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The retroflex suffixation is one of the interesting phonological phenomena in Beijing Mandarin and has engendered much discussion. But most of the discussions are made from social, historical and experimental points of view. Recently, some of the scholars overseas have applied different theories of Generative Linguistics to analyze it and proposed different explanatory theoretic models for it. In this paper, I will first present the data of Mandarin retroflex suffixation reported by different scholars, then introduce some representative models proposed so far to account for Mandarin retroflex suffixation, and finally make a discussion on it from the OT perspective.

1. Mandarin Retroflex Suffixation

The studies on retroflex suffixation are abundant in the Chinese linguistic literature. Most of them are the (synchronic or diachronic) data descriptions (e.g., Tao & Yin 1957; Chao 1968; Xu 1960; Wang 1963; Lin 1982; Hsueh 1986; Lin & Shen 1995; Li 1986; Lu 1995) or phonetic / perceptional experiments (Wang & He 1985; Bao 1989; Li 1990; Yang 1991). These studies are often different in their data presented. For ease of exposition, I will introduce only some representative studies on it and then, after consulting and comparing several representative empirical studies, present a more general version of the retroflexed forms in Beijing Mandarin. 

1.1 Some Empirical Studies

The retroflex suffix 儿 is considered to evolve from “li”, “ri” and / or “er” (Chao 1968:46; Hsueh 1986:74
; Lin & Wang 1992:165-166) and, as Hsueh (1986:73) claims, it is now added or merged into the preceding syllable, assigning a diminutive meaning to it. “er” as a diminutive suffix probably first appears in no earlier than Ming dynasty. Xu (1999:133) points out that the dimunitive suffix “er” was originally an independent syllable and has been merged into the preceding syllable due to the long time of fast speaking. Morphologically, the retroflex suffix is usually written as an independent morpheme “er” (Lin 1982/1990:62) but, as Tao and Yin (1857:31) noted, some syllables are read with the diminutive retroflex even if the suffix “er” is not written out.

It is widely acknowledged that the suffix “er” is now the only non-syllabic morpheme or, straightforwardly speaking, a segment-affiliated feature in Mandarin. The problem is: how is it combined with or incorporated into the root or preceding syllable in the phonological process of Mandarin retroflex suffixation?

Tao and Yin (1957) claim that the retroflex suffixation in Mandarin is simply adding the color of retroflex or rhotacization to the ending of the preceding suffixed syllable or stem. If the suffixed syllable ending is incompatible for rhotacization, it will be lost in the process of its retroflex suffixation. The ways of retroflex suffixation they proposes can be summed up as the following types:

(1) Tao & Yin (1957)

a. Add the color of retroflex directly to the syllable ending with a, o, e, or u;

b. Add the retroflexed mid central vowel [(r] after the singleton high vowel rime i or (;

c. Replace the apical vowels with the retroflexed mid central vowel;

d. Delete the post-nuclear glide from the rime ai, ei, or ui and then for the first two rimes add the color of retroflex to the remaining nuclear vowels a or e and for the last rime ui add the retroflexed mid central vowel [(r] to the end of it;

e. For the palatal nasal rimes an, en, in and (n, first delete the nasal consonant and then, for the first two rimes, add the color of retroflex to the remaining nuclear vowels; for the last two ones, add the retroflexed mid central vowel [(r] to the remaining i and (; 

f. For the velar nasal rimes, nasalize the nuclear vowels before deleting the velar nasal ending and then retroflex the nasalized nuclear vowels.

Obviously, according to Tao and Yin (1957) there are mainly two types of retroflex suffixation: one is adding the color of retroflex to the last (remaining) vocalic segment of the syllable; and another is adding the retroflexed mid central vowel [(r] to the end of the suffixed syllable or stem.

Li (1986) claims that there are two types of retroflexion in Mandarin: additive type and fusional type. For the additive type, the retroflex is just added to the end of the rime, i.e., a retroflex liquid is usually added to the end of the vowel of the suffixed rime. Take (金)桔儿(t((+(r, orange) for example. The rime of the suffixed syllable [(] is incompatible with retroflexion since it is a front high vowel and thus the retroflex suffix is added to the nuclear vowel of the suffixed syllable, forming a complex rime. For the fusional type, the retroflex action starts simultaneously with the articulation of the rime, i.e., the monosyllabic retroflex suffix and the suffixed nuclear vowel are fused into a singleton retroflexed vowel. Take (眼)珠儿(t(u+(r, eyeball) for example. The rime [u] is compatible with retroflexion and thus fused with the retroflex suffix into a retroflexed singleton rime. Li claims that Mandarin has shown a constant change from additive to fusional retroflex suffixation. And he also makes an experiment to show there exist such two types of retroflexion now in Mandarin (Li 1990).

Wang and Wang (1991:98) criticize Li’s classification on the basis of two types of retroflexion and his claim that Mandarin exhibits a constant change from additive to fusional retroflex suffixation. Based on their acoustic and perceptional experiments, Wang and He (1985:27) claim that in Mandarin, the retroflex action is almost simultaneous with the articulation of the rime of a syllable. Lin and Wang (1992:169) reiterate this idea that in Mandarin the retroflex action starts simultaneously with the articulation of the rime, with the onset unaffected. They point out that under the retroflexion the vocalic segments in the rime (not including the pre-nuclear glide) have undergone some changes and the difference in Mandarin retroflexion mainly lies in the degrees of the retroflexion of the vowels in these rimes. The retroflex suffixed forms in Beijing Mandarin that Wang and He (1985:48) report are displayed as in the following table.
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Note that, as Chao (1968) and many other scholars point out, the front high vowels [i, (] do not take the color of retroflexion as they are incompatible with retroflexion. When the front high vowel [i]
 (precisely speaking the off-glide) is preceded by a non-high (nuclear) vowel, it will be deleted when the rime is retroflexed; when the front high vowels are in the nuclear position, an embedded lax mid central vowel will be in the target of retroflexion. To put the rimes with the velar nasal ending aside, we generally have four basic types of retroflexed rimes: [ar], [ur], [(r] and [(r]
 (Wang & He 1985:39). These four types of retroflexed rimes exhibit that the retroflex suffix has been fused into the rimes and is realized only as a retroflex feature attached to the vowels [a], [u], [(] and [(]. Wang and He’s idea that the retroflex suffix in Beijing Mandarin is realized only as a feature attached to the suffixed rime gains support from some other scholars. Lin and Wang (1992:169) point out that the rime (not including the pre-nuclear glide) will undergo some changes under the retroflex suffixation. Specifically, when the nuclear vowel of the suffixed syllable is a non-high vowel or a back rounded high vowel, the retroflex action starts just from the articulation of this nuclear vowel; when the nuclear vowel is a front high vowel [i] or [(], the retroflexed mid vowel is added to it and the front high nuclear vowel becomes a correspondent pre-nuclear glide. Wang and He (1985) and Lin and Wang (1992) show with their acoustic and perceptional experiments that the retroflex suffixation in Beijing Mandarin is not merely an addition of a retroflex suffix to the end of a preceding syllable but actually incurs the retroflexion of the whole rime of the preceding syllable. Their studies are simply the denials of the additive and fusinal classification of retroflex suffixation in Beijing Mandarin as Li (1986) advocates. Next, I will present my empirical analysis of different kinds of retroflex suffixation in Mandarin.

1.2 Reconsidering the Retroflex Suffixation

In the previous subsection, I have mentioned that Mandarin retroflex suffixation has long been considered to be the incorporation of an independent suffix (either a syllable or a retroflex segment) into the preceding syllable. In process of the incorporation, the rime of the preceding syllable will be altered to some extent that it can be naturally co-articulated in spoken Chinese. Recent acoustic and perceptional experiments show that the retroflex suffixation in Mandarin is not a simple addition of a retroflex suffix to the preceding syllable but actually incurs the retroflexion of the whole rime of the preceding syllable. Thus, some scholars (e.g. Wang 1993) assume that the retroflex suffix is lexically not a segmental entity but an entity less than a full segment, i.e. just a single suffixal feature. 

Obviously, the featural concept deviates from the traditional concept that the retroflex suffix is morphologically and diachronically a de-syllabified monosyllabic segment. Such a concept seems to represent the actual changes of the rime in retroflex suffixation but, on second thought, it will eventually lead to some problems. For instance, the retroflexed forms of [sι] (silky, 丝) and [t((] (twig, 枝) are respectively [s(r] and [ts(r]. Here, the apical high vowels are replaced by a retroflexed mid vowel [(r]. If we assume that the retroflex suffix is not a segment but a feature, in the phonological analysis, we have to consider epenthesizing a lax mid vowel after the dental or retroflex sibilant before the feature retroflex suffixation applies. How can we deal with the feature retroflex suffixation for the above cases? Possibly there are two ways of treatment. ①Suppose that the apical vowels are lexically empty. The epenthesis of the lax mid vowel is triggered by the retroflex suffixation. A retroflex feature is added to the syllable without a vocalic segment but this feature finds no place or segment to depend on and thus triggers the vowel epenthesis. But the problem with this way of treatment is why the retroflex feature applies to a lax mid vowel instead of other mid vowels. Obviously, the feature-based retroflex suffixation finds no motivation for the epenthesis of a mid vowel. ②Suppose that the apical high vowels are lexically present. The process of the retroflex suffixation is the combination of the apical vowel deletion and the mid vowel epenthesis. That is, the retroflex feature is added to the syllable and the lexically present apical high vowels are deleted due to the incompatibility for articulation with a retroflex feature. After the apical high vowels are deleted, the additive feature finds no place or segment to depend on and triggers the mid vowel epenthesis. A question will arise as to why the retroflex suffixation triggers the deletion of the only apical high vowels instead of all the high vowels. The naturalness of such an explanation is doubtful. 

Consider the following facts concerning the retroflex suffix in Beijing Mandarin: ①The retroflex suffix evolves from a monosyllabic word. ②The suffix is spelled out in most cases as a morphological entity. ③In some dialects, the retroflex suffix is still an independent monosyllabic entity. And ④even among some old Beijing natives, the suffix is still retained as an independent morpheme. All these facts lead us to the following conclusion that the retroflex suffix in Beijing Mandarin is, at least lexically, an independent entity. There is an important point that needs to be called into attention. The lexically independent monosyllabic entity does not mean that it will be necessarily realized as a segmental entity. In fact, the lexically independent retroflex suffixal entity in Beijing Mandarin is, in most cases, phonetically realized as a rime-dependent feature. That is to say, the retroflex feature is a kind of superficiality, or, technically speaking, a phonetic realization of the underlying lexical form. A phonological analysis can and must present a clear and insightful picture of the whole process of the phonological phenomena.

