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» Finite-state machine
on each node.

» Synchronous transitions
of the form 6: Q x Q — Q.
-~ =~
left  self

» Word accepted if last node
visits an accepting state.

The same as (reversed, one-dimensional) one-way cellular automata.

3/7



Our translations

4/7



Our translations

counter machines

Copyless

4/7



Our translations

Counters can be summed
up but not copied.

Copyless
counter machines

4/7



Our translations

Counters can be summed
up but not copied.

Copyless
counter machines

Sumless
counter machines

4/7



Our translations

Counters can be summed
up but not copied.

Copyless
counter machines

Sumless
counter machines

Counters can be copied
but not summed up.

4/7



Our translations

Counters can be summed
up but not copied.

Copyless
counter machines

Sumless
counter machines

Counters can be copied
but not summed up.

LINEAR SPACE

4/7



Our translations

Counters can be summed
up but not copied.

Copyless
counter machines

Sumless
counter machines

Counters can be copied
but not summed up.

LINEAR SPACE

Quasi-acyclic
distributed automata

4/7



Our translations

Counters can be summed
up but not copied.

Copyless
counter machines

Sumless
counter machines

Counters can be copied
but not summed up.

LINEAR SPACE

Quasi-acyclic
distributed automata

The state diagram
has no directed
cycles except for

self-loops.

4/7



Our translations

Counters can be summed
up but not copied.

Copyless
counter machines

Sumless
counter machines

Counters can be copied
but not summed up.

LINEAR SPACE

Quasi-acyclic
distributed automata

The state diagram
has no directed
cycles except for

self-loops.

LINEAR TIME

4/7



Our translations

Counters can be summed
up but not copied.

Copyless
counter machines

Sumless
counter machines

Counters can be copied
but not summed up.

LINEAR SPACE

Quasi-acyclic
distributed automata

The state diagram
has no directed
cycles except for

self-loops.

LINEAR TIME

4/7



Our translations

Counters can be summed
up but not copied.

Copyless
counter machines

Sumless
counter machines

Counters can be copied
but not summed up.

LINEAR SPACE

Quasi-acyclic
distributed automata

The state diagram
has no directed
cycles except for

self-loops.

LINEAR TIME

4/7



Our translations

Counters can be summed
up but not copied.

Copyless
counter machines

Sumless
counter machines

Counters can be copied
but not summed up.

LINEAR SPACE

Quasi-acyclic
distributed automata

The state diagram
has no directed
cycles except for

self-loops.

LINEAR TIME

4/7



Our translations

Counters can be summed
up but not copied.

Copyless
counter machines

Sumless
counter machines

Counters can be copied
but not summed up.

LINEAR SPACE

Quasi-acyclic
distributed automata

The state diagram
has no directed
cycles except for

self-loops.

LINEAR TIME

4/7



Using time as space

Sumless
counter machines

Quasi-acyclic
distributed automata




Using time as space

Sumless
counter machines

[afalalb[b[ec]

Quasi-acyclic
distributed automata




Using time as space

Sumless
counter machines

«——— odeds

Quasi-acyclic
distributed automata




Using time as space

Sumless
counter machines

«——— odeds

Quasi-acyclic
distributed automata




Using time as space

Sumless
counter machines

[afalalb[b[ec]

time ——

«——— odeds

Quasi-acyclic
distributed automata




Using time as space

Sumless
counter machines

«——— odeds

Quasi-acyclic
distributed automata




Using time as space

Sumless
counter machines

[afalalb[b[ec]

time ——

B
iy
Blellelle] ]
| olo] "o fzl] o

Quasi-acyclic
distributed automata




Using time as space

Sumless
counter machines

[afalalb[b[ec]

time ——

B
alellelelle >
| olo] [l o] [fo] 2]

Quasi-acyclic
distributed automata




Using time as space

Sumless
counter machines

[afalalb[b[ec]

time ——

B
iy
Blellelle] ]
| olo] "o fzl] o

o ][]

Quasi-acyclic
distributed automata




Using time as space

Sumless
counter machines

Quasi-acyclic
distributed automata




Using time as space

Sumless
counter machines

Quasi-acyclic
distributed automata




Using time as space

Sumless
counter machines

Without loss of generality:

» Nonnegative counter values.

Quasi-acyclic
distributed automata

5/7



Using time as space

Sumless
counter machines

Without loss of generality:

» Nonnegative counter values.

