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Discrete Mathematical Structures
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Note: 1. Answer any FIVE full questions, choosing ONE full question fram each module.

2. M : Marks , L: Bloom’s level , C: C'ourse outcomes.

Max Maiks: 100

l of3 i -

T Mod_ule 1 - M| LT ¢c]
Q.1 | a. ! Define Tautology, show that [(p\/q_) ~lp—1)A(q - ;)}]*9 Fo 6 | L1 {CO1
b. | Prove the following using the laws'of logic : : 7 | L2 | CO1
- [{(pvgAar} ——9—1q].<:>~1[~.{(pvq)/\x]v —q} <> qAT.
c. | Give i) adirect procf ii) an Indirect proof for th‘e"fobllowing statement “If | 7 | 1.2 | CO1
n is an odd integer thenn + 9 is an even integer”.
: : OR
Q.2 | a. | Define 1) an open statement  ii) quannﬁers 6 | L2 | CO1
b. | Test thc vahdnty of the following atgumems 7 | L2 | CO1
DR D) ;
pPAg ol P {
P22 : Pr~q |
! ok Bl
BEE
c. | For the following statements the universe compnses all nonZ- zero mtegcrs 7 | L1}CO1
Determine the truth value of each statcmcnt
) 3x, 3y [xy=1j i) 3x, Vy [xy=1]
i) Vx, 3y {xy =1} lv) 3x, Jy [((2x+y= 5) n (x 3y =-8)]
v) Ax 3y [Bx-y=17) A(2x+4y 31
Module -2 — . X
Q3 |a, Deﬁne the well ordering principie By Mathemancal induction, prove that 6 | L21CO2
‘-'l +2+3+. fn———;-nmil) nez
.| Prove that F, = N "‘“2" ——2—-- .For Fo, Fy, F2, ... are the
Fibonacci numbers. '
¢. | Find the number of permutations of the letters of the word | 7 | L3 |02
MASSASAUGA’. In how many of these all four A’s are together? How
many of them begm with S°s?
- 3 B =
GRS oo - OR 2o
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Q.4 Prove that 4n < n’ -7 for all poé—ifﬁé—ategcls n26 6 | L2} CO3
e TR
Find the co-efficients of X’ y in the expansion of (2x "f_3?') ' 7113 CO3
T eI i T3 =3 and o S gy +ans foI N2 3, prove that a, < 3" for | 7 | L2 | CO3 |
all +ve integers n.
e T Module =3 . '
Qs State Pigeon hole principle. Prove that. if 30 dictionaries in a library | 6 | L2 | CO3
' contains a total of 61,327 pages then atleast one of dictionaries st have
atleast 2045 pages. '
Define power set. For any sgtsé_A,- B, C< U, prove that 7 { L2 | CO3
Ax (BUC)=(AxB)U (A XC). .
ot Fand 5 be Tunciions fom R 1o R defined by, f() = ax + b and | 7 | L3 | CO3
gx)=1-x+ X2 if(gof) x)=9 x2- 9x + 3, detetmine a & b.
s OR B
Q.6 Let f: R -— R be defined by 6 |12]CO3
3x-35,if x>0 |
fx)={" Find f' (-5, 5) and f'(- 6, 5).
L ’ ( )é {;—-BX,ifoO £(5.3) (2) *

