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Abstract

This paper uses Gyalrongic languages, a conservative branch of Sino-Tibetan, to
illustrate a new method to evaluate proto-language reconstructions in general
historical linguistics and to conduct exploratory analyses in language phylogeny. It
first reconstructs a proto-system of Gyalrongic preinitials and computes and compares
the implicative entropies between reconstructed and modern systems. In a second
step, Mutual Implicative Entropy (MIE) is used to measure genetic distance between
related languages and to generate Neighbornet networks to visualize the subgrouping
of Gyalrongic languages. The resulting networks are in agreement with qualitative
historical linguistic analyses and allow adjustments to previous subgroupings obtained
by Bayesian phylogenetic inference. Thus, this method can be used to detect nuances
in lower sub-branches, which are sometimes neglected by lexicon-based methods.
Using MIE in historical linguistics is therefore a quick and efhicient means of
checking the effectiveness of reconstructions and establishing the accurate
preliminary shape of language subgrouping.

Keywords: Sino-Tibetan, Gyalrongic languages, Tangut, Khroskyabs, (Mutual)
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1 Introduction

Historical linguistics, starting from the 19th century Neogrammarian school, was the first
subfield of linguistics that used a falsifiable scientific method to tackle problems of
language change. The main principles of the Neogrammarians’ Comparative Method have
not changed since its birth — Ausnabmslosigkeit of sound change, analogy (Osthoff &
Brugmann 1878) and shared innovations for sub-branch identification (Leskien 1876) — and
have proven successful with many language families. The twofold task of the Comparative
Method is to first reconstruct the proto-language, and second to then explore relationships
among related languages and determine their subgroupings. While reconstruction is still
more or less reserved for specialists, language subgrouping has drawn the attention of
various other disciplines, especially archaeology and biology, which seek to infer language
subgrouping with computational methods. Since the development of Morris Swadesh’s



lexicostatistical method (Swadesh 1952), scholars have sought to use lexical data to infer
subgrouping. The lexicon is the main locus for achieving this goal and has produced
convincing results through Bayesian inference in phylogeny (Gray & Atkinson 2003). As
essential material for subgrouping, the lexicon has many advantages (Greenhill et al. 2020).
It is easy to access and in many cases demonstrates similarities among languages directly.
However, although lexical data need the Comparative Method for the identification of
cognates and borrowings, these data are not, technically, considered by historical linguists
as the best resource for language subgrouping (especially when compared to phonology
and morphology). Phylogenetic inference nowadays does not explicitly rely on shared
innovations (although in some way the process does imply this principle).

Quantitative language subgrouping adhering to actual phonological and
morphological innovations started in the beginning of the 20th century, and continues
today. Czekanowski (1927) used a mixture of phonological and morphological features to
establish a distance matrix of several Indo-European languages. This method did gain
some further applications in the 1930s, such as in the work done by Kroeber and Chrétien
(1937), but gradually lost its influence with the rise of lexicostatistics. More recently, Baxter
(2006), focusing on phonological mergers in Mandarin dialects, proposed an effective
statistical model to solve Mandarin phylogeny. This method achieved only limited
popularity. The major disadvantages of methods based on the Comparative Method is that
they require in-depth knowledge on the family or branch in question (although all
methods should require at least basic knowledge of the target family/branch), and biases in
data selection. Macklin-Cordes et al. (2021) found that comparing phonotactics among
sister languages allows for handy curation of data from low-resourced languages and a high
degree of automation. Their results also show accurate phylogenetic signals with
Pama-Nyungan languages.

This paper demonstrates the two-fold task of the historical linguist, and in particular
proposes an information-theoretical method to approach these tasks. It requires a
moderate, but not in-depth, familiarity with target families or branches, and is relevant to
the principles of Neogrammarian historical linguistics. It shows that sound
correspondences are implicative, and uses entropy to test proto-language reconstruction. It
also uses mutual predictiveness of sound correspondences between two varieties to infer
language subgrouping. This method is illustrated using the correspondences of preinitial
consonants in Gyalrongic languages, one of the most conservative sub-branches of the
Sino-Tibetan family. Gyalrongic languages are crucial to understanding the history of
Sino-Tibetan in that they preserve a great deal of phonological and morphological features
that can be reconstructed to Proto-Sino-Tibetan (Jacques 2012; Hill 2019; Zhang et al.
2019b; Arcodia & Basciano 2020).

The present paper offers two key contributions. In the first place, it offers a
reconstruction of the preinitial system in Proto-Gyalrongic with evidence that has never
been seriously treated before; an important step forward for the historical linguistics of
Gyalrongic and Sino-Tibetan. Second, it demonstrates a new and phylogenetically accurate
distance-based method of information theory to deal with problems in language
subgrouping. This work first uses the information-theoretical method to test the accuracy
of the reconstruction of Gyalrongic preinitials, and then explores the method’s capacity for
inferring language subgrouping. The structure of the paper is as follows. Section 2
provides a general background to the Gyalrongic languages. In §3, I propose a
reconstruction of the proto-preinitial system based on Proto-Khroskyabs and Tangut. The
second part of the paper, §84, 5, and 6, examines quantitatively the predictiveness of



preinitials in Gyalrongic languages using implicative entropy, a method previously
restricted to the measurement of morphological complexity.

2 Gyalrongic languages

Gyalrongic languages are a group of Burmo-Qiangic languages (Sino-Tibetan) with
divergently complex phonology, especially in the onset domain. In particular, Khroskyabs
attests more than 700 onsets in the Wobzi dialect (Lai 2017). The rich onset inventory
means that elaborate consonant clusters are commonplace. In Wobzi Khroskyabs, an initial
consonant cluster can be composed of a sequence of up to six consonants: g-j<n-I-z>d3
(PAss<AUT-cAUs-cAUs>buy.I) ‘be asked to let someone buy something for one’s own profit’.
Most Gyalrongic languages attest consonant clusters ranging between two to four
successive consonants (Jacques 2021; Gong 2018; Honkasalo 2019; Zhang 2020; Gates
2021). Nevertheless, we observe one exception. Tangut, recently recognized as a West
Gyalrongic language (Lai et al. 2020), has an eroded phonological system with very few
consonant clusters. Scholars have however shown that some phonation types in Tangut
rhymes, such as vowel tensing, lengthening, labial medializing and rhoticization, are
transphonologized from the loss of preinitials, comparing them with modern
Burmo-Qiangic languages (Gong 1999; Miyake 2012; Jacques 2014).

There are two main sub-branches among Gyalrongic languages, the east branch and
the west branch, and their exact subgrouping is presented in §6.2. The varieties used in
this paper are cited below.

o East Gyalrongic

e Japhug (Jacques 2021)

e Situ

Bragbar (Zhang 2020)

Somang (Huang & Sun 2002; Jacques 2004)

Zbu (Gong 2018; Jacques 2004)
Tshobdun (Sun & Bstan'dzin 2019)

e West Gyalrongic
o Khroskyabs

e Siyuewu (author’s field notes)
e Wobzi (Lai 2017)
e Horpa
e Geshiza (Honkasalo 2019, author’s field notes)
e Bawang (Yang 2021)

e Tangut (Li 1997)

In the following section, I first present the syllable structures of Gyalrongic languages
(§2.1) before giving a brief introduction to Tangut transphonologization (§2.2).



2.1 Syllable structure of Gyalrongic languages

Gyalrongic languages share similar syllable structures. A syllable is generally comprised of
an onset and a rhyme. There are very few instances of onsetless syllables, most of which
are grammatical words. While a Gyalrongic rhyme can be intuitively divided into a nucleus
(usually a vowel) and a coda (usually a consonant), the structure of the onset is more
complex. An onset consists of three parts: one or several preinitial consonant(s) (Cp), an
initial consonant (C;) and a medial (Cy,), as shown in Figure 1.

onset rhyme
"

7~ N
CpuCpal-].C1.Cm VCy

Figure 1. Syllable structure of Gyalrongic languages

In a Gyalrongic onset, only the initial consonant is obligatory; medials and preinitials
are both optional. The initial consonant can be any consonant from the inventory, and the
medial consonant is usually an approximant, such as -I-, -r- or -w-. Preinitial consonants,
in most cases, are continuants such as sibilants, liquids and nasals. Some Gyalrongic
languages allow plosives as well. Although preinitial clusters can be very long, most lexical,
non-derived clusters do not exceed three consonants.

In at least some varieties, phonological tests can be applied to identify the role of each
consonant in a cluster; see Jacques and Chen (2004), Jacques (2004: 12-15), Lai (2013), and
Lai (2017: 21-24).

2.2 Tangut syllable types and transphonologization

Tangut syllable types with special phonation types are believed to be caused through
transphonologization by the loss of preinitials. There are four types of
transphonologization in Tangut: tensing, rhoticization, labial medializing (a labial preinitial
becoming a medial -w-) and vowel lengthening. Jacques (2014) proposes a straightforward
reconstruction of Tangut tensing, rhoticization and labial medializing in Pre-Tangut.

