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AbstractThe exponential growth of Internet in India in the recent past has led to the creationof a large amount of content in Indian languages on the Internet. But, when it comesto communicating with each other, many people �nd it di�cult to put forth theirthoughts in a foreign language like English. Typically, one would like to send e-mailsin his/her native tongue. Moreover, if one were to �ll forms in the HTML documentsavailable on the Web, the user has to depend on Latin-1 encoding to submit the data.In this thesis we provide a solution, which would allow users to �ll up forms andcommunicate with each other by sending e-mails in their native language. Thoughwe have provided a solution for Hindi, it can be easily extended to any Brahmi-basedscript.
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Chapter 1
Introduction
Human beings all over the world speak a large number of languages. In a coun-try like India, people of di�erent states speak di�erent languages. The Internet hasgrown enormously in the recent past. Moreover, there is an exponential growth inthe number of Internet users in India. This has resulted in large amount of contentbeing created in Indian languages on the Web. But, when it comes to communicat-ing with each other, many people �nd it di�cult to put forth their thoughts in aforeign language such as English. People would prefer to use their native tongue tocommunicate, for example sending e-mails in Hindi would be preferred to sending inEnglish. Some software allow people to communicate in Indian languages, but theyare mainly platform dependent and they require the user to install their package ora similar package. In this thesis we aim to provide a wrapper for Indian languageson the Web, which would help users to communicate in Indian languages without theexplicit installation of any package. Our solution is also platform independent as itis written entirely in Java.1.1 MotivationThe iLeap package [1], developed by CDAC, provides a solution to send e-mails inIndian languages, either by embedding the content in the form of GIF images orin HTML format, where the e-mail client should be able to provide a viewer forHTML document, or in ISCII format [3], which requires any ISCII compatible Indian1



language editor to view the message. None of the existing packages provide supportto �ll forms in Indian languages, which would be quite handy for the users, who arenot so pro�cient in English.Typically, one would like to provide a solution in which the software can be em-bedded in the User-Agent, so that the user need not bother about a viewer. Moreover,when it comes to �lling of forms in a Web page, the solution provided by HTML is notsu�cient for supporting Indian languages. The users have to type using the Latin-1encoding scheme, which is not very convenient for typing in Indian languages. A typ-ical scenario is that the designers of the Web page provide a transliteration schemewhich would be used in the backend to process the user's request and give an appro-priate response. Some of the disadvantages of this solution are:� It is di�cult for users to work with the transliteration scheme provided by thesource.� Di�erent people can use di�erent transliteration schemes.� The user is never sure of whether the input he has given in the form is the sameas he intended to.Ideally, users should be able to type in their native language, preferably withconvenient key mappings and the characters typed should displayed in the nativelanguage itself, so that the user need not worry about any ambiguity.In this thesis, we provide a Java applet, that can be embedded into a HTMLdocument and thus can be used to �ll up forms. Further, the information given asinput through the applet allows easy processing, as the server-side software can beeasily written. As an example application of our applet, we use the applet to sende-mails in Hindi. Though we have provided a solution for Hindi, it can be easilyextended to any Brahmi- based script. The solution requires the Java plugin to beinstalled on the client machine as our applet is written using JDK1.2 and also thefont used by the applet, for rendering the glyphs, to be present on the client machine.1.2 Organization of the ReportIn chapter 2, we discuss the related work in the area of multilingual content creationand storage. The design and implementation of our approach is presented in chapter2



3. Chapter 4 talks about a small application of our applet, namely communicatingin Hindi by the means of e-mails. In chapter 5, we give the conclusions and workthat can be done in the future. The Appendix A enumerates the ISCII characterset. Appendix B lists a sample HTML �le which is used to invoke the applet. InAppendix C, we present some sample con�guration �les.
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Chapter 2
Related Work
Due to the rapid development of the Internet, and the variety of users it caters to,there is a great need for the Internet to support various languages. This change hasnot been so smooth, because of the poor standards that Internet initially startedwith. As a result of this, there has been a variety of new standards that have comeup to support Multilingualism on the Web. ISCII, Indian Script Code for InformationInterchange, is one such standard for Indian languages.2.1 Multilinguism on the WebThe Internet which started as a small network in the USA, has become a globalnetwork and the number of people accessing the Internet has been on the rise. This hasshown a number of limitations on the standards and protocols on which the Internetis based. HyperText Markup Language, HTML, is a markup language used to createdocuments on the Web. The biggest disadvantage of HTML is its dependence onLatin-1 (ISO-8859-1) character encoding, which is the character set of HTML. Latin-1 is an 8-bit character encoding scheme and can have a maximum of 256 characters. Itcan support only the Western European languages. Thus, having a large character setis a basic requirement of Multilingalism. The newer versions of HTML, uses Unicodeas its document character set. But most of the User-Agents, i.e., browsers, cannotunderstand Unicode and documents have to provide appropriate fonts to render thedocument in the correct font. For example, if a document is written in three languages,4



say Hindi, Tamil and French, the fonts for these three languages should be presenton the client machine to render the document in its original form.2.2 Character EncodingsA document on the Internet can be written in various languages. The character en-coding of a document represents a subset of the characters in the document. Thereare several character encodings that contain characters from a few scripts for exam-ple, ASCII (supports the characters in English), ISO-8859-1 (encodes most WesternEuropean languages), ISO-8859-5 (supports Cyrillic), SHIFT JIS (a Japanese encod-ing). The Unicode character encoding is a 16-bit character encoding scheme, whichcan encode more than 65,000 characters. UTF-8 (Universal Character Set Transfor-mation Format) encoding scheme is useful if English is used with other languages inthe same document. When a document is transferred on the Web, the User-Agent onthe other side should be informed what the character encoding of this document is.2.2.1 ASCIIThe English language has, until recently, dominated the Web. E-mail, gopher, ftp usethe 7-bit ASCII (American Standard Code for Information Interchange) standard,allowing for 128 characters. ASCII codes 0 to 31 and 127 are control charactersthat are non printable, whereas the other codes represent printable characters. Thecodes 32 to 126 represent characters of the Roman alphabet mapped to the standardqwerty keyboard. ASCII characters are each represented by one byte according to astandard code. Use of ASCII for information interchange has been severely limiting forlanguages written in non-roman scripts. Thus authors have been forced to use variousinadequate transliteration schemes to handle non-roman characters when digitizingtext.2.2.2 ISCIIThe Department of Electronics came up with a standard for Indian code chart. TheIndian Script Code for Information Interchange, ISCII[3], speci�es a 7-bit code tablewhich can be used in 7 or 8-bit ISO compatible environment. It allows English and5