But the same question will be raised: how is a segmental retroflex suffix phonetically realized as a retroflex feature attached to the rime of the suffixed syllable? This is just the question that the present paper is supposed to answer. Before answering this question, let us first talk about the significance of identifying the retroflex suffix as a lexically independent monosyllabic entity here. 

The significance of identifying the Mandarin retroflex suffixation as a lexically independent monosyllabic entity can be generalized as the following points:

①It can reflect the historical source of this suffix. As many scholars point out, the suffixed syllable and the retroflex suffix were originally two separate phonological and morphological entities. The retroflex suffix lost its syllabicity and merged into the suffixed syllable due to the long time of fast speaking. The treatment of the retroflex suffix as a lexically independent entity can well reflect where this suffix comes from.

②It is fully in conformity to the morphological and psychological reality of the retroflex suffixation in Beijing Mandarin. As we know, in most of the cases, the retroflex suffix is written as an independent morpheme and the speaker usually tries to spell out the stem and this retroflex suffix at one breath. Morphologically and psychologically, the stem and the suffix are conceived to converge into one syllable when they are pronounced. 

③It is of great significance to the typological generalization of retroflex suffixation across different Chinese dialects. Lu (1995), F-T. Wang (1999) and many others observe that there exist different types of diminutive retroflex suffixation across different Chinese dialects. To establish the typological relations among these different dialects, we may assume that they have the same type of a lexical diminutive suffix. Their difference in the phonetic realization of retroflex diminutive suffixation lies solely or principally in the ranking of some relevant universal constraints. As I will demonstrate, the phonetic realization of the retroflex suffix as an attached feature is mainly due to the dominance of the markedness constraints over the faithfulness constraints.

From the above analysis, we conclude that the Mandarin retroflex suffix is lexically an independent monosyllabic morpheme and, in most cases, is phonetically realized as a retroflex feature attached to the rime of the suffixed syllable in Beijing Mandarin. 

Now the problem is: how is the retroflex suffix phonetically realized as a feature attached to the rime of the suffix syllable or, to put it in another way, how is the retroflex suffix incorporated into the suffixed rime? As we have mentioned above, nearly all the scholars agree that when the nuclear vowel is a front high vowel, a retroflex mid vowel is added to it. But as for the other vowels, some scholars (e.g., Wang & He 1985; Lu 1995) consider that all of them are retroflexed; but some scholars (e.g., Li 1986) disagree and claim that some of them are retroflexed and some are not and for those that are not, a retroflex suffix is added to the rime in the retroflex suffixation. As for which vowels can be retroflexed and which are not, no agreement has been reached among the Chinese scholars. 

Li (1990:171) reports that his analysis of his Beijing native speaker’s pronunciation shows that the fusional retroflexion applies to the rimes ending with the back rounded high vowel [u] (see the syllables listed in Type B in his paper) while additive retroflexion applies to the other rimes (listed in Type A in his paper). Wang (1997b) studies the previous acoustic results and proposes that phonologically retroflexion is compatible with the [+back] vowels and the retroflex color of the [back] vowels incompatible with retroflexion is derived at the phonetic level of representation through the interpolation rules advocated by Pierrehumbert (1980). Specifically, Wang (1997b) assumes that phonologically the back vowels, such as [u], can be retroflexed while the front vowels, such as [i] and [a], cannot. Based on the experiment made by Bao and Yang in 1986, Bao (1989:104-5) concludes that fusional and additive retroflexion co-exist in the present-day Beijing Mandarin and which vowels are retroflexed in the fusional or additive way depends not on the retroflexed vowel itself but on the speakers. Wang and He (1985) claim that the retroflex action starts almost simultaneously with the articulation of the nuclear vowels of the suffixed syllable except when the front high vowel [i] or [(] is the nucleus. In sum, these studies show that the back vowels are compatible with retroflexion while the front high vowels are not. The front non-high vowels are in controversy. 

Before presenting my analysis of Mandarin retroflex suffixation from an OT perspective, let’s look at some of the pre-OT analyses made so far.

2. Past Phonological Analyses

Retroflex suffixation is very common in spoken Beijing dialect. When a word or a syllable is retroflexed, it will take a diminutive meaning. The most interesting aspect of Mandarin retroflex suffixation is that the retroflex suffix is not simply an additive suffix. When a word or a syllable is retroflexed, the retroflex suffix will lose its syllabicity and the rime of the suffixed syllable will undergo some changes. Such a linguistic phenomenon has attracted much attention of linguists. Studies have been conducted within different theoretical framework and some different proposals have been advanced so far. In the rest of this section, I will look at these studies and their proposals and see what achievements they have made and what deficiencies they have in phonological description and representation of the retroflex suffixation in Beijing Mandarin.

2.1 Linear Approach

Linear approach refers to the approach in which a phonological representation is assumed to be composed of a linear string of segments. Cheng (1973) was the first to conduct an analysis of the Mandarin segmental phonology within the linear framework of Generative Phonology. Within this framework, Cheng (1973) presents his analysis on the Beijing retroflex suffixation. He assumes that the retroflex suffix is /(r/ underlyingly and the mid un-rounded vowel is deleted when the Retroflex Suffixation rule is applied. The remaining retroflex liquid /r/ is added to the rime of the suffixed syllable. To get the expected result, of course, some other rules must be required to involve in. Take “绳儿” (rope) for example. The rules and their ordering in the derivational process of the required form that Cheng (1973) proposes can be illustrated as in (3).

(3)
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The figure in (3) shows the derivational process of the retroflexed syllable [(((r]. In the first step, the Backness rule applies and the non-high vowels are assimilated in backness respectively by their immediately neighboring segments [(] and [r]. Then, the Mid Vowel Laxing rule involves in and makes the mid vowel before a consonantal ending become schwa. Next, the Retroflex Suffixation rule deletes both the vowel and the tone of the suffix and makes the remaining retroflex liquid as part of the suffixed syllable. After the Velar Nasalization rule nasalizes the preceding nuclear vowel and the velar nasal is deleted under the effect of the Velar Nasal Deletion rule, the expected result [(((r] is derived.

Clearly, there are some problems with Cheng’s rule-based derivation of retroflex suffixation. The r-retroflex is treated as a suffix of the retroflex liquid simply added to the rime of the suffixed syllable. But, as some acoustic and perceptional experiments show, in Mandarin the retroflex action is almost simultaneous with the articulation of the rime of a syllable. This means that the Mandarin retroflex suffixation is not the simple adding of a retroflex liquid to the end of the suffixed syllable but the complex fusional process of the retroflex suffix and the suffixed syllable. Obviously, Cheng’s (1973) analysis cannot exhibit such a phonological change in Mandarin retroflex suffixation clearly.

Like the other rule-based analyses, Cheng’s analysis is also subject to the external ordering of the rules and the inevitable divergence of the focus of study from the surface forms to the assumed abstract underlying forms. It can be clearly seen in (3) that the Backness rule, which effects the backness assimilation of the non-high vowels respectively to their immediately neighboring segments, is de-effected by the following Mid Vowel Laxing rule. It goes without saying that the problem of this kind is an ultimate outcome of the serial derivational approach. Besides, like most of the other rule-based theories, the rules are often formulated with excessive reference to the language specific properties and thus lack universality. And consequently, the observations of the typological variations across different languages are hard to be reflected. 

2.2 Non-linear Approach

Non-linear approach to phonology starts in the 1970s. Goldsmith (1976), in studying the tones of African languages, develops the theory of Autosegmental Phonology. In this theory, phonological representations are composed of several independent tiers and tones are assumed to exist in one tier independent of the skeletal (or root) tier where a phonological change in one tier will not necessarily affect the phonological units in another tier. Autosegmental Phonology systematically develops a new way of phonological description and paves ways for the develop- ments of other phonological theories. Clements and Keyser (1983) apply the non- linear autosegmental method to the study of syllable internal structure and advance the CV theory. Other syllabic theories advanced after the inception of Autosegmental Phonology includes X-slot theory, government phonology, mora theory, etc. Clements (1985) and Sagey (1986) adopt the non-linear approach to account for the intrinsic relations between the phonological features and develop the theory of feature geometry (see Wang 2000; Ma 2001a). Of course, these studies have great influence on study of Mandarin phonology and have touched off a number of studies on the Mandarin retroflex suffixation in the 1980s. The representative of these studies are Yin (1986), Lin (1989), Duanmu (1990), Wang (1993) and Goh (1997)
.

Yin (1986) proposes that the retroflexed rime in Beijing Mandarin is the result of re-syllabification of the stem and the retroflex suffix. Her autosegmental treatment of Mandarin retroflex suffixation can be illustrated as follows (see Lin 1989:101; Wang 1993:186):
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In (4), the processes of retroflex suffixation for [kuan] (official, 管) and [pi] (pen, 笔) are presented. Two points need to be noted here: ①The underlying (or lexical) form is [(r] (that is, represented by /r/ associated with two timing slots dominated by R) and it has two alternative phonetic realizations [r] (when re-associated with only one timing slot) and [(r] (when re-associated with two timing slots). ②The syllabic template is not fixed. It may consist of either two syllabic constituents (O and R) or one (only R). Besides, a syllable may have either four timing slots (as in [kuan]) or two (as in [pi]). But the syllabic template for the retroflexed form is fixed. It is composed of four timing slots, two of which are dominated by O and two by R.

Within the non-linear framework, Lin (1989) also makes an analysis of the Mandarin retroflex suffixation. Lin’s (1989) analysis is very similar to Yin’s (1986). But hers is different in three respects: ①Lin assumes that the underlying form of the suffix is a retroflex liquid /r/. The phonetic realization [(r] derives from the schwa epenthesis. ②She refuses that there is an invariable syllabic template for the retroflexed form (Lin 1989:101). ③Unlike Yin (1986, 1989), Lin considers that vowel epenthesis should be employed to account for the fact that schwa appears in some of the rimes like [pi] after the retroflex suffixation.

