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Computer Detection of Typographical Errors 
ROBERT MORRIS AND LORINDA L . CHERRY 

AbsSract-A computer program written for the UNIX time-sharing As t h e W o r d s are b e i n g b r o k e n OUt, a COUIlt is k e p t 
Kv'stcrn rsdiUCGS bv severs! orders of musnituds the cssk of linciing wlmtus 
in a document \vhich eoniam rypugmpiiicai errors. The program :s 
adaptive in the sense that it uses statistics from the document itself for 

In a first pass through the document, a table of digram and trig ram 
frequencies is prepared. The second pass through the document breaks 
out individual words and compares the digrams and trigrams in each 
word with the frequencies from iiie table. An index is given to each 
word which reflects the hypothesis that the trigrams in the given word 
were produced from the same source thai produced iiie irignuii Cable. 
The words are sorted in decreasing order of their indices and printed. 
Printing is suppressed for words appearing in a table of 2726 common 
i^difikaa Eiigii&h words. The tabic is attached as Appendix B. 

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 
OCCUffCd atnnna thp> fi?St 100 WOfds C"? n»f : 

A large portion of the usage of the UNIX time­
sharing system at Murray Hill has 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 

A .-?ri*---.-.»v*.i*»t Iv T - ^ A U \ I r . r~.ar^n - A 

* =s, ^ v v ^ ; s v s s = , = ^ *sj - - - - - j - a±SV» — - - i i v ; : ; , ; -

is rn^de to recognize the individual words in the text, 
—all upper case characters are mapped in to lower 

case, 
—apostrophes are deleted from within words 
—words broken across lines are reassembled 

Two processes are then performed on the words as 
they are input. First they are scanned for their digram 
and trigram statistics and secondly they are sorted, 
duplicate words are cast out, and one copy of cacli 
word is stored in a temporary file. 

Typical experiences with large files is that the 
niirnhp.r of distinct words remain!"" varies grs?*-v 
depending on the author, but for a given author, the 
number of distinct words increases approximately as 
the square root of the total number of words. 
Typically a ten-thousand word document contains 
about 1500 distinct words. 

Robert Morris and Lorinda L. Cherry, Bell Laboratories, Murray Hill, 
Npu; Jersey. 

Original manuscript received January 25, 1975. 

ox eacii kmu oi digram and tfigrain in the document . 
For example, if the word 'once ' appears in the text, 

v v i i w o j ^ v / i i ^ i i i ^ , ivj v /aui u t m e a t ; l i v e 
digrams and four trigrams are incremented. 

.o on nc ce e r 

.on one nee ce. 
where the V signifies the beginning or ending of a 
word. These statistics are retained for later process­
ing. 

In order that the statistics should give some 
meaningful results tor very short documents , the 
digram and trigram tables are initialized with some 
statistics taken from typical technical English text. 
This has little effect on the results for large docu­
ments and can be suppressed by the user if desired, 

iiie table of sorted words is compared with a table 
of 2726 common technical English words as used at 
Murray Hill and those words that appear in the table 
— - w " i . « * « » w ^ » « ( v i U v > U X % / 1 V 1 1 I W T V U > 

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 probability 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 consulting 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 at tached to 
each word by consulting the table of digrams and 
trigrams previously 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 
tna t produced tiie Ingram taDic. 

Each trigram in the current word is treated 
separately. An initial and tcrrfiiiial Ingram is treated 
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 

reduced by one to remove the effect of the current 
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w o r d o n t h e s t a t i s t i c s . T h e r e s u l t i n g c o u n t s a r e n ( x y ) , 
n ( y z ) , a n d n ( x y z ) . T h e i n d e x i ( T ) f o r t h e t r i g r a m T i s 
s e t e q u a l t o 

i(rT\ — 1AI ]r\a r\(\r\i\ A- Inn n A ; ^ ! 

T h i s i n d e x is i n v a r i a n t w i t h t h e s i z e o f t h e d o c u m e n t ; 
i . e . , i t n e e d s n o n o r m a l i z a t i o n . I t m e a s u r e s t h e 
e v i d e n c e a g a i n s t t h e h y p o t h e s i s t h a t t h e t r i g r a m w a s 
p r o d u c e d b y t h e s a m e s o u r c e t h a t o r o d u c e d t h e 
d i g r a m a n d t r i g r a m t a b l e s in t h e s e n s e o f R e f e r e n c e s 1 
a n d 2 . I n t h e c a s e t h a t o n e o f t h e d i g r a m o r t r i g r a m 
c o u n t s i s z e r o , t h e l o g o f t h a t c o u n t is t a k e n t o b e 
- 1 0 . 

