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Abstract
*
•.
This thesis describes research leading to an improved word hyphenation algorithm for the TjrjX82 typesetting system. Hyphenation is viewed primarily as a data
compression problem, where we are given a dictionary of words with allowable division points, and try to devise methods that take advantage of the large amount of
redundancy present.
The new hyphenation algorithm is based on the idea of hyphenating and inhibiting patterns. These are simply strings of letters that, when they match hi a
word, give us information about hyphenation at some point in the pattern. For
example, '-tion' and *c-c' are good hyphenating patterns. An important feature of
this method is that a suitable set of patterns can be extracted automatical!/ from
the dictionary.
In order to represent the set of patterns in a compart form that is also reasonably
efficient for searching, the author has developed a new data structure called a packed
trie. This data structure allows the very fast search times characteristic of indexed
tries, but in many cases it entirely eliminates the wasted space for null links usually
present in such tries. We demonstrate the versatility and practical advantages of
this data structure by using a variant of it as the critical component of the program
that generates the patterns from the dictionary.
The resulting hyphenation algorithm uses about 4500 patterns that compile
into a packed trie occupying 25K bytes of storage. These patterns find 89% of the
hyphens in a pocket dictionary word list, with essentially no error. By comparison,
the uncompressed dictionary occupies over 500K bytes.
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Chapter 1

Introduction

* The work described in this thesis was inspired by the need for a word hyphenation routine as part «f Don Knuth's T^jX typesetting system [1]. This system was
initially designed in order to typeset Prof. Knuth's seven-volume series of books,
The Art of Computer Programming, when he became dissatisfied with the quality of computer typesetting done by his publisher. Since Prof. Knuth's books were
to be a definitive treatise on computer science, he could not bear to see his scholarly work presented in an inferior manner, when the degradation was entirely due
to the fact that the material had been typeset by a computer!
Since then, TjrjX (also known as Tau Epsilon Chi, a system for technical text)
has gained wide popularity, and it is being adopted by the American Mathematical
Society, the world's largest publisher of mathematical literature, for use in its journals. TjjjX is distinctive among other systems for word processing/document preparation in its emphasis on the highest quality output, especially for technical material.
One necessary component of the system is a computer-based algorithm for hyphenating English words. This is part of the paragraph justification routine, and it
is intended to eliminate the need for the user to specify word division points explicitly when they are necessary for good paragraph layout. Hyphenation occurs relatively infrequently in most book-format printing, but it becomes rather critical in
narrow-column formats such as newspaper printing. Insufficient attention paid to
this aspect of layout results in large expanses of unsightly white space, or (even
worse) in words split at inappropriate points, e.g. new-spaper.
Hyphenation algorithms for existing typesetting systems are usually either rulebased or dictionary-based. Rule-based algorithms rely on a set of division rules such
as given for English in the preface of Webster's Un;ibridged Dictionary [2]. These include recognition of common prefixes and suffixes, splitting between double consonants, and other more specialized rules. Some of the "rules" are not particularly
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amenable to computer implementation; e.g. "split between the elements of a compound word". Rule-based schemes are inevitably subject to error, and they rarely
cover all possible cases. In addition, the task of finding a suitable set of rules in the
first place can be a difficult and lengthy project.
Dictionary-based routines sim'ply store an entire word list along with the allowable division points. The obvious disadvantage of this method is the excessive storage required, as well as the slowing down of the justification process when the hyphenation routine needs to access a part of the dictionary on secondary store.
Examples
To demonstrate the importance of hyphenation, consider Figure 1, which shows
a paragraph set in three different ways by T£p(. The first example uses TjjjX's normal paragraph justification parameters, but with the hyphenation routine turned
off. Because the line width in this example is rather narrow, TjjX is unable to find
an acceptable way of justifying the paragraph, resulting in the phenomenon known
as an "overfull box*.
One way to fix this problem is to increase the "stretchability" of the spaces between words, as shown in the second example. (TjjX users: This was done by increasing the stretch component of spaceship to . 5em.) The right margin is now
straight, as desired, but the overall spacing is somewhat loose.
In the third example, the hyphenation routine is turned on, and everything is
beautiful.