J

\ b. | Let N be the set of Natural numb'éré-. Let a relation R be defined by 7 | L2 f CO3
R={(ab)/aecN,beN, a- bis divisible by 5}. Prove that R is an
equivalence relation. < - :
c. |ForA={a,b,c,d, ,c}; the Hasse diagram for the poset(A, R) is as shown | 7 | L3 | CO3
below : i &
i) Determiné the relation matrix for R
i) Construct theé diagraph for R
P S 7 T — i
Q.7 | a. | Determine tt'lg!pumber of imeééfgmen 1 and 250 that are divisible by 3 | 6 | L3 |
and not divisible by 5 and 7 : '
b. [S:ol_\_/el the récunengg"r-a;{i_g;n"pn':;;wf:‘—“-:,':fiﬁ, where n = 0 and Fo =0, 7 | L2 | CO4
| i _p’ V=
c. | Define Derangement,.' Fmd the mg&"&? a-é;é—ﬁggr;éht of 1,2,3,and 4. 7 | L3 | CO4
T X B sl ——
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r‘ag‘”‘r{“““hnd the Rook polvnomml al for the o chc«;s bonrd coma;ﬁ: _s'quares as shown L3 | CO4
i the Fig Q8a)
112
3 (4
beabealle e 0 F!g Q8(a) , o o 2
b. | Solve the recurrence relation a, = 5a,,; + 63,,1, n22a=1a=3 _;' L2 | CO4
. | Find the distinct numbers which are mulhples of at Jeast one of 15, 40 and L3 | CO4
35 not exceeding 1000.
L ' . __Module- 5
Q.9 |a. | Define group and subgroup with example each. L1 | COS
b. | State and prove Lagrange s theorem. L1} COs
c. | Define Klein 4 group. Venfy A={e ab, c} is a Klem 4 group. L2 | CO5
N OR '.'-,-4 ‘
Q.10 { a. | Prove that the mtexsectxon of two subgroup of a group is a subgroup of the L2} COS
group ’
b. Prove that the cube roots of unity form a group under thq‘p'i;il'tiplication. L2 | CO5
172 3 4 L3 [ COs
C. | Let G = Sy, the symmetnc group of order 4, for a 23 4 1) ﬁnd
] the subgroup H=<a>, determme the number of left cosets of HinG.
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A permutation of n1 distinet obj,ects in which none of the objects is in its natural (original) place
is called a derangement. For example. a permutation of the integers 1.2.3.4....7. in which 1
is not in the first place, 2 is not in the second place, 3 is not in the third place. and so on. and n
isnot in the nth place is a derangement.

The number of possible derangements of 7 distinct objects 1. 2.3.....nis denoted by dy. If

there is only one object, it continues to be in its original place in every arrangement: therefore
dy = 0. If there are two objects, a derangement can be done in only one way — by interchanging

their places: therefore ds = 1. For three objects 1, 2. 3, the possible derangements are 231 and
312; therefore d3 = 2.



ormula for d,,
E" The following is the formula for d;; forz > 1:

a’,,:n!{l———l——i-i——;l-l—_;_....*_

1t 21 3l
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': — AT n —_——_——— = — & —
/)(_,‘ de=8Xx -1 7 35’—'1’}

—= v-j'.._ _...j;_._l;._"..i_‘i
24,411 I > 6i—""~'f

We can check that the nine derangements of 1, 2, 3, 4 are:
2143 2341 2413
3142 3412 3421
4123 4312 4321
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F igure 7.1

For this board, r; = 4. The number of ways in which two rooks can be placed on this bz f
such that no two of them capture each other is 2; the two possible positions are (1,4) and (2}, f
Thus, r, = 2. Three rooks cannot be placed on the board such that no two pawns capturee f
other. Thus, r3 = 0. Similarly, r4 = 0.

Accordingly, the rook polynomial for the board is

HC, x) =1 +r1x+rgx2 =1 +4x + 2x°%.






SKAL = | ' y
L/{A"FLE = 3 HP“J /CD 3

Re—2
= N2 =]
Aoz
A= frgeD

° Qnz g%?ﬂ.{—(r-l) A




o eqo !

[.-e:E G\ [oe C\ non— -QMU‘—P‘(-;) y
‘o 62:\“4@Y w\-H—\ q bor\q“fé OPQTQ"BQQ d( ﬁi)
i ~Thers, ‘H'\Q. a\ o.b*&o-\c g—Pruo\—Ln'e

b?
\‘S ga.\é 4o e g <-roui) 4 —fhe ‘MTS {1
@Pe.’ra*?\on 80&15.%6.@ -—H,\.e_ _%,oﬂow\% P—TOFQJ *‘ﬂ‘

b CIO'S’Lnfé pvefe'z’fg _
> alb &% (cmo) €6

A"%O C\a'&'\\l-e. P.Q\[
2‘ \ POT Qﬂ'\a' ?Q)Q.W\Jj .C\\b CGCV

a\*{b.:""(_a Ca*b) 'i@c |

G ey e @ICES Qn.

amed b EG <uch &(_)
t. s o~ — _n&lo ¥



LAl |

Taverse ?7 g
g b=al g

- N IS C:LQ(\O{‘:QL b

y‘ECh“&ﬁhﬂ«

Q

& %Q—ﬁeﬁq»q“)
)

Aloe,bom (@ cowmtq%ve,) Gmrou]f)

