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The Harmonic Mind is a two-volume collection of 23 chapters authored by Smolensky, Legende and their
collaborators. Someof these are reprints or slight updates of previously published material, but approxi-
mately 3/4 of it has never appeared before. Every phonologist who takes at all seiiously the notion that
phonology is a branch of cognitive scierce shoud own a copy of this book.

Smolersky and Legende (v.1 p.1) presen a view of cognition that incorporates two distinct, but related
levels of formal description: @he cortinuous, numerical lower-level deription of brainO,characterized in
terms of a connectionist network, and Otte discrete, structural, higher-level description of mindOcharacterized
in terms of Optimality Theory (OT). The depth and breadth of the presentation is awe-nspiring, and quite
likely intimi dating in someplacesfor any singlereader. In their preface,Smolersky and Legendre characterize
the intended audience asinterdisciplinary groupsof researdersin cognitive science, and a joint readng of this
book by such a group would undoubtedly be extremely educational for all. Bridges between the disciplines
are built by careful exposition of the fundamertal ideas, and the experts in each areawill be satisbed by the
the wealth of insights, and the formal precison of their presertation. Since phonology is a certral focus, this
book providesphonologists with a unique opportunity to engagewith both the research and the researders
in other realmsof cognitiv e science.

Thereis furthermor e much that phonologists (and other linguists) working on their own can gain from this
book. The presentation of the overall cognitive framework in the pbrst few chapters of Volume 1: Cognitive
Architecture should be accesible to readerswith little or no background in mathematics or computati onal
modeling of cognition. This section should particularly appealto phonologists curious about connectionism,
but who are put o! by reductionist applications that seék to eliminate the typesof representations used in
gererative linguistics. Another key point of entry to the material in the prst volume is Smolersky and Legen
dreO©Brmalizing the Principles |I: Optimi zation and GrammarOwhich discussesthe relationship between
connedionist optimizati on, grammatical well-formedness, and formal language theory. A further point of
accessto the model of cognition for linguists is found in SmolenkyOPrincipleCentered Connectionist and
Genaative-Linguistic Theories of LanguageQin volume 2. The bnal paper in volume 1 O®ti mality Theory:
The Structure, Acquisition, and Use of GrammarQ,by Smolensky, Legendre, and Bruce Tesar consdsts of
an extremely lucid exposition of OT in the context of the overall genaative enterprise, along with a set of
cogern responsesto commonworriesabout thetheory. Another chapter in volume 1 worth highlighting for its
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interegt to linguists is SmolerskyO®®ti mization in Neural Networks: Harmony MaximizationO.For anyone
who would like to seriausly explore the connedionist formalizati on of linguistic grammar, this chapter will
save as an es@rtial guide to the relevant properties of dilerent typesof neural network.

Volume 2: Linguistic and Philosophial Implications is more directly targeted at a linguistic audience
For phonologsts, SmolenskyOsOOptimaity in Phonology I1: Harmonic Completeness, Local Conjunction,
and Feature DomainsOis a watershed publication. In it, Smolensky preserts for the brst time in print
his already widely inBuertial theory of local condraint conjunction, and also a theory of headed domains
for phonological representati ons. Smolensky shows that headed domains allow a constraint-based theory
to deal with phenomena in vowel harmony that can otherwise pose a considerable challengg including
directionality e! ectsand other restrictions on the OtiggerQof spreading (seee.g. Cole and Kisseterth 1995;
McCarthy 2004 for related proposalsin OT). This theory of vowel harmony has received relativ ely little
attention in comparison with other OT acmunts based on Agree constraints (e.g. Bakovic 2000) or on
Alignmert constraints (e.g. Kaun 2004). Smolensky® succesful headal domains reanalysis of Archangeli
and Pulleyblank®g1994) accourt of Lango ATR harmony, which involvesa particularly complex interacting
s of conditions on the direction, trigger and target of spreadng, provides ample motivation for further
exploration of this approach.

The local conjunction (henceforth LC) theory of constraint interaction is better known than the headel
domains theory of representation, and is also much more controversial (see e.g. McCarthy 1999 2003;
Padgett 2002 for critiq ues; | draw on these below). Much of the cortr oversy surrounds the worry that LC
introduces into OT the power to generate unattested linguistic patterns that are ruled out by the strict
domination property of ranked condraints. The relationship between LC and a version of OT that uses
weighted condraints, asin OTOgredecessor,Harmonic Grammar (henceforth HG), isaddressal in Legerdre,
Antonella Sorace, and SmolerskyOschapter OTheOptimality Theory - Harmonic Grammar ConnectionO.
The remainder of this review focuseson this relationship, which as Legendre et al. point out, can easly
be miscondrued. Throughout, referencesto Legerdre et al. are to the just-cited chapter, and those to
Smolersky are to @ptimality in Phonology 110.

