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Factorial: n! = 1*2*3*_...*n
Permutation - a rearrangement of a sequence
Boolean variable - takes on 2 values
0 (TRUE), 1 (FALSE)
Modulus - mod - Remainder
x mod y - remainder when divide x by y
10 mod 3is 1

Ceiling - round up |—x—|
Floor - round down | x.

CS 204451
Uv\ﬁ

1

XAXEB

Yans

(xM®

X "+X"

2"+2"

XA+B

XA-B

XAB

= 2x"

= 272"

Exponents
G
- 2n+1

CS 204451

unil

Logarithms

1

1. log(A®) = B log A
2. A = B*if and only if log,A = X

loge B
logc A

3.logy B = ;A,B,C>0,A% 1

Let X = log. B, Y = log A, and Z = log,B
then C*=B,C'=A, and A“=8B

=B -C*=(C")=C%,Hence X = YZ and Z = X/Y




CS 204451
unil

Logarithms

1

4. log(AB) = log A + log B; A,B>0
Let X = log, A, Y = log, B, and Z = log, AB
Hence 2% = A, 2¥ = B, and 2% = AB
922 = AB = 2% = 2V
SoX+Y=Z

5. log(A/B) = log A - log B

6.logA<AforallA>0
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Logarithms
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logl=0uaglog,a=1

log, 1024 = log, 2'° = 10 log, 2 = 10

lna-=loga, log,a=lga

log?a = (log a)?, log log a = log (log a)

x = 2',log,(x) = log,(2'°) = 16

1
— 02 — = _—= -
x=5" =g = =g, logsx = logs o = —2
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For integers a and b,a S b, 1l=b—a+1
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Linear Series (Arithmetic Series):
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Quadratic Series:

Cubic Series:
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Summations

i=1+2+-+n=

i=1+4+2+3+...

Zi2=12+22+~~-

3=13+4+2%+--
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n . 1-— a'n.+1
Zal =1+a+a’?+a’*+...+a" =
4 1—a
i=0
i}
n
Zi — 271.+1 -1
i=0
n
. |
if0<ax<1i, Z at <
£ 1—a
i=0
- 1
if N-> o0, Z at =
£ 1—a
=0
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LR (Sets)

1

nguypsdringg azgnisendt wn (Set) Wuwnvauiounsdusas,
v &
LWAY2IUNIAA 18

L“Uﬁlﬁ’]&ﬂiﬂtﬂ‘u’.]ﬁlﬂ‘lju@]ﬁl“liﬂlﬂi')imﬁﬂ?tﬁ?] amanwm VED)
udinsznandu

. ’mn’awaﬂmﬂuwm 138N @u1Tn (Element %38 member)
Imawﬂﬂ uamwawﬁmamanwﬂwmLLa~L°uauamanwml,muwmmwn
n1 { } Adegnau

A={1,2 3,1}

B={football, basketball, running, swimming}
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o Limits and Differentiation
Limits and Differentiation d
—()=0
lim c=c %X( )
n— o _ a — a—l
im n = (XD = ak" )
n- o i(lnx) 1
1 = =
lim —=0 dx X
n—> © d . d
&(cu) c&(u)
4, iy n, &
IV =gt x
d dv du
&(uv) u&+ v&
.
X X
&(u/v) - v2
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Tumsuanuasgandnyaaentiu 59zldiaTesmanegania () Ay
stdngandnudazaa mniisuauunagld ... Tunsazaangnuiedalily
gl

NNSLUYULYALUULANLAIENITN 10U A ={28, 29, 30, 31}

mswﬂuwumwuuamaaﬁb’u LUuﬂﬂiL%ﬂ‘lﬂu5U

{amwn | Reulvlun1siliudundn} 81uan "lwnves (@undn) Taed
(Wauly)"

WU S={j|j>0,andj= 2k for some k>0}, T = x| x Ju
FIUIURNIZAUINNT 10}

15192 @eu XEA wnu "x Wugudnvaawn A"
wezeuy XEA uwnu "x lidusudnvaswn A"
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. LEYRNVINALLASLYNDUURN
WwAsAe (Finite set) AownfisisuauaunInwinfuswIuinuInvse
Aud (Vanduauaudnld) 1 A = {4, -10, 55, 6}
FIUIUEUITNVBY A LWEULNUA2Y n(A) = 4
waatiud (Infinite set) Aawwailildiwnsiin Wy
B =1{2 46,8, 10, ..}
e C = {1, 2, 3, 4, ..., 10} Wuwnsriansels
12
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A=1{1,2,3,45]
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auLgn

A Juduiwnwas B SraunBnnndaves A WWudunnves B wasilouwny
#28 ACB

151uan31 A \Uu proper subset a9 B 1Wauunudag AcB a1 A Uu
subset 24 B ualiwiniu B

N13WNUYBLYN

A = B Asiaiile

LauBnnnAaves A Wuaninves B uag
2.d8u8nyneaves B 1usundnves A

Jufa A = B firlaille ACB uaz BCA
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1 YOHUNA

msv’uauauwnmﬂ’lmgm azhifidndunaunas gulauddn
"ag" w30 "ling" luiwguwinidu daiu auwnwﬂsmgmammﬂu
Fadeaiu @rauladagnaziden multiset)

