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ABSTRACT

-A compact program produces synthetic speech from English text via an inexpensive commercial syn-
thesizer. The speech is not inflected, but within that constraint is deemed adequate (that is, about as in-
telligible as can be obtained using the device) on at least 97% of running text. The program works almost
entirely by rule, most of which have a stereotyped form. Since no large dictionary is needed, secondary
storage is not used. The entire body of synthesis rules is given, together with examples of their behavior.

Neither the program nor the output device pretend to produce natural speech, but it is intelligible 10
everybody who has heard much of it. Besides its modest cost and size, the prime virtues of the program
are its accessibility and its readiness to speak anything, albeit far-fetchedly on occasion. The scheme
should also prove useful as a method of last resort in concert with more sophisticated synthesis pro-
cedures.

March 1974



Synthetic English Speech by Rule
Addenda and Errata
April 11,1974

Replace 4.1(b) by
)] .20 Dl —0— #

After 4.4(b") move fenebrious from "Examples” to "Exceptions”.

In 4.5(b) and 4.5(c) replace [aeiouwx)] with [aehiouwx)}, and add dikedral under "Compare”.

Delete eve from list of Appendix 1.
Before 7.16.2 of Appendix 2 insert
7.16.1'% #eye —f eyelash

Between 8.2.2.3 and 8.2.2.4 of Appendix 2 insert
8.2.2.3% #gil g—il giltbert gillette
gild

Replace 17.10.4 of Appendix 2 by
17.10.4 Joot f00—1 hotfoote|d

In 22.7 of Appendix 2 replace phonetics by sh.sh.

Make changes in Appendix 2A corresponding to those in Appendix 2.

Add to Appendix 3 the following correspondences with the manufacturer’s mnemonics.

af) AH er ER ie IE
al AHI eu OOH ih H
aw AW eh EHH 00 (8]

au AWl vo EE ol 0l
ae AE vl Y 02 02
ea AEl 2 Yl ou 001
ai A ay AY 00 00
aj Al i0 1 u0 UH
el EH il 1 1l UH!
el EH1 i2 12 u2 UH2
2 EH2 iy 1Y u3 UH3

In Appendix 4 move evelash from "Bad words™ 1o "Good words”.
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Synthetic English Speech by Rule
M. Douglas Mcliroy
Beli Telephone Laboratories, Incorporated
Murray Hill, New Jersey

1 Introduction

The Computer Science Center at this laboratory has experimented with an inexpensive speech syn-
thesizer [1] as a regular output device in a general purpose computing system. Our intention was not to
do speech research or 1o create artificial speech as an end in itself. In the present state of the art[2,3],
those goals require much more elaborate facilities than we have at our disposal.

We wished to see what uses might evolve when speech became available more or less on a par with
printed output. For this goal, “naturalness” was not a prerequisite, any more than it is for printed output.
Most computers still print mainly in upper case, are incapable of printing mathematical notation, and
normally produce cryptic codes or tabular stuff that require considerable indulgence to be understood.
Since printed gobbledygook is so widely accepted from computers—and fed into them, witness any
manufacturer’s operating system manual—we suspected that spoken gobbledygook might be quite pass-
able, too, except for one severe difficulty: Being ephemeral, sounds must be understood at first hearing.
As it turns out, ong speeches are hard to understand, as are extremely short utterances of very simple
words out of context. But given a little familiarity with the machine’s “accent”, one finds short sen-
tences to be quite intelligible.

Since we hoped to use the voice synthesizer as a regular output device for other programs, the speak-
ing routine had to be small enough and fast enough to coexist with other programs that do the actual
computing of interest. Needless 10 say it had to produce connected speech. Furthermore it ought to be
ready to speak most anything with relatively little coaxing, and be tunable in considerable detail when
special vocabularies (e.g. RxPch) or the inevitable pronunciation gaffes did arise.

2 Evolution

The detailed properties of our present speaking program were not even vaguely anticipated when the
voice synthesizer was installed. Once it was in the operating system as a full-fledged IO device, we used
a program for driving it from phonetic strings. We created files of single utterances, ranging from house-
hold cries like “lunchtime!” to classical quotations, including the inevitable soliloquy of Hamlet. Tuning
was painful, so we quickly built an associative program that could store, update and print the whole voca-
bulary or single words, and also could pronounce any stream of words from the vocabulary. Words that
it didn’t know were split up into constituent one-letter words; in effect they were spelled out. Various
useful vocabulary fragments developed quickly—the alphabet and other characters, the days and months,
the 400 most common words of English, names of visitors to the lab (“welcome to UNIX, Joe™), chess
moves, etc. A few hundred man-hours so expended gave us a good feel for phonetic coding, but didn’t
really go far to give a generally useful output device. Experience did show, however, that for this partic-
ular machine some short cuts were possible. In particular we soon gave up on inflection almost com-
pletely. It was clear that much of the encoding had become cut-and-dried; at least half of even the most
common words of English, among which irregularities abound. were trivial. So I was led to upgrade the
successful associative learning program to accept pronunciation rules for word fragments as well as
words. 1 also built in a few more complicated rules such as the final silent e paradigm.

The last-mentioned program is still in use. lts tables now contain about 750 rules, including about

100 words

580 word fragments

70 letters
The rules occupy about 11000 bytes on a PDP11/45. Written in a higher level language with little atten-
tion to efficiency, the program runs at about 15 words per second of CPU time. There are about 4500
bytes of pronouncing code, including table search and the special hand-coded paradigms, plus 1900 bytes
of code for interactive display and maintenance of the tables. The program is completely self-contained;
no other supporting programs are needed, nor are any used. The program can be driven by typing into
it, or by “piping” the output of any other process on the machine into it in real timel4].



The program breaks the input up into “words”, delimited by spaces, certain punctuation characters
and line breaks. The pronunciation of each word is found by a succession of increasingly desperate tri-
als, which will be elaborated in Section 4:

(1) See if the whole word is in the table given in Appendix 1.

(2} Map capitals into small letters, strip punctuation, and try step | again.

(3) 1If the word ends in s, strip the s. Change finat ie to y regardless of whether there was a final s. If
any changes were made, try step 1 again.

(@) Try automatic pronunciation: be elaborated further on:

(a) Reject a word consisting of 1 letter or a word without a vowel.

() Mark some common endings, including e, and mark long vowels indicated by final ¢ or

equivalent endings such as ed or able.

(©) Mark potential long vowels such as u in modular, e in aphelion, and a in outrageous.

(d) Mark probable medial silent e as in bumblebee and minesweeper, and mark long vowels indicated

thereby.

e) Mark potential voiced medial s as in visible or prismatic.

() After these marking steps, replace any stripped final s, then go through the word from left to

right applying pronunciation rules to word fragments.
(5) When all else fails spell the word, punctuation and all. On letters for which no spelling rule exists,
emit a burp.

The rules for whole words (1), word fragments (4f) and spelling (5) are dynamically alterable, all other
steps are hand coded. The distinction among the three kinds of variable rule is important. For example
there is a rule of each kind for a, each having a different pronunciation as shown here in vs (voice syn-
thesizer) phonetics. These phonetics are defined in the appendix. The phonetics themselves will be of
little use except in connection with the one particular synthesizer, but the left hand sides, and the rewrite
portions of the rules, should be widely applicable in generating cheap approximate speech.

word a uudul
fragment a ae
letter a ai,ay

3 Notation
In the sequel brackets indicate a choice among a set of letters. For example [aeiouy] means any
vowel. Boldface letters in sets stand for both upper and lower case; thus [seol means the same as
[4EOaeol. The mark # is placed at both beginning and end of every word. The sign - complements the
set, so ~{aeiouy] means any nonvowel (including #). The notation [..]* means a string of zero or more
letters from the bracketed set.
A vertical bar | marks potential silent e positions. Upper case letters denote potential long vowels or
voiced th or 5. Rewriting rules are shown with an arrow as in
ea —E
#sch — sk
Ellipses may be used on the right hand side of rewrite rules to make them shorter. In such cases under-
lines are used on the left to show parts that are rewritten; all other parts of the left hand side are under-
stood to appear unchanged on the right. A bracketed set of characters on the right always stands for a
copy of the string that matched the corresponding set on the left. For example this rule describing the
handling of silent p in words such as preumatic and psychology stands for both the rules that follow it.

