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1. Introduction

Phonological patterns often seem to ignore redundant features and apply only to contrastive
ones. Two types of theoretical explanations have been advanced to account for this fact.
One of these, which we will refer to as the subtractive approach, is based on making
phonological representations sparser: redundant features are ignored because they are sys-
tematically absent from at least some well-defined part of the phonological computation—
generally including, but not always limited to, underlying representations. Proponents of
this approach include Archangeli (1988), Dresher (2009, 2013, 2015), Hall (2007, 2017),
and Mackenzie (2009, 2011, 2013). The other type of explanation is additive: it enriches
the information content of phonological representations by positing that not only are both
contrastive and redundant features specified, the phonological computation is able to dis-
tinguish between them. This is the approach taken by Calabrese (1995), Halle, Vaux, and
Wolfe (2000), Vaux (2000), and Nevins (2010, 2015), among others.

Uyghur vowel place harmony presents an interesting set of patterns for exploring the
difference between these two approaches to the role of contrast. Underlying /i/, which has
no back counterpart, is transparent to harmony. In suffixes, [i] derived from underlying
harmonic vowels is also transparent; in roots, [i] derived from back vowels is transparent,
but [i] derived from front vowels is not. Halle, Vaux, and Wolfe (2000) and Vaux (2000)
propose an additive account of these facts; in this paper, we show that the more parsimo-
nious subtractive approach yields a principled alternative account that offers new insights
into the harmony patterns.
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2. The data to be accounted for

2.1 The basic pattern of harmony and transparency

The vowel inventory of Uyghur is shown in (1). As in Finnish, which has the same in-
ventory, vowels that differ from each other only in backness participate in harmony: /y/ is

partnered with /u/, /¢/ with /o/, and /a&/ with /a/.

@)) The vowel inventory of Uyghur

FRONT BACK
UNRND ROUND UNRND ROUND

HIGH 1 y u
MID e [0 0
LOW ® a

Harmony propagates rightward from roots to suffixes, as illustrated in (2)—(5) with
examples from Hahn (1991a), Schwarz (1992), Vaux (2000), D’ Arcy (2004), and Csaté
and Uchturpani (2010). The suffix vowels alternate to match the frontness or backness of
the vowel in the root.

) Front stems plus causative -dUr 3) Back stems plus causative -dUr
a. yn-dyr ‘appear’+CAUS. a. sun-dur ‘break’+CAUS.
b. sgk-tyr ‘take apart’+CAUS. b. qop-tur ‘get up’+CAUS.
c. HYak-tyr ‘smoke’+CAUS. c. bag-tur ‘raise’+CAUS.
“4) Front stems plus plural -1Ar 5) Back stems plus plural -1Ar
a. Jyz-ler ‘face’+PL. a. pul-lar ‘money’+PL.
b. kgl-ler ‘lake’+PL. b. jol-lar  ‘road’+PL.
c. xat-ler ‘letter’+PL. c. atlar ‘horse’+PL.

Unpaired /i/ can occur in both front and back stems, as in (6) and (7), and is transparent
to harmony (data from Schwarz 1992). (The other unpaired vowel, /e/, occurs mostly in
loanwords and as a result of umlaut.) Phonetically, the vowel transcribed as /i/ can be
realized as any unrounded vowel of at least the height of [e] or [¥], with its frontness or
backness depending largely on the surrounding consonants; the default realization is [1]
(Hahn 1991a: §4.1.1).

(6) /i/ in front stems plus causative -dUr
a. ifen-dyr ‘believe’+CAUS.
b.  tfiflef-tyr ‘mesh, bite.RECIP’+CAUS.
c. za?liplef-tyr ‘weaken’+CAUS.
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(7) /i/'in back stems plus causative -dUr

a. artil-dur ‘have loaded on’+CAUS.
b.  zifflaf-tur ‘become close’+CAUS.
c. hufsizlan-dur ‘lose consciousness’+CAUS.

The transparency of /i/ in suffixes is illustrated in (8) and (9) with data from Vaux (2000):

(8) Front stems plus Ipl. possessive -imiz plus dative -GA

a. jyz-imiz-ge ‘face’+‘our’+DAT.
b. kgl-imiz-ge ‘lake’+‘our’+DAT.

