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Abstract

We provide a performance comparison of generated
Infopipes that have been translate the Spi/XIP variant
of Infopipe specification into executable code. In-
fopipes are an abstraction to support information flow
applications. These tools are evaluated through a real-
istic application: a continuous image streaming pro-
gram. We implement the application in C and compare
its performance to both a hand-written application and
one that uses SunRPC.

1. Introduction

One of the fundamental functions of systems soft-
ware (e.g. operating systems and middleware) is to
provide a higher abstraction on top of hardware to ap-
plication programmers. More generally, one important
aspect of system software research is to create and pro-
vide increasingly higher levels of programming ab-
straction on top of existing abstractions. Remote Pro-
cedure Call (RPC) [1] is a successful example of such
abstraction created on top of messages, particularly for
programmers of distributed client/server applications.
Unfortunately, RPC, despite its success, has proven to
be less than perfect for some applications, particularly
the class of applications that operate on information
flows, also called information flow applications — ex-
amples in this application domain include data stream-
ing and filtering [2], sensor networks, e-commerce
transactions, and multimedia streaming. This paper
provides comparative performance of an implementa-
tion of generated communication code to support these
information flow applications using the Infopipe ab-
straction (Section 3 and [2], [3], [4]).

The Infopipe abstraction was defined to cover some
aspects of programming information flow applications
unsupported by RPCs. For example, many information
flow applications involve multiple transformational
stages and multiple communication links between the
stages. A second example is the support for quality of
service (QoS). Some existing efforts in supporting the
specification and maintenance of sophisticated infor-
mation flow applications using RPC-style middleware
[5] show the difficulties in such an approach.
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The main contribution of this paper is an evaluation
of current Infopipe implementations compared to tradi-
tional RPC programming. We wrote a realistic distrib-
uted multimedia application (with QoS requirements)
using Infopipes and compared it to equivalent pro-
grams that are (1) hand-written and (2) built with
SunRPC. On the programming side, we show that In-
fopipe-based code is significantly smaller than RPC
programming. On the performance side, we show that
Infopipe-based code achieves latency and bandwidth
compared to the best hand-written code, and gaining in
QoS support (comparable or smaller latency) when
compared to SunRPC-generated code.

Many important Infopipe features such as QoS
properties, Aspect Oriented Programming (AOP) sup-
port, or Infopipe composition (topics of active re-
search) are beyond the scope of the paper but are par-
tially treated in [6].

2. Background and Motivation

We believe that an appropriate programming para-
digm for information-driven applications should em-
brace information flow as a core abstraction. Unsur-
prisingly, there are already concrete examples of exist-
ing information flow software. (e.g. combining
UNIXs filters). This abstraction aims to offer the fol-
lowing advantages over RPC: first, data parallelism
among flows should be naturally supported; second,
the specification and preservation of QoS properties
should be included; and third, the implementation
should scale with the application. We emphasize this
new abstraction is intended to complement RPC — not
to replace it. For true client/server applications, RPC is
still the natural solution.

In the Infopipe research, we followed a methodol-
ogy analogous to the development of the RPC IDL,
and stub generator. We developed a domain specific
language for describing and building Infopipes. It ab-
stracts the connection and data typing and frees the
programmer from the necessity of uncovering architec-
ture-specific and language-specific. Other advantages
of the IDL+generator approach include enhanced pro-
gram correctness and shorter development cycles since
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generated code is pre-written and tested. Infopipe
specifications are translated by our toolkit into code in
a fashion analogous to an RPC stub generator. Simi-
larly, the difficulties of marshalling and unmarshalling
data, system initialization, etc. are hidden from the
developer.

3. The Infopipes Toolkit

Like RPC, Infopipes ([2], [3], [4]) raise the level of
abstraction for distributed systems programming and
offer certain kinds of distribution transparency. Beyond
RPC's IDL, which provides minimal data typing in-
formation, an Infopipe is specified by the syntax, se-
mantics, and QoS properties captured in its typespec.
To capture typespec information, we developed Spi
(for Specifying Infopipes), a text-based Infopipe Speci-
fication Language, to support information flow appli-
cations. It is similar to other domain-specific lan-
guages such as Devil [7] or the RPC IDL in that it en-
capsulates domain knowledge and provides similar
development benefits.