Duanmu (1990) studies eight Chinese dialects representing eight Chinese dialect families and proposes that all the Chinese dialects share the same invariable syllabic template, which consists of three timing slots, one for the Onset and two for the Rime. With his fixed three-slot syllabic template, Duanmu presents his analysis of the retroflex suffixation in Mandarin Chinese. Duanmu (1990:53) claims that the retroflex suffixation is a process of adding a suffix /r/ to a (monosyllabic) noun and then the noun and the retroflex suffix are fused into one syllable. Specifically, if the second slot (or coda slot) of the rime is empty, the suffix /r/ will be added directly to it; if the second slot has been occupied by a post-nuclear glide or nasal consonant, it will replace the original coda that occupies the coda position. Duanmu (1990:54) points out that in the syllabification, the retroflex suffix /r/ surfaces as [+low] after [a], [+high] after [u] and [(high, (low] otherwise. He proposes to utilize feature geometry to account for the retroflex color that the nuclear vowel obtains after the suffix /r/ is added. 

The three studies introduced above are very similar to each other. All of them consider that the retroflexed rimes result in the inclusion of the retroflex suffix to the stem syllabic template. The suffix /r/ is incorporated and occupies the coda position if the coda position is vacant, or replaces the segment in the coda position if this segment is already in the coda position and the replaced segment will be deleted by the stray erasure rule. There is no problem if the segment in this position is [i] or [n] since it is acoustically shown that they are lost after the retroflex suffixation. But if the segment in the coda position is [u] or [(], the above way of treatment, the way of replacing the segment in the coda position with /r/, is impracticable, since the experiments show that the segment [u], or at least the feature [+round], is retained and the [(] nasalizes the preceding vowel before it is replaced by the retroflex suffix [r]. 

To account for these, Yin (1989) and Lin (1989) both maintain that the /u/ ending in the retroflex final, such as /aur/, is a separate segment but forms a short diphthong with a low vowel. Take /aur/ for example, they assume, following Fu’s (1980) view, that /a/ and /u/ form one segment /(/ in the retroflex final, that is, /aur/ is assumed to be phonetically realized as /(r/. As for the ending /(/ in the retroflexed rime, Lin (1989:106-8) assumes that the retroflexed rime with the /(/ is different from the rime with /n/ in that in the former case the velar nasal is re-associated with the nuclear position after being de-linked with the coda position in the skeletal tier as the retroflex suffix is linked to it. Lin (1989:107) suggests that the re-association rule applies before the stray erasure rule comes in. The re-association rule stipulates that the segment to be re-associated must be with the feature specification [+back].

Duanmu’s (1990) treatment is similar to Yin’s (1989) and Lin’s (1989). He proposes that the ending /u/ is first replaced by the retroflex suffix /r/ and then the feature of the /u/ is re-associated with the /r/ by means of “feature recycling” (Duanmu 1990:56-7), thus resulting in the rounded retroflex ending. As for the rime with /(/, Duanmu (1990) maintains that it nasalizes the preceding nuclear vowel before it is replaced by the retroflex suffix /r/. 

Wang (1993) criticizes that those treatments proposed above do not provide a satisfactory explanation for retaining /u/ or nasalizing the nuclear vowel in the retroflex suffixation. She argues that a satisfactory phonological explanation for the retroflex suffixation in Mandarin Chinese must have recourse to feature geometry (Clements 1985; Sagey 1986; McCarthy 1988) and under- specification theories (Archangeli 1984, 1988; Pulleyblank 1988a, 1988b) advanced in the late 1980s. The syllabic template she proposes, very similar to Duanmu’s (1990), has three skeletal positions, one for the onset and two for the rime. The difference is that she adopts the moraic theory, that is, the rime of a heavy syllable in Mandarin is represented by two moras (((), which is linked by two roots (rt), equivalent to two segments. The retroflex suffixation is derived from the mechanism of feature incorporation. The feature retroflex suffix she proposes is [posterior], shorten as [pos] in her dissertation. [pos] is contained in the lexicon and in the process of retroflex suffixation it is compulsorily incorporated into the rime. Specifically, the feature [pos] is linked to the two roots of the rime. She points out that sometimes the incorporation of the feature [pos] in some segments is simply the addition of the feature to the roots but sometimes it may involve de-linking of certain incompatible stem features. The incompatible stem feature she claims is [coronal]. That is, the segment with the feature specification [coronal] is incompatible with the retroflex feature [pos] and will be de-linked with the root node when the retroflex feature is compulsorily associated with the root nodes of the rime
. And thus, the ending /w/ or /(/ will not be replaced since they are not [coronal] segments but the ending with /y/ (in her transcription /j/) or /n/, or the rime /i/, /(/, /ι/ or /(/ will be replaced by the feature [pos] since they are specified with the incompatible feature [coronal]. The two phonological processes, feature addition and feature changing, in the retroflex suffixation are illustrated with the following two examples.

(5) a. feature addition: [nyarwr] (bird, 鸟儿) (Wang 1993:189)
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   b. feature changing: [phar] (dish, 盘儿) (Wang 1993:192)
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(5a) and (5b) are the illustrations of how the retroflex feature [pos] is incorporated in Wang’s analysis. In (5a), the feature [pos] is linked to the root node directly without triggering any change to the original structure since the features of the nodes are compatible with [pos]. Thus, it results in the addition of a single retroflex feature to the nodes. But in (5b), the linking of the feature [pos] to the nodes results in the de-linking of the feature [nsl] since these two features are incompatible with each other.

Indeed, it seems true that the retroflex suffix is a feature suffix since the suffix is, in most cases, realized as a feature attached to the rime. But, as I have pointed out, this is only the superficiality. As a matter of fact, some old Beijing natives now still treat the retroflex suffix as a segment or a monosyllable (F-T. Wang 1999:112). And therefore, it is maintained that the retroflex suffix is best to be treated lexically as a monosyllabic retroflexed mid vowel and it surfaces as a retroflex feature in accord with a set of ranked constraints. 

It should be pointed out that these non-linear approaches discussed above benefit a lot from the theory of syllabic template developed in the mid 1980s. In Yin (1989) and Lin (1989), the retroflex suffix is incorporated into the stem syllable by way of the syllable merger or syllable contraction rules. Duanmu (1990) presents a similar analysis to Yin’s and Lin’s. Of course, Duanmu’s analysis is principally segment- based but it is obvious that he has begun to appeal to the feature geometry feature in his analysis. Wang (1993) gives us a totally featural account for the Mandarin retroflex suffixation. It is apparent that she holds the view that retroflex suffix is not a segment but only a feature instead. 

In the following sections, I will discuss in detail what constraints are required in accounting for the retroflex suffixation in Mandarin Chinese and how these constraints are ranked in deriving its optimal expected surface retroflexed rimes. It is implicitly suggested that many advantages will be reaped if we take the Mandarin retroflex suffix as a monosyllabic morpheme instead of a single feature.

3. An OT Analysis

Having reviewed and discussed the empirical studies and the past phonological analyses, I now turn to the analysis made from an OT perspective. I will first present my OT account for typological generalizations of diminutive retroflex suffixation across Chinese languages and then focus on different aspects of Mandarin retroflex suffixation.

3.1 Typological Variations and Constraint Rankings

It has been acoustically and perceptively proved that the retroflex diminutive suffix in Mandarin is phonetically realized only as a retroflexed feature attached to the rime. But from the morphological or diachronically phonological point of view, the Mandarin retroflex suffix apparently derives from the morpheme [(r]. Lu (1995) claims that there are generally three types of retroflex diminutive suffixation among different Chinese dialects. The first type is that the diminutive suffix does not lose its syllabicity and is realized as a monosyllabic morpheme when it is attached to the suffixed syllable. The second type is that the diminutive suffix loses its syllabicity but is still realized as some form of consonantal or vocalic ending of the rime. And the third type is that the diminutive suffix loses its syllabicity and is realized only as a retroflexed feature incorporated into the rime of the syllable. Beijing Mandarin is a typical example of the third type (see also F-T. Wang 1999).

Now let’s take the syllable [ku] for example. The above three types of retroflex diminutive suffixation can be exemplified as follows.

(6)

Input



Type A



Type B


Type C

[ku((] [(((]
  
  
[ku((.(((]


[kur((]



[ku((]

It can be easily seen from (6) that Type A is faithful to the input both in the number of segments and in the number of moras; Type B is faithful to the input in the number of segments but not in the number of moras; and Type C is not faithful to the input either in the number of segments or in the number of moras.

In terms of the different types of diminutive suffixation listed above, I consider the following four constraints, two faithfulness constraints and two markedness constraints, are involved: 

(7)
a. Max-IO: Every segment of the input has a correspondent in the output.

b. Max-(-IO: Every mora of the input has a correspondent in the output.

c. SuffStm=(: The suffix and the suffixed stem must be one syllable.

d. Align-R (Stem, Word): The right edge of the stem must be aligned with the right edge of the phonological suffixed word.

(7a) is a faithfulness constraint that penalizes the output candidate unfaithful in the number of segments. (7b) is another faithfulness constraint here and it requires that the number of moras of the input must be preserved in the output. (7c) is a markedness constraint that requires the stem and the affix be incorporated into one syllable. (7d) is an alignment constraint requiring that the right edges of the morphological stem and the phonological word must be aligned with each other.

It is assumed here that the three types of retroflex diminutive suffixation reported in different Chinese dialects can be explicitly expressed through the different rankings of the four constraints posited above. 

(8) The constraints ranked for three types of Chinese retroflex suffixation

Type A: Max-IO, Max-(-IO >> SuffStm=(, Align-Stem-R

Type B: SuffStm=(, Max-IO >> Max-(-IO, Align- Stem-R

Type C: SuffStm=(, Align- Stem-R >> Max-(-IO, Max-IO
Obviously, the typological variations between the three types of retroflex diminutive suffixation are fully expressed by way of ranking the four constraints posited here. In Type A, the two faithfulness constraints are ranked over the two markedness constraints, blocking any phonological changes under the diminutive suffixation. This ranking of the constraints well predicts the first type of diminutive suffixation depicted in Lu (1995:69) in which the diminutive suffix [(r] does not lose its syllabicity in the suffixation process. In Type B, one of the markedness constraints is promoted into the dominating position in the constraint hierarchy while one of the faithfulness constraints originally in the dominant position is demoted into the dominated class. Such a transposition between the faithfulness constraint and the markedness constraint in the hierarchy indicates some changes may be undergone under the retroflex suffixation. Specifically, the diminutive suffix will lose its syllabicity in terms of the number of moras but not in terms of number of segments, as reported in Lu (1995:69-70). In the constraint hierarchy for Type C, the two markedness constraints dominate the two faithfulness constraints, triggering some structural changes in the output forms. The diminutive suffix loses its syllabicity both in the number of moras and segments, and the retroflex suffix is realized as a retroflex feature attached to the syllable, as is shown in Beijing Mandarin. 