Indian script alphabets to be used simultaneously. ISCII retains the ASCII characterset in the lower half and provides the Indian script character set in the upper 96characters in the 8-bit code. Some of the main features of ISCII are as follows:� ISCII character set is a super-set of all the characters required in the 10 Brahmi-based languages.� The ISCII code contains only the basic alphabet required by Indian scripts.The composite characters are formed by combining these basic characters.� ISCII code has the advantage that there is only one way of typing a word. Anyword can only be typed in the phonetic order of the constituent basic characters.� All words have unique spellings and are not a�ected by the display rendition.Eight-bit ISCII codeISCII-8 is an 8-bit encoding standardized by DOE in 1986. The lower 128 characterscontains the ASCII character set, while the upper half of the table is used for Indianscript code. The �rst two columns in the upper half are reserved for control charactersas per the recommendation of the ISO(International Standards Organization). Thisencoding allows free mixing of Roman characters with Indian scripts.Seven-bit ISCII codeSeven bit ISCII code is recommended for those computers and packages which do notallow the use of 8-bit codes. In 7-bit coding schemes, 128 positions are available forrepresenting all characters of the script.In this encoding scheme, control codes of ASCII are retained and all other codesare used to represent Indian scripts. The disadvantage of this code is that Romanscripts cannot be mixed with Indian scripts.2.2.3 UnicodeUnicode[5] is a 16-bit character encoding that allows 65,535 characters comparedto the 256 characters provided by 8-bit ASCII. The Unicode Character Standard6



is designed to support the interchange, processing and display of texts in variouslanguages of the modern world. Unicode is the �rst plane of ISO-10646, which isalso called BMP (Basic Multilingual Plane) or Plane Zero. ISO-10646 is a 32-bitencoding. It is divided into 32,000 planes, each of 64,000 characters capacity. Thispermits 2,080 million characters. This form is also called UCS-4, Universal CharacterSet 4-bytes. Only the �rst plane of UCS-4 encoding, Unicode, is in use.The Devanagari block of the Unicode standard is based on ISCII-1988. The De-vanagari characters are encoded in the range U+0900{U+097F.2.2.4 UTF-8Character encoding standards de�ne not only the identity of each character and itsnumeric value, or code position, but also how this value is represented in bits. TheUnicode standard endorses two forms that correspond to ISO 10646 transformationformats, UTF-8 (Universal Character Set Transformation Format)[4] and UTF-16.UTF-8 is a way of transforming all Unicode characters into a variable lengthencoding of bytes. It has the advantages that the Unicode characters correspondingto the familiar ASCII set end up having the same byte values as ASCII, and thatUnicode characters transformed into UTF-8 can be used with much existing softwarewithout extensive software rewrites. Any Unicode character expressed in the 16-bitform can be converted to the UTF-8 form and back without loss of information. Somesalient features of the UTF-8 encoding are as follows:� All UCS characters > 0x7f are encoded as a multibyte sequence consisting onlyof bytes in the range 0x80 to 0xfd.� The lexicographic sorting order of UCS-4 strings is preserved.� All possible 231 UCS codes can be encoded using UTF-8.� The bytes 0xfe and 0x� are never used in the UTF-8 encoding.� UTF-8 encoded UCS characters can be upto six bytes long.� The �rst byte of a multibyte sequence which represents a single non-ASCIIUCS character is always in the range 0xc0 to 0xfd and indicates how long thismultibyte sequence is. 7



EncodingThe following byte sequences are used to represent a character encoded in UCS. Thesequence to be used depends on the UCS code number of the character:0x00000000 -- 0x0000007F:0xxxxxxx0x00000080 -- 0x000007FF:110xxxxx 10xxxxxx0x00000800 -- 0x0000FFFF:1110xxxx 10xxxxxx 10xxxxxx0x00010000 -- 0x001FFFFF:11110xxx 10xxxxxx 10xxxxxx 10xxxxxx0x00200000 -- 0x03FFFFFF:111110xx 10xxxxxx 10xxxxxx 10xxxxxx 10xxxxxx0x04000000 -- 0x07FFFFFF:1111110x 10xxxxxx 10xxxxxx 10xxxxxx 10xxxxxx 10xxxxxxThe xxx bit positions are �lled with bits of the character code number in binaryrepresentation. Only the shortest possible multibyte sequence which can representthe code number of the character can be used.2.3 Nature of Indian AlphabetAll the Indian scripts have originated from the ancient Brahmi script which is phoneticin nature. Thus all the Indian languages are phonetic in nature, but there are subtledi�erences in the alphabet. The di�erences in Indian languages are mainly in their8



written form. Di�erent combination rules get used in generating the appropriatesounds.� The ConsonantsIndian script consonants[3] have an implicit a vowel included in them. Theseconsonants have been categorized according to their phonetic properties. Thereare 5 Vargs (Groups) and non-Varg consonants. Each Varg in turn consists of5 consonants, out of which the last one is a nasal consonant.Varg Consonantska k kha K ga g gha G "na Rca c cha C ja j jha J ~na �.ta V .tha W .da X .dha Y .na Zta t tha T da d dha D na npa p pha P ba b bha B ma mTable 2.1: Varg Consonants in Devanagari
Non-Varg Consonantsy r l v f q s hya ra la va "sa .sa sa haTable 2.2: Non-Varg Consonants in Devanagari
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� Anuswar ( \ )Anuswar[3] indicates a nasal consonant sound. When it appears before a conso-nant belonging to any of the 5 Vargs, it represents the nasal consonant belongingto that Varg. However, if it appears before a non-Varg consonant, it representsa di�erent nasal sound.� Nasalization Sign: Chandrabindu ( )The chandrabindu ( ) [3] represents nasalization of the preceding vowel. InDevanagari script, it often gets substituted with Anuswar, as the latter is moreconvenient for writing. However, in some words, the Anuswar and Chandra-bindu can give di�erent meanings as in the case of h s, which means to laughand h\s, which means a swan.� Vowels and Vowel Signs (Matras)All the Vowels [3] of Indian languages are pronounced independently and theyhave di�erent symbols. The consonants of Indian scripts have an implicit vowelsound. The vowel-sign (Matra) is attached to the consonant to indicate a vowelsound other than the implicit one. Thus every vowel, excepting the a vowel,has an equivalent Matra.Vowels and Vowel SignsVowels a aA i I u U � e e� ao aOVowel-sign { A E F � � � � { o ORoman a A i I u U .r e ai o tt auTable 2.3: Vowels and Vowel signs in Devanagari
� Vowel Omission Sign: Halant( ^ ) All the consonants in Indian scripts areassumed to have an implicit vowel sound, a, within them unless a Matra is10