#plns| — [nd
#pn —n
#ps - §

Pronunciations are given by strings of vs phonemes separated by commas preceding the rewrite part
of rules:

s# z

E ee

tio shihu?
al| u2—1
cia shih— a



With minor syntactic changes, rules of the above forms are understood by the program. Rules in-
volving character classes however must be broken out into an equivalent set of rules for the program.
They are used here for brevity.

Examples are given with each rule. Examples are shown exactly as processed, with rewriting laken
into account; but exceptions and comparison words are written straight except in unusually obscure cases.
When classes of exceptional words exist, they are illustrated by one or two words; these should be readi-
ly disunguishable from freakish exceptions, which are listed with equal billing. An additional list of
words for comparison shows nearby words that are not covered by particular rules, or words intended to
suggest why plausibie alternative rules have not been used.

4 Preprocessing Rules

Most of the rules in this section involve rewriting only without pronunciation. To save space they
are often siylized in a way that eliminates the possibility of expressing pronunciation. Examples are
shown exactly as processed by the program with rewriting taken into account; but exceptions and com-
parison words are writlen straight, except in unusuaily obscure cases.

4.1 Capitals and Punctuation

When a word is not found verbatim in the vocabulary, it is standardized by stripping off leading and
trailing punctuation and mapping an initial upper case letter into lower. The leading punctuation charac-
ters are indicated in the following rule. In this rute and the next only, the literal signs [ ] are quoted by
making them bold.

{a) #(e — #

A hyphen that cuts off a word of 2 or more characters after leading punctuation, if any, is treated as a
blank. excepl that it is restored if the spelling step (5) of the previous section becomes necessary. Trail-
ing punctuation causes a pause in the speech. The trailing punctuation characters are:

ib) [ —0— #

In lines wheie every letter is upper case, all are mapped to lower. Single words in upper case are not so
wreated. so that abbreviations like UK will be spelled out. As a result pronounceable acronyms of the
kind so popular in computing, e.g. FORTRAN, aiso get spelled.

4.2 Final S

Final s is siripped. together with a preceding apostrophe, if any. Then, regardless of whether any-
thing was stripped a final /e is rewritten as a y.

(a) usls# — -~lusl#
(3] #—#
ic) te# — y#

If the resulting word is in the vocabulary it is pronounced with a voiced or unvoiced s according o
whether it does not or does end with an unvoiced consonant. In effect
(6)] -lefkpds# — ..z
Though rule (a) causes some unnatural stripping of final §’s, it is usually harmless, for this stripping rarely
leads to further mistreatment.

Examples Exceptions Compare

fits — fu yes menus

minus — minus

lens — len

series — sery

pie — py

laddie — laddy
43 Final E

When final e is the only vowel in the word it is generally pronounced long. Otherwise final e is usu-

ally silent.
@ #-~[aeioup) 'e# — ..E...



Examples Exceptions
me — mE re
she — shE the

Final ¢ and a number of equivalent suffixes preceded by a vowel then a single consonant generally
indicate that the vowel is long. The following endings are located and marked repetitively, provided a
vowel remains in the rest of the word. The mark | is placed just before the first letter of the suffix, or
Just after that letter if it is an e, as indicated below. -

|abte elry Ity
|abty elst |ment
eld ely ness
e |n ling or
elr |fess

If the remainder ends with one of the following two endings, the ending is marked (under the same pro-
viso that a vowel remain) and final e processing ends:

lic licat
Lastly e itself is located and marked under the same proviso. However e before e, as in indeed, is not
marked, and terminates final e processing. The marks. which typically indicate potential silent e's, may
be placed far inside of words.

Examples Exceptions
arrangement — arrange|ment apastrophe
forcefully — force Ifu[ lty implement

sparseness — sparselness
topical — toplical
Il the leftmost ending begins with [aeiol then one of rules (b) and (c) may be applicable, subject to
the exceptions expressed by rules (d) to (g) below. Some bf the rules cause potential long vowels to be
marked by capitalizing them—a convenient practice, but one that wreaks havoc with words like Mcliroy
that contain real capitals.

(b) ~laeollaeiou}~laeiouywx} ending — ..[4EIQUY]...

© ~laedllaeiouyith ending — . [AEIOUYITH...

©) laeol{aeioupdth ending — ... TH...
Fxamples Exceptions Compare
bather — bATHel|r hyperbole house
sincerely — sincEre|ly derivative sewer
bite — blre| infinite growing
potable — pOt|able gone create
vacuole — vacuOle| risen dealer
triune — trilUne| axe
style — stYie| boone 2
strlated — striAteld trailing

spitefulness — spltelful|ness
breathe — breaTHe

There are several special cases. First, monosyllables whose only vowel is final y, ie or ue and their

derivatives are recognized. In this rule ‘ending’ may be empty.

(d) #-~laeioup*liud ending — . [IUY]...
Examples Exceptions
cried — crleld priest
fy— AY pier
driest — drle|st ski
stvly — stY|ly
blue — blUe

Compare
value

Second, derivatives of certain words, usually polysyllabic, ending in ce or ge.

(e [aeiouyl~{aeioupt*laeiouplicg ending — ...

-4.-



Examples Exceptions Compare

menaced — menace|d misplace lice
carriage — carriage outrage stage
college — college| osage mortise
siege — siege| device advise

service — servicel
Third, derivatives of words ending in e/

o el ending — ...
Examples Exceptions
corbeled — corbele|d dele
traveling — travel|ing allele

celery — celelry
Certain endings are equivalent to final ¢ in disyllables where the only other vowel in the word is the
indicated long vowel. Although placed here for explanatory purposes, rule () must be applied before rule
(b) so that able in stable may be treated differently from able in capable.

® #-laeioup*{aeioupl-laeiouywxl ending — ..[4EIOUY]...
The pertinent endings are listed below with the examples. They are not marked when found.
al le re us ¥y

Examples Exceptions Compare
cabal — cAbal canal lethal
spiral — splral metal mothy
able — Able treble democracy
bugle — bUgle grille inimical
cycle — cYcle barre capable
ogre — Ogre genre isle
lucre — 1Ucre latus wiseacre
locus — 1Ocus many showy
stylus — stYlus city axle
spiny — spiny copy

Some families of final ¢ words still defy rule-making. One family is words ending in ine, which have
several widely different pronunciations. Another is words ending in is. Singular words in is should be
treated like the us words in rule (f) above, but this treatment breaks down completely for plurals of words
ending in i Some examples of these classes:

brigantine iris
gelatine alibis
valentine taxis
aborigine otis

4.4 Long Medial Vowels

For monomorphemic words—words that are not decomposable into affixes or multiple stems—a
well-known rule states: An isolated vowel, followed by a single consonant then a vowel is pronounced
longi{S]. (From the standpoint of pronunciation, x is not a single consonant.)

Examples Exceptions Compare
major — mAjor camel vixen
relay — rElay metal parameler
minus — milnus digit molecule
fugue — fUgue model

As the comparison words indicate, this rule does not generaily apply to polymorphemic words, and so is
useless in its baldes- form. However, it does apply reliably to ». The role of the separating consonant
may also be played by certain consonant-r combinations, as indicated by the alternate rule in braces.

