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Doing an Analysis

Analyzing a system of phonological alternations is not trivial: it requires
practice, where you gain experience by solving phonological problems of increas-
ing complexity, experience which facilitates subsequent problem solving. The
wider your experience is with actual phonological processes and problem solving,
the better able you will be to appreciate what processes are common in the lan-
guages of the world, and to understand the dynamics of hypothesis formation,
testing and revision. The first analyses given here will be more explicit about the
reasoning that goes into solving data sets of this nature, in some cases deliberately
going down the wrong analytical path, so that you have the opportunity to recog-
nise the wrong path, and see how to get back on the right path. In practice, many of
the calculations that are involved here are done without explicitly thinking about it
˜ once you have suitable experience with problem solving.

1. Yawelmani

Our first problem involves alternations in the verb paradigm in the
Yawelmani dialect of Yokuts (California).

1.1. The data

Three phonological rules will be motivated by the following examples:
vowel epenthesis, vowel shortening, and vowel harmony. It is not obvious what the
underlying representation of verb roots is, so besides finding the rules we must
make decisions about underlying forms.

This chapter explores a subset of the phonologies of a number of languages.
The purpose of this chapter is to make explicit the reasoning typically ap-
plied to the task of solving a phonology problem. By studying models of
problem solving, you not only better understand the logic of problem solv-
ing, you will also gain experience with rules and issues regarding underlying
representations encountered in the languages of the world.

hypothesis formation & test-
ing, competing hypotheses
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(1) nonfuture imperative dubitative passive aorist
xathin xatk’a xatal xatit eat
dubhun dubk’a dubal dubut lead by hand
xilhin xilk’a xilal xilit tangle
k’oÜhin k’oÜk’o k’oÜol k’oÜit throw
doshin dosk’o do:sol do:sit report
säaphin säapk’a säa:pal säa:pit burn
lanhin lank’a la:nal la:nit hear
mek’hin mek’k’a me:k’al me:k’it swallow
wonhin wonk’o wo:nol wo:nit hide
p’axathin p’axatk’a p’axa:tal p’axa:tit mourn
hiwethin hiwetk’a hiwe:tal hiwe:tit walk
Üopothin Üopotk’o Üopo:tol Üopo:tit arise from bed
yawalhin yawalk’a yawa:lal yawa:lit follow
paÜitähin paÜitäk’a paÜtäal paÜtäit fight
Üilikhin Üilikk’a Üilkal Üilkit sing
logiwhin logiwk’a logwol logwit pulverize
Üugunhun Üugunk’a Üugnal Üugnut drink
lihimhin lihimk’a lihmal lihmit run
Üayiyhin Üayiyk’a Üayyal Üayyit pole a boat
t’oyixhin t’oyixk’a t’oyxol t’oyxit give medicine
luk’ulhun luk’ulk’a luk’lal luk’lut bury
so:nilhin so:nilk’a sonlol sonlit put on back
Üa:milhin Üa:milk’a Üamlal Üamlit help
mo:yinhin mo:yink’a moynol moynit become tired
säa:lik’hin säa:lik’k’a säalk’al säalk’it wake up

1.2. The first step: morphology

First we need a morphological analysis of the data. In a simple case, this
involves looking at columns and rows of data, and figuring out which subparts of
words are consistently present with one meaning, and which other subparts are
consistently present with other meanings. This task is more complicated when the
surface shape of roots and affixes changes due to phonological rules. We cannot
provide a definitive morphological analysis of these data without knowing what
the phonological system is, and certainty as to the phonological rules is impossible
without knowing the morphological analysis. We break out of this seeming circle
by adopting ˜ and constantly revising ˜ a preliminary and less precise analysis
of the phonology and morphology. Improvement in the underlying representations
should result in better rules, and as we refine the system of rules, the nature of the
underlying distinctions hopefully becomes clearer.

In this case, four suffixes are added to roots, -hin ~ -hun ‘nonfuture’, -k’a
~ -k’o ‘imperative’, -al ~ -ol ‘dubitative’ and -it ~ -ut ‘passive aorist’. The notation
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-hin ~ -hun indicates that the suffix is pronounced either as -hin or as -hun. We
need to discover when one form vs. the other is used, and express that relation in
terms of an underlying form and a rule changing the underlying form.

Stem variants. Some stems have only one surface shape ˜ xat- ‘eat’, dub- ‘lead
by hand’, xil- ‘tangle’, and k’oÜ- ‘throw’, so the most natural assumption would be
that these are the underlying forms for these particular stems (this assumption may
turn out to be wrong, but it is a good starting assumption). Most stems in the data
set have two surface manifestations. An important first step in understanding the
rules of the language is to identify the alternations in the data, and one way to
make the alternations explicit is to list the phonetic variants of each stem.

(2) dos ~ do:s ‘report’ säap ~ säa:p ‘burn’
lan ~ la:n  ‘hear’ mek’ ~ me:k’ ‘swallow’
won ~ wo:n ‘hide’ p’axat ~ p’axa:t ‘mourn’
hiwet ~ hiwe:t ‘walk’ Üopot ~ Üopo:t ‘arise from bed’
yawal ~ yawa:l ‘follow’ paÜitä ~ paÜtä ‘fight’
Üilik ~ Üilk ‘sing’ logiw ~ logw ‘pulverize’
Üugun ~ Üugn ‘drink’ lihim ~ lihm ‘run’
Üayiy ~ Üayy ‘pole a boat’ t’oyix ~ t’oyx ‘give medicine’
luk’ul ~ luk’l ‘bury’ so:nil ~ sonl ‘put on back’
Üa:mil ~ Üaml ‘help’ mo:yin ~ moyn ‘become tired’
säa:lik’ ~ säalk’ ‘wake up’

In these cases, decisions must be made regarding the underlying forms.

Suffix variants. We must decide what the underlying form of each suffix is, and
they all have two surface variants in terms of their vowel: either a nonrounded
vowel, or a rounded vowel. For each suffix, we group the verbs in terms of which
variant of the suffix is used with them.

(3) -hin: xat, xil, k’oÜ, dos, säap, lan, mek’, won, p’axat, hiwet,
Üopot, yawal, paÜitä, Üilik, logiw, lihim, Üayiy, t’oyix,
so:nil, Üa:mil, mo:yin, säa:lik’

-hun: dub, Üugun, luk’ul

-k’a: xat, dub, xil, säap, lan, mek’, p’axat, hiwet, yawal, paÜitä,
Üilik, logiw, Üugun, lihim, Üayiy, t’oyix, luk’ul, so:nil,
Üa:mil, mo:yin, säa:lik’

-k’o: k’oÜ, dos, won, Üopot

-al: xat, dub, xil, säa:p, la:n, me:k’, p’axa:t, hiwe:t, yawa:l,
paÜtä, Üilk, Üugn, lihm, Üayy, luk’l, Üaml, säalk’
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-ol: k’oÜ, do:s, wo:n, Üopo:t, logw, t’oyx, sonl, moyn

-it: xat, xil, k’oÜ, do:s, säa:p, la:n, me:k’, wo:n, p’axa:t, hiwe:t,
Üopo:t, yawa:l, paÜtä, Üilk, logw, lihm, Üayy, t’oyx, sonl,
Üaml, moyn, säalk’

-ut: dub, Üugn, luk’l

1.3. Identifying phonological regularities

Vowel harmony. Having grouped the examples in this fashion, a phonological
regularity can be detected. For the suffix hin ~ hun, the vowel u appears when the
preceding vowel is u, and i appears in the suffix after any other vowel. The suffix
it ~ ut obeys this same rule. The suffixes k’a ~ k’o and al ~ ol have the vowel o
after o. This can be explained by positing a rule of vowel harmony between the
suffix vowel and whatever vowel precedes it, where /a/ assimilates to /o/ and /i/
assimilates to /u/.
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The variable notation ˜ ›hi.... ›hi.... ˜ expresses the condition that the vowels
must have the same value of [hi], i.e. the harmonizing vowel must be [+hi] after a
[+hi] round vowel, and [-hi] after a [-hi] round vowel, in order for the harmony
rule to apply.

Vowel shortening. The next problem to tackle is the variation in the shape of the
stem. A useful next step in trying to analyze that variation is to see whether the
variants can be arranged into a small number of groups, organized according to the
nature of the difference between the two stem shapes. In looking for such an or-
ganization, notice that some stems alternate in terms of having long versus short
vowels, and in terms of having versus lacking a second vowel. Accordingly, we
organize the data into the following classes of stem alternations (including the
class of stems which have no alternation).

(5) CVC ˜ xat, dub, xil, k’oÜ
CVC ~ CV:C ˜ dos ~ do:s, säap ~ säa:p, lan ~ la:n, mek’ ~ me:k’,

won ~ wo:n
CVCVC ~ CVCV:C ˜ p’axat ~ p’axa:t, hiwet ~ hiwe:t, Üopot ~ Üopo:t,

yawal ~ yawa:l
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CVCVC ~ CVCC ˜ paÜitä ~ paÜtä, Üilik ~ Üilk, logiw ~ logw, Üugun ~
Üugn, lihim ~ lihm, Üayiy ~ Üayy, t’oyix ~ t’oyx,
luk’ul ~ luk’l

CV:CVC ~ CVCC ˜ so:nil ~ sonl, Üa:mil ~ Üaml, mo:yin ~ moyn,
säa:lik’ ~ säalk’

The initial hypothesis is that the invariant CVC stems have the underlying
shape CVC. If there is no reason to make the underlying form be different from the
surface form, the two forms should be assumed to be identical. Building on that
decision, we will now set forth a hypothesis for stems which vary in shape between
CVC and CV:C. It is highly unlikely that these stems also have the underlying
shape CVC, since that would make it hard to account for stems such as /xat/ which
are invariant CVC. We could not predict whether a stem vowel is supposed to have
a length alternation or not, and the reasoning that leads to hypothesizing an under-
lying distinction /xat/ vs. /do:s/ which is contextually neutralized is exactly the
same as that which leads to hypothesizing that in Russian (discussed in Chapter 4)
“time” is underlyingly /raz/ and “forest” is /les/.

Given the conclusion that stems like do:s ~ dos have an underlying CV:C
form, under what circumstance is the underlyingly long vowel of the stem short-
ened? Taking /do:s/ as a representative, and mechanically combining the assumed
underlying stem with what we take to be the underlying form of the suffix, we ar-
rive at the following underlying and surface relations.

(6) underlying do:s-hin do:s-k’a do:s-al do:s-it
surface doshin dosk’o do:sol do:sit

The change of /a/ to [o] is due to vowel harmony. There is also a change in vowel
length before k’a and hin, and not before -al and -it. These suffixes are distin-
guished by whether they begin with a consonant or a vowel, thus whether combin-
ing the stem and suffix would result in the sequence V:CC. Scanning the entire
data set reveals an important generalization, that a long vowel is always followed
by CV, that is, a long vowel only occurs in an open syllable. The discovery of this
generalization allows us to posit the following vowel shortening rule.

(7) V • [-long] / __ CC

This rule is all that is needed to explain both the invariant CVC stems and the al-
ternating CV:C ~ CVC stems. Underingly /do:s-hin/ undergoes (7) and gives the
surface form [doshin] ˜ all other forms preserve the underlying length of the
vowel. The existence of this rule also explains why we do not find the surface se-
quence V:CC ˜ a long vowel before a cluster of two consonants ˜ anywhere in
the data, as such sequences undergo vowel shortening.
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We turn next to the stems with the shape CVCVC ~ CVCV:C such as
p’axat ~ p’axa:t. Since we have already encountered a rule which accounts for al-
ternations in vowel length, we should immediately suspect that this length alterna-
tion is the same as the one just accounted for in CV:C ~ CVC stems. When we in-
spect the contexts where the long-vowel variant occurs, we see that there are long
vowels when a vowel initial suffix is added, and short vowels when a consonant
initial suffix is added. In other words, these stems are virtually the same as /CV:C/
stems, except that they have the underlying shape /CVCV:C/. We initially hy-
pothesized that there was a rule of vowel shortening based on /CV:C/ stems, and
that rule nicely handled those data. The way we formulated that rule was quite
general, since it only said “shorten a long vowel before two consonants”. Such a
statement predicts that, if there are other stem shapes such as /CVCV:C/, they too
will undergo that rule. We have now discovered that such stems do undergo the
shortening rule, providing independent support for that rule.

Epenthesis. This reduces the unsolved part of the problem to two remaining
classes of stems. In one of those, there is an alternation between presence versus
absence of a vowel, and in the second group there is an alternation in vowel length
as well as an alternation in the presence versus lack of a vowel in the second syl-
lable; this should make us suspect that the vowel shortening rule applies to the
second of these sets. Concentrating on the contexts where the stem has the shape
CV(:)CVC as opposed to the shape CVCC, we notice that CV(:)CVC appears be-
fore consonant-initial suffixes and CVCC appears before vowel initial suffixes. We
do not know at this point whether the second vowel is underlyingly part of the
stem and is deleted in one context, or whether the vowel is inserted in a different
context. Therefore, we will consider both possibilities: consideration of alternative
hypotheses is an essential part of problem solving.

First suppose that the vowel is not part of the underlying representation of
the stem. In that case, we assume the following representations

(8) underlying Üilk-hin Üilk-k’a Üilk-al Üilk-it
surface Üilik-hin Üilik-k’a Üilk-al Üilk-it

underlying säa:lk’-hin säa:lk’-k’a säa:lk’-al säa:lk’-it
surface säa:lik’-hin säa:lik’-k’a säalk’-al säalk’-it

Focusing on the hypothesized underlying representations where a vowel might be
inserted, we notice that a vowel appears just in case the underlying representation
has a sequence of three consonants. Looking at all of the data, we notice that there
are no surface sequences of three or more consonants, making such an epenthesis
approach plausible.

In order for an epenthesis solution to work, the actual quality of the in-
serted vowel must be completely predictable. If we were to discover that the qual-
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ity of the second vowel is unpredictable, then it would necessarily be part of the
underlying representation since unpredictble information must be in the underlying
form. The vowel in the second syllable is always high, and is round just in case the
preceding vowel is high and round. In other words, the vowel in question is a high
vowel whose backness and roundness is predictable, given the rule of vowel har-
mony, and thus the vowel is fully predictable. Given the harmony rule, we can as-
sume that the second vowel is i. It is then possible to account for these examples
by applying the following rule of epenthesis.

(9) ∅ •   V   / C __ CC
         [+hi]

Given (9), the underlying form of the CVCiC ~ CVCC stems would be /CVCC/
and the underlying form of the CV:CiC ~ CVCC stems would be /CV:CC/. For
stems like /Üilk/, epenthesis applies to underlying /CVCC+CV(C)/ to give surface
[CVCiC+CV(C)]: /Üilk-hin/ • [Üilikhin]. The alternant CVCC before VC suffixes
˜ [Üilkal] ˜  directly reflects the underlying form.

For /CV:CC/ stems like /säa:lk’/, epenthesis will also apply to underlying
/CV:CC+CV(C)/ giving the surface form [CV:CiC+CV(C)]: /säa:lk-hin/ •
[säa:likhin]. When a VC suffix is added to such stems, there is no epenthesis, but
we do find shortening of the underlyingly long vowel which stands before a con-
sonant cluster. (/säa:lkal/ • [säalkal]). The rules of vowel harmony, epenthesis and
vowel shortening, combined with our analyses of underlying representations, ac-
count for all aspects of the data in (1). We conclude that epenthesis is a possible
account of these alternations.

The preceding analysis has assumed a rule of epenthesis based on underly-
ing representations of the form /CVCC/ and /CV:CC/, but we should explore the
competing hypothesis that the vowel found in these stems is not inserted, and is
part of the underlying representation. Under that hypothesis, underlying represen-
tations of the relevant stems would be the following.

(10) paÜit,ä Üilik, logiw, Üugun, lihim, Üayiy, t’oyix, luk’ul
so:nil, Üa:mil, mo:yin, säa:lik’

Presuming that these are the underlying stems, a rule of vowel deletion is required
to explain the discrepancy between surface and underlying forms, which can be
seen in (11).

(11) underlying luk’ul-hun luk’ul-k’a luk’ul-al luk’ul-ut
surface luk’ul-hun luk’ul-k’a luk’l-al luk’l-ut

underlying so:nil-hin so:nil-k’a so:nil-ol so:nil-it
surface so:nil-hin so:nil-k’a sonl-ol sonl-it
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In forms which involve an alternation between a vowel and ∅, the context for
vowel deletion would initially appear to be in an open syllable. This statement
would produce too general a rule, since there are many vowels in open syllables,
viz. xatal, k’oÜit, do:sit, p’axathin and p’axa:tal among others. In some of these,
deletion of a vowel would lead to a word-initial consonant cluster, i.e. we would
predict *xtal, *k’Üit, *dsit, *p’xathin and *p’xa:tal, and we see no word-initial
clusters of consonants. If we are to have vowel deletion, the rule must be restricted
from creating such clusters, so one way to enforce that requirement is to require
the target of deletion to be preceded by the sequence VC. Thus, we might hy-
pothesize the following syncope rule, one found in many languages.

(12) V • ∅ / VC ___CV

This rule still makes incorrect predictions, since in fact there are vowels in the
context VC___CV, as shown by forms such as p’axa:tal, Üopo:tit, which according
to (12) should be deleted. Since all such examples involve long vowels, it is a
simple matter to restrict the assumed deletion rule to short vowels.

(13)      V   • ∅ / VC ___CV
[-long]

With this rule of vowel syncope, the problem of vowel ~ ∅ alternations can also be
accounted for. The remaining details of the analysis are exactly the same as they
are under the assumption that there is a rule of vowel insertion.

