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I. INTRODUCTION

Over the past decade, we have seen the increasing ubiquity
of multicore computing across every sector of our society.
Multicore systems exist not only in supercomputers, but also
in desktops, laptops, and even smartphones. Unfortunately,
college students are typically not exposed to parallel pro-
gramming concepts until their senior year, and then, only if
they decide to take the elective course. Many do not because
it is considered ”too hard.” By this point, they have been
”brainwashed” with an ingrained sequential mindset in their
approach to writing computer codes. A future crisis is looming
as the demand for high-performance computing grows [1],
while the development of competent parallel programmers
does not keep pace.

The lack of easy-to-use constructs and easily accessible
programming environments for parallel computing is perhaps
the biggest reason for the belief that explicit parallel program-
ming is ”too hard” to undertake. For example, think about
the difficulty for a beginning parallel programmer to write,
compile, and debug a code in pthreads or OpenMP when
writing a program as simple as the ”Game of Life.” If easier-to-
use parallel constructs were available, these constructs would
be viewed as key language abstractions, much in the way
that if-then-else statements and for loops are, and they
would all be taught alongside each other. By teaching sequen-
tial and parallel programming logic at the same time, we avoid
creating programmers who can only think sequentially.

By providing appropriate parallel abstractions and program-
ming constructs, students would have the tools necessary for
learning the skills and logic necessary for programming in par-
allel and would be able to do so much sooner than their senior
year in college. Block-based languages such as Scratch [2]
and Snap! [3] have been successful in teaching novice users
(ranging from K-12 to college students to even professional
re-trainees) the fundamentals of computer programming by
offering unique, easy-to-use, picture-based programming en-
vironments that have broad appeal and a low barrier to entry.
We leverage the approach taken with these visual languages,
so that we can facilitate the necessary forward shift in the time
line for introducing parallel constructs, and subsequently, the
fundamentals of high-performance computing (HPC).

II. APPROACH

Here we describe our introduction of parallel constructs
into the block-based language Snap!, a visual language that

is based on Scratch. Snap!, written in JavaScript, is single-
threaded, and it only achieves concurrency by using an event-
based, time-sharing, execution model. However, the recently-
released HTML5 specification introduces the notable new
feature of Web Workers. Web Workers enable the spawning
of separate compute-intensive JavaScript threads in the back-
ground, thereby allowing the browser to remain responsive
to the user. Our approach designs an appropriate abstraction
of the HTML5 Web Workers within the Snap! interface
and incorporates it seamlessly into the existing programming
environment. Snap! users would then have an easy-to-use
mechanism to enable truly parallel programming.

To extend Snap! to use Web Workers, we leverage a toolkit
called parallel.js. It offers an API that readily allows for
the spawning of workers and retrieval of results. Fig. 1 shows
a Javascript function for calculating Fibonacci numbers, which
is associated with the corresponding Snap! block called pfib
that accepts an array of numbers as its input, as shown in
Fig. 2.

Fig. 3 shows a typical Snap! program that serially computes
the Fibonacci number for each element of an array in 21
seconds. Fig. 4 shows a similar Snap! program, but this time,
computing the Fibonacci numbers in parallel by utilizing
Web Workers to realize a data-parallel approach (SIMD). The
parallel Snap! program completes in about one second.

We have also realized other parallel constructs, such as
the classical producer-consumer. As with the pfib block, the

Fig. 1. Internal Snap! function calculates Fibonacci numbers in parallel.

Fig. 2. New block that calculates Fibonacci numbers over an array in parallel.



Fig. 3. Serial version of computing Fibonacci numbers.

Fig. 4. Parallel version of computing Fibonacci numbers.

producer-consumer construct is supported by the necessary
underlying code that abstracts out the low-level details of
parallelism. Looking ”under the hood,” Fig. 5 and Fig. 6 show
the Snap! building blocks needed for the producer object and
consumer object to interact via a shared buffer, respectively.
Fig. 7 shows a realization of the producer-consumer problem
with bees as producers and bears as consumers. In the middle
is the shared buffer through which the two sets communicate.

Fig. 5. Producer Object

Fig. 6. Consumer Object

The shared buffer and corresponding communication blocks
are examples of the types of abstractions for block-based
languages that are needed to better enable parallel program-
ming with pictures. The initial back-end for our ”Parallel
Programming with Pictures” runs on laptops, desktops, and

Fig. 7. Consumers depositing data into the shared buffer

servers, as visually shown in Fig. 7. Future work includes
fleshing out the environment to automatically generate parallel
code that can run on parallel clusters such as Tiny Titan, and in
the longer term, Titan, both at Oak Ridge National Laboratory.

III. CONCLUSIONS AND FUTURE WORK

Our work seeks to provide enhancements to Snap! that
would allow novice programmers to learn about and use
explicit parallel constructs much earlier than they otherwise
would or could. Coordinating the complex interactions of
parallel systems is non-trivial, and our position is that current
parallel constructs are not at a high enough level of abstraction
to be accessible to the novice user. We view this as an artificial
barrier that should be eliminated through the introduction of
appropriate abstractions that hide the low-level details that
implement an object (such as the shared buffer), along with
the methods used to interact with it.
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