(a) -‘[aeioul_ul“llzzﬁ,::: r“}[leionyl — .U



Examples Exceptions Compare

tumultuous — tUmultuous cutoff uncle
usufruct — UsUfruct subordinate Surrier
cupric — cUpric uninformed bulrush
Another reliable rule pertains to certain vowels followed by a single o then a diphth

+h as io. As in rule (), certain consonant-r combinations may play the role of a consonant.
~laehiouwxyl | |lieflaoul] _,
[a_e_d‘ h g [4EO)...
) [aedlbedfekpdrilaoul — [4EOL..

Examples Exceptions Compare
sapient — sApient patio recipient
creation — creAtion special division
helium — hElium precious berytlium
cereal — cEreal national Jforehead
encomium — encOmium afield
carpathian — carpAthian rapier
specious — spEcious axial
adriatlic — Adriatlic abreast
appropriAte| — apprOpriAte| recreation
tenebrious — tenEbrious alie|n

A third reliable context for long vowels is i or y in a vowel pair before any other vowel in the word,
It initial y is excepted:

) #-(leiwyl‘{_heioi y]x}[mn] — "yl

Examples Exceptions Compare
iamb |ic — lamb|ic kiosk field

biology — blology kyoto myel

triline| — trlUne autobiography
cyanlde| — cYanide| symbiotic
cryogenlic — crYogenlic yam

ther contexts for long vowels are covered in the variable rules, for example e in geology.
§ Medial Silent E

Compound words whose first parts end with silent e cause special troubles. The following rules lo-
\te certain medial silent €'s with considerable reliability. They require that the e be isolated, and fol-
wed by a syllable other than an ending that was marked during final e processing. Words ending in
ynsonant-consonant-fe can be recognized even when imbedded in compounds:

) ~[#-#Nbcdfgmnprsalbdfzkpiie~laciouy|}-I|)* laciouyl — ...Je|.
lote: In applying this rule an appearance of e| is equivalent to | alone.
Examples Exceptions Compare
cockleshell — cockle|shetl complementary complEtion
bumblebee — bumble|bee inflexible
thistledown — thistle|down list|less |ness
. is also often possible to r ize with fair confid compounds whose first part is a canonical silent
word.
) ~aeiouMgiouHlaeiouwxyle-laciouynr| | }* aeiony) — ..[4IOUY)..e]...
) daioayi-laeiouwxyle~taeiouynr || 1* faciony] — el

‘he same note applies as in (a).



Examples Exceptions Compare

racetrack — rAceltrack malevolent alphabe!|ical

houseboat — house|boat proletariat paternity

pacemAke|r — pAcelmdke|r relevant
inefficient
alewife

These rules don’t fully mirror the rules of Section 4.3 for final silent e. The differences are partly due to
apparently skewed statistics of final e words that can be compounded, and partly to minimize the pro-
gram for this relatively small class of words.

Though these rules do well as far as they go, they do not by any means recognize all embedded
silent ¢’s. Here are some examples of undetected €’s.

edgeways horseback
fencepast wherein
largemouth

4.6 Medial S

When it appears flanked by vowels, or preceded by a vowel and followed by m, s is usually voiced.
Such an s is marked by capitalizing it:

(a) [aeiouyls[aeiouy] — ...
Examples Exceptions Compare
easy — eaSy andesite pension
deslre| — deSlre| osage adversity
invAsion — invASion version
prismatic — priSmatic tUne |smith

S Tuning and evaluation

The rules arose from several sources—off the top of the head, the unabridged Websterl6], Venezky(5}
and extensive interactive experimentation with several selected word lists. Certain difficult problems,
such as the pronunciation of wi (compare biscuit, ruin, anguish, guile, fruit, beguine) were solved by perus-
ing a 100 percent sample of the pertinent words in the unabridged Webster, which we had available on
tape. Problems about patterns at the beginning of words were handled by consulting an ordinary
dictionary(7]; patterns at the end of words were attacked with the help of a reversed-spelling dictionary(8].
These lists were used for tuning:

— Basic English[9]. This 900-plus word list is a rich source of common exceptions.
— A list of some 2800 most common words in a million-byte corpus of Bell Laboratories docu-
ments. The corpus was gathered and analyzed by R. Morris and L. L. Cherry.

The goal of tuning was to get pronunciations that are psychologically close to the range of American
English heard day-to-day: there was no intent of approximating any one “standard” dialect. For example
alternations between long and short version of e or of o are often acceptable; witness their occurrence in
intelligible English spoken by foreigners. On the other hand such an alternation between long and short
u baffles most listeners. Thus, we have littie trouble understanding defense or potential even when their
first syllables are pronounced as in definition or potash, while munition alliterated with mundane escapes us
completely.

Once tuning was complete, the program’s performance was | d against independent sources:

— The Brown Corpus[10]. The program was tested against the 2000 most common words, and an
approximate one percent sample of the remainder to estimate the tail. With words frequencies
taken into acount, performance was deemed satisfactory on about 97% of the 2000 most com-
mon words in running English, but only 88% of the 1ail, for an overall weighted performance of
97.2%.

~—  Webster’s Elementary Dictionary(lll. A sample of one word per page, or about 3% of this
18,000-word source, had an error rate of about 5.5%.

— A 3552-word extract from Mark Twain(12). This literary text has a substantially different voca-
bulary from the “Bell Labs English™ on which the program was tuned, and is replete with star-
tling references to distant subjects. As the listener, I was naive to the Twain, but thoroughly
familiar with the idiosyncracies of the program. The sense of the passage was completely clear.
1 failed to recognize only 30 words, or about 0.8%. It turned out that many of these were pro-
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nounced correctly within the limitations of the machine. Another 46 words received bizarre
pronunciations, but were intelligible in context. Counted in approximately the same terms as
was the Brown Corpus, the error rate on this document was about 2.1%.

To give an idea of the virtues and failings of the program, the list from the Elementary Dictionary
appears in Appendix 4 partitioned into good pronunciations, clearly wrong, but intelligible pronuncia-
tions, and complete failures. The causes of failing are often transparent, but sometimes words £0 wrong
as result of an attempt to get many others right. For instance congest was pronounced as if it were relat-
ed to longest, wronged, exc., screwdriver was thymed with /iver, and solemnity was treated as a compound of
sole and mnity. Some of the mispronunciations could be cleaned up at no cost; heroic could be fixed up
by adding the rule o| — O, which would help a number of other words at the same time—for instance
goling, which is in as special case. But you have to stop somewhere. Some chronic failings are harder to
fix up; no less than 5 errors are attributabie to embedded silent €’s of kinds the program can’t recognize.
6 Discussion
6.1 Stress

Partly because the device at our disposal was deficient in this regard, but mostly because of the in-
herent difficulty of the problem, I have ignored stress in this work. except for three trivial experiments:
(DPlacing falling inflection on syliables followed by periods. This fillip in itself does little for intelligibiti-
ty. It is actually counterproductive in some cases, such as Mr. Jones, where it produces a major break
within an intimately bound phrase. (2)Assigning one of four levels of stress to each syllable by a random
walk algorithm. This has little effect on a wordwise basis, but definitely improves long passages by
rendering them less deadening if not more natural. The effect is actually quite interesting when coupled
with falling infection at sentence ends. (3)Giving correct stress to the known words, within the limita-
tions of the machine. Sporadic correctly stressed polysyllables stand out against a background of mono-
tone speech and actually detract from its apparent “ruliness”, upon which one comes to depend. A sys-
tematic approach to the selection of words to be properly stressed, for example by choosing a
comprehensive list of function words to be pronounced without stress, might help.

It would be possible to stress long vowels, for example the a in oration located by rule 4.4(b), but
beyond this it would seem that considerable extension to the present program would be required to do a
job of stress assignment even remotely approaching its performance on sounds. The tncorporation of
stress could even upset the compromises with pronunciation that turned out to be acceptable in un-
stressed speech. For example, stress would only call attention to the program’s insignificant mispronun-
ciation of o in ovary like 0 in hor. 1 suspect, t0o, that stress done badly is worse than no stress at all; but
I could be quite wrong, for I have been surprised once already by how far you can get with pronunciation
done wrong.

