T

5
!
E

Tonemlc Structure

John Goldsazith
November 1973

"Any extension of segmental phonology

to accomodate putative ssgmental char-
acteristics of tons will raiss the ques-
tion of whethar clear cas=2s of s=2: mental
features behavs simlilarly, and 1if not,
why not." (Leben 1973, 34)




Introduction: Whersin All is Revealed

The main part of this paper is not so muech an analysls
of linguistic data as an analysis of a lingulistic anzlysis --
Leben's 1973 study of suprasegmental tone systéms. First 1'11
reconstruct what I take to be the important arguments for
suprasegmental tone, and then spell out Lesben's formal
mecnanism (firsf proposed by Williams, apparently) designed
to handle the facts. Thils will immediatgly bring us to the
strietly formal problems involved; I'll then suggest a
whole-heartedly suprasegmental approach -- a “"two-tlered”
system -- which avoids the difficulties, A natural interpretation
of this suggestion makes some clalms about possible tone
languages..which I'11 then have to look into,

But first I must explain some fundamentals of tone
systems, 1In the West African languages I've been looking at,
there are only two (or three) underlying tones, Apparently,
thg underlying tone system in other tone languages -- for
example, in ?astern Asia -- can be far more complex, It woufd
be entirely foolhardy for me to take the suggestions made here
as universal claims, Rather, I am talking about the analysis
of a particular kind of tone language: the sort which Williamé'_
and Leben's suprasegmental tone analysis can handle;

Now in these tone languages, apparently all syilabic
segments can be saild to have a tone, and it can be either a
level or a contour tone, The phonological derivation modifies

underlying tones in three ways: 1, Reshaping;2, Assignment; and



3. Reassignment, That is: (1) The rules take a two (or three)
way underlying distinction among tones and yield virtually
a continuum of possitle tone lavels, (2) Th= phonological
derivation will assign tones to syllabic segments which are
underlying unmarked for tone underlyinzly. (3) The rules
can reassign tone in basically three ways: (a) a “"floating
tone” must get attached to some syllable under some clrcumstances;
(b)'processes like compounding reassign.tone systematically;
and (c¢) when a syllabic segnent becomes non-syllabic, either
through deletion or becoming a glide, its prior tone is shiftad
to a more sultables substrate, |

w1lliams'-and Leben's 1dea was fhis: underiyingly.
morphemes'.tones weren't assigned as features of particular
segments or syllables, but rather, the tonas constituted a
sequence of toneme segments in their own right., So, for
example, a CVCVCV word with three high-tone vowels would, all
other things beihg equal, have no tones marked on its segments
underlyingly, but rather would have a second rank of tonemic
information, which would in this case merely be H=High, Now
here's what 1s crucial, and central to Williams' approach
(accepted unchangesd by Leben): at some point in the derivation,
the tonemlic sequeance is merged with the phoncmic,ﬁy'a "Ton= ;
Mapping Fule,"”

What we would have, then, 1s two parallel derivations,
a tdgcmic and a phonemic, each operating independently of the
éther ~-- Which means that neither can use information to be

found in the other domain to condition its rules, Tonemic



rules cannot have phonological features in their statement, and

- 80 on, At fhe end of the Tonemic derivation, the Tone Mapping
Rulg maps the tonemic seQuence onto particular segments of

the phonemic sequence, The tonemic sequence thereafter no longer
exists except insofar as it 1s embedded in the'master phonemic
sequencs, Now the phonamic derivation continues, and subse-
quent rules can address both tonal and phonemic features

in just the way'ordinary phonologiéal rules can address different
features, Tonemic features have become simply phonemic features,

at every point in the derivation past Tone Mapping.
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Thc.prlnclple behind the Tone Mapping'rule is basically
simple: going from left to right on both the tonemic and

the phonemic sequence, assign one toneme per syllablic segment,
If you run out of tonss bsfore syllabic segments, perseverate:
assign the final toneme to the rest of the syllablc segments,

- If you run out of syllablc ssgments before tonemes, rile up
the tonem=s on the last syllabic s=gment, This Jam-up, then,
1s the primary source of contour tones, which are always due
to the assignment of different levsl tones to one syllabic
segment, It i1s an interesting consequenca -- one which we'll
have to investigate in detail later -- that underlying contour
tones could only exist 6n final syllables, if the tone mapping
rule 1s to work as I have described it,

Ones last thing befora going on to the maln part of this
paper: I would like tb foreashadow the den&ucment. Leben's
claim about the nature of the merger of the tonemic and
phonemic sequences 1s nuch too strong, I think, even for the
types of phenomena he examines, Instead, I will suggest that
the two tiers -- the phonsemic and thé_tonemic -~ repnaln separats
throughout the sagmental derivationf+ In place of a tone-
mapping rule which merges the two tisrs into one, I suggest
a corrsspondence rules, In its effect, intuitively speaking,
the correspondance rule and the mapping rule are the sams:
obviously, they must be, if they are to explain the same data,
Ih.fact, Leben comes very close to using this system in
dealing with floatlng_tones. In any event, I hope to show

the following: first, the mapping rule scheme creates situationa



where phonological rules must play tricks they really can't,

and which they aren't forced to do under the correspondence
(two-tiered) scheme; second, whersas Leben's formalism was
suggestive of a phonological theory in which segments themselves
were broken down into “subsegments™, ordered chronologicaliy.

the two-tisred system does not condone such divergencas from
previous dsscriptions of ssgmental phonology., Third, the
two-tiered approach suggests that rules that must be ordersd after
"tone mapping”™ or the correspondence rule may still retailn

their suprasegmental character, Fourth (really a special

case of three), the two-tiered approach suggests that deletion
of syllabic segments will not delete tone, even if ordered after
a rule that uses information from both the tonemic and phonemic
areas, Th= tone willl float to another segment, On Leben's
account, the tones would be deleted, Fifth, and most vaguely,

the two-tiered approach suggests one part of the charactérization
of a natural tonemlic rule: a natural tonemlic rule would be

oné which reassigns tone contours {according to certain gulde-
lines) but does not change the contour itself, I do not mean;
however, that thsre ars no rules that.change the contour; however,
some tonal rules are far more widespread thar others, and wa
would like to cﬁaracterizc why that might be, Sizth, the two-
tiered approach explains how the tonal structure of items

daleted thirough syntactlic processes can still participate in

tonologlcal rules such as downstep ordered or. largs-phrase cycles,



I should like to bagin, as Leben does, with a discussion of

the formal possibilities upon to us in describing tone phenomena:

in particular, the problems of floating tones and of contour

tones,

This will bring us into Leben's formal suggestion for

the Tons Napping rule, Criticlisms that I make then should be

held 1n abeyance in the reader’'s mind until we come to ny

proposed alternative later in the paper,.