Tense vowels are reconstructed as *S.C- (> -V)," rhoticized vowels as r.C- (> -Vr), and
labial medializing as *P.C- (> -wV).> Although there are general tendencies in the
correspondences of Tangut transphonologization — for instance, tense vowels are likely
related to a sibilant preinitial and rhoticized vowels to a rhotic preinitial — actual
correspondences are not easily reconstructed. To cite an example, the Tangut forms B za*r!

‘be spicy’, flk ts*! ‘lung’ and %l mé? ‘name’ exhibit three distinct types of

transphonologization, namely rhoticization, tensing and lengthening, but they all
correspond to the preinitial consonant r.C- in Siyuewu Khroskyabs: rdzdv ‘be spicy’, rtstoz

'"Tangut tense vowels are noted with a dot under the vowel.

*Reconstructed forms in Khroskyabs and those cited from other works are preceded by an asterisk . Other
hypothetical forms proposed in this paper are preceded by a number sign ‘#, as DeLancey (2014) utilizes for
person markers in Tibeto-Burman. Following the convention of Baxter and Sagart (2014), the uncertainty of
a reconstructed sound is noted by round brackets, as in *su(Y) ‘head’. Square brackets are used to indicate a
reconstructed sound that may have alternative reconstructions, as in *ym[o]r ‘last night’. A hyphen indicates a
morpheme boundary, and a period is used when the morphological relation between two suspect morphemes
is unclear.



‘lung’ and rmé ‘name’.3 No work has yet been done to sort out these non-trivial
correspondences. Table 1 demonstrates the three types of transphonologization with
modern Gyalrongic cognates and Pre-Tangut reconstructions proposed by Jacques (2014).

Table 1. Tangut transphonologization

‘ Tangut Japhug Siyuewu ‘ Pre-Tangut
star 5 ge! zngri zgr3 *S.C-
cook 7k i sqa sB1 *S.C-
forget | 47 mg? jmuut Im3d *S.C-
throat | &R qor’ tw-rgo  rqé *r.C-
leopard | 4 zi"wr? kwr-resyy  prdzoy ‘grizzly bear’ | *r.C-
wife 1% jar! ty-rzaf  rjav *r.C-
hail it mur? Imuy *r.C-
lead % swi? mtshi fsér *P.C-
win %t sfwir! ‘power’  Bra vei ‘be arrogant’ *P.C-
light il switw! fsor tsdy *P.C-

Jacques (2014) does not propose a Pre-Tangut reconstruction to account for vowel
lengthening. Based on his observation of Chinese loanwords in Tangut, Gong Xun (2021)
questions the nature of “long vowels” in Tangut, originally proposed by Gong (2003), and
believes that the syllables in which long vowels were previously identified actually contain
nasal preinitials and neutral vowels (for example, & dzu*? is reconstructed as ndzu*? by

Gong Xun). I share Gong Xun’s opinion concerning the actual realization of the “long
vowels”, but will continue to use this term for the sake of convenience.

Gong Xun’s (2021) proposal accounts for a significant portion of Tangut forms
originally reconstructed with long vowels, evidenced by comparisons with modern
Gyalrongic languages. See Table 2 where modern Gyalrongic cognates have nasal preinitials
and Tangut has long vowels.

3Tangut forms are given with an original Tangut character above its number in the dictionary.
Reconstruction is based on the Gong Hwang-Cherng system (Gong 2003), refined by Gong Xun (2017, 2020).
For instance, the notation B swa! ‘sprout’ shows a Tangut character numbered ooor in Li Fanwen’s dictionary.
Its reconstructed phonological from is given as swa!, with a superscript number indicating that it bears tone 1.
Its English gloss is given as ‘sprout’.



Table 2. Tangut long vowels :: Gyalrongic nasal preinitials

‘ Tangut  Japhug  Bragbar Siyuewu Geshiza Other
kill (animal) 2’1%2 ci! ntcha ntchié net ntchs
think fit se2  swso LX) ntshtshe  sasji
sit 4 dzuv? amdzw  mdzi (Cogtse) ndzo amdzéy? (Zbu)
wait iz Ie2 nyjo neje njé lji njj (Bawang)
invite B kba!  qru kré (Somang)  Nghrd 2ghl5 (Bawang)
nine Wt gdt  kwngurt  ko-ngd ngsd ngx
eat/gnaw it git ny-pka ngo

However, there are cases that cannot be explained by nasal preinitials from a
comparative point of view. As shown in Table 3, Tangut long vowels also correspond to
various preinitial consonants in modern Gyalrongic languages, which indicates that long
vowels do not have a single origin.

Table 3. Tangut long vowels :: Gyalrongic non-nasal preinitials

‘ Tangut  Japhug  Situ Siyuewu Geshiza Other
tail M me'  oy-jme  ta-jmi Imi te-Imé? (Zbu)
name )/&IT mé?  ty-rmi to-rmié rmé Imo
nose fit ni?  tw-gna  to-fna (Cogtse) sn& (Wobzi) sni
daytime W n3?  spi sni (Cogtse) sn spele
wound fii ma!  tw-ymaz to-rmis ymi wmaza
two & n3!  mnwz kan3s yn&y wne
fire % m3!  smi Bmj wmoa smo (Bawang)
accumulate | i da!  ajew ka-sa-jton rdo alety (Zbu)
weigh 8 qar!  skyr skdr skar skér (Zbu)

I agree that Tangut vowel lengthening is due to preinitial loss, just as all the other
types of transphonologization. However, vowel lengthening is sure to have heterogeneous
origins at least before Tangut branched off, and is thus the result of the merger of various
preinitials.#

In a nutshell, Tangut transphonologization merges different types of preinitials into
four categories. The only problem is that we do not know why exactly some preinitials fall
into a particular category, while others fall into another. In the following section, I will
explore the factors conditioning these mergers.

4] proposed that Tangut “long vowels” be reconstructed as A.C- in my invited talks on 28 October 2022
(Lai 2022a) at the Hong Kong Polytechnic University and 23 November 2022 at Trinity College Dublin (Lai
2022b).



3 Reconstruction of the preinitial system

In this section, I propose a three-way contrast in the preinitial system of Proto-Gyalrongic
based on Tangut and Proto-Khroskyabs, as reconstructed in Lai (2023a). The preinitial
system proposed here seeks to account for both Tangut transphonologization and the
various preinitial systems of modern Gyalrongic languages. It also serves to test the
information-theoretical method proposed in Section 4. The reconstructed system works
best for West Gyalrongic, as it is based on two West Gyalrongic languages, however, it is
predictive of East Gyalrongic preinitials as well, and therefore satisfactorily represents
Proto-Gyalrongic. I do not attempt to reconstruct every preinitial in full detail, which
would require comparisons of several Gyalrongic varieties and eventually make this paper
difficult to follow. I will instead focus on the essential problems of reconstruction of
Gyalrongic preinitials.

In §3.1, I present the preinitial system of Proto-Khroskyabs. In §3.2, I analyze
correspondences between preinitials in Proto-Khroskyabs and Tangut. In §3.3,
reconstruct the proto-preinitial system by proposing a three-way syllabicity contrast to
account for transphonologization in Tangut.

3.1 The preinitial system of Proto-Khroskyabs

Lai (2023a) provides a thorough reconstruction of the preinitial system of
Proto-Khroskyabs. Proto-Khroskyabs distinguishes a two-way syllabicity contrast in the
domain of preinitials: a syllabic preinitial with a short vowel, noted *C3.C-, and a
non-syllabic preinitial with a single consonant, noted *C.C-. Syllabic preinitials caused
lenition of the following voiceless unaspirated plosive or affricate before shortening to a
single consonant, while non-syllabic preinitials did not modify the following consonant, a
process shown in (1).5

(1) a *CT->CT-
Example: *¢.kov: > ski ‘onion’
b. *C3.T-> C.W-
Example: *s3-qx > ski ‘sound’

See Table 4 for the reconstructed system of preinitials in Proto-Khroskyabs, with
comaprative examples from modern Siyuewu Khroskyabs. Note that the preinitials

assimilate to the voicing of the initial consonants in modern Siyuewu, except s- before
6
v.C-.

5T use a capital T to represent a non-lenited consonant, and W to represent a lenited consonant.
®For the reconstruction of rhymes in Proto-Khroskyabs, see Lai (2021; 2022¢; forthcoming in 2025).



Table 4. Proto-Khroskyabs preinitial system with examples

Proto-Khroskyabs Siyuewu Example

*pa.C- V- *p3.qx > vei ‘be arrogant’
*p.C- v- *f.teho > ftehd ‘melt (vt)
*m3.C- V- *m3.to > vdé ‘see’

*m.C- V- *m.to > fté ‘slope’

*$3.C- s- *s3.put > svad ‘pus’

*s.C- s- *s.qx > sqi ‘female sibling’
*¢3.C- s- *¢a.pa:k > sviy ‘be thirsty’
*¢.C- s- *q.¢.px > yspi ‘toad’

*r3.C- r- *r3.px > rvi ‘axe’

*r.C- r- *r.pli] > rpi ‘honey’

*k3.C- y- *k3.tu > yd3 ‘buy’

*k.C- y- *k.tsu > xts3 ‘male genitalia’
*q.C- B- *q."bok > by ‘be numerous’

The preinitial system of Proto-Khroskyabs offers the oldest reconstruction of any
Gyalrongic language, making it the most straightforward and suitable material for
investigating Tangut transphonologization.

