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Computer Detection of Typograpnical Errors

ROBERT MORRIS AND LORINDA L. CHERKRY

Abstraci—A computer program written for e UNiX tn*ne ahanng
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systorm reduces by sovera orders of magnitude the
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irequencies is prepared. The second pass ihrough the document breaks
ont individuai words and compares the digrams and trigrams in each
word with the frequencies from the iabie. An index is given G cach
word which reflects the hypothesis that the trigrams in the given word
were produced from tiie same source inai produced ihe inigran @vic.
The words are sorted in decreasing order of their indices and printed.
Printing is suppressed for words appearing in a table of 2726 common
ieciinicai Suglisn words. Thie abie is atiaciied as Appendix 5.

The author of a 108-page document needed less than ten minutes to
scan the output and identify the misspelled words. There were a total

of 30 misspelled words among the 386 words output and 23 of those
occurred among the firct 100 words antnnt,

A large portion of the usage of the UNIX time-
sharing system at Murray Hi lh been applied to the
preparation of documents. A major part of the task
of document production has been made automatic by
the existing hardware and software. One of the most
costly remaining parts of the overall job is the manual
proofreading of the document in draft form.

The method described here substantially reduces
the time required to perform part of this proof-
reading task, namely that of checking the correct
spelling of individual words.

SYNOPSIS OF THE PROGRAM

case,

—apostrophes are deleted from within words
—words ‘orokcn across iines are reassembied
they are mput. Flrst they are scanned for thelr dlgram
and trigram statistics and secondly they are sorted,
duplicaie woids are casi out, and oiie copy of cach
word is stored in a temporary file.

Typical experiences with large files is that the
numher of dictinet
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depending on the author, but for a given author, the
number of distinct worde increases nnnrnvlmnfplv as

e AaSvaia § 309 Lo¥edvto ) LA Lliatlly

the square root of the total number of words.

Typically a ten-thousand word document contains
about 1500 distinct words.
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digrams and four irigrams are incrementied.
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where ihe ‘. signifies the beginniiig or ending of a
word. These statistics are retained for later process-
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ing.
in order that the statistics should give some
meaningful results for verv shori documents the

digram and trigram tables are initialized with some
statistics taken from typicai technical English text.
This has little effect on the results for large docu-

can be suppressed by the uger if degired.
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ihic tabie of soried words is compared wiih a tabie
of 2726 common technical English words as used at
Murray Hill and those words that appear in the table

nman warda nra ramnvad
...... ISR WOIGS are rieimndived.

The table of common words contains the results of
processing about one million words of technical text
appearing in documents produced on the UNIX
time-sharing system at Murray Hill. The words se-
lected are those which have the highest probabiiity of
appearing in a given document. This is not the same
as a list of the most frequently occurring words and,
in fact, some rare words occur in the table. For
example, the words ‘murray’ and ‘abstract’ are
uncommon words in the documents sampled, yet
they both appear once in virtually every document. A
copy of this list of common words appears in
Appendix A.

The number of words removed by consuiting the

table varies in practice from about 500 to about 1500

and is dependent more on the author than on the

length of the document.

The remaining words from the original document
are then read one by one a number is attached to
each word by consulting the table of digrams an
tr .grams prev1ously produced.

The number is an index of peculiarity and reflects
the likelihood of the hypothesis that the trigrams in
the given word were produced from the same source
that produccd the trigram tabic.

Each trigram in the current word is treated
separaieiy. An iniiiai and iferminal trigram is ticaicd
for each word so that the number of trigrams in a
word becomes equal to the number of characters in

the word. For each trigram T = (xyz) in the current

word, the digram and trigram counts from the
prepared table are accesscd. Each such count is

reduced by orie to remove the effect of the cunent
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Several methods were tried to combine the trigram
indices to obtain an index for the whole word
including:

--the average of the ’:rigra*n iindices.,

41

—the root-iican- Sguaic of tie Lll"ld!ll indices, and
—the largest of the trigram indices.