A typical Infopipe has two ends — a consumer (in-
port) end and a producer (outport) end — and imple-
ments a unidirectional information flow from a single
producer to a single consumer. Between the two ends a
developer provides a function, the middle, which can
process, buffer, filter, or transform information. In op-
eration, an information producer exports and transmits
an explicitly defined and typed information flow,
which goes to a consumer Infopipe’s inport. After ap-
propriate transportation, storage, and processing, the
information flows to a second information consumer.

The C/TCP implementation of Infopipes operates in
a straightforward manner, transmitting bytes in native
binary between the sender and receiver. Dynamic ar-
rays and strings are only transmitted up to their used
size as set during runtime. Datatypes as specified in
Spi are translated into C struct statements. To
avoid copying, there is one structure per port into
which the port can write data (for an inport) or from
which it can read data (for an outport).

4. [Experimental Evaluation

First, we provide a short performance evaluation of
the C implementations; and second, we have imple-
mented an image streaming application using C and
Infopipes. On C, we tested the application using the
socket and the ECho middleware communication layer,
and in one test, a mixed communication path which
used sockets for the first link and ECho for the second.
We compared the latency and throughput to the per-
formance for SunRPC.

For this paper, our measure of latency is the time it
takes for a sending Infopipe or process to send an ap-
plication packet and receive a reply (in the case of our
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latency tests the connection between sender and re-
ceiver is symmetric). Throughput is also important,
especially for applications with large data payloads, we
measure throughput by timing the sending of many
application packets from a source to a sink and then
calculating based on the total volume of bytes sent.
Each benchmark we ran using hand-written code,
Infopipes code, and RedHat 9’s rpcgen code on three
different kinds of application packets: a small packet
containing a single integer (4 bytes), a mixed packet
containing an array of 100 characters, a 10 element
float array, and 3 integers (152 bytes total), and a
packet containing an array of 3,072 integers (12288
bytes). For latency, we measure the time it takes to
send the test packet and receive a 4-byte acknowl-
edgement. For each the large and mixed packet tests,
we perform 1000 measurements per trial, and then we
report the average of 50 trials. For the small packet
payload, we extend a trial’s size to include 10,000
measurements, but we again report the average of 50
trials. For throughput, each trial measures the time it
takes to transmit 10,000 application data packets for
the small packet case or 1,000 packets for the large
packet case, and measure on the sender side from send-
ing the first byte to receiving a 4-byte acknowledge-
ment when the receiver accepts the last byte. Again, we
report the average of 50 trials. The small and mixed
packets sizes were both small enough to be transmitted
using RPC’s UDP protocol binding (which has a pay-
load limit of 8KB), so we included those results, as
well. The Infopipes were written in C and used the
TCP socket protocol. Two node benchmarks moved
data from one node to another. Three node benchmarks
moved data from node 1, to node 2, then to node 3 (one
NIC per node).
Table 1. Latency in microseconds for data transfer
between two compute nodes.

Small Mixed Large
Infopipe 172.1 249.5 462.5
RPC-TCP 164.6 307.3 670.0
RPC-UDP 160.6 271.0 N/A
Hand 137.5 191.6 381.8

Table 2. Throughput (Mbps) for data transfer between
two compute nodes.

Small Mixed Large
Infopipe 27.38 265.07 398.03
RPC-TCP 0.17 3.92 140.77
RPC-UDP 0.18 4.39 N/A
Hand 30.16 301.45 450.76
Table 3. Latency (us) to transfer across three nodes.

Small Mixed Large
Infopipe 385.1 473.3 799.9
RPC TCP 463.9 440.8 1337.4
RPC UDP 455.2 439.1 N/A
Hand 380.2 557.0 674.9
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Table 4. Throughput (Mbps) on three node bench-
mark.