1.4. Evaluating alternatives

In terms of simply generating the data, both the syncope and epenthesis
analyses work. The question then becomes, is there a reason to chose one of these
hypotheses over the other? It is entirely possible that we will not be able to come
up with any compelling reasons for selecting one analysis over the other, in which
case we must simply accept the fact that there are two equally plausible ways to
account for the facts. As far as the simplicity, naturalness and generality of the two
analyses is concerned, neither theory is superior to the other. Processes inserting
vowels to break up CCC clusters are very common, as are rules of syncope which
delete short vowels in the context VC___CV.

We should also consider the factual predictions of the two analyses. The
epenthesis analysis predicts that there should be no CCC sequences in the lan-
guage, and this appears to be correct. On the other hand, the syncope analysis pre-
dicts that there should be no short vowels in the context VC___CV, which also
appears to be correct. Interestingly, neither account actually makes the prediction
of the competing analysis ˜ so, the epenthesis analysis does not preclude the exis-

By sheer counting of
symbols, the epenthesis
rule might be slightly
superior since it only
requires reference to
five entities and syncope
requires reference to
seven entities. Such
literal symbol counting,
practiced in the early era
of generative phonol-
ogy, is misguided.
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tence of short vowels in the VC__CV context, and the syncope analysis does not
preclude the existence of CCC sequences. If it turns out that there are CCC se-
quences in the language, the epenthesis solution will probably have to be rejected;
whereas is there are VCVCV sequences in the language, the syncope analysis will
probably have to be rejected. This would motivate further research into the lan-
guage, to determine if one of these analyses makes a bad prediction.

A related issue to consider is the question of ‘coincidence’, in terms of
assumed underlying representations. In lieu of a specific rule which restricts the
occurrence of phonemes in some environment, we expect phonemes to combine
without any constraints. Clearly there must be some constraints on underlying rep-
resentations in Yawelmani, since for example we do not find underlying represen-
tations such as /ioate/ with sequences of vowels. In this case, there is no motivation
from phonological alternations to suspect that there might be underlying forms
such as /ioate/. As far as logical possibilities in underlying forms are concerned for
the issue at hand ˜ epenthesis versus deletion ˜ both analyses result in system-
atic gaps in the logically possible underlying forms. Under the epenthesis analysis,
there are apparently no stems of the underlying form /CVCVC/, although there are
stems of the form /CVCV:C/. Under the syncope analysis, we notice that all short
second-syllable vowels in disyllabic stems are in fact /i/ (surface [u] in some cases,
in accordance with vowel harmony).

At this point, it is impossible to give strong arguments in favor of one
analysis over another, so we accept this indeterminacy for now. The fundamental
point is that each analysis implies a set of predictions about possible and impossi-
ble forms in the language, and these predictions need to be tested against the avail-
able data. In this case, we have not been able to determine that one theory is clearly
superior to the other. The main research problem which we face is that the corpus
of data from Yawelmani available to us at this point is restricted, so we cannot
know whether generalizations which we extract about the language based on this
particular corpus are representative of the language as a whole. Even if we had ac-
cess to a reference grammar for the language, there is some chance that our empiri-
cal generalizations based on the data from that grammar do not hold for the whole
language, if the author of the grammar is not be aware of all examples.

2. Kihehe

The following data illustrate phonological processes of Kihehe (Tanzania).
Each noun is in one of 15 numbered noun classes, like genders in French or Ger-
man. The class of a noun is marked by a prefix. The goal is to determine the under-
lying form of stems and prefixes, and explain the processes at work in these data.

2.1. The data

Here are the relevant data from nouns.
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(14) Class 1
mutesi ‘trapper’ mulagusi ‘sorcerer’
mutelesi ‘cook’ mun†wi ‘drinker’
mwiimbi ‘singer’ mweendi ‘one who likes people’
mwaasi ‘builder’ moogofi ‘one who is afraid’
moofusi ‘one who washes’ muuci ‘one who comes’

Class 2
vatesi ‘trappers’ valagusi ‘sorcerers’
vatelesi ‘cooks’ van†wi ‘drinkers’
viimbi ‘singers’ veendi ‘ones who like people’
vaasi ‘builders’ woogofi ‘ones who are afraid’
woofusi ‘one who washes’ wuuci ‘one who comes’

Class 3
muhoomi ‘cow hump’ muhogo ‘cassava’
mufuniko ‘cover’ muvili ‘body’
mwiina ‘hole’ mwiigiigi ‘shadow’
mweenda ‘cloth’ mooto ‘fire’
muun†u ‘salt’

Class 4
mihoomi ‘cow humps’ mihogo ‘cassavas’
mifuniko ‘covers’ mivili ‘bodys’
miina ‘holes’ miigiigi ‘shadows’
myeenda ‘cloths’ myooto ‘fires’
myuun†u ‘salts’

Class 6
mavafi ‘hairy caterpillars’ masaasi ‘bullets’
maboga ‘pumpkins’ mayayi ‘legs’
miino ‘teeth’ miiho ‘eyes’

Class 7
kigidi ‘waist’ kingaamba ‘sweet potato’
kisogo ‘back of head’ c‡uula ‘frog’
c‡uunga ‘wet lowland’ c‡aanga ‘grave’
kifiniko ‘dinky cover’ kivili ‘dinky body’
kihoomi ‘dinky cow hump’ kivafi ‘dinky hairy caterpillar’
c‡ooto ‘dinky fire’ c‡eenda ‘dinky cloth’
c‡uun†u ‘dinky salt’ kiiho ‘dinky eye’
kiina ‘dinky hole’ kiigiigi ‘dinky shadow’
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Class 8
figidi ‘waists’ fingaamba ‘sweet potatos’
fisogo ‘backs of head’ fyuula ‘frogs’
fyuunga ‘wet lowlands’ fyaanga ‘graves’
fifiniko ‘dinky covers’ fivili ‘dinky bodys’
fihoomi ‘dinky cow humps’ fivafi ‘dinky hairy caterpillars’
fyooto ‘dinky fires’ fyeenda ‘dinky cloths’
fyuun†u ‘dinky salts’ fiiho ‘dinky eyes’
fiina ‘dinky holes’ fiigiigi ‘dinky shadows’

Class 11
luteefu ‘reed mat’ lupava ‘stirring stick’
lutego ‘trap’ ludali ‘power
luhaanga ‘sand’ lwiimbo ‘song’
lweendo ‘loving’ lwaaniko ‘dry stuff’
lwiifwi ‘chameleon’

Class 12
kateefu ‘small mat’ kakoongo ‘small wound’
kafuniko ‘small cover’ kangaamba ‘small sweet potato’
kaasi ‘small builder’ kiimbi ‘small singer’
kaanga ‘small grave’ kooto ‘small file’
kuula ‘small frog’ kuunga ‘small wet lowland’

Class 13
tuteefu ‘small mats’ tukoongo ‘small wounds’
tufuniko ‘small covers’ tungaamba ‘small sweet potatos’
twaasi ‘small builders’ twiimbi ‘small singers’
twaanga ‘small graves’ tooto ‘small files’
tuula ‘small frogs’ tuunga ‘small wet lowlands’

Class 14
wuvaso ‘sleeping place’ wulime ‘cultivating’
wugali ‘porridge’ wutiitu ‘blackness’
weelu ‘whiteness’ wuumi ‘life’
woogofu ‘fear’ wiiyooga ‘mushroom’
waangufu ‘speed’

2.2. Morphological analysis

As always, a preliminary morphological analysis is the first step in solving
this phonology problem. Each noun has some prefix that marks noun class, fol-
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lowed by a stem. We also see, comparing nouns in various classes, that the same
stems can appear in different classes, so for example class 3 mu-hoomi ‘cow
hump’ is clearly related to class 4 mi-hoomi ‘cow humps’ ˜ singulars and plurals
are marked by changes in class; class 11 lu-teefu ‘reed mat’ is clearly related to ka-
teefu ‘small mat’ and tu-teefu ‘small mats’. The class prefixes have a number of
phonetic manifestations, so we find mu-, mw- and m- for classes 1 and 3, va, v- and
w- for class 2, mi-, my- and m- for class 4, ma- and m- for cl. 6, ki- and c‡- for class
7, fi- and fy- for class 8, lu- and lw- for class 11, ka- and k- for class 12, tu- and tw-
for class 13, and wu-, w- for class 14.

2.3. Phonological alternations

Noun stems fall in two groups in terms of phonological processes: those
which begin with a consonant, and those beginning with a vowel. Examples of
stems which begin with a consonant are -tesi (cf. mu-tesi, va-tesi) and -lagusi (cf.
mu-lagusi, va-lagusi); examples of stems which begin with vowels are -iimbi (cf.
mw-iimbi, v-iimbi) and -eendi (mw-eendi, v-eendi). The best phonological infor-
mation about the nature of the prefix is available from its form before a consonant,
so our working hypothesis is that the underlying form of the noun prefix is that
found before a consonant ˜ it preserves more information.

As we try to understand the phonological changes found with vowel-initial
stems, it is helpful to look for a general unity behind these changes. One important
generalization about the language, judging from the data, is that there are no vowel
sequences in the language (what may seem to be sequences such as ii, ee are not
sequences, but are the orthographic representation of single long vowel segments).
Given the assumption that the prefixes for classes 1 and 2 are respectively /mu/ and
/va/, the expected underlying forms of ‘singer’ and ‘singers’ would be /mu-iimbi/
and /va-iimbi/. These differ from the surface forms [mw-iimbi] and [v-iimbi]: in
the case of /mu-iimbi/, underlying /u/ has become [w], and in the case of underly-
ing /va-iimbi/, underlying [a] has been deleted. In both cases, the end result is that
an underlying cluster of vowels has been eliminated.

Glide formation vs. vowel deletion. Now we should ask, why is a vowel deleted
in one case but turned into a glide in another case? The answer lies in the nature of
the prefix vowel. The vowel /u/ becomes the glide [w], and the only difference
between u and w is that the former is syllabic (a vowel) where the latter is nonsyl-
labic. The low vowel /a/, on the other hand, does not have a corresponding glide in
this language (or in any language). In other words, a rule of glide-formation simply
could not apply to /a/ and result in a segment of the language.

To make progress in solving the problem, we need to advance hypotheses
and test them against the data. We therefore assume the following rules of glide
formation and vowel deletion.
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(15)    V • [-syll] / __ V Glide Formation
[+hi]

(16) V • ∅ / __ V a-Deletion

By ordering (16) after (15), we can make (16) very general, since (15) will have
already eliminated other vowel sequences. At this point, we can simply go through
the data from top to bottom, seeing whether we are able to account for the exam-
ples with no further rules ˜ or, we may find that other rules become necessary.

For nouns in class 1, the examples mw-iimbi, mw-eendi and mw-aasi are
straightforward, deriving from /mu-iimbi/, /mu-eendi/ and /mu-aasi/. The forms m-
oogofi, m-oofusi and m-uuci presumably derive from /mu-oogofi/ and /mu-oofusi/
and /mu-uuci/. The vowel /u/ has been deleted, which seems to run counter to our
hypothesis that high vowels become glides before vowels. It is possible that there
is another rule that deletes /u/ before a round vowel.

(17) u • ∅ / ___      V u-Deletion
          [+round]

We could also consider letting the glide formation rule apply and then explain the
difference /mu-aasi/ • mw-aasi vs. /mu-oofusi/ • m-oofusi by subjecting derived
mw-oofusi to a rule deleting w before a round vowel.

(18) w • ∅ /  ___  [+round] w-Deletion

Thus we must keep in mind two hypotheses regarding /u+o/ and /u+u/ sequences.

v-rounding. Now consider class 2. In stems beginning with a vowel, we easily
explain v-iimbi, v-eendi and v-aasi from va-iimbi, va-eendi and va-aasi, where a-
deletion applies. Something else seems to be happening in w-oogofi, w-oofusi and
w-uuci from va-oogofi, va-oofusi and va-uuci. Application of a-Deletion would
yield v-oogofi, v-oofusi and v-uuci, which differ from the surface forms only in the
replacement of v by w. Since this process takes place before a round vowel, we
conjecture that there may be an assimilation rule such as the following.

(19) v • w / ___ [+round] v-Rounding

If there is such a rule in the language, it would eliminate any sequences vu, vo: and
the data contains no such sequences. There is still a problem to address, that w-
Deletion (18) should apply to woogofi but it does not ˜ the surface form is not
*[oogofi]. Two explanations come to mind. One is that v-Rounding is ordered after
w-Deletion, so at the stage where w-Deletion would apply, this word has the shape
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voogofi and not woogofi (so w-deletion cannot apply). The other is that (18) needs
to be revised, so that it only deletes a post-consonantal w before a round vowel.

(20) w • ∅ / C ___  [+round]

Our decision-making criteria are not stringent enough that we can definitively
chose between these solutions, so we will leave this question open for the time.

Moving to other classes, the nouns in class 3 present no problems. Glide
formation applies to this prefix, so /mu-iina/ • [mw-iina], and before a round
vowel derived w deletes, so /mu-ooto/ • mw-ooto which then becomes [m-ooto].

Front vowels and glides. The nouns in class 4 generally conform to the predic-
tions of our analysis. Note in particular that underlying /mi-uun†u/ and /mi-ooto/
undergo Glide Formation before a round vowel. Such examples show that it was
correct to state glide formation rule in a more general way, so that all high vowels
(and not just /u/) become glides before any vowel (not just non-round vowels).

We cannot yet fully explain what happens with noun stems beginning with
the vowel i, as in m-iina, m-iigiigi. Given /mi-iina/, /mi-iigiigi/, we predict surface
*my-iina, *my-iigiigi. This is reminiscent of the problem of /mu-oogofi/ and /mu-
uuci/ and we might want to generalize the rule deleting a glide, to include deleting
a front glide before a front vowel (analogous to deleting a round glide before a
round vowel). What prevents us from doing this is that while w deletes before both
u and o, y only deletes before i and not e, as we can see from my-eenda. It might be
more elegant or symmetrical for round glides to delete before round vowels of any
height and front glides to delete before front vowels of any height, but the facts say
otherwise: a front glide only deletes before a front high vowel.

(21)   
back-

hi+
         /   

syl-

back-

hi+

 






















∅→ y-Deletion

Checking other classes: discovering a palatalization rule. The class 6 prefix
ma- presents no surprises at all: it appears as ma- before a consonant, and its vowel
deletes before another vowel, as in m-iino from ma-iino. The class 7 prefix, on the
other hand, is more complex. Before a consonant it appears as ki-, and also appears
as k(i)- before i. Before other vowels, it appears as c‡, as in c‡-uula, c‡-aanga, c‡-ooto
and c‡-eenda. Again, we continue the procedure of comparing the underlying and
predicted surface forms (predicted by mechanically applying the rules which we
have already postulated to the underlying forms we have committed ourselves to),
to see exactly what governs this discrepancy. From underlying ki-uula, ki-aanga,
ki-ooto and ki-eenda we would expect ky-uula, ky-aanga, ky-ooto and ky-eenda,
given Glide Formation. The discrepancy lies in the fact that the predicted sequence
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ky has been fused into c‡, a process of palatalization found in many languages.
Since ky is nowhere found in the data, we can confidently posit the following rule.

(22) ky • c‡ Palatalization

Since /ki/ surfaces as [c‡] when attached to a vowel-initial noun stem, the question
arises as to what has happened in k-iiho, k-iina and k-iigiigi. The glide formation
rule should apply to /ki-iiho/, /ki-iina/ and /ki-iigiigi/ giving ky-iiho, ky-iina and
ky-iigiigi, which we would expect to undergo (22). But there is a rule deleting y
before i. If y is deleted by that rule, it could not condition the change of k to c‡, so
all that is required is the ordering statement that y-Deletion precedes palatalization
(22). Thus /ki-iina/ becomes ky-iina by Glide Formation, and before the Palatali-
zation rule can apply, y-Deletion rule (21) deletes the glide that is crucial for (22).

Deciding on the form of w-deletion; degemination. At this point, we can quickly
check the examples in classes 8, 11, 12 and 13 and verify that our analysis explains
all of these forms as well. The final set of examples are those in class 14, which
has the prefix /wu/. This prefix raises a question in terms of our analysis: why do
we have the sequence [wu], which is eliminated by a rule elsewhere? One expla-
nation is the statement of the rule itself: if (20) is the correct rule, then this w could
not delete because it is not preceded by a consonant. The other possibility is that
[wu] actually comes from /vu/ by applying v-Rounding (19), which we assumed
applies after w-Deletion. While both explanations work, the analysis where [wu] is
underlying /vu/ has the disadvantage of being rather abstract, in positing an under-
lying segment in the prefix which never appears as such. This issue was presaged
in chapter 4 and is discussed in more detail in chapter 9: for the moment we will
simply say that given a choice between a concrete analysis where the underlying
form of a morpheme is composed only of segments which actually appear as such
in some surface manifestation of the morpheme, and an abstract form with a seg-
ment that never appears on the surface, the concrete analysis is preferable to the
abstract one, all other things being comparable. On that basis, we decide that the
underlying for of the class 14 prefix is /wu/, which means that the proper explana-
tion for failure of w-deletion lies in the statement of w-deletion itself, as (20).