LC is an elaboration of OT originally proposel by Smolensky in a seriesof unpublished, but much-cited
conference presentations. The literature on OT-LC is now quite large: along with the work cited in Smolen
sky® chapter, an egecially important further sourceis Ito and Mester©0$2003) monograph. Smolensky (v.
2, p. 43) debnes local conjunction as follows:

(1) Local conjunction within a domain D

*A& p *B is violated if and only if a violation of *A and a (distinct) violation of *B both occur within
a single domain of type D.

This operation of conjunction yields a new constraint that is separately rankable in the congr aint hierarchy.

The original motivation for OT-LC, and the one discussal at length in SmolenkyOshapter, is to reduce
complex markedness constraints to more basic primiti ves. A simple example that appears in his earlier
unpublished work, but not in this chapter, is that of a constraint againg voiced obgruent codas (see also
Ito and Mester 2003. This can be expres®d as the conunction of two independently needed constraints,
NoCod a (Oadgn a violation mark to a consonart in syllable bnal positionO),and *V oice Obs (Oasgn
a violation mark to a voiced obstruertO). When these are conjoined in the domain of a seggmen, the
resuting congraint penalizes voiced obgruent codas but neither voiceless codas, nor voiced obgr uerts. |If
the conjoined constraint is ranked above the faithf ulness condr aint Id ent -V oice (Oasgn a violation mark



to a segmert whose Input and Output voice speciPation dile rs® McCarthy and Prince 199), and the
component condraints are ranked beneath Id ent -V oice , the result is coda dewicing:

(2) Local conjunction analysis of Pnal devoking

’ /bad/ H NoCod a&* VoiceObs | Ident-V ce | NoCoda *V oiceObs
1% [bat] * o *
bad *| * : *x
pat **| * 1
pad *] * * | *

Obviously, the devoicing pattern could not be produced by just the unconjoined constraintsin OT. Perhaps
lessobviously, it also cannot be produced by weighted constraint interaction in HG.

Before showing why HG cannot duplicate this e! ect of LC, it& worth Prst seéng how weighted versions
of OT constraints can produce the dewicing pattern if we include *Cod a-V oice, which like the conjoined
constraint, assigns violations to voiced codas. In HG, optimality is debned in terms of maximal numeric
harmony: the optimal form hasthe highes summed weighted violation score. The HG tableau in (3) adds
a row to show the weights of each constraint, and a column to show the harmony saores of each candidate.
Following a convention intro duced by Legende et al., the violation marks are changedinto the corresponding
negativ eintegers. Because*Cod a-V oice hasgreaterweight than Id ent -V oice, acandidate that incurs one
violation of that condraint, like [bad], recdavesa greater weighted penalty (2a(" 1) = " 2) than a candidate
that hasa single violation of Id ent-V oice, like[bat] (14" 1) = " 1) . Since ([bat]) hasthe highestharmony
in the candidate set, it is optimal.

(3) Final devoidng in HG

2 1
/bad/ || *Cod a-V oice | ldent- Voice
bad "1 "2
IS [bat] "1 "1
pat "2 "2
pad "1 "1 "3

To help shov why HG cannot replicate the elect of local conjunction illustrated in (2), the table in (4)
providesthe violation problesof the candidates using negative integers. | leave out the bnal, harmonically
bounded, candidate from (2), whoseviolation marks on the basic constraints would be identical to [bat].

(4) Violation scores of unconjoined constraints

’/bad/ H Id ent -V oice ‘ NoCoda | *V oice Obs

bat -1 -1 -1
bad -1 -2
pat -2 -1

The quegion is whether there exists someset of weights that will choose[bat] as optimal.
The answer isno. For [bat] to beat [bad], the weight of *V oi ce Obs must be greater than that of Id ent -
Voice. And for [bat] to beat [pat] the reverserelationship must hold. These inequaliti es are inconsistent,



just like the rankings would be. Both [bat] and [bad] violate NoCod a; that sharedviolation cannot a! ect
the choice between them.

