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Q&A: A Look Back and Ahead at Parallel Computing
We take a look back at the progress made in parallel computing with James
Reinders, Parallel Programming Models Architect at Intel, who also shares his
thoughts on how developers can get involved today, and what’s ahead.
William Wong | Electronic Design

I wanted to find out where parallel computing stands today, so I talked with James
Reinders, Parallel Programming Models Architect at Intel. He has been involved with
high-performance computing (HPC) and is a well-known author with books like High
Performance Parallelism Pearls Volume One: Multicore and Many-Core Programming
Approaches, with James Jeffers. 

What does the parallel processing landscape look like these days?

Reinders: The landscape for parallel processing is both maturing and rapidly evolving
because there are many innovations and uses to be developed. Parallel computing is
everywhere, and is therefore both an opportunity and a challenge for every software
developer. The challenge, I like to say, is to “think parallel.” That is the most important
aspect of being a parallel programmer—the ability to think about where parallelism
opportunities are in your application, and exploit them in a way to a parallel computer’s
advantage.
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How has this changed over the past 10 years and where is parallel processing
heading in 2016? Over the next 10 years?

Reinders: It was just over a decade ago that multicore processors appeared on the
market. In the intervening decade, we have seen a shift to all parallel (multicore)
processors, ranging from cellphone processors to high-end processors for
supercomputers. We are even seeing hardware designs for computing that no longer hold
on to the legacy requirement to be able to run serial applications. This is a huge change in
the landscape, and a trend that will continue. 

We are finishing a decade I will call the “dawn of ubiquitous parallel computing.” A
decade ago, I often observed that the toughest time for software developers would be the
short era when single core and multicore performance both mattered. For most
programmers (outside of supercomputers), parallelism in the past decade required
attention to both single-core and multicore platforms. I think we are rapidly exiting that
era, and software programs which require parallel computing are acceptable everywhere. 
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We do not need to write both a parallel and a serial version of a program to ensure
acceptance. We should celebrate shedding the burden of supporting non-parallel
computers, and the ability to focus on parallel computing.

Therefore, the next 10 years will be the coming-of-age for ubiquitous parallel computing,
and we have multiple hardware and software innovations coming together. Hardware is
being designed for parallel computing with an increasing variety of innovations to make
parallel computing more affordable and higher performance. Software efforts ranging
from operating systems, to tools, to language standards have all seen a decade of aligning
to support parallel programming, which we can now build upon. With the hardware and
software to build parallel systems on, we are going to see an unleashing of compute power
we have never seen before. This era will be defined by the combination of compute power
from parallel computing, with access for everyone via the cloud, combined with an
industry that is now equipped and oriented to take advantage of it.

What is the most exciting thing that Intel is doing in the parallel processing
space right now?

Reinders: Being a leader in the democratization of technical computing and high-
performance computing (HPC) is what excites me the most these days. In these matters,
supercomputers serve as a bellwether for the entire computing industry. History tells us
that today’s supercomputer advances will be commonplace computing within a decade
and everyday computing in the decade after that. The trend of democratization of HPC is
very exciting. As technologies mature, Intel is increasingly finding ways to make such
high-performance systems more accessible. This in turn energizes more transformational
science and engineering that utilize such computers. 

Intel participates in the OpenHPC community and drives the HPC Scalable System
Framework along with numerous partners. Our products include Intel OmniPath
Architecture, Intel Xeon processors, Intel Xeon Phi processors and software development
tools in Intel Parallel Studio, including support for Data Analytics and Machine Learning
and high performance for Python applications. These tools and programs create a
platform that is not only unprecedented in performance, but also unprecedented in terms
of wide accessibility. That translates to a brighter future for all of us.

What kinds of tools does Intel offer developers to help with parallel
processing/HPC?

Reinders: Intel offers a wide variety of tools, and since they fit seamlessly into most
current development environments, people find our tools are more like an upgrade than a
radical change. Most of what we offer is in a single product called Intel Parallel Studio,
and we have free community versions of the libraries.

What our tools do is help with three things: First, building a parallel program via our
compilers and libraries. Second, debugging a parallel program via our Intel Parallel
Inspector XE. Finally, analyzing parallel programs to guide design (Intel Parallel Advisor)
and development (Intel VTune Amplifier).  Words do not do justice to how transformative
the tools in each of these categories are for software development. A wealth of
information about the tools is available on Intel’s website, including webinars, tutorials,
and articles showing how to get started and succeed using these tools. If software
developers are doing parallel computing on Intel processors, I encourage them to use our
libraries and tools, and invest in maximizing their ability to “think parallel.” 

You just launched the Intel Modern Code Developer Community in July.
What is that program and how have people responded so far?

