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Interacting processes in
phonological theory*

Killi Prillop
University of Tartu

This article introduces basic principles of a generative theory of phonology that
unifies aspects of parallel constraint-based theories and serial rule-based theories.
In the core of the grammar are phonological processes that consist of a markedness
constraint and a repair. Processes are universal, but every language activates a
different set, and applies them in different orders. Phonological processes may
be in bleeding or feeding relations. These two basic relations are sufficient to
define more complicated interactions, such as blocking, derived and non-
derived environment effects, chain shifts and allophony.

1 Introduction

Optimality Theory (OT) was developed as a response to a ‘conceptual
crisis at the center of phonological thought’ (Prince & Smolensky 2004: 2).
The problem with classical rule-based theory was not its inability to
analyse emergent phonological patterns, but rather the lack of explanation
for why phonological rules which do not have anything in common seem to
cooperate and serve a single purpose. Various output constraints have been
introduced since the early 1970s, but general conditions on their use have
remained unclear, as they have been used sometimes as blockers and some-
times as triggers of phonological rules.

OT introduced constraints and constraint hierarchies, claiming that
rules are unnecessary. The blocking—triggering inconsistency of con-
straints was resolved, but new problems arose. The best-known challenge
for O'T is opacity, for which the number of proposed solutions is so large
that a comprehensive overview would call for a monograph. All of these
proposals require more complex mechanisms than simple reranking of
violable constraints. However, any of those can cover just a subset of
opacity phenomena. For example, local conjunction (Kirchner 1996,
Bakovi¢ 2000), comparative markedness (McCarthy 2003), turbid output
representations (Goldrick 2000) and contrast-preserving constraints
(Lubowicz 2012) are not relevant to counterbleeding opacity;
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intercandidate sympathy (McCarthy 1999) and targeted constraints
(Burzio 2001, Wilson 2001) cannot explain mutual feeding and chain
shifts; output—output correspondence (Benua 1997) is designed for mor-
phological opacity only; and, while stratal OT (Bermuadez-Otero 1999,
Kiparsky 2000) can formally account for any kind of opacity, in many
cases it 1s difficult to justify multi-level analyses.

The most recent version of OT is Harmonic Serialism (HS). In HS,
surface forms are generated from underlying forms in a series of optimising
steps. At each step, a generated candidate can differ from the input in only
one respect. The winner of each generate-and-evaluate step is submitted
as the input to the next step. This loop continues until nothing can be
done to improve harmony (Prince & Smolensky 2004: 6, McCarthy
2008, 2010a, b).

Unfortunately, serialism is not the key to solving the opacity problem.
Despite its similarities to rule-based derivation, the HS version of OT is
not successful at handling opacity. In the case of counterfeeding, the deri-
vation will not converge until all possible processes that improve harmony
have been applied. In the case of counterbleeding opacity, on the other
hand, the derivation converges too early (McCarthy 2000).

There have also been attempts to account for opacity in HS, yet these too
are only able to address certain types of opacity. They also modify some
basic assumptions of HS. For instance, Hauser et al. (2015) propose a
special kind of faithfulness constraint to handle counterfeeding opacity —
UO-faithfulness. UO-faithfulness constraints compare candidates with
the underlying form, not with the input form of the current derivational
step. UO-faithfulness effectively preserves underlying contrast, yet this
solution is not available if the property to be preserved is not present in
the underlying form, for example in opaque stress placement preceding
epenthesis in Tiberian Hebrew, where input /CVCC/ surfaces as
[[CVCVC], not as [CV'CVC(], even though final closed syllables are nor-
mally stressed (Idsardi 2000). Counterbleeding opacity is even more
difficult to account for. Although cases where syllabification is involved
can be analysed if the operations available to the generator are decomposed
into more primitive operations (Torres-Tamarit 2016), there is no general
solution to the opacity problem in OT.

Attempts to account for opacity within OT have led to a situation similar
to that of several decades ago, when attempts were made to formalise
blocking, a challenging task for rule-based theories, using for example
the Revised Alternation Condition (Kiparsky 1973a), the Elsewhere
Condition, and disjunctive blocking (Kiparsky 1973b, Halle & Idsardi
1997).

Both blocking and opacity are common in languages, and an adequate
theory of phonology should be able to account for them without any
modifications. Work by Idsardi (2000), Calabrese (2005) and Bakovi¢
(2013) has concluded that there is no crucial evidence to decide in favour
of rules or constraints.
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In the current paper, a theory that adopts the best of both approaches is
introduced: PROCESSES AND RELATIONS (PRR) theory. In PRR theory,
every phonological process consists of a triggering markedness constraint
and a repair. Markedness constraints are violable by surface forms,
exactly as in OT. But, unlike OT, complete processes interact, not mark-
edness and faithfulness constraints independently (see §2). Phonological
processes may be in a feeding or bleeding relation (Kiparsky 1968). Both
opacity and blocking effects are consequences of these two basic relations
and the order of application of the processes. Bleeding, feeding, counter-
bleeding and counterfeeding are discussed in §3, and more complicated
relations (e.g. Duke-of-York derivations, mutual feeding and mutual
bleeding, derived environment effects and blocking) in §4 and §5. I will
focus primarily on formal relations between processes; full case studies,
detailed definitions of constraints and establishing the right set of processes
are beyond the scope of this paper.

2 Processes as pairs of constraints
2.1 General description of processes

Markedness and faithfulness constraints in OT are functionally very
different, and a theory that treats them alike may not be ideal.
Markedness (M) and faithfulness (F) constraints operate in pairs, and
the need to satisfy an M constraint triggers a change that causes a violation
of an F constraint. F constraints are violated only when this improves
harmony for markedness, and are never triggers; their usual informal
meaning is ‘do not do anything’, which cannot initiate an action in any
logically meaningful sense. If an M constraint dominates a relevant F con-
straint, a change occurs. Such pairs, where an M constraint functions as a
trigger and a F constraint denotes a suitable repair (R), constitute minimal
phonological processes, represented schematically in (1).

(1) M
l
R

In standard OT analyses, there are various M constraints whose satisfac-
tion does not imply violations of F constraints, namely the prosodic M
constraints (e.g. FoorBiNnarrry, TrocHaic, ONSeT and NoCoba).
However, satisfying a prosodic M constraint is not possible without
some change. Input forms are usually neither syllabified nor footed — the
structure has to be built. Consequently, output candidates have more
structure than the input form, and therefore violate a constraint against
adding prosodic constituents, say DEP(structure) (cf. Prince &
Smolensky 2004: 30, n. 13).! In addition, F constraints that demand

! Various phonologists have used a constraint labelled *STRUCT, but as an M con-
straint; see the discussion in Gouskova (2003).
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faithfulness between output forms (including base and reduplicant) func-
tion in OT analyses as M constraints; for example, in Paamese (Russell
1997), the base form /luhi/ reduplicates as [luhu-luhu] ‘plant’, because
/i/ changes to [u] in non-final positions, and base-reduplicant identity trig-
gers the same change in the base.

Positional faithfulness (PF) constraints are another type of F constraint
in OT whose validity has been questioned. Formally, PF constraints can
be replaced by positional markedness (PM) constraints. For example, a
factorial typology including a PF constraint, such as IDENT[vce],,,
IDENT[vce] and *VcDOBSTR (from Beckman 1998), generates the same
output patterns as a typology with the PM constraint *VcpCoba instead
of IDENT[vce] .. PF constraints demand preservation of lexical contrast
in prominent positions; corresponding PM constraints prohibit non-
prominent features in non-prominent positions. To avoid referring to
non-prominent positions, these PM constraints can be reformulated
as ‘if prominent feature, then in prominent position’. For example,
*VcepCobA can be reformulated as ‘if voiced obstruent, then in onset
position’.?

As a process, an M—R pair consists of two parts: it has a structural
description as well as a structural change, which makes it similar to a
phonological rule. However, classical rules are language-specific, while
M constraints are universal. I also assume that repairs available for each
M constraint are universally determined, an idea also found in OT (e.g.
Lombardi 2001, Steriade 2009).

A repair can be switched on or off in particular languages. Any repair
which is switched on actualises a process. A child acquiring a language
has to figure out which M constraints are active (i.e. need to be satisfied)
in that language. The child has to switch off all other repairs. The switch-
ing-off of repairs is comparable with the constraint-demotion algorithm in
OT (Tesar & Smolensky 1998). In OT terms, to switch a repair off means
to demote an M constraint below an F constraint, but in OT, all F con-
straints — that is, all kinds of repairs — are accessible without restrictions.

Calabrese (2005) proposes a theory of M constraints and triggered
repairs, and also discusses both process ordering and blocking. In his
theory, negative M constraints and rules interact. Rules are positive
instructions that a given structure must be modified in a given way, but
M constraints have many universally possible ranked repairs. M con-
straints trigger repairs, or block the application of processes (similarly to
the approach found in Paradis 1988). The highest-ranked repair is always
attempted first; the next one applies only when a licit outcome cannot be
produced otherwise.

The theory presented in the following sections can be considered
as a further development of Calabrese’s theory. The goal is to define
different interactions between phonological processes. Several questions
2 A second type of PM constraint says ‘if prominent position, then prominent feature’;

compare STRESS-TO-WEIGHT ‘if stressed, then heavy’ and WSP ‘if heavy, then
stressed’.
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about processes will be left open here; for example, how to integrate posi-
tional constraints (possibly, processes can be actualised only for certain
phonological positions) or how to take markedness hierarchies into
account (conceivably, repairs that insert segments can be defined unam-
biguously by means of markedness hierarchies). To the best of my under-
standing, these issues do not cast doubt on the foundations of the theory.

2.2 Universality of repairs

In this section, I will explain an important property of repairs, to ensure a
better understanding of interactions. It follows from the architecture of
standard OT that, within one invariable grammar, an M constraint can
never be satisfied using different repairs. Even if many suitable F con-
straints are ranked below the M constraint, only the lowest-ranking of
them will be violated. To allow any additional method to satisfy the M
constraint, some other M constraint must be involved.

