
Refuting the Halting Problem Diagonalization Argument

Every machine that halts in a reject state is a halting computation. At least two proofs ignore 
this when constructing Sipser's Figure 4.5. Because these two proofs ignore this when they 
insert machine D in Sipser's Figure 4.5 they do so incorrectly. 

When machine D is inserted in both Figure 4.4 and Figure 4.5 correctly then the contradiction 
goes away. Since Sipser implicitly assumes that every blank entry of Figure 4.4 is a ~halt 
entry Figure 4.7a makes this explicit. 

                ⟨M1⟩            ⟨M2⟩             ⟨M3⟩            ⟨M4⟩ ... ⟨D⟩
      M1  accept   ~halt    ~halt    accept   reject
      M2  accept   accept   accept   accept   reject
      M3  ~halt    ~halt    ~halt    ~halt    accept
      M4  accept   accept   ~halt    ~halt    accept
   ...
   D   reject   reject   accept   accept   reject

      Figure 4.7a (corrected figure 4.6, inserting D into figure 4.4) 

                ⟨M1⟩            ⟨M2⟩             ⟨M3⟩            ⟨M4⟩ ... ⟨D⟩
      M1  accept   reject   reject   accept   reject
      M2  accept   accept   accept   accept   reject
      M3  reject   reject   reject   reject   accept
      M4  accept   accept   reject   reject   accept
   ...
   D   accept   accept   accept   accept   accept

      Figure 4.7b (corrected figure 4.6, inserting D into figure 4.5) 
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The following portions of pages 166-167 are directly relevant to the rebuttal.
Sipser, Michael 1997. Introduction to the Theory of Computation. Boston: PWS Publishing 
Company (165-167)  