Reinders: The response has been strong, which has reinforced our belief that parallel
programming has an enthusiastic following that is eager to learn more. The appetite for
useful information and dialog is insatiable. The Intel Modern Code website acts as a
launch pad for a multitude of opportunities to learn more and engage others interested in
parallel computing. The videos alone can pull you in for hours of education from experts,
including videos from our recent Intel HPC Developers Conference held in Austin. We
have many more conferences and training events that provide the opportunity to join our
partners and us around the world for parallel programming oriented events. Key talks
from these events are often recorded and available for viewing from our website.

This year, we held the Intel Modern Code Challenge for students to optimize a brain
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simulation model used at CERN, which concluded with a handful of winners. Mathieu
Gravey, a 25-year-old university student from France, won the highly coveted grand prize
of an internship at CERN awarded by the Intel Modern Code Developer Challenge, in
partnership with CERN openlab. I was pleased to meet and talk with Mathieu at our Intel
HPC Developers Conference in November when we announced that he won. When asked
what tools he used when optimizing the code to run in under nine minutes instead of the
original 45 hours, Mathieu said his “brain” was the most important tool he used. I love it!
When I teach parallel computing, I always insist that the key is to “think parallel.”
Mathieu definitely believes this, too.  I hope we will be able to have more contests in the
future.

I cannot emphasize enough how important code modernization (using parallel
computing) is, and how relatively easy it is to get benefits from the start. In fields like data
analytics and machine learning, where relatively little prior work has optimized for
parallel computing—we routinely see enormous speed-ups (10X, 20X, sometimes 100X)
when helping developers. We have also seen some incorrect attributions of speed-ups to
computer designs, implying that it has provided some unique and large advantage.  The
reality is the almost all speed-ups come from code modernization and can be made widely
applicable—something that rests upon the skills and work of software developers. Our
Modern Code efforts, highlighted on our website, is our focal point in the education and
promotion of code modernization to help software developers realize faster speeds on all
systems through parallel programming.

I understand you have authored a few books about parallel programming.
Can you tell us a little about them, and what they have taught you?

Reinders: I love to teach, and in particular to teach parallel programming skills. It is a
large topic, and there are many possible approaches to teaching.  I am very proud of our
two most recent books: High Performance Parallel Programming Pearls (Volumes 1 and
2). Over a hundred experts contributed their experiences and code in a highly accessible
collection of parallel programming examples. I learned a lot as I engaged these experts to
bring these books together. The books are chapter after chapter of examples on
modernizing code to utilize parallel computing. The examples are real-world codes, with
explanation of how these experts considered options for parallelism, made their choices,
and implemented them. The source code is freely downloadable as well as another
learning tool. If you are programming in C, C++, or Fortran, and tackling parallel
programming for technical and high-performance computing, these books are an
incredible resource for learning from a wide variety of experts.

Another book I am very proud of is Structured Parallel Programming. It is useful for
anyone interested in learning more about how to “think parallel.” Universities have used
it to teach parallel programming, and the University of Oregon has shared their lessons,
slides and teaching assignments online. Our approach is to teach patterns, where a
pattern is defined as a recurring way that parallel programming experts solve particular
types of problems. Rather than teach a language (like a book on OpenMP might do), we
teach concepts that are essential to effective parallel programming. If you do not know
what a stencil is, and how to use it in parallel programming, it is a pattern you should
learn. The book covers stencils, map, reduce, and much more. If programmers can take
the time to step back and learn these fundamentals, I think this book can be
transformative to making sure your brain is your best tool for parallel programming.
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The Xeon Phi packs in dozens of processing cores.

I am working to release a new book by the middle of 2016 focused on parallel
programming for the 2nd Generation Intel Xeon Phi processor—code-named Knights
Landing (Fig. 1). I am writing the book with Jim Jeffers, who co-wrote the first book with
me on Intel Xeon Phi coprocessors, and with Avinash Sodani, the chief architect of
Knights Landing. I also have the help of a dozen more people inside and outside of Intel
who are working with early Knights Landing machines.

Together, these books have taught me a lot about the challenges of parallel computing.
The two greatest lessons for me are that you need to make yourself your greatest tool by
investing in learning to “think parallel,” and that parallel computing is coming of age. The
tools, techniques, and systems available make parallel computing both essential and
approachable in a way that is radically different than a decade ago. I see limitless
opportunities ahead for software programmers who unlock the power of parallel
computing for solving needs in all fields. That is what truly inspires me.

James Reinders is an expert in the area of parallelism, Intel’s leading spokesperson on
tools for parallelism, Intel’s parallel programming evangelist, and author of books on
VTune (2005), TBB (2007), Structured Parallel Programming (2012), Intel Xeon Phi co-
processor programming (2013), Multithreading for Visual Effects (2014), High
Performance Parallelism Pearls, Volume One (2014) and Volume Two (2015).
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