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The simultaneous rule model is, of course, just one of a number
of conceivable formalisms that would impose a finite-stale
restriction on phonological rules. One could, for example, propose
that phonological rules be finite transducers in the literal sense.
Mo one would take such a suggestion seriously because of the
linguistic inappropriateness of the formulations it would require.
We will, however, give serious consideration to another type of
rule, so far employed very rarely in gencrative phonology, which
shares some of the propertics of the iterative type but which, like
the simultaneous rule, is a finite-state device in its mapping power.
This new type of rule, to be called linear, has two subvarieties
which we will refer to as the right-lingar and the left-linear.

We consider first right-linear rules. To describe how these
function it will be convenient to use the notion of right-overlap.
f M=P->QR—5 and N=P— Q —- QR —§ are
clementary rules, we will say that M right-overlaps M if and only if

(i) RPS = R'P'S,
(iiy R is not longer than R, and
(i) RP is longer than R’

Thus M right-overlaps N if

M — usnataraa — ugnataraa/—naam,
N = n - n/ug—alaragnaam

or il
M = nata — nata/—pikkappikai
N = a —» d/nat— pikkappikai
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However, M does not right-overlap N if

M = u§ —+ ug/ —nataraanaam,
N = n — pjus—ataragnaam

or if
M — watunis —» watunis/—"as,
N = { — a/watunis—"as

We now formalize right-linear rules as in (41).

(41) (a) A right-linear rule is an expression of the form R:X
where X is a schema subsuming elementary rules
subrules of R:X) and R is 2 constant denoting the
mode of application next to be defined. There is no
restriction on the form of subirules.

(b) Let P and Q be phonological strings and let R:X be a
right-linear rule. Then R:X maps P into Q if and only
il there is o sequence (P, h oo (P Oy of ordered
pairs of strings such that

(i) nis odd;
(iiy P = Pi...Pn;
{iiiy for each even i 2=i=n-] the elementary
rule
Py — QfQ1... Qi — Prii.Po
is o subrule of R:X;
{iv) for each odd 1, | =i=n, Pi=0C and  the
glementary rule
P, — Q/Qi...Qi1 — Pry1.-Pa
does nol right-overlap any subrole of R:X;
(v) Q = Qu...Qu.
The sequence ((P1, Q1) - (Py, Qu)), which we will
write also as
Pa P

P Pa...
% Cw A Dnl.._

will be referred to as an application of R:X with input P
and output Q. The ith rightward step of the application
is defined as the elementary rule By = QifQu-- Qi

Py,
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— Py, 1...Py. Thus the even-numbered steps are subrules
of R:X and the odd-numbered steps right-overlap no
subrules of R:X.

The Sanskrit nasal retroflexion rule can be used again to illustrate
Wrn linear modes of application. Using the same schema as we did
in the simultancous rule (30), we can construct the right-linear
rule (42).

"}-nas | ; HnE.
@2) & J._Hu_.:_ " et o | O C .
+ME (o) P = [—cor]*—[-} son] §

—distr

This will give the same results as the simultaneous rule. In par-
ticular, it sill convert wspataraanaam into wspataraanaan by virtue
of the same application, namely:

n n

us  alama  aam
n 1

Here, however, the application is regarded as consisting of the
following rightward steps:

1, us —= ug/—nataradnaam

2. n -+ njug—ataraananm

3. ularaa — ataraa/usn—naam
4, n — pjusnatarag —anm

5. aam -+ gamjusnatarann —

Molice that the dash appears in the leftmost possible position in
the first step and occupies positions successively farther to the
right in subsequent steps. Furthermore the output of each step
other than the last is the input to the next step. Considet in
particular the even-numbered steps, which are also subrules of (42).
Since the other steps are vacuous, the input to the application is
also the input to the second step, the outpul of the second step
is the input to the fourth step, and the output of the fourth step
is the outpul of the application as a whole. Mow observe that 2
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and 4 are precisely those subrules which were invoked in appli-
cation (27) of the iterative version of the rule (26). Thus the
right linear rule, though formally very similar to the simulianeous
rule, is in another respect quite like the iterative rule. In general,
the function of R is to restrict iterative applications to those
which proceed through the input string in a strictly leli-to-right
manner, stopping when the right end of the string is reached even
if the string in its current form is the input to a further subrule.
These conditions on application are sulficient to reduce the power
of iterative rules to that of finite-state devices. For il is possible

1o demonstrate (43).

(43) If N is u monogenic right-linear rule there is a lefi-trans-
ducer M; and a right transducer My such that (My, Ma)
provides each nonempty phonological string with exactly
the same realization that N does.

(* Wecan let N = R:X. As in the proof of (33) we can assume
that X = {X1, ..., Xm] is 4 primitive schema in which each Xy
has the form Yi — SifUi—Vi, where 5, is a phonological string
and Y3, Uy, and V; subsume only phonological strings.

Suppose first that N has no subrules of the form # — P/Q — R,
The construction of (My, Mg} proceeds exactly as the proof of
(35) down through the construction of Mi. Mz has the states,
input alphabet, and output alphabet described in the proof of (35},
and a similar designation of left and right terminal states, bul 4
different set ol instructions. Specifically, Mz will have, [ar each
state (u, v, k) and each input symbaol (w, v, Al, the instruction
(u, v, K)(w, ¥, A) - Q(u', ¥, K’} where all the conditions of (44)

hiold.

(449) (a) Foreachr 1 =r=m, {u')r is the rightmost stale
of that computation of O which has (u)r a8 its lefimost
state and Q as its input. (Notice that u' must be iden-
tical to u if Q = 0.)

{(b1) (Identical to (36b1}.)
(bz) (Identical to {36ha).)
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The proofl that (My, Mz) does the same work as ™ will not be
given, since it follows the same general lines as the corresponding
portion of the proof of (35). The minor differences that exist
between the two proofs stem from the discrepancy between (44a)
and (36a).

Suppose now that N has some subrules of the form 0 — P/Q—R.
Consider a modified formalism that allows the symbol Z, distinet
from all phonological units and not subsumed under §, to be
referred to in rules. Obtain ¥'y, U, and vy from Yy, Ul Vi,
respectively, by substituting Z*A 7* for each phonological unit A.
Let X' = {X'1; - X'm}, where

X' = Y’ - §/U"s — V' if ¥y does not subsume 0,
.h‘.,__lv.m___q_,.._.__|.____?__ e

ﬁ_E_%Tm,,ﬁ.ﬂiN,EL L
N.ITME__:.__.IJ_.?__ me 3

Xy=

Let X* be a primitive schema equivalent 1o X', The rule R:X"
has no subrules of the form @ — P/Q — R but will simulate N
in the following sense. Where N maps a noncmpty phonological
string Aj...An into BBy, R:X" will map ZALZ. . AnZ Into
K1B;...KiBgKi 1, where each Kq s a siring (possibly empty) of
s In the manner described in the preceding paragraph we can
construct a left transducer Mi and a right transducer Mz such
that (M, My) performs the same mapping as NIt is o trivial
matter to construct a left iransducer My that inserls Z between
cach pair of adjacent segments in a nonemplty input siring and
also at the beginning and end of the string. Even more trivial is the
construction of a transducer My that deletes all occurrences of Z.
It iz obvious that the 4-tuple (Mg, M1, Ma, Mg will provide each
nonempty phonological string with the same realization that
N does. By virtue of some results of Schittzenberger (1961), this
4-tuple is equivalent to a single finite transducer and hence to
an ordered pair of machines the first of which is a left transducer
and the second a right transducer.*)

[n formalizing simultaneous rules we failed to accommaodate
insertion processes as they are usually formulated, Insertion
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subrules of right-linear rules are interpreted in the desired way,

however, The rule of vowel-doubling proposed for Mohawk

by Postal (196%) can, for example, be given as the right-linear

rule (43).

+-syl
o

(45) R: 0 - af$*[—syl] — 7 5*

This will turn watunis*as into watunisa®as by virtue of the appli-
cation

witunis p 7as
This application has the three steps

watunis —= watunis/—"as
B —» a/watunis—"as
Pag — Pas/watunisa—

Left-linear application is the mirror image of right-linear appli-
cation. Corresponding to the notion of right-overlap is that of
left-overlap. If M = P - Q/R — 8 and N=PF -+ Q R — &
are two elementary rules we will say that M left overlaps N il
and only il

(i) RPS = R'P'S,
(ii) S is not longer than 5, nod
(iii) PS5 is longer than 8.

Then we formalize lefi-linear rules as in {46).

(46) (a) A left-lingar rule is an expression of the form Lix
where X is a schema subsuming clementary rules (the
qubrules of L:X) and L is a constant denoting the mode
of application next (o be defined.

{b) Let Pand Q be phonological strings and let L:X bea
left-linear rule. Then L:X maps P into Q@ if and only
if there is a sequence ((P1, Q) .. (P, (J,)) of ordered
pairs of strings such that

{i) nis odd;
(i) P = Pu...Py1;
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(iii) for each even i, 2 =i=n—1I, the elementary
rule
Pi —+ Qi/Pp...Prya — Qiai-..th
is o subrule of L:X;
(iv) for cach odd i, | =i=mn, Py =@ and the
elementary rule
P, —+ QifPu...Pia — Qi1 Q1
does not left-overlap any subrule of L:X;
() Q= D::.ﬂ?
The sequence ((Pn, Qu)y -y (Py, (1)), which we can
write as
Pooa . TP
—un D_.L Hu_.r.m... Cm
will be called an application of L:X with input P and
output Q. By the ith leftward step of this application
we mean the elementary rule
P — QPP — Q-

The Sanskrit nasal retroflexion can be expressed by a left-linear
rule involving the same schemi a5 Wwas used in (42). The lefi-linear
rule gives the same results as the right-linear one, and its application
has the same form. For example nspataraanaam is processed by
the application

.Hu.—.u

n n
ug ataraz am
n 1

Here, however, the application is regarded as consisting of the
following leftward steps:

1. aam —= aam/ugnataras—

2. n — pfusnataraa—anm

3. ataraa — alaraafugn—nanm
4. m —+ nfus—alaraanaam

5, ug —= us/—pataraanaam

This application beurs the same relation to the iterative application
(28) as the right-linear application of {42} displayed earlicr bears
to (27).
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By a proofl symmetric to that outlined for (43) we can show
that for each monogenic left-linear rule N there is a right-transducer
M; and a lefi-transducer Ma such that (Mi, M provides each
phonological nonempty phonological string with the same
realization that M does.

Let us now review some of the formal results concerning simul-
taneous and linear rules. We have seen {hat each monogenic rule
{hat s right-linear, left-linear, or simultaneous is equivalent in the
mapping it effects to an ordered pair of machines each of which
is right transducer or a left transducer. Hence each such rule is
equivalent to some finite transducer in the sense of Schiitzen-
herger. By a series of simple constructions, here omitled, we can
show converses to these nssertions. Specifically, every finite trans-
ducer can be simulated by some simultaneous rule.) Furthermore,
every finite transducer can be simulated by each of at least four
ordercd pairs of linear rules, representing the four possible com-
binations of directionality:

2nd rule
right-linear
left-linear
right-lincar
left-linear

far rule
right-linear
right-linear
left-linear
lelt-linear

A further result, due to Schiitzenberger (1961}, is that any n-tuple
of finite transducers operating in sequence can be reduced Lo o
single finite transducer. Consequently, if f is a many-lo-one
mapping of phonological strings into phonological strings, the
following assertions are entirely equivalent:

{a)  can be effected by 4 sequence of finite transducers;
(b} fcan be effected by a finite transducer;

1t would be absurd, of course, 0 maintain that the class of phonalogical
rules coftcides with the class of rules that can perform finile-state trans-
ductlons, As the Tormalism stands il is still possible to formulate meny
implausitle rules, even in @ simple way. The extent to which the further
necossary restrictions can be stated in genetal formal terms s not & Guestion
we will go into here. IL is obvious. however, that substentive contrainds, such
as those impesed by marking conventions, are indispensalble,
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{¢) f can be effected by a sequence of simultancaous rules;
(d) fcan be effected by a simultaneous rule;

(¢} Fcan be effected by a sequence of right-linear rules;
(f) fean be effected by a sequence of left-linear rules,

It makes no difference to mapping capacity, then, which ol the
three types of rules (simultancous, right-inear, left-linear) we
allow in phonological descriptions. We will therefore have to
judge the three types solely on the basis of the formulations they
yield. In general, we prefer formulations which reflect naturalness,
plausibility, or significant generality with corresponding notational
economy. From the point of view of this criterion, it scems clear
that we need a formalism that allows both right-linear and lefi-
linear rules, and we shall consider a variety of cases that support
this view.

