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1. Introduction

It has been observed that cross-linguistically, numerals have two main functions (Greenberg 1978;
Bultinck 2005; Rothstein 2013, 2017; Wagiel & Caha 2021): what | call enumerating (equivalent
to Greenberg's terminology concrete-counting and Wagiel & Caha’s object-counting), which
enumerates entities designated by the noun (la-c); and abstract (equivalent to Rothstein’s
terminology singular term and Greenberg's and Wagiel & Caha’s abstract-counting), which refers
to an abstract mathematical entity that can enter arithmetical relations (2a-b).

(1)Enumerating use of numerals
a. Two cats were in the garden.
b. The two girls cooked a wonderful meal.
c. The guests were two girls. (Rothstein 2013:179)

(2)Abstract use of numerals
a. Two plus two is four.
b. Two is the only even prime number. (Rothstein 2013:179)

While in English the numeral in these two uses has the same morphological form, some languages
distinguish them morphologically. One example is Chuvash, a Turkic language (Greenberg 1978;
Rona-Tas 1999). I call the form for enumerating use the contextual form, and the form for abstract
use the absolute form, following Greenberg's (1978) terminology.

(3)Chuvash numerals that distinguish contextual and absolute forms morphologically

Contextual Absolute
1. pér pcrre

2. ik, iké ikke

3. vis, visé vis§e

4. tavat, tavata tavatta
5. pilék pillék

6. ult, ulta ultta

7. 8i¢, §ice SiG¢e

8. sakar sakkar
9. taxar taxxar
10. vun, vuna vunna
50. al, ala alla

80. sakarvun, sakarvuni | sakarvunna
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(Rona-Tas 1999:2-3)

Like these Chuvash numerals, the numeral ‘2’ in Mandarin Chinese also has two forms—the
contextual form liang, which is used for enumerating, and the absolute form ér, which is abstract.
Unless otherwise specified, all the Mandarin data discussed in this paper are from standard
Putonghua.? The Mandarin examples corresponding to the English enumerating examples (1a-c)
all use the contextual form liang:

(4)Enumerating use of 2’

a. Huayuan Ii you {liang/*ér} zhi mao.
garden in have 2.CONT/2.ABS CL cat
‘There are two cats in the garden.’

b. Na {liang/*ér} ge niihdi shao-le  meiwei de fan.
that 2.CONT/2.ABS cL girl cook-PRF delicious DE meal
‘Those two girls cooked a delicious meal.’

c. Kerén shi {liang/*er} ge niihai.
guest cop 2.CONT/2.ABS cL girl
“The guests were two girls.’

In contrast, the abstract numeral ‘2° always appears in the absolute form, as in counting (5a),
arithmetic (5b), room numbers (5c), decimal numbers (5d), years (5e), phone numbers, fractions,
etc.

(5)a. Counting numbers

yi {*liang/ér} san  Si...
one 2.CONT/2.ABS three four
‘One, two, three, four...’

b. Arithmetic
Shi  chuayi {*liang/ér} shi wi.
ten divide.by 2.CONT/2.ABS coP five
‘Ten divided by two is five.’

¢. Room number

{*liang/er} ling {*liang/er} (shi)
2.CONT/2.ABS zero 2.CONT/2.ABS room
‘Room 202’

d. Decimal number
{*liang/ér} dian ling {*liang/ér}
2.CONT/2.ABS point zero  2.CONT/2.ABS

2.02°

e. Year number
{*liang/ér} ling {*liang/ér} san nian
2.CONT/2.ABS zero 2.CONT/2.ABS three year
‘2023’

2 A reviewer mentioned that Taiwan Mandarin allows y7 ‘1° in all environments, which as we will see later behaves
differently from standard Putonghua. | acknowledge there is dialectal variation in this, and leave this to future research.



Greenberg (1978) made many universal generalizations about numeral systems across languages,
among which generalization #51 was about absolute and contextual forms and based on languages
like Chuvash and G&: “The existence of a separate absolute form for a particular numerical value
implies its existence for the next lower value.” He then mentioned Mandarin Chinese as an
exception to this generalization because while 2’ has two forms, he thinks that the lower number
‘1’ doesn’t.

In Mandarin the numeral yi ‘1’ can surface in three different tones. Greenberg followed the
common view that one of those tones is the citation form, which undergoes two-way tone sandhi
(yi-sandhi) depending on the morphophonological context (Chao 1970; Zhang 1988; Wang 2014;
He 2015).

This paper re-analyzes yi-sandhi, and argues that yi actually has two forms just like ‘2°—the
contextual form and the absolute form, despite their segmental identity (6). Y7 represents the first
tone (i.e. high-level tone), yi the second tone (i.e. rising tone) and yi the fourth tone (i.e. falling
tone).

(6)
absolute form | contextual form
‘1 yi yilyi
‘2’ er lidng

The two forms of ‘1’ can be distinguished by whether they undergo tone sandhi—the contextual
form does (7), while the absolute form does not. Under this new view of yi, Mandarin is not an
exception to Greenberg's generalization #51 because both ‘1’ and ‘2’ have the absolute and
contextual forms.

(7)Tone sandhi of the contextual form of ‘I’
Iyil > [yi]/_o

Furthermore, this paper will also discuss expressions that are derived from the numerals but are
neither enumerating nor abstract. These expressions nevertheless still show the contextual-
absolute alternation, which depends on the morphophonological context. Thus, | will argue that
the two forms of ‘1’ and ‘2’ are not distinguished by use as Greenberg claimed for ‘2°, but rather
by the morphophonological context (8): the contextual form appears when linearly followed by
overt material at the point of vocabulary insertion of the numeral, otherwise the absolute form
appears. Following Haspelmath's (2020) terminology, I call the contextual form and the absolute
form suppletive morphs, distinct morphs that are nevertheless homosemous. In contrast, within the
contextual form, yi and yi, which participate in the tone sandhi rule in (7), are what Haspelmath
called morph variants—phonological variants of the same morph.

(8)Suppletion rule
a. numeral - contextual form/ __ X, where X is pronounced
b. numeral - absolute form

This generalization, together with the key assumption that vocabulary insertion proceeds bottom-
up, leads to a particular structure for enumerating numerals like ligng gé niihai ‘two girls’, where
the Cardinal head ligng ‘two’ takes the Classifier Phrase gé niihai as its complement.



Section 2 argues that ‘1’ has two forms just like ‘2°, and section 3 presents a uniform analysis
of ‘1’ and ‘2’ by arguing that their contextual form and absolute form are suppletive morphs.
Section 4 shows that the alternation of the two forms is not governed by use as Greenberg claimed,
but rather by the morphophonological context as in (8). Section 5 addresses alternative analyses
and their problems. Section 6 concludes the paper, and the Appendix provides novel evidence for
the syntactic structure of multi-digit enumerating cardinals.

2. ‘1’ has the absolute form and the contextual form
This section begins by showing that the distribution of the various forms of ‘1’ parallels that of the
two forms of ‘2’, and thus motivates the analysis that ‘1’ has two forms just like ‘2°. After that, |
discuss He (2015), the dominant alternative analysis of two-way yi-sandhi, and show that it has
problems that the current analysis does not have.

Yi ‘1’ can surface in three different tones—the first tone yz, the second tone yi and the fourth
tone yi. Only y7 can surface in the abstract use:

(9)a. Counting numbers

{*yil*yilyi} ér san  Si...
one 2.ABs three four
‘One, two, three, four...’

b. Arithmetic
shi chayi {*yil*yilyi} shi shi.
ten divide.by one COP ten
‘Ten divided by one is ten.’