3.2 Correspondences between Proto-Khroskyabs and Tangut

In this section, I examine preinitial correspondences between Proto-Khroskyabs and
Tangut in terms of Tangut transphonologization. Forms in Modern Siyuewu will be
provided for comparison.

In my data, there are 469 Tangut forms that have cognates in Gyalrongic languages,
among which 148 involve transphonologization. I have excluded nasal preinitial
correspondences as these have been superbly reconstructed by Gong Xun (2021). I show
here only cases not explained by Gong Xun (2021). The entire dataset is provided in the
Supplementary Material.

Table § shows correspondences between Tangut forms with long vowels and their
Proto-Khroskyabs cognates. Proto-Khroskyabs preinitials *r.C-, *1.C-, *s.C- and *p.C-
correspond to Tangut long vowels.



Table 5. Tangut long vowels vs. Khroskyabs

Tangut Siyuewu Proto-Khroskyabs

dream ZF mé!  rméd *r.mov
accumulate | fi# di*! rdo *r.dov
knead % né?  Ini *L.n[i]
tail 4 mé'  Imi *1.m[i]
daytime M n32  sns *s.09
nose fi& ni?  snz- *s.nx
bile W kar?  skbrs *c. kbra
marrow # faz  phia *p.[H]ow:

Table 6 shows correspondences between Tangut forms with rhoticized vowels and
their Proto-Khroskyabs cognates. A good number of cognate sets involve
Proto-Khroskyabs forms with rhotic preinitials, *r3.C- and *r.C-, which shows that

Tangut vowel rhoticization is in many cases related to rhotic preinitials. There are other
correspondences as well, such as Proto-Khroskyabs *15.C-, *1.C-, *s.C-, *k3.C- and *k.C-.7

Table 6. Tangut rhoticized vowels vs. Khroskyabs

| Tangut Siyuewu  Proto-Khroskyabs
winter it tsuir! rtsé *r.tsov
face i Nwor? rmd “r.yxy
be spicy | B za'r! rdzav *13.tsxp
ask Ik jor? ry&d *r3.kat
hail i mur? Imuy *|.mov:k

testicles | & gur! kidney’ [3d *15.qut

right side | 4 tefir! schiy *s.ch[ar]k
millstone | & wer? yvi *k3.px
drum i3 bar! ybé *k.mbo

Table 7 shows correspondences between Tangut forms with tense vowels and their
Proto-Khroskyabs cognates. Tangut tensing corresponds to a surprisingly wide range of

"There is an alternative reconstruction for ‘be spicy’, namely *mV-rts("a¥p > *rndzayp, according to
Jacques and d’Alpoim Guedes (2023: 19). This reconstruction is partly based on comparison with other
Gyalrongic languages preserving the prefix *mV-, such as Japhug my-rtsaf ‘be spicy’ and Bragbar Situ
mo-rtsiep. There is however no Khroskyabs-internal evidence for this prefix. Therefore, I keep *r3.tsetp
in the present paper.



preinitials in Proto-Khroskyabs, covering preinitial syllables and consonants with rhotic,

liquid, sibilant and plosive articulations.

Table 7. Tangut tense vowels vs. Khroskyabs

| Tangut ~ Siyuewu Proto-Khroskyabs
cough M tsu?  reshs *r.tsho
axe fit wit  rvi *r3.px
oath i Nwu!  Ipd *l.g[ov:]
shoulder | Z& wa!  Ivdy *15.pavk
cloud st doj?  zddm *s.adom
rust % wirl  nzyi *n3-ns3.[k]=
snot fi¢ na!  sniv *¢.nx:p
be thirsty | I pa?  sviy *e3.px:k
three fit so*t  xsdm *k.soym
shoe % zi! yzi *k3.tsx
grass ﬂﬁ ci? X6l *q-¢[i]

Table 8 shows correspondences between Tangut forms with labial medializing and
their Proto-Khroskyabs cognates. In most cases, labial medializing in Tangut corresponds
to labial preinitials in Proto-Khroskyabs, such as *p(3).C- and *m(3).C-. It can also be
related to Proto-Khroskyabs *k.C- and *q.C-.

Table 8. Tangut vowels with -w- vs. Khroskyabs

| Tangut Siyuewu Proto-Khroskyabs
neighbor | & dzwo! vdz3 ‘mate’ *p.rdzo
be bright | 7 swi'w! tséy *p.sovk
nephew | 4 zwj! (s-ya-)vzi ‘uncle and nephew’ *p3.zz
win %t sfwir! ‘power’  vii ‘e arrogant’ *p3.qx
lead 7% swi? tsér *m.se:r
sharpen | 7% swe! fs3 *[m].sa
bird fit dzworw! ybjom *k.»bjom
be sour | 4t tehwar? ytehdr *q.teh[u]r

At first glance, rhoticization and labial medializing in Tangut allow us to make the
intuitive generalizations that rhoticization is related to rhotic preinitials and labial
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medializing to labial preinitials. On the other hand, the correspondences between Tangut
lengthening/tensing and Proto-Khroskyabs preinitials cannot be straightforwardly
explained. In the next section, I will look closer at the distributions of these
correspondences and propose a reconstruction.

3.3 A three-way syllabicity contrast among Proto-Gyalrongic preinitials

This section argues for a three-way syllabicity contrast among Proto-Gyalrongic preinitials
based on Tangut transphonologization. Before coming to the reconstruction, we first look
at the statistics of each Proto-Khroskyabs preinitial and their Tangut correspondences.®

Overview of preinitial correspondences The counts of each Proto-Khroskyabs preinitial
corresponding to Tangut transphonologization types are illustrated in Tables g (focusing
on individual preinitials), 10 (focusing on the syllabicity of preinitials) and 11 (focusing on
the articulation types). Cells with zeros are shaded gray.?

Table 9. Tangut transphonologization vs. Proto-Khroskyabs preinitials

Tangut vowel ‘ *r.C-  *r3.C- ‘ *.C- *15.C- ‘ *s.C-  *s3.C- *¢.C- *¢3.C- ‘ *k.C- *k3.C- *q.C- ‘ *p.C- *p3.C- *m.C-

Long 6 o 2 o 4 o 2 o o o o 2 o o
Rhotic 16 2 1 1 1 o o o 1 1 o o o o
Tense 1 5 5 14 9 8 1 5 2 2, o o o
w-medial o o o o o o o o 2 I o 10 3 2

Table 1o. Tangut transphonologization vs. Proto-Khroskyabs preinitials (syllabicity)

Tangutvowel [ R RV|L LV|S SV|P PV|K KV|Q

Long 6 o 2 0 6 | o 2 0 o o o
Rhotic 16 2 I 1 I o |o o |1 1 o
Tense 6 1 5 5 22 10 [0 O |[§ 2 2
Rounded o o o o 0O o |10 3 2 1 o

Table 11. Tangut transphonologization vs. Proto-Khroskyabs preinitials (articulation type)

Tangutvowel |[R. L § P K Q
Long 6 2 6 2 o0 O
Rhotic 8 2 1 0 2 O
Tense 7 10 32 7 2
Rounded ©o o o 13 3 O

Several generalizations can be made from these statistics.

1. Tangut long vowels only correspond to non-syllabic preinitials in Proto-Khroskyabs.

8Note that not all Tangut forms have a corresponding Proto-Khroskyabs form.
9R stands for rhoticity, L stands for laterals, S for sibilants, P for labials, K for velars and Q for uvulars.
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2. Tangut long vowels do not correspond to Proto-Khroskyabs preinitials with
posterior articulations (*k(3).C- and *q.C-).

3. Tangut rhoticization is overwhelmingly associated with rhotic preinitials in
Proto-Khroskyabs.

4. Tangut labial medialization is overwhelmingly associated with labial preinitials in
Proto-Khroskyabs.

5. Tangut vowel tensing corresponds most regularly to Proto-Khroskyabs sibilant
preinitials, although rhotic, liquid and plosive initials do occur.

Reconstruction of syllabicity = Since Tangut long vowels only correspond to non-syllabic
preinitials in Proto-Khroskyabs, we can immediately conclude that Tangut long vowels are

transphonologized from non-syllabic preinitials in the proto-language, written as *C.C-
here. See (2).

(2) a. Khroskyabs
*C.C-> C.C-
Example: *s.ns > snj ‘daytime’
b. Tangut
*C.C-> CV

Example: *s.ns > #] n3 ‘daytime’

Because *C.C- derives long vowels in Tangut, it cannot be reused to also explain
Tangut rhoticization and tensing, features which correspond to both syllabic and
non-syllabic preinitials in Proto-Khroskyabs. Here we must propose an additional syllable
type to account for the correspondences concerning rhoticization and tensing. I reconstruct
*Cua.C- for Proto-Khroskyabs non-syllabic preinitials corresponding to Tangut
rhoticization and tensing, and *C3.C- for Proto-Khroskyabs syllabic preinitials
corresponding to Tangut rhoticization and tensing.’® In Khroskyabs, *Ctr.C- merged with
*C.C- before the presyllable in *C3.C- triggered lenition of the initial. See (3), (4) and (5).

