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start of exam

1[9] Let all variables be binary.  Prove the following law of Binary Theory using the proof 
format of the course, and any laws listed.  Do not use the Completion Rule.

(a⇒(p=x)) ∧ (¬a⇒p)  =  p=(x∨¬a)

2[9] A list is bitonic if it is monotonic up to some index, and antimonotonic after that.  For 
example,  [1; 3; 4; 5; 5; 6; 4; 4; 3]  is bitonic.  One or both of the segments could be 
empty, in which case the list is also monotonic or antimonotonic.  Express formally that  
L  is bitonic.  (You are not being asked to write a program.)

3 Let  n  be a natural state variable.  Is the following specification implementable?  Proof 
required.

(a)[9] n:= n–1
(b)[9] n>0 ⇒ (n:= n–1)

4[7] Let  s  and  i  be integer variables, and let  L  be a list of integers (not a variable).  What is 
the exact precondition for  sʹ  =  Σ L [0;..iʹ]  to be refined by  (s:= s + L i.  i:= i+1) ?

5 Let  s  and  n  be integer variables.  Let  Q  be a specification defined as
Q   =   sʹ  =  s + n×(n–1)/2 

(a)[9] Prove the refinement
Q   ⇐   n:= n–1.  s:= s+n.  Q

(b)[6] Add time according to the recursive measure, replace  Q  by a timing specification, and 
reprove the refinement.

6 A theory of widgets is presented in the form of some new syntax and some axioms.  An 
implementation of widgets is written.  In a couple of sentences, state:

(a)[6] How do we know whether the theory of widgets is consistent or inconsistent?
(b)[6] How do we know whether the theory of widgets is complete or incomplete?
(c)[6] How do we know whether the implementation of widgets is correct or incorrect?

7 Let  u  be a binary user's variable.  Let  a  be an old binary implementer's variable.   We 
replace  a  by a new integer implementer's variable  x  using the convention (from the C 
language) that  0  stands for  ⊥  and  non-zero integers stand for  ⊤ .

(a)[3] What is the transformer?
(b)[9] Transform and implement  a:= ¬a .

8 Express the program
(x:= 1.  x:= x+y)  ||  (y:= 2.  y:= x+y)

as simply as possible without using assignments, sequential compositions, or concurrent 
compositions, where  t  is time, and  x  and  y  are

(a)[6] boundary variables and assignment takes time  0  (no proof needed).
(b)[6] interactive variables and assignment takes time  1  (no proof needed).

end of exam