¢. Room number
{*yil*yilyi} ling {*yil*yilyt}  (shi)
one zero one room
‘Room 101’

d. Decimal number
{*yil*yilyi} dian ling {*yi/*yilyi}
one point zero  one
‘1.01°

e. Year number
{*yil*yilyi} jia lid wu nién
one nine six five year
‘1965’

In contrast, yi and yi can surface in the enumerating use, but not yi. In the enumerating use, yi
surfaces unless when immediately followed by another fourth tone syllable, in which case yi turns
into yi:

(10) Enumerating use of ‘7’
a. Huayuan Ii you {yi/*yi/*yi}  zhi mao.
garden in have one CL cat
‘There is a cat in the garden.’
b. Na {*yilyi/*yi}wei niihdi shao-le méiwei de fan.
that one cL girl cook-prRF delicious DEmeal



‘That girl cooked a delicious meal.’

c. Kérén shi {*yilyi/*y1} wei niihai.
guest COP one cL qirl
‘The guest was a girl.’

Given the complementary distribution of yi’s various forms in abstract and enumerating uses and
the fact that the distribution of yi’s forms parallel that of ‘2°’s forms, | argue that the numerals ‘1’
and ‘2’ each have an absolute form and a contextual form as in (6). Yi’s contextual form further
undergoes tone sandhi in (7).

A reviewer asked why in (7), the tone changes from yi to yi rather than the other way around.
This choice is based on simplicity: if phrased the other way around, this tone sandhi rule would be
lyil > [yi]/__ {clols?} (i.e. yi changes to yi when followed by a non-fourth-tone syllable), which
is more complex than the current rule.

This analysis differs from the common analysis in the literature that posits a two-way tone
sandhi process for yi. Consider He's (2015) analysis for concreteness, who proposed that yi’s
citation tone is the first tone yi. Y7 changes to yi when immediately followed by a fourth-tone
syllable o in the same word (11a); y7 changes to yi when the immediately following syllable in the
same word has non-fourth tone (11b); y7 stays in its citation tone otherwise (i.e. if it is the last
syllable of a word).

(11) He's (2015) morphophonological rule of yi-sandhi
a. Iyl > [yi]/ _ o]word
b. /yi/ = [yi] I __ o (non-falling tone)]word

There are two key differences between He's (2015) analysis and the current one. The rest of this
section will focus on one of those differences and show that He's characterization of yi-sandhi is
less economical than the current analysis because two-way yi-sandhi does not fit well with the
other tone sandhi processes in the language and related dialects. Section 5.2 will discuss the second
difference.

There is no other tone sandhi process like (11a&b) in the language, but there is a series of tone
sandhi processes that parallel (7). First, there is no tone sandhi process like (11b) anywhere else in
the language, where a syllable changes to the fourth tone when followed by a non-fourth tone.
Second, while we do see a variant of He’s tone sandhi rule (11a) occur with other lexical items,
those items may have tone sandhi in all morphophonological contexts, regardless of whether they
are in the same word as the following syllable.

Those lexical items are bu ‘not” in Mandarin Chinese, and san ‘three’, g7 ‘seven’, ba ‘eight’,
bié ‘don’t” and méi ‘not.PERF’ in Northeastern Mandarin (and Beijing Mandarin of the previous
generation; Zhang 1988; Wei 2020). This general tone sandhi process has therefore been called
the yi-bu-qi-ba rule. These lexical items have different underlying tones, but they all surface in the
second tone when immediately followed by a fourth tone:

(12)a. bu-sandhi in Mandarin Chinese
bu>bi/ o
b. san/gi/ba-sandhi in Northeastern and old Beijing Mandarin
san/qi/ba > san/qilbéd | _ o
c. bie-sandhi in Northeastern and old Beijing Mandarin



bie/mei-> bié/méi/ _ o
Following are some examples illustrating qi- and Aa-sandhi in Northeastern Mandarin:

(13)a. Zhuo shangyodu {qi/*qi/ba/*ba} bén shi.
desk on have seven/eight cL book
‘There are seven/eight books on the desk.’

b. Shushangyou {qi/ba} gé hduzi.
tree on  have seven/eight cL monkey
“There are seven/eight monkeys on the tree.’

Crucially, g7 ‘seven’ and ba ‘eight’ can undergo tone sandhi in a wider range of contexts than yi
‘one’, such as in room numbers:34
(14)y1 ling {qi/ba} shi

1.ABs zero seven/eight room

‘Room 107 / 108’
One reason why He posited the word boundary in (11a) was because of ordinal numbers, which
are derived from the cardinal numbers by merging with the ‘-th’ morpheme di. Yi ‘1 in the ordinal
form always has the first tone, and ‘2’ always appears in the absolute form:

(15)di {*yilyi/*liang/er} gé xuéshéng
-th  1.CcONT/1.ABS/2.CONT/2.ABS CL student
‘the first/second student’

The -th’ morpheme can be silent, but yi still has the first tone:

(16)a. @ {*yilyi/*liang/ér} 16u

3 | am grateful to Lu Jin for providing the judgments of Northeast Mandarin in this section.
4 Qr ‘seven’ and ba ‘eight’ do not undergo sandhi in all the abstract-use contexts. For example, they don’t have sandhi
in counting numbers, year numbers and phone numbers:

(i) a.Counting numbers
{qu/*qi} lib wiit si  san er yi
seven six five four three 2.ABs 1.ABs
‘Seven, six, five, four, three, two, one’
b.Year number
yi it {gi/*qi/ba/*ba} lit nidn
one nine seven/eight Six year
‘1976 / 1986°
c.Phone number
W6 de shouji  zuihousi  wei shi {qi/*qi} liu {ba/*ba} eér.
| DE mobile final four digit cop seven six eight 2.ABS
‘The last four digits of my mobile number is 7682.

Also, for my consultant, the contexts where san ‘3’ can undergo sandhi are more limited than those for gz ‘seven’ and
ba ‘eight’: san ‘3’ cannot have sandhi in counting numbers, year numbers, phone numbers or room numbers. | suspect
there is interference from Standard Mandarin because in the cases where there can be san-gi-ba-sandhi, sandhi is
always optional for my consultant. There is more to understand about san-gi-ba-sandhi, which | leave to future
research, but just want to point out that at least gi- and ba-sandhi occurs in more contexts than yi-sandhi.



-th  1.coNT/1.ABS/2.CONT/2.ABS floor
‘the second floor
b. @ {*yilyi/*liang/ér} ban
-th  1.CONT/1.ABS/2.CONT/2.ABS class.section
‘the second class section’

c. @ {*yilyi/*liang/ér} hao
-th  1.CONT/1.ABS/2.CONT/2.ABS number
‘No. I’

He claimed that yi ‘1’ in the ordinal form has the citation tone because it is a constituent with the
preceding ‘-th’ morpheme, and does not form a word with the following syllable, and is thus not
subject to the tone sandhi rule in (11a). In contrast to yi, the ordinal forms of q7 ‘seven’ and ba
‘eight’ can still undergo tone sandhi, suggesting that their tone sandhi rule does not have the same-
word condition like in (11a).

(17)a. @ {qi/bd} lu jun
-th seven/eight route army
‘The Seventh/Eighth Route Army’

b. @ {qi/ba} hao
-th seven/eight number
‘No. 7/8’

Therefore, He's (2015) yi-sandhi analysis in (11a) is not the same as the tone sandhi processes
undergone by the other lexical items in the yi-bu-gi-ba rule. If we want to uphold He's analysis,
we would need to say that yi is the odd one out in the yi-bu-gi-ba rule in that the yi-sandhi process
(11a) requires a word boundary but the other lexical items in the yi-bu-gi-ba rule don’t.
Furthermore, He posited an additional sandhi process for yi (11b) that is not attested anywhere else
in the language.

My analysis is more economical and avoids these issues because the tone sandhi process I
proposed (7) fits well into the yi-bu-gi-ba rule, which can be described in (18). The yi-bu-gi-ba
rule changes a syllable (regardless of its underlying tone) into the second tone before a fourth-tone
syllable, possibly to dissimilate because the second tone contrasts with the fourth tone the most:

(18) Yi-bu-gi-ba rule
Io/ > [o6]]_o
Applies to bu ‘not’ and yi, the contextual form of ‘1” in Mandarin Chinese, and san ‘three’, qr
‘seven’, ba ‘eight’, bie ‘don’t’ and mei ‘not.PERF’ in Northeastern Mandarin

The reason why yi’s ordinal form appears in the first tone is because that is its absolute form. Room
numbers and ordinal forms involving g7 and ba have tone sandhi because gz and ba do not have
the absolute form. This is consistent with Greenberg’s (1978) generalization that not all numbers
necessarily have the absolute form, and the higher a number, the less likely it is to have an absolute
form.

