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Abstract

This paper presents Tigwah, a typesetting system for Biblical Hebrew, that uses
the combined efforts of TgX, METAFONT and GNU Flex. The author describes its
use and its features, discusses issues relevant to the design of fonts and placement
of floating diacritics, and gives a list of rare cases and typographical curiosa which
can be found in the Bible. The paper concludes with an example of Hebrew Biblical
text (the beginning of the book of Genesis) typeset by Tigwah .

Introduction

The Tigwah system uses the possibilities of TgX,
METAFONT and GNU Flex to typeset Biblical Hebrew.
This is not a simple task: (a) special fonts had to
be created, described in the section ‘Fonts for type-
setting the Holy Bible in Hebrew’ on page 177; (b)
several levels of diacritics are required; they have
to be entered in a reasonable way (see ‘Vowels’ on
page 176, and ‘Masoretic accents and other symbols’
on page 176), and placed correctly under or over
the characters (see ‘An algorithm for placing floating
diacritics’ on page 179). The Bible being the most de-
manding Hebrew text (from the typographical point
of view), Tigwah can trivially be used to typeset any
other Hebrew text, classical or modern; in addition
to Tiberian vowels, Babylonian and Palestinian vow-
els are also included in the font, as are special char-
acters for Yiddish.

This paper is divided into three parts: the first
one, more pragmatic, describes the requirements and
use of the Tigwah system,; the second one discusses
the design of the fonts and the algorithm of floating
diacritics placement; finally, the third part gives a list
of rare cases and typographical curiosa found in the
Hebrew Bible, and the way to produce them through
Tigwah.

But first, for the reader not familiar with the
Hebrew language, a short introduction to the Hebrew
system of diacritization.

Diacritization. In Hebrew, as in other Semitic lan-
guages, only consonants and long vowels are writ-
ten as letters: the reading process includes a perma-
nent “guessing” of words out of the available data—
the consonants and long vowels, as well as the gram-
matical, syntactic and semantic context.! To prevent
misunderstandings, in cases where the short vowels

Ltr t rd ths t s wht I mn — try to read this to see
what I mean.
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cannot be guessed out of the context (for example in
names or foreign words), or in cases where the text is
extremely important and should by no means be al-
tered (the case of holy texts, like the Bible), short vow-
els have been added, in the form of diacritics. This
is the first level of diacritization; it can be applied to
any text; at school, children first learn vowelized He-
brew.

A second degree of diacritization is the use of
cantillation marks or Masoretic marks or neumes.?
This method of diacritization applies only to the He-
brew Bible.

Finally, a third degree of diacritization and
markup (less important in volume than the two
previous ones) consists of using editorial marks for
scholarly editions (locations where text is missing,
diverging sources, etc.). For this purpose, mainly
two signs are used: the circellus (a small circle)
and the asterisk. Also a dot is sometimes placed
over each letter of a word—it is called punctum
extraordinarium.

2 Onereads in Levine (1988, pp. 36-37): “...unlike
Psalmodic technique which reserves its motifs for a
single syllable toward the phrase-end, Biblical chant
assigns a motif to each word. It does this with signs
called neumes (te’amim in Hebrew). ...The root of
“neume” in Hebrew, ta’am has several meanings:
‘taste’; ‘accent’; ‘sense’. Neumes impart taste (into-
nation) to Scripture through melody, accent through
placement (above or below the stressed syllable),
and sense (rhetoric) by their ability to create a pause
or to run words together. In addition to these func-
tions, neumes provide a means of memorizing the
intonation, accentuation, and rhetoric of the hand-
written scrolls read publicly, for only consonants ap-
pear on the scrolls. Vowels and punctuation—as well
as neumes—appear only in printed editions of the
Hebrew Bible.”
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It follows that printed Hebrew Biblical text can
globally be subdivided into four strata:

4. Editorial marks
3. Cantillation marks
2. Vowels, semi-vowels and Sewa
1. Text

The placement of diacritics falls into the following
groups:

1. inside the letter: the dages or mappig dot;

2. over the letter: vowels (holem in the Tiberian
system of vowelization, and all Palestinian and
Babylonian vowels), spirantization (rafe), can-
tillation marks (zaqeph, rebia, geres, garSayim,
etc.), editorial marks (circellus, asterisk, punc-
tum extraordinariumy;

3. under the letter: vowels (hireg, sere, segol, etc.),
semi-vowels (hateph-patah, etc.), absence of
vowel (Sewa), cantillation marks (sillug, atnah,
etc.);

4. before the letter (on its right): prepositive can-
tillation marks (dehi, yetib, etc.);

5. after the letter (on its left): postpositive cantil-
lation marks (segolta, sinnor, etc.).