For example, *0,,, a constraint against trimoraic syllables, may be
satisfied by degemination, which violates Max(C),, or by long-vowel
shortening, which violates Max(V),. However, no language permits both
ways of satistying *o,,,,. If MAX(V), is ranked higher than Max(C),, then
the coda consonant will lose its mora; if Max(C), is ranked higher, then
the long vowel will shorten. Both strategies will emerge within one
grammar if another M constraint triggers the alternative repair. In the
case of satisfying *o,,, a constraint against long high vowels, *LoNGHIGH
(from Bakovi¢ 2007), may function as such a trigger. If these four constraints
form the hierarchy *o,,, *LoNGHIGH > Max(V), > Max(C),, then *o,,, is
satisfied by coda shortening, except in superheavy syllables with long high
vowels, where it is satisfied by vowel shortening. However, vowel shortening
1s actually triggered by *LLoNGHIGH — that it also satisfies *o,  is just a
coincidence. The repair for *o,  in this system is still Max(C), this
constraint must be ranked lower than *o,, . Max(V), may be ranked
higher than *o,, if *LLONGHIGH is ranked even higher.

The question now arises whether there exists only one repair for every M
constraint universally, so that a given M constraint is repaired in the same
way in every language where the M constraint is active. Let us further
analyse the apparent repair strategies of *o . Many methods to satisfy
*0,,, are considered by Broselow et al. (1997), who conclude that four
types of languages exist: Hindi allows trimoraic syllables, Malayalam
shares every coda mora with the nucleus, even in CVC syllables,
Levantine Arabic shares the coda mora only in CVVC syllables and
Egyptian Arabic shortens the vowel in CVVC syllables. This factorial ty-
pology is computed using the three M constraints o,,, (‘syllables are
maximally bimoraic’), *SHARED-u (‘moras are linked to single segments’)
and *C-uyy, (‘the head of a mora is a vowel’), together with the F constraint
Farra-u, which is violated when the number of moras linked to the input
segment and the number of moras linked to the corresponding output

segment are not equal (Broselow et al. 1997).
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I will add one further type of language to the typology, those which
satisfy *o, by degemination (Paradis 1988, Bakovi¢ 1995). Fula, which
I consider in §2.3, is such a language. Broselow et al. were actually inves-
tigating a subset of strategies to satisfy WEIGHT-BY-PosiTioNn (WBYP), a
widely used constraint that requires all codas to be moraic. Thus their anal-
ysis does not include inputs with trimoraic syllables (except Malayalam
geminates). Furthermore, they do not consider candidates with non-
moraic codas, because they assume WBYP to be at the top of the hierarchy.
If we add WBYP and candidates with non-moraic codas to the system, the
number of possible output patterns increases to ten. Analysing these and
searching for real-language examples would require a thorough separate
study. Fortunately, this is not essential for my aim here, which is to
show that it is possible to generate the ‘homogeneity of target, hetero-
geneity of process’ effect without freely rerankable F constraints.

Factorial typologies in O'T are not an easy way to predict which patterns
cannot occur in languages, because F constraints can be freely added to the
typologies. It cannot be determined which repair will be used for which M
constraint. In Broselow et al. (1997), the Egyptian Arabic pattern (long-
vowel shortening) emerges, because WBYP demands that coda consonants
are moraic; however, this would generate trimoraic syllables, which cannot
be repaired by mora sharing, since the constraint against shared moras is
relatively high-ranked. The only possibility left is vowel shortening (the
corresponding OT hierarchy is WBYP, *o, , *SHARED-u > FAITH-p).
The problem is that we are free to add a candidate without a coda conso-
nant, a resyllabified candidate, a methathetic candidate or anything else.
Every one of those can be an actual output if the corresponding F con-
straint is sufficiently low-ranked; see (2), where X =moraic segment
and X = non-moraic segment.

(2) a. [ta,t/ VVBYPE*OWWE*SHAREI)-,U Farru-u|ONseT| LiNearTY | Max(C)

i.ta, t |

L

*

ii. ta,t *]

u1. tat, *|%

05 1V, tay’u

V. tay.aﬂtﬂ

V1. tay.ta#
b. [ta,,/

IS ta#’u

11. ta#

*| *

|
. ta.a, *!

I have been unable to find any languages that delete codas in the con-
text of superheavy syllables or use metathesis to avoid such syllables. In
at least one language, Finnish, certain CVVC sequences are syllabified as
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.CV.VC., and VV sequences at similar positions as .VV., but this differ-
ence in syllabification is due to the avoidance of stressed light syllables, and
does not count as a repair strategy for * (see Anttila & Tachikawa
Shapiro 2017).

The ‘too many solutions problem’ is well known in OT (e.g. Lombardi
2001, Steriade 2009). In HS, the problem can be resolved in particular
situations where positional faithfulness is involved. However, this solution
needs new types of PF constraints (Jesney 2011). Furthermore, syllable-
building operations must be treated as unfaithful, i.e. as autonomous
operations that cannot occur together with other operations at the same
derivational stage. This contrasts with the general view, that syllabification
is faithful. A single modification in HS is generally defined in terms of a
single violation of a ‘basic’ faithfulness constraint, and syllabification
does not add violations to any faithfulness constraints (IMcCarthy 2010b,
2016). It is possible that syllabification and resyllabification in HS
should be dealt with differently; see Torres-Tamarit (2016), who treats
mora insertion in certain cases as a faithful operation. What counts in
HS as ‘a single violation of a basic faithfulness constraint’ is still a
matter of debate.

In PRR theory, the question of ‘single violations’ does not arise, since,
in OT terms, a repair may violate several F constraints. If in all lan-
guages an active M constraint is satisfied by the same subset of basic
operations, then all these basic operations together form one single
repair. If some languages need only a subset of these operations, the
minimal subset of universally needed operations is the repair of the M
constraint.

The universal repair for WBYP most likely consists of two operations:
inserting a mora into the syllable, and linking it to the coda consonant
(Add p to Coda); see Table la. In languages in which WBYP is active,
CVC syllables are generally heavy. Thus WBYP is universally not
satisfied by mora sharing. Linking the coda to its own mora inevitably vio-
lates #*C-pyyy, the constraint proposed by Broselow et al. (1997) to analyse
Malayalam. Malayalam satisfies ¥*C-u;;4 by mora sharing, as in (b), and this
may well be the universal repair for this constraint. The universal repair
for *o, 1s also mora sharing (between the coda and the nucleus, as in
(c)), as this is the only available repair that preserves lexical length con-
trasts. Mora sharing, in turn, is repaired by delinking the shared mora
from the coda consonant, as in (d). Delinking from the vowel would gen-
erate syllables with non-moraic nuclei (but moraic codas) in the case of
CVC syllables, which can hardly be an outcome of a universal process. |
use *HALFLoNGCoDA instead of ¥ SHARED-u, because in certain languages
(e.g. Icelandic; see Arnason 2011), diphthongs are shortened in closed syl-
lables, and I assume that short diphthongs consist of two vowels sharing
one mora. So far, no processes have been found which shorten a long
vowel or diphthong in a superheavy syllable. It is possible that a constraint
against half-long nuclei also exists, as in (e) (Kirchner 1997 proposes a
constraint against half-long vowels, but for different structures).

Oﬂ##
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Malayalam | Levantine Fula Egyptian
Arabic Arabic
. o u U 1 ppy | g | g u
mput \V | \ | Vi || vV |
process CVC | CvVC | CcVC|CcvC | cve | cve | eve | cve
e LT VT Vil
Add uto Cod
frioodd CVC | CVC | CVC | CVe CVC | cve
b. *C-pyyq — U u
Sh VA A\
arelt CVC | cve
c. *o,,— 7y up uu
Share u - - VA - VA - VA -
CvC CcvC CvC
d. *HavrrLoncCopa uvu
— Shorten Coda cve
e. *HarLrLongNuc p‘tp‘l
— Shorten Nucleus Ve
uu o ouu pp | pp pu | opp | uu
output | A AW L]V || || ||
CVC | CVC|CcVC | cve | cve | eve | eve | eve

Table I
Avoiding trimoraic syllables in different languages. A grey cell
denotes an inactive process, and ‘— indicates that a process does not
apply because the triggering M constraint is not violated.

Most OT hierarchies can easily be modified in the way described here:
the hierarchy of M and F constraints is replaced with ordered processes
(i.e. M constraints that trigger repairs). A similar point is made in
Bakovi¢ (2013), but in a different context.

The relations between processes are best represented as a schema, as in
Fig. 1. Note that the schema does not indicate the order of application of the
processes, just the relations between them. They may apply in different
sequences in different languages. One process may even apply many times if
it is triggered by some other process (triggering is discussed in §5). In the
schema, every repair is placed directly under its M constraint. The M constraint
and its repair are connected with an arrow. All the other arrows indicate rela-
tions between processes. The directions of relational arrows are of no import-
ance here (except that they are always pointing from repairs towards M
constraints). They are labelled with a minus or a plus sign. Minus indicates
that the repair increases violations of the M constraint, and plus indicates
that the repair is able to satisfy the IM constraint. Traditionally, such relations
are referred to as ‘feeding’ and ‘bleeding’ respectively (after Kiparsky 1968).
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WEIGHT-BY-PosITioN

Add uto Coda

*Oiw;l I + *C_qud

|

Share u Share u
*HavLrLoNncCopa +y ¥HavLrLoNNuc
Shorten Coda Shorten Nucleus
Figure 1

Relational schema showing bleeding and feeding relations
between the processes that control the trimoraicity of syllables.

