CPSC 201

Mid-Term Exam

Spring 2008

Your Name: Harry Haskell
This is a closed book, closed notes, closed computer exam.  You have 75 minutes to complete your work. You may write on the back if you need the room.  Point allocations are indicated, and there are 100 points in all.  Plan your time accordingly.  
Problem 1 (16 points)
True or False:

· T  A Turing Machine can solve problems that my lap-top cannot.
· F  A Turing Machine can solve problems that the Lambda Calculus cannot.

· T  The NOR gate is “universal” – with it, I can define any Boolean function.

· T  In Boolean logic, x + yz = (x+y)(x+z).
· T  A D flip-flop is like a one-bit memory.
· F  A full adder adds two full 8-bit bytes.

· T  The two’s complement of 0 is 0.

· F  A combinational circuit is one made up of combinations of smaller circuits – i.e. it is a modular design.
· T  RAL is an example of a machine language, sometimes also called an assembly language.
· T  Finite-State Automata and Regular Expressions are two sides of the same coin.

· F  A Non-deterministic Finite-State Automaton is more powerful than a Deterministic Finite-State Automaton.

· T  A Pushdown Automaton (PDA) can be simulated by a Turing Machine.

· T  A PDA can recognize a palindrome, but only if it has a center marker (i.e. an odd number of symbols).
· T  Normal-order reduction in the Lambda Calculus terminates whenever applicative-order reduction does.

· F  It is possible to write a program to determine if two Turing Machines compute the same value.
Problem 2 (12 points)
a) Write a Boolean logic expression for the following truth table:
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A’B’C + A’BC’ + ABC’ + ABC


b) Simplify the above expression as much as possible.

A’(B’C + BC’) + AB

Also ok:  A’B’C + A’BC’ + AB

c) Draw a circuit diagram corresponding to this Boolean expression.

[ obvious – should use correct symbols for inverter, and, and or gates.
  ok to use more than two inputs, but would prefer binary gates            ]
Problem 3 (12 points)
Prove that the two’s complement of a number, when added to the original number, yields 0.

Solution:

Suppose we have an n-bit number b.  The 2’s complement is the 1’s complement + 1.
If we represent the 1’s complement as b, then we are interested in computing (b+1) + b.  But since addition is commutative and associative, we can rewrite this as (b + b) + 1.  Now note that b + b = 2n -1.  Adding one to that yields 2n.  But that number requires n+1 bits, where the left-most bit is 1, and the others are 0.  Thus if we throw away the left-most bit, we get 0.  QED
Problem 4 (12 points)
Draw a combinational circuit diagram for a 4-bit multiplier.  I.e. given two 4-bit numbers a and b, the circuit should compute the 8-bit product a*b.  You may assume that, as building blocks, you have adders of whatever “width” that you like – 4-bit, 5-bit, 6-bit, whatever.

Problem 5 (12 points)
Write grammars that describes the following:

· Signed decimal numbers of the form:  3.5, 42, 3.14159, -106.2, +2.7, -1000, etc.  Leading zeros are Ok too.
· Properly nested (balanced) parentheses.  For example, these should be accepted:  ( ), (( )), (( ) ( )), ((( )) ( )), etc. whereas these should not:
(,  ( )), (( ) ( ), etc.

Note: A regular expression can be used to define the first, whereas a context-free grammar will be needed to define the second.

Solutions:

For the numbers, let num be the regular expression 0+1+2+3+4+5+7+8+9.  Then the regular expression result that we want is:


(“+” + ”-“ + ε) num* (“.” + ε) num*
For the parentheses, we need a context-free production:


p  ::=  “(“ p* “)”
Problem 6 (12 points)
Consider a Turing Machine with alphabet {1,2,3,4,a} that starts with a tape containing one to four consecutive a’s on it, with the head position initially on the left-most a.  Write a TM program that counts the number of a’s on the tape and writes the total just to the right of the sequence of a’s.
Solution:

Start in state 0.  The symbol “b” means a blank.
Current state, current symbol, new symbol, new state, head direction:

0 a a 1 R
1 b 1 9 Halt

1 a a 2 R

2 b 2 9 Halt

2 a a 3 R

3 b 3 9 Halt

3 a a 4 R

4 b 4 9 Halt

4 a 4 9 Halt

Of course, a visual diagram is also an Ok solution.

Problem 7 (12 points)
Suppose that we generalize “pairs” in the Lambda Calculus to “triples” by defining:


triple  =  λa. λb. λc. λt. t a b c


Define selectors first, second, and third in the Lambda Calculus, such that:


first (triple x y z)  (  x

second (triple x y z)  (  y

third (triple x y z)  (  z

Solutions:

first  =  λt. t (λa. λb. λc. a)

second  =  λt. t (λa. λb. λc. b)

third  =  λt. t (λa. λb. λc. c)

Problem 8 (12 points)
Define Haskell functions as follows:
· A function fromNum that takes an integer argument n and returns an infinite list of successive numbers starting at n.  For example, fromNum 5 ( [5,6,7,…].
· A function twice that takes a functional argument f and a value x and applies f to x twice.  For example, twice (+1) 5 ( 7.

Solutions:

fromNum n = n : fromNum (n+1)

twice f x = f (f x)
