considerations presented on the "design guidelines" section, such as maintaining the phonetic association between the Ethiopic characters and Latin keys with a view to making the keyboard layout easier to learn and use.

Tigrigna Keyboard Layout
Our team has considered the options of using the same keyboard layout for both the Amharic and Tigrigna languages, and using separate keyboard layouts for each language. The former option was recommended for the following reasons.

First, users of the Tigrigna keyboard would also frequently use the Amharic keyboard layout as it is the national language. Thus it is more convenient to use the same keyboard layout instead of learning two keyboard layouts.

Second, the character frequency analysis performed on a number of samples of Tigrigna documents shows that the difference in the character distribution of both languages is relatively small. The table below shows that frequency of character families on a sample Tigrigna document.

Character Frequency Analysis on a Sample Tigrigna Document

	Character Order
	Frequency
	%

	ሳድስ (ህ፣ል፣ም ወዘተ)
	9338
	49.71

	ራብእ (ሃ፣ላ፣ማ ወዘተ)
	3485
	18.55

	ግእዝ (ሀ፣ለ፣መ ወዘተ)
	3455
	18.39

	ሳልስ (ሂ፣ሊ፣ሚ ወዘተ)
	959
	5.11

	ካእብ (ሁ፣ሉ፣ሙ ወዘተ)
	732
	3.90

	ሳብእ (ሆ፣ሎ፣ሞ ወዘተ)
	583
	3.10

	ሃምስ (ሄ፣ሌ፣ሜ ወዘተ)
	180
	0.96

	አረቤ (ኋ፣ሏ፣ሟ ወዘተ)
	52
	0.28

	 
	18784
	100


The table shows that the 6th order characters take the highest share, which is also the case for Amharic documents. The only difference between the two languages in this regard is that the 4th order and first order characters share a very close percentage here while the latter share the second largest percentage for Amharic documents.
The Typewriter Keyboard Layout

The currently available proprietary Ge'ez applications provide an optional Typewriter keyboard layout, which is based on the traditional Amharic typewriter keyboard layout. Such option is usually targeted towards users who have past experience on the manual typewriter. 

Unlike the Phonetic keyboard layout which can be used with minimum efforts, most new computer users are not comfortable with the typewriter keyboard layout.

Our project team has proposed that the Phonetic keyboard layout be the major standard keyboard layout, while the Typewriter keyboard layout should be considered as an alterative layout in order to support the large number of users who are already familiar with the traditional typewriter.

The Typewriter Keyboard layout is shown below.
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The proposed keyboard layout is similar with the traditional layout, with the following exceptions:

· the "$" which is mapped to "a" in the manual typewriter layout is replaced with the "ሐ" character

· a Switch key (\) is introduced to produced Ge'ez numbers, and Latin punctuation characters.

The characters in the first row are produced using a single key stroke, while those at the second row are produced in combination with the shift key. 
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The second order characters (ሁ ሉ ሙ ሱ ሩ etc) are produced in combination with the               key, as shown in the examples below:

	Key combination
	Character produced

	[image: image15.png]B



 + በ (j)
	ቡ
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 + ሰ (h)
	ሱ
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 + ከ (m)
	ኩ
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 + ለ (s)
	ሉ
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The third order characters (ሂ ሊ ሚ ሲ ሪ etc) are produced in combination with the              key, as shown in the examples below:

	Key combination
	Character produced

	[image: image19.png]B



 + shift + በ (j)
	ቢ
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 + shift + ሰ (h)
	ሲ
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 + shift + ከ (m)
	ኪ
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The fourth order characters (ሃ ላ ማ ሳ ራ etc) are produced in combination with the              key, as shown in the examples below:

	
Key combination
	Character produced

	[image: image22.png]


  + በ (j)
	ባ

	[image: image23.png]


 + ሰ (h)
	ሳ

	[image: image24.png]


 + ከ (m)
	ካ


The fifth order characters (ሄ ሌ ሜ ሴ ሬ etc) are produced in combination with the       
[image: image25.png]


       key, as shown in the examples below:

	Key combination
	Character produced

	
[image: image26.png]


  + shift + በ (j)
	ቤ
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 + shift + ሰ (h)
	ሴ
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 + shift + ከ (m)
	ኬ


The seventh order characters (ቦ ሞ ሶ etc) are produced in combination with the              key, as shown in the examples below:

	Key combination
	Character produced

	[image: image29.png]


  + shift + በ (j)
	ቦ
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 + shift + ሰ (h)
	ሶ
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 + shift + ከ (m)
	ኮ


The extended characters (ቧ ቷ ሟ etc) are produced as shown in the examples below:

	Key combination
	Character produced

	shift  + 
[image: image32.png]ao|




  + shift + [image: image33.png]B



 + በ (j)
	ቧ

	shift  + 
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  + shift + [image: image35.png]B



 + ሰ (h)
	ሷ

	shift  + 
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  + shift + [image: image37.png]B



 + ኪ (m)
	ኳ


Key Mapping of Ethiopic Digits and Numbers
The Switch (\) key is used to produce Ethiopic digits as shown below.
	