In olden time* when wishing
till helped one, there lived a king
whose daughters were all beautifi I,
jut the youngest WM «O beautiful
hat the sun itself, which has seer
10 much, was astonished wheneve r
I ihone in her face. Close by
he king's custlc lay a great dark
orcat, and under nn old lime-trcr
n tlir Forest « » a well, and when
the Hay wns very warm, the king*:
child went out into the forest and
sat down by the side of the tool
'nuntain, and when shr was borcc
ihe took a golden ball, and threw
I up on high and caught it, and
this hall was her favorite plaything.

In olden limes when wishing
still helped one, there lived a
king whose daughters were all
beautiful, but the youngest was
so beautiful that the sun itself,
which has seen so much, was
astonished whenever it shone in
her face. Close by the king's
castle lay a great dark forest,
and under t \ old lime tree in
the forest was a well, and when
the day was very warm, the
king's child went out into the
forest and sat down by the side
of the cool fountain, and when
she was bored she took a golden
ball, and threw it up on high
and caught it, and this ball was
her favorite plaything.

In olden times'when wishing still helped one, there lived
a king whose daughters were all
beautiful, but the youngest waa
so beautiful that the tun itself,
which has seen so much, was astonished whenever it shone in her
face. Close by the king's castle
lay a great dark forest, and under an old lime-tree in the forest
was a well, and when the day waa
very warm, the king's child went
out into the forest and sat down
by the side of the cool fountain,
and when she was bored she look
*. golden ball, and threw it up on
high and cnuplit it, and this ball
was her favorite plaything.

Figure 1. A typical paragraph with and without hyphenation.
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sel-fadjotnt
Pit-tsburgh
clcarin-ghouee
fun-draising
ho-meowners
playw-right
algori-thm
walkth-rough
Re-agan

.

as-so-ciate
prog-ress
rec-ord
a-rith me-tic
eve-ning
pe-ri-od-ic

as-so-cl-ate
pro-gresa
re-cord
ar-ith-met-ic
even-ing
per-i-o-dic

in-de-pen-dent
tri-bune

in-de-jend-ent
trib-une

S

Figure 2. Difficult hyphenations.

However, life is not always so simple. Figure 2 shows that hyphenation can be
difficult. The first column shows erroneous hyphenations made by various typesetting systems (which shall remain nameless). The next group of examples are words
that hyphenate differently depending on how they are used. This happens most
commonly with words that can serve as both nouns and verbs. The last two examples show that different dictionaries do not always agree on hyphenation (in this
case Webster's vs. American Heritage).
TjrjX and hyphenation
The original TgX hyphenation algorithm was designed by Prof. Knuth and
the author in the summer of 1977. It is essentially a rule-based algorithm, with
three main types of rules: (1) suffix removal, (2) prefix removal, and (3) vowelconsonant-consonant-vowel (veev) breaking. The latter rule states that when the
pattern 'vowel-consonant-consonant-vowcl' appears in a word, we can in most cases
split between the consonants. There are also many special case rules; for example,
"break vowel-q" or "break after ck". Finally a small exception dictionary (about
300 words) is used to handle particularly objectionable errors made by the above
rules, and to hyphenate certain common words (e.g. pro-gram) that are not split by
the rules. The complete algorithm is described in Appendix H of the old TjjX manual.
In practice, the above algorithm has served quite well. Although it does not
find all possible division points in a word, it very rarely makes an error. Tests on a
pocket dictionary word list indicate that about 40% of the allowable hyphen points
are found, with 1% error (relative to the total number of hyphen points). The algorithm requires 4K 36-bit words of code, including the exception dictionary.

