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Since the TCP SAP is primarily concerned with packet transfer between a host and
the associated IU, i.e., there are no routing issues, the impact on throughput is due to
the number of error-free frames the network and link layers can accommodate via their
flow control mechanism. Given that the IU is designed to have ample processing capaci-
ty, the throughput is constrained by the data rate of the host to IU.

The delay introduced by the TCP SAP and its supporting protocols in the packet
transmission path consists of additional processing delays in the host and IU. This
occurs in addition to the queueing and transmission delays at the host/IU interface,
which are directly related to the average packet size, throughput, and data rate, and are
unavoidable as long as the host and IU are physically distinct devices. The processing
delays at the host and IU are dependent on the protocol complexity and implementation
as well as on the respective processors’ operating systems and hardware. The simulation
results have shown that the additional processing delay (about 2 to 3 milliseconds in an
IU) due to the TCP SAP and its supporting functions is not significant in comparison
to the end-to-end one-way delay (in the order of 100 milliseconds) between a pair of
hosts when the communication path does not include a bridge or a gateway. The
existence of a bridge or a gateway is expected to cause an additional delay in the range
of 10 to 50 milliseconds. "

Data reliability is related to the undetected frame error rate which, in turn, depends
on the raw-bit error rate at the physical link and the error detecting algorithm at the link

layer. (The use of HDLC LAPB with the TCP SAP provides-a 16-bit GRC.)f—vT-he -

probability of undetected frame errors in the host/IU interface was analytically deter-
mined to be at least one order less in magnitude than the corresponding value (typically
one in a million) for a host-to-host path.

The data path from the source host to the destination host includes, among other
protocols, two pairs of client and server TCP SAPs, one each at the source and
destination end. The TCP SAP constitutes only a minor part of hardware and software
in a host and an IU. The impact of TCP SAP on the host-to-host path availability was
analyzed and was found to have no major significance. .

The TCP SAP has no direct bearing on the centralized security system because it
simply transfers security-related parameters between ULPs and NAS and TCP.

Other indirect effects of the TCP SAP include system development costs and logistic
delays in the project schedule. Although the TCP SAP has to be accommodated in each
host and IU, it does not have a significant bearing on the overall cost of the network
because of the following reasons:

1. The hardware and software requirements for the TCP SAP are small in compari-
son to those related to other protocols, and

2. The TCP SAP hardware and software have a modular structure that, once devel-
oped, could be ported in a variety of hosts and IUs.

The logistic delays can be avoided by appropriate planning and scheduling, which is a
subject of project management and is beyond the scope of this research.

SUMMARY AND CONCLUSIONS

The TCP SAP presented in this article provides a flexible, evolutionary means for
access to the various network communication services. The TCP SAP allows for a
transparent interface between upper layer protocols (ULPs) in a host and the network
transport layer, namely TCP, that is resident in a physically separate interface unit (IU).
The TCP SAP architecture permits incorporation of additional transparent interfaces
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to other protocols such as IP without any significant modifications in the software
structure. The host-front-end protocol consists of the TCP SAP overlayed on a defined
implementation of the CCITT X.25 layer 3 through 1 protocol set.

The performance of TCP SAP and its supporting protocols was evaluated by analysis
and simulation of the network protocols. The additional functions that are required to
be performed (due to the TCP SAP and its supporting protocols) do not apparently
have a major impact on the network system performance with respect to throughput,
end-to-end delay, data reliability, path availability, system security, and cost.

Although the TCP SAP is specifically designed for a given network configuration, it
can be adapted to other distributed data communication systems, and its concept is
applicable to local area and long-haul networks with diverse architectures.
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