> Counters can only be tested for 0,

incremented by —1,0,1, and copied.

Quasi-acyclic
distributed automata

5/7



Using time as space

Sumless
counter machines

Without loss of generality:

» Nonnegative counter values.

> Counters can only be tested for 0,
incremented by —1,0,1, and copied.

——— By

Quasi-acyclic
distributed automata

space ——

5/7



Using time as space

Sumless Quasi-acyclic
counter machines distributed automata

space ——

——— By

Without loss of generality:

» Nonnegative counter values.

> Counters can only be tested for 0,
incremented by —1,0,1, and copied.

5/7



Using time as space

Sumless Quasi-acyclic
counter machines distributed automata

space ——
=y

——— By

Without loss of generality:

» Nonnegative counter values.

> Counters can only be tested for 0,
incremented by —1,0,1, and copied.

5/7



Using time as space

Sumless Quasi-acyclic
counter machines distributed automata

space ——

(@[

— own
=y n
A,

Without loss of generality:

» Nonnegative counter values.

> Counters can only be tested for 0,
incremented by —1,0,1, and copied.

5/7



Using time as space

Sumless Quasi-acyclic
counter machines distributed automata

space ——

(@[

— own
=y n
A,

=
=

Without loss of generality:

» Nonnegative counter values.

> Counters can only be tested for 0,
incremented by —1,0,1, and copied.

5/7



Using time as space

Sumless
counter machines

Without loss of generality:

» Nonnegative counter values.

> Counters can only be tested for 0,

incremented by —1,0,1, and copied.

— awn

A @A) O
)

Quasi-acyclic
distributed automata

space ——

(@[

HEHEHEHEEHEE

5/7



Using time as space

Sumless
counter machines

Without loss of generality:

» Nonnegative counter values.

> Counters can only be tested for 0,

incremented by —1,0,1, and copied.

— awn

A @A) O
)
=
Sl

Quasi-acyclic
distributed automata

space ——

- @[D-CD-C[D-GD-CD-CD

HEHEHEHEEHEE

5/7



Using time as space

Sumless
counter machines

Without loss of generality:

» Nonnegative counter values.

> Counters can only be tested for 0,

incremented by —1,0,1, and copied.

— awn

@ ) O
B
= ()
Sl

Quasi-acyclic
distributed automata

space ——

(@[

HEHEHEHEEHEE

5/7



Using time as space

Sumless
counter machines

Without loss of generality:

» Nonnegative counter values.

> Counters can only be tested for 0,

incremented by —1,0,1, and copied.

— awn

@ ) O
B
n Y=
lEle)

Quasi-acyclic
distributed automata

space ——

(@[

HEHEHEHEEHEE

5/7



Using time as space

Sumless Quasi-acyclic
counter machines distributed automata

space ——

(@[

— own
@ ) O
B

DOEA

llElE

Without loss of generality:

» Nonnegative counter values.

> Counters can only be tested for 0,
incremented by —1,0,1, and copied.

HEHEHEHEEHEE

5/7



Using time as space

Sumless Quasi-acyclic
counter machines distributed automata

space ——

(@[

1

|
=)
(=
<)

——— Jull
) ) ()
BBk

n Ve
=) &

Without loss of generality:

» Nonnegative counter values.

(A (A (A (R
EEHEE
=
=)

> Counters can only be tested for 0,
incremented by —1,0,1, and copied.

=
GG,

5/7



Using time as space

Sumless Quasi-acyclic
counter machines distributed automata

space ——

- @[D-CD-C[D-GD-CD-CD

1

|
=)
(=
<)

——— Jull
) ) ()
BBk

n Ve
=) &

Without loss of generality:

» Nonnegative counter values.

clelale
HEEE
) )
BBk

> Counters can only be tested for 0,
incremented by —1,0,1, and copied.