	፩ 
	፪
	፫
	፬
	፭
	፮
	፯
	፰
	፱
	፻

	With the \ key
	1
	2
	3
	4
	5
	6
	7
	8
	9
	0


	
	፲
	፳
	፴
	፵
	፶
	፷
	፸
	፹
	፺
	፼

	With the \ key and Shift
	1
	2
	3
	4
	5
	6
	7
	8
	9
	0


Annex I:
Summary of the Major Input Method Assignment Factors Considered for the Major "Order" of Ethiopic characters

Major Input Method Assignment Criteria
	Character Order
	Assignment
	Reason
	Examples of Keyboard Layouts using the same approach 

	First order
	First order characters (ሀ, ለ, መ etc) are produced by a single key stroke. E.g. "h" is pressed to produce "ሀ", "l" is pressed to produce "ለ", and "m" is pressed to produce "መ".


	The basis of this assignment is speed. Based on the character frequency analysis that was repeatedly taken on various documents, the first and sixth order characters constitute over 70% of the characters in the respective documents.  As a result, the first order characters would be produced with a single key stroke for speed reasons. 
	Typewriter, Agafari, Samawarfa, Visual Geez, and Power Geez.



	Second Order
	Second order characters (ሁ, ሉ, ሙ etc) are produced in combination with the vowel "u". E.g. "h" + "u" are pressed to produce "ሁ", "l" + "u" are pressed to produce "ሉ", and "m" +"u" are pressed to produce "ሙ".
	The basis of this assignment is phonetic similarity. This makes it easy for users to learn and remember.


	Alpas, Power Geez, Visual Geez, Samawarfa, Abysinica SIL



	Third Order
	Third order characters (ሂ, ሊ, ሚ etc) are produced in combination with the vowel "i". E.g. "h" + "i" are pressed to produce "ሂ", "l" + "i" are pressed to produce "ሊ", and "m" +"i" are pressed to produce "ሚ".
	The basis of this assignment is phonetic similarity. This makes it easy for users to learn and remember.


	Alpas, Power Geez, Visual Geez, Samawarfa, , Abysinica SIL



	Fourth Order
	Fourth order characters (ሃ, ላ, ማ etc) are produced in combination with the vowel "a". E.g. "h" + "a" are pressed to produce "ሃ", "l" + "a" are pressed to produce "ላ", and "m" +"a" are pressed to produce "ማ".
	Like the second and third order characters, the basis of this assignment is phonetic similarity. This makes it easy for users to learn and remember.


	Alpas, Power Geez, Visual Geez, Samawarfa, , Abysinica SIL.



	Character Order
	Assignment
	Reason
	Examples of Keyboard Layouts using the same approach 

	Fifth Order
	Fifth order characters (ሄ, ሌ, ሜ etc) are produced in combination with the vowel "a". E.g. "h" + "e" are pressed to produce "ሄ", "l" + "e" are pressed to produce "ሌ", and "m" +"e" are pressed to produce "ሜ".


	The basis of this assignment is phonetic similarity. This makes it easy for users to learn and remember.

Using the character "y" as a modifier for the fifth order charters was considered as an alternative. However, the first option was favored as "e" phonetically more appropriate than "y". Moreover, the "የ" family of Ethiopic characters is one of the most frequently used (the most frequent in most tests) and it would be more natural to assign  "y" to "የ" from phonetic as well as speed point of view. 
	Alpas, Visual Geez, Samawarfa , Abysinica SIL



	Sixth Order
	Sixth order characters (ብ, ል, ም etc) are produced in combination with the "c" and "," keys.
	The basis of this assignment is maintaining right and left hand load balance.
Based on the character frequency analysis that was repeatedly taken on various documents, the sixth order characters take the highest percentage of appearance (usually around 40%).

To distribute the balance between the right and left hand sides, the sixth order characters assigned to keys on the right side of the keyboard are produced in combination with the "c" key, while those on the left are produced in combination with the "," key which is located on the right side of the keyboard. 
	

	Character Order
	Assignment
	Reason
	Examples of Keyboard Layouts using the same approach 

	Seventh Order
	Seventh order characters (ሆ, ሎ, ሞ etc) are produced in combination with the vowel "o". E.g. "h" + "o" are pressed to produce "ሆ", "l" + "a" are pressed to produce "ሎ", and "m" +"o" are pressed to produce "ሞ".
	The basis of this assignment is phonetic similarity. This makes it easy for users to learn and remember.


