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FNP: class of search problems whose decision version is in NP.

TFNP: class of total search problems of FNP, i.e. a solution always exists.
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COMPLEXITY OF TOTAL SEARCH PROBLEMS

Theorem [Johnson Papadimitriou Yannakakis ɀƜƜȮɯ,ÌÎÐËËÖɯ/È×ÈËÐÔÐÛÙÐÖÜɯɀƝƕȼȯɯ
If some problem ὒɴ 3%-/is FNP-complete under deterministicreductions then NP = co-NP.

Theorem [Mahmoody 7ÐÈÖɯȿƔƝȼȯɯ
If some problem ὒɴ 3%-/is FNP-complete under randomizedreductions then SAT is checkable.



A COMPLEXITY THEORY OF TOTAL SEARCH PROBLEMS?

Ɂ3ÖÛÈÓsearchproblemsshouldbeclassifiedin termsof theprofound
mathematicalprinciplesthat areinvokedto establishtheir totality.ɂ
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TFNP: class of total search problems of FNP, i.e. a 
solution always exists [Megiddo Papadimitriou 91 ]

Subclasses of TFNP introduced by [Johnson 
Papadimitriou Yannakakis 88], [Papadimitriou 94], 
[Daskalakis Papadimitriou 11], [Jerabek16]
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Most celebrated result:
NASH is PPAD-complete 

[Daskalakis Goldberg Papadimitriou 06], [Chen Deng Teng 06]

Many applications in Cryptography [B06], [J16]
[BPR15], [GPS16], [HY17], ["'*/11ƕƝȼȮȻ*-8ƕƛȼȱ



Natural : a problem that does not explicitly contain a
circuit or a Turing machine aspart of the input .

Are there natural complete problems for TFNP subclasses?
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COMPLEXITY OF TOTAL SEARCH PROBLEMS

Theorem [SZampetakis Zirdelis 18]:
The first natural complete problems for PPP and PWPP

There are natural collision-resistant hash functions that are 
universal in a worst-casesense based on generalizations of SIS.



COMPLEXITY OF TOTAL SEARCH PROBLEMS

Theorem [Göös Kamath SZampetakis 19] :
The first natural complete problems for PPAp for any prime p.

For some parameter range, SIS is no harder than the 
computational analogue of Chevalley-Warning Theorem. 
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PPP, PWPP Pigeonhole principle

Theorem [SZampetakis Zirdelis 18]:
The first natural complete problems for PPP and PWPP
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PPP/PWPP AND CRYPTOGRAPHY
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Theorem [S. Zampetakis Zirdelis ɀ18, Ban JainPapadimitiou PsomasRubinstein ȿ19]

M INKOWSKI is in PPP.
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MINKOWSKI IN PPP ɬPROOF 

(Smith Normal Form of B)
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Constrained-SIS is PWPP-complete

Theorem [SZampetakis Zirdelis 18]:
The first natural complete problems for PPP and PWPP
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