Still analysing this class of nouns, we now focus on examples where the
prefix precedes a vowel-initial stem, e.g. w-eelu, w-uumi, w-oogofu, w-iiyooga and
w-aangufu from underlying /wu-eelu/, /wu-uumi/, /wu-oogofu/, /wu-iiyooga/ and
/wu-aangufu/. Applying Glide Formation would give the surface forms *ww-eelu,
*ww-uumi, *ww-oogofu, *ww-iiyooga and *ww-aangufu, which differ from the
surface form in a simple way, that they have a geminate w where the actual form
has only a single w (in fact, there do not seem to be any geminate consonants in the
language), which allows us to posit the following degemination rule.

(23) CiCi • Ci Degemination
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2.4. Extending the data

Verbs are subject to these same rules, as some additional data will show,
and an analysis of verbs will provide additional support for aspects of this analysis.
Kihehe is a tone language, and while we have not been concerned with accounting
for tone (and have not marked tones), in the following data, tones are marked, and
can be predicted by rule. In analyzing these data, we want to account for the
placement of the High tone (H), which is marked with an acute accent.

(24) V V for V for each make V
ku−kama ku−kam™®la ku −kamila−na ku −kamya −
ku−sana ku −san™®la ku −sanila −na ku −sanya −
ku −tova ku −tove −la ku −tovela −na ku −tovya −
ku −lava ku −lav™®la ku −lavila −na ku −lavya −
ku−fwi™®ma ku−fwiim™®la ku −fwiimila−na ku −fwiimya−
ku −kalaa −nga ku −kalaang™®la ku −kalaangila−na ku −kalaangya −
ku −kala −va ku −kalav™®la ku −kalavila−na ku −kalavya −
kwe−enda kwe−ende−la kwe−endela−na kwe −endya −
kw™®imba kw™®imb™®la kw™®imbila−na kw™®imbya −
ko −ogo −pa ko −ogope −la ko −ogopela −na ko −ogopya −

be V’d V us V them meaning
ku−kamwa− ku −tuka −ma ku−vaka−ma milk
ku−sanwa− ku −tusa −na ku −vasa −na comb
ku −towa − ku −tuto −va ku −vato −va beat
ku−lawa− ku −tula −va ku −vala −va look at
ku−fwiimwa− ku −tufwi™®ma ku−vafwi™®ma hunt
ku −kalaangwa− ku −tukalaa −nga ku −vakalaa−nga fry
ku−kalawa− ˜ ˜ take bath
kwe−endwa− ku −twee −nda ku −vee −nda love
kw™®imbwa− ku −twi™®mba ku −vi™®mba sing
ko −ogopwa − ku −toogo −pa ku −woogo −pa fear

The morphology. These data indicate that all verbs begin with ku − or something
derivable from /ku −/ by the rules already motivated, thus we assume that ku −- is an
inflectional prefix. In addition, all verbs end with the vowel a, which is probably a
morpheme since it is unlikely that every root would end in exactly the same vowel.
The stem ‘milk’ is probably -kam-. Various grammatical relations are expressed by
suffixes standing between the stem and the suffix -a, such as -il- ‘for’, -an- ‘each
other’, -y- ‘make’, -w- passive: the objects ‘us’ and ‘them’ are marked by the pre-
fixes -tu- and -va- between the prefix ku−- and the verb stem.
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Phonological rules. Looking at the last three roots, which are vowel-initial, the
prefixes ku −-, tu- and va- are subject to the rules motivated on the basis of nouns,
where /u/ becomes [w] before a vowel, but deletes after a consonant and before a
round vowel (so, /ku-oogopa/ • kwoogopa • [koogopa]); the sequence vo be-
comes wo (/ku-va-oogopa/ • kuvoogopa • [kuwoogopa]). The change of /v/ to w
is also seen in examples such as ku −towa − and ku −lawa −, coming (apparently) from
/ku-tov-w-a/ and /ku-lav-w-a/. The rule of v-Rounding would derive ku −towwa − and
ku −lawwa −, and the actual phonetic forms can be accounted for based on that inter-
mediate form by Degemination.

One additional segmental process of vowel harmony is motivated by the
above examples. The benefactive suffix retains its underlying high vowel in forms
such as ku −kam-™®l-a, ku −san-™®l-a and ku −fwiim-™®l-a, but that vowel assimilates in
height to a preceding mid vowel in examples such as ku −tov-e−l-a, kwe−end-e−l-a and
ko −ogop-e −l-a. This motivates the following vowel harmony rule:

(25) V • [-hi] /        V   C0  ___ Vowel Harmony

         



-hi

-low

Regarding tone, most examples have a H tone on the second-to-last vowel
of the word (this may be the second part of a long vowel in the penultimate sylla-
ble, or the only vowel of a short penultimate syllable), which can be accounted for
by the following rule.

(26) V • [+H] / __ C0 V# Tone Assignment

In some verbs, this H is missing ˜ cf. ku −kama, ku −sana, ku −tova. Applying this tone
assignment rule to these forms would result in outputs such as *ku −ka −ma, *ku −sa −na,
*ku −to −va, with H tones on adjacent vowels. Since our examples contain no cases of
consecutive toned vowels, we may assume a rule along the following lines.

(27) V • [-H] /     V   C0 ___
        [+H]

What about the columns with the suffixes -y- ‘make’ and -w- ‘passive’,
which have word-final H, not penult H ? We expect *ku −kalaa −ngwa. But if these
two suffixes are underlyingly i and u, then the underlying form of ku −kalaangwa −
would be /ku −-kalaang-u-a/. H tone would be assigned to the penultimate vowel
under that assumption, giving ku −kalaangu −a. However, we already know that there
is a rule of Glide Formation which would turn u and i into w and y before vowels, a
rule which has obviously applied in these forms. Since only syllabic elements can
bear tones, the tone on the penultimate vowel apparently shifts to the final syllable,
where it can be pronounced.

Such tone shift, where
the tone of a vowel
shifts to another vowel
when the original vowel
deletes or desyllabifies
is common in tone lan-
guages and is discussed
in the last chapter
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3. Icelandic

Our next example is alternations in noun inflection in Modern Icelandic.

3.1. The data

The relevant data are in (28). The task is to provide a unique underlying
representation for each stem and case suffix, state what phonological rules are re-
quired to account for these data, and indicate what order they apply in, when the
ordering of rules matters.

(28) hestu‰r hattu‰r heimu‰r gro‰u‰tu‰r skougu‰r nom. sg
hest hatt heim gro‰u‰t skoug acc. sg.
hesti hatti heimi gro‰u‰ti skougi dat. sg.
hests hatts heims gro‰u‰ts skougs gen. sg.
hestar hattar heimar gro‰u‰tar skougar nom. pl.
hesta hatta heima gro‰u‰ta skouga acc. pl.
hestu‰m ho‰ttu‰m heimu‰m gro‰u‰tu‰m skougu‰m dat. pl
‘horse’ ‘hat’ ‘home’ ‘porridge’ ‘forest’

garÅu‰r laiknir hirÅir himinn morgu‰nn nom. sg.
garÅ laikni hirÅi himin morgu‰n acc. sg.
garÅi laikni hirÅi himni morgni dat. sg.
garÅs laiknis hirÅis himins morgu‰ns gen. sg.
garÅar laiknar hirÅar himnar morgnar nom. pl.
garÅa laikna hirÅa himna morgna acc. pl.
go‰rÅu‰m laiknu‰m hirÅu‰m himnu‰m morgnu‰m dat. pl.
‘garden’ ‘doctor’ ‘herd’ ‘heaven’ ‘morning’

stoull magaull yo‰ku‰ll Èu‰mall mour nom. sg.
stoul magaul yo‰ku‰l Èu‰mal mou acc. sg.
stouli magauli yo‰kli Èu‰mli mou dat. sg.
stouls magauls yo‰ku‰ls Èu‰mals mous gen. sg.
stoular magaular yo‰klar Èu‰mlar mouar nom. pl.
stoula magaula yo‰kla Èu‰mla moua acc. pl.
stoulu‰m magaulu‰m yo‰klu‰m Èu‰mlu‰m mouu‰m dat. pl.
‘chair’ ‘flank’ ‘glacier’ ‘thumb’ ‘peat’

aku‰r hamar hver galdu‰r byour nom. sg.
aku‰r hamar hver galdu‰r byour acc. sg.
akri hamri hver galdri byour dat. sg.
aku‰rs hamars hvers galdurs byours gen. sg.
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akrar hamrar hverar galdrar byourar nom. pl.
akra hamra hvera galdra byoura acc. pl.
o‰kru‰m ho‰mru‰m hveru‰m go‰ldru‰m byouru‰m dat. pl.
‘field’ ‘hammer’ ‘geyser’ ‘magic’ ‘beer’

3.2. Morphological analysis

It is not immediately clear what are appropriate underlying representations
for some case suffixes. It would appear that the nom. sg. ending is something like
-u‰r or maybe -ir, although sometimes you just find lengthening of a stem final con-
sonant. We start by assuming that the acc. sg. has no case suffix, the dat. sg. is -i,
the gen. sg. is -s, the nom. pl. is -ar, the acc. pl. is -a and the dat. pl. is -u‰m, since
in almost all stems, that is how these suffixes are actually manifested. It would
similarly not be unreasonable to assume that the acc. sg. form is a close approxi-
mation of the underlying form of the stem.

3.3. Phonological alternations

On the basis of these assumptions about underlying forms, we can identify
some phonological alternations which need to be explained. First and foremost, we
need to explain the consonantal variation in the nom. sg. Second, we need to ex-
plain the alternation between [a] and [o‰] in examples such as [hatta] ~ [ho‰ttu‰m].
Third, there is a vowel ~ ∅ alternation as in [himin] ~ [himna] and [morgu‰n] ~
[morgna]. Fourth, the dat. sg. form generally appears as [i], but in some cases does
not surface. We will try to solve one of these problems, selecting at random, since
at this point we have no reason to think that finding a solution to one of these
problems is dependent on finding a solution to any other of these problems.

The vowel of the nominative singular. We will begin with the problem of the
nominative singular. The first step in taming this problem is to state exactly what
the problem is. There are many apparent realizations of this suffix, depending on
the noun stem to which it is attached, we find -u‰r, -ir, -r, -∅ , -l and -n. Construct-
ing this list of surface realizations alone is enough to allow us to make an intelli-
gent initial guess about the underlying form, which is that the nom. sg. is -(V)r,
since half of the variants of this affix actually contain -r (of course, this assumption
could be wrong, since numerical counts are not arguments for underlying forms,
only suggestions, but again we need to start somewhere). The next step is to ex-
tract generalizations about the contexts where each variant is used. We would start
by listing the presumably underlying stems themselves, noting that we have -ur
with /hest/, /hatt/, /gro‰u‰t/, /heim/, /garÅ/ and /skoug/, -r with /mou/, /laikni/ and
/hirÅi/, ∅ with /aku‰r/, /hamar/, /hver/ and /galdu‰r/, -l with /stoul/, /magaul/ and
/yo‰ku‰l/, and -n with /himin/ and /morgu‰n/. At this point, generalizations about the
underlying form become easier to see: we find [l] after /l/, [n] after /n/, ∅ after /r/,

You may wonder, why
assume that garÅu‰r illus-
trates the variant -ur and
galdu‰r does not? We
assumed that the acc. sg.
best reflects the underly-
ing form, and since [u‰r] is
present in acc. sg. galdu ‰r
but not garÅ, [u‰r] must be
part of the stem in galdu ‰r
and not in garÅu‰r.
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[r] after a vowel and [u‰r] after any other consonant. We can conclude that the most
likely underlying forms for this suffix are /u‰r/ and /r/.

Having identified the nature of the conditioning environment and armed
with two hypotheses about the underlying form, it is time to transform this infor-
mation into specific rules. Since underlying representations and rules go hand in
hand, we need to determine whether one of the assumed underlying representations
for the suffix results in more plausible rules. Let of consider the entailments of
these underlying forms in terms of the rules that they commit us to.

(29) Hypothesis: /u‰r/
No change:

hest-u‰r • hestu‰r, hatt-u‰r • hattu‰r, skoug-u‰r • skougu‰r, heim-
u‰r • heimu‰r, garÅ-u‰r • garÅu‰r, gro‰u‰t-u‰r • gro‰u‰tu‰r

Deletion of a vowel
mou-u‰r • mour, laikni-u‰r • laiknir, hirÅi-u‰r • hirÅir

Deletion of a vowel and deletion of r
aku‰r-u‰r • aku‰r, hver-u‰r • hver, byour-u‰r • byour, galdu‰r-
u‰r • galdu‰r, hamar-u‰r • hamar

Deletion of a vowel and assimilation
stoul-u‰r • stoull, yo‰kul-u‰r • yo‰ku‰l-u‰r, Èu‰mal-u‰r • Èu‰mall, himin-
u‰r • himinn, magaul-u‰r • magaull, morgu‰n-u‰r • morgu‰nn

Hypothesis: /r/
Insertion of a vowel

hest-r • hestu‰r, hatt-r • hattu‰r, skoug-r • skougu‰r, heim-r • heimu‰r,
garÅ-r • garÅu‰r, gro‰u‰t-r • gro‰u‰tu‰r

No change
mou-r • mour, laikni-r • laiknir, hirÅi-r • hirÅir

Deletion of r
aku‰r-r • aku‰r, hver-r • hver, byour-r • byour, galdu‰r-r • galdu‰r,
hamar-r • hamar

Assimilation
stoul-r • stoull, yo‰ku‰l-r • yo‰ku‰l-u‰r, Èu‰mal-r • Èu‰mall,
himin-r • himinn, magaul-r • magaull, morgu‰n-r • morgu‰nn

We will start with the assumption that the suffix is underlyingly /u‰r/.
Given that, a deletion rule is required to eliminate u‰ from this suffix when it is pre-
ceded by one of /r,l,n/.

(30) #r       
sonorant+

coronal+
 V /   

rd+

hi+

syl+

























∅→



Doing an Analysis 195

Applying this rule to underlying himinu‰r, stoulu‰r, hveru‰r would yield forms such
as himinr, stoulr, hverr, and these outputs would be subject to other rules.

In addition, given the assumption of underlyingly /u‰r/, we would require a
rule to delete the vowel from the suffix when the preceding stem ends in a vowel.
This rule would allow us to account for forms such as mour, laiknir, and hirÅir,
from assumed mou-u‰r, laikni-u‰r, and hirÅi-u‰r. Deletion of a vowel after another
vowel is not implausible, so we might postulate the following rule.

(31) V • ∅ / V __

However, this is too general, since u can be preceded by other vowels ˜ cf. mour,
skougu‰r, magaull. This particular statement of the rule makes a prediction that
certain kinds of phonetic sequences should not occur, and that prediction is wrong.

Our rule went wrong in that it does not distinguish supposed vowel com-
binations which would be created by concatenation of morphemes (these se-
quences do undergo reduction) from diphthongs which are contained wholely
within a single morpheme (which do not undergo reduction). We could attempt to
overcome this shortcoming by specifically requiring that the two vowels be in
separate morphemes, as indicated in the following rule.

(32) V • ∅ / V + __

Even this restriction is insufficient, since it does not explain why the sup-
posed suffix vowel in /laikni-u‰r/ and /hirÅi-u‰r/ deletes, but in the nom. pl, acc. pl
and dat pl., the vowels of the suffix -ar, -a and -u‰m are not deleted (cf. laiknar,
hirÅar, laikna, hirÅa, laiknu‰m, hirÅu‰m): rather, the vowel of the stem deletes. Par-
ticularly troublesome for the hypothesis that the nom. sg suffix is /u‰r/ is the fact
that the dative plural suffix -u‰m acts so different. These problems could be reme-
died by requiring the vowel which deletes to be u‰, and by deleting u‰ only before r.

(33) u‰ • ∅ / V + __r

In lieu of a competing hypothesis, it is difficult to judge the correctness of this rule,
but given the very specific information needed in this rule to make it work, you
should be suspicious of the rule. The general idea of vowel deletion after a vowel
or before a vowel is reasonable, but if you pay attention to which vowel deletes
and when it deletes, the vowel deletion approach is not promising.

At this point, we are so thoroughly suspicious of the hypothesis of under-
lying /u‰r/ that we have a reason to look for an alternative hypothesis, to see if dif-
ferent assumptions about underlying forms simplify the description. The compet-
ing hypothesis that the suffix is /r/ requires a rule to insert u‰ before r just in case a
consonant precedes.
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(34) ∅ • u‰ / C __ r# (=)    

+syl

+hi

+rd

-bk

 /  C        
-syl

+son
 #∅ →





























This rule does not apply to /morgu‰n-r/, since we have [morgu‰nn] and not
*[morgu‰nu‰r], but that fact does not have to be directly stated in the epenthesis rule.
The explanation is straightforward: another rule eliminates underlying /nr#/, giving
[nn] instead: rule ordering matters. Given the generality of the epenthesis rule ver-
sus the highly specific nature of the u‰-deletion rule, we reject the u‰-deletion hy-
pothesis: therefore the underlying form of the nominative singular must be /r/.

Vowel deletion. Now that we understand that the nom. sg. suffix is /r/ and u‰ which
appears before it is actually epenthetic, we turn to vowel-plus-vowel sequences.
The stems lakni, hirÅi and mou end in vowels or diphthongs, and when a vowel
initial suffix comes after the stem, a vowel is deleted. Examples are repeated be-
low, this time including in parentheses the underlying vowel which is deleted.

(35) laikn(i)-i hirÅ(i)-i mou-(i) dat. sg.
laikn(i)-ar hirÅ(i)-ar mou-ar nom. pl.
laikn(i)-a hirÅ(i)-a mou-a acc. pl.
laikn(i)-u‰m hirÅ(i)-u‰m mou-u‰m dat. pl
‘doctor’ ‘herd’ ‘peat’

The simple generalization is that the vowel i deletes before or after another vowel
between morphemes (in an example such as [laikni] from /laikni+i/, we cannot tell
which i is deleted). Thus we may posit the following rule.

