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Finite Transducers

Finite Transducer
A finite transducer is a quintuple

M=(Q,X,R,s,F)

where
Q@ is a finite set of states

Y is an alphabet, XN Q =0, ¥ =/UO,
| and O are input and output alphabets

R is a finite set of rules of the form
pa — qz

p,geQ,aclUf{e}, ze O*
s €  is the start state
F C Q is a set of final states
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Input Finite Automaton

Input Finite Automaton
Let M = (Q,X,R,s, F) be a finite transducer, then

MI:(Qvl7RI)S7F)

where
m / is the input alphabet of M and
mR={ga— p:ga— pxe R xe 0%
is the input finite automaton
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Finite Transducers — Computational Step

Configuration

X € QI*{|}O*
Move
If

r:qa— pz € R,

X = qawly,

X' = pwlyz,
then

x = x'[r]
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Finite Transducers — Translation

Translation of a Word
M translates x into y if

sx| =" f|y where f € F
Translation Defined by M
T(M)={(x,y) € I" x O* : sx| =" fly,f € F}
m =" denotes the reflexive and transitive closure of =
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Finite Transducers — Input and Output Language

Input Language

Li(M)={xel": (x,y) € T(M) for some y € O*}
Output Language

Lo(M)={y € O : (x,y) € T(M) for some x € I*}

Theorem
Both input and output languages are regular.
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Finite Transducers — Example

Example

M == ({5’ q, f}v{!va}? Rvsv{f})

where
R={1:s! — q, 3:q! - s,
2:sa— fa, 4:qa— fla}

slllal = glla| [1] = s!a| [3] = qa| [1] = f|'a [4]

T(M)={(Va,a) : i>0,i =2k k >0}
U{(!ia,!a) ci>1,i=2k+1,k >0}

L(M)={"a:i>0} Lo(M)={a,la}
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Finite Transducers — Determinism

Deterministic Finite Transducer
M is deterministic if each rule r € R with lhs(r) = pa satisfies

{r} ={r € R : pa=lhs(r') or p=lhs(r')}

Example

Deterministic finite transducer

M = ({f},{0}, {f — fO},f,{f}),
then
T(M)={(e,0") : i >0}
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Pushdown Transducers

Pushdown Transducer
A pushdown transducer is a quintuple

M=(Q,X,R,s,F)

where

Q, s, F have the same meaning as in the case of finite transducers

Y is an alphabet, YN Q =0, X =/U0OU Pp,
I, O, Pp are input, output and pushdown alphabets,
S € Pp is the start pushdown symbol

R is a finite set of rules of the form
Apa — uqv

A€ Pp,p,geQ ,acluU{e}, uePj veO
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Input Pushdown Automaton

Input Pushdown Automaton
Let M =(Q,X,R,s, F) be a pushdown transducer, then

M[ = (Q, /U PD,R/,S, F)

where
m / and Pp are the input and the pushdown alphabets of M
m R ={Aga — up : Aga — upv € R,v € O*}

is the input pushdown automaton
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Pushdown Transducers — Computational Step

Configuration

X € PpQI*{]} 0"
Move
If

r:Aqa — upv € R,

X = zAqawly,

X' = zupwlyv,
then

x = x'[r]
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Pushdown Transducers — Translation

Translation of a Word
M translates x into y if

Ssx| =" zf|y where f € F
Translation Defined by M
T(M)={(x,y) € I" x O : Ssx| =" zf|y,f € F}
m =" denotes the reflexive and transitive closure of =
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Pushdown Transducers — Input and Output
Language

Input Language
Li(M)={xel" : (x,y) € T(M) for some y € O*}
Output Language

Lo(M)={y € O : (x,y) € T(M) for some x € I*}
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Pushdown Transducers — Example

Example
M= ({s,q,f},{S, A, +,%,a},R,s,{f})
where
R={1:Ss — SAq, 4:Aqg*x — * AAg,
2: Aga — qa, 5:49 — g+,
3:Ag+ — + AAg, 6:%xq — gx, 7:5q— f}

Ss + xaaa| = SAq + *aaa| [1] = S + AAgq * aaa| [3]
= S+ Ax AAqaaa| [4] = S+ Ax Aqaala [2] = S + Ax galaa [2]

= S+ Aqgalaax [6] = S+ qglaaxa[2] = Sqlaa*a+ [5]
= flaaxa+ [7]

T(M) = {(pre, post) : pre = prefix expression, post=postfix expression}
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Pushdown Transducers — Determinism

Deterministic Pushdown Transducer
M is deterministic if each rule r € R with lhs(r) = Apa satisfies

{r} ={r € R : Apa=lhs(r') or Ap = Ihs(r')}

Extended Pushdown Transducer

M= (Q,%X,R,s,F) is extended if R is a finite set of productions of the
form

zpa — uqv

zeP5 p,qeQ,aclU{e}, ue Py, ve OF

Techet, Masopust, Meduna (FIT, BUT) Transducers Modern FLT, 2007 15 /20



Translation Grammars

Translation Grammar
A translation grammar is a quadruple

G=(N,T,P,S)

where
N.S are defined as usual, S € N

T is a terminal alphabet, TNN =0, T=/UO
I and O are input and output alphabets

P is a finite set of productions of the form
A — ugBiuy ... Baup|voBivi ... Bavy

| is a special symbol, Ac N, Bi € N, uj € I*, v; € O%,
i=1....nj=0,...,n
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Translation Grammars — Direct Derivation

Notation
For
p=A— uBiu...Boup|vyBivi ... Byvp,

m lhs(p) = A
m irhs(p) = upByui ... Byuy
m orhs(p) = voBivi ... Bpvy

Direct Derivation
For G =(N,T,P,S), p€ Px,y,u,ve(NUT)* then

x lhs(p)y|ulhs(p)v = xirhs(p)y|uorhs(p)v

where the same number of nonterminals occurs in x and w.
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Translation Grammars — Translation

Translation Defined by G
T(G)={ulv : S|S =" ulv,uel*,ve O}
Input Grammar

GI:(N7I7P/75)
where Py ={A — x : A— x|y € P}

Output Grammar

GO:(N7O7POaS)
where Po ={A —y : A— x|y € P}
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Translation Grammars — Example

Example
Let the translation grammar G be defined by the following productions:

expr

) — (expr) + (term)|{expr)(term)+
expr) —

term)|(term)

term) — (term) x (factor)|(term)(factor)x
term) — (factor)|(factor)

factor) — ({expr))|(expr)

factor) — ala

/\/\/\/\

{
{
{
{
{
{

(expr)|(expr) =" (a+ a) * alaa + ax

G translates an infix expression with 4+ and * to the corresponding postfix
expression.

Techet, Masopust, Meduna (FIT, BUT) Transducers Modern FLT, 2007 19 /20



Bibliography

[4 J. Evey.
Application of pushdown store machines.
In Proceedings 1963 Fall Joint Computer Conference, pages 215-227,
Montvale, NJ: AFIPS Press, 1963.

[4 A. Meduna.

Automata and Languages: Theory and Applications.
Springer, London, 2000.

% J. Sheperdson.
The reduction of two-way automata to one-way automata.
IBM Journal of Research and Development, 3:198-200, 1959.

Techet, Masopust, Meduna (FIT, BUT) Transducers Modern FLT, 2007 20 /20



	Finite Transducers
	Pushdown Transducers
	Translation Grammars
	Bibliography