tonal

Floating tones ars tones that are posited to explain

variations evan though the floating tones have no syllablc

or consonantal substrate of their own to hang onto. Thess floating

tones

ragularly trigger tonsmic rules, and are eventually either

assimilated or caus~ a level tone to become a contour tone,

tones,

Leben criticizes previous formal representations of floating

Schachter and Fromkin (1968) permit phonological

darivativas to give ris= to a tone f=aturs raspresented

on an entity wnich has no segmental featuras other

than §+seg] . This proposal is reformulated in Fromkin -
(1972), whare these ssgmentally unspacified entitiss

ar= characterized as [-segl, A soanewhat similar proposal

1s made for Nigerian and otner languages in laddieson
(1971), but with L -syllabic] substituted for [-segl.|pp 2h-5]

In the works cited {Bird (168, 1966, Hyman 1972a,b)]

the existence of floating tones hardly constitutei a
serious problem; this is due largely to the fact that

the authors d1d not concsrn themsslves sufficiently

with formalizing their result, However, in works like
Schachtar and Fromkin (1968), Fromkin (1972) and Maddlsson

' (1971), where formalism was a concarn, the problem

A Dbit

immediately surfacss,,.,//Schechter and Fromkin (1963)
repreaseant floatinz L in AXan with ths ratrix (+segmeant, +L ]
with no other s=gmental specifications, This proposal

1s clearly ad hoc,. =ince no other segmental featurse

has ever been shown to be capable of this sort of repre-
sentation, (30-31), '

later, Leben says, "Other proposals which have attempt~=d

to escape the suprasegmental nature of floating tones are subjact




- to the same criticisms as the unspecified-(+seglproposal,™
(p.32). What are these "criticisms"? Just this: there is
no othear segmeantal featur~ that can stand alcne on & segment

with no other articulatory features specified.(e.g.,%*|+seg ).
+strident

In other words, why do tones float, but not stridency? This
1s the only argurent given (this sort of argument of Lebeﬁ's
should be kept distinct from his enpirical arguments that
tonémic rules do not rely upon segmental information),

Contour tones wreak havoc, too, regarding the segment's
simple nature}' On p, 36, Leben considers three poséibilities
for rapressnting contour tones on short vowels: (1) with
features like "Rising”, "Falling"; (2) with dummy segments
like {}scg, +H]; and (3) with his proposal, which we will get
to, What is interesting to note at this point 1is that his
argument against (2) is the one mentioned above: he considers
the general argument concerning the incohereance of [fseg, +H]
to be an argument against employinglsegments like thils either
at the underlying l=2vel or in a derived structure, This .
distinction becomes important to Leben (for some reason), as ve
shall sea later (p. below).

This brings us directly to chen’é Tones IMapping proposal,

Leben argues that the s2gmental information about a mor-
pneme 1s Dasically (in somes sanse) unordered; tha féfmal
characterization of a word beginning CV,,., would include
"consonant-initial” (C(1)) and "vowel-secon2" (V(2)), This
can be heuristically represanted as "CV...". This, I think,

is a mistaken view, perhaps derived from the feeling that marking



an item with a number is a way of indicating its position in
a sequence which 1s formally superior to simply writing out
the sequence, Such a "feeling” has, clearly, no basis, Yet
using numbers to separate out the feature characterizations
to their appropriate segements (as Leben says: i,e,, C(2) means
the second segment 1s consonantal) suggzests that the natural
numbers could entsr into the definition of natural classes
of'fpatures; for example, all features whose subscript was of
" the form 2n, Or 3n + 1. The point, of course, 1s that only
the relations of identity and non-identity of indices (just as
with referential indices in syntax), and the relatiéns of
"precedes” and "follows", are allowed -- that 1s, we are allowed
to use Just those characteristics of the indlces that follow
from bsing linearly ordered, as a sequence is, The assumption
that the appropriate formalism for segmental information
1s as a string predicts this; Laban's stronger altsrnative does
not, .
And yet Leben's ruls of Tone ﬁapping makes cruclal use of
the assumption that all 1nformation regardling svery segment .
in a woré 1s avallable at évery other segment in the word, I
quote Lesben at lengtn:
To express notions likxe "first tone on the first vowsl"
{the first step of the tone mapping assignment ], it will
be necassary to attach subscripts to the vowels in a
string of eermu=nts and to the tones in 2 string of

suprasegmentals, Tnus, let uz assuae that the succcessive

vowels in & string are marked Vy, 7 ,...,Vm,and that
the successive tones are designatad Tl,Tz,;..,Tn.

To express the environment for the mapping, it is necessary
to take note of the following convention, propsad in

SFZ: "Ivery s=easment of a2 lexical matrix « is marked

- £, for each category X . to which .- balongs.” ...

Tnis permits us to express the first part of the mapping
rules as follows:



(25) Vi B/ Yf}i‘ k‘”ﬁ

Cemn C{Lhﬂ\ 1 "":)

cROAF =m0

» .

