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Tone 213 in Beijing Mandarin are given in (1) as an illustrative example: the
*Third-Tone Sandhiee changes 213 into the Second Tone 35 before another 213,
as in (1a); the sHalf-Third Sandhiee reduces 213 into its falling portion 21 before
any tone other than 213, as in (1bf

(1) Beijing Mandarin tone sandhi involving the Third Tone:

a. 213 35/__ 213
xaw213-gju213 “  xaw35-tgju213 egood wines
tsan213-lan213“ tsan35-lan213  eexhibite

b. 213« 21/ ___ {55, 35, 51}
xaw213su55 “  xaw21lsu55 egood booke
xaw2134on35 “ xaw214on35 egood persone
xaw213-K'an55 “ xaw21-K'an51 egood-lookinge

1.2 The left-dominant versus right-dominant classi“cation
of tone sandhi systems

A considerable amount of work has been devoted to the classi“cation of Chinese
sandhi systems into organic groups in the hopes that it will shed light on their
complicated patterning. One viable option is to classify the sandhi systems as
either eeleft-dominantes or eeright-dominantes (Yue-Hashimoto (1987), Chan and
Ren (1989), Chan (1995), Chen (2000)).

In a left-dominant sandhi system, the initial syllable in a sandhi domain
preserves its base tone while noninitial syllables undergo sandhi. This is typi“ed
by Northern Wu dialects such as Changzhou and Shanghai.

Changzhoues tonal inventory on unchecked syllables, which include open
syllables and syllables closed by a sonorant consonant, is 55, 13, 45, 523, and 24
(Wang (1988))3 The basic disyllabic and trisyllabic tone sandhi patterns in

1 Tones here are transcribed in Chao letters (Chao (1948, 1968)), where «s5¢s and +1e indicate the
highest and lowest pitches in the speakeres pitch range, respectively. Juxtaposed numbers represent
contour tones, e.g., *51¢ indicates a falling tone from the highest pitch to the lowest pitch.

2 Another possible analysis of Beijing tone sandhi is that the Third Tone is underlyingly /21/ but becomes
[213] in “nal position (cf. Duanmu (1999)). Though descriptively adequate, this position is dif‘cult to
defend from a typological perspective. As discussed in this paper and elsewhere in the literature, Northern
Chinese dialects are known to have right-dominant sandhi. It is thus not clear why Beijing Mandarin
would be an exception. Moreover, the complication of a tonal contour, even in “nal position, is much less
common cross-linguistically than contour simplication in non“nal positions. In Yue-Hashimotoes (1987)
typology of Chinese tone sandhi, she found nearly a hundred cases of contour leveling or simpli“cation
but only three cases of contour complication. Therefore, it is not clear why we would want to entertain a
typologically odd description when a cross-linguistically better attested option is available.

3 We are only concerned with tones on unchecked syllables in this paper. Checked syllables,
syllables closed by an obstruent /p/, /t/, /k/, or R/,are not discussed here as the obstruent codas may
in"uence the behavior of tones independently of the syllable position and tonal features that this paper
is concerned with and thus further complicate the already complex data patterns. A complete picture
of tone sandhi, of course, must take into account such complications. But | have opted to start with a
more modest goal, in the hopes that a complete picture will emerge once we have “gured out all its
parts.
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Directional asymmetry in Chinese tone sandhi systems 261

Changzhou are summarized in (2). We can see that in general, in both disyl-
lables and trisyllables, the tone on the “rst syllable is extended across the entire
sandhi domain, taking over the original tones of the noninitial syllables. For
example, if the “rst syllable has a rising tone 13, then the entire word assumes a
rising melody.

(2) Changzhou tone sandhi:

o, 6,0 6,66

55 33-33 33-33-33
13 11-33 11-33-55
45 45-55 45-55-55
523 55-23 52-22-33
24 11-24 11-11-24

The blanket statement above clearly does not account for the nuances of how
the initial tone is mapped onto the entire sandhi domain. For example, when
the “rst syllable has an underlying high rising tone 45, the rise surfaces early in
the domain, namely, in the “rst syllable. But when the “rst syllable has a mid
rising tone 24, the rise does not surface until the last syllable. When the “rst
syllable has an underlying tone 55, the tonal melody of the polysyllabic words is
a mid level tone, not a high level tone. Wang (1988) also notes exceptional
sandhi patterns that relate to whether the last syllable is reduced. Such com-
plications may seem to cast doubt on the generalization that Changzhou tone
sandhi involves rightward extension of the initial tone. But the similar behavior
of a vast majority of sandhi patterns in not only Changzhou but also many
related Northern Wu dialects indicates that this phenomenon is not purely
accidental and deserves an analysis. This is also the position endorsed by Wang,
the original “eldworker (1988: p. 194)%

The tone sandhi behavior of Shanghai is similar to Changzhou with one
notable difference. Based on careful acoustic studies, Zee and Maddieson
(1979) transcribed unchecked tones in Shanghai as HL, MH, and LH and
summarized their sandhi behaviors as in (3). «¢B« in (3) indicates a raised Low
tone. To remain faithful to the original source, | have opted to keep Zee and
Maddiesones notation without adapting it to the “ve-point scale used elsewhere
in the paper. As is evident in (3), the tonal melodies of polysyllabic words in
Shanghai consist of two elements: the underlying tone from the initial syllable
extended rightward for one or more syllables and a boundary Low tone at the
right edge of the word when it can be accommodated. For example, if a tet-
rasyllabic word has an underlying LH on the initial syllable, then on the surface

4 Another reason for holding off the analysis for the nuances in the sandhi patterns, not only in
Changzhou but possibly in other dialects of Chinese, is that the tonal transcriptions were often
based on the original “eldworkeres auditory impressions rather than detailed instrumental analyses.
| certainly do not wish, nor am | in a position, to impugn anyonees ear, but | do believe that subtle
tonal differences are often extremely dif‘cult to hear, even to seasoned “eld experts, as attested to by
the ubiquitous discrepancies in tonal transcriptions among different sources of a single dialect. The
caution we should exercise in the interpretation of impressionistic tonal transcriptions has also been
emphasized in Chen (2000, pp. 17...19).
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262 J. Zhang

the L and the H are realized on the “rst two syllables, a boundary L is realized
on the last syllable, and a Mid tone obtains on the third syllable as the result of
interpolation between the second-syllable H and the right-boundary L. The
behavior of the HL tone may require extra machinery to account for, as the L
from the initial syllable and the boundary L seem to have merged into one and
docked onto the right edge. But the difference between H-M-L and H-L-L may
be subtle, as other sources of Shanghai tone sandhi, e.g., Duanmu (1996), have
transcribed the tones on trisyllables as the latter.

(3) Shanghai tone sandhi:

(¢} 1 61 o 0'1 (o]0} (o) 1 [e]e]0)
HL H-L H-M-L H-M-L'-L
MH  M-H M-H-L M-H-M-L
LH L-H L-H-L L-H-M-L

In a right-dominant sandhi system, on the other hand, it is the “nal syllable
in the sandhi domain that preserves its tone while non“nal syllables undergo
sandhi. This is typical of most of Min, Southern Wu, and Mandarin dialects.
The Beijing Mandarin example in (1) above illustrates this right dominance.
The four tones in Beijing Mandarin are 55, 35, 213, and 51; the complete
disyllabic tonal combinations in Beijing are given in (4). In the table, the “rst
column and “rst row represent the base tones of the “rst and second syllables in
a disyllabic word; the body of the table represents the surface tonal combina-
tions. From the table we can see that the only sandhis that occur involve the
Third Tone in non“nal positions.

(4) Beijing Mandarin tone sandhi:

6~9, 55 | 35 | 51 | 213
55
35 T T,
51
213 21-T,, | 35T,

Another example comes from the Southern Wu dialect Wuyi (Fu (1984)). Its
tonal inventory has six tones: 24, 213, 53, 31, 55, and 13. The “nal syllable of a
disyllabic word always preserves the original tone; but in non“nal positions,
tone sandhi neutralizes the inventory to two tones 55 and 11, as shown in (5).

(5) Wuyi tone sandhi:

o~G. | 24 [ 213 [ 53 [ 31 [ 55 [ 13
24

213 55-Ts,

53

31

55 11-Ty,

13

123



Directional asymmetry in Chinese tone sandhi systems 263

It is clear that we are not in a position to predict exactly what the underlying
tones neutralize to. One may also notice that the sandhi here involves count-
erfeeding opacity as 55 changes to 11, but 24, 213, and 53 change to 55 in
non“nal position. But the generalization that the sandhi involves local substi-
tution of non“nal tones with one of two simpler tones that are perceptually very
distinct from each other (level tones 55 and 11) holds true nonetheless.

The Xiamen dialect in (6) (Chen (1987)) furnishes another illustration of
right-dominant sandhi. It represents the famous ¢stone circless in Southern Min:
the tone on a word-"nal syllable remains unchanged, but the tones on non“nal
syllables undergo paradigmatic changes as indicated by the arrows in (6).

(6) Xiamen tone sandhi on non“nal syllables:

532442224
N 4
21

The synchronic analysis of the estone circless pattern in Xiamen or other
related dialects such as Taiwanese goes far beyond the scope of this paper.
Attempts at such an analysis can be found in Wang (1967), Cheng (1968),
Chen (1987), Lin (1994), Hsieh (2005), and Barrie (2006), among others. But
we should also note that the tone circle in Taiwanese has been shown to be
unproductive when native speakers are tested with novel words (Hsieh (1970,
1975, 1976), Wang (1993), Zhang et al. (2006)). What is relevant to our
discussion here is that Xiamen tone sandhi, as a right-dominant system,
involves paradigmatic substitution of tones on non“nal syllables.

1.3 An asymmetry between left-dominant and right-dominant
sandhi systems

From the examples in Sect. 1.2, we notice that there seems to be an asymmetry
between the left-dominant and right-dominant sandhi systems, in that
left-dominant sandhi tends to involve the extension of the initial tone rightward
(Changzhou, Shanghai), but right-dominant sandhi tends to involve default
tone insertion (Wuyi) or paradigmatic tone change (Beijing, Xiamen),not
leftward tone extension.

This asymmetry is manifested to a tee in the Wu dialect Tangxi (Tangsic;
Kennedy (1953)). In Tangxi, as predicted by the esNonhead Stressee rule of
Cinque (1993) and Duanmu (1990, 2000), modi“er-noun compounds have
initial stress and left-dominant sandhi while verb-noun phrases have “nal stress
and right-dominant sandhi. Crucially, the left-dominant sandhi is characterized
by rightward tone extension as shown in (7a): the entire compound assumes the
melody of the “rst syllable. The right-dominant sandhi, however, is charac-
terized by default insertion as shown in (7b): the “nal syllable keeps its tone
while the initial syllable takes on a low level tone 22, which | consider to be a
default tone.
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(7) Tangxi tone sandhi:

a. Left-dominant sandhi in modi“er-noun compound is characterized by
tone extension:

o, 0,0 0,00

33 33-33 33-33-33
51 53-31 55-33-11
24 20-44 22-33-44

b. Right-dominant sandhi in verb-noun phrases is characterized by default
insertion:

o~0. | 33 | 51 | 24
33
51 22-Ts»
24

Again, there are details of both tone extension and default insertion that fall
beyond the scope of this paper. In tone extension, we may notice that the 24
tone extends rightward differently from the 24 tone in Changzhou: the rise is
evenly spaced out throughout the sandhi domain here as 22-33-44 but is real-
ized towards the end of the word in Changzhou as 11-11-24. This difference, if
signi“cant (see footnote 4), will require machineries beyond the system intro-
duced below to account for. | also hesitate to provide an analysis that predicts
the inserted default tone to be exactly 22 beyond noting that the typological
literature on tone has a tentative agreement that level tones are less marked
than contour tones (Zhang (2002)) and low tones are less marked than high
tones (Jiang-King (1996, 1999), de Lacy (2002)).

