Jost Gippert

The Encoding of Avestan — Problems and Solutions

Abstract

‘Avestan’ is the name of the ritual language of Zoroastrianism, which was the state religion of
the Iranian empire in Achaemenid, Arsacid and Sasanid times, covering a time span of more
than 1200 years." It is named after the ‘Avesta’, i.e., the collection of holy scriptures that form
the basis of the religion which was allegedly founded by Zarathushtra, also known as Zoroaster,
by about the beginning of the first millennium B.C. Together with Vedic Sanskrit, Avestan
represents one of the most archaic witnesses of the Indo-Iranian branch of the Indo-European
languages, which makes it especially interesting for historical-comparative linguistics. This is
why the texts of the Avesta were among the first objects of electronic corpus building that were
undertaken in the framework of Indo-European studies, leading to the establishment of the
TITUS database (‘Thesaurus indogermanischer Text- und Sprachmaterialien’).? Today, the
complete Avestan corpus is available, together with elaborate search functions® and an extended
version of the subcorpus of the so-called ‘Yasna’, which covers a great deal of the attestation of
variant readings.

Right from the beginning of their computational work concerning the Avesta, the com-
pilers® had to cope with the fact that the texts contained in it have been transmitted in a special
script written from right to left, which was also used for printing them in the scholarly editions
used until today.® It goes without saying that there was no way in the middle of the 1980s to
encode the Avestan scriptures exactly as they are found in the manuscripts. Instead, we had to
rely upon transcriptional devices that were dictated by the restrictions of character encoding as
provided by the computer systems used. As the problems we had to face in this respect and the
solutions we could apply are typical for the development of computational work on ancient
languages, it seems worthwhile to sketch them out here.

1 The Avestan script and its transcription

1.1 Early western approaches to the Avestan script and its transcription

The Avestan script has been known to western scholarship since the 17 century when the first
accounts of the religion of the ‘Parsees’, i.e., Zoroastrians living in India and Iran, were pub-
lished. The first notable description of the script is found in the travel report by JEAN CHARDIN
who sojourned in Iran in 1673-7; in the 1711 edition of his report,” the author provides an
‘alphabet of the ancient Persians’, together with a lithographed table contrasting the characters
of the Avestan script with their Perso-Arabian equivalents;® cf. the extract illustrated in Fig. 1.
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Fig. 1: CHARDIN’s alphabet list (extract)

A much more interesting account than CHARDIN’s,'® who took the Persian letters to be ‘small’
variants of the ‘big’ Avestan ones,'! is that of THOMAS HYDE who in his ‘History of the Reli-
gion of the Ancient Persians, Parthians and Medes’ of 1700 provided the first specimens of
words written in Avestan characters along with a Latin transcription. The words are not in
Avestan (or Zend’), however, but ‘in the Pahlavi language, which is verily Persian’ (cf. Fig. 2);'2
as a matter of fact, what we have here is a list of words in ‘Pazend’, i.e. Middle Persian (Pahlavi)
written in Avestan characters."?

To the (postumous) second edition (of 1760) of HYDE’s work, the editor (G. COSTARD)
added a comprehensive Table displaying the ‘Letters used in the books in Zend and Pazend,
according to the copies by DR. HYDE, together with the Zend ligatures and abbreviations’ in
toro, together with a detailed explanation of their values in Latin script (cf. Fig. 3).4

An even more detailed account of “Zend’ and ‘Pehlvi’ characters was published by (ABRA-
HAM-HYACINTHE) ANQUETIL-DUPERRON in his comprehensive treatise on the “Zend-Avesta’ in
1771 (cf. Fig. 4)." ANQUETIL’s description, which was derived from two manuscripts of the
Bibliothéque Nationale in Paris, is generally regarded as the beginning of modern Avestology.
The transcription he used was clearly based upon French orthography. In a similar way, IGNACY
PIETRASZEWSKI in 1858 explicitly applied Polish rules to his transcripts (cf. Fig. 5 and Fig. 6).1¢
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Cap. 35 VETRRUM- PERSARUN, 42
anum accipe, ubiin Ph.Gj. de antiquo Rege Gjem/bid narratur qnod
regni fui Subditos difpefcuit diftribuitque 1a 4 Clafles {eu Ordines
in veteri linguid fuis nominibus diftinGos; quibus (ut comparata
melids elucefcant, ) exadverfo appofui nomina Medica quibus tales
bodie appellantar, feq. modo ; fimul cum quibufdam aliis : .
U‘Mlﬁu,quhvfdulw . < . * Lingna Tolavi, qua veré Perfican
Lo)\s Pérfd Drvotus , Religiofus Catigé _ gg papy
o Spdbi — Militaris —— Neifdri 533 ey
w\i20 fea y\ &2 80 Dibcin —— Agricola Nafidi J()}&w;

Lo Dingd —————Deélus —— Abanﬁtbnjbi J&qab}.u rye.u,

Yoin Chodd - Deus : Yezdin i’-Q_J_f‘”(“" .
Yot Chodd Deus ‘Qpopdadns - Hormizd Q"J’e
a-%-)% Phrifbta Angelus — Am/bifpand pHELd 39wl
330 Div— Diabolus ——"Agusparis Ahariman ’o‘Qae-w
(s T¢/bomaghi — Sitss - Tufonamdr Yauany iy

Q.L—u;—j Guri[naghi——Fames — Gufbnamdr Jw‘w’.&o;%,
W Shaflaght Letio Pédydvand Mw_y)%
Gyl Colmifp —— Silentium Bigj awy feu Bdzh o awy
Primi Ordinis w\3)y3\S= Catuzeos conflituit in Montibus & Speluncis
vel habitare vel multam verfari, ibique coltai divino & meditationi
atque do@rine ceeleftis acquifitioni vacare, Nam hoc erat longe
ante Zerdufbs, ic. tempore Sabaifmi, quo Denm colebant (& fimul
Planetis adolebant) in Montibus, vel ut Strabo ajt iSve i iperd 7oma.
Secundi Ordinis (. \—3)wa—> Neifaraos voluit feipfos dedicare 7%
S50\ Spdbigheri feu Militie. ‘Tertii Ordinis W\aogud Nafudeos
voluit Agricultur® operam dare.  Quarti Ordinis \adiingis] Abani
chajbais pracepit omnis generis Literatur® operam dare, c. bonas Li-
teras colere & ftudium in iis colloczlu‘r;. Iftam etiam Quadruplicem p:l.:

s ¥ wimeii Tt L i H h 2 = s P'