Southern Paiute has a well-known rule which, counting [rom
left to right, stresses the even-numbered nonfinal vowels of a word.
If we follow Chomsky and Halle (1968: 244-9) concerning the
nature of underlying representations in Southern Paiute, assuming
in particular that underlying vowels arc all unstressed and are to be
equated with Sapir’s moras, and if we assume that their rule (44)
(which among other things deletes word-final consonants) precedes
the alternating stress rule, then we can formulate the latter rule in
right-linear fashion as in {47) below. (This formulation is similar
to DRULE R7 of Bobrow and Fraser (1968: 769).)

(47 R: _H.I_mm__ — +m:nmmu_ /5" syl QHI&_:*Imm*

o (o) —stress

To see how this rule works consider the word natapilckappilal
‘they threw rocks at one another’. The underlying form given here
is that presumably imposed by the analysis of Chomsky and Halle.
This word is the input of one application of (47), namely:

a . B B
sp"m?rr uﬁEw .nm_
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This application consists of the following rightward steps:

nat — nat/ —apikkappikai
a -+ d/nat—pikkappikai
pikk — pikk/nati —appikai
4. a - d[natdpikk— ppikai

5, ppik —» ﬂvm__.n___uﬁm,ﬁmrwmmli

1.
2
3
6. a — i/natdpikkdppik—i

7. i — i/natdpikkdppild—

The even-numbered steps are subrules of (47) and the odd-num-
hered steps are vacuous and do not right-overlap any subrule of
(47). Note that although (47) has the subrules

i — i/natap—kkappikai
i — |/natapikkapp—kai

it will never yield the incorrect sLIEsS pattern #patapiklappilai by

virtue of any putative application

. S
mw::um ww;ﬂﬁrﬁ

e

The first step here would be

natap — natap/— ikkappikai,
which right overlaps the subrule

a —» d/nat—pikkappikai

is subject to further rules which convert

The output natapikkdppiki :
where . denotes yoicelessness,

it ultimately into nardwilcappixdid,
(See Chomsky and Halle, loc. cit. and also Harms 1066h, We
assume that the ‘spirantization’ rule (46) of Chomsky and Halle
follows rather than precedes the alternating stress rule; apparently
the two rules can occur in either order with no difference in cffect.)

Motice that we cannot abtain a simultaneous or lefi-linear

version of the Southern Paiute stress rule merely by substituting L

or § for R in (46); if we did we would have a rule that gtressed
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every nonfirst nonlast vowel in a word, deriving forms like
*natapilkdppkfkal. Apparently the optimum solution in simul-
tancous or lefi-linear mode is something like formulation (48).

45yl +-stress

(48) L, S| |- (%) ~ﬁ__lu..uq,:ﬁ_.*..é__

(=91} * syl] [=sy1] * syl * [—syl]*—$5*

This rule siates explicitly that a vowel to be siressed must be pre-
ceded by an odd-number of vowels within the word, whereas
the right linear rule (47) requires merely that the nearest preceding
vowel be unstressed, This difference in the way the lefi-hand
context is described is the source of the somewhat greater sim-
plicity of the right-linear formulation.

The case just considered represents a common phenomenon,
Eastern Ojibwa, as described by Bloomfield (1936), apparently has
an alternating stress rule much like that of Southern Paiute,
though with some additional complications. The distinclion
between underlying long and short vowels, irrelevant in Southern
Paiute where phonetic long vowels seem to derive from under-
lying geminate clusters, 15 crucial in Eastern Ojibwa. According
to Bloomfield (p. 5) the odd-numbered vowels in a sequence
containing only shorl vowels are reduced in “loudness™ some-
times to the point of complete disappearance and undergo changes
in quality. Other vowels, whether long or short, are not reduced,
Furthermore, the last vowel in a word is never reduced. If we
interpret reduced loudness as lack of stress and nonreduced
loudness as presence of stress, and if we assume underlying vowels
to be unstressed, we can formalize Bloomfield's descriptive
statement (apart from the quality changes) in terms of 1he sequence
of rules in (493, In (49a) and (49b) any of the three application
modes, right-linear, simultaneous, and lefi-lincar, are possible,
and we can omit the mode designator,

+syl i
+-tns | — _H._..m:rmJ [5%—§*

(v

{49)  (a) @
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(b) a-_.mmgur stress) ou [ syip?

a (o)
r 1 |-slress syl ) I
L T”J Moy 15 [ atress)

L i ._mm:nEmB,
Lress vowels, (4913) slresses final vowels,
ol f rule, stresses the even-numbered

nly essentially right-linear St : ,
“___H.___Mw w_._s a sequence of syllables conlaimng vowels still Wsm”...nmm,%
i i _ hort vowels after applicalion

hich are identical to nenlast s . .
_.m“_qm._m”w&,_, We can illustrate the operation of (49) with parl of the
paradigm of a verb meaning ‘1o arrye .
takof8ino:k
takoSSind:k  48a
48h
takosding:k  48c
tekosgend:k  red uced-vowel
quality changes

nintakodSin takossin

pintakos$in  takoSSin
nintakodSin  takodsin
nentdkugdin  tekoddin
‘T arrive’ ‘he arrives’  ‘they arrive’

formulate the Eastern Ojibwa

do in trying to : i
Sl : left-linear mode 1s

alternating stress rule in simultaneous o

apparently (50}
syl +-siress i S
(soy L, &: h_w@ — (@) Q [( &*[ - stress])*[ —sy |
+syl |
[-+syh —stress)([—syll* e [—syl]
[+syl, —stress])* [—syl]*—§*

he stressed il an add-number
wel and the nearesl
d vowel,

(50) says exaplicitly Lthat a vowel 15 10 [
of unstressed vowels intervenc :n_ﬁ.nns.E_m Vo e
preceding stressed vowel or, il there 15 00 such stres
the beginning of the word. . :

E_u%nn {hat the optimal right-linear Versions of the mﬂ:“m“
Paiute and Eastern Ojibwa aliernating slress q..:.nm, mﬁ”_ an _“E:.m

identic: 5 the optimal simultanedous

are almost identical, whereas : s o
left-linear) versions, (48) and (50), diverge because of the
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[ —stress] specifications necessary in the left-hand context of (50).
Thus the tight-linear formulations reveal more clearly that the
two languages exploit essentially the same alternating stress rule,
despite their different treatment of long vowels and final-syllable
vowels.

Alternating stress is apparently just one manifestation of a
widely attested process which in some sense strengthens or weakens
alternate vowels in certain kinds of sequences. We consider briefly
three cases in which vowel strength if manifested as length, voicing,
and retention, respectively.

In Tiibatulabal, according to Swadesh and Voegelin (1939),
there is a word-level rule which lengthens the first vawel and each
even-numbered vowel in a sequence containing only short vowels.®
However, a short vowel will not be lengthened if the next following
vowel, if any, is long. Some input-output relations defined by this
rule are given below. We transcribe the forms according to the
principles followed by Swadesh and Vocgelin, inferring from one
of their suggestions that 3 (a vowel-shortening variety of glottal
stop) is the final segment of the morpheme Ja 3 ‘going’.

dawaginanalal adawaginanalad {input)
da:wapi:nana:la? a:dawa:pina:nala:3 (vowel lengthening)
tu:wagiznana:la  asdaws:gina:nala  (later rules)

‘he goes along *he went along

causing him causing him

to sec’ to see’

In Japanese, according to Han (1962: 36-43), alternate vowels
are devoiced in a sequence of the form CiAg...CyAnCna where
the C; are voiceless stops and the A; are short high unaccented
vowels. Whether it 15 the odd or even vowels {hat are devoiced
is o matter of free variation. Thus we have pykupilwie and
pukypukyto as freely varying pronunciations of pukupukuto.
According to Delattre (1951: 348), French has a rule which
deletes the even-numbered vowels in a sequence of the form

8 MeCawley {(1969) has discussed this rule in great detail and proposed a
left-to-right ilerative formulation that could be regarded as eight-lincar.
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CiAr CofAnCay where the C; are consanants, Ay is any vowel,

and Aa through Ay are all scliwas. For example, cn:omzﬂ.:a
demande pas, which presumably has the ﬁrcﬂcmam_na
hefore the schwa deletion rule
as einanilardamddpa.

elle ne me lere
shape elanamalaradamadapa just .
is to apply, is pronounced in Delattre’s norm s

The three rules just described bear a ste king formal resemblance

{o lefi-to-right alternating stress rules and mna.n,._:an :.EE.E_un
formulations,

ally expressed by right-linear
Eammn“ m“._ﬁm_, :ﬂﬂn Nammanﬁw only rules that affect alternate fa_,w._ﬂm
from left to tight. Rules that affect alternate .,ﬂ_u.._a_m w.n& right
{0 left seem to be somewhat rarer, but they n..n.. in faet, .E:m.r m:._“__
provide evidence that we must allow left-linear ﬂﬂE,nm:_.,,._s._.wu
phonology. We again consider the ,_,wE__EE_nm_ :Em:umn_ i_u:ﬂq
{according 1o Voegelin 1935: 75-78) has the following block o

word stress rules:

(i) the last vowel is stressed,

(ii) each long vowel is stressed, and .

(iii} in a sequence containing vowels nol stressed E, {i)
or {ii), the even-numbered vowels, counted from right-

to-left, are stressed.

is later than the lefi-to-right alternating length
rule that was mentioned above, and indeed F.:a.zm certain vowel
shortening rules which obscure the M__E.:.E:,E E_m:.. ﬁﬁmn:._.,
To formalize (i)-(ii1) we can look to the very similar wmﬂﬁ.m Ojibwa

and (i) can simply be identified with (49a)

m:;mmu:_nm_ﬁﬂ.ﬂ .
E_m (49b). A formal version of (iii) can be obtained from (49c) by

simply replacing R with L and replacing the contextual portion n.um
(49¢c) by ils mirror image, The stress pattern of [ibatulabal 18

given, then, by (517,

{51y (a) (like {49a))
(b) (like (491)) »
-5l |y -5y &
O T o2

4]

This block of rules

Examples of derivations with (51) are given below.