1.4 The goal of the paper

The goal of this paper is twofold. | “rst discuss a cross-dialectal typology of the
left-dominant and right-dominant sandhi systems, and from it | deduce a
precise formal statement of their asymmetry. | then propose a formal model of
tone from which this asymmetry emerges as a prediction.

To preview the “ndings, the dialectal typology shows that the asymmetry is
best stated as implicational statements such as ¢¢in a language with both left-
dominant and right-dominant tone sandhis, if the left-dominant sandhi involves
default insertion, then the right-dominant sandhi also involves default insertion;
if the right-dominant sandhi involves tone extension, then the left-dominant
also involves tone extension.es

| argue that the extension of a tone to a larger domain may serve two
markedness purposes: the reduction of a pronounced contour tone to lesser
contours or level tones on each syllable in the domain and the reduction of pitch
differences across syllable boundaries. Both types of extension have a rightward
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Directional asymmetry in Chinese tone sandhi systems 265

directionality preference, the former due to the durational advantage afforded
by “nal lengthening, which provides a greater incentive for a contour to spread
across the sandhi domain from the initial syllable than from the “nal syllable,
and the latter due to the cross-linguistically observed preference for progressive
tonal coarticulation over regressive tonal coarticulation. These preferences can
be formally encoded in the theory via intrinsic constraint rankings, the former
by ranking markedness constraints against contour tones on non“nal syllables
over markedness constraints against the same contour tones on “nal syllable,
and the latter by ranking the faithfulness constraints against leftward tone
extension over faithfulness constraints against rightward tone extension. The
theory is then motivated by the match between its factorial typology and
the dialectal typology and further illustrated with an in-depth analysis of the
asymmetrical Tangxi pattern.

It should be noted upfront that there is one important aspect of Chinese
phonology that this paper does not attempt to address, nhamely, whether stress
is a relevant concept and, if so, how it should be determined. Duanmu (2000)
proposes a collection of diagnostics from word morphology, such as restrictions
on word length, word order, and movement within a compound, to argue for
nonhead stress and trochaic footing in Mandarin Chinese. Wang and Feng
(2006) argue that disyllables in the colloquial Beijing dialect fall under three
stress categories,tonal trochees, non-tonal trochees, and tonal iambs,based
on evidence from the acoustics of tones and native speakerse minimal pair
judgments. Based on the effects of wordelngth, syntactic con“guration, and
contrastive stress on sandhi domains, Duanmu (1995) argues that both
Shanghai and Taiwanese have a metrical system and that compound stress is
left-headed in Shanghai and right-headed in Taiwanese. | refer interested
readers to these works for arguments for the presence of stress and how it
should be determined in Chinese dialects. Crucially, | do not claim that the edge
dominance of tone sandhi is either a diagnostic for or a consequence of
underlying stress as, although the dominant edge and the location of stress
sometimes coincide, as in Tangxi, they often do not. For example, although
Mandarin has an invariable right-dominant sandhi pattern as shown above
(except with the esneutral tonees, see Sect. 2.1), the stress location of a disyllabic
compound depends on the syntactic con“guration of the compound as Duanmu
(2000) has argued. The original “eldworker of Wenzhou (Zheng-Zhang (1964))
has also noted that despite its right-dominance sandhi behavior, its stress
falls on the initial syllable (p. 109). Hereafter, | take the edge of sandhi prom-
inence as a given in the analysis, assuming that a language learner will have no
trouble making this generalization, and use an undominated constraint

5 As noted in footnote 2, Duanmu (1999) does not treat Beijing Mandarin tone sandhi as right-
dominant. He treats the Third Tone as underlyingly L; its surface rendition for “nal position is
considered to be L followed by an epenthetic H carried by an epentheti?Y] due to a tonal
PoLariTY constraint. The Third Tone sandhi is also partly due to the BLArRTY constraint, but its
directionality has to be stipulated. Therefore, in Duanmues (1999) conception, there is no mismatch
in Beijing Mandarin between stress and the dominant edge of tone sandhi. But as | have argued in
footnote 2, this position is dif‘cult to defend on typological and phonetic grounds.
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M ax-DominanT Ebce (Tone) (abbr. Max-DomEbpce (Tone)) to capture it. Stress
will be mentioned only if the original “eldworker notes it speci“cally and will

not be assumed to be either the predictor or the consequence of edge dominance
in tone sandhi. The separation of edge prominence in tone sandhi and stress
prominence in Chinese dialects has been formally recognized in Li (2003).

2 A dialectal typology of the left versus right asymmetry
2.1 The asymmetrical pattern

The asymmetrical pattern that we have seen in Tangxi is in fact more common
than initially appears. Even in languages that traditionally fall under either one
or the other sandhi direction, one can often “nd a corner of its sandhi behavior
that works in the other direction. For example, as a Southern Wu dialect,
Wenzhou tone sandhi is largely right-dominant, with massive tonal neutral-
ization on non“nal syllables (Zheng-Zhang (1964), Pan (1998)). But certain
grammatical categories such as prepositions and some frequent lexical items
behave like clitics in Wenzhou. These clitics are prosodically weak and undergo
tone sandhi. Interestingly, all proclitics neutralize the tone to 21 as in (8a), but
all enclitic tones can be characterized as the extension of the last portion of the
tonal contour from the previous syllable as in (8b) (Zheng-Zhang (1964), Pan
(1998))° Therefore, the clitic tones in Wenzhou have an asymmetrical behavior:
proclitics, which undergo right-dominant sandhi, have default tone insertion;
enclitics, which undergo left-dominant sandhi, have rightward tone extension.

(8) Wenzhou tone sandhi in clitics:

a. Tone sandhi for proclitics: b. Tone sandhi for enclitics:

(s procl.-o (o] o-encl.
22 21-22 22 22-22
44 21-44 44 44-44
42 21-42 42 42-21
31 21-31 31 31-21
35 21-35 35 35-45
213 21-213 213 213-12

In Beijing Mandarin, although the tone sandhis are also generally right-
dominant, certain word-“nal morphemes are reduced and carry a so-called
esneutral tone.ss The realization of the neutral tone is predictable from the
previous tone. Wang (1996)es study provides the results given in (9). As we can

8 There is again the issue of nuance: if the *stone extensiones statement and the tone transcriptions
are taken in their most literal sense, then some of the sandhi patterns in (8) cannot be considered as
strictly tone extension, e.g., /35-encl./* [35-45], /213-encl./* [213-12],we would expect per-
haps [34-45] and [212-23]. | again hesitate to ascribe signi“cant theoretical status to such subtle
differences. Moreover, the original “eldworker, Pan (1998), also considers the tones on the enclitics
to be extensions of the stem tones (p. 52).
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see, the realization of the neutral tone can be predicted by (a) rightward
extension from the preceding lexical tone and (b) a boundary Low tone at the
right edge of the word. For example, in a trisyllabic word with two neutral tones
at the end, if the initial syllable has an underlying tone 213, then the ¢¢3e¢ portion
of the initial syllable is realized on the second syllable, and the last syllable has a
mid falling tone as the result of a right-boundary Low tone. Therefore Bging
also has the asymmetrical pattern: its “ml neutral tones are realized with the
left-dominant sandhi pattern characterized by rightward tone extension
while its lexical tones have right-domnant sandhi with neutralization and
simpli“cation.

(9) Beijing Mandarin esneutral toness realization:

[ O-neut. O-neut.-neut.
55 55-41 55-42-21
35 35-52 35-53-32
213 21-33 21-33-32
51 51-21 52-21-11

The Shanghai dialect, which we have taken to exemplify left-dominant tone
extension in Sect. 1.2, also turns out to have an asymmetrical pattern. Both Xu
et al. (1981) and You (1994) documented two types of sandhi in New Shanghai.
Type A sandhi, which has the left-dominant tone extension pattern that we
have seen, applies to words or phrases that form a tight-knit prosodic unit, and
there is no restriction on the grammatical structure of the word. Type B sandhi
applies to words or phrases that have a loose internal structure and small pauses
between their grammatical components, and its application is primarily limited
to the verb-object structure and certain subject-verb, verb-modi“er, and coor-
dinated structures (see Xu et al. (1981) for detailed discussions of the two types
of sandhi).” Crucially, Type B sandhi is right-dominant, and it involves the
neutralization and simpli“cation of HL and MH to H and the simpli“cation of
LH to M on the “rst syllable as shown in (10).2

(10) Type B sandhi in New Shanghai,right-dominant default insertion:

5~0,| HL | MH | LH
HL

MH H'TGZ

LH M-T,,

7 An anonymous reviewer questioned the theoretical status of statements such as estight-knit pro-
sodic unites and ¢+loose internal structure.ss These are direct translations of the original “eldworkerse
statements from Chinese. They may loosely correspond to the sscompoundse versus esphrasess the-
oretical distinction, but Xu et al. noted that the de“nition of sswordhoodee is unclear in Chinese and
were hesitant to take this position. | share their caution here.

8 Xu et al. (1981)+s transcriptions in Chao letters have been adapted to H, M, and L to be consistent
with the previous discussion of Shanghai in Sect. 1.2.
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2.2 The symmetrical pattern

There are also languages with a symmetrical pattern between left-dominant and
right-dominant sandhis, i.e., either tone extension in both directions, or default
insertion or paradigmatic substitution/neutralization in both directions.

2.2.1 Default insertion in both directions

Huojia (He (1979)) is a dialect spoken in Henan Province that has default
insertion in both directions. Its tonal inventory on unchecked syllables is 33,
31, 53, and 13. In disyllabic words, Huojia has four types of tonal combi-
nations, and the type to which a disyllabic word belongs needs to be lexically
listed. The four types are: faithful rendition of the two base tones (11a);
default insertion of 31 on the “rst syllable (11b); default insertion of 13 on the
second syllable (11c); and default insertion of 31 and 13 on the two syllables,
respectively (11d). Therefore, in Huojia, regardless of the direction of the
sandhi, the sandhi tone is always a default tone.

(11) Huojia tone sandhi:
a. T-To “ T4-T»
b. T;-T, “ 31-T»
c. T4T, “ T4-13
d T.T, “ 31-13

In Chaoyang (Zhang (1979)), there are two types of tone sandhij,initial and
“nal,the choice of which largely depends on the grammatical structure of the
word. These two sandhi patterns are summarized in (12).

(12) Chaoyang tone sandhi:

a. Initial sandhi:

o~ | 33 | 313 | 11 | 55 | 31 | 53
33

313 33-Tq,

11

55 11-Tq,

31 55-Tq

53 31-Tsn

b. Final sandhi:

o~ 33 [ 33 | 11 | 55 | 31 53
33

313

11 Te-11 Te1-31
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From the tables in (12), we can see that the tone sandhi in Chaoyang involves
default insertion/paradigmatic neutralization in both directions: the initial
sandhi represents a synchronic change shift in the tone of the “rst syllable
63" 31* 55 11 “ 33);the “nal sandhi involves insertion of default
tones 11 and 31. Tone extension is irrelevant.