Fig. 2: Pazend word list in ¥bE, Historia, 1711
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Literz in Libris ZEN D & PAZEND, juxta Apograpbum

Alique Lite

rx ¥ Puend, D. Hyde, ufitatz ; una cum Ligaturis & Abbreviaturis Zendicis.
Sirels Figoa Nomen Potefias
~ Aa 4 longum. 1
Ao Ed Aa 4 Jongum. 2
e O of
or ink r - Aa a breve, vel e. 3
S b
T 3 § S Ba b. B. 4
Pith § () Pa p- P. 5
U 3 Ga  GH durum. 6
D) e & Gja Gmole feuGj ~ 7
e [ Tcha CHmolle,feuTch. > 3
i @ 5 Fin. Mcd. Irit,
8 e v e el 9 Da d. D. 9
3 Ha h.H. 10
'( f efgf.gﬂ-\(une;fufmb Va v.V. 11
7,-’-».>-(‘-d-d-(13-1’~} Ou u U, 12
< 5 - S R } D Za z.Z. 13
3 DY Zha  Zh, feu Shmolle. J 14
w - b b Cha  Ch durum. = 15
G - L Tha Tt vel Teraffum. 16
) . i w - Z va Y. Arab. s 17
Y W ‘\ gD M4 I i. I, feu Eec. 18
& 5 Ca C, feu K. 19
3 L . @ - @ Gha GHL & 20
a-. f . % - \5 La LL. 21
Mih g ¢ Ma m.M. 22
Med, Tait.
u .3 [N P Na n.N. 23
ey A Sa f.8S. 24
2. Gha  Gh durum. ¢ 25
) S Pha PhfuF. 5
o (\ 2 ~J S Ra r. R. 27
Nﬂ?’ ey T S S VN SURERE Sha  Sh. 28
er Ta tT. 29

. Pun&um
Figure

Indo-Perfic. 1 3 ¥ W & e ¢ L Y P & 3Punta
Fin, Paragr. 9%

Arabicz. 1 P W & 0 4y Vv A q 1. pp oyw &
Hyphen =
Arab.Hodier. 1 2 3 4 5 6 7 8 9 10 23 63 &  SypraVoc.
initio —
Paragr.

Fig. 3: Alphabet list in HDE, Historia, 1760.
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At 1. pag.

& . LETTRES PERSES ANCIENNES ET MODERNES. e
g . = ‘
Persan Pehlvi Zend Persan Pehlva Zend

S 9B Ww..,

zm.L,-M;Jw L |#@Bisboth. duror. w e

Lz Bibliot: deeROT

Caligaed srar Z:u’ﬁmﬂ?bv Calgue srar le Pendidad. Calgue sur le Fendidad JSide'
\eorrige par Ze
sy |

20
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22 | Tok

el

25 23| P
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23 2ol

gee
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- QQpy
- aoehe P&l GCTE G
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¥ : S |ocle : :
O osl| X
M ‘_o‘
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28 [ B

%
b2
(o

=

’ 26 | akiman~ DY | 36| %

lr Letrer Zend.es o
vies Zer rew de s

¢
-
s
B\
e
vG_ﬂFS\

o 1 ) | Qg‘z o

Fig. 4: Alphabet list in AQUETIL-DUPERRON Zend-Avesta

& "‘""“‘-”é‘."_"S MWGHPIYD ’?)5’”‘ 1\’”0"' 'éﬁ)‘

Mreot’ ehuroj mazdao spitemai Zerethusz- Przemawia Bohater Stworzenia do uczo-
trai. nego Zoroastra.

Fig. 5: PETRASZEWSKI s transcription (and Polish translation) of vd. 1,1.
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SUNSPEEN . g

1 = o. Rein polnischen Klanges.
@ — h. Rein polnischen Klanges.
> — u. Dieser Buchstabe klingt bisweilen wie ein lateinisches v.
1’ — oj. Rein polnischen Klanges.
__§ = z. Rein polnischen Klanges.
9 = 4. Rein polnischen Klanges.
@ — a0 Rein slavischen Klanges.
»— 8. Rein polnischen Klanges.
9 — i. Rein polnischen Klanges.

® — t. Rein polnischen Klanges.

4 — a  Rein polnischen Klanges.

b — th. Rein polnischen Klanges.

% — s8z. Rein polnischen Klanges.

¢ — e. Rein polnischen Klanges und stets unveriinderlich.

— dadh. Weichen polnischen Klanges.
¢. Rein polnischen Klangen.
y. Rein polnischen Klanges, doch am Ende als yi.
@. Rein slavischen aber weichen Klanges.
— k. Rein polnischen Klanges.
223 = det. Rein slavischen Klanges.

4

A LI 3
Il

¥ — z Rein polnischen Klanges.

0 — j-je-ja. Am Anfange des Wortes rein polnischen Klanges.

2 — j-je-ja. In der Mitte des Wortes ebenfalls rein polnischen Klang
Q= dh. Rein polnischen Klanges.

4 — h. Rein polnischen Klanges.

Fig. 6: PIETRASZEWSKI’s transcription

The different approaches to a Romanization of the Avestan script had reached a preliminary end
by the beginning of the 20" century when CHRISTIAN BARTHOLOMAE, first in his account on
the Avestan and Old Persian languages in W. GEIGER’s and E. KUHN’s ‘Outline of Iranian
Philology’ (1895-1901) and then in his ‘Old Iranian Dictionary’ (1904), proposed a transcrip-
tion system that was based upon the choice of original characters used in K. F. GELDNER’s
edition of the Avesta (cf. Fig. 7 — Fig. 9). Due to the importance of the dictionary, which has
remained the standard reference work of Avestan lexicography until the present day, BARTHOL-
OMAE’s transcription system was used for many years to come.
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SCHRIFT-TAFEL ZU § 267, 269.

