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Q. Questions M | CO| BL
No.
1. 10| 2 | 3

Find the code words generated by the parity check matrix H =
111100

1 01010 |,whentheencoding function is e : B> — BS. Also

011001
find how many errors e will detect? and how many errors it will correct?

A database assigns unique record IDs numbered from 1 to 5000. For system
optimization, IDs that are divisible by 3, 5, or 7 are reserved for internal
indexing and cannot be given to user records. How many valid record IDs
can be assigned to users for internal indexing?
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Questions

Cco

BL

1.

(ii).
(iii).

(iv).

v).

How many different 3 —digit numbers can be formed using the digits 1, 2,
3, 4, 5 without repetition?

In how many ways can the letters of the word MATH be arranged?

From 7 men, a committee of 3 is to be formed. In how many ways can
this be done?

How many different 4 — letter words can be formed using the letters of
the word BOOK?

In how many ways can 5 different books be arranged on a shelf?

10

A city decides to plant trees along a highway. In the first year, 50 trees are
planted. In the second year, 120 trees are planted. From the third year onwards,
the number of trees planted in a year is equal to the sum of trees planted in the
previous year and twice the number of trees planted two years earlier.

1.
2.

Formulate a recurrence relation for the number of trees planted in year n.

Find the number of trees planted in the n'* year.

. Compute the total number of trees planted by the end of the 4th year.

10

(D).

(2).

Let X, — {SO, Sy, Sy, - ,57} where S, = {a,bc de f}, S =
{a7 b7 C? d7 e}’ 52 = {a/7 b7 C7 67 f}’ SB = {a7 b? C7 e}’ 54 = {a7 b7 C}’ S'5 = {a7 b}’
S¢ = {a,c} and S; = {a}.

(1). Verify whether (X, C) is a partially ordered set or not.
(17). If so, draw a Hasse diagram for the same.
Consider the set X, = {2,3,6,12,24,36} and let for a,b € X5, “a <b” be
the relation “a divides b”
(1. Verify whether X, is a Poset or not.
(i). Draw the Hasse diagram of (X5, <).
(iii). Check (X, <) is lattice or not.

10
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Q. Questions M | CO| BL
No.
1. 10| 2 | 3

Find the code words generated by the parity check matrix H =
111100

1 01010 |, when the encoding function is e : B> — BS.

011001

Also find how many errors e will detect? and how many errors it will
correct?

Solution:
5. Minimum distance d,;,

Compute Hamming weights of nonzero codewords (count of 1s):
= (DO01111:weight4
* 010101: weight 3
* 011010: weight 3
= 100110: weight 3
= 101001: weight 3
* 110011: weight 4
= 111100: weight 4

Smallest nonzero weight is 3. Hence the minimum distance dp;, — 3.

The code words are:

#(000) = 000000, ¢(001) = 001011, e(010)
e(011) = 011110, (101) = 101101, &(110)

010101, ¢{100)
110011, (1]

100110;
L1100,

® Theorem: Suppose that e is an (m, n) encoding function
and d is a maximum likelihood decoding function associ-
ated with e. Then (e, d) can correct k or fewer errors if and
only if the minimum distance is at least 2k + 1.

Correct: 2k + 1 = 3 which implies £ = 1. e will correct 1 or fewer
error.
]

Theorsm2 - An (m, n) encoding function e: B™ — B" can detect k or fewer errors if and
if its minimum distance is at least & + 1.

Detect: k£ + 1 = 3 which implies k& = 2. ¢ will detect 2 or fewer errors.
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Q. Questions M | CO| BL
No.
2. 10 3 | 2

A database assigns unique record IDs numbered from 1 to 5000. For system
optimization, IDs that are divisible by 3, 5, or 7 are reserved for internal

indexing and cannot be given to user records. How many valid record IDs
can be assigned to users for internal indexing?

Solution:
Solution

We nse the Inclusion—Exclusion Principle.
N o= a000
Step 1: Count multiples individually
[3[:H'J = 1666, [E‘T]I]J = 1{WN], [S[EH'J = T14
- el a
Step 2: Subtract multiples of pairs (LOCM)
SO0 50000 S000
= 333 = Z3RB, = 142
[JEJ 333, [21J 3 [.‘i:‘-J 14
Step 3: Add back multiples of triple (LOCNI)
SO0 -
= 47
l 105 J

Step 4: Apply Inclusion=Exclusion

#F#(divisible by 3 or 5 or 7) = (1666 4 1000 4 T14) = (333 4 238 4 142) 4 47

= 3380 — TI3 + 47 = 2714

Step 5: Subtract from total IDs

#FH(valid recond ]l:l:-..} = SN} = 2714 = 228G
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Q. Questions M | CO| BL
No.
3. 10 3 | 1

(i). How many different 3 —digit numbers can be formed using the digits 1, 2,

3, 4, 5 without repetition?

