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Boolean Lattice Laws
x(y = y(x


xy = y(x


commutative

(x(y)z = x(y(z)

(xy)z = x(y(z)

associative

1x = x  x1 = x

0x = x  x0 = x

identity

x(y(z) = (x(y)(x(z)

x(y(z) = (xy)(xz)

distributive

0x = 0x0 = 0


1x = 1x1 = 1

annihilator

x(x(y) = x


x(xy) = x


absorption

x(x = x



x(x = x


idempotent

x/x = 0  /x(x = 0

x/x = 1  /x(x = 1

complement

(x(y)(x/y) = x

(xy)(x/y) = x

Reduction

/(x(y) = /x/y


/(x(y) = /x/y


DeMorgan

/(/x/y) = x(y


/(/x/y) = x(y

//x = x







double complement

x = y  x/y/xy = 0 x = y  xy(/x/y = 1

equality transform

xy = 1  x = 1 & y = 1xy = 0  x = 0 & y = 0
operation transform

xy = x  y(x = yx = /y  xy = 1 & xy = 0

xx



reflexive

xy & yx ( x = y

antisymmetric

xy & yz ( xz

transitive

0x, x0 ( x = 0

minimum

x1, 1x ( x = 1

maximum

x y ( x(zyz, xy & wz ( x(wy(z
addition

xy ( x(zyz, xy & wz ( x(wy(z
multiplication

For distinct atoms a and b:  ab = 0

/ab = a
/b(a = b  
atom

SECTION 0  PRELIMINARY REMARKS  

Purpose  George Boole created what we now call boolean algebra in order to study the algebra of logic.  The purpose of this unit is to illustrate this by using boolean algebra to examine various logic problems.  The purpose of this unit is to apply boolean algebra logical problems.  While many such problems can easily be solved without using boolean algebra, it is tedious to describe these solutions using ordinary language.  Furthermore, many methods of solving logic problems at least implicitly use boolean concepts, but do not use the boolean language.  For instance the charts we will soon use to solve the Basketball Team Puzzle merely constitute a way of coding boolean reasoning in a highly visual form.  While this may yield a fast solution, such a solution is easier to describe using algebraic notation. 

Puzzle: The Basketball Team  Charlie, Fred, Gary play different positions on the same basketball team; with the tallest at center, the shortest at guard, the other at forward.  

(1)  At least one player’s position and his name begin with the same as the first letter.  

(2)  The forward is a more accurate shot than Charlie.  

(3)  Fred is taller than Gary.  

Match the players with their positions. 

Ordinary Analysis  By (3)&(2)  C = g contradicts (1)  So we have C = c

c = center,  C = Charlie, 

f = forward,  F = Fred,
g = guard.  G = Gary, 

c f g


c f g


c f g


C

F

G
? 0 ?

? ? 0

0 ? ?

C

F

G
0 0 1

1 0 0

0 1 0

C

F

G
1 0 0

0 1 0

0 0 1

These charts show the result of my reasoning, but they do not indicate show the how it developed.  Since these charts are simple to obtain you can probably see how I obtained them by merely doing the obvious as you fill them out yourself.  However in order to contrast the tedious nature of describing my reasoning with charts to a simple description of my reasoning using boolean algebra, I will give a partial description of what I did.  To obtain the first chart, I reasoned from (3) and the information on heights that (3) Fred is not the guard and Gary is not the center.  Also by (2), Charlie is not the forward.  I then supposed that the last entry in the top row is a 1.  Since each row and each column must have exactly one entry which is a 1, this gives the top row and last column of the second chart.  This then gives the bottom row, forcing a 1 for the first entry in the second row.  Thus there is no 1 on the main diagonal, contradicting (1).  Thus we move on to the third chart, obtaining the top row and first column.  Etc.

Boolean Analysis  Because of (1) we focus on the 3 propositions indicating that a player plays the position have the same first letter as his name. 

c: Charlie is a center

f: Fred is a forward

g: Gary is a guard

Since at least one person plays a position whose first letter is the same as the first letter of his name, either all of c, f, g are true are exactly one of c, f, g is true.  This give equation (1).  By (2) Charlie is either the center or the guard.  Unless we want to use another variable for ‘Charlie is the guard’, we must express this in terms that use f or g or c.  One way to express (2) as ‘Charlie is a center  Gary is not a guard’.  This gives one possible BIT equation for (2).  Equations (3a) and (3b) are obtained in the similar manner, since Gary is not the center and Fred is not the guard. 

  (1)  cfg(c/f/g(f/g/c(g/c/f = 1  (2)  c(/g = 1  (3a) g(/f = 1  (3b) f(/c = 1

Since x+/y = 1 iff x/y = 0 we can transform the last 3 equations to obtain g/c = 0, f/g = 0, c/f = 0.  Using this with (1) gives cgf = 1, meaning all 3 play the position with the same first letter as their name. 

Artificial Problems  A few of the logic problems in this unit are like examples taken from standard logic books.  However most standard examples are designed merely to demonstrate basic techniques.  They are often stated in language that may seem awkward or artificial, and the main challenge is often to decide without sufficient context, how to translate the content into ideograms.  This unit focuses on more involved logic puzzles.  While such puzzles are also artificial, they can offer a challenge which is significant and which is similar to the challenge of using logic in other situations.  Furthermore, puzzles usually provide a context which reduces ambiguity and makes it easier to translate information into logical ideograms or boolean equations.  Before turning to more logic problems we review some boolean algebra, with an emphasis on some results we use later in this unit. 

Ac0a  We can derive another reduction law x+/xy = x(y by first using the reduction and idempotent laws to obtain x(/xy = x/y(xy(xy(/xy.  Show details as a deductive presentation.

Ac0b  Substituting x for y and y for x in x(/xy = x(y and commuting gives y(x/y = x(y.  Explain how to obtain /x(xy = /x(y from x(/xy = x(y.

Ac0c  Given xz = yz & xy = 0 show in detail how to deduce xz = 0 & yz = 0.

Ac0d  In BBC we represented the information in a conditional of the form X Y by various boolean equations such as x/y = 0, x = xy, /x(y = 1, y(x = y.  Boolean algebra can be used to transform any one of these equations to any other one of these equations.  For example, to transform x/y = 0 to x = xy, add xy to both sides and then use the reduction law and identity laws.  Show how to transform x = xy to x/y = 0. 

Atoms  Recall that the atoms in a bit string lattice are the bit strings that contain only a single bit which is a one.  From this it should be clear that the following laws hold for any atoms a and b. 

Atom Laws:  a = b   ab = a   ab = b  ab > 0  a = b  ab = a  ab = b  ab = 0

Ac0e  Let a, b, c be the atoms of BIT3, so a(b(c = 1.  Suppose x and y are two of these atoms and that
xb = 0, xc = yc.  We can solve for x, y as follows.  Show in detail how to obtain step (5), indicating boolean laws used.  

(0) xb = 0, xc = yc, xy = 0

given

(1) xc = 0 & yc = 0

Ac0b

(2) xa = x



(0)  x(a(b(c) = x  dist ident

(3) x = a



(2)  atom

(4) ya = 0



(3)  yx = 0

(5) y = b



(3)(5)  y(a(b(c) = y atom

Re0a  x+/xy = x/y(xy(/xy = x/y((xy(xy)(/xy = (x/y(xy)+(xy(/xy) = x(y using reduct, idem, assoc, reduct  

Re0b  Substitute /x for x and use double compl.