Zu § 267, 1. DAS AWESTISCHE ALPHABET.

s S d 3w 4 5¢ 6 g e e A Y
10y II> 124 I3y 148 Te- 6 17b 18y
19p 20p 2Ie 229 236 24y 25g 260 27
28 29w 303 314y 321 33x 344 35t 36
370 3%3» 39) 40m 41 42 43w 44 45w
460 471y 48w — 49«  — 50w 51wy 52w

Zu § 269, 1. DAS ALTPERSISCHE ALPHABET.
LTI TR LR L
W oofr oK s mE sl uf
13 El] 16 (EY 17 KY 18 ::; 19 :Y 20 K( 21 5
(SO R ¥ IETE | CHIELS = CRELE (G A
29 o sy 32 s W s

36 (:( — Zahlzeichen: Y oder Y fiir 1, ( fiir 10; (“ = 13 —
Wortteiler: \. — Abkiirzungen, bzw. Ideogramme kommen hauptsichlich

(=]

2

N

auf spitern Inschriften vor; :(K (= x$@yadipa-) und zwei andere™.

Fig. 7: The Avestan alphabet in BARTHOLOMAE (1895-1901: 161)

EINLEITUNG: DAS SCHRIFTWESEN.
I DAS AWESTISCHE SCHRIFTWESEN.

Das Awesta ist in einer linksldufigen Lautschrift aufgezeichnet.

S 267. Die awestischen Buchstaben.

1. Die Neuausgabe des Awesta, der ich mich in der Wiedergabe der
awestischen Worter — zwei Fille ausgenommen (s. Buchst. 33 und 44) —
anschliesse, verwendet 48 verschiedene Buchstaben; s. die Tafel, S. 161:
1@ 24 3¢ 4 52 67 70 85 9& 1og 117 127 13 %
42— 154 16 ¢ 17x 18y 19¢ 207 21¢ 22d 23 240
25 £ 26 p 2706 28 f 29w 30w 3174 32nm 33nm 34m
35y 36y 377 387 397 405 41z 425 435 44§ 45 %
46 %2 47 7 48 x¥; ausserdem drei Ligaturen: fiir §# (50), §¢ (51) und

Fig. 8: Transcription according to BARTHOLOMAE (1895-1901: 152)

1. Aw. { a 27 Z 00 & a i1 - u 8 w-
— - - -
2. Ap. a a T u,
- —
[Aw]. { % &7 AR S | a",} Y t 2 U
[Ap.] V3 £ é ;o ot 4 Sy Y ? b
[Aw.] w % m o m y v nrnk s 3z § i k K
| s
[Ap] n m y v r s 5§ I:,‘:.

Fig. 9: Transcriptional alphabet in BARTHOLOMAE (1904: xxiii)
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1.2 The ‘Hoffmann system’

On the basis of a thorough reconsideration of the character inventory and its linguistic back-
ground, BARTHOLOMAE’s system was challenged to a certain extent by KARL HOFEMANN (cf.
Fig. 10)." It is HOFFMANN’s merit to have clarified the function and mutual relationship of the
three characters numbered 42—44, all transcribed by plain § in BARTHOLOMAE’s works, as well
as several other letters. Table 1 illustrates the peculiarities of the system thus achieved, which
was the first to be strictly transliterative in the sense that all characters (rather: graphemes) of the
original script are rendered by one unique Latin symbol, in contrast to the ‘mixed’ systems of
former authors.'®

Avesta-Alphabet

oo 1
w B¢
A
® M
n
<
€
}Ju
.{/_J
v
1

¥
i

- t 9 d ) t

s 12 6_3 Q/LsEne
(& gigd 1)

~

w
b C- e ok
e
<7
Bire
|

gine) ) fous gl ey < ¢
P ol ot nvnx'mr_xmxp—f/v
Sw » S wnw &
FARNZECEEOWITIS SRS IRt iT S 9h

Fig. 10: HOFFMANN's ‘Zeicheninventar’

Original | Anqu.- Anqu. Pietr. Bthl.- Bthl. Hoffmann | Original
No No
» 1 a, e e 1 a a »
aw 33 a a 2 a a aw
e — — — — — a e
g (36) ao ao 9 & a g
® 29 an — 10 q q ®
® — — ¢ — — . ®
LT — _ — _ _ 4 19
¢ 28 e e 5 2 2 ¢
H — — — 6 Pl Pl H
0 28 e j-je-ja 3 e e 0
© — — je 4 e e ©
E 26 o o 7 o o E

8 JLCL




The Encoding of Avestan

Original Anqu.- Anqu. Pietr. Bthl.- Bthl. Hoffmann | Original
No. No.
b 27 o 0j 8 o o b
. 25 e i 11 i i .
? 21 [} y 12 T T ?
> 26 o] u 13 u u >
? 32 ou uj 14 i i ?
9 13 k, c k 15 k k 9
& 17 X X &
5 kh ch - -
e 47 h X e
w — — — 48 X' X w
© 14 gor g 16 g g ©
bY) — — — g bY)
L 11 gh gh 18 Y Y L
o 22 tch cz 19 ¢ c o
. 4 dj dz, d 20 Jj j .
® 3 t t 21 t t ®
G 34 th th 23 9 9 G
) d 22 d d )
t 6 d a 24 0 s t
Q19 dh — — @ 19
% — — t 25 t t %
o 23 p p 26 p p )
B 12 f f 28 f f B
D) 2 b b 27 b b )
'e 18 v w 29 w p 'e
3 31 ngj’“’ n 30 y y 3
e n 31 7 7 e
: — — — — — 7’ :
1 17 n n 32 n n 1
Y — — — — — ) Y
19 _ _ _ _ _ n 19
* 30 an a 33 nm n *
¢ 15 m m 34 m m ¢
£ 16 hm ehm — — m £
JLCL 2012 - Band 27(2) 9
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Original Anqu.- Anqu. Pietr. Bthl.- Bthl. Hoffmann | Original
No. No.
~ 20 i . — 49 y ~
ro j-je-ja 35 y y ro
2 21 (M} y 36 ii 2020
b 18 % — 37 b
b — — — — v Y b
» 35 o’u w 38 uu »20
) 7 r r 39 r r L
— 0] 0] — — — d