9) Back stems plus Ipl. possessive -imiz plus dative -GA

a. pul-imiz-Ba ‘money’+‘our’+DAT.
b. jol-imiz-Ba ‘road’+‘our’+DAT.

Stems containing only neutral vowels show two different patterns. Some take front
suffixes, as in (10), but the majority take back suffixes, as in (11) (data from Pattillo 2013,
Schwarz 1992, Lindblad 1990).

(10) Front ‘neutral’ stems (11D Back ‘neutral’ stems
a. bilim-g& ‘knowledge’+DAT.
b. kir-ge  ‘dirt’+DAT.
c. birik-tyr ‘join, tie’+CAUS.
d. {ekin-dyr ‘retreat’+CAUS.

sinip-qa  ‘classroom’+DAT.
til-a ‘tongue’+DAT.
tin-dur  ‘feel peace’+CAUS.
siBif-dur ‘contain’+CAUS.

RO o

This leads Hahn (1991a) to say that there is an underlying contrast between /i/ and /i/,
neutralized at the surface; Lindblad (1990) and Hahn (1991b) also posit an underlying
back counterpart to /e/. The alternative to adding phonemes is to posit morpheme-level
specifications—either diacritics or floating features (Vaux 2000).

As Lindblad (1990) and Pattillo (2013) point out, vowel—-consonant interactions make it
possible in many (though not all) cases to predict which suffixes a neutral-vowel root will
take. Velar consonants generally go with front vowels, and uvular consonants with back
vowels, as can be seen in the forms of the dative suffix in (8)—(11). Accordingly, we find
pairs like the neutral-vowel roots in (12) and (13) (data from Hahn 1991a: 48).

(12) a. kij-mz ‘wear’+NEG. (13) a. (ij-ma ‘cut’+NEG.
b. kij-gy  ‘wear’+DESID. b. qij-Bu  ‘cut’+DESID.

2.2 Non-harmonizing suffixes and derived transparency

There are also some non-harmonizing suffixes. For example, the suffix -ffe remains front
even after back stems, as shown in (14) with examples from Schwarz (1992: 1063). (This
suffix can have a diminutive, approximative, or similative interpretation. Schwarz treats it
as three suffixes, but we assume—though not crucially—that its meanings are unifiable.)
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(14) a. kitap-ffa ‘booklet’ (‘book’+tfce)
b. uzun-fa ‘longish’ (‘long’+{ce)
c. ujBur-ffe ‘Uyghur-like’ (‘Uyghur’+{ee)
d. loji-lar-ffe ‘bureaucratic’ (‘bureaucrat’+PL.+{ce)

Suffixes following -{fee also show front harmony. This is illustrated in (15), where the loca-
tive suffix after - has a front vowel, regardless of the vowels in the root (data from Hahn
1991b: 94).

(15) a. n&j-fe-m-de  ‘in my little flute’ (‘flute’+¢e+1SG.POSS.+LOCATIVE)
b. kitap-f-m-de ‘in my booklet’ (‘book’+f{e+1SG.POSS.+LOCATIVE)

In medial open syllables, the low vowels /&/ and /a/ raise to [i]. When the raised vowel

is in a harmonic root, raising has no effect on harmony, as shown in (16) with examples
from Hahn (1991a: 52-53). (Disharmonic roots are discussed below in §5.1.)

(16) a. tg.px ‘peak’ tg.pi-ler  ‘peak’+PL.
tg.pi-li.-i ‘peak’+PL.+3PL.POSS
b. s@.p@&r ‘journey’ s&.pi.r-im ‘journey’+1SG.POSS.
c. bala ‘child’ ba.li-lar  ‘child’+pPL.
d. je.za ‘village’  je.zi-da ‘village’+LOCATIVE

When raising applies to the suffix -{fee, however, the raised vowel becomes transparent
to harmony; contrast (15b) with (17b), also from Hahn (1991b: 94).

(17) a. nxj-fi-de ‘in the little flute’  (‘flute’+§@+LOCATIVE)
b. kitap-tfi-da ‘in the booklet’ (‘book’ +f{e+LOCATIVE)
3. Transparency and contrast: The two approaches

Phonological representations can make a connection between the transparency of /i/ and
the fact that it does not contrast with a back counterpart. In the subtractive approach we
pursue below, this means that /i/ is simply not specified for place; in the additive approach
of Halle, Vaux, and Wolfe (2000) and Vaux (2000), /i/ does have a place specification, but
this specification is identifiable as redundant, so that it can be ignored by harmony.