Zhenhai (Rose (1990), Li (2005)), a Northern Wu dialect spoken in
northeast Zhejiang Province, furnishes another example of default insertion in
both directions. The tonal inventory on unchecked syllables in Zhenhai is HL,
MH, ML, and LM. ° Disyllabic words in Zhenhai can have either initial or
“nal stress, and the location of stress is determined by both syntactic con-
“guration and tonal identity. The tone sandhi patterns for “nal-stressed and
initial-stressed words are shown in (13a) and (13b), respectively. MH does not
occur in an unstressed initial position, and ML does not occur in a stressed
initial position.

(13) Zhenhai tone sandhi:

a. Final-stress sandhi:
5~ HL|MH|ML|LM
1

HL M-HL
ML L-HL
LM L-MH

b. Initial-stress sandhi:

o~ | HL | MH | ML | LM
HL H-HL
MH MH-HL
LM LM-HL

Li (2005), following Bao (1990, 1999) assumes the autosegmental tonal
representation in (14a):each syllable dominates a register (r) node and a
contour (c) node, and the contour node ca further branch into tone (t)
nodes. For example, a low rising tone LM will be represented with a [Low]
feature under the register node and two tone features, [low] and [high],
under the contour node as in (14b). The “nal-stress sandhi in Zhenhai can
then be construed as in (15a): the sandhi involves copying the contour node
of the initial syllable onto the “nal syllable and inserting a default [low]
under the contour node of the initial syllable and a default [High] under
the register node of the “nal syllable. (15b) illustrates the derivation of
surface L-MH when the initial syllable is underlyingly LM: on the surface,

® The transcriptions here are from Li (2005), who adapted Rose (1990)+s Chao letters into an H, M,
L system.
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the initial syllable, with a [L] under the register node and a [I] under the
contour node, carries a Low tone, andthe “nal syllable, with a [H] under
the register node and two tone features [I] and [h] under the contour node,
carries a high rising tone MH.

(14) Representation of contour tone (Bao (1990, 1999), Li (2005))

a. o b o (LM)
SN LN

(15) The autosegmental representation of the “nal-stress sandhi in Zhenhai:

O, o, e G, G, d G, G,
¢ rn G r ¢ rz/\cz rl/\cl r, ¢
|
R TARTRA
r, ¢ r ¢ r ¢ r ¢ r ¢ r ¢
VAN | N\ VAN
L1 h L I h L 1 H1l h

Although the “nal-stress tone sandhi in Zhenhai does not neatly fall into
either right- or left-dominance, it involves a default-insertion process in the
prosodically weak position: the insertion of a low tone under the contour node.
The facts that the insertion involves only one tone feature under the contour
node, which gives rise to only a level tone, not a contour tone, and that the
inserted feature is [I], not [h], indicate that the inserted feature is most likely a
default.

The initial-stress sandhi has a more straightforward pattern of default
insertion: the unstressed “nal syllable takes on a default falling tone, and the
stressed initial preserves its tone, except when it has an underlying HL, in which
case a H obtains on the surface.

Finally, bidirectional paradigmatic tone change/default tone insertion is also
found in Lianyungang, a Mandarin dialect spoken in northern Jiangsu. The
tonal inventory of Lianyungang is 214, 35, 24, 41, and 55 (lwata (1982)). lwata
documents four types of lexically determined tone sandhi for Lianyungang as
listed in (16).
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(16) Lianyungang tone sandhi:

a.  Type A:
o0 | 214 | 35 | 24 41 | 55
214
55 21-Ton 214-To
24 |
35
o 55-Tg
b Type B
o~0] 214 | 35 [ 24 | 41 | 55
214 214-41
35 21-41
24 21-41/55-41
55 44-41
C. TypeC
o0 | 214 | 35 | 24 | 41 | 55
214
35 Te1-21
55
24
I 55-21
d. Type D
o0 | 214 | 35 | 24 | 41 | 55
214 214-55
55 44-55
24
21-
35 5
41 41-11

According to lwata (1982), Type A and Type B words have “nal stress, but
only Type A sandhi is right-dominant, and it involves paradigmatic neutral-
ization of the initial tone. Type B sandhi is left-dominant default inser-
tion,the “nal syllable takes the default tone 41. Type C and Type D words
have initial stress, and the “nal syllable is short. Both types of sandhi are
generally left-dominant, with default tones on the “nal syllable,21 for Type C
and 55 and 11 for Type D. But they also involve some neutralization on the
initial syllable.

Clearly, the sandhi patterns of Lianyungang involve more than paradig-
matic neutralization and default insertion,the choice of surface tones that
the underlying tones neutralize to, the partial neutralization and occasional
sandhi of the tone at the dominant edge, and the classi“cation of words into
different sandhi types all need to be accounted for in a complete analysis.
But the generalization that Lianyungang has bidirectional paradigmatic
neutralization and default insertion holds true nonetheless and deserves an
explanation.
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2.2.2 Tone extension in both directions

Tone extension for both left-dominant and right-dominant sandhis is found in
Danyang (Lu (1980), Chan (1991, 1995)), a Wu dialect spoken in Jiangsu. There
are six tonal melodies in Danyang polysyllabic words with a right-branching
structure, as shown in (17) (taken from Chan (1995)). The initial syllable in a
right-branching polysyllabic word carries the main stress, and the dominant
edge of the tone sandhi coincides with the location of the stress. Danyang is
more complex than Changzhou in that the tonal melody of the word is not
extended from the initial syllable, but it is generally predictable from the his-
torical tonal category of the initial syllable. Therefore, we can still consider the
left-dominant sandhi in Danyang to be tone extension in nature. There is a
marked exception to the left-dominant sandhi, however: the application of
melody D is not dependent on the tonal category of the initial syllable but
largely determined by a 33 tone on thdinal syllable. Chan (1995) in fact takes
this melody as the vestige of a right-dominant sandhi system in historical
Danyang. Therefore, it seems that Danyang has right-dominant sandhi as well,
and it is also characterized by tone extension: the non“nal 33s are the extension
of the “nal 33. The reason for considering the non“nal 33s to be extended tones
rather than default tones is that if 33 were the default tone, then the identity
between the dominant tone and the default tone would be purely accidental, not
predicted X

(17) Six tonal melodies in Danyang polysyllabic words with a right-branching

structure:
Pattern oo 660 6000
A 42-11 42-11-11 42-11-11-11
B 55-55 55-55-55 55-55-55-55
C 24-55 24-55-55 24-55-55-55
D 33-33 33-33-33 33-33-33-33
E 42-24 42-42-24 42-42-42-24
F 11-11 11-11-11 11-11-11-11

19 The behavior of Pattern E in (17) has been of great theoretical interest to phonologists. Yip (1989)
argued that it can be derived by edge associations of 42 and 24 and subsequent spreading of the
initial 42 rightward as a unit. Bao (1990) and Chan (1991) both argued that the 42s are derived from
24s that result from the spreading of a unit 24 rightward. All these accounts rely on the theoretical
notion of eecontour tone unites in phonological representation. Duanmu (1994a), however, argued
that the surface occurrence of [4Z 24] depends on the underlying tones of both initial and noninitial
syllables and thus should not be accounted for by contour tone spreading. Consequently, he argued
against contour tone units as phonological representations. Bao (1999) questioned the lexical
statistics on which Duanmu (1994a) based his argument and maintained that the pattern must be
derived by contour tone spreading. | refer interested readers to these works for the debate about
contour tone units. For our purposes, it is only important to note that | have sided with Bao, Chan,
and Yip in treating this pattern as a spreading pattern; | have not made an attempt to account for
why the 42 (or 24) melody extends in a different fashion to the sandhi domain from the other
melodies.
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2.3 Unidirectional sandhi

Languages in which tone sandhi is only unidirectional are also well attested. |
show here that left versus right and tone extension versus default insertion fully
cross-classify in the dialectal typology, i.e., the more common left-dominant
tone extension and right-dominant default insertion/paradigmatic neutraliza-
tion coexist with the relatively rare left-dominant default insertion/paradig-
matic neutralization and right-dominant tone extension. It is also possible that
some of these languages should be more appropriately captured as having
symmetrical or asymmetrical bidirectional sandhi if more detailed data are
available, as in Wenzhou and Beijing (Sect. 2.1).

2.3.1 Left-dominant tone extension only

As we have mentioned, the eeleft-dominant tone extension onlyes pattern is
found in many Northern Wu dialects. Changzhou discussed above in Sect. 1.2,
exempli“es this pattern.

2.3.2 Right-dominant default insertion/paradigmatic neutralization only

In a language with only right-dominant sandhi, the most common pattern is
default insertion or paradigmatic neutralization. This has been exempli“ed by
Wuyi and Beijing in Sect. 1.2. Two more examples come from Yudu (Xie
(1992)) and Zhangping (Zhang (1983)).

Yudu is a Hakka dialect spoken in Jiangxi Province of China. Its tonal
inventory on unchecked syllables is 31, 35, 44, 22, and 42, and their disyllabic
sandhi pattern is summarized in (18) (Xie (1992)). The tone sandhi is right-
dominant, as the second syllable always preserves its tone. The initial syllable
undergoes a reduction of the tonal inventory: 31 and 35 neutralize to 31, and 44
and 22 neutralize to 44. The right-dominant sandhi here clearly does not involve
tone extension but shares great similarity with the right-dominant sandhi in
Beijing Mandarin and Wuyi (Sect. 1.2) in having paradigmatic neutralization of
the non“nal tones.

(18) Yudu tone sandhi:

o[ 31 [ 35 [ 4 [ 2 | @
31

3 31-Ty,

‘2“2‘ 44-T,,

42 42-T;,

Zhangping, a Min dialect spoken in Fuzhou Province, has a “ve-tone
inventory on unchecked syllables: 24, 11, 53, 31, and 21. Its disyllabic sandhi
pattern is shown in (19) (Zhang (1983)). The pattern is again right-dominant,
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with preservation of the tone on the “nal syllable. The initial syllable undergoes
massive tonal neutralization: 31 and 53 neutralize to an identical surface tone 21,
and 24, 11, and 21 neutralize to either 33 or 55, depending on the tone of the
second syllable. Like Yudu, the right-dominant sandhi here does not involve
leftward tone extension; the underlying tone on the “nal syllable stays intact, and
the non“nal syllable undergoes local tone sandhi that results in neutralization.

(19) Zhangping tone sandhi:

oo | 24 | 11 | 53 31 21
24
11 33-Tq, 55-To2
21
31

21-Ty,
53 c2

2.3.3 Left-dominant default insertion only

In a left-dominant-only sandhi system, default insertion, though rare, is also
attested. Dongkou (Tang (1960)), a Xiang dialect spoken in Hunan Province, is
a case in point. Its tonal inventory is 44, 112, 21, 24, and 13. In disyllabic words,
which Tang reports to have initial stress, the second syllable always takes the
low falling tone 21 while the “rst syllabless tone remains intact as shown in (20).

(20) Dongkou tone sandhi:

oG] 44 [ n2 | 21 [ 24 | 13
44
112
21 Toi-21
24
13

2.3.4 Right-dominant tone extension only

The eeright-dominant tone extension onlyee pattern is particularly dif“cult to “nd

in Chinese dialects. | have only found dialects in which a corner of the sandhi
behavior can be characterized as leftward spreading (for example, in Wenzhou
(Zheng-Zhang (1964)), when the second syllable is 31 or 42, a disyllable some-
times takes tonal shape 42-21) but not dialects whose entire sandhi pattern can
be likewise interpreted. However, regressive tonal assimilation is far from
unattested in the worldes languages. Maddieson (1977), for example, lists Auchi,
Chichewa, Villa Alta Zapotec, Mitla Zapotec, and San Esteban Mixtec as having
regressive tonal assimilation but notes its rarity compared to progressive tonal
assimilation. Therefore, | consider right-dominant tone extension also as an
cross-linguistically attested pattern that deserves to be predicted by phonological
theory.
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2.4 Interim summary

The crucial observation that stems from the dialectal typology is that the
pattern in which the left-dominant sandhi is default insertion while the right-
dominant sandhi is tone extension is conspicuously missing. Therefore, the
asymmetry that we identi“ed at the beginning of the paper should be formally
restated as in (21).