» 9 S S 40 S S »
) 8 z z 41 z z )
* sz 42 § *
yo 10 sch — 44 3 § yo
to z 43 § to
5y 24 j z 45 z z 5y
0 19 h h 46 h h o

19 — — - - I 19

Table 1: Transcription systems for Avestaln

2. Encoding Avestan

2.1 A 7-bit rendering

In the middle of the 1980s, when the project of digitizing the Avestan corpus was initiated,”!
there was no use in trying to encode the texts in the original script, given that the line-based
desktop computer available for the project was not programmable to non-Latin scripts.”> The
same holds true for several special characters used in K. HOFFMANN’s transliteration system. As
a matter of fact, the character inventory usable for the given task consisted of nothing but the
items pertaining to the plain ASCII standard,” plus a few extra characters necessary for the
encoding of German and Skandinavian languages, all stored in the 7-bit range of character
encoding (code values of 0 to 127; cf. Table 2 showing the character set of the computer used,
with the German non-ASCII characters printed on a shaded background). To maintain the
principle of a unique one-to-one rendering of (transliterated) Avestan characters, the existing
inventory had to be applied with awkward-seeming but ‘natural’ equivalences such as $ = 6 =
2, or Z = 2 The transliteration system thus arrived at differed greatly from that of comparable
digitization projects such as that of the Rgveda Samhita,* the most ancient text collection of
Vedic Sanskrit, which made ample use of digraphical and trigraphical combinations of ASCII
characters (cf. the example in Table 3).” The advantage of the ‘clumsy’ one-to-one encoding of
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(transcriptional) Avestan simply consisted in the fact that it could easily be converted into any
other code, without any further consideration of the length of coherent character sequences; in
addition, we may state that the inventory necessary for rendering Vedic Sanskrit was much
larger than that covered by Avestan (because of the great number of accented vowels it has to
cover), and a 7-bit-based one-to-one rendering system (which cannot provide code points for
more than ca. 120 characters) would not have been applicable for it.2° Another reason to stick to
a one-byte representation lay in the fact that the amount of disk space available was extremely
limited when the Avesta project was started; there was no hard disk available yet, and the ca. 1.2
Million characters of the text collection were just what the two floppy disks manageable by the
system could store (in a database application that had to be programmed especially for this task).

0 1

01 23 4 56 7 8 901 23456 7 8 9
000 « ¢ X N «a S A~ o6 1 A pu Tt 0 A& A
020 & A a0 06 U O F | — £+ LY # % % &
040 () * + , - / 0 1 2 3 456 7 8 9 :
060 < = > ?2 @ A DEFGHI JKLMNDO
080 P Q RS T UV XY z [ V]~ _ a b ¢
100 d e f g h i | Il mn o pgr st u v w
120 x y z { | } -~

01 23 4 56 7 8 901 23456 7 8 9

Table 2: 7-bit character set applied in 1985
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R700123011 AGNI!M+ NA!IRO DI:ID)ITIB)IR ARAIN\YOR HAISTACYUTI:
JANAYANTA PRAS=ASTA

R700123012 'M/ DU:RED9IS=AM+ GO9HAIPATIM AT)ARYU!M

R700123021 TA!M AGNIIM AISTE VAISAVO NY 9&N\WVAN SUPRATICAIKS\AM
AIVASE KUITAS= CI

R700123022 T/ DAKS\A:'YYO YO! DAIMA A:ISA NI'TYAH-

R700123031 PRE!DD)O AGNE DI:DIHI PURO! NO! 'JASRAYA: SU:RMYA:&
YAVIS\T\)A / TVA!!

R700123032 M+ S=AIS=VANTA U!PA YANTI VA:IJA:H-

1 agnin naro ddhitibhir arazyor hastacyutjanayanta praastam /
daredrsam grhéapatim atharyim

2 tam agnim aste vasavo fwan supraticakam avase kutecit /
daksayyo yo damaisa nityé

3 préddho agneihi puré né ‘jasrag sirmya yavistha / tvim sasvan-

ta Upa yanti ¥jah
Table 3: Encoding of the TexasgReda (7,1,1-3) contrasted with the usual transorip

2.2 An 8-bit rendering

After having moved to an IBM-DOS-based system in 1986, the transcriptional data could for
the first time be visualized both on a printer and on the screen. Equipped with a programmable
EGA?Y graphics card and a 70 MB hard disk, the IBM-compatible PC used then was much
better suited to the task of completing the electronic corpus of Avestan. Software for entering
larger specimens of non-conventional text in a structured way was also available by then: even
though it was still line-based, WordPerfect 4.1 was an excellent basis for this task as it enabled
the user to check his or her input in a “Reveal Codes” screen and provided an interface for
rendering the special transcription characters correctly even on a Laser Printer. For the encoding
of Avestan (and other ancient Indo-European languages) in WP 4.1, a special font could thus be
designed for both screen and printer representation; different from the 7-bit font used before,
this was 8-bit based, with all “special” (non-ASCII) characters stored in the “upper” character
range (code values extending from 128 to 255, cf. Table 4).
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o
=

0123456 78901234 6 7 8 9
000 R )
020" 8§~ . bbb ouwo I
040 () *+ , - . / 0123456789 :
60<=>?2VABCDEFGHI JKLMNDO
WPQRSTUVWXYZ[\] """ abec
100defghij kI mnopqgrstuvw
120xy z{ |})~= -~0éaaaaceéeceéecerdl
40T i1 Agé a®cedoo0oluyOUa ae i di
604 i 6 0figae1oaaiji1taae 11
1801 4§ axx'zn't i fTiaeijouiuodsid
20003 4¢¢¢&¢ 1 1 aguyypbeEdds
2206 g gy h Bhh kIl [T Tmmhmanig
240n 1 FTT T §s 38§31 ¢t9 P
0123456 789012345¢6 7809
0 1

Table 4: 8-bit font used for the encoding of Avestan attfteo ancient Indo-European languages (1986-1989)