AR AL
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witanhatal witanhatala :batsu {input)

witanhatdl witanghatala :hatsn {51a)
witanhatali ;hatsn (511}

witighatdl  wilaghdlali:batsi  (5lc)

The optimal simultaneous {or right-linear) version of the Tiiba-

lulabal alternaling stress rule seems to reguire the much more

complex schema (52).
+syl -+ stress

(52) & =15

syl

—stress [=ayli

8% —([—syl]* _H

+$_ .._-3,“ ..
.Im:mmL ,h..ﬁlmu_____* Im_qﬁmm T-mi_,‘._._-m:n..,.,._m*

Another example of a righl to left process affecting alternate
vowels is the role postulated by Havlik (1889) to account for the
development of the jers {probably to be interpreted as short high
vowels) in Slavic languages. According to this rule, il successive
syllables containing jers arve counted from the right, then a jer in an
even-numbered syllable is retained, though usually changing in
quality, while a jer in an odd-numbered syllable is lost. (cf. Sheveloy
1965: 452-3). In Russian the retained jers become mid vowels.
For example, underlying (or historically earlier) forms &iticd
‘reader nom. sg.” and firica ‘reader gen. sp.’ yielded frec and
defea, respectively. Havlik's rule, in its Russian version, can casily
be formalized as in (53) if we are permitted left-linear application.

bcad el
{53y (a) L: | —tns |vﬁ g JR¥—[=syl]* | +hi [ 5*
(o) _ ;
a —Ins
+-5yl
(b | +hi | =0 )5*—&*
—1ns

An attempt to formulate (53a) in simultancous or right-linear
fashion will fead o even worse results than in the case of the
Tiibatulabal allernating stress rule, as can be verified by the
diligent reader.

into w and y, respectively, :
1956: 4-5). As Bloomfield tells us, this rul
right to left; for example, :
Simultancous or lefi-linear appli
wrong
To correct this situat

cansiderably. The best w :
become w and y when occurrng helore an
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Consider too the rule of Easlern Ojibwa which turas 2 ms.m i
before another vowel { Bloomfield

& must be applied from
enimipak 'men’ becomies enitiwalk.
cation would sometimes give the

result: in particular it would change eninipalk .:..E *eninywak.
ion we would have to complicate the EF.
e would do, it seems, is Lo say that o and i
even number of o's

and i that are followed in turn by a vowel that is preconsonantal,

final, or not o or
Certain vowel harmony rules scem als :
Consider the rule of Yawelmani Yo

eded by a round vowel ol the same
erth 1969). The effects

o lo be best formulated

i hich
in linear fashion. kuts whic
rounds a vowel thal is prec ,
height (Kuroda 1967: 13-15, 43-5; Kisseb
of this rule are exemplified in (54)

(54) Before harmony After harmony Gloss

hudhin hudhun .anmq.mmn .‘,ms:w._z R

hudal hudal ‘recognize Ec_u__.m:._.i

gophin gophin ‘take care of an infant
{norist)’

gopal gopol ‘take care of an infant
{dubitative)’ :

muimixhin mutmuzhun  ‘swear ?oz.:im_._n pwH.:.._.._

hubusxasil hubugxasit ‘chioose (exclusive passive
aorist)’

last example, ronding harmony is
as possible. We can describe this
linear rule {55)

As can be seen from the next to
propagated as far to the right :
process quile naturally by means of the right-

A ~-round i +m,v__ q] ¢ — 8
(55) R: |whigh lﬁ (o) H____m ahigh | [—s¥
o % J-round

This formulation refers just to the nearest preceding vowel (o

determine whether rounding of the vowel under consideration
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should take place, in the spirit of our informal description above.
It should be clear that we could not adopt this approach under
simultanecus or left-linear application, for cach of these types of
application considers only the original input form of the left-hand
context. Thus we would obtain the incorrect from mwfmuxhin
from muwgniickin, What we must do when deprived of right-linear
application is allow a vowel to be rounded if it is preceded any-
where in the word by a round vowel of the same height, provided
that no vowel of a different height intervenes. The necessary
schema, given in (56), is much like (55) but requires an additional
mention of the feature specification ehigh.

syl syl _
(56) | ahigh | - THE_:J /5* | zhigh ik %_Fm,
o (o) ~+round «high

From a study of Hetzron's work (1967: 178-9, 193; 19659: 8-9,
passim; and personal communication) it appears thal Southern
Apaw has a right-to-left rule that makes a nonlow vowel high
when the next following vowel is i The effect of this rule is
illustrated helow (tone marks omitted).

gomejanta gomejanti  molegeska molegesi (input)
muligisi  (raising rule)
(feminine) (masculine) (plural) {singular)

‘one who 15 in haste’ ‘monk’

Il my interpretation of this rule is correct, we can express it by
means of the left-linear formulation {57).

+-syl i +5yl
(57 L | —low Ivﬁ+_“_.““u__%__m*. [—syl]* | +high [ §*
ﬁ a —back |

A simultancous or right-linear formulation would require us to
say that a nonlow vowel is raised when followed anywhere
within the word by {, provided that no back vowel intervened
(underlving front vowels are all nonlow). We would, then need
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the schema (58), which, though much like the schema in {37),
mentions the feature specification — back twice instead of once.

+syl : 1, +syl
(58) | —low| > ﬁ_.ﬂs.w: 50— |m“nr *| +high
o = : —hack

Consonants as well as vowels may be subjected Lo processes of a
linear character, We mention first a rather simple and common-
place example. In Russian and certain other languages an obstruent
cluster becomes voiced or voiceless throughout, according as the
final member of the cluster is voiced or voiceless. Thus Russian
ksgibu ‘toward the bend' is actually pronounced gzgibu. The left-
linear formulation of the rule, given in (59) seems superior to the
optimal simultaneous or right-linear formulations (60).

(59) L Imcn“_lv_annmnn 1§ ﬁlmon 4+

o o) pvoice
. .| —s0n “wvoice —son |([+son]§*)
(60) ,rm.ﬁ . ;L b ??Tma% TaL :

The schema in (60) must explicitly identify the final member of the
obstruent cluster as the agent determining the voicing of the
obstruent under consideration, whereas the schema in (59) needs
mention only the immediately following obstroent.

Another example of a linear process affecting consonants is Lo
be found in Tshiluba.* Consider the verbal suffixes -il- (benefactive)
and -ife (simple past), We illustrate their vse first with the root
-kewar- ‘take’.

kukwata “o take’
ukwadile ‘he took’
kukwatila ‘to take (ben.)’
ukwadid¥ile ‘he ook (ben.)’

5 Our stulements sbout Tshiluba are based largely on work with a native
informant, M. Pierse Mulumba. This work was carried out during the academic
year 1969-70 at the University of Californin, Santa Barbara, under the ausploes
of the Linguistics Program, For further informetion about Tshiluba see
Burssens {1946) and Coupes (1954),
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The changes ¢ to & and [ to d¥ before § are quite regular. Consider
now the parallel paradigmatic {orms of the verb -dvim- ‘culti-
vate'.

lud¥ima "lo cultivate’
ud¥imine ‘he cultivated'
kud¥imina ‘to cultivate (ben.)’
ud¥imin¥ine ‘he cultivated (ben.)’

The rule is that ! becomes n when the nearest proceding consonant
is nasal, with n laler becoming palatalized before . The form
wd¥imin¥ine, derived from wd¥iniile, indicates that the rule
proceeds from left to right. Since n and [ are the only coronal
sonorants in Tshiluba we can give the rule in a right-linear
formulation as follows:

-+son

61) R {+eor| [ O8] /5oL nus] sy -5
ﬂ.

In a simultaneous or lelt-linear lormulation we would have to
write (62),

-+son

62) S, L:| -cor |- ij /S nas] ([ +syl] anwﬂ y -8
e 1

The complication arises from the fact that we must refer to the left
context in its original inpul form (e.g, ud¥imili— rather than
ud¥imini— ). Thus we must state explicitly that s can intervene
between the [ being considered and the preceding n that would
trigger the nasalization. In right-linear application the intervening
I's will have already become #'s themselves, so to speak, so that
the environment needn't be complicated to account for them.

The evidence considered so far favors a formalism that allows
bath right-lingar and left-linear rules. With these types of rules
available we might naturally inquire whether we need simul-
taneous ones as well. Apparently the answer is no, for it is difficult
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to find a genuine case where simulianeous mode of application
yields a better formulation than either of the linear modes. We can,
however, get an idea of what sucha case might be like by considering
the effects of the second singular prefix in the Terena language
{Bendor-Samuel 1960 and Langendoen 1968: 109-10). According
to Langendoen's interpretation of Bendor-Samuel’s work, this
prefix has the underlying phonological shape y. When attached
to a stem beginning with a vowel, no further change takes place.
On the other hand, il the y is prefixed to a form beginning with
i consonant, then the frst non<i vowel undergoes a change, as
follows: i and ¢ become §, and a and ¢ become e, Subsequently
the yis deleted. Thus we have such forms as the fellowing:

nokone  ‘he needs’ nekone (<ynokoneg)  “you need’
kurikena ‘his peanul” kirikena ( <_ykurikena) ‘your peanut’
piko ‘he went®  pihe (<ypiho} *you went’

What we have just described is the main chiuse of the y-prefix rule.
There is in addition o special clause that raises an e to 7 in a
y-prefixed word if all the other vowels in the word are also e's.
The special clause can be thought of @ preceding the main clause,
An example is pxerere ‘your side’, which becomes pxivirf by the
special clause (ultimately the v is deleted). On the other hand,
a word of the form yBeCe Dy, where B, C, and I are consonants,
would supposedly be untouched by the special clavse because not
all its vowels are ¢’s. The word would then pass on to the main
clause, becoming pBiCe Dy, Similurly, pBiCeDe would be un-
affected by the special clavse and would consequently become
yHICIDe by the main clause, It seems thal only a simultancous
formulation of the special clause would be natural, since it is
apparently the original input form of both the left and right
contexts that determines whether an e will be raised. Linear appli-
cation, which requires us to refer to the output form of either
the left or the right context, would force us to express the special
clause in a more roundabout way. Perhaps the best we could do is
introduce the following two rules, each of which could be lefi-
linear or right-linear,
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(i) Change e to E in a y-prefixed word when every vowel
to the left or right is e or E;
(ii) Change E io {,

We assume here that E is some vowel that does not otherwise acour
in Terena.

The special clause of the y-prefix rule of Terena is not in fact
i clear case of an essentially simultanecus rule, There is a subtle
but crucial difference between Langendoen’s description of the
rule and Bendor-Samuel’s 1960 statement. What Bendor-Samuel
actually says is that if the first one or more vowels of a word
are il e's, then these e's are all raised to 7. This implies, apparently,
that we need only refer to the left context of an e to determine
whether the e should be raised to . Thus pBeCedi would indeed
be affected, becoming yBiCidi, It is difficult to determine from
Bendor-Samuel’s data whether this is true; if it is, a left-linear
formulation will be completely adequate.

Although the Terena example fails to provide us with a convine-
ing case of simultaneily, it does present us with another type of
rule, not hitherto discussed, which is interesting to take note of.
Consider (63), whicl in its environment part is a near optimal
formulation of the main clause of the Terena p-prefix rule,

syl —low
+back |-+ :cmwnr i [—sy]]
(63) <- ﬂ_ h (@ L f L —syl  [—syl]{[—back ] ;*—5*
+8y |high™ —buck 4 high
—back I_H
" (o)

Right-linear application cannot be associaled with this schema
because it would change yhkurikena to “eivikine instead of the
correct kirtkeng, However, both left-linear and simultaneous
application give the correct results. The reverse situation s exem-
plificd by Dahl’s law, a rule cccurring in a number of Bantu
languages of East Africa (Bennett 1967). The Southern Kikuyu
version of this rule causes a & to become 3 when the next following
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consonant in the word is an underlying voiceless stop. Any number
or vowels may intervene between the & and the voiceless stop,
As so stated, the rule can apply either simultancously or tight-
linearly, producing, for example, neyayaakeroma from nefa-
feaakerpma *he will bite him’. (I am indebted to Leonard Talmy
for this example.) A left-lineir application would yield incorrectly
the form *mekayaakeroma, and consequently some other (and
more complicated} means of describing the change would be
NEcessary.

To summarize, we have found a fair number of rules that favor
a right-linear formulation and a fair number that fuvor a lefi-linear
formulation. In additlion we have given an example of a rule that
can be regarded equally well as lefi-linear or simultaneous, though
not plausibly as right-linear, and another example that can be
regarded as right-linear or simultaneous though not plausibly
as left-linear. Then, of course, there are many rules (perhaps the
majority) which are simply indifferent as to mode of application,
working equally well in right-linear, simultancous, and lefi-linear
maode, The Sunskrit nasal retroflexion rule is of this kind. However,
we have failed to find o convincing example of an exclusively
simultaneous rule, These results suggest that we allow only right-
linear and lefi-linear rule application in phonology.

e e e e e A ——— S T
e —— e e e i
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ALTERNATIVES TO LINEAR RULES

A right linear rule moves inexorably rightward through an input
string. Having changed a segment, a right linear rule moves on,
never changing that segment again nor changing anything to the
left of that segment. Although this is one plausible way of for-
malizing lefi-to-right processing, il is not the only way, and it
might be wrong, We might have been better advised to define a
restricled iterative rule that changes only the leftmost possible
segment at each step of application. Such a rule we might call
left-iterative, representing it in the form LI:X, where X'is a schema
subsuming elementary rules. To achieve the effect of lefimost
application formally, we might say that P — Q/R — 5 i3 a subrule
of LI:X if and only if X subsumes P —+ Q/R — S but subsumes
no elementary rule P’ — Q/JR’ — 8" where R'P'S’ = RPS and
R’ is shorter than R. We might further require that P # Q) in
order 1o exclude vacuous subrules. We would then say that LT .4
maps U into V if and only il there is a sequence Uy, ..., Un of
phonological strings such that

(i) U= U,
(i) for each i, | =i = n — 1, some subrule of LI:X has
U, as input and U,y as oulput,
(iii) Un is not the input to any subrule of LI:X, and
(ivi Un = V.