If we are interested in which alternative strategies exist to satisfy an M
constraint, we have to look at the ‘+’-arrows that lead to the constraint,
and at the ‘—’-arrows that lead away from its repair. Every ‘+’-arrow con-
nects an M constraint with an alternative repair. For example,
*HaLrFLoNGCoDA can alternatively be satisfied by nucleus shortening,
and *HavLrLLoNgNuc by coda shortening. Every ‘—’-arrow connects a
repair with an M constraint to which it may generate violations (for
example, Share u generates violations to *HaLrLLoNncCopA, and also to
*HaLrLoNGNuc, if the syllable has a long vowel or diphthong). The
repair of an M constraint may also be an alternative repair to the M con-
straint that triggered the first repair. For example, *o0, 1s repaired by its
own repair, mora sharing, which generates further violations to
*HaLrLoNGNuc and *HALFLoNGCoDA, and therefore may be further
repaired by the shortening of half-long segments.

(2) above shows that *o,, and WBYP can be satisfied by coda deletion in
OT. However, I am not aware of any OT analysis claiming that there are
languages without closed syllables because of WBYP and *o,,. Though
counterintuitive, this claim would be formally correct within the frame-
work of OT. The situation is similar with *o,  in Malayalam. Malayalam
shares every coda mora because of *C-uyyy; the ranking of *o,,, is of no
importance, and it would be misguided to conclude that Malayalam uses
mora sharing to satisfy *o .

In the phonological literature, there are many examples of ‘homogeneity
of target, heterogeneity of process’. The ability to explain the phenomenon
has been considered a benefit of O'T', although it comes at a cost: the ‘too
many solutions problem’. In PRR theory, this kind of overgeneration

https://doi.org/10.1017/5095267571800012X Published online by Cambridge University Press


https://doi.org/10.1017/S095267571800012X

450 Kuilli Prillop

does not occur. However, if every repair needs its own M constraint, it may
appear that too many M constraints are required.

Let us consider briefly another example: hiatus resolution. Languages
use many different strategies to avoid hiatus: glide formation, vowel dele-
tion, consonant epenthesis, elision and diphthongisation. Furthermore,
several of these strategies may coexist in the same language (Casali
1996). However, like the strategies to satisfy *o, , different strategies to
resolve hiatus also cannot emerge solely due to a single M constraint
(e.g. *¥*V.V). In his hiatus-resolving typology, Casali (1996: 36, 69) introduces
ONSsET, *DIPHTHONG, *Cj, ¥*Cw and GLIDEHOOD (to prevent [+low] glides
and glides that are not [+front] or [+round]). The relations between these
constraints are shown in Fig. 2.

ONSET 4 *V.V
" v
/ Add Link Create Diphthong
*Cw *Cj GLIDEHOOD *DIPHTHONG
|
Delete w Delete j Delete Glide Coalesce
Figure 2

Relational schema for hiatus resolution.

According to Fig. 2, hiatus is generally resolved by diphthongisation.
Related processes may induce vowel coalescence, gliding or elision. For
example, in Xhosa, ONSET — Add Link generates glides, but in the case of
/a.V/, gliding is blocked by GLIDEHOOD (blocking will be discussed in
§5.1). *¥V.V forces /a.V/ to become a diphthong, which further coalesces to
[e]. *Cj deletes the glide /j/ after consonant, but *Cw is inactive in Xhosa.
In sum, /wa-inkosi/ ‘on the chiefs’ surfaces as [wenkosi] (coalescence),
[ni-enza/ ‘you make’ as [nenza] (elision) and [uku-ahlula/ ‘to divide’ as
[ukwahlula] (gliding), exactly as reported by Casali (1996: 117-118).

Even if a typological OT analysis ranks only one M constraint against
several F constraints to explain variable repairs in different languages,
other analyses of related phenomena often introduce further M con-
straints. Pater (1999) discusses four strategies to satisfy *N'T' (‘no nasal—
voiceless obstruent sequences’): fusion, postnasal voicing, nasal deletion
and denasalisation. *NT induces devoicing, *ND (‘no nasal-voiced
obstruent sequences’) may cause fusion (see Hyman 2001) and *NAsAL,
*NasaLCopA (Golston 1996), *MoraicNasaL (Morén 2000) and similar
constraints may be responsible for deletion and denasalisation.

Of course, a few preliminary examples cannot prove that, universally, every
phonological M constraint has exactly one repair. The aim of the theory is not
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to find a single repair for every M constraint, but to systematise the repairs.
The number of repairs does not affect the theory of relations between pro-
cesses as described in subsequent sections, because only one repair is available
in any specific case. If an M constraint has several repairs, then the actualisa-
tion of a process means choosing one of them and switching it on.

2.3 A case study: degemination in Fula

Paradis (1988) presents an account of degemination in Fula (Niger-Congo)
to illustrate her theory of constraints and repair strategies. The same data is
also analysed by Prince & Smolensky (2004: §10.3.4), who concede that
O'T relies on Paradis (1988), who argues for increasing the role of con-
straints; O'T further increases their role. My work here is based on both
Paradis’ theory and O'T’; I therefore employ the same example.

According to Paradis (1988: 76-79), any consonant in Fula, except the
continuants ([f s h w j r]), can be a geminate, as in [radio] ‘hunt’,
[gol:azde] ‘to work’. Gemination occurs in a certain set of continuant-
final stems when the plural suffix is added. Since geminate continuants
are prohibited, they occlusivise and surface as geminate stops (3a). After
long vowels, geminate stops degeminate; the actual forms are [la:bi] and
[leice], with opaquely applied occlusivisation (3b).

(3)  stem gemination/occlusivisation
a. lef lep:i  ‘ribbon’ cf. lefel  ‘ribbon (p1m)’
new nebie  ‘bean’ newel ‘bean (DiM)’
b. larw laabi  ‘road’ larwel  ‘road (pim)’
leis le:xce  ‘bed’ leisel  ‘bed (pim)’

Although the output forms in Fula are opaque, they can be analysed in
the original version of OT (see Prince & Smolensky 2004: §10.3.4), in
which every output candidate is assumed to contain all the material from
the input. Deletion is implemented as non-parsing, and epenthesis as
filling of empty positions. M constraints can therefore see deleted or
inserted elements, and certain cases of counterbleeding opacity can be
accounted for. This version of OT has been replaced by Correspondence
Theory (developed in McCarthy & Prince 1995, 1999), the current stan-
dard theory of faithfulness within O'T. The most important innovation
of Correspondence Theory is that input and output no longer have to
contain exactly the same material. An undesirable consequence of this is
that the now standard version of OT' cannot deal with even those cases
of opacity, such as Fula, which were analysable within the original version.

Gemination in Fula is triggered by the weak form of the plural suffix
[-dV/, which consists of an initial empty mora followed by a vowel
attached to its own mora (Paradis 1988, Bakovi¢ 1995).° But empty
moras cannot surface in Fula (*EmMPTY-u must be satisfied). Trimoraic
syllables and moraic continuants are also prohibited (*o,,, and *u, oy

3 Paradis (1988) uses X-slots instead of moras.
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must be satisfied). The problem for standard O'T 1s that *o,,, is satisfied by
mora deletion, which also satisfies *EMPTY-u and *u(, .oq- 'There is there-

fore nothing to force occlusivisation; see (4).

(4) /1\//1 u /‘1 *EMPTY-111%0,,,,1 %1 4 conyg| MAX- MaX[+cont]
l aaw+ 1 ! ! !
a. o o !
/m/z ¥ % |
1 a V‘Vi ! 3
[+cont] | | 3
b. o o : : !
%/l ! *| ! 3 *
s o :
1 a bri w w !
c. o o : :
u u u/t * 1 %) ‘
1 a V\"Zi 3
[+cont] 3
ed. o o
M :
1 a V‘Vl
[+cont]
$e o o
K co
Il a b i
In PRR, *o0 1is satisfied by mora sharing, not deletion. Fula also needs

o
*HaLrLonGCopa — Shorten Coda. These two processes, if applied in

sequence, cause degemination (see §2.2). Another process in Fula, ¥, g
— Invert [cont], occlusivises moraic continuants by changing [+continuant]
to [—continuant].

To satisfy the constraint against empty moras (¥*EMPTY-u), the mora
must be attached to a segment. In Fula, the mora will be linked to the
stem-final consonant. Cross-linguistically, vowel lengthening (compensa-
tory lengthening) is more common, and the most likely universal repair of
*EMPTY-u is Link u to V. Consonant lengthening seems to occur only in
specific morphological environments (see Samek-Lodovici 1994). T will
therefore label the process Suffix: *EmMpTY-1 — Link u to C.*

* Another possibility would be to define the repair Link u by means of markedness.
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Relations between the processes are represented in Fig. 3. (The feeding
relation between Suffix: *EmMpry-4 — Link u to C and ¥y, g — Invert
[cont] will be discussed further in §3.1, and the bleeding relation between
*HaLrLoNGCobpa — Shorten Coda and Hiscony — Invert [cont] in §3.2.)

Sufhix:
*EMPTY-t * o »
Link uto C Share u
*:u['lcont] ‘+\ *H;\LFLT.\IGCQD;\
Invert [cont] Shorten Coda

Figure 3
Relational schema for processes in Fula.

The analysis of Fula geminates cannot be completed without an account
of syllabification processes. I assume here that syllabification does not
count moras; it just seeks sonority peaks. A complete account of syllabifi-
cation in PRR has not yet been developed (note that the same is true for
HS; see §2.2).

Table II represents the processes considered above and their outcomes
in Fula. Processes are given in their order of application, from left to
right. The output of one process is the input to the next. Both underlying
representations violate the first M constraint, *EMPTY-x, and are repaired
by Link u to C, producing moraic continuants which violate *u, ., and
are repaired by occlusivisation. In the case of the first input form, Link u
to C and syllabification together also create violations to *Oﬂw’ which
induce degemination. Note that the order of application of related pro-
cesses cannot be changed, since this would produce a different outcome
(I will consider different ordering effects in subsequent sections). The
order of unrelated processes is not crucial.

