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In this paper 1 shall propose a model of representing Assyrian text in computer
memory, and discuss proposed standards for an Assyrian keyboard and data interchange code.
I shall also discuss the recent developments in the Unicode standard.

In his paper On the Design of an Assyrian Word Processing System (JAAS, Volume
V, No. 2), Sargon Hasso proposes what I shall term a Static Storage Model (SSM) for
representation of Assyrian text in a computer. The fundamental properties of SSM are;

A glyph object structure composed of a character and a diacritical mark is used to
represent a glyph (character+diacritical mark). A character requires 1 byte of storage, as
does a diacritical mark; the minimum storage for a glyph is, therefore, 2 bytes. The
glyph object structure can be visualized as follows

Character::Diacritical mark

A lookup table is used to render each glyph. This implies that ail possible
combinations of characters and diacritical markings have been defined and placed in this
lookup table. 1t is for this reason that I call this the Static Storage Model.

In the Static Storage Model there is a many-to-one relationship between what is
mternally stored in the computer and what is rendered on an output device (such as a
monitor or printer). For example, the following

i
is stored internally as 65::97 (glyph codes are defined in Appendix A). A computer would

use these codes to find the predefined glyph Alap+Zgapa m a lookup table. Each glyph
object will have a unique entry in the lookup table. Here is an example for the word 2.

Glyph OQutput

66::98 3
74::0 -
86::97 A
65::0 2

Zero indicates no diacritical mark. Eight bytes are used to represent this word, two of which
(the zeroes) are unused. It is important to realize that under SSM the computer has every
possible glyph predefined in the lookup table. For this reason, the computer cannot
represent any new combination of character and diacritical mark. Assuming there are 22
letters and abouty 20 diacritical marks, the lookup table would contain at least 22%20, or
440 glyphs. This assumes that a letier can have only one diacritical, which is not the case;
the actual size of the lookup table will, therefore, be larger.

Another limitation of SSM is that it cannot represent multipie diacritical marks on the
same character in an efficient way. For example, in the word 28§ ex. Gamal has two

diacritical marks. The glyph object structure, however, can only store one. SSM fails in
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this case. This problem can be solved by special processing, but this comes at the expense
of generality and complex algorithms.

In SSM the glyph object structure is a character and a diacritical mark. This leads to
unusual and undesirable editing operations. If a user presses the delete key, what should be
deleted, the character or the diacritical mark? Separate keys must be used to delete characters
and diaciritical marks.

To summarize, the Static Storage Model makes inefficient use of memory, and it
cannot handle characters with multiple diacritical marks. SSM also has a many-to-one
relationship between internal storage and external representation, which forces the
development of very complex rendering algorithms. In addition, many unusual and
undesirable effects arise, all becanse of a poorly designed data structure. There is a far
simpler alternative to SSM.

A Dynamic Storage Model
The Dynamic Storage Model (DSM) has the following fundamental properties:

Each letter or diacritical mark is stored as a unique, 1 byte code, separately and
independently of its neighbors.

Each character or diacritical mark has a location property, which tells the computer
where it should be placed: at the previous position, at the current position, or at the
next position,

Each character or diacritical mark has a cursor effect property, which telis the computer
how to move the cursor: backward, no motion, or forward.

A lookup wable, which is called a font, is defined to contain only atomic glyphs; i.c.,
individual characters and diacritical marks. The computer dynamically combines these to
produce various combinations of characters and diacritical marks, The font will contain,
at most, 223 glyphs.

The Dynamic Storage Model has a glyph object structure which is 1 byte in length.
Here is the previous example using DSM

Glyph Output
66

-

98 :
74 =
86 A
97 "
65 1

The following properties are true of DSM

1. DSM requires less storage space. Only six bytes are required to store this word, whereas
SSM requires eight bytes -- a 25% reduction in storage space.

2. Each glyph is stored consecutively in memory.

3. There is a one-to-one relationship between internal and external representation.

4. The diacritical marks Prakha and Zgapa have the following properties
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Location Property Cursor Effect
Plakha previous position no motion
Zgapa  previous position no motion

The remaining diacritical marks are similarly defined (Appendix E).

DSM handles multiple diacritical marks on the same letter in a natural and intuitive
way. For example, the word 155 ox, is stored as follows

Glyph Output

85 x
70 o
103 .
67 LY
103 .
110 -
76 A
97 )
65 z

DSM does not impose unusual editing operations on the user. For example, a delete
operaton would delete the glyph currently pointed to, be it a character or a diacritical mark.
Hence, one key would be used for deletion, thus maintaining complete generality.

I have touched upon only a few of DSM’s properties. There are many technical issues
which arise in implementing DSM in a software system; it is beyond the scope of this
paper to discuss these in detail. Appendix E contains the DSM specification for Eastern
Assyrian, As can be seen from Appendix E, there is very little, aside from the script, that is
specific to Eastern Assyrian (and not to Western Assyrian or Estrangelo). DSM
transparently handles all three cases.

