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1. Introduction
The C++ programming language is still very popular amongst developers who
are responsible to implement high performance systems, many times utilize mod-
ern multicore hardware writing highly parallel applications. However, implement-
ing platform independent multithreaded programs are far from trivial. C++17
introduced Parallel STL to simplify writing parallel code for developers already
comfortable with the long-term used Standard Template Library. However, while
Parallel STL can be powerful, it also presents risks: as many experts have noted,
issues like non-commutative or non-associative algorithms can lead to unexpected
results, and the standard offers plenty of other ways to “shoot yourself in the foot”.
In this paper we discuss some of these problems, including the implementation of a
generic filter-reduce algorithm for solving niche parallel tasks, and lessons learned
along the way.

2. The Parallel STL library
Since the early years of the new millennia, the importance of parallel program-
ming has been well-known for programmers. As the Moore’s Law does not apply
anymore for the speed of the processors, software performance could be increased
mostly via enabling parallel execution [7]. However, writing efficient, scalable,
and correct parallel programs is inherently challenging. While most programming
languages provide low-level multi-threading elements: thread-management classes,
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mutex objects, locks, conditional variables, etc., complex programs should avoid
various traps and pitfalls like possible race conditions, deadlocks, or resource star-
vation. Here these low-level language constructions are not really helpful.

In the same time writing multi-threaded programs usually does not bring effi-
ciency and scalability automatically. Often the programmer not only has to un-
derstand effective parallel constructs but also should be aware of platform-specific
features, sometimes even down to the hardware level.

Since the C++17 version of the Standard [2, 8], the standard library provides
the Parallel Stl, a parallel version of the Standard Template Library. The Stan-
dard Template Library (STL) is part of the C++ language since the first standard,
known and widely used by the developer community [5]. In C++17 most of the
STL algorithms received new overloads that take a first execution policy parame-
ter, which specifies the algorithm’s – possibly parallel – execution. [4] The C++
community highly appreciated the Parallel STL library as it promised a safe and
effective way to implement business logic on a higher abstraction level; while it still
promised efficient platform-specific concurrent implementation.

3. Problem statement
Since the introduction of the Parallel STL, practice identified several issues, mostly
related to non-commutative and non-associative algorithms, that can cause serious
errors for inattentive or inexperienced developers [1, 3, 6]. While these problems
are widely discussed in the C++ community, the na ive use of Parallel STL may
lead to surprising results in other, less known areas as well. In this work we will
discuss some of these problems, namely algorithms, which requires returning the
results in some well-defined order.

Many old-style STL algorithms, like find and find_if returns the first element
that matches the search criteria inside a container. However, when we apply the
corresponding Parallel STL algorithm to the very same data, the outcome may
differ, returning a different result or not to find any result at all. The root cause
of this phenomenon is the na ive implementation of the parallel version of the
algorithm, which usually just applies the same criterion on multiple slices of the
container and then tries to fold the results. However, the parallel execution on
the slices most cases does not guarantee a stable behavior; the results on the slices
return in undefined order.

4. A filter-reduce algorithm
We designed a generic filter-reduce algorithm to solve the problem described in the
previous section. The algorithm executes a parallel filter step to search elements
with a given criteria in a container then executes a sequential reduce step to identify
the element(s) we are looking for. The filter criteria is local, i.e., it does not depend
on other elements in the container, while the reduce step keeps the order of the
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elements. The algorithm is specifically effective in cases where the result set of the
filter step is significantly smaller than the original data set, therefore the sequential
reduce step is executed on relatively few elements.

We implemented the algorithm as a working prototype using standard C++17
features and on the bases of the Parallel STL itself. That way we can utilize the
effective portable implementation of the Parallel STL while providing a flexible
way to parameterize the algorithm using C++ functors.

Measurement data shows that the prototype produces the very same results
as the classical sequential STL algorithms, but in can overperform the sequential
solutions.
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