attached to the consonant, in which case it has a di�erent vowel sound. Toindicate that the consonant does not have the implicit vowel a in it, the specialsign Halant( ^ ) is used.� ConjunctsThere are numerous conjuncts[3], which essentially are clusters of upto fourconsonants without the intervening implicit vowels, in Indian scripts. The shapeof these conjuncts can di�er from those of the constituent characters. Theseconjuncts are formed in the ISCII code by putting the Halant( ^ ) character,between the constituent consonants. Examples:k ^ q = "p ^ r = þ� Diacritic Mark: NuktaThe Nukta is used in deriving 5 other consonants in the Devanangari and Pun-jabi scripts, required for Urdu. It is also used for w and x in some Northernscripts.� PunctuationThe punctuation marks used in Indian scripts are borrowed from English. In-stead of the full-stop a Viram(.) is used in Northern scripts.� NumeralsThe Devanagari script has its own set of numerals corresponding to the inter-national numerals. Numerals0 1 2 3 4 5 6 7 8 90 1 2 3 4 5 6 7 8 9Table 2.4: Numerals in Devanagari
11



2.4 Font EncodingsThe encoding of a font speci�es the mapping from character codes (an integer, typ-ically between 0 and 255) to the characters. There are no particular standards forencoding fonts and almost every vendor comes up with an encoding scheme that isconvenient for use in their software.Though character encoding is di�erent from font encoding, the font encoding couldbe the same as the character encoding and this would greatly reduce the standard-ization problem of font encodings.In the case of Indian language fonts, this becomes quite complicated as ISCII hasto be di�erent from the font encoding, because of the presence of conjuncts in Indianlanguages. Most fonts for Devanagari generally provide a glyph for the danda, A, andglyphs for half consonants like Q, which have to be combined together to form theligature c. Further, in words like aQCA, the half consonant Q is used, which makesit essential for the font designers to provide half consonants.2.5 Inscript Keyboard LayoutThe Inscript overlay[2, 3] is the same for all the Indian scripts and contains the basiccharacters required for all of them. The Figure 2.1 is for the Devanagari script. Thecharacters which are not used in Devanagari are not shown in the overlay.

Figure 2.1: Inscript Keyboard Layout12



The left half of the keyboard contains the Vowels, Nasal signs and Nasal conso-nants. A matra is given in the Unshift position and the corresponding Vowel is givenin the Shift position. The Vowel a has no corresponding Matra as its sound is inher-ently present in each consonant. A Halant ^ sign is used to remove the inherent asound from a consonant. Halant sign is also used quite often to combine consonants,and is thus given in the Unshift position.The consonant pad is in the right half of the keyboard. The 5 consonant Vargs inDevanagari have 5 consonants each. The Vargs are shown in the Table 2.1. The twopairs of each Varg are kept in two vertical keys. The consonant in the Shift positionof a key is the \Aspirated" counterpart of the consonant in the Unshift position. AnAspirated consonant is one that has an extra \h" sound in it. For example, K is anaspirated counterpart of k.The Non-Varg consonants in Devanagari are also accomodated in the consonantpad on the right half of the overlay.Viram is provided on the Shift position of the full-stop. For convenience of typing,some Conjunct characters are provided in the Shift positions of the digits. The actionof these keys is the same as typing two or three characters comprising each of thecorresponding conjuncts.2.6 iLeapiLeap is a multilingual Indian language word processor, developed by CDAC, availablefor the Windows operating system. The word processor allows users to type in anyIndian language. The following are the salient features of iLeap:� It uses the Inscript keyboard layout.� If one learns typing in any Indian language, it is easy to type in any otherlanguage, as all Indian languages have similar keyboard layouts in the Inscriptscheme.� It provides variety of fonts for each of the Indian languages.� We can use di�erent languages in the same document.13



� It allows to export text to HTML, RTF, BMP, JPEG which makes it easy touse for publishing, creating Web pages.� Support for complete WYSIWYG display and printing.� Design templates for routine documents, re-use existing documents as tem-plates.One can send e-mails in Indian languages using iLeap. It is capable of convertingthe Indian language document into a GIF imaga, a JPEG image, or as a HTMLdocument, which can be attached with the mail. Moreover, it can also send e-mailusing the ISCII character encoding, which requires an ISCII interpreter to be presenton the recipient's machine.
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Chapter 3
Design and Implementation
The main problem of communicating in various languages across the Internet are theinsu�cient standards and protocols. The current standards allow transfer of con-tent only in UTF-8 encoding, which is safe for transmission across various networks.Moreover, most of the computers have the \qwerty" keyboard, using which typing indi�erent languages is not possible unless there is a keyboard driver that allows theuser to do this. Users have to depend on Latin-1 to �ll forms. This restricts Multilin-gual features of the Web in a big way. Our design provides a way to get around thisproblem of feedback in Latin-1 by providing a Java applet that allows users to typein Indian languages. The applet can then communicate with the server and transferthe information provided by the user.3.1 Our ApproachIn our approach, we provide a Java applet, that acts as a keyboard driver and allowsusers to type in Indian languages. The language in which the user can type andthe font dependent information can be provided to the applet through the variouscon�guration �les.

15



3.1.1 Why Java Applet?We have chosen to provide a Java applet as it is platform- and operating system-independent and it is downloaded across the network and interpreted by the browser.Further, applets written in Java do not pose any security threats to the client system.Java applets can be easily embedded in HTML documents. They can be used tocreate smart forms, that are interactive, and can do input veri�cation at the clientside, rather than verifying on the server, which can save bandwidth.3.1.2 Con�guration FilesThe Java applet requires the following con�guration �les while startup. The placewhere the applet can �nd these �les on the server is speci�ed in the <PARAM> tag inthe HTML �le that embeds the Java applet. The following have to be speci�ed inthe HTML �le:� ISCIIFILE, the �le containing the character encoding information� KEYBOARDFILE, the �le containing information about the layout of various keys.� FONTTABLEFILE, the �le that contains information on the conjuncts in the lan-guage.� FONTFILE, the �le that contains information of the glyph positioning in thecorresponding font that is used.� UNICODEFILE, is the �le that contains the mapping between Unicode and ISCII.The internal representation of characters are in ISCII form for processing, butin Unicode format when stored or when sent across the network.Character Encoding FormatThis �le is provided so that the other con�guration �les can be easily written andinterpreted. This �le has the format:STRING_REPRESENTATION_OF_CHARACTER CHARACTER_CODE16