	Alpas, Power Geez, Visual Geez, Samawarfa, Abysinica SIL



	ዲቃላ
	Charcters such as ኗ ሟ and ቷ are produced in combination with A.
	The basis of this assignment is phonetic similarity.

Other options considered (slower):

· key + u + a (requires 5 characters to be displayed)

· key + CAPS LOCK + w + a + CAPS LOCK (5 keys per character)


	Visual Geez, Abysinica SIL


Annex II: Key Combinations of the Proposed Standard Keyboard Layout

Key Combinations of the Proposed Standard Keyboard Layout

Group I Characters 
	 
	With

	Key
	Alone
	u
	i
	a
	e
	c or , *
	o
	 
	A
	U
	I
	E
	O

	h
	ሀ
	ሁ
	ሂ
	ሃ
	ሄ
	ህ
	ሆ
	 
	 
	 
	 
	 
	 

	l
	ለ
	ሉ
	ሊ
	ላ
	ሌ
	ል
	ሎ
	 
	ሏ
	 
	 
	 
	 

	m
	መ
	ሙ
	ሚ
	ማ
	ሜ 
	ም
	ሞ
	 
	ሟ
	 
	 
	 
	 

	r
	ረ
	ሩ
	ሪ
	ራ
	ሬ
	ር
	ሮ
	 
	ሯ
	 
	 
	 
	 

	s
	ሰ
	ሱ
	ሲ
	ሳ
	ሴ
	ስ
	ሶ
	 
	ሷ
	 
	 
	 
	 

	q
	ቀ
	ቁ
	ቂ
	ቃ
	ቄ
	ቅ
	ቆ
	 
	ቋ
	ቍ
	ቊ
	ቌ
	ቈ

	b
	በ
	ቡ
	ቢ
	ባ
	ቤ
	ብ
	ቦ
	 
	ቧ
	 
	 
	 
	 

	t
	ተ
	ቱ
	ቲ
	ታ
	ቴ
	ት
	ቶ
	 
	ቷ
	 
	 
	 
	 

	n
	ነ
	ኑ
	ኒ
	ና
	ኔ
	ን
	ኖ
	 
	ኗ
	 
	 
	 
	 

	x
	አ
	ኡ
	ኢ
	ኣ
	ኤ
	እ
	ኦ
	 
	ኧ 
	 
	 
	 
	 

	k
	ከ
	ኩ
	ኪ
	ካ
	ኬ
	ክ
	ኮ
	 
	ኳ
	ኵ
	ኲ
	ኴ
	ኰ

	w
	ወ
	ዉ
	ዊ
	ዋ
	ዌ
	ው
	ዎ
	 
	 
	 
	 
	 
	 

	z
	ዘ
	ዙ
	ዚ
	ዛ
	ዜ
	ዝ
	ዞ
	 
	ዟ
	 
	 
	 
	 

	y
	የ
	ዩ
	ዪ
	ያ
	ዬ
	ይ
	ዮ
	 
	 
	 
	 
	 
	 

	d
	ደ
	ዱ
	ዲ
	ዳ
	ዴ
	ድ
	ዶ
	 
	ዷ
	 
	 
	 
	 

	j
	ጀ
	ጁ
	ጂ
	ጃ
	ጄ
	ጅ
	ጆ
	 
	ጇ
	 
	 
	 
	 

	g
	ገ
	ጉ
	ጊ
	ጋ
	ጌ
	ግ
	ጎ
	 
	ጓ
	ጕ
	ጒ
	ጔ
	ጐ

	[
	ፀ
	ፁ
	ፂ
	ፃ
	ፄ
	ፅ
	ፆ
	 
	 
	 
	 
	 
	 

	f
	ፈ
	ፉ
	ፊ
	ፋ
	ፌ
	ፍ
	ፎ
	 
	ፏ
	 
	 
	 
	 

	p
	ፐ
	ፑ
	ፒ
	ፓ
	ፔ
	ፕ
	ፖ
	 
	ፗ
	 
	 
	 
	 

	v
	ሸ
	ሹ
	ሺ
	ሻ
	ሼ
	ሽ
	ሾ
	 
	ሿ
	
	
	
	

	]
	ጨ
	ጩ
	ጪ
	ጫ
	ጬ
	ጭ
	ጮ
	 
	ጯ
	
	
	
	


* For sixth order characters the modifier is pressed first

Key Combinations of the Proposed Standard Keyboard Layout

Group II Characters - With Shift Key 
	
	 
	With

	 
	Key
	Alone
	u
	i
	a
	e
	c or , *
	o
	 
	A
	U
	I
	E
	O

	Shift +
	h
	ሐ
	ሑ
	ሒ
	ሓ
	ሔ
	ሕ
	ሖ
	 
	ሗ
	 
	 
	 