2.3 The first 16-bit encoding scheme

In 1988, the project proceeded one step further by applying the first 16-bit character encoding
available for PCs. With WordPerfect 5.0, the user had at hand a total of 1632 uniquely en-
codable characters, among them Greek, Cyrillic, Hebrew, and Japanese (4iragana and katakana)
sets, but also a large set of Latin characters with diacritics that were not covered by 7-bit ASCII
or its ‘western’ 8-bit successor, the ANSI standard.?® For the encoding of the ‘idiosyncratic’
transcription of Avestan, even this character ‘block’ (cf. Table 5) was not sufficient though;
instead, the project had to rely upon the extra-block of ‘user definable’ entities, which com-
prised up to 255 additional items, and characters such as y, 7 or 3 had to be assigned code
points in that range (cf. Table 6). For the screen rendering, which was still line-based, WP 5.0
provided a sophisticated solution to extend the 8-bit-based character set of the graphics cards
used in PCs to 512 characters, and this was programmable to display the extra characters of
Avestan transcription.
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No. Char acter No. Character No. Character
1,23 R 1,90 A4 1,162 0
1,24 I 1,01 a 1,163 8
1,25 J 1,92 A 1,164 0
1,26 A 1,93 a 1,165 o
1,27 a 1,94 A 1,166 E
1,28 A 1,95 q 1,167 e
1,29 a 1,96 C 1,168 R
1,30 A 1,97 ¢ 1,169 2
1,31 a 1,98 ¢ 1,170 R
1,32 A 1,99 ¢ 1,171 i
1,33 a 1,100 c 1,172 R
1,34 A 1,101 é 1,173 r
1,35 a 1,102 C 1,174 S
1,36 /E 1,103 ¢ 1,175 $
1,37 ® 1,104 D 1,176 S
1,38 C 1,105 d 1,177 §
1,39 c 1,106 E 1,178 S
1,40 E 1,107 é 1,179 s
1,41 é 1,108 E 1,180 S
1,42 E 1,109 é 1,181 S
1,43 é 1,110 E 1,182 T
1,44 E 1,111 e 1,183 3
1,45 8 1,112 E 1,184 T
1,46 E 1,113 e 1,185 1
1,47 & 1,114 G 1,186 F
1,48 i 1,115 g 1,187 t
1,49 i 1,116 G 1,188 U
1,50 1 1,117 K 1,189 i
1,51 7 1,118 G 1,190 U
1,52 i 1,119 s 1,191 i
1,53 i 1,120 G 1,192 U
1,54 | 1,121 g 1,193 i
1,55 i 1,122 G 1,194 U
1,56 N 1,123 g 1,195 y
1,57 fi 1,124 G 1,196 U
1,58 6] 1,125 g 1,197 i
1,59 ) 1,126 H 1,198 U
1,60 6] 1,127 h 1,199 i
1,61 ) 1,128 H 1,200 74
1,62 o) 1,129 [ 1,201 W
1,63 ) 1,130 I 1,202 4
1,64 0 1,131 i 1,203 3
1,65 ) 1,132 I 1,204 7

14
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No. Char acter No. Character No. Character
1,66 U 1,133 7 1,205 Z
1,67 a 1,134 Ji 1,206 z
1,68 0] 1,135 j 1,207 7
1,69 Q 1,136 I 1,208 7
1,70 U 1,137 7 1,209 z
1,71 U 1,138 Jii 1,210 D
1,72 U 1,139 j 1,211 y
1,73 U 1,140 J 1,212 D
1,74 Y 1,141 j 1,213 d
1,75 y 1,142 K 1,214 L
1,76 A 1,143 k 1,215 [
1,77 a 1,144 L 1,216 N
1,78 D 1,145 2 1,217 n
1,79 d 1,146 L 1,218 R
1,80 @ 1,147 I 1,219 r
1,81 o 1,148 L 1,220 S
1,82 6] 1,149 Ji 1,221 5
1,83 ] 1,150 L 1,222 T
1,84 Y 1,151 2 1,223 f
1,85 y 1,152 3 1,224 Y
1,86 [5) 1,153 [ 1,225 y
1,87 d 1,154 N 1,226 Y
1,88 b 1,155 A 1,227 P
1,89 b 1,156 ‘N 1,228 D
1,157 7 1,229 d
1,158 N 1,230 o
1,159 7 1,231 o
1,160 N 1,232 U
1,161 n 1,233 w
Table5: The ‘Latin Extended’ Block of WP 5.0
No. Character No. Character No. Character
12,0 é 12,40 s 12,76 s
12,1 q 12,41 t 12,77 t
12,2 é 12,42 i 12,78 ¢
12,3 / 12,43 u 12,79 z
12,4 i 12,44 B 12,84 y
12,5 I 12,45 D 12,85 a
12,6 it 12,46 D 12,86 i
12,7 g 12,47 E 12,87 a
12,8 é 12,48 G 12,88 i
12,9 i 12,49 H 12,89 il
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No. Character No. Character No. Character
12,10 Y 12,50 H 12,90 g
12,11 i 12,51 Ji 12,91 &
12,12 m 12,52 J 12,92 X
12,13 r 12,53 K 12,93 X
12,14 7 12,54 0 12,94 7"
12,15 7 12,55 P 12,95 R
12,16 a 12,56 R 12,96 5
12,17 é 12,57 S 12,97 2
12,18 7 12,58 T 12,98 b
12,19 6 12,59 T 12,99 g
12,20 i 12,60 Z 12,100 h
12,21 4 12,61 12,101 k
12,22 E 12,62 b 12,102 Ji
12,23 7 12,63 d 12,103 i
12,24 o 12,64 d 12,104 m
12,25 il 12,65 é 12,105 m
12,26 é 12,66 2 12,106 i
12,27 é 12,67 g 12,107 7
12,28 7 12,68 h 12,108 n
12,29 E 12,69 h 12,109 r
12,30 0 12,70 7 12,110 F
12,31 0 12,71 j 12,111 P
12,38 Ji 12,72 k 12,112 P
12,39 m 12,73 0 12,113 &