The character code is an integer. It can be an 8-bit character code or a 16-bit charactercode. As this string representation of characters is used in all the other �les, this helpsin using any character encoding the user prefers. The �le name should be set as thevalue for ISCIIFILE parameter. In this �le the string representation of a characteras well as the character code are one word each. The string representation is notstandard, but it is used internally by the applet in reading other con�guration �les.Keyboard MapThe layout of various keys on the keyboard is speci�ed in the \keyboard map" �le.This �le name is speci�ed in the HTML �le, which embeds the Java applet as aparameter using the <PARAM> tag. The default keyboard layout used by the appletis the Inscript keyboard layout. By changing the �le, the user can give a keyboardlayout of his choice. This �le should be written in the following format:ASCII_value_of_the_key A_set_of_ISCII_codes_in_string_formatThe set of ISCII codes represent the codes corresponding to the character in thatlayout. If a key corresponds to more than one ISCII code, then the codes are writtenin the same line separated by whitespace. This �le should be speci�ed as the value ofthe parameter KEYBOARDFILE. In this �le, ASCII value of a key is a single word, butthe ISCII codes can be any number of codes mapped to that key.ConjunctsConjuncts are clusters of upto four consonants without the intervening implicit vowelsin Indian scripts. The shape of these conjuncts can di�er from those of the constituentcharacters. Di�erent Indian scripts have di�erent conjuncts and hence have to bede�ned in the con�guration �le, so as to make the applet language independent.The format of the conjunct �le is as follows:STREAM_OF_ISCII_CHARACTERS INTERMEDIATE_GLYPH_CODE17



The ISCII characters are separated by whitespace. The intermediate glyph codeis an integer which is used to represent each possible character that can be generatedfrom the font. This �le can be speci�ed as the parameter FONTTABLEFILE. The inter-mediate glyph code is a unique number and is the last word of each line. The rest ofthe words correspond to the ISCII characters that are represented by the glyph code.The glyph code is not a standard code, but used internally by the applet.Font InformationThe font information �le, speci�ed in the parameter FONTFILE, gives the mappingbetween the intermediate glyph code and the glyph code used in the font. This �le isdependent on the font that is used as every font has its own encoding scheme. This�le also gives us the information about how many glyphs in the font correspond to aparticular character in the alphabet.This �le should be in the format:INTERMEDIATE_GLYPH_CODE GLYPH_CODES_CORRESPONDING_TO_THE_CHARACTERAs in the other con�guration �les, the glyph codes corresponding to the characterare separated by whitespace. All possible glyph sequences have unique intermediateglyph number. These intermediate glyph numbers can map any number of glyphs inthe font.3.2 Devanagari Text AreaJDK1.2 provides JTextComponent[6] class for text editing features. The JTextComponentclass is a super class of a set of classes. The most commonly used components forediting purposes are the JTextField[6] and JTextArea[6]. The JTextComponentprovides these customizable features for all its descendents:� A separate model, known as the document, to manage the component's content.� A separate view, which is in charge of displaying the component on the screen.� A separate controller, known as an editor kit, that can read and write text andthat implements editing capabilities with actions.18



� Customizable keymaps and key bindings.� Support for in�nite undo and redo.� Pluggable caret and support for caret change listeners.3.2.1 DocumentsLike all Swing components, a text component separates its data (known as model)from its view of the data. A text component's model is known as a document. Adocument [7] provides these services for a text component:� A document stores the textual content, which can represent any logical textstructure, such as paragraphs, text runs that share styles, and so on.� Provides support for editing the text through the remove and insertStringmethods.� Noti�es document listeners and undoable edit listeners of changes to the text.The DevTextArea, designed by us, is a subclass of the JTextArea, which is inher-ited from the JTextComponent class. The DevTextArea has its own document, whichis used to display the variable number of glyphs associated with each character inDevanagari. For example, the character c constitutes the glyphs Q and A.3.3 Keyboard to ISCII encodingThe DevTextArea uses the inscript keyboard layout for the input of characters. Thecode of the typed key is converted into a corresponding ISCII code. The followingsubsections describe the process in detail.3.3.1 Keyboard MapThe \keyboard map" speci�es the mapping between the \qwerty" keyboard and theinscript keyboard. The \keyboard map" �le consists of the key codes and the corre-sponding ISCII characters mapped to the key. For example, the the key `&' is mapped19



to ", which comprises of the ISCII codes for k, ^ and q. Whenever a key is pressedthe corresponding ISCII codes for the key are generated and this serves as the inputto the routine which generates the display codes. Instead of using the `&' key to get", it can be generated by typing the keys `k', `d' and `M', which represent the keysfor `k', ` ^', and `q' respectively. As a key pressed generates a set of ISCII codes whichis independent of the font code, it is possible to generate the same character to bedisplayed for all the key sequences required to generate a particular character.We use the inscript keyboard layout, in which the vowels and the consonants ofthe Indian language alphabet are arranged on the left and right side of the keyboardrespectively.3.3.2 ISCIIThe \iscii" �le contains the mapping of symbols to the 8-bit ISCII codes. The ap-pendix lists the table of ISCII codes. This mapping decreases the complexity ofother �les as other con�guration �les are written using these symbols and makes thecon�guration �les readable.3.4 Formation of Devanagari CharactersCharacters in Devanagari are represented as a series of ISCII codes. To obtain acharacter in Devanagari, the constituent ISCII characters are combined based on theinformation in the \font table" �le, which speci�es the set of ISCII characters thatcorrespond to the display code.3.4.1 Generation of CharactersWe construct a hash table, in which a set of ISCII characters are mapped to a displaycode. If the input pattern consists of an ISCII character sequence which is a key inthe hashtable, the corresponding value is stored in the display bu�er. The displaybu�er thus consists of a set of display codes corresponding to a series of glyphs.For example, when the characters p, ^ and r are typed, the ISCII codes for thesecharacters combine to form the code for conjunct character þ as speci�ed in the \font20



table" �le.3.4.2 Generating Glyphs from Intermediate Display SequenceAll possible characters in Devanagari are given a unique numbering used for internalrepresentation. This numbering is di�erent from the font code as the font containsseparate glyphs Q and A which are combined to form the character c. The displaycode numbering corresponds to logical characters in Devanagari like c.Once the display code is obtained from the ISCII code, the characters to be dis-played are generated using the \FONTFILE" �le, which contains the mapping betweenthe display code and the font code. The insertString method of DevTextArea's doc-ument model, does the conversion between display code to font code. Thus characterswhich comprise of one or more glyphs are generated and these glyphs are displayedin the DevTextArea.3.5 Position of MatrasMatras are vowel signs that are added to consonants to indicate a vowel sound otherthan the implicit one. All matras in Devanagari, except the Matra E are positionedafter the consonant. The Matra E is positioned before the consonant. Because of thephonetic nature of ISCII encoding, the code of Matras appear after the code of theconsonants.For example, when the word Eþy is written, the sequence of ISCII codes generatedwould be the ISCII codes corresponding to the characters p ^ r E and y. As theconjunct character þ is present in our set of conjuncts, the characters p ^ r wouldbe converted to the character þ. As the Matra E is the next character in the ISCIIstream, it has to be positioned before the character þ and the display sequence wouldconsist of the code for the characters E and þ. The next character y can be added tothe display sequence without any modi�cations to the display sequence.
21