A %TC’“F 5 gald —('om qbe/UQq

. a—ou =T adsition fo +he above ..
‘al_]— \;«m%y{-\‘ “H\e. «qﬁa[{am'“ﬁ‘ FYU?W{BL

R Sﬁo " sza-kg.{% ed -

< commutative pWF@’ff‘g
aFlb =b¥a , ¥ qbé@



‘\m:. ~ &1 L
@ QL\ON "H\q{- "H/\Q ?f_+ o % ?nﬁ oY% i€ 9
QWUF U“QLQY "["L\-Q OPQTOFH\DQ % qdé,“{'%faﬁ
: 80\7\\ e

Q> Q\cgmre_ P'Yo?ew{-té\"ff“

? N
: 1”‘¢f’- St z} 5 (?ﬂ‘kia@\f& ¥ Ga m‘T:QaQY

vy @I 1S Q‘OSQA L‘S\'Hf\ ty«gg‘;e,c;% ‘o QQL:LHM'\‘
QD ASSOQO\{‘NQ Prvopeyty

ME GBI e e
- elewmads Tn 'Té} ﬁnl‘k“fm';t.

(0\%)4—1 - q+(b+c) true

< Xk * e COF ORI



/y ‘\\/ \~ AN IS e ; ca AL RIS g e
: ; l‘m—":.n-\'\ S I

: ,\'T\qe_ r\uw\\o@\, OGI gud-u w
bhis iy . O\~\—o ‘__Q ——Q+q o a6l
ﬁ | T\\% Jﬂ’\ﬁ Snteqey © 1% 4he
T addshee )clca,n%lrtq

i) E:y\\ S‘E*QnQe e % f\:n\/ Q'wg e,

I 2T | en JoeToquil Hd
- at C~—°«) >0 = (a)4q

T‘\U\S :.;" e_\[e.\:é o)taw\‘ad\* fr\ X \/\gd |ES
: q-:LAJr(\-\\[Q m\fetwse ‘

L e e
A—%m“ n% teh r\o“rez\ bt L o«AAA-t—\on .33_
‘\-‘-Qae_'yg < Qewwujcq'\'\\[& IR Y
e L 1D ath =kie, N oab 61

) | 3(\-24\(42 C‘T +> i< Sl Q\Oel-‘m-ﬂ %’TG S

P Ny o



,'p/
Al Logrevget e
A f\' \‘At:f(\'\:\

e ‘(‘C’“L,\MQ - N . :
o —_— \.__ : \ j G] < o \*1""““"7‘- A"y oul P
ana W e a Sube *rouP r':J G, “[thon t?:ine

»
-

& “\\f 4 Q.T‘ _‘j} H Ll \\[ \ \:'\sf' l‘l\e_ o"(c:l o~y q 67 3
S 3D
. Pox JL e & 1= A Fintte  gvoop,
: o , . 5
N H- 1< .d'»q e, ’
rﬁ/’C/ r . —{—1\&’ A bey” Coge_.{_j, ‘g H ?r\ G‘)
i< Fnite. Lek Seq then Ha et
o3 RIn G '

b H-a,, ba,y, .. Hag be the Aictinct

)";a l'\t' C,OSdS H- ?n C:]—

H G
TheMy, bé —the '25"1%\&\: osget  Secowpost on g

e haVve.
C”l — H'G\‘ () H‘q)_O _-.UHQK
o “het- ;
= Og@ o () +0(qu>+ o) N
ot (HD\‘Q =0
ot o (wa)=DHa)= - 0
i o(&) = o(W) ’\'CO(“ﬂ"'O(H)“L ol
, = ¥k 0@“)
k= o(G)

o(H>
Tihe Chovs ot (\-ﬂ cLN\c:\e'S 0(6\>

(A l«?‘ :



AL L RV N R v

“ 1 . 1 U —

Kot q b

'\ 4 WO u

e ‘,{(0\1\\ ‘q‘\\u ‘d v 'R an ()L PJ”O,V] 'aT"WP Loyt
!‘l‘ {“Qt‘t\*\a \i]\\ \\\ Li™ ’HC.CA Qn(l dcmﬂ '8 p@l‘e
\,\Iem\l‘ (thd }V\‘ SURTAIN _ 5 081 '?/‘ Q C)
(T o 3 N ) ¢ “n’l : thg, 't \7/ .
L wte PYoduggy :
. / P t ﬁl’b’d.
oo | ) 3
(d : -Pe '< erah g ?j ‘
N e a h ¢
ele o o
o) Q @ C b,
\ , N\
,)(ﬁ l) Sy olel QU
Q L‘\ 0 o



(D Clesure hawe |
I €ack Yow end Glumn Cottates att T elemonts
o e L
@f&g&c}q%v& =
(ot bI*C = ax (b*+c)
Cx C= A% o
e = o’
A Caé(g)# c= foXk CB*C)
© Tty
ok e= a =¥ O .
b¥ e= b =exb
CHxe=C=¢X% C - |
Bene Vel g At Dcckip elinedt

Divers 845 4 i dveld
Vg o] S0 each ol T& M Ouwm
Cx C=¢& | invexs e -
5)  Gomdodive Lo 1
GL-—X'L—ZBG\* O c= Cx oL .