AU8LR N8 TULYRB1TADUAU W50 YNLDNTY W3

A

a" & 1Ty ayy 1] Y o a
amﬁumﬂuada'm‘linlﬂ T,ﬂwanmsuumu'auam?jn%“% 1 @JEJUGI‘U
1199 1 waduaundn 1 AaLdu
E = {5, (6,7), {8,9,10},11,(12,13)} azl#31 n(E) = 5
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dsuien A laq
¢pcA
AcCA
AcU
Senduwnves A filsiviniu A 31 duauiivas A

#1 A Juwadfia waz n(A) = m uda A asliduwanansneiunanua 2™
duln
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L‘W’]L’JE]%LSUGIﬂE]L‘UGWIU‘JiQﬂ’JEJﬁUL‘UGWN‘VINﬂVILUUlﬂlﬂ WLBS YN VDY
A L%ul,mumﬂawanwm P(A) flenulne PA)=(B| BCA}

fa819 NvuAlA A = {1,2,3} 2911 P(A)
agladn PA={¢,{1},{2},{3},{1,2},{1,3},{2,3},{1,2,3}}

o

dadaunn dmsuien A lag
P(A) Rawniiszneauludreduianaunvas A
f1 A Duwasniauda n(P(A)) = 2"
PEPA) waz AEPA)
fh AcB uér PA)CPB)
PA)UPB)c P(AUB)
PANPB)=- PANB)
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"1 1SR UNISVD YR U={1,2,3,4,5,6,7}
A={1,2,3} B={2,3,4,5}

Union:
AUB-ix| x€ A or x€B)

Intersection:

ANB=ix|x€ A and x€B}

-8

Complement: b ¥
A={x|x¢ A} 4 @
5 6

Difference:

A-B=ix|x€ A and x¢ B}
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o d195uLen A, B uaz C a9
AUA=A ANA=A
AUB=BUA AnB=BnA
(AUB)UC=AU(BUC() (AnB)nC=An(BnC)
AUBNC)=(AuB)N(AUD) An(BUC)=(ANB)U(ANnC)
(AuB) =A'nB’ (AnB) =A'UB'
A=A
p'=U U'=9
Aup=A ANP=0
A-0=A P—A=0
UuA=U UnA=A
U—A=A4A A-U=0
AUA =T AnA' =0
A-B=AnF
hACBuwhB c A
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. Sequences and Tuples

’mﬂ‘U(Sequence) %aa’mnﬂa‘namwammﬁﬁéw AUNDUNAY 151921 TeU

<,

ma’lmam‘u mammmafmu 7,21,57 L“I.IFJ‘ULU‘N
(7,21,57)

o o

1u|,€mmﬂunawmlumﬂmLmiumﬂuuumﬂ:y, Fatlu (7,21,57) laiwiiu
(57,7,21) dadigriunianudAgduiu

arauonvaziisnuaudnavialidnld ardudnnadnaziSenin tuple lng
a1aund k A19z38n91 k-tuple iy (7,21,57) Aa 3-tuple d7u 2-tuple
13andngouAu(pair)
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o [ -4 ¢ o/
! ANUFNAUSHAZ NI

@; HUAU Usuﬂaumaamwnaam'ﬂuiﬂ (a,b) m‘lummsmﬂaau
a’muauwpmwmmmumlﬂ waz (a,b) = (c,d) fraiie a =c uaz
b = d Wiy

Naﬂmmim%u ﬂ’l‘WU?ﬂM A 1ag B LUUL“gﬁlﬂs] Nﬁﬂmﬂqi'ﬂ!mﬂ‘u
(Carte5|an product) 99 A Uag B U19AsIIEN Cross product

L‘UEJ‘L!LWI‘L!WJEI A x B ﬂE]L‘UGI‘UﬂQﬂE]u@]UVIﬁSJ']‘Uﬂﬁ'JLLiﬂN'ﬁl’]ﬂL‘Uﬂ A
LLa"ﬁﬁJ’]’ljﬂﬂ?VIaE]\ul'ﬁﬂﬂWﬁ B ﬂi‘U‘VIﬂﬂ

AxB-qa,b)| a€A and bEB)

Fodann Tneeialu AxB #BxA wd n(AxB) = n(BxA)=n(A)n(B)
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81 A = {1,2} uaz B={x,y,z}
AxB = {(1,%),(1,y),(1,2),(2,x),(2,y),(2.2)}

LS’]ﬁ"lm‘mLmEJu Cartesian product 984 k wAR2Y A xA Koo XA Tng
fuanduwaitusznauludae Nn k-tuple (a,,a,,..,a, )i a,€ A,

i1 AxBxA aziluagngls

21
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" Cartesian Product
A={24} B={273,5}
AXB={(,2),(23),(25),(4,2),(@4,?3),(4,5)}
|A X B| = |A] [B]
Generalizes to more than two sets
AXBX..XZ
23
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Wangu(Function)

