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September 11, 2002

S. Lang


Assignment #1 (Presentations 1 – 6)


1. (Systems of Logic) Show that the NOR operator (or gate) forms a complete base of Boolean logic by itself.  (Hint: Show the OR and NOT operations can be implemented using NOR.)

2. (Gödel’s Incompleteness Theorem) Give the Gödel encoding of the following formula:  
s x1  ( x11 = x11 + x1 ( x11
3. (Random Numbers) Write a C (or C++, Java) program that generates 1000 floating-point random values between 0 and 1.  Divide these values into ten groups: G1 through G10 so that the values in group Gi are ( 
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 (thus, G1contains values between 0 and 0.1 (inclusive); G2 contains values between 0.1 and 0.2 (inclusive), etc.).  If the values are “random”, we should expect there are approximately one-tenth of the 1000 values, i.e., approximately 100 values, in each group.  The amount of the deviation can be used to determine the quality of the random number generator.  The Chi-Square test can be used for this purpose.  (See the reference at http://www.physics.csbsju.edu/stats/chi-square.html.)  Repeat this test two more times, for the next 2000 values in the sequence.  Turn in your source code, and the results of the Chi-Square tests.

4. (Program Correctness) Consider the following Assignment Axiom (AA):

{Q(x / t)} x := t {Q}

which says in order to have a post-condition Q (to be true) after executing an assignment statement x := t, the (weakest-)precondition, {Q(x / t)}, can be found by substituting each x of Q by t.  For example, the weakest pre-condition for the assignment statement


x := 2y + 1

given a post-condition


{x > 5}, is


{2y + 1 > 5}, i.e., {y > 2}.

This is obvious because, if y > 2 is true, and the statement x := 2y + 1 is executed, then x = 2y + 1 > 2(2) + 1 = 5, so the post-condition {x > 5} becomes true.  More generally, to verify the following assertion:


{P} x := t {Q}

which says if P is true before the assignment statement x := t, and Q is true after executing the statement, the verification involves two steps: (1) compute {Q(x / t)}, the weakest pre-condition for the assignment; and (2) verify that P implies Q(x / t).

Use this idea to verify the following two assertions:

(a) {a > 1 and y > 2} x := 2a + y {x > 3}

(b) {x < y} temp := x; x := y; y := temp {y < x}  (Hint: compute the weakest pre-condition for the last assignment statement, then use it as a post-condition and compute the weak pre-condition for the second last assignment statement, etc., eventually finding the weak pre-condition before the first assignment statement.)

5. (Genetic Algorithms) Give the differences between genetic algorithms and other types of optimization algorithms (e.g., dynamic programming, greedy algorithms).

6. (Polyhedral Scenes) Consider the following scene of a smaller box sitting directly on top of a larger box, with the sides aligned to the left corner facing the front (see figure).






































Apply Waltz’s algorithm to give a consistent labeling of the edge segments (similar to that in Figure 19.6 of the text).  Indicate any ambiguous edge labels after the algorithm completes.  (This scene contains 14 junctions and 19 edge segments.)
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