This section has shown that ‘1’ has two forms, and their distribution parallels the two forms of
‘2’. This view is more economical than the dominant view of two-way yi-sandhi because it
subsumes the contextual form of ‘1’ under a larger group of lexical items in the yi-bu-gi-ba rule.



3. The two forms of ‘1’ and ‘2’ are suppletive morphs

Having argued that Mandarin ‘1’ and ‘2’ each have the contextual form and the absolute form, this
section argues that these two forms are suppletive morphs rather than different lexical items. The
data so far support this because the contextual form and the absolute form have complementary
distribution. However, the literature has not taken this view: the only works that I know of that
discuss ‘1’ and ‘2’ together (i.e. Chao 1970; He 2015) nevertheless assume that ‘1’ and ‘2’ have
different distribution, and He also said explicitly that the forms of ‘2’ are different lexical items
rather than suppletive morphs.

3.1. Conjoined numerals must both have the contextual form or both have the absolute
form, but not mix-and-match
In all the constructions discussed so far and to be discussed in this paper, the contextual forms of
‘1’ and ‘2’ occur in the same contexts, and so do their absolute forms. | support this with another
piece of evidence from approximate expressions, a construction that puts two numerals in sequence.
For example, when ‘1’ and ‘2’ occur in sequence, it means ‘one to two’:

(19)yi liing ge xuéshéng
1.CONT 2.CONT cCL student
‘One to two students’

| assume that approximate expressions involve coordination of two numerals by a covert
coordinator Conj® meaning ‘to’ (e.g. [yl Conj° liang] g¢ xuésheng).® | also assume that when two
elements are coordinated, the conjuncts must have the same morphological form.

If the contextual forms of ‘1’ and ‘2’ have the same morphological status, and so do their
absolute forms, then we may expect that when ‘1’ and ‘2’ are coordinated in approximate
expressions, they must both appear in the absolute form, or both in the contextual form, but not
mix-and-match. 1 will show that this is true even in contexts that usually allow either the absolute
form or the contextual form. Specifically, | will discuss two such contexts—basic mass-classifiers
and numeral bases.

Before getting to the actual data involving basic mass-classifiers, | first introduce some
background information on numeral and classifier constructions in Mandarin. In Mandarin the
enumerating numeral is always followed by a classifier. In this construction a single-digit cardinal
(i.e. a number between 1 and 9, which I call simplex cardinal) mostly surfaces in the contextual
form, though rarely it can also surface in the absolute form, if the following classifier is a specific
type (as was observed by Chao 1970:580). According to Cheng & Sybesma (2012), classifiers in
Mandarin Chinese fall into two categories: (a) count-classifiers (20a), which name the discrete
unit in which the entity denoted by the noun naturally occurs; and (b) mass-classifiers, which
create a unit of measure. Mass-classifiers were further divided into two types—basic ones like kilo
and jin “catty’ (20c) and container ones like fong ‘a bucket of” (20b). When the simplex cardinal
is followed by a count-classifier or a container mass-classifier, the numeral must appear in the
contextual form (20a-b). A simplex cardinal that is followed by a basic mass-classifier often has
to appear in the contextual form as well, but the absolute form may also be possible when the basic

5 Approximate expressions like (19) cannot be derived by backward ellipsis, as in yi géxuéskéne liang gé xuéshéng,
because it is generally not possible to elide a classifier and an NP in Mandarin Chinese. This is argued for in the
Appendix.



mass-classifier is one with long standing in the language (e.g. jin as in (20c))®. The absolute form
in (20c) has a formal scientific connotation.

(20)a. Simplex cardinals before count-classifiers must appear in the contextual form
{yil*yi/liang/*ér} gé xuéshéng
1.CONT/1.ABS/2.CONT/2.ABS CL student
‘One/two students’
b. Simplex cardinals before container mass-classifiers must appear in the contextual form
{yi/*yi/liang/*ér} tong  mi
1.CONT/1.ABS/2.CONT/2.ABS  bucket rice
‘One/two buckets of rice’
c. Simplex cardinals before basic mass-classifiers may appear in either form
{yil?yi/liang/?ér} jin - mi
1.CONT/1.ABS/2.CONT/2.ABS  catty rice
‘One/two catties of rice = 0.5/1 kg of rice’

Having introduced the background information on the simplex cardinal plus classifier, now | show
that ‘1’ and ‘2’ must occur in the same form in approximate expressions, even before the basic
mass-classifier jm, which normally allows either form of the numeral:

(21)a. Simplex cardinals before count-classifiers must appear in the contextual form
{yi/*yi} {liang/*eér} ge xuéshéng
1.CONT/1.ABS  2.CONT/2.ABS cCL student
‘One to two students’
b. Simplex cardinals before container mass-classifiers must appear in the contextual form
{yi/*yi} {liang/*ér} tong  mi
1.CONT/1.ABS  2.CONT/2.ABS bucket rice
‘One to two buckets of rice’
c. Before basic mass-classifier jin, if the first numeral is contextual, so must the second
yi {liang/*er} jin - mi
1.CONT 2.CONT/2.ABS catty rice
‘One to two catties of rice’
d. Before basic mass-classifier jin, if the first numeral is absolute, so must the second
yi {*liang/ér} jin - mi
1.ABS 2.CONT/2.ABS catty rice
‘One to two catties of rice’

There is another context that allows either the contextual or the absolute form—multiplier of
numeral bases. Like English, Mandarin Chinese constructs multi-digit cardinals (i.e., numbers
larger than 9, which I call complex cardinals) using additive coordination of multiplier-base
combinations.

(22)a. two hundred and twenty-two English

6 Only a small number of basic mass-classifiers can combine with the absolute form. Most basic mass-classifiers
cannot, such as time mass-classifiers: *er {midol/fenzhangltian/zhoulyué/nian} ‘two
seconds/minutes/days/weeks/months/years’.



b. ér bai er shi er Mandarin Chinese
2.ABS hundred 2.ABS ten 2.ABS
222’

Before getting to approximate expressions involving complex cardinals, | introduce some
terminology that | will use throughout this paper. In the multiplicative structure | call the
multiplicands hundred and -ty in (22a) the base; two and twen- the multiplier because they multiply
by the respective base. Likewise in (22b), bdi ‘hundred’ and shi ‘ten’ are bases, and er ‘two’ is
their multiplier. We might also posit a null ones base in (22a-b), for which the multipliers are two
and ér ‘two’. Complex cardinals can combine with NPs, as in (23a-b).

(23)a. two hundred and twenty-two students English
b. ér bai er shi ér gé xuéshéng Mandarin Chinese
2.ABS hundred 2.ABS ten 2.ABS CL student
‘222 students’

In complex cardinals, the multiplier may appear in the contextual or absolute form depending on
the base, a fact that this paper will not focus on.” For example, the multiplier of base 100 can be
contextual or absolute.