All strata of diacritics can be combined. It has
always been a typesetter’s nightmare (or delight, de-
pending on the case) to produce fully diacriticized
Hebrew text: sometimes the combinations of dia-
critics get even wider than the character that carries
them; in these cases, diacritics will float under (or
over) the immediately following letter, according to
rules given in the section ‘An algorithm for placing
floating diacritics’ on page 179. These actions can
eventually change the appearance of the whole word.
In that section we give an analytic approach of float-
ing diacritic placement, and the corresponding algo-
rithm used by Tigwah's TgX macros.

The reader can find more information on the
grammar of Biblical Hebrew in Lettinga (1980); for an
introduction to the modern edition of the Bible BHS
(Biblia Hebraica Stuttgartensia), see Wonneberger
(1990).

Using Tigwah

Requirements. To typeset in Biblical Hebrew using
Tigwah, one needs a decent TgX system,? a relatively
powerful machine (being able to run BigTgX) and the

3 In this context, by ‘decent TgX system’ we mean a
TeX implementation featuring Peter Breitenlohner’s
TeX--XgT as well as a METAFONT implementation
with user-configurable parameters (the internal pa-
rameter max_font_dimen of METAFONT has to take
a value of at least 53, to be able to generate Tigwah
fonts).

Typesetting the Holy Bible in Hebrew, with TgX

Tigwah package,* consisting of a preprocessor writ-
ten in GNU Flex, fonts written in METAFONT, and TgX
macros. The preprocessor being written entirely in
GNU Flex (without using any system-dependent sub-
routines), can be compiled in a straightforward man-
ner on any platform having a GNU Flex executable and
an ANSI C (preferably gcc) compiler.

Once Tigwah has been installed, typesetting is
done in two steps: an input file is prepared using the
syntax described below; the preprocessor then reads
this file, and produces a IATgX2¢ (or plain TgX) file
which can then be run through TgX in the usual way.’

Preparing the input file. If you wish to write your file
in IATEX 2¢, you have to include the line

\usepackage{tiqwah}
in the preamble. Plain TgX users will write
\input tigwamac.tex

at the beginning. However, the author recommends
the use of IKTEX2¢, because of its powerful font se-
lection scheme.

A Tigwah input file contains text, TeX/IATEX
macros, and preprocessor directives. The latter
concern only Hebrew script. To type Hebrew text
you need to enter Hebrew mode; this is done by the
preprocessor directive <H>. To leave Hebrew mode,
enter the directive </H>. For Yiddish, the directives
are <Y> and </Y>. The directives <H> and <Y>
are the only ones recognized by the preprocessor
outside Hebrew/Yiddish mode.

Once you are inside Hebrew/Yiddish mode, you

type Hebrew text in Latin transcription, from left
to right. No special indication needs to be given to
TgX about font or writing direction switching—this is
done automatically. The following sections describe
the transcription you have to use as well as all other
features of the preprocessor.
Letters. The Hebrew transcription of letters (conso-
nants and long vowels) is given in Table 2 of the ap-
pendix (page 187); the Yiddish one will be given to-
gether with all other features of the Yiddish part of
Tigwah, in a forthcoming paper, dedicated entirely
to this language.

Here is a simple example of code producing non-
vowelized Hebrew text:

4 Tigwah will be included in ScholarTgX; it is part
of the long awaited version 1 of the latter, together
with new Greek, Arabic, Estrangello, Serto, Chaldean,
Coptic and Akkadian cuneiform fonts.

5 An adaptation of the Tigwah system to Q (the
TeX extension prepared by John Plaice and the au-
thor) is under preparation; it will allow typesetting
in Biblical Hebrew, without a preprocessor.
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<H>ym hm*1x hw*’ hm*qwm hn*mw*k b*ywtr
b* ‘wlm</H> will produce

D3W3 I3 T PRI X NI .

