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Abstract

J This document describes the experiments that will be conducted on the

Phase B I0C Network Front End (INFE). The INFE will connect a WWMCCS H6000
host to AUTODIN II. In Phase A of the WWMCCS network front end program,

an Experimental Network Front End (ENFE) was developed. Phase A experiments
; extensively measured the ENFE. Most of those experimental results apply

to the INFE. Hence, much of the performance of the INFE is predictable

from Phase A experiments. Phase B experiments will use Phase A measurement
tools to refine some measurements begun in Phase A and to remeasure

overhead and gross throughput parameters for the INFE.
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Introduction

A network front end (NFE) is a computer system interposed

between a host computer and a network. The NFE relieves the host of the

burden of network interface software. It provides terminal access to the

network when the host is down.

The technological basis for a network front end is derived from

ARPANET network access machine research. A late development in that
research was Network UNIX, which is the immediate basis for the present
research effort. UNIX is a general purpose operating system developed
by Bell Telephone Laboratories for use on PDP-11 computers. In 1975,
staff of the University of I1linois Center for Advanced Computation
added ARPANET network control program (NCP) and Telnet software to UNIX
to make Network UNIX. In 1976, the Network UNIX staff began Phase A of
the WWMCCS NFE program. Network UNIX was modified to frontend a WWMCCS
H6000 to the ARPANET. The result of the Phase A effort was the WWMCCS
Experimental Network Front End (ENFE).

Ir. October, 1977, Digital Technology Incorporated was formed
from the staff of the Network UNIX and WWMCCS NFE projects. In Phase B
of the HﬁMCCS NFE program, Digital Technology Incorporated is modifying
the Phase A ENFE to support AUTODIN II protocols. This will provide an
initial operational capability (I0C) NFE (INFE) for AUTODIN II.
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Analysis of Phase A Results

Phase A ENFE measurement and evaluation activities were described

in the "Experimental Network Front End Experiment P]an"]

and the "UNIX/ENFE
Experimental Performance Report“z. Additional measurements have been
made in Phase B.

The Phase A experiment plan emphasized ENFE performance
evaluation and module tuning. However, the Phase A experiments them-
selves showed that ENFE performance was so dominated by system calls
(those calls that enter the UNIX kernel) that module tuning could not
significantly improve performance.

For example, in one network-to-H6000 experiment using very
short messages (72 bits), the observed throughput was 68 messages per
second. Thus the average message processing time was 1000/68 = 14.7 ms.
Each message required 21 system calls (most to interprocess communication

routines) totaling 13.5 ms. (92% of processing). All network protocol

processing, other overhead, and idle time totaled 1.2 ms. (8% of processing).

L Belford, Geneva and Putnam, Daniel E. "Experimental Network Front End

Experiment Plan", CAC Document MNo. 227, Center for Advanced Computation,
University of I11inois at Urbana-Champaign, 1977.

2 Putnam, Daniel E., Belford, Geneva G., and Healy, David C. "UNIX/ENFE
Experimental Performance Report", CAC Document No. 231, Center for
Advanced Computation, University of I1linois at Urbana-Champaign, 1977.




Even if the protocol modules, non-system call overhead, and idle
time took no time at 211, the message rate would only rise to 1000/13.5 = 74
messages/second; if protocol processing, non-system call overhead, and
idle time were doubled, the message rate would only drop to 1000/15.9 = 63
messages/second. Hence, the impact of module tuning is negligible.

- ENFE throughput is directly proportional to the speed of UNIX
system calls. If system call processing‘could be halved, the message
rate would double (6.8 milliseconds system calls + 1.2 milliseconds
protocol processing and other = 8.0 milliseconds processing per message;
1000/8.0 = 125 messages per second). System call overhead would still
be 85% of processing.

The maximum message throughput rate from the ARPANET through
the ENFE to the H6000 is 75 messages per second. The maximum rate in
the opposite direction is only 67 messages per second. This is because
two more system calls per message are required. Adding a system call to
the processing of a message reduces the message processing rate by
about 5%.

The maximum ARPANET bandwidth measured on the ENFE is 80
kilobaud (8K-bit messages; 10 messages/second). Because maximum IMP
interface bandwidth is also about 80 kilobaud, it is not clear that the
ENFE itself 1imits throughput to 80 kilobaud. If the ENFE is in fact
limited to 80 kilobaud, the processing of 8K-bit messages must require
on the order of 100 milliseconds. As shown above, processing short
messages in the ENFE requires on the order of 15 milliseconds. In the
ENFE, only NCP processing increases as message size increases. It is
unlikely that increased NCP processing would require an additional 85
milliseconds per message. Therefore, ENFE throughput is most likely




limited by the ARPANET. In the absence of a higher bandwidth network
interface, measurements of protocol processing time are required in
order to accurately estimate ENFE maximum throughput.

Message delay (time required for messages to pass through the

ENFE) varies from 50 ms. for small messages to 150 ms. for large messages.

About 30 terminals can be supported by the ENFE.
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Phase B Priorities

The experiments performed in Phase A showed that the performance

of the ENFE was determined hy its UNIX-based architecture. The Phase B

INFE is also UNIX-based. Improvements have been made in the interprocess-

communication mechanism for the INFE to reduce the number of system

calls required. In addition, system entry time will be reduced for the

INFE system calls. As a result of these changes, we expect modest

improvements in INFE performance over ENFE performance. Phase B experi-

ments will analyze the impact of these changes. Phase B measurements

will be used to tune INFE system calls.

The performance parameters of a UNIX-based NFE architecture are

well understood. Performance is independent of protocol processing

time. Other, low overhead MNFE architectures have been proposed. In

these architectures, protocol processing time will significantly affect

performance. In order to tune these architectures, protocol processing

requirements must be well understood. At present, little is known about

these requirements. Thus, in Phase B experiments, priority will be

given to protocol processing measurements.




Phase B Experiments

INFE protocol processing, INFE system calls, and INFE capacity
will be measured. The tools and techniques required for these measure-
ments are described in detail in the Phase A experiment plan.

Protocol Processing

Individual INFE protocol modules will be timed using the high
resolution timer and UNIX profiling facility used in Phase A experiments.
Where appropriate, individual module actions will be timed (e.g., the
Channel Protocol Module time for processing a TRANSMIT Command may
differ from the time required to process a TRANSMIT Response). Where
appropriate, the variation of processing time with message size will be
measured.

The INFE protocol modules to be measured are:

1. Link Protocol Module,
Channel Protocol Module,
. TCP Service Module,
TCP Module,
THP Service Module,

. THP Module, and

N o0 AW N

. SIP Module.
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INFE System Calls

A11 new and modified INFE system calls will be measured. The
measurement routines and analysis techniques developed for Phase A
system call measurements will be used.

The combination of system call measurements and protocol
module measurements should provide a very accurate prediction of INFE
capacity under various message mixes.

INFE Capacity

INFE capacity predictions will be verified by actual measurement
of INFE terminal, host, and network capacities while the INFE is connected
to an H6000 host. Computer Sciences Corporation (CSC) test drivers
developed for the Phase A experiments will be used in the H6000 to drive
data through the INFE to/from the network and to/from INFE terminals.

In Phase A DTI provided ARPANET message generators and message

sinks in the ENFE to support the CSC H6000 test drivers. Where necessary,

these generators and sinks will be reimplemented using AUTODIN II protocols.

Measurement software will reside in the IWFE.
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