Re0c  (0a) xz = yz  given

  (0b) xy = 0  given

  (1) x(xz) = x(yz)  (0a)  mult by x 

  (2) xz = 0  (0b)(1) idem annih

  (3) yz = 0  (2)(0a) replace xz by 0
Remark  Step (2) also implicitly uses the associative law.  Since the associative and commutative laws are used so often, we seldom bother to recognize them.  To mention these laws tends to obscure the main steps, so even when giving details it is usually appropriate not to make reference to these laws.  

Re0d  Given x = xy, mult by /y and use the compl and annih laws to obtain x/y = 0. Given x/y = 0, complement both sides, use DeMorgan to obtain /x(y = 1.  A similar analysis transforms /x(y = 1 to x/y = 0.  Given x/y = 0, add y to give y(x/y = y.  Now use Ac2 to obtain y(x = y.  Given x(y = y, mult by x/y to obtain x/y = 0.  Given x = xy, add /x to obtain /x(xy = 1.  Now use Ac2 to obtain /x(y = 1.  Given /x(y = 1, mult by x to obtain x = xy.  Given x = xy, add y and absorb to obtain y(x = y.  Given y(x = y, mult by x and absorb to obtain x = xy.  Given /x(y = 1, mult by x(y and use reduct to obtain y(x = y.  Given y(x = y, add /x to obtain /x(y = 1.

Re0e  Mult a+b+c = 1 by y and using dist and ident gives ya+yb+yc = y.  Thus by (3) and (5) and ident, yb = y.  By the atom law this give y = b. 

Boolean Equation For Propositions  Some sentence are intended primarily to convey information.  Information proposed by a sentence may be correct or incorrect.  We call this information a proposition, and if it is correct we say the proposition has a boolean value of 1.  If it is it is incorrect we say the proposition has a boolean value of 0.  In many cases the value of a proposition is not known, so we use variables for such values.  Consider proposition A and B below. 

A:  Ann likes pie

B:  Bob likes pie

Denote the values of A and B by a and b.  If Ann likes pie then a = 1, but if she does not like pie then 
a = 0.  The negation of A is correct when Ann does not like pie, but incorrect if she does.  Thus the negation of A is correct when /a = 1, and incorrect when /a = 0.  Similar remarks apply b, that is b = 1 
if and only if B is correct, while /b = 1 if and only if the negation of B is correct. 

Simple proposition can be combined using conjunction or alternation to form compound propositions.  The values of such propositions can be calculated from the values of their simple components using boolean expressions.  In general, using variables to represent values of simple propositions, we can use a boolean expression to represent more complex propositions, and we can write an equation setting this expression to 0 or 1, depending on whether we claim it is correct or incorrect. 

Proposition


Boolean Expression
Ann likes pie & Bob likes pie


a(b 

Ann likes pie  Bob likes pie

a(b 

Consider the conjunction A&B.  This proposition is correct when A and B are both correct, but this is exactly the condition when ab = 1.  It is incorrect in all other conditions, and in those conditions ab = 0.  Likewise, the alternation AB is incorrect when both A and B are incorrect, and this is exactly the condition when a(b = 0.  It is correct in all other conditions, and in those conditions a(b = 1.  

Boolean Expressions For Biconditionals  Suppose we claim that Ann likes pie iff Bob likes pie.  This biconditional is correct if either they both like pie or they both dislike pie.  Thus ab(/a/b is a boolean expression for ‘A B’.  This expression is 1 when a = b and 0 when a = b, so a = b is probably the easiest way to think of boolean equations for biconditionals.  Some other common ways are listed below.  

A B is correct:

a = b

ab(/a/b = 1

a/b(/ab = 0. 

A B is incorrect:

a = /b

ab(/a/b = 0

a/b(/ab = 1. 

Boolean Expressions For Conditionals  A conditional statement is of the form ‘A B’.  A B is incorrect when A holds but B does not; while it is correct in all other cases.  For example, suppose we claim  ‘If Ann likes pie then Bob likes pie’.  This claim will be incorrect if and only if Ann likes pie but Bob does not like pie.  Thus /(a/b) is a boolean expression for ‘A B’.  While ‘/(a/b) = 1’ represents the claim that conditional is correct, in most cases this is not the most convenient form to use.  Others are given below.

A B is correct:
a/b = 0

a = ab

/a(b = 1

a(b = b

SECTION 1  NEGATION, CONJUNCTION, ALTERNATION  

Logic Examples  In a logic example we infer a conclusion from premises assumed to be correct.  Whether or not the premises are really correct is irrelevant, since our only concern is whether the inference is correct.  To show that  an inference is correct, we equate the boolean expression for each premise to 1, and then use these equations to derive an equation of the form conclusion = 1.  This shows that if the premises are correct so is the conclusion, and this is what we mean when we say the inference is correct.  To show the inference is incorrect, we find a solution for the premise equations along with an equation in which the conclusion is equal to 0.  This shows that it is possible for the premises to be correct and the conclusion incorrect. 

Comment  In order to stress that we are assuming that the premises correct, we always write premise equations as ‘premise expression = 1’.  When a premise is negative, you may prefer to use a simpler equation that sets the complement of the premise expression to 0.  For instance in the next Example you could use gh = 0 instead of /(gh) = 1. 

Roy and Logic  Roy will take logic unless he thinks it will be hard or he thinks that he will not enjoy logic.  It cannot be the case that Roy is good at mathematics and that he will find logic hard.  Roy is good at mathematics, but he will not take logic.  Thus we can conclude that Roy does not think he would enjoy logic. 

Translation Comment  The word ‘unless’ gives an alternative.  Consider the claim ‘Bo will go to the store unless it rains’.  This claim is incorrect if Bo does not go to the store and it does not rain.  It is correct in any other case.  Thus this claim is logically equivalent to ‘either it rains or Bo will go to the store’.  

Analysis  The premises and conclusion in this exercise are constructed from the following simple propositions whose values we represent by the indicated variables. 

t: Roy will take logic

h: Roy will find logic hard. 

g: Roy is good at math
e: Roy thinks he would enjoy logic. 

The equations for the premises can be given as follows:  (1)  t+h+/e = 1  (2)  /(gh) = 1  (3)  g/t = 1 

To show that the inference is valid derive /e = 1.  

By (3)  g = 1.  

Thus by (2) h = 0.   

Also by (3) t =  0.  

Using h = 0 & t = 0 with (1) gives /e = 1. 

Who Told The Truth   Either May lied or Joe told the truth.  Either May told the truth or Bob told the truth.  Either Bob lied or Sue told the truth.  Bob and Joe did not both tell the truth.  Furthermore Sue and Joe did not both lie.  Thus we conclude that Sue told the truth. 

Analysis  Let m = 1 iff May told the truth.  Use b, j, s in similar fashion.  We can show that the inference is incorrect by solving the 6 equations below.  This will show that we can have conditions for which the premises are 1 and the conclusion is 0.

/m(j = 1,
m(b = 1,
 /b(s = 1,
 /(bj) = 1,
/(/s/j) = 1,
s = 0

Note that (s, b, m, j) = 0011 satisfies these equations.  There are 2 solutions to the 5 premise equations with s = 1, so the fact that Sue told the truth is compatible with the premises.  The premises are insufficient to determine who told the truth and who is lying. 

Puzzle: Truth Island  Natives on truth island always tell the truth.  Visitors are allowed, but visitors sometimes lie, so any visitor or group of visitors is always accompanied by a native.  You meet a group of four people who all agree that exactly one of them is a native.  They make the statements below.  Identify as many visitors as possible. 