Some notes concerning the transcription of let-
ters of Table 2: there is no distinction between me-
dial and final forms; these are automatically applied
by TgX. The asterisk * transcribes the dages, map-
piq or Sureq dot.5 The broken lamed 9 is used au-
tomatically whenever no upper diacritic is present;’
this feature can be turned off by the command line
option -nobroken of the preprocessor. The charac-
ter Vis a ligature of the letters aleph and lamed; a
variant form of it is K. This ligature is not used in
the Bible, and hence is not applied automatically by
the preprocessor: it has to be explicitly requested by
the code ’ /1 (instead of ’1 which will produce the
normal 5N).

In the same table, the reader will also encounter
the symbol ¢; it is called “nun invers” and is used in
Nu 10:35-36 and Ps 107. The “broken waw” ¥ is used
in Nu 25:12. See the section ‘Inverted and broken
letters’ for more details.

Vowels. Hebrew vowels and their transcriptions are
displayed in Tables C and D (p. 188). Table 3 dis-
plays the three systems of vowelization available:
Tiberian (the most frequent one), Palestinian and
Babylonian. Tiberian vowels are used by default. To
switch to Palestinian or Babylonian, one uses the di-
rectives <PALESTINIAN> and <BABYLONIAN>. The di-
rective for Tiberian is-<TIBERIAN>. The same text
can be typeset in any one of the three systems just by
adding/removing one of these directives; here is an
example of the same text, written in the three vowel
systems:

TORED 2 9NN B 8%

JOKen o 9900 B &5

9OReR o 905 D &S

Most vowels can be entered in two different
ways: either by a “phonetic” one- (or two-) letter
code (a for patah, A for games, etc.) or by a three-
letter code in uppercase form, surrounded by < and >
(<PAT> for patah, <QAM> for games, etc.). Both meth-
ods are equivalent and can be arbitrarily mixed.

Vowels are entered after letters, except in the
case of the patah furtivum, where the code <PTF> has
tobe entered before x, h*, or * (17, Mand ¥ are the only
letters which can take a patah furtivum®). The rafe
accent can be found in table 5.

6 Following advice by Philippe Cassuto, we will
attempt to differentiate the dages and the Sureg
applied to the letter waw, in the next version of Tig-
wah.

7 With one exception: the holem.

8 The combination “letter ‘ayin with patah
furtivum” is not displayed in the table because
it is graphically indistinguishable from the normal

Below is the same example of simple Hebrew
text with its transcription, this time vowelized:

<H>yAm ham*ETax hw*’ ham*AqwAom han*Amw*k"

b*"ywAoter b*A‘wAoTlAm</H>

will produce

oS3 NP3 T DRI M nSeT D
Masoretic accents and other symbols. Tables E
and F (p. 189, 190) display Masoretic cantillation
marks and miscellaneous symbols: the Sephardic
varika, and punctuation marks maqgqgeph, setuma,
petuha, soph pasug. Two styles of Masoretic
accents are provided: oldstyle (as found in
BHK® and Holzhausen Bible (1889), Lowe and
Brydone Bible (1948)) and modern (as in BHS®).
The distinction is made at the TgX level, by macros
(\modernmasoretic and \oldstylemasoretic),
which can be used inside or outside Hebrew mode;
the default style is oldstyle. Table 6 shows the
glyphs of modern Masoretic accents. The same
remark as in the previous section, concerning
alternative input of codes, applies in this case also.

Masoretic accents are entered after the letter to
which they belong; they can be placed before or after
vowels belonging to the same letter—their order is
not important. Prepositive accents are placed before
the first letter of the word. Postpositive accents, such
as pasta, placed inside a word, will be typeset between
letters.

Finally, Table 7 (page 190) displays a collection
of typographical curiosa: symbols used in various
contexts and for various purposes. The single and
double primes ’ and ” are used for numerals and ab-
breviations. The upper two dots diacritical mark is
also used for numerals: it indicates thousands. The
asterisk * is used both as an editorial mark (like the
circellus, but apparently with slightly different mean-
ing), and as a replacement character for missing let-
ters (see the section ‘Missing letters’ on page 183).
The zero-like symbol 0 is used to indicate a miss-
ing word in Jdc 20:13 (Holzhausen Bible (1889), Lowe
and Brydone Bible (1948) only). The isolated dage$
is used to indicate a missing letter with dages, in Jes
54:16 (BHS only). The “tetragrammaton” +» is a sym-
bol for the name of God; it can be obtained by the
directives <YYY> or <TETRAGRAMMATON>. The dotted
circle < is used in textbooks as a basis for diacritics.
Other preprocessor directives. A few directives do
not produce glyphs, and hence are not included in
the tables:

‘ayin with patah. This can be changed if there is a
demand for differentiation of the two patah types.
9 Throughout this paper, BHS will be the Biblia
Hebraica Stuttgartensia BHS (1987), and BHK the
Biblia Hebraica BHK (1925), edited by Rudolf Kittel.
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1. <NIL> placed after a letter will prevent the final
form to be applied to it. For example, for nu-
merals or stand-alone letters which have to be
in medial form:
<H>k<NIL> k</H> will produce 7 2.

