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non-blocking DOCA complete OCA

m A is deterministic and cannot deadlock

m all states in A’ have transitions for all actions
(potentially with effect —1)

m reduction works in logspace and preserves determinisim
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OCA C OCA

INPUT:
m OCA A and configuration pm
m OCA A’ and configuration p'm’

OuTPUT:
yes iff pm C p'm’

A [Valiant '73] or OCN [HMT '13]
NL-complete for DOCN
is a NFA and A’ a OCN

m Ackermannian |
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the length is minimal.

~> unique normal form for each witness
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Characterizing Witnesses

If pm & p’m’ then there is a short witness, or one of forms

i = -
/ v
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Here, — are short paths and —, — are loops that may occur often.

Solving DOCN < DOCN in NL

m guess short components of a witness ™ = 71‘()/_8]71'1/_/1171'2
m compute and memorize their effects

m check existence of coefficients Iy, 1 € N such that both
m+ A(r) > 0and m' + A'(7) = -1
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NFA C OCN

Reduction to Trace Universality of OCN

NFA OCN

N <« IN

r* OCN
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Fast-Growing Functions F, : N — N
Fo(x)=x+1 Frii(x) = FZ+1(X) Fu(x) = Fx(x).

The Fast-Growing Hierarchy at level k is the class §x that contains
all constants and is closed under substitution, sum, projections,
limited recursion and applications of functions F, for n < k.

m §x ~ NSPACE(Fk(1)), for k > 2.
m A function is called Ackermannian if it is in o, \ Uxen Sk
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OCN Trace Universality is Ackermannian

inSu.:
naive search for witness as above. . .
(shortest witnesses are bad succ-controlled sequences in Nﬁ)

not in (Jyen Sk
by reduction from the (Ackermannian) control-state reachability
problem for lossy counter systems.
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OCN Universality: Hardness

Example: Obstacles

0 L L
L R 1 N L
L 1 L
L L 1

State C is an obstacle for letter a:

If w € Act™ leads to vector with v(C) # L, then no continuation
of wa can be a witness!



Witnesses for non-Universality of length F5(0)

start in {A0, F31}
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