Four Essential Standards

Uniform standards are crucial for the development of hardware and software systems.
The two most basic standards are a standard keyboard layout and a standard data inierchange
code, as well as a font standard and a contextual analysis standard. These four standards work
conjunctively; it is not possible to omit one without effecting the system.

Data Interchange Code

A Data Interchange Code allows one computer to communicate with another. For
example, it would be undesirable to have one computer store the letter Alap as 65, and
another to store it as 100. Documents written on one machine would display garbage when
shown on the second. In addition, a standard code is necessary for proper lexical operations,
such as searching and sorting. Once again, I present the standard that was developed at the
First Ashurbanipal Library Computer Conference, but slightly modified for
improvement. This standard is called SACII, Standard Assyrian Code for
Information Interchange. Please refer to Appendix A.
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Keyboard Layout

It is important 10 have & standard Assyrian keyboard layout so that, once having learned
the layout, a person can sit and use any Assyrian keyboard without retraining. The Assyrian
Standard Keyboard Layout (ASKL) was developed at the First Ashurbanipal Library
Computer Conference. The layout is based on a computer analysis of the frequency of
use of each Assyrian letter. The most often used letters arc placed near the center of the
keyboard, and the least used are placed to either side (refer to the Proceedings of the First
Ashurbanipal Library Computer Conference for more details). [ have modified ASKL
slightly since the original standard was published, mainly to make it compatible with
modern operating systems (i.e., OS/2, Windows, Macintosh}, and to remove the reliance on
special shift keys. ASKL is shown in Appendix B.

Contextual Analysis

It is not possible to have a practical keyboard layout standard without contextual
analysis, since letters in the Assyrian alphabet change shape depending on their position in
a word. Appendix C specifies a standard method of contextual analysis.

Font Standard

Every Assyrian font, be it Eastern, Western, Estrangelo, or a new, modern creation,
must conform to the font standard prescribed in Appendix D. The font standard is a corollary
of SACII, and it is stated explicitly for emphasis.

Application of the model

Appendix E contains a specification for the Eastern Assyrian font based on the concepts
developed in this paper. As can be seen, the combination of DSM and the proposed
standards provides a robust approach to the problem of computerizing the Assyrian
language.

Unicode and the Assyrian Language

There are two prevailing standards for information interchange codes, ASCII (American
Standard Code for Information Change), which is used by all personal computers, and
EBCDIC (Extended Binary Coded Data Interchange Code), which is used mainly by IBM
mainframe computers. Both ASCII and EBCDIC define 256 codes for data interchange. For
example, in ASCII the letter A is code 65, the letter B is code 66, and so on. Because
ASCII and EBCDIC are limited to 256 codes, they cannot handle a language that has more
than 256 characters (such as Japanese). Unicode was developed to solve this problem; it
provides 65,536 codes for use, which is enough to encode all of the world’s languages.
Unicode will, 1t 1s pleasing to know, support Assyrian as well. The author and Sargon
Hasso have submitted the Assyrian Unicode Standard to the Unicode Consortium, which has
accepied the Assyrian Standard and is in the process of ratifying it.

Conclusions

In this paper I have presented a powerful storage model for representing Assyrian text in
computer memory. I have also proposed standards for keyboard layout and data interchange
codes. It is important to understand that DSM, ASKL, and SACII are dialect independent,
i.e., they work with Eastern Assyrian, Western Assyrian (Serto), and Estrangelo. Indeed, if a
computer system implements DSM and the proposed standards, a user will be able to switch
from one font (Eastern, Western, or Estrangelo) 10 another at will, or to convert text written
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in one font to another with one hundred percent accuracy, or to type text in any font in a
uniform way.
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Rendering rules (P5, P6)

A word begins with a space and ends with a space, and cannot contain a space.

If a user inserts the suspend rendering code (127) before a character then that character is
printed as is, without special rendering -- the following rules would not apply.

Rules of rendering

R1 Left and right tails are attached to a letier that is preceded or followed by a space, or
both. Letters which accept a right tail are: w. & . = . Letters which accept a Ieft tail are:

.:..\_..._\v.....:_\.:n.:.b_\ﬁ.:.‘:.

R2 If 2 appears at the end of a word and is not preceded by a or 5, then 2 is replaced by
L.

R3 If a appears at the end of a word and is preceded by a letter that does not connect on
its left, then a is replaced by .

R4 If a appears at the end of a word and is preceded by a letter that connects on ifs left,
then s is replaced by .

R5 If s appears at the end of a word and is preceded by a letter that does not connect on
its left, then a1 is replaced by ..

R6 If a2 appears at the end of a word and is preceded by a letter that connects on its left,
then s 1s replaced by .

R7 If & appear at the end of a word then 2a are replaced by the ligature & or %,
depending on a default set by the user.

R8 If the word e. appears then it is replaced by the ligature & .
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