(21) The asymmetry between left-dominant and right-dominant tone
sandhi restated:
If a language L has both left-dominant and right-dominant tone sandhis,

a. if its left-dominant sandhi involves default insertion/paradigmatic
neutralization, then its right-dominant sandhi also involves default
insertion/paradigmatic neutralization;

b. if its right-dominant sandhi involves tone extension, then its
left-dominant sandhi also involves tone extension.

This, then, should be the prediction that a formal theory of tone and tone
sandhi makes. The next section outlines the theoretical machineries necessary
for making this prediction. | argue that the asymmetry is the combined result of
two factors. First, the extension of a tonal contour over a longer domain helps
alleviate violations of markedness constraints against pronounced contours
over a short duration, and the initial syllable is under greater pressure to extend
its contour than is the “nal syllable as the latter is subject to pre-boundary
lengthening while the former is not. Second, from cross-linguistic phonetic data,
we know that tonal coarticulation,the phonetic in"uence of tone on adjacent
tones,is signi“‘cantly greater in both magnitude and duration progressively
than regressively. Therefore, if we consider tone spreading,the phonological
process by which a tone takes over the tones of adjacent syllables,to be seeded
in coarticulation, then it should also favor the rightward direction.

3 Theoretical apparatus
3.1 The nature of sstone extensions

| have intentionally used a theory-neutral term estone extensiones instead of the
more familiar estone spreadingee in the previous sections. The term is used to refer
to the extension of either the tonal target at the edge of a syllable or the entire tonal
contour on a syllable to a larger domain. For example, the /51/ in an underlying
/51-T/, where T refers to any tone, can be rightward extended in any of the
following ways: [51-11], [53-31], and [55-11]. The “rst output re”ects the spread-
ing (in a traditional sense) of the tone at the right edge of the “rst syllable, and the

11| am grateful to two anonymous reviewers for raising this issue and helping me clarify the use of
terminology and its theoretical consequences.
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last two re”ect two different ways of extending the falling contour over a two-
syllable domain. These different patterns share the characteristics of esextensionee
and are potentially dif‘cult to differentiate from each other due to necessary
effects of tonal coarticulation. Given that the majority of the original sources
consulted here provides only the “eldworkerse transcriptions, not acoustic data, |
have chosen to collapse these patterns under one blanket term: tone extension.

However, itis necessary to recognize that there are two distinct causes for tone
extension. The “rst cause is that the extension of a tonal contour over a larger
domain helps alleviate violations of markedness constraints against pronounced
contours over a short duration. In other words, it is motivated by constraints in
the form of *C ontour-0; (Zhang (2002), among others). For example, the
extension of a /51/ contour over two syllables may result in [55-11], [54-21],
[53-31], [54-41], or [52-21], among other possibilities. In all these possible out-
puts, the sharp falling contour is realized over the duration of two syllables. Put
differently, on both of the output syllables, only a less pronounced contour tone
needs to be realized. This is an improvement in markedness over having to
realize the sharp falling contour on only one syllable in the input.

The second cause for tone extension is the spreading of tonal targets at the
edges of a syllable, or, when the syllable carries an underlying level tone, the
spreading of the tone on the entire syllable, to adjacent syllables. This can be
seen as motivated by markedness constraints requiring the agreement of tones
on adjacent syllables, similarly to how feature spreading is motivated by
AcRree[F] (Lombardi (1999), Bakovi¢ (2000)).

The two aspects of tone extension are independent of each other and are both
necessary. Without the motivation from reducing contour tone markedness, we
cannot account for tone extension outputs of /51-T/ as anything other than
[51-11], as [55-11], [54-21], [53-31], etc. will always do worse on tonal faithful-
ness constraint bent (Tone), which requires the tonal identity between the
input and output syllables, and at most tie with [51-11] on other constraints.
Without the motivation from tonal agreement, we cannot account for the
canonical spreading behavior of level tones.

The next two subsections (Sects. 3.2...3.3) lay out the formal apparatus that
encodes both of these motivations. More importantly, they outline the reasons
that both types of tone extension favor the rightward direction, which will serve
as the analytical basis for the asymmetry stated in (21). A discussion of the
factorial typology (Sect. 4) further motivates the theory by corroborating its
cross-linguistic predictions.

3.2 Contour tone markedness hierarchies

3.2.1 The importance of duration in contour tone bearing

Let us “rst tackle the contour reduction aspect of tone extension. It is important
to recognize that tone bearing ability, especially contour tone bearing ability, is

crucially dependent on duration. This is determined by both the production and
perception of contour tones.

123



Directional asymmetry in Chinese tone sandhi systems 277

The production of contour tones relies on the contraction and relaxation of
laryngeal muscles, which require suf‘cient duration to be implemented (Ohala
(1978)). Speci“cally, a complicated contour tone, which involves more pitch
targets, will involve a more complicated muscle state change and thus will prefer
a longer duration; and a contour tone with farther-apart pitch targets will
require the muscles to contract or relax to a greater degree and thus also prefer
a greater duration of its carrier (Sundberg (1979), Xu and Sun (2002)).

Perceptually, the gradual contraction or relaxation of the laryngeal muscles
has a continuous acoustic effect, and the acoustic transition from the beginning
to the end of a contour tone carries a signi“‘cant perceptual weight in the
identi“cation of the contour (Gandour (1978), Gandour and Harshman (1978)).
Studies have shown that the perception of such gradual pitch change is
enhanced when the duration on which the change is realized is longer (e.g.,
Black (1970), Greenberg and Zee (1979)). This also determines that a longer
duration is preferred for contour tones?

3.2.2 Contour tones prefer final syllables, not initial ones

A rich body of cross-linguistic phonetic literature has shown that the “nal
syllable of a prosodic unit is subject to lengthening (Oller (1973), Klatt (1975),
Beckman and Edwards (1990), Edwards et al. (1991), Wightman et al. (1992),
and Johnson and Martin (2001), among many others). Although it is generally
agreed that the utterance-"nal position induces the greatest lengthening effects
(Oller (1973), Klatt (1975), Beckman and Edwards (1990), Wightman et al.
(1992), Hofhuis et al. (1995), Byrd (2000), Cho and Keating (2001)),
non-prepausal word-“nal lengthening has also been documented (Lehiste
(1960), Lindblom (1968), Oller (1973), Klatt (1975), Beckman and Edwards
(1990)). Moreover, unlike non-word-“nal syllables, a word-“nal syllable also has
opportunities to occur before bigger prosodic boundaries. Therefore, the average
duration of a word-“nal syllable in a connected discourse will be greater than
that of the same syllable in non-word-“nal positions.

Given that contour tones prefer longer duration, it should not be surprising
that typological studies on the distribution of contour tones have found that
they gravitate to domain-“nal positions. Clark (1983) identi“ed a number of
African languages, such as Guhu Igbo, Kikuyu, and Peki Ewe, in which this
observation holds. And Zhang (2002), in a larger-scale survey of 187 languages
with contour tone restrictions, showed that 47 of them show a preference for
prosodic-“nal syllables as contour bearers. Added to the African languages
identi“ed by Clark are many Oto-Manguean languages such as Mitla Zapotec
and Sino-Tibetan languages such as Beijing Mandarin. Recall the Beijing pat-
tern that we saw in (1): the complex contour tone 213 is realized as such only
word-“nally and is simpli“ed to a simple contour 21 or 35 when preceding
another syllable.

12 For more detailed discussions on the importance of duration in contour tone bearing, see Zhang
(2002, to appeara).
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On the other hand, Zhang (2002)+s survey did not “nd any language in which
prosodic-initial positions are independently advantageous in licensing contour
tones. This is understandable from the fact that prosodic-initial positions are
generally not lengthening positions; and even on the rare occasions when initial
lengthening is found, it is to a much smaller degree than “nal lengthening
(Fougeron and Keating (1997), Byrd (2000), Cho and Keating (2001)). There-
fore, contour tones, as features that require long duration, do not gravitate to
prosodic-initial positions.®

The importance of these two typological observations and their phonetic
underpinnings is that it is now apparent that when a contour tone is involved, the
initial syllable is under a greater pressure to extend it than is the “nal syllable, as
the latter is in a better position to carry the contour due to pre-boundary
lengthening. In other words, the “rst aspect of tone extension,contour tone
markedness reduction,implies that it should favor the rightward direction.

3.2.3 Contour tone markedness constraints and their intrinsic rankings

To capture the “nal advantage in contour tone licensing, we consider a family
of markedness constraints in (22a) and their intrinsic ranking in (22b) (Zhang
(2002, 2004), also see Zoll (2003)). The constraint family bans a certain contour
tone on a certain type of syllable, and the intrinsic ranking ensures that the
constraint hierarchy assigns a greater penalty for a contour tone on a non“nal
syllable than the same contour tone on the same syllable in “nal position. The
ranking in (22b) can be generalized as in (22c), i.e., if syllabfds shorter than
syllable k, then the ban on a contour on syllablej is ranked higher than the ban
on the same contour on syllablek.**

(22) Contour tone markedness constraints and intrinsic rankings:

a. *ConTouri-gj: Contour tone i cannot occur on syllable;.
b. *ConNTOUR;-NONFINAL » *CONTOUR -FINAL
c. If gjis shorter than oy, then *CoNTOUR i-gj » *CONTOUR j-0.

As mentioned in Sect. 3.2.1, another aspect of the contour tone markedness
hierarchies is Tonal Complexity (TC), which is de“ned in (23a). The intuition is
that the longer the duration a tone needs for its production and perception, the
higher TC the tone has. Particularly relevant for the issue at hand is that a
complex contour is of higher TC than a simple contour, which is in turn of
higher TC than a level tone; a simple contour with a greater pitch excursion is

13 For more details of the survey on contour tone distribution and the arguments for the relevance
of “nal lengthening to contour tone bearing, see Zhang (2002, to appeat).

14 Zhang (2002) further argues that the constraints need to refer directly to the durational property
of the syllables: if DurATION j » DURATION i, then *CoNTOUR ;-D URATION j » *CONTOUR j-D URATION .
This is crucial in understanding the language-speci“c behavior of contour tone licensing but is not
important to the current discussion. | refer interested readers to this work for more details on the
formulation of contour tone markedness constraints.
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of higher TC than a simple contour with a small pitch excursion. The relevance
of TC to the constraint ranking is that if contour tone i is of higher TC than
contour tone j, then the ban on contour tonei on a syllable is more severe than
the ban on contour tone;j on the same syllable as shown in (234’

(23) Tonal Complexity and its relevance to the contour tone markedness ranking:

a. De“nition: For any two tones T, and T,, let D; and D, be the
minimum durations required for the production and perception of T;
and T,, respectively. T, is of higher Tonal Complexity than T, iff
D;>D ».

b. If contour tone i is of higher Tonal Complexity than contour tone j,
then *CoNTouR -0 » *CONTOUR j-0i.

To recapitulate, two aspects of these constraint hierarchies help capture the
left/right sandhi asymmetry. First, the constraint hierarchy based on Tonal
Complexity encourages the extension of contour tones over polysyllabic
domains as the extension results in the "attening of contours on each syllable.
Second, the initial syllable is under a greater pressure to extend its contour than
is the “nal syllable due to its lower ability to license contour tones; in other
words, the grammar encourages rightward contour extension more than left-
ward contour extension.