(ii). In how many ways can the letters of the word MATH be arranged?

(iii). From 7 men, a committee of 3 is to be formed. In how many ways can

this be done?

(iv). How many different 4 — letter words can be formed using the letters of

the word BOOK?

(v). In how many ways can 5 different books be arranged on a shelf?
Solution:

(i) How many different 3-digit numbers can be formed using the digits 1, 2, 3, 4, 5 without
repetition?

Solution: First digit = 5 choices, second = 4, third = 3.

Total =5 x4 x 3= 60.

(ii) In how many ways can the letters of the word MATH be arranged?
Solution: All 4 letters are distinct. Total = 4! = 24.

(iii) From 7 men, a committee of 3 is to be formed. In how many ways?
Solution: Choosing without order — C(7,3) = 35.

(iv) How many different 4-letter words can be formed using the letters of the word BOOK?
Solution: Total permutations = 4!/2! = 12 (since two O's are identical).

(v) In how many ways can 5 different books be arranged on a sheif?
Solution: Total = 5!'=120.
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A city decides to plant trees along a highway. In the first year, 50 trees are
planted. In the second year, 120 trees are planted. From the third year onwards,
the number of trees planted in a year is equal to the sum of trees planted in the
previous year and twice the number of trees planted two years earlier.

1. Formulate a recurrence relation for the number of trees planted in year n.

2. Find the number of trees planted in the n'" year.

3. Compute the total number of trees planted by the end of the 4th year.

Solution:

Solution:
Let a, denote the namber of trees planted in the n-th vear. Then the

recurrence relation is
iy = 1 + 2,2, n =3

with initial conditions
a; = 50, iy = 120,

Step 1: Solve the recurrence relation.
The characteristic equation is

P —r —2=0.

Factorizing
[:r — 2)[:r -+ |) 4] = ¥ 2 —1.

Hence the general solution is
23

el - 27 + F-(—1)" 1

Step 2: Use initial conditions.

For n = 1:
3 = Ll

ay = - 29 4 f-{—]}”:n—,

For n = 2:
s = -2V + 3. (=1 =200 — 3 120.

Step 3: Solve for o and 5.
From o + 3 530, we have /7 50 — .

Substitute into 200 — & = 120:

20 — (50 — o) = 120 = Jer — 50 = 120.

So,

3 =170 = a=18, g=50-— 10— 3¢
Step 4: Final formula.
Thus,
170 20
_ Cgr—1 _ i1yl
iy 3 3 " ( }
Step 5: Compute specific values.
For n = 3:
T . . a T 2 5 2(
s lr{J_zz_E_r.._lj_ LJ}_4_£ 1 680 20 290
3 3 3 3 3 3
For n 4
170 - 20 L 170 20 13G0 20)
_ 2R T 1P = — .’ — . [—1) = — = 460.
“ 3 3 3 g (U 3 '3 '

Step 6: Total number of trees in 4 yvears.

iy + o 4+ g + ag = 50+ 120 + 220 4+ 460 = 850.

Final Answer:

g = 220, g = 460, Total after 4 vears = 850,

an

Q. Questions M | CO| BL
No.
4. 10| 3 | 3
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Q. Questions M | CO| BL
No.
5. 10| 4 | 3

(1. Let X, — {50,51752,---,57} where S, = {a,bc.de f}, Si =

{CL, ba ¢, d7 6}) 52 = {CL, ba Ge, f}: SB = {CL, b7 C, 6}) 84 = {(l, b7 C}, S5 = {CL, b}’
Se¢ = {a,c} and S7; = {a}.

(1). Verify whether (X, C) is a partially ordered set or not.
(7). If so, draw a Hasse diagram for the same.
(2). Consider the set X, = {2,3,6,12,24,36} and let for a,b € X5, “a < b” be

the relation “a divides b ”
(1. Verify whether X, is a Poset or not.

(ii). Draw the Hasse diagram of (X5, <).

(iii). Check (X5, <) is lattice or not.

Solution:
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