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RTE and 2DFT

{ Main Theorem:
" 2DFTs and RTEs define the same class of functions. More precisely;,

| =

1. given an RTE C, we can construct a 2DFT A such that [A

2. given a 2DFT A, we can construct an RTE C such that [A] = [C]. "i
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- (g5 )=
SRl o Rl
a/e,+1 a/b,—1 a/c,—1

Je—>46pdepd1—>d 1 q1pg2—>q39(43

»(6—>(6»d6| (1—>J1»q1»J2—>(3$(3




Transition Monoid

-/e, 41 a/e,+1 /e, +1 a/e,+1

Tr: ©* — TrM @ #lec St #ie 1 [ e

TF(#CL—'_#CL—l_) — {(Q(% 7 Q3)7 (Qvaa Q5)7 (Q17§7 QI)v

(QZ7>7 Q4)7 (QZaga QS)a (Q37>7 Q4)7 (QB7Q7 QB)7 & <#/57"'1
(94,2,95), (94,5, q1), (@5, = q1), (45,5, Q6 ), a/e,+1 a/b-1  afe,-1
(QGaéac_IS)? (QG7<>-7 QG)}

#/57 —1

Je—>46pdepd1—>d 1 q1pg2—>q39(43

»(6—>(6»d6| (1—>J1»q1»J2—>(3$(3




Transition Monoid

-/e, 41 a/e,+1 /e, +1 a/e,+1

Tr: % — TrM e Bl w8 aen,

Tr(#a—l_#a—l_) — {(QOv 7 Q?))? (Qvaa Q5)7 (Q17§7 QI)v

(QZ7>7 Q4)7 (QZaga QS)v (Q37>7 Q4)7 (QB7Q7 QB)7 & <#/57"'1
(94,2,95), (94,5, q1), (@5, = q1), (45,5, Q6 ), a/e,+1 a/b-1  afe,-1
(QGaéac_IS)? (QG7<>-7 QG)}

#/57 —1

Je—>46pdepd1—>d 1 q1pg2—>q39(43

»(6—>(6»d6| (1—>J1»q1»J2—>(3$(3




Transition Monoid

-/e, 41 a/e,+1 /e, +1 a/e,+1

Tr: ©* — TrM @ #lec St #ie 1 [ e

Tr(#a—l_#a—l_) — {(Q(% 7 Q3)7 (QI7>7 Q5)7 (Q17§7 QI)v

(QZa 27 Q4)7 (QZaga QS)v (QSv D) Q4)7 (QB7Q7 QB)7 & <#/57"'1
(94,2,95), (94,5, q1), (@5, = q1), (45,5, Q6 ), a/e, 1 a/b,~1  afe,-1

(QGa —, Q3)7 (QG7<>-7 QG)}

#/57 —1

Je—>46pdepd1—>d 1 q1pg2—>q39(43

»(6—>(6»d6| (1—>J1»q1»J2—>(3$(3




Transition Monoid

-/e, 41 a/e,+1 /e, +1 a/e,+1

Tr: ©* — TrM @ #/e 41 #/€,+1= ofe+l

Tr(#a—l_#a—l_) — {(Q(% 7 Q3)7 (QI7>7 Q5)7 (Q17§7 QI)v

(QQ,D, Q4)7 (Q2,§, Q3)7 (Q37>7 q4)7 (QB7Q7 Q3)7
(94,2,95), (94,S, q1), (g5, —, q1), (g5, G, g6 )

(QGa —, Q3)7 (QG7<>-7 QG)}

Je—>46pdepd1—>d 1 q1pg2—>q39(43

»(6—>(6»d6| (1—>J1»q1»J2—>(3$(3




Transition Monoid

-/e, 41 a/e,+1 /e, +1 a/e,+1

Tr: ©* — TrM @ #lec St #ie 1 [ e

Tr(#a—l_#a—l_) — {(Q(% 7 Q3)7 (Qvaa Q5)7 (Q17§7 QI)v

(QZa 27 Q4)7 (QZaga QS)v (QSv D) Q4)7 (QB7Q7 QB)7 & <#/57"'1
(94,2,95), (94,5, q1), (05, = q1), (05,5, G6), a/e, 1 a/b,~1  afe,-1