3.3 Faithful Alignment
3.3.1 AGREE(T;-T>)

As discussed in Sect. 3.1, another aspect of tone extension is the spreading of an
edge tone in contour tones or an entire level tone to adjacent syllables, and we
have likened this type of tone spreading to the spreading of other phonological
features such as [+nasal] or [+ound]. It is thus desirable to capture this type of
tone spreading in the theory in a similar fashion to general feature spreading.
Lombardi (1999) and Bakovi¢ (2000) have argued that the harmony of features
in a domain should be captured by Asree constraints; Bakovi¢ (2000) de“ned
Acree[F] as in (24).

(24) AcRee[F]:
Adjacent segments must have the same value of the feature [F].
(Bakovic¢ (2000, p. 4))

| propose to capture the spreading of tone by the constraint *T-T,, as
de“ned in (25):

15 Zhang (2002) argues that the constraints in fact need to directly refer to the TC scale: if Tonal
Complexity j is greater than Tonal Complexity k, then *ConTour -TC; » *CoNTOUR -TCy.
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(25) AGRee(T-Ty):
If o1 and o, are two adjacent syllables and T is the tone at the right
edge ofg; and T, is the tone at the left edge ofs,, then T =T ».

This constraint has been proposed in earlier works of tone such as Zhang
(1999) and Hyman and VanBik (2004). It shares with Aree[F] the identity
requirement between the featural speci“cations of the two adjacent carriers of
the feature, and it can be used to motivate the spreading of both the edge tone
of a contour tone and the entirety of a level tone.

3.3.2 Tonal faithfulness constraints

To prevent spreading or other tonal changes from the input to the output, |
de“ne two tonal faithfulness constraints Max (tone) and IbenT (tone) as in (26)
(see also Zhang (2000a, 2002, to appea)).

(26) a. Max (Tone): if T is a tone in the input, then T has an identical
correspondent in the output.
b. IpenT (Tone): ifaisa TBU inthe input and B is a correspondent

of a in the output, then the tonal speci“cation of o must be
identical to the tonal speci“cation of p.

The evaluation of Max (tone) and Ipent (tone) differs when the associations
of the underlying tones with the Tone-Bearing Units have been altered due to
the loss of TBUs or tone spreading. benTt (tone) will be violated if reassocia-
tions such as LH-L to L-HL occur since the tonal speci“cations for both
syllables have been changed; but M (tone) is satis“ed, as all tonal targets are
preserved from the input to the output. The difference between general M (F)
and Ipent (F) has been argued for at length in Zhang (2000b). The Wk (Tone)
versus bent (Tone) distinction here shares Zhang (2000b)es intuition: the
preservation of a feature speci‘cationsomewhere in the output should be
rewarded, here by not violating Max (Tone).

3.3.3 Faithful Alignment constraints

With the tonal markedness and faithfulness constraints in place, we can con-
sider the prediction of the theory so far. Let us consider a hypothetical right-
dominant sandhi system in which a non“nal syllable must lose its tonal contrast
due to a positional faithfulness ranking Max -D omINANT EDGE(TONe) » *ToNE »

M ax (Tone) (Beckman (1998), Yip (2003)). To keep the scenario simple, let us
consider an underlying level tone 55 on the second syllable of a disyllabic
compound. The tone sandhi has two distinct possibilities: leftward spreading of
the high tone onto the “rst syllable and default insertion of 22 on the “rst
syllable. The tableau in (27) evaluates these two candidates with respect to the
four relevant constraints: Max (Tone), Ipent (Tone), *Tong, and AGree(T 1-T2).
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The boldfaced tone in the tableau indicates the tone at the prominent edge. The
tableau shows that both candidates violate Mx (Tone) and Ibent (Tone) once
due to the loss of tone T on the initial syllable’® and both candidates violate
*T onE once as they both have one distinct tonal melody associated with them.
But only 22-55 violates Acree(T1-T5); 55-55 does not. Consequently, the cur-
rent prediction is that default insertion should never win a competition as it will
always lose to the spreading candidate.

(7) IT-55/ “ 2

/T-55/ MAX(Tone) | IDENT(Tone) | *TONE | AGREE(T,-T,)

& 55-55 * * *
2255 * * * *

This prediction, however, is problematic,| have shown in a number of
examples in Sect. 2 that default insertion does occur in languages. Therefore,
there must be constraints in the grammar that speci“cally ban spreading, but
not default insertion, to give default insertion a chance to win. The Faithful
Alignment constraints, as de“ned below, serve this purpose.

| de“ne two families of Faithful Alignment constraints,F  AITH -ALIGN -LEFT
and FaitH -ALieN -RiGHT ,to ban leftward and rightward spreading, respec-
tively, as in (28a). The intuition is that if, in the output, the left (or right) edge of
a tone is spreadn syllables to the left (or right), then the output violates FarTH -
AviGN -LErFT(n) (or FAITH -ALieN -RiGHT (1)). For example, if a trisyllabic word
with 51 on the “rst syllable and any tones on the second and third syllables is
realized as [51-11-11] or [53-32-21], then it violatesARH -ALIGN -RIGHT (2).
Intuitively, there is an intrinsic ranking such that for all 4, j, if i is great thanj,
then FaitH -Aucn (f) outranks FaitH -ALien (j) for both directions as shown
in (28b).

(28) Faithful Alignment constraints and intrinsic rankings:

a. For input syllable string o10>f o, and input tone T, let their output
correspondents bes1&,¢f o,¢and T¢
FaitH -Auien -LEFT(?) (abbr. F-Avien -L): If the left edge of T is aligned
with the left edge of g; in the input and the left edge of T¢is aligned
with the left edge of g, ¢in the output, then j-k < i.

16 Some may argue that the default insertion candidate does not violate#nT (Tone) as there is no
tonal correspondent to the input tone ingy in the output. This position is untenable. The traditional
IpenT (F) is only vacuously satis“ed if the segment that carries the feature F is deleted in the output.
Given that the carrier of tonal features is the syllable, provided that the syllable is not deleted, an
IpenT (Tone) violation must be assessed for any output in which the tone of any syllable does not
match the tone of the same syllable in the input, even when the output tone is inserted by default. In
other words, given that any output syllable must be realized osome pitch, it necessarily sets up a
correspondence relation between this pitch and the input tone on this syllable. This is parallel to the
assessment of andent (F) violation when an input [+F] or [ ) F] is mapped onto an output [OF].
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FaitH -ALieN -RiGHT (i) (abbr. F-Avien -R): If the right edge of T is
aligned with the right edge ofg; in the input and the right edge
of T ¢is aligned with the right edge ofa¢in the output, then k-j < i.

b. "4 j,i>], F-AucN -Epce (i) » F-ALieN -EpGE(j), EDGE = L EFT Or RIGHT

We can now look back at the two candidates in (27): the spreading candidate
[55-55] now violates F-Aien -LerT(1), and the default insertion candidate
[22-55] violates AsrRee(T 1-T,); they tie on all other candidates. Therefore, either
candidate has a chance to win the competition depending on the ranking
between F-Aucn -LerT(1) and AGree(T1-T)).

3.3.4 F-ALiGN-LEFT(i) » F-ALIGN-RIGHT(i)

What we have seen so far is that the second cause for tone extension,the
spreading of an edge tone in contour tones or an entire level tone to adjacent
syllables,motivates an A cree(T;-T») constraint, which in turn motivates
Faithful Alignment constraints, in Optimality Theory.

A shrewd reader may have noticed, however, that the de“nition of Faithful
Alignment is applicable to both types of tone extension: for an input /51-F-T 5/,
both [53-32-21], as resulted from contour extension, and [51-11-11], as resulted
from tone spreading, violate FaiTH -ALiGN -RiGHT (2). This is partly due to the
intuition of alignment, which mandates only the edge location of a tone, not the
speci“cations of tones elsewhere. But a deeper reason for this particular con-
ception of Faithful Alignment is that it allows us to further restrict the pre-
dictive power of the theory by another intrinsic ranking as shown in (29).

(29) " i, F-AvucN -LerT(i) » F-ALGN -RiGHT (i)

| argue that this intrinsic ranking is projected from scales in phonetics,in
this case, tonal coarticulation, a la Prince and Smolensky (1993). Tonal
coarticulation refers to the contextual in"uence of one tone on adjacent tones,
and both types of tone extension can “nd their seeds in tonal coarticulation: Xu
(1997), for example, documents both the carry-over extension of the high level
tone and rising and falling contours into the next syllable in Mandarin. Cross-
linguistically, it has been found that the effect of tonal coarticulation is
signi“cantly greater in both magnitude and duration progressively than
regressively (Viethamese: Han and Kim (1974); Thai: Gandour et al. (1994);
Taiwanese: Peng (1997); Mandarin Xu (1997)). De“ning Faithful Alignment in
a way that comprehensively includes the effects of tonal coarticulation allows
the directional difference in tonal coarticulation to project a ranking among
Faithful Alignment constraints in phonology: F-A LGN -LErFT() » F-ALIGN -
RicHT (i). This ranking can be understood from the P-map perspective la
Steriade (to appear), which assumes that the perceptual similarity between
corresponding forms projects intrinsic rankings among correspondence con-
straints: an output with rightward spreading will be perceptually more similar
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to the input than will one with leftward spreading if the speaker knows that the
input, if pronounced as is, will have progressive coarticulation.

This intrinsic ranking turns out to be extremely important to the prediction
of the factorial typology of our system. Without the intrinsic ranking, a highly
ranked F-Avien -R and a lowly ranked F-ALien -L will undo the desirable effect
of the contour tone markedness rankings, which preferentially encourage tone
extension from the initial syllable. This can be demonstrated from a schema-
tized example: the constraint ranking F-Aien -R » *CoNTOUR-NONFINAL ~ »
*CoNToUR -FINAL » F-ALien -L predicts a sandhi system with left-dominant
default insertion and right-dominant spreading, as illustrated by the tableaux
in (30a) and (30b). The intuition is that although *ConTour -NONFINAL »
*ConNTouRr -FINAL encourages rightward spreading, a highly ranked F-Acn -R
prevents rightward spreading from occurring, and a lowly ranked F-Aicn -L
encourages leftward spreading to satisfy *GNTouR -FINAL .

(30) The undesirable effect of F-AigN -R » *CNTR-NONFIN »
*CNTR-FIN » F-ALiGN -L

a. 51-T — 51-22 (Left-dominant default insertion)
/51-T/ | F-ALIGN-R | *CNTR-NONFIN | *CNTR-FIN F-ALIGN-L
1= 51-22 i
55-11 *1

b. T-51— 55-11 (Right-dominant spreading)
/T-51/ F-ALIGN-R | *CNTR-NONFIN *CNTR-FIN F-ALIGN-L

= 55-11 *
22-51 *|

3.5 Interim summary

With the necessary theoretical apparatus in place, the next section lays out the
predictions of the theory by calculating its factorial typology and further argues
for the theory by showing that its prediction fully matches the “ndings of the
dialectal typology in Sect. 2.

4 Factorial typology
4.1 Bidirectional sandhi

Let us “rst consider the prediction of the theory regarding bidirectional sandhi;
namely, the prominent syllable can be either initial or “nal. The two inputs we
will consider are 51-24/ with initial prominence and /24-51/ with “nal promi-
nence. For each input, the complete set of output candidates should include the
faithful candidate, the candidate with default insertion, in which the default
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tone is assumed to be 22, and various candidates with tone extension. These
candidates are laid out in (31), which includes three representative patterns of
tone extension for each direction. Prominence is again indicated by boldface.