=
GG,

5/7



Using time as space

Sumless Quasi-acyclic
counter machines distributed automata

space ——

- @[D-CD-C[D-GD-CD-CD

1

|
=)
(=
<)

——— Jull
a=
e
=
=

(A (R
A,
]

=)k

Without loss of generality:

» Nonnegative counter values.

clelale
HEEE
(5 (2 ) )
HEEEL

> Counters can only be tested for 0,

incremented by —1,0,1, and copied.
apzap
apzap

5/7



Using time as space

Sumless Quasi-acyclic
counter machines distributed automata

space ——
UDAUDAUDAUDAUD
b

D) ()
TINE)
(=
<)

——— duw}
)
=
=5
=

™ )
©©
=) ee)

Without loss of generality:

» Nonnegative counter values.

clelale
HEEE
(5 (2 ) )
HEEE

> Counters can only be tested for 0,
incremented by —1,0,1, and copied.

apsap
apsap
apaap

5/7



Using time as space

Sumless
counter machines

Without loss of generality:

» Nonnegative counter values.

> Counters can only be tested for 0,

incremented by —1,0,1, and copied.

——— By

Quasi-acyclic
distributed automata

space ——

UDAUDAUDAUDAUD

gy = Y
Slrley
= ()
e
=) (=)
Sl

™ )
©©
=) ee)

clelale
HEEE
(5 (2 ) )
HEEE

apsap
apsap
apaap

5/7



Using time as space

Sumless
counter machines

Without loss of generality:

» Nonnegative counter values.

> Counters can only be tested for 0,
incremented by —1,0,1, and copied.

——— By

Quasi-acyclic
distributed automata

space ——
UDAUDAUDAUDAUDAUD)
-EB-TE

¢9-ED-ED
Qo@D
C2-@Y

clelale
HEEE
(5 (2 ) )
HEEE

apsap
apsap
apaap

5/7



Using time as space

Sumless
counter machines

Without loss of generality:

» Nonnegative counter values.

> Counters can only be tested for 0,

incremented by —1,0,1, and copied.

1

gy = Y
=)
=
=
=
Sl

——— 2wl

Quasi-acyclic
distributed automata

OnOnOROROR0

space ——

UDAUDAUDAUDAUDAUD)
-EB-TE

Qo@D
L2~ -ED

clelale
HEEE
(5 (2 ) )
HEEE

apsap
apsap
apaap

5/7



Using time as space

Sumless
counter machines

Without loss of generality:

» Nonnegative counter values.

> Counters can only be tested for 0,

incremented by —1,0,1, and copied.

1

——— 2wl

Quasi-acyclic
distributed automata

space ——

DA UDAUDAUDAUDAG

3@~
1 -ED-@

a=
=
]
= (=
S)e)

(M (=) (A
=)

u

=) ) k=
mjerlEy

(A (@) (B
HEEE
(5 (2 ) )
HEE

apsap
apsap
apaap

D

5/7



Using time as space

Sumless
counter machines

Without loss of generality:

» Nonnegative counter values.

> Counters can only be tested for 0,

incremented by —1,0,1, and copied.

1

——— 2wl

Quasi-acyclic
distributed automata

space ——

DA UDAUDAUDAUDAG

3@~
1 -ED-@

;
CAE)

]
DEA

BE B
mllele)

clelala
HEEE
) ) (0

(A (F)
A,
(A (F)
A,

=
=

D

5/7



Using time as space

Sumless Quasi-acyclic
counter machines distributed automata

OnOnOROROR0
space ——

- @[D-Co-D-G[D-CD-CD
3@~
1[0-GD-@
19-J2-@

}
; (=
CAE)

——— 2wl

=)
Ve

Without loss of generality:

BloielEle)

» Nonnegative counter values.

(B (A (B) (B) (B
HEEE
(0 () i) (O
B

[

> Counters can only be tested for 0,

=
=)
=
=)

incremented by —1,0,1, and copied.
apzap
apzap

5/7



Using time as space

Sumless
counter machines

Without loss of generality:

» Nonnegative counter values.

> Counters can only be tested for 0,

incremented by —1,0,1, and copied.

1

——— 2wl

Quasi-acyclic
distributed automata

space ——

db

1)@
10-@)-@
D@
D@l
DD
DD
aprapy. p
T-ED-GE
ap¥aptan
ap¥antan
ap¥antan

;
CAE)

MMM A
CAONTACIAE)

5/7



Using time as space

Sumless
counter machines

Without loss of generality:

» Nonnegative counter values.

> Counters can only be tested for 0,

incremented by —1,0,1, and copied.