The Southern Paiute stress rule, Tor example, could just as well
have heen regarded as lefi-iterative, having the form of (a4).
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syl -I:EJ +syl
6 I: = . —syl]*—$8*
@9 & ] 2 (o) 13 —&lress Sl diig
This rule will give the correct siress patlern to natapiflappikael
by virtue of the following application:
natapikkappikal
natdpikkappikai  (by subrule a — i /nat—pikkappikai)
natdpikkdppikai  (by subrule a — i/natdpikk—ppikai)
natdpikkdppikdi (by subrule a - d/natdppikkd ppik—i)
Motice that the elementary rule

i — i/natap— kkappikai,

which would put a stress in the wrong place, is not a subrule ol (62)
even though it is subsumed under the schema in (62). The reason
becomes apparent when we set

R = natap, R = pat

Pi=1, P'i=:-n,

5 = kkappikai, 5 = pikkappikai
0 =i, 0 =d.

Then the elementary role under consideration willbe P — Q/R — &,
However, the schema in (62) also subsumes P QR — 5,
where RPS — R'P'S' and R’ is shorter than R; this situation
prevents P — Q/R — § from being a subrule of (62) according
to the definitions in the preceding paragraph. Note also that
4 — d/nat — pikkdppikdi cannot be a subrule of (62} becauss
it is vacuous; consequently the application displayed above is
complete and does not continue indefinitely.

In parallel fashion we could define a notion of right-iteration,
to take the place, perhaps, of left-linear application.

Although the linear rules discussed in the preceding chapter
would work as well in left- or right-iterative fashion, we have some
slight reason to prefer the linear formalizition. First of all, left
or right iteration allows for some peculiar effects going beyond
the bounds of finite-state processing, effects which we will probably
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want to exclude. For example, rule (65) will convert each siring
of the form PCAA;.. AuBi.. BB, where C, By, ..., Bu. B are
consonants and A, Ay, ..., Ay are vowels, into PCAA.. . An_uB
or PCABy 1...BuB according as n = m or m > 0.

(65) LI [+syl] [—syl] — 0/$* [+-syl] — [—syl] * [=syl]

The right and left iterative modes of application would have
the further disadvantage of forcing a third mode of application
on us. To see this, consider first any rule which switches the value
of some feature, such as the first part of the English vowel shift
as described by Chomsky and Halle. This rule can be given as

4yl
—+1ins Lo
(66) | -+stress l% THER | ge— g
—low (o)
ahigh

The absence of mode designator is intended to mean that the rule
can be applied in either right-linear or left-linear fashion (in fact,
it ean also be applied simultanecusly). Either way the rule will
convert kifw ‘cow’ into kifw (ultimately kdw), by virtue of an

application having the form k M w. Suppose, however, that (66)

were left-iterative or right-iterative. Then it would keep on
applying to kiw forever, changing it first to kdw, then back to
kifi, then to kdw apain, and so on. To make (66) work properly
we would have to introduce some third type of application, the
most natural choice being simultancous.

Again, consider the tule of Chipewyan which devoices a
continuant consonant that immediately follows a voiceless
continuant consonant (Li 1946:400). The rule causes teszdih
1 split’ to become fessaih (ultimately resdih). It will also cause
ndslzé ‘T am hunting’ to become ndstzé (ultimately ndyz€). Notice
that ndslz¢ will not become *ndsfsé; it is the immediately preceding
sound in the original input that determines whether devoicing
of a continuant consonant will take place. The appropriate
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effect can be achieved by associating simultaneous or lefl-linear
application, though not right-linear application, with the following
schema:

—ayl
~-cont | —
i

1,.,Ej____me —Yoice g

(&) -|-cont

On the other hand, both left-iterative and right-iterative application
of this schema would turn ndsizé incorrectly into *mdsfsé. Again,
some third mode of application would have to be introduced to
account for this case correctly.

Some of the defects of left and right iteration could be cured
as follows. We might say that a subrule P — R/Q — § changes
RPS into R = Q= 5, where P contains no angle brackets.
After application of a rule is completed, angle brackets are erased.
The effect, roughly, is to exclude a substring [rom further change
if it has already been changed. By this of mechanism we could
exclude at least some of the nonfinite-state effects referred to
above (in particular, rule (65) would now turn PCAA, . AqBy... B3,,B
into PCAA;...An 1Bz...ByB), and we could make feature-
switching rules function properly. However, the Chipewyan rule
would still work improperly under both left and right ileration.
To correct this situation we could attempt some further refinemenis
of left and right iteration, but it seems pointless to do so when
linear application accounts correctly for all the cases discussed.

Anderson (1968) has proposed a convention of left-to-right
application that is rather different from either right-linear appli-
cation or left-iteration, According to Anderson’s proposal we must
think not of left-to-right application of a single rule but rather
of a sequence of rules. When application is to begin a position
marker © is placed immediately to the left of the first vowel in the
input form. The rules, each of which contains one mention of the
position marker in its environment, are then applied in sequence
in the usual fashion. Afler the sequence is applied, the symbol ® is
moved rightward until it is at the immediate left of the second
vowel in the string, and the rule sequence is applied again. This




a4 ALTERMATIVES TG LIMEAR RULES

procedure is repeated as long as possible, and is therefore executed
as many times as there are vowels in the input string. If we identify
vowels with syllables, or somehow restrict the placing of the position
marker so that it appears only to the immediate left of syllable
peaks, we can refer to this mode of application as the left-to-right
syllabic cyclic.

Let us write a left-to-right syllabic cycle in the form LRSy:
(X1, ..., Xu) where cach X; is a scheman subsuming elementary
rules, Application of the cycle might then be formalized as follows.
Let P and Q be phonological strings. Then LRSy: (Xi, ..., Xa)
maps P into Q if and only if there is a sequence

= (R0, ooy Raungi)y ooes (R, oony Riini1))
of (n-|-1)-tuples of sirings such that

(i} P is mapped into R+ by the rule
5: [4syl; 6] - daf[—syl]* — §*

{ii) Foreachi, 1 =i =m,andeach j, I = j = n, the rule
& Xy maps Ry, into Rijer;

(it} For eachi, 1 =i = m—1, the string Ry,n 1 is mapped

into Ry1,1 by the rule
g. P @5
" [4syl, o] = /B o[fsyl] [—syl] F—5F
(iv) Rumen.1 is mapped into Q by the rule §: 0 — /8% — §*.

T'he sequence % is said to be an application of LRSy: (X1, ..., Xu)
with input P, and the {(n-1)-tuple (Ri1. ..., Ring1) is relerred to
as the ith round or cycle of the application.

A very simple example of a lefi-to-right syllabic cycle is (67).

(67) LRSy AT&,_. -.Tm_am%m%iﬁ f,-mm__fmmfu

o (o) —siress

This eycle contains just one rule, whose schema is identical (except
for the symbol ) with thal used in (47). In fact, (67} produces the
same results as (47) and is yet another way of describing the
Southern Paiute stress pattern, (67a) below is an application of
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(67) to the word fuk™apaive ‘during the night’, Since (67) contains
only one rule, each round of {(67a) is a 2-tuple of strings.

(67a) Round 1@ (1Puk™apaiyu, 1*uk*apaiyu)
Round 2:  {tuk*"apaiyu, Luk*eipaiyu)
Round 3:  (tuk*ip®aiyu, tuk¥dpaiyu)
Round 4: (luk®ipa®ivu,  tuk¥ipa®iyu)
Round 5:  (lukWipaiyou, tuk Wi paiyru)

In this application, as in all applications of (67), the odd-numbered
rounds are vacuous. Usually we will display applications of left-
to-right cycles in a completely vertical manner, omitting vacuous
steps, Thus (67a) would appear as follows:

t*uk¥apaiyu
tuk¥oapaivu
tuk¥iipaiyu
tuk*iptaiyu
tuk™ipatiyu
Luk*ipaiyu
tukwipaiy™u

Anderson does not simply propose that lefi-lo-right syllable
cycles be made available along with other more orthodox types of
application. He claims at one point that phonologies of natural
languages consist entirely of simultaneous rules and lefi-to-right
syllabic cycles. To assess the strength and validity of this
claim, let us first consider left-to-right syllabic cycles from the
poinl of view of mapping power. Il we assume that a LRSy cycle
can contain any rule schema that subsumes elemenlacy rules
of the form P — Q/R*S — T or P — Q/R — 5°T and that each
such schema is to be applied in simullaneous mode, then we have
a tule formalism that can simulate any simultaneous rule and
hence any sequence of simultaneous rules. For suppose we have
a single simultanecus rule N, We can assume that N has the form
§: {Ar— QX1 — Y1, ..., An—+ Qu/Xn — Yu where the Ay are
phonological units, the Q; are phonological strings, and the X,
and ¥y arc primitive schemata subsuming phonological strings.
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for each i, let X'y and YY) be obtained from X; and Y, res-
pectively, by replacing each phonological unit B with the
expression (%) *B(e)*, Let Z be the schema

[—syl]* —» §*/$*[3-sy1] [—syl]*—

kL, Qg = [—syI]*
R TR

Then the lefi-to-right syllabic cycle
LRSy: ([{A1 - Qu/X'1—Y"y, ..., An = Qn/X'y—Y'n LZ])

which contains just one rule, albeit a complex one, will accomplish
the same task as the rule N, The bracketed expression can, of
course, be eliminated in favor of a primitive schema. The idea
behind this construction is that the left-to-right syllabic cycle
should simply idle until it reaches the last round. On the last
round, the lone rule in the cycle is executed and application ter-
minates.

With left-to-right syllabic cycles we can also carry oul cerlain
nonfinite-state processes. Consider cycle (68) which contains
just one rule.

(68) LRSy: ([—syll = @/[—syll[—syl]* —[+syl]**[+-sy11 %)

This cycle turns a sleing of the form CCr...CpAg.. AwP, (n =0,
m == 1), where C, Cy, ..., Cy are consonants, Aj, ..., &m are vowels,
and P is empty or begins with a consonant, into CAp...AnP or
CCy. . Comda.. AP according as m = n or m = n. We illustrate
with applications of (68) to strings cecocaaac and ccaaac.

cccocfaaac cotanac
cooc®aaac c™anac
coccoataac catpac
cccaanc

cocantac caa®ac

ccaa®ac
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The mapping power of left-lo-right syllabic cycles might be reduced
if a different method of applying rule schemata were stipulated,
Certain strong constraints on the form of rule schemata might
also have this effect, and it is possible that we have done an
injustice to Anderson’s theory by not imposing such constraints.
However, Anderson is silent on the matter,

Although left-to-right syllabic cycles probably have sufficient
mapping capacity for phonelogical purposes, perhaps even loo
much mapping capacity, they are clearly incapable of providing
linguistically satisfactory formulations in many cases. One of the
dificulties arises from the fact that Anderson excludes right-to-left
cycles because of his mistaken belief that righl-to-left processes
do not oceur in the phonologies of natural languages. Thus,
although the right-linear rules discussed in the preceding chapter
can be routinely reformulated as lefi-to-right gyllabic cycles (we
need only place a position marker to the lefi of each environment
dash), the left-linear rules would have to be formulated with
essentially the same complex and unsatisfactory schemata that
are needed in the simultancous formulations.

