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Main Claim

The present case study of tones in San Pedro Molinos Mixtec shows that:

® the original Gradient Symbolic Representation system should be
modified and assume gradient activity in the output.

® exceptional elements can be exceptional for more than one
phonological process which is a strong argument for a
representational account.
(Cf., for example, Lieber (1987); Zoll (1996); Wolf (2007))

® exceptional non-triggers indeed exist.
(Cf., for example, Smith (2017); Hout (2017) and vs. Finley (2010))
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Gradient Symbolic Representations

Gradient Symbolic Representation (=GSR; Smolensky and Goldrick, 2016)

® symbols in a linguistic representation can have different degrees of
presence or numerical activities

® this can predict lexical exceptions: elements in the underlying
representation of a morpheme can be exceptionally weak:

liaison consonants in French (Smolensky and Goldrick, 2016)
semi-regularity of Japanese Rendaku (Rosen, 2016)

allomorphy in Modern Hebrew (Faust and Smolensky, 2017)

lexical accent in Lithuanian (Kushnir, 2017)

lexical stress in Moses Columbian Salishan (Zimmermann, 2017b,c)
tone sandhi in Oku (Nformi and Worbs, 2017)

tone allomorphy in San Miguel el Grande Mixtec (Zimmermann,
2017a,d)
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Gradient Symbolic Representations

Gradient Symbolic Representations and HG

® grammatical computation inside Harmonic Grammar
(Legendre et al., 1990; Potts et al., 2010)

® any change in activity is a faithfulness violation

(1)
biaiti-pos Max
5
a. batp 0
b. bap -1 -5
= ¢, bat -0.5 || -2.5
Prediction

Elements active to a lesser degree are easier to delete: unstable elements,
allomorphs, exceptional repairs,...
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Gradient Symbolic Representations

Gradient Symbolic Representations in the Output (Zimmermann, 20174,d)

® output elements can be weakly active as well

® every marked structure M violates a markedness constraint *M by

M’s combined activity (=Sum of activities of all its elements)
number of all its elements

@ biaiti-pos *CC]s | DEP | MAX
3 2 1
a. b1a1t1p1 -1 -0.5 -4
b. b1a1t1p0‘5 -0.75 -2.25
= c.  bjagty -0.5 -0.5
Prediction

Elements active to a lesser degree are not as bad a markedness problem
or not as good a markedness solution: Exceptional non-triggers
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Molinos Mixtec

® San Pedro Molinos (=MOL), a variety of Mixtec/Otomanguean, was
spoken by 700 speakers according to Hunter and Pike (1969)

® variety closely related to San Miguel el Grande Mixtec
(Cf. Pike (1944); Mak (1950); Hollenbach (2003); McKendry (2013); theoretical accounts
in Goldsmith (1990); Tranel (1995); Zimmermann (2016))

® all the data in the following comes from Hunter and Pike (1969)
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Background: Tones in MOL

® three level tones high (H; &), mid (M; a), and low (L; )
® only a single tone on one syllable (CV;V;=bisyllabic)

® basic morphological unit in Mixtecan: a binary CVCV or CVV unit
(=‘couplet’)

(3) Tonal contrasts in MOL (Hunter and Pike, 1969, 27)

tata-sa tata-sa tatu-sa
‘my father’ ‘my firewood’  ‘my paper’
tuu rikt ?Puu kit tuu hit
‘two woodpeckers’  ‘two animals’  ‘two fists’
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Tone perturbation

® as in basically all Otomanguean languages, MOL has ‘perturbing’
morphemes that trigger a change for the tone(s) of a following
morpheme (Diirr, 1987; Pike, 1944; Mak, 1950; Hollenbach, 2003; McKendry, 2013)

® some morphemes trigger an additional H that overwrites underlying
M or L of the initial TBU of a following morpheme

(4) H-overwriting

XX" XX — XX HX
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Tone Perturbation

(5) (Hunter and Pike, 1969, 35-36)

M1 M2 ‘ Surface H Tones

Non-perturbing morphemes

a. rufi rigkt ?ufi rigkt LL MM—LL MM
‘ten’ ‘mouse’ ‘ten mice’

b. sutfi? | 25 sutfT MM+LMP MM LM
‘one’ ‘child’ ‘one child’

