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Summary: During the last decade, an active line of research in proof complexity has been into the space
complexity of proofs and how space is related to other measures. By now these aspects of resolution are
fairly well understood, but many open problems remain for the related but stronger polynomial calculus
(PC/PCR) proof system. For instance, the space complexity of many standard “benchmark formulas” is
still open, as well as the relation of space to size and degree in PC/PCR.
We prove that if a formula requires large resolution width, then making XOR substitution yields a formula
requiring large PCR space, providing some circumstantial evidence that degree might be a lower bound
for space. More importantly, this immediately yields formulas that are very hard for space but very easy
for size, exhibiting a size-space separation similar to what is known for resolution. Using related ideas,
we show that if a graph has good expansion and in addition its edge set can be partitioned into short
cycles, then the Tseitin formula over this graph requires large PCR space.
√ In particular, Tseitin formulas
over random 4-regular graphs almost surely require space at least Ω( n).
Our proofs use techniques recently introduced in [I. Bonacina and N. Galesi, “Pseudo-partitions, transversality and locality: a combinatorial characterization for the space measure in algebraic proof systems”, in:
Proceedings of the 4th conference on innovations in theoretical computer science, ITCS’13. New York,
NY: Association for Computing Machinery (ACM). 455–472 (2013; doi:10.1145/2422436.2422486)].
Our ﬁnal contribution, however, is to show that these techniques provably cannot yield non-constant
space lower bounds for the functional pigeonhole principle, delineating the limitations of this framework
and suggesting that we are still far from characterizing PC/PCR space.
For the entire collection see [Zbl 1268.68018].
MSC:
03F20
68Q17

Complexity of proofs
Cited in 11 Documents
Computational diﬃculty of problems (lower bounds, completeness, difﬁculty of approximation, etc.)

Full Text: DOI

Edited by FIZ Karlsruhe, the European Mathematical Society and the Heidelberg Academy of Sciences and Humanities
© 2021 FIZ Karlsruhe GmbH
Page 1

