TMA

1. Translate the following english arguments into prepositional calculus (PC) and decide, in PC, for each argument whether it is valid argument or not:

Argument (i) Given the statement

a. if predestination is true, the God causes us to sin

b. If God causes us to sin and yet damns sinness to eternal punishment, the God is not good.

Argument (ii) Given the statement

a. If determinism is true then we have no free will.

b. If heisenberg's interpretation of quantum physics is correct, then there are events not causally necessitated by prior events.

c. If there are events not casually necessitated by prior events, then we have free will.

Therefore, we conclude: If Heisenberg interpretation of physics is correct, then we have free will.

Ans:

Solution (i):

Let 
D (x)  denote “Predestination is True”

G (x)
denote “God is good”

S (x)
denote “God causes us to sin”

P (x)
denote “Goddamns sin ness to eternal punishment”

The statements (a), (b), (c) above can be written as


Conclusion
The statement (c) is thus proved from the premises (a) and (b)
Argument (ii) given the statement 

(a) If determinism is true then we have no free will.

(b) If Heisenberg’s interpretation of quantum physics is correct, then there are events not casually necessitated by prior events.

(c) If there are events not causally necessitated by prior events, then we have free will.

Therefore, we conclude

(d)  If Heisenberg interpretation of physics is correct, then we have free will.

Solution(ii):

Let 
D (x) denote “Determinism is True”.

W (x) denote “He has free will”.

T (x) denote “Heisenberg’s interpretation of quantum physics is True”.

E (x) denote “Events not casually necessitated by prior events”.

The statements (a), (b), (c) and (d) mentioned above can be written as: 

Premises:
Thus the conclusion (d) is proved from the premises (b) and (c)

2(a). Find a minimum spanning tree for the connected weighted graph using I) Kruskal's Method and ii) Prim's Method.


i) Kruskal's Method

Step 1: Choose e, an edge of G, such that weight of e1 w(e1) is as small as possible and e1 is not a loop.

Step 2: If edge e1, e2………..eI has been choosen thenchoose an edge ei+1, not already choosen, such that

i. the induced sub graph G{(e1, e2, …….., ei+1)} is acyclic and 

ii. w(ei+1) is as small as possible.

Step 3: If G has n vartices, stop after n-1 edge have been choosen, otherwise repeat step 2.

Now,

According to step 1, we choose e=af, as it has the minimum weight.








According to step2, we choose e=ab, it has he next minimum weight,









Next, we choose e=bc, it has he next minimum weight,








Next, we choose e=ae, it has he next minimum weight,









Next, we choose e=ed, it has he next minimum weight,








Now according to the step 3, G has 6 vertices, and we have choose 5 edges. So we have to Stop.

The Final minumum spanning tree is,







ii) Prim's Method

Step 1: Choose any vector V1 of G.

Step 2: Choose any edge e1 = V1V2 of G, such that V2 ( V1 and e1 has smallest weight among their weight of G incident with VI
Step 3: If edges e1, e2, ……. eI, have been chosen involving end points v1​, v2, ……… vi+1. Choose and edge ei+1 = vjvk with vj ( { vI, …….. vi+1 } and vk ( { v1, …. vi+1} such that ei+1 has smallest weight among the edges of G with precisely one end in {v1, ….. vi+1}
Step 4: Stop after n-1 edge have been choose, otherwise repeat step 2.

Now,

According to step 1, we choose e=cd, as it has the minimum weight.









According to step2 and step3, we choose e=cb, it has he next minimum weight,









According to step2 and step3, we choose e=ba, it has he next minimum weight,









According to step2 and step3, we choose e=af, it has he next minimum weight,









According to step2 and step3, we choose e=ae, it has he next minimum weight,








Now according to the step 4, G has 6 vertices, and we have choose 5 edges. So we have to Stop.

The Final minumum spanning tree is,


2(b). Apply Dijkstra's algorithm to find shortest path from the vertex s to vertex t.








Ans: 

Setp 1: Set ((S) = 0, and for all vertices v ( s, ((v) = (. 


Set T = V,


Where 
T = set of "uncoloured" vertices.



V= vertex set of G.

Setp 2: Let u be a vertex in T for which ((u) is minimum.

Step 3: if u = t, stop.