As in indicator of how much work might have to go into doing stress right, the stress assignment
rules of Chomsky and Halle{13] appear to depend so intimately on an inferred context-sensitive grammar
of English, as to frustrate any attempt to simulate them from simple analysis of spellings. Even the list
of terminal symbols for that grammar is large— Alien[1] has made a lexicon of some 10,000 “morphs”
covering only the Brown Corpus. [ wouldn’t be surprised if this lexicon had to be doubled to achieve
good coverage of the Manhattan phone book, whose entries must count as good English words when the
reading of running text is one’s goal.

6.2 Improvability

The decision to take cognizance of no levels of English other than letters and words undoubtedly
limits the growth potential of this approach to pronunciation. Its inattention to syntactic considerations
precludes the program from doing any better than ing at the pri iation of words such as read or
bow. lts disregard for morphology makes it difficult to do much better than presently on some kinds of
compounds, such as hothead, though others can obviously be handled by adding morphs to the list of
word fragments, as has already been done with death, sOme and many others. To overcome hothead
difficulties, a certain rather small class of word fragments could be recognized fairly early on during
preprocessing on other than a strictly left-to-right basis. More generally, to get much leverage out of
further variable rules, it may be occasionally necessary 1o specify priorities among rules.

An idea of the expansibility of the present approach may be had from comparing it with
Ainsworth’s program for British English, which reportedly has about a 10% error ratell4]. In the termi-
nology of this paper, that program appears to have the equivalent of about 3 preprocessing rules and 150
variable rules; the variable rules do not permit rewriting. The present program did about 4 times as well
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on error rate at a price of about 4 times as much mechanism. To go further, often rules will have to be
added to take care of just one or two words apiece. Much of the trouble will be with abbreviations and
proper names, no one of which is very common, but the sum total of which will keep the error rate up
against even considerable expansion of the rules.

6.3 Other Languages

Needless to say. the basic algorithmic methods of this paper work better on most other Western
languages than they do on English. By changing the variable rules, and suppressing English preprocess-
ing, we have obtained performance on Church Latin and on Polish comparable to that on English. In
each case the whole tuning job took less than an hour. Unfortunately the commercial phoneme genera-
tor lacks come critical phonemes of most Western languages, most notably trilled %, gutturals and nasal-
ized vowels, so it is infeasible at present to generate a comprehensive library of languages.

6.4 Utility

In small doses, the output of the program is usually intelligible to everyone who has heard very
much of it. Short connected fragments out of context, sprung even when the hearer is not attending, are
usually understood. Long passages, on the other hand, take extreme concentration to follow, and very
short utterances of one or two syllables frequently suffer from the inherent limitations of our hardware.
Even bizarre pronunciations are often decipherable, once the machine’s “accent™ has become familiar.

The program's outstanding virtue is its readiness to pronounce everything, albeit far-fetchedly on oc-
casion. Of course its vocabulary can be hand-crafted to overcome any particular difficulty, but therein it
becomes just a poor imitation of many other synthesis programs that do a far better job on hand-
prepared input. Its speed and compactness make it attractive as an output routine for other programs,
for example in making computers available to the blind (an application which should be distinguished
from making computers substitute for talking books).

My basic reason for setting forth the details of the program here, however, is not to advertise the
particular implementation, but rather the belief that the approach may be easily copied as the method of
last resort in other synthesis projects that depend on dictionaries of words, stems, affixes or whatever.
An authentically comprehensive dictionary for arbitrary text is not yet in sight physically, say nothing of
economically for many applications. For this purpose, the rules of this paper may go a bit too far to-
wards handling particular exceptional words, but it is always easier to take rules away than to put them
in. With suitable, but usually obvious, modifications of the phonetics, the rules should be quite widely
applicable.

Specuiating further, one wonders whether this basically “stupid” approach to synthesis is viable in
the long run against linguistically more sophisticated attacks. To what extent does it mirror a child’s
ability to read material containing words he can't understand? How is a dictionary impaired if obviously
pronounceable words are omitted? As a matter of economy, how much word-level grammatical sophisti-
cation should be in a speaking program? Is it cheaper to cobble more “intelligence” into a babbling idiot,
or 10 stuff a vocabulary into a dumb grammarian? At this juncture. I don’t pretend to know the answers:
but I don’t believe anybody else knows either.

7 Acknowledgements

Several people devoted many hours to making the voice synthesizer work in our laboratory, and
learuing how to piay it K. Thompson and D. M. Ritchie integrated the device smoothly into the operat-
ing system. J. F. Ossanna was the first to make it say things, and also saw the hardware through a series
of debilitating diseases. R. Morris and L. E. McMahon spent several hundred man-hours developing
phonetic codings and hand tuning an initial vocabulary approaching 1000 words. Without the benefit of
their experience, and frequent application of their perceptive ears, the tuning of the final program would
have suffered immensely. Discussions with my first-grade son. Peter, who was intensely sympathetic to
the difficulties of pronouncing English you don't fully understand, were also illuminating.

A number of UNIX software tools proved invaluable to the development work, most notably the
pattern-selecting program ‘grep’, which K. Thompson wrote especially to help with dictionary searches.
The machine-readable dictionary and word lists from which pronunciation rules were derived, and with
which verification and testing were done, were put together by M. R. Wagner, D. M. Ritchie, R. Morris,
L. L. Cherry and L. E. McMahon. This paper itself would probably have fallen between two stools,
proofread but unprintable, or printed and unproofread, had it not been possible to compare the rules and
examples of the Appendices mechanically against the program; 1. F. Ossanna’s ‘troff® made it possible to
solve the special style problems of the paper, while keeping it machine-readable.
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Appendix 1. Complete Words

These are the only words tabled que words. All other words are pronounced by rule. No phonetics
are given here, for it seems inappropriate to burden the paper with the exact phonetic transcription for
one unique device.

Many of these words are notorious exceptions in English. Others are more subtle: as, gas and Aas 10
prevent them from rhyming with was, over with cover, any and many with zany, shall with hall, water with
fater. Some words are on the list because the rules simply run amuck on them—something would other-
wise become somETH|ing, yes would become Jes. -

a doing has mr seven tuesday
alkali done have mrs shall wo
always ar having nature someore upon
any early heard none something very
april eam his nothing than water
are eleven imply nowhere that wednesday
as enable into nuisance the were
because engine is of their who
been etc island on them whom
being evening John once there whose
below every July one. thereby woman
body everyone live only these women
both eye lived aver they yes
busy Sebruary living pegple this

copy Sfinally many read those

do Friday maybe reader 0

does gas meant refer today

doesn’t guest mareover says tomorrow

Al



Appendix 2. Rules for Word Fragments

The fragments are written as they occur after preprocessing, or as a result of rewriting other frag-
ments. The examples are written as after preprocessing. The mark 1 denotes a poor but intelligible
pronunciation. The comparison words are intended to suggest why plausible alternative rules might not
work, evidently related cases that a given rule misses, putative pli that are fi d by prepro-
cessing, or related rules which are good candidates for adding 10 the list. The rules are arranged hierarch-
ically, where deeper levels express exceptions to shallower levels. Thus rules 1, 1.5 and 1.5.1 tell that 4
is usually pronounced long, but not in words like r4THelr, among which class fATHe|r nceds special
treatment.