(Clearly Leben intends "w" rathier than "m" in the conditicn),

This rule says that a vowel whose subscript agrees

with the number designating the position of the supra-
segmental tone acqulres that tone as a segmental feature,
and that a vowel whose subscript 13 gre=ater than that of
the last tone, the ITe vowel acquires ths last tone

as a sagmental feature |sicl....//What remainsito be
exprassed is-that if soms tones are left over,they nmust

be grouped in seaquence on the last vowel, Thils occurrence
of a linear sequence of features on a segment 1s dilscussed
a bit further in the naxt chapter, To formulate the

rule, another convention must be introduced:

(26) A rule mapping a suprasagmental tone onto a
segment already specifled for a tonal feature does not
replace this feature but instead adds another tone
feature in sequence, '

This convention 1s also needed for many cases in which
a floating tone is added to a segment without replacing
the tone already possessed by the segment, LLeben uses
this convention elsewnere (p.56) with tonss that are

at this point in the derivation not suprasegmental — T}

The remaining part of ths mappling rule may now be
formulated as:

(27) V.. [xH1] / [*\)g:%Hll Concihon:

rn<§

V_ here denotes the last vowel in the string, The
arrangement of the tone2s in their proper sequence must

be assured; this is possible in principle, since the
proper order of the suprasesgmental features is given by
the relative values of thelr subscripts, The formulation
of this requirement is not attempted nsre, but presumably
ths output of (27) on the last segment of nydhh, for
example, would resemnbls the fcllowling, whers the nurerals
1 and 2 give tha ordar of thess features on the segment,

[, BW1]
[1,E—H]]
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The boint of this present paper 1s that if Leben had indeed

attempted to formulate the rule and use 1t, he would have

found it quite unsatlsfactory. ‘“that he says is fine in princilple

) y L I wn words
until one triss to mrke 1t gquite sxplicit, Leben's owWn Wo

come back:"The authors d1d not concern themselves sufficiently

with formalizing thelr result.™ [absn continues::

Obviously, rules (25) and (27) can be collapsed into
(29)1

(29) y.— (4] / Lf [«H] ] Condihon (R ;5 1'/3 (b)
| ok f =M ‘43 ()
Wwhile it 1s is indeed clear that (25) and (27) should

collapse, (29) 1s not the correct result. Xote that as (29)

MW
stands, a LHu contour will map onto a CVCV word to form CVCV/

1| 3|18 (a), (bf’*(c) mat? n=2; n=3
/ Ves + Q) t= 3\,0 T

I | 2 | Yes: (B)y#n (Fs AT

J 13 | Yesi (O (Fm: (PP LT

20 7 {1 Yes . (B) y#n .

2| 2 | Yes: (2 {;J' ‘

2|3 | Yes (o) i=m, 1%

So all tones get mapped to each vowel, What Leben wants,

rather, as his condition is:[ﬁi}j)D j=n] AND‘Ei(j)?i:mz}

Recall that Leben says tha suprassgmentz2l approach is
successful in dealing with two problsms in ways superior to the
non-suprasegmental: contour tones, whose analyéis. we have
jgst gons through, and floatinzg tones, Little 1s sald eipllcitly
about them; we shall return later to serious pfoblems for
the tone-napping theory of suprasegmental tone writh regafd to

floating tonss.
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Mende

Leben}s discussion of phonological processes 1n'Mendg
contains detalls of several interesting forms, but, understandably,
the report 1s quite enmeshed with his analysis, Therefore I'd
like to lay out the facts first, and see what 6onclusions they
lead to;

(A) Effect of tone-bezaring suffixes on stems, Stems that
are monosyllabié with a contour tone can btecome level, This
occurs if the ster is falling toned and followéd by a low tone
suffix, or conversely, if a rising tone stem 1s followed by

a high suffix, The contour tone simplifiles to 1ts first element,

HL L . /s N\
mbu + ngaa — mbu ngaa ‘owls’
'owl' 1indef HoL
_ pl.
7
L“mba +d1 — mb; i *the rice’
‘rices‘daf, L H

: \
On the other hand, a CVCV + ngaa does this:
"

‘house’ PEle +Lngaa — p§i€+ ngaa » not *péi; néﬁa,
as one might guess 1f he thought that suprasegmental tones weare
merged before mapping,

(B) Effect of toneless affixses 6p stem, The facts here
are much like in (A). A toneless affix has no inherent tone;

it apparently gets its tone from the syllabie tefore,

L} L L L HL ’6 : 7N
ma ‘on Ru 'in zbu ma’ —> mbu ma
. LH F4 N 7

mba hu — mba hu
This could be viewed in at least two ways: (1) copy the last
tdheme from the previous morpheme onto the toriesless suffix,

and then find yourself back in the situation in (A) above,

as]

vith toned suffixes, (2) Fretend the bounlary betwesn the
root and the suffix isn't there when you do the tone mapping

rule,



(C) Compouhds: For two-word compounds, the only sort
discuss=d, the facts seém to be thus: the first word retains
underlyingly 1its 1solat1§n tone contour, The second word
starts with the final tona of the first word, and all tones

thereafter are low-toned, In particular, if the second word

is mono-syllabic and the final tone of ths first word (which

gets copied) is High, then the second word has a Falling (HL)
cdntour. Furthermore, contour tones in the first word get
"simplified" as in parts (A) and (E) above, So:
/ s .7\
k>*hanl — %5 hani 'weapon, war thing'’
\ \ \
kpa-+hani — kpa hani ‘debt thing'
A 7 AN
mbu+hani — mbu hanl ‘owl thing'
v \ 7 \ ,
mba-hani — mba hani ‘rice thing'

4 - 7 N ) [
k>m> —> k> my WaAr person

N\ NN
kpa + m> — kXpa m> 'debt person'

< \

A
mbu - m> — mbu m 'owl person'

2
mbX+ m> —7’mb; m? 'rice pcrsoh'

(D) There is another kind of tone contour adjustment,
but this time not for contour tones.» There is a large class
of words with a LH contour in isolation which simplify ﬁo
LL under several conditlions, This class conslists of most, but
not all, bisyllabic words with a LH isolation contour, The
enviubﬁments undarvhich the tons simplifies are: (a) before
/’;/ (b) as the first word in a compound (e.g., ﬁiks-hgni);

. N\
(c) before toneless suffixes (e.g., nika ma) -- in other words,

in the three arsas of (4), (B), (C) abovs,

12
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To explain these four phenomena, Leben proposes the following
rules:
(1) Tone Deleation, which I will refer to mnemonically

as Contour Flop éi L — HL
- LH H—-LH

where the tie 1ndicatés a contour tone,
(2) Tona Copying, which explains how the second word
of' compounds gets a copy of the last tone of the first word,
Thislhe does not formalize; it is eventually (pp.76-77) shown
that Tone Copying occurs before Tone Mapping, I would express
1t formally ##Qi## R ## — ## Q“##sx}f##
(3) Tone-Spreading: H-»L / L — H., This is essentially
a rightward shift in contour, as is Contour Flop. Contonr
" Flop is obfiously segmental, since it is conditioned by tones
4be1ng assigned to the same segment; Tone-spreading, however,
1s held to be tonemic, which is to say, pre-Tone Mapping.
The evidence 1s‘very slim in Mende, though stronger in the
related languages of Bambara and Mahinka, dealt with in Leben’'s
chapter four, .
Tone Copying is crucial only for Compound Formation, Examples.

o R ‘ LH N o s Ntk hdny
like péle ~hani — p¢l -hani and:- nika-hani -> nika-hani show

that nothing as simple as Tone Mapping onto the whole compound

at once is going on.