A.  B is the native
B.  I am the native
C.  A and B are both visitors
   D.  I am the native.

Comment  It is easy to show that A is a visitor without using boolean language.  

Suppose instead that A was the native.  Since there is only one native, B is a visitor.  Since A is telling the truth B is a native.  This is impossible.  Thus A cannot be the native.  This gives a contradiction, so A is a visitor.  

This same reasoning can be compactly described using boolean language.  Let the variable a be the value of ‘A is a visitor’.  Use b, c, d in similar manner.  

Exactly one of a, b, c, d is 0.  Suppose a = 0.  So  b = 1.  By B, b = 0.  Contradiction so a = 1.

Alternate Boolean Analysis  Each individual is a visitor or that individual’s statement is true.  This gives the first 4 equations below.  Also, at least one is a native, so the fact that they all agree means there is exactly one native.  Thus the product of all 4 variables is 0,  and the sum of any pair of them is 1.  This gives the other 7 boolean equations. 

(1) a(/b = 1
(2) b(/b = 1
(3) c(ab = 1
(4) d(/d = 1
(5) abcd = 0
(6) a(b = 1

(7) a(c = 1
(8) a(d = 1
(9) b(c = 1
(10) b(d = 1
(11) c(d = 1

By (1) (6), a = 1 i.e. a is a visitor.  For a = 1, the equations  not automatically satisfied are (3), (5), (9), (10), (11).  These are satisfied by (b, c, d) ( {011, 101, 011}, so A is the only visitor we can identify. 

Comment  Since native always tells the truth, we could have represented this information as the conditional ‘A a native   B a native’ rather than as an alternation.  This give the equivalent equation
/ab = 0 for (1), which could have been used with (6) to obtain a = 1.  

Ac1  Suppose we knew that all 3 visitors lied.  Then the value C’s statement is c, so c = ab.  Likewise 
a = /b, since the value of A’s statement is a.  The statements by B and D give no information.  We can also represent the fact that there is exactly one native by a single equation: abc/d(ab/cd(a/bcd(/abcd = 1.  Use these 3 equations to find a, b, c, d. 

Puzzle: Jailer and Hats  Three boolean algebra experts were in prison.  Their jailer told them that he had 3 pink and 2 red hats.  After shuffling the hats, he put one on each of their heads in such a manner that each prisoner could not see the color of his own hat, although he could look at the hats of his fellow prisoners.  He then made the following proposition to the prisoners.  If anyone could deduce the color of his hat, the jailer would release him.  Prisoner A thought for a while and said “I don’t know.”  After hearing this prisoner B thought for a while and said also, “I don’t know.”  After hearing the others, prisoner C, who was color blind, knew with certainty the color of his hat.  Name the color and tell how the third prisoner figured it out. 

Analysis  Let a = 1 if the hat of prisoner A is red, a = 0 if it is pink.  Likewise for variable b and c and prisoner B and C.  Once A gives up, B and C can both reason as follows.  We all know that abc = 0.  If
bc = 1 then A could deduce a = 0, and know his hat was pink.  Thus bc = 0.  This is not enough information to deduce the value of b.  Once B gives up, C can reason as follows.  If c = 1 then B could see this and use it with bc = 0 to deduce b = 0, and hence know his hat was pink.  Thus c = 0 and so my hat is pink. 

Re1  By (1) and (2), c = 0.  So using (5) we have abd = 1.  Hence a = 1, b = 1, d = 1. 

Puzzle: Who Killed Torelli?  Benno Torelli, genial host at Hamtramck’s most exclusive nightclub, was shot and killed by a racketeer gang because he fell behind in his protection payments.  After considerable effort, five men were brought before the DA, who asked them what they had to say for themselves.  Each man made 3 statements, 2 true and 1 false.  Who is the killer? 

  NICK:  I am innocent.  I never owned a revolver.  Spike did it. 

  DOPEY:  I am innocent.  I never saw Butch before.  Spike is guilty. 

  SPIKE:  I am innocent.  Butch is guilty.  Nick lied when he said I did it. 

  BUTCH:  I am innocent.  Red is guilty.  Dopey and I are old pals. 

  RED:  I am innocent.  I never owned a revolver.

  The other guys are all passing the buck. 

Analysis  Let the value of the following variable be 1 if the corresponding statement is true.

b: Butch is guilty  n: Nick is guilty  d: Dopey is guilty  s: Spike is guilty  r: Red is guilty

x:  Nick never owned a revolver   y:  Red never owned a revolver   p:  Dopey and Butch are pals

q:  Dopey has never seen Butch before   z:  The other guys are passing the buck

Clearly p and q cannot both be 1 so pq = 0.  Consider Nick’s statement.  If the first 2 are true and the last false then /nx/s = 1.  If the first and third are true and the second false then /n/xs = 1.  If the first is false and the last two are true then nxs = 1.  Since these are the only 3 cases, /nx/s(/n/xs(nxs = 1.  Similar analysis can be applied to the other suspect’s statements, giving (1) thru (6) below, which can be solved show Red is guilty. 

(0) pq = 0


given

(1) /nx/s(/n/xs(nxs = 1
given

(2) /dq/s(/d/qs(dqs = 1
given

(3) /sbs(/s/b/s(sb/s = 1
given

(4) /br/p(/b/rp(brp = 1
given

(5) /ry/z(/r/yz(ryz = 1
given

(6)  /s/b = 1

(3)

(7)  s = 0


(6)

(8)  b = 0


(6)

(9)  /dq = 1

(7)(2)

(A)  d = 0


(9)

(B)  q = 1


(9)

(C)  p = 0


(B)(0)

(D)  r = 1


(4)(8)(C)

SECTION 2  CONDITIONALS  

Representing Conditionals  A conditional eliminates items which satisfy the antecedent but not the consequent.  Thus we can always represent a conditional clue by equating the product of an boolean expression for the antecedent and one for the complement of the consequent to zero.  The first row gives a brief summary for representing conditional clues this way.  The second row shows how these clues can also be represented without using complements. 

X Y as x/y = 0
X Y as xy = 0
X Y as /xy = 0
X Y as /x/y = 0

X Y as x = xy
X Y as xy = 0
X Y as y = xy
X Y as x(y = 1

Corporate Capitalism and Free Enterprise  A pure free enterprise economy is conceptualized in such a way that in such an economy the laws do not give some people a strong competitive advantage over others.  From this and the following premises we can deduce that corporate capitalism and pure free enterprise are incompatible. 

(1) Unless everyone has an equal opportunity to influence law makers, there will be laws that give some people a strong competitive advantage over others.  

(2) In an economy based on corporate capitalism, some large investments are controlled by a few people.  

(3) If there are large investments controlled by a few people then some of this economic power will be used to give some of these people a much greater advantage than average to influence lawmakers. 

Analysis  Use variables f, a, e, c, i as boolean values 

f:  the economic system is a pure free enterprise system

a.  there are laws giving some people a strong competitive advantage

e:  everyone has equal opportunity to influence law makers

c:  the economic system is corporate capitalization

i:  there are large investments controlled by a few people

The conceptual condition premises above can be represented by boolean equations: 

(0)  fa = 0  (1)  e(a = 1  (2)  c = ci  (3)  ie = 0 

From these we can derive cf = 0, which shows the conclusion is correct if the premises are. 

(5)  f = ef  (1)(2)

(6) ce = 0  (4)(3)

(7) cf = 0  (5)(6)

Ac2a  Show in more detail how to derive f = ef from e+a = 1 and af = 0. 