3.6 Position of RephThe Reph ( 
 ), is generated by typing r and ^ . While displaying 
 has to be placedafter the next syllable. For example, in the word bPF
, the ISCII encoding wouldcorrespond to the characters b r ^ P and F. The resulting display sequence would bebPF
. Notice that the ( 
) has to be positioned beyond F to obtain the appropriateword.3.7 Caret PositioningWhenever a character is added in the text area, the caret position has to be changed toshow the user a logical position where the next character would be added. As a displaycode might represent more than one glyph, the caret has to be moved as many placesas the number of glyphs inserted, as otherwise the caret may be positioned betweenthe glyphs constituting to the character.The \font.info" �le contains a mapping between display code and font code. Thusfrom this �le we can �nd out the number of glyphs corresponding to a particulardisplay code. With this information the caret can be positioned at the appropriateplace.Caret MovementIn English, there is a one to one correspondence between the input character andthe symbol displayed. So movement of the caret corresponds to positioning the caretaccording to the number of glyphs present. However, in Indian scripts many inputcharacters may combine to form one display symbol. For example, " is a combinationof k, ^ and q. When this kind of input occurs, the caret is moved to the end ofprevious syllable when the user presses the left arrow key. Movement of the caret isdone using the setCaretPosition of the JComponent class. The position of the caretis calculated and the setCaretPosition method is called with the appropriate caretposition as its parameter. As a di�erent number of ISCII characters may combineto produce a particular glyph, a separate bu�er called the isciiBuffer maintainsthe ISCII string input through the key board. When the user moves in the text, thecorresponding movement in the isciiBuffer also has to be obtained. This would22



result in the proper insertion of the characters as the user might want. The changein the caret position leads to a corresponding change in all the bu�er positions.Text ManipulationThe DevTextArea serves as a Hindi text editor. Characters can be inserted at thecurrent caret position. The caret positions are demarcated by syllables. One caninsert text before or after syllables by not in between the characters in the syllable.For example, in the word bPF
, which comprises of the characters b, r, ^ , P and F newinsertions can be performed only before or after the syllables b and PF
. Characterscannot be inserted between the constituent characters of a syllable.To insert a character between the constituent characters of a syllable, one has tobreak the syllable by pressing the Backspace key by positioning the caret after thesyllable and rewriting the word from that position.For example, if one has to change the word EpyA to EþyA, the caret should bemoved between Ep and yA, the sequence of keys to be pressed by the user can besummarized as shown in Table 3.1.To delete a character, the user has to position the caret after the particular char-acter and press the Backspace key. This results in deletion of component characters ifthe character is a conjunct character. The Table 3.2 shows the sequence of charactersdisplayed when Backspace is pressed after the conjunct character ", which comprisesof the characters k, ^ and q.
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Keys to be pressed Codes DisplayedBackspace pyA^ =yABackspace =yBackspace p̂r þE Eþy EþyA EþyATable 3.1: Sequence of Keys to be typed for changing EpyA to EþyACodes Displayed"k̂kTable 3.2: Deletion of a Conjunct CharacterSince we modify the underlying document of the TextArea after every key pressed,other features of any JComponent like scrolling can be easily supported by enclosingthe DevTextArea in a JScrollPane[6].
24



Chapter 4
An Application: E-mail in Hindi
In this chapter we describe an application of the DevTextArea in the form an appletthat is capable of sending e-mails in Hindi. Initially we look at some of the problemsin sending e-mails in Hindi and how these problems are overcome. We also look atthe some of the issues in sending and receiving mails.4.1 Problems with Hindi E-mailsThe problems in sending e-mails in Hindi can be summarized as follows:� Di�erent fonts have di�erent encoding schemes.� Most of the existing UNIX systems use 7-bit encoding schemes to transfer in-formation through e-mail.� Most systems come with the \qwerty" keyboard, using which we cannot typemails in Hindi.� Even if the font is present on the system, there is usually no regular mappingbetween keyboard and font code. So getting the appropriate characters wouldbe di�cult.� If we use the font code for encoding characters, it would not be possible toencode all the characters using the 7-bit code.25



4.2 Sending Hindi E-mailsIn this section we discuss about how the Hindi mail is sent using the existing resources.4.2.1 Typing the Mail in HindiWe use the DevTextArea, which serves the purpose of an editor, to type the mails inHindi. As we have discussed earlier, this editor uses the Inscript keyboard layout, inwhich the consonants are on the right side of the keyboard and the vowels on the leftside. Hence it is very conveinient to type the mail in Hindi using this editor.The DevTextArea represents the mail typed as a stream of ISCII characters. TheseISCII characters are converted to Unicode characters. The Unicode characters aresent over the network by encoding the characters in UTF-8.4.2.2 Encoding the Mail in UTF-8Characters in Unicode are of 2-bytes length. Hence, they cannot be sent over thenetwork directly. So they are encoded into the UTF-8 encoding, in which the Unicodecharacters are represented as a set of two separate bytes. The StringEncoder classhas a method, unicodeToUTF8, which converts the given Unicode string into a set ofUTF-8 bytes. These bytes are ready to be sent over the network.4.2.3 SMTPOur e-mail client uses the Simple Mail Transfer Protocol, SMTP[8], to send mails. Aclient delivers a mail message by opening socket connection to port 25 on the server.Once the connection is established the client sends a series of commands, delivers themessage and disconnects.All commands and responses to and from the SMTP server are terminated byCRLF. For every command sent by the client, the server responds with a text re-sponse, that starts with a 3-digit code. The server response codes are categorized inTable 4.1
26



