


Prologue. A Comedy of Errors .



Rear Admiral Grace Murray Hopper 
"Amazing Grace" (1906 -- 1992) 









10   atoms.80

10MB >   10         states.3,000,000



Software is truly the most complex artifact we build routinely.

It is not surprising we rarely get it right.

---Thomas  A.  Henzinger,  EPFL 2006



Could the God that plays dice trigger a nuclear 
holocaust by a random error in a military 
computer?

-- Heinz R. Pagels,  The Cosmic Code (1982)



Chapter 1. Love's Labour Lost



John von Neumann
(1903 -- 1957) 



Stanislaw Ulam, Richard Feynman and John von Neumann



Herman Heine Goldstine
(1913 -- 2004) 



"... the whole atmosphere of our conversation changed from one 
of relaxed good humour to one more like the oral examination for 
the doctor's degree in mathematics."

 --- Herman Goldstine, Biography 











Alan Mathison Turing
(1912 -- 1954)





"The checker has to verify that the initial condition and the final condition agree with 
the claims that are made for the routine as a whole... He also has to verify that each 
assertion in the flow diagram is correct. In doing this the [assertions] may be taken 
in any order and quite independently. Finally the checker also has to verify that the 
process comes to an end."  



"People would write code and make test runs, then find bugs and 
make patches, then find more bugs and make more patches, and 
so on until not being able to discover any further errors, yet always 
living in dread for fear that a new case would turn up on the next 
day and lead to a new type of failure. We never realized that 
there might be a way to construct a rigorous proof of 
validity;... The early treatises of Goldstine and von Neumann, 
which provided a glimpse of mathematical program development, 
had long been forgotten."

--- Donald Knuth on programming in the 60s 



Chapter 2. Taming of the Shrew



"It is reasonable to hope that the relationship between computation and 
mathematical logic will be as fruitful in the next century as that between analysis 
and physics in the last. The development of this relationship demands a concern 
for both applications and for mathematical elegance."

   -- A Basis for a Mathematical Theory for Computation, 1963



"Primarily, we would like to be able to prove that given procedures 
solve given problems… Instead of debugging a program, one 
should prove that it meets its specifications, and this proof should 
be checked by a computer program. For this to be possible, formal 
systems are required in which it is easy to write proofs."

         -- Towards a Mathematical Science of Computation, Proc. of Information Processing 1962



Robert W Floyd
(1936 -- 2001)







Charles Anthony Richard Hoare
(1934 --  )









Chapter 5.  Measure for Measure



"There has been nothing else in logic remotely comparable."
-- Anil Nerode,  on the 1957 Summer Institute on Symbolic Logic

"Rosser gave a talk .. on Turing machines and actual computers; 
Church .. on logical synthesis of switching circuits for computer 
hardware, Abraham Robinson spoke on theorem proving. Among the 
younger contributors Michael Rabin and Dana Scott spoke about finite 
automata, Martin Davis  talked about his implementation of 
[Presburger arithmetic]"

-- Solomon Feferman, Alfred Tarski and a watershed meeting in logic 



Alfred Tarski (nee Taijtelbaum)
(1901 -- 1983)





And the great fleas themselves, in turn,
have greater fleas to go on,
While these again have greater still,
and greater still, and so on."

-- Agustus De Morgan 

"Great fleas have little fleas
upon their backs to bite 'em,

And little fleas have lesser fleas, 
and so ad infinitum .



Dana Stewart Scott
(1932 --  )



"There was a story that went the rounds. If Church said it's 
obvious, then everybody saw it a half hour ago. If Weyl 
says it's obvious, von Neumann can prove it. If Lefschetz 
says it's obvious, it's false."

--- Barkley Rosser and Stephen Cole Kleene  



Christopher Strachey
(1916 -- 1975)



"Honey Dear,
 
My sympathetic affection  beautifully attracts your 
affectionate enthusiasm. You are my loving adoration: my 
breathless adoration. My fellow feeling breathlessly hopes 
for your dear eagerness. My lovesick adoration cherishes 
your avid ardour. 

Yours Wistfully,
[Manchester University Computer]

 "
--- Strachey, Encounter Magazine, 1954 





Edmund Melson Clarke
(1945 --  )





Chapter 7. The Tempest
 



Rice's Theorem [1953]

A property is trivial if it is satisfied by all programs or by no programs.

Theorem: There exists no algorithm for checking 
any non-trivial property of a Turing-complete 
programming language.

Consequence: Our efforts are doomed!





 





"Nobody is going to run into a friend's office with a program 
verification. Nobody is going to sketch a verification out on a paper 
napkin... One can feel ones eyes glaze over at the very thought ,"   -- 
dM, L, P

"I don't believe that the correctness of a theorem is to be decided by 
a general election."   -- L. Lamport

"Lamport and Maurer display an amazing inability to distinguish 
between algorithms and programs."   -- dM, L, P



Problems worthy
of attack
prove their worth
by hitting back. 

-- Piet Hein 



Chapter 8,9,10.  
All's Well That Ends Well





 



Patrick Cousot
(1948 --  )



[Da Vinci, 1506-15] Does the Mona Lisa smile?

[Livingstone, 2004] Yes, but only in low spatial frequencies.



Epilogue.   As You Like It!