Remark  ‘In a free enterprise economy laws do not give some people a strong competitive advantage over others’ is equivalent to the conditional ‘If we have laws giving some corporations a strong competitive advantage then we cannot also have free enterprise’.  The second premise can be formulated as ‘If everyone does not have an equal opportunity to influence law makers then some people will have a strong advantage.’  The 4 premises could be represented by boolean inequalities. 

  (3)  ci  (4) i/e  (2)  /ea  (1) a/f  

The conclusion c/f follows easily from these and the transitive law. 

Re2a  Since e+a = 1, we have af+ef = f.  But af = 0, giving ef = f. 

A Diplomatic Situation:  A certain diplomat made the following statements: 

(1)  If the enemy wants to negotiate, but we think we can win on the battle field, 
   then we will stall at the conference table. 

(2)  The war will drag on unless we stop stalling at the conference table. 

(3)  If the war drags on then the other side does not want to negotiate.  

Therefore I conclude that the other side does not want to negotiate. 

Analysis  We can show that the above inference is incorrect by solving equations for which the premises are 1 and the conclusion is 0. 

  n:  the other side wants to negotiate. 

  b:  we think we can win on the battlefield 

  s:  we stall at the conference table 

  d:  the war drags on 

Granting his premise, we formulate the following boolean equations.  (See translation comments below.)  His conclusion is /n = 1.  Since we want to show this is not a necessary conclusion, we will show that the equations are compatible with the opposite of this, n = 1 

(1)  nb = nbs

(2)  d+/s = 1

(3)  dn = 0

(4)  n = 1 

Let us see what we can derive from these 4 equations. 

(5)  d = 0

(4)(3)

(6)  s = 0

(5)(2)

(7)  b = 0

(1)(4)(6)

Thus our 4 equations imply n = 1, d = 0, s = 0, b = 0.  Furthermore, these satisfy the first 3 equations, so we have found conditions making the premise true and the conclusion false.  In particular the case in which the other side wants to negotiate, the war doesn’t drag on, our side doesn’t stall and doesn’t thik it can win on the battlefield.

Translation Comments  For (1) note that ‘but’ has same logic as ‘and’, even though it serves different rhetorical purpose.  Thus the first premise is of the form if n and b then s, which by the remark on representing conditionals gives nb = (nb)s.  For (2) note that ‘unless’ offers an alternative, so ‘D unless not S’ is translated as d+/s = 1.  We could also think of ‘D unless not S’ as ‘If S then D’.  This can be represented by /s+d = 1, which is equivalent to d+/s = 1.

Using Boolean Inequalities  Since all the premises are conditionals they could also have been represented by boolean inequalities.  The opposite of the conclusion is translated as before. 

(1) nbs
(2) sd
(3) d/n
(4) n = 1 

Ac2b  Use the 3 inequalities and (4) to show d = 0, s = 0, b = 0. 

Remark  The premise are also compatible with the original conclusion n = 0.  Since for n = 0, (1) and (3) are automatically satisfied, these premises are compatible with any value for b and for any values of s and d for which sd.  In particular, they are compatible with b = 1, s = 1, d = 1. 

Re2b  By 4, /n = 0.  Using this with (3), d0 and hence d = 0. Using this with (2) gives s = 0.  Using s = 0 and n = 1 with 1 gives b = 0. 

Puzzle: Secret Agents  Chief Agent Seeall knows elite unit has been infiltrated by enemy agents.  Seeall knows his loyal agents will tell the truth, and that enemy agents will lie.  He interviews each of the agents separately and obtains the statements below.  If Seeall makes the appropriate deductions who will he decide is loyal? 

V:   Z is an enemy agent  

W:  V and I are loyal agents 

X:   Z is loyal but the other 3 are not. 

Y:  V and Z are both enemy agents. 

Z:   Y or X is an enemy agent.  

Analysis  Represent the proposition that Agent V is loyal by v.  Since Seeall’s knows his loyal agents will tell the truth and that enemy agents will lie, we can also represent the proposition that Agent V is telling the truth by v.  Suppose we use the letters w, x, y, z in a similar fashion to represent propositions about the other agents.  From the statement by Agent V we have v = 1 if and only if z = 0.  This can be represented by the single boolean equation v = /z.  Likewise we can use the statements of the other agents to obtain 4 more boolean equations, which can the be solved.

(0)  v = /z

(1)  w = vw

(2)  x = z/v/w/y
(3)  y = /v/z
(4)  z = /y+/x

(5)  y = 0

(0) and (3)

(6)  z = 1

(5) and (4)

(7)  v = 0

(6) and (0)

(8)  w = 0

(7) and (1)

(9)  x = 1

(5) (6) (7) (8) (2)

Puzzle: Yack Prisoner  Inspector Heladjian is a prisoner in the land of the Yacks.  All Yacks are divided into two types.  Those of one kind wear beards and always tell the truth.  The others are clean-shaven and always lie.  The inspector is in a room, blindfolded, with 5 Yacks.  He has been promised his freedom if he can correctly identify any 2 as clean-shaven.  They speak as follows: 

HADJI:   Moab is clean-shaven

NIDJI:  Hadji has a beard

ALI:   NIDJI is clean shaven or Toril is clean shaven

TORIL:  Moab and Nidji are bearded

MOAB:  Nidji is clean-shavesn or Ali is bearded.

“The day is saved,” says Heladjian “for I can even tell you 3 of them.  Who can he tell is clean shaven? 

Ac2c  This puzzle can be solved using biconditionals, rather than conditionals.  For example, Hadji’s statement is true if and only if Hadji is bearded.  Also his statement is true if and only if Moab is clean shaven.  Thus Hadji is bearded if and only if Moab is clean shaven.  Using the first letter of each persons name as a variable whose value is 1 if the person is bearded, this biconditional can be represented by the equation h = /m.  Set up 4 more such boolean equations and use them to solve the puzzle. 

Re2c  (1)  h = /m  (2)  n = h  (3)  a =  /n+/t  (4)  t = mn  (5)  m = /n+a 

Using (1) and (2) gives n = /m, which with (4) give t = 0.  From this it is easy to calculates a = 1, m = 1, h = 0, n = 0. 

Puzzle: Democrats and Republicans  Persons with the initials A thru Z are each members of either the Democratic or Republican parties.  There are more Democrats than Republicans.  Find the Democrats. 

(1)  A is not a Republican and N is not a Democrat

(2)  J,O,P and S are in the same party

(3)  K or L is a Republican   K,L,M are Republican

(4)  Q and P are of the opposite party   M is a Democrat

(5)  N is a Republican   U is a Democrat

(6)  W is a Democrat   S or P is a Democrat

(7)  C or Z is a Democrat   H,I,R are Republicans

(8)  G or T is a Democrat   at least one of A,B,Y is a Republican

(9)  Exactly 1 of B,N,Y is a Republican

(10)  Exactly 2 of E,Q,V are Republicans

(11)  Exactly 2 of D,F,G,T,X are Republican

(12)  Exactly 3 of K,P,M,N,B,Y,S,L,Q are Republican

Analysis  Denote the value of the claim that a person is a Democrat by the small letter corresponding to the person’s initial. In working this puzzle it is  useful to first formulate the information from (1) thru (10).  We use the results of these to help formulate other equations. We formulate below.  We will formulate (11) and (12) later. 