3 Unidirectional relationships between two processes

In grammars, processes interact, rather than M and F constraints inde-
pendently. OT-like F constraints are unnecessary, yet, just as in OT, M
constraints are universal, and violable by surface forms. However, the viol-
ability comes from serial derivation: an M constraint which was satisfied in
some earlier stage of the derivation can be violated again by a subsequent
process. Although the processes are blind to other processes during the
derivation, they can interact and even conjoin, thus generating opacity
and blocking effects.
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Suffix: *HavrrLoNG
*EMPTY-1 *0 FU 4 cont] Copa
Syllabi-
input Link uto C| fication Share u | Invert [cont] | Shorten Coda

o o

Il abri I abi

TR TR TR TR T
\/ | \VARE

law+ 1| 1a wi |l

o o o o
v | | =
new+e| pewie | pewe nebre
Table 1T
Applying the processes in Fula. “— indicates that the process

does not apply because the triggering M constraint is not violated.

Different processes are intrinsically related to each other if they influence
the same phonological elements. These are feeding and bleeding relations.
Feeding means that the repair of one M constraint causes new violations of
some other M constraint. In the case of bleeding, the repair of one M con-
straint is also capable of satisfying some other M constraint. As before, a
feeding relation is indicated schematically by an arrow with a minus sign,
and a bleeding relation by an arrow with a plus sign. In relational
schemas such as Fig. 3, the direction of the arrows is irrelevant. To save
space, relational schemas and derivational tables such as Table I are com-
bined in the following sections, as shown in (5), where /" arrows indicate that
processes apply in feeding or bleeding order, and ™ arrows indicate that pro-
cesses apply in counterfeeding or counterbleeding order. Irrespective of the
direction of the relational arrow, the order of application of the processes
represented in derivational tables is always from left to right.

(5) Basic relations between processes

a. feeding counterfeeding b. bleeding counterbleeding
L7 LN L7 Lo
R, R, R, R, R, R, R, R,

3.1 Feeding

Consider first two different examples of the situation where the satisfaction
of one M constraint can cause violations of some other M constraint, i.e.
feeding, as in (5a): occlusivisation in Fula and devoicing in Isthmus Nahuat.

(6a) illustrates gemination feeding occlusivisation in Fula, as described
in §2.3 (cf. Fig. 3 and Table II); mora sharing is irrelevant here.
Reordering of the processes would cause counterfeeding opacity: the
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1nput form /psw+(#)s/ where () is an empty mora, would surface as [pew:e],
i.e. with a moraic continuant, whereas underlylng moraic continuants
would not survive; see (6b).

(6) a. Feeding in Fula

Suffix:
*EMPTY-1 %/1[+0011t]
! -
Link uto C Invert [cont]
[new+( e/ newie nebie [nebie]  ‘beans’ .
[new:e/ — nebre [nebie]  (hypothetical)
[mesel+(, e/  mesele — [meselie] ‘needles’
b. Counterfeeding (counterfactual)
Suffix:
%/1[+0011t] *Empry-u
. |
Invert [cont] Link uto C
[new+( e/ — newie [new:e]
[new:e/ nebie — [nebie]
[mesel+,e/ — meselie [meselie]

An OT tableau for the feeding order is given in (7). There are five OT
rankings that yield the correct output, but these rankings cannot be
written out in one single linear order, because only the pairwise rankings
*Uscony > IDENT[cont] and *Empry-u > DEP-pu-LINK, IDENT[cOnt] are
crucial. The counterfeeding pattern in (6b) is unachievable in OT:
[new:e] from /new+(ye/ is possible only under the ranking IDENT[cont] >

*MU1cony) DUt this rankmg inevitably eliminates /new:e/ — [pebre].’

(7) a. [new+e/ | ¥t conyy FEMPTY - DEP-p-LiNk  IDENT[cONt]

1. pew,e *|

‘
= ‘
il. pew:e *

15 111. pebie

b. [new:e/

1. pewie *|

15 ii. pebie

Isthmus Nahuat, a dialect of the Uto-Aztecan language Nahuat, offers
an example of counterfeeding. In this dialect, word-final unstressed
vowels are optionally deleted after voiced sonorants (/1 j w m/). Another
process devoices word-final /1 j w/, but does not apply to apocopated
words (Kenstowicz & Kisseberth 1979: 299). Following Kager (1999:

5 1 assume that mora deletion and thus the possible winning candidate [pewe] is
banned by high-ranking MaX-u, not included in the tableau. Also remember that
Fula actually cannot be analysed within standard O'T; just a fragment of the
language is represented here.
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372-377), I adopt the triggering M constraints FINALC and *VcpCoba.
Though these constraints are somewhat inaccurate, they are adequate for
present purposes. The essential processes, which are related in the same
way as those in (6b), are given in (8a). Obviously, applying them in
reverse order would produce transparent forms, as in (8b).

(8) a. Counterfeeding opacity in Isthmus Nahuat

*VepCopa FinanC
l B l
Devoice Delete V
[Jika'kili/ — Jika'kil  [[ika'kil] ‘putitin’
['tajo:l/ 'tajorl — ['tajo:]]  ‘shelled corn’
/i'lali/ — li'lal [li'al] (hypothetical)
b. Feeding order (counterfactual)
FinanC *VepCopa
l - l
Delete V Devoice
[Jika'kili/  [ika'kil Jika'kil [Jika'kil]
['tajo:l/ — 'tajorl ['tajo:l]
/i'lali/ li'lal — [1i'all]

Chain shifts provide a special case of counterfeeding: underlying A/
becomes surface [B], while /B/ becomes [C]. As an example, consider
vowel raising in Nzebi, a Bantu language spoken in Gabon (for an OT anal-
ysis that uses local conjunction, see Kirchner 1996). In certain Nzebi verb
forms (the exact conditions are not important here), the vowel /a/, specified
as [+low, —high, —ATR], raises to [¢] ([-low, —high, —ATR]). At the same
time, [¢/ changes to [e] ([—low, —high, +ATR]), and /e/ to [i] ([~low,
+high, +ATR]). The processes apply in counterfeeding order, as in (9a).

(9) a. Chain shift in Nzebi

*[—high, +ATR] *[—low, —ATR] *[+low]
1 N 1 N 1
Invert [high] Invert [ATR] Invert [low]
/af — — € [¢]
Je] — e — [e]
Je] i — — [1]
i/ — — — [1]
b. ‘Broken’ chain shift in Basaa
*[—high, +ATR] *[+low] *[—low, —ATR]
1 ™ 1 - 1
Invert [high] Invert [low] Invert [ATR]
/af — € e [e]
Je] — — e [e]
Je] i — — [1]
i/ — — — [i]
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If we change the order of some of these processes, a step in the chain shift
is skipped. For example, in Basaa, vowel raising is otherwise identical to
Nzebi, except that /a/ and [¢/ both raise to [e] (Kirchner 1996). In this lan-
guage, *[+ low] — Invert [low] feeds *[—low, —ATR] — Invert [ATR], as
in (9b).

3.2 Bleeding

The source of counterbleeding opacity is also a relation between processes,
involving relation type (5b), where the repair of one M constraint can
eliminate the violations of some other M constraint. The transparent
ordering will be exemplified by English plural formation (adapted from
Gussenhoven & Jacobs 2011: 52-56). The opaque ordering is also observ-
able in Fula degemination.

The English plural suffix is /z/, but after sibilants it changes to [1z],
and after voiceless sounds other than sibilants to [s] (e.g. [aiz] eyes,
[kisiz] kisses, [beeks] backs). English words cannot end in sibilant sequences
— the M constraint *[+strid][+strid] must be satisfied — and cannot end in
an obstruent cluster in which one consonant is voiceless and the other
voiced — that is, *[avce][—avce] must also be satisfied. *[+strid][+strid]
triggers epenthesis and *[avce][—avce] triggers devoicing. *[avce]
[-avce] could also be satisfied by epenthesis, but devoicing does not
help to satisfy *[+strid][+strid], since changing a voiced sibilant to voice-
less (or vice versa) does not make it a non-sibilant.

The relations between processes are shown in (10a), with example
derivations.

(10) a. Bleeding in English

#[+strid][+strid] *lavee][—avcee]
S+
Insert V Devoice
[kis+z/ kisiz — [kisiz]
/bak+z/ — baeks [bzeks]
/navz+z/ nauvzIZ — [nouziz]

b. Counterbleeding (counterfactual)

*lavee][-avce] *[+strid][+strid]
N
Devoice Insert V
[kis+z/ kiss kisis [krsis]
/bak+z/ baks — [bzeks]
/navz+z/ — nauvzIzZ [nouziz]

A corresponding OT tableau is given in (11). In OT, there are
three hierarchies that yield the desired output, and the structurally
similar interactions between the processes of English and Fula are not
revealed.
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(11) a. [kis+2z/ *[+strid][+strid]i*[avce][—avce] Depr(V)|IpENT[VCe]
i. kisz *| *|
15 i1, kisiz *
ii1. kiss *| ! *
iv. kisis * *]
b. /bak+z/
i. baekz *|
ii. baekiz *|
1= iii. baeks ! *
iv. baekrs *| *

No matter how the O'T'-constraints in (11) are reordered, [kisis] will never
win: violations incurred by [kisiz] are a proper subset of those incurred by
[kisis]. However, this is not in itself an advantage for OT. If the English
processes in (10a) applied in reverse order, an opaque pattern would
occur, as in (10b). Such patterns are common in natural languages.

Consider once again degemination in Fula. The necessary constraints
and repairs are related in the same way as the constraints and repairs in
the analysis of English plurals. What is different is the order of application
of the processes. In the case of transparent ordering, as in English, the
repair that satisfies both M constraints comes first. Therefore, inputs
that violate both M constraints are fully satisfied at the first step of the deri-
vation, and do not need further repairs. In opaque cases, the reversed order
of processes leads to doubly repaired output forms, although only one of
the repairs would suffice; see (12).