Perturbing morphemes

c.  kou o fika ko fika LLY LH—LL HH
‘four’ ‘baskets’ | ‘four baskets’

d. za?a" =i za?a zitfi MM" LH—MM HH
‘chiles’ ‘dry’ ‘dry chiles’

e. sivit  tee sivi tée HH" LM—HH HM
‘name’ ‘man’ ‘name of the man’

f. kit kau kitt kau MM™T ML—=MM HL
‘animal’ ‘to die’ ‘the animal will die’
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Tone perturbation & spreading

® if a perturbing morpheme precedes a morpheme that ends in an
M-toned TBU and is also perturbing, both TBU’s of this morpheme
become high

(6)  H-overwriting and spreading

XX" XM" — XX HH
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Tone perturbation & spreading

7) (Hunter and Pike, 1969, 35-36)

M1 M2 ‘ Surface H Tones

H-overwriting and spreading

a. sivit suffi | sivi satfi HH"+LM" 5 HH HH
‘name’ ‘child’ ‘name of the child’

b. sivi kit | sivi kiti HH"+MM"—HH HH
‘name’ ‘animal’ ‘name of the animal’

c. kit kaa' | kit kaa MMTMMT MM HH
‘animal’  ‘to eat’ ‘the animal will eat’

No spreading if M2 is not M-final

d. o kag" 300" | ki z60 LLP Ll S LL HL
‘four’ ‘mont(H) | ‘four months’

No spreading if M2 has no floating H

e. sivim  tee sivi tée HH"+LM—HH HM
‘name’ ‘man’ ‘name of the man’
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Optionally perturbing morphemes

® there are three classes of morphemes in MOL:
© non-perturbing ones (cf. (5)-a+b): XX
® perturbing ones (cf. (5)-c-g; (7)): XX"

© optionally perturbing ones: xx*
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Optionally perturbing morphemes

(®)

(Hunter and Pike, 1969, 35-36)

M1 M2 Surface Tones

a. hiki®™ tee | hikitée~tee || LM™4LM—LM HM~LM
‘fist, paw’  ‘man’ ‘the man’s fist’

b. hiki™ 77 | hiki fi2i~ti?7 | LMT™4LM—LM HM~LM
‘fist, paw’  ‘skunk’ | ‘the skunk’s paw’

c. auti™  =igi | Aot siti~siti || LM LH—LM HH~LH
‘sand’ ‘dry’ ‘dry sand’
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Optionally perturbing morphemes and H-spreading

® if they are (optionally) realized, however, they undergo it

® optionally perturbing morphemes never trigger H-spreading
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Optionally perturbing morphemes and H-spreading

9) (Hunter and Pike, 1969, 36)
M1 M2 ‘ Surface H Tones
Never a trigger...
a. sivit fi2i™ | sivi oy HH"Y LM HH HM
‘name’ ‘skunk’ ‘name of the skunk’
b. hiki® 1™ | hikt fip~ti?] LM LM LM HM~LM
“fist, paw’  ‘skunk’ ‘the skunk’s paw’

... but always an undergoer (if realized)

c. "™ kaa" | )7 kaa~kaa LMP:MMH LM HH~MM
‘skunk’ ‘to eat’ ‘the skunk will eat (it)’

d. hiki™®  sufit! | hiktsatfi~sotT LM LM LM HH~LM
“fist’ ‘child’ ‘the child’s fist’
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Perturbing morphemes: Summary

(10)
i M2 XX xm xm"
XX no change no change no change
xxH) no change or  nochangeor no change or
H-OW H-OW H-OW+Spr

I I
Never H-Spr Always
trigger H-Spr
trigger

= Sometimes
H-OW trigger

= Always
H-OW trigger
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Perturbing morphemes: Summary

® the optionally perturbing morphemes are exceptional for two
processes:

— they are only optionally realized: Exceptional optional
non-undergoer

- they never trigger H-Spr: Exceptional non-trigger

= not simply a variation between behaving as a perturbing morpheme/a
non-perturbing one but a true asymmetric mixture of properties
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Analysis in a nutshell