(36)     
V      

    V
 /   i









+

+
∅→

Sonorant clusters with r. Two other rules are required which affect C+r se-
quences. One assimilates /r/ to a preceding /l/ or /n/. The question arises, are /l/ and
/n/, excluing /r/, a natural class? The consonants /l/ and /n/ have in common the
properties of being coronal sonorants, but so does /r/. The consonant /r/ is [-nasal],
but so is /l/; /r/ is [-lateral], but so is /n/. Thus, feature theory says that it would be
impossible to refer to the class of consonants /l,n/ excluding /r/. But it is not neces-
sary to explicitly state the assimilation rule so that it only applies after /l,n/, since
/r/ deletes after another /r/ anyhow. In other words, we need the following rule:

(37) r • ∅ / r___

This can be written
i • ∅ % __+V.
The symbol ‘%’ is
the mirror-image
notation meaning
“before or after”.
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The sonorant-assimilation rule can therefore be stated generally as:

(38)         

nasal

lateral

coronal+

sonorant+

 / 
nasal

lateral
 r 



























β

αβ

α
→

This rule change /lr/ into [ll], /nr/ into [nn] and vacuously changes /rr/ into [rr]: the
independent process of r-deletion will still simplify the resulting sequence of r’s.

Syncope. The next problem which we will take on is the vowel ~ ∅ alternation
found for example in [himin] ~ [himni]. Not all stems participate in this alterna-
tion, so we do find the alternation in the stems aku‰r, galdu‰r, himin, hamar,
morgun, yo‰ku‰l and Èu‰mal but not hest, hatt, heim, garÅ, gro‰u‰t, skoug, mou, stoul,
hver, byour, magaul (we will consider /laikni/ and /hirÅi/ later). A simple generali-
zation determines which stems alternate: only single vowels outside the initial syl-
lable are subject to the alternation.

Now we must ask under what circumstances the vowel deletes. Taking
/himin/ as representative, we can list the contexts:

(39) CVCVC stem
himin-n (nom. sg.), himin (acc. sg.), himin-s (gen. sg.)

CVCC stem
himn-i (dat. sg.), himn-ar (nom. pl.), himn-a (acc. pl.), himn-u‰m (dat. pl)

In other words, there is no vowel before a vowel-initial suffix.
Having isolated the context in which a vowel is deleted, we can offer a

phonological rule of vowel syncope.

(40)      V   • ∅ / VC0 ___ CV
[-long]

u‰-umlaut. This now leaves us with the problem of the alternation between [a] and
[o‰]. In looking for a context where this vowel change happens, we note that it takes
place before the dative plural suffix -u‰m, which underlyingly has the front round
vowel [u‰], and thus the rule involves an assimilation in roundness and backness.

(41) a • o‰ / __ C0 u‰ (a • 



-back

+rd  /  ___C0 



-back

+rd )

Recall the use of Greek-letter
variable for formulating as-
similation rules, discussed in
chapter 6. This rule states that
/r/ takes on the same values
for lateral and nasal as found
in the preceding consonant.
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It is evident, given examples such as [hattu‰r] from /hatt-r/, that the vowel [u‰] in-
serted by u‰-epenthesis does not trigger this rule, which can be explained by order-
ing the rule of round-harmony (41) before u-insertion (34).

i-deletion. The final fact to be explained is that while the dative singular suffix is
-i, the dative singular of the stems aku‰r, hver, byour, galdu‰r is identical to the stem
˜ the vowel i is missing. This can be accounted for by a rule deleting i after r.

(42) i • ∅ / r  __ #

Reconsidering /aku‰r/. We are nearly finished with our analysis of Icelandic pho-
nology, but one area of data needs further consideration. We assumed the underly-
ing representations of ‘field’ and ‘magic’ to be /aku‰r/ and /galdu‰r/, based on the
fact that that is how they appear phonetically in the accusative singular, and this
form has generally been a good diagnostic of the underlying representation. How-
ever, there is a problem with assuming underlying /aku‰r/ and /galdu‰r/, that the rule
of rounding assimilation (41) would be expected to apply in these forms, giving
incorrect *o‰ku‰r, *o‰ku‰rs. This problem can be resolved by modifying our assump-
tion about the underlying form, since we already have a rule which inserts u‰ before
r ˜ a rule which applies after rounding assimilation (epenthetic u‰ does not trigger
rounding). Therefore, we change our assumption about underlying forms, to /akr/
and /galdr/. This entails a small change in the way that we formalize the rule of
epenthesis, since that rule as presently stated only inserts u‰ before r which is in
word final position, and yet we also want to be able to insert u‰ before r which
stands before another consonant, in order to explain /akr-s/ • [aku‰rs].

(43) ∅ • u‰ / C __  r {C,#}

Commonly, the expression {C,#} indicates syllable structure: the rule prevents Cr
at the end of a syllable.

4. Modern Hebrew

The next case-study comes from a set of alternations in the conjugation of
verbs in a certain derivational class in Modern Hebrew.

4.1. The data

The goal of this problem is to determine the underlying representations of
the verbal prefix and the stems, as well as whatever rules are needed to account for
these phonological alternations. In some cases, a related word is provided in order
to clarify aspects of the underlying stem. The data to be accounted for are in (44).

These data are from a
nonstandard dialect
that has pharyngeals
which were lost in the
standard dialect, either
being deleted (in the
case of Û) or changed
to x (in the case of hä).
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(44) 1 sg. 2 sg. msc 3 sg. fem gloss related gloss
word

itparnasti itparnes itparnesu earn
itparsamti itparsem itparsemu become famous
idbalbalti idbalbel idbalbelu be confused
idgalgalti idgalgel idgalgelu revolve
ith�amakti ith�amek ith�amku turn away
itlabas‡ti itlabes‡ itlaps‡u get dressed
idbadarti idbader idbadru make fun
idgaras‡ti idgares‡ idgars‡u divorce
itpalalti itpalel itpalelu pray
itxamamti itxamem itxamemu warm
itmotati itmotet itmotetu quake
itÜos‡as‡ti itÜos‡es‡ itÜos‡es‡u recover
idbodati idboded idbodedu seclude oneself
istaparti istaper istapru get a haircut sapar barber
istarakti istarek istarku comb hair ma-srek comb
is‡taparti is‡taper is‡tapru improve s‡ipur improvement
itstalamti itstalem itstalmu have photo taken tsalem photographer
izdakanti izdaken izdaknu age zaken old
izdarasti izdarez izdarzu hurry zariz alert
itamamti itamem itamemu feign innocence tamim innocent
idardarti idarder idarderu decline dirdur rolling
itpatah �ti itpateah� itpath �u develop
idgalah �ti idgaleah� idgalh �u shave
itnatsah�ti itnatseah� itnatsh �u argue
is‡tagati is‡tagea is‡tagÛu become mad
itparati itparea itparÛu cause disorder
itmaleti itmale itmalÜu become full
itpaleti itpale itpalÜu become surprised
itnaseti itnase itnasÜu feel superior

4.2. Morphological analysis

Each of these verbs verb has a prefix which is either /it/ or /id/, and the
prefix transparently surfaces as one of these two variants in most examples. The 1
sg. form is marked with a suffix -ti, the 3 sg. fem. has the suffix -u, and the 2 sg.
masc. has no suffix. The vowel in the second stem syllable is underlyingly the
same for all verbs: this fact is not entirely obvious from these data but is made ob-
vious by a more extensive analysis of the morphological structure of words in the
language. An analysis of the phonological factors surrounding the second vowel
will show that these surface variants can be derived from one particular underlying
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vowel. Derivationally related words, such as the root underlying is‡taparti
‘improve’ and s‡ipur ‘improvement’, have in common a set of consonants, but their
vowels differ (vowel changes are a means of indicating derivational relations in
Semitic languages, which we will not be concerned with).

4.3. Phonological alternations

Voicing assimilation. As for the choice between an underlying voiced or voiceless
consonant, scanning the data reveals that a voiced consonant appears before voiced
obstruents and a voiceless consonant appears before voiceless obstruents and sono-
rants. Since sonorants are phonetically voiced, it is clear that there is no natural
context for deriving the voiceless consonant [t], so we assume that the prefix is
underlyingly /it/. Before a voiced obstruent, a voiceless obstruent becomes voiced.

(45) [-sonorant] • [+voice] /  ___      C

           



-son

+voi

Alternations in V2. The second vowel of the stem has three phonetic variants: [a]
as in itparnasti, [e] as in itparnes, and ∅ as in idbadru (cf. idbader). Deletion of
the second stem vowel only takes place before the suffix -u, so we will first at-
tempt to decide when the vowel is deleted. A partial specification of the context for
vowel deletion is before C+V, which explains why the 1 sg. and 2 sg. masc. forms
(with the suffixes -ti and -∅) do not undergo vowel deletion. The next step in de-
termining when a vowel is deleted is to sort the examples into two groups: those
with vowel deletion, and those with no vowel deletion. In the following examples,
the site of vowel deletion (or its lack) is marked with an underscore.

(46) Vowel deletion
ith �am_ku itlap_s‡u idbad_ru
idgar_s‡u istap_ru istar_ku
is‡tap_ru itstal_mu izdak_nu
izdar_zu itmal_Üu itpal_Üu
itnas_Üu itpat_h�u idgal_h �u
itnats_h �u is‡tag_Ûu itpar_Ûu

No vowel deletion
itparnesu itparsemu idbalbelu
idgalgelu idarderu itpalelu
itxamemu itmotetu itÜos‡es‡u
idbodedu itamemu
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Based on this grouping, we discover a vowel is deleted when it is preceded by just
a single consonant; if two consonants precede the vowel, there is no deletion.

However, it is not always the case that a vowel deletes after a single con-
sonant, so our rule cannot simply look for one versus two consonants. There are
cases such as itÜos‡es‡u where there is no vowel deletion, despite the fact that there
is only a single consonant before the vowel. Inspecting all of those examples, we
discover that the consonants preceding and following the vowel are the same, and
in every case where a vowel is deleted, the preceding and following consonants are
different. Thus, a vowel deletes only if it is preceded by a single consonant, and
that consonant must be different from the consonant that follows the vowel (which
is indicated informally as ‘Ci...Cj’ in the rule).

(47) e • ∅ / V Ci ___ Cj V

At this point, we now clearly recognize this process as a kind of syncope, a pho-
nological rule which we have encountered many times before.

Closed syllable lowering. Now we turn to the alternation between [a] and [e].
Concentrating on the first set of examples in the dataset, we find [a] before CC
(itparnasti), and [e] before C# or CV (itparnes, itparnesu). Assuming that this dis-
tribution is generally valid, we would therefore posit the following rule to derive
[a] from /e/.

(48) e • a / __ CC

An attempt to derive [e] from underlying /a/ runs into the difficulty that the context
“when followed by C# or CV” is not a coherent context, but is just a set of two
partially related contexts. This motivates the decision to select underlying /e/.

In four examples, the second stem vowel /e/ appears as [a] before a single
consonant, namely the 1 sg. forms itmotati, idbodati, is‡tagati and itparati. These
examples fall into two distinct subgroups, as shown by looking at their underlying
stems, which is revealed in the 3 sg. feminine forms (itmotet-u, idboded-u and
is‡tagÛu, itparÛu). In the first two examples the stems underlyingly end in a coronal
stop t or d, and in the second two examples the stems underlyingly end in the
voiced pharyngeal Û. At the underlying level, the second stem vowel is followed by
two consonants (/itmotetti/, /itbodedti/, /is‡tageÛti/ and /itpareÛti/). Surface [a] is
explained on the basis of the underlying consonant cluster ˜ it must simply be
assured that the rules simplifying these clusters apply after (48).

In the first two examples (itmotati and idbodati from /itmotat-ti/ and
/idbodad-ti/) combination of the 1 sg. suffix with the root would (after assimilation
of voicing) be expected to result in *itmotatti and *idbodatti. In fact, the data pro-
vide no examples of geminate consonants, and where geminates might have been
created by vowel syncope in idbodedu, syncope is blocked. Thus, the language
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seems to be pursuing a strategy of avoiding the creation of geminate consonants.
We can account for this simplification of consonant clusters by the following rule.

(49)






t

d  • ∅ / ___ 






t

d or CiCi • Ci

This rule also explains itamem and idarder, where the stem begins with /t/ or /d/.
The underlying forms would be /it-tamem/ and /it-darder/: the surface form with a
single consonant reflects the application of this consonant-degemination process.

Stems with final pharyngeals and laryngeals. The vowel quality of /s‡ageÛ/ and
/pareÛ/ will be left aside temporarily. We thus turn to the stems represented in it-
patah �ti, idgalah �ti and itnatsah �ti. What is problematic about these stems is the ap-
pearance of [ea] when no suffix is added, viz. itpateah �, idgaleah � and itnatseah �. As-
suming the underlying forms to be itpateh �, idgaleh � and itnatseh � (selecting /e/ as the
second vowel, analogous to itparnes, itlabes‡ and idboded) we would need a rule
inserting the vowel [a]. These stems have in common that their final consonant is
the pharyngeal [h�], suggesting a rule along the following lines.

(50) ∅ • a / e __ h �

Why does this rule only apply in the suffixless 2 sg. masc. form? When the stem is
followed by -u (/itpateh �u/ • [itpath �u]) the vowel /e/ is deleted by the syncope
rule, so there is no vowel before h �. Syncope does not apply before the suffix -ti in
/itpateh �ti/ • [itpatah �ti] but there is still no epenthetic vowel. The reason is that
underlying /e/ changes to [a] by rule (48), before a cluster of consonants. Since that
rule changes /e/ to a but (50) applies after e, prior application of (50) deprives
vowel insertion of a chance to apply.

Now returning to the stems s‡ageÛ and pareÛ, we can see that this same
process of vowel insertion applies in these stems in the 2 sg. masc. Starting from
/is‡tageÛ/ and /itpareÛ/, vowel epenthesis obviously applies to give intermediate
is‡tageaÛ and itpareaÛ. This argues that the epenthesis rule should be generalized so
that both of the pharyngeal consonants trigger the process.

(51) ∅ •  V    / e __        C
      [+low]     [+low]

The forms derived by (51) are close to the actual forms, which lack the consonant
Û, and with an appropriate consonant deletion rule we can finish the derivation of
these forms. To formalize this rule, we need to determine where the consonant Û
appears in the language: our data indicates that it appears only before a vowel,
never before a consonant or at the end of a word which is to say it never appears at
the end of a syllable). Knowing this generalization, we posit the following rule.
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(52) Û • ∅ / ___ {C,#} (=) Û • ∅ / ___ .

No further rules are needed to account for this set of examples. In is‡tagati and it-
parati, from is‡tageÛti and itpareÛti, there is no epenthetic vowel. This is predicted
by our analysis, since these verbs must undergo the rule lowering /e/ to [a] before
CC, and as we have just argued, vowel lowering precedes vowel epenthesis (thus
preventing epenthesis from applying). In this respect, is‡tagati and itparati are
parallel to itpateah �, idgaleah � and itnatseah �. The non-parallelism derives from the
fact that syllable-final Û is deleted, so predicted is‡tagaÛti and itparaÛti are realized
as is‡tagati and itparati thanks to this deletion.

The final set of verb stems typified by the verb itmaleti ~ itmale ~ itmalÜu
exbibits a glottal stop in some contexts and ∅ in other contexts. The two most ob-
vious hypotheses regarding underlying form are that the stem is /male/, or else
/maleÜ/. It is difficult to decide between these possibilities; we will explore both
possibilities. Suppose, first, that these stems end in glottal stop. In that case, we
need a rule deleting glottal stop syllable finally ˜ a similar rule was required to
delete the consonant Û. A crucial difference between stems ending in Û and stems
presumably ending in Ü is that the stem vowel /e/ does not lower to [a] before -ti in
the latter set. Thus, deletion of Ü would have to be governed by a different rule than
deletion of Û, since Ü-deletion precedes lowering and Û-deletion follows lowering.

An alternative possibility that we want to consider is that these stems
really end in a vowel, not glottal stop. Assuming this, surface [itpaleti] would
simply reflect concatenation of the stem /pale/ with the suffix, and no phonological
rule would apply. The problem is that we would also need to explain why the rule
of syncope does not apply to [itpaleti], since the phonetic context for that rule is
found here. The glottal-final hypothesis can explain failure of syncope rather eas-
ily, by ordering glottal stop deletion after syncope ˜ when syncope applies, the
form is /itpaleÜti/, where the consonant cluster blocks syncope.

Metathesis. The last point regarding the Hebrew data is the position of t in the
prefix. The consonant of the prefix actually appears after the first consonant of the
stem in the following examples.

(53) istaparti ‘get a haircut’ istarakti ‘comb hair’
is‡taparti ‘improve’ itstalamti ‘have photo taken’
izdakanti ‘age’ izdarasti ‘hurry’

We would have expected forms such as [itsaparti], [its‡aparti], [ittsalamti] by just
prefixing it- to the stem. A metathesis rule is therefore needed which moves t to be
after these consonants. What makes this group of consonants ˜ [s,s‡,ts,z] ˜ a
natural class is that they are all and only the strident coronals. We can thus formal-
ize this rule as follows: a coronal stop followed by a coronal strident switch order.
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(54)  
cont-

cor+
  

strid+

cor+
  

strid+

cor+
  

cont-

cor+
































→

The ordering of this metathesis rule with respect to the voicing assimilation rule is
crucial. Given underlying /it-zakanti/, you might attempt to apply metathesis first,
which would yield iztakanti, where voiceless t is placed after stem-initial z. The
voicing assimilation rule (in a general form, applying between all obstruents)
might apply to yield *istakanti. So if metathesis applies before voicing assimila-
tion, we will derive an incorrect result, either *iztakanti if there is no voicing as-
similation (assuming that the rule only turns voiceless consonants into voiced
ones) or *istakanti if there is voicing assimilation. However, we will derive the
correct output if we apply voicing assimilation first: /itzakanti/ becomes idzakanti,
which surfaces as [izdakanti] by metathesis. With this ordering, we have com-
pleted our analysis of Modern Hebrew phonology.