The effects brought out by the different rankings of the constraints can be displayed below with the word [ku] as an example.

(9) Type A: Max-IO, Max-(-IO >> SuffStm=(, Align-Stem-R
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In the tableau above, (9c) is assessed as the most unfaithful candidate by the two dominant constraints, Max-IO and Max-(-IO, and thus eliminated as a non-optimal output. (9b), though satisfying one of the two dominant faithfulness constraints (Max-IO), is still eliminated as it fatally violates the other dominant faithfulness constraint Max-(-IO. (9a) turns out to be the optimal candidate since its violations are minimal compared with the other candidates.

(10) Type B: SuffStm=(, Max-IO >> Max-(-IO, Align-Stem-R

	Input: ku((+(r((
	SuffStm=(
	Max-IO
	Align-Stem-R
	Max-(-IO

	a. ku((.( r((  
	*!
	
	*
	

	+b. ku(r(
	
	
	*
	*

	c. kur((
	
	*!
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In this tableau, (10a) incurs a violation of the dominant markedness constraint SuffStm=( and is dropped out of the competition. (10c) is penalized as a sub-optimal output because it is not faithful to the input in the number of the segments it has. Finally, (10b) is chosen as the optimal candidate since it least violates the ranked constraints.

(11) Type C: SuffStm=(, Align-Stem-R >> Max-(-IO, Max-IO
	Input: ku((+(r((
	SuffStm=(
	Align-Stem-R
	Max-IO
	Max-(-IO

	a. ku((.( r((  
	*!
	*
	
	

	b. ku(r(
	
	*!
	
	*

	+c. kur((
	
	
	*
	*


(11a) and (11b) are dropped out because they respectively fatally violate the dominant markedness constraints SuffStm=( and Align-Stem-R. (11c), though the most unfaithful to the input, is chosen as the optimal output as it violates the only two un-dominated faithfulness constraints.

Interestingly, the process of changing from the rime with the monosyllabic suffix to the fully retroflexed rime that has been observed in different Mandarin dialects is well predicted in the OT analysis presented above. It is assumed that this changing process is the one from the additive to the fusional retroflex suffixation. In the OT vocabulary, it is a process of faithfulness demotion and markedness promotion. The three types of retroflex diminutive suffixation reflect the three stages of this process. 

It is of great significance that the teleological or output-oriented linguistic theory can predict the different stages of historical changes of a language or typological variations of retroflex suffixation across Chinese languages. Therefore, in this sense, OT is more advantageous over the classical rule-based generative models in which extrinsic ordering of a series of rewrite rules is applied to account for those phonological changes discussed above.

As we have discussed above, in Beijing Mandarin, the diminutive suffix (r is realized as the only feature attached to the syllable rime in the process of retroflex suffixation. Obviously, the suffixation of this kind is exactly predicted in the constraint hierarchy designed for Type C. Now we can claim that the retroflexed rime in Beijing Mandarin actually results from the structural changes triggered mainly by the dominating markedness constraints like SuffStm=( and Align-Stem-R I propose here. Having discussed the general type of the retroflex suffixation in Mandarin, I will turn into some specific changes in retroflex suffixation observed in Mandarin Chinese.

3.2 Opacity in Retroflex Suffixation and Sympathy Theory

In the previous subsection, I have discussed how to account for the general typological differences from an OT perspective. Careful readers will find many problems are still unsettled with the limited number of four ranked constraints. For instance, in (11) the markedness constraint Align-Stem-R requires to align the right edge of the suffixed form with the right edge of the stem of the word suffixed. Of course, this constraint eliminates the candidates ended with [(r] or [r] and at the same time assesses the sub-optimal candidates like [ku] as one of the optimal ones. To make a right choice between the candidates like [ku] and [ku r], some other constraints are surely needed. Let’s take the [ku r] for example. As is known, its input form is the stem [ku] plus the retroflex suffix [(r]. It is obvious that the retroflex feature in the rime of the syllable [u r] derives from the spreading of the retroflex feature from the suffix. After the stem gains this feature from the suffix, the suffix is lost. This process can be schematically illustrated in the following figure.

(12)



ku  +
( r


…… Input

ku r

( r


…… Ident-SA(r)

ku r




…… Align-Stem-R

(12) shows that the rime of the stem is retroflexed under the effect of the horizontal faithfulness constraint on the segments between the stem and the suffix. Thus we posit the output-output faithfulness constraint here. This OO-Identity constraint is operative between the stem and the suffix and hence defined as follows:

(13) Ident-SA(r): A segment ( in the stem must be identical in retroflex features specification to its correspondent ( in the suffix.

The constraint in (13) is a faithfulness constraint that stipulates the segments in the stem must be identical to the suffix in terms of retroflex feature. Consider the S-Ident (F) presented by Krämer (1998, 2000). The constraint proposed here in (13) is similar in nature to it and can thus be replaced by S-Ident(r). 

Please note that some scholars may express this retroflex process by positing the constraints like the retroflex harmony. Yip (1994), in accounting for the nasalization in Chaoyang dialect, one of Chinese languages, proposes two harmony constraints: Rhyme Harmony and Syllable Harmony. In doing so, she presupposes that the nasalization derives from the assignment of a feature to the rime or the syllable. Zhou (1995) adopts the same way of treatment in accounting for the Mandarin retroflex suffixation. But it is argued here that the way of treating Mandarin retroflex suffixation by the feature-rooted retroflex harmony constraints superficializes or simplifies the fact that the retroflexed rime as in Beijing Mandarin has been theoretically and empirically proven to result from the assimilation process of the independent monosyllabic retroflex suffix. The process of changing form the rime with an additive retroflex suffix to the fusional retroflexed rime can be occasionally found even in the present-day Beijing Mandarin (F-T. Wang 1999:112). Hence, the present paper claims that the feature-assigned harmony constraint does not tell us where the assigned feature comes from. The OO-Identity constraint proposed here is similar to the harmony constraint in that it requires all the segments in the stem share the same feature specification with the suffixal segment but it is different from the feature-rooted harmony constraint mainly in that it can reflect the source of the feature in harmony. Another problem with the feature-rooted harmony constraint is that such a constraint is hard to be relegated into any one of constraint families proposed up to now. And, therefore, it is assumed here that this kind of constraints is transitorily employed and will be confronted with many more problems if more evidence is brought into consideration in the phonological analysis of retroflex suffixation across different Chinese dialects.

As we have pointed out, the stem and suffix featural identity constraint proposed here is a member of faithfulness constraint family and states that the segments in the stem must be identical in retroflex feature specification to the segments in the retroflex suffix. Now the problem is that the environment that triggers the retroflex assimilation in the stem is demolished in the later derivation. This is very common in Beijing Mandarin. Consider the retroflex suffixation of [k( r] (root, 根儿) and [k(( r] (vat, 缸儿). In the former case, the consonantal coda [n] triggers the laxing of the mid vowel and then is deleted under the retroflex suffixation. And therefore the mid vowel in the retroflexed form with the lexical consonantal coda (as in [k( r]: root, 根儿) is different from the mid vowel in the retroflexed form without the lexical consonantal coda (as in [k( r]: song, 歌儿). The same is true for the latter case. The nuclear vowel becomes nasalized before the lexical consonantal velar nasal is deleted under the retroflex suffixation. The above cases can be generalized as the following schema:

(14)
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      B(
A becomes B before C    

  C is deleted

(14) shows that A is triggered by C to change to B but the trigger C is deleted after A has changed to B. Please note that A will not become B if it does not precede C. C is obviously the trigger of the A’s change. That is, some generalization G (here the OO- Identity constraint given in (13) plays an active role in shaping of the surface form F (here the B). But the conditions that lead to the application of the G (here the trigger C) are not apparent or opaque in F (McCarthy 1998:1). It should be admitted that within the classical derivational generative phonology, the phonological opacity illustrated in (14) can be easily treated by establishing an intermediate representation (here BC) (Kigursky 1971, 1973). But the problem will arise for Optimality Theory, the theory in which no intermediate level of representations is allowed. 

In the following subsections, I will argue that the problem that we have encountered in Mandarin retroflex suffixation can be tackled from the OT perspective, but only with reference to Sympathy Theory. To make my OT analysis of Mandarin retroflex suffixation easily accessible to the readers, I will first present a brief introduction of Sympathy Theory initiated in McCarthy (1998) in the next subsection.

3.2.1 Sympathy Theory

Sympathy Theory is a theory proposed by McCarthy (1998, 2000) for a parallel treatment of phonological opacity that some scholars claim to be a big problem for the teleological OT analysis. Phonological opacity, the term first dubbed by Kiparsky (1971, 1973), refers to the case in which a phonological rule is not surface-true or surface-apparent by the application of subsequent rules. That is, the output forms are shaped by some linguistic generalizations that are not surface-true or surface- apparent. These can be schematized as in (15).

(15)
a. (C ( BC ( B

b. AC ( BC ( B

In (15a), the condition C triggers the insertion of B and then C, the trigger, is deleted. It is obvious that the insertion plays an active role in the shaping of the surface form B but its function is not surface-true. In (15b), A becomes B because it appears before C and C, which triggers the change from A to B, is finally deleted. Obviously, the derivation of the surface forms in (15) depends crucially on the intermediate stages on which some linguistically significant generalizations function actively in the shaping of the output forms. 