(31) Inputs and output candidates for the factorial typology:

/51-24/ *  51-24 (faithful) [24-51/ * 24-51 (faithful)
51-22 (default insertion) 2251 (default insertion)
55-11 (tone extension) 55k (tone extension)
53-31 (tone extension) 531 (tone extension)
51-11 (tone extension) 551 (tone extension)

The constraints and their intrinsic rankings relevant for the calculation of the
factorial typology are given in (32): (32a) lays out the relevant contour tone
markedness hierarchies, which make a distinction between a big fall (51) and a
small fall (53 or 31); (32b) is the Faithful Alignment hierarchy; (32c) is the
positional faithfulness ranking that forces sandhi in non-prominent positions;
(32d) includes two bent constraints on tone; and (32e) shows the constraint
that encourages spreading.

(32) Relevant constraints for the factorial typology and their intrinsic rankings:

a. *BicFALL -NONFINAL » *SmALL FALL -N ONFINAL
» »
*Bic FALL -FINAL » *SMALL FALL -FINAL
b. F-AuceNn-L » F-Aucn -R
c. Max-DomEDbGE(Tone) » *ToNE » Max(Tone)
d. Ipent-DomEbce(Tone), Ipent (Tone)
e. Acree(T;-Ty)

However, as we have discussed in Sect. 3.1, the different patterns of tone
extension may be dif‘cult to differentiate from each other due to necessary
effects of tonal coarticulation. Without extensive acoustic data from the lan-
guage in guestion, it would be premature to categorize it as having one or the
other extension pattern. Lacking such acoustic data from most of the Chinese
dialects under investigation here, | have opted to collapse the tone extension
patterns into one, namely the extension of the contour into two level tones, i.e.,
/51-24/ * [55-11] and /2451/ “ [55-11]. The factorial typology, therefore,
will only make predictions on the general sandhi pattern type,default insertion
or tone extension,but not on the exact rendition of tone extension. The
constraints used to calculate the factorial typology have also been simpli“ed
accordingly: the difference between big falls and small falls has become irrele-
vant; so has Acree(T 1-T>), which, for an underlying contour tone, is useful only
for distinguishing different types of tone extension, e.g., [55-11] versus [53-31].
The IpenT (Tone) constraints are also useful only to distinguish the output tones
resulting from different types of tone extension such as$s-31] and p1-11] and
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hence are also unnecessary now. The relevant constraints now are shown in
(33). The complete factorial typology using the outputs and constraints in (31)
and (32) is given in the Appendix.

(33) Relevant constraints for the factorial typology and their intrinsic rankings:
a. *CoNTouRr -NONFINAL » *CONTOUR -N ONFINAL

b. F-Aucen-L » F-Auen -R
c. Max-DomEDbGe(Tone) » *TonE » Max(Tone)

The factorial typology of the constraints in (33) was calculated byOTSoft
(Hayes et al. (2003)). Rather than computing the output combinations of the
two input forms /51-24/ and /24-51/ for all possible rankings of the constraints,
OTSoft considers each logically possible output pattern and determines whether
there is a constraint ranking that generates it. The result shows that only three
types of languages are predicted by the constraint set: the asymmetrical pattern
that has left-dominant tone extension and right-dominant default insertion, and
two symmetrical patterns in which both left-dominant and right-dominant
sandhis involve either tone extension or default insertion. These patterns, along
with suf‘cient rankings that derive them, are given in (34). They match the
Tangxi, Danyang, and Huojia patterns in the dialectal typology, respectively.
Crucially, the factorial typology does not predict the opposite of the asymmet-
rical pattern,left-dominant default insertion and right-dominant tone extension:
this pattern is unattested in the dialectal typology.

(34) Factorial typology of bidirectional sandhi with inputs /51-24/ and /24-51/:

Pattern

a. L-dom. extension
R-dom. default

b. L-dom. extension
R-dom. extension

C. L-dom. default
R-dom. default

/51-24/ — [55-11]
/24-51/ — [22-51]

/51-24/ — [55-11]
/24-51/ — [55-11]

/51-24/ — [51-22]
/24-51/ — [22-51]

F-ALIGN-L, *#CNTR-NONFIN » F-ALIGN-L »
Rankin *CNTR-NONFIN » *CNTR-FIN » F-ALIGN-R »
g F-ALIGN-R, F-ALIGN-L » *CNTR-NONFIN »
*CNTR-FIN F-ALIGN-R *CNTR-FIN
Language Tangxi Danyang Huojia

4.2 Unidirectional sandhi

For languages with a “xed prominent edge, we can easily deduce from (34) that
the factorial typology predicts the full cross-classi“cation of left versus right
and tone extension versus default insertion. The rankings in (34a) and (34b) can
predict left-dominant tone extension only; the rankings in (34a) and (34c) can
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predict right-dominant default insertion only; the ranking in (34c) can predict
left-dominant default insertion only; and the ranking in (34b) can predict right-
dominant tone extension only. As we have shown in Sect. 2.3, all four patterns
are attested.

We have noted in Sect. 2.3 that the left-dominant default insertion and right-
dominant tone extension patterns are relatively rare and dif“cult to instantiate
in Chinese dialects. This cross-linguistic rarity may be correlated with the fewer
number of constraint rankings that can generate these patterns: as the discus-
sion above indicates, the rankings that generate left-dominant default insertion
and right-dominant tone extension are proper subsets of the rankings that
generate right-dominant default insertion and left-dominant tone extension,
respectively.

4.3 Lack of sandhi

Finally, let us consider the theoryes prediction for languages in which there is
no tone sandhi in one or both directions. To allow the lack of sandhi to
occur, we need to forgo the positional faithfulness ranking in (32c) and allow
M ax (Tone) to outrank *T one. This produces two extra patterns in the factorial
typology, shown in (35). The “rst pattern represents a language with no tone
sandhi in general and is attested in Min dialects Jianeou (Lin and Pan (1998))
and Haiko (Chen (1997)). The second pattern is the lack of sandhi for initial
prominence and default insertion for “nal prominence. Regarding the pat-
terning of contour tones, it represents a language in which a contour tone can
surface on a non“nal prominent syllable and a “nal syllable regardless of
prominence. | do not know a case in Chinese that clearly instantiates this
pattern. But given that its markedness generalizations conform well to our
understanding of how contour tones generally behave, this gap is likely not a
principled gap but an accidental one.

(35) Patterns involving lack of sandhi predicted by the factorial typology:

a. L-dom. no sandhi b. L-dom. no sandhi
Excluded R-dom. no sandhi R-dom. default
Pattern
/51-24/ — [51-24] /51-24/ — [51-24]
/24-51/ — [24-51] /24-51/ — [22-51]
MAX-DOMEDGE(Tone), F-ALIGN-L »
. Max(Tone) outranks F-ALIGN-R »
Ranking everything *CNTR-NONFIN » MAX(Tone) »
*CNTR-FIN, *TONE
Language Jian’ou ?
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Interestingly, the factorial typology excludes some obvious possibilities,
which are listed in (36). All of these patterns violate known markedness gen-
eralizations about contour tones (Gordon (1999), Zhang (2002)): the left-
dominant tone extension and right-dominant no-sandhi pattern in (36a) forces
a non“nal contour tone to "atten when it is prominent but allows it surface
when it is not; the left-dominant no-sandhi and right-dominant tone extension
pattern in (36b) forces a prominent contour tone to "atten “nally but allows it
non“nally; and the left-dominant default insertion and right-dominant
no-sandhi pattern in (36¢) forces a non-prominent contour tone to "atten “nally
but allows it non“nally. To the best of my knowledge, these patterns do not
exist.

(36) Patterns involving lack of sandhiexcluded by the factorial typology:

Pattern

a. L-dom. extension
R-dom. no sandhi

b. L-dom. no sandhi
R-dom. extension

C. L-dom. default
R-dom. no sandhi

/51-24/ — [55-11]
124-51/ — [24-51]

/51-24/ — [51-24]
/24-51/ — [55-11]

/51-24/ — [51-22]
/24-51/ — [24-51]

4.4 Interim summary

| have shown in this section that the factorial typology of the proposed
constraint set makes predictions that are well matched with language typology.
In particular, the factorial typology agrees with the implicational statements in
(21): it predicts the non-existence of left-dominant default insertion cooccurring
with right-dominant tone extension but the existence of all other combinations.
Furthermore, it makes desirable predictions with respect to tonal systems that
involve the lack of sandhi in either one or both directions. Although we do not
have enough languages with detailed descriptions to fully test these predictions,
| am relatively con“dent that once we do, these predictions will be borne out.
The con“dence stems from the fact that the predictions are in accord with
contour tone markedness generalizations established by large scale language
surveys such as Gordon (1999) and Zhang (2002).

5 Case study, Tangxi

As a case study, | show in this section that the asymmetrical Tangxi disyllabic
sandhi can be accounted for by the theoretical apparatus proposed. The pattern
is recapitulated in (37): there are three underlying tones: 33, 51, and 24;
modi“er-noun compounds have initial stress and left-dominant tone extension;
verb-noun phrases have “nal stress and right-dominant default insertion.
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(37) Tangxi tone sandhi recapitulated:

Left-dominant tone extension Right-dominant default insertion
/33-T/ — [33-33] /T-33/ — [22-33]
/51-T/ — [53-31] /T-51/ — [22-51]
/24-T/ — [22-44] /T-24/ — [22-24]

Let us “rst consider the necessary contour tone markedness constraints and
their intrinsic rankings. The fact that an initial /51/ is extended onto two
syllables as [53-31] shows that for Tangxi, the Tonal Complexity difference
between a pronounced falling tone 51 and a less pronounced falling tone 53 or
31 is relevant for the output of the grammar. But for a rising tone, given that an
initial /24/ is spread as [22-44], not [23-34], it indicates that the Tonal Com-
plexity difference based on the degree of rising does not matter for Tangxi as a
rise is either tolerated or obliterated'’ Taken together with the “nal versus
non“nal distinction in contour tone licensing, these observations point to the
relevance of the constraints and rankings in (38). Note that the simpler rising
tone hierarchy in (38b) does not entail that this hierarchy is intrinsically simpler
than the falling tone hierarchy,l have simply conglomerated irrelevant con-
straints into one for the Tangxi analysis. For example, *Rse-NoNFINAL can be
seen as the combination of *Bs Rise-NONFINAL  » *SmALL RiSE-N ONFINAL .

(38) Relevant contour tone markedness constraints and intrinsic rankings
for Tangxi:

a. *BicFALL-NoNFINAL »  *SmaLL FALL -N ONFINAL
» »
*Bic FALL -FINAL » *SmALL FALL -FINAL

b. *Rise-NonFINAL  » *RIse-FINAL

The rest of the relevant constraints are listed in (39). (39a) is the Faithful
Alignment ranking that we argued for in Sect. 3; (39b) is the positional faith-
fulness ranking that forces tone sandhi on non-prominent syllables; (39c)
includes two Ipent constraints on tone; and (39d) is the constraint that bans the
change of pitch across a syllable boundary.