(3) Siyuewu
a. *sw.'T- > *s.T-
Example: *str.t[ov:] > *s.t[o%:] > stil ‘be straight’
b. *s3.T- > *s3.W- > 5. W-
Example: *s3.k[a:t] *s.k[o:t] > sydd ‘ten’
c. *runT- > *r.T-
Example: *rdr.qo > *r.qo > rqé ‘throat’
d. *r3.T- > *r3. W- > r.W-
Example: *r3.tse¥p > *rzav > rdzav ‘be spicy’
e. *purT- > *p. T- > v.T-
Example: *pui.tehs > *p.tehs ftch3 ‘melt (vt)’

The reason for using the back closed vowel [w] here is that it has a higher degree of closure
than the schwa, and can thus presumably simplify to a consonantal preinitial more easily than a schwa.
This reconstruction may be revised with more evidence. It is noteworthy that presyllables of this type
exist in other Gyalrongic or Burmo-Qiangic languages. For example, Xumi le*ma’s ‘forget’ corresponds
to Pre-Proto-Khroskyabs *ldr.ma:t ‘forget’ and Xide Yi le#ba?3 ‘shoulder’ (Huang & Dai 1992) to
Pre-Proto-Khroskyabs *I3.pak ‘shoulder’.

12



f. *p3.T- > po. W-> v.W-
Example: *p3.qx > *p3.sx > vei ‘be arrogant’

(4) Tangut tensing
2. *Ca.TV > TV
Example: *[s]ur.ewu! > it ewu! ‘be straight’
b. *C3.TV > (*C3.W-) > WV

Example: *[s]3.qa*C! > ii% pa*? ‘ten’
p q Z

(s) Tangut rhoticization
a. *ra.’TV > TVr
Example: *rdr.qo" > & qo'r! ‘throat’
b. *r3.TV > (*r3.WV) > WVr
Example: *r3.tsa’C! > B za'r! ‘be spicy’

(6) Tangut labial medializing

a. *Pu.TV > TwV
Example: *Ptir.tehi! > # tehwi! ‘melt (vt)’

b. *P5.TV > (*P5.WV) > WiV
Example: *P3.qfa" > i siwit! ‘power (cognate to Siyuewu vai ‘be arrogant’)’

Tangut lenition does not necessarily correspond to Khroskyabs lenition. However, out
of the 39 cognate sets where lenition is relevant, only six confirmed instances cannot be
predicted by our reconstruction. This minority of examples are however quite consistent
with lenition in Horpa languages, such as Bawang, as shown in Table 12. This comparison
also hints at the proximity between Tangut and Horpa varieties, which will be further
discussed in §6.2."

Table 12. Lenition discrepancies between Khroskyabs and Tangut

Gloss Proto-Khroskyabs ~ Siyuewu ‘ Bawang Tangut
be thirsty *e3-px:k sviy spa Wi pa?
know (how) *p.s[ov] fsé nghyyo 78 wi?

pus *s3.put svad spo i po!
be thick (diametre) | *pom pim jwa it wo!
shuttle *15.porvk Iviry W pu*?
be satiated *p3.ke vyl wkwo 3k kwj!

Reconstruction of articulation types It is impossible to reconstruct an exact
proto-preinitial for every instance only based on Proto-Khroskyabs and Tangut, as there is
a small portion of discrepancies like the ones in Table 12. An entire reconstruction would
require a thorough comparison with modern Gyalrongic languages of both the Eastern and
Western branches, which is beyond the scope of this paper. It is however possible to use an

"For a preliminary anaylsis of lenition in Tangut and Modern West Gyalrongic, see Lai (2023¢).
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early form of Proto-Khroskyabs with a three-way preinitial contrast reconstructed above as
a proxy for Proto-Gyalrongic. I provisionally call this version of Proto-Khroskyabs
‘Pre-Proto-Khroskyabs (PPK)’. The PPK preinitial system accounts for many relevant and
previously unexplained phenomena across Gyalrongic, including Tangut
transphonologization. See Table 13 for a comparison between PPK preinitials and
preinitials in modern Gyalrongic languages (two West Gyalrongic languages, Siyuewu and
Tangut, and two East Gyalrongic languages, Japhug and Somang, are selected).”

Table 13. PPK preinitial system compared to modern Gyalrongic languages

Gloss | PPK | Proto-Khroskyabs | Siyuewu Tangut | Japhug ~ Somang
nose *c.ne *c.ne sna- ﬂﬁ ni? tw-gna to-cnd
frog *qlw].cipz | *q.c.px xspi it pfit | qa-gpa  kha-gpd
be thirsty | *¢3-pa:k *e3-px:k sviy Wi pa? gpar epik
wound *k.ma *k.ma ymi fti mat tw-ymaz to-nmas
burn *ktr<n>rteawy | *k<n>teaty yndzov B dzp! | yndzyB  ndzép
shoe *k3-tsz *k3-tsz yzi %% 2! tw-xtsa  to-kesd
tail *|.mi *|.mi Imi W% me! ty-jme ta-jmi
forget *lar.ma:t *l.ma:t Imsd # mp? | jmut jm3s
shoulder | *I3.pxvk *15.perk Ivay % wal ty-jwas  te-jwek
marrow *p.[H]o: *p.[H]ox: phit M fa? tw-pju  ta-pjo
be bright | *pur.sotk *p.sovk fséy il swirw! | fsor phsék
be hungry | *p3.ka *p3.ka vyl 3k kwi! tka pka
lead *mu.se:r *m.se:r fsér 7% swi? mtshi

grass *quu.gi *qeei xel W ci? xgaj

be heavy | *r.ln *r.lvw rd3 15! rzi Ii

wife *ru.jeesp *r.jeerp rjav & jarr' | ty-rzaf  ta-rdzdp
axe *r3.px *r3.pe rvi i wit tw-rpa  go-rpd
heart, core | *s.ne *s.ne sné ﬁ# nél tw-sni ta-¢nie
cloud *str.rd[o] m *s.nd[o]m zd3m 5 daj? zdwm zdém
cook *s3.qz *s3.qz sei 7 sii | sqa ska

In general, the three-way preinitial contrast reduced into simple non-syllabic
preinitials in modern Gyalrongic languages, and underwent transphonologization in
Tangut. The contrast is preserved in Khroskyabs and Tangut in different ways, with
Khroskyabs merging *C.C- and *Cur.C-, and Tangut merging *Cw.C- and *C3.C-. The
behavior of preinitials and presyllables in East Gyalrongic is subject to future investigation.

2The Japhug data is from Jacques (2021), and the Somang data from Huang and Sun (2002) as well as the
comparisons in Jacques (2004).
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Although the reconstruction in this section seems valid through the Comparative
Method, it may still be necessary to test and evaluate it quantitatively. One may wonder to
what extent the reconstruction improves our understanding of the preinitial system, and
how we assess the accuracy of a reconstruction in general. In §4, I will explore the
quantification of reconstructed systems with information theory based on the results
obtained in this section, and further discuss the implications this new method holds for

language subgrouping.

4 Predictiveness of the reconstructed system using implicative
entropy

In what follows in this section, I will test the explanatory power of our reconstruction
using information theory. In §4.1, I present basic concepts about implicative entropy and
discuss the appropriateness of its application in historical linguistics. In §4.3, I apply
implicative entropy, a method first proposed by Bonami and Beniamine (2016), to measure
the predictiveness of our reconstructed PPK, especially with regard to Tangut.

In §4.3, I will propose a way to measure interpredictibility with unary implicative
entropy.

4.1 An overview of implicative entropy

Shannon (1948) proposed information entropy to measure the quantity of a given set of
information. The entropy of a variable X, noted H(X), represents the uncertainty of this
variable in a given piece of information. The basic formula of information entropy is given

in (7).
(7)  Entropy
H(X)=-Y p(x;)log, p(x;)
i=1

Conditional entropy computes the information needed for ¥ under a given condition,
X, and is noted H(Y|X). See (8) for the formula of conditional entropy.

(8) Conditional entropy

H(Y[X)=-) p()H(Y|X =x)
xeX
=Y p(®) Z p(y[x)log, p(y|x)
xeX yeyY

Information theory first entered the realm of linguistics through inflectional
morphology. Ackerman et al. (2009) raises the Paradigm Cell Filling Problem (henceforth
PCFP), which appears in the form of a paradigm table with empty cells that requires
completion based on the forms already in it. Ackerman and Malouf (2013) address the
PCFP by working out the conditional entropy of every pair of cells and their average value.
Their results show that missing cells are generally easy to guess with the knowledge of
other cells, because the average conditional entropy is relatively low even for
morphologically complex languages, hence the “low entropy conjecture”. Bonami and Boyé
(2014) and Bonami and Beniamine (2016) further confirms this hypothesis with implicative
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entropy, a method that enables the inclusion of more than one predictor cell. This method
is based on the belief that inflectional paradigms have implicational or implicative
structures (Wurzel 1989). Implicative entropy has been applied to various languages since it
was first proposed including Latin (Pellegrini 2020) and Siyuewu Khroskyabs (Lai 2021).
The present study makes use of basic unary implicative entropy. A pair of cells in a
paradigm table, (4, B), exhibits an inflectional pattern denoted ‘4~ B’ as a variable. When
guessing a particular pattern, one needs to choose from a set of patterns that contains the
right one, noted ‘44 . . The implicative entropy for guessing B from 4, H(A = B), is
thus the conditional entropy of 4 ~ B based on 4 . p, expressed by the formula in (9)."