Legerdreetal. (v.2,348!.) provideasimilar exampleof the inability of HG to handle a pattern analyzed
in terms of OT-LC, and show that this inability genealizesto a se of casesdiscussedin Smolensky® chapter.
The exampleis that a ban on [x] cannot be reduced to independent constraints aganst velars and fricatives,
when the invertory contains both velars and non-velar fricatives. The other casesare other OT-LC analyses
of Obaig inventories).As they point out, in comparison with HG@ linear model (the harmony function is a
linear equation), LC is a superlinear theory of constraint interaction.

In linguistic theory, greater power is of course a double-edged sword. The superlinearity of OT-LC also
allows it to genegate unattested linguistic patterns not generated by HG. One example, discussal brst by
Ito and Mester (1998), can be produced by conjoining NoCod a with Ident-V oice in the domain of the
sggmert (thanksto Matt Wolf for bringing this to my attention).

(5) Local conjunction analysis of initial devoiing
’ /bad/ H NoCod a&segld ent -V oice | *VoiceObs ‘ NoCoda Ident- Vce

' [pad]
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The *V oice Obs #

Ident-V ce ranking leadsto devoicing, which is blocked by the dominant conjoined

constraint when it would occur in coda position, where it violates both NoCod a and Id ent -V oice . This
pattern is referred to as a markednessrewersal, since now the feature is protected in only the marked
environment (see Lubowicz 2005for further cases).

With just the unconjoined condraints in (5), this pattern cannot be produced by HG: [bat] and [pad]
have identi cal violation marks, and no weighting will make [pad] solely optimal. This example points to
an important dilerence between HG and OT-LC: pairwise harmonic bounding relationships from OT are
preserved in a version of HG with postiv e weights (Prince 2002, but not in OT-LC.

Unattested systems canalso be producedby conjoining markedness congraints. One such systemdewices
an obgruent if there is a coda anywhere in the word; this system emerges if we conjoin NoCod a and
*V oice Obs over the domain of the word:

(6) Local conjunction analysis of long-distance oda devoidngO

’ /batal ak/ H NoCod a& ¢*V oice Obs ‘ Ident-V ce ‘ NoCod a *\/ oiceObs ‘

batalak '

*|

*

*

IS [patalak]

*

*

’ /batal a/ H NoCod a&y ¢*V oice Obs ‘ Ident-V ce ‘ NoCod a *\/ oiceObs ‘

IS [batala]

T

*

patala

*|

Again, this pattern cannot be replicated by HG, for the same reasonit cannot do local coda devoicing with
the unconjoined version of theseconstraints: the shared violation of NoCod a is irrelevant to the choice
between [balatak] and [palatak].



This last cas is an instance of the locality problem for LC. To deal with it, Lubowicz (2002) proposes
to limit LC to conjunctions over the smallest shared domain of two condraints. Howewver, LC also produces
unattested patterns when constraints are conjoined over their smallest shared domain. To congruct an
example,we canadd a constraint that forces placeassmilati on; for familiarit yOsake, | will useAgree- Pla ce
(Oasgn a violation mark to every pair of adjacert of non-homorganic segmentsO). The Prst two tableaux
show theelect of *Cod a-V oice and Agr ee-Pla ce being dominated by the relevant faithf ulnessconstraints
(Ident -Pla ce penalizes change in place of articulati on): neither coda dewicing nor place assmilation
usually applies In the last tableau, we seethat when a consorant with underlying voicing is in the context
of a non-homorganic consorant, it dewoices Alt hough placeassimilation and coda devoicing are well attested,
this cumulativ e interaction isto my knowledge undocumerted.

(7) Cumulative interaction of coda devoidng and place agreement in OT-LC
’ /bad/ H Ident-V oice ‘ *Coda-Voice ‘

bat *

" [bad] *

’ /sat+ ma/ H Ident -Pla ce ‘ Agre e-Pla ce ‘
s [satma] *
sapma *

’ /bad+ma/ || *Cod-V ce& segAgr-P lc ‘ Id-P Ic ‘ Id-V ce | *Cod-V ce | Agr-P Ic

= [batma] * *
babma *| *
badma *| * *

In HG, this unattested cumulative interaction is impossible with thesecondraints. If Ident-V oice hasa
greater weight than *C oda-V oice, as neeced to block dewoicing in the brst tableau, then [badma] will be
optimal in the last tableau. Here, the sharedviolation of Agree- Pla ce is irrelevant to the choice between
[batma] and [badma].