(24)liang  qgian {yilyt/liang/er} bii
2.CONT thousand 1.CONT/1.ABS/2.CONT/2.ABS hundred €2100/2200°

In approximate expressions, the multiplier numerals must have the same form, but not mix-and-
match:

(25)a. Before a base, if the first numeral is contextual, so must the second

liang  gian yi {liang/*ér} bai
2.CONT thousand 1.cONT 2.CONT/2.ABS hundred
2100 to 2200’
b. Before a base, if the first numeral is absolute, so must the second
liang  qian yi {*liang/éer} bai
2.CONT thousand 1.ABS 2.CONT/2.ABS hundred
2100 to 2200’

" Due to limited space, | do not discuss numerals as multipliers in great detail in this paper. In separate work, | focus
on precisely that question, and observe that while the multipliers of the tens and ones bases have to be absolute, the
multipliers of higher bases can be either contextual or absolute. My analysis of numerals as multipliers complements
the analysis in this paper: | assume the same morphosyntactic structure for multiplier and base, whether the base is
tens or higher (e.g. ér shi ‘twenty’ has the same structure as ligng bdi ‘two hundred’). My solution to this puzzle relies
on a conjecture based on languages like English and French that perhaps in all languages, multipliers of lower bases
are less regular morphologically (e.g. suppletive, re-adjusted; English twen+ty) than those of higher bases (e.g.
analytic; English two#hundred). If Mandarin follows this generalization, then perhaps the contextual form, which
tends to occur as the multiplier of higher bases, is a free-standing word (parallel to English two), while the absolute
form, which occurs as the multiplier of lower bases, is a bound morpheme (parallel to English twen-).

10



3.2. The two forms of ‘1’ and ‘2’ are suppletive morphs
Having shown using approximate expressions that the forms of ‘1’ and ‘2’ occur in the same
contexts, I will now show that the two forms of ‘2’ are suppletive morphs because when one form
can’t surface for independent reasons, the other form surfaces, a behavior typical of suppletive
morphs. If the forms of 2’ are suppletive morphs, and they occur in the same contexts as the forms
of ‘1°, then the forms of ‘1’ must also be suppletive morphs.

There is a unit of weight that is a homonym to lidng, the contextual form of ‘2°. It is not possible
to use the contextual form of ‘2’ with this unit of measure because it would lead to two adjacent
identical syllables.® Thus, the absolute form of ‘2’ is used instead to express the meaning:

(26) {*liang/ér} liang mi
2.CONT/2.ABS liang rice
“Two liangs of rice = 76 grams of rice’

Crucially, the use of the absolute form ér in (26) is completely fine (and the only way to express
this meaning), better than its use with jin in (20c), and does not have the scientific connotation that
(20c) has. This suggests that er appears in (26) not because it may occasionally occur with some
basic mass-classifiers, but because it is the elsewhere form when lidng is not allowed here.

Since the absolute form of ‘2” surfaces when the contextual form is independently banned, and
furthermore these two forms have different segments, I will assume that they are suppletive morphs.
Because the forms of ‘1’ occur in the same contexts as those of ‘2,2 | will infer that the two forms
of ‘1’ are also suppletive morphs.

4. Suppletion rule for ‘1” and ‘2° based on morphosyntax

So far | have not contested Greenberg's (1978) view that the morphological form of the numeral
depends on its use—the enumerating numeral has the contextual form, while the abstract numeral
has the absolute form. This section presents novel data suggesting that the two forms are not really
distinguished by use, but rather by the morphophonological context. These data lead to the
empirical generalization in (27).

(27) Empirical generalization
The contextual form occurs if the syntactic sister of the numeral is pronounced and linearly
follows it; otherwise the absolute form occurs.

If this empirical generalization is correct, then the enumerating use and the abstract use may differ
in their morphophonological contexts. Subsection 4.1 presents six pieces of evidence supporting
(27). In subsection 4.1.1 the first piece of evidence contrasts complex cardinals (i.e. numbers larger
than 10) with simplex cardinals (i.e. numbers between 1 and 9), which the previous sections have
focused on. | show that enumerating complex cardinals contrast with simplex cardinals in their
morphological form, a fact that is due to their different morphosyntactic structures. Then
subsections 4.1.2-4.1.5 discuss four types of derived use of numerals. It is hard to say if these

8 The string liang liang is possible, but it reduplicates the contextual form of ‘2° and means ‘in pairs’.

° There are two exceptions to this generalization that | know of. First, the contextual form can occur with the unit of
weight licdng because yi liang mi ‘one liang of rice” does not involve adjacent identical syllables. Second, the absolute
form of 1’ occurs in {yi/*yi/} dicdn ‘one o’clock’ but the contextual form of ‘2 occurs in {lidng/*ér} didn ‘two o’clock’
(Fulang Chen, p.c.). | do not have an account of the second fact.
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derived numerals are enumerating or abstract, but they nevertheless still show the contextual-
absolute alternation which depends on their morphophonological contexts. After that, subsection
4.1.6 shows evidence based on silent bases that the syntactic sister of the contextual form must be
pronounced; if the sister of the numeral is silent, then the absolute form surfaces. Then subsection
4.2 discusses abstract numerals briefly, which under the current view have a different
morphosyntactic structure than enumerating numerals.

The generalization in (27) entails that the morphological form of the numeral depends on the
phonology of its sister. This means that when the contextual form of the numeral is selected, the
numeral’s sister must have already been exponed, so that the numeral’s sister’s phonology may
condition the suppletion of the numeral. We can thus put the generalization in (27) into the
morphological rule in (8), repeated below, which essentially requires the contextual form to be
followed by overt material at the point of its vocabulary insertion:

(8)Suppletion rule
a. numeral - contextual form/ __ X, where X is pronounced
b. numeral - absolute form

Assuming vocabulary insertion proceeds bottom-up in the syntactic structure (e.g., Anderson 1982,
1992; Kiparsky 2000; Bobaljik 2000; Paster 2006; Embick 2010), this has consequences for the
syntactic structure of numeral phrases because it implies that the numeral’s sister should be
syntactically more embedded than the numeral in the cases where the numeral’s contextual form
is selected. Subsection 4.3 shows that this supports one particular structure for enumerating
numerals.

As a reader goes through the evidence for (8) in this section, they may hold alternative
generalizations in mind that are not based on the morphophonological context, but on the syntactic
category of the numeral or the prosodic structure. Section 5 discusses those alternatives and their
problems.

4.1. Evidence supporting the empirical generalization in (27)
4.1.1.Complex cardinals in the enumerating use
The previous sections have shown that the enumerating simplex cardinal generally appears in the
contextual form. For example, | repeat (20a) below.

(20)a. Simplex cardinals before count-classifiers must appear in the contextual form
{yilliang/*y1/*ér} gé xuéshéng
1.CONT/2.CONT/1.ABS/2.ABS CL student
‘One/two students’
In contrast, the last digit of an enumerating complex cardinal always appears in the absolute form:

(28) Last digit of a complex cardinal must appear in the absolute form

{yilliang/yi/ér} bai {*yi/*liang/yi/er} shi
1.cONT/2.cONT/1.ABS/2.ABS hundred  1.CONT/2.CONT/1.ABS/2.ABS ten
{*yil*liang/yi/er} ge xuéshéng

1.CONT/2.CONT/1.ABS/2.ABS CL student
‘111/222 students’
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In order to understand this contrast between simplex and complex cardinals, we first need to
understand the syntactic structure of enumerating cardinals. There are two competing analyses of
NPs that contain complex cardinals in the literature: what I call the CardP-conjunction approach
and the NP-conjunction-plus-ellipsis approach. The CardP-conjunction approach was based on
Hurford's (1975) traditional view of complex cardinals—they are constituents that combine with
NPs. He (2015) made this proposal explicit for Mandarin Chinese: NPs containing complex
cardinals involve additive coordination of multiplier-base CardPs linked by silent coordinators
Conj°. The maximal CardP then combines with the Classifier and the NP.

The tree below shows how He’s CardP-conjunction approach would analyze (23b), but with
some differences from He’s original proposal. He focused on the structure internal to the CardP,
and did not argue for exactly how the CardP merges with the Classifier and the NP, but just
assumed that the CardP is the complement to the Classifier head (CI°), and the Classifier Phrase
(CIP) the specifier of the NP. Cheng & Sybesma (1998) provided good evidence that CI° first
merges with the NP, and the CIP then merges with the CardP, thus | adopt it here. However, my
structures here also differ from Cheng & Sybesma in an important way: while they assumed that
CardP is the specifier of CIP, | will assume that CardP projects its label to the mother node.
Subsection 4.3 will provide an argument for making this assumption.