3.1 The additive approach

The additive approach could be implemented by adding a meta-featural specification distin-
guishing contrastive features from redundant ones. Here, we will represent this by writing
redundant features in italic type. In this approach, some rules are able to see all features;
other rules, such as harmony, can see only contrastive (non-italicized) features.

However, Halle, Vaux, and Wolfe’s (2000) analysis of derived transparency in Uyghur
shows that the additive approach has to be more complicated than that. The contrastive or
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redundant status of a feature cannot be established once and for all at the beginning of the
derivation; rather, it must be continuously reevaluated as the derivation progresses. This is
schematized in (18). The underlying [—back] specification on /&/ is contrastive, but when
open-syllable raising applies, it must be treated as a redundant feature of the resulting [i],
rendering it invisible to the harmony rule.

(18) Schematic derivation of transparent raised [i] in the additive approach

x i i
—high +high ~+high
+low —low —low
—back — —back — —back
—round —round —round

OPEN-O REASSESS
RAISING CONTRAST

In Halle, Vaux, and Wolfe’s approach, then, the status of a feature cannot simply be read
from the representation itself. Instead, it must be assessed with reference to the inventory,
or to the marking statements (Calabrese 1995) that constrain the inventory.

3.2  The subtractive approach

While the additive approach requires rules to consult marking statements to know what
features to ignore, the Uyghur facts also present a potential challenge for a subtractive
approach.

In the subtractive approach, redundant features are underlyingly absent, not just marked
as invisible to certain rules. Underlying /&/ must be specified for place, since it participates
in harmony and contrasts with /a/. The question for the subtractive approach is, is there a
principled reason for the fact that raising /&/ to [i] makes it transparent to harmony, as if
unspecified for frontness?

We believe that there is. As D’ Arcy (2004) points out, raising neutralizes the underlying
contrast between /&/ and /a/. Raising is a form of reduction, in both the acoustic and the
formal senses of the term. In the acoustic sense, raising reduces the sonority of the affected
vowels by making them high. In the formal sense, it can be represented as a reduction in
their featural content. In reducing both /&/ and /a/ to [i], raising need not impose frontness;
rather, it simply deletes the place specifications of the vowels altogether (in addition to
making them high).

4. Implementing the subtractive account
4.1 Contrastive representations

In the subtractive approach, neutral vowels lack specifications for place. For non-neutral
vowels, we want to be able to say that back is the default place, because stems with only
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neutral vowels normally take back suffixes (and because of additional patterns discussed
below in §5), but we also need to be able to distinguish default place from lack of place. The
representations in (19) accomplish this with privative features in a dependency structure:

(19) i/e a/o/u ®/gly
| |
V-Place V-Place
|
PALATAL

The specifications in (19) can be assigned by Dresher’s (2009) Successive Division
Algorithm in either of two ways. One possibility is that the V-Place node is an abstract
contrastive feature that distinguishes harmonic vowels from neutral vowels (as Hall 2007
does with Laryngeal for consonants). Alternatively, V-Place can be treated as an organizing
node that does not itself mark contrasts, but that is present on all and only the segments in
which the presence or absence of its dependent feature PALATAL is contrastive (Sandstedt
2018a,b; cf. the Node Activation Condition of Avery and Rice 1989).

4.2 Harmony and transparency
Alternating suffix vowels have bare V-Place nodes. Harmony causes a PALATAL feature

in a root to be shared by suffixal vowels with V-Place, ignoring any intervening neutral
vowels, as in (20).

200 k ¢ 1 -imiz- G A — kel-imiz-g (8b)
V-PI V-PI
L - i
PAL

If the root has no PALATAL feature to spread, the suffix vowels surface as back by
default. This will be the case if the root vowels are back, as in (21), or neutral, as in (22).

(21) j ol -imiz- G A — jol-imiz-8a (9b)
V-P1 V-P1

(22) s 1inip - GA — sinip-qa (11a)
V-P1

Neutral-vowel roots that (exceptionally) take front suffixes have a floating PALATAL
feature, as in (23).
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(23) bi1i 1l i m - GA — bilim-g& (10a)

PAL
4.3  Derived transparency

The non-alternating front vowel in the suffix - has its own PALATAL feature, which it
can share with subsequent suffixes.