Response Code Explanation200-299 Successful command execution300-399 Command was initially successful but it needs more in-formation to complete400-499 There was an error on the server (server down, �le sys-tem full)500-599 Indicate an error on the client side (Invalid password,unknown command)Table 4.1: Response codes in SMTPThe sequence of commands sent from the client to the server is:� HELO host name - a simple greeting from the client to the server. The hostname �eld is optional, but the sendmail programs in our lab require the hostname �eld.� MAIL FROM: sender's address - identi�es the user account which is sendingthis mail. No check is performed by the server on to who is sending this message.So it is virtually possible to send a mail as anyone in the world� RCPT TO: receiver's address - identi�es the address where this mail will besent. Some of the mail servers are con�gured so that this address need not benecessarily on the server itself.� DATA - tells the server that the client is ready to send the message body. It waitsfor a server response code, starting with digit 3, which means that the server isready for accepting the message body. The end of the message is signi�ed bya single \." on a newline. If a line in the message body starts with a \.", theclient adds another \." before the start of that line. The \." also signi�es theend of the session and hence closes the connection.The SMTPSession class implements a session with the SMTP server. It is used byour applet to send the mail. The sendMessage method essentially opens a socket on27



the SMTP port and writes the headers and other information essential for initiatingthe SMTP session. Then the body of the message is written on the socket. Any erroroccurred during the sending of mail is reported by the SMTPSession class.4.3 Receiving Hindi E-mailsOur e-mail client uses POP3 to fetch the mail box from the server. So the appletshould be fetched from a webserver, that also acts as the POP3 server for the localnetwork. The following sections describe in detail how the mail is being fetched anddisplayed to the user.4.3.1 POP3Post O�ce Protocol version 3, POP3[9], is a popular protocol used to remotely accessmails on the Internet. By using the POP3 protocol, the user can read his/her mailswithout having to copy his/her entire mail box on to the local machine. POP3responses start with a \+" for a successful command and a \-" in the case of anerror. POP3 responses could span only a single line or many lines. If the response isa multiple line response, it is terminated with a line containing a single \.".After connecting to a POP3 server, which usually listens on port 110, you haveto send a USER user name command, followed by a PASS command giving the user'spassword.Once we have logged on to the POP3 server, we can do the following:� Retrieve a count of the number of messages using the STAT command.� Get a list of the active message numbers with the LIST command.� Examine the beginning of a message using the TOP command. This is an optionalcommand according to the standard, but most servers implement it.� Read an entire message using the RETR command.� Delete a message using the DELE command.28



The POP3Session class acts as a wrapper to the application, whereby it takescare of the connection establishment, retrieving a mail, converting the raw sequenceof characters into a Message, the data structure that represents a message.4.3.2 Fetching the MailThe POP3Session class implements a session with a POP3 server. Our e-mail clientuses this interface to retrieve mails stored on the server. First the number of messagesin the mail box of the user is found using the STAT command. The TOP commandis used to fetch the headers of all messages, from which the sender's name, subject,date and time when the message is sent can be found out.When a user selects a particular mail message, it is retrieved from the server usingthe RETR command.4.3.3 Decoding the MailThe mail fetched using the RETR command contains the headers as well as the body ofthe message. These headers are stripped from the message using �nd the methodname in the Message class. The body member of the Message class contains thebody of the message after the headers are stripped o�. The body of the message iswhat we are interested in as it consists UTF-8 encoded Unicode characters, whichrepresents the Hindi string.We convert the UTF-8 encoded characters into Unicode using the UTF8ToUnicodemethod of the StringConverter class. This sequence of Unicode characters is con-verted into ISCII using UnicodeToIscii method of the StringConverter class.4.3.4 Displaying the MailThe method setISCIIString of DevTextArea converts the given sequence of ISCIIcodes into a sequence of display codes, by using the longest matching sequence ofconjuncts as speci�ed in the \font" �le. The display code corresponds to a set of fontcodes. When a particular display code is inserted into the text area, the underlyingdocument of the DevTextArea replaces this display code with a sequence of font codes.Thus the text displayed in the e-mail consists of a sequence of Hindi characters.29



Due to applet security restrictions, which state that an applet can make networkconnections only to the host from which it is downloaded, it is required that the serverfrom which the applet is downloaded has to be the SMTP server as well as the POP3server.4.3.5 Mails in other Indian LanguagesThe application can be extended to display any other Indian language as all theIndian languages have a similar structure. To send mails in other Indian languages,one has to ensure the following things:� The appropriate Indian language font has to be installed on the client machine.� The keyboard layout of the particular language has to be speci�ed in the \key-board map" �le.� Though the ISCII codes for all Indian languages are the same, the charactershave di�erent Unicode values. The con�guration �le which contains the map-ping table between ISCII and Unicode has to be changed appropriately.� The conjuncts in the appropriate Indian language have to mentioned in thecon�guration �le which has information about conjuncts.
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Chapter 5
Conclusions and Future Work
In this thesis, we have presented a Java applet that can be embedded into a HTMLpage, which is used to get user input in Indian languages. The solution is secure,portable and transparent to the end user. The solution was implemented for Devana-gari script, which forms the basis for documents in Hindi, Marathi and Sanskrit. Thissolution can be extended to other languages just by providing the con�guration �lesrequired at startup. We have also implemented an e-mail client that allows users totransparently send and receive e-mails in Hindi.5.1 LimitationsOur solution has the following limitations:� The solution requires the Java plugin 1.2 to be installed on the client machine.� At present, only one language can be used in the applet.� Moreover, the applet does not allow dynamic change of fonts in the input.� It requires the font to be installed on the client machine.� The startup time of the applet is quite high. This is mainly because of the highstartup time of Java applets. 31



� The e-mail applet requires the Web server to be support SMTP as well as POP3protocols, as it cannot make network connections to other hosts in the network.� The e-mail applet also requires addresses to be typed using Latin-1 encoding.� The current text area does not provide mouse support.5.2 Future Work� Our applet supports only one language at a time. This can be extended tosupport multiple languages.� The applet can be extended to support more than one font in the same inputarea.� It can be extended to support styled text as input.� The e-mail applet can be used to exploit the security model provided by Javaand connect to any server on the network. This can be done by changing thedefault security model provided by Java.� An interactive addressbook can be provided, which would allow users to giveemail addresses in Hindi.� The e-mail applet can be slightly modi�ed to allow creating and maintainingfolders for incoming mails.� Threads in Java can be used to provide improvement in performance.� The applet can be enhanced to allow users to enter URLs in Hindi. This canbe done by providing a small dictionary interface between the ISCII code forthe URL and the absolute URL in Latin-1.� Mouse support can be provided and block actions like cut, copy, paste can besupported.
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Appendix A
A.1 8-bit ISCII Code
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A.2 7-bit ISCII code
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Appendix B
B.1 HTML �le in which the applet is embeddedIn the following �le we specify the parameters to the applet using the PARAM tag.If these parameters are not speci�ed in this �le, the applet assumes default valuesfor these �les. The initial part of the �le is a small Java script, that enables us togenerate the appropriate HTML code for a given browser. The script also speci�eswhere the user can get the Java plugin for running JDK 1.2 applets.<!DOCTYPE HTML PUBLIC "-//W3C//DTD HTML 3.2//EN"><!--NewPage--><HTML><HEAD><TITLE>A Simple Applet</TITLE></HEAD><BODY><SCRIPT LANGUAGE="JavaScript"><!--var _info = navigator.userAgent; var _ns = false;var _ie = (_info.indexOf("MSIE") > 0 && _info.indexOf("Win") > 0 &&_info.indexOf("Windows 3.1") < 0);//--></SCRIPT><COMMENT><SCRIPT LANGUAGE="JavaScript1.1"><!--var _ns = (navigator.appName.indexOf("Netscape") >= 0 &&36