To account for the above cases within the teleological framework of OT, McCarthy (1998, 2000) systematically proposes Sympathy Theory. The crucial claim of this theory is the selection of the sympathetic candidate and the selection of the actual output take place in parallel. Specifically, one of the failed candidates is chosen as a model candidate that all the other candidates are required to resemble. The selection of this model candidate relies primarily on a designated IO faithfulness constraint. The model candidate, generally called the sympathetic candidate, must obey the designated IO faithfulness constraint, often referred to as the sympathy selector. It is clear that usually there may be several candidates that obey the sympathy selector. Among the candidates that obey the sympathy selector, the sympathetic candidate is the most harmonic with respect to the rest of the constraints. Once the sympathetic candidate is chosen, all the other candidates are required to resemble it through the candidate-to-candidate constraint, i.e., Sympathy. Now take the often-quoted Tiberian Hebrew case for example. The process of obtaining the actual output /deše/ from the lexical form /deš(/ by way of parallel constraints is schematized as follows:

(16) McCarthy (1998:12)
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Here, the sympathetic selector is (Max-CIO, which selects (16c) as the sympathetic candidate. (Max-V( is the sympathetic faithfulness constraint, which requires preservation of vowels of the (-candidate in the output form. (16b) is a transparent candidate but it drops out of the competition because of the fatal violation of the sympathetic faithfulness constraint (Max-V(. (16a) is selected as the optimal candidate though it is an opaque candidate. 

It is worth noting that in Tiberian Hebrew the insertion of /e/ here is triggered by the constraint prohibiting the consonant clusters. But the final consonant is deleted due to the coda conditions imposed on it. Obviously, the final consonant is deleted after triggering the insertion of /e/ and otherwise /deš/ would be the optimal candidate. In Optimality Theory, sympathy, the candidate-to-candidate constraint, must be required so that a sympathetic candidate is chosen from all the failed candidates. With the (-candidate, the actual optimal output will be able to be obtained.

3.2.2 Sympathy in Mandarin Chinese

Now come back to Mandarin retroflex suffixation. In Mandarin retroflex suffixation, just as many scholars claim, the retroflex suffix is incorporated into the suffixed syllable and it is phonetically realized as a retroflex feature attached to the rime of the syllable. If the suffix is taken as a lexical monosyllabic entity, the retroflex suffixation can be expressed technically as: the suffix spreads its retroflex feature to the rime of the suffixed syllable and is then deleted. Similar cases can be found in Mandarin Chinese. For example, the velar nasal nasalizes the rime of the retroflexed syllable and is then deleted. Another example, the dental nasal creates the condition that makes the mid vowel become lax and, in the retroflex suffixation, the lax mid vowel that the deleted dental nasal has brought about is retroflexed. This might be the reason that the retroflexed forms [k( r] (root, 根儿) and [k( r] (song, 歌儿) are different.

How to account for the retroflex suffixation in terms of Sympathy Theory? It is claimed here that in Mandarin Chinese the sympathy selector is the faithfulness constraint (Max-IO, which requires preservation of all the lexical segments in the (-candidate. The sympathetic faithfulness constraint is Ident-(O(r), which requires the candidates to be faithful to the (-candidate in terms of the retroflex feature. This proposal can be informally characterized as in the following tableau.

(17)
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Note that if the sympathetic faithfulness constraint Ident-(O(r) were not involved, the optimal candidate would be (17b). It is due to the fatal violation of this constraint that (17b) is eliminated. 

Careful readers may find that the selection of the (-candidate cannot fully rely on the faithfulness constraint (Max-IO since some other candidates also satisfy it. As I have pointed out above, in addition to the sympathetic selector, some other constraints sometimes should be considered in the determination of the (-candidate. For instance, the candidate [ku( r] is one of the candidates that satisfy the sympathetic selector (Max-IO and it is chosen as the (-candidate because it least violates the constraint hierarchy among those candidates that satisfy the sympathetic selector (Max-IO. In this case, the OO correspondence constraint proposed in (13), rewritten here as S-Ident (r), is obviously required. 

(18)
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It is clear that (18a) and (18b) both satisfy the sympathy selector but the latter candidate is not chosen as the (-candidate obviously because it is less harmonic than (18a) with respect to the constraint set. And thus (18a) turns out to be the (-candidate for the Mandarin retroflex suffixation. 

Up to now, we have discussed the role of sympathy in the Mandarin retroflex suffixation and proposed that the sympathy selector of Mandarin Chinese is (Max-IO, the constraint that preserves all the segments of the input and the sympathetic faithfulness constraint is the featural identity constraint, Ident-(O(r) for the retroflex suffixation. It should be claimed that the afore-mentioned sympathy treatment of the retroflex suffixation is also applicable to the other similar phonological opacities in Mandarin Chinese. In the following subsections, I will demonstrate how to deal with the specific cases of retroflex suffixation within the OT framework. In the discussion, I will make analyses of different aspects of phonological processes including those afore-mentioned phonological opacities that are often encountered in the discussion of Mandarin retroflex suffixation.

3.3 The Constraints and Their Ranking

In this subsection, I will concentrate my attention on specific aspects of Mandarin retroflex suffixation from the OT perspective. What constraints most probably play an active role in the suffixation process? How do they interact in obtaining the optimal output? And in what way are these constraints ranked?

As we know, the /( r / (or /r/) is morphologically a suffix, which is added to the ending of the stem syllable. It is clear that the retroflexed syllable must end with the retroflexed segment. This can be expressed by a constraint in (19).

(19) R-Anchoring-r
: The element [retroflex] at the right periphery of the input has a correspondent at the right periphery of the output.

This constraint stipulates that the suffixed syllable must have (at least) one retroflexed segment at its right edge. A suffixed syllable may violate it if the segment at its right edge is not retroflexed in correspondence to the retroflexed mid vowel in the input.

But on the other hand, as we know, not all the segments can be retroflexed. Chao (1968:46) proposes the “simultaneity of compatible articulation”, a general principle determining whether or not the segment in the rime can be retroflexed in the retroflex suffixation. If a coda segment in the rime is incompatible with retroflexion, it will simply be dropped. Wang (1993) claims that the segment incompatible with retroflexion is specified with the coronal features. But the coronal vowel [(] does not obey this constraint, that is, it is not replaced by [r] in the suffixation. Wang (1993:191) argues that the original coronal feature “dis” of the segment [(] is replaced by the retroflex feature [pos] in the retroflex suffixation but the “mid” specification for its dorsal feature remains. Wang’s (1993) analysis shows that what is incompatible with retroflexion is most possibly the coronal features. But her explanation for why the coronal segment [(] is compatible with retroflexion is not satisfactory enough. It is claimed that it is better, at least at moment, not to stipulate that the coronal segment is incompatible with retroflexion in Mandarin Chinese. 

In Section 6.1.2, I pointed out that the past empirical studies show that the back vowels are compatible with retroflexion while the front high vowels are not. The front non-high vowels are in controversy. This means that probably there is a general scale on one side of which segments are susceptible to retroflexion and on the other side of which segments are not. This scale can be roughly and provisionally embodies as: back vowels (easy to be retroflexed) to front low vowels to front mid vowels to front high vowels to consonants (hard to be retroflexed). Thus a set of constraints is derived as follows:

(20)
a. *r/C
: R-retroflexion is not compatible with a consonantal segment.


b. *r/I: R-retroflexion is not compatible with a front high vowel / glide.

c. *r/E: R-retroflexion is not compatible with a front mid vowel / glide.

d. *r/A: R-retroflexion is not compatible with a front low vowel / glide.

e. *r/U: R-retroflexion is not compatible with a back vowel / glide.

These constraints of this set, like moraic constraints, are ranked, which are shown below.

(21) *r/C >> *r/I >> *r/E >> *r/A >> *r/U

Here, the constraints on retroflexion are ranked. Like moraic constraints, some other conflicting constraints can be intervened in between. For instance, if Mandarin allows the front high vowels to be retroflexed, then the constraints triggering the retroflexion can be presumably intervened before the constraint *r/I. If Mandarin only allows the back vowel to be retroflexed, it can be assumed that the constraints triggering the retroflexion take effects before the constraint *r/U involves in. Following Wang and He (1985), I assume that except for the front nuclear high vowel, all the non-high vowels and back vowels can be retroflexed. Specifically, the constraints triggering the retroflexion must be ranked below *r/I and above *r/E, i.e., the constraints *r/C and *r/I are in the dominating position, blocking the retroflexion of the consonants and the front high vowels, while the constraints *r/E, *r/A and *r/U are lowly ranked and thus do not take effects. For ease of exposition, in the following analysis I will occasionally just use *r/I to replace the constraint set *r/C >> *r/I. 

Clearly, this constraint is in conflict with some other constraints, for instance, the constraint proposed in (19). Take [pan] (signboard) for example. In the retroflex suffixation, the consonantal ending [n] is lost. The [n] deletion in the output form obviously results mainly from the effects of the two constraints proposed above. Specifically, the constraint *r/C prohibits the dental nasal to be retroflexed and the constraint R-Anchoring-r excludes the syllable to end with a non-retroflexed segment. It is obvious that these two constraints must dominate the constraint Align-Stem-R, which is proposed in (7d). The conflict of these three constraints can be illustrated in the following tableau.

(22)
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The above tableau shows that the constraints *r/C and R-Anchoring-r must dominate the constraint Align-Stem-R. And otherwise an unexpected output will be obtained. 

From this analysis we know that these three constraints can be partially ranked as: *r/C, R-Anchoring-r >> Align-Stem-R. Note that this partially ranked constraint set is also applicable in obtaining the expected retroflexed forms like [t(i(r] (chicken, 鸡儿). The interaction of these constraints in obtaining [t(i(r] from its lexical form [t(i+(r] can be shown in the following tableau.

(23)
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Now let’s look at the retroflexion of the mid vowels. It has been recognized that the retroflexed forms for the single mid vowel rime and the rime composed of a mid vowel and a consonantal coda are different. Consider the retroflexed forms [k(r] (root, 根儿) and [k(r] (song, 歌儿). These two surface forms derive respectively from the retroflexion of [k(n] and [k(]. For the latter case, the optimal output [k(r] is easily derived through the constraint hierarchy adopted in (17) and (18). But for the former case, things are a little more complicated since it involves the laxing of the mid vowel.