Step 4: For every edge e=uv, incident with u, if v ( T. i.e. v is from uncoloured set of vertices, change (((v) to min ((v), ((u) + ((e)).

Step 5: change T to T - {u} (Colour u) and go to step 2 to find an "uncoloured" vertex with minimum label.

Initial matrix on weight is,

	
	a
	b
	c
	d
	s
	t

	a
	0
	7
	(
	10
	8
	(

	b
	7
	0
	9
	4
	(
	6

	c
	(
	9
	0
	6
	9
	(

	d
	10
	4
	6
	0
	(
	9

	s
	8
	(
	9
	(
	0
	(

	t
	(
	6
	(
	9
	
	0


Apply Dijkastra’s algorithm to the graph given below, the shortest path from a to f.

The initial labelling is given by.

	Vertex V
	S
	A
	B
	C
	D
	T

	((v)
	0
	(
	(
	(
	(
	(

	T
	{s
	A
	B
	C
	D
	T}


Iteration 1: u = a has ((u)=0 (minimum). There are two edge in with S i.e. Sa and Sb. Both a and b are in T(uncolored) 

((a) = ( > 8=0+8 = ((s) + ((sa)

((a) becomes 8

Similarly ((c) becomes 9

Now T becomes T – {s} we color s thus

	Vertex V
	S
	A
	B
	C
	D
	T

	((v)
	0
	8
	(
	9
	(
	(

	T
	{
	A
	B
	C
	D
	T}


Iteration 2: u = a has ((u) a minimum and u(t.

There are two edges(a,v) incident on a where v(T i.e ab and ad 

Since ((b) = ( >15=8+7=((a)+ ((a,b)

((d) = ( >18 =8 +10=((a)+ ((a,d)

((b) becomes 15 and ((d) becomes 18

T becomes T- {a} we colour a

	Vertex V
	S
	A
	B
	C
	D
	T

	((v)
	0
	8
	15
	9
	8
	(

	T
	{
	
	B
	C
	D
	T}


Iteration 3: u = c has ((u) a minimum and u(t.

There are two edges(c,v) incident on c where v(T i.e cb and cd 

Since ((b) = 15 < 18 = 9 + 9 = ((c)+ ((c,b)

((d) = 18 > 15 = 9 + 6 = ((c)+ ((c,d)

((b) remains as  15 and ((d) becomes 15

T becomes T- {c} we colour c

	Vertex V
	S
	A
	B
	C
	D
	T

	((v)
	0
	8
	15
	9
	15
	(

	T
	{
	
	B
	
	D
	T}


Iteration 4: u = b has ((u) a minimum and u(t.

There are two edges(b,v) incident on b where v(T i.e bd and bt 

Since ((d) = 15 < 19 = 15 + 4 = ((b)+ ((b,d)

((t) = ( > 21 = 15 + 6 = ((b)+ ((b,t)

((d) remains as  15 and ((t) becomes 21

T becomes T- {b} we colour b

	Vertex V
	S
	A
	B
	C
	D
	T

	((v)
	0
	8
	15
	9
	15
	21

	T
	{
	
	
	
	D
	T}


Iteration 5 : u = d has ((u) a minimum and u(t.

There are two edges(d, v) incident on d where v(T i.e db and dt 

Since ((b) = 15 < 19 = 15 + 4 = ((d)+ ((d,b)

((t) = 21 > 24 = 15 + 9 = ((d)+ ((d,t)

((b) remains as  15 and ((t) remains as 21

T becomes T- {d} we colour d

	Vertex V
	S
	A
	B
	C
	D
	T

	((v)
	0
	8
	15
	9
	15
	21

	T
	{
	
	
	
	
	T}


U = t, the only choice, hence we stop.

Thus the length of paths from s to a, b, c, d and t are 8, 15, 9, 15 and 21 repectively.

1. s - a is 8

2. s - c is 9

3. s - a - b is 15

4. s - c - d is 15

5. s - a - b - t is 21

Hence the Shortest path is ( s a b t ) is 21 from vertex s to vertex t.

3 (a). The logical binary operations NAND denoted by ( and NOR denoted by ( are defined as follows:

(P ( () ( ( (P ^ ()

(P ( () ( ( (P v () 

where (, ^ and v respectively denote the logical operations of negation, conjuction and disjunction. Express:

i. (P ( () and (P ( () vR in terms of only (.

ii. ( (P ( () in terms of only (.