Suppose we extend Anderson’s formalism s0 as to allow right-
ta-lelt syllabic cycles as well as left-to-right ones. We would still be
unable to express the right-to-left nature of the Russian role that
determines the voicing of obstruent clusters according to the final
member of the cluster (rule (59) in the preceding chapler). The
problem here is that the right-to-left processing tiukes place within
each cluster, proceeding segment by segment rather than syllable
by syllable. We can, however, amend Anderson’s theory again
so that the cycles are segmenlal rather than syllabic. Thus the
position marker will now be placed at the beginning (or end)
of the input string when application is about to begin and will be
moved one segment (or, more generally, one phonological unit)
to the right (or left) at the end of each round. We then will have

the Tollowing two types of cycles:

LR (left-to-right segmental)
RL (right-to-left segmental)
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All the left-to-right syllahic cycles discussed above, including the
nonfinite-state cycle (68), will work properly as left-to-right
segmental, The same is true of the cycles formulaled by Anderson,
which will be discussed below,

Anderson makes an even stronger claim than the one that we
have been discussing. He believes that every phonology consists
af exactly one lefi-to-right cycle. It should be clear by now that
this claim is untenable. Note that we cannot even say that each
particular language is characterized by a single direction, having
either all left-lo-right cycles or all right-to-left cycles. In the
preceding chapter we mentioned al least two lunguages, Tiiba-
tulabal and Eastern Ojibwa, that had both left-to-right and right-
to-left rules. Tibatulabal as a left-to-right rule of alternating vowel
length and a right-to-left stress rule, while Eastern Ojibwa has a
right-to-left rule making glides out prevocalic short nonlow vowels
and a left-to-right stress rule.

Although most of Anderson’s claims appear to be wrong, it
still” might be true that left-to-right (right-to-lefi) processing
is more correctly formalized as right-to-left (left-to-right) segmental
cyclic rather than left (right) linear. Let us review some Finnish
evidence, presented by Anderson, which secms superficially to
support this view,

Finnish! has a consonant gradation rule that weakens a single
or geminate stop that follows a sonorant and begins a closed
syllable. The standard results of weakening are indicated below.

p becomes v,

t becomes d,

k is deleted,

a geminate stop becomes a single stop.

Thus we have forms such as the following:

1 Among the many works gbout Finnish in o weli-known languege are
Fromm and Sedeniemi (1936), Harms (1964), McCawley (1963, 1966),
Lehtinen (1967), Our assertions about the language are based mainly on work
with Miss Sointu A. Takala, who secved as informant in a field methods course
offered in the Linguistics Department of the University of California, Rerkeley,
during the academiz year 1864-65.
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matto ‘rug (nom.)’
maton ‘rug {gen.)’
mito “worm (nom.)’
madon ‘worm (gen.)’

The allative plural of tyitd ‘girl’ shows that a vowel -7 cluster
must be regarded as tautosyllabic for the purposes of consonant
eradation:

tyttiille (before gradation)
tytaille (after gradation).

There is another rule which deletes any ¢ or 4 that follows a non-
initial [—syl] [4-syl] sequence and precedes another vowel. Some
effects of this rule are seen in the partitive suffix ra:

maa  ‘land {(nom.}’

maata  ‘land (part.)’

talo ‘house (nom. )’

taloa  (=talota) ‘house (parl.)’

Suppose now we attempt to order dental-stop deletion and conso-
nant gradation in the conventional manner. On the one hand we
might decide that dental-stop deletion precedes consonant gra-
dation, in view of the fact that this ordering yields the correct deri-
vation for the genitive singular of anematti ‘occupation’:

smmatin
ammattin (dental-stop deletion)
ammatin (consonant gradation)

The apposite ordering would incorrectly give *anmnain, as follows:

ammaltin
ammatin (consonant gradation)
*ammain (dental-stop deletion)

On the other hand, consider the so-called collective genitive plural
of harakka ‘magpie’. If consonant gradation precedes dental-stop
deletion, then the correct derivation of the form is obtained:
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harakkatin
harakkadin (consonant gradation)
harakkain (dental-stop deletion)

The other ordering, which seems to be necessary for the genitive
singular of ammarti, yields the wrong result for the collective
penitive plural of harakka:

harakkatin

harakkain (dental-stop deletion)
#*harakain  (consonant gradation)
*harakoin  {(other rules),

Anderson chooses to resolve this paradox by means of a left-to-
right syllabic cycle, The cycle he proposes can just as well be
regarded as segmental and given roughly in the form of (69).
{69a) presupposes a rule that stresses the first and only the first
vowel of a word, Just how the portion of (69b) to the left of the
slush is to be adequately expressed is not clear; this matier will be
touched on later.

(69) LR
{a) Dental-stop deletion.
—cont -5yl
- wiT — ol syl 5
ﬁ._.ncq ; > @I¥* [—syl] _Hlm:.nmmu_ T+l
{b) Consonent gradation,
-t

t—d R TR
- LS Thsonl—Tksyll} sy _ﬁ.-_,m; “

The correct form of the words considerad above will now result,
as can be seen from the following partial derivations:

(i) ammati"in
ammat®in  (69b)
ammati®n
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(i} harakkeatin
harakka®tin
harakkat®in
harakkatin (69a)
harakkai®n

Though Anderson’s artifice is clever, the need for it is highly
guestionable. MNotice, first of all, that conventional rule ordering
can be imposed if we split the gradation rule into at least two
stages. The first stage would be much like the gradation rule in
(69), except that it would merely weaken one hall of a geminale
stop rather than eliminating that half altogether. In other words,
the gradation rule proper would change #f into fr, say, where [
is some weakened variety of 7, and a later rule following dental-stop
deletion, would reduce #t to 1. We would then have derivations
such as the following:

ammattin harakkatin

ammattin harakkadin (consonant gradation)
ammaltin harakkain  (dental-stop deletion)
ammatin harakkain (weak geminate reduction)

Despite Anderson’s assertion to the contrary, there is good
independent evidence that geminates pass through an intermediate
stage when they are subject to gradation. To see that this is so
we will have to consider a number of rules which appear at first
glance to be irrelevant to the present problem,

First, although the usual results of wenkening p. t, k in the
gradation environment are v, 4, and g, respectively, special
cicumstances will call forth a different output. For example, if the
sonorant preceding the stop is a homorganic nonsyllabic, the stop
assimilates completely to the sonorant; for example, underlying
likcenton (genitive singular of fukento (= lnenta) 'lecture’) becomes
hiennon. Another fact, of particular interest here, is that k becomes
jin the gradation environment when the preceding sonorant is r,
{, or h and the following vowel is e. Thus form the verb stem
siirke- ‘break’ we have first person singular present sérjen (cf.
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third person plural present sdirkevét), Tt should be borne in mind
that it is only the vowel ¢ which triggers the change k to f; even
the closely related vowel i will not do it. Thus when (e [rst
singular suffix » is appended to the verb stem pyrki- ‘strive for' the
phonetic form pyrin results according to the general rule, not p yrfin,
Consider next the rule that deletes a short unrounded vowel
when a suffixal i follows. The effects of this rule can be illustrated
by the verh stems pyrki-, cited above, hake- ‘look for’, and atfa-
stake’, If the third person suffix vat alone is added to these stems,
the resulting forms are simply pyrkivét “they strive for’ (with vowel
harmony in the suffix), and hakevat ‘they look for’, aftaval ‘they
take’. If the past tense quffix i is inserted too, giving the under-
lying strings pyrkiivi, hakeivat, and ottaivat, the phonetic results
will be pyrkivat, hakivat, and oftivar, If we add the past and first
singular suffixes to the siems in question, obtaining the underlying
forms pyrkiin, and hakiin, and ottiin, both gradation and unround-
vowel-deletion will apply, yielding phonetic pyrin, hain, and ofin.
A verb stem ending in rke, lee, or fike, will of course also be

subject 1o unround-vowel-deletion. The crucial question is what
happens when both unround-vowel-deletion and gradation apply.
Applied in the order just stated, the L would be deleted; thus the
first singular past of séirke- would be abtained by the following
derivation:

sirkein

sirkin Enﬁ.:um-aci&-nan:ci

siirin {(gradation)

The output here, however, i incorrect; the form actually used is
siirjin, Consequently, consonant gradation must precede unround-
vowel-deletion, and we must have the derivation

sirkein
sirjein {gradation})
siigfin ~ (unround .vowel-deletion)

Another rule we must consider is the one that changes noninitial
1o ¢ before i This “dental-stop gibilution™ rule, together with a
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rule that raises final e to §, accounts for nominative singular kdsi
‘hand’ in face of the essive singular Jréitend, genitive kdden (with
gradation), and so on. [t also accounls for the pasl lense forms
of the many verb stems that end in ¢. An example is halut- ‘want”
with third singular imperative haluticoon, infinitive falita (from
haluttah by consonant gradation and final i deletion), first singular
past halusin (<< halutin by sibilation). The last form indicates that
dental-stop deletion must follow sibilation: otherwise we would
abtain *haluin. The slem kijpet- ‘climb’ behaves in a similar
manner; we have kifvetkoin (< kippetkaon), kiiverd (< kifpettakl,
kiipesin (= kiipetin).

Consider now a verb stem like funfe-, ‘feel' infinitive funtea
from underlying tuntetah. In the presenl we have first singular
tunnen, from tunten by consonant gradation, and third plural
quntevat. In the past we have first person singular funsin and third
plural funsivat, from underlying funtein and funteivat. Clearly,
unround-vowel-deletion must precede sibilation of ¢ if these forms
are to be derived correctly.

The data we have considered so far imposes the following
order on the rules under discussion:

consonant gradation
unround-vowel-deletion
sibilation of dental stops
dental-stop deletion

If we accept this ordering, which seems to be unavoidable even in a
left-to-right cycle, we musl perforce accept an intermediate stage
in the pradation of geminate slops. For if the gradation rule
immediately reduced 1 to 1 then the rules given above would Lurn
arimattin into *ammasin rather than the correct form ammatin.
Gradation must, then, weaken {f Lo some intermediate form which
cannot be reduced to ¢ until after hoth dental-stop sibilution and
dental-stop deletion have applied. The precise nature of this
intermedinte stage is not altogether clear, to be sure; its historical
analogue is denoted #t in the handbooks (cf. Fromm and Sadeniemi
1956+ 35-6) in accordance with o hypothesis that the first part




94 ALTERNATIVES TO LINEAR RULES

of the cluster was weakened (laxed 2). Nevertheless, the lansic point
remains, If geminate stops must pass through an intermediale
stage anyway when subject to gradation, a major motivation for
the left-to-right cycle vanishes.

Note that geminate stops are not the only clusters that must
pass through an intermediate stage under the rule ordering that
seems to be necessary. Consider again the first singular present
and past of funte-. We suw above that these forms had the under-
lying representations funfen and tuniein, The phonetic realization
of tunten is tunnen, which arises straightforwardly by gradation.
The phonetic realization of funtein, however, is tunyin, which
miust have undergone dental-stop sibilation. But il gradation
changes nt immediately to nn, our rules give the follawing incorrect
derivation:

tuntein
tunnein  (gradation)
*tunnin  (unround-vowel deletion)
(no further rules applicable)

Apparently, then, we must assume Lhat a gingle stop in gradation
environment is first weakened by some simple operation such us
laxing or voicing, regardless of what the preceding sonorant is.
This weakened stop is still subject to sibilation if it is dental; if it
escapes sibilation it is later assimilated Lo 4 preceding homorganic
consonant, if any. If a weakened stop escapes all these rules it
becomes v, d, or ¢ depending on whether it is labial, dental, or velar.
Thus if we denote the weakened stops by the noncommittal
symbals 3, f, &, we have derivations something like the following:

tunien tuntein

tunfen tuniein {gradation)
tuntin (unround-vowel deletion)
funsin (sihilation)

tunnen {assimilation)

Another problem that has concerned Anderson is the formation
of the illative case of Finnish nouns and adjectives. In order to
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understand what (his is about we must consider some Further
rules.

Stems ending in a consonant add a linking vowel -¢- before most
suffixes that begin with a consonant. Compare the following forms

talo  ‘house (nom.)’ sisar ‘sister (nom.)’
talon ‘house (gen.) sisaren ‘sister (gen.)’

In both cases we assume that the genitive is formed by adding n
to the noun stem; sisar--n then becomes sisaren by the e-insertion
rule.

F-insertion does not take place before certain suffixes, however;
among these exceplional suflixes is the partitive fa. Thus we have
taloa ‘house (part.)’, from talota by dental-stop deletion, and
sisarta ‘sister (parL)’. Whether the diflerence between the two
types of suffixes can or ought to be described in phonological
terms or in terms of diacritic features on morphemes is & question
that will not concern us here. We will assume that the linking e
appears in its proper place prior (o the application of any of the
rules to be discussed (in fact, prior to any of the rules discussed
above).

