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SAT Chapter
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Inapprox

The following is a randomized 0.5-approximation algorithm: for each vertex v flip a coin a fair
coin to decide which half of the partition the vertex v goes into. By the method of conditional
probabilities the algorithm can be derandomized. Hence there is a deterministic 0.5-approximation
algorithm. DONE

3

Inapprox

The 15-puzzle [13] DONE

4

Intro

In addition, Saks & Santhanam [10] showed that if MCSP is NP-hard under other reductions
(in between Karp and Turing reductions) then some other longstanding open problems would be
solved. These results do not indicate . . .. DONE

5

In Preface- Section on P, N P, . . .

In 1910 Pocklington [9] analyzed two algorithms for solving quadratic congruences mod m (note
that m takes lg m bits to represent) and noticed that
• one took time proportional to a power of the lg m, where as
√
• the other took time proportional to m itself or to m.
In modern terms he was saying that one algorithm ran in polynomial (actually linear) time
and the other algorithm took time non-polynomial (actually exponential). Unfortunately neither
Pocklington, nor anyone else, pursued this distinction. Indeed, the notion that someone had earlier
seen the distinction was not that well known until way after P and NP were defined (we did not
know of Pocklington until we began working on this book). Pocklington paper is earliest reference
to polynomial time that we know of.
In 1956 Kurt Godel postal mailed (there was no email back then) a letter to John von Neumann
that, in modern terms, asked if a problem that is NP-complete is actually in P. Unfortunately
John von Neumann never responded, and neither Godel nor anyone else pursued the distinction.
Indeed, this letter itself only came to light in 1989. Urquhart [12] tells the entire story, plus why
theoretical computer science did not emerge as a separate discipline until the 1960’s.
In the early 1960’s Cobham [4] and Edmonds [5] defined P and suggested it as a notion of efficient. Fortunately their definition was accepted and the stage was set for NP and NP-completeness.
DONE
1
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Intro

Replace Google with
See Impagliazzo’s survey [7] for more recent results. DONE

7

Exists R

Rename PSPACE-Hardness via QSAT to just PSPACE-Hardness
Put Exists R stuff into it at the end.
ADD to beginning of the section:
There are some problems that (1) are in PSPACE, (2) are NP-hard, (3) do not seem to be
in NP, and (4) do not seem to be PSPACE-hard. In this section we define a complexity class to
capture some of them.
REPLACE
The problem ETR is thought to be hard.
WITH
The problem ETR is thought to not be in NP.
ADD TO The THEOREM with Tarski and Canny a third
ETR is NP-hard. This is easy and left to the reader.
Showing that a problem is ER-complete does not just show that its unlikely to be in P, but
that its also unlikely to be in NP. See Schaefer’s [11] for a fuller discussion of the importance of
ER-completeness.
Replace McDiarmid and Skerman with
Kang & Muller [8]

Problem 7.1. Rectilinear Crossing Number (RCN)
INSTANCE: A graph G and a number c.
QUESTION: Can G be drawn in the plane such that (1) every edge is a straight line, (2) every
vertex has degree ≤ 2, and (3) there are at most c crossings? Schaefer [11], drawing heavily on
Bienstock [3], showed that RCN is ER-complete.
DONE

8

NP-hardness via a misc

Bipartite and General Crossing Number
Exercise Show that....
needs a twiddle.
DONE
2
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