(9) Unary implicative entropy
H(A= B)=H(A ~B|As -5)

A high entropy value indicates a low predictiveness of the paradigm; the empty cell is
harder to guess. A low entropy value indicates a high predictiveness; the empty cell is
easier to guess. Usually, an entropy value above 1 is considered high, although one can
conduct bootstrap analyses to evaluate the results statistically (Lai 2021).

4.2 Sound correspondences are implicative

Although the PCFP was originally conceived to study inflectional morphology, and
implicative entropy has so far been uniquely employed for this same purpose, there are
other problems in linguistics that are nearly identical to the PCFP, such as predicting, or
“retrodicting” (using Bodt and List’s 2019; 2022 term), a sound reflex of a given language
based on its correspondences in other related languages.

Sound correspondences across related languages can be metaphorically understood as
a type of PCFP wherein a paradigm table is substituted by a correspondence table with
empty cells surrounded by known sounds. The task is to guess the actual forms in the
empty cells with the knowledge of known cells. Thus, the nature of sound correspondences
is implicative.

See Tables 14 and 15 for labial initial correspondences in three Gyalrongic varieties,
Siyuewu, Japhug and Bragbar. Table 14 shows an obvious correspondence, p- :: p-:: p-
(Pattern I), and Table 15 a slightly less trivial one, v- :: p-:: p- (Pattern II), with Siyuewu
leniting the labial plosive to v-.

Table 14. Cognates with p in Gyalrongic languages

‘Siyuewu Japhug  Bragbar

material | =spi spa spd
frog xspi qagpa  khagpié
sparrow | pjezd py¥tew  patell

BImplicative entropy allows for the use of several predictor cells to predict the empty cell. The formula is:
H(A"A?,.. A" = B) =H(A' ~B,A> ~B,..,A" ~BIA' 1 _ p,A% 0 g,y A"an o, [A ~ .~ A7)

Normally, the higher the number of predictor cells there are, the lower the entropy will be.
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Table 15. Cognates with p- and v- in Gyalrongic languages

‘ Siyuewu Japhug  Bragbar

bottom | vi w-pa wo-pié
shoulder | Ivay tw-rpas  ta-rpié
axe rvi tw-rpa  ge-rpié

The “PCFP” of the two correspondences above is shown in Figure 2. In Figure 2a,
only Pattern I is known, and the empty cell has no choice but p- based on the known
pattern. In Figure 2b, both Pattern I and Pattern II are given, and the empty cell can select
from p- and v-. The implicative entropy to guess the Siyuewu forms of the case in

Figure 2b is therefore higher than that in Figure 2a, as there is more uncertainty in
Figure 2b.

Siyuewu Japhug Bragbar
material P “ P “ P ‘

Siyuewu Japhug Bragbar frog ‘ B H B “ B ‘

I G oo b [0 e |

w e e e

wrow P P | P

wotom n“n sotom

(a) Prediction of the initial of ‘bottom’ (b) Prediction of the initial of ‘bottom’

with one single pattern with two patterns

Figure 2. Prediction of the initial of ‘bottom’

We now look at the problem in mirror image: predicting Japhug and Bragbar forms
with all Siyuewu forms known, as shown in Figure 3. We find that there is no uncertainty
at all in these cases, and that we can safely predict that both ‘frog’ in Bragbar and ‘axe’ in

Japhug have p- as initial. In other words, the entropy value for predicting Bragbar and
Japhug forms would be o.

Siyuewu Japhug Bragbar
m:nerial‘ P H P H P ‘
SR EREN

sparrow

axe

shoulder

bottom

Figure 3. Predicting forms in Japhug and in Bragbar

It is very easy to predict Japhug and Bragbar forms on the basis of Siyuewu forms, but
the reverse is not true: one has to choose between p- and v-. This observation implies that
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Japhug and Bragbar have merged two distinct phonemes into p-, while Siyuewu preserves
an earlier contrast. In this sense, Siyuewu is more conservative than Japhug and Bragbar.
This implication can be translated to reconstruction as the positing of two proto-labials,
say *p;- and *p,-, deriving p- and v- respectively in Siyuewu, and merging to p- in the
other two varieties."#

4.3 Mutual predictiveness from PPK and Siyuewu to Tangut

Let us now apply implicative entropy to see how well PPK, reconstructed in §3.3, performs
in regard to Tangut. Among 148 cognate sets involving Tangut transphonologization, 123
are reconstructible in PPK. For the purposes of this section, the data is presented in a
spreadsheet as in Table 16. The “tgt” column contains Tangut syllable types, “R” represents
rhotic vowels, “T” represents tense vowels and “L” long vowels.

Table 16. Spreadsheet presentation of raw data

Ao | B el D E F 8

1 |Gloss Tangut tgt Siyuewu Syw PPK ppk

2 |be spicy zavr! R rdzav r *r3.tsaeip *r3.C-

3 |star ge! T 7813 s *gungra *our.C-

4 |bile kar2 L skbrd £ *cur.kbra *ew.C-
ﬁ throat qo'r! Cl‘rqé r *ri.qo *rir.C-

6 |lung syt T rtsbdz r *ru.tshovs *r.C-

7 |dream mé! L rmd r *r.mov *r.C-

Table 17 shows the results of implicative entropy computation.

Table 17. Comparison of the predictivenesses from PPK/Siyuewu preinitials to Tangut
transphonologization

Siyuewu = Tangut Tangut = Siyuewu ‘ PPK = Tangut Tangut = PPK

L.III 1.891 ‘ 0.597 2.72.2,

The left part of Table 17 concerns the predictiveness between Siyuewu and Tangut in
terms of preinitials and transphonologization. The entropy value from Siyuewu to Tangut
is 1.111, and that from Tangut to Siyuewu is 1.891. Both values can be considered high,
which means it is neither straightforward to predict Tangut transphonologization from
Siyuewu preinitials, nor to predict Siyuewu preinitials from Tangut transphonologization.
However, Siyuewu = Tangut is easier by far than the other way around, which means that
Siyuewu preserves more contrasts than Tangut.

The right part of Table 17 concerns the predictiveness between PPK (the ancestor of
Siyuewu) and Tangut in terms of preinitials and transphonologization. The predictiveness
from PPK to Tangut largely increases with regard to that from Siyuewu to Tangut, as
evidenced by a much lower entropy, 0.597. On the other hand, Tangut = PPK is
significantly higher than Tangut = Siyuewu, which means that the reconstructed system

4See also List (2019) for a graph-theoretical method for automatic inference of sound correspondence
patterns.
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has even more contrasts than Siyuewu making it even harder to ucss from Tangut, a
> g g gut,
phonologically €I'Od€d language, WhiCh is indeed the case.

Mutual implicative entropy In order to carry out the network analysis of §§6.3 and 6.4,
which is based on distance matrices, we need to use a value that represents the distance
between two related language varieties to form a symmetrical matrix. This value must
reflect the level of interpredictability between two varieties, and is proposed here as
achievable through a mutual implicative entropy between varieties 4 and B.

Let us now return to our tiny sample dataset in Tables 14 and 15 and study the MIE
between Siyuewu and Japhug. In the toy dataset, Siyuewu exhibits full predictability
toward Japhug; the implicative entropy is thus o, meaning that no matter what the
Siyuewu initial is, there is only 2° = 1 possible correspondence in Japhug, that is, p-. In
the other direction, the implicative entropy from Japhug to Siyuewu is 1, meaning that
Japhug p- has 2! =2 possible correspondences in Siyuewu, namely p- and v-. On average,
Siyuewu predicts all the forms in Japhug, and Japhug guesses only half of the forms in
Siyuewu. For n forms in the dataset, the percentage of forms that the two varieties predict
correctly for each other are thus (n/ l;n n/2) _ 1+21 2 _ % = 0.75. That is, the pair has a
mutual guess rate of 0.75. Letting this guess rate be pgyess, and the MIE between Japhug
and Siyuewu be H,,, the MIE can thus be calculated as in Equation ().

Equation 1: MIE between Japhug and Siyuewu (sample dataset)

1

Pguess = sz =0.75
Hy _ 1
0.75 (1)
1
 Hy = logy——
- m =086 75
~0.415

The formula to obtain the MIE between Variety A and Variety B, noted H(A < B),
can be expressed in Equation (2).

Equation 2: Mutal implicative entropy

2. 2H(A:>B) . 2H(B:>A)
H(A < B) =log

QH(A=B) | oH(B=A) (2)

Regarding the actual dataset, using our formula, the MIE between Siyuewu and
Tangut is 1.449044, and the MIE between PPK and Tangut is 1.299425. The mutual
predictiveness is higher between PPK and Tangut than between Siyuewu and Tangut.

s Implications of mutual predictiveness for historical linguistics

In §4, I have shown that sound correspondence patterns are a type of PCFP, and can be
computed using implicative entropy. Most intuitively, implicative entropy measures the
complexity of a set of sound correspondences, or the difhiculty of guessing the sounds of a
given language on the basis of correspondences in related languages. I have also proposed a
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formula to compute the mutual predictiveness, or MIE, of correspondence patterns
between two related languages.