Representational assumption

© Some morphemes in MOL end in an unassociated (=floating) H-tone
@ The floating H of some morphemes is fully active: H,

® The floating H of other morphemes is partially active: Ho4

the weakly active Hg4 is not a bad enough problem for *FLT and is
not always associated

the weakly active Hy4 is not a bad enough problem for the
markedness constraint triggering H-spreading
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Basic floating tone realization

® unassociated floating tones violate *FLT (11-a) and realization of a
H-tone (=MAxy, (11-b)) is more important than any other tone

® overwriting results since two tones on one TBU are impossible (11-c)

® and floating tones must associate to another morpheme (11-d)

(11) a.  “FLT: Assign X violation for every tone T that is not associated to a TBU
where X is the activity of Ty.
b.  MAXt: Assign violation X for any tonal activity X in the input that is not
present in the output.
c.  "CONT: Assign X violation for every TBU; associated to tones T, and T3
where X is the shared activity of TBUq, Ty, and T3.
d.  ALT: Assign X violation for every new association between a TBU and a tone

of the same morphological affiliation.
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Overwriting: Floating H;

(12) {'—1 |—1H1HM11 /l'\j g 'é o s £
= ¥ < |« =
100 | 100 | 100 | 71 | 24
a L, Ly Hy My My 1 71
1 1 (%1 1
L1 L1 M1 M1
b. -1 -1 || -124
&b &b
L, Ly Hy My My
c -1 -100
& & Ty &y
L, H MM
d. b _ Tan -1 -1 || -124
& & & by
H
&
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Analysis  Asymmetry 1: Exceptional non-trigger for H-spreading

H-Spreading is avoidance of a marked tone sequence

® triggered by a markedness constraint against sequences of MH-tones
inside a morpheme

(13) *[MH]: Assign X violation for every morpheme-internal sequence of M and Hj
where X is the shared activity of M1 and H,.
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Analysis  Asymmetry 1: Exceptional non-trigger for H-spreading

Spreading triggered by a fully active H;

(14)

|"|1 lT1H1 /\‘/\1 /\"\1H1 . g e
< = <
100 | 71 | 28 | 24
Hy HyHp My MoH
a. ‘1 ‘1 : ‘1 '@ 2 | -1 -170
O1 O G171 O
Hi Hy  Hy M; H
b. ‘1 ‘1 {1 ' @ a1 |- -123
o1 O o1 O1q
Hi H;y Hy H1
= C, ‘ ‘ R -1 -2 -119
o1 Oq o1 O1q
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Analysis  Asymmetry 1: Exceptional non-trigger for H-spreading

No repair possible for *[MH] without a floating H

(15)

simply deleting a tone is excluded by SPECIFY (=SPEC)
deleting a tone and inserting one is excluded by DepT

spreading an underlying tone of the same morpheme is excluded by
ALTERNATION

spreading an underlyingly associated tone of a preceding morpheme is
excluded by *LoNGmBounp (15)

a.  "LGTm: Assign X violations for every tone T that is associated to two
TBU’s 15 and T3 of different morphological affiliations where X is the shared
activity of Ty, o, and t3.

b.  SPEC: Assign 1-X violations for every TBU 11 where X is the activity of

tone(s) associated to 7.
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No repair possible for *[MH] without a floating H

Analysis  Asymmetry 1: Exceptional non-trigger for H-spreading

r L1] M; H, = AN
SR R R A
100 | 100 | 100 24| 7
L, Li  M; H
&b b4, 28
L, L H,
bbb 1
Li Ly H;
R 1
v Mo -124

Eva Zimmermann, OCP 15, London




Analysis  Asymmetry 1: Exceptional non-trigger for H-spreading

No spreading triggered by a partially active Hg,

® partially active Ho4 only triggers a -0.7 violation of *[MH] if it follows a
base ending in M

Weighting argument: Too weak to be a trigger

(17) Fully active H;
*[MH] > Maxt

(18) Partially active Hy 4
Maxt > 0.7x*[MH]

= the gradient violation of a markedness constraint is crucial:
impossible under the original GSR proposal and only possible if
elements can remain weakly active in the output
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Analysis  Asymmetry 1: Exceptional non-trigger for H-spreading

