Review

XaXb — a+b
X /X = X
(Xa)b — Xab
definition log,B = A iff
log (A% = Blog A
22 = 2"
i=0
>a = @'~ 1)/(@-1 a>1
0 < 1/(1-a) 0O<a<1,n->0
= 1/(1-2a) n="01
proof
S = 1+a+ta+a+..
asS —a+a +a +a +..
S-aS =1
S(1-a) =1
S =1/(1-a)
>i/2 = 2
i=1
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proof

S
2S
2S-S
S
2
i=1
>
i=1
Modular arithmetic
A
81 = 61
A+C
AD

172+ 2/2° +3/2° + 472 + 5/2° + .

1
1
2

+2/2 +3/2°+4/2° + 512" + ..

+ 12 + 12 +12° + 12" + ..

n(n+1)/2

n(n+1) (2n+1) /6

B (mod n)
1 (mod 10)

B + C (mod n)
BD (mod n)

n

=

n divides A-B
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An example of proof by induction

F < (5/3) for F,=1, F, =1
basic step: F, < 5/3
inductive step: F < (5/3)"
from Fibonacci Fror =F + F,
Fo., < (5/3) + (5/3)
< (3/5)(5/3)(5/3)" + (3/5)°(5/3)*(5/3)""
< (3/5)(5/3)" + (9/25)(5/3)"" = (3/5+9/25)(5/3)"'
= (24/25)(5/3)"
< (5/3)"
proof by counterexample
F, < K s false
we can find F., = 144 > 11°

proof by contradiction

theorem: there is an infinite number of primes

a o o o o .i’ = 1, .. o 9 o o o 4 dl |d|
ANYAANUIUANNIZHANTR (Auga visald infinite) MnuualiauIuawIzdagaving (Ml nge)

q

A dl o o o :j/ o % dl 4
AD P, WOUNANUIUINNEAIUNA (P,, P,,..., P,) N1AAUALaNYT azls

LAAIIN

¥ L%

wiilneanyAgudiesiu n lidudnuoudumiy ez Podudnuauduwizsiagaing widsingdn

&9

a

Tddawuaunzla (P, P,..., P) A9 n agsa (azildn 1 1ane) saudesuyingn P, 1y

Anuausnziagaring (Inaifige) duliase ez nwanndd P, Seunnaandn noeiluag
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Algorithm analysis

O(n): T(n) = O(f(n)), c, n, such that T(n) < cf(n), n 2 n,

¥ 1 A 1 o
UagnAusammin f(n)

Q(n): T(n) = Q (g(n)), c, n, such that T(n) 2 cg(n), n = n,

NUINNIUTEWINAL g(n)

Q (h(n)) Winnu h(n)

o(n): T(n) = o(p(n)),  T(n) =0O(p(n)
# O (p(n))

rules:
1 T,n) = O(f(n)) T,(n) = 0Of(g(n)

a) T,(n) + T,(n) = max( O(f(n)), O(g(n)) )

b) Ty(n) * T,(n) = O(f(n) * g(n))
2. if T(n) is a polynomial of degree Kk,

T(n) = On
3. Iogk n = O(n) for any constant k, logarithms grow very slowly.
4. lim f(n) / g(n) by L'Hbpital’s rule
n->[]
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limit is O: fln) = o(g(n))

I
®
Q
S

limitis c: f(n)
limitis LI: f(n) = o(f(n))

limit oscillates: there is no relation

growth rates: c, logn, Iog2 n, n, nlog n, n2, nS, 2"

Running time calculations

o 1 3
AMNFAIBENUUN 21

i nt

sun(int N)

{

i nt i, partialsum

[* 1 */ partial sum = 0;
[* 2 %] for (i =1, i <= N i+4)
/* 3 *] partialsum+=1i * i * i;
[* 4 *] return partial sum

}
1% a1
/<4 lfoan 1
/3% s 4n
/* 2% 1wan (1 +n+1+n)
oul 1+ 1+ 4n + (1+n+1+n) = 6n+4 = O(n)
rule 11 warNnfiganldlunisnssinmdanielugy (sanrimeasy) AoaiudnuauAIaeenigin

41 (iteration)
rule2:  nested loops liinangdlueanliuigiluen
o y dl ] dl o ¥ o L4

rule 3 Andeiisiewiesiu Widwnuanii
rule4:  AAY ifelse WAARAUMAARL LANAL S1 ¥5e S2 gausiAdalaazldinanuiundnni
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o 1 dl 1l
ginatinailum

long int
Fib(int n)
if (n <= 1)
return 1;
el se
return Fib(n-1) + Fib(n-2);
}
T(n) = T(n-1)+T(n-2) +2  (N1&n if uaniy +)
41 n>4
Fib(n) > (3/2) FaulunsiinuLY exponential

& 1 . . a o E% = :I/ [

AzLUIN recursion tun1saanuuL algorithm MM ldldsunsulaundu (winnznutloymiung
dezinmintiy) udldinanlunisAnusmiunu mezilunisGandi duludnmizaes recurrence 7
o o p ~ = o o Ao . . rz
ARATUIULBITRYAAIN N ANAZUATlY N-1, N-2 AUNY 1 AINANAL MINHITEU LU iteration 1]

= smm N £ o v @ | . v |
A7 A 1995 H Fen19nulsidandn recursion 100 wid1auIAe9llsunINa1aazaandn (el

o o v o Ay 1

Na v DA o ' . oA o
Uqﬂﬂ?ﬂﬂﬂﬂWIQEWﬂﬂqu?ﬂUﬂﬂuﬂqﬂﬂqq) N QﬂﬁqﬂVHﬂqu@ﬂﬂuﬁmqﬂ N

i nt
recursion(int n)
{
return n<=1?1: n* recursion(n-1);
}
i nt
iteration(int n)
{ _ _
i nt i, fact = 1;
for (i = 1; i <=n; i++)
fact *=1i;
return fact;
}

(gsinatinaiisinlunn 27 uazAtasunaluuiii 28)

a9 Taaviald nslaszdaziansoun 2 nael Ae
Average case N13diATITHAzeendUday
a o 1 | 1 ] V| dl a [~] a
Worst case N193LATIZHazdandn wiazdsna lifunislssunniifiuaonudluass
Note: Lﬂ%ﬂﬂqquim@Qﬂﬁﬁﬁﬁﬁﬁ@qqmﬂﬁrlaways

OQ

1 o 1 QI o Y o a = ) < o
2819 FUAN array 2u0a n BrAadnnivua lidawsn iy array dAuiniga Inanhldulusiouls

4 , 9o Y 6y - P o A o =
T8 maxv (assign WU maxv) antiu Iwmummqﬂ TALITNFUAINGFN 2 (subscript i = 1) AN
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fagaving (i = n-1) windsingdsaladAinanndt maxv (luAnda if) AlfAuAzesionulily

| 1
A ]

A a o 4 X ' ¥ 4 o a o Ao
maxv LbLNUNAILAN V]qmuu@uﬂﬁ\ﬂnﬂﬂqﬁlu arrays La94a3A1 maxv ﬂ@llﬂu@ﬂ/]llq (W\‘ifﬂmjw‘i_lum?ﬂﬂ

func1)

i nt
funcl(int value[N], int n)
{
i nt maxv;
i nt i;
maxv = val ue[ 0] ;
for (i =1; i < n; i++)
if (value[i] > maxv)
maxv = val ue[i];
return nmaxv;
}
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