The inherent complexities of predicting sounds based on correspondence patterns has
implications for determining the relation between two languages. As far as cognate forms
are concerned, it is natural that closely related languages show higher mutual predictability,
and remotely related languages show lower predictability: it is easy to guess a word’s
pronunciation between British and American English, but it is harder to guess between
English and German. Furthermore, it is easier to predict sounds in languages with contrast
mergers from the correspondences in languages with more phonemic contrasts than the
reverse direction: even within varieties of English, a rhotic speaker can guess the majority
of non-rhotic pronunciations by just removing the feature of rhoticity, while a non-rhotic
speaker, without the help of orthography, would have few clues whether a form is rhotic or
not. Each sound pattern is governed by one or a set of sound laws, the condition(s) of
which may or may not be obvious. If two languages are very close to each other, their
sound patterns will exhibit almost one-to-one correspondences. In other words, every
sound in one language follows a minimum number of sound laws to reach its corresponding
sound in the other, resulting in high mutual predictiveness. In the case that two languages
are intelligible to some extent, mutual predictiveness may have implications for the degree
of intelligibility.” On the other hand, if two languages exhibit complex correspondence
patterns wherein one sound in one language has several correspondences in the other, there
must be multiple sets of sound laws which have led to these different reflexes, resulting in
low mutual predictiveness. Such messy correspondences requiring multiple sound laws
usually occur in remotely related languages, both having independently undergone different
splits and mergers. Speakers of an Indo-European centum language would find it difficult
to track correspondences between *k- and *k- in a {azem language because of the centum
merger of plain and palatal velars, while fazem speakers would also be similarly confused
about plain and rounded velars in centum languages, given that these are merged in their
mother tongue. Splits and mergers are phonological innovations, and shared phonological
innovations are a fundamental criterion for language subgrouping in the Comparative
Method. A high number of shared innovations between two languages will distance them
from languages that do not exhibit those innovations, resulting in a low MIE between two
such languages and a high MIE between such a pair and a third, more remote language.

Returning to Siyuewu and Tangut, why is it easier to guess a Tangut syllable type
from a Siyuewu preinitial (H = 1.111) than the other way around (H = 1.891)? The
answer is that Siyuewu preserves fourteen contrasts in the preinitial domain, which merged
into only four syllable types in Tangut. And why does PPK (H = 0.597) predict Tangut
forms much better than modern Siyuewu does (H = 1.111)? Because one more syllabic
contrast (resulting in eight more concrete phonemic contrasts) is reconstructed for PPK,
significantly increasing the predictability of Tangut. The MIE between PPK and Tangut
(H = 1.299425) is lower than that between Siyuewu and Tangut (H = 1.449044), which
means that PPK has a closer relation with Tangut than Siyuewu. This should not be
surprising, as PPK is the direct ancestor of Siyuewu and would have undergone many fewer
changes. Given that modern Siyuewu has been separate from Tangut for at least two
thousand years (the assumption is based on Lai and List 2020), there has been far greater
opportunity for many more independent sound changes to occur.

In essence, closely related languages usually have fewer sound laws to pass from one to

See Gooskens et al. (2007) for a successful case study of mutual intelligibility among Scandinavian
languages with conditional entropy.
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another, hence fewer and less messy sound correspondence patterns, while the opposite is
true for remotely related languages. The messiness of correspondence patterns can be
measured using MIE, thus, MIE should be regarded as a valid indicator of language
relations.

6 Gyalrongic subgrouping based on MIE of preinitial correspondences

As can be seen from the analyses presented in §§4 and 5, MIE of sound correspondences
presented is predictive of genetic closeness between languages. In this section, I will focus
on this hypothesis and explore the significance of MIE in language subgrouping.

6.1 Data presentation

As well as Tangut, I selected nine modern Gyalrongic varieties with reliable data to test the
method. They are Siyuewu and Wobzi (Khroskyabs varieties), Geshiza and Bawang (Horpa
varieties), Bragbar and Somang (Situ varieties), Japhug, Tshobdun and Zbu.

As is briefly mentioned in §3.2, there are 469 known cognates between Tangut and
modern Gyalrongic languages, 148 of which involve transphonologization.’® Not all
cognate sets cover all the varieties under investigation. There are §8 cognate sets in the
entire dataset that have forms in every Gyalrongic variety in this study, which is 39.2 per
cent of the cognate sets with transphonologization, and 12.4 per cent of all cognates. I will
thus focus on two subsets of data.

1. Subset 1 (“Unequal Subset”): This subset takes all 148 concepts with Tangut
transphonologization into account, and computes MIEs of every pair of varieties.
The process will cause unequal comparisons among the varieties, as every pair of
varieties has a different overlapping set of cognates, but involves a maximum number
of cognates in the analysis.

2. Subset 2 (“Equal Subset”): This subset only considers the §3 cognate sets shared
among all Gyalrongic varieties in our data. Its advantage is that it guarantees that
the cognates involved in the analyses are equal in all varieties. Though this data set it
limited in size, I consider the §3 cognate sets as sufficient for the purpose of the
present study.

The choice of cognate sets depends largely on chance availability among existing
sources. See Table 18 for the exact counts in each Gyalrongic variety.

1Character independence plays an important role in selecting the cognates. MIE computation takes type
frequency into account (Bonami & Beniamine 2016: 163-164), therefore, etymological duplicates must be
avoided as they affect the statistics of type frequency. For example, both rvi ‘axe’ and its bound state rva- in
Khroskyabs are derived from the proto-form *r3.pz, only one of which, preferably rvi, should be included in
the database.
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Table 18. Tangut cognate counts

Total cognate count ‘ 469

Common cognates ‘ 58

Tangut 148
Siyuewu 132
Wobzi 128
Japhug 123
Geshiza 119
Bawang 118

Tshobdun 104
Zbu 102
Bragbar 98

Somang 96

The data for this study were entered into a spreadsheet in a similar format to Table 16.
Note that PPK is no longer included. See Table 19.

Table 19. Data curation of Gyalrongic preinitials in a spreadsheet

A T © | B | E | - G
Gloss Tangut tgt Siyuewu syw Japhug jph
2 |be spicy za'r! R rdzdv r muw-rtsaf r
Sy star ge! T zgrs s zngri ¢
4 |bile kar? L skhrd 3 ckrust ¢
5 |throat qovr! R rqé r tw-rqo r
6 |lung s T rtshoz r tw-rtshyz r
7 |dream mé! L rmd r tw-jmno j

A Python implementation is included in the Supplementary Material for the
computation of MIE.

6.2 Subgrouping of Gyalrongic languages

There are very few studies on the details of Gyalrongic subgrouping. Most previous work
operates within top level branching of East and West Gyalrongic languages, and discussion
on lower order subgroupings is fragmentary. Sagart et al. (2019) and Lai and List (2020)
are two studies involving Gyalrongic subgrouping which apply Bayesian phylogenetic
inference. Figure 4 shows the subgrouping proposed by Sagart et al. (2019), and Figure §
shows that proposed by Lai and List (2020).

—‘: COgtSC (Sltu)

Japhug
Gyalrongic — Khroskyabs

{ Stau (Horpa)

Tangut

Figure 4. Gyalrongic subgrouping according to Sagart et al. (2019)
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Bragbar

{ Cogtse (Situ)

Japhug
{ Zbu

Tshobdun
{ Geshiza

Mazur (Horpa)
Khroskyabs
Tangut

Gyalrongic

Peripheral Gyalrongic

Figure 5. Gyalrongic subgrouping according to Lai and List (2020)
Both trees broadly conform to those produced by the Comparative Method.

The position of Tangut in West Gyalrongic Both Sagart et al. (2019) and Lai and List
(2020) position Tangut outside modern West Gyalrongic, albeit confirming the findings of
Lai et al. (2020) that Tangut is really West Gyalrongic. However, superficial similarities
and the Comparative Method suggest that Tangut is closer to Horpa varieties than to
Khroskyabs. The proximity between Horpa and Tangut was initially mentioned by Stein
(1966: 285) without substantial linguistic evidence. Subsequently, through a comparison of
basic vocabulary, Li and Lin (1983: 305) conclude that Tangut is indeed more closely
related to Horpa than to East Gyalrongic and Tibetan, further hypothesizing that the
Horpa people are descendants of the Tangut. Recently, Honkasalo (2019: 646) finds that
Geshiza and Tangut share a common distribution of cognate modal negators, indicating a
probable shared innovation. Lai (2023b: 27) points out shared innovative behavior between
Tangut and Horpa in relation to sound changes involving voiceless nasal initials, and Zhang
(2023; forthcoming) finds that Tangut and Horpa share innovations in the lexical pairing
of certain orientation prefixes and verbs, such as the cases of ‘to die’ and ‘to kill.