Consider now some noun and adjective stems that end in s,
We have migs ‘man’, kirves ‘axe’, vierar “Toreign’, and aros “male’,
with genitives and partitives in the singular as follows:

penitive: michen kirveen vieraan uroon
partitive: missti  kirvestd  vierasla urosta

Anderson posits three rules that will account for the above
genitives. These rules, which are motivated by other evidence
as well and which we see no strong reason to question, are essentially
the following:

(i} intervocalic s afler a nonfirst vowel becomes f
(*s-weakening™) (This rule has numerous exceplions,
e, Riisy ‘pyrites’),

(ii) Ahe, where A is any vowel, becomes AkA (“vowel-
copying”),
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(iii) intervocalic i alfler a noninitial [—syl] [-syl] sequence
is deleted.

The derivations of the genitives are, then,

mies--n  kirves+n uros4-n  vieras--n
miesen  kirvesen  urosen  vierasen {e-insertion)
michen  kirvehen urohen vierahen {s-weakening)
urohen  vierahan  (vowel-copying)
kirveen groon  vieraan  (fi-deletion}

Tn miehen the h, though intervocalic, is not deleted because it is
preceded by a diphthong. (A more refined analysis would reveal that
the underlying form of mies is mees, so that it would in factbea
long vowel that inhibits h-deletion.}

Let us turn now to the illative. We consider the nouns maad
Qand’, puu ‘three’, tale “house’, koira *dog’, and katu ‘street’, in
the illative singular and plural.

Singular: maahan puubun taloon  koirpan  katuun

Plural: maihin  puihin  taloihin  koirin katuihin

We account for all these forms with the rules we have plus one
additional rule, provided we assume with Anderson that the
underlying form of the illative suffix is sen. The additional rule,
given in a somewhat different version by Anderson, deletes the
middle vowel of a triphthong (*triphthong reduction™). Four
derivations should make the matter clear

maasen maaisen koirasen koiraisen
koirisen  (nnround-vowel deletion)}
maahen manihen koirahen koirihen {s-weakening)
maahan maaihin koirahan koirihin {vowel-copying)
koiraan koiriin  (h-deletion)
maihin {triphthong red.}

The rules just given predict the illative form correctly when the
underlying stem consists of one syllable or ends in a shorl vowel
or a nonspirantal consonant, We must assume that illative sen
is one of those suffises that requires e-inserlion; in this way we
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obtain the correct illative singulars micheen (< micsesen) and
sisareen (< sisaresen).

Let’s turn now to the disyllabic stems ending in 5 which we
mentioned above, The illative singulars kirves, uros, and -vieras
are

kirveeseen UTO0sEEn vieraaseen

There are two alternatives in the plural:

{a) kirveisiin uroisiin vieraisiin
(b} kirveihin uroihin vieraihin

There are some other disyllabic stems which in the nominative
singular end in a short vowel but behave in other respects like
stems ending in 5. Anderson assumes they end in a final fi, which is
deleted when no suffix follows as well as in the environment of the
h-deletion rule introduced previously. ki followed by a consonant
results in gemination of that consonant. Thus from the stem fifruf
‘hurry” we have the following case forms:

nom. sg.  kiiru

purt, sg.  Kiirutta
gen. sg.  kiiruun
ill, sg. kiiruuseen

il. pl. kiiruisiin, kiiruihin

Polysyllabic stems ending apparently in a long vowel behave in
many respects like these ending in a spirant. From the slem Hienoa
‘neighborhood’ we have

nom. sg. tienoo

part. sg. tienoota

gen. sg. tienoon

ill. sg. lienooseen

ill. pl. tienoisiin, tienoihin

The nonillative case forms of polysyllabic stems ending in a spirant
or long vowel can be accounted for by the rules already introduced
if appropriately ordered in the conventional manner, The illatives,

e AR T
LRI

R
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with their peculiar vowel-lengthening and retention of s offer
some difficulty. Anderson accounts for them with a left-to-right
syllabic cycle, which we give as a roughly formulated segmental
cycle in (70) below.

(70) LR: (a) Triphthong reduction.
[+syl] = @/ $*[-4-syll — [4-syl][—sylP[+syl]$*
(b) Tllative lengthening.
; -5yl :
-+ _J i M
—+ aal§* | —stress | ] _{[—syl]P—5*

= ! mﬂ n:m sy

(¢} S-weakening. .

i zm.ﬁim_ Tfm___;?é,ﬁ*

—slress
{d) Vowel-copying.
-5yl
¢ — of §¥ | —stress Jro— F*
(53

{¢) H-vocalization.
45yl
h — o) $*[—syl] | —stress —o[-syl]5*
o

Of the rales in this cycle, triphthong reduction, s-weakening, and
vowel-copying have been already introduced above, and /i-voca-
lization takes the place of A-deletion. Illative lengthening is a new
rule applying to one idiosyneratic case morpheme. Instead making
use of the diacritic feature [illativel, presumably introduced by a
general convention that distributes syntactic class information
ta the individual scgments of a morpheme, we could have regarded
illative lengthening as a ‘minor rule’ from which all morphemes
except the illative are excmpt.

The illative singular and plural of nros can now be derived in

part as follows:

urostesen urostisin
uroh”esen urch®isin (70c)
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uroh®osen {T0dd)
uraotosen urooisin (T0e)
urooonfsen urooitsin
urooos’en uronistin

uroosen urois®in (T0a)
uroosteen {70h)
uroih®in (70c)

‘The alternative illative plural arises from a different ordering of
(70a) and (70b}; for example:

urosisin
urohtisin (70c)
uroo’isin {T0e}
urooifsin
urooistin
urooistin (70h)
uroistin {(T0a)

Notice that in these derivations the triphthong reduction rule
comes into play only when the position marker has maoved to the
smmediate left of the first vowel that follows the triphthong.
“This feature of Anderson’s solution is crucial in the derivation
of the illative plural form uroisitn, for it allows illative lengthening,
formulated with ® before the environment dash, 1o take place
prior to triphthong reduction despite the fact that the illative
vowel is to the right of the triphthong. Thus, when illative length-
ening is ordered hefore triphthong reduction, uranistin will first
hecome wrooistiin and then uraiseiin. Then s-weakening, formulated
<o as to take place only before a short vowel, is blocked; thus the
derivation of the nonexistent [orm “yraihiin is prevented and the
desired From nraisiin is generated.

Unfortunately, there is a serious difficully with Anderson's
formulation of the triphthong reduction rule. Consider the verb
stem saa- ‘receive’. The infinitive and first singular present are
saada (from saatal by consonant gradation and final & deletion)
and saan. Now the past, formed by adding i plus the personal

=

= F5
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suffixes, is always subject to triphthong reduction; thus we have
first singular past sain from underlying sagin. Similarly, the third
singular past, where the personal suffix is @, has the form sai.
Since no vowel occurs after the triphthong aai in the underlying
forms of these words, Anderson’s rule could not apply and aai
would remain unreduced, Similar remarks apply to verb stems
like joo- ‘drink’ and séd- ‘eat’, which have first singular presents

Juon and syén (from joon and sédn by a vowel breaking role) and
first singular pasts join and siin, derived from jooin and sddin by
triphthong reduction. A more correct and more natural formulation

of triphthong reduclion would seem to be
[+-syl] - &/ $*[-+-syl] —[+sy1] §*

With this formulation, of course, it is impassible to use the position
marker exactly as Anderson does, although it might be possible to
restore the essence of Anderson’s solution by rejuggling the
position marker in this and other rules. Instead of showing how
this could be done, however, we will proceed to some further
difficulties nol as casily resolved.

The rule of s-weakening was originally formulated to tuke place
regardless of whether the following vowel is long or short, but was
restricted to position before short vowel in order to account for
illatives. Thus wrooeseen (or urooseen) and urcoisiin are correctly
prevented from undergoing s-weakening, as explained ahove.
However, there seems to be no other motivation for the short
vowel restriction, although indeed there scems to be no counter-
evidence to it either. On the other hand, there are many apparent
exceptions to s-weiakening which are not explained by the restriction.
Thus we have kiisu ‘pyrites’, nielaisen ‘1 swallow’ (cf. nielaista
‘to swallow’), Whatever the explanation of these intervocalic &'s
may be, it has nothing to do with the lengih of the following vowel.
This fact raises the suspicion that the simpler, less restricted
s-weakening rule might just as well be used and that the s illatives
are to be explained in a different way.

The third and perhaps maost serious difficulty with Anderson's
solution is this. Notice that Anderson's derivations of the illative
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plural farms of wros begin not with the presumed underlying form
urosisen but with wrosisin, Anderson does not explain the reason
for this, nor does he give any rule that would change urosisen
into wrosisin, The change looks suspiciously like a case of vowel-
copying, and can indeed be so regarded if we assume thal wrosisen
first becomes wrohifen and that the v is re-introduced by a revised
version of the illative lengthening rule. This approach {similar to
that followed by McCawley 1966) also allows us to use the simpler
versions of both the triphthong reduction rule and the rule of
-weakening, discussed above, Furthermore, it makes il possible
to apply the rules in convenlional sequence, Our reformulation,
still somewhat informal because not stated entirely in feature lerms,

is given in (71}

(717 (a) S-weakening.

syl
= = = ._. %i
g LIE ﬁlm:nmm [-syl
i(b) Vowel-copying
syl
L: e - of8% [ —stress | h—§*
a
{¢) H-vocalization. :
+syl
R: h — o §*[—syl] | —stress | —[-}-syl] 8%
o0

{d) Triphthong reduction.
[4-syl] = @1 $*[+-syl] —[-+syl] 5*
{e) Illative adjustment.
._.mu; i __
[ill] = 53/ B* | —slress [T —o}
i

These rules apply in the order given, except that (71d} and (7le)
can also be applied in the reverse order,
The derivations of the illative forms of wres now proceed as

follows:
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urosesen UFOEIsEan
urchehen urchihen (71a)
urahohen urchihin (71h)
urochen urooihin {7lc)
uroohen uroihin {71d)
urooseen uroihin (71e)

As they stand, our rules account correctly for the illatives of
slems like wros, which end in a spirant, but not for the illatives of
stems that end in a long vowel. For example, although our rules
nn:.nn__w predict Lhe illative plural forms of tienoo, they give the
wrong illative singular. By our rules, the underlying form tienoosen
first becomes tienoohen by s-weakening and then tienoohon by
vowel-copying, The illative adjustment rule then gives the incorrect
nmm“_._: *tienoosoon. However, we can avoid this consequence hy
giving tignoo the underlying representation tfemose or dienohe.
Hrn illative singular can be then derived from underlying tienosesen
in the same way that the illative singular of nres is derived from
wrosesen, If we assume that unround-vewel deletion precedes
s-weakening we can derive the alternative illative plurals of tienoo
m..__uE the underlying representation tiemaseiven as follows, First,
ticnoseisen becomes tienosisen, and then tienmosisen [ollows the
same path as wrosisen. The nominative singular is derived straight-
forwardly as follows:

tienose

ticnohe (7la)
tienoho (71b)
tienooo (Tle)
tienoo (71d}

__..u..q:&m like leikckuu *harvest’ and vapas *free’, which behave just
like :.mqa_ﬁ can be treated similarly. They would have underlying
forms like ledckuse or leilckuhe and vapase or vapahe.

. An objection that might be raised against our treatment of words
__wn.a,m:az is that a perfectly easy way of accounting for the
partitive singular tienoofa must be abandoned, If we assume with
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Anderson that underlying form of fienoo is rienon,
retention of ¢ in the partitive suffix is explained by the fact that

a long vowel precedes the ¢. (cf. the environment of the eyclic
dental-stop deletion rule (69a}). 1f we assume that the underlying
representation of tienon is tienose, then when we add the partitive
suffix we have the underlying string tienoseta. Here the £is preceded
by a cluster subsumed under [—syl] [-+syl, —stress], which oupht
to trigger deletion of the . The solution that immediately suggests
itsell is that we order dental-stop deletion after fi-vocalization.

