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* decrease by a constant (usually 1),
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Decrease-by-Variable-Size
(Euclid's Algorithm)

« Given two integers m and n, find the largest number dividing both of them

* the formula gcd(m, n) = ged(n, m mod n) can be used to obtain the
relationship between an instance of size m and an instance of size n

decrease-by-a-variable-size, use the following recursive definition

f(n,mmodn) if n>0
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fon =
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determine whether| 1) =Tn/2)+1, and T(n) =1 forn = 1

BinarySearch(X,i, j:x)

T(n) =logn + 1 € O(n?)
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Selection Problem

« Given a sequence of n numbers [a,a,, ...,a,], determine the
k-th smallest element of the sequence

« for k =1 or k = n, find the smallest or largest element by
scanning the sequence

« for k =[n/2], it's finding the median (the middle value) of the
sequence

« Brute-force approach; first sort the given sequence, then
output the k-th element of the sorted sequence

since the problem is to just find the k-th smallest element,
sorting the entire sequence would be unnecessary
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* partition the gi{input :X = {a;, a;41,...,a;} and an integer k nat is the
first element |[output: the k-th smallest of the sequence X

p s « Partition({a;, aj;1,...,a;})

if s=k
return ag

elseif s>i+k
QuickSelect(i,s-1, k)

else QuickSelect(s+1, j, k-s)

« assume s be the index of the pivot
- if s = k, then the pivot is the k-th smallest element

- if s>k, then the k-th smallest element will be the k-th smallest
of the left
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<P P =P

if s=

if s>
of th

if s <

LomutoPartition( i, j )

inpuf X = {ai, Ait1s:-+) Cl]}
output: the partition of X and the new position of the pivot
pea;; s«
for k=i+1+to |
if ar < p
s« s+1; swap(as, ai)

smalld swap(a;, as)

return s

smallest

k - s)-th
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LomutoPartition( i, j )
input :X = {a;,a;41,..., a;}

output: the partition of X and the new

position of the pivot
pea; s«
for k=i+1toj
|f ai < Pp
s<s+1; swap(as, ai)
SWGP(ai, as)
return s
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SWGP(ai, as)
return s

14

21




Decrease-by-Variable-Size

Selection Problem

LomutoPartition( i, j )
input :X = {a;,a;41,..., a;}

output: the partition of X and the new

position of the pivot
pea; s«
for k=i+1toj
|f ap < p
s<s+1; swap(a,, ai)
swap(a;, as)
return s

14

21




Decrease-by-Variable-Size

Selection Problem

LomutoPartition( i, j )
input :X = {a;,a;41,..., a;}

output: the partition of X and the new

position of the pivot
pea; s«
for k=i+1toj
|f ai < p
s<s+1; swap(a,, ai)
SWGP(ai, as)
return s

14

21




Decrease-by-Variable-Size

Selection Problem

LomutoPartition( i, j )
input :X = {a;,a;41,..., a;}

output: the partition of X and the new

position of the pivot
pea; s«
for k=i+1toj
|f ai < p
s < s+1; swap(as, ai)
SWGP(ai, as)
return s

14

21




Decrease-by-Variable-Size

Selection Problem

LomutoPartition( i, j )
input :X = {a;,a;41,..., a;}

output: the partition of X and the new

position of the pivot
pea; s«
for k=i+1toj
|f ai < p
s < s+1; swap(as, ai)
SWGP(ai, as)
return s

10

21




Decrease-by-Variable-Size

Selection Problem

LomutoPartition( i, j )
input :X = {a;,a;41,..., a;}

output: the partition of X and the new

position of the pivot
pea; s«
for k=i+1toj
|f ap < p
s<s+1; swap(a,, ai)
swap(a;, as)
return s

13

21




Decrease-by-Variable-Size

Selection Problem

QuickSelect( i, j, k)

input : X = {a;,ai11,---, a;} and an integer K
output: the k-th smallest of the sequence X

s « Partition({a;, aj;1,-.., a;})

if s=k i=1 k=5 J:9
return a,
elseif s>i+Kk 4 1 10 | 8 7 12 15

QuickSelect(i,s-1,k)
else QuickSelect(s+1, j, k-s)




Decrease-by-Variable-Size

Selection Problem

QuickSelect( i, j, k)

input : X = {a;,ai11,---, a;} and an integer K
output: the k-th smallest of the sequence X

s « Partition({a;, a;41,...,a;})

if s=k i=1 k=5 j= 9
refurn a.

elseif s>i+k 4 1 | 10 | 8 7 | 12 2 | 15
QuickSelect(i,s-1,k) =3 \1,

else QuickSelect(s+1,j,k-s) B

2 1 4 3 7 12

10

15




Decrease-by-Variable-Size

Selection Problem

QuickSelect( i, j, k)

input : X = {a;,ai11,---, a;} and an integer K
output: the k-th smallest of the sequence X

s « Partition({a;, a;;1,- .., a;})

if s=k i=1 =5 j=9
return a,
elseif s>i+Kk 4 1 10 | 8 7 12 2 15
QuickSelect(i,s-1,k) =3 \l,
else QuickSelect(s+1,j, k-s) -
2 1 4 8 7 12 10 15
i=4 Jj=9
8 7 12 10 15




Decrease-by-Variable-Size

Selection Problem

QuickSelect( i, j, k)

input : X = {a;,ai11,---, a;} and an integer K
output: the k-th smallest of the sequence X

s « Partition({a;, a;41,...,a;})

if s=k i=1 - 1=9
return a,
elseif s>i+k 4 1 10 8 7 12 9 2 15
QuickSelect(i,s-1,k) =3 \l,
else QuickSelect(s+1, j, k-s) -
2 1 4 8 7 | 12| 9 | 10 | 15
i=4 Jj=9
8 | 7 12\L 9 | 10 | 15
7 8 | 12| 9 | 10 | 15




Decrease-by-Variable-Size

Selection Problem

QuickSelect( i, j, k)

input : X = {a;,ai11,---, a;} and an integer K
output: the k-th smallest of the sequence X

s « Partition({a;, a;;1,- .., a;})

if s =k i=1 = j=9
return a,
elseif s>i+k 4 1 10 8 7 12 9 2 15
QuickSelect(i,s-1,k) =3 \l,
else QuickSelect(s+1, j, k-s) -
2 1 4 8 7 | 12| 9 | 10 | 15
i=4 Jj=9
8 | 7 12\L 9 | 10 | 15
7 8 | 12 | 9 | 10 | 15




Decrease-by-Variable-Size

Selection Problem

QuickSelect( i, j, k)

input : X = {a;,ai11,---, a;} and an integer K
output: the k-th smallest of the sequence X

s « Partition({a;, a;;1,- .., a;})

if s=k i=1 k=5 J =9
return a,
elseif s>i+k 4 1 | 10 | 8 7 | 12| 9 2 | 15
QuickSelect(i,s-1,k) =3 \l,
else QuickSelect(s+1,j,k-s) B
2 1 4 8 7 12 9 10 15
.| J = 9

T =n—-1D+nM—-2)++1=n(n—-1)/2 € 0(n?

e

7 8 12 9 10 15