(29) CardP-conjunction analysis of (23b)

CardinalP

//\

CardinalP3

= N

CardinalP3 CardinalP, Classifier? NP
ér bai Conj? CardinalP, ge "Xuéshéng"
‘two' ‘hundred’ /\ ‘student’
CardinalP CardinalP,
ér shi Conj? CardinalP,
"two' 'ten’ f
er
"two'

lonin & Matushansky (2006, 2018, henceforth 1&M) argued based on Bantu, Biblical Hebrew,
Biblical Welsh and Russian that NPs containing complex cardinals involve additive coordination
of multiplier-base-NPs plus backward NP-ellipsis. Each multiplier-base-NP has an internal right-
branching structure, where the NP combines with the base and then the multiplier.

(30) NP-conjunction-plus-ellipsis analysis of (23a)
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ConjP

/\

NP Conj'

NG T T

two NP Conj? NP

N T

hundred NP (and) NP Conj'
students twenty NP Conj? NP

students two NP

/\

students

The key difference between these two approaches is whether the complex cardinals involve
conjunction of CardPs or conjunction of NPs with hidden NP-structure. He (2015) has made a
series of arguments for the CardP-conjunction approach based on Mandarin Chinese. The
Appendix adds two novel arguments that challenge 1&M’s approach.

One of He's arguments was precisely the morphological form of the last digit of the complex
cardinal. Following would be 1&M’s NP-conjunction-plus ellipsis analysis of the enumerating
complex cardinal (28):

(31) NP-conjunction-plus-ellipsis analysis of (28)
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ConjP

/\

NP Conj'
ér NP Conj? NP
'two' /\ /\
bai clp (and) NP Conj’'
‘hundred’ /_\ /\ /\
gé xueésheng ér NP Conj° NP
'Cl studnet 'two' /\ A
shi clp er clp
ten /_\ 'two' i
gé xuéshéng ge xuéshéng
‘€l studnet 'Cl studnet'

If (28) does involve additive conjunction of ‘200 students + 20 students + 2 students’ as [&M
claimed, then we would expect the last digit ‘2 in (28) to appear in the same form as it does in ‘2
students’ because ‘2’ occurs in the same morphophonological context in both cases—its sister is the
CIP ge xuéshéng. In ‘2 students’, ‘2’ appears in the contextual form lidng (20a), but in (28) it
appears in the absolute form ér, contrary to 1&M’s prediction.

He's CardP-conjunction approach together with the empirical generalization in (27) can
account for the contrast between simplex and complex cardinals. Below are my analyses of (20a)
and (28) following He's CardP-conjunction approach.

(32)a. Structure of (20a) b. Structure of (28)
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CardP CardinalP

//\

[ Cardinal” clp ] CardinalP3 cip
lidng Classifier® NP CardinalP; CardinalP» Classifier?® NP
" 7N /\ /\
gé "xuéshéng" er bai Conj® CardinalP; ge "Xuéshéng"
‘student’ ‘two'  'hundred' /\ ‘student’

CardinalP, CardinalP,

Conj" Cardinal?;

ér shi
‘two' ‘ten’
ér
‘two'

In (20a), the numeral merges with CIP, which follows it and is pronounced. Thus, the numeral has
the contextual form. In contrast, in (28) the numeral merges with the preceding null Conj°. Because
it is not followed by its sister, the numeral has the absolute form.

It is worth mentioning that while all the trees in this paper follow the conventions of the X-bar
theory, the structures in (32a-b) may be an argument for adopting Bare Phrase Structure instead.
If we follow the X-bar theory strictly, then the CIP is a complement to the simplex cardinal in (32a)
but a specifier to the complex cardinal in (32b). It is not clear why the CIP’s syntactic role should
change according to whether the cardinal is simplex or complex. But if we adopt Bare Phrase
Structure, then there is no distinction between Cardinal® and CardinalP. (32a&b) can have the same
configuration where the Classifier merges with the Cardinal, and the Cardinal projects its label to
the mother node. That being said, all the trees in this paper will still follow the X-bar theory just
for consistency.

It has been observed that container mass-classifiers can be modified by a small class of
adjectives like da ‘big’ and xido ‘small’ (e.g. Tang 1990). The numeral appears in the same form
as they would with non-modified classifiers:

(33)a. {liang/*er} da wan tang
2.CONT/2.ABS big cL  soup
‘two whole bowls of soup’
b. shi  {*liang/er} da wantang
ten  2.CONT/2.ABS big cL soup
‘twelve whole bowls of soup’

| adopt Cheng & Sybesma's (1998) analysis of modified classifiers, where the CI° merges with the
modifier:

(34)a. Structure of (33a) b. Structure of (33b)
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CardP CardP

/\ /\

CardP Clp
[Card” o ] /2\ /\
‘ CardP? CardP; Cl-Adj NP
lidng Cl-Adj NP
o /\ i E ‘ /\ A
shi [ Conj? Cardol] Adj? cl1o tang
Adj° Clo tang ‘ten’ 1 'soup’
'soup’
‘ ‘ er da win
'two' 'big' ‘classifier’
da win wo ig classifier
'big' ‘classifier’

The modified CI° does not affect the linear order of the numeral and its sister, and thus leads to the
same result as with unmodified classifiers. In (33a), the numeral’s sister CIP follows the numeral,
leading to the contextual form, while in (33b), the numeral’s sister null Conj° precedes the numeral,
leading to the absolute form.

Having shown how the key contrast between simplex cardinals and complex ones supports the
generalization in (27), | will provide five more types of evidence supporting (27). The first four
pieces of evidence involve derived numerals that are not clearly enumerating or abstract (i.e.
ordinal numbers, conditional head ‘once’, disyllabic words and proverbs), but they nevertheless
show the contextual-absolute alternation in ways that support (27). The fifth piece of evidence
suggests that the sister of the contextual form must be pronounced.

4.1.2. Ordinal numbers

Ordinal numbers always appear in the absolute form because their sister is the preceding °-th’
morpheme di:

(35)[di eér] gé xuéshéng
-th 2.ABS cL student
‘the second student’

Even when the ‘-th’ morpheme is silent, the numeral still appears in the absolute form because it
is not followed by its sister:

(36)a. [ ér] I6u
2.ABS floor
‘the second floor
b. [0 ér] ban
2.ABS class.section
‘the second class section’
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4.1.3.“Once’

Like in English, the conditional head ‘once’ in Mandarin is derived from yi ‘one’. There are two
forms of ‘once’: yidan, which may be decomposed into yi ‘one’ and dan ‘moment’, and yi, which
is identical to the contextual form of “1°. Yidan can take a clause or a predicate as its sister, while
yi can only take a predicate as its sister. In both these forms of ‘once’, yi is always in the contextual
form: yi always has the rising tone in yidan ‘once’ because it is followed by a falling tone, while
the tone of yi ‘once’ depends on the following syllable (e.g. rising in (37a-b) and falling in (37c)).
Yi ‘once’ has the contextual form because it is always followed by its sister predicate.

(37)a. Ta [condryi  [vp shuixing]], jiu  kaishi kan shouji.

She once  awake PRT start look phone
‘She started looking at her phone once she woke up.’

b. Ta [conapyi  [vw [ppzai didanhua shang] tingdao mama de shéngyin]]], jiu ka-le.
She once at phone on hear mother DE voice PRT Cry-ASP
‘She cried once she heard her mother’s voice on the phone.’

C. Ta [conaryl  [wtingddo mama de shéngyin]], jiu ka-le.
She once hear mother DE voice PRT Cry-AspP
‘She cried once she heard her mother’s voice.’