5. Japanese

The analysis of phonological alternations found in connection with the
conjugation of verbs in Japanese provides our final illustration of the kinds of is-
sues that must be considered in coming up with appropriate rules and underlying
representations. In solving this problem, it is particularly important to make the
correct assumptions about underlying representations, since the selection of under-
lying forms goes hand in hand with stating the rules correctly.

5.1. The data

The relevant data are given in (55).

(55) present negative volitional    past     inchoative gloss
neru    nenai netai neta neyo: sleep
miru  minai mitai mita miyo: see
s‡inu s‡inanai s‡initai s‡inda s‡ino: die
yomu yomanai yomitai yonda yomo: read
yobu yobanai yobitai yonda yobo: call
katsu katanai kac‡itai katta kato: win
kasu kasanai kas‡itai kas‡ita kaso: lend
waku wakanai wakitai waita wako: boil
tsugu tsuganai tsugitai tsuida tsugo: pour
karu karanai karitai katta karo: shear
kau kawanai kaitai katta kao: buy
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5.2. Morphological analysis

We could make an initial guess regarding suffixes, which leads to the fol-
lowing hypotheses: -u = ‘present’, -nai = ‘negative’, -tai = ‘volitional’, -ta = ‘past’
and -yo: = ‘inchoative’: that analysis seems reasonable given he first two verbs in
the data. We might also surmise that the root is whatever the present tense form is
without the present ending, i.e. underlying ner, mir, s‡in, yom, yob, kats, kas, wak,
tsug, kar, and ka. In lieu of the application of a phonological rule, the surface form
of a word should simply be whatever we hypothesize the underlying form of the
root to be, plus the underlying form of added affixes. Therefore, given our prelimi-
nary theory of roots and suffixes in Japanese, we predict the following surface
forms, with hyphens inserted between morphemes to make the division of words
into roots and suffixes clear: it is important to understand the literal predictions of
your analysis, and to compare them with the observed facts.

(56) Predicted surface forms
 present negative volitional    past     inchoative

ner-u ner-nai ner-tai ner-ta ner-yo:
mir-u mir-nai mir-tai mir-ta mir-yo:
s‡in-u s‡in-nai s‡in-tai s‡in-ta s‡in-yo:
yom-u yom-nai yom-tai yom-ta yom-yo:
yob-u yob-nai yob-tai yob-ta yob-yo:
kats-u kats-nai kats-tai kats-ta kats-yo:
kas-u kas-nai kas-tai kas-ta kas-yo:
wak-u wak-nai wak-tai wak-ta wak-yo:
tsug-u tsug-nai tsug-tai tsug-ta tsug-yo:
kar-u kar-nai kar-tai kar-ta kar-yo:
ka-u ka-nai ka-tai ka-ta ka-yo:

The forms which are correct as is are underlined: as we can see, all of the present
tense forms are correct, and none of the others are. It is no surprise that the present
tense forms are correct, since we decided that the underlying form of the root is
whatever we find in the present tense minus the vowel -u. It is possible, but un-
likely, that every other word undergoes some phonological rule.

Changing our hypothesis. Since our first guess about underlying forms is highly
suspect, we should consider alternative hypotheses. Quite often, the cause of ana-
lytic problems is incorrect underlying forms. One place to consider revising the
assumptions about underlying representations would be ithe underlying forms of
the affixes. It was assumed ˜ largely on the basis of the first two forms nenai and
minai ˜ that the negative suffix is underlyingly -nai. However, in most of the ex-
amples, this apparent suffix is preceded by the vowel a (s‡inanai, yomanai, yobanai
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and so on), which suggests the alternative possibility that the negative suffix is
really -anai. Similarly, the decision that the volitional suffix is underlyingly -tai
was justified based on the fact that it appears as -tai in the first two examples;
however, the suffix is otherwise always preceded by the vowel i (s‡initai, yomitai,
yobitai and so on), so this vowel might analogously be part of the suffix.

A fact strongly suggests that the initial hypothesis about the underlying
forms of suffixes was incorrect. The past tense suffix, which we also assumed to be
-ta, behaves very differently from the volitional suffix, and thus we have s‡initai
versus s‡inda, yomitai versus yonda, kac‡itai versus katta, karitai versus katta (there
are similarities such as kas‡itai and kas‡ita which must also be accounted for). It is
quite unlikely that we can account for these very different phonological patterns by
reasonable phonological rules if we assumes that the volitional and past tense suf-
fixes differ solely by the presence of final i.

It is this realization, that there is a thorough divergence between the past
tense and volitional suffixes in terms of how they act phonologically, that provides
the key to identifying the right underlying forms. Given how similar these two
suffixes are in surface forms, -(i)tai vs. -(i)ta, but how differently they behave
phonologically, they must have quite different underlying forms. Since the past
tense suffix rarely has a vowel and the volitional suffix usually does, we modify
our hypothesis so that the volitional is /-itai/ and the past tense is /ta/. Because the
negative acts very muct like the volitional in terms of where it has a vowel, we also
adopt the alternative that the negative is /anai/.

These changed assumptions about underlying representations of suffixes
yield a significant improvement in the accuracy of our predicted surface forms, as
indicated in (57), with correct surface forms underlined.

(57) Modified predicted surface forms
 present negative volitional    past     inchoative

ner-u ner-anai ner-itai ner-ta ner-yo:
mir-u mir-anai mir-itai mir-ta mir-yo:
s‡in-u s‡in-anai s‡in-itai s‡in-ta s‡in-yo:
yom-u yom-anai yom-itai yom-ta yom-yo:
yob-u yob-anai yob-itai yob-ta yob-yo:
kats-u kats-anai kats-itai kats-ta kats-yo:
kas-u kas-anai kas-itai kas-ta kas-yo:
wak-u wak-anai wak-itai wak-ta wak-yo:
tsug-u tsug-anai tsug-itai tsug-ta tsug-yo:
kar-u kar-anai kar-itai kar-ta kar-yo:
ka-u ka-anai ka-itai ka-ta ka-yo:

Implicitly, we know that forms such as predicted *[katsanai] (for [katanai]) and
*[kas-itai] (for [kas‡itai]) must be explained, either with other changes in underying
forms, or by hypothesizing rules.
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We will consider one further significant modification of the underlying
representations, inspired by the success that resulted from changing our assump-
tions about -itai and -anai, in reducing the degree to which underlying and surface
forms differ. The original and dubious decision to treat these suffixes as tai and nai
was influenced by the fact that that is how they appear with the first two verbs. It is
also possible that our initial hypothesis about the underlying form of these two
verb roots was incorrect. There is good reason to believe that those assumptions
were indeed also incorrect. Compare the surface form of the three verbs in our da-
taset which, by hypothesis, have roots ending in r.

(58) present negative volitional    past     inchoative gloss
ner-u    ne-nai ne-tai ne-ta ne-yo: sleep
mir-u  mi-nai mi-tai mi-ta mi-yo: see
kar-u kar-anai kar-itai katt-a kar-o: shear

Clearly, the supposed roots /ner/ and /mir/ act quite differently from /kar/. The
consonant r surfaces in most of the surface forms of the verb ‘shear’, whereas r
only appears in ‘sleep’ and ‘see’ in the present tense. In other words, there is little
reason to believe that the first two roots are really /ner/ and /mir/, rather than /ne/
and /mi/: in contrast, there seems to be a much stronger basis for saying that
‘shear’ is underlyingly /kar/. Now suppose we change our assumption about these
two verbs, and assume that /ne/ and /mi/ end in vowels.

(59) Modified predicted surface forms
 present negative volitional    past     inchoative

ne-u ne-anai ne-itai ne-ta ne-yo:
mi-u mi-anai mi-itai mi-ta mi-yo:
s‡in-u s‡in-anai s‡in-itai s‡in-ta s‡in-yo:
yom-u yom-anai yom-itai yom-ta yom-yo:
yob-u yob-anai yob-itai yob-ta yob-yo:
kats-u kats-anai kats-itai kats-ta kats-yo:
kas-u kas-anai kas-itai kas-ta kas-yo:
wak-u wak-anai wak-itai wak-ta wak-yo:
tsug-u tsug-anai tsug-itai tsug-ta tsug-yo:
kar-u kar-anai kar-itai kar-ta kar-yo:
ka-u ka-anai ka-itai ka-ta ka-yo:

In terms of being able to predict the surface forms of verbs without phonological
rules, this has resulted in a slight improvement of predictive power (sometimes
involving a shuffling of correct and incorrect columns, where under the current
hypothesis we no longer directly predict the form of the present tense, but we now
can generate the past and inchoative forms without requiring any further rules).
More important is the fact that we now have a principled basis, in terms of differ-
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ent types of underlying forms, for predicting the different behavior of the verbs
which have the present tense neru, miru versus karu, which are in the first two
cases actually vowel-final roots, in contrast to a consonant-final root.

5.3. Phonological rules

Since we have made reasonable progress in solving the problem of under-
lying forms, we will attempt to discover phonological rules which explain remain-
ing differences between underlying and surface forms ˜ though it always remains
possible that we will need to change our assumed underlying forms, as our analysis
progresses. The approach to take is to look at forms which are still not completely
explained, and construct hypotheses to account for these forms: what new rules are
needed to get from the underlying to surface forms. One useful way to approach
this is to look for columns or rows of data where similar things seem to be happen-
ing. The incorrectly predicted forms are re-listed below, this time excluding the
forms which are already explained, with information about the nature of the prob-
lem added. If a segment is predicted but does not actually surface, that segment is
placed in parentheses; if there is a segment which appears in the surface form but
which does not appear to be present in the underlying form, the segments is placed
in square brackets; segments whose phonetic quality differs from the predicted
quality are italicized.

(60) present negative volitional    past     inchoative
ne[r]u ne(a)nai ne(i)tai sleep
mi[r]u mi(a)nai mi(i)tai see

s‡inta s‡in(y)o: die
yomta yom(y)o: read
yobta yob(y)o: call

katsanai katsta kats(y)o: win
kasitai kas[i]ta kas(y)o: lend

wakta wak(y)o: boil
tsugta tsug(y)o: pour
karta kar(y)o: shear

ka(w)anai ka[t]ta ka(y)o: buy

The glide in the inchoative. In order to explain most of the problems which arise
with the inchoative form, we will consider the possibility that there is a rule delet-
ing consonants after consonants, since that is the nature of the problem with the
inchoative colum. Such a consonant deletion cannot be totally general, i.e. deleting
any consonant after any other consonant, since as is evident in the past tense col-
umn, the consonant clusters [tt] and [nd] are possible in the language. Neverthe-
less, these two clusters are a rather restricted subset of the imaginable two-
consonant combinations which can be formed from the consonants of the lan-
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guage, and this is a good indication that there may be some process deleting a con-
sonant after another consonant. Thus we might assume a rule deleting the glide y
after a consonant.

(61)                 C /   
back-

cons-
∅→









The postulation of any such rule immediately makes a prediction about possible
surface forms: there should be no sequences of consonant plus glide in the data.
Since there are none in the data at hand, our hypothesis has passed an important
test. Armed with this rule, we have accounted for a very large chunk of otherwise
problematic examples in (60) ˜ all of the inchoative forms except for kao: ‘buy’,
where the glide deletes but there seems to be no consonant which would condition
deletion of the glide.

Vowel deletion. Another area where some success is possible in reconciling under-
lying and surface forms by focusing on possible segment sequences is with the
verbs ‘sleep’ and ‘see’. The difference between the predicted (neanai, mianai;
neitai, miitai) and actual forms (nenai, minai; netai, mitai) of the negative and
volitional forms is that the actual forms lack the suffix vowel. In the predicted
forms, we find a sequence of vowels, whereas in the actual form, only the first of
those vowels is found. This raises the question whether we might postulate a rule
deleting a vowel after another vowel. In positing such a rule, we want to consider
what V-V sequences are found in the data. The sequence [ai] exists in the voli-
tional and negative suffixes, and in past tense waita; also [ui] in the past of ‘pour’;
also the sequences [ao:] and [au] in the verb ‘buy’. We do not find sequences of
vowels with the front vowels [e] or [i] plus a vowel ([ia], [ii], [ea] and [ei]). There-
fore, we posit the following rule of vowel deletion.

(62)        
back-

syl+
 /   V 








∅→

This resolves many problematic forms of ‘sleep’ and ‘die’, such as the
change /ne-itai/ • [netai], but there are still examples that we still cannot explain.
In the present tense, we find [neru] and [miru], which we presume derives from
/ne-u/ and /mi-u/. The vowel deletion rule (62) should apply to these underlying
forms, resulting in incorrect *[ne] and *[mi]. We might try to resolve this by as-
suming that the vowel [u] cannot be deleted by (62) ˜ we would then need to re-
stricting the rule to exclude round vowels from deletion. If /u/ fails to be deleted in
/ne-u/, perhaps a consonant is inserted thereby eliminating the cluster of vowels.

We will consider an-
other possibility later,
that the present suffix
is /ru/, so rather than
inserting it in neru, we
delete it in [yomu].

If you know Japanese,
you may know of words
with y after a conso-
nant, e.g. [To:kyo:]. We
restrict ourselves to the
specific dataset given
here, but a restriction
on the rule that the
deleted consonant must
be suffix-initial solves
this problem
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(63) V       
back-

syl+
r/   








→∅

Armed with these new rules, we will have actually accounted for all forms of the
verbs ‘sleep’ and ‘see’.

Nasal + consonant. The remaining problems have been reduced to a very small
set. A comparison of presumed underlying and surface past forms is given below.

(64) /s‡inta/ [s‡inda] /yomta/ [yonda]
/yobta/ [yonda] /katsta/ [katta]
/kasta/ [kas‡ita] /wakta/ [waita]
/tsugta/ [tsuida] /karta/ [katta]
/kata/ [katta]

The problem posed by the past tense form is that by combining the root
with the suffix -ta, underlying clusters of consonants would be created, but there
are very severe restrictions on what consonant clusters exist in Japanese. The sim-
plest problem is that presented by [s‡inda] from /s‡inta/, where /t/ becomes voiced
after a nasal. A process of post-nasal voicing is rather common in the languages of
the world, so we may hypothesize that there is such a process in Japanese.

(65) C • [+voice] / [+nasal] ___

The data further suggest that the rule applies in other examples, since we see that
in the past tense [yonda] of the roots /yom/ and /yob/, the final consonant of the
root is a nasal on the surface, and /t/ becomes voiced.

We account for the stems /yob/ and /yom/ by noting that the final conso-
nant in these roots becomes [n], which is part of the change from the nonexistent
sequences /mt/ and /bt/ to the actually occurring [nd]. Thus, these consonants be-
come [n] before /t/ (and subsequently, /t/ voices after the derived [n]).

(66)      C       / 
nasal

coronal
   [-coronal] 








+

+
→

Although the data only illustrate nasalization before /t/, (66) is stated as generally
as possible, predicting that /k/ or /d/ would nasalize as well.

Watching for contexts where a phenomenon seems to be relevant to more
than one form, we also notice that the surface forms [waita] and [tsuida] differ from
their underlying forms /wakta/ and /tsugta/ by replacing the preconsonantal velar
with the vowel [i], suggesting a vocalization rule such as the following.
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(67)     C             V
[+hi] • [-back]   / ___ C

This rule accounts for [waita], and almost accounts for [tsuida]: but we still
need to explain why the suffix consonant is voiced. The underlying representation
itself provides a reason for this voicing, since underlyingly, /t/ is preceded by a
voiced consonant in /tsugta/. We know that /t/ voices in another context, after a
nasal, so we could account for voicing in [tsuida] by re-stating the rule so that it
applies not just after nasals (which are voiced), but after all voiced consonants. By
applying the voicing rule which is sensitive to underlying consonant voicing be-
fore the velar-vocalization rule, we can explain the opaque surface difference
[waita] versus [tsuida], as deriving from the voicing of the consonant which pre-
cedes it underlyingly. We also want to be sure to apply rule (67) before rule (66),
given the way we have formulated these rules. We did not explicitly restrict (66),
which changes non-coronals to [n] before a consonant, to applying only to labials.
Therefore, the more specific rule (67) must apply first, otherwise velars would also
be incorrectly turned into [n] before a consonant.

5.4. Taking stock

We should review the analysis to be sure there are no loose ends. We have
six rules ˜ y-deletion, vowel-deletion, r-insertion, consonant voicing, velar vo-
calization, and labial nasalization ˜ which, given our assumptions regarding roots
and suffixes, account for most of the forms in the dataset. It is important to recheck
the full dataset against our rules, to be certain that our analysis does handle all of
the data. A few forms remain which we cannot fully explain.

The forms which we have not yet explained are the following. First, we
have not explained the variation in the root-final consonant seen in the verb ‘win’
(kats-u, kat-anai, kac‡-itai, kat-ta, kat-o:). Second, we have not accounted for the
variation between s and s‡ in the verb ‘shear’, nor have we explained the presence
of the vowel [i] in the past tense of this verb. Finally, in the verb ‘buy’ we have not
explained the presence of [w] in the negative, the appearance of a second [t] in the
past tense form, and we have not explained why in the inchoative form [kao:] the
suffix consonant y deletes.