Then we would have the derivation

tienaseta

tiencheta  (s-weakening (71a})

tienohota  (vowel-copying (718))

tienoota  (h-vocalization (71c))

tienoota  (triphthong reduction (7id))
{no further rules applicable)

The ordering of h-vocalization prior Lo dental-stop deletion scems
to be supported independently by the illative plurals of noun and
adjective stems ending in a spirant. For example, uroita, the illative
plural of wros, can be derived properly from the underlying string
wrosita only if f-vocalization precedes dental-stop deletion.

Consider, however, the noun dair! ‘herald?. The illative plural
will be underlying airutisen. Our rules as they now stand will
convert this representation into afruiin, However, the correct form
is airuihin, Observe that giruihin would indeed be generated if,
contriary to our conclusions above, we ordered dental-stop deletion
before fi-vocalization. Then we would have the derivation

alrulisen

atrutihen (s-weakening (Tlal}
airutihin {vowel-copying (71b})
airuihin (dentul-stop deletion)

h-vocalization would not apply to the last line above because the fi
is preceded by a diphthong.
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The apparent conflict between forms like wroita and forms like
airuthin can casily be resolved if f-vocalization and dental-stop
deletion are regarded as subcases of a single right-linear rule. We
might have thought to combine the wo processes into a single rule
anyway, since their environments look very similar the way we have
formulated them. The similarity is not as close as it appears, how-
ever, for we have somewhat oversimplified the environment of
fi-vocalization. Apparently, f-vocalization takes place after any
unstressed vowel sequence that does not end in a long vowel or in
vowel i, whereas dental-stop deletion is restricted to position
after consonant - short unstressed vowel, Some effects of this
difference are illustrated below.

nominalive: dutio herttua

illative: autioon herttuaan

partitive: autiota hertinata
‘desolaie’ *duke’

Compare also ill. sg. afrueen (<2 afratesen) with ill. pl. aleuilin.
The guestion now 15 how to express gracefully the environment of
f-vocalization. 1 don't know a definitive answer, bul perhaps we
can achieve the right effect if we take the liberty of using the
following somewhat controversial devices;

{i) brackets meaning set interseclion, s described in
Chapter 3;

(if) hyphen meaning negation (that is, -(X) subsumes
everything that X doesn't).

Then the rule of h-vocalization and the rule of dental-stop deletion
can be combined into the single right-linear rule (72),

(72)
i +-syl =
ﬁ n_um_v -»Gf| 8% —stress|, -(§* _H+E.,_H_TA
.| L—voice_ = T | [syT]8*
—cont S +syl
+-eor H_ @3 syl —siress
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It is possible that this rule can and should be further reduced by
appropriate use of angle brackets or indexed braces in arder Lo
express what similarity there does exist between the left environ-
ments of the subcases.

We emphasize that our solutions to the problems under dis-
cussion are far from definitive. Numerous unresolved questions
remain, but these can be answered only by a far deeper study of
Finnish phonology than would be appropriate here. We could
claim only that the solutions presented here are at least as plausible
as Anderson’s and in some respects superior, and that there is
litlle reason to believe, therefore, that a left-to-right cycle 1s
necessary. It is true that at least one rule, (72), must be applicd
in a left-to-right manner, but a right-linear lormulation appeurs
to be adequale.

[of s
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FEATURES WITH INTEGRAL COEFFICIENTS

It appears from Cole’s description (1955) that Tswana has the
following system of underlying vowels:

u High

0 Higher mid

a Lower mid
a Low

|

Using the vowel features proposed in ._.____p:_.m {1968) we would
presumably attribute the following analysis to these vowels.

i u ¢ o & 2 a
High + 4 e
Mid — = 4+ + + e =
Palatal e — He = = =

As contrasted with the vowel features of Chomsky and Halle (1968},
hereafter referred to as SPE, the above analysis has two distinct
advantages in the present example: (1) it allows for the representa-
tion of four vowel heights; and (2) the vowels specified [+ mid]
constitute a natural class that is opposed to the remaining three
vawels, as will be seen below.

In certain environments the mid vowels are raised slightly, bul
not enough to reach the height of the next higher vowel; in other
words & is raised but not to the extent of becoming e, and e is
raised but not to the extent of becoming i, Phonetically, then, the
following vowels are distinguished :
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I u High
e o= Raised higher mid
e o Higher mid
B~ o~ Raised lower mid
E 2 Lower mid

i Low

One of the raising environments is before the velar nasal n. Thus
we have g~1, e~1, 2~1, and g~ from underlying on, en, 20, and £n,
respectively, This rule is followed by another rule which, working

from right to left, raises a mid vowel by one degree if’ the next
following vowel is higher, We illustraie as Follows:

moxakolodi  moselasele moseleselen
mostlesele~1) (Taising
hefore n)
moxako~lo~di mosg~le~se~le~p (raising
hefore
higher
vowel)
‘advisor” ‘ Dichrostachys (locative of
glomerata’ muoselesele)

The question now arises as to how we are to represent the six
phonetic vowel heights in feature terms and how we are (o for-
mulate the raising rules, Clearly, the four-way height distinction
that is adequate for the underlying representations is insufficiently
refined for the phonetic realizations. We can, however, easily
account for this situation if we allow that feature coelficients en
the phonelic level be given as integers rather than as pluses and
minuses. When provided with such coefficients a feature is thought
of as indicating the degree to which a certain phonetic quality is
possessed. Thus phonetic vowel height might be thought ol as
given by one of the first n positive integers, 1 indicating the least
tongue height, and n indicating the greatest tongue height, The
scale of height given by the integers | through n should presumibly
be universal, defined once and for all in phonological theory. In
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the absence of a generally accepled universal scale, we will assume
ad hoe that n = 6, since this is adequate for Tswana. The rules
of Tswana must at some point convert the plus and minus speci-
fications of the high and mid features into integer specifications
of the phonetic feature of height, and the raising rules will be
formulated in terms of those integer specifications.

In order to handle integer specifications we will introduce a few
new devices. We regard a positive integer n as a sequence ofnl's
Thus | = 1, 2 = 11, 3 = 111, etc. The Greek letters 1, &, &, ...
will be regarded as variables ranging over strings of 1's. We will
furthermore allow expressions of the form -+1F, where | is a
string of 1's, Such an expression subsumes any phonological unit
which contains the specification +IF or JIF where J is a string
of 1’s. Thus in particular, +F subsumes units containing the spe-
cifications +F, F, IF, 11F, I111F, et

Suppose now that there is a rule in Tswana that converts binary
height specifications into integer specifications as follows:

u hecome 6 high
o become 4 high
£; 3 become 2 high
i hecomes | high

Then the rule that raises a mid vowel before a vowel of greater
height can be given as in (75):

(75)

syl

. . Iv ::Emﬁ al.l.._ ;-::Em_.@ *
L _.:n_.w_m: H (@) J38—[—svl] _H._.mw_ w

The vowel height feature, as we have viewed it, has finitely many
possibly integer coefficients. As long as this is true of all features
the alphabet of phonological units remains finite, and the extended
formalism allowing integers and integer variables does not increase
the mapping power of phonological rules. It is otherwise with the
prosodic features now to be discussed.

According to Schacliter and Fromkin (1968: 106-9) the Akan
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languages have an underlying distinction between high-level and
low-level tone. These tones are manifested phonetically according
to the following downdrift rule (after certain other rules have
applied). A high tone is always on a higher pitch than an imme-
diately neighboring low tone; however, the pitch interval between
4 low tone and an immediately following high tone is less than
the pitch interval between a high tone and an immediately following
low tone. To quantify these relations Schachiter and Fromkin
qssume that there is a pitch interval of two degrees hetween a low
tone and a following high tone and that there is a pitch interval
of three degrees between a high tone and a following low tone.
We can express this analysis in feature lerms if we suppose there
is an integrally valued feature of pitch, 1 pitch being the highest
pitch, 2 pitch the next highest, and so on. Then the effect of the
rule can be illustrated by the phrase
Sbékd kumdsé dnopd yi

4 11 4 =22 pb a3 2

Here high tone is indicated by an acute accent, low tone by &
grave accent. High tone can be thought of as represented by the
specification --tone, low tone by the specification —tone. The
downdrift rule can be given by a series ol three rules, of which
the last is right-linear,

(76)
; --tone 1 pitch T
o [ s
+syl 7 ;
) | —tone ¢T:EHJ [5*—5*
. (o)
; oy v +syl T o e
+tone| ipiteh 1$* | —tone syl ; T
o (o) p -tone
* I pitch '
() Ry pal
; ! 11 piteh] o, [Htone| . i
ﬁ..ﬂ.ﬁn . (@) H___Hm Tﬂ.:ﬁw_ [—tone] &
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We assume here that only syllabies can have the specification
“+-tone, nonsyllabics being all —tone.

There are now infinitely many phonelogical units, since in
principle [n pitch] segments exist for each n. In order to continue
thinking in terms of a finite alphabet of primitive symbals we can,
of course, think of a phonological string as composed of brackets,
commas, pluses, minuses, 1's, and feature names, these being the
formal building blocks of phonological units. We will then be in
4 position to consider whether the extended formalism allowing
integer coefficients and variables is more powerflul than the for-
malism of Chapters 4-5. In fact, it is more powerful, for many
rules can be formulated that exceed the power of finite transducers.
The Akan downdrift rule {T6c), for example, is not a finite state
device. To see this we can reason as follows. Lel us say that Q
is in the output set of a mapping device if and only if that device
maps at least one string into Q. Tt is well known that the output
sel of a finite transducer is regular, Therefore, if M is some finite
transducer that purportedly effects the same mapping as rule (76c),
then the output set of both M and rule (76c) must be regular.
However, the outpul set of (76c¢) is not regular because of the
dependencies that hold between the coefficients of the pitch features
within a phrase. If we regard these coefficients as strings of 1's
we are obliged to say that in any output string of the form
[L ~tone, T pitch K —tone, J pitch H], where K conlaing no
oocurrence of the expression +tone and T and J are strings of 17,
1 is longer than 1 by exactly two 17s. If there is no upper bound
on the length of T, this sort of restriction will give rise to & non-
regular set (this follows fram a theorem of Nerode; see Rabin
and Scott 1952 and Chomsky and Miller 1958).

Phonological rules do, then, occasionally exceed the capacity of
finite-state machines. Apparently, however, (his happens only in
the restricted sort of case just considered, where inlegral coeffi-
cients are being referred to or manipulated.

(76c) has been given as right-linear but will work equally well
when applied iteratively. The rule given by Schachter and Fromkin
(p. 108) is in fact meant to be iterative and is essentially the same
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us our rule, though differing in its outward form and corresponding
rather to (76) as a whole. Motice that there is no way at all to
express the rule under the simultancous mode of application. For
suppose we attempted a simultaneous formulation. The determi-
nation of the pitch of each syllable would have to be made in-
dependently of the other syllabics, since the context of each
syllabic must be referred to in original input form. What we
would have to say, then, is this;

(i} A -+tone syllabic receives n pitch when preceded in the
phrase by exactly n—1 occurrences of sequences sub-
sumed under [} tone] [—syI]* [-}-syl, —tone],

(i} A —tone syllabic receives n--3 pitch when preceded in
the phrase by exactly n occurrences of sequences sub-
sumed under [-}-syl, —tone] [+syl]* [+-tone].

However, the schematic notation as it now stands is unable Lo
express a dependency between the number of occurrences of a
particular kind of phonological string and the size of an integer
coefficient, at least when there is no upper bound on these values,
The most it can do in this respect is to state dependence belween
integers. We could, therefore, formulate a simultansous version
of (76c) only il we introduced some further device, such as the
notation X! meaning a string of exactly T X's, It would then be
imperative to allow I to be a variable as well as a specific integer.
However, right-linear application obviates the necessity for this
extri device in the downdrift rule.

There is one other notable example of a feature that has been
said 1o take on any positive integer as a coefficient. This feature
is stress. [n SPE the integer coeflicients designate degrees of strength,
| denoting the strongest slress, 2 the next strongest stress, and so
on, Stress has some peculiar properties which set it apart from
other features and appear to call for special conventions.