This is an instance of a corelewvance problem for LC. Empirically, place agreement is not relevant to
coda voicing, but LC allows theseindependent factors to interact. Bakovic (2000) and Lubowicz (2005)
proposerestrictions on LC that are aimed at addressing this problem. Interegingly, the redriction that
Lubowicz (2005) imposeson LC cumulativ e interactions emerges from the nature of HG cumulativity: for
two markedness constraints to have a cumulative elect, they must be satisbed by violating a single other
(faithfu Iness) constraint. For example, in Japanes loanword dewicing (Kawahara 2006, a voiced geminate
is devoiced only in the preseice of another voiced obgruent. In Pater (2008) this is analyzed as Id ent -
Voice being violated only if both OCP -Voice and *V oice-Geminate are at issue. Because this sort
of asymmetric trade-o! in violations is a prerequisite for cumulative elects in HG, it imposesinherent
restrictions on such interactions that must be stipulated in the LC approad.

These instances of restrictiveness of HG relative to LC may come as a surprise to some readers, as
they did to me and the other participants in a graduate seminar when we read Legerdre et al. for the
pbrst time.! Two questions are immediately raised. The brst is whether HG might actually be su'cien tly

1t would be a mistake to claim that HG and LC are in a subset relation in terms of the languagesthey generate. Because
LC requires that constraints be conjoined over some domain, there are instances of HG interaction that cannot be captured by
LC (McCarth y 2002). For instance, Moreton and Smolensky (2002) claim that Max and markedness constraints do not share



restrictive to serve as a viable alternative to OT asa theory of grammar. Along with Prince and Smolenky
(1993/2004), Legende et al. arguethat thisis not the case;see Pater (2008b) for a detailed consideration of
these arguments that yields a more positive conclusion for the prospects of HG. One point that is relevant
to the current HG-LC comparison is that the unattested pattern that Legerdre et al. show that HG can
problematically geneate can equally be produced by self-conjoining their OMainStres sRight Oconstraint.
This constraint assignsa violation to ead syllable separating a main stress from the right edge the word.
The seltconjoined version would produce a ORwer HierarchyOof congr aints, with one penalizing stress one
syllable from the edge, another penalizing stress two syllables away, and so on. Theseconstraints could be
used to produce a stresswindow of any size just asLegende et al. show weightings of MainStres sRight
can.

The other question is to what extent HG can, and should, deal with patterns that es@pe the original
version of OT, and which have been attributed to LC. This is a very complex question, partly becalwse some
of the phenomena attributed to OT-LC may be best explained not as cumulative interaction at all (see
recently McCarthy 2007 on chain shifts as well as Wolf 2008 on derived environment elects; cf. Lubowicz
2002and Moreton and Smolensky 2002 in OT-LC). Here | will discuss only the examplesalready mentioned
in this review.

First, whether complex markedness constraints like NoCod aVoice above, and *[x] in Legendre et al.
should be reducedto more basic constraints is a matter of somecortr oversy The idea that NoCod aVoice
is the sum of the el ects of a constraint againg codas and one against voiced obstruents harkens back in
someways to theories of prosadic licensing (e.g. I1to 1986; Goldsmith 199Q Lombardi 1991; Steriade 1995,
which seecontextual markedness as the inability of marked prosadic cortexts to license marked segmers.
Much work in OT has quedioned this approad, analyzing contextual markednessas the elect of rather
specib¢ substantively motivated condraints (e.g. Pater 1999; Steriade 1999). The empirical motivation
for these alternativesis that contextual markednessdisplays asymmdries that are not captured by prosodic
licendng: the sa of marked contextsis not the samefor every marked segmert, and markedness relati onships
betweensegmeris can bereversedacrosscontexts (seeBarnes2006for an extensive recert critique of prosodic
licendng theory). Like prosddic licensing, OT-LC alsofails to expresstheseasymmetries.