((_info.indexOf("Win") > 0 && _info.indexOf("Win16") < 0 &&java.lang.System.getProperty("os.version").indexOf("3.5") < 0) ||(_info.indexOf("Sun") > 0) || (_info.indexOf("Linux") > 0)));//--></SCRIPT><SCRIPT LANGUAGE="JavaScript"><!--if (_ie == true) document.writeln('<OBJECT classid = "clsid:8AD9C840-044E-11D1-B3E9-00805F499D93"WIDTH = "500" HEIGHT = "500" ALT = "Your browser understands theapplet tag but isn\'t displaying any applet."CODEBASE=http://java.sun.com/products/plugin/1.2/jinstall-12-win32.cab#Version=1,2,0"><NOEMBED><XMP>');else if (_ns == true) document.writeln('<EMBED type="application/x-java-applet;version=1.2"code = "HindiMail.class" java_CODE = "HindiMail.class"WIDTH="500" HEIGHT="500"pluginspage="http://java.sun.com/products/plugin/1.2/plugin-install.html"><NOEMBED><XMP>');//--></SCRIPT><APPLET CODE = "HindiMail.class" WIDTH = "500" HEIGHT = "500"ALT = "Your browser understands the applet tag but isn't displayingany applet."></XMP><PARAM NAME = "code" VALUE = "HindiMail" ><PARAM NAME = "type" VALUE = "application/x-java-applet;version=1.2" ><PARAM NAME = "ISCIIFILE" VALUE = "resources/iscii"><PARAM NAME = "KEYBOARDFILE" VALUE = "resources/keyboard_map"><PARAM NAME = "FONTTABLEFILE" VALUE = "resources/font"><PARAM NAME = "FONTFILE" VALUE = "resources/font.info"><PARAM NAME = "UNICODEFILE" VALUE = "resources/unicode">37



</APPLET></NOEMBED></EMBED></OBJECT></BODY></HTML>
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Appendix C
C.1 Sample ISCII Code FileThe con�guration �le ISCIIFILE has information as shown in the following table1.The glyphs in the last column are not part of the con�guration �le.String Representation ISCII Code SymbolCHANDRABINDU 161  ANUSWAR 162 \VISARG 163 ,A 164 aAA 165 aAI 166 iII 167 IU 168 uUU 169 URI 170 �EY 172 eAYE 174 e�AI 173 e�OW 176 aoAWE 178 aA�

1Characters for which there were no Devang font glyphs have been excluded.39



String Representation ISCII Code SymbolAU 177 auKA 179 kKHA 180 KGA 181 gGHA 182 GNGA 183 RCHA 184 cCHHA 185 CJA 186 jJHA 187 JJNA 188 �HARD TA 189 VHARD THA 190 WHARD DA 191 XHARD DHA 192 YHARD NA 193 ZSOFT TA 194 tSOFT THA 195 TSOFT DA 196 dSOFT DHA 197 DNA 199 nPA 200 pPHA 201 PBA 202 bBHA 203 BMA 204 mYA 205 yRA 207 rLA 209 lVA 212 vSHA 213 fHARD SHA 214 qSA 215 sHA 216 h
40



String Representation ISCII Code SymbolMATRA AA 218 AMATRA I 219 EMATRA II 220 FMATRA U 221 �MATRA UU 222 �MATRA RI 223 �MATRA EY 225 �MATRA AYE 227 {MATRA AI 226 �MATRA OW 229 oMATRA AWE 231 OMATRA AU 230 A�HALANT 232 ^0 241 01 242 12 243 23 244 34 245 45 246 56 247 67 248 78 249 89 250 9
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C.2 Sample Keyboard Map FileThe con�guration �le KEYBOARDMAPFILE has information as shown in the followingtable2. The keys in the �rst column and glyphs in the last column are not part of thecon�guration �le.Key ASCII Value ISCII Codes Mapped Character Represented! 33 AYE e�" 34 HARD THA# 35 HALANT RA ^ r$ 36 RA HALANT r ^% 37 JA HALANT JNA â& 38 KA HALANT HARD SHA "' 39 HARD TA V* 42 SHA HALANT RA �+ 43 RI �/ 47 YA y0 48 0 01 49 1 12 50 2 23 51 3 34 52 4 45 53 5 56 54 6 69 57 9 9: 58 CHHA C; 59 CHA c< 60 HARD SHA q= 61 MATRA RI �> 62 VIRAM .@ 64 MATRA AYE �A 65 OW aoC 67 HARD NA ZD 68 A a
2Characters for which there were no Devang font glyphs have been excluded.42



Key ASCII Value ISCII Codes Mapped Character RepresentedE 69 AA aAF 70 I iG 71 U uH 72 PHA PI 73 GHA GJ 74 HARD RA r�K 75 KHA KL 76 SOFT THA tM 77 SHA fO 79 SOFT DHA DP 80 JHA JQ 81 AU aOR 82 II IS 83 EY eT 84 UU UU 85 NGA RW 87 AI e�X 88 CHANDRABINDU  Y 89 BHA B[ 91 HARD DA Xn 92 MATRA AWE A�] 93 NUKTA �^ 94 SOFT TA HALANT RA /95 VISARG ,a 97 MATRA OW ob 98 VA vc 99 MA md 100 HALANT ^e 101 MATRA AA Af 102 MATRA I Eg 103 MATRA U �h 104 PA pi 105 GA gj 106 RA rk 107 KA kl 108 SOFT TA tm 109 SA sn 110 LA l43