(12) Counterbleeding opacity in Fula

*U s cont] *HaLrLoxcCobpa
+~N l
Invert [cont] Shorten Coda
[lazwi/ la:bi la:bi [la:bi]
[new:e/ nebie — [neb:e]

Note that if two processes are in a bleeding relation, there must exist
some potential form that violates both M constraints. For example, in
English, /kis+ z/ violates both *[+strid][+strid] and *[avce][—avce]; in
Fula, /lazwii/ violates *u, .o and *HALFLONGCoDA. If such a form is
impossible, the processes are not in a bleeding relation. Consider the
schema in (13), which seems to represent bleeding: Change B undoubtedly
satisfies both *AB and *CB. However, the outcome of these processes is
exactly the same as it is with the same processes in reverse order. The pro-
cesses are actually independent of each other, since Change B can never
satisfy *AB and *CB simultaneously. A bleeding relation requires the
trigger of the bleeding process to refer to a subset of those elements that
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are referred to by the trigger of the subsequent process. AB clearly is not a
subset of CB, but [+strid][+strid] is a possible subset of [avce][—avce]
(every [+strident] segment also has the feature [fvoice]). This issue
becomes important in cases like fed counterbleeding; see §4.3.

(13) *AB *CB
1 1
Change B Change C
|/CAB/ CAX — [CAX]
J/ACB/ — AXB [AXB]

3.3 Summary

The phenomena in Fula, English and Isthmus Nahuat examined above
represent the simplest relations between two phonological processes. In
all these cases, the repair of one M constraint is related to another M con-
straint. The type of relation and the order of application of the processes
give four different surface patterns: bleeding, feeding, counterbleeding
and counterfeeding (cf. Kiparsky 1973a). All four patterns are easily pro-
duced in a derivational model with ordered processes, while a treatment of
counterfeeding and counterbleeding within OT requires extensions to the
theory.

4 Bidirectional relationships between two processes

As pointed out by Newton (1971), Shrofel (1980), Kiparsky (1982),
Bakovic¢ (2007), Kavitskaya & Staroverov (2010) and many others, phono-
logical processes can be in a mutually bleeding or mutually feeding
relationship, schematised in (14a). Additionally, fed counterbleeding
and bled counterfeeding have been argued to exist. However, a closer
look (explained in §4.3) reveals that these relationships, schematised in
(14b), lead to contradictions, and thus never arise in actual grammars.

The relationships in (14b) are still worth analysing, since their existence
is predicted by OT.

(14) a. Cross-related processes

1. feeding, counterfeeding 1. bleeding, counterbleeding
M, M, M, M,
> Lo
R, R, R, R,

b. Impossible relationships

1. feeding, counterbleeding 1. bleeding, counterfeeding
M, M, M, M,
L= L X
R, R, R, R,
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4.1 Mutual feeding

The mutual feeding relationship schematised in (14a.i), also known as fed
counterfeeding, is found in Lardil, an Australian Tangkic language, where
trimoraic or longer nouns undergo final vowel apocope and non-apical con-
sonants are deleted in word-final position. The first process repairs the vio-
lations of FINALC by Delete V. (I ignore here the fact that apocope is blocked
in shorter words, to avoid adding another process to the example in (15).)
Deleting a word-final vowel following a non-apical consonant creates a
structure that violates FINAL[apical], the trigger of the second process,
which demands that word-final consonants be [+coronal, —distributed].
Thus *FINALC — Delete V feeds the second process. FiNaAL[apical] is
repaired by Delete C, but deletion of the consonant places the preceding
vowel in the word-final position, hence FiNaL[apical] — Delete C counter-
feeds the first process; see the schema and derivations in (15) (cf. Hale
1973, Prince & Smolensky 2004: 122, Kavitskaya & Staroverov 2010: 2).

(15) Mutual feeding in Lardil

FinaLC FinaL[apical]
| X |
Delete V Delete C
/dibirdibi/ dibirdib dibirdi [dibirdi] ‘rock-cod’
/wunkunun/ — wupkunu  [wupkunu] ‘queen-fish’
[jilijili/ jilijil — [7ilijil] ‘oyster (sp.)’

A special case of mutual feeding is provided by ‘Duke-of-York deriva-
tions’, which have the general form /A/— [/B// — [A]: underlying A is
unnecessarily changed to B and then back to A (Pullum 1976). Since the
intermediate step is indeterminate, it has been argued that Duke-of-
York derivations should be ruled out by the theory.

A simple example of a Duke-of-York derivation comes from Kashubian,
a Slavic minority language spoken in Poland. Kashubian palatalises con-
sonants before front non-low vowels, e.g. bfésk [k] ‘flash’ — blészcz+e+c
[t’e] ‘to shine’. Since palatalised [ts” &z’ s’ z’] do not occur in the surface
inventory of Kashubian, palatalisation is argued to be accompanied by
context-free depalatalisation of coronals (Rubach 2003, Kosecka 2014).
As the phonetic details of Kashubian palatalisation are irrelevant here, I
will use the ad hoc constraints ¥*Ce ‘consonants are palatalised before
front non-low vowels’ and *s’ ‘no palatalised coronals’, as in (16).

(16) Mutual feeding in Kashubian

*Ce *g’
| X |
Palatalise Depalatalise
leste [se/ s’e se [se] ‘forest (LoC sG)’
blesk+etc [ke/ e — [tPe] ‘to shine’
— [s’e] — se [se] (hypothetical)
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As indicated in (16), the first process changes the underlying sequence [se/
(see Kosecka 2014: 148) to intermediate //s’e//, and the second process changes
it back to [se]. The intermediate step is completely vacuous; it could be
skipped without any resultant change in the output form.

The Duke-of-York derivation problem can arise whenever two processes
are in a mutual feeding relation, and one repair does exactly the opposite of
what the second repair does. As a non-derivational theory, OT nicely elim-
inates the vacuous intermediate step. Its ability to handle Duke-of-York
derivations — despite them involving counterfeeding — comes from the
fact that the input form of a Duke-of-York derivation is allowed to be
changed only in one way. In the case of Kashubian, the input /s/ can be
altered only to [s’], and /s’/ can be altered only to [s]. Thus there are
only two competing output candidates, and the top-ranked M constraint
alone selects the winner. Whatever the lower-ranked M constraint
demands, it is blocked by the top-ranked M constraint.

I return to the analysis of Kashubian in §5.1, after introducing the
mechanism of process conjunction.

4.2 Mutual bleeding

Mutual bleeding (see (14a.ii) above) has been discussed by Shrofel (1980),
Kiparsky (1982) and Bakovi¢ (2011), among others. A well-known
example comes from Standard German, where one process deletes /g/
after nasals (*ng — Delete g) and a second process devoices final obstruents
(*VepCoba — Devoice). The second process never changes forms that are
repaired by the first process, because Delete g bleeds *¥*VcpCoba, as in
(17a). In Colloquial Northern German, the processes apply in reverse

order, as illustrated in (17b). This is also a case of mutual bleeding
(cf. Kiparsky 1982: 66, Ito & Mester 2003: 279).

(17) a. Mutual bleeding in Standard German

*ng *VepCoba
! X l
Delete g Devoice
/ding/ dm — [dip] ‘thing’
/ding+o/ dmpo — [dipa] ‘things’
[taig/ — tatk [tak] ‘day’
b. Mutual bleeding in Colloguial Northern German
*VepCopa *ng
! X !
Devoice Delete g
/ding/ dmk — [dink]
/dipg+o/ — dmpo [dipa]
[taig/ tatk — [tak]

Mutual bleeding does not involve opacity; output forms are not doubly
repaired. Nevertheless, the pattern is not analysable in standard OT. The
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hierarchy IDENT[vce] > Max[g] generates the correct Standard German
output [dip], but also generates [ta:] instead of [taik]. To generate [taik],
we would need to reverse the ranking, which would, however, generate
*[digpk]. For Colloquial Northern German, the hierarchy Max[g] >
IDENT[vVCce] is not appropriate, since it generates the incorrect plural
form *[digka].

Stratal OT can account for both varieties of German. However, it is
difficult to justify a multilevel analysis, because, at least in Standard
German, the problematic forms [dig] and [ta:k] are morphologically
uninflected (see Ito & Mester 2003: 283-284 for additional arguments).

Ito & Mester (2003) advocate an analysis using constraint conjunction.
However, conjunction alone does not suffice; they also have to modify
the *ng constraint in such a way that it also penalises [nk] sequences (for-
mulated here as *nK, where K =[g] or [k]). A closer examination reveals
that the solution still does not work. We need Max[g] and Max[k] as sep-
arate constraints (Ito & Mester use just MaX), since the hierarchy Max >
*nK, which is needed for [bank], produces the unwanted output [dings], as
in (18d). [dinga] does not violate #*VcpCoba; it does violate *nK, but this
constraint is ranked too low to exclude it.° This example shows that even
transparent patterns like mutual bleeding can be problematical for OT and
its extensions.

(18) a. /ding/  |¥VepCopai#*nK & In[vee]| Max|[*nK | Ip[vce]

i. ding *| ‘ *

= ii. dm | %
iii. dmk |
b. [targ/

*! * *

i. taig *|

1. ta: w *|
1 111, tatk 1

C. /bank/
1= 1. bapk

ii. ban ! *|

iii. bang *| *| * *

d. /ding+a/

=1 1. dingo

i ii. dino ! %!

iii. dipko *) * *

% /ng/ reduces to [n] in syllable codas and before reduced vowels, but coda devoicing
never occurs before vowels (plurals like [dinka] and [ta:ka] are not attested in these
varieties of German; see Ito & Mester 2003: 279). If *VcpCopa affected pre-schwa
consonants as ¥*nK does, [take] would be produced.
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4.3 Fed counterbleeding and bled counterfeeding

Fed counterbleeding and bled counterfeeding cannot emerge in real lan-
guages. As noted in §3.2, if two processes are in a bleeding relationship,
there must be some potential input that violates both M constraints. For
example, in English, /kis+z/ violates both *[+strid][+strid] and *[avce]
[-avce]; in German, /dimg/ violates *png and *VcpCopa. In the case of
feeding, however, violations of one M constraint are generated only by
applying the other process: the input /[se/ in Kashubian violates just *Ce,
while the violation of *s’ is generated by the repair of *Ce.