	 

	Shift +
	s
	ሠ
	ሡ
	ሢ
	ሣ
	ሤ
	ሥ
	ሦ
	 
	ሧ
	 
	 
	 
	 

	Shift +
	q
	ቐ
	ቑ
	ቒ
	ቓ
	ቔ
	ቕ
	ቖ
	 
	ቛ
	ቝ
	ቚ
	ቜ
	ቘ

	Shift +
	c
	ቸ
	ቹ
	ቺ
	ቻ
	ቼ
	ች
	ቾ
	 
	ቿ
	 
	 
	 
	 

	Shift +
	t
	ጠ
	ጡ
	ጢ
	ጣ
	ጤ
	ጥ
	ጦ
	 
	ጧ
	 
	 
	 
	 

	Shift +
	n
	ኘ
	ኙ
	ኚ
	ኛ
	ኜ
	ኝ
	ኞ
	 
	ኟ
	 
	 
	 
	 

	Shift +
	x
	ዐ
	ዑ
	ዒ
	ዓ
	ዔ
	ዕ
	ዖ
	 
	 
	 
	 
	 
	 

	Shift +
	k
	ኸ
	ኹ
	ኺ
	ኻ
	ኼ
	ኽ
	ኾ
	 
	ዃ
	ዅ
	ዂ
	ዄ
	ዀ

	Shift +
	z
	ዠ
	ዡ
	ዢ
	ዣ
	ዤ
	ዥ
	ዦ
	 
	ዧ
	 
	 
	 
	 

	Shift +
	d
	ዸ
	ዹ
	ዺ
	ዻ
	ዼ
	ዽ
	ዾ
	 
	ዿ
	 
	 
	 
	 

	Shift +
	g
	ጘ
	ጙ
	ጚ
	ጛ
	ጜ
	ጝ
	ጞ
	 
	 
	 
	 
	 
	 

	Shift +
	[
	ጸ
	ጹ
	ጺ
	ጻ
	ጼ
	ጽ
	ጾ
	 
	ጿ
	 
	 
	 
	 

	Shift +
	p
	ጰ
	ጱ
	ጲ
	ጳ
	ጴ
	ጵ
	ጶ
	 
	ጷ
	 
	 
	 
	 

	Shift +
	]
	ኀ
	ኁ
	ኂ
	ኃ
	ኄ
	ኅ
	ኆ
	 
	ኋ
	 
	 
	 
	 

	Shift +
	v
	ቨ
	ቩ
	ቪ
	ቫ
	ቬ
	ቭ
	ቮ
	 
	ቯ
	
	
	
	


* For sixth order characters the modifier is pressed first 

Key Combinations of the Proposed Standard Keyboard Layout

Group III Characters - Ethiopic Punctuation Character

The Ethiopic punctuation characters are mapped as follows.
A. Without using a switch

	Latin Key
	Ethiopic Punctuation Character

	<
	፣

	>
	፤

	:
	፡

	;
	።


B. Using a switch (\)

	
	Latin Key
	Ethiopic Punctuation Character

	\ +
	"
	፥

	\ +
	'
	፦

	\ +
	-
	|

	\ +
	_
	´

	\ +
	?
	[image: image38.png]





Key Combinations of the Proposed Standard Keyboard Layout
Group IV Characters - Ethiopic Digits and Numbers

	 
	Latin Key 
	Ethiopic Digit
	Ethiopic Number (With Shift Key)

	\ +
	1
	፩
	፲

	\ +
	2
	፪
	፳

	\ +
	3
	፫
	፴

	\ +
	4
	፬
	፵

	\ +
	5
	፭
	፶

	\ +
	6
	፮
	፷

	\ +
	7
	፯
	፸

	\ +
	8
	፰
	፹

	
\ +
	9
	፱
	፺

	\ +
	0
	፻
	፼


Annex III:

A Questionnaire to Assess the Strengths and Drawbacks of Existing Ethiopic Keyboard Layouts
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Abbreviations

	
	 

	ASCII
	American Standard Code for Information Exchange

	DPI
	Number of dots per inch

	EBCDIC
	Extended Binary Coded Decimal Interchange Code

	EICTDA
	Ethiopian Information and Communications Technology Development Agency

	ICT
	Information and Communications Technology

	MODI
	Microsoft Office Document Imaging Library

	OCR
	Optical Character Recognition

	OMR
	Optical Mark Reader

	PDF
	Portable Document Format

	RTF
	Rich Text Format document

	SDK
	Software Development Kit

	SISA
	School of Information Science for Africa

	TIFF
	Tagged-Image File Format

	UPM
	Units per em

	WYSIWYG
	What You See Is What You Get

	XML
	Extensible Markup Language
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