Key ASCII Value ISCII Codes Mapped Character Representedo 111 SOFT DA dp 112 JA jq 113 MATRA AU Or 114 MATRA II Fs 115 MATRA EY �t 116 MATRA UU �u 117 HA hv 118 SOFT NA nw 119 MATRA AI |x 120 ANUSWAR �y 121 BA bf 123 HARD DHA Y| 124 AWE aA�g 125 JNA �
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C.3 Sample Font Table FileThe con�guration �le FONTTABLEFILE has information as shown in the following ta-ble3. The glyphs in the last column are not part of the con�guration �le.ISCII Characters Intermediate Glyph No. Character RepresentedCHANDRABINDU 1  ANUSWAR 2 \VISARG 3 ,A 4 aAA 5 aAI 6 iII 7 IU 8 uUU 9 URI 10 �EY 12 eAI 13 e�AYE 14 e�OW 16 aoAU 17 aOAWE 18 aA�KA 19 kKHA 20 KGA 21 gGHA 22 GNGA 23 RCHA 24 cCHHA 25 CJA 26 jJHA 27 JJNA 28 �HARD TA 29 VHARD THA 30 W3Characters for which there were no Devang font glyphs have been excluded.45



ISCII Characters Intermediate Glyph No. Character RepresentedHARD DA 31 XHARD DHA 32 YHARD NA 33 ZSOFT TA 34 tSOFT THA 35 TSOFT DA 36 dSOFT DHA 37 DSOFT NA 38 nPA 40 pPHA 41 PBA 42 bBHA 43 BMA 44 mYA 45 yRA 47 rLA 49 lVA 52 vSHA 53 fHARD SHA 54 qSA 55 sHA 56 hKA HALANT 58 ?KHA HALANT 59 HGA HALANT 60 `GHA HALANT 61 ]NGA HALANT 62 R̂CHA HALANT 63 QJA HALANT 65 >JHA HALANT 66 $JNA HALANT 67 �HARD TA HALANT 68 V̂HARD THA HALANT 69 ŴHARD DA HALANT 70 X̂HARD DHA HALANT 71 Ŷ
46



ISCII Characters Intermediate Glyph No. Character RepresentedHARD NA HALANT 72 �SOFT TA HALANT 73 (SOFT THA HALANT 74 LSOFT DA HALANT 75 d̂SOFT DHA HALANT 76 @SOFT NA HALANT 77 �PA HALANT 79 =PHA HALANT 80 %BA HALANT 81 NBHA HALANT 82 <MA HALANT 83 MYA HALANT 84 �LA HALANT 88 SVA HALANT 91 &SHA HALANT 92 [SA HALANT 94 -HA HALANT 95 ĥMATRA AA 97 AMATRA I 98 EMATRA II 99 FMATRA U 100 �MATRA UU 101 �MATRA RI 102 �MATRA EY 104 �MATRA AI 105 �MATRA AYE 106 {MATRA OW 108 oMATRA AU 109 A�MATRA AWE 110 OKA NUKTA 111 *KHA NUKTA 112 �GA NUKTA 113 �JA NUKTA 114 )HARD DA NUKTA 115 wHARD DHA NUKTA 116 xPHA NUKTA 117 'HALANT 125 ^47



ISCII Characters Intermediate Glyph No. Character RepresentedNUKTA 126 �RA HALANT 86 
HALANT RA 127 ~VIRAM 129 .0 130 01 131 12 132 23 133 34 134 45 135 56 136 67 137 78 138 89 139 9KA HALANT HARD SHA HALANT 140 #KA HALANT HARD SHA 141 "JA HALANT JNA 142 âSOFT DA HALANT GHA 143 �SOFT DA HALANT SOFT DHA 144 �GA HALANT RA 145 éASOFT DA HALANT VA 146 �PA HALANT RA 147 þSOFT TA HALANT RA 149 /RA MATRA UU 150 !RA MATRA U 151 zSOFT TA HALANT RA 166 /SOFT TA HALANT RA HALANT 167 ìSOFT NA HALANT SOFT NA 171 àPA HALANT RA 173 þPHA HALANT RA 175 �SHA HALANT RA 183 �SHA HALANT RA HALANT 184 õ
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C.4 Sample Font File TableThe con�guration �le FONTTABLEFILE has information as shown in the following ta-ble4. The glyphs in the last column are not part of the con�guration �le.Intermediate Glyph No. Actual Glyph Codes Glyph Produced1 196  2 198 \3 38 ,4 43 a5 43 201 aA6 60 i7 60 199 I8 61 u9 62 U10 64 �12 66 e13 66 228 e�14 66 236 e�16 43 201 228 ao17 43 201 232 aO18 43 201 236 aA�19 69 k20 74 201 K21 77 201 g22 80 201 G23 82 R24 83 201 c25 85 C26 86 201 j27 90 201 J28 92 201 �29 93 V
4Characters for which there were no Devang font glyphs have been excluded.49



Intermediate Glyph No. Actual Glyph Codes Glyph Produced30 96 W31 98 X32 102 Y33 104 201 Z34 105 201 t35 108 201 T36 110 d37 118 201 D38 120 201 n40 123 201 p41 161 P42 164 201 b43 166 201 B44 168 201 m45 170 201 y47 174 r49 177 201 l52 180 201 v53 182 201 f54 185 201 q55 186 201 s56 189 h58 67 ?59 74 H60 77 `61 80 ]62 82 194 R̂63 83 Q65 86 >66 90 $67 92 �68 93 194 V̂69 96 194 Ŵ70 98 194 X̂71 102 194 Ŷ
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Intermediate Glyph No. Actual Glyph Codes Glyph Produced72 104 �73 105 (74 108 L75 110 194 d̂76 118 @77 120 �79 123 =80 125 %81 164 N82 166 <83 168 M84 170 �86 199 }88 177 S91 180 &92 182 [94 186 -95 189 194 ĥ97 201 A98 202 E99 210 F100 214 �101 218 �102 222 �104 228 �105 232 �106 236 {108 201 228 o109 201 232 A�110 201 236 O111 70 *112 75 201 �113 78 201 �114 87 201 )115 99 w116 103 x117 162 '125 194 ^51



Intermediate Glyph No. Actual Glyph Codes Glyph Produced126 195 �86 
127 197 ~129 42 .130 48 0131 49 1132 50 2133 51 3134 52 4135 53 5136 54 6137 55 7138 56 8139 57 9140 73 #141 73 201 "142 89 201 â143 116 �144 114 �145 79 201 éA146 117 �147 124 201 þ149 106 201 /150 176 !151 175 z166 106 201 /167 106 ì171 122 201 à173 124 201 þ175 163 �183 184 201 �184 184 õ
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