12,74 P 12,114 i
12,75 r 12,115 i

Table 6: Assignment of the ‘User definable’ Block of WR5

2.4 Rendering the original script

The next version of WordPerfect, 5.1, was even programmable to display and handle the Aves-
tan original script with its right-to-left directionality. The prerequisite for this was the installa-
tion of either the Hebrew or the Arabic language package, both of which added the necessary
functionality for switching between bidirectional text passages. For Avestan, however, the pack-
ages offered no code space off-hand; instead, the Avestan characters had to be mapped onto one
of the character sets of either Hebrew (block 9) or Arabic (blocks 13 and 14). As the latter was
designed to imply the automatic adaptation of letters to their left and right environment (a
feature not relevant to Avestan), the Hebrew block was much better suited for this purpose. The
resulting assignment is illustrated in Table 7; for lack of demand, it was never applied to the
rendering of the corpus.
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WP | Heb. | Av. | Trs. | WP | Heb. | Av. | Ttrs. WP Heb. | Av. | Tts.
9,0 R » a 9,19 ] G 9 9,42 ' ? i
9,1 ) al B 9,20 b) B f 9,84 k) B b
9,2 b} T y 9,21 Y B j 9,85 3 © g
9,3 7 t\ o 9,22 b o c 9,87 7 ) d
9.4 1 o h [923] » 3 7 9,88 3 " q
9,5 1 b % 9,24 3 1 r 9,89 j M q
9,6 T D) z 9,25 v " S 9,90 T o z
9,7 ] & X 9,26 v W § 9,91 b w X/
9,8 v ', t 9,31 . i 9,92 o a 02
9,9 ’ S~ y 9,32 © e 9,93 » o y
9,10 J 9, g 9,33 ) e 9,94 3 3 k
9,11 ) o X 9,34 > u 9,103 n S 7
9,12 5 J M | 935 - a 9,104 1 2 n
9,13 al 6 m 9,36 v a 9,106 D » S
9,14 n ¢ m 9,37 ¢ 2 9,107 5 ) p
9,15 1 Y 7 9,38 L 0 9,108 X 3 7
9,16 b | n 9,39 Q T 9,109 P 3 7"
9,17 | o » s | 9,40 o a [ 9111 w o $
9,18 v ¢ 5 9,41 L o} 9,114 n ¢ t

Table 7: Avestan characters mapped onto the Hebrew clearset of WP 5.1

2.5 Towards unique encoding: Unicode

With the introduction of the World Wide Web in about 1994, it became necessary to provide a
unique encoding scheme for the Avestan texts that was not restricted to proprietary formats. As
none of the code pages that were usable in WWW applications then covered the special charac-
ters used in the transcription of Avestan, let alone the original Avestan script, the project had to
rely upon the emerging ‘Unicode’ standard right from the beginning even though there was
practically no support for this available when the first specimens of the corpus were put online
on the server of the TITUS project in 1996. The first sample page, which is still available today
(cf. heep://titus.uni-frankfurt.de/unicode/samples/homyast.htm), displays in Roman transcrip-
tion a part of the so-called ‘Hom-Yast’ (i.e. Yasna 9,1-11,8) together with its Middle Persian
(‘Pahlav’) and Sanskrit translations and liturgical prescriptions in Pazend (i.e. Middle Persian
written in Avestan script). The page clearly indicates what was encodable and retrievable in the
carly years of Unicode: many characters could not be visualized because they (or their elements,
diacritics or basic characters) were not covered by standard fonts, or they had to be left open as
there were no code points available for them yet. Meanwhile, 15 years after these first attempts,
Unicode has become prevalent as the most widely used encoding standard in the Web, and

JLCL 2012 — Band 27(2) 17




Gippert

there is no longer any problem in encoding, retrieving and displaying the transcriptional data of
the Hom-Yast or any other Avestan text (cf. the online edition in htp://titus.uni-
frankfurc.de/texte/etcs/iran/airan/avesta/avest010.htm#Avest. Y 9). It is true that many of the
combinations of characters with diacritics that are used in the transcription (e.g., 4 & or X)
cannot be encoded as such, i.e., as ‘precomposed characters’, because there are no code points
available for them; instead they have to be encoded as sequences of basic characters and diacrit-
ics,” and it has taken quite some time until ‘system fonts’ and ‘rendering engines’ were able to
display this kind of combinations in an acceptable way.

As to the original script, the development of a corresponding code block within Unicode
took even longer, and only with the publication of Unicode version 5.2.0 in October 2009 has
this goal been achieved.*® The Avestan block consisting of code points 10B00 through 10B3F*!
now enables us for the first time to encode in a standardized way the complete text of the Avesta
in the original script. However, for lack of standard fonts that comply to this standard, it will
take some more time to make this encoding readily available to the public.

Still, we have to admit that the encoding provided by the new Unicode block is not ex-
haustive, given that there is still a small set of letters that have not been assigned a code point.
The reason is that these letters (¥,X,(, &, ') have been regarded as mere glyph variants of
other characters (# = a, L= 5, Y=4b=v,and o = h), mostly in accordance with traditional
usage which did not provide separate transcriptions for them. However, this decision brings
about a dilemma, not only with respect to displaying them in a scholarly context such as the
present paper (as a matter of fact, the five letters in question are represented by images here): if
we wanted to challenge the assumption of their being functionally identical with their en-
codable ‘partners’, we would have to check whether they only occur in distinct environments
and never side by side with them within one and the same manuscript. But to check this thor-
oughly, we would have to encode the texts of all manuscripts accordingly — which we cannot, as
there are no code points for these letters available. It is true that provisional code points could
be provided in the Private Use Area’ of Unicode;** however, the use of code points of this area
may still lead to problems depending on systems and software used, and it is therefore not
recommendable. For the time being, I suggest to solve the problem via transliteration, by assign-
ing special (adapted) transliteration symbols to the five letters in question.

3 Summary

The different approaches to the encoding of the Avestan script, first in transliteration and later
in the original form, are summarized in Table 8 below. The table also includes the five letters
for which no Unicode code points are available, together with a proposal for their transliteration.
The combinations of * = ii and » = uu are not included as they have been encoded right from

the beginning as sequences of the two characters each that they contain.

