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Replacement Rules
A replacement rule is a particular kind of rewriting rule
whose interpretation gives a rational relation between two
string sets.

{d i e B u c h e r , ...}

l

u -> ü // LETTER* e r

l

{d i e B ü c h e r , ...}

Kempe and Karttunen (1996) presented previosly a method
that compiles a rational relation from a set ofparallel
replacement rules.

{a a b , ...}

l

a->b // a ,, b->c // b

l

{a b c , ...}

The Problem
Parallel replament rules can be very complex, having the
form:

U1,1-> L1,1, . . . , U1,n1
-> L1,n1

// λ1,1 ρ1,1, . . . , λ1,m1
ρ1,m1

,,

...

Uk,1-> Lk,1, . . . , Uk,nk
-> Lk,nk

// λk,1 ρk,1, . . . , λk,mk
ρk,mk

We need a simple and efficient method for compiling a
large set of rules. The method of Kempe and Karttunen is
not satisfactory because (i) it is very complicated to reim-
plement and verify and (ii) because it employs internally
O(

∑k
i=1 mi) auxiliary markers.

The Main Result
We present a new compilation method for parallel replace-
ment rules, consisting of the following sub-methods:

•Generalized Two-Level Grammars, GTWOL, (Yli-
Jyr̈a & Koskenniemi 2006)

•Optimality through Matching (Gerdemann & van No-
ord 2000).

Further Information:
www.ling.helsinki.fi/ ∼aylijyra/replace

A Radically Different Approach
The prior methods of Kaplan & Kay (1994), Karttunen
(1995,1996), Kempe & Karttunen (1996) and Mohri &
Sproat (1996) are best described using the closure property
of rational relations undercomposition e.g.:

Gparses= Constraints

◦ RightContexts

◦ Replace

◦ LeftContexts

Gresult = InsertBrackets

◦ Gparses

◦ RemoveBrackets

In contrast to the prior art, our new method is best described
using other closure properties of rational relations::

GTWOL = µ(D) − µ(G) EliminateAnchors{@L,@R}

Gparses= GTWOL ωT1
ωT2

. . . ωTn

Gresult = Gparses EliminateBrackets{<,>}

A Subroutine: Generalized TWOL
Parallel finite-state rules were already used in theclassi-
cal two-level grammars (Koskenniemi 1983) andpartition-
based two-level grammars (Grimley-Evanset al. 1996).
However, thegeneralized two-level grammars (GTWOLs)
of Yli-Jyrä and Koskenniemi (2006) come closest to the
meaning of the replacement by supporting default identity
mapping, multi-segment rewriting and conflict resolution.
Thecontext restriction rules (with=>) of GTWOL provide
immediately a way to expressoptional replace rules where
centres can overlap. However, someobligatory replaces,
such asAB->ap, BC->bc , are not directly expressible
in GTWOL:

A:a B:p <=> ; B :b C:c <=> (1)

The sample rules of (1) try to rewrite the prefix and suffix of
stringABCrespectively asap andbc , but these substrings
cannot coincide in any output string. Thus, stringABCgets
no output. In comparison,AB->ap, BC->bc maps string
ABCin two ways:apC andAbc.

From Replace Rules to GTWOL Rules
All parallel replacements consist of elementary rules. An
elementary replament rule is of the form:

Ui => Li // .#. λi ρi .#. (2)

whereUi, Li, λi, ρi ⊆ Σ∗.

A set of such rules is converted to a GTWOL as follows:

STEP 1A : MAKE CONTEXTS ORIENTED:
λ′

i = Σ∗ × λi, ρ
′
i = ρi × Σ∗.

STEP 1B: INSERT BRACKETS:
B = {<, >}, Σ′ = Σ ∪ B, λ′′ = λ′ ∃ B∗, ρ′′ = ρ′

∃

B∗.

STEP 1C: EMBRACE CENTRES WITHBRACKETS:
Xi = <(Ui × Li)>.

STEP 1D: BAN BRACKETS BY DEFAULT:
B ⇒ ∅ ∅.

STEP 2A : REDUCE (2) TO A CR RULE:
Xi ⇒ λ′′

i ρ′′i .

STEP 2B: COMPILE THE GTWOL GRAMMAR :
Π = Σ′ × Σ′, N = Π − {a:a|a ∈ Σ′}

D = Π∗@L(N ∪ B)@RΠ∗, G = ∪i λ′′
i @LXi@Rρ′′i

GTWOL = µ(D)
@L,@R=⇒ µ(G),

whereµ(L) = {vx1@Lx2@Rx3y|v@Lx1x2x3@Ry ∈ L}.

OperationW
@L,@R=⇒ W ′ is ageneralized restriction (Yli-

Jyr̈a and Koskenniemi 2004):

W
@L,@R=⇒ W ′ = Π∗−EliminateAnchors{@L,@R}(W −W ′)

Example: a -> b // x x
W :
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EliminateAnchors{@L,@R}(W − W ′):
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GTWOL = Π∗ − EliminateAnchors{@L,@R}(W − W ′):
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Optimality through Matching
Gerdemann and van Noord (2000) approximated gradient
OT constraints with a matching method. We use a similar
method to compile obligatory replacement:

STEP 3: MATCH BETTER AND WORSEPARSES:

Bw(G) = G ◦ Tmostobl◦ G.

Tmostobl :
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STEP 4A : DELETE WORSEPARSES FROMGTWOL:

Gparse= ωTmostobl(GTWOL), where

ωTmostobl(C) = Range(Bw(Domain(C))) ◦ C.

Gparse:
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STEP 4B: ELIMINATE BRACKETS:

Gresult = EliminateBrackets{<,>}(Gparse).

Gresult :
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Concluding Remarks
Kempe and Karttunen (1996) used up to4m brackets
. . . , <mE, <m, >mE, <m to indicate the presence ofm con-
texts. Their occurrences were constrained with Kaplan and
Kay’s (1994)P-iff-S idiom:

P-iff-S(λi, <i) = Π∗λi, <i Π∗ ∩ Π∗λi, <i Π∗

Both theP-iff-S idiom and the generalized restriction oper-
ation involve a double negation, but our method needs all
together only four auxiliary symbols:<, >, @L, @R.
The construction ofGTWOL can be described using only
star-free operations (including complementation and gen-
eralized restriction).
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