24) k i1 t ap - ¢ @ - m - d A — kitap-tf-m-da (15b)

V-PI V-PI V-P1
PAL

Raising deletes the place features of the raised vowel. When this applies to -ffe, subse-
quent suffixes are back by default if there is no PALATAL feature in the root, as in (25).

(25) k 1 t (‘1 p - j:: - d A — kitap-tfi-da (17b)
V-PI MR V-PI
I
PAKL

However, if the root has a front-harmonic vowel, then its PALATAL feature can be shared
with the suffix, as in (26).

(26) n & j - ji - d A — n&j-fi-de (17a)
V-P1 ¥PRL  V-PI
IS
PAL PAE

Because raising neutralizes the place distinction between /&/ and /a/, it is natural to
represent it as deleting place features. This correctly derives the transparency of the raised
vowel in examples like (25) and (26), without requiring that the phonological computation
uses marking statements to determine which features harmony is sensitive to.

S. Extending the subtractive account

This section shows how our approach deals with further complexities of Uyghur harmony.
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5.1 Disharmonic roots

Halle, Vaux, and Wolfe (2000: 397-399) argue that the subtractive approach (which they
refer to as “prespecification”) incorrectly predicts that [i] derived from a harmonic low
vowel could retain its harmonic feature:

In the prespecification analysis [...], the transparency of the raised output
of -{fce- requires postulation of an ad hoc rule that deletes the [—back] speci-
fication of the i. The problem here is that the prespecification analysis misses
the connection between i that results from Raising and i that comes from un-
derlyingi[...].

Our theory [...] predicts that there is no language that is exactly like
Uyghur, save that the output of raising a disharmonic suffix remains dishar-
monic.

In our subtractive analysis if Uyghur, the transparency of derived [i] follows from the
fact that the process that derives it is one that neutralizes a place contrast, not from the
redundancy of place on underlying /i/. It is therefore true that we predict that a similar
system could exist in which derived [i] is not transparent.

In fact, there are even instances in Uyghur itself in which an underlying /&/ that raises
to [i] nonetheless transmits its frontness to subsequent vowels. Crucially to Halle, Vaux,
and Wolfe’s prediction “that there is no language that is exactly like Uyghur, save that the
output of raising a disharmonic suffix remains disharmonic” [emphasis added], all such
cases involve /&/ in roots.

As Vaux (2000) discusses in more depth, Uyghur has some disharmonic roots, such as
those in (27) and (28).

27 Front-back roots (28) Back—front roots

a. a@swap ‘tool’

o

adem ‘man

a.

b. qahwa ‘coffee’ b. asinz  ‘friend’

c. @mma ‘but’ c. apat ‘disaster’

d. @nd&an ‘Anjan’ (name) d. rofen ‘Roshidn’ (name)

In contexts where their second vowel is raised to [i], front—back roots like those in (27)
show the expected pattern of derived transparency: the frontness of the first root vowel is
shared with harmonizing suffixes, as in (29); data from Vaux (2000).

(29) a. @®swib-i-y®  ‘tool’+3SG.POSS+DAT.
b. qxhwi-y® ‘coffee’ +DAT.
c. @mmi-ler ‘but’+PL.
d.

@&ndgin-i-yz  ‘Anjan’+3SG.POSS.+DAT.

But back—front roots like those in (28) also take front suffixes when their second vowels
undergo raising, as in (30); data from Vaux (2000).
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(30) a. adim-i-y& ‘man’+3SG.POSS.+DAT.
b.  asini-ler ‘friend’+PL.
c. apit-i-y® ‘disaster’+3SG.POSS.+DAT.
d. rofin-i-y® ‘Roshdn’+3SG.POSS.+DAT.

In (30), the underlying frontness of the second vowel appears to be retained despite
raising. Vaux (2000), working with the same approach to contrast as Halle, Vaux, and
Wolfe (2000), accounts for this through rule ordering. Vowel harmony applies cyclically,
then raising applies post-cyclically, then harmony applies again post-cyclically. Forms like
(30) show front suffixes because cyclic harmony applies before raising; forms like (17b)
kitap-tfi-da show back suffixes because -{fe is non-cyclic, so raising bleeds harmony.