(QGa —, Q3)7 (QG7<>-7 QG)}

#/57 —1

Je—>46pdepd1—>d 1 q1pg2—>q39(43

»(6—>(6»d6| (1—>J1»q1»J2—>(3$(3




Transition Monoid

-/e, 41 a/e,+1 /e, +1 a/e,+1

Tr: ©* — TrM @ #/e 11 L #/€,+1= ofe+l

Tr(#a—l_#a—l_) — {(Q(% 7 Q3)7 (Qvav Q5)7 (Q17§7 Q1)7

(QQ,D, Q4)7 (Q2,§, Q3)7 (Q37>7 q4)7 (QBaga Q3)7
(94,2,95), (94,S, q1), (g5, —, q1), (g5, G, g6 )

(QGa —, Q3)7 (QG7<>-7 QG)}

d6—>q6»46»d1—>q1pq1pJ2—>(3+43

»(6—>(6»d6| (1—>J1»q1»J2—>(3$(3
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Good Rational Expressions
F:=0|ela| FUF|F-F|F*



Good Rational Expressions
F:=0|ela| FUF|F-F|F*

F'is good wrt. ¢ : X* — S morphism to a finite monoid S if



Good Rational Expressions
F:=0|ela| FUF|F-F|F*
F'is good wrt. ¢ : X* — S morphism to a finite monoid S if

1. F'is unambiguous



Good Rational Expressions
F:=0|e|la|FUF|F-F|F*
F'is good wrt. ¢ : X* — S morphism to a finite monoid S if

1. F'is unambiguous

2. If F is subexpression of F, then o(L(F)) = {sg} is a singleton



Good Rational Expressions
F:=0|e|la|FUF|F-F|F*
F'is good wrt. ¢ : X* — S morphism to a finite monoid S if

1. F'is unambiguous

2. If F is subexpression of F, then o(L(F)) = {sg} is a singleton

3. If BT is a subexpression of F then sg is an idempotent.



Good Rational Expressions
F:=0|e|la|FUF|F-F|F*
F'is good wrt. ¢ : X* — S morphism to a finite monoid S if

1. F'is unambiguous

2. If E is subexpression of F', then ¢(L(F)) = {sg} is a singleton

3. If BT is a subexpression of F then sg is an idempotent.

Unambiguous Forest Factorization: (Paul Gastin, S.Krishna)

.' For each s € S, there is an e-free good rational expression F such that
L(Fs)=¢ () \{e} 57
F is an unambiguous rational expression over 2. such

,ﬁ Therefore, G = ¢ U USE g
f that £L(G) = X*.



Good Rational Expressions
F:=0|e|la|FUF|F-F|F*

F'is good wrt. ¢ : X* — S morphism to a finite monoid S if

: : ™
1. F'is unambiguous L — a\
gt ed)
2. If E is subexpression of Zij@//w on ‘\990\ (zed (pare n
+ . ST e £aCt0 ™, 0\S\
3. If £ is a subexpressi| < cof@ el ¥ can 0@ st

 Unambiguous Forest Factorizatwn:TPﬁEastin, S.Krishna)

.' For each s € S, there is an e-free good rational expression F such that

LF)=¢ (s)\{e} € ET

i Therefore, G = e U, .o Fs is an unambiguous rational expression over ¥ such i

f that £(G) = Z*.

SES



2DFT to RTE

-/e, 41 a/e,+1 /e, +1 a/e,+1
. X
Tr: " — TrM @ #/g’_H;q% 7%"z/€,—|—1= a/s,—|—1=

#/87—'—1 #/87_1 #/5,—1

Tr(#a™#a™) = {(q0, =, 43), (€1, 2, 95), (01, G, q1),

(92,2, 94), (92,5, 93), (43, 2, q4), (43,5, 43), “#/e,+1

(94,2,95), (94,S, q1), (g5, —, q1), (g5, G, g6 ) a/e, +1 a/b,—1 a/c,—1
(26, —143), (46,5, q6) }

Main Lemma: F:::@‘g‘a|FUF|F.F‘F+ '

| Let F' be an e-free Tr-good rational expression with Tr(F) = sp. We can
. construct a map Cp: sp — RTE such that for each step x = (p,d, q) € sp:

1. dom(Cp(z)) = L(F),

2. for each u € L(F), [Cr(x)](u) is the output produced by A when runmng
step T on u (1 e. runnmg A on u from p to q follovvmg d1rect10n d)