Rule Examples Exceptions Compare
1 A aiy2 mAne| glissAde|
capAcious immEdiAte|t
main morAie
pavAne
senAte
thAme
ultrAviolet
1.1 A¥ elyl play 216
12 Ar ai—r bAre|ly
air
1.3 Adlor u2—~dor ambassAd|or monitlor 9.1
rAdidtlor
14 Anion —anion compAnion Anion
15 ATHelr —aTHer gATHe bATHe|r whETHe|r 6.3
rATHe
151 JATHelr J.a0— THer grandfATHelr Jatherhood
1.6 nrldtionat  —[wlational nAtionaliSm  vibrAtional nAtion
rAtional |ly orAtion
1.7 #privAte —privite privAtelly deprivAtion
privatee |I
privAtion
2 a ae cat alreadyt
village| oracle|t
scarce
Saar
vacAte|
2.1 a# ul aigebra
india
221 labt u2bl constladle dis|able tAble
paiplably unstlabie
222 able| —Able| ablel
enable|d
23 ae el aero- gaellic encyclopaEdia
aesthet |ir paean
231 ae|# —E alumnae|
Jfringiltidae|
2.32 aeo —Eo palaeolith|ic

24 #agen —Agen agenda magenta

moniague|
JSellah ahead
sarah autobahn

aeon
agency
agent
2.5 ague aiylg—e vague| daguerrot Ype|
28 ah# a0 Furrah
shak
A2



2.7

271
272

213
281
282

283
.84
2.84.1
2.8.5.1

2852

2853
2854
2.8.6

287

29
2.10

2101

2.10.11
2102
2103
wn

2111
212

213

2131

Rule

ai

alic
certain
said
all#]}
ald
alf#
alk

#alk
all#

alle|
allling
alls#

alm

aflst)

#any
ar

arlaeio}

ac

ao#
as#

aste|

lefimlast

—A

—Aic
—serteln
—sed
u2—l
aw.ld
aef
—awk
ae bk
—awl
—awle|
—awling
aw—[s#

al—m

aw,i—[st]

elOn,ieyl
all.er

ea—rlaeiol

u2—rou
ae—r
airyl
—Ao

—ow
u2—s#

—dste|

[kfiml.ae—st

Examples

again
air

- pertain

raiSe|
hebralic
uncertain
certaimty

afOresaid
trlal
eventually
baid
aldernely
half

talk
atkallne|
bail

Jalleln
smalle|r
call|ing
Jfalls
calm
almond

aliernAte|
alse

' Jalsel

salt
anyhow
artist

parent
marinAte]|
Jfaro
areund

carouSe|
marry

binary
stAtionary
aorta
kaolin
mao
americas

haste|n
waste|

caste|
Jaste|n
blaste|d
maste|r

A3

Exceptions

aiste|
bargain
plaid

ascertain

ialic
tatlly
aldeh Yde|
heraldt

balkant
gallelry

almanac
salmont
alto

parOle|t
singUlart

caresst

viviparous
dlarrheat
quarry

gaol

atlast
canvast
astejr

Compare

curtain
mouniain
villain

alfalfa

hallow
alliance|

gall |ir

Any

america 7.12.2
miracle| 10111

arrow 17.1652.1

hasty

wast| |ing



Rule E k E i Ci

P P

2.14 au —aw auTHlor aunt
haul chauffeur
laught gatige |
sauerkray(
2.14.1 #laugh —laf laughtelr siaughte|r
215 aw aw awkward Areawide|
drawn
2.15.1 aw# uZ.aw draw
215.2 awl4a) u2—widal UnawAke|
award
2.16 ay —4 bay aye|
mayhem kayak
217 adjac u2—jde adjacency
218 baslic —bAsic baslical|ly
2.19.1 change —chAnje change|d
2.19.2 chang| ~=chAnj chang ling
2.19.3 {dr)ange — [drlAnje dangelr
range|d
2194 rangli —rAnii derang |ing
2.20 label —1Abl labelling
2.21.1 place| —piAce} dispiace| complacent
placenta
2.21.2 placli —plAci replac|ing placid
2.22 wa w=gw awash swailowt
want swal
2.22.1 walgixy) w—algixy] swagge |r
wait
wax
way
222 walk w—alk norwalk
2223 wang w—ang wang
wangle|
2.224 war wolr quarrel 19.1 2.22 forwardt howard 17.16
swarthy
warilke|
2.23 what hwalt whatEve |r
3 b .3 baobab bombe|r
tumber bomber
dumbt
subpoena
3.1 b —b bubble|
32 bt t debt subtend
doubt bobrail
subfe|
3.2.1 obt aldb—t obtain
obrlSe|
4 ¢ k cataclySmlic  caeSar
Success czar
czech
SfacAde|
indict

Ad



4.11
412
413

4.2

4.2.1
422

4.2.3

4.2.51
4252
426
4.2.7

428
43

44

Rule
clEeliY]

celao}

| Fi
cilaeo]

charact

zn 4.24
chlinr)

chor

chlor

erchliy)

machin
mech

&y

d#

E#

—s[EeliY]

—cilao)
—si

sh,ih—laeol

Loh

k.aeri2k.et

—kem

k— {tnr)
—kor
—klor
—arkliy]
m.alsh—En

—mek
k

55—y

yoyi

E 1 Excep C
precEde| ceilo
success receivel 784
placid
inclte|
cYcle
Ocean
herbAceous
fenc|ing
JfAcial conscience| 22.4
efficient
vicious
church ache|
cache|t
chaSm
chef
choir
chthOnian
drachm
echo
Juchsia
parachlte|
stomach
yacht
characterlze| charAde|
charm
dhem|ical sachem
chemlSe|
chioride) maich |less
technique suchness
achromatic
chordAte| chortle| chOre|
chOrus
anchloreld
parachior
architect archivel
hierarchy pAtriarch
archdUke|
machinelry machinAtion
mechaniSm
check ling
acknowledge|
decency cyclameln 304
pansy 229
indeeld soldielr
individualt
hard
wishe|d
fiddle|
padiling
concrEte| - fEe|
sincEre| ’
 feel



6.2

6.3

6.4
6.5
6.6

6.7
6.8

71
1.2

74

74.1.1
7.4,1.2

74.13

T.4.14
7.4.15

742
74.3
744

T44.1
745
746
7.4.7

Rule
Eldt)al

ETHelr

Evelr
amEtelr
discrEtion

prEcious
spEcial

o
e|

ea

earlin]
ealrlth

heard
heart

eaSUr.

eaTHelr

beaut
Area

break

—eldrlat

—eTHer

elver

—discretion
~=precious

—special
€0

—A

ie 0

er.ch
—er[in}

—elrllth

—hart
elzh—Ur
—eTHelr
—0
—blt
air—Ea

—bAr
—brdk

Examples Exceptions
pEdal SEtal
mEtal

WhETHelr ETHelr

nEve ﬁ'.'vetr
sEvelre|d rEvelreld
dlamErelr decamErelr
paramEte|r

diserEtionary

espEciallly

best beret

impel england

peddlar hedgehog
renege|
rravelt

Acre

mAde psyche|

wishe\d

glact

nie}

breaTHe| beatrice|

congeal breath

fear deaf

sheqf linear

teak rOSeate|

weary Steak

wreath vengeance |
wear

rESearch

pear!

leam

Unearthe|d

wealthy

unheard

hearth

hearty

meaSUre |ment

treaSUry

lea THeIr[v breaTHelr

weaTHelr

beau

bUreau

beauti|ful

unbearlable  beard
unbreak lable  breakfast

Ab

Compare

rATHelr 1.5
leaTHe|r 743
HITHelr 9.2
OTHe|r 163
ethEreal

Jeverish

reveren!