  (1) a/n = 1  (2) j = p = o = s  (3)  kl+/k/l/m = 1  (4)  pq+/p/q+m = 1   (5) n+u = 1  (6) w = w(p+s)

  (7) /c/z+/h/r/i = 1  (8)  (g+t)aby = 0   (9) bn/y+b/ny+/bny = 1  (10) e/q/v+/eq/v+/e/qv = 1

By (1) and (5) a = 1, n = 0, u = 1.  Using (9) gives b = y = 1.  So by (8) g = 0, t = 0. 

Using g = t = 0, we can formulate 

(11) as d = f = x = 1. 

Using the information we already have, we can simplify (12) as follows.

(12)  Exactly 2 of K,M,P,S,L,Q are Republicans.

From (3) k = l and from (2) p = s, so the 2 Republican are either K,L or P,S or M,Q. 

In any of these cases m = q. 

(12)  kp/m+k/pm+/kpm = 1 

Since k = l, by (3) we have /km = 0, so from (12) k = 1 and m = /p, and thus m = q = /p.  

Using this with (4) gives m = 1.  We now have:

a = b = d = f = k = l = m = q = u = x = y = 1

 g = j = n = p = o = s = t = 0

Using (10) and (6) we can add e = v = w = 0, giving 11 known Democrats and 10 known Republicans.  Thus by we know that at most 2 of C,Z,H,I,R are Republicans.  From this it follows that h(r(i = 1.  This with (7) gives c = z = 0.  Since this gives 12 Republicans, h = i = r = 1. 

SECTION 3BOOLEAN ATOMS AND INFORMATION EXTRACTION

OverviewSuppose the total profit of companies X and Y is 27 million and the profit for X was 5 million more than Y.  Using ordinary algebra we could represent this information by a pair of equations and extract the information that the profit for X was 16 and Y was 11.
(1)x(y = 27andx(y = 5
given

(3)2x = 32

(1) (2)

(4)x = 16 and y = 11
(3) (1)

This section illustrates a strategy for extracting information represented by bits strings rather than by numbers.We will focus on a logic puzzle involving few people who are represented by atoms of BIT5.Information given about their occupations and city of residence can be coded as equations and inequalities, using variables which range over the atoms of BIT5.We can extract information to solve this puzzle by solving this system of equations and inequalities.The solution uses the boolean algebra of BIT5 and in particular some techniques we will preview before giving the puzzle.
Information about AtomsAn atom is an element such that the only smaller element is 0.The atoms of BIT5 are 10000, 01000, 00100, 00010, 00001.For distinct atoms a and b we have ab = 0.We can also represent this information by the boolean inequality a/b.For instance if we know that a is an atom and that a ( 01000, we have a10111.This is especially useful when we have more information of this type, such as a01000 and a 00100 and a 00001.Using the product of corresponding inequalities a10111, a11011, a11110 gives a single inequality a10010.
Ac3aExplain how a10111, a11011, a11110 yields a10010.  

Other Algebraic ConsiderationSuppose a10010, b10010, ab.It follows that a(b10010.Since a b, the size of a(b is at least 2, so we can infer that a(b = 10010.In general, if xy and x and y have the same size then x = y.This observation can be used to derive equations from systems of inequalities.
Another algebraic law that we will use in solving puzzles is the cancellation law given below: 

(canc)  x(u = y(u & xu = 0 & yu = 0( x = y

Derivation(1) x(u = y(u
(2) xu = 0
(3) yu = 0

(4)  (x(u)x = (y(u)x
(1)  

(5)  x = xy


(4)(2)

(6)  (x(u)y = (y(u)y
(1)

(7)  xy = y


(6)(3)

(8)  x = y

(5)(7)

Re3aUsing ab, ac, ad gives aaabcd, which by the idempotent property gives abcd.The result is merely a specific instance of this, since 101111101111110 = 10010.
Puzzle: What City? White, Brown, Peters, Harper, Nash are having a reunion. No man lives in the city having a name similar to his, nor does the name of his occupation have the same initial as his name or the name of the city in which he lives.  Their occupation are writer, barber, printer, hunter, neurologist.They live in White Plains, Brownsville, Petersburg, Harper’s Ferry, Nashville. The writer does not live in Nashville.The barber does not live in Petersburg.Brown is neither hunter nor printer.Harper is not a barber.White is not a resident of Brownsville, nor is Nash, who is not a barber, nor a hunter.Neither Peters nor White live in Nashville.From the information given determine the name of the city in which Nash resides?
AnalysisLet 10000, 01000, 00100, 00010, 00001 represent White, Brown, Peters, Harper, Nash in that order.Let w, b, p, h, n name the men whose occupations begin with these letters.Let W, B, P, H, N name the men who live in the cities which begin with these letters.We must determine which of the W, B, P, H, N is equal to 00001.Since the men live in different cities and have different occupations, the product of any pair of lower case letters or any pair of upper case letters is 0.Since the initials of a man’s occupation his city are different, the product of corresponding lower and upper case letter is 0.We use such results as needed, without mentioning them.The specific differences mentioned in the puzzle, such as the writer does not live in Nashville and the barber does not live in Petersburg are explicitly formulated as equations.The rest of this information is formulated by inequalities.We shall give a fairly condensed solution for the puzzle.Steps labeled by the symbol % are analyzed in more detail in the activities.
(1)w01111 (2)b10100 (3)p10011  (4)h10100(5)n11110 (6)W01111 (7)B00110 (8)P11011(9)H11101 (10) N01010 (11)wN = 0  (12)bP = 0

These can be solved as follows:

(13) b+h = 10100

(2)(4) %

(14) w+p+n = 01011
(13)%

(15) n  01010

(5)(14)%

(16) n+N = 01010

(15)(10)

(17) n+pN = 01010

(14)(16)(11)%

(18) N = p

(17)%

(19) n+p = 01010

(17)(18)%

(20) w = 00001

(14)(19)%

(21) p = 00010

(19)(3)

(22) n = 01000

(21)(19)

(23) N = 00010

(21)(18)

(24) B = 00100

(23)(7)

(25) b = 10000

(24)(2)

(26) W  01110

(20)(6)

(27) W = 01000

(23)(24)(26)

(28) P+H = 10001

(23)(24)(27)

(29) P = 00001

(12)(25)(28) 

RemarkThis solution can easily be extended to obtain H = 10000 and h = 00100, and thus determine the city and occupation of all 5 men.  

Ac3b(2)(4) yield b+h10100.How does this give (13)? 

Resize(b+h) = 2, since b and h are different atoms.  

Ac3cLet x = w+p+n, u = b+h, y = 01011, v = 10100.  What is x+u, y+u, xu, yv?Relate this to step (14).
Re x+u = 1, since x+u is the sum of 5 atoms.Thus x+u = y+v.Also xu = 0 and yv = 0.By (13), u = v, so using (canc) from Ac2 gives (14).Another way to think of step (14) is as the complement of (13).  

Ac3d (14)(5) give (w+p+n)n1111001011.How does this give (15).  

Re (w+p+u)n = wn+pn+n = n, while 1111001011 = 01010.  

Ac3e Explain why (n+N)(w+p+n) = n+Np.  Relate this to step (17).  

Re n(w+p+n) = n as in task 5.  N(w+p+n) = Nw+Np, since Nn = 0.  But Nw is also 0 by (11).Thus (14)(16) gives (17).  

Ac3fIf à(n+pN) = 2, why is pN 0?Relate this to (18).  

Re If pN = 0 then n+pN = n, but n is an atom, so à(n+pN) 2.Since pN 0 and since p and N both atoms, we have (18).
Ac3g Explain how to use (canc) with (14)(19) to obtain (20).  