2. <EOW> placed after a letter will force it to be in fi-
nal form, even if other letters follow. For exam-
ple, in Jes 9:6 one reads 11270%; this word has
been entered as
<H>1"ma<EOW>r"b*e<AZL>h</H>). See the sec-
tion ‘Letters not obeying rules of contextual
analysis’ on page 182 for more details.

3. <EMPTY> will produce an invisible character
of normal width. It can be used as a basis for
stand-alone diacritics in the case of missing
words (see ‘Missing words’ on page 183).

4. <SMALL> and <BIG> will produce small and big
letters, see section ‘Bigger and smaller letters’
on page 181 for more details; they act only on
one letter at a time.

More features may be added to the preprocessor if
necessary.

Running the preprocessor. Once you have prepared
the input file, for example genesis.inp, you run the
preprocessor by writing

tigwah options < genesis.inp > genesis.tex
where options can be the following:

1. -hdisplays a few lines describing the command
line options;

2. -p produces plain TgX instead of IATEX output
(typesetting with Tigwah in plain TgX is not rec-
ommended);

3. -1 followed by a number, indicates the maxi-
mum line length of code produced by the pre-
processor; default is 80. This applies only to
commands inside Hebrew/Yiddish mode, the
remainder of the file is not modified,;

4. -nobroken disables the automatic broken
lamed insertion. With this option,
<H>W"T<SIL>’Ao=yAla<RBM>d"t*iy</H> will
produce *mﬁz'&'pj Jes 23:4; without it, you
would get 71 ~N%1. It should be noted that
the holem vowel fits on the broken lamed: a
special “broken-lamed-with-holem” glyph is
provided in the font (5);

5. -d produces debugging output sent to the
stderr stream, for those who want to modify
the code of the preprocessor.

Running TEX/IATEX. As usual, TgX has to be TgX--XgT,
otherwise you will get an error message about the
unknown commands \beginR and \endR.

If you are using I&IEX2g, you have to include
the line \usepackage{tigwah} in the preamble; if
you are using plain TgX (not recommended), write
\input tiqwamac.tex instead.

Typesetting the Holy Bible in Hebrew, with TgX

We have completed the description of the pre-
processor’s use and features. Now we will turn our-
selves to issues concerning the design of fonts and
the placement of floating diacritics.

Fonts for typesetting the Holy Bible in
Hebrew

Designing fonts for Biblical typesetting is quite a
challenge: on the one hand, one has to face centuries
of tradition, and the inevitable comparison with mas-
terpieces of typography; on the other hand, unlike
Western typography, there is no room for innova-
tion: modern Hebrew typefaces are widely used in
Israel and elsewhere, but certainly not for Biblical
text! Working under such tight restrictions can be
compared to composing fugues or painting Byzan-
tine icons: there are very strict rules to struggle with,
and you can’t avoid being hooked by the master-
pieces others have done and which fatally are out of
reach...

Fortunately, digital font creation does not al-
ways need to be original and innovative (although at
the end it always will have new features, since the
phototypesetting machines are fundamentally differ-
ent from the traditional presses). After all, we are in
the age of reproduction. ..

The author started with the idea in mind to re-
produce as faithfully as possible the most beauti-
ful Hebrew font he could find. There seems to be a
consensus among a large group of scholars that one
of the most beautiful Hebrew types ever done was
the one of the Biblia Hebraica, edited by Kittel and
printed in Germany in the early twenties. Unfortu-
nately the molds were lost in the bombing of Leipzig,
so only printed copies of that book could be studied
by the author to get the necessary information for
reproducing the font.

6 points

11 poinis 36 points

Figure 1: The letter ) at point sizes 6, 11, 36

Doing this, and studying other books as well,
such as a Haggadah by Saul Raskin (Raskin 1941),
printed in New York in 1941, and old Talmudic books
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