concrEtion
excrEtion

begin 8226

grandee|

idea 104

nearess

weatherman
whETHelr 6.3



Rule Examples Exceptions Compare

7438 creat —erEAL create| creatUre|
creat|ing
749 dead —ded dead|ly
7.4.10 death —deth death jless
T7.4.11 great —grdt greatlly
7.4.12 head —hed headlong hOthead
[Orelhead
7.4.13 heav hely heaveln heave| sheave|
heavy
heavielr
74.14 react —rEact
7.4.15 read reld bread reads
readi|ly
7.4.15.1 #read)| —rEd read|able
read|ing
7.4.16 rhea —rEa logorrhea
74.17 stead —sted instead
steady
7.4.18 sweat — swet sweatelr
7.4.19 threat —ihret threate|n
7.5 ecent —Ecent decent
.recem|ly
1.6 el —ect dlre ction
7.6.1 ed —Ed he'd
she'd
we'd
7.6.2 (dile|d fdrli2d miste|d meste |d crooke |d
windeld indee|d
7.6.2.1 eldlty i2=dly decldeld|ly
heate|dliy
1.7 ee —F pee breeche |s
feeble| matinee|
nominee| reelect
7.8 o —A heir deity
rein eidelr
seine | . heifelr
weight 12iSUre |
protein
:eize|
sleight
villein
weird
181 eign T —An reign sovereign
7.8.1.1 Jforeign f00r.e2n Soreigne|r
782 eiTHe|r —ETHer neiTHe|r
7.83 beit# —bEit# atbeit
howbeit
7.8.4 cei —sE receive|
1.8.5 Seit Ji2—t Jorfeiteld
surfeit

AT



7.8.6
787

79

7.19

1

712

7.12.1

7122
7.12.31
1124

7.12.4.1
7.12.5

7.13.1
7.13.2
7.13.3

7.13.4.1
71342
71343
7.13.44
7.13.4.5
7.13.5
114

715

T.15.1

1.16

Rule

heigh
stein

el

el
eri
erli
e

emre|
wh(Eelre

es#
elss
elslgr]

chels#
els#
sels#

she |s#
ze|s#
phels#

ew

[ditrstiew

€y

—stin
e2n
—Eo

uler

elr=i
—eri
elr

er—'e|
—whAre
—s#

et - <3
el—slqr]

chi2—s#
dji2—s#
5.5,i2—s#
shi2—s¢
2,i2—s#
—fEs#

—ew

rlyu

—Idjtrst)lU

—A

height
bernstein
Steinberg
rdveln
heavelrly
geology
rheostat

equestrian
her
SerOcious

dEs
ant

homeric
berry

terrible|
inferre|d

wherewithal

A8

herewith
sergeant
rerun

SOrelstay

sabOteur

bewAre[t

alewlfe|
rewind

einsteln
hei
seeln 1.7

sorgeous 8.2.2.1

therein 23.5.1

hamme|r|ing

requelst 19.1.1.1
west

lieu 10.5.5

dlty 244



7.16.1

7.16.1.1
7.16.2
117
718
7.19

.21

8.1

8.1.1

8.2

8.2.1

8.2.1.1
8.2.1.2
822

8.2.2.1
8.2.2.2
8.2.2.3

8.2.24
8.2.2.8

8.2.2.6
823

Rule

vely

key
phel#
plelment
#prett
proceld

Secrel

i d

2
exagg

SURE
glEeliy)

Sorget

#get

girl
glv

begin

—E

—vey
—kE

—fy#
pd.u2—ment
~—prit
—prOcEd
—sEcret

f
i

—f

4

4

—exdag
—sug
—jlEetiy]

dj,ih—ous
—forgget
gele

gerl
gilv

—bEggin

Examples

chimnely
Jjerse |y
monkely
conve
surve

key
keyboard
apostrophe|

compie |ment
imple|ment
pretty
prOce|dUral
secret|ly
fifth

chief

staff

tough

raffle|

staff
enigma

gag

diggelr
haggle|
exaggerAtel
suggestion
gEnius
glant
rEgion

edgy

Rorgeous
Jorgett Iing

getaway

girlish

glveln
thanksglv|ing
beginn |ing
raught

weigh

A9

Exceptions Compare

Obely

cOve
sldve
gophelr
strophels 7.13.5
prOce|ssion
algae|
champagne |
margarine|
paradigm
b0gy binge| 15.3.1.1
eagelr fingelr 133111
garagelt
gear
gecko
geeSe|
8ift
gill
tgelr
energet|ic
gorget
target
midget
vegetAre|
oglve|
aghast laugh 2141
dinghy rough 17.14.3
newburgh high 10.7
spaghetti



8.2.3.1
8.24

825
8.2.6

8.26.1

8.2.6.1.1

8.2.611.1
8.2.7

8.2.7.1
9

9.1

9.2
9.3

94

9.51

9.5.2

9.5.3

9.6
9.7
9.8

Rule
#gh

gl

glio
#gn

ign

ignlAaeliOo)

igne|

#Onlor

~

Harllor

ITHelr
Iy

Pvelr

Siiv]
[sebiv

[aeio)SIv

consldelr
determln

i0.g—nlAaeliOo]

—ine|

al.iy

~ildtllor

—iTHer
—ity

—iver

—siltv]

—[sthiv

—(4EIO)siv

~— consider
—dEtermin

—edit

Examples

ghetto
ghost

mag |ic
rAgling
imbroglio
gnat

gnl
malign
reSign|ing
indignAtion
malignant
igneous
ignlte|
dignity
ignOre|
ignoble|
reSigne |d
hitchhlke|

#Onlor|able
hlre|
valentine |

corrid]
monlt
whiTHelr
cly
shy
e
rivelr
depoSite td
oppoSite
intrUSHve|
intensive|
preventlve,
evaSive|
adheSive|
diviSive|

ive]
conside r|able
undetermine }d
edlt|ing

Al0

Exceptions

mignon
signout
vignette|

dls|able

medicine
Sertlle|t
JiUplte)r
ravine'

drivelr
Shvelr
andesrre;

paraSlte
viSltlort

expedite|

Compare

bangling 153

machine| 42.7

ambassAdior 1.3

whETHelr 6.3

driveln
veln

site|

glve| 8225

insldelr



929
%.10
9.10.1
.11
.12
19

101
10.2
10.3.1

10.3.2
104
10.5
10.5.1

10.5.1.1
10.5.2

10.5.3
10.5.4

10.54.1
10.5.5

10.5.6
10.5.7

10.5.8
10.5.9

10.6

10.7

108

Rule

#examin
Sfinlt
#finlt
limft
routin

#’
ible|#
ibly

ilEe]

ien

Jriend
ielr

ielst

iet

ieth
ieu

hier

ifie

isfie
plie|

ilgglue|

igh

ild#

—~examin
—finit
—fInlt
—ifmit
—ri/tEn
i

yi

—I
26!
i2btyl
—idEa
ieyt
yi—en

—frend
iyyler

ylu2st
—let

—Eeth
iyviuiu

—hler

—ifle

—isfle

—pile|
—Elgk}le]

—]

—Iid

Examples

examineld
definlte|ly
Sinltelly
unlimlreld
routine|
austria

infinitUde|
similar
vAriant
vestige|

ennii
stokowski
id

it
terribie|

sensiblly
idealiSm
reliEve|
carrie|ld
field
convEnient

unfriend|ly
Onellielr

dirtielst
diet
quiet
Sfortieth
lieu
milieu
hierarchy
amplifield
petrifie |d
satisfield
implield
supplielr
intrigue
Unigque

high
mighty
child
mild

All

Exceptions

aifiance|
climb
disciple|
Samiliart
graffiti
marriage|t
meris
parlia|ment
prestige|
silence|
alibi

diEnel
fiesta
siEve|

Sfiend

collielrt
dossie|r

soviet

lieth

Compare

sign 826.1
deriSIve| 953
rAtio 23.64

bible
siblely

alie|n
Heln

Sierce|

prielst

amplify 306

satisfy 30.7

vague| 25
morgue| 254.1.1
intriguling
deliquescent
eight 1.8

childre|n
milde|r
mildew
wilde|r|ness



109

10.9.1

10.9.2
10.10

10.10.1
10.11

16.11.1

10.11.2
i0.11.3
10.11.4

10.12
10.13
10.14

10.15

10.16
10.17
10.18
1

12
i21
13

13.1

13.2
14

4.1
15

15.1
15.2

15.2.1

Rule
ind

ind{eiou)

ind!