Tangut was attested in today’s Ningxia Province, China, a thousand kilometers to the
north of the Gyalrongic homeland. As the official language of the Tangut Empire
(1038-1227 AD), it was in frequent contact with the neighboring Chinese, Tibetan,
Mongolic, and Tungusic languages, resulting in the absorption of non-native vocabulary
from various sources. Tangut’s historical circumstances thus create difficulties for
determining its genetic affiliation using lexicon-based methods.

Relations among Japhug, Tshobdun and Zbu Japhug, Tshobdun and Zbu are three
neighboring languages in the north of the Gyalrongic speaking region. Traditionally,
scholars believed that Zbu and Tshobdun formed a separate group, called ‘Stodpa dialects’
and that they were more closely related to each other than they were to Japhug. This view
is also supported by Lai and List (2020) based on lexical data (Figure 5). However, Gong
Xun (2018: 24-26) points out that this traditional classification “n’est nullement soutenue
par des caractéristiques partagées” (is in no way supported by shared characteristics).
Among other morphophonological innovations shared by Japhug and Tshobdun, Gong
Xun identifies an important isogloss that helps to refute the Stodpa conjecture. Zbu
preserves the rhyme distinction between to-rnd ‘ear’ and to-rvé? ‘axe’, which is lost in
Japhug (tw-rna ‘ear’ and tw-rpa ‘axe’) and Tshobdun (ta-rne ‘ear’ and ta-rpe ‘axe’). The
distinction must have existed in Proto-Gyalrongic, as all western varieties have it: Tangut
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it nu! ‘ear’ / #} wil ‘axe’, Siyuewu na ‘ear’ / rvi ‘axe’, and it can even be reconstructed to

Proto-Sino-Tibetan, as Old Chinese exhibited different reflexes as well: =' *C.na? ‘ear’ and
5 *p(r)a ‘axe’ (Old Chinese is the first branch of Sino-Tibetan according to Sagart et al.
2019 and Zhang et al. 2019a). This piece of evidence shows that Japhug and Tshobdun,
along with other East Gyalrongic languages, innovatively merged the ‘ear’-‘axe’ contrast,
thereby contradicting traditional belief and the phylogenetic results of Lai and List (2020).
The superficial similarity between Zbu and Tshobdun lies largely in their shared retention
of old stem alternation systems which Japhug no longer possesses, as well as certain shared
vocabulary that Japhug has lost, which might explain why the lexicon-based inference fails
to detect relevant differences between Zbu and Tshobdun.

In §6.3, I will use MIE to infer Gyalrongic subgrouping.

6.3 MIE of preinitial correspondences

Table 20 extracts individual MIE values from both the Unequal and Equal subsets between
modern Gyalrongic languages and Tangut. The West Gyalrongic varieties are shaded gray.
For both subsets, West Gyalrongic varieties occupy roughly the top half of the tables.
Although Zbu ends up third in the Unequal subset, it falls to fifth in the Equal subset. On
the one hand, Zbu is the most West-Gyalrongic-like East Gyalrongic language (Gong Xun
2018: 25), attesting some sound changes that also occur in most West Gyalrongic
languages, such as the merger of *s.C- and *¢.C-. On the other hand, I might have not
identified all the cognates between Zbu and Tangut, and some forms may be borrowed
from West Gyalrongic. I believe that the Equal subset is closer to Zbu’s phylogenetic
reality, as the MIEs in both East and West Gyalrongic in the Equal subset show smaller
variances — modern varieties in the same branch should hypothetically show similar
distances to Tangut.

Table 20. Rankings of mutual predictiveness with Tangut

MIE (Unequal) ‘ MIE (Equal)
Geshiza 1.044456 Geshiza 0.907200
Bawang 1.135010 Bawang 0.92.119T
Zbu 1.400072 Siyuewu  1.148636
Siyuewu  1.4449044 Wobzi 1.148636
Wobzi 1.492394 Zbu 1.213984
Japhug 1.494951 Japhug 1.236797
Tshobdun 1.523162 Somang  1.2§3783
Bragbar  1.978684 Tshobdun 1.2§5415
Somang  1.678849 Bragbar 1.328332

Tangut and Horpa Observing Table 20 in more detail, Geshiza and Bawang, two Horpa
varieties, exhibit the highest mutual predictiveness with Tangut, no matter which subset is
taken into account. This result shows that Horpa languages are indeed closer to Tangut as
far as preinitial correspondences are concerned. This conclusion agrees with the early
studies such as Stein (1966) and Li and Lin (1983), the phonological comparative study of
Lai (2023b) and the morphological innovations proposed by Zhang (2023; forthcoming).
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Japhug and Tshobdun Table 21 extracts mutual predictiveness among Japhug, Zbu and
Tshobdun. Regardless of the subset, the values show that the three varieties are very close,
with MIE values well under o.53. However, contrary to traditional analyses and
phylogenetic inference, Japhug and Tshobdun show a significantly higher proximity than
the other pairs, especially in the Equal subset, with a MIE value of only 0.315498. This
result is in line with Gong Xun (2018) who adheres to shared innovations.

Table 21. Mutual predictiveness among Japhug, Zbu and Tshobdun

| MIE (Unequal) | MIE (Equal)

Japhug < Tshobdun 0.449633 0.315498
Japhug < Zbu 0.916944 0.527636
Tshobdun < Zbu 0.458435 0.507556

6.4 Neighbornet networks inferred from MIE

Information theory has been used for various purposes in phylogenetics in biology
(Criscuolo & Gribaldo 2010; Batista et al. 2o11). But its use in the subgrouping of
language families or branches is still rare. An early attempt was made with typological
features over two decades ago (Juola 1998), and Zhou and Bowern (2015) use entropy to
measure the uncertainty of ancestral state reconstruction in languages. As already
mentioned, most phylogenetic linguistic analyses make use of lexical data. Though these
analyses have been successful in a broad sense, they have also resulted in subgroupings
which diverge from the principles of the Comparative Method, such as regular sound
correspondences and shared innovations.

In this section, I combine the present study’s MIE computation with Neighbornet, a
method for constructing phylogenetic networks based on mutual distances among taxa
(Bryant & Moulton 2004). Neighbornet is a convenient visualization of taxon clustering in
a given distance matrix, and thus a preferred choice for exploratory data analyses (Morrison
2010). Neighbornet networks constructed from lexical data have been widely applied to the
visualization of language families (Gray et al. 2010), and even recently for Tibeto-Burman
(Gao 2020). Neighbornet networks in this paper were generated with the software
SplitsTree 4 (Huson & Bryant 2006).

Neighbornet networks for Gyalrongic preinitial correspondences Figure 6 shows the
Neighbornet network inferred from the Unequal subset. The branch lengths indicate the
the depth of evidence available to support each proposed split.
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—_— Siyuewu

Japhug

Bawang

Geshiza

Somang

Bragbar

Tangut

Figure 6. Neighbornet inferred from preinitial correspondences (Unequal subset)

The network shows a separation between the east and west sub-branches, and clear
evidence for lower clades. Khroskyabs varieties (Siyuewu and Wobzi), Horpa varieties
(Bawang and Geshiza) and Situ varieties (Bragbar and Somang) are unsurprisingly close to
each other, consistent with previous analyses.

The Tangut-Horpa clade, as supported by historical linguistic analysis such as Lai
(2023b) and Zhang (2023; forthcoming), is marginally confirmed in the network. The
Tangut-Horpa clade has a weight of 0.1437, slightly higher than the Horpa-Khroksyabs
clade, with a weight of 0.1225. The network also clearly supports the proximity between
Japhug and Tshobdun, proposed by Gong Xun (2018).

Delta score (8 score) and Q-residual are used to measure the treelike-ness of the
network. For both values, o means a perfect tree structure (Holland et al. 2002; Gray et al.
2010). The average 0 score of the network in Figure 6 is 0.1941, and the average Q-residual
is about o.01265, indicating a moderate treelike structure."”

Figure 7 shows the Neighbornet network inferred from the Equal subset. The
topology of this network is similar to the one for the Unequal subset. Though it shows a
clearer relation between Tangut and Horpa languages, it still supports the
Japhug-Tshobdun clade. The 0 score for this network is 0.1805, and the Q-residual is
0.01063.

7Tables of detailed & scores and Q-residuals for all networks are in the Supplementary Material.
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Tangut

Bragbar

Somang

Geshiza

Bawang

Japhug

Wobzi Siyuewu

Figure 7. Neighbornet inferred from preinitial correspondences (Equal subset)

Regarding individual & scores in Figure 6 and Figure 7, Tangut has the highest value,
0.27918 and 0.23929 respectively, which is unsurprising as Tangut phonology is the most
eroded of all Gyalrongic languages. The two networks in Figure 8 show cases with Tangut
taken oft Unequal and Equal subsets. The subgrouping is expected, and the & scores,
0.1374 and 0.1413 respectively, are reduced significantly from the subsets with Tangut.
Given the reduced & scores, these networks show that modern Gyalrongic languages have a
relatively strong tree structure.

Bragbar

Somang Tshobdun
.