1

S o

s \Judngiiadreunainanuduiusves input-output
a ¢ o ° . 1 Yy v
faWerduaziien input 1hluudaadne output @anun

-|=e

t&

Tunng AeantuasiinnautRagimilefa input AANITaT1 output A7
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NIATUVN9ATI92I38AI1 mapping wazdi f(@) = b 1579238031 f map
amalub

o ' ¢ o Aou W I . & ' v
fageilandu absolute abs NuALaY x JTu input wazAuAl x 81 x
= - ' A <, ' LY

WUATUINLAZAUAT —X LD X LUUAIAU AIUU

abs(2) = abs(-2) = 2

& a o [ g o LY < ' o
n1suNtludnAdag1svaInendu IﬂﬂiU’Ua%ﬁLUNQ%QQQWN’JULLQZ output
< [J
WUNATINVBIRIUIU

26

LANLEND
81 £ 1 Juderidudi output Wu b is input 1Wu a 1Weulailu
fa) =b
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Domain and Range

1

wavad input MdulUlgvesHsiduazionds Domain

Output vasilaidudianann set d1uuuazgnisenda Range

Fydnwaliiuanda f iduiefduain Domain D uag Range R Ao
F:D—R

Tunsdiariau abs §1151%197UUU integer Domain wag range g
<, . a P
1Wu Z (wnves integer) 1513z138ulddn abs: Z — Z

Tunsdin1suan Domain azllu ZxZ d9u Range \Wu Z Awiuasilsy
)
181y add: Zxz —Z

anduinldnnauBnlu Range az3und1 onto
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Recurrence Relations

1

Recursion defines the operation (function) in terms of some
work plus the amount of time to solve a smaller problem
(using the same algorithm).

Examplesl:

T(n) = T(n-1) + 1, and the base case, T(1) =0

Examples2:

T(n) = T(n-1) + n; and the base case, T(1)=1

27

28
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Recurrence Relation Solving

1

Many recurrence relations are solved using the brute force
method. Expand it; see the pattern and solve it.

For example 1: T(n) = T(n-1) + 1, T(1) =0
T(n) = T(n-1)+1 = T(N-2)+1+1
= T(n-3)+ 1+1+1 = T(n-(n-1))+ (n-1)
=T()+(n-1) =0+ n-1= n-1

For example 2:T(n) = T(n-1) + n, T(1)=1
T(n) =T(h-1) + n =T(n-2) + (n-1)+ n
= T(n-3) +(n-2) + (n-1)+ n
=T +2+3+..+(n-2) + (n-1)+ n
= 1+243..+n = n(n+1)/2
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30

Proof Techniques

Proof by induction
First prove a base case (n=0 or n=1)

Show the theorem is true for some small
degenerate values

Next assume an inductive hypothesis

Assume the theorem is true for all cases up to some
limit k -1 (for n=k-1)

Then , prove the theorem is true for n=k

29
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' Proof by Induction : Example

Want to show that 1+243+...4+n = n(n+1)/2
Base case: n=1 => 1=1(2)/2=1

Inductive Hypothesis: assume 142+43+...4+n-1=(n-1)(n)/2 ;

Now prove that 1+2+..+n = n(n+1)/2
Using inductive hypothesis
= (n-1)(n)/2
1+243+..4n-1 +n = (n-1)(n)/2 + n
= [(n-1)(n)+2n])/2
= [n(n-14+2)1/2
= n(n+1)/2

1+2+43+...+n-1

31
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' Proof by Induction : Example
Let T(n) = 2T(n/2) +n if n>1,uas T(1) =1
Want to show that T(n) = n logn + n
Basecase:n=1=nlogn+n=1
Inductive Hypothesis :
assume T(k) = k logk + k for all k < n.
Now prove that T(n) = n logn + n
T(n) =2T(n/2) +n
=2 ((n/2)log(n/2) + (n/2)) + n - Using inductive hypothesis
=n (log(n/2)) + 2n
by using log(ab)=log a+log(b) and log(1/a)=-log a
=nlogn-n+ 2n
=nlogn +n
32
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. Proof Techniques

Proof by Contradiction

Find a counterexample to prove theorem is false

Assume the opposite of the conclusion is true. Use steps to prove
a contradiction (for example 1=2), then the original theorem must

be true.
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. Proof by Contradiction : Example

34

To prove that “if a and b are consecutive integers, then the sum
a+ bisodd”

Assume: a , b are consecutive integers and a + b is not odd.
Since a + b is not odd

so, there exists no number k such that a + b = 2k + 1.
However, the integers a and b are consecutive,

so we may write the sum a + b as 2a + 1.

Thus, we have derived that a + b # 2k + 1 for any integer k and also thata + b =
2a + 1. This is a contradiction.

If we hold that a and b are consecutive then we know that the sum a + b must be
odd

33
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