#libr

#micr
satisfi
titl

kn

u

1
m

mm
n

nn

nfckx]

ncleiy|l

—Ind

— inndfeiou]

—innd!
y2—o

yl—o#
ulr
yI—rlail
yl—ri
yhr
al,iy,ern
al,iy,telm
~=ltis
yl—u
~libr
—micr
—esatisf]

—i
dzh

“=n

—/

-/

—m

n
ng—{ckx]

n—cleiy|}

Examples
blindlly
mind

tinder
indigent
indoctrinAte|
industry
swindle|r
carrion

dUbious

stUdio

fir

thirsty
miracle|
syrian 30
empirlical
irreveren!
fatiron

itemize|
tonsiliitis
kElium
rAdius
librAtion
library
satisfield
entitle|

Judge|

kUlak
knee|

loyatl
salve|r

million
vifla
eventual |l [y
madam

harnm |ing
nancy

mann |ing
punctlre|
sink
ymx

Jence
invincible|
nancy
dancing

Al2

Exceptions Compare

kindre|d

windlass

Sfindelr indOle|
indUbltlable
mindlless

nonviolent JAcial 413
Hon
passion 228

ohio
pi’OgMei
erlic 71231

adirondack

iron jic
british

librium calibrAtion
vibrAtion
mimicry
misfit

Jaege|r

Juan

rijkstafel

colonel calm 286

fincoln half 283

salve] talk 2.84
would 17.14.4

llama

comptrolle|r

mnemonict

autumnt

kitnt

unknownt



15.3

18.3.1

15.3.1.1

153.1.1.1

15.3.1.1.2

18.3.2

15.3.3

16

16.1

16.2.1
16.2.2
16.2.3
16.2.4

16.2.5
16.3
164

16.5

16.6
16.7

16.8
16.9

16.10

1611

Rule

ng

nglaEeiy}

nge|

ngeldr]

ngelst
ngllol]

<]

OTHelr

Ovelr

abOve

HEREE

prOpelr
purpOSe

sOme

SOn

ng

n~=glaFeiyl

n—ge|
ng.g—elldr}
ngg—elst
ng—gllol]

ng.ew

o

—oTHer
ul,v.er
u2bubyv
—huy
m.id.iu,v
poriwiuy
—cullor
—kum
—gawne

muln
—rmunely

—*proper
perpul—se

—sume

—Son

Examples

bang
songfelst
Stringy
engage|
ingEnious
congenital
enginee |r
mangy
hinge|
plungels
bange|d
Jfinge|r
longe|r
longe st
mangle|
tango
singUlar
distinguish
language
hOle|
mOtion

brOTHelr
OTHe|r

cOve Y
hOve|r
abOve lboard

glOve|
iOvelly

imprOpe |rity
purpOSe |ful
purpQSe
1One|sOme|
sOme |whEre!

reaSOn |able
poiSOneld

Al3

Exceptions

stingy

thingamajig
tangy

gingelr
mange ¢
singeld
ingelst
ungod|lyt

engulf
tongue
bigOre|d
dOzejn
10Se
Oveln
Onion
bOTHelr

clOvelr

clfOve|

antigOne |
orgOne|

Compare

song 178

dangelr 219.3

pensiOne|r 22.8

govern |ment
overthrow 17.15
Oveln

shOve |

improviSAtion
colorAtion

I
.\‘Omei 16.10

hOne
monte|d

cOme| 164
riboSOme|
somerset

capariSOneldt jacksOnian

cortiSOne |



16.12

17

171
17.2

17.2.1
17.3
17.3.1
174

17.4.1
17.5

17.5.1
17.6.1

17.6.2

17.6.3

17.6.3.1
172.71

17.7.2
178

179

17.19

Rule
velOp

shoe
of 1

ofteln

of

goling
oildr]

alk

ol

rolog
olmnl#

olmnals#
ong

on’t

00

vellup

o0l
ol

brawd
—0Oe
—shooe
aw—f1f1]

aw—feln
00.i2yl

golwilngg
—0ildr

o0k

—rOf

r—olog
ul,[mn]

ul—lmnls#
aw—ng

—Ont

iy

Examples

develOpling
envelOpeld
cancoct
calaloguel
golf

largo
cocoa
oat
abroad
coercel
hoe|
poem
shoehorn
coffee|
soft
softelne|d
boil
point

1Orelgoling
sold
soldie|r
boit
SolkiOre|
polka

patrol
proliflic
rol!

astrology
Srom
kingdom
nAtion
washingion

long
strong |ly
don’t
won't
brood
coope|r
pool

Al4

Exceptions

envelOpe|
[bpelolt
baSom
cloSUre|
castt
Jfrontt

oh

roguel

tomb
wolf

protozoq
oaSis

amoeba
coeval

chamois
choir
heroin
JingoiSm
porpoiSe|
harold
soldelr

Jrollic

roflick
trollely

congressional

tongue

broock

cooperAte]
soot

Compare
develop|ment

ploShve] 9.5.3

doelr
hoedown

hoopoe |

carol 2.10.1



17.10.1

17.10.2
17.10.2.1
17.10.2.2
17.10.3
17.10.4

17.10.5

17.10.6

17.10.7
17.11

17.11.1
17.11.2
17.12

17.13
17.14

17.14.1
17.14.2

17.14.3
17.14.3.1

17.14.3.2
17.14.3.3
17.144

17.14.4.1
17.14.5

17.14.5.1
17.14.6.1
17.14.6.2
17.14.6.3

Rule
ook

olor
dolor
folor
coord
Sfoor

[ghwlood

iood

stood

orough

oss#

other

ou#
oubl

ough
ought

though #
through
otild

oulde|

coupl
ous#
ous|ly
ous |ness

00,k

—oor
—dor
—.ﬁo,-
—cOord

S.o0.t

[ghwl.ou.eu—d

—fud

s,souen,d
olr

—rUITOW
w—er
aw—S§

w2.ul.dhul.er
—ow

—00
ul.bd

ul—f
aw,!

—THo#
thriviu
ou.eu,d

~Olde|
fuup

kulpul
ul—s#
u2—sly
u2—=sness

Examples
100k

book

polor
outdolors
subflolor
coordinAte|
afoot
footage|
good |ness
neighborhood
woode |d
blood
flood
undersiood
Sfor

morbid
borough
thorough |y
word

caribou

doublet
trouble |
enough
tough
bought
thought
although
throughout
could
wouldn’t
boulde|r
shoulde|r
group
troupe |
coupl |ing
vArious
marvelous|ly

nervous jness

AlS

Exceptions Compare
spook

doorway
foorboard
hoodoo
Avidtlort
sword
8ross cossack
massy
OTHe|r 16.1
colour routlne| 9.12
couSin
mourn
ouzel
poultice|
rouge
southern
tour
bough thorough 17.11.1
cough
thought
cantaloupe|
coupe|
roustabout
hous ing



17.14.7
17.14.8.1
17.14.8.2

17.14.8.3
17.14.8.4

17.14.9
17.14.10

17.14.16.1
17.15
17.16

17.16.1

17.16.2
17.16.2.1
17.16.3

17.16.3.1
17.16.3.2
17.16.4

17.16.5.1

17.16.5.2.1

17.16.5.2.2
17.16.5.2.3

17.16.5.3
17.16.5.4
17.16.6
17.16.7
17.16.8
17.17

17.18
17.1x
17.20

17.21.1

Rule

countr
ource
cour

#four

Joum

touch

young
#over

oW

#ow

knowledg
low

#allow
Sfowelr
nowledg
#row

arrow

orrow
urrow

grow

throw
show

roward

oy

logy
fOrelmost

most|{y

post#

—kuntr
—eorce
—kor

folwer
—uck
yiuiu

y2—ung
—Over
abw

0202w

aololw
—nowledg
00w

u2l—ow
Sfd—ower
naf.le2—j
ro0w

ae,r,00,w

alro0w
ul,r, 00w

grolw
th.r,o0w
sho0w
sn00w
—tord
—0i

lu2—gy

—fO
—pOst

Examples

country
reSource |

course|
court

JSourth
adjourn
Jjourne|y
untouch |able

your
youth
youngsrte |r
overthrow
brow

how!

