
1 Selection

1.1 Approach-1

Approach is described in Algorithm 1.

Algorithm 1 Select-Sort(arr[ ], low, high, k)

1: Sort(arr[low, . . . , high]) . Sort the array arr[ ] within the range low to high

2: return arr[k] . kth smallest element

T (n) = O(n log n) (1)

1.2 Approach-2

Approach is described in Algorithm 2.

Algorithm 2 Select-Min-Heap(arr[ ], low, high, k)

1: n← high− low + 1 . Number of elements in the array arr[ ] within the range low to high

2: Build-Min-Heap(arr[ ]) . Create min-heap from n elements of the array arr[ ]
3: for i← 1 to k − 1 do
4: element← Heap-Extract-Min(arr[ ]) . Delete the smallest element from the heap
5: end for
6: element← Heap-Minimum(arr[ ]) . Retrieve the smallest element from the heap
7: return element . kth smallest element

T (n) = O(n + k log n) (2)

1.3 Approach-3

Approach is described in Algorithm 3.

Algorithm 3 Select-Max-Heap(arr, low, high, k)

1: n← high− low + 1 . Number of elements in the array arr[ ] within the range low to high

2: arr′[1, . . . , k]← arr[low, . . . , low + k − 1] . Create an array arr′[ ] from the initial k elements
of the array arr[ ]

3: Build-Max-Heap(arr′) . Create max-heap from k elements of the array arr′[ ]
4: for i← low + k to high do . Check remaining n− k elements of the array arr[ ]
5: element← arr[i] . ith element of the array arr[ ]
6: if element < arr′[1] then . element is less than the root of the heap
7: arr′[1]← element . Make element root of the heap
8: Max-Heapify(arr′, 1)
9: else

10: . Do nothing
11: end if
12: end for
13: element← Heap-Maximum(arr′)
14: return element . kth smallest element

T (n) = O(k + (n− k) log k) (3)
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1.4 Approach-4

Approach is described in Algorithm 4.

Algorithm 4 Select(arr, low, high, k)

1: n← high− low + 1 . Number of elements in the array arr[ ] within the range low to high

2: if k > 0 && k ≤ n then . Check whether rank k is valid or not
3: if low = high then
4: return arr[low]
5: end if
6: pospivot ← Partition(arr, low, high) . Partition the array arr[ ] within the range low to high, around

the pivot element and get the actual position (position in the sorted array) of pivot element in the array
7: rankpivot ← pospivot − low + 1 . Rank of pivot in the array arr[ ] within the range low to high

8: if rankpivot = k then . k is same as the rank of the pivot
9: return A[rankpivot]

10: else if k < rankpivot then . k is smaller than the rank of the pivot
11: return Select(arr, low, pospivot − 1, k)
12: else . k is greater than the rank of the pivot
13: return Select(arr, pospivot + 1, high, k − rankpivot)
14: end if
15: else
16: k is not valid
17: end if

T (n) = T (n− 1) + Θ(n) = Θ(n2) (4)
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1.5 Approach-5

Approach is described in Algorithm 5. This approach finds the kth smallest element in an array arr whose start
and end indices are low and high respectively. This algorithm assumes that the array elements are distinct.

Algorithm 5 Select-Linear(arr[ ], low, high, k)

1: n← high− low + 1 . Number of elements in the array arr[ ] within the range low to high

2: if k > 0 && k ≤ n then . Check whether rank k is valid or not
3: if n ≤ 5 then
4: Sort the array arr[ ] within the range low to high

5: return arr[k]
6: end if
7: noGroup←

⌈
n
5

⌉
8: medians[1 . . . noGroup]← ∅ . Array to store the median of small arrays (maximum size 5)
9: startIndex← low

10: for i← 1 to noGroup− 1 do
11: medians[i]←Median(arr[ ], startIndex, startIndex + 4) . Median of 5 elements

arr[startIndex, startIndex + 1, . . . , startIndex + 4]. Use Algorithm 6
12: startIndex← startIndex + 5 . Update startIndex

13: end for
14: medians[noGroup]←Median(arr[ ], startIndex, high) . Median of last group which

can have less than 5 elements. Use Algorithm 6
15: medofMedians← Select-Linear(medians[ ], 1, noGroup, noGroup2 ) . Recur to obtain median of medians

. Find the position of medofMedians in the array arr[ ] within the range low to high

16: for i← low to high do
17: if arr[i] = medofMedians then
18: Break
19: end if
20: end for
21: posmedofMedians ← i . Position of medofMedians
22: Swap arr[high] with arr[posmedofMedians] so that the medofMedians take the last place in the array. This is

required because the “Partition()” procedure which we know for Quick Sort consider the last element as
the pivot, and we need to partition the array around the medofMedians

23: posmedofMedians ← Partition(arr[ ], low, high) . Partition the array arr[ ] within the range low to
high, around the medofMedians and get the actual position (position in the sorted array) of medofMedians
in the array. Use Algorithm 7

24: rankmedofMedians ← posmedofMedians − low + 1 . Rank of medofMedians in the
array arr[ ] within the range low to high

25: if rankmedofMedians = k then . k is same as rank of medofMedians
26: return arr[posmedofMedians]
27: else if k < rankmedofMedians then . k is smaller than the rank of medofMedians
28: return Select-Linear(arr[ ], low, posmedofMedians − 1, k)
29: else . k is greater than the rank of medofMedians
30: return Select-Linear(arr[ ], posmedofMedians + 1, high, k − rankmedofMedians)
31: end if
32: else
33: k is not valid
34: end if
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Algorithm 6 Median(arr[ ], start, end)

1: Sort arr[start, . . . , end] . Sort the array arr[ ] within the range start to end

2: pos← start + end−start
2 . Find the position of the median of the array arr[ ] within the range start to end

3: return arr[pos] . Median of the array arr[ ] within the range start to end

Algorithm 7 Partition(arr[ ], low, high)

1: x← arr[high]
2: i← low− 1
3: for j ← low to high− 1 do
4: if arr[j] ≤ x then
5: i← i + 1
6: Swap arr[i] with arr[j]
7: end if
8: end for
9: Swap arr[i + 1] with arr[high]

10: return i + 1
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