No spreading triggered by a partially active Hg,

(19)

Hi L1 Mq Hoq - T | .
. Xl 5| 5|3
o1 O = = = | =
100 | 71 | 28 | 24
Hy, L,y M;H
a. ! “ | ' @ 1.4 | -0.7 -119
O O1
H, M; H
wb. v Red 0.4 | -0.7 -48
01 01
Hy Ho.4
c ' 0.4 1| -524
mNm
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Asymmetry 2: Exceptional non-undergoer for H-overwriting

Analysis

Partially active Hy4 is only optionally realized

® crucial contrast: Unassociated Hq violates *FLT by 1; unassociated Hy4

only by 0.4
= an unassociated partially active tone is not as bad a problem as a

fully active one

MAxy | *Fut | *[MH] | Maxt
(20) 100 | 71 28 24
Hoa L; L
a. o4 0.4 -28.4
O1 O
Hy L, L
a. L 1 71
G1  Oq
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Analysis  Asymmetry 2: Exceptional non-undergoer for H-overwriting

Intermezzo: Variation and constraint-based grammar models
(Coetzee and Pater, 2011; Hayes, 2017)

® variability in OT: partial rankings (Kiparsky, 1993; Anttila, 1997; Anttila and
Cho, 1998) or stochastic OT (Boersma, 1997, 1998; Boersma and Hayes, n.d.)

® variability in HG: Noisy Harmonic Grammar (Boersma and Weenink,
1992-2018; Boersma and Pater, 2016) or Maximum Entropy models (Johnson,
2002; Goldwater and Johnson, 2003; Wilson, 2006)

® the following is a MaxEnt-HG implementation where well-formedness
is interpreted as probability

= only reasonable to some degree: no frequency/probalistic data for MOL
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Analysis  Asymmetry 2: Exceptional non-undergoer for H-overwriting

Maxent grammar for MOL

® calculated with the UCLA Maxent Grammar Tool (Hayes, 2009)

Constraint weights for MOL
(21)

Maxy | *Fut | *[MH] | Maxt | Spec | "HMH
113.00 | 71,00 | 28.06 24.07 | 6.80 1.56

® only three relevant candidates are shown in the following:
a. leaving the floating H unassociated: -
b. associating the floating H to one TBU: OW
c. associating the floating H to both TBU’s:  OW+Spr

® all other candidates (e.g. those violating MAXx;;) have probabilities
below 0,01
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Analysis  Asymmetry 2: Exceptional non-undergoer for H-overwriting

Partially active Hy4 is only optionally realized

Weighting argument: Too weak to be realized

® realization of Ho4 is not as important (for *FLT) as realization of H;

® and realization of Hy 4 induces additional -0.6 violations of SPEc

(22) Realization of fully active H;
*FLT > MAxt

(23)  (Non-)Realization of partially active Ho 4
0.4x*FLT ~ 0.6xSPEC + MAXT
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Analysis  Asymmetry 2: Exceptional non-undergoer for H-overwriting

Fully active H; is realized: Maxent probabilities

(24)
>
=
Hi | | M1 My =
0
Lod :
1 1
T | HIMM]
Hq M1 My N
a ==
o1 o1 | K&
Hy My
5 b 8 ;23
o o |33
Hi L=
C. - g
o o |38
0% 25% 50 % 75 % 100 %
B ow OW+Spr
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Analysis  Asymmetry 2: Exceptional non-undergoer for H-overwriting

Partially active Hy4 is only optionally realized

(25)
>
=
Ho 4 Li Ly =
\ | =
01 O1 o
T = H) [L M)
Ho.4 L4 L4 ©
a WD 5§
or o1& |3
& b Hoa Ly ol
! ‘ o | R
o1 o1 Vs
H on
0.4 o
C o]
[~ 219
%1 o1 P
0% 25 % 50 % 75 % 100 %
WL ow OW+Spr
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Analysis  Asymmetry 2: Exceptional non-undergoer for H-overwriting

Fully active H; as trigger for H-spreading

(26)

Hqi|| Ly MqiH;

Probability

61 O1

H

HILM]H

Hi Ly M7 H;

-170,06
7,79E-23

01 O1

Hi Mq Hj

-124,7
0,0039

01 O1

I C.