towelr

owe|
owneld
unknowr
knowledge |able
blowe|r

fow
shallow

allowance|
Slowelry

Exceptions Compare

countelr

courage|
Scour

cartouche|
touche

mow
Stow

owl

glowelr
plow

acknowledg \ment 4.3

row
roweld
hamrow|ing
narrow

borrow

furrow

thorough 17.11.1
ingrown
overthrown
show|ing
snoweld
untoward

boy

ayste |r

bloiogy

tritogy

Pphotocopy
photon
impost

Al6

brow
crow
trowe!

rowdy

growl

showelr

coyOre|

expostUTAte|

imposte



Rule Examples Exceptions Compare

17.21.2 #post —pOst postage | postUiAre|
poteld
17.22 tgETHelr  tiwiugeldher  altogETHelr
18 P P peptlic corps
stop coup
. cupboard
raspberryt
receipt
18.1 w —p grapple|
sapphire|
i8.2 ph s photograph haphazard
phthalein
shepherd
18.3 #plnsr] —{nstl preumat|ic
pseudonym
prarmigan
19 q k irog
1.1 qu q—w quarrel 222 coquette|
require| liqulor
squeeze| mosquito
19.1.1 que| —kel| cheque| obliq:uz| 10.6
torque risque 1.3
19.1.1.1 quelsl —quest requelst
20 r r rdrelly
20.1 " —r dlarrhea
horr|or
20.2 i —r rhythm neighboriood 17.11
perhaps
21 s —z n0Se| ceaSe|
pleaSe dOSe|
viSible
11 Sila0o) zh,ihul ASia russia 228
enviSiOneld
confUSion
21.2 Sm zu3m priSm priSmat |ict
wliSmant
L3 Sua zh—Ua caSualty
2 s 55 cost apropos
star debris
demesne|
Isle
viscount
22.1 ss —s passion scisslorst
nesr|lesx |Iy
2.2 s# 2.8 his antlicst
bans puffst
ticks t
popst
catst
plus
marquis
223 ss# 5.5 less

Al7



Rule Examples Exceptions Compare

224 selEeil —clEei) scEnelry sclon
coalesce|
discern
conscience|
scimitar
22.4.1 #scien s.a0,iy.edn scientiflic conscience|
antiscience|
218 sch sh Sfische|r unschooleld
22.5.1 #sch sk schedUle| SchiSm
scholar schist
226 sele] —sie| corpuscle| sclerotlic
musc[e'
22.7 sh sh shush dishearte In
mishap
sheepshead
22.8 silaOo] shihul russion viSion 22.8
passion
pensiOne |r
229 sy# zzyl pansy
2291 ssy# syl grassy
23 t t 1oastelr mortgage| ofteln 1741
231 1# th bat depot
232 re|# Lh abAte|
233 t —t buttelr canailt
23.3.1 ul tu3d litele|
234 TH dn bATHe| auTHlort
clOTHing
235 th th bath asthme
theory chatham
hOthead
northernt
posthUmous
thomas
worthyt
23.5.1 #there dhaiyl.r therewith theremin
2352 thm dhu3m logarithm arithmetic
rhythm
2353 with w.it,dht Sorthwith beckwitht
withheld
23.6.1 1A shih—A initiAre|
23.6.2 tia shihul hermitian
partial
23.6.2.1 stilaol s.tehiful christian
combustion
23.6.3 tien shiheln pAtient
2364 tio shih—o contentious cAtion
rdtio conventionalt
StAtion equA tion't
23.6.4.1 1i0n —tion mentiOne |d
237 Lt—s hits

s
{for hardware bug)

Al



239

23.10

4.1
U111
242
24.3

244

2441
442
2443

2444
2445

4.5
24.6.1
2462
25.1
25.2
253
25.3.1
25.3.1.1

25.3.2
28.3.3

254

Rule

tulaeo]

stejn

st

v

#Un
#Unlii}
bUry
#bUSI

st 1U

dur
1Ure
sUr

Ul
tUr

v
stldre]
stldy

udk

u
ulAao]
gua

guar

SuA
Sua

1,ch—ulaeo]

—seln
—si
yaiu
—rum
—Unlli)
—berry
b.ilzzi2

[dirst).iuiu

d—Ur
1—Ure
sh,sh iufu—r

tehy2yul
tehiur

dj—U

— studie|
—study
u0

iu,iu

By u|
—UlAgol
—gwa
—gar

sw—A
zh—Ua

iufu—e

Examples

eventual
constituent
virtuous
vi.rme|
Sasteln
listeln
castle
whistlling
distribUte
execUtlve
Unlable
UnEveln
Union
Unit .
Unlreld
canterbUry
bUSI|ly
bUSi|ness
dUbious
salUte|
rUle|
sUSan
stl/dent
verdUre|
failUre|
sUre|
insUrance|
perliant
natUral
overtUre|
JjUdicious
stUdield
understUdy
hubbub
pudie|
malibu
U
continuling
valu|able
gradudte|
manual
continuous
guano
guarantee|
guard
persudde|
caSuai
viSual
duet

Al9

Exceptions

TertUce
Unanimous

Uninforme |d

edUcAtiont
modUlelt
1Urid%

dUrlablet
1Urelt

tUlarEmia
juryt

puddling
menu

intriguling

sudve|

biuebird
guerdon

Compare

tast|ly

dew 1151

sitUrian
cloSUre| 1.3
pleaSUre| 74.2

Jewel 17.15.1
stUdious

minus
tUtus

language| 15.3.3

subde|



25.4.1
254.1.1
25.4.1.11
25.4.2
25.5
25.5.1

15.5.2

25.6
25.6.1

25.6.2
25.6.3
25.6.4

25.7
2538
259

25.10
251
2512

2513
25.14.1
25.14.2
25.15

26
27

271
2711
27.2
273

281

Rule

ue|
gue|
#argue
guess
wl

uln

gul

ui

uil

cuit

EUis
[rsluit

uo

ur

[plush

uu
uy
Sul

#pull
put#
puts#
truth

—Ue|
g—el
—angle
g—ess
i, it
—Uin

=i

i iu il
il

kil
gil—s
—lrsite
—Uo
uler
[bp).ou,et,sh
—Uu
e
fou—i

p.ou—l|
p.oot
D.oo—is#
Lr.iuduth

—r

Examples

continue|d
venue
catalogue
!Uguﬁu |
league|
argue|d
guessels
brulSe
recrult|ing
sult|abie
genulnel
ruine|d
gulde|
gulle|
disgulSe|
continuity
rumn
buiid
guilty
circuit
roguish
fruit
pursuit
contiguous
virtuous
puiple|
urgent
ambush
pushcart
vacuum
buyelr
help|ful
Sulliy
pullely
output

truth|ful

valve|
boxwood
wet
what
when

Exceptions
pursueldt

begulne|

guinea

circuitous

fruition

molotovt
sword

whoop
whOre|

whOle |hearte|d iy

whol|ly
wrlte|
answelr
box
exit
xenon

A2

existt

exUde|t

Compare
blUe|

intrigue| 106

deSarguels

requlte| 19.1

continuling 25.2

anguish 1533
JeSuit

vacuOle |

cushion
piush

pulsAte|
putty

ruthlless
rutherford

blowhard 17.16.3

unswerv ing