I have discussed in Section 4.2.3 that the tense mid vowel does not occur before a nasal consonant or a glide and proposed the constraint *V[+mid, tense]C/G to account for the laxing of the mid vowel before a coda consonant or a glide. It is obvious here that the nuclear mid vowel [k(n] is triggered by its coda consonant [n] to become schwa first and then the trigger, the coda consonant [n], is demolished under the retroflexion. Therefore, the linguistically significant generalization, the rule that brings about the laxing of the mid vowel before the nasal consonant, is non-surface-apparent. Here, I argue that the phonological opacity of this kind can also be accounted for through sympathy. We can adopt the similar way of treatment to that in (18) to obtain the expected surface form [k(r]. As we have observed above, in Mandarin Chinese the sympathy selector is the faithfulness constraint (Max-IO, which requires that all the lexical segments of the input should be preserved in the (-candidate. The sympathetic faithfulness constraint is Ident-(O(tense), which requires the candidates to be faithful to the (-candidate in terms of the mid vowel tenseness. The selection of the optimal candidate [k(r] (root, 根儿) is illustrated as in (24).

(24)

	Ipt: k(n.(r
	*r/C
	R-A
	*VCC
	I-(O(r)
	I-(O(t)
	(M-IO
	*VC
	S-I(r)
	I-IO(r)

	a.k(rn(r
	
	
	*!
	
	*
	√
	*
	**
	*

	(b.k(rn(r
	
	
	*!
	
	
	√
	
	**
	*

	c.k(n(r
	
	
	*!
	*
	
	√
	
	***
	*

	(d. k(r
	
	
	
	
	*!
	**
	
	*
	*

	+e. k(r
	
	
	
	
	
	**
	
	*
	*

	f. k(
	
	*!
	
	*
	*
	**
	
	**
	

	g. k(
	
	*!
	
	*
	
	**
	
	**
	

	h. k(rnr
	*!
	
	
	
	
	*
	
	*
	*

	i. k(rn
	
	*!
	
	
	
	*
	
	**
	*


Look at the above tableau. The first three candidates all satisfy the sympathy selector (Max-IO and thus can be viewed as the potential (-candidate. But comparatively, (24b) incurs less violations of the constraints than (24a) and (24c) and hence is finally chosen as the (-candidate. (24d) is a transparent candidate because it is transparent in terms of the tenseness of the mid vowel. (24f) and (24g) both violate the higher ranked constraint that retroflex must be anchored at the right periphery of the output and besides they both violate the sympathetic faithfulness constraints here: Ident-(O(retroflex) and Ident-(O(tense) and hence drop out of the competition. (24h) and (24i) are excluded due to the fatal violations of the high-ranked constraints *r/C and R-Anchoring-r. Finally, (24e), [k( r], is chosen as the optimal candidate since it minimally violates or best satisfies the constraint hierarchy proposed here.

The same is true for the retroflexion of [kun]. As we know, evidence shows that the retroflexed form of [ku] (drum, 鼓) is quite different from that of [kun] (stick, 棍). The former is [kur] while the latter is [kur(r]. Clearly, it is easy to obtain the expected output for the retroflexed form of [ku] but it is not so easy for [kun]. 

It has been demonstrated in Section 4.2.3 that [kun] alternates with [ku(n] under the effects of moraic constraints and these possible surface forms come form the corresponding lexical form [ku(n] through the mid vowel reduction triggered by the *V[+mid, +tense]C/G. It is obvious that the retroflexed form of [kur(r] derives before moraic constraints take effects in eliding the reduced mid vowel. The process of obtaining the retroflexed form [kur(r] is illustrated as below. 

(25)

	Ipt: ku(n.(r
	*r/C
	R-A
	*VCC
	I-(O(r)
	I-(O(t)
	(M-IO
	*VC
	S-I(r)
	I-IO(r)

	a.kur(rn(r
	
	
	*!
	
	*
	√
	*
	**
	*

	(b.kur(rn(r
	
	
	*!
	
	
	√
	
	**
	*

	c. ku(n(r
	
	
	*!
	*
	
	√
	
	***
	*

	(d. kur(r
	
	
	
	
	*!
	**
	
	*
	*

	+e. kur(r
	
	
	
	
	
	**
	
	*
	*

	f. ku(
	
	*!
	
	*
	*
	**
	
	**
	

	g. ku(
	
	*!
	
	*
	
	**
	
	**
	

	h. kur(rnr
	*!
	
	
	
	
	*
	
	*
	*

	i. kur(rn
	
	*!
	
	
	
	*
	
	**
	*


Now let’s look at the relations between the moraic markedness constraints and the constraints proposed here to account for the retroflex suffixation in Mandarin Chinese. It is suggested in Ma (2001b) that one of the functions in applying the moraic markedness constraints is to identify which segments are linked to the moras and which are not. The segments linked to moras are assumed to be part of the rime; others are assumed to be of the margins or, in Mandarin, of the onset. Take [t(i] for example. [i], not [t(], is linked to the moras because *Mora[cons] is ranked higher than *Mora[high]. But problems arise when the moraic constraints apply to its retroflexed form [t(i(r]. If the [i] in the retroflexed form of [t(i] is a high vowel, i.e., the actual retroflexed surface form is [t(i(r], moras will be associated with [i] and [(r], as illustrated as in (26).

(26)

	Input: t(i(r + ((
	*Mora[glide]
	*Mora[schwa]
	*Mora[high]

	+a. t(i((r(
	
	*
	*

	b. t(i(r((
	
	**!
	


And if the [i] in the retroflexed form of [t(i] has become a high glide, i.e., the actual retroflexed surface form is [t(y(r], things will become a little more complicated. Only the moraic constraints cannot bring about [t(y(r] as the expected optimal output, as illustrated as in (27).

(27)

	Input: t(i(r + ((
	*Mora[glide]
	*Mora[schwa]
	*Mora[high]

	  a. t(y((r(
	*!
	*
	

	√  b. t(y(r((
	
	**!
	

	? + c. t(i((r(
	
	*
	*


The moraic constraints in (27) selects [t(i((r(] as the optimal candidate, which runs against what we expect. 

The above analysis shows that whether [i] surfaces as a glide or as a vowel cannot be determined only by the moraic constraints. Therefore we must first make clear whether [i] phonetically has become a glide or remains as a high vowel. But up to now no agreement has been reached on this aspect. Here I want to present the possible solutions to the two cases of [i] in its retroflexion. If [i] surfaces still as a high vowel, i.e., the actual retroflexed surface form is [t(i( r], the moraic constraints apply just as suggested in (26) above. If [i] surfaces as a high glide, i.e., the actual retroflexed surface form is [t(y( r], only the moraic constraints cannot explain how the underlying high vowel [i] becomes a high glide [y] in the retroflex suffixation. The possible solution to it is that there is another constraint ranked over the moraic constraints. The constraint can be written probably as in (28).

(28) Align-L (r, (): The left edge of the retroflexed segment of a syllable must be aligned with the mora of the left side. 

The constraint proposed in (28) is an alignment constraint requiring the retroflexed segment in a syllable must be (part) of the rime. If a segment is not retroflexed in the retroflexion, it will not be relegated to the rime of the syllable. Obviously, in the above case, this constraint must be ranked over the moraic constraints. Putting this constraint into the constraint hierarchy in (27), the expected result will be obtained.

(29)

	Input:t(i(r + ((
	Align-L (r, ()
	*Mora[glide]
	*Mora[schwa]
	*Mora[high]

	a. t(y((r(
	*!
	*
	*
	

	+b. t(y(r((
	
	
	**
	

	c. t(i((r(
	*!
	
	*
	*


The employment of the constraint I posit in (28) effectively excludes the candidate [t(i(r] as the optimal one and thus identifies [t(y(r] as the only surface output for the retroflexed form of [t(i] in Mandarin Chinese.

Another point drawn from the above analysis is that the moraic constraints must rank below the constraints concerning the retroflex suffixation. This is because the insertion of the moraic segment [(r] in the retroflexed form [t(y(r] is triggered by those constraints relevant to the retroflexion. To put all these constraints together, the illustration in (29) will be elaborated in the following tableau.

(30) 鸡儿

	Input: t(i+( r+((
	*r/I
	R-An-r
	Al-Stem-R
	Al-L-(
	*M[y]
	*M[(]
	*M[i]

	a. t(i r((
	*!
	
	
	
	
	
	**

	b. t(i r(( r(
	*!
	
	*
	
	
	*
	*

	c. t(i(( r(
	
	
	*
	*!
	
	*
	*

	d. t(i((
	
	*!
	
	
	
	
	**

	+e. t(y( r ((
	
	
	*
	
	
	**
	

	f. t(y(( r(
	
	
	*
	*!
	*
	*
	


Note that the moraic constraints are involved in obtaining the expected retroflexed output of [t(i]. The requiring of moraic constraints in obtaining the retroflexed form can be further supported by the following example [un]. 

As some scholars point out, [un] appears sometimes as [u(n] and sometimes as [un] (Lin 1989). I have discussed how to describe the rime of a syllable with schwa (as in [w(n]) and without schwa (as in [tun]) within the OT framework and pointed out that the laxing of the lexical mid vowel [(] results in the former case and the moraic constraints bring about the result that the laxed mid vowel [(] in [u(n] is elided (Ma 2001b:Chapter 4). I claimed there that schwa alternation in the syllables of this type can be accounted for with reference to the interaction of *V[+mid, +tense]C and the moraic markedness constraints. Now the problem is how to account for the retroflexed forms of these syllables from the OT’s point of view. 

Consider the syllables [w(n] and [tun]. Evidence shows that these two syllables have the same retroflexed rimes [u((]. This shows that the laxing of the mid vowel takes place before the retroflexion and the retroflexion before the assigning of the moras to the segment(s) in the rime. But in the teleological framework of OT, all the possible candidates freely generated on the basis of the input simultaneously feed into the evaluator composed of a set of ranked constraints for assessment. The candidate that least violates the set of constraints provided by the evaluator will be selected as the optimal candidate of the input. Therefore the concept of the serial stages of derivation, i.e., the ordering of the rule applications, is totally insignificant. What is most significant is to identify which of the constraints is more active in assessing the linguistic surface forms. The more active constraint, the higher it is ranked in the constraint hierarchy. 

As for the constraints related with the retroflexion of the syllable with [un] as its rime, the moraic markedness constraints must be ranked lower than the constraints relevant to the retroflexion. Otherwise the retroflexed mid vowel [(r] will not surface. To put it in another way, the constraints concerning the retroflex suffixation takes effect before the moraic markedness constraints, the constraints determining whether or not the [(] in [un] turns up in the surface forms, come into effect. 