2DFT to RTE: atomic

-/e, 41 a/e,+1 /e, +1 a/e,+1
. X
Tr: " — TrM @ #/8,—|—1=% 7%"z/€,—|—1= a/s,—|—1=

#/87—'—1 #/87_1 #/8,—1
- (g5 )=
SRl o Rl
a/e,+1 a/b,—1 a/c,—1

Tr(a) ={(q1,—,q1), -+, (Qa, <, qa),...,(q5,4,q5),...}

Main Lemma: Fu:=0le|a| FUF|F-F|F7" '

| Let F' be an e-free Tr-good rational expression with Tr(F) = sp. We can
. construct a map Cp: sp — RTE such that for each step x = (p,d, q) € sp: :

1. dom(Cp(x)) = L(F),

2. for each u € L(F), [Cr(x)](u) is the output produced by A when runnmg
step T on u (1 e. runnmg A on u from p to q followmg d1rect10n d)



2DFT to RTE: atomic

-/e, 41 a/e,+1 /e, +1 a/e,+1
. X
Tr: " — TrM @ #/8’_“;% 7%"z/€,—|—1= a/s,—|—1=

Ca(Ql; %7 q]_) — (CL?&? . J_) #/87+1 #/57_1 #/8,—1
46 )= @:
#/e,+1 \ﬁ #/e,—1

a/e,+1 a/b,—1 a/c,—1

Tr(a) ={(q1,—,q1),---,(Qa, <, q4),...,(q5,4,q5),...}

Main Lemma: Fu:=0le|a| FUF|F-F|F7" '

' Let F' be an e-free Tr-good rational expression with Tr(F) = sp. We can
. construct a map Cp: sp — RTE such that for each step x = (p,d, q) € sp: :

1. dom(Cp(x)) = L(F),

2. for each u € L(F), [Cr(x)](u) is the output produced by A when runnmg
step T on u (1 e. runnmg A on u from p to q follovvmg d1rect10n d)



2DFT to RTE: atomic

-/e, 41 a/e,+1 /e, +1 a/e,+1
. X
Tr: " — TrM @ #/g’_H;q% 7%"z/€,—|—1= a/s,—|—1=

Colqr,—,q1) =(a?e: 1) #/e, +1 #/e, 1 /e —1
6 )= (5 )=
Cou(qa,<,q4) = (a?c: L) ATy, \8 ie 1

a/e,+1 a/b,—1 a/c,—1

Tr(a) ={(q1,—,q1), -+, (Qa, <, q4),...,(q5,¢,q5),...}

Main Lemma: Fu:=0le|a| FUF|F-F|F7" '

| Let F' be an e-free Tr-good rational expression with Tr(F) = sp. We can
. construct a map Cp: sp — RTE such that for each step x = (p,d, q) € sp:

1. dom(Cp(x)) = L(F),

2. for each u € L(F), [Cr(x)](u) is the output produced by A when runnmg
step T on u (1 e. runnmg A on u from p to q follovvmg d1rect10n d)



2DFT to RTE: atomic

-/e, 41 a/e,+1 /e, +1 a/e,+1

Tr: % — TrM G tren fwan B

Ca(Q17 %7q1) — (CL?E': : __) #/e,+1 #/e, —1

6 )« (g5 )«
Cou(qa,<,q4) = (a?c: L) L e 11 \8 2/e —1

Cu(qs,<,q5) =(a?b: 1) a/e,+1 a/b, 1 afc,—1

a/e,+1

#/57 —1

Tr(a) ={(q1,—,q1),---,(Qa, <, q4),...,(q5,4,q5),...}

F:=0|c|a| FUF|F-F|F*|

| Let F' be an e-free Tr-good rational expression with Tr(F) = sp. We can
. construct a map Cp: sp — RTE such that for each step x = (p,d, q) € sp: |

{Main Lemma:

1. dom(Cp(z)) = L(F),

2. for each u € L(F), [Cr(x)](u) is the output produced by A when running
step  on u (i.e., running A on u from p to ¢ following direction d).



2DFT to RTE: concatenation

Fu=0|ec|la| FUF|F.-F|F*]

Let F' be an e-free Tr-good rational expression with Tr(F) = sp. We can }’
. construct a map Cp: sp — RTE such that for each step x = (p,d, q) € sp: i

:Main Lemma:

1. dom(Cp(z)) = L(F),

2. for each u € L(F), [Cr(x)](u) is the output produced by A when running
step  on u (i.e., running A on u from p to ¢ following direction d).