In many cases the introduction of a | stress causes weakening
of all previously present integrally valued stresses by one degree.
Thus the English alternating stress rule (rule 17, Chapter 5, in
SPE) will not only place a 1 stress on the antepenultimate vowel
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of a final-stressed word but will also weaken the previously present
final | stress to 2 stress. Thus cavaleade becomes cavalcade, Tech-
nically, we could treat the weakening of the final stress as a separate
rule. However, weakening of this sorl is such a frequent con-
comitant of primary stress placement that the two phenomena
seem to be parl of one process. Consequently Chomsky and Halle
have decided in SPE to let this weakening take place automatic-
ally. It we incorporate their convention aboul stress into our
formalism we can write the alternating stress rule simply as

-5yl | stress| g S Z :

o || (@ |/FTIIsyll [—syll*[l stress] [—syl]

Many rules thut introduce o primary stress operate according to
a principle of disjunctive application. Consider a revised version
of the alternating stress rule proposed by Ross (1969), For sim-
plicity of illustration we take Ross’ preliminary revision on page 9,
omitting boundary symbols. Ross’ rule can be thought of as
having the two ordered subcases (77a) and (77b) (some slight
modilications have been made to fit the rule to our notution),

(7N
(1) +u.mu; iy _m_n_wnmm fB—[— syl * syl [—syl}* [1 steess][—syI]
= a)
+syl 1 stress
(b) el g nn.”cﬁ (8% —[-—syl]*[1 stress] [—syl]*

In general, all nouns are subject to (77) (most verbs are exempted
from (770} by a redundancy rule in Ross® view). However, the two
cases of (77) are applied disjunetively: if # noun receives a 1 stress
by (77a) it is no longer subject to (77h). Thus from cavaledade and
#@.m? where the final | stress has been introduced previously by
the main stress rule, we abtain cdvaledde and E.:m,_». It is the prin-
ciple of disjunctive application that prevents the derivation

cavalcdde
cdvaledde (T7a)
*civiledde (77b)
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It is Irequently the case that the second of two disjunctively ordered
rules omits material present in the first rule, This is true in (77),
for example. An equivalent of (77b) can be obtained from (77a)
by simply omitting the [+syl] from the expression to the right of
the slash. This fact has led to the association of disjunctive order-
ing with parentheses and with the closely allied angle bracket
notation, Thus (77) would be given in abbreviated form as (78),

(78)
._.Mu.q_ Lo _ﬂwmm /8% —[—syl]* ([—syl]) [—sylI*[1 stress][—syI]*

Although parenthesis notation gives the correct result in many
cases there are certain reasons why we will not incorparate it
officially into our formalism. For one thing parentheses are not
formally associated with the stress feature. Indeed, with their aid
we can formulate many disjunctively applied rules that have
nothing to do with stress, In this respect the principle of disjunc-
tively ordering is grossly over-generalized, for it seems lo he
properly associated only with certain rules which introduce a
primary accent (whether of pitch or stress). Supposed cases of
disjunctive ordering that do not Fall under this rubric appear to
be spurious. A few illustrative examples will sugpest why 1 believe
this to be so.!

Vo Chomsky and Halle {p, 366 of SPE) are aware of the sort of problem
about o be discussed snd offer some preliminary suggestions for solving it,
We have not followed wp these suggestions because the problem docs not
arise within the rule formalizm we nre developing here. 1t must be granted
that the case discussed by Chomsky and Halle, a rule of Latvian, presents a
difficulty of another kind to our formalism. Adapted stightly (o our notation,
but retaining the pareptheses and morpheme boundary of Chomsky and
Halle's formulation, the rule would appear as follows:
-5yl
+high | — [T p 50 — (p) pran s®
= (=}

This is token to represent the following sequence of rules:
+ayl

, .._
(w) | +high| — | 73| /8¢ — o [fayl 5*
= TE_
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One of the rules proposed in SPE (23111 in Chapter 5) replaces
lax 1 with tense i before a string subsumed under [—syll[—cons]
ar [—cons]. This appears to cry out for parenthesis notation, and
the authors of SPE do in fact use an equivalent notation involving
a subscript 0 and a superscript 1. Adapted slightly to fit our
formalism more closely, the rule could be given as (79).

-5yl
—tns - Lns
(79) | +back | - | —rnd | /8* — [—syl] | [—cons]*
+high | | (o) 4
o

According to the conventions in SPE (pp. 61-2, 199}, (79) would
be expanded into the two ordered rules of (80,

(80)  (a) u—1i /8% — [—syl][—cons]$*
(b) u—3 /8% — [—cons]$*

Now consider the effect of the u — i rule on the word usual. This
word presumably has the underlying phonological representation
_._._.5_.,5__. (SPE, p. 228). S-voicing apparently should apply before the
u -+t rule since s-voicing precedes velar softening according to
SPE, p. 221, and velar softening precedes the w — } rule 23111 of
Chapter 5. The input to the u — i rule will, then, be sizuw/, This
string has two vowels which fit the conditions of the u —» } rule,
the first u satisfying case (80a) and the second satisfying case
(BOb). According to the conventions of SPE, however, the two
cases are applied disjunctively; consequently only the first case
(80x) will apply, and the output will be izwel Unfortunately,

+s¥l ﬁ ~gyl
(b)) | +high| —+ | (=) a | 5% — [+syl] 5
o

When uuﬁ:w.: in the indicated order (1) and {1} will correctly convert knrw-ial
and awita into kurw+ pad and auy+a, respectively. As our formalism now
.n._p:& we cannot, as Chomsky and Halle can, regard (a) and {b} as subcases
of a single rule, I they are subeases of o single right-linear or simultaneous
,..=__.... they yield "awyfa instead of awy -+a; if they are subcases of o single lefi-
linear rule, they yield *Eurnu - yaf instead of kurw +yaf.

FEATURES WITH INTEGRAL CORFFICIENTS 115

though, this outpul cannot yicld the correct pronunciation of the
ward, for the remainder of the derivation would be as follows
{numbers not in parentheses refer to rules in Chapter 5 of SPE).

m‘.nzﬁ_

iziial 231V
yiziel 29
yiwziiwiel 31
yowziwiel 34
Fyiwziiwal 43

The desired phonetic form is pihe#iwal, with palatalization of the z,
But it is just this correct form that will be obtained of the lwo
cases (80a) and (B0b) of the u -+ i rule are applied conjunctively
or simullancously. Then the input string dznel will be converted
to izizl and the remainder of the derivation will proceed as desired:

iziel

”____muv,mﬁ_ 29
viwzyiwel 31
yiwzyawel 34
yhiwiEynwael 7
yliwzowel 38
ylwziwel 43

Note that within our formalism, where there is no explicit ana-
logue to the notion of ordered expansion of rules, (79) will be
. : : 1., -
interpreted correctly if the notation [—syl] 0 is regarded as equi-

valent to {[—syl], @} and if (79) is regarded as a simultaneous,
right-linear, or lefi-linear rule. For then (79) will convert dzie!
to iziwl by virtue of the application

Variable notation too has been interpreted according io the
principle of disjunctive ordering, with equally disastrous con-
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sequences. Consider the second part of the vowel shift (rule 33
of Chapter 5 in SPE), which could be given as

X
(81) | flow | —
G

—Plow T
oy |18 = 8%

where X is the expression
syl
-|-tns
-|-siress
—high
vhack
yround

According to the convention deseribed on p. 357 of SPE, (81)
must be regarded as standing for the disjunctive sequence (82).

- X -
—low
62 (@) -+_w%. .% 0 Tm. _ g
- X
(k) | —low | — Lm_.wig 5% — g*

Mow consider the effect on the word migrate. The underlying
representation is presumably siigrde (in SPE, p. 144, this word is
thought to have a 4 beundary before the 2, but this fact is of
no relevance here except for its effect on the siress). The stress
rules, diphthongization and the first parl of the vowel shift rule
will convert migrét into the intermediate form méygrd pt, Applying
case (82a) of the second part of the vowel shift we obtain méyerdyt.
Mow, however, because of disjunctive ordering, (82b) cannot now
apply to this outpul. But this is not what is wanted: the desired
outpul is mEygréyr. Conjunctive ordering of (82a) and (82b) will
not do either, for then the output méygrdyr will be obtained.
Within the framework of SPE the most appropriate method of
apphication seems to be the simultaneous; for then (82a) will apply
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to the second vowel but not to the first, and (82b) will apply to
the first vawel but not to the second, as required, Wilhin our
farmalism the correct result is obtained immediately if (81) is
regarded as simultaneous, right-linear, or left-linear. Then the n.c_n
will convert méverd vt into mdygréyt by virtue of the application

I ; & t

b Rl
There are several more cases in SPE where the notation incorrectly
calls for disjunctive ordering; the amusing game of finding them
is left to the reader, Thers are, in addition, a number of cases
where disjunctive application is called for by the notation but is
neither supported nor invalidated by any crucial evidence in SPE.
Rule 24 of Chapter 5 in SPE is a particularly interesting example.
The first part of the rule would take the following form within
our notation:

(0]
(83 Y(Z)IX _:.i K
where
BEreas 11 slress
Y = | +syl |- H_ | [—stress]* — [—syl]*,
(o)
- q =
-5yl
L= |—1ins {[—s=¥11),
| —&iress_
« [EH o [T e
X = [-syl] _Hmmﬂ.mmuu_ syl siress [yl
W _Hm_m:.nmm 4+,
"mu; 1l

and K is the condition

(—(z = 1) and —(p = 1) and —(f = 11} and —(y = 18))

(that is, o is not 1, [ is weaker than 2, and & is weaker

than v}
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all integrally valued stresses in Q, including the 0 stres-
ses, are weakened by one.

With tlicse conventions we can now [ormulate Ross' version of
the alternating siress rule as follows:

syl 0 stress ([+syll] .
(86) iL-Y il ISR el (R

[1 stress] [—syl}*

I
Application of (86) to kwvalk@d (perhaps the representation of
cavaleade at this slage of derivation) will take the following form:

HE

1
k 0 viclkied
&

The __...E:u_:._n,?.mkmt is turned into kb valkid by convention {85¢).
Notice that (85) cannot give the output kievélkad by virtue of any
putative application

& ox
kv lk&d

a o
B i

The reason is that the supposed lourth step,

® —» mfkEy — _La_
though subsumed under the schema in (36), is not a subrule of
{(#5), being excluded by convention (85b).

Ross’ version of the main stress rule of English, though not the
version in SPE, fits quite well into the framework proposed here.
Adapted slightly to our notation, Ross’ rule as given on p. 45 takes
the form of (87).

(87
L, ;E%HFTE_,: Tj (—syl) -_-M..j K)L

oF {c) —Ins —Lns
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where K is the expression

[+san]
\\ u.
An) s
\“ \‘_H |-cor ,,,,,,,//.
v, MEL //;.,

and L is the right syntactic bracket

bl N aAn

According to the conventions of SPE (cf. especially the Appendix

to Chapter B}, rule (87) will have the partial expansion shown in
(BE).

_Em.,*u

0) -rw__“ > H_ ﬁu;m ,,aFTE_*FH (1) *_Exr
o [ [ st ] xu

Cl sl B bl ICER SRV 3

The three cases (BBa), (BBb), and (88c) of rule (87) siress anle-
penultimate, penultimate, and final vowels, respeclively. Since the
cases are applied disjunctively in the order given, the effect is to
siress the leftmsot vowel that fits any of the three coses, We can,
then, adapt (87) completely to our formalism with very minor
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revisians, provided we adopt the customary angle bracket notation
and the usual way of referring to syntactic categories. All we need
to do is to make (87) a right-linear rule, subslitule the expression
[0 stress, ()] for [i stress, (a)] to the right of the arrow, and
replace each expression of the form (U) with {U, & |3

There arc a few cases where disjunctive application seems
appropriate and is in fact achievable under our conventions but
not under those of SPE. According lo Harms (1968: 74), Komi
Jazva has a word-level rule that places stress on the rightmost
vowel that is not preceded anywhere within the word by a tense
vowel. Thus if there is a lense vowel, the first tense vowel receives
siress, while if there is no tense vowel, then the last vowel receives
stress. With our conventions we would write the rule as Tollows:

+syl 0 stress / _H,lmw__ v_gh

(39" & vl I () WIEm

There is no way in the system of SPE to achieve the effect of dis-
junctive application here, since in SPE the star notation is asso-
cinted with simultaneous application, Parentheses around the lefi-
hand starred expression will not do either, since the first of the
two disjunctively ordered cases will be (89) itself.
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