All were moderately effective; the first tended to

swamp out the effect of a really strange trigram in a

e latter wag ingeng

ive to a sequence

of strange mgrdms wiiGse cumuiaiive evidence shouid
have made a word suspicious. The second appearcd
on trial to be a satisfactory compromise and was

The words with their attached indices are soried on
the index in decreasing order and printed in a
three-column format. The indices have been normal-
ized in euch 2 wgy that a word with an index greater
than 10 contains trigrams that are not representative
of the remainder of the documeni. Such a word
alinosi certainiy appears just once in the document.

The results for a 108-page document typed into
the UNiX systemn are representative of the results for
large documents. The total number of words in this

dovument was 19917, The number of distinct words
1907 A by
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380 words in Appendix B to be output. The total
unning time of the program for this document was

11 _AK mrisminasmsnsbae
bm:t 2 minuteson g PDP 1145 minicomputer.

The sample document uses a smaller-than-average
vocabulary for technical writing because it is detailed
and repetitive description of a limited
subject area. On the other hand, it is typical of
documents of its size and larger that are typed into
the UNiX system.

An author of the document took less than 10

1l‘l1nllfPQ ln ccan fhn ntnnt an idantifiu tha
LRt bt Cuvpue I A Z LI 2 2§ 8
re

speiled words. A total ot 30 misspeiled words wa
found. The value of the trigram analysis is indicated
by the fact that 23 of the misspeiied words occurred
among the first 100 words output and only 3
occurred among the last 100 words output.
Proofreading the original document and finding
this many typographrcal errors would be a nearly
unpossivie task. bxperimenis with other documents
have shown that an author finds barely half of the
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mrsspelled words in his own documenf if the docu-
menti 1> moie than about 20 pages long, but that he
finds virtually every misspelling by looking once

Lnrough the output of this program.

T\xrn }(n\’ls to the hlgh rate of error locatlm! are (1)
that thie ouipuit from the program is exceedingly
shvrt and every word can be looked at rather
carefully in only a few minutes, and {2) that the
perceniage of eriois is su uicrcudv high, Wnecm!ly at
the beginning of the put to made the eifort
psychologically rewsr ::gng authcr, secing some
errcrs among the first few words is induced ¢
continue scanning the list with consider b!e care

The misspelied words located b by the 2uthor of the

sample document have been md ked by hand in
Appendrx B
the volume of outnut
uxa»aluiﬁg Wwoids that

retalnmg for further processmgp 01‘.13 tﬁosc which
occurred just once in the document. This extension
met with considerabie customer resistance ;mu. u,
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no attenilon is now palu to the potential vaiue oOf
treating specially words which occur just once. Th
evidenily would repay soine speciai attention.

The program does not by any means do the whoie
job of proofreading, and the draft document still has
to be read, but with considerably less care. The
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all letters into lov’ver case a.nd removes aposirophes
and the like. The result of this processing and the
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TRIGRAM ANALYSIS

Early attempts to separate misspelled words from
corrected English words by the use of preset trigram
tabies failed compieieiy. it appeared that the trigram
frequencies of a document. no matter how long, did
not approach the trigram freauencies of a document
by some other author or on some other subject.

A table of tngram frequencres was prepared using
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Refercnce 3 and this table was compared

according to
against actual samples of technical and non-technical
Engiish text. The only auihors whose wiitiiigs showed
a useful correlation were Edmund Burke and Thomas
Jefferson. In every other case (including, for example,
Mark Twain) the prepared table was absolutely
useless.

On the other hand, in any particuiar documeni, the
trigram frequencies obtained from one part of the
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document were highly correlated with frequencies [1] Good, L. J. Frobubitity and tie Weighing of Evidence. Ciuaries

from the remaining parts of the document, particu- Griffin & Co., London, 1950.
larly in technical writing. For this reason, the trigram [2] Kullback, S. and Leibler, R. A. On Information and Sufficiency.
frequencies were gathered from the document being Annals of Math. Stat., 22 (1951), pp. 79-86.
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analyfzea even though this nearly doubled the TUnning 13} Kudera, H. and Francis, W. Computationai Analysis of Present-Day
time of the program. American English. Brown Univ. Fress, Providence, 1567.
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