-119,16
0,9961

0% 25 % 50 % % 100 %

B FL ow OW+Spr
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Asymmetry 2: Exceptional non-undergoer for H-overwriting

Partially active Hy4 as non-trigger for H-spreading (of H;)

Analysis

(27)

>
=1
H1 |‘-1 /\‘41 Ho.4 =
«
O1 O1 "é
| o
o (=]
Hi Li MiHos || S|
S HIE
o1 O o

H{y MiH
& b, ‘1 ‘ 1 Hos 5| %
gl N
o1 o1 TS

H H
C. U 0:4 2R
[0) o © g
1 1 r~ S

H L M] (H)
0% 25 % 50 % 7% 100 %
M ow OW+Spr
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Summary

Summary

® the optionally perturbing morphemes in MOL are exceptional for
more than one phonological process
- Strong argument for a representational account and vs. an account based on
morpheme-specific constraints or constructions

(=argument against lexically indexed constraints (e.g. Alderete, 2001; Pater, 2009;
Finley, 2009)

- MaxEnt can predict the asymmetry between being an exceptional obligatory
non-trigger for one process and an exceptional optional undergoer for
another one

® strengthened the argument for Gradient Symbolic Representations
in the Output: the crucial trigger for the H-spreading is a markedness
constraint
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Appendix: Partially active Hy4 as non-trigger for H-spreading (of Hg,)

(28)

>
b=
Ho.4 |‘-1 /\"\1 Ho.4 =
[3°]
O1 O1 "é
I |
e, Hoa Lt MiHoa |l S| g
' | T8
%1 o1 N

Q
e,  Hoa /\‘/\1 Ho.4 2y
b o 515
<
¢ Hoa  Hoa & |
<3
01 O1 2

(H) [L M] (H)

0% 25%

M FL

50 % 75 % 100 %

ow OW+Spr
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Appendix: Partially active Hq4 as regular (?) undergoer of spreading

(29)

Hoa | | Ly /\"\1 Hy

01 O1

Probability

H

H [LMIH

e o4 l‘-1 /\"\1 Hy

-127,46
0,3974

G1 O1

Ho.s M1 Hq

-128,468
0,1450

o1 O

I C,

-127,32
0,4576

0% 25 % 50 % % 100 %

ML ow OW+Spr
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Appendix: Tone perturbation on the second TBU

® CVCV-ML bases and CVCV-LL couplets become MH

(30)

(Hunter and Pike, 1969, 36)

M1 M2 Surface Tones

sivim  fifi-sa | sivi Jifi-sa HH"+ML-H—HH MH-H
‘name’ ‘my aunt’ | ‘my aunt’s name’

ndate”  ?uva ndate ?ava MM"+LL=MM MH
‘water’ ‘bitter’ ‘bitter water’

Jura” stoo-sa | Ju?q stoo-sa LMT+ML-H—LM HL-H
‘money’  ‘my uncle’ | ‘my uncle’s money’

kati"  kau kitt ki MM"+ML—MM HL
‘animal’  ‘to die’ ‘the animal will die’

Eva Zimmermann, OCP 15, London



Appendix: Markendess constraints and GSRO

31 M
Assign X violation for every configuration M where X is the
combined activity of all elements that are non-contextual parts of
this configuration.

320 M
Assign 1-X violation for every configuration N where X is the
activity of structure M in N.

Eva Zimmermann, OCP 15, London



Summary

Appendix: Surface restrictions for tones

® three types of morphemes: A, B, and minor class B’
® MH is among the less frequent tone specifications for couplets...(but
M-final ones with floating tones are very well possible)

(33) Morpheme classes and their tones

A [ B | B ]
LM
HH
MM
LL

MH
LH
HM
HL
ML

Eva Zimmermann, OCP 15, London



	Gradient Symbolic Representations
	Data
	Analysis
	Asymmetry 1: Exceptional non-trigger for H-spreading
	Asymmetry 2: Exceptional non-undergoer for H-overwriting

	Summary