Quasi-acyclic
distributed automata

space ——
- @[D-@o-Co-C[D
3@ II II II

— awn

-l II I
5-@0-E5-@
dY

(F) (A
DI
(F) (9
A
] u
E =

5/7



Using time as space

distributed automata

Sumless Quasi-acyclic
counter machines

space ——
~
= T

— 2w

D-@

10-@Y

10-QY
Without loss of generality: dy
» Nonnegative counter values. 2-C5-Q-@D

> Counters can only be tested for 0, 1 dy

incremented by —1,0,1, and copied.

a

MMM A

()



Using time as space

Sumless
counter machines

Without loss of generality:

» Nonnegative counter values.

> Counters can only be tested for 0,

incremented by —1,0,1, and copied.

Quasi-acyclic
distributed automata

space ——
- @[D-Co-D-CD-CD-CD
3@ II II II

— awn

'lﬂl
5-@9-GD-@
D-¢0-J2-@
D-¢-J0-@

866
68686

5/7



Using time as space

distributed automata

Sumless Quasi-acyclic
counter machines

space ——

——— By

E

'| II I
5@ V-
Without loss of generality: u [y
AN = DG
» Nonnegative counter values. l . d
-0

> Counters can only be tested for 0, dy

incremented by —1,0,1, and copied.

556
68686



Using time as space

Quasi-acyclic

counter machines distributed automata

Sumless ‘

[afalalb[b[ec] OnOnOROROR0

time ——

B
iy
Blellelle] ]
| olo] "o fzl] o

Without loss of generality:

space ——

- @
=y
UbRUbEdb

1

——— 2wl

» Nonnegative counter values.

> Counters can only be tested for 0,
incremented by —1,0,1, and copied. D

()



Using time as space

Sumless

counter machines

[afalalb[b[ec]

time ——

B
iy
Blellelle] ]
| olo] "o fzl] o

Without loss of generality:

» Nonnegative counter values.

> Counters can only be tested for 0,
incremented by —1,0,1, and copied.

1

——— 2wl

Quasi-acyclic
distributed automata

space ——
UbRUbEdb

5/7



Using time as space

Sumless

counter machines

[afalalb[b[ec]

time ——

B
iy
Blellelle] ]
| olo] "o fzl] o

Without loss of generality:

» Nonnegative counter values.

> Counters can only be tested for 0,
incremented by —1,0,1, and copied.

1

——— 2wl

Quasi-acyclic
distributed automata

space ——
UbRUbEdb

d-QD
il

5/7



Using time as space

Sumless

counter machines

[afalalb[b[ec]

time ——

B
iy
Blellelle] ]
| olo] "o fzl] o

Without loss of generality:

» Nonnegative counter values.

> Counters can only be tested for 0,
incremented by —1,0,1, and copied.

——— By

Quasi-acyclic
distributed automata

space ——

5/7



Our translations

Counters can be summed
up but not copied.

Copyless
counter machines

distributed automata

1

I

1

| -

! ‘ Quasi-acyclic
I

1

l

! The state diagram

Sumless has no directed
counter machines ! cycles except for
! self-loops.
Counters can be copied |
but not summed up. |
I
!
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Our translations

Counters can be summed
up but not copied.

Copyless
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distributed automata

1

I

1

| -

! ‘ Quasi-acyclic
I

1

l

! The state diagram

Sumless has no directed
counter machines ! cycles except for
! self-loops.
Counters can be copied |
but not summed up. |
I
!
LINEAR SPACE 3 LINEAR TIME



Possible future work

717



Possible future work

RESTRICTION:

» Counter machines that are both copyless and sumless.

717



Possible future work

RESTRICTION:

» Counter machines that are both copyless and sumless.

EXTENSIONS:

» Relax requirements (copyless, sumless, quasi-acyclic).

717



Possible future work

RESTRICTION:

» Counter machines that are both copyless and sumless.

EXTENSIONS:

» Relax requirements (copyless, sumless, quasi-acyclic).

» From one-way to two-way.

717



Possible future work

RESTRICTION:

» Counter machines that are both copyless and sumless.

EXTENSIONS:

» Relax requirements (copyless, sumless, quasi-acyclic).

» From one-way to two-way.

» From deterministic to nondeterministic (or alternating).

717



Possible future work

RESTRICTION:

» Counter machines that are both copyless and sumless.
EXTENSIONS:
» Relax requirements (copyless, sumless, quasi-acyclic).

» From one-way to two-way.

» From deterministic to nondeterministic (or alternating).

Thanks!

717



