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MaxMin Problem
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Sl s (Straightforward Approach) s sall 43 <& da Jsl )

min « A[1], max < A[1]

fori «<2tondo
if Ali] < min then min « A[i]
if Ali] > max then max < Ali]

return (min, max)

On ey (s (30 202 s 58 oDl 5 5S35l (8 a3l 1Y GRS i il sae Lidal 1348
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min < A[1], max < A[1]
fori «<2tondo
if Ali] < min then min « A[i] else
if Ali] > max then max « A[i]

return (min, max)
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AlgorithmDivideAndConquerMinMax

Input An arrayA[l . n] of n integers, n is a power of 2.

Output (min, max): the minimum and maximum integers in A.
1. minmax (1, n)

Procedure minmax(low, high)
1. if high — low = 1 then

if A[low] < A[high] then return(4[low], A[high])

else return (4[high], A[low])

end if

. else

mid < |_(10w + high)/ 2_|

(min;, max) «— minmax (low, mid)

(minz, maxo) «— minmax (mid + 1, high)

9. min <— minimum{min;, miny }

10. max < maximum{max;, maxj }

1. return(x, y)

12. end if
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1 ifn=2
C =
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C(n) = 2C(n/2)+2
2(2C(n/4)+2) + 2
= 4C(n/4) +4+2
= 4(2C(n/8)+2) +4+2
= 8C(n/8)+8+4+2
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Binary Search

GJJLS )..}::)Lf.\chaﬁd&lau)ao Z\.SJWJA\.JX uWu&QM}A@JJ\}Q\a&quQJ\U;\
e Al s Ul e jhas W Jl o adla | paliall (e n e (s 533 (non decreasing order
Al

Procedure Search (Ax)
Input : An array A[1..n] of elements sorted in none decreasing order and an element x.
Output:iif Ali]=x ,1<1 <nand 0 otherwise.
for i=1to ndo
if(A[i]=x)then returni

return 0

| sul B4 )3 n @ asf s (The Best Case) V) el 8 5aa) 5 & jlia G s de ) ) g3l 038
. (worst case) A

O plall s 31 (g i Aa 3l sA i e i g Almaal) i Jad Ml (3 A" Tase padiii

Algorithm BINARYSEARCHREC

Input: An array A[l..n] of n elements sorted in non decreasing order and an element x.

Output: jifx= AD] 1< j<n, and 0 otherwise.

1. binarysearch (1, n)

Procedure binarysearch (low, high)
1. if low > high then return 0
2. else

(8]

mid < | (low+ high)/2)]

4 if x = A[mid] then return mid

5. else if x < A[mid] then return binarysearch (low, mid -1)
6. else return binarysearch (mid + 1, high)

7. end if
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1 ifn=1
Cln) ={ 14+C(|n/2]) ifn>2.
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C(n)=C(g)+1=C(%)+1+1=C(%)+1+1+1=C(2£k)+k
putn=2*=>logn ==k (3)

ok LS ALl Ja(3) (e diiasi



e Gle alla Jale (Divide and Conquer) s (5 faw

c(n) = (Zk)+k

Merge Sort

C1)+k=1+logn
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for j<i+1 tondo

if a[min] > a[j] then

min & j
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Algorithm MERGESORT

Input: An array A[l " n] of n elements.

Output: A[l " n] sorted in nondecreasing order.
1. mergesort(4, 1, n)

Procedure mergesort(4, low, high)

1. if low < high then

2. mid « |(low+high)/ 2 |
3. mergesort(A, low, mid)

4. mergesort(4, mid + 1, high)
5. MERGE(4, low, mid, high)
6. end if
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procedure merge

Input A is array[1..n] of integer , L lower bound to start merging, Merge :\"‘3‘)3\2” x5 e i La

H higher bound to end the merging, uﬁ&M\ O Cuaﬂ\ UAQ = M)M\
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while (i <= mid) and (j <=R) do
if (A [il> A[]) then

tmplk] <A[j]; j<i+1
while  4alall (e lia g & 2ie (a0 yidil
O (jExz=n/2+4f) Aedsi=xy o

9 tmp[k]J gl @llee 2xe

else

tmplk] <A[i]; i<i+1

k<ek+1

ifi <= mid then k :x1+f

for c <i to mid do I \J@ Voo 15m1d Ja)aﬂ\ u\S \J\S
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end
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Quick Sort
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Algorithm QUICKSORT
Input: An array A[l..n] of n elements.

Output: The elements in A sorted in nondecreasing order.

1. quicksort(A,1,n)

Procedure quicksort(A, low, high)
1. if low < high then
2. SPLIT(A[low..high|, w) {w is the new position of A[low]|}
3. quicksort(A, low,w — 1)
4. quicksort(A,w + 1, high)
5. end if

2% o) a1 8 Cus SPLIT ;\ﬁy\@b‘;;ég@p\)ﬂwu\j\dmmi 3 a8l) o8 (ye paal
o yraal ‘zr"d\ paliall JS 4] ) g aia ) 6 <8 ‘;ﬂ\ paliall JS A4S 5L 2545 Pivot Element aliv) jaic
oY 13 Jae a5 4000 5 a8 5 (Laslua ) )48 3 5 Wil (i si) o js )

Algorithm spLiT
Input: An array of elements A[low..high].

Output: (1) A with its elements rearranged, if necessary, as described above
(2) w, the new position of the splitting element A[low).

i+ low
z— Allow]
for j+ low + 1 to high
if Alj] <z then
t—t+1
if i # j then interchange Ali] and A[j)
end if
end for
interchange A[low] and Al]
w1
return A and w

b 0 00 N OV SNV 60 D
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O Gl ULk Gualiall e Ja) e DU e -1 s SPLIT Ae ) sall oda of
- M OEIL ansas Laiad (i 303 ele il ila e (s 533 QuickSort

T(n)=2T(n/2)+n

Al sl Lal VA Guaal 8138 L O(n log n) 5o 4ae0) 530 o2a aiad ()8 Al & yual) G
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QuickSort(A,1,n), QuickSort(A,2,n), QuickSort(A,3,n),...., QuickSort(A,n,n)

O 138
SPLIT(A[1..n],w), SPLIT(A[2..n],w), SPLIT(A[3..n],w),..., SPLIT(A[n..n],w)
(n-1)+(n-2)+(n-3)+...+ 1+0=31 i = "C= = 0(n?)

SPLIT &)Y Jae Ml JS) (g

(;t)l :
! |
Bl7[1]6[4][8]3]2] Bl 1[7/6]4]8]3]2]
T, :
(c) l (d) l
Biifsfe]7]8[3]2] lll413]7181?t&’l
!
J | 3
(e) l (f) l
Bli4]3]2]8]6]7] PINRE BOE
! t
J J
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Integer Exponentiation algorithm

b oal ) @B dga ) A

Sl 5 an ol ) G 330 g5 Sy Leie s pall 48 S st Ul ol el

Algorithm EXPNONRECURSIVE
Input: A real number x and a nonnegative integer n.
QOutput: x".
y <1
fori <1 ton
pE&EyFy
end for
return y

N o WL
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Algorithm EXPREC
Input: A real number z and a nonnegative integer n.

Output: z".

1. power(z,n)

Procedure power(z,m) {Compute z™}
1. if m=0then y— 1
2. else
3 y+— power(z, [m/2])
4. Y y?
5. if m is odd then y« zy
6. end if
7. return y
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T(n) =T(n/2) + 2

0 (logn) s &)l s8ll ba) of a3 2 s ( Mater theorem) &bt ia juall slasiulys