Correcting the final consonant. The first problem to tackle is the variation in the
final consonant of ‘win’. Looking at the correlation between the phonetic realiza-
tion of the consonant and the following segment, we see that [ts] appears before
[u], [c‡] appears before [i], and [t] appears elsewhere. It was a mistake to assume
that the underlying form of this root contains the consonant /ts/; instead, we will
assume that the underlying consonant is /t/ (so nothing more needs to be said about
the surface forms kat-anai, kat-ta, and kat-o:). Looking more generally at the dis-
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tribution of [c‡] and [ts] in the data, [c‡] only appears before [i], and [ts] only appears
before [u], allowing us to posit the following rules.

(68) t • [+delayed release] / __ u

(69)   i      /  
anterior-

rel del.+
 t 








→

Moving to ‘lend’, we find a related problem that /s/ appears as [s‡] before [i]. This
is reminiscent of  the process which we assumed turning t into c‡ before i. In fact,
we can decompose the process t • c‡ into two more basic steps: /t/ becomes an af-
fricate before [i], and s and ts become alveopalatal [s‡] and [c‡] before the vowel [i].

i-epenthesis. All that remains to be explained about ‘lend’ is why [i] appears in the
past tense, i.e. why does /kasta/ become kasita (whence [kas‡ita])? This is simple:
we see that [st] does not exist in the language, and no assimilations turn it into an
existing cluster, so [i] is inserted to separate these two consonants.

(70)     
cont-

cor+
        

son-

cont+
 / 

back-

hi+

syl+

  






























→∅

r-assimilation and final w. Turning now to the form [katta] ‘shear (past)’ from
/kar-ta/, a simple assimilation is needed to explain this form:

(71) r • Ci / __ Ci

The last remaining problems are in the verb ‘buy’, where we must explain
the extra [t] in [katta], the presence of [w] in [kawanai], and the loss of /y/ in the
inchoative form [kao:]. We might explain the form [kawanai] by a rule of w-
insertion inserting w between two occurrences of the vowel [a]; more puzzling is
the form [katta], which we presume derives from /ka-ta/. It would be very unusual
for a consonant to spontaneously double between vowels. Since there are so many
problems associated with this one root, perhaps the problem lies in our assump-
tions about the underlying form of this root. Perhaps the w in [kawanai] is part of
the root itself. What would be the benefit of assuming that this root is really /kaw/?
First, it explains the presence of w in [kawanai]. Second, it provides a basis for the
extra [t] in [katta]: /w/ assimilates to following [t]. Such an assimilation is implicit
in our analysis, namely rule (71) assimilating /r/ to /t/. We can generalize this rule
to applying to both /r/ and /w/, which are oral sonorant. Finally, positing underly-
ing /kaw/ helps to resolve the mystery of why /y/ deletes in the inchoative form
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[kao:], when otherwise /y/ only deletes when it is preceded by a consonant. If we
start with /ka-yo:/ there is no reason for /y/ to delete, but if we start with /kaw-yo:/,
/y/ is underlyingly preceded by a consonant /w/, which causes deletion of y, and
then /w/ itself is deleted.

The cost of this analysis ˜ a small cost ˜ is that we must explain why
[w] does not appear more widely in the root, specifically, why do we not find sur-
face [w] in ka-u, ka-itai and ka-o:. The answer lies in the context where [w] ap-
pears: [w] only appears before a low vowel, suggesting the following rule.

(72)     
low-

V  
     /   w 








∅→

At this point, we have a complete analysis of the data. The rules (in short-
hand versions) and underlying forms are recapitulated below.

(73) Roots:
/ne/ ‘sleep’, /mi/ ‘see’, /s‡in/ ‘die’, /yom/ ‘read’, /yob/ ‘call’, /kat/ ‘win’,
/kas/ ‘lend’, /wak/ ‘boil’, /tsug/ ‘pour’, /kar/ ‘shear’, /kaw/ ‘buy’

Suffixes:
-u ‘present’, -anai ‘negative’, -itai ‘volitional’, -ta ‘past’, -yo: ‘inchoative’

Rules:
y • ∅ / C__      V • ∅ / e,i ___
∅ • r / e,i __ V [-round]
b,m • n / __ t k,g • i / ___ t
t • ts / __ u,i ts,s • c‡,s‡ / __ i
∅ • i / s __t r,w • t / __ t
w • ∅ /__  V t • d /   C ___

       [-lo]           [+voi]

Progress by hypothesis forming and testing. Three important points have
emerged as our analysis developed. First, analysis procedes step-by-step, by
forming specific hypotheses which we then check against the data, revising those
hypotheses should they prove to be wrong. Second, it is vital to consider more than
one hypothesis: if we had only pursued the first hypothesis that the roots /ne/, /mi/,
/kar/ and /kaw/ were really underlying /ner/, /mir/, /kar/ and /ka/, we would never
have been able to make sense of the data. The most important skill that you can
bring to the task of problem-solving is the ability to create and evaluate competing
hypotheses intended to explain some fact. Finally, it is particularly important to
remember that assumptions about underlying representations go hand-in-hand with
the phonological rules which you postulate for a language. When you check your
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solution, the problem may not be that your rules are wrong, but that your underly-
ing forms are wrong. By continuously reviewing the analysis, and making sure that
the rules works and your assumptions about underlying forms are consistent, you
should arrive at the stage that no further improvements to the analysis are possible,
given the data available to you.

It might occur to you that there are aspects of the underlying representa-
tion which could still be questioned. Consider the present tense form, which we
assumed was /u/. An alternative may be considered: the suffix might be /ru/. The
presence of underlying /r/ in this suffix is made plausible by the fact that r actually
appears in the forms miru, neru. We assumed that r is epenthetic, but perhaps it is
part of the present suffix. That would allow us to eliminate the rule of r-epenthesis
which is needed only to account for [neru] and [miru]. At the same time, we can
also simplify the rule of vowel deletion, by removing the restriction that only non-
round vowels delete after [e] and [i]: we made that assumption only because /ne-u/
and /mi-u/ apparently did not undergo the process of vowel deletion.

Any change in assumptioned underlying forms requires a reconsideration
of those parts of the analysis relevant to that morpheme. We would then assume
the underlying forms /s‡in-ru/, /yom-ru/, /kat-ru/ and so on, with the root final con-
sonant being followed by /r/. This /r/ must be deleted: but notice that we already
have a rule which, stated in a more general form, would delete this /r/, namely the
rule deleting /y/ after a consonant.

(74) [+sonor] • ∅ / C ___

If we generalize that rule to apply to any sonorant consonant after a consonant, we
eliminate the rule of r-insertion, and generalize the rules y-deletion and vowel-
deletion, which results in a better analysis.

Summary

Analyzing a complex set of data into a consistent system of underlying representa-
tions and rules requires you to pay attention to details. A solution to a problem re-
quires that you formulate reasoned hypotheses and test them against the data. The
most important skill needed to test a hypothesis is that you must apply your rules
completely literally. Do what the rule says must be done, and if that does not give
you the correct result, you must change your underlying representations, rules, or
rule ordering. The ability to conceive of and evaluate multiple hypotheses is one of
the most important skills in problem solving.
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Exercises

1: Serbo-Croatian
These data from Serbo-Croatian have been simplified in two ways, to

make the problem more manageable. Vowel length is omitted, and the only accent
that is included is the predictable accent. Invariant lexical acent is not marked, and
your analysis should explain how accent is assigned in the predictable-accent class,
where accent is marked. You cannot write rules which predict accent for those
words in the unpredictable accent class, and you cannot (and should not try to)
write a rule which somehow predicts whether a word receives a predictable accent.
Ignore the accent of words with no accent mark (other parts of the phonology of
such words must be accounted for). Past tense verbs all have the same general past
tense suffix, and that the difference between masculine, feminine and neuter past
tense involves the same suffixes as are used to mark gender in adjectives.

Adjectives
Masc. Fem. Neut. Pl.
mla−d mlada− mlado− mlad™® young
bogat bogata bogato bogati rich
be−o bela− belo− bel™® white
veseo vesela veselo veseli gay
debe −o debela− debelo − debel™® fat
m™®o mila− milo− mil™® dear
zele−n zelena− zeleno− zelen™® green
krade −n kradena − kradeno − kraden™® stolen
dale−k daleka− daleko − dalek™® far
viso −k visoka − visoko − visok™® high
dubo −k duboka − duboko − dubok™® deep
kriz‡an kriz‡ana kriz‡ano kriz‡ani cross
sunc‡an sunc‡ana sunc‡ano sunc‡ani sunny
svec‡an svec‡ana svec‡ano svec‡ani formal
bogat bogata bogato bogati rich
rapav rapava rapavo rapavi rough
ya−san yasna− yasno − yasn™® clear
va−z‡an vaz‡na− vaz‡no − vaz‡n™® important
s™®tan sitna− sitno − sitn™® tiny
ledan ledna ledno ledni frozen
ta−nak tanka− tanko − tank™® slim
kra−tak kratka− kratko − kratk™® short
bl™®zak bliska− blisko − blisk™® close
u−zak uska− usko − usk™® narrow
do −bar dobra − dobro − dobr™® kind
o−s‡tar os‡tra− os‡tro − os‡tr™® sharp
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bodar bodra bodro bodri alert
ustao ustala ustalo ustali tired
mu−kao mukla− muklo − mukl™® hoarse
o −bao obla− oblo − obl™® plump
po −dao podla − podlo − podl™® base

Verbs
1sg pres masc. past fem. past neut. past
tepe−m te−pao tepla− teplo − wander
skube−m sku −bao skubla − skublo − tear
trese−m tre−sao tresla− treslo− shake
veze−m ve−zao vezla− vezlo− lead

2: Standard Ukrainian
Standard Ukrainian has palatalized and non-palatalized consonants, but

only non-palatalized consonants before e. Consonants are generally palatalized
before i, with some apparent exceptions such as bily ‘ache’, which need not be seen
as exceptions, given the right analysis. Give ordered rules to account for the alter-
nations of the following nouns. The alternation between o and e is limited to suf-
fixes. Also for masculine nouns referring to persons, ov/ev is inserted between the
root and the case suffix in the locative singular (see ‘son-in-law’, ‘grandfather’).
The data are initially ambiguous as to whether or not the alternations between o
and i and between e and i are to be implemented by the same rule. Consider both
possibilities; give an argument for selecting one of these solutions.

Masculine nouns
Nom. sg. Dat. pl.  Dat. sg. Loc. sg. Gloss
zub zubam zubovyi zubyi tooth
svyit svyitam svyitovyi svyityi light
zyaty zyatyam zyatevyi zyatevyi son-in-law
kos‡yily kos‡elyam kos‡elevyi kos‡elyi basket
zlodyiy zlodyiyam zlodyiyevyi zlodyiyevyi thief
myisyatsy myisyatsyam myisyatsevyi myisyatsyi month
korovay korovayam korovayevyi korovayi round loaf
kamyiny kamenyam kamenevyi kamenyi stone
myidy myidyam myidevyi myidyi copper
xlyiw xlyivam xlyivovyi xlyivyi stable
holub holubam holubovyi holubyi dove
syin syinam syinovyi syinyi son
lebyidy lebedyam lebedevyi lebedyi swan
susyid susyidam susyidovyi susyidovyi neighbor
c‡olovyik c‡olovyikam c‡olovyikovyi c‡olovyikyi man
lyid ledam ledovyi ledyi ice
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bily bolyam bolevyi bolyi ache
riw rovam rovovyi rovyi ditch
stiw stolam stolovyi stolyi table
dyid dyidam dyidovyi dyidovyi grandfather
lyit lyotam lyotovyi lyotyi flight
mist mostam mostovyi mostyi bridge

Neuter nouns
Nom. sg. Gen. sg. Dat. sg. Loc. sg. Gen. pl. Gloss
tyilo tyila tyilu tyilyi tyiw body
koleso kolesa kolesu kolesyi kolyis wheel
ozero ozera ozeru ozeryi ozyir lake
selo sela selu selyi syiw village
pole polya polyu polyi pily field
slovo slova slovu slovyi sliw word
more morya moryu moryi miry sea

3: Somali
In the following Somali data, [dä] is a voiced retroflex stop and [rä] is a

voiced retroflex spirant. Account for all phonological alternations in these data. In
your discussion of these forms, be sure to make it clear what you assume the un-
derlying representations of relevant morphemes are. Your discussion should also
make it clear what motivates your underlying representations and rules. For in-
stance if you could analyse some alternation by assuming underlying X and rule Y,
say why (or whether) that choice is preferable to the alternative of assuming under-
lying P and rule Q.

Singular Sing. Definite Plural Gloss
daar daarta daaro house
gees geesta geeso side
laf lafta lafo bone
lug lugta  luÆo leg
naag naagta naaÆo woman
tib tibta    tiÄo pestle
sab sabta    saÄo outcast
bad bada baÅo sea
š‡id š‡ida š‡iÅo person
feedä feedäa  feeräo rib
Ûiir Ûiirta Ûiiro buttermilk
Üul Üus‡a Üulo stick
bil bis‡a bilo month
meel mees‡a meelo place
kaliil kaliis‡a kaliilo summer
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nayl nays‡a naylo female lamb
sun sunta sumo poison
laan laanta laamo branch
sin sinta simo hip
dan danta dano affair
daan daanta daano river bank
saan saanta saano hide
nirig nirigta nirgo baby female camel
gaÄadä gaÄadäa gabdäo girl
gaš‡an gaš‡anta gaš‡mo arm
hoÆol hoÆos‡a hoglo downpour
baÆal baÆas‡a baglo mule
wah�ar wah�arta wah�aro female kid
irbad irbada irbaÅo needle
kefed kefeda kefeÅo pan
š‡ilin š‡ilinta š‡ilino female dwarf
bohol bohos‡a boholo hole
jirid jirida jirdo trunk
Üaayad Üaayada ÜaayaÅo miracle
gaÛan gaÛanta gaÛmo hand
Üinan Üinanta Üinano daughter

3sg msc. pst 3sg fem. past 1pl past Gloss
suÆay sugtay sugnay wait
kaÄay kabtay kabnay fix
siÅay siday sidnay carry
dilay dis‡ay dillay kill
ganay gantay gannay aim
tumay tuntay tunnay hammer
argay aragtay aragnay see
gudbay guÅubtay guÅubnay cross a river
qoslay qosos‡ay qosollay laugh
hadlay haÅas‡ay haÅallay talk

4: Latin
Provide a complete account of the following phonological alternations in

Latin, including underlying forms for nouns stems.

Nominative Genitive  Gloss
arks arkis fortress
duks dukis leader
daps dapis feast
re:ks re:gis king
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falanks   falangis  phalanx
filiks filikis fern
lapis lapidis   stone
li:s li:tis strife
fraws frawdis   deceit
noks noktis    night
frons frontis   brow
frons frondis   leaf
inku:s inku:dis  anvil
sors sortis lot
fu:r fu:ris thief
murmur    murmuris  murmur
augur     auguris   augur
arbor arboris   tree
pugil pugilis   boxer
sal salis salt
adeps adipis fat
apeks apikis top
pri:nkeps pri:nkipis chief
ekwes ekwitis   horseman
miles militis   soldier
no:men    no:minis  name
karmen    ka:rminis song
lu:men    lu:minis  light
wenter    wentris   belly
pater patris father
kada:wer  kada:weris corpse
tu:ber tu:beris  swelling
piper piperis   pepper
karker    karkeris  prison

The following five nouns and adjectives select a different genitive suffix,
-i: as opposed to is. You cannot predict on phonological grounds what nouns take
this suffix, but otherwise these words follow the rules motivated in the language.

li:ber li:beri:  free
miser miseri:   wretched
ager agri: field
sinister  sinistri: left
liber libri: book

What other phonological rule or rules are needed to account for the following data?