29
LHmba " “hani Underlying
LH HL
mba hani Compound Rule
v 7 3
mba hani Tone Mapping

N 7 N\
mba hani * Contour Flop
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With these rules, which =xplain why the LH words act as they

do described in (D), Leben is able to make an extremely
interasting ganserallizatlion about possible contours of ilende,

one expressible only in & suprasegunantal framework, All

wérd; have as their underlying tonemic representation either
L,H,LH,HL, . or LHL, which are then mapped onto the word with

the Tone Mapping rule, What this does, we might say, is permit
Leben to divide by ...43 the number of statements necessary

to characterize possible contours. Since gég' shows thaﬁ three
level tones can occur on & vowel, é tri-syllabic word could

have 216 possible contours a priorl, Other statements might

then be needed ﬁo stéte the possible contours for mono~ and
bi-syllabid words, In any event, Leben's generalization collaps=s
the possible contours‘into five simple forms, united with a

Tone lMapping rule that we know simplifies the Compound Rule's
statément independently., This then is & very interesting
result. of the suprasegmental approach to tone, The non-existence
of-the HLH contour underlyingly automatically accounts for

AN PR A 7 O
the non-existence of *ma, *lopo, *lopo,*mibaba, and so on,

Leben points out that his general solution has several
countersxamples of a similar nature: bisyllabic words with a
LHL contour with a rising first tone énd a low secéﬁd. There
1s also one anomalous LH bisyllabic word with a rising first
tone. Quite correctly, Leben suggests that one solution would
be to posit an underlying geminate vowel. He adds that this
wéuld 8till not suffice, for even if 3§i§ ‘kola nut'®’® were
underlyingly /LHEL: toolo/, bscoming /tBSlB/, a syncope rule

would be necessary on his scheme to explain why the deletion of



15

-the second vowel did not also delete the tone residing on it,

It will be seen that thersvision of Leben's formalism
that I will suggest would predict that the tone would shift

correctly were the underlying vowel deleted,
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We have to look at Leben's formalism in detall, The Tone

¥apping rule assigns accordion-like a potentially indefinite
number of tone features to a segmant, Granted, in the most
complicated natural case Leten studied, no more than three
tones ware assigned to a segment, but thers 1s no reason to
artificially limit the number of tones that can be assign=d
to 4 segment; to do so would mer~ly complicate the formal
mechanism,

Now a segment is an ordered sequence of features, Tae
interpretation of =ach f=ature i1n the sequence 1s a2 direct
consequeance of 2 universal phonological convention of a theory,
So, for example, in a simple theory with three underlying features,
the description of a segment would be /++-7. The interprastation
of =ach features 1= depandent upoﬁ a conventlion within the thecry
that the feature "high", for example, 1s gilven the first place;
so this segment reprasents a "-+high" segment,

In ths formal theory, then, of sa2zmental phonology, the
feature of =ach row of ths segment relates to a different asﬁect
of the sound bteing repressnted, Thare are, furthernors, a
spacific number of features assigned to each sezment; that
number 1s dccided by the universal theory in. vhicn we are
workxling, Again, another propé}p&;ofithéifgaturcéAbf a segméﬁt
12 that a permutation of featﬂféésinsiﬂé the= tﬁeory ﬁould nzlza
no difference to the theory; that is, thsre is no real differance
betwsen two theorlss which differ only by the order in which
they represent the features in 2 sarment, Tor axanple, if

theory A says the first featur=s 1s hich, and the ==2cond bacy,
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a segment X might be represented /+-.../; theor& B says that
the first feature is back, and th= second is high, and so
represants the same seagaent X by /-+.../. Thar= shoull ba
no way to distingulsh eanpirically bstwe=sn these thsories,

I believe; I will call this the prihciple of invarlance under

permutation of features.

This properéy of feature assignment conventlons is atandoned
with the tone mapping rule, Three fundamental properties
of segmental representation have been discarded so far: the
number of features for a fully specified segment 1s no longer
constant; there can be more than one feature specifying
the same element of the articulation (in particular, the tone
at which the segment is to be produced); and most interestingly,
the property of invariance under permutation is lost.

First I will show why this is the case, and then I will
say why the property of invariance is valuable and should not
lightly be jettisoned, for it represents a so0lid and valuable
constraint on what we use féatures In segments to m=an,

The cruclial case whgre Leben's tone mapping rule acts
suspiciously is when two or three tones are being assigned to
a segnment, produclhng 1n effect a contour tone, Let us suppose
for sake of argument that the tones features are numerically
not the last ones in ths featurs column., GSince we can't
know in advance how many tones are assigned to a segment,
there can be no universal convention ;nterpreting the features
that constitute a sagment unless the interpreting device
can count both from tﬁe bottom and the top, That is=, A

tone: features were to begin on feature number twelve, then



18

the first elaven plus and minusess of the segment's specification
bwould be sasgsily interpreted as corrésponding one-to-one

with the first elaven features, The twelftn featurs would be

a tone feature; the thirteenth would either be tne nex» tone
feature, if the segment had a contour tone assigned to 1t.‘or
it would be the feature specification for the next phonetilc
feature in the list of features specified by the theory's
convention -- i,e,, labial, if the features were listed like

this: 1l.d=ight
2,.Back.

