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Vorlesungsinhalt:

0. Organizational Matters

1.

Planned Topics for the Course

2. Literature

3. Notational Conventions

I. The Computational Model

1

. Some Basic Concepts

2. Turing Machines

2.1 The Model

2.2 Robustness

2.3 Godel Numbers and Universal Turing Machines
2.4 Non-computable Functions, the Halting Problem
2.5 Deterministic Time and the Class P

Il. NP and N'’P-completeness

1.

The Class NP

1.1 Relation between AP and P
1.2 Non-deterministic Turing Machines

2. Reducibility and N'P-completeness

3. Cook-Levin Theorem
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3.1 Boolean Formulae and CNF
3.2 The Cook-Levin Theorem

The Web of Reductions
Decision versus Search
co-NP, EXP, and NEXP
Some Implications

7.1 Mahaney’s Theorem

Ill. Diagonalization

1.
2.
3.
4.

Time and Space Hierarchy
Non-deterministic Time Hierarchy
Ladner’s Theorem

Oracle Machines and Limits of Diagonalization

IV. Space Complexity

1. Configuration Graphs

2. Some Space Complexity Classes
3. PSPACE Completeness

3.1 Savitch’s Theorem
3.2 PSPACE and Strategies for Game Playing



4. NL-Completeness
4.1 Certificate Definition of A'£: Read-Once Certificates
42 NL=co-NL
V. The Polynomial Hierarchy and Alternation

The Class ¥

The Polynomial Hierarchy

Alternating Turing Machines

Time versus Alternations: Time-space Tradeoffs for SAT
Defining the Hierarchy via Oracle Machines
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VI. Boolean Circuits

Boolean Circuits and P q1,,

Uniformly Generated Circuits

Turing Machines that Take Advice

P /poly @nd N'P: Karp-Lipton Theorem
Circuit Lower (and Upper) Bounds
Non-uniform Hierarchy Theorem

Finer Gradations among Circuit Classes
8. Circuits of Exponential Size

NS o ~oDb -~

VII. Randomized Computation

Probabilistic Turing Machines

Some Examples of PTMs

One-sided and Zero-sided Error: RP, co-RP, ZPP
The Robustness of Our Definitions

BPP C P/paly

BPP Is in PH

Randomized Reductions
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Randomized Space-bounded Computation
VIII. Interactive Proofs

1. Interactive Proofs: Some Variations

1.1 Interactive Proofs with Deterministic Verifier and Prover
2. The Class ZP: Probabilistic Verifier
3. Interactive Proof for Graph Nonisomorphism
4. Public Coins and AM

4.1 Simulating Private Coins

4.2 Set Lower Bound Protocol

4.3 Some Properties of ZP and AM

4.4 Can Gl Be N"P-complete?
5. 7P = PSPACE

5.1 Arithmetization

5.2 Interactive Protocol for #SATp

5.3 Protocol for TQBF