Now the problem is the phonetic realization of [u] in the retroflexed form of [tun]. Specifically, if [u] is retroflexed, it is phonetically realized as [u]; if it is not, it is [w]. Such a theoretical prediction needs to be attested by more acoustic experiments. 

If experiments attest that the retroflexed form of [tun] is [tur(r], the constraints proposed above are well enough in obtaining it. The evaluation process between the two competing candidates [tur(r] and [tw(r] can be partially illustrated as below.

(31) 

	
	*Mora[schwa]
	*Mora[high]

	+a. tur((r(
	*
	*

	b. tw(r((
	**!
	


Please note that which of these two competing candidates is more harmonic can be determined by the partially ranked constraint hierarchy employed in (24) and (25). Hence the task of determining which is the optimal candidate naturally passes down to the lower ranked moraic constraints presented in (31). Here it has been proposed that these constraints can be approximately ranked as: *r/C >> *r/I, R-Anchoring-r >> *VCC]( >> Align-Stem-R, Ident-(O(r), Ident-(O(t) >> (Max-IO, *V[+mid, +tense]C/G, Align-L(r, () >> *Mora[schwa] >> *Mora[high] >> S-Ident(r) >> Ident-IO(r).

But if the retroflexed form of the [tun] is not [tur(r] but [tw(r], the constraints proposed above are not well enough in obtaining it and we are compelled to appeal to some other constraints. A possible solution, I suggest here now, is to define S-Ident(r) as S-Ident-ss(r) instead of S-Ident((r) or S-Ident((r). Specifically, to restrict the spreading of the suffixal retroflex feature to the segments of the stem, the syllable-to-syllable S-Ident((r) or rime-to-rime S-Ident((r) used here must be replaced here by the segment-to-segment S-Ident-ss(r). 

Theoretically, all the Ident, Max and Dep constraints are members of the correspondence constraint family. Max and Dep constraints are different from Ident constraints in that Max and Dep require the faithfulness in the number of segments while Ident requires the faithfulness in the content of the segments. These constraints are originally proposed to require the faithfulness between input and output (McCarthy & Prince 1993) but now have been extended to express the faithfulness between output and output (Benua 1995; Flemming 1995; McCarthy 1995; Burzio 1996; Kenstowizc 1996; Steriade 1996) and even between candidate and candidate (as in Sympathy, developed by McCarthy 1998, 2000). As for the Ident constraints, the constraints requiring the faithfulness between the segments in terms of their feature(s), usually hold over the one-to-one mappings, that is, mappings between one and one segment. Pulleyblank (1997), in accounting for the consonantal place assimilation, proposes Identical Cluster Constraints (often shortened as ICC). Significantly, assimilation is analyzed as an effect of correspondence constraints on more than two distinct elements within one representation. Inspired by this idea, Krämer (1998, 2000) develops Syntagmatic Identity constraints to account for vowel harmony in some languages. 

There is one point that needs to be addressed here. Our analyses show that there are two types of harmony (or assimilation) in terms of some feature(s): ①harmony between two adjacent segments and ②harmony among a cluster of segments. As for the former case, it is claimed here that S-Ident-ss (r) can be employed to account for it. Take the retroflexed form of [xua] (flower, 花儿) for example. If only the last segment [a] is subject to be retroflexed and [u] is not, then it can be assumed that the retroflexion takes place only between two adjacent segments. Technically, S-Ident-ss (r) is deemed to apply. But if [u] and [a] all become retroflexed, then it can be considered that the retroflexion occurs among a cluster of segments, or within a syllable domain
. Technically, S-Ident((r) is supposed to apply. In short, Optimality Theory can well account for presumably two possible types of retroflexion. Which type of treatment should be adopted in accounting for the Mandarin retroflex suffixation all depends on the phonetic evidence provided by authentic acoustic experiments.

Now let us look at the retroflexion of apical vowels. I claimed in Ma (2001b) that apical vowels are lexically absent and demonstrated how the lexically absent apical vowels are derived within the OT framework. It is obvious that retroflexion goes before the epenthesis of apical vowels. Take丝儿 (((r, silky) for example. The retroflexion process can be illustrated as in the following tableau.

(32) 丝儿

	Input: (+(r
	R-Anchor-r
	Align-Stem-R
	Max-IO
	Ident-IO(F)

	+a. ((r
	
	*
	
	

	b. (
	*!
	
	*
	

	c. (ur
	
	*
	
	*!


The tableau (32) shows that the lexically empty rime (or nucleus) cannot be filled in by any other retroflexed vowel (like ur in 32c) than the retroflexed mid vowel [(r] because the faithfulness constraint Ident-IO(F) penalizes the segment with the features not present in the input. Recall the constraint set I proposed in Section 4.3.2. The faithfulness constraint Ident-IO(F) is highly ranked, or ranked above the set of markedness constraints responsible for the apical vowel epenthesis. Here, constraints triggering the epenthesis (precisely, retaining) of the retroflexed mid vowel apparently are ranked above the faithfulness constraint Ident-IO(F). In doing so, the expected output can thus be obtained.

After discussing the retroflexion of apical vowels in Mandarin, let us come to another case of Mandarin retroflex suffixation, the retroflexed form of the rime ending with a velar nasal. 

It is commonly known that in Mandarin the nasal consonantal coda [n] is deleted when the syllable is retroflexed while the velar nasal [(] nasalizes the nuclear vowel before it is deleted in retroflex suffixation. As I have pointed out in Section 6.2, different proposals have been advanced so far to account for it. Most of the proposals (e.g., Duanmu 1990; Wang 1993; Wang 1997b) attribute the retaining of the nasal feature in the syllable ending with a velar nasal to the compatibility articulation. Specifically, the constraint *r/coronal that they proposed
 disallows [n] but allows [(] to surface as a coda in the retroflexed syllable. There are at least two problems with this kind of phonological explanation. ①It seems to be arbitrary to make such a generalization that [(] is retained and [n] is deleted through the constraint *r/coronal since many studies have shown that the coronal vowels, say [a], can be retroflexed. ②Many acoustic experiments show that the segment [(] is also deleted in retroflex suffixation. To assume that it is retained, more acoustic experiments must be provided.

I will argue here that neither of these two nasal consonants is retained in retroflex suffixation and the nasalized vowel in the retroflexed form actually results from the higher ranking of some universal constraint related with the velar nasal. 

It is observed in many languages that vowels tend to be nasalized before a tautosyllabic nasal consonant. As we know, there are two nasal consonants in Mandarin, [n] and [(]. Acoustic experiments show that phonetically vowels tend to be nasalized before these two nasal consonants. These can be expressed by the following two markedness constraints. 

(33)

a. *VoralN 


b. *Voral(
These two constraints rule out oral vowels that precede a tautosyllabic nasal. Consider that nasal vowels are “marked” as compared to oral vowels and many languages have only oral vowels but no nasal vowels (Maddieson 1984). This universal tendency can be expressed by a markedness constraint in (34).

(34)  *Vnasal
It is obvious that in Mandarin the constraint in (34) is in conflict with the constraints in (33). Evidence shows that in Mandarin these three constraints must be ranked as *Voral(, *VoralN >> *Vnasal. Such a ranking results in nasal vowels surface before a tautosyllabic nasals. Now the problem is how these constraints take effects in obtaining the expected retroflexed forms in Mandarin. 

Take [pan] and [pa(] for example. In (22), I demonstrated how the expected retroflexed form [par] is obtained from the lexical form [pan.(r] without considering the constraint *VoralN but the analysis clearly shows that the constraint *VoralN must be ranked below the constraints involved in obtaining the optimal retroflexed output. On the contrary, *Voral( must be ranked comparatively higher since the retroflexed nuclear vowel is nasalized before the velar nasal is deleted. The retroflexion of [pa(] can be illustrated as in the following tableau.

(35)

	Ipt:pa(+(r
	*r/C
	R-A
	*VCC
	I-(O(r)
	I-(O(n)
	(M-IO
	*V(
	S-I(r)
	I-IO(r)

	a.pa r(( r
	
	
	*!
	
	*
	√
	*
	**
	*

	(b.pa( r(( r
	
	
	*!
	
	
	√
	
	**
	*

	c. pa((( r
	
	
	*!
	*
	
	√
	
	***
	*

	(d. pa r
	
	
	
	
	*!
	**
	
	*
	*

	+e. pa( r
	
	
	
	
	
	**
	
	*
	*

	f. pa
	
	*!
	
	*
	*
	**
	
	**
	

	(g. pa(
	
	
	
	*!
	
	**
	
	**
	

	h. pa( r( r
	*!
	
	
	
	
	*
	
	*
	*

	h. pa( r( r
	
	*!
	
	
	
	*
	
	**
	*


(35) shows that the vowel is nasalized before a tautosyllabic velar nasal consonant is deleted due to the dominating conflicting forces maintaining the retroflex feature at the right periphery of the suffixed syllable. It is obvious that such a non-surface- apparent phonological phenomenon can be accounted for only by means of Sympathy Theory as I have discussed above. Another point that deserves our attention is that in Mandarin the constraint *Voral( is definitely ranked higher than the constraint *VoralN and thus the three markedness constraints proposed in (33) and (34) are ranked as follows:

(36) *Voral( >> *VoralN >> *Vnasal 

Having discussed the major aspects of the retroflex suffixation, let us see some minor problems in obtaining the expected retroflexed forms for Mandarin. 

It should be reminded that the constraints employed here to account for mandarin retroflex suffixation are not inclusive and, due to the limitation of space, some of the constraints are not fully discussed here. For instance, Linearity-IO
 is obviously also active but not crucial in Mandarin retroflex suffixation. This will become clearer if we take more candidates into consideration in obtaining the optimal output presented above in (36). 

(37)

	Ipt: pa(+(r
	Lin-IO
	*VCC
	I-(O(r)
	I-(O(n)
	(M-IO
	*V(
	S-I(r)
	I-IO(r)

	a. pa r(( r
	
	*
	
	*!
	√
	*
	**
	*

	(b. pa( r (( r
	
	*
	
	
	√
	
	**
	*

	c. pa((( r
	
	*
	*!
	
	√
	
	***
	*

	d. pa r( r(
	*!
	