4.1.4.Other disyllabic words derived from ‘one’
Besides ‘once’, many words in Mandarin are derived from yi ‘one’. In these disyllabic words,
generally the contextual form appears when ‘one’ is in the first position of the word; the absolute
form appears in the second position:

(38)a. yi ding
‘surely’
b. yi gie
‘every’
c. yi qi
‘together’
d. yi zhi
‘always’
e. yi zhi
‘unanimously’
(39)a. tong y1
‘unify
b. wéi yi
‘only’
C. wanyi
‘just in case’; literally: ‘one out of ten thousand’

While these words may be considered to be frozen forms, it may not be accidental that the

morphological form of yi varies with its position in these words in a principled way. Thus, I assign
internal structure to these words just like I did to yidan ‘once’, where the first syllable merges with
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the second. For example, just like how the English word unify may be decomposed into un and -
ify, tong y1 ‘unify’ involves merge of tong the verb ‘group’ with y7 ‘one’.

Some other words in (38)-(39) may have less transparent internal structure, but we can still
think of their meanings as being derived from ‘one’ or its extended meaning ‘total’ or ‘whole’,
suggesting that they may also be created by word-internal merge. For example, yi ‘one’ and g1,
which on its own is a verb ‘get up’, combine to create Yi gi ‘together’ or “as one (group)’. Exactly
how the morphemes compose to derive the word meaning requires an understanding of the lexical
meaning of the morphemes and rules of word-internal meaning composition, which | leave to
future research. | just want to point out that the lexical meaning of the morphemes in these words
may not be the same as their meaning as independent words. For example, while gi on its own
means ‘get up’, it may not have this precise meaning in yi gi.

Assuming that these words do have internal binary-branching structure, then the first position
numeral appears in the contextual form because it is followed by its sister, and the second position
numeral has the absolute form because it is preceded by its sister.

4.1.5. Four-syllable proverbs

Mandarin has a lot of four-syllable proverbs chéngyri that are idiomatic and have a more rigid
internal structure than typical idioms. Their internal structure cannot be altered at all, and neither
can they take internal morphology. They are often derived from historical texts, stories or fables.

Numerals ‘1’ and ‘2’ occur in many four-syllable proverbs, and their morphological form is
largely determined by their position in the proverb. The Corpus and Dictionary of Chinese
Chéngyu'® has 248 proverbs containing the numeral ‘1’ and 39 proverbs containing ‘2°. Among
these proverbs, the contextual forms of ‘1’ and ‘2’ always occur in the first or third syllable, while
the absolute forms always occur in the second or fourth syllable (e.g. (40a-b)).

(40)a. {yi/*y1} dao {liang/*er} duan
1.coNT/1.ABS knife 2.CONT/2.ABS sections
‘to sever relations by one stroke; to be through with’
b. shu {*yilyi} shu {*liang/er}
rate 1.CONT/1.ABS rate  2.CONT/2.ABS
‘one of the very best; ranking very high’

There is only one exception (41), whose first and third syllables optionally occur in the contextual
form or the absolute form.

(41)a. yi wu yi shi
1.coNT five 1.CONT ten
‘to enumerate or to narrate in precise detail’
b. y1 wl  yl shi
1.ABs five 1.ABS ten
Because these proverbs have very rigid internal structure, I consider them compounds. While they

are idiomatic, there is still internal syntactic structure to them. All the proverbs containing ‘1’ and
‘2’ have the binary-branching structure [oc][o0]:

10 https://dict.idioms.moe.edu.tw/
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(42)a. [yi dao] [liang duan]
1.conT knife 2.CONT sections
b. [shu yi] [shu er]
rate 1.ABS rate 2.ABS
c. [{yi/yi} wu] [{yl/y1} shi]
1.conT/1.ABS five 1.CONT/1.ABS ten

Because the first- and third-position numerals merge with the following sister, they appear in the
contextual form. The second- and fourth-position numerals have the absolute form because their
sisters precede them.

Although (41) has the same binary-branching structure as the other proverbs, it may be
exceptional because speakers may consider the numerals ‘1° to denote ‘one-by-one’, which always
takes the absolute form.!!

4.1.6. Omitted last numeral base
As we saw in (24), repeated below, the multiplier may appear in the contextual or absolute form
depending on the base. For example, the multiplier of base 100 can be contextual or absolute:

(24)liang  gian {yilyi/liang/er} bai
2.CONT thousand 1.CONT/1.ABS/2.CcONT/2.ABS hundred 2100/2200°

The lowest base in a complex cardinal can be omitted (i.e. base 100 in (24)), in which case its
multiplier must have the absolute form:

(43)liang qgian {*yilyi/*liang/er}
2.CONTthousand 1.CONT/1.ABS/2.CONT/2.ABS €2100/2200°

| assume that the omitted base is still present syntactically but empty phonologically. This suggests
that the sister of the contextual form must be pronounced. If it is not pronounced, then the absolute
form surfaces.

This is another argument that the contextual-absolute alternation has nothing to do with
whether the numeral is enumerating or abstract, but with the morphophonological context.
Whether the base is pronounced (24) or not (43), its multiplier should have the same use, but this
multiplier has different morphological forms.

4.2. Abstract numbers
The evidence based on derived numerals and omitted numeral base suggests that what governs the
contextual-absolute alternation may not be use as Greenberg (1978) originally claimed, but rather
the morphophonological context as in (27). Under this view, there are two possible explanations
for why simplex numerals in the abstract use appear in the absolute form. The first possibility is
that they may not have any syntactic sister. For example, we could imagine that there is no internal

11 Originally, this proverb described the act of counting coins. Historically, five coins make a unit of counting, and
thus counting by five coins and ten coins implies counting carefully. Here y7 may denote counting one-set-by-one-set
of five and ten coins. Speakers who follow a strictly synchronic analysis may give a binary-branching analysis to (41),
leading to the contextual forms of the numerals.
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syntactic structure to room numbers, decimal numbers and year numbers. They are just a series of
digits strung together in a list-fashion, and none of the digits has a syntactic sister.

The second possibility is that the abstract numeral is created by merging the cardinal with a
null morpheme. Whether this null morpheme precedes or follows the numeral does not matter. The
following example shows a possible preceding morpheme:

(44) Counting numbers
[0 yi] [@ér] [@san] [@si]...
1.ABs 2.ABS three  four
‘One, two, three, four...’

In interim summary, | have provided six pieces of evidence that lead to the empirical generalization
in (27), where the numeral morphology depends on the linear order of the numeral’s pronounced
sister. This generalization can also account for the distinction between enumerating and abstract
numbers.

4.3. Cardinal projects to the mother node
Having provided the evidence that supports the empirical generalization in (27), this subsection
discusses the consequences this generalization has for the syntactic structure containing CardP.
Subsection 4.1.1 focused on the internal structure of CardP, and so far | have not discussed how
the CardP as a whole merges with other phrases such as CIP. This has not been the focus of the
literature on Mandarin numerals because it is difficult to find evidence for one particular structure.
This subsection will first present some structures that have been assumed for the CardP-CIP
structure before, and then argue that the empirical generalization in (27), together with key
assumptions about bottom-up vocabulary insertion, supports one of the proposals.

There have been three different structures assumed for the CardP-CIP structure in Mandarin
Chinese, which are presented in the following trees. They can be divided into two types: those
where the Cardinal projects its label to the mother node ((45c), Tang 1990; Cheng & Sybesma
1999), and those where the Cardinal’s sister projects ((45a-b), Cheng & Sybesma 1998; He 2015).

(45)a. He (2015) b. Cheng & Sybesma (1998) c¢. Tang (1990) and Cheng &
Sybesma (1999)
NP CardP
cip NP Cardp D
CardP Classifier?® "xuéshéng" liding Classifier?® liing . Classifier¢
‘student’ "two' i we A
ge "Xuésheng"
lidng gé ge "xuéshéng" ‘student’
"two' ‘student’

The empirical generalization in (27), together with key assumptions about bottom-up vocabulary
insertion, supports analyses where the Cardinal projects ((45c), Tang 1990 and Cheng & Sybesma
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1999). The generalization in (27) is an example of phonologically-conditioned suppletion because
the numeral’s morphological form depends on whether the numeral’s sister is pronounced, and the
pronounced sister’s linear order to the numeral. Assuming that exponence starts from the most
embedded node in the structure (e.g., Anderson 1982, 1992; Kiparsky 2000; Bobaljik 2000; Paster
2006; Embick 2010), this suggests that when the contextual form of the numeral is selected, the
numeral is less embedded than its sister syntactically.