A similar account would also be compatible with the subtractive representations we
propose. However, our representations do not require a system in which harmony applies
both before and after raising. Instead, they—and our approach to contrast more generally—
offer an elegant and principled account of the Uyghur facts that is not dependent on a
specific model of the computational system. In the following section, we offer an alternative
account of the pattern in disharmonic roots using positional faithfulness (Beckman 1998).

5.2 Root faithfulness

There are two asymmetries to account for. One is between front vowels and back vowels:
in both (29) and (30), a front root vowel wins out over a back one in determining the place
of the suffix vowel. The other is between roots and suffixes: when suffixal /®/ raises, its
frontness is lost, as in (17b), but when root /&/ raises, its frontness can be preserved on a
suffix, as in (30).

The representations in (19), repeated in (31), generate the front—back asymmetry: front
vowels have more marked structure.

(31) i/e a/o/u &/ply
\ \
V-Place V-Place
\
PALATAL

The root—suffix asymmetry can be understood in terms of root faithfulness; it is more
important to preserve underlying contrasts in roots than it is in affixes (Beckman 1998: ch.
4). Root faithfulness is most easily formalized in Optimality Theory, following Beckman,
but could also be adapted into a rule-based framework. (See, e.g., Dresher and van der
Hulst 1998, though their focus is on prosodic rather than morphological headedness.) We
present below an OT account of Uyghur vowel harmony based on the representations in
(31); see Mackenzie and Dresher (2003) for discussion of how contrastive specification
can be implemented in OT.

In this account, raising/reduction delinks V-Place, as described above. When this hap-
pens to a root vowel with a PALATAL feature, root faithfulness will preserve the PALATAL
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feature by associating it to a suffixal V-Place node if possible. A stranded PALATAL feature
from a reduced suffix vowel is not protected by root faithfulness, and is simply deleted.

The relevant constraints are shown in (32). Horizontal lines show where one constraint
or set of constraints crucially outranks another.

(32) a.

DEPLINK[PAL]/ROOT: If PALATAL is linked to a vowel in the root in the
output, then PALATAL must be linked to a corresponding vowel in the input.

*GAP: PALATAL may not be linked to non-consecutive V-Place nodes.
*FLOAT: Each feature must be associated to a segment.

REDUCE: Unrounded vowels in medial light syllables cannot have V-Place.

MAXLINK[PAL]: If PALATAL is linked to a vowel in the input, then PALATAL
must be linked to a corresponding vowel in the output.

MAX-IO[PAL]/ROOT: Each PALATAL feature in a root in the input has a cor-
respondent in the output.

ALIGN[PAL]-RIGHT: Assign a violation mark for each V-Place node that in-
tervenes between the rightmost anchor of a PALATAL specification and the
right edge of the word.

DEPLINK[PAL]: If PALATAL is linked to a vowel in the output, then PALATAL
must be linked to a corresponding vowel in the input.

MAX-IO[PAL]: Each input PALATAL feature has an output correspondent.

The tableau in (33) shows how harmony spreads PALATAL from a root to a suffix across
transparent /i/. Because /i/ has no V-Place node, it is not relevant for * GAP.

(33) Deriving (8b) kgl-imiz-g® ‘lake’+ ‘our’+DAT.
~N

kgl -imiz-GA § 3 “ ~
! ! < o & 7
V-PI V-PI < & N & < ~
! = o & = ~ & S
5 & & N T N S 5'
N s FIS Y f | &S s
g S & i 48T g 3 g \j
Q M A P < < Q <
a.@kq‘)l—imiz—ga‘e *
V-P1 V-P1
PAL
b kgl imiz-qa *!
| I
V-P1 V-P1
I
PAL
c kol -imiz-ge *! *
| |
V-P1 V-PI
PAL
d kol-imiz-qa *! * *
I |
V-P1 V-P1
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Given the ranking in (32), back root vowels will block spreading, as in (34), but raising
makes them transparent, as in (35).