2DFT to RTE: concatenation

Fr Eo Fr Fs SE = SE, * SE,

r = (p,—,q)

Fu=0|ec|la| FUF|F.-F|F*]

Let F' be an e-free Tr-good rational expression with Tr(F) = sp. We can }’
. construct a map Cp: sp — RTE such that for each step x = (p,d, q) € sp: i

:Main Lemma:

1. dom(Cp(z)) = L(F),

2. for each u € L(F), [Cr(x)](u) is the output produced by A when running
step  on u (i.e., running A on u from p to ¢ following direction d).



2DFT to RTE: concatenation

) Eo 5 b

S m— - S
P—t—plq1 12 £ 12

r = (p,—,q)

Fu=0|ec|la| FUF|F.-F|F*]

Let F' be an e-free Tr-good rational expression with Tr(F) = sp. We can }’
. construct a map Cp: sp — RTE such that for each step x = (p,d, q) € sp: i

:Main Lemma:

1. dom(Cp(z)) = L(F),

2. for each u € L(F), [Cr(x)](u) is the output produced by A when running
step  on u (i.e., running A on u from p to ¢ following direction d).



2DFT to RTE: concatenation

) Eo 5 b

Sp = Sg, * S
j q1------ +q E LR O

r = (p,—,q)

Fu=0|e|a|FUF|F-F|F+t]

Let F' be an e-free Tr-good rational expression with Tr(F) = sp. We can }’
. construct a map Cp: sp — RTE such that for each step x = (p,d, q) € sp: i

:Main Lemma:

1. dom(Cp(z)) = L(F),

2. for each u € L(F), [Cr(x)](u) is the output produced by A when running
step  on u (i.e., running A on u from p to ¢ following direction d).



2DFT to RTE: concatenation

) Eo 5 b

S m— - S
P—t—pq1 q1 12 £ Lo

r = (p,—,q)

Fu=0|e|a|FUF|F-F|F+t]

Let F' be an e-free Tr-good rational expression with Tr(F) = sp. We can }’
. construct a map Cp: sp — RTE such that for each step x = (p,d, q) € sp: i

:Main Lemma:

1. dom(Cp(z)) = L(F),

2. for each u € L(F), [Cr(x)](u) is the output produced by A when running
step  on u (i.e., running A on u from p to ¢ following direction d).



2DFT to RTE: concatenation

Fr Eo Fr Fs SE = SE, * SE,

r = (p,—,q)

Fu=0|e|a|FUF|F-F|F+t]

Let F' be an e-free Tr-good rational expression with Tr(F) = sp. We can }’
. construct a map Cp: sp — RTE such that for each step x = (p,d, q) € sp: i

:Main Lemma:

1. dom(Cp(z)) = L(F),

2. for each u € L(F), [Cr(x)](u) is the output produced by A when running
step  on u (i.e., running A on u from p to ¢ following direction d).



2DFT to RTE: concatenation

) Eo ) Eo

P—t4+—,q1 4Cl1> p—:q>
5’3&(13 QQCI 542 <qi‘q L= (p, e q)

d4 94"> Q44>

g*% 45— <->CI5—>Q

L6

SE — SEl y 8E2

Fu=0|e|a|FUF|F-F|F+t]

Let F' be an e-free Tr-good rational expression with Tr(F) = sp. We can }’
. construct a map Cp: sp — RTE such that for each step x = (p,d, q) € sp: i

{Main Lemma:

1. dom(Cp(z)) = L(F),

2. for each u € L(F), [Cr(x)](u) is the output produced by A when running
step  on u (i.e., running A on u from p to ¢ following direction d).



2DFT to RTE: concatenation

) Eo ) Eo

P—t4+—,q1 4Cl1> p—:q>
w&@s QQCI 542 <qi‘q L= (p, e q)

d4 94"> Q44>

gﬁ'% 45— <'>CI5—>Q

L6

SE — SEl y 8E2

CEl’E2 (LIZ‘) — (CEl (wl) : CEZ (xQ)) © (CEl ($3) ' CEz ($4)) © (CEl (5135) : CEQ (xG))

Fu=0|e|la|FUF|F-F|F*]

| Let F' be an e-free Tr-good rational expression with Tr(F) = sp. We can
. construct a map Cp: sp — RTE such that for each step x = (p,d, q) € sp: :

{Main Lemma:

1. dom(Cp(z)) = L(F),

2. for each u € L(F), [Cr(x)](u) is the output produced by A when running
step  on u (i.e., running A on u from p to ¢ following direction d).