(39) Other relevant constraints and rankings for Tangxi:

FAITH -ALigN -LEFT(1) » FAITH -ALiGN -RiGHT (1)
M ax -DomEDGE (Tone) » *ToNe » Max(Tone)
IDENT -DomEDGE (Tone), IbenT (Tone)
AGREE(T1-Ty)

apow

17 For concreteness, | have taken the original “eldworkerss transcriptions literally. However, we
should be open to the possibility that when acoustic data are available for our examination, the
exact tone extension patterns may turn out to differ somewhat from the transcriptions and that
there may not be a difference between how the falling tone and the rising tone are extended to the
disyllabic domain.
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To distinguish among different types of output candidates for /51/,
pronounced fall [51], partially "attened falls such as [53], and completely
level tones such as [55],we must de“ne bent (Tone) gradiently so that for
an input /51/, a less pronounced fall better satis“esdent (Tone) than a level
tone. For our purposes, it suf‘ces to designate the following bent (Tone)
violations:*®

(40) IpenT (Tone):

/51/ IDENT(Tone)
51 .
53 *
31 *
55 *E

Let us tackle left-dominant sandhi “rst. The general tone extension
pattern is derived by the low ranking of FaTH -ALicn -R(1) as compared to
the relevant contour tone markedness constraints. For a51-T/ input, the rival
candidates for the output B3-31] include different ways of extending the initial
/51/,[ 55-11], B5-51], and P1-11],and default insertion in the “nal sylla-
ble,[ 51-22],as shown in the tableau in (41). Any candidate with [55] on the
“rst syllable will lose because it is a worse violation of bent-DomEDGE
(Tone) than the winning [53-31]. Any candidate with [51] on the “rst syllable,
including the one with default insertion, loses due to *HBsFALL -NONFINAL ,
which crucially outranks Ipent -DomEbce (Tone). | did not include candidates
that do not fully preserve the tone on the initial syllable, e.g., §3-22], as
they will clearly lose due to violations of Max-DomEbcE(Tone), which is
undominated *®

18 More formal de“nitions of tonal faithfulness constraints or faithfulness constraints in general
based on gradient perceptual scales can be found in Zhang (2002, to appégr In these de“-
nitions, faithfulness is de“ned as constraint families, with each member in the family representing
one point on the perceptual scale away from the input; they hence heed McCarthy (2003)ss
warning that «sOT constraints are categorical.ss | refer interested readers to these works for such
de“nitions. The form of the de“nition of | pent (Tone), however, does not affect the crux of the
analysis being offered here.

19 An anonymous reviewer correctly pointed out that the analysis presented here makes the wrong
prediction for the trisyllabic pattern /51-T-T/ *“ [55-33-11] as the high ranking of benT-
DomEbce(Tone) would also prefer [53] on the “rst syllable. This pattern can be accommodated if
we take into consideration that syllables in ptysyllabic words are shorter in duration than
syllables in mono- or disyllabic words (Lehise (1972), Klatt (1976), Lindblom and Rapp (1973),
Lindblom et al. (1981), Lyberg (1977), Strangert(1985)). Therefore, if we further split the
contour tone markedness hierarchies to incorporate this durational difference, we can predict
that non“nal syllables in polysyllabic words cannot have contour tones at all even though
non“nal syllables in disyllabic words can. See Zhang (2000a, 2002, to appeaj for further
discussions of the effect of syllable count on the distribution of contour tones and OT imple-
mentations of this effect.
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(41) /51-T/ *  [53-31]

/51-T/ *BIGF- Ip-DoM | *BIGF- | *SMALLF- | *SMALLF- | F-ALIGN-R
NONFIN | EDGE(T) | FINAL NONFIN FINAL |
= 53-31 * ] * * *
55-11 ol *
55-51 ) * @
51-11 *| | &
51-22 *|

The analysis for 24-T/ “ [22-44] is given in (42). The rival candidates again
include different ways of extending the initial tone,[ 22-24], 24-44], and
[23-34],and default insertion in the “nal syllable,[ 24-22]. All rivals lose due
to violations of *R ise constraints. In particular, candidates with a rising tone on
the initial syllable loses due to *Rse-NonFINAL , which crucially outranks IpenT -
DomEDpce(Tone). [22-24] loses because it violates *Re-FinaL , which crucially
outranks AGRee(T1-Ty).

(42) PRATI ¢ [22-44]

/24-T/ *RISE- ID-DoMm *RISE-FINAL | AGREE | F-ALIGN-R
NONFIN EDGE(T) | (T,-T)

v 22-44 o i * *
22-24 *% : *| *
24-44 *| ; *
23-34 *| # : * ™
24-22 * ! %

The analysis for 83-T/ “ [33-33] is straightforward. None of the contour
tone markedness constraints is relevant. The only viable rival i83-22], the
default insertion candidate. The tableau in (43) shows that the ranking
AGREE(T-T,) » FaitH -AvuieN -RicHT (1) suf‘ces to exclude this rival.

(43) 33T/ * [33-33]

/33-T/ AGREE(T-T,) | F-ALIGN-R
= 33-33 *
33-22 *1

Let us now consider the right-dominant cases. For a /T31/ input, the rivals
for the winner [22-51] are various tone extension candidates,[5331], [55-11],
[5551], and [5111],all of which lose due to F aitH -Arign -LErFT(1), which
crucially outranks *BicFaLL -Finae and AcGree(T;-T)). This is shown in the
tableau in (44).
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(44)

[T-51/ *

[2251]

/T-51/

F-ALIGN-L

ID-DOMEDGE(T) | *BIGF-FINAL

AGREE(T|-T,)

5 22-51

*

*

53-31

|

*

55-11

|

H3k

55-51

*1

51-11

*1

ek

For /T- 24/, the rivals for the winner [2224] are also various tone extension
candidates: [2244], [23-34], and [2444]. They again all lose due to RATH -
AvieN -LerFT(1), which crucially outranks *Rise-FiNaL . This is shown in the

tableau in (45).

(45)

Finally, the analysis for /T-33/ *

[T-24/ *

[2224]

/T-24/

F-ALIGN-L

ID-DOMEDGE(T) | *RISE-FINAL

AGREE(T,-T,)

1 22-24

*

22-44

|

ksk

*

23-34

*1

& ! *

24-44

*1

[22-33] is given in the tableau in (46). The

only viable rival is the candidate with leftward tone extension, and it is again

excluded by FatH -AvieN -LerT (1), which crucially outranks Acree(T 1-T)).

(46)

IT-33 [2233]
/T-33/ | F-ALIGN-L | AGREE(T-T))

= 22-33 *
33-33 1

The discussion above has helped us identify a suf‘cient ranking that can
account for the entire Tangxi pattern. This is shown in (47).

(47)

A suf“cient ranking for Tangxi:

Max-DomEbcE(Tone), *Bic FALL -NoNFINAL , *R 1sE-N ONFINAL

M ax (Tone), IbenT -DomEbpce (Tone), *Bic FALL -FINAL , *R 1sE-FINAL

FATH -ALiGN -LEFT(2)
»

*T ONE
»

»

IDENT (Tone), *SmaLL FALL -NONFINAL , AGREE(T1-T )

»

*SmaLL FALL -FINAL , FAITH -ALIGN -RIGHT (1)
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6 Previous analyses
6.1 Chen (2000)s analysis of Tangxi

The most notable earlier analysis of the asymmetrical Tangxi pattern appeared
in Chen (2000). His analysis is as follows. For left-dominant sandhi, the com-
pound “rst undergoes Tone Deletion on unstressed syllables and then Edge-in
Association of the initial tone; as in (48a). For right-dominant sandhi, Tone
Deletion still applies to unstressed syllables, but eesince tones only associate
rightwards, the initial syllables remain toneless, and carry a default pitch level.se
(p. 298) This is shown in (48b).

(48) Chen (2000)es account of Tangxi:

a. Left-dominant sandhi:
(x . . )
pao hyie kong si  einsurance companye
HL HL HL HL UR
HL g a g  Tone Deletion
H @ 4] L  Edge-in Association

b. Right-dominant sandhi:

(- %)
ma ts@ *sell winee
LH HL UR

g HL Tone Deletion

Couched in a serial-derivation framework, this analysis may be subject to the
criticisms that Optimality Theory has outlined for ordered rules (Prince and
Smolensky (1993)). In addition, there are problems to the analysis independent of
the nature of derivation. First, the generalization that estones only associate
rightwards,ss when stated in prose, does not make accurate predictions. As the
cross-linguistic typology in Sect. 2 has shown, languages in which tones associate
leftward do exist; the directional asymmetry is manifested as implicational
statements, not a hard universal banning leftward association of tones. Second,
the mechanism of esEdge-in Association,»s when translated into constraints
implementable in OT, makes wrong predictions for the theory. Let me lay out this
argument in detail.

The procedural *sEdge-in Associationes can be enforced by the high ranking
of Alignment constraints in (49) in Optimality Theory.

(49) Edge-in Associationes OT translation:

a. AN (Tone, Left, Prwd, Left) (abbr. Avucn -L):
The left edge of a tone must align with the left edge of a prosodic word.
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b. Aucn (Tone, Right, Prwd, Right) (abbr. Avien -R):
The right edge of a tone must align with the right edge of a prosodic word.

However, the addition of these constraints to our system is neither neces-
sary nor suf‘cient. Their lack of necessity is shown by the successful deri-
vations of all relevant types of tone extension patterns without them. This is
shown in (50). For a /51-T/ input, the initial / 51/ will extend as B5-11] if the
general *ConTour outranks FAITH -ALiGN -RichT  and Ipent (Tone); it will
extend as $3-31] with the Tangxi ranking in Sect. 5; and it will spread only the
low target rightward if | peEnT-DomEDGe(Tone) and Acree(T1-T,) outrank
*BicFALL, *T ong, and FaitH -ALieN -RicHT . Put differently, the various ways of
extending a tone to a larger domain result from the desire to avoid either a
marked contour tone or a pitch change across a syllable boundary. Edge-in
Association, or its OT translation, Alignment, is unnecessary to capture these
patterns.

(50) Deriving spreading patterns without Alignment:

Pattern No-Alignment account
/51-24/ — [55-11] | *CONTOUR » F-ALIGN-R, IDENT(Tone)
/51-24/ — [53-31] | *BIGFALL » IDENT-DOMEDGE(Tone) » F-ALIGN-R, *SMALLFALL
/51-24/ — [51-11] | IDENT-DOMEDGE(Tone), AGREE(T -T,) » *BIGFALL, *TONE,
F-ALIGN-R

The insuf‘ciency of the Alignment constraints can be demonstrated by
the loss of the asymmetry in the factorial typology. Given that both the
contour tone markedness hierarchies and Faithful Alignment are indepen-
dently needed, the Alignment constraints that enforce Edge-in Association
cannot replace any part of the current system and thus must be added to
the system. But once the Alignment constraints are included, the pattern in
which the left-dominant sandhi is default insertion and right-dominant
sandhi is tone extension (e.g.,5M-24/ “ [51-22], /2451/ “ [55-11]) can
be predicted by the ranking AucN -L » F-A LiGN -L » F-A LIGN -R » *C ONTOUR :
essentially, the asymmetrical prediction enabled by the contour tone marked-
ness and Faithful Alignment hierarchies is completely undone by the high
ranking of ALien -L.

One may argue that the sstones only associate rightwardses generalization may
project an intrinsic ranking F-A Lien -L » ALieN -L in the grammar, and this will
resolve the overgeneration problem stated above. But this move presents both
theoretical and empirical problems. The theoretical problem is in duplication:
we now have two mechanisms in the theory to discourage leftward extension of
a tone: F-ALieN -L » F-ALien -R and F-AvLien -L » ALien -L. This is undesirable
for a theory. The empirical problem is that, with F-Auien-L » AvocN -L,
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leftward tone extension cannot occur at all, and we know this prediction is false
cross-linguistically?°

6.2 Duanmu (1993)

The observation that there are two different types of tone sandhi behavior in
Chinese dialects was made by Duanmu (1993). He noted that in one type of
languages, which he termed M-languages (short for Mandarin-type lan-
guages), the underlying tones of full syllables are either kept intact or con-
tribute to the output sandhi tones; but in the other type of languages, which
he termed S-languages (short for Shanghai-type languages), only the under-
lying tone of the initial syllable contributes to the output tones in the sandhi
domain, often in the form of reassociating the tonal targets of the initial
syllable to the polysyllabic domain. This is a similar observation to the one
made here in that it also acknowledges the difference between two types of
sandhi,tone extension and paradigmatic tone change,but it attributes the
difference to a difference in language type, not initial versus “nal position, as
in the current paper.