Orig. HP 86B33 WP433 WP534 Trl.35 Unicode36 Orig.
. a] 97| a| 97| 097 ] 90| a 0061 | 10B0O| =
-~ | A | 65| a|166| 1,93 | 935 a4 0101 | 10BOLl| =
w U | 26 | & | 134| 1,35 | 9,40 & 00E5 | 10B02| @
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Orig. | HP 86B3 WP433 WP534 T1l.3s Unicode% Orig.
v U [ 25| a [182] 1291] 9,36] 4 0101 + | 10BO3 | g
030A
w a 22 191 195 | 9,88 ¢ 0105 10B04| ¢
2 A 21 181 | 12,90 9,89 4 0105 + | 10B05 2
0307
- 0105 + v
% a 0304 Y
¢ ) 24 | - | 198 12,66 9,37 > 01DD | 10BO6| ¢
¢ O | 23] 5 [ 199] 1296| 9,18] > 01DD + | 10BO7 ¢
0304
o e | 101| e | 101 | 0,201] 9,33] e 0065 10B08| 1
¢ E| 69| ¢ | 167] 1,111 9,32] ¢ 0113 10B09|
1 o | 111] o | 111 ] o0,111] 941 o 006F | 10BOA| 1
1 O 79 6 | 169] 1,165 9,38] & 014D | 10BOB| 1
\ i [105] i | 105 0,005] 9,31 i 0069 | 10BOC|
B I 73 | 7 | 168 1,2133| 9,39] 1 012B | 10BOD| .
) u | 117 u | 127 | 0,227] 9,34 u 0075 10BOE|
2 U | 8 | @ | 170 1,193] 9,42 4 016B | 10BOF| ,
3 k | 107 | k | 107 | 0,207] 9,94 k 006B 10B10|
& x | 120 x | 120 | 0,120] 9,7] x 0078 10B11]| &
| X | 88 | x [183] 1292| 911 x 0078 + | 10B12 | w_
0301
W w | 119 | x* | 184 | 12,93] 9,91] X 0078+ | 10B13|
036E
© g | 103| g | 103 ] 0,203| 985 ¢ 0067 10B14| o
3, K | 75 | ¢ [221] 1,125] 9,10 ¢ 0121 10B15| o,
* G| 71|y |223] 87 9,2 y 03B3 10B16| o
N c 99 [ ¢ | 99 0,99 | 9,22 ¢ 0063 10B17| o
. i [106] j [ 106] 0106 9,21 | 006A | 10B18| g _
° t | 116 | t | 116 | 0,116] 9,114 t 0074 10B19|
6 F 70 | 9 [ 253] 8,17 | 9,19] 6 03B8" | 10B1A| &
> d | 100] d | 1200] 0,100| 9,87] d 0064 | 10B1B| _ 4
b D | 68| ¢ |219] 89 9,3 5 03B4 | 10BIC|
¢ 03B4 +
A ¢ 0301 A
T, T | 84| ¢ [ 251] 12,78] 98] 0074+ | 10BID |
0330
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Orig. | HP 86B3 WP433 WP534 Trl.35 Unicode3¢ Orig.
) p 112 | p 112 | 0,112| 9,101 p 0070 10B1E )
d f 102 | f 102 | 0,102 9,20 f 0066 10B1F d
D) b 98 b 98 0,98 9,84 b 0062 10B20|
o B 66 p | 214 8,3 9,1 s 03B2 10B21 o
3 q 113 | »# 165 | 1,211 9,23 i 014B 10B22 3
¢ @ 64 7 239 | 12,107 9,103 7 014B + | 10B23 ¢

0301
3 Q 81 | 5 | 186 | 12,94| 9,109 " 014B + | 10B24 3
0367
| 110 | n 110 | 0,110 9,16 n 006E 10B25 |
Y 92 n 238 | 1,155 9,15 n 0144 10B26 Y
( n 1E45 (
» N 78 n 240 | 12,108] 9,104 =»n 1E47 10B27 »
6 m 109 | m | 109 | 0,109 9,14| m 006D 10B28 6
6 M 7 n 77 | 12,105 9,13| m 006D + | 10B29 6
0328
= Y 89 y 152 | 12,84 9,9 y 1E8F 10B2A|
%) y 121 | y 121 | 0,121 9,93 y 0079 10B2B %)
b Y 118 | v 118 | 0,118 9,5 \% 0076 10B2C b
b B 0076 + b
0307
r 114 | r 114 | 0,114 9,24 r 0072 10B2D 1
J 9,12 | 006C 10B2E J
» S 115| s 115 | 0,115 9,17 S 0073 10B2F »
D) z 122 | z 122 | 0,122 9,6 z 007A 10B30 D)
% S 83 § | 248 | 1,117 9,25 (S 0161 10B31 %
yo C | 67 | s |249| 1240| 9,111 & 0161+ | 10B32 | o
0301
o $ 36 S 250 | 12,113 9,26 s 0161 + | 10B33 o
0323
o 4 90 Z 185 | 1,207 9,90 Z 017E 10B34 o
o h 104 | h 104 | 0,104 9,4 h 0068 10B35 o
v i 0068 +
0301
46 46 0,46 0,46 002E 2E31
58 128 | 12,61 | 12,61 2235 10B3B
Table 8: Encodings used for the Avestan script (origimal &ransliteratiorif
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! Le., from the middle of the sixth century B.C. up to the middle of the eighth century
AD.
2 Cf. GIPPERT (1995).

3 http://titus.uni-frankfurt.de/texte/etcs/iran/airan/avesta/avest.htm.
4 http://titus.uni-

frankfurt.de/texte/etcs/iran/airan/avesta/vasna/vasnavar/yasna.htm.

5> Most of the text was input by SONJA FRITZ in 1985-88, the necessaty programming
being undertaken by the present author. Additions were provided by H. KUMAMOTO,
M. DE VAAN and others.