(34) Deriving ®swap-qa ‘tool’+DAT.

s H
eswab-GA § S « ~
\ \ \ 3 i T & <
VPl VPl VPl g & 3 ¥l 5
\ A S & IS = ~ Ed =
< : : o R ~N IS <
PAL 3 2 i & S Y S I 9 oy
& Tig | & N3 N3 N & I
Q ® ¥ < <~ < Q ~
a & &SW(‘lp—q(‘l ok
V-PI  V-PI V-PI
\
PAL
b. asw (‘1 p-q (‘1 « *
VP VPl VPl '
c. ? s w (‘1 p-k ? Pl *
V-PI  V-P1 V-P1
M. =
PAL
d. eswap-ka *! § : : § o
| | | H H H H
V-PI  V-P1 V-P1
L
PAL
(35) Deriving (29a) ®swib-i-y& ‘t0ol’+3SG.POSS+DAT.
. &
eswab-1i-GA ~N > o ~
| | | 7 T & &
V-PI V-PI V-PI < & ~N T N ~
! i @ S ~ ~] N N
s s &8s Fld 508
g Fig | § | g N & g
Q s iy S < < Q =
a.[@'a‘eswib—i—ya‘e ; ; ; : *
V-PI V-PI
I
PAL
b. ?SWib-i-H? %!
V-PI V-PI
I
PAL
c. ®@swab-1i-58a *! Hok
| \ | - : - .
V-PI V-Pl V-P1
I
PAL

A PALATAL feature from a suffix will not be preserved under raising, as shown in (36).
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(36) Deriving (17b) kitap-tfi-da ‘book’+{fee+1.0C.
< s s
. % H H H ~
kitap-fae-dA ~N < & ~
\ \ ! A T & ol
V-PI  V-Pl V-PI L & N T ~ ~
A : ~ q A N
| S s &5 T SIS T
PAL N Y A Y 5 Al J &
& O] 4 g N & \
Q R < < Q <
a.@kit(‘lp-ﬁi-d(‘l * *
V-PI V-PI
b. kit(‘lp-tji-de‘e * *!
V-PI V-PI

PAL

c. kit(‘lp—tja‘e—daf
V-PI V-P1

PAL

V-P1

*!

A PALATAL feature from a root, however, will be realized on a suffix even if rais-

ing/reduction prevents it from surfacing on the root vowel, as in (37).

37 Deriving (30a) adim-i-y@ ‘man’+3SG.POSS.+DAT.
T : : :
pagmoicer S § ¢ 5
V-P1 V-Pl V-Pl ~ & N & < ~
| = s &5 T | F T
PAL y 25 5 F 5 SR 5
) ENCHRE S \J \J S Q \J
Q P P P s S < Q s
a.@’(‘ldim—i—ya‘e * *
V-P1 V-PI
PAL
b. adim-1i-8a * *! *
V—‘Pl V—‘Pl
c. (‘1 d a‘em -i-y a‘e ! *
V-P1 V-PI V-P1
PAL
d. adem-1-8a *! *
V-‘PIV-‘PI V-‘Pl
PA‘L
e. adim-1i-8a *! *
V-‘Pl V-‘Pl
PAL
f. :T:dim—i—yz‘e ! * *%
V-PI V-P1
PAL
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6. Conclusions

In sum, representations in which only contrastive features are specified can account for
the Uyghur patterns, and do so without requiring the phonological computation to refer to
marking statements to determine which features are visible. The representations proposed
here account for the transparency of the neutral vowels and for the asymmetry between
front and back harmonic vowels. Operating on these representations, the phonological
computation can account for the root—suffix asymmetry either through root faithfulness,
as shown here, or through cyclic rule application, as in Vaux’s (2000) account.

Furthermore, Vaux’s analysis of disharmonic roots weakens Halle, Vaux, and Wolfe’s
(2000) prediction “that there is no language that is exactly like Uyghur, save that the output
of raising a disharmonic suffix remains disharmonic.” While the subtractive approach to
feature specification can generate such a pattern, the same effect could also be derived by
ordering ordering post-cyclic vowel harmony before raising in Vaux’s framework.

Further patterns in Uyghur are beyond the scope of this paper, but clearly relevant to the
analysis of harmony. These include umlaut of /&/ and /a/ to [e], triggered by a following [i]
(including epenthetic [i] but not [i] derived by raising), and vowel-consonant interactions
in which dorsal consonants are either velar or uvular, depending in part on the frontness
or backness of adjacent vowels. While we do not have the space to explore these patterns
here, we believe that our system of representations provides a solid basis for investigating
them, as well as an elegant account of the harmony patterns dealt with in this paper.
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