Duanmu (1993) went on to argue that the sandhi difference between
M-languages and S-languages is due to the fact that the full rimes are underly-
ingly bimoraic in M-languages but monomoraic in S-languages. Being heavy,
the bimoraic rimes in M-languages are inherently stressed and can either keep
their underlying tones or carry other contour tones. Being light, the monomoraic
rimes in S-languages do not carry inherent stress, and only syllables that are
assigned stress by rule, such as the initial syllable, can keep their underlying
tones; moreover, the monomoraic status of the rimes prevents them from car-
rying contour tones, which then forces the tonal targets of the stressed syllable to
be extended to the polysyllabic sandhi domain it heads.

The difference in mora count between rimes of M-languages and rimes of
S-languages is argued on the basis of phonetic duration and segmental
composition of the rimes. Phonetic studies reported in Duanmu (1993, 1994b)
showed that the average syllable durations of Mandarin and Shanghai are
215 ms and 162 ms, respectively, and he argued that this supports the position
that Mandarin syllables have one extra X slot than Shanghai syllables. In
terms of rime complexity, Duanmu (1993, 1994a) argued that M-languages
such as Mandarin and Cantonese have coda contrasts and diphthongs while
S-languages like Shanghai and Suzhou have no coda contrasts or diphthongs,
and all their rimes are in the form of CV, where the vowel is either oral,

20 An anonymous reviewer questioned whether the analysis provided here can truly be considered
an improvement over Chenes elegant statements as it requires 14 ranked constraints and uncon-
ventional de“nitions of faithfulness constraints. | believe that the validity of a theory depends not on

its internal complexity but on how well its predictions “t with data. | have tried to justify each
component of the theory on phonetic and typological grounds, and | have made an attempt to show
that the theory not only provides an analysis for Tangxi but also makes predictions that agree
relatively well with language typology. In this light, even if the current analysis did not compare
favorably to Chenes in simplicity, it should still be considered a methodological progress.
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nasalized, or glottalized. This also supports the bimoraic versus monomoraic
distinction between the two types of languages.

Therefore, according to Duanmu (1993), the difference between tone
extension and paradigmatic substitution also receives a durational account, but
the account is couched in the bimoraic versus monomoraic distinction between
the rimes of two types of languages, not the initial versus “nal difference
re’ected in the directionalities of the two types of processes. In other words, the
relation between the sandhi behavior and the durational property incurred by
the position of the prominent syllable is entirely accidental in the Duanmu
(1993) account: it just so happens that S-languages like Shanghai have initial
prominence and M-languages like Mandarin have “nal prominence; the fact
that tone extension occurs in S-languages and paradigmatic tone change occurs
in M-languages is due to the monomoracity of S-language rimes and the
bimoraicity of M-language rimes, not the durational difference between initial
and “nal syllables?*

A more comprehensive study of cross-dialectal typology, however, has
shown us that the M-language versus S-language distinction is possibly inac-
curate. We have seen that many languages have dual prominence and an
asymmetrical sandhi pattern, with left-dominant tone extension as in Shanghai
and right-dominant paradigmatic tone change as in Mandarin. Although in
some cases the asymmetry can be accounted for by the Mandarin versus
Shanghai difference that Duanmu (1993) has envisioned,for example, the
rightward tone extension to eeneutral toneee syllables in Mandarin can be
attributed to the lack of inherent stress on such syllables,most asymmetrical
cases cannot be similarly analyzed. Tangxi, in which the asymmetry is based on
the syntactic con“guration of the compound, and Wenzhou, in which the
asymmetry is manifested in the comparison between proclitics and enclitics, are
cases in point. Therefore, it is much more likely that the sandhi difference is
caused by the consistent durational difference between initial and “nal syllables,
not by the difference in mora count of the syllables, which may not exist for
syllables in the same languages.

21 puanmu (1999) revised his earlier position that Shanghai rimes are monomoraic and claimed that
they are underlyingly unspeci‘ed for weight; the initial syllable is bimoraic on the surface and
attracts stress, but it does not carry contour tones, due to a general dispreference for contour tones.
This position was defended on the basis of phonetic data from Zhu (1999) as well as on theoretical
grounds that relate to cross-linguistic metrical structures. However, with this position, the tone
sandhi difference between Mandarin and Shanghai has now become an idiosyncratic ranking dif-
ference among constraints such as T-BrincTioN , PoLAriTY , and SmprLe Tone (see Duanmu (1999)
for details), which do not directly relate to their syllabic or metrical structures, and it is not clear
whether these constraints can be extended to other M- and S-languages to capture their difference.
The theoretical gain at one place, therefore, comes with the loss of generality at another.
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7 Conclusion

In this paper, | have identi“ed a formal asymmetry between left-dominant and
right-dominant tone sandhi systems in Chinese. The asymmetry is best stated in
terms of implicational statements: in a language with both left-dominant and
right-dominant tone sandhis, if the left-dominant sandhi involves default
insertion/paradigmatic neutralization, then the right-dominant sandhi also in-
volves default insertion/paradigmatic neutralization; if the right-dominant
sandhi involves tone extension, then the left-dominant also involves tone
extension. To capture this asymmetry, | have shown that a theory of tone and
tone sandhi must include the following elements: (a) contour tone markedness
hierarchies that penalize time-consuming contour tones on syllables with short
duration and (b) Faithful Alignment constraints, with the intrinsic ranking
FAItH -ALiGN -LEFT » FAITH -ALiGN -RigHT . The theory is motivated from both
the empirical adequacy of its predictions via factorial typology and the phonetic
underpinnings of its intrinsic rankings. A case study shows that the theory can
indeed account for a real language pattern that manifests the left/right sandhi
asymmetry. A by-product of the analysis is that Edge-in Association, or its OT
translation in Alignment constraints, should play no role in a theory of tonal
melody mapping.

As | have freely admitted throughout the paper and in various footnotes,
there are many unresolved issues in this proposal. For example, | have not
made an attempt to address the thorny issue of stress in Chinese dialects; |
have not investigated the sandhi behavior of checked syllables in dialects that
have them; | have not proposed an explicit account for the surface forms of
default tones; and | have in places glossed over nuances in tonal transcriptions
provided that they do not affect the crux of the analysis to the best of my
judgment. Some of these issues can be resolved by careful acoustic studies of
the dialects in question, and some simply require a study that is much bigger
in scope than can be afforded in this paper. However, | believe that for a
large problem like Chinese tone sandhi, careful compartmentalization is a
good thing. Provided that the compartmentalization is not done at the risk of
either distorting the data or losing the forest for the tree, we may be able to
make more ef‘cient progress if we start with relatively modest goals, in the
hopes that a complete picture will emerge once we have “gured out all the
parts to the puzzle.
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Appendix: factorial typology with different tone extension patterns

This appendix lays out the prediction of the theory when different patterns
of tone extension are considered. We again assume a system in which the
prominent syllable can be either initial or “nal and the sandhi is bidirec-
tional. The sets of output candidates for the two inputs 5§1-24/ and /2451/
(boldface indicates prominence) are given in (1), repeated from (31) in
Sect. 4.1.

(1) Inputs and output candidates for the factorial typology:

/51-24/ “  51-24 (faithful) [24-51/ “ 2451 (faithful)
51-22 (default insertion) 2251 (default insertion)
55-11 (tone extension) 55k (tone extension)
53-31 (tone extension) 531 (tone extension)
51-11 (tone extension) 551 (tone extension)

The constraints and their intrinsic rankings relevant for the calculation of the
factorial typology are given in (2), repeated from (32).

(2) Relevant constraints for the factorial typology and their intrinsic rankings:

a. *BicFALL-NoONFINAL » *SMALL FALL -N ONFINAL
» »

*Bic FALL -FINAL »  *SMmALL FALL -FINAL

F-ALieN -L » F-ALieN -R

Max-DoMEDbGE (Tone) » *ToNeE » Max(Tone)

IDENT -DomEDGE(Tone), IpenT (Tone)

AGREE(T 1-T»)

®Paoo

The factorial typology calculated by OTSoft (Hayes et al. (2003)) returns
nine patterns, which are shown in (3) along with the crucial rankings
that derive them. «sBcFaLL *¢ and **SaLL FALL ¢« are abbreviated to ¢e51e and
53¢+, respectively. Of the nine patterns, three represent the asymmetrical
left-dominant tone extension and right-dominant default insertion, “ve repre-
sent tone extension in both directions, and one represents default insertion in
both directions. The opposite of the asymmetrical pattern,left-dominant
default insertion and right-dominant tone extension,is still not predicted.
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(3) Factorial typology of bidirectional sandhi with inputs /51-24/ and /24-51/:

Pattern

Ranking

a. L-dom. extension
R-dom. default

/51-24/ — [55-11]
/24-51/ — [22-51]

*#51-NONFIN, F-ALIGN-L »
*#53-NONFIN, *51-FIN, F-ALIGN-R »
ID-DOMEDGE(T), *53-FIN, AGREE(T -T,)

/51-24/ — [53-31]
/24-51/ — [22-51]

*51-NONFIN, F-ALIGN-L »
ID-DOMEDGE(T), *51-FIN, F-ALIGN-R,
AGREE(T,-T,) »

*53-NONFIN »

*53-FIN

/51-24/ — [51-11]
/24-51/ — [22-51]

ID-DOMEDGE(T), F-ALIGN-L »
*51-NONFIN, AGREE(T,-T,) »
*53-NONFIN, *51-FIN, F-ALIGN-R »
*53-FIN

b. L-dom. extension
R-dom. extension

/51-24/ — [53-31]
/24-51/ — [55-51]

*51-NONFIN, AGREE(T -T,) »
ID-DOMEDGE(T), F-ALIGN-L »
*53-NONFIN, *51-FIN, F-ALIGN-R »
*53-FIN

/51-24/ — [53-31]
/24-51/ — [53-31]

*51-NONFIN, AGREE(T,-T,) »

*51-FIN, F-ALIGN-L »

ID-DOMEDGE(T), *53-NONFIN, F-ALIGN-R »
*53-FIN

/51-24/ — [51-11]
/24-51/ — [55-51]

ID-DOMEDGE(T), AGREE(T -T,) »
*51-NONFIN, F-ALIGN-L »
*#53-NONFIN, *51-FIN, F-ALIGN-R »
*53-FIN

/51-24/ — [55-11]
/24-51/ — [55-51]

*51-NONFIN » *53-NONFIN »
ID-DOMEDGE(T) » *51-FIN »
*53-FIN, AGREE(T -T,) »
F-ALIGN-L » F-ALIGN-R

/51-24/ — [55-11]
/24-51/ — [55-11]

*51-NONFIN »

*53-NONFIN, *51-FIN »
ID-DOMEDGE(T), *53-FIN, F-ALIGN-L,
AGREE(T,-T,) »

F-ALIGN-R

C. L-dom. default
R-dom. default

/51-24/ — [51-22]
124-51/ — [22-51]

ID-DOMEDGE(T), F-ALIGN-L »
*5]1-NONFIN, F-ALIGN-R »
*53-NONFIN, *51-FIN, AGREE(T -T,) »
*53-FIN
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