A formal schema of a supposedly mutual bleeding—feeding relationship
is given in (19). Delete B can satisfy both *B and *AB; thus ¥*B — Delete B
bleeds *AB — Delete A. ¥*AB — Delete A seems to feed ¥*B — Delete B,
because, if A in the AB sequence is deleted, the remaining B undoubtedly
violates ¥*B. However, it is not feeding: the AB sequence violates *B ir-
respective of A-deletion; no additional violations of *B are generated
by *AB — Delete A. If we define *B such that it is not violated by AB,
i.e. only an isolated B is prohibited, then the two processes are no
longer in a real bleeding relationship: no input can violate *¥*B while
violating *AB.

(19) *B *AB
! X+ !
Delete B Delete A

Consider the example from Turkish in (20). The processes involved are
vowel epenthesis and intervocalic k-deletion (Kager 1999: 373-377,
Bakovi¢ 2007: 226-230). *CC — Insert i applies first, feeding ¥*VkV —
Delete k, which in turn seems to counterbleed *CC — Insert i. It is not a
real bleeding relation, since ¥*VkV cannot be violated by a CC sequence.
Bakovi¢ (2007) also argues that this is not a case of counterbleeding,
because reversing the processes does not lead to bleeding. He uses the
label ‘self-destructive feeding’.

(20) Feeding in Turkish

*CC *VkV
l - |
Insert Delete k
Jajak+m/ ajakim ajaim  [ajaim] ‘my foot’
Jajak+i/ — ajai [ajai] ‘his foot’
/jel+m/ jelim — [elim] ‘my wind’

The problems with classifying and analysing such cases are specific to
O'T. Feeding should be analysable, but OT fails to generate the correct
Turkish forms because it treats Delete k as a possible repair for ¥*CC; see
(21). Its failure to account for simple feeding cases is yet another argument
against O'T.
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(21) | Jajak+m/ [*CC *VkV | Max[k]| Dep[i]

a. ajakm | %!

b. ajakim % *
1$ c. ajaim * *)
21 d. ajam *

4.4 Summary

The analyses of mutual feeding and mutual bleeding confirm the conclu-
sion that ordered processes are a more concise way to describe grammars
than a theory with ordered M and F constraints like O'T. Furthermore,
O'T creates an insoluble problem with non-existent relations like bled
counterfeeding. However, it seems to be better than process ordering in
one specific case, Duke-of-York derivations. This advantage disappears
if we introduce the possibility of process conjunction into PRR theory,
as [ will demonstrate in the next section.

5 Conjoined processes

The main advantage of OT over rule-based theories lies in its ability to
handle blocking effects. A rule applies whenever its context meets
certain circumstances and it is its turn to apply. There are no sufficiently
general ways of blocking a rule. In PRR theory, however, processes can
be blocked if they are conjoined.

5.1 Triggering by feeding and blocked counterfeeding

Feeding means that the first process creates new violations of the trigger of
the second process, and thus forces the second process to apply. If the pro-
cesses are conjoined, the second process applies if and only if the first
process generates new violations of the trigger of the second process.
The situation may be called ‘triggering by feeding’.

In §3.1, feeding was exemplified by apocope and final devoicing (cf. the
example from Isthmus Nahuat in (8)). The same processes and examples
are used in (22) to illustrate the °‘triggering by feeding’ situation.
Conjoined processes are indicated by borders. In (22), the input /[ika-
'kili/ loses its final vowel because of the first process. This triggers the
second process, which devoices final [1/, producing the output [[ika'ki]].
The first process does not apply to /'tajo:l/, so the second process is not trig-
gered and also does not apply (indicated by ‘|).

(22) Triggering by feeding in a hypothetical language

FinaLC *VepCobpa
! - !
Delete V Devoice
[fika'kili/  [ika'kil Jika'ki] [Jika'kil]
['tajo:l/ — | ['tajo:l]
[i'lali/ li'lal — [11'1al]
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The ‘triggering by feeding’ situation is usually described as blocking in
underived environments. An example of this type comes from Finnish
(Kiparsky 1973b). The two processes in feeding order are word-final
vowel raising, where /e/ raises to [i], and assibilation of /t/ to [s] before
[1]; see (23). Assibilation applies only to underlyingly /e/-final nouns.
Though the case at hand does not involve counterbleeding or counterfeed-
ing, it cannot be analysed in the standard version of OT. The reason for
this is the underapplication of the process *ti — Assibilate.

(23) Assibilation triggered by |e|-raising in Finnish

*FinaL[e] *ti
g
Raise e Assibilate
[keete/ keeti keesi [keesi] ‘hand’
/koti/ — | [koti] ‘home’
[lume/ lumi — [lumi] ‘snow’

There is one further way in which processes that are in a feeding rela-
tionship may be conjoined. The processes in (24) apply in counterfeeding
order. Avoiding the generation of new violations to the first process can be
achieved by blocking: the counterfeeding process does not apply if it would
generate new violations to the trigger of the related previously applied
process. In (24), ¥*VcpCobpa blocks apocope, but triggers devoicing (here
and below, blocked forms which are not generated are enclosed within {}).

(24) Blocked counterfeeding in a hypothetical language

*VepCobpa FinaLC
I
Devoice Delete V
/fika'kili/ — | {Jika'kil} [Jika'kili]
['tajo:l/ 'tajoi] — ['tajorl]
Ni'lali/ — li'lal [li'1al]

An example of ‘blocked counterfeeding’ is found in the history of
Estonian. The two interacting processes are word-final vowel apocope
(Viitso 2003: 183) and the lengthening of monomoraic lexical words. The
latter is emergent in borrowings. Relevant derivations are shown in (25).

(25) Blocked apocope in Old Estonian

*MoNOMORAIC FmvarC
1 ™ 1
AddutoV Delete V
/kala/ — | {kal} [kala] ‘fish’
/hof/ howv — [horv] ‘courtyard’
[laulu/ — laul [laul] ‘song’
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Bakovi¢ (2007) describes an unusual blocking interaction in
Lithuanian. One process assimilates the final consonant of the verbal
prefixes /at/ and /ap/ to an adjacent stem-initial consonant, such as [at-
ko:pitii] ‘to climb up’ and [ad-gautii] ‘to get back’. The other process
adds [i] between the prefix and the stem if the initial consonant of the
stem and the final consonant of the prefix are identical, or differ only in
terms of voicing or palatalisation, such as [at/i-taikii:tii] ‘to make fit
well’ (palatalisation before [i] is automatic). These facts can be analysed
with two ordered rules, epenthesis and assimilation. However, epenthesis
should be stated as applying between consonants that differ at most in
voicing and/or palatalisation, such as [at/i-taikiiitii] and [apli-bleritii],
but [at-ko:pitii]. As Bakovié (2007: 235) notes, ‘crucially missing in this
descriptively satisfactory analysis, however, is a successful explanation
of the fact that the assimilation rule is bled in precisely those contexts
where it would otherwise create pairs of completely identical adjacent
consonants’. In Lithuanian, the constraint *C,C; (‘no sequences of iden-
tical consonants’) must be satisfied.” Bakovi¢ (2007) calls this type of
interaction ‘cross-derivational feeding’, and argues for an analysis
within OT which can describe the generalisation about the distribution
of the epenthetic vowel in Lithuanian (automatic palatalisation and the
direction of the assimilation are ignored as contextually irrelevant refine-
ments); see (26) (from Bakovi¢ 2007).

(26) a. Jat-blektii/ AGREE[VCC]E*CiC,» Dep(V) | IpENT[VCe]
‘to run up’ AGREE[pal] ! IpENT[pal]

i at-bielii #1

1= ii. adi-blekitii ! *

iii. atli-biekitii *]

b. ap-putii/
‘to grow rotten’

i. ap-putii

‘
1= ii. apli-putii 3 *
|

iii. ab-putii %)

c. |ap-blertii/
‘to strew all over’

i. ap-bleritii *|

ii. abi-bleritii ol *

1= iii. apli-bleritii

7 This constraint is formulated as *GEMINATE in Bakovi¢’s original analysis, but the
repair of *GEMINATE is most likely degemination, not epenthesis. Furthermore,
geminates are long (moraic) consonants, but Lithuanian has identical consonants
at morpheme boundaries; cf. also epenthesis in English plurals in §3.2.
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The situation can be equally well explained in PRR theory, as in (27). In
Lithuanian, assimilation is blocked by *C,C,, but the process does not just
underapply: epenthesis is used as an alternative repair. The processes in
Lithuanian apply in counterfeeding order. The first process does not
bleed the second, since no input can violate both *C,C,; and AGREE (see
§4.3). Assimilation in /ap-blertii/ is blocked by *C,C.. However, AGREE
still wants to be satisfied, and the repair of *C,C; is the only one available.
This is one way in which non-universal repairs can emerge. Nevertheless,
at every derivational step, the algorithm sees only those M constraints and
repairs which are connected to the trigger of the current process. AGREE
cannot directly trigger Insert V, but it can trigger it through *C,C;, as
determined by the relational arrows. In the cases in (24) and (25), no
useful alternative repair exists: changing voice or inserting a mora does
not satisfy FiNnaLC.