12..Tone
12. Labial
1% .
Last N, Nasal
Thera would be a way out of thils, surely, if we permitted the
formal device to 1ntefpret from the bottox up. Th&n if there
were N feature specifications, the last i-12 would be for:
the features Labial through the last feaﬁure, asal, They
could be assoclated by pairing up from the bottom of each list,
the segment's features and the convention's list of features.
Though there 1s no problen directly if the tone features
ars put at the end of the list, the prediction 1s mads that only
one kxind of feature 1s possible in a language.which'can have
an 1ndcfin1te nunber of features »sn & sagnsnt spaciflaed for 1it,
It cdo=s, however, violate what I called 1ﬁvar1ance under
permutation. This 1= a property o the System that interprats
segmental features, It asserts that two particular theories

wialech differ in the way 1in which th= featuraes are listed cannot




differ in the kinds of statements that can be made in the grammars,
The principle is an attempt tc make sure that segments don't
become used as suprasegmental warehouses,

Here i3 how a possible sezmental theory 1s dblocked by
the prindple, Consider a theory which attempts to trsat
the voicing of consonants, and even indefinitsly long consonant
clusters, as a property of the immediately precsding vowel,
Li'sk]woulﬂ -differ from {isgland [12‘.{1 etc., by the features
on the vowel /1/.. Now if the features assignsd to the voicing
of /i/, /s/, and /%/ vere totally unrelated within the theory,
then the theory could be prasumably rulsd out on bofh universal
and language-particular grounds as having missed somsthing.
However, what would prevent someone from saylng that vowels
can carry a chain of indafinite length with volicing specifications,
which later gat copied onto consonant sequencss? This i1s the
sort of conceivable possibility the principle 13 A=signed to
rule out., Tt restricts the possible strateglies a grammarian
has in explaining languages, If nothing were to eliminate the
mentioned thaory, the device used could be pushed further and'
further, with alrmost all the featurss winding up on the vowel,

But this "theory” is sliminated on the zrounds that once
the sequence of volcilng features 1s indexed, the theory is
longar invariant under 2 vermutation of these indax ﬁumbers.
The original theory says "Volcing(l) 1s assigned to a segment 1 away

~Voicing(2) " " o 2"
Voicing(3) " oo " 3 "

and so forth, Th= genhralization is clsar: Voleing(i) 1is
assignad to tha 1th sagmant away,

If we permute the index numbers, nowsver, in general
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no simple principle can be found, so that no generallzation 1s
possible, Thus one theory -- ths original -- can state
generalizations that the others cannot., And therefore we

rule out the original as a possibility.r

One might Well question why I have assuned that segments’
feature specifications form a sequence -- 1,2,, are matched

up one-to-éne wltﬁ the natural numbsrs. In stead, it ﬁight
be‘suggested, the requirement that all fesatures at all times
have a speacification should be dropped; instead, a sagnent is

an unorderaqd sat contalning ordered palirz, the first of whose
elements 1g8 + or -, the second of which is the name of a feature:

an arbitrary symbol, in other words, The requirsment that all

segments have the same number of feature specifications is

no longer necessary, and as for the principle of "inveriance under

permutation" -- well, it hardly makes sanss to talk of "permuta-
tion"” of an unordered set,

This alternative 1s perfectly reasonable, I only began
with an approach wherein features are nunber in order to be
most sympathetic to the systam Leben seems to be suggesting,
However, in the alternative system just proposed, the principle
of invariance under permutation still has significance -- as
one would expect, essentially the same significance, It would
be reihterpreted to say that ths arbltrary symbol used to name
the feature (i.e,, the second slement) is antirsly arbitrary,
and ény othar theory whiéh differed only by using a different
synbol would not differ in the statements that theory could nmake,
Again, this i3 ~ way df saying that featur~ namnes dc not

naturally collapse,
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The principle as I have described it is not a lbgical

truth; but it does, I belisve, bring to the fore an assumption
about what sagments are for in the theory., To the extent
that it i1s accepted as a conﬁtraint on what soft of powar wWe
will impute to the theory, to that extent we cannot accept
Leben's Solution,»for his use of sub-numbered tone features
clearly violatas the principle,

One's reaction to the criticisms I am making might well
be that I am not belng failr to Laben's notation, which does,
after all, attempt to reflact the natural connection between

the tone features on a segment, T can only reply that I am

" trying to show that making the supra-sa2gmental tone sequences

segmantal Jﬁst won't work., I recognize, of course, the intultive
app=al of Laben’s ruls; I question, however, the formal
approach which ha takes.

Consider another convention Leben must impose on these
secmants, one whiﬁh furthar casts doubt on the possibility of

segmentallizing contours on phonemic sagments. When a floating

tone on the left is placed on a segment that contains a tons (i.e.,

Z Y V
L bHY), we get: ;-&'] . S0 we sae the feature names

are crucial, We must set up a(onventlion that before any

rule that threatens to write ovsr the fsaturs specifiecation of
fsaturs T1, ws nust copy it onto feature T2, (Presumably anothsr
parallel convantion holds with respect to fsature T2 and T3, R

This is a perfectly nstural -- indeed, unavoidadble -- result,

(34

wara e tones st1ll constituting an in?=p2ndant segusnce; howaver,
Leban's claim is that the tons specifications are segmental after

Tone Yapping.
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Segmental Sequence Features

Aftsr describting these facts about lMende which support
a suprassgmental approach to tones (possible morphsme contours,
derivation of kinetic -- i,e,, non-level -- tones from
the amalgamation of level tones ) , Leben turns to how he will

treat the éutput of the Tone Mapping rule formally. He posits

(p.68) & possible syllabic segment . a
, G+l ]

and says, "At first glance, thls may appear to contradict the
position in chapter 1 rejacting sequence features such as
[I}H]E-H]]when posited on phonologicai segments, However, this

1s not so, We have direct phonetic evidence for the existence

of transitions such as HL on words liks mbu, and these transitions
can be shown to occur‘phonetically on the short vowels of

- theee words,...Thus, no theory can get by without recognizing
transitions on single segments,.,.What was declared ad hoc

in chapter 1 was the use of such transition features in under-
lyiﬁg representatipns. That is, while we have undeniable evidence
for the pressnce of transition features in surface phonetic
representation, we nave no evidence for the presence of such
features in underlying phonological form," (P,69)

This appears to me extremely limp -- for sefefal reasons,
First, no evidence ever automaticzally contains its own inter-
pretation, If we find /a/ being actually pronounced with a
rising tone, this could bes interpreted in the phonological
theory as a fact about the phonetic features in the output
form, -- Or it need not, as in the interpretation I am suggesting,

(2) 3imilarly, we certainly don't have direct evidence thmat “HL"