Ans:

Before we prove (I) and (ii) , we prove the following

P ( P ( ( ( P ( P ( ( ( P ( ( P ( ( P 

( P ( ( ( ( ( P ( ( ( ( ( ( P ( ( ( ( ( ( ( ( P ( ( ( (  P ( ( 

( P ( P ( ( ( ( ( ( ( ( ( P ( ( ( ( ( ( (  P ( ( ( ( (  P ( (
P ( P ( ( ( P ( P ( ( ( P ( ( P ( ( P 

( P ( ( ( ( ( P ( ( ( ( ( ( P ( ( ( ( ( ( ( ( P ( ( ( (  P ( ( 

( P ( P ( ( ( ( ( ( ( ( ( P ( ( ( ( ( ( (  P (( ( ( (  P ( (
Applying the above (i)

( P ( ( (
· ( ( P ( ( (
· ( P ( ( (
· ( [ ( ( ( P ( ( ( ( ]

· ( ( (  P ( ( ( (
· ( [( P ( P ( ( ( ( ( ( ( ]

· ( P ( P ( ( ( ( ( ( ( (  ( P ( P ( ( ( ( ( ( (  

( P ( ( (  ( R

(  (  ( ( ( P ( ( ( ( ( R ( 

· ( ( P ( ( ( ( ( R

(   ( P ( ( ( ( ( ( R

·  ( ( ( ( P ( ( ( ( ( ( R

·  ( ( P  (  ( ( (  ( ( R

· ( ( P  (  ( ( ( ( ( (  ( ( R ( R (
· ( ( P  (  ( ( ( ( ( ( P  (  ( ( ( ( ( (  ( ( R ( R (
(ii) ( ( P ( ( (
· ( (  P ( ( ( ( (  P ( ( ( ( 

· (  [ ( { ( (  P ( ( ( ( (  P ( ( ( ( } ]

· (  [ ( (  P ( ( ( ( (  P ( ( ( (  ]

· (  [ { ( (  P ( (  P ( ( ( ( ( ( (} ( { ( P ( P ( ( ( (  ( ( (  ( ( } ]

· (  [ { (  P ( P ( ( (  P ( P ( } ( ( ( ( ( (} ( { ( P ( P ( ( ( ( (  ( ( ( (  ( ( (  ( ( ( }]

· [ { (  P ( P ( ( (  P ( P ( } ( ( ( ( ( (} ( { ( P ( P ( ( ( ( (  ( ( ( (  ( ( (  ( ( ( } ] ( [ { (  P ( P ( ( (  P ( P ( } ( ( ( ( ( (} ( { ( P ( P ( ( ( ( (  ( ( ( (  ( ( (  ( ( ( } ]

3(b). Obtain Pricipal Disjunctive Normal and Principal Conjunctive Normal Form for the formula.

( (P v ()  ( (R ^ S) 

Where P, (, R and S logical (Boolean) Variables.

Ans:

Prinicipal  Disjunction normal Form

( ( P ( ( ( ( ( R ( S (
· [ ( ( P ( ( ( ( ( R ( S ( ]  ( [( ( ( P ( ( ( ( ( ( R ( S ( ]

· [ ( ( P ( ( ( ( ( R ( S ( ]  ( [ (P ( ( ( ( (  ( ( R ( ( S ( ]

· [ ( ( P ( R ( S ( ( ( R ( S ( ( ( ]  ( [ (P ( ( ( ( ( R ( (  ( P ( ( ( ( (  S ( ]

· [ ( ( P ( R ( S ( ( (( ( ( ( ( ] (  [ ( R ( S ( ( ( ( (P ( ( P ( ]  ( [ ( P ( ( ( ( ( R ( (  (S ( ( S ( ]  ( [ ( P ( ( ( ( (  S ( ( (R ( ( R (]

· [ ( ( P ( R ( S  ( ( ( ( ( ( P ( R ( S  ( ( ( ( ] (  [ ( R ( S ( ( ( ( P ( ( ( R ( S ( ( (  P (  ]  ( [ ( P ( ( ( ( ( R ( ( S ( (  ( P ( ( ( ( ( R (  S (]  ( [ ( P ( ( ( ( (  S ( ( R ( ( [ ( P ( ( ( ( (  S ( ( R (]