I now return to the cases discussed in the previous subsections where the contextual form is
selected to show that in those cases the numeral is indeed less embedded than its sister. But before
doing so, | explain exactly what it means for a terminal node to be more embedded than another.
| adopt Myler's (2017) formulation, which claims that a node x is more deeply embedded than
another node y if the maximal projection of y contains x, and is categorially distinct from x. For
example, in the configuration below, z is less embedded than y and x, and y is less embedded than
X.

(46)

Let us apply this formulation of embeddedness to conditional sentences involving yi ‘once’ (37a-
c). Yi is the conditional head that takes a predicate as its complement, and projects its label to the
mother node, and is thus less embedded than its sister predicate. Therefore, the terminal nodes in
the predicate are exponed before yi, which allows vocabulary insertion of yi to be sensitive to the
phonological realization of the predicate.

Let us now turn to enumerating cardinals (e.g. liadng ge xuéshéng ‘two students’ as in (20a)).
Because the simplex cardinal has the contextual form, it needs to be able to see the phonology of
its sister, and thus should be exponed later than its sister, and less embedded than its sister. Among
the proposals for its structure (45a-c), (45c) is the only one where the cardinal is less embedded
than the terminal nodes in its sister. The cardinal is more embedded than CI° in (45a&b) because
the CIP contains the cardinal. Therefore, if we follow the generalization in (8) and assume bottom-
up insertion, then they lead to a structure where the Card® takes the CIP as its complement and
projects (45c¢).

To summarize, this section has argued that the numeral’s morphology depends on whether it
is followed by overt material at the point of vocabulary insertion. This together with the assumption
of bottom-up vocabulary insertion suggests that the enumerating cardinal is a head that takes the
CIP as its sister.

5. Alternative analyses and their problems

This section addresses three alternative analyses to analyze Mandarin numerals, and discusses their
issues.
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5.1. Alternative 1: Numerals in a certain syntactic category have the contextual form
The enumerating numeral appears to be determiner-like, and enumerating simplex cardinals
always have the contextual form, which may lead us to think that the numeral has the contextual
form when used as a determiner, and the absolute form otherwise. A proposal similar to this posits
that the enumerating numeral is a modifier (i.e. an adjective) while the numeral in the abstract use
is nominal, and the numeral has the contextual form when used as a modifier, and the absolute
form when used as a nominal.

First, the numeral is unlikely to be a determiner or an adjective. There is debate about whether
Mandarin Chinese has a D-layer at all, and if so, what is in it. However, no work has suggested
that the numeral is the determiner. Also, pre-nominal adjectives must follow the classifier, but
numerals have to precede the classifier, suggesting they have a different syntactic position from
adjectives:

(47) Adjectives and numerals have different position in the sentence
a. Zhuo shangyou Vi bén hong sha.
Desk on have 1.coNT cL red book
‘There is a red book on the desk.’
b. *Zhuoshangyou i hong bén  sha.
Desk on have 1.coNT red cL book

Second, the alternative proposals are challenged by two types of data presented in the previous
sections. These proposals would have to say that in disyllabic words, yi ‘1’ in the first position (38)
is a determiner or adjective, while yi in the second position (39) is non-determiner or nominal. It
is not clear that this is the case — for example, that the yi ‘1’ in yi gi ‘together’ is a determiner or
adjective.

The alternative proposals also have difficulty accounting for the data involving the multiplier
of a pronounced base (24) and that of an unpronounced base (43), repeated below:

(24)liang  qian {yiiyi/liang/er} bai

2.CONT thousand 1.cONT/1.ABS/2.CONT/2.ABS hundred 2100/2200°
(43)liang qgian {*yilyi/*liang/er}

2.CONTthousand 1.CONT/1.ABS/2.CONT/2.ABS 2100/2200°

The alternative proposals would analyze the multiplier of the pronounced base bdi ‘hundred’ in
(24) as a determiner or an adjective, but the multiplier’s syntactic status should not change when
the base is not pronounced in (43). Those proposals may take a different route by not positing any
base 100 at all in the syntactic structure of (43), but say instead that the final numerals y7 and ér
there denote ‘one hundred’ and ‘two hundred’. These proposals would need to posit many more
meanings for the numerals y7 and ér such as ‘ten’, ‘twenty’, ‘ten thousand’ and ‘two thousand’
because they can have these meanings when the final base is omitted in ‘210’
‘220, °21,000’, °22,000° and so on. Also, these meanings of y7 and ér can only surface when a
base that otherwise should be pronounced is not, and it is not clear why this is the case.
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5.2. Alternative 2: Yi undergoes two-way tone sandhi depending on word-finality
Section 2 presented He's (2015) analysis of yi-sandhi as two-way tone sandhi (11), repeated below,
and discussed some issues with that analysis. This subsection lays out more differences between
He's analysis and the current one.

(11) He's (2015) morphophonological rule of yi-sandhi
a. Iyl > [yi]/ _ o]word
b. /yi/ > [yi] I __ o (non-falling tone)]word

There are two key differences between He's analysis and the current one. First, He took the three
forms of yi to be phonological variants of the same morph (i.e. morph variants), while | posit two
distinct suppletive morphs—the form that doesn’t undergo sandhi yz, and the form that does yi and
yi. Section 2 showed that the current analysis is more economical because there is no other sandhi
process in Mandarin like He's proposed yi-sandhi, but the currently proposed yi-sandhi is part of a
broader rule called the yi-bu-qi-ba rule.

The other difference between He and the current analysis is that He's rules refer to word
boundaries, while my analyses in (7) and (8) do not rely on any notion of wordhood. He did not
explain what is a word boundary and how it is derived. If it is a prosodic word boundary, what
sorts of syntactic constituents are mapped to a prosodic word? For the purpose of the argument,
let us follow the basic assumption in syntax-prosody mapping theories such as edge-based theories
(e.g. Selkirk & Shen 1990; Selkirk 1995) and Match Theory (e.g. Selkirk 2009; Selkirk 2011;
Elfner 2012; Ito & Mester 2013; Elfner 2015; Ito & Mester 2015) that an X° corresponds to a
prosodic word. He's analysis plus this assumption cannot account for the data involving yi ‘once’
in (37) because yi ‘once’ is a Conditional head there, and should therefore correspond to a prosodic
word. Since yi is its own prosodic word, and therefore final in this word, He predicts ‘once’ to
surface as yi, contrary to fact.

5.3. Alternative 3: Numerals first in a prosodic word have the contextual form
Wang (2014) proposed that yi undergoes sandhi when first in a minimal prosodic word, except in
a string of digits, and further specified that a prosodic word corresponds to a compound. She also
claimed that all cardinal numbers, whether simplex or complex, are compounds and therefore a
single prosodic word.

This analysis is challenged by ordinal numbers whose ‘-th> morpheme is unpronounced such
as (36) because the numeral is prosodic-word-initial, but has the absolute form. This analysis also
has a conceptual challenge. It only discusses yi-sandhi, and adopts the same view as Chao (1970)
and He (2015) that yi undergoes two-way sandhi. But section 2 already pointed out some issues of
this analysis. Furthermore, if we also take the numeral ‘2’ into consideration as section 3 argued
for, then the contextual form and the absolute form should be suppletive morphs rather than morph
variants because the contextual form of ‘2’ has different segments from the absolute form, and is
the elsewhere form. If Wang (2014) were to provide a uniform analysis of ‘1’ and ‘2’, she would
need to say that the contextual form surfaces when prosodic-word-initial. But this would require
morphology to be able to “look ahead” and see the prosodic structure of the constituent that
contains the numeral, violating the universal generalization that suppletion’s sensitivity to
phonology is inward rather than outward (e.g. Carstairs-McCarthy 2017).
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6. Conclusion

This paper has argued that not only does the numeral ‘2’ in Mandarin have two forms, but the
numeral ‘1’ also does. One of ‘1°’s forms can undergo tone sandhi, an analysis that is consistent
with the tone sandhi process undergone by a broader class of lexical items in the language. The
two numeral forms are suppletive morphs, and their alternation depends on the morphosyntactic
context (i.e. the linear order of the numeral’s pronounced sister) rather than the use of the numeral.