S e v e r a l m e t h o d s w e r e t r i e d t o c o m b i n e t h e t r i g r a m 
i n d i c e s t o o b t a i n a n i n d e x f o r t h e w h o l e w o r d 
i n c l u d i n g : 

— t h e a v e r a g e o f t h e t r i g r a m i n d i c e s . 
—tug r o o t - m e a n - s q u a r e o f t h e i n g r a i n i n d i c e s , a n d 
- t h e l a r g e s t o f t h e t r i g r a m i n d i c e s . 

A l l w e r e m o d e r a t e l y e f f e c t i v e ; t h e f i r s t t e n d e d t o 
s w a m p o u t t h e e f f e c t o f a r e a l l y s t r a n g e t r i g r a m i n a 
I o n s w o r d a n d t h e l a r t p r w a s i n s e n s i t i v e t o a s e o u e n c e 
o i s t r a n g e t r i g r a m s w i i o s e c u m u l a t i v e e v i d e n c e s h o u l d 
h a v e m a d e a w o r d s u s p i c i o u s . T h e s e c o n d a p p e a r e d 
o n t r i a l t o b e a s a t i s f a c t o r y c o m p r o m i s e a n d w a s 
a u o p t c u . 

T h e w o r d s w i t h t h e n a t t a c h e d i n d i c e s a r e s o r t e d o n 
t h e i n d e x i n d e c r e a s i n g o r d e r a n d p r i n t e d i n a 
t h r e e - c o l u m n f o r m a t . T h e i n d i c e s h a v e b e e n n o r m a l ­
i z e d in s u c h a w a y t h a t a w o r d w i t h a n i n d e x g r e a t e r 
t h a n 10 c o n t a i n s t r i g r a m s t h a t a r e n o t r e p r e s e n t a t i v e 
o f t h e r e m a i n d e r o f t h e d o c u m e n t . S u c h a w o r d 
a l m o s t c e r t a i n l y a p p e a r s j u s t o n c e i n t h e d o c u m e n t . 

T h e r e s u l t s f o r a 1 0 8 - p a g e d o c u m e n t t y p e d i n t o 
t h e U N I X s y s t e m a r e r e p r e s e n t a t i v e o f t h e r e s u l t s f o r 
l a rge d o c u m e n t s . T h e t o t a l n u m b e r o f w o r d s i n t h i s 
d o c u m e n t w a s 1 9 9 1 7 . T h e n u m b e r o f d i s t i n c t w o r d s 
w a s 1 2 0 7 a n d o f t h e s e , 8 2 1 w e r e r e m o v e d b y 
r e f e r e n c e t o t h e l i s t o f c o m m o n w o r d s , l e a v i n g t h e 
3 8 6 w o r d s i n A p p e n d i x B t o b e o u t p u t . T h e t o t a l 
r u n n i n g t i m e o f t h e p r o g r a m f o r t h i s d o c u m e n t w a s 
a b o u t 3 m i n u t e s o n a P D P 1 1 - 4 5 m i n i c o m p u t e r . 

T h e s a m p l e d o c u m e n t u s e s a s m a l l e r - t h a n - a v e r a g e 
v o c a b u l a r y f o r t e c h n i c a l w r i t i n g b e c a u s e i t is d e t a i l e d 
a n d u n u s u a l l y r e p e t i t i v e d e s c r i p t i o n o f a l i m i t e d 
s u b j e c t a r e a . O n t h e o t h e r h a n d , i t is t y p i c a l o f 
d o c u m e n t s o f i t s s i z e a n d l a r g e r t h a t a r e t v p e d i n t o 
t h e U N I X s y s t e m . 

A n a u t h o r o f t h e d o c u m e n t t o o k l e s s t h a n 10 
m i n u t p c tr\ er»ar» tine* rwitrwit ar\A £»-t-»f-j f"v tHf TTi"i^-

s p e l l e d w o r d s . A t o t a l o f 3 0 m i s s p e l l e d w o r d s w a s 
f o u n d . T h e v a l u e o f t h e t r i g r a m a n a l y s i s is i n d i c a t e d 
b y t h e f a c t t h a t 2 3 o f t h e m i s s p e l l e d w o r d s o c c u r r e d 
a m o n g t h e f i r s t 1 0 0 w o r d s o u t p u t a n d o n l y 3 
o c c u r r e d a m o n g t h e l a s t 1 0 0 w o r d s o u t p u t . 