Principal Conjunction Normal Form

( ( P ( ( ( ( ( R ( S (
· [ ( ( P ( ( ( ( ( R ( S ( ] ( [ ( R ( S ( ( ( ( P ( ( ( ]

· [( ( ( P ( ( ( ( ( R ( S ( ] ( [( ( R ( S ( ( ( ( P ( ( ( ]

· [ (  P ( ( ( ( ( ( R ( S ( ] ( [ ( ( R ( ( S ( ( ( ( P ( ( ( ]

· (  P ( R ( ( ( P ( S ( ( ( ( ( ( R ( ( ( ( ( ( S (  (   ( (R ( (S ( ( P ( ( ( --- (1)

(P ( R ( ( (  P ( R ( ( (  ( ( ( ( (  ( (  P ( R (  ( ( ( (  P ( R (  ( (  (
· [ (  P ( R (  ( ( (S ( ( S ( ] ( [ (  P ( R (  ( ( ( (S ( ( S ( ]

· [( P ( R (  ( ( S ( ( ( P ( R (  ( ( ( S ( ] ( [( P ( R ( ( ( ( S ( ( ( P ( R ( ( ( ( ( S (]

Similarly

( P ( R ( ( [( P ( R (  ( ( S ( ( ( P ( R (  ( ( ( S ( ] ( [( P ( R ( ( (  (  S ( ( (P ( R (  ( (  ( ( S (]

(( ( ( R) (  [( ( ( ( R (  P ( S ( ( ( ( ( ( R ( P ( ( S ( ] ( [(( ( ( R (  ( P ( S ( ( (( ( ( R ( ( P ( ( S(]

(( ( ( S) (  [(( ( ( S (  P ( R ( ( ( ( ( ( S( P ( ( R ( ] ( [(( ( ( S ( ( P (  R ( ( (( ( ( S ( ( P ( ( R(]

From equation (1) applying commutative law and eliminating duplicate terms

( ( P ( ( ( ( ( R ( S ( 

(  ( P ( R (  ( ( S ( ( ( P ( R (  ( ( ( S ( ( ( P ( R ( ( (  (  S ( ( ( P ( R ( ( ( ( ( S( ( ( ( ( ( R ( P ( ( S (  ( ( ( ( ( R (  ( P (  S ( ( ( ( ( ( R (  ( P (  ( S ( ( ( (P ( (R ( (( ( S ( ( ( P ( (R ( (( ( ( S ( ( ( (P ( (R ( ( (  ( ( S( 
3 (c). Determine the validity of the conclusion S ( P from the following three premises:

( P v (,  ( (( ^ P v ( R) and ( (R ^ ( S) ^ (R v ( S)

Ans:

There are number of methods to determine the validity of conclusion from the given premises. We make certain assumptions and then check whether they are valid.

1) Normally the premises are true

2) We will have to determine whether the conclusions are valid.

Implication (conditional)
When S ( P and when this statement should truth value it must satisfy either of the following conditions

1) If P is false  S must be false or

2) If P is true S may be false or true

3) If S is true P must be true

Equivalence ( Bi-conditional)

When R is equivalent to S i.e. R ( S and when this statement should truth-value it must satisfy either of the following conditions

1. when R is true S must have the same truth  value 

2. when R is false S must have the same truth value i.e. False.

Let us take the third premise

( ( R ( ( S ( ( ( R ( ( S (
· ( ( R ( S ( ( ( R ( ( S (
· (R ( S) ( ( S ( R )

· ( R ( S )

P can take two truth-values True of False

IF the conclusion (S ( P) is assumed to be true 

1. if P is true- Then S may be true or false   since ( P ( ( is true ( P is false and ( must be true, since ( ( P is true then both the values must be true.
 

Taking the precedence from left to right the premises ( ( ( ( P ( ( R ( cannot ( ( ( True ( ( R ( ( ( ( True ( ( False. But the premise cannot be false and hence our assumption is not valid.

2. if p is false 

As S ( P is assumed to be true S is false.

And if S ( R , then R is false

From the premise ( ( ( ( P ( ( R (,  ( R is true 

Hence the premise ( ( ( ( P ( ( R ( ( ( ( ( ( P ( True  ( ( ( (True) ( False

But the premise cannot be false.

Hence the assumption that the conclusion S ( P is invalid. 

