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FG, a programming environment for parallel programs running
on distributed-memory clusters, improves programmer productiv-
ity for an asynchronous, pipelined program in two metrics: code-
development time and lines of source code. For our test case, FG
programmers produced a solution in 29% less time and with 34%
fewer lines of source code than non-FG programmers.

Typically, a parallel programmer employs two approaches for
mitigating latency in distributed-memory applications. First, a pro-
grammer hides low-latency operations, such as local-memory com-
putation, behind high-latency operations, such as disk I/O. Second,
a programmer accesses data in blocks in order to amortize the cost
of transferring data from disk to memory or among the nodes of a
distributed-memory cluster. The code required for both techniques,
though usually unrelated to the underlying algorithm the program-
mer is implementing, often accounts for a great deal of source code
and can also be difficult to write and debug. FG supplies all such
code, leaving the programmer to write only the code required for
the algorithm itself.

We quantify improved productivity with two metrics. The first
is code-development time: the amount of time required to design,
write, and debug a particular program is far less with FG than with-
out. The second metric is lines of source code: FG programs
are significantly smaller than equivalent non-FG programs. We
conducted three productivity studies, which show that FG reduces
code-development time by an average of approximately 29% and
source code size by an average of approximately 34% for an asyn-
chronous, pipelined program.

We administered identical productivity studies at three different
universities and recruited 23 subjects. We present results from the
17 subjects who completed the study. We split the subjects into two
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groups: FG programmers and threads programmers. We provided
each programmer with working code that performs a completely
synchronous version of columnsort [2]. The synchronous program
runs on a single processor and uses input matrices small enough
to fit into main memory. The program repeatedly reads a matrix
into a buffer, sorts the data, and then writes the sorted matrix out
to disk. The code we provided contained functions for each of the
steps of the columnsort algorithm as well as functions to read from
and write to the disk. The provided program arranges the functions
in a synchronous pipeline and uses only one buffer.

The nine FG programmers displayed a much shorter code-
development time, on average, than the eight threads programmers.
The threads programmers worked for an average of 256 minutes,
and the FG programmers worked for an average of only 182 min-
utes. The FG programmers, in other words, required 29% less time
to produce complete, working code. We see these results even
though the threads programmers had an average of 9.13 years of
experience coding, compared to the 8-year average of the FG pro-
grammers.

We found that experience in coding does not correlate directly
with code-development time. Several FG and threads programmers
have identical years of experience, and so we can compare them
directly. For example, three FG programmers and three threads
programmers each have 10 years of experience coding. All three
of these FG programmers exhibited shorter code-development time
than any of the three equivalent threads programmers. We see sim-
ilar trends for the FG and threads programmers with seven, eight,
and nine years of experience.

In addition to reducing code-development time, our experimental
results show that FG also reduces lines of source code required. In
addition to our earlier work [1], our productivity studies show that
programmers unfamiliar with FG produced less source code than
the threads programmers, all of whom had some experience in cod-
ing with threads. Indeed, the columnsort programs that use FG are,
on average, 34.3% smaller than the programs that use threads di-
rectly. The threads programmers produced an average of 586 lines
of source code, whereas the FG programmers produced an average
of only 385 lines.
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