Japhug

Japhug

Tshobdun \

Somang

Zbu Bragbar

Geshiza

Bawang

Geshiza

. . !
Siyuewu 'wopzi Siyuewu Wobzi

(a) Unequal subset (b) Equal subset

Figure 8. Neighbornet inferred from preinitial correspondences without Tangut
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Neighbornet networks for Gyalrongic initial correspondences One might wonder if the
result would be different with correspondences of other parts of the syllable as input data. I
thus provide the same analysis with initial consonants in the same dataset. The network
generated is illustrated in Figure 9.

[ Wobzi Siyuewu

Geshiza

Bawang

Somang

Bragbar

Tshobdun
Tangut

Zbu
Japhug

Figure 9. Neighbornet inferred from initial correspondences

The topology of the network for initial correspondences is consistent with the one in
Figure 6, although the East-West split is less well supported, with much shorter edges.
The average 0 score is 0.2679 and the average Q-residual is 0.0098. The tree-ness of this
network based on initials is moderate. The correspondences of initials in Gyalrongic
languages are less diversified than those of preinitials, thus providing less information
about subgrouping. Nevertheless, the topology of this network shows little difference from
the preinitial networks in Figures 6 and 7, and still supports the Japhug-Tshobdun and
Horpa-Tangut clades.

In summary, as long as the dataset contains few errors in cognate identification and
annotation, we do not expect fundamental differences to emerge with different
phonological properties as input data. Our example also shows that preinitials are more
appropriate than initials to infer the subgrouping in this particular dataset.

6.5 Test with Sinitic varieties

In this section, I use a sample dataset containing eight Sinitic varieties to test the method
proposed in this paper. The choice of the varieties is based on my personal knowledge of
them.”® The Sinitic varieties selected are shown in Table 22.

] am a speaker of six varieties to at least an intermediate level, except Nankinese and Fuzhou. I am however
familiar with the historical phonology of the latter two.

2.8



Table 22. Sinitic varieties in the dataset

Variety Branch

Putonghua Mandarin
Sichuanese Mandarin
Nankinese =~ Mandarin

Cantonese  Yue

Meixian Hakka

Zhangzhou Southern Min
Chaozhou  Southern Min

Fuzhou Eastern Min

The expected subgrouping of these Sinitic varieties should look more or less like the
one in Figure 10 (see also Baxter 2006 and Sagart 2011, among others).

{ Putonghua

Sichuanese

——— Nankinese

Cantonese
Sinitic

Meixian
Fuzhou

Zhangzhou
Chaozhou

Figure 10. Approximate Sinitic subgrouping

A slightly modified Swadesh list was used in creating the present Sinitic dataset,
which compares the initial consonant of a shared Chinese character in each variety. The
dataset contains 91 cognate sets, all of which are included in the Supplementary Material.

The Neighbornet network is shown in Figure 11. The average d score of the Sinitic
network is 0.1399, and the average Q-residual is 0.01036, indicating the network shows a
relatively strong tree structure. The topology of the Neighbornet network is exactly in line
with the expected subgrouping shown in Figure 10.

This brief demonstration with Sinitic suggests that the methods proposed here are
suitable for language branches beyond Gyalrongic.
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Sichuanese

P h
Nankinese utonghua

Cantonese

Meixian

Chaozhou
Zhangzhou

Fuzhou

Figure 11. Neighbornet inferred from Sinitic initial correspondences

7 Conclusion

This paper has examined the correspondences of preinitials in Gyalrongic languages from
two perspectives. In the first place, it proposed a three-way syllabicity contrast in
Proto-Gyalrongic, which helps to explain transphonologization in Tangut, an important
problem in Sino-Tibetan historical linguistics. Secondly, it used information theory to test
reconstruction and explore the subgrouping of Gyalrongic languages.

The results show that implicative entropy, a method previously applied to
morphological complexity, can be efficiently employed to measure the regularity of sound
correspondence. A plausible reconstruction should have high predictiveness toward its
daughter languages; in the reverse direction, the daughter languages should have lower
predictiveness toward their ancestor. Varieties with a high genetic proximity should be
rather mutually predictable, reflected by low MIE. On the contrary, varieties that are
genetically remote are expected to have high MIE. Thus, MIE can be used to infer
language subgrouping, as demonstrated by Gyalrongic and Sinitic in the present paper.

The method detailed here is highly relevant to the traditional Comparative Method of
historical linguistics because it focuses on sound correspondence patterns as the material
for proto-language reconstruction. One universal feature of language change is the change
of phonological shape or structure, with one phoneme splitting into two or more separate
phonemes, or two or more phonemes merging into one. Different varieties of any given
language may undergo different splits and mergers, resulting in different phonological
features from the proto-language and uncertainty in sound correspondences. Independent
phonetic changes do not necessarily indicate the closeness or remoteness of sister
languages, as such changes are often influenced by homoplasy, where the same sound
changes occur in different branches. Both Bawang and Japhug underwent the change of
*1.C- to j.C-, but Bawang is undoubtedly much closer to Khroskyabs, which did not
undergo this change, than it is to Japhug. More often than not, sound change brings about
change in phonological shape. Notably in this case, it is not just the sound change which is
meaningful per se, but that Bawang also attests the change *r.C- > *1.C- > j.C- (which may
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go back to a different rhotic preinitial), making jvi ‘axe’ and jvi ‘snow” homophonous and
indistinguishable (c.f. Japhug tw-rpa ‘axe’ vs. ty-jpa ‘snow’). MIE takes such change in
phonological shape into account, detecting the group of patterns j.C- :: j.C- and j.C- ::
r.C- that is responsible for the split between Bawang and Japhug. In combination with the
principles of the Comparative Method, the present method enables us to solve problems
beyond the reach of lexicon-based phylogeny, such as the relation between Japhug and
Tshobdun, and the position of Tangut.

MIE has its own limits. For example, it does not take the variance between
H(A = B) and H(B = A) into account. It only measures the overall guess rate between
two varieties and neutralizes the difference in variance. The same guess rate can result from
two varieties with high variance between their implicative entropies, or from exactly the
same entropy value. However, such cases are unlikely to occur with significant frequency in
actual data. As our analyses show, MIE gives expected results with different datasets and
language branches. MIE can thus serve as a handy and effective way to infer language
subgrouping alongside other more time-consuming methods, such as Bayesian inference in
phylogeny. It can also be used to examine classifications of lower branches where other
types of data may encounter difhiculties. However, it should be noted that this method
cannot take the place of dated phylogeny, as it does not include dating at its present stage.
The correlation between MIE and branch age is a subject requiring future work.
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Résumé

Cet article utilise les langues gyalronguiques, une branche conservatrice du sino-tibétain,
pour illustrer une nouvelle méthode d’évaluation des reconstructions de proto-langues dans
la linguistique historique générale, ainsi que pour mener des analyses exploratoires dans la
phylogénie des langues. Il commence par reconstruire un proto-systeme des préinitiales
gyalronguiques, calcule et compare les entropies implicatives entre les systemes reconstruits
et modernes. Dans une deuxi¢me étape, 'entropie implicative mutuelle (Mutual implicative
entropy, MIE) est utilisée pour mesurer la distance génétique entre les langues apparentées
et générer des réseaux Neighbornet pour visualiser la sous-classification des langues
gyalronguiques. Les réseaux résultants sont en accord avec les analyses linguistiques
historiques qualitatives et permettent des ajustements par rapport aux sous-classifications
précédentes obtenues par l'inférence phylogénétique bayésienne. Ainsi, cette méthode peut
étre utilisée pour détecter des nuances dans les sous-branches inférieures, parfois négligées
par les méthodes basées sur le lexique. L’utilisation de la MIE en linguistique historique
est donc un moyen rapide et efficace de vérifier I'efficacité des reconstructions et d’élaborer
une forme préliminaire précise de la sous-classification linguistique.

Zusammenfassung

Dieser Artikel verwendet die gyalrongischen Sprachen, ein konservativer Zweig des
Sino-Tibetischen, um eine neue Methode zur Bewertung von Rekonstruktionen von
Ursprungssprachen in der allgemeinen historischen Linguistik zu illustrieren und um
explorative Analysen in der Sprachphylogenie durchzufiihren. Zunichst wird ein
Proto-System der gyalrongischen Priinitiale rekonstruiert, und die implikative Entropie
zwischen rekonstruierten und modernen Systemen wird berechnet und verglichen. In
einem zweiten Schritt wird die gegenseitige implikative Entropie (Mutual implicative
entropy, MIE) verwendet, um die genetische Distanz zwischen verwandten Sprachen zu
messen und Neighbornet-Netzwerke zu generieren, um die Untergruppierung der
gyalrongischen Sprachen zu visualisieren. Die resultierenden Netzwerke stimmen mit
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qualitativen Analysen in der historischen Linguistik tiberein und erméglichen
Anpassungen an vorherige Untergruppierungen, die durch die bayessche phylogenetische
Inferenz erhalten wurden. Diese Methode kann daher dazu genutzt werden, Nuancen in
unteren Teilzweigen zu erkennen, die manchmal von lexikonbasierten Methoden
vernachlissigt werden. Die Verwendung von MIE in der historischen Linguistik ist somit
ein schnelles und eflizientes Mittel, um die Wirksamkeit von Rekonstruktionen zu
iberpriifen und eine genaue vorldufige Form der Sprachuntergliederung zu erstellen.
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