220 Chapter 7

as assis whole
os ossis bone
far farris spell
mel mellis honey
o:s o:ris mouth
flo:s flo:ris flower
mu:s mu:ris    mouse
cru:s cru:ris   leg
kinis kineris   ash
pulvis    pulveris  dust

5: Turkish
Provide a phonological analysis of the following data from Turkish.

nom poss dat abl nom. pl
oda odasi½ odaya odadan odalar room
dere deresi dereye dereden dereler river
u‰tu‰ u‰tu‰su‰ u‰tu‰ye u‰tu‰den u‰tu‰ler iron
balo balosu baloya balodan balolar ball
ari½ ari½si½ ari½ya ari½dan ari½lar bee
la: la:si½ la:ya la:dan la:lar la (note)
bina: bina:si½ bina:ya bina:dan bina:lar building
imla: imla:si½ imla:ya imla:dan imla:lar spelling
be: be:si be:ye be:den be:ler B (letter)
kep kepi kepe kepten kepler cap
at ati½ ata attan atlar horse
ek eki eke ekten ekler affix
ok oku oka oktan oklar arrow
gu‰c‡ gu‰š‡u‰ gu‰š‡e gu‰c‡ten gu‰c‡ler power
ahmet ahmedi ahmede ahmetten ahmetler Ahmed
kurt kurdu kurda kurttan kurtlar worm
tu‰rk tu‰rku‰ tu‰rke tu‰rkten tu‰rkler Turk
genc‡ genc‡i genc‡e genc‡ten genc‡ler young
halk halki½ halka halktan halklar folk
u‰st u‰stu‰ u‰ste u‰stten u‰stler upper plane
sarp sarpi½ sarpa sarptan sarplar steep
harp harbi½ harba harptan harplar war
alt alti½ alta alttan altlar bottom
renk rengi renge renkten renkler color
his hissi hisse histen hisler feeling
hu‰r hu‰rru‰ hu‰rre hu‰rden hu‰rler free
mahal mahalli½ mahalla mahaldan mahallar place
hak hakki½ hakka haktan haklar right
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zam zammi½ zamma zamdan zamlar inflation
af affi½ affa aftan aflar excuse
arap arabi½ araba araptan araplar Arab
koyun koyunu koyuna koyundan koyunlar sheep
pilot pilotu pilota pilottan pilotlar pilot
kitap kitabi½ kitaba kitaptan kitaplar book
domuz domuzu domuza domuzdan domuzlar pig
davul davulu davula davuldan davullar drum
bayi½r bayi½ri½ bayi½ra bayi½rdan bayi½rlar slope
somun somunu somuna somundan somunlar loaf
fikir fikri fikre fikirden fikirler idea
isim ismi isme isimden isimler name
boyun boynu boyna boyundan boyunlar neck
c‡evir c‡evri c‡evre c‡evirden c‡evirler injustice
devir devri devre devirden devirler transfer
koyun koynu koyna koyundan koyunlar bosom
kari½n karni½ karna kari½ndan kari½nlar thorax
burun burnu burna burundan burunlar nose
aki½l akli½ akla aki½ldan aki½llar intelligence
s‡ehir s‡ehri s‡ehre s‡ehirden s‡ehirler city
namaz namazi½ namaza namazdan namazlar worship
zaman zama:ni½ zama:na zamandan zamanlar time
harap hara:bi½ hara:ba haraptan haraplar ruined
i:kaz i:ka:zi½ i:ka:za i:kazdan i:kazlar warning
hayat haya:ti½ haya:ta hayattan hayatlar life
ispat ispa:ti½ ispa:ta ispattan ispatlar proof
inek inei inee inekten inekler cow
manti½k manti½i½ manti½a manti½ktan manti½klar logic
ayak ayai½ ayaa ayaktan ayaklar foot
c‡abuk c‡abuu c‡abua c‡abuktan c‡abuklar quick
dakik dakii dakie dakikten dakikler punctual
merak mera:ki½ mera:ka meraktan meraklar curiosity
tebrik tebri:ki tebri:ke tebrikten tebrikler greetings
hukuk huku:ku huku:ka hukuktan hukuklar law

6: Kera
Propose rules to account for the following alternations. It will prove useful

to think about Kera vowels in terms of high versus non-high vowels. Also, in this
language it would be convenient to assume that [h] and [Ü] are specified as [+low].
Pay attention to both verbs like bi½lan ‘want me’, balnan ‘wanted me’ and balla
‘you must want!’, i.e. there are present, past and imperative forms involved, cer-
tain tenses being marked by suffixes. Finally, pay attention to what might look like
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a coincidence in the distribution of vowels in the underlying forms of verb roots:
there are no coincidences.

haman  ‘eat me’ se:nen ‘my brother’
hamam  ‘eat you m.’ se:nem ‘your masc. brother’
hi½mi ‘eat you f.’ si:ni ‘your fem. brother’
hi½mu ‘eat him’ si:nu ‘his brother’
hama ‘eat her’ se:na ‘her brother’
hamaÏ  ‘eat you pl.’ se:neÏ ‘your pl. brother’

kolon ‘change me’ gi:din ‘my belly’
kolom ‘change you masc.’ gi:dim ‘your masc. belly’
kuli ‘change you fem.’ gi:di ‘your fem. belly’
kulu ‘change him’ gi:du ‘his belly’
kola ‘change her’ gi:di½ ‘her belly’
koloÏ ‘change you pl.’ gi:diÏ ‘your pl. belly’

ci½:ri½n ‘my head’ gunun ‘wake me’
ci½:ri½m ‘your masc. head’ gunum ‘wake you masc.’
ci:ri ‘your fem. head’ guni ‘wake you fem.’
cu:ru ‘his head’ gunu ‘wake him’
ci½:ri½ ‘her head’ guni½ ‘wake her’
ci½:ri½Ï ‘your pl. head’ gunuÏ ‘wake you pl.’

bi½lan ‘want me’ Ïi½fan ‘meet me’
bi½lam ‘want you masc.’ Ïi½fam ‘meet you masc.’
bi½li ‘want you fem.’ Ïi½fi ‘meet you fem.’
bi½lu ‘want him’ Ïi½fu ‘meet him’
bi½la ‘want her’ Ïi½fa ‘meet her’
bi½laÏ ‘want you pl.’ Ïi½faÏ ‘meet you pl.’

Üasan ‘know me’ Üapan ‘find me’
Üasam ‘know you masc.’ Üapam ‘find you masc.’
Üi½si ‘know you fem.’ Üi½pi ‘find you fem.’
Üi½su ‘know him’ Üi½pu ‘find him’
Üasa ‘know her’ Üapa ‘find her’
ÜasaÏ ‘know you pl.’ ÜapaÏ ‘find you pl.’

haran ‘give me back’
haram ‘give you masc. back’
hi½ri ‘give you fem. back’
hi½ru ‘give him back’
hara ‘give her back’
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haraÏ ‘give you pl. back’

balnan  ‘wanted me’ Ïafnan ‘met me’
balnam ‘wanted you masc.’ Ïafnam ‘met you masc.’
bi½lni ‘wanted you fem.’ Ïi½fni ‘met you fem.’
bi½lnu ‘wanted him’ Ïi½fnu ‘met him’
balna ‘wanted her’ Ïafna ‘met her’
balnaÏ  ‘wanted you pl.’ ÏafnaÏ ‘met you pl.’
balla ‘you must want!’ Ïafla ‘you must meet!’

ba ‘not’ pa ‘again’ bi½pa ‘no more’

7: Keley-i
Account for the alternations in the following verbs. The different forms

relate to whether the action is in the past or future, and which element in the sen-
tence is emphasised (subject, object, instrument). Roots underlyingly have the
shape CVC(C)VC, and certain forms such as the subject focus future require
changes in the stem that result in a CVCCVC shape. This may be accomplished by
reduplicating the initial CV- for stems whose first vowel is [e] (Üum-bebhat – be-
hat) or doubling the middle consonant (Üum-buÏÏet – buÏet). The contrastive
identification imperfective form conditions lengthening of the consonant in the
middle of the stem, when the first vowel is not [e] (memayyuÜ – bayuÜ). These
changes are part of the morphology, so do not attempt to write phonological rules
to double consonants or reduplicate syllables. Be sure to explicitly state the under-
lying form of each root and affix. Understanding the status of [s] and [h] in this
language is important in solving this problem. It is also important to consider ex-
actly what underlying nasal consonant is present in these various prefixes and in-
fixes ˜ there is evidence in the data which shows that the underlying nature of the
nasal explains certain observed differences in phonological behavior.

subject focus direct object instrumental focus
future focus past past
Üumduntuk dinuntuk Üinduntuk punch
ÜumbayyuÜ binayuÜ ÜimbayuÜ pound rice
Üumdillag dinilag Üindilag light lamp
Üumgubbat ginubat ÜiÏgubat fight
Üumhullat hinulat Üinhulat cover
ÜumbuÏÏet binuÏet ÜimbuÏet scold
Üumgalgal ginalgal ÜiÏgalgal chew
ÜumÜagtuÜ ÜinagtuÜ ÜinÜagtuÜ carry on head
ÜumÜehneÏ ÜinehneÏ ÜinÜehneÏ stand
Üumbebhat binhat Üimbehat cut rattan
ÜumdedÜek dinÜek ÜindeÜek accuse
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Üumtuggun sinugun Üintugun advise
Üumtetpen simpen Üintepen measure
Üumpeptut pintut Üimpetut dam
ÜumhehpuÏ himpuÏ ÜinhepuÏ break a stick
Üumtetkuk siÏkuk Üintekuk shout
Üumkekbet kimbet ÜiÏkebet scratch
Üumbebdad bindad Üimbedad untie
Üumdedgeh diÏgeh Üindegeh sick

instrumental contrastive contrastive
past focus id. imperfective id. perfective
Üinduntuk menuntuk nenuntuk punch
ÜimbayuÜ memayyuÜ nemayuÜ pound rice
Üindilag menillag nenilag light lamp
ÜiÏgubat meÏubbat neÏubat fight
Üinhulat menullat nenulat cover
Üintanem menannem nenanem plant
Üimpedug memdug nemdug chase
Üimbedad memdad nemdad untie
ÜiÏkebet meÏbet neÏbet scratch
ÜimbekaÜ memkaÜ nemkaÜ dig
Üintepen mempen nempen measure
ÜintebaÜ membaÜ nembaÜ kill a pig
Üintekuk meÏkuk neÏkuk shout
Üindegeh meÏgeh neÏgeh sick
Üinhepaw mempaw nempaw possess
Üinteled menled nenled sting
ÜindeÜek menÜek nenÜek accuse
ÜinÜebaÜ meÏbaÜ neÏbaÜ carry on back
ÜinÜinum meÏinnum neÏinum drink
ÜinÜagtuÜ meÏagtuÜ neÏagtuÜ carry on head
ÜinÜalaÜ meÏallaÜ neÏalaÜ get
ÜinÜawit meÏawwit neÏawit get

The following past subject clausal focus forms involve a different prefix, using
some of the roots found above. A number of roots require reduplication of the first
root syllable.

nandunduntuk ‘punch’ nampepedug ‘chase’
naÏkekebet ‘scratch’ nambebekaÜ ‘dig’
nantetekuk ‘shout’ nandedeÜek ‘accuse
nanÜeÜebaÜ ‘carry on back’ nanÜiÜinum ‘drink’
nantanem ‘plant’
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8: Kikuria
In some (but not all) of the examples below, morphemes boundaries have

been been introduced to assist in the analysis. Every noun is assigned to a gram-
matical class conventionally given a number (1-20), which is indicated by a par-
ticular prefix on the nouns (e.g. omo- for cl. 1); there are also pronoun prefixes on
verbs marking subject and object for each class. Tones may be disregarded
(however, it is predictable in the infinitive). It is important to pay attention to in-
teraction between processes in this problem.

ogo-ta −a −nga − ‘to begin’ oko-g¢ −sa ‘to harvest’
oko-r¥ −ga ‘to witch’ oko-re−ma ‘to plow’
oko-ho −o −ra − ‘to thresh’ ugu-s™®™®ka − ‘to close a door’
ugu-su −raanga − ‘to sing praise’ uku-g™®™®nga − ‘to shave’
ugu-tu −u −ha − ‘to be blunt’

ogoòko −òba −ra‡ ‘to count you (sg)’ ukuògu −òsu −raa −nga ‘to praise you (sg)’
okoòmo −òba −ra‡ ‘to count him’ ukuòmu−òsu −raa −nga ‘to praise him’
ogoòto −òba −ra‡ ‘to count us’ uguòtu−òsu −raa −nga ‘to praise us’
okoòge −òba −ra‡ ‘to count them (4)’ ukuòg™®òsu −raa −nga ‘to praise it (4)’
okoòre −òba −ra‡ ‘to count it (5)’ ukuòr™®òsu −raa −nga ‘to praise it (5)’
ukuòb™®òba −ra‡ ‘to count it (8)’ ukuòb™®òsu −raa −nga ‘to praise it (8)’
ukuòch™®òba −ra‡ ‘to count it (10)’ uguòch™®òsu −raa −nga ‘to praise it (10)’

oko-mo−-go −-g¢s¢ −ra ‘to harvest it (3) for him’
uku-mu −-gu −-si™®kya ‘to make him close it (3)’
uku-mu −-gu −-si™®ndya ‘to make him win it (3)’
okoòba −òsu −raa −nga ‘to praise them’
okoòmo −òba −òsura −a −nge −ra ‘to praise them for him’
okoòba −òmu −òsura −a −nge −ra ‘to praise him for them’

to V to make to V to V for to make V for
okore−ma ukur™®mya − okore−me−ra‡ ukur™®m™®rya − ‘weed’
okoro −ma ukuru −mya − okoro −me −ra‡ ukuru −m™®rya − ‘bite’
okoho −o −ra − ukuhu −u −rya − okoho −o −re −ra − ukuhu −u −r™®rya − ‘thresh’
okohe −e −to −ka − ukuh™®™®tu −kya − okohe −e −to −kera − ukuh™®™®tu −kirya − ‘remember’
okoge −e −mba − ukug™®™®mbya − okoge −e −mbe −ra − ukug™®™®mb™®rya − ‘make rain’
ogoso −o −ka − ugusu −u −kya − ogoso −o −ke −ra − ugusu −u −k™®rya − ‘respect’
ogote −ge −ta‡ ugut™®g™®tya‡ ogote −ge −tera− ugut™®g™®tirya − ‘be late’
okor¥ −ga okoro −gya − okor¥ −g¢ −ra‡ okoro −ge −rya − ‘bewitch’
okog¥ −¥ −ga − okogo −o −gya − okog¥ −¥ −g¢ −ra − okogo −o −ge −rya − ‘slaughter’
okog¥ −¥ −ta − okogo −o −tya − okog¥ −¥−t¢−ra− okogo −o −te −rya − ‘hold’
ogos¥ −ka ogoso −kya − ogos¥ −k¢ −ra‡ ogoso −ke −rya − ‘poke’
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ogot¢ −r¢ −ka‡ ogote −re −kya − ogot¢−r¢ −k¢ra− ogote −re −kerya − ‘brew’
okog¢ −sa okoge −sya − okog¢ −s¢ −ra‡ okoge −se −rya − ‘harvest’
ogos¢ −¢ −nsa− ogose −e −nsya − ogos¢ −¢ −ns¢ −ra− ogose −e −nse −rya − ‘winnow’

to V to make to V to V for to make V for
ugus™®™®ka − ugus™®™®kya − ogose −e−ke−ra− ugus™®™®k™®rya − ‘to close’
ukuru −ga ukuru −gya − okoro −ge −ra‡ ukuru −g™®rya − ‘to cook’
ugusu −ka ugusu −kya − ogoso −ke −ra‡ ugusu −k™®rya − ‘to plait’
ukur™®™®nga − ukur™®™®ngya − okore −e −nge −ra − ukur™®™®ng™®rya − ‘to fold’
ugus™®™®nda − ugus™®™®ndya − ogose −e −nde −ra − ugus™®™®nd™®rya − ‘to win’

imperative infinitive they will V then will V for
rema‡ okore−ma mbarere−ma mbarere−me−ra ‘cultivate’
bara‡ okoba −ra mbareba−ra mbareba−re−ra ‘count’
ata‡ og¥¥−ta mbar¢¢−ta mbar¢¢−t¢−ra ‘be split’
aha‡ ok¥¥−ha mbar¢¢−ha mbar¢¢−h¢ −ra ‘pick greens’
aga‡ ok¥¥−ga mbar¢¢−ga mbar¢¢−g¢ −ra ‘weed’
aanga− ok¥¥ −nga mbar¢¢−nga mbar¢¢−ng¢ −ra ‘refuse’
andeka− ok¥¥ −nd¢ −ka‡ mbar¢¢−nd¢ −ka mbar¢¢−nd¢ −k¢ra ‘write’

imperative 3s subjunctive 3s subjunctive for
rema‡ arem¢‡ aremer¢− ‘cultivate’
t¢r¢ka− at¢r¢k¢− at¢r¢k¢−r¢ ‘brew’
eba‡ ¢¢b¢‡ ¢¢b¢r¢− ‘forget’
ega‡ ¢¢g¢‡ ¢¢g¢r¢− ‘learn’
oga‡ ¥¥g¢‡ ¥¥g¢r¢ − ‘be sharp’
¢ya‡ ¢¢y¢‡ ¢¢y¢r¢− ‘sweep’
¥r¥ka− ¥¥r¥k¢− ¥¥r¥k¢−r¢ ‘come out’

9: Lardil
Account for the phonological alternations seen in the data below.