23

is represented on single segments: at best, we could s=ay {
a sat of 1 or more) featuree intearpretable as falling is
there, {3) To the »xtant that Letan 7id argus agalnst sequences

|mlij]== and I think n» could rave argued a good deal
more strongly -- then these arguments still hold against them
now, None of his arguments were dependent upon the fact

that the pfohlbition was aimed at the underlying representation
rafher than a segmental representation in general. (4) so

once Leben has accepted a phonetic description including this
new wild card [[+H][-H]], then it is incumbent upon him to show
why this should not be a phonemic possibility, rather than (as
he suggests) it being presupposed that such a sequence could
not be phonemic, This is obvious: every rule of a grammar

is costly, so to speak, and the divergence between surface and
underlying form must always be justified, If we grant Leben
his surface forms, then admittedly he has motivated the Tons
Mapping rule, but not because of.g priori argumenmts, but rathér

on empirical grounds,

Leben's Discussion of Downdrift

It is in this section (224) that Leben considers down-
step (or "downdrift", as he calls it; I shall reserve the term
"downdrift" for the phonologically ﬁnconditioneé lowaring of
tones in a tone or breath phrasge, and use the term "downstep"
for the phonologlcally conditioned phonetic lowering in tone
of high tones when separated by lbw tonemes), |

As Leben points out in his first chapter; dowmArift

treats contour tones as sequence of level tones, That is,
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a fullins tone will have its initial tone lowered before
a High+Low sequence just 1like a High tone would; a rising tone
will have its final tone lowered with repect to a preceding
high tone, and éo forth, Here, as elsewhere, facts that indlcate
that fising and falling tones ar= acting as sequence of level
" tones extend to the obvious parallsl facts for Rising-Falling
LHL tones (or so Leben 1ndicatés).

| Now Leben continues, the conclusion that downstep transi-
tions are expressed as sequences of lavel tones "assumes that
 downdrift appliss at some point aftesr Tone HMapping, and this
assumption appears to be true,” (He then suggests an argument
that the downstep rule is ordered after Tone tapping 1n Hausa)
But that downstep treats coﬁtour tones as sequences of level
tones does not suggest or presuppose that downstep follows
Tone Mappings 1if anything, it suggests that Downstep precedes
Tone Fapping,

Why should this be? The basic 1deﬁ of downstep is very
simple._ A High tone 18 phonetically lower than every precedlpg
High tone in the phrase which 1s separated from it by a Low
tone, Once the transition 1s made from Hizh tone to Low tons,
so to speak, the return to High tone can never be fully accomplished
until a new phrase is started,

Now, if the tonemes ara still suprasegusntal at the tiae
of Downstep -- that is, if Downstep precedes Tone Hipping --
than the simple and clear principle of Downstep can be formalized
(we shall attempt this below), If, howsver, Downstap must
operate on the output of the Tone ilagping Jule, it will have

to handle the following cases, Consider the chart b=low, wheres
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all the possible combinations that might lead to downstep

are lald out. "Hy= H," means that K, 1s not downstepped from

the preceding High tone;"HlDHz" means a downstep transition
occurs with the pair, Beneath the chart ares four rules that

in their own pecullar way 33%Parize the eleven cases of downstep,.
.jt

- L N H'- . Lﬂ:. H,_L- LHLL—

Hol| X HoH, | HOH, | HoH, | H DM,

H\ X H‘:HL H.DHL \—\lez ; H-I"‘{L

LK, X AL Y R T N TS

H‘L X ]—‘lb"{m H\BH}_ H)H H }H'
\ z { 2

| LH‘\L X H‘qu_ H\‘DH?. i H,DHL H.DH‘L

| S

What 1s labeled "Left" (d=cending rows) 1s, loosely speaking,
the conditioning environment for Downstep, It isn't exactly,
for in the third and fifth column, part of the conditioning

of Hz's downstep is right there on its own segment,

A H— 7-0 /{{3 H ‘T’] % [i.i-]\/—; Cﬂ;(cli;ci;u-

(8) B R I (O O

@) | [{‘} AR

S
®) B



26

I havé here adopted a convention that numbers placed within

single quote marks represent heights of tones, with the

larger numbars reprassnting hiziher tones,

| ‘Granted, the four rules (A) - (D) are very pécuiiar.

The collapsing of feature names 1s entirely unheard of: 1t is

Just anothgr way of expressing a particular boolean condition,

That 1is, {gﬁ is just another way of putting the condition

o'n the segment X Feature . I don't want to balabor
pFeatureZ]

this point forever, but 1t must become clear that the formulation

of downstep 1is simpl& untenable as it is found in this notational

systenm,

Note also that so far we have made no use whatsoever of
the ordered-ness of the tone featurss as they are put onto
the segment by the Tone Yiapping rule, That 1s, so far the
features on the segment'gg get interpreted subject to the
principle of invariance undar permutation, Fine as that is in
principle, 1t shows that so far we have not made use of the
device which Leben thought would make his system allow downstep
to be exprassible even if 1t were ordered after Tone Mapping,
Therefore we must sae how we can collapse these four rules --
which are, incidently, intrinsically disjunctive: no two
could apply to the same palr of Hizh tones,

To do this, we must say in the formulatlon of the rule
that one feature name cah be naturally ordercd.before another
(1.e., =xplicitly violate invariance under rermutation), Rules
C and D naturally coliapse in this way:

€0 A= [T ) K (1)



Once we see how thls game 1s played, it's no trouble to collapse

" rules (A) and (B) also; we end up with the natural rule:

,(A'B-'c'm Ao [<J ‘L>J.X<["L]>b y BKB‘]

Condi¥ions: &V ‘°vV"“_ Nu\a’M C‘“‘JLE‘““

(<) , (owlains
: k<x no H'
XY=+ A

How would this rule have been written if the tones retained

thelr suprasegmental property? As in ()
n
(E) H — 'T-1'/ [H] Co Ly Co —
'Tl

The cholce as to which to pick 1s not very difficult.

But note also that there exist rules on the word-cycle
- which require Tone Mapping or its equivalent to precede them.
Downstep occurs on a later, larger cycle, so the mere placement
. of Downstep earlier 1ﬁ the ordered phonological rules is not
sufficient to correct the problem, nor is placement of Tone

Mapping after tone phrase rules,
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Floating Tones?