Small Mixed Large
Infopipe 35.24 166.13 270.17
RPC TCP 0.07 2.47 73.61
RPC UDP 0.08 4.64 N/A
Hand 16.17 234 72 272 26
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As we can see, the Infopipes implementation com-
pared favorably in these benchmarks to both hand-
written code and to SunRPC code. The high through-
put of our implementation stems from two advantages.
First, the Infopipes TCP version relies on native repre-
sentation to send data. Since the SunRPC always con-
verts to the XDR byte ordering, it incurs extra over-
head that negatively affects its throughput, latency, and
jitter. The second advantage of Infopipes is they do not
demand response to a data send event as RPC does.
Therefore, the sending Infopipe need spend no time
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processing return values as the RPC client must, and
more importantly, the Infopipe, even with small pay-
load sizes, can fill the outgoing TCP buffer and enjoy
efficiency gains that arise from sending larger size
packets. (It should be noted, however, that the same
number of calls were made in each case to the commu-
nication layer.)

Our second experiment is an evaluated Infopipes for
an image streaming application. This application is
representative of many distributed information flow
applications with bulk, continuous data streaming re-
quirements. The application stems from DARPA's me-
dium-sized demonstration scenario developed for the
PCES project in which the application gathers video
and image inputs from several sources, processes them,
and redistributes the flows to several destinations in-
cluding video displays and automatic target recognition
programs. We use two variations of the program. In the
first version, “Plain,” the application simply moves an
image, which is about 400KB in size, from the sender
to the receiver. In the second version, “Grayscale,” the
sender sends the image first to a remote RPC server or
Infopipe that grayscales the image, and then forwards
the new image downstream to the receiver.

Table 5. Latency in ms for “Plain” and “Grayscale”.

Plain Grayscale
Infopipe 7.05 17.23
RPC 7.47 17.33

Table 6. Throughput (Mbps) for “Plain” and “Gray-
scale”.

Plain Grayscale
Pipe 644.88 826.08
RPC 471.81 206.03

Again, the Infopipes version delivers comparable la-
tency but superior throughput as compared to the
SunRPC version in the “Grayscale” variant. This time
the Infopipe implementation benefits from its natural
asynchronous semantics, which allows sending In-
fopipe to transmit data without waiting for the Gray-
scale Infopipe to finish its transformation.

5. Related Work

Remote Procedure Call (RPC) [1] is the basic ab-
straction for client/server software. By raising the
level of abstraction, RPC facilitated the programming
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of distributed client/server applications. Despite its
usefulness, RPC provides limited support for informa-
tion flow applications such as data streaming, digital
libraries, and electronic commerce. To remedy these
problems, extensions of RPC such as Remote Pipes [8]
and AVstreams for CORBA were proposed to support
bulk data transfers and sending of incremental results.
Still, RPC is usually a poor fit for distributed systems
with information flows.

Infopipes have commonality with the dataflow
model. Projects which touch on this computing model
and code generation include Ptolemy, as mentioned,
the SACRES project, and Spidle [9], [10], [11].

6. Conclusion

In this paper, we outlined the motivation for a high
level abstraction called Infopipes [2], [3], [4] for dis-
tributed information flow applications such as multi-
media streaming and digital libraries. Infopipes are
defined by, and programmed with, a family of domain
specific languages called Infopipe Specification Lan-
guages (ISL) which is compiled into executable code.
The main technical contributions are results from an
experimental evaluation of ISG-generated code that
demonstrates the advantages of a information flow

abstraction such as Infopipe. We have written a realis-
tic distributed application, where streaming sources
uses a bandwidth-limited network. Measurements of
microbenchmarks as well as application-level code
show that ISG generates high quality code, with mini-
mal additional performance overhead compared to
programs hand-written in a general purpose language
(C). When compared to SunRPC, results indicate that
ISG-generated Infopipe code has comparable latency
and significantly better throughput.
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