P r o o f r e a d i n g t h e o r i g i n a l d o c u m e n t a n d finding 
t h i s m a n y t y p o g r a p h i c a l e r r o r s w o u l d b e a n e a r l y 
i m p o s s i b l e t a s k . E x p e r i m e n t s w i t h o t h e r d o c u m e n t s 
h a v e s h o w n t h a t a n a u t h o r f i n d s b a r e l y h a l f o f t h e 

m i s s p e l l e d w o r d s i n h i s o w n d o c u m e n t if t h e d o c u ­
m e n t i s m o r e t h a n a b o u t 2 0 p a g e s l o n g , b u t t h a t h e 
finds v i r t u a l l y e v e r y m i s s p e l l i n g b y l o o k i n g o n c e 
t h r o u g h t h e o u t p u t o f t h i s p r o g r a m . 

T w o k e y s t o t h e h i g h r a t e o f e r r o r l o c a t i n g a r e ( i ) 
t h a t t h e o u t p u t f r o m t h e p r o g r a m is e x c e e d i n g l y 
s h o r t a n d e v e r y w o r d c a n b e l o o k e d a t r a t h e r 
c a r e f u l l y i n o n l y a f e w m i n u t e s , a n d ( 2 ) t h a t t h e 
p e r c e n t a g e o f e r i u r s Is s u f f i c i e n t l y h i g h , e s p e c i a l l y a t 
t h e b e g i n n i n g o r t h e o u t p u t , t o m a d e t h e e f f o r t 
p s y c h o l o g i c a l l y r e w a r d i n g . T h e a u t h o r , s e e i n g s o m e 
e r r o r s a m o n g t h e first f e w w o r d s , is i n d u c e d t o 
c o n t i n u e s c a n n i n g t h e l i s t w i t h c o n s i d e r a b l e c a r e . 

T h e m i s s p e l l e d w o r d s l o c a t e d b y t h e a u t h o r o f t h e 
s a m p l e d o c u m e n t h a v e b e e n m a r k e d b y h a n d i n 
A p p e n d i x JB. 

C o n s i d e r a b l e r e d u c t i o n i n t h e v o l u m e o f o u t p u t 
^^.,1.1 u~ — u i — a:~..„..a : 4., +• . 

cuci u t a u u ^ v \ / U uy "uiacait-iiiig, vvvjiua tucit v / u w u h v u 

in t h e o r i g i n a l d o c u m e n t m o r e t h a n o n ^ e a n d 
r e t a i n i n g f o r f u r t h e r p r o c e s s i n g o n l y t h o s e w h i c h 
o c c u r r e d j u s t o n c e in t h e d o c u m e n t . T h i s e x t e n s i o n 
m e t w i t h c o n s i d e r a b l e c u s t o m e r r e s i s t a n c e s i n c e i t 
C G — C S I I - ^ d rr\T\q:Qtrv:":t" rrii^Qr'.f*! h " " f l C)V. t i l S O t h ^ 1 * h ' i T ^( \ 

liO a t t e n t i o n is n o w p a i d t o t h e p o t e n t i a l v a l u e o f 
t r e a t i n g s p e c i a l l y w o r d s w h i c h o c c u r j u s t o n c e . T h e y 
e v i d e n t l y w o u l d r e p a y s o m e s p e c i a l a t t e n t i o n . 

T h e p r o g r a m d o e s n o t b y a n y m e a n s d o t h e w h o i e 
j o b o f p r o o f r e a d i n g , a n d t h e d r a f t d o c u m e n t s t i l l h a s 
t o b e r e a d , b u t w i t h c o n s i d e r a b l y l ess c a r e . T h e 
p r o g r a m d o e s n o t f i n d m i s s i n g o r e x t r a w o r d s o r 
s e m a n t i c n o n s e n s e . 

T h e p r i n c i p a l a n n o y a n c e in u s i n g t h e p r o g r a m is a 
c o n s e q u e n c e o f t h e i n i t i a l w o r d b r e a k o u t w h i c h m a p s 
all l e t t e r s i n t o l o w e r c a s e a n d r e m o v e s a p o s t r o p h e s 
a n d t h e l i k e . T h e r e s u l t o f t h i s p r o c e s s i n g a n d t h e 
( n e c e s s a r y ) l a c k o f a n y i n f o r m a t i o n a b o u t w h e r e t h e 
o f f e n d i n g w o r d o c c u r r e d i n t h e o r i g i n a l m a k e s i t 
r a th r t r d i f f i c u l t t o Find nn o^-C^si^— e w / = k r i w i t h t h p n^p. 