Re Let x = w, y = 00001, u = p+n, v = 01010.(14) says x+u = y+v, while (19) says u = v.
Also xu = 0 and yv = 0, so (canc) yields x = y.  

Puzzle: Baseball TeamThe men on a baseball team have initials from A thru I.There are exactly 5 bachelors: E, G, I, the right fielder, the center fielder.The catcher and third basemen are married.Ed’s only sister is engaged to the second baseman.The pitcher’s wife is the first baseman’s sister.The oldest man on the team is the left fielder.G is younger than I who is younger than the shortstop.H is younger than F who is younger than the shortstop.H is also younger than B who is younger than the right fielder.H and D are younger than the center fielder.The third basement is younger than C.When the players line up by height C is in the middle, H and F are on the same side of C, and G and B are on opposite sides of C.The center fielder is the tallest man and the shortstop is the shortest.The catcher is taller than A, who is taller than C.  The first baseman is shorter than D, but taller than C.Exactly one of the outfielders is shorter than C, and so is the pitcher.
NotationConsider the positions in the order catcher, pitcher, 1st, 2nd, 3rd, shortstop, right, center, left.Represent the man in these positions by 100000000, ..., 000000001, respectively.Let the initial of each name be a variable for a different one of these atoms.T denotes the set of men taller than C.M denotes the set of married men.
Ac3hGive an equation representing the information given about the 5 bachelors.
Re 000000110+E+G+I = /M

Exercises for Section 0

Ex1The solution to Basketball Team Puzzle given at the beginning of this section could have been described using atoms from the boolean lattice for the set of players.Since the variables represent atoms, the puzzle information can be represented as indicated below.Explain why.

(1) Cc+Ff+Gg#0 (2) Cf = 0(3a) Fg = 0(3b) Gc = 0

(4) Cc = 0 Suppose

(5) C = g(2)(4)

(6) Gg = 0 (5)

(7) G = f(6)(3b)

(8) Ff = 0 (7)

(9) C = c (4)(8)(6) contradicts (1)

(10) F = f(9)(3a)

(10) G = g(9)(10)

The extra steps below show in detail how (5) follows from (2) and (4).In addition to the puzzle information explicitly coded the solution implicitly used puzzle laws like (5a) below.Explain why this is a law for this puzzle.Also explain why (5) follows from (5c) and the fact that C and g are atoms.
Give a similar detailed analysis for some of the other steps.  

(5a) c+f+g = 1puzzle law

(5b) Cc+Cf+Cg = C (5a)dist ident

(5c) Cg = C (2)(4)(5b)atom ident

(5)C = g(5c)C and g are atoms

Ex2Show that a/b+/ab is equivalent to a = b by showing that (0, 0) and (1, 1) are roots of a/b+/ab = 0, but (1, 0) and (0, 1) are not roots of a/b+/ab = 0.  

Ex3The derivation given near the end of this section for the Basketball Game Puzzle assumes that you can follow the steps, and that too much explicit detail usually obscures the argument.The extra steps below show in more detail how (5) follows from (2), and how the laws of boolean algebra apply. Show in deatail how (6) follows from (3) 

 /cg/f(c+/g) = /cg/fmult (2) by /cg/f 

 (/cg/f)c+(/cg/f)/g = /cg/f dist

 (c/c)(g/f)+(g/g)/c/f = /cg/f assoc, comm 

 0(g/f)+0(c/f) = /cg/fcompl 

 0 =/cg/f annih, ident 

Answers

Ex20/0+/00 = 0 and 1/1+/11 = 0, so (0, 0) and (1, 1) are roots of a/b+/ab = 0.
0/1+/01 = 1 and 1/0+/10 = 1, so (0, 1) and (1, 0) are not roots of a/b+/ab = 0.  

Exercises and Problems for Section 1
Ex1Suppose in the Roy And Logic Example we had the same information as before, except that we did not know that Roy was good at mathematics.Use boolean algebra to show we can conclude either he was not good at mathematics or he did not think he would enjoy logic.  

Ex2In the Who Told The Truth Example use boolean algebra to solve the 5 preimise equations along with s = 0.Do the same for s = 1.Also show that sb+mj = 1 follows from the premise equations.Interpret this in ordinary language.Suppose you are also given that either May or Joe is lying.Use this, with the other premises to show Sue is telling the truth.  

Ex3On truth island you meet a group of three people.A says B is a native.B says C is a native.C says A is a native.Form 3 boolean equations and solve for a, b, c.  

Ex4Did Red own the revolver he used to kill Torelli?Use boolean language to describe how you can reason the answer to this quesation.

Pr1In the Truth Island Puzzle the fact that there was exactly 1 native was first coded by the 7 equations below, but in Ac3 by abc/d+ab/cd+a/bcd+/abcd = 1.Use boolean algebra to show that this single equation is equivalent to those 7 equations.For example to show this equation implies (5) multibly it by abcd.

(5)abcd = 0 (6)a+b = 1(7)a+c = 1(8)a+d = 1

(9)b+c = 1(10)b+d = 1 (11)c+d = 1

Pr2Prisoner A and B, who were in the same cell, were approached by their jailer with 3 pink and 2 red hats.He placed a hat on the head of each and showed them one of the remaining hats, which was for prisoner C in a different cell.Neither could see their own hat, but they could see the hat of the other.At the same time, both admitted that they could not be certain of the color of their own hat.The jailer then went to the third prisoner, showing him his hat and telling him what happened in the other cell.Prisoner C knew the color of the hats given to A and B.Give the color of each hat.  

Answers
Ex4Since r = 1, we have by (2) yz = 1, and thus y = 1.Thus Red never owned a revolver.  

Exercises and Problems for Section 2

Ex1In the corporate capitalism vs free enterprise example, we say cf = 0 follows from f = ef and ce = 0.Show in detail how this can be derived.  

Ex2In diplomatic situation there was only a single solution with n = 1 to the 3 equations of the premises.  (1)nb = nbs(2)d+/s = 1(3)dn = 0.  There are 6 triples that satisfy these equations when n = 0, so perhaps this is why the diplomat thought he could get by with the claim that the other side does not want to negotiate.For n = 0, equations (1) and (3) reduce to 0 = 0, so only equation 2 place restrictions on possible value of d and s.Find the 3 root pairs (d, s) for this equation.Since with each of these b can be either 0 or 1 this gives 6 triples that satisfy these 3 equations. 

Ex3Show that the roots found in Ex2 are exactly the same as those which satisfy the inequality versions of the premises when n = 0.  

(1) nbs(2) sd(3) d/n 

Ex4Suppose that in the Secret Agent puzzle the agents made the same statements as before, and that Seeall expects enemy agents may either lie or tell the truth in order to confuse him.Suppose Seeall also knows that he has at least 2 loyal agents and knows that either v or w is an enemy agent.  

Ex5In the harder version of the Yack’s prisoner puzzle, The inspector knows that either all the Yacks lied or at exactly 2 of them are clean shaven.In the first case all of them are clean shaven.In the second case there are 10 alternatives.Formulate this as an equation with 11 terms.Show how with t = 0 this reduces (6).  Then show how to use mn = 0 and a = 1 to obtain m = 0.  

(6)/a/m/n/h+/amnh+a/mnh+am/nh+amn/h = 1 

Ex6Show in detail how to obtain (16) in the Dem and Rep puzzle.Formulate (9) directly, without using (16).Show how this and (16) imply d = f = x = 1.Formulate (5) directly as the clue is stated.Show how to obtain our version of (5) from this and n = 0. 

