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*
Reactive systems : grant every request

r g7r 7g rg 7r7g 7r 7g

r Tr r 7r 7r |→ of 7g g 7g 7g
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{ ( Oxford ,
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Notation

done ( R ) = { n 1 Flu ,v)ER }
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A functional transduction A transduction

f :[
*
↳ It ReI*×E*

f KR if the doff) , ( ii. flu )) ER

SYNTHESIS : ? t SPECIFICATION

Ff . ftk ^ done (f) =dom( R ) ?
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EXAMPLES OF SPECIFICATIONS

. True : [
*

×
-2

*

. There exists an

'

a

'

in the output [
*

× I *aI*

. the lenght is preserved { ( n ,v ) : 14=14 }

. G( r → Fg ) { ( r
.

. . .% , p ... .pk ) ltir
,

.=r → tjzi ppg }

. Every task occurrence is scheduled exactly once

[ = Finite set of tasks

R={ (
t

. .

.tn
,

t.tn
, ...

t.cn
, ) : T permutation }



OUTLINE

WHAT KIND OF MACHINES To USE AS IMPLEMENTATIONS ?

WHAT LANGUAGE To EXPRESS SPECIFICATIONS ?
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( TRANSDUCERS )



RATIONAL TRANSDUCTIONS extend Finite automata with outputs

ala* erase all b 's
A

→a
{

* move the token to the right N
" TNM |→ N "+'TN

" "



REGULAR TRANSDUCTIONS extend 2. way automata with outputs

MANY MODELS : .
2-
way deterministic transducers

. Courcelle 's MSO transducers
. streaming string transducers[ Aber

, Cerny

,1°
]

. regular combinator [ Alar
,

Freilich
, Raghothaman ,

14 ]
. 2- way reversible transducers [ Dartois

,
Fournier

,
Jecker

,
Lhote

,
17 ]

.  , .

TYPICAL EXAMPLES mirror
, copy

TWO - WAY DETERMINISTIC TRANSDUCERS ( ZDFT )( a

:÷÷g
• P 7
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COURCELLE 'S MSO TRANSDUCERS WORD SIGNATURE { S ,
a( x )

,
b (× ) , ... }

MAIN IDEA : define output predicates by 1450 formulas over input

EXAMPLE :

a -5> b→sas→as→a

THEOREM [ Engelfriet , Hoogeboom ,
99) MSO TRANSDUCERS = ZDFT

PROPERTIES * Decidable equivalence problem ( Pspace - c for ZDFT )

* Closed under composition



A LOGIC To EXPRESS

PROPERTIES OF TRANSDUCTIONS
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TOWARDS A LOGIC FOR TRANSDUCTIONS

IDEA : SEE TRANSDUCTIONS AS SINGLE STRUCTURES WITH ORIGIN

( called origin graphs)

INPUT a b a c a a a

ORIGIN

OUTPUT b a b a a

MSOE E in , four ,
° ]

p T 5

input order output order origin function

Characterizations of classes -

of origin graphs
L Bojahctykidaviaud ,

Guillou

,PeneUe1l7]
a o
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: For tx
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"
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"

r 7r
r >

.
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g ng
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"

fxrtfryrxhowy → olxkmoly )¥1
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lenght
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"
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"

.
GCR - > Fg )

. Every task is scheduled exactly once ( shuffle )

. identity
"

o is bijeetive
"

and
"

o is order . preserving
"

and
"

o is label -

preserving
"

* ut > uu ?
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MODEL - CHECKING

T t 4 Is decidable for TEIDFT and 4€ MSOE fin ,
-< our ,o]

Bojahczyk ,
Daviaud ,

Guillou
,

Pendle 117

WORD SET of ORIGIN GRAPHS
x

*
net { on |(u,v,o)eEtD }

v

1 X E Courcelle 's word . to . graph transductions

*
2 Backward Translation Theorem : d

' ' ( EMD ) EREGCE )

3 Check a
" ( END ) = 01

* T '( Mso ) EMSO



SATISFIABILITY hymt : 4 E MSO [ s ... , sour ,
o ] Output : F G . GFY ?

RESULTS

• Un decidable ( even for F0z[ tour , sour , Ein ,
o ] )

• Decidable for Lt := FOZ [ four ,
0

,
MSOB

, .n[ fin ] ]

Example : ttf Fouty P(ok ) ,o(y ,) → tiiryzonrx → Q (oly ) ,
. ( n ))

P
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SATISFIABILITY hymt : 4 E MSO [ s ... , sour ,
o ] Output : FG . GFY ?

RESULTS

• Undeniable ( even for F0z[ tour , sour , Ein ,o] )

• Decidable for Lt ÷ F0z[ four ,
0

,
MSOB

, .n[ fin ] ]

Example : t°Y Fouty PC oh ,d y ,) → tiiryzonrx → Q( oly ) ,
. ( n ))

P
, QEMSO [ E

, ;]

CONSEQUENCES

• Decidable equivalence problem for Lt - transductions

• Decidable satiifiabihty for Lt ( ZX
.