(27) Blocked counterfeeding in Lithuanian: alternative repair

*C,C; AGREE
| -~ |
Insert V Assimilate
Jap-blertii/ — | {abi-blertii} apii-blertii  [apli-blertii]
Jat-blektii/ — ad)-biektii [ad)-biekti]
/ap-putii/ apli-putii — [ap/i-putii]

Another interesting situation where a blocker is needed is the Duke-of-
York derivation discussed in §4.1. Consider again the Kashubian example
in (16). Without a blocker, the first process changes [se/ to //s’e//, and the
second process changes it back to [se]. In this case, we have a simple
grammar, but a somewhat complicated derivation, with a vacuous step.
If the first M constraint functions as a blocker, the derivation is the sim-
plest possible (/se/ — [s¢]), but the grammar is more complicated, as in

(28).8
(28) Palatalisation blocked by *s’ in Kashubian
*g’ *Ce
| -~ |
Depalatalise Palatalise
[se/ - | {s’¢e} [se]
[ke/ - e [d¢]
/s’e/ se | {s’¢e} [se]

We might argue that the vacuous intermediate step is still created, in
order to evaluate whether it satisfies the blocking constraint. On this line
of argument, O'T also generates vacuous intermediate forms (with an

8 If mutually feeding or mutual bleeding processes are conjoined, only one of the rela-
tions can be active, because processes cannot be blocked and triggered at the same
time. In such cases, only the active relation is indicated.
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unlimited set of other output candidates), and the Duke-of-York deriva-
tion is actually the simplest.

‘Blocked counterfeeding’ is the only case of blocking that standard OT
can handle. In an O'T tableau, the constraints of the blocking process
must outrank the constraints of the other process. This ensures that all
output candidates that violate the blocker are banned from surfacing, as
shown in (29).

*VepCobpa FinaLC

(29) a.

fika'kili/

IDENT[VCE]

DEL(V)

1 1. [ika'kili

*

i1. fika'kil

*]

1. fika'kil

#]

['tajo:l/

i. 'tajorl

*]

5 ii. 'tajoi]

*

Furthermore, OT can generate a pattern where apocope is blocked by
*VepCoba, yet *VepCoba itself does not function as a trigger, i.e. the
F constraint IDENT[vce] outranks *VcpCobpa, and devoicing does not
occur; see (30).

(30) a. [Jika'kili/
i. [ika'kili
it. Jika'kil
iii. fika'kil
['tajo:l/

*VepCopa |FiNaLC

*

IpENT[VCE] DeL(V)

[y

*]

*1

= 1. 'tajoil

ii. 'tajoi] *|

In PRR theory, the same situation can be represented as in (31). The
blocking M constraint in the hypothetical language is not powerful
enough to trigger a repair for itself (the deactivated repair is shaded).
The language tolerates only underlying violations of the constraint; gener-
ating new violations by other processes is banned.

(31) Blocking in a hypothetical (non-existent) language

*VepCoba FinaLC
! -~
Devoice Delete V
/Jika'kili/ | {fika'kil} [Jika'kili]
['tajo:l/ — ['tajo:l]
/li'lali/ li'lal [li'1al]

https://doi.org/10.1017/5095267571800012X Published online by Cambridge University Press


https://doi.org/10.1017/S095267571800012X

Interacting processes in phonological theory 469

I have been unable to find any clear language examples of this sort.” It is
the only type of conjoined process where an M constraint is active despite
its repair being switched off. If such exceptional cases do not in fact exist,
this would be an argument in favour of PRR, because PRR rules them out
by allowing only whole processes to interact.

Allophonic variation is a common case of ‘blocked counterfeeding’
(Bakovi¢ 2013). Consider a textbook example from Kager (1999: 27): in
many dialects of English, vowels are generally oral, except before a tauto-
syllabic nasal stop, as in cat [keet], but can’t [k&nt]. The processes are
mutually feeding, and the repairs are the opposites of each other, exactly
as in Kashubian; compare (28) and (32). Blocking avoids the generation
of the vacuous intermediate form //an//.

(32) Blocked denasalisation in English
DAY *V

[oral] nas]
N

Nasalise Denasalise
/an/ {an} [an]
Jan/ an {an} [an]
/al/ al [al]
Jal/ — — [al]

The corresponding constraint hierarchy in OT' is ¥V .., N > *V|, .
> IDpENT[nas]. More generally, if a context-sensitive M constraint
blocks a context-free M constraint, allophonic variation occurs. In
OT, the two M constraints and the F constraint generate six different
hierarchies and four different output patterns. The hierarchy *V|,,
> V[Ordl]N IDENT[nas] produces a language where all vowels are
oral, i.e. where underlying nasal vowels denasalise. The same can be
achleved with *Vi,.q — Denasalise alone; *V,..JN — Nasalise in
such a language is inactive. The hierarchy *V{,.,y;N > IDENT[nas] >
*Vnas] creates positional neutralisation: vowels are nasalised before
nasals, and underlying contrasts are preserved in other contexts. This
situation is equivalent to one in which only *V,..zN — Nasalise
applies. In the fourth possible case, both processes are inactive, and
all underlying contrasts in vowel nasality are maintained in the
surface forms. In OT, the corresponding hierarchy is IDENT[nas] >
*Viora)N, ¥V, (cf. Kager 1999: 27-40).

A question that now arises is whether PRR theory allows the same
output patterns as OT. Languages where underlying contrasts are

 Languages where obstruent voicing is contrastive intervocalically, but not word-
initially (e.g. Somali, mentioned in Blevins 2004), seem to call for such an analysis.
If *VcpOBSTR — Devoice is blocked by *V'TV — Voice, and *V'T'V functions solely
as a blocker, then the voicing contrast is neutralised word-initially. However, this
analysis incorrectly predicts word-final devoicing (because *V'T'V cannot block it).
A more plausible analysis needs only one process, which devoices word-initial
obstruents.
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preserved solely before nasal stops, but in which vowels are oral in other
contexts, are impossible to generate within standard OT, and it has been
claimed that languages of this kind do not exist (Kager 1999: 34-35).
However, as shown in (30) above, OT can create patterns where an M con-
straint functions solely as a blocker, without triggering any repairs. In this
case, underlying contrasts survive even if this violates the blocking M con-
straint, but no repair is allowed to add violations to the constraint. The
pattern /al al/ — [al], /an/ — [an], /an/ — [an] (i.e. underlying contrasts
preserved only before nasal stops) exactly meets the description: denasali-
sation applies only if it does not violate *V[,,,yN, but *¥V,..,;;N does not
trigger nasalisation; see (33). In PRR, such patterns are ruled out, as
only whole processes interact.

(33) Blocked denasalisation in a supposedly non-existent language

>)@\/[()fal]l\l -~ *Vinas]

Nasalise Denasalise
/an/ | {an} [an]
Jan/ — [an]
/al/ al [al]
Jal/ — [al]

O'T cannot create the pattern in (33), because both repairs (Nasalise
and Denasalise) violate only one F constraint: IDENT[nas]. However,
similar patterns of blocked counterfeeding can be generated if the
repairs violate different F constraints (for example, IDENT[vce] and
DEeL(V) in (29) and (30)). If, for instance, IDENT[nas] were replaced by
Max[nas] and DEgpP[nas] or by IDENT[+nas] and IDENT[—nas], the
output pattern [dn an al] would be produced, as confirmed by (34).
Many phonologists have introduced such constraints; for example,
Lombardi (2001) provides an argument for privative [voice] and Max
[vce], and Butska (1998) uses FarrH[vce] and Farra[voiceless]. OT per
se does not eliminate the output pattern in question; this depends on
the F constraints used.

(34) a. /an/ |Dep[nas]|*V;, . N|*V[ g Max[nas]
I 1. an *
ii. an *| *
b. Jan/
¥ 1. an *
ii. an *| *
c /al/
i. al *|
15 ii. al *
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5.2 Triggering by bleeding and blocked counterbleeding

The English plural suffix, analysed in (10) above, and in (35) as involving
process conjunction, provides an example of a blocker that develops from a
bleeding relation. The result of such conjunction is ‘blocked counterbleed-
ing’: the counterbleeding process will not apply if the other process has
applied, thus avoiding overapplication. This situation is also referred to
as ‘blocking in derived environments’.

(35) Counterbleeding blocked in a hypothetical language

*lavce][-avce] *[+strid][+strid]
N
Devoice Insert V
[kis+z/ kiss | {kists} [krss]
/bek+z/ baeks — [baeks]
/nouz+z/ — nouzIiz [nouziz]

A blocked counterbleeding process is found in Diola Fogny (Niger-
Congo), spoken in Senegal and neighbouring countries. In this language,
nasals assimilate in place to following non-continuants; other preconso-
nantal consonants are deleted (Kiparsky 1973b, Piggott 1999, Bakovié¢
2011); see (36). If the processes apply serially, no consonant cluster will
survive, regardless of the order of the processes: every nasal followed by
a consonant violates ¥*CC, and is therefore deleted. To save the NC clus-
ters, deletion must be blocked, as shown in (36).

(36) Blocking in Diola Fogny

HomorcanicNC *CC
l N l
Assimilate [Place] Delete C
/ni+gam-+gam/ nigangam | {nigagam} [nigangam]
‘T judge’
/let+ku+dzaw/ — lekudsaw  [lekudsaw]

‘they won’t go’

A bleeding order can develop to a ‘triggering by bleeding’ relation,
represented in (37). In that case, the bled process will be applied instead
of the bleeding process if the trigger of the bleeding process is violated.
The inputs [kis+z/ and [nauz+z/ violate *[+strid][+strid]. Despite this,
Insert V does not apply, but forces *[avce][—avce] — Devoice to apply.
Thus, /kis+z/ changes to [kiss], but /novz+z/ is left unchanged, because
it does not violate *[avce][—avce]. The input /bak+z/ also does not
change, since it satisfies *[+strid][+strid], and so *[avce][—avce] —
Devoice is not triggered. Altogether, ‘triggering by bleeding’ means that
only the repair of the bled process applies, and only if both M constraints
are violated. (This is not the only formally possible interpretation of
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‘triggering by bleeding’, but it is the only one for the language examples |
am familiar with.)