There is another egreglousiy debilitating aspect of
Leben's suprasegmental system -- one we promised to rsturn
to earlier, Leben drew a bead on other tonologists because of
fhe peculiarity of their treatment of floating tones, Leben
claimed that the suprasegmental system virtually predicts
the existeﬁce of éones without -phonemic identity, just as there
afe.toncless morphemas, He declined to mentlion, however, that
inasmuch as he wants downsteb to occur after Tone iapping, and
he wants (as he must) floatingz tones to participate in downstep,
we must do something-with the floating tones after Tone Mapping,
This 1s really an embarrassment, In the only spot in his thesis
where he comes doym to the nitty-gritty of the matter, Leben '

adopts what 1s essentlally my suggestion: ksep the tonenmic

- level after "tone mapping”, Thus he has as a sample dsrivation
on p, 102:
' I aL
L
g+ va
Lvd
A Tone apping
va
/
va Simplification
55 ¥ vi Input to Downstep

There 1s nothing that can be said hcre,cxc@@t perhaps that
Leben has permitted himself to pas=s into Lthe company of thass

\ _ 41
who propose s=zmants consisting of[ﬁjj
.
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An Alternative to Tone Mapping '

What I would 1like to suggest to replace a rule of Tone
Mapping is a two-ticréd appraoch which retains the two sequencés
of ségnents, tonemic and phonemic, This suggsstioﬁ was motivated
simply out of an attempt to handle the facts Leben deals with,
but it will be seen to have nade independently some interesting
predictions for simpiifying the grammar of Enya, a Bantu tonal
language, '

First I should say that I conside the arguments for
suprassgmental tone to be not only interesting but persuagive,
The arguments that tonas become segmeﬁtal are, however, véry
poor. Rather than to-say that the toneme becomes mapped into
& tone feature on the phonemic segment, I suzgest that a cor-
respondence be formally set up between successive tonemes in
- the tonemic sequence #nd successive 3ylladbic segunents in the
phonemic, The simplest hypothesis 13 that this correspondencs
1s set up from the very beginning of tha derivation, Operations
that make the currsnt correspondenca untenable -- for szample,
deletion or desyllabification of a tone~-bearing vowel -- will
result in a reassignment of the tone, Tones can be exceptionally
marked so that they 4o not ever correspond to particular vowsls,
This= etceptional status with raspect to the corrsspondencs
rule A2es not,howaver, dlcogualify ths tonsme from participating
1n the late rule &f downstep, as it would on tha "tone mapping”
theory. |
| There are two alternative and equivalent representations

for thls system. The first 1s & graphic one showing the
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system as literally two-tliered, representing the correspordences

N A
with 1ines, Thus CVCV would be represented: CYSX e

LHL
The second is to write out the ordered pairs which form-
the lines in the first representation. In this second form,
we must index the tonemes and phonemes; however, the indices
need only be increasing -- thay need not form a one-to-ons
correspondence betwsen natural numbers to N and N syllabile
segmenfs. We thus make use only of linearity proparties, the
equivalent of the notlons "left" and "right". Leben used the
stronger property of "successor" in order to ensure that all

tonemes and phonemss wares coversd by his mapping rule,

CV1 CVK ) _ —_
f/ T/\T - would be represented (V,,7,),(V,, T2), (., b)),
123 Then thare 1s a wall-formedness condition to

guarantes in effect that if the correspondence wer= drawn as
in style 1, there would be no crossed lines: J<ﬂf 1m§11es 14k
for all pairs (vj’Ti)'(vf'Tk)'

The Tone Assoclation rule is than formally
( %&{m(u} S"

(Tmew;J -73 ___>( [‘;5:“] ’ LE“] )/IZCO(QQDE‘:T]O?)““

6\’) ’R # £+¢55'0<.j
The feature "assoc" i3 an ad hoc bookks=eping device to 1at
the rule iterate in the appropriate way, from left to right,

It is interesting to note that while this is the form that

1t 1s most obviocus to writa the rule in in ordar to make the



formalism pair up vowels and-tonames one-to-one, 1it is also,
deligﬁtfully, quite capable of automatically handlingcorrectly
the cases where there are too many or two faw vowels, since
the normal convention is to expand the Q and R variables as

far as possible without eating up the focus,



Enya

I had the opportunity to 1loo% at a rather detailed
grammar of.a Bantu tone language, Enya, after completing the
paper up to this point.3 Since the author, Spa, attempted
to cover the entire phonology of the language, rather than Jjust
a few portions as Leben Aid with Mende, Bambara, and Maninka,
chances were good that evidence would come up which would
help decide between the interpretations. of suprasegmental tones
discussed in this paper, Leben's and mine,

My theory would diverge from Leben'’s in at least four
ways, First, the toneme-to-phoneme correspondence is a matter
vof correspondence "lines" that can be broken and redrawn at
everj stage of the derivation, much like the “1mmediately
dominates” lines of a syntactic tree, These connections are
ruled by well-formedness conditions: in fact, the tonemic
chmponent consists of a correspondence rule, well-formedness
conditions ensuring rules operating on either the tonemic or
phonemic did not create impossible tﬁnal correspondences, and
tonemic rules such as Contour Flop. . .. (Note that there is |
& natural distinction to be made between rules like Contour
Flop ~ Leben's Tone Deletion - and Tone Spreading, rules which
~shift contours rightward, and other conceivable but far less
frequent rules that actually readjust tonenic contour.)

Given such a system, we would predict that a suberficial
look at tones should reveal what seems to be a derivational
constraint regarding the deletion or desyllabification of tone-
bearing vowels lin%ing these chanzes to toneme-shiftinz rules.
That is, when a rule deleted a vowel,it should appear that some

other process éould look back in the derivation, find out what



tone was deleted, and resuscitate it by plaéing it on thé
neighboring vowel, Such a constraint would, if 1t showed up,
constitute a serious problem for phonology as we concelve of
it -- unless we adopt the two-tier system, which predicts ;t
and handles it naturally. In reality, such a "derivational
constraint” would 5; no derivational constraint at all, but a
natural cohsequenée of the required connections between the
tonemic and the phonemic levels,

Second, I would hope that rules that were written as
separate rules in the previous approach would naturally collapse
into one another, much as Leben's conditions on the tone mapping
rule disappeared in the reformulation.

Third, I would predict that there would exist tone rules
with two charactéristics: first, they are ordered after some
rule that utilizes both segmental and tonological information;
and second, the rules treat tones in a way that 1s formally
suggestive of a suprasegmental notation rather than a segmental
one (we have already seen one example of this, downstep),.