2DFT to RTE: concatenation

15 Eo ) b

P—4—q1 4(]1> p—:q1>
wgqiq?, QZCI .;2 <qi‘q L= (p, e q)

44 94"> Q44>

gﬁ'% 45— <'>CI5—>Q

L6

SE — SEl y 8E2

CEl’E2 (LIZ‘) — (CEl (33‘1) . CE2 (332)) © (CEl ($3) ' CEz ($4)) © (CEl (5135) : CEQ (xG))

Fu=0|e|la|FUF|F-F|F*]

| Let F' be an e-free Tr-good rational expression with Tr(F) = sp. We can
. construct a map Cp: sp — RTE such that for each step x = (p,d, q) € sp: :

{Main Lemma:

1. dom(Cp(z)) = L(F),

2. for each u € L(F), [Cr(x)](u) is the output produced by A when running
step  on u (i.e., running A on u from p to ¢ following direction d).



2DFT to RTE: concatenation

) Eo ) Eo

P—t4+—,q1 4Cl1> p—:q>
x&% QQCI 542 <qi‘q r=(p,—,4)

q4 C.I4"> Q4'4>

gﬁ'% 45— <'>CI5—>Q

L6

SE — SEl y 8E2

Cp,.B,(7) = (CEg, (71) 1 Cg,(72)) © (Cg, (3) L CE,(74)) © (CE, (25) 1 Cr, (6))

Fu=0|e|la|FUF|F-F|F*]

| Let F' be an e-free Tr-good rational expression with Tr(F) = sp. We can
. construct a map Cp: sp — RTE such that for each step x = (p,d, q) € sp: :

{Main Lemma:

1. dom(Cp(z)) = L(F),

2. for each u € L(F), [Cr(x)](u) is the output produced by A when running
step  on u (i.e., running A on u from p to ¢ following direction d).



2DFT to RTE: concatenation

) Eo ) Eo

D—+—>(1 4Cl1> p—:q>
w&@s QQCI 542 <qi‘q L= (p, e q)

q4 94"> Q4'4>

%»% (5mee—] <>Q5—>q

L6

SE — SEl y 8E2

CEl’E2 (LIZ‘) — (CEl (wl) : CEZ (xQ)) © (CEl ($3) ' CEz ($4)) © (CEl (935) ' CEQ (x6))

Fu=0|e|la|FUF|F-F|F*]

| Let F' be an e-free Tr-good rational expression with Tr(F) = sp. We can
. construct a map Cp: sp — RTE such that for each step x = (p,d, q) € sp: :

{Main Lemma:

1. dom(Cp(z)) = L(F),

2. for each u € L(F), [Cr(x)](u) is the output produced by A when running
step  on u (i.e., running A on u from p to ¢ following direction d).



2DFT to RTE: Kleene-plus

b r = (p,—,q)

Fu=0|e|a|FUF|F-F|F+t]

Let F' be an e-free Tr-good rational expression with Tr(F) = sp. We can }’
. construct a map Cp: sp — RTE such that for each step x = (p,d, q) € sp: i

:Main Lemma:

1. dom(Cp(z)) = L(F),

2. for each u € L(F), [Cr(x)](u) is the output produced by A when running
step  on u (i.e., running A on u from p to ¢ following direction d).



F
. . F F
D2
P3
P4
D5 q
P2
p3
(pél
D5 q
P2
p3
(p4
J4s
D2
P4
C1F ($ ) Cl
/
C Cl

F

2DFT to RTE: Kleene-plus

q)

= (p,

T2 = (q, Dap2)
= (p2,<, p3)

T4 = (p3,2,p4)
= (P1,G, Ps5)
= (p5, —,q)



C/

2DFT to RTE: Kleene-plus

F
p q
D2
P3
P4
D5 q
P2
P3
(m
Cr ($ ) Cl

= ((F'?e:L)E

F

z = (p,—,q)
zo = (q,2,p2)

Ly =

L =

1CF(x4)) © (Cr(xs)

(
(
r3 = (p2,<,P3)
T4 = (P3,2,Pa)
( )
( . q)

P4, §7p5
D5, —

1 Cr(26))



2DFT to RTE: Kleene-plus

p

P2
P4

q
P3

P5

F

F

L = p7%7

q)

zo = (q,2,p2)

Ly = p37>7p4
P4, §7p5
D5, =254

Ly =

Lg —

(
(
r3 = (p2,G, P3
(
(
(

N~ O ~ ~—

1 Cr(26))
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i Theorem: (Paul Gastin, S.Krishna)

.' For each s € §, there is an e-free good rational expression F such that
L(Fs) =9 (s)\{e} 27T

i Therefore, G = e UlJ, g F§ is an unambiguous rational expression over ¥ such §

f that £(G) = ©*.