(37) Triggering by bleeding in a hypothetical language

*[+strid][+strid] *avce][—avce]
/'+
Insert V Devoice
[kis+z/ kiss [kiss]
/baek+z/ — | [beeks]
/novz+z/ — [nouzz]

A triggering by bleeding situation is found in Japanese (Farris-Trimble
2008, Pater 2009), where only a single voiced obstruent is permitted within
a word. This rule is known as Lyman’s Law. Another restriction in
Japanese prohibits voiced geminates. However, in loanwords, multiple
voiced obstruents are allowed (e.g. [bagu] ‘bug’). Furthermore, loanwords
may contain voiced geminates (e.g. [webiu] ‘web’). When a loanword con-
tains both a voiced geminate and a voiced obstruent, the geminate is
optionally devoiced (e.g. [gud:io] ~ [gutio] ‘good’); see (38). Such devoi-
cing is unacceptable outside the context of Lyman’s Law.

(38) Devoicing in Fapanese loanwords

Lyman’sLaw *VepGEM
! 7t !
Devoice Devoice
/gud:o/ gutio [gutio]
/webru/ — | [web:u]
[bagu/ — [bagu]

Neither of the examples in current subsection can be analysed within
standard OT', because of underapplication. If [kiss] wins, then [nouziz]
cannot win, since DEP-V > *[+strid][+strid] prefers [nouzz]. Similarly,
if [kiss] and [navzz] win, then [bakz] is impossible. As well as Harmonic
Grammar, many variations of OT have been proposed for accounting
for similar patterns, such as the Split Additive Model (Albright et al.
2008) or Linear OT (Keller 2006). PRR theory does not require augmen-
tation to analyse this pattern.

5.3 Emergence of new processes

There is at least one way in which related processes can develop further. In
the case of counterbleeding, the first process overapplies. Overapplication
can be avoided not only by conjoining the processes, but also by creating a
new process that repairs the M constraint of the first process by applying
the repair of the second process; note the reversed arrow and the shaded
repair in (39). Compared to triggering by bleeding, only the alternative
repair is triggered, not the whole process.

https://doi.org/10.1017/5095267571800012X Published online by Cambridge University Press


https://doi.org/10.1017/S095267571800012X

Interacting processes in phonological theory 473

(39) Emergence of a new process in a hypothetical language

*[avce][—avce] *[+strid][+strid]
N\
Devoice Insert V
[kis+z/ kisiz [krsiz]
/bek+z/ baekiz [baekiz]
[novz+z/ NouZIZ [novziz]

A counterfeeding order also may evolve to a new process, as shown in
(40). The linking arrow is reversed, and triggers a repair which is the
opposite of the repair of the original counterfeeding process. Thus the ori-
ginal counterfeeding process must be deactivated.

(40) Emergence of a new process in a hypothetical language

*VepCobpa FinaLC
Lo~
Devoice Delete V
l
*VepCobpa FinaLC
o L
Devoice Insert V
/Jika'kili/ — [Jika'kili]
['tajo:l/ 'tajorli ['tajo:li]
/1i'lali/ — [1i'ali]

The history of German provides a similar example, given in (41).
In East Central German, word-final schwas were deleted, except
after voiced obstruents, as in speete > spdt and kiiele > kiihl, but not
weize > *weiz. Final schwa was restored in certain morphological
forms, such as in the imperatives. This may have begun with the forma-
tion of the ‘false’ process *VcpCopA — Insert o (cf. Gress-Wright
2010).

(41) Emergence of a new process in East Central German

*VepCopa *FINaL[9]
| -~ |
Devoice Delete o
speete — spdte spdt
wet[z]e — | {wei[z]} wetlz]e
|
*VepCopa *FINaL[9]
I
Devoice Insert o
spdt — spdt
weiz] wei[z]e wei[z]e
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5.4 Summary

Process conjunction generates four surface patterns in addition to bleed-
ing, counterbleeding, feeding, counterfeeding, mutual bleeding and
mutual feeding. All four are found in languages. In PRR theory, all
the patterns can be described uniformly, relying just on ordered pro-
cesses and the feeding and bleeding relations between them. Two of
the patterns are best characterised as blocking effects, and the other
two as triggerings in certain circumstances. All the possibilities are
shown in (42). In contrast, OT can only account for the ‘blocked coun-
terfeeding’ situation.

(42) Comjoined processes

a. triggering by bleeding b. triggering by feeding

M; M, M, M,
L7 L7
R, R R, R

Apply M, — R, if
M, is violated

Apply M, —» R, if
R, has applied

c. blocked counterbleeding d. blocked counterfeeding

M; M, M, M,
AN Ll
R, R R, R

Block M, — R, if
R, has applied

Block M, — R, if
applying R, violates M,

6 Conclusion

In recent decades, OT has become the most widely used generative theory
in phonology. It has advantages over rule-based serialism, which generally
cannot handle blocking effects, and yet has difficulties with dealing with
opacity, since it cannot distinguish derived from non-derived environ-
ments. Various extensions to standard OT have therefore been proposed.
Modifying O'T is not the only way of solving the opacity problem. In this
paper, I have proposed a unification of rule-based serialism and O'T. The
unified theory of processes and relations between them (PRR theory) can
describe both opacity and blocking effects. I have focused here on the rela-
tions between phonological processes, rather than on the processes
themselves.

In PRR theory, a phonological process consists of a trigger and a repair.
Triggers are O'T'-like M constraints, and repairs are equivalents to F con-
straints. Processes may be independent of each other and apply in any
order, or they may be in a feeding or bleeding relation. A feeding relation
(see the example schema in (43a)) can produce seven different output
patterns, all of which are attested in languages.
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(43) a. Feeding relation
M,: FinaLC M,: *VepCobpa
! - !
R;: Delete V R,:  Devoice
b. Bleeding relation

M, : *[+strid][+strid] M,: *[avce][-avce]
! - !
R;: Insert V R,: Devoice

The patterns are listed in T'able I11, with O'T hierarchies where possible.
The first underlying form /[ika'kili/ violates the first M constraint FINALC
(M,), and potentially violates ¥*VcpCoba (IM,) as well. ['tajoi]/ violates only
M,, and /li'lali/ only M;. R; and R, in the table cells indicate which repairs
are used to satisfy the M constraints. —R; signifies that the repair is the
opposite of Ry (for example, if R; deletes a vowel, then —R; inserts the
vowel, and wice versa). The possible output patterns are arranged so that
they form a chain from feeding to counterfeeding. Note that output pat-
terns where R; applies solely to ¥*M;*M, inputs are not generated. PRR

[[ika'kili/ *M, *M, | ['tajo:l/ *M, | /li'lali/ *M,
Feeding (FINaLC, *VepCopa» | [[ika'kil]] R; R, |['tajo:]] R, |[li'lal]] R,
Max(V), In[vce])
Triggering by feeding [[ika'kil] R; R, |[tajorl] — |[lilal] Ry
M,—R, deactivated (FiNaLC, [[ika'kil] R; - |['tajo:l] — |[li'lal]] R,
In[vee] > Max(V), ¥*VepCoba)
Blocking (probably non- [fika'kili]] = = |[tajorl] — |[lilal] R,
existent) (Ip[vce] > *VepCopa
> FinaLC> Max(V))
Both processes deactivated [Jika'kili] — — | [tajod] — | [li'lali] —
(Max(V), In[vce]> FinaLC,
*VepCopa)
M;—R; deactivated (Max(V), |[fika'kili] - - |[[tajol] R, |[lilali] —
*VepCoba > Ip[vee], FINaLC)
Blocked counterfeeding [[ika'kili] = = |['tajorl] R, |[lilal] Ry
(*VcepCobpa > Ip[vee] > FiNnaLC
> Max(V))
Counterfeeding [fika'kil] R; = |[tajorl] R, |[lilal] Ry
New process M,——R; [[ika'kili] = = |['tajorli] =Ry | [li'lali] =~ —

Table I11

Typology of feeding relations.
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theory is not as restrictive as O'T", and yet still does not produce every com-
binatorically possible output.

The typology for bleeding relations in (43b) is represented in Table I'V.
All the listed output patterns are attested in languages. Standard O'T' can
generate only six of these patterns.

[kis+z/ *M,; *M, | baek+z/ *M, | [novz+z/ *M,

Counterbleeding [kisis] R; R, |[bzks] R, |[novziz] R;
Blocked counterbleeding [kiss] - R, |[bzks] R, |[novziz] R;
M, —R, deactivated [kiss] — R, |[bzks] R, |[novzz] -

(*¥[avce][—avce], Dep(V)>
*[+str][+str], ID[vce])

Triggering by bleeding [kiss] — R, | [bzkz] — | [novzz] =

Both processes deactivated [kisz] —  — | [baekz] - |[novzz] @ -
(DEp(V), In[vce] >
*[+str][+str], *[avce][—avce])

M,—R, deactivated [kisiz] R; = — |[bzkz] =~ |[novziz] R;
(*¥[+str][+str], ID[vce]>
Der(V) > *[avce][—avce])

Bleeding (¥[+str][+str], [kisiz] R;  — |[bzks] R, |[novziz] R;
*[avce][—avce]> Dep(V)>

Ip[vce])

New process: M,—R; with [kisiz] R; = — |[bzkiz] R; |[novzz] R;

M,—R, (¥[+str][+str], *[avce]
[—avce], Ip[vece]> DEer(V))

New process: M,—R; alone [kisiz] R;  — |[bzkiz] R, |[novziz] -~
(*[avce][—avce], ID[vce]>
DEep(V) > *[+str][+str])

Table ITV
Typology of bleeding relations.

Compared to OT, PRR theory enables a better understanding of the
possible interactions between phonological processes and the universality
of processes.
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