4. Write down the adjacency and inidence matrices for the following graphs using the same ordering for both matrices:









Adjacency Matrix

	
	v1
	v2
	v3
	v4

	v1
	0
	2
	1
	1

	v2
	2
	0
	1
	0

	v3
	1
	1
	0
	1

	v4
	1
	0
	1
	0


Incidency Matrix

	
	e1
	e2
	e3
	e4
	e5
	e6

	v1
	1
	1
	0
	1
	0
	1

	v2
	1
	1
	1
	0
	0
	0

	v3
	0
	0
	1
	1
	1
	0

	v4
	0
	0
	0
	0
	1
	1


5. Examine each of the following lattices for distributiivity and modularity of lattice.


i.     


ii. 

Ans:

The following theorems, definitions, propositions are useful to determine whether any lattice is distributive or modular.

Theorem: In any lattice (L,(,() the following statements are equivalent:

(i) a ( ( b ( c) = (a ( b) ( (a ( c)

(ii) a ( ( b ( c) = (a ( b) ( (a ( c)

Definition: A lattice is said to be distributive if the equivalence conditions of above theorem hold:

Theorem: A lattice (L,(,() is distributive if and only if it does not contain five element pentagonal or the diamond lattice as one of its sub lattices (or an isomorphic copy thereof) 

Definition: A lattice (L, (, () is said to be modular if 

A ( (b ( c ) = (a  ( b) ( c whenever a ( c

Preposition: Every distribution lattice is modular

Interpretation:

1. There are modular lattices which are not distributive

2. If a lattice is not modular it is not distributive

3. It is suffice that the above distributive expressions are not equal for a particular combination although for other combinations the expressions may have the same value.

(i)  To check whether Lattice L1 is Distributive 

a2 ( (a1 ( a3) = a2 ( 1 = a2
While (a2 ( a1) ( (a2 ( a3) = a1 ( 0 = a1
a1 ( a2 Therefore the two expressions are not equal and hence Lattice L1 is not Distributive. It suffices to show the expression a2 ( (a1 ( a3), (a2 ( a1) ( (a2 ( a3) are not equal for particular combination in particular order.

To check whether Lattice L1 is Modular

We take a=a1, b=a3, c=a2 then a<c, but a ( (b ( c) = a1 (a3 ( a2) = a1 ( 0 = a1
Whereas (a ( b) ( c = (a1 ( a3) ( a2 = 1 ( a2 = a2 and these are not equal.

Lattice L1 is not modular.

Lattice L1 is not distributive and is not modular.

(ii)  To check whether Lattice L2 is Distributive 

a4 ( (a2 ( a1) = a4 ( 1 = a4 

While (a4 ( a2) ( (a4 ( a1) = 0 ( 0 = 0

The two expressions are not equal and hence lattice is not distributive. Validation for one combination is sufficient.

To check whether Lattice L2 is Modular 

Taking a = a4 and c=1, 

a ( (b ( c) = a4 ( (b( 1) = a4 ( b

While (a ( b) ( c = (a4 ( b) ( 1 = a4 ( b

Similarly for a=0 and c=a4
a ( (b ( c) = 0 ( (b ( a4) = b ( a4
While a ( (b ( c) = (0 ( b) ( a4) = b ( a4.

So Modularity holds good for all values.

Lattice L2 is not Distributive but it is Modular.

PROJECT

1. Enumerate various steps which can be useful in translating statements arguments in English to corresponding statements or arguments in a formal language like Preposition calculus (PC) or First Order Predicate calculus (FOPC).  Further translate the following arguments in English to corresponding arguments in a formal Language (only PC/FOPC) and check in PC/FOPC the validity of the arguments:

a. If the parliament refuses to enact new laws, then strike will not be over unless it lasts more than one year and president of the firm resigns. Conclusion: If either the parliament enacts new laws, then the strike is not over than the strike lasts more than one year.

b. No second-hand car dealer, buys a second-hand cars for their families are absolutely dishonest. Then we conclude that some absolutely dishonest people are not second-hand car dealers.

2. A. Prove that in a complemented and distributive lattice [L, , ], the complement a of an element a of L is unique.

B. If we define a tree as a finite, undirected graph with no cycles, then prove that a graph with n vertices is a tree if and only it is connected and has exactly (n-1) edges.
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