Féurth, I would predict that assimilation rules, even
late ones, would not affect tone; thus copying the vocalie
features of one.segment onto another won't affect the tonal
properties of the one copled onto, because its tonal information,
'so to speak, lives somewhere else and is protected, Leben‘s
theory, holding tone information to be segmental at the late
stages of the derivation, predicts the opposite,

I would like to present some evidence that these four
predictions whiéh the two-tiered system makes in disagreement
with tﬁe tone mapping system are all born out in Z=nya.

First, there are two derivational constraints imposed by
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Spa: Rule I and XX. These cannot.ﬁe particulariy'ordered

‘'with respect to the other rules, wﬁich are mutually ordered,
and so Spa calls them "contralntes derivationnelles", which
apply "chaque fois qu'une regle quelconque a fourni les donn€es
hecessaires'h son action.” (146)

Rule I (I revise the notation slightly)

-S¥* L ]<;>[Z+H Derivational constraint:
s . [ ] [G{clo . '(sl—esz—asa)bsb,
ﬁymbc “*Quand un segment portant
‘ . . un ton haut est supprimé/ou
33* [*47M] lj[:‘z?“ﬁhlj] " devient incapable de vehiculer
S ; Akgtk]fl-[rfa.] un ton, lé ton haut est trans-
L [ *V{' 4 /J fere sur le ssgment syllabique

le plus proche, "(139)
The-asterisk indicates that ’

the rule is supposed to be a mirror image rule, a further character-
istic of rules of Znya that could be eliminated with the

dissolution of rules I and XX,

Rule XX
x_ : Lorsque deux voyelles sont
Sl ] qyé] contigues et gue 1l'une d'elles
H est transformee en semi-voyelle,
GlLdd «..12 voyelle quil demeure ne subit
S ¥ E‘ﬂ][ ] aucune modification si les deux
{ tons:isont identiques, S'ils
sont differents, elle s'allonge
quelque peut,,.,et prend, outre
;L C\ son propre ton, celui de la
S voyelle transformés, (144)
4H4H .

alors: (81_732)333 .
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Second, these two "derivational constraints" are reflections
of the same phenomenon at work, rather than separate rules
of the grammar, Wwe ales can Fa2lete rules 1likxs VIII, which
"delete” the floating segmental tones after they have imposes
thelr tones onineighboring syllablc segment, On the two-
tier=d system, they have in effect moved; in Spa's account, the
*floating segment", being a segment, must be deleted, We
ccan &lso do away with rule XIII, which turns a floating tone
into.a real vowel with all the articulatory features of the
vowel it 1s next to; this output is merely temporary., When we

get to rule XXI, a syncope process merges the two vdwels into one

with a contour tone, These two rules together go by the board,

VIII @—»,// —+

w Bl 2]/ B~ o

Third, Spa remarks, "les regles tonales ne constitutent
L

paé un systeme a pgrt ¥is-a-vis des autres regles phonologliques:

la regles III par exemple doit s’appliquer avant (10) pour |

que les verbes au relatif aient une premiere syllabe‘a ton bas,"”
Rule 10 uses both tonological and phonological information, A
- There '1s.at least one-phdohologlcal rule-acting after rule (10)

that acts "as if" tones had not been mapped ( a reflection of

the derivational constraint ): Rule 28 (p.57) deletes}a vowel

under identity with the following vowel: identity up to, but

not necessarily including tone! On the other hand, the éupra-
segmental tone rule XIX 1is ordered after this,

XIX: L-H/ H~=1

(Note that this is a "natural" rightward contour shift, precisely



the converse of the "tone spreading” rule of Hyman and Schuh
reported by Leben and discussed earlier,)

Fourth, a late (“tardive") rule assimiiates all features
of one vowel to another -- except for tone, |

(44) p,111

[ERHES

‘TM dbﬁ | Fosé‘\/\’/t ‘ €

/i) Q] +
VT

Vd N /
na (Wb lake L owe =
T A
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Conclusion

I have discussed only & part of.Leben's arguments for
& suprasegmental approach to tones, but I accept his important
_conclusion, that tones are underlyingly associated‘with morphemes
_rather than segments, However, the theoretical arguments he
uses against other linguists® descriptions of flogtihg tones
redound against his own system as well, and so does_his
critique of contour tones, though not as directly. In addition,
his formal solution to the cohtpur tone problem 1is inadequate,
A simple solution is proposed, one which 1s theoretically
neither weaker nor stronger than Leben's, The alternative
is found to have 1nteregt1ng ramifications for the detailed
. description of Enya, .




Footnotes .
(1) Contour tones are written /\ =/+\ = Falling

V ®\+/ = Rising
/= H; N=1, In general I shall use accents for post-tone

mapping forms, and forms like HLCV for pre tone Mapping forns,

(2) The method of thinking and even the terminology I‘'ve used

is pretty obviously borrowed, both from quantum mechanics,

which tries to derive itslaws from invariances, and from
relativity, which consists largely of basic 1nvér1ance conditions
for theories generated by different observers, Admittedly

it i=s a mode of argumentation not generally used in linguistics,
which on tﬁe other hand is poorer for the lack, The underlying
idea i= to translat§ consérvation statements into invariance

stat emants, What kind'of phenomena obey the same Kind of

laws when described from all legitimate points of view? Just

precisely those that you will find in the world,

(3) For which opportunity I thank Paul Kiparsky

(4) I say "segmental derivation?‘by which I mean to suggest.

that the two tiers really stay separate in all the levels our
phonoldgical theory now countenances, Someday, perhaps, a “more
complete formal theory will arise to describe the articﬁlatory COT-
mands involved inithe pronunciation of a sentence, organized

in just the way the nervous system organizes the instructions

to the various parts 5f the articulatory system: the zlottis,

the velum, the tongue, the 1lips, and so on, Likewise, a theory
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will arise to’explain the way in which-a speech signal is decoded
ﬁnd segmentalized, These two presently non-existent theories
will obviously have formal levels at which tone information

i1s mushed up with other sorts of information, But equally
obviously, the problems and claims ofAthese pfesently non-
existent theories are not my concern here, My clalms should

be taken, naturally enough, as relevant only to the fbrmal levels

of phonology as she stands today,.
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