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Why study bounded synthesis from

universal automata?



why register-bounded synthesis?

* Not a limitation: designer usually knows the
sensible bound on the number of registers

* Added benefit: small programs
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why universal register automata?
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All computations
(ing, outy) (inq, outy) (in,, out,) ...

satisfy a given specification.

Most specifications are derived from arbiter:
Vvd €D: G(regNi=d = XF(grant Ao =d))

Universal register automata can express this.

Nondeterministic -- cannot.



universal register automaton

* Works on words in (£ X D x D)%
* Registers R = {ry, ..., 1, }, initialized v,

* Transition function
Q X X X Tst; X Tst, — 29*A4sgn
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Arbiter specification (coBuchi)




universal register automaton
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register transducer

Reads a letter in X; X D
Outputs a letter in 2, X D
Registers R = {ry, ..., 7%_}, initialized with v,

Transition function
SXX;XTst; >S5 XXgXRXAsgn



arbiter
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bounded synthesis problem

Given:
* 25, 2o

* universal register automaton A over X; X X, X
D XD

* the number k. of system registers
Return:

* k.-register transducer T such that T = A, or
“unrealizable”

Bounded synthesis problem is solvable in
EXPin |Q| and k., and 2EXP in k,.




abstraction A’

T: SXZ; XTst; >S5S XZyXRg X Asgng
T Sx X  —->85X 20

5,—[ %o
Tsti—s| | [T Asns
l RS

We construct register-/ess automaton A’ with
Q' X (T} x2p) — 29
such that
T"eA iff TEA
for every T or T".
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abstracting a single transition
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abstracting a single transition
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abstracting a single transition
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one tst; can induce several tst,
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e Forevery TorT": T"EA" iff TEA
* Recall that synthesis is EXP in |Q’

* Q' = Q xII, where Il is the set of partitions of
R=R.UR,

* |IT] is EXP in (ks + ky)
=> synthesis is 2EXP in k. and k,4

But system partitions behave deterministically
=> only EXP in k;



Part 2



" enviran g A
& J system
m?"R } register
regist transducer
\_transducer / \_ /

Environments have their own limits.

Let them be register transducers.

env||sys = (ing, outy)(ine, outy) ...

Note: the number of values is at most k. + k..



env-sys-bounded synthesis problem

Given:

.« 3,3,

* universal register automaton A with X; and X,
* the number k. of system registers

* the number k., of environment registers

Return:

* k.-register transducer sys such that
env||sys & A for every k,-register environment,
or “unrealizable”

Env-sys-bounded synthesis problem is solvable
in EXP in |Q| and k., 2EXP in k, and k,.




iIdea of the abstraction
L F£TA

t
@ storea )




conclusion

* Cleaner algorithm
=> tighter complexity analysis (only EXP in k)

* Solution to the environment-system-bounded
synthesis problem

In the full version:
* Non-determinacy

* Hierarchy of system and environment power