C.s C - [0 = L’ g :
by ¢= ¢ b we Gm\f}id& b € an v@éellfq,,

o~ . . _“:‘_\ Q’)’np...-



(L) - W eereoa =
| ff ‘ Sye oo W,k,fﬁﬂj&f GJ 3/

/ OHJ < Qe

;égg/zx” P also o €ub ”mﬂ }
| N Hnk 7

| Proegs- et e be an Testity o4 G
| ”ﬂaen e ol also be ~the Plentity. e
e\ u as well as K,

|9\ re)-e € Bk
Thus ¢ € Hnk and BOK F¢
T4 abéh , then a*b”\é‘:H
lllz} q' alo é}’ and aTb 6K
tren X E PNK.
fronc€ | B IS Subgrop g G

g,

D A T e L -
A B D gt St w o et =

foress v -
B



- 7 -~ NP B % (2 weou Sk | RE A o R 4
\ < ln 0V .\ I < { ‘( P ¥ e 2 L \Q\

,/ 2 12 o+ arve  pube "f”"“ “3 'UAH‘:"J’
@ ’\.Jr\v (‘~ c:p = ‘, (J/[qu{] <JOU}) (’)”,_J oy ( [/\ (’4
) > ) L‘h iuco W1y
Z [ | ovlhare ACE
/ \, O\,)(,_~,»ahvn zj\l R SR 4
é) CU\QC i :
oo At oot g onTly
Y NCO I
l \'))O(_) '
o e Lan 3 F b

o bl o8
Hnl- W< Fve{qve A ooMPom—, o fable

%,QHON 'Sj A \ “F‘ﬁ
s \ \ RS jo 2= \2_,
s /‘9,
P
| b2 P 1> =\

CREY Nt

e NP BN
otief C=an be \feﬁ‘lﬁ"\ao)

The %oﬂow\ ‘P"Y‘OF o _[_Q\a\e

4y 3
{ -3 N

3 . -

[

(\> CVQ_{L‘\YC_ PTOPGD(W : 4 oﬁ-ﬁgq
nee  all e en-hﬂe_f T ‘?’\nﬁ —O{:,\V:-ffu G)
4able arve qlgo wu&f ? |
| Wi 0560‘ %}'}’ Mul'HPhCO\‘[‘I'-’ﬂ

() Agzo a've Fﬁropem
("5 PS) Cr w) ;o

QVSOQO&(\H-& ,

() S :Delen-[—(% W&;} \
Poor the  obove +qb\e

VRN . Lo =




/1)) Tovese Sl

D“ -
\'\’:-\ and wl-w:w.w ,:_,33_4

3:
et AR e =\;},],L&, pok oe |, TR
5 ¥ pR Ghvely .

\r> Cormutative.
. —
=
o .Lg_—‘_-.’,,}glz w)‘,
i ! bl_ ) 4.??.;"9‘)—: | o7

It - . e




\

) Q? ) [.Q,L QG c"fL} ,'("L\Q _C;’anw@'lf’b’lc, arf C

e

\o O O{{, vy ey (Qi el q e ‘f.> ‘ 1). -

{ [Foy &= )" B AR Y
| > 34|

.\—jffnc) the

gt'\)"’aTm{P H= £Zx > A“('So, d.c—_—*-(—eyMTne Fae

NO- g et com.-{':; V-H n G,

el Tven (A>('-:_ “;\ 5. 2EE
% D,.Zt-k)

"Lﬂ g“f‘ '{‘L\e_ Pcian-h‘(‘%f e,\ewt-u-j‘

= I W S
Po= Cl 5. R q) sh

/°( ,o(__.‘o( ——~}>Ja

il 2y G D X L
'ZU\; 2-30,»

TR e Oy
0 A R T it s e o e e
AT s e T