Appendix. Challenges to the NP-conjunction-plus-ellipsis approach to complex cardinals
Section 4.1.1 has introduced two competing analyses of NPs that contain complex cardinals in the
literature—He's (2015) CardP-conjunction approach and 1&M's (2006, 2018) NP-conjunction-
plus-ellipsis approach. 1&M’s proposal extended beyond complex cardinals to nested complex
cardinals like nine hundred thousand books and modified cardinal constructions like a beautiful
two weeks, and their analysis for these constructions is right-branching cascading: [nine [hundred
[thousand books]]] and [a [beautiful [two weeks]]]. In addition to the evidence presented in section
4.1.1 and He (2015), this appendix provides two novel pieces of evidence suggesting that I&M’s
analysis does not work for Mandarin Chinese.

Appendix.1. Evidence 1 against NP-conjunction-plus-ellipsis: Impossibility of CIP-
ellipsis in general
Recall that I&M's (2006, 2018) NP-conjunction-plus-ellipsis approach posits backward ellipsis of
CIPs, and pronounces the final multiplier and base (I call the pronounced constituents that survive
ellipsis the stranded remnants). But this sort of CIP-ellipsis is generally marginal. For example, it
is not possible to elide the CIP and pronounce the simplex cardinal, whether in the contextual or
the absolute form (48a-b); the Classifier® must also be pronounced (48c).

(48) Zhangsan mai-le san geli, ér Lisi mai-le...
Zhangsan buy-pPRF three cL pear and Lisi buy-PRF

a. *liang  [cir geH].

2.CONT CL pear
b. *er [cr geH].
2.ABS CL pear

c. lialng  gé [neH].
‘Zhangsan bought three pears, and Lisi bought two.’

Since CIP-ellipsis is generally not possible in Mandarin Chinese, it is implausible that it would
derive complex cardinals as I&M claimed.

Furthermore, 1&M, following Cheng & Sybesma's (1998) structure of Mandarin cardinal-
classifiers, assigned a right-branching cascading structure to nested complex cardinals like
200,000 students’ in Mandarin:

(49)
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/\

er

"two' /\

shi

'ten’ /\

gé xuéshéng
'Cl studnet’

If the nested structure contains a complex cardinal like in ‘220,000 students’, they would analyze
it as backward ellipsis:

(50)
ConjP
NP Conj'
ér NP Conj? NP
‘two’ /\ /\
shi NP er NP
'ten’ 'two'
wan gé xuesheéng wan ge xuéshéng
‘tent.thousand Cl student' 'ten.thousand Cl student'

But the kind of ellipsis of the base plus the CIP (i.e. wan gé xuesheng in (50)) required in I&M’s
analysis is generally not possible in Mandarin Chinese:
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(51) Zhangsan bought 30,000 pears, and Lisi bought...

*liagng  [ne wan [cr ge-H].
2.CONT ten.thousand CL pear

It is worth mentioning that it is better to pronounce the base wan ‘ten thousand’ (52a) than not to
(51), though (52a) is still not perfect. The best way is to include the CI° in the remnant (52b).

(52) Zhangsan bought 30,000 pears, and Lisi bought...

a. ?liang  [ne wan [cr geH].
2.CONT ten.thousand CL pear
b. liang [ne wan [cp gé H].

‘Zhangsan bought 30,000 pears, and Lisi bought 20,000.’

With CIP-ellipsis, a complex cardinal remnant is better than a simplex cardinal remnant, and the
higher the base of the remnant, the better. (53a) pronounces a smaller number than (52a), and is
worse.

(53) Zhangsan bought 15 pears, and Lisi bought...
a. ???san shi er [cr geH].
three ten 2.ABS CL pear
b. san shi er [cir ge H].
‘Zhangsan bought 15 pears, and Lisi bought 32.’

The contrast between (53a) and (52a) suggests that CIP-ellipsis is improved with a high cardinal
remnant. We may wonder if this could save I&M’s NP-conjunction-plus-ellipsis account, since it
posits backward CIP-ellipses with quite large cardinal remnants (e.g. the remnants in (31) are 200
and 20), which might be possible according to (52a). But (52a) is not perfect, but it is perfectly
fine for any cardinal number to be followed by a classifier and a noun as in (23b). I thus assume
that (23b) cannot be derived by backward CIP-ellipsis due to the different acceptance levels of
(23Db) and general CIP-ellipsis.

Appendix.2. Evidence 2 against NP-conjunction-plus-ellipsis: Prosodic evidence from
third tone sandhi
The second argument comes from a tone sandhi process in Mandarin. In two adjacent third-tone
syllables, the first syllable turns into the second tone:

546 >0l o

One example is the compound yui sdn “‘umbrella’, which surfaces as yu sdn. The other example is
the VP mudi jiui ‘buy wine’, which surfaces as mdi jiti.

In three adjacent third-tone syllables, the second syllable always undergoes tone sandhi.
Whether or not the first syllable undergoes tone sandhi depends on the underlying syntactic
structure (Shih 1986).

This is illustrated by the following examples. (55a) is a sentence where the subject is followed
by a third-tone predicate, and thus has a left-branching structure. (55b) is a modified NP with a
right-branching structure, where the third-tone modifier precedes the compound. In (55a), the first
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two syllables must both undergo tone sandhi (the syllables that undergo tone sandhi are marked in
bold), while in (55b), the second syllable must have tone sandhi, but the first one optionally does.

(55)a. [[yuséan] Xido].
umbrella  small
‘The umbrella is small.’
b. [xiao [yUsan]] or [xido [yUsan]]
small umbrella
‘A small umbrella’

Thus, we could diagnose the underlying syntactic structure of a string of three adjacent third-tone
syllables based on whether the first syllable has to have tone sandhi. If it does, then the string has
a left-branching structure; otherwise, it has a right-branching structure. I will use this test to
diagnose the syntactic structure of cardinal-classifier phrases.

I&M posited a right-branching cascading structure for cardinal-classifier phrases, including
what they called modified cardinal constructions like [a [beautiful [two weeks]]] and [a [long [ten
miles]]] in English.

Mandarin has an indefinite numeral ji ‘several’, which is a place-holder for a simplex cardinal
(i.e. between 1 and 9). Ji can be modified by hdo ‘so’ and turned into hdo-ji ‘quite a few’. When
followed by a third-tone classifier, we have a string of three third-tone syllables, as in (56A). Here
the first syllable hdo has to undergo sandhi, suggesting a left-branching structure [[h&o-ji] wan],
contrary to what 1&M would assign to (56A).

(56) Q: Ni jintian he-le Ji wan shui?
you today drink-PRF  how.many cL water
‘How many bowls of water did you drink today?’
A: Hao-ji wan. compare with ~ *Hao-ji wan.
so-several cL
‘Quite a few.’

Contrast (56A) with liang wan shui ‘two bowls of water’, which has a right-branching structure
according to Cheng & Sybesma (1998): [lidang [wan shui]]. This leads to two possible tone sandhi
patterns (57a) or (57b). While I prefer the first syllable /icing to have tone sandhi, it does not have
to, and (57b) sounds better than hdo-ji wdn in (56A).

(57)a. W0 jintian he-le liang wan shui. or b. .. ?lang WAn shui.
| today drink-PRF 2.CONT CL  water
‘I drank two bowls of water today.’

To summarize, this appendix has provided two novel arguments based on ellipsis and tone sandhi

that challenge 1&M’s NP-conjunction-plus-ellipsis approach to complex cardinals.
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