6 This is GELDNER’s Avesta (1889-96). The same is true for WESTERGAARD (1852-54).
7 Cf. JEAN CHARDIN (1711: 108-9 with Table LXX (Fig. T)); the first edition of
CHARDIN’s travel report, of which one volume appeared in 1686 in English (second
edition 1691) and French, does not contain any relevant information (the subsequent
volumes seem not to have been published then). Previous accounts of the Parsees and
their religion are the second volume of HENRY LORD (1630), .4 Display of two forraigne
sects in the East Indies, published under the title The Religion of the Persees etc. (see bibliog-
raphy), and GABRIEL DE CHINON (1671); they mention the existence of the script
without going into details (LORD 1630, p. [2 of “The proeme’]: ‘I gained the
knowledge of what hereafter I shall deliuer, as it was compiled in a booke writ in the
Persian Character, containing their Scriptures, and in their owne language, called their
ZVNDAVASTAVV.”; CHINON (1671, p. 437): “... voyans qu’ils n’avoient plus de Livres,
en écrivirent un de ce qui leur étoit resté en mémoire de ceux qu’ils avoient tant las de
fois. Celui-la leur est resté, je Iai va, il est assez gros, & écrit en caracteres fort diffe-
rens du Persan, de ’Arabe, & des autres Langues du pais, & et qui leurs sont particu-
lieres. Ils le scavent lire, mais ils disent qu’ils ne 'entendent pas.’)

8 CHARDIN (1711, Vol. 9, 109): ‘J’ai inseré dans cet ouvrage, pour la satisfaction des
Curieux, un Alphabet de ces anciens Perses, ou Guebres'.

? The illustration is taken from the online version provided by Google Books of the
copy of vol. 9 kept in the Lyon Public Library
(http://books.google.de/booksrid=1jBhi4sF21oC); unfortunately, the Table has been
clipped dramatically in the reproduction so that it shows only parts of two lines. The
reproducuon of the copy of the Bayerlsche Staatsbibliothek in http://www.mdz-nbn-

http: books google.de books?’ld ZHDCAAAACAAD is even worse in this respect.
10 An even shorter notice is contained in vol. 5 of CHARDIN’s Voyage (1711, p. 41).
1T CHARDIN (1711, ib.): ‘en grandes & petites Lettres’.

12HYDE (o.c., p. 427): ‘Lingua Péhlavi, quae vere Persica’.

13 Not all entries are comprehensible.

14 “Literae in Libris ZEND & PAZEND, juxta Apographum D. Hyde, usitatae; una
cum Ligaturis & Abbreuiaturis Zendicis’, Table added after p. 580.
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15 ANQUETIL-DUPERRON (1771: PL. VIII, opposite p. 424 ; in other bindings, opposite
p. 432).

16 PIETRASZEWSKI (1858: XTI and 1).

17 A corresponding table is printed in HOFFMANN/FORSSMAN (1996: 41).

18 The differences are explicitly summarized in HOFFMANN/FORSSMAN (o.c., p. 43).
19 Character not assigned a Unicode code point (cf. below).

20'This is not a single character but the combination of two identical ones.

21 'The digitization was undertaken in connection with the project of a new dictionary
of the Avestan language (run by B. SCHLERATH in Berlin), which was funded by the
DFG in 1985-1988 with the exception of the computer equipment that had to be
purchased for it.

22 The computer used was a Hewlett-Packard 86B; cf., e.g.,
http://www.hpmuseum.net/display item.php?hw=35. The restriction concerned the
screen but not programmable printers such as the 24-dot matrix printer EPSON LQ-
1500 used then.

2 “American Standard Code for Information Interchange”.

24 Project undertaken in the 1970s under the guidance of W.P. LEHMANN by H.S.
ANANTHANARAYANA in Austin, Texas.

25 It must be stated that such a system does meet the requirements of an unambiguous
encoding, but not on the basis of one-to-one correspondences.

26 A similar rendering system is the so-called ‘Beta-Code’, which was invented for the
rendering of Ancient Greek and which has been used until the present day in the
‘Thesaurus Linguae Graecae’ project at the University of California (Irvine) and in the
‘Perseus’ project of Tufts University.

27 “Enhanced Graphics Adapter”, a colour graphics card using a programmable 8-bit
character set with a dot-matrix of 14 X 8 dots.

28 “ American National Standards Institute”; the standard is also known as ISO stand-
ard no. 8859-1.

2 Cf. chaps. 5.6 (‘Normalization’) and 2.11 (‘Combining characters’) of the current
Unicode Standard reference,
http://www.unicode.org/versions/Unicode6.0.0/ch05.pdf and /ch02.pdf. The rea-
son is that the Unicode Consortium stopped the integration of precomposed charac-
ters early in the process of development of the standard. Cf.
http://unicode.org/faq/char combmark.html as to useless attempts to have new
precomposed characters added to Unicode.

30 The proposal, which was prepared by M. Everson and R. Pournader, dates from
March 22, 2007 (cf. http://std.dkuug.dk/jtc1/sc2/wg2/docs/n3197.pdf); cf.
http://www.unicode.org/Public/UNIDATA /DerivedAge.txt for a full account of
when a given code point was first assigned in Unicode.

31 Cf. http://www.unicode.org/charts/PDF/U10B00.pdf. The block is contained in
‘Plane 1’, the so-called ‘Supplementary Multilingual Plane (SMP)’ of Unicode, which is
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mostly designed to comprise ‘historical” scripts that are no longer used (cf. chap. 2.9
of the current Unicode Standard reference,
http://www.unicode.org/versions/Unicode6.0.0/ch02.pdf); in the case of Avestan,
this remains problematic as the Parsee communities in India or elsewhere may return
to employing the Avestan script one day.

32 The ‘PUA’ ranges from E000 to F8FF and comprises up to 6,400 privately defin-
able and usable characters.

3 Code numbers represent byte values.

3 Code numbers indicate the block and the number of the character within the
WordPerfect character set (left column: transcription; right column: original script
mapped onto Hebrew). Block 8 is the Greek character block.

% Extended transliteration including the non-encodable letters.

3 Code points in hexadecimal notation (left column: transcription; right column:
original script). Precomposed characters are indicated wherever they exist.

37 For Greek théta, there are two code points available (03B8 and 03D1); the first one
is chosen here as this is associated with the round-shaped variant displayed here while
the second is tesetved for the ‘open’ variant (9).

38 Proposed encodings (for additional transcriptional characters) are marked with a
shaded background.
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