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Bitonic Sequence

1. A sequence of numbers which monotonically
Increases , reaches a maximum and then

monotonically decreases is called a Bitonic
Sequence.

2. A sequence is also Bitonic if the above condition can 45

be met by shifting the numbers cyclically(left or 20 y \

right). L
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Examples:

20 30 40 35 19 2030405060 6050302010
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Bitonic Sort

1. To sort an unordered sequence, sequences are merged into larger bitonic sequences,
starting with pair of adjacent numbers.

2. By compare and exchange operation, pairs of adjacent numbers are formed into
increasing and decreasing sequences.

3. Pairs of which form larger bitonic sequence twice the size of the original sequence.

4. By repeating this process, bitonic sequences of larger and larger lengths are obtained.
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Bitonic Sort
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Bitonic Sort
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Bitonic Sort (Alternate)
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Bitonic Sort (Alternate)
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QuickSort Using OpenMP



té University at Buffalo The state University of New York

QuickSort

1. Select Pivot element from the array. Then partition the array around this pivot element.

2. Multiple strategies to select the pivot element it can be the first element , the last
element or some random element from the array. We can also take pivot as a median
of subset of elements from the array.

3. Partition the element into two subarrays such that the subarray to the left of pivot
element contains numbers smaller than the pivot and the subarray to the right of the
pivot element contains numbers larger than the pivot.

4. Repeat this process for the two subarrays recursively.

5. The final result is the concatenation of the left subarray , the pivot element and the right
subarray.
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5126 | 15|67 | 85|54 ] 31| 49 \

Array after first pass Initial Array

26 | 15|31 | 49 | 85 | 54 | 75 | &7

Divide and Conquer Step

26 1 15| 21 49 85 | 54 | 75 | 67

15 | 26 | 31 49 54 | 67 | 75| 85

15 | 26 | 31 49 54 67 5 | 85
15 | 26 31 49 54 67 75 | 85

15 26 31 49 54 67 75 85

Merge Step / Combine Step

15126 31|49 | 54 | 67 75 | 85 ‘\
CSEstack.org Array after QuickSort 11
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OpenMP OpenMP
Fragma Task Fragma Task
26 15 £} 49 89 54 [ 67
Repeat for Left Repeat for Right
Subarray Subarray
Thread Thread
T1 T2
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Results
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MPI
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8 Million Numbers

Number Of Nodes Vs Time in

No of Nodes Seconds

4 0.569966 6
8 0.351311 0.5
16 0.242491 0.4
32 0.169394 0.3
64 0.137101 0.2
128 0.092568 0.1

4 8 16 32 64 128
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10000 Numbers

Number Of Nodes Vs Time in

No of Nodes Seconds

2 0.001970 0.008
4 0.001534 o
0.006
8 0.003242 -
16 0.007160 0.004
0.003
0.002
0.001
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MPI + OpenMP

17
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8 Million Numbers

No of Threads Per Node : 8
Number Of Nodes Vs Time in

No of Nodes Seconds

2 0.397091 0.45
0.4
4 0.201192 .
8 0.171047 0.3
16 0.158210 0.022
32 0.149009 0.15 —_—
64 0.129688 ol
0.05
0
2 4 8 16 32 64
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10000 Numbers

No of Threads Per Node : 8
Number Of Nodes Vs Time in

Seconds
0.07
2 0.004991 0.05
4 0.006159 0.04
8 0.008857 003
16 0.016174 o
0.01
32 0.063268 )
2 4 8 16 32
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500 Million Numbers

No of Threads Per Node : 16 Number Of Processors Vs Time
' in Seconds
30
No of Time in seconds -
Processors
2 25254875 v
4 15.149277 "
8 9.386049 o
16 5.969205 0
0
32 4.260776 2 4 8 16 32 64 128
64 2.285556
128 1.598354
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80

800 Million Numbers

70

60

(o)
o

No of 4 Threads | 8 Threads | 16
Processor Threads

8 40.830573 23.347264 15.055175 20

16 21.836126 17.869357 9.378940 1 I I II

32 12.402513 11.665426 6.040916 I I
4 8 16 32

No of Processors

Time in Seconds
N
(@)

w
o

4 74.361584 40.142211 24.203003

o

o

B4 Threads ®8 Threads ®m16 Threads
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1 Million Numbers

No of Threads Per Node : 4

Number Of Nodes Vs Time In

No of Nodes Seconds foNr(fd‘ghreadS Per

2 0.087750 s
4 0.062701 2 01
8 0.045576 g 008

v 0.06
16 0.041226 =

o 0.04
32 0.043855 E o
64 0.068665 0

2 4 8 16 32 64 128

128 0.098548 No of Nodes
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1 Million Numbers

No of Nodes : 16

Number Of Threads Vs Time In

No of Threads Seconds for 16 Nodes

0.14

2 0.047395 L
4 0.044915 é 0.1
8 0.095601 2008
16 0.116581 R
€ 0.04

2 4 8 16
No of Threads
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Thank You !
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