	
	*
	√
	
	***
	*


(37) shows how the (-candidate is selected when a new candidate (37d) is involved. Here, (37a), (37c) and the new candidate (37d) all incurs more serious violations than the candidate (37b) and thus (37b) is chosen as the (-candidate for the retroflexed form of [pa(].

It must be noted that the constraint hierarchy concerning the nasality of Mandarin vowels proposed here in (36) indicates Mandarin vowels tend to be nasalized before a tautosyllabic nasal (either before a [n] or before a [(]), as M-C. Lin and J-L. Wang pointed out to me (personal communication). Obviously, none of the proposals made before by the Chinese scholars have made such a precise prediction in this respect. When the constraint hierarchy in (36) is incorporated into the constraint hierarchy triggering the retroflex suffixation, the retroflexed oral vowels of the syllable ending with [n] and the retroflexed nasal vowels of the syllable ending with [(] are equally well represented. That is, the constraint *Voral( is ranked higher, having already taken effects before the constraints triggering the deletion of [(] in the retroflex suffixation, while the constraint *VoralN is ranked lower, failing to take effects before the deletion of [n] in the retroflex suffixation.

4. Concluding Remarks

Wang (1993), within the feature geometrical framework, proposes her featural treatment of the retroflex suffixation in Beijing Mandarin. In this paper, I argued against this treatment, claiming that Wang’s featural treatment cannot predict the typological variations of retroflex suffixation across Chinese languages. In Section 1, I pointed out that it is widely acknowledged that, morphologically and diachronically, the Mandarin retroflex suffix apparently derives from the morpheme [(r] and thus it is empirically evident and theoretically significant to treat the Mandarin retroflex suffix as a monosyllabic morpheme in the phonological analysis. Within the OT framework, I proposed that the three types of retroflex suffixation in Chinese languages reported by Lu (1995) can be easily dealt with by the following different rankings of four universal constraints as is shown in (8). 

It is clear that the r-suffixation in Beijing Mandarin belongs to the third type in which the monosyllabic morpheme is incorporated into the suffixed stem due to the higher ranking of the two markedness constraints. 

Then, in Section 3.2, I discussed how the rime of the suffixed stem becomes retroflexed and proposed that the rime retroflexion is triggered by the assimilation- oriented OO-correspondence faithfulness constraint Ident-SA(r), which can be subsumed in the family constraint S-Ident(F). I also argued that the non-surface- apparent opacity, which occurs in the retroflex suffixation, can be dealt with only with reference to the Sympathy Theory proposed by McCarthy (1998). I demonstrated and pointed out that the sympathy selector for Mandarin is (Max-IO, the sympathetic faithfulness constraint is Ident-(O(r) and the sympathetic candidate, take the 鼓儿 ([kur] drum) for example, is ([kur(r].

Finally, in Section 3.3, I made a detailed analysis of different aspects of Mandarin Chinese within the OT framework. My analysis ranges over the following different aspects:

①In discussing the compatibility of retroflexion with the articulation of different segments, I posited a set of ranked markedness constraints *r/C >> *r/I >> *r/E >> *r/A >> *r/U in (21) and claimed that the problem of how to define compatible articulation in a class of segments can be easily solved by determining the specific place of the constraints triggering retroflexion in this constraint hierarchy. Specifically, if Mandarin allows the front high vowels to be retroflexed, then the constraints triggering the retroflexion can be presumably intervened before the constraint *r/I; if Mandarin only allows the back vowel to be retroflexed, it can be assumed that the constraints triggering the retroflexion take effects before the constraint *r/U involves in, and so on. 

②In discussing the ranking of the above constraints, I showed that the constraint set *r/C >> *r/I and the constraint *r/C, R-Anchoring-r must be ranked above the Align-Stem-R. Such a ranking can block the nasal consonant or the front high vowel / glide to be the coda of a retroflexed output form. 

③Then, I discussed the case in which the consonantal coda is conceived as the trigger of the mid vowel laxing. It is pointed out that the coda, which triggers the laxing of the mid vowel in the nucleus, is ultimately eliminated in the process of retroflex suffixation. I showed in detail how it is accounted for by way of sympathy selector. 

④Next, I discussed the role of moraic constraints in making the lexical high vowel become a correspondent glide when the syllable is retroflex suffixed. Two possible solutions were provided: if, for instance, [i] in [t(i] surfaces still as a high vowel in its retroflexed form, i.e., the actual retroflexed surface form is [t(i(r], no other constraints are needed; if [i] surfaces as a high glide, i.e., the actual retroflexed surface form is [t(y(r], only the moraic constraints cannot explain how the underlying high vowel [i] becomes a high glide [y] in the retroflex suffixation. The other constraint assumed to be involved in the latter case is Align-L (r, () proposed in (28). 

⑤Besides these two possible surface forms, another possible surface forms are also discussed. For instance, if the retroflexed form of the [tun] is not [tur(r] but [tw(r], a possible solution for it, I suggested, is to define S-Ident(r) as the segment-to-segment S-Ident-ss(r) instead of the rime-to-rime S-Ident((r) or the syllable-to-syllable S-Ident((r).

⑥The retroflexion of apical vowels is also discussed. I claimed that the retroflexion of apical vowels can be easily dealt with within the OT framework. Specifically, it can be accounted for through ranking the constraints that trigger the retroflex suffixation over the constraints that trigger the epenthesis of an apical vowel. 

⑦As for the retroflex suffixation of the syllable ending with a velar nasal, I proposed that the constraint *Voral( triggering the vowel nasalization is more active or ranked higher in Beijing Mandarin while the constraint *VoralN triggering the vowel nasalization is less active or ranked lower. 

So far, I have discussed all different aspects of Mandarin retroflex suffixation. Using the constraint hierarchy proposed above, we can give a rather satisfactory and convincing formal account for different cases in the retroflex suffixation in Mandarin Chinese.

Notes: The present paper is part of my Ph. D. dissertation submitted in May 2001 to the Graduate School of Beijing Normal University. Here, I would like to express my sincere thanks to Professor Zhou Liuxi, Professor Wang Jialing, Professor Lin Tao, Professor Lin Maocan, Professor Lin Shunwu, Professor Zhou Tongchun and many others for their invaluable comments and instructive guidance. 
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� Hsueh (1986) claims that “ri” is only the historical source of Mandarin retroflex suffix.


� Since [(] does not occur in coda position, the front high vowel (glide) that follows a non-high vowel is only [i].


� To precisely represent that the segment is retroflexed, here I will use the superscript [r] to indicate that the segment with the [r] superscript is retroflexed.


� Goh (1997) discussed Mandarin retroflex suffixation within the framework of government phonology. Since government phonology is one of the holistic theories, different from the DF-based studies made by the scholars like Yin (1986), Lin (1989), Duanmu (1990) and Wang (1993), I will make no comments on it here. Interested readers can refer to Ma (1999; 2000a, b).


� Duanmu (1990) has proposed the similar feature geometric treatment of the retroflex suffixation. The retroflex suffix is a root dominating the place feature [cor] with the terminal feature [(ant].


� It should be pointed out that the non-syllabic lexical retroflex suffix is marked differently in the Chinese linguistic literature. Some scholars posit [r] for it (e.g. Chao 1968; Hockett 1950; Hsueh 1985; Pulleyblank 1983; Lin 1989; Duanmu 1990) and some use [(r] (Cheng 1973; R. Cheng 1966; Yin 1986). My analysis in the following subsections will implicitly show that the retroflex suffixes [r] and [(r] are non-distinctive in Mandarin Chinese, as the retroflex suffix will be erased due to some markedness constraints after triggering the assimilation process. Thus the retroflexed form for [ku] can be marked here either as [kur] or as [ku( r].


� (15b) is equal to the case represented in (14).


� (L or R) Anchoring constraints can be served to distinguish the prefix and the suffix. McCarthy and Prince (1999) argue that this kind of constraints should subsume Generalized Alignment. The R-Anchoring-r, proposed here, can be replaced by a alignment constraint, which is expressed as Align-R ((, r) (The right edge of the syllable must be aligned with the right edge of the retroflexed segment).


� Following Wang (1993), Duanmu (1990) and J-L.Wang (1997b), the constraint can be stated as *r/coronal, i.e., a coronal segment is incompatible with retroflexion. This constraint can effectively prevent the coronal segments from being retroflexed but at present it needs further study at least in three aspects: ①More phonetic experiments are needed to be done to see whether the coronal segments like [(] or [a] are also retroflexed. If evidence shows that what Wang (1997b) and Yang (1991) claim that [a] is not retroflexed is true, *r/coronal is better than the constraint I proposed here provisionally. But there has not been enough evidence up to now to show [(] or/and [a] is/are not retroflexed in the Mandarin retroflex suffixation. ②The OO identity constraint, S-Ident(r), triggers the spreading of the retroflex feature to the segments in the stem syllable, which of course include all the consonantal segments in the onset. But as Wang & He (1985) report, the retroflexion in Mandarin starts nearly simultaneously from the beginning of the rime, including all the non-high vowels and the back high vowel [u]. It is questionable, therefore, whether the constraint, *r/coronal, can exclude all the coronal segments, including coronal consonantal segments to be retroflexed. Of course, this can be solved by further specifying the constraint, like *r/V[coronal]. ③It needs to be confirmed by more experimental researches whether the non-coronal nasal, the velar nasal [(], is retained or deleted after nasalizing the nuclear vowel. If it is really deleted as many scholars including Duanmu (1990) predict, then the constraint *r/coronal must be replaced by some other constraints.


� The fact that consonants in the onset and nasals or front high glides in the coda are not retroflexed can be considered to be due to the incompatibility with retroflex articulation. 


� Specifically, the constraint that Wang (1993) proposes is that the retroflex feature [pos] is incompatible with the coronal feature [dis]. If the coronal feature [dis] is lexically associated with the root node, in retroflex suffixation this feature will be de-linked with the root node and be replaced by the retroflex feature [pos]. The constraint *[+retroflex, (posterior] that Wang (1997b) proposes is quite similar in nature to the constraint proposed here. 


� Linearity-IO, proposed by McCarthy & Prince (1995:13), Pater (1999:315) and others, states that the output reflects the precedence structure of the input, and vice versa. Specifically, this constraint is violated if the precedence structure of the input is changed in the output. 
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