— hova. Aoy B Lo poc2a T e — s i A s F R VI S O P R W TR s ca e [ VI B

‘Main Lemma: Fu=0|c|la| FUF|F.-F|F*|

| Let F' be an e-free Tr-good rational expression with Tr(F) = sp. We can j"'(
f | construct a map Cp: sp — RTE such that for each step z = (p,d,q) € sp: '

1. dom(Cr(z)) = L(F),

2. for each u € L(F), [Cr(x)](u) is the output produced by A when runmng
Step x on u (1 e. runnmg A on u from p to q follovvmg dlrectlon d) j.,



Theorem: (Paul Gastin, S.Krishna)

.' For each s € §, there is an e-free good rational expression F such that
L(Fs) =9 (s)\{e} 27T

i Therefore, G = e UlJ, g F§ is an unambiguous rational expression over ¥ such §

f that £(G) = ©*.

G o e T Sk Aep B Lo posn S MO e g e e o ) S P VI O

MainLemma' _(Z)\s|a|FUF|F F\F+

| Let F be an e-free Tr-good rational expression with Tr(F) = sp. We can j"',
.'Lf construct a map Cr: sp — RTE such that for each step x = (p,d, q) € sp: '

1. dom(Cr(z)) = L(F),

2. for each u € L(F), [Cr(x)](u) is the output produced by A when runmng
step x on u (1 e. runnmg A on u from p to q follovvmg dlrectlon d) j.,

IfTrI\/I {81,82,... S }

Ca=e?C.: (Tr (s1)?Cp,, : (Tr (s2)?Chp,, :
(Tr_l(sm_l) 7 CFSm—l : CFsm>)) :



Summary
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From 2DFT to RTE

Extension to Infinite words

Conclusion



Regular Transducer Expressions over o-words

de I'y{l}

C:=d|K?C:C|CoC|CELC

K C Y* regular

<— <

.~
clcac|c®|c® K, CP**| (K, CP*

E:=L7TE:FE|FEOFE|CELC

L C Y regular

Unambiguous o-iteration

E|cCY|[K,C)]*

If then else

(g(w) if welL

(L2g:h)(w) = h(w) otherwise

\

f(w) = fur) f(ug)--- €T

If w=wujuy--- with u; € dom(f) Unambiguous Cauchy product

(fBg)(w) = fu) - g(v)

Unambiguous 2-chained o-iteration

K, f1%*(w) = f(ugus) f(usug) - - If w=wu-v with

u € dom(f) and v € dom(g)

W= Uiy - - - with u; € K V1



Regular Transducer Expressions over o-words

de I'™W{l} K C 3" regular

<— D <
C:=d|K?7C:C|CcocCc|cOc|crac|c®|c®|[K,C)*|I[K,C)*H

Fu=L?E:E|E0E|CHE|C*|[K,C]*

L C >* regular



Regular Transducer Expressions over o-words

de I'™W{l} K C 3" regular

— & SH
Cu=d|K?C:C|CoC|CcRC|CcTC|C® |0 K, 02 |[K,C)*E

Fu=L?E:E|E0E|CEOE|C*|[K, C]*

L C Y* regular

Hadamard product
(9 © h)(w) = g(w) - h(w)

If w € dom(g) Ndom(h) with g(w) € I'*



Extension to Infinite words



Extension to Infinite words

Tr: X — TrM



Extension to Infinite words

Tr: 3 = TrM &

Fy., G — good

> = | ) Fir- G}
k=1 G — idempotent



Extension to Infinite words

Tr: Y = TrM @

Fy., G — good

> = | ) Fir- G}
k=1 G — idempotent

Crge V



Conclusion

Regular Transducer

Expressions

New proof technique
Works directly with 2DFT
Extension to infinite words

—— e g — D LIV ——

Finite Transducers
Deterministic, two-way

\,



Conclusion

Regular Transducer Finite Transducers
Expressions Deterministic, two-way

r" a—— By —

New proof technique

Works directly with 2DFT
‘L Extension to infinite words

Transducer Expression for Aperiodic Transformation?