Ex7This puzzle differs from the original Yack’s Prisoner puzzle in only two ways.Clean-shaven Yacks may either tell the truth or lie.Furthermore all Yacks agree that exactly 2 of them are clean-shaven.  

Pr1Suppose we modify the basketball team puzzle from section 1 by changing at least one plays position with same first letter of his name to at least one play position will different first letter then.Solve the new puzzle.  

Pr2Use boolean inequalities to represent information known from the hard version of the Yack Prisoners puzzle.Use three of these to derive t = 0.Explain why the other two yield no further information.  

Pr3Consider the Dem and Rep puzzle.Explain why we can represent information item 13 as (13)(c+z)(h+i+r) = 0.Near the end we know that at least 3 of C, Z, H, I, R are Dems.Write the 10 terms which would be involved in representing this as a boolean equation.Using this with (13) show that 9 of these terms are 0.Use this to show hir = 1, and thus h = i = r = 1, c = z = 0.  

Pr4Close to truth island described in section 1 are lying island and whimsical island.  Individuals from lying island always lie, while those from whimsical island mix truth and falsity at random.You meet a group of three people A, B, C.There is one from each island.You can ask any of them questions about their identities.For example you could ask A whether or not it is the case that A is whimsical and C is truthful.You may ask the same person more than one question.Give a strategy, which uses as few questions as possible, and which regardless of the answers given, allows you to identify each of A, B, C.Analyze your strategy using boolean algebra.  

ProjectDesign a fairly elaborate logic puzzle which can be analyzed using boolean algebra.Give a solution to your puzzle.  

An7The original 5 statements now yield only conditional information which can be translated as follows: 

(1) hm = 0 (2) n = nh(3) /a+/n+/t = 1 (4) t = mnt (5) /m+/n+a = 1 

By (1)(2), mn = 0.So by (4), t = 0.  

The inspector knows that either all the Yacks lied or at exactly 2 of them are clean shaven.In the first case all of them are clean shaven.This could have been used earlier; however the resulting equation would have had 11 terms.Waiting until he has t = 0 he knows, so in the other case exactly 1 of the remaining 4 is clean-shaven.This gives equation (6).  

(6)/a/m/n/h+/amnh+a/mnh+am/nh+amn/h = 1 

(7)/a/m/n/h+a/mnh = 1(6)(1) and mn = 0 

(8)m = 0 (7) 

Furthermore the other 3 are either all bearded or all clean-shaven.  

Exercises and Problems for Section 3The first 5 exercises refer to the solution of the What City Puzzle.  

Ex1Use (19)(3) to obtain p00010.Relate this to (20).

Ex2Relate derivation of (22) to (canc).

Ex3Show details for (24) and (25) .

Ex4By (6)(2), W01111+w.Show how (26) follows from this.

Ex5Show details for (29).

Ex6Show that if x and y are atom then x y iff x/y = x.

Pr1Show that for atoms x and y and z, x+y = z+y= > x = z.Consider both the case where x = y and the case where x y.Give some steps in the derivation for the What City puzzle to which this principle could have been applied.
Pr2Solve the baseball team puzzle as started below.Use boolean algebra to describe some of the reasoning.

T/T T /TT

M M/M M/M/M

 cat pit 1st 2nd 3rd sst rfd cfd lfd

 TA ] 0 ] ] ] ] ] ] ] 0 ]] 

B ] ] ] ] ] ] ] 0 ] ]]

/TC ] ] ] ] ] 0 ] ] ] ]]

 TD ] ] ] 0 ] ] ] ] ] 0 ]]

/ME ] ] ] 0 ] 0 ] ] ] 0 ] 0 ]]

/TF ] ] ] ] ] ] 0 ] ] ] 0]

/MG ] ] ] ] ] ] 0 ] 0 ] 0 ] 0]

/TH ] ] ] ] ] ] 0 ] 0 ] 0 ] 0]

/MI ] ] ] ] ] ] 0 ] 0 ] 0 ] 0]


T/T T /TT

M M/M M/M/M

 cat pit 1st 2nd 3rd sst rfd cfd lfd

 TA ] 0 ] 0 ] ] ] ] 0 ] 0 ] 0 ]] 

B ] ] ] ] ] ] ] 0 ] ]]

/TC ] 0 ] ] 0 ] ] 0 ] ] ] 0 ]]

 TD ] ] 0 ] 0 ] ] ] 0 ] ] 0 ]]

/ME ] 0 ] 0 ] 0 ] 0 ] 0 ] ] 0 ] 0 ]]

/TF ] 0 ] ] 0 ] ] ] 0 ] ] 0 ] 0]

/MG ] ] ] ] ] ] 0 ] 0 ] 0 ] 0]

/TH ] ] ] ] ] ] 0 ] 0 ] 0 ] 0]

/MI ] ] ] ] ] ] 0 ] 0 ] 0 ] 0]


 APPENDIXSOME ADDITIONAL PUZZLES
OverviewThis Appendix gives some puzzles which can be analysed using concepts from mathematical logic.Boolean concepts are appropraite for some of these puzzles, however in order to focus on the limitations of boolean concepts we have also included some puzzles for which other concepts from mathematical logic are more appropriate.Unit R1 from our logic units discusses how these other concepts apply to such puzzles.That unit also gives solutions to these puzzles.The order of these puzzles is of only minor importance, so feel free to skip around.  

Puzzle: Illegal Stock PurchaseAdams and Baker are stock consultants from Texas.Cook and Dixon are stock consultants from New York.Each consultant recently advised a client about the purchase of a different oil stock, but at least one of the consultants is guilty of the illegal use of inside information about plans for takeovers of some of these companies by a large conglomerate.There is no direct record of the recommendations made by these consultants; however an investigation using code names p, q, r, s for the companies has produced the following information.If Adams recommended r then he is guilty.If Baker recommended s then she is guilty.If Cook recommended q then she is guilty.If Dixon recommended p then he is guilty.A female recommended Adams did not recommend s.Consultants from the same state recommended p and r.
Find at least one guilty consultant.  

___Pr3_Daniel Kilraine was killed on a lonely road, two miles from Pontiac, at 3:30 A.M., March l7, l952.Nick, Roy, Slim, Mike, and the Kid were arrested a week later in Detroit and questioned.Each made 4 statements, exactly 3 of which were true.One of these men killed Kilraine.Who killed Kilraine? 

Nick:I was in Chicago when Kilraine was murdered.I never killed anyone.
 The Kid is the guilty man.Mike and I are pals.  

Roy: I did not kill Kilraine.I never owned a gun in my life.  

 The kid knows me.I was in Detroit that night.  

Slim:Roy lied when he said he never owned a gun.Nick was in Chicago at the 

 time.One of us is guilty.The murder was on St.  Patrick’s day.
Mike:I did not kill Kilraine.The Kid has never been in Pontiac.I never 

 saw Nick before.Roy was in Detroit with me on the night of March l7.  

Kid: I did not kill Kilraine. Nick lied when he said I am guilty.
 I don’t know Roy.I have never been in Pontiac.

Puzzle: Loan CompanyKelly, White, Jones, are male.Arons, Daly, Ernshaw are female.They are bookeeper, clerk, manager, owner, secretary, teller of a small loan company.Jones, Arons, Ernshaw have never been married.The manager is the owner’s grandson.The bookeeper is the secretary’s son-in-law.Arons is the teller’s sister.Kelly is the owner’s neighbor.White is 20 years old.Who is the clerk? 