. .  . ZXN . Lt )

4 , 42 , (4 a k )

FX
,

. . . 3Xn . $ (Xn ,
.
.
. 1 Xn)
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UNDECIDABILITY OF MSO [ E in ,
{ out ,o ] OVER ORIGIN GRAPHS

PCP instance ( a
, ,v , ) , ... ,

( un.vn )

Does Uin . . . Ui
,

= Vin . .  . vi. for some in ,
... , ik

?

a b c a

ENCODING A SOLUTION

AS AN ORIGIN GRAPH
a b a c a b c a⇒; 4;

a iz ✓
iz

1 CHECK THAT THE GREEN AND Pink PROJECTIONS EQUAL THE INPUT

xpress that the origin graph restricted to green ( resp . pink)

outputs has bijective
,

order . preserving and label . preserving origin

→ guard the quantifications : ttnxhfNDHFT
green ( × ) → ¢



UNDECIDABILITY OF MSO [ E in ,
{ out ,

0 ] OVER ORIGIN GRAPHS

PCP instance ( a
, ,k ) , ... ,

( un.vn )

Does Uh . . . U
,;,

= Vin . . .vy< for some in ,
... , ik

?

a b c a

ENCODING A SOLUTION

AS AN ORIGIN GRAPH
a b a c a b c a⇒
; 4; uiz ✓

iz

2 CHECK INDICES CONSISTENCY

VX ,Y . [ maxgreenlxlnmaxpinkly )^ sunk , 'D]→[ ¥
,
uilN^vil× )]

maxgreen ( X ) =
"X is maximal block of consecutive green symbols

"

Sun ( X ,Y ) =
"

X and Y are consecutive blocks
"

u( X ) =
"

the positions of X
,

ordered by four ,
form the word u

"



UNDECIDABILITY OF MSO [ E in ,
{ out ,o ] OVER ORIGIN GRAPHS

PCP instance ( a
, ,v , ) , ... ,

( un.vn )

Does Uin . . . Ui
,

= Vin . . .vn for some in ,
... , ik

?

a b c a

ENCODING A SOLUTION

AS AN ORIGIN GRAPH
a b a c a b c a⇒
; Y;

a iz ✓
iz

2 CHECK INDICES CONSISTENCY

V-X.Y.f.mu/igreen(X)nmaxpinklY)nsuulX.Y)]→[ ¥
,
uilN^vil× )]

up Can be done with only two first-order variables

( identify consecutive
green / pink blocks by their First position )
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l

Lt :=FOz[ four ,
0

,
MSOB

, .n[ f
, ;] ]

EXPRESSIVENESS OF Lt

• ALL PREVIOUS EXAMPLES ( SHUFFLE INCLUDED )

• Lt 7 REG

ZLT

schuffle LT
0

ZNFT NSST

yrvt
•



SYNTHESIS

f e REG"

Eyed⇒q . ].f :[ *→s* . §
.

doff,Iyd°m
4



SYNTHESIS

THEOREM n
. f E REG

VYEFL,
. Ff :I*→E* . }

,

domf = dom 4

f t 4

CONSEQUENCES

. New characterization of REG : REG =L
,

n functions

. Decidable functionality problem for Lt

y
.

y : y ,

synthesis µ : qpft
expressiveness 4

'

: Lyn functions

2 .
Test 4=4

'
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DATA WORDS COVER E. D)

Definition infinite set of

( F ,
d

, ) . . .
( on , dn ) € ( [×D)*

ordered data

finite

alphabet

DATA WORD AS FINITE STRUCTURE
.

finite word structure + data comparison

÷
, . . . ,n } : positions £ : preorder on positions

{ : linear . order Bojaiczyk
Museum

LOGICS For DATA WORDS Sehwenhich
'
06

FOz[ S
, Sp , ~d] : decidable FOE f. Sp

,
-4 ] : undeniable Segofn

FOZ [ s
, Sa ,

I ] : decidable [ Schwentick
,

Zeume
,

'

10 ] David



TYPED DATA WORDS ( over I. D. T )

DEFINITION ( w
,

I :D T )

T T
data finite set
Word of types

closed if data ( w )= data ( w )

cnet.ae#eaEitEit



TYPED DATA WORDS vs TRANSDUCTIONS

1 2 3

a G a

a a b a b

{ data = origin
!

"""**"
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MODELS

NOW - ERASING TRANSDUCTIONS < → CLOSED TYPED DATA WORDS

WITH ORIGIN OVER E. r OVER E
,

IN
,

P

LOGICS

F0z[ four .io/Ms0b..nTEiiD <→ FOZ [ f
,
MSOB , .n[ f ] ]

TRANSDUCTIONS DATA WORDS

CONSEQUENCE
. FOz[ s

, Msob , .n[ I ] ] is decidable on typed data words over IN
( closedness does not

. EMSOz[ {
, MSOB ;n[ f ] ] is decidable too . matter )

FOZ [ Ee
,
#
p
] ; [

schweetich , Zeu-e)



SUMMARY
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express non - functional transductions

•
decidable sahisfiabilitg / model .

checking / equivalence / functionality

. regular synthesis

• new characterization of REG

• origin . sensitive ! otherwise undeidable

4
,

4
'

e Lt To (E 4D) = To (E 9
'D)
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SUMMARY

• new logic tailored to
express non - functional transductions

•
decidable sahisfiabihitg / model .

checking / equivalence / functionality

. regular synthesis

• new characterization of REG

• origin - sensitive ! otherwise undeidable

FUTURE WORK

• synthesis of
"

memory - efficient
"

machines from Lt

• extensions to trees & data word transductions

CHALLENGE

• MSOT = ZDFT .

. ZRFT = SST = Ltn functions = .  . .

•
Canonical model ?