SmolerskyOscomparison of the OT-LC analysis of Lango ATR harmony with that of Archangeli and
Pulleyblank (1994 bringsup a conaete example of thisissue. In Lango, only [+ high] vowels trigger regressive
ATR harmony. Smolenky analyzesthis as the conjunction of the constraint against [-high, + ATR] vowels
with the constraint demanding that heads be leftmost in the domain (v.2, 91). Leftward spreading from a
nonhigh [+A TR] vowel would violate this constraint. Smolersky (v. 2, p. 138) points out that therule-based
analysis predicts that a rule that spreads ATR only from the marked vowel could equally exist, and cites
Archangeli and Pulleyblank (1994) for the obsenation that the resulting pattern doesnot exist. It is clear,
however, that other featuresdo preferertially spread from a marked vowel: Kaun (2004) discussesa typology
of rounding harmony in OT that instantiates just this obsenation.

Whether building a phonological theory with very specibc phonetically grounded universal constraints is
the right responseto such asymmetriesis of course also a matter of controversy (see Blevins, 2004; Hayes
et al., 2004). Howewer, the greater reductionism possible in an OT-LC acoount of contextual markedness
doesnot seem to be a knockdown argument for it over OT and HG, since as is often the case the theory
with the more gereral principles appears to bt the data less tightly.

a common domain, so they cannot be conjoined. For an interacti on between Max and a markedness constraint in HG that
yields an attested pattern, seePater (2008a).



An instructive further comparison of the relative power of HG and OT-LC comes from a consideration
of the extent to which HG can replace LC in SmolenskyOd ango analysis. A full rearalysisin HG terms is
impossble here; | will limit myselfto someremarks that could be followed up on in making this comparison.
The elect of conjunction mentioned just above cannot be derived from HG interaction, and the fact that
ATR and rounding harmony behave dile rently suggests that it should not be, and shoud instead be seen
as a substantiv e characteristic of the constraints motivating spreadng. Wit hin headed domains theory, one
might posit a constraint on the head of a [+A TR] domain that diredly demands that it be [+ high], rather
than trying to derivethe elect of this condraint from the unmarkednessof [+high, + ATR] vowels. However,
other instances of LC do submit to such reanalysis. For example, the fact that regressve spreading of [+A TR]
is limited to [+high] triggers, while progressive spreading is not, can be treated as a gang elect between a
constraint demanding that heads be [+high] and one demandng that heads be leftmost in the domain. In
fact, it appearsthat all of the furt her usesof LC in SmolerskyO4 ango analysis can be derived from weighted
constraint interaction.?

If the conjecture that HG can se've as a theory of grammar provescorrect, the conseuencesfor Smolen
sky and Legende® integrated connedionist-symbolic theory of mind, and for the gereral relationship of
grammar to theories of learning and processng, are quite deep. Smolensky and Legerdre aim to provide an
explicit mathematical characterization of the relationship betweenneural processng and higher-level sym-
bolic computati on, including linguistic grammar. They seeHG asa bridge between thesedomains, with OT
asthe theory of grammar. Howevwer, this bridge is not yet fully built. Building on discussion in Prince and
Smolersky (1993/2004: 236), Legendre et al. (v. 2, p. 347) explain the formal di"culties in condructing a
connedionist harmony maximizing network that is guaranteed to behave as a strict domination hierarchy.
HG grammars, on the other hand, have been realized in connectionist networks. In phonology, Legendre et
al. presat connectionist implemertations of HG versionsof Prince and Smolensky® (1993/2004) analyses
of Berber syllabibcation, while Melanie Soderstrom, Donald W. Mathis, and SmolerskyOshapter OAbsract
Genomic Encoding of Universal Grammar in Opti mality TheoryOprovides a connectionist learning algorithm
for HG, along with a proposal for how universal congraints might be enmded in the gerome (the title of
the chapter is somavhat misleading in that the model usesweighted, rather than ranked constraints).

Smolersky, Legendre and their colleaguesrevolutionized linguisti ¢ theory by intr oducing optimization into
gererative grammar. As readersofthisjournal certainly know, theimpact wasespecially strongin phonology.
They can also be credited with intr oducing numerically weighted constraints into gererative linguistics in
their 1990 presentati on of HG (an update of their 1990 work with Yoshiro Miyata: OTle Interaction of
Syntax and Smantics: A Harmonic Grammar Accourt of Split IntranstivityOappears in volume 1). Currert
statisti cal approacesto constraint interacti on like the Maximum Entr opy model of Goldwater and Johnson
(2003) are formally stochagic versions of HG. Not only does The Harmonic Mind clearly elaborate the
connedionist foundationsfor OT, but it also opens up vast new territory for phonologcal theory, for formal
analysis of phonological systemsas well for the study of learning and other typesof procesing.
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