Puzzle: Tea partyAbrams, Banjo, Clive, Dumont, Ekwall, Fisk had a tea party seated at a circular table.One of these women was pretentious, one realistic, one slender, one talkative, one unrealiable, one quiet.Banjo sat opposite the unreliable one.The pretentious one sat opposite Clive, who sat between the quiet one and the unreliable one.The slender one sat opposite Abrams, next to the pretentious one, to the left of the unreliable one.Fisk sat between the realistic and the slender one.Ekwall sat to the right of the woman who sat opposite the talkative one.Who was unreliable?
Puzzle: The EngineerA crew on a train has 3 members with first name Al, a brakeman, an engineer, a fireman.These men have the same last names as the 3 passengers Tom Peters, Tom Roland, Tom Smith.Tom Roland lives in Detroit.Al Smith beat the fireman in a game of chess.The brakeman lives in Hampton.Either Tom Roland or Tom Smith lives next door to the brakeman.The passenger whose last name is the same as the brakeman’s lives in Chicago.What is the last name of the engineer? 

Puzzle: Island BridgesEach of 5 islands has a connecting bridge to at least 1 of the other islands.There is no way to walk between a pair of islands without crossing at least 1 such bridge.You can walk between Alan Island and Enor Island, but there is no bridge directly connecting them.You can walk between Bell Island and Drake Island, but not between Bell Island and Alan Island.The other island is Cook Island.Name an island connected by a bridge to Cook.  

Puzzle: ShoppingAdams, Baker, Catt, Dodge, Ennis, and Fisk all went shopping one morning at the Emporium.Each woman went only to one floor and bought only one article.They bought a table, a skirt, a purse, a necktie, a hat, and a rake.All the women except Adaentered the elevator on the main floor.Two men also entered the elevator.Only Catt and another woman who bought the necktie, got off at floor 2.Skirts were sold on the third floor.The two men got off at the fourth floor.The woman who bought the rake got off at floor 5, leaving Fisk all alone to get off at floor 6.The next day Baker, who received the purse as a surprise gift from one of the women who got off at floor 2, met her husband returning the necktie which one of the other women had given him.Tables are sold on the main floor, and Ennis was the sixth person to get out of the elevator.What did Catt buy? 

Puzzle:The ParrotFive logicians live in houses, numbered 11 13 15 17 19.Each man has a different color of house, ethnic background, favorite drink, make of auto, kind of pet.The Ukranian house is red.The Korean owns a dog.Coffee is drunk in the green house.The Apache drinks milk.The ford driver owns the cat.The chevy driver’s house is yellow.The toyota driver drinks wine.The Frenchman drives a honda.House 19 is not white.House 17 is not blue.The Zambian hates tea.The Ukranian does not drink cider.The tea drinker lives next to house 17.The Zambian lives next to the blue house.The tea drinker lives next to the blue house.The green house is next to the white house.The volks driver lives next to the turtle owner.The rabbit owner lives next to the chevy driver.Who owns the parrot? 

Puzzle: The Poker GameBrown, Perkins, Turner, Jones, Adams are in a poker game.Their cigarette brands are Luckies, Camels, Kools, Old Golds, Ralieghs.At the beginning of the game, the number of cigarettes possessed by each of the players was 20, 15, 8, 6, 3, but not necessarily in that order.During the game, at a certain time when no one was smoking, the following conditions obtained.Perkins asked for three cards.  Adams had smoked half of his original supply, or one less than Turner smoked.The Raliegh man originally had as many more, plus half as many more, plus 5/2 more cigarettes than he now has.The man who was drawing to an inside straight could taste only the menthol in his fifth cigarette, the last one he smoked.The man who smokes Luckies had smoked at least two more than anyone else, including Perkins.Brown drew as many aces as he originally had cigarettes.No one had smoked all his cigarettes.The Camel man asks Jones to pass Browns matches.How many cigarettes did each man have to begin with, and of what brand? 

Puzzle: Death in the DecanterBeer, Brandy, Chianti, Cider, Port, Sherry, and Whisky were all members of the ‘I’ll Drink to that Club’ in a particular city.Each month the club members participated in a tasting festivity.The beverages enjoyed were the same as the last names of the gentlemen.By club rules, each member could sample exactly 3 drinks and no member could sample drinks that began with the initial of his last name.At the end of their last meeting it was discovered that 3 of the 7 gentlemen were dead, all victims of the same poison.Upon investigation the following clues were discovered:The victims among them sampled all 7 drinks.The brandy drinker, a married man, refused sherry.His name drink was tasted only by Brandy.Whisky did not drink port.Port, Sherry, Whisky were the only members never to marry.Drinkers of port out numbered whisky drinkers by one.The namesake of the only drink sampled by all 3 bachelors drank chianti.Chianti was the only other to try the drink all the bachelors sampled.The killer didn’t drink the name drink of any of his victims.The drinking rules were followed and the killer did not commit suicide.What was the poison, who were the victims, who was the killer? 

Puzzle: Outer SuburbiaIn the province of Outer Suburbia, five congenial families the Ellisons, the Bakers, the Connors, the Davidsons, the Ellenders have a party.The wives are Francine, Gloria, Helen, Isabel and Judith.Their husbands are Kenneth, Leon, Michael, Norman and Oscar.Each of the adults is presently married for the second time; and what’s more, each has been divorced from a member of the group.Each marriage produced one child, and each of the ten adults is the parent of one boy and one girl.The children whose parents are divorced live with their mothers.The party is attended by all ten children Peter, Quentin, Ruthie, Sandra, Ted, Ursula, Vincent, Wilma, Xavier and Yetta.  Each couple arrived separately accompanied by their child and the wife’s child by her previous marriage.Helen and Xavier were among the occupants of the first car.Ursula and Vincent arrived in the second car.Leon and Sandra were among those in the third car.Mrs.  Allison and Ted were in the fourth car.The party was held in the house where Norman and Wilma reside.  In the ladies’ table tennis competition, the doubles match was won by Michael’s wife and Xavier’s mother, who defeated the team of Mrs.  Connors and Judith.Two members of the winning team then opposed each other in a singles match in which Yetta’s mother defeated Francine.The members of the losing doubles team also played singles against each other, and Kenneth’s wife defeated Sandra’s mother.The winners of the singles matches then opposed each other for the championship.After some brilliant volleying, the former Mrs.Baker finally edged out Gloria.  Later there was some really great singing by a quartet consisting of Mr Davidson, Gloria’s husband, Peter’s father and Gloria’s former husband.After their second number, Mr.  Davidson and one other member of the group decided to take a break, so the remaining two members did a couple of selections with their daughters.Everyone agreed that Ursula, Michael, Ruthie, and Mr.  Ellender were pretty good.Then the two members of the original quartet who had taken a breather returned to the spotlight and did a number with their sons.When they finished, a round of applause went to Kenneth, Quentin, Vincent and Helen’s husband.Finally, the four youngsters who had sung with their dads did some rock’n’roll improvisations, and the biggest hand of the day went to Quentin, Michael’s daughter, Kenneth’s son and Ruthie.The only ones who didn’t enjoy the day to the fullest were the Bakers.Mr Baker had such an acute case of laryngitis that he had to borrow a pen from his son Xavier in order to communicate by written note.Mrs.  Baker had sprained her ankle the day before, and even while leaning heavily on her son Quentin’s arm, she was clearly in agony.  Determine the full names of the five husbands, who’s presently married to whom, whom they had previously been married to, which child is the product of each marriage.  

