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Introduction to
Sorting

Divide and conquer sorting algorithms are extremely
prevalent throughout the field of Computer Science.
Quicksort, Merge Sort, etc.

They lend themselves nicely towards parallelization,
as each subproblem can be distributed across
processors.

However, without guarantees about the data in each
processor, the runtimes of these algorithms
deteriorate when encountering a disproportionate
amount of data in some processor(s).

Sample Sort is an improved version of divide and
conquer algorithms that addresses this
non-uniformity. Consider it a generalization of
Quicksort.

As the name suggests, it samples the data to more
accurately partition the data.



Where p = # processors and k = oversampling factor:
How does

? 1. Sample p (* k) elements and sort them

SampleSOI't WO I'k. 2.  Share these samples with every processor
(MPI_Allgather)

3. Each p select p-7 pivots aka splitters. These are

the same across p’s.
a.  Each b-th pair of splitters denotes a “bucket” that
will be sent to the b-th processor.

4. Re-arrange local data into the buckets described
by the pivots.

5. Send the b-th bucket to the b-th processor
(MPI_Alltoall[v])

6. Combine buckets and sort local data.




Oversampling?

The oversampling factor comes in as a way to get a
good representation of the full dataset. A large
oversampling factor will result in many samples from
which to choose from. This comes at the expense of
an increased communication cost to get those

samples to all other processors.

Therefore, there is a diminishing return when

increasing the oversampling factor



An Example of
Samplesort
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https://en.wikipedia.org/wiki/Samplesort

My Implementation
of Samplesort

Ran on CPU-Gold-6230 on CCR:

e Using[2,4,8,12,16,20,24,28,32] amount of
cores for strong and weak scaling studies
Using [2,4,8,12,16] amount of nodes for the
oversampling factor study

Generate [node count *] 48 million floats total,
ranging from [-1000,1000]

The number of splitters is exactly (node count - 1).

The sorting routine used at the processor level is a
variation of Quicksort called Introsort implemented
in the C++ STL. This algorithm has an O(n log n)
runtime.



https://en.wikipedia.org/wiki/Introsort

So What’s New?

Added higher granularity in timing the
program

Went from using a node’s core to using
multiple nodes (on CPU-Gold-6230)

Added weak scaling data analysis

Added dimensionality to the data collection
suite by varying oversampling factor
Reworked calculations to use the runtime of
nodes=2 as T1 in speedup computations
Added correctness checking at a local and
global scale, with respect to the nodes used.
Reduction of unnecessary computations for
smaller runtimes

Decided against OpenMP usage due to use

of C++ vectors (they are not thread-safe)




Strong Scaling
Study

All runs done with:

Problem Size of 48 million
elements

Range of elements: [-1000,1000]
Oversampling Factor of 4




Runtimes

Node Count Avg. Runtime Stddev
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Efficiency (aka Speedup Per Processor)
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Strong Scaling
Study - Takeaways

The local sorting of the processor’s respective
data, after the program’s communication of the
elements that belongs to the processor’s
bucket, is the largest factor in runtime.
Specifically, 41% to 85% of the runtime,
depending on the number of nodes.

Speedup and Efficiency quickly deviate from the
ideal, showing that the implementation is not

scalable with a larger number of nodes



Weak Scaling
Study

All runs done with:

Problem Size of Node Count * 48
million elements

Range of elements: [-1000,1000]
Oversampling Factor of 4




Runtime

Node Count Avg. Runtime

2 5.033522489

4 5.161099351
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Speedup
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Weak Scaling Study
- Takeaways

The local sorting of the processor’s respective
data, after the program’s communication of the
elements that belongs to the processor’s
bucket, is the largest factor in runtime.
Specifically, 52% to 87% of the runtime,
depending on the number of nodes.

The outliers when using 12 and 16 nodes were
duetoajumpin MPI_Alltoallv time when
communicating the respective elements that

each processor was assigned.



Oversampling
Factor Study

All runs done with:

Problem Size of Node Count * 48
million elements

Range of elements: [-1000,1000]
Node Count of 20




Runtime

Oversampling Factor Avg. Runtime

2 6.310588357
4 6.016740685
8 6.206278933
12 6.121792859
16 6.010414586
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Speedup
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Oversampling
Scaling Study -
Takeaways

As with weak scaling, the final local sorting was
the largest contributor to the total runtime, at
about an average of 3.75 seconds across the
runs.

The data shows that varying the oversampling
factor does not influence the pivot
determination time, much less the total runtime

of the program



e Sample Sort as a method of sorting across a
cluster is powerful.

e However, it is heavily reliant the efficiency and
robustness of the sorting mechanism that the
processor uses at the local level.

e Using the C++ STLs vector data structure was a
pitfall; an implementation that used OpenMP
would have greatly reduced runtimes and
addressed the local sorting problem with a

custom sorting routine present.




Any questions? Ask away!