Bare N Accusative Nonfuture Future Gloss
kentapal kentapalin kentapalÏar kentapalurä dugong
ket»ar ket»arin ket»arÏar ket»arurä river
miyarä miyaräin miyaräÏar miyaräurä spear
yupur yupurin yupurÏar yupururä red rock cod
taÏur taÏurin taÏurÏar taÏururä crab sp.
yaraman yaramanin yaramanar yaramankurä horse
maanä maanäin maanäar maanäkurä spear
pirÏen pirÏenin pirÏenar pirÏenkurä woman
mela melan melaÏar melarä sea
t»awa t»awan t»awaÏ t»awarä rat
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wanka wankan wankaÏar wankarä arm
kuÏka kuÏkan kuÏkaÏar kuÏkarä groin
tarÏka tarÏkan tarÏkaÏar tarÏkarä barracuda
Ïuka Ïukun ÏukuÏar Ïukurä water
Ïuräa Ïuräun ÏuräuÏar Ïuräurä forehead
katäa katäun katäuÏar katäurä child
munäa munäun munäuÏar munäurä elbow
Ïawa Ïawun ÏawuÏar Ïawurä wife
kenätäe kenätäin kenätäiÏar kenätäiwurä wife
tyimpe tyimpin tyimpiÏar tyimpiwurä tail
Ïinäe Ïinäin ÏinäiÏar Ïinäiwurä skin
pape papin papiÏar papiwurä father’s mother
tyempe tyempen tyempeÏar tyemperä mother’s father
witäe witäen witäeÏar witäerä interior
waÏal waÏalkin waÏalkar waÏalkurä boomerang
menyel menyelkin menyelkar menyelkurä dogfish sp.
makar makarkin makarkar makarkurä anthill
yalul yalulun yaluluÏar yalulurä flame
mayar mayaran mayaraÏar mayararä rainbow
t»alkur t»alkuran t»alkuraÏar t»alkurarä kookaburra
wiwal wiwalan wiwalaÏar wiwalarä bush mango
karikar karikarin karikariÏar karikariwurä butter-fish
yiliyil yiliyilin yiliyiliÏar yiliyiliwurä oyster sp
yukar yukarpan yukarpaÏar yukarparä husband
pulÏar pulÏarpa pulÏarpaÏar pulÏarparä huge
wulun wulunkan wulunkaÏar wulunkarä fruit sp.
wutäal wutäaltyin wutäaltyiÏar wutäaltyiwur meat
kantukan kantukantun kantukantuÏar kantukanturä red
karwakar karwakarwan karwakarwaÏar karwakarwarä wattle sp.
t»urara t»uraraÏin t»uraraÏar t»uraraÏkurä shark
Ïalu Ïalukin Ïalukar Ïalukurä story
kurka kurkaÏin kurkaÏar kurkaÏkurä pandja
taÏku taÏkuÏin taÏkuÏar taÏkuÏkurä oyster sp.
kurpuräu kurpuräuÏin kurpuräuÏar kurpuräuÏkurä lancewood
putu putukan putukaÏar putukarä short
maali maaliyan maaliyaÏar maaliyarä swamp turtle
tyinätirpu tyinätirpuwan tyinätirpuwaÏar tyinätirpuwarä willie wagtail
pukatyi pukatyiyan pukatyiyaÏar pukatyiyarä hawk sp.
murkuni murkuniman murkunimaÏar murkunimarä nullah
ÏawuÏa ÏawuÏawun ÏawuÏawuÏar ÏawuÏawurä termite
tipiti tipitipin tipitipiÏar tipitipiwurä rock-cod sp.
t»apu t»aputyin t»aputyiÏar t»aputyiwurä older brother
muÏkumu muÏkumuÏkun muÏkumuÏkuÏar muÏkumuÏkurä wooden axe
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tyumputyu tyumputyumpun tyumputyumpuÏar tyumputyumpurä dragonfly

10: Sakha (Yakut)
Give a phonological analysis to the following case-marking paradigms of

nouns in Sakha.

noun plural associative gloss
aÆa aÆalar aÆali½i½n father
paarta paartalar paartali½i½n school desk
ti½a ti½alar ti½ali½i½n forest
kinige kinigeler kinigeliin book
š‡ie š‡ieler š‡ieliin house
iye iyeler iyeliin mother
kini kiniler kiniliin 3rd person
bie bieler bieliin mare
oÆo oÆolor oÆoluun child
Éopto Éoptolor Éoptoluun gull
bo‰ro‰ bo‰ro‰lo‰r bo‰ro‰lu‰u‰n wolf
ti½al ti½allar ti½alli½i½n wind
i½al i½allar i½alli½i½n neighbor
kuul kuullar kuulluun sack
at attar atti½i½n horse
bali½k bali½ktar bali½kti½i½n fish
i½skaap i½skaaptar i½skaapti½i½n cabinet
oÆus oÆustar oÆustuun bull
kus kustar kustuun duck
tu‰nnu‰k tu‰nnu‰kter tu‰nnu‰ktu‰u‰n window
sep septer septiin tool
et etter ettiin meat
o‰ru‰s o‰ru‰ster o‰ru‰stu‰u‰n river
tiis tiister tiistiin tooth
soroÉ soroÉtor soroÉtuun some person
oÉ oÉtor oÉtuun arrow
oloppos oloppostor oloppostuun chair
o‰to‰É o‰to‰Éto‰r o‰to‰Étu‰u‰n abandoned farm
ubay ubaydar ubaydi½i½n elder brother
saray saraydar saraydi½i½n barn
ti½y ti½ydar ti½ydi½i½n foal
ati½i½r ati½i½rdar ati½i½rdi½i½n stallion
oyuur oyuurdar oyuurduun forest
u‰c‡u‰gey u‰c‡u‰geyder u‰c‡u‰geydiin good person
eš‡iiy eš‡iiyder eš‡iiydiin elder sister
tomtor tomtordor tomtorduun knob
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moÆotoy moÆotoydor moÆotoyduun chipmunk
ko‰to‰r ko‰to‰rdo‰r ko‰to‰rdu‰u‰n bird
bo‰lko‰y bo‰lko‰ydo‰r bo‰lko‰ydu‰u‰n islet
Éati½Ï Éati½Ïnar Éati½Ïni½i½n birch
aan aannar aanni½i½n door
tiiÏ tiiÏner tiiÏniin squirrel
sordoÏ sordoÏnor sordoÏnuun pike
olom olomnor olomnuun ford
oron oronnor oronnuun bed
bo‰do‰Ï bo‰do‰Ïno‰r bo‰do‰Ïnu‰u‰n strong one

noun partitive comparative ablative gloss
aÆa aÆata aÆataaÆar aÆattan father
paarta paartata paartataaÆar paartattan school desk
ti½a ti½ata ti½ataaÆar ti½attan forest
kinige kinigete kinigeteeÆer kinigetten book
š‡ie š‡iete š‡ieteeÆer š‡ietten house
iye iyete iyeteeÆer iyetten mother
kini kinite kiniteeÆer kinitten 3rd person
bie biete bieteeÆer bietten mare
oÆo oÆoto oÆotooÆor oÆotton child
Éopto Éoptoto ÉoptotooÆor Éoptotton gull
bo‰ro‰ bo‰ro‰to‰ bo‰ro‰to‰o‰Æo‰r bo‰ro‰tto‰n wolf
ti½al ti½alla ti½allaaÆar ti½altan wind
i½al i½alla i½allaaÆar i½altan neighbor
kuul kuulla kuullaaÆar kuultan sack
moÉsoÆol moÉsoÆollo moÉsoÆollooÆor moÉsoÆolton falcon
at atta attaaÆar attan horse
bali½k bali½kta bali½ktaaÆar bali½ktan fish
i½skaap i½skaapta i½skaaptaaÆar i½skaaptan cabinet
oÆus oÆusta oÆustaaÆar oÆustan bull
kus kusta kustaaÆar kustan duck
tu‰nnu‰k tu‰nnu‰kte tu‰nnu‰kteeÆer tu‰nnu‰kten window
sep septe septeeÆer septen tool
et ette etteeÆer etten meat
o‰ru‰s o‰ru‰ste o‰ru‰steeÆer o‰ru‰sten river
tiis tiiste tiisteeÆer tiisten tooth
soroÉ soroÉto soroÉtooÆor soroÉton some person
o‰to‰É o‰to‰Éto‰ o‰to‰Éto‰o‰Æo‰r o‰to‰Éto‰n abandoned farm
ubay ubayda ubaydaaÆar ubaytan elder brother
saray sarayda saraydaaÆar saraytan barn
ti½y ti½yda ti½ydaaÆar ti½ytan foal
ati½i½r ati½i½rda ati½i½rdaaÆar ati½i½rtan stallion
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Éirur Éirurda ÉirurdaaÆar Éirurtan surgeon
u‰c‡u‰gey u‰c‡u‰geyde u‰c‡u‰geydeeÆer u‰c‡u‰geyten good person
tomtor tomtordo tomtordooÆor tomtorton knob
moÆotoy moÆotoydo moÆotoydooÆor moÆotoyton chipmunk
ko‰to‰r ko‰to‰rdo‰ ko‰to‰rdo‰o‰Æo‰r ko‰to‰rto‰n bird
suorÆan suorÆanna suorÆannaaÆar suorÆantan blanket
Éati½Ï Éati½Ïna Éati½ÏnaaÆar Éati½Ïtan birch
aan aanna aannaaÆar aantan door
tiiÏ tiiÏne tiiÏneeÆer tiiÏten squirrel
sordoÏ sordoÏno sordoÏnooÆor sordoÏton pike
olom olomno olomnooÆor olomton ford
bo‰do‰Ï bo‰do‰Ïno‰ bo‰do‰Ïno‰o‰Æo‰r bo‰do‰Ïto‰n strong one

noun dative accusative gloss
aÆa aÆaÆa aÆani½ father
š‡ie š‡ieÆe š‡ieni house
iye iyeÆe iyeni mother
oÆo oÆoÆo oÆonu child
bo‰ro‰ bo‰ro‰Æo‰ bo‰ro‰nu‰ wolf
ti½al ti½alga ti½ali½ wind
kuul kuulga kuulu sack
at akka ati½ horse
bali½k bali½kka bali½gi½ fish
i½skaap i½skaapka i½skaabi½ cabinet
oÆus oÆuska oÆuhu bull
kus kuska kuhu duck
sep sepke sebi tool
et ekke eti meat
tiis tiiske tiihi tooth
ot okko otu grass
soroÉ soroÉÉo soroÆu some person
o‰to‰É o‰to‰ÉÉo‰ o‰to‰Æu‰ abandoned farm
oÉ oÉÉo oÆu arrow
saray sarayga sarayi½ barn
ti½y ti½yga ti½yi½ foal
ko‰to‰r ko‰to‰rgo‰ ko‰to‰ru‰ bird

oyuun oyuuÏÏa oyuunu shaman
Éati½Ï Éati½ÏÏa Éati½Ïi½ birch
aan aaÏÏa aani½ door
olom olomÏo olomu ford



Doing an Analysis 231

noun ourN gloss noun our N gloss
aÆa aÆabi½t father iye iyebit mother
uol uolbut son ko‰to‰r ko‰to‰rbu‰t bird
ki½laas ki½laaspi½t classroom i½skaap i½skaappi½t cabinet
kuorat kuorappi½t town tiis tiispit tooth
ohoÉ ohoÉput stove tu‰nnu‰k tu‰nnu‰kpu‰t window
aan aammi½t door kapitan kapitammi½t capitain
tiiÏ tiiÏmit squirrel oron orommut bed
ku‰n ku‰mmu‰t day

11: Sadz‡ava Ukrainian
Give a phonological analysis of the following data. Assume that all surface

occurrences of ky and gy in this language are derived by rule. Also assume that
stress is located on the proper vowel in the underlying representation: the rules for
shifting stress are too complex to be considered here. Nouns in declension II de-
palatalizes a consonant before the locative suffix, and nouns in declension III de-
palatalize in the genitive. The variation in the genitive and locative sg. suffix in
declension I (-i or -a versus -u) is lexically governed: do not write rules which se-
lect between these suffixes. Concentrate on extablishing the correct underlying
representations for the noun stem.

Declension I
Nom. sg. Gen. sg. Loc. sg. Gloss
pla−st plasta− plasyky™® layer
skoru −x skoruxa − skorusy™® mountain ash
Æyry™®x Æyryixa− Æyryisy™® sin
pastu −x pastuxa− pastusy™® herdsman
mynyu −x mynyu−xa mynyu−syi fish sp.
plu−Æ plu−Æa plu−zyi plow
syty™®Æ sto−Æa sto−zyi stack
sa−k sa−ka sa−tsyi fishnet
be−k b¦ka− b¦tsy™® bull
le−st l¦sta− l¦syky™® letter
le−st le−sta le−sykyi leaf
pyly™®t plo −ta plo −kyi wicker fence
symyry™®d smro−da smro−gyi stench
fy™®st fosta − fosyky™® tail
my™®st mo−sta mo−sykyi bridge
ly™®d l£ −du l¦du− ice
dyry™®t dro−ta dro −kyi thick wire
my™®d m£ −du m¦du− honey
vy™®l vola− voly™® ox
vy™®z vo−za vo−zyi cart
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se−r se−ra se−ryi cottage cheese
syny™®p snopa − snopy™® sheaf
Ære−b Ær¦ba− Ær¦by™® mushroom
l£ −byid l£ −b¦da l£ −b¦gyi swan
b£ −ryiÆ b£−r¦Æa b£−r¦zyi shore
p¦ry™®Æ p¦ro−Æa p¦ro−zyi dumpling
pory™®Æ poro−Æa poro −zyi threshhold
bolye−k boly¦ka− boly¦tsy™® abcess
vo −ryiÆ vo−roÆa vo −rozyi enemy
ko −n¦k ko −n¦ka ko −n¦tsyi grasshopper
po −tyik poto −ka poto −tsyi stream
ty™®k to−ka to−tsyi current
ky™®l kola− koly™® stake

Declension II
Nom. sg. Gen. sg. Loc. sg. Gloss
kova −ly kovalye− kovale − blacksmith
j‡my™®ly j‡myilye− j‡myile− bumblebee
kyry™®ly kyryilye− kyryile− rabbit
uc‡e−t¦ly uc‡e−t¦ly¦ uc‡e−t¦l¦ teacher
gr£ −byiny gr£ −b¦ny¦ gr£ −b¦n¦ comb
o−l¦ny o−l¦ny¦ o−l¦n¦ deer
yac‡ymy™®ny yac‡m£−ny¦ yac‡m£−n¦ barley
ya−syiny ya−s¦ny¦ ya−s¦n¦ ash tree
zye−ky zye−ky¦ zye−t¦ son-in-law

Declension III
Nom. sg. Gen. sg. Gloss
ma−syky ma−st¦ fat
symy™®ryky sm£ −rt¦ death
vy™®syky vy™®st¦ news
ra−gyisyky ra−dost¦ joy
sy™®ly so −l¦ salt
po−s‡yisyky po−s‡¦st¦ epidemic
za−myiky za−m¦t¦ snowstorm
ska−t¦ryky ska−t¦rt¦ tablecloth
ky™®syky ko−st¦ bone

12: Koromfe
Koromfe has two kinds of vowels, [-ATR] Ÿ¡¢¥a and [+ATR] iueo§. Pro-

vide an analysis of the alternations in the following data, which involve singular
and plural forms of nouns and different tense-inflections for verbs.
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Singular Plural gloss
gŸbr¢ gŸba hatchet
hubre hub§ ditch
n¢br¢ n¢ba pea
d™́Ïgre d™´Ïg§ bush type
zoÏgre zoÏg§ wing
l¥†Ïgr¢ l¥†Ïga shoe
hullre hull§ gutter
s¢kr¢ s¢ka half
t¢fr¢ t¢fa cotton fiber
dab¢¢r¢ dab¢¢ya camp
d¥¥r¢ d¥¥ya long
gŸgaar¢ gŸgaaya vulture
p¡paar¢ p¡paaya grass type
koire koy§ bracelet
d¡md¢ d¡ma lion
hulomde hulom§ marrow
t¢md¢ t¢ma beard
logomde logom§ camel
bŸnd¢ bŸna heart
h¥†nd¢ h¥†na hoe
honde hon§ bean
geÏde geÏ§ pebble
z¢Ïd¢ z¢Ïa upper arm
b¢ll¢ b¢la back
yŸll¢ yŸla horn
selle sel§ space
pall¢ pala stretcher
deÏgele deÏgel§ open area
sembele sembel§ piece
da†Ÿ†n¢ da†y†a† wood
h¡†Ÿ†n¢ h¡†y†a† caterpillar
k¥†Ÿ†n¢ k¥†y†a† squirrel
k¥†¥†n¢ k¥†¥†y†a† old
s¥†¥†n¢ s¥†¥†y†a† period
b¢t¢ b¢ra male animal
dat¢ dara chest
gete ger§ forked stick
gote gor§ stream
bŸt¢ bŸra frog
d¥t¢ d¥ra cloud



234 Chapter 7

neutral past progressive gloss
ta ta¢ taraa shoot
g¥ g¥¢ g¥raa go back
k¡ k¥¢ k¡raa kill
tu toe tur§§ coat
li lee lir§§ forget
dŸ d¢ dŸraa eat
ta† ta†¢† ta†naa contradict
n¢† n¢† n¢†naa defecate
saŸ say¢ saŸraa separate
y¢Ÿ y¢y¢ y¢Ÿraa waste
s¥Ÿ s¥y¢ s¥Ÿraa split
y†¢†Ÿ† y†¢†y†¢† y†¢†Ÿ†naa catch
d¥†Ÿ† d¥†y†¢† d¥†Ÿ†naa dream
k¢ndŸ k¢nd¢ k¢ndraa finish
k¢†sŸ k¢†s¢ k¢†sraa surpass
k¢tŸ k¢t¢ k¢traa open
t¢ÏgŸ t¢Ïg¢ t¢Ïgraa accompany
yisi yise yisr§§ suffice
yŸsŸ yŸs¢ yŸsraa draw water
birgi birge birgr§§ blacken
pasgŸ pasg¢ pasgraa split
m¢ntŸ m¢nt¢ m¢ntraa assemble
gondu gonde gondr§§ depart
h¥†Ïg¡ h¥†Ïg¢ h¥†Ïgraa point
s¡rg¡ s¡rg¢ s¡rgraa drop
h¥†k¡ h¥†k¢ h¥†kraa scratch
zullu zulle zullr§§ bow
sŸb¡ sŸb¢ sŸbraa die
zamb¡ zamb¢ zambraa deceive
wufu wufe wufr§§ borrow
zŸgams¡ zŸgams¢ zŸgamsraa be dirty
h¢†ms¡ h¢†ms¢ h¢†msraa meet
leli lele lell§§ sing
pŸlŸ pŸl¢ pŸllaa trample flat
tarŸ tar¢ tataa plaster
f¢rŸ f¢r¢ f¢taa cultivate
t¡r¡ t¡r¢ t¡taa introduce
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