~ r ,» — „ * 
KJl a L U U L C A l eUILVJJ. 

TRIGRAM ANALYSIS 

E a r l y a t t e m p t s t o s e p a r a t e m i s s p e l l e d w o r d s f r o m 
c o r r e c t e d E n g l i s h w o r d s b y t h e u s e o f p r e s e t t r i g r a m 
t a b l e s f a i l e d c o m p l e t e l y , i t a p p e a r e d t h a t t h e t r i g r a m 
f r e q u e n c i e s o f a d o c u m e n t , n o m a t t e r h o w l o n g , d i d 
n o t a p p r o a c h t h e t r i g r a m f r e q u e n c i e s o f a d o c u m e n t 
b y s o m e o t h e r a u t h o r o r o n s o m e o t h e r s u b j e c t . 

A t a b l e o f t r i g r a m f r e q u e n c i e s w a s p r e p a r e d u s i n g 
+u„ i n n / : „«. f ,4„ .tu~ c — i : „ u 1 
mv; ~ K J \ J \ J niv/Dt i i t u u t i u w u i u s m tn^ i^n^iian 101151*0.5^ 
'J. r - A '.'.1 C7 T? i=, f -~•• ~<-y. "3 rtf^ A f u r n n / l A m r y n r o r l d'^^'^Ji. ViIIi£> tVJ IXCiClVsllVA' al lU UllO l u u i v YT U J v/v,iiMjj>ai v/-oi. 
a g a i n s t a c t u a l s a m p l e s o f t e c h n i c a l a n d n o n - t e c h n i c a l 
E n g l i s h t e x t . T h e o n l y a u t h o r s w h o s e w r i t i n g s s h o w e d 
a u s e f u l c o r r e l a t i o n w e r e E d m u n d B u r k e a n d T h o m a s 
J e f f e r s o n . I n e v e r y o t h e r c a se ( i n c l u d i n g , f o r e x a m p l e , 
M a r k T w a i n ) t h e p r e p a r e d t a b l e w a s a b s o l u t e l y 
u s e l e s s . 

O n t h e o t h e r h a n d , i n a n y p a r t i c u l a r d o c u m e n t , t h e 
t r i g r a m f r e q u e n c i e s o b t a i n e d f r o m o n e p a r t o f t h e 
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document were highly correlated with frequencies 
from the remaining parts of the document, particu­
larly in technical writing. For this reason, the trigram 
frequencies were gathered from the document being 
a n a l y z e d e v e n though this nearly doubled the running 
time of the program. 

[1] Good, 1. J. Probability and the Weighing of Evidence. Charies 
Griffin & Co., London, 1950. 

[2] Kullback, S. and Leibler, R. A. On Information and Sufficiency. 
Annals of Math. Stat., 22 (1951), pp. 79-86. 

[3] KuCera, H. and Francis, W. Computational Analysis of Present-Day 
American English. Brown Univ. I'ress, Providence, 1 9 6 7 . 

ert Morris are members of the 
computing techniques research 

munications Principles Division 
ai Bell Laboratories* Murray Kill, 
N.J., location. 

1966, and worked in the sneech 
11 1.11V 

SAFEGUARD development area, 
before assuming her present position. She holds a 
B A . in mathematics from the University of Delaware 
and the M.S. in computer science from the Stevens 
Institute of Technology. 

ivi iv iv i^/ i \r \ io n a s u c c i i c o n c l u d ­
ing research in computer tech-
n i n i m c r m r p i m n i n o Rpll I ah« in 
IJLA^W.̂ ^ — ^ J - - - - C , — - - — -

1 Qf\C\ t-Jpk Vinlrlo otn A Jft̂  jr» r*V»p»rn-
istry and an A.M. in mathematics, 
both from Harvard University. 
He is the author of a dozen arti-

tit 

^ ^ ^ ^ ^ ^ ^ . ^ ^ ^ L U W J N U A LJ. L n n K R i anu K O D -

~untribu is.

Authorized licensed use limited to: University of Wisconsin. Downloaded on May 22,2023 at 14:45:28 UTC from IEEE Xplore.  Restrictions apply. 


