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METHODS, SYSTEMS AND COMPUTER
PROGRAM PRODUCTS FOR
CONTROLLING DATA FLOW THROUGH A
COMMUNICATIONS ADAPTER

FIELD OF THE INVENTION

The present invention relates to data processing systems
and more particularly to data processing systems utilizing
guaranteed bandwidth and best efforts connections to con-
nect to other data processing systems.

BACKGROUND OF THE INVENTION

Data processing systems which allow for multiple con-
current processes have been known for years. For example,
multi-user systems employing mainframe computers with
remote terminals include IBM VM and MVS systems. These
systems allow for multiple processes on a single computer
system. As a result, the hardware of the data processing
system may be shared across multiple users or multiple
processes.

One example of a shared resource in a data processing
system may be a network communication adapter. A net-
work communication adapter allows a computer to commu-
nicate with other computers in a network, such as for
example, over the Internet or an intranet. The communica-
tion adapter receives data from the computer system and
transmits the data over the network. Similarly, the commu-
nication adapter may receive data from the network and
provide the data to the computer system. In many modern
layered data processing systems, the hardware of the com-
munication adapter receives data from and provides data to
the Dynamic Link Control (DLC) layer of the computer
system.

Connections to the communications adapter generally fall
into two categories: guaranteed bandwidth connections and
best efforts connections. Guaranteed bandwidth connections
result from negotiation between the DLC layer and the
adapter to establish a guaranteed transmission rate for a
connection through the adapter. Thus, for example, a con-
nection may be establish through an adapter which guaran-
tees a throughput of 1 megabyte of data per second. In a best
efforts connection, the adapter utilizes whatever bandwidth
is available to send the data. For example, if an adapter has
a maximum throughput of 6 MB/sec. and 3 MB/sec. are
allocated to guaranteed bandwidth connections, then on
average 3 MB/sec. will be available for use by best efforts
connections. However, with a best efforts connection there is
no guarantee that any bandwidth of the adapter will be
available for handling the connection’s data.

The communications adapter includes data buffers which
buffer the data which is transmitted to and received from the
DLC by the communications adapter. These buffers may be
used by multiple applications executing on the data process-
ing system that use the communications adapter to commu-
nicate with the network, thus providing for multiple con-
nections through the communications adapter. However, if
more data is provided to the network communications
adapter than may be buffered by the adapter, the adapter will
typically discard the transmitted data. Thus, if the users or
applications are using High Performance Routing (HPR),
end-to-end error recovery of HPR will typically cause
retransmission of the discarded data. This error recovery
protocol, while providing for higher reliability, may cause
reduced throughput of the adapter as bandwidth normally
utilized by data communications is utilized for retransmitted
data. It is, therefore, desirable to avoid the case where the
buffers of the adapter are over-utilized.
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An additional characteristic that may further complicate
providing for both best efforts and guaranteed bandwidth
connections is that the communications with the adapter
may be “bursty” in that the data is not provided at a constant
rate. If the peak of a burst of data is received from best
efforts connection, then that data may over-utilize the
adapter for a period of time. Because of the discontinuous
nature with which data may be received by the communi-
cations adapter it may be possible for all of the buffers of the
adapter to be filled by data for a best efforts communication.
Therefore, the data from a guaranteed bandwidth commu-
nication may be rejected and the guaranteed bandwidth
connection may not be provided with the required band-
width. Furthermore, if a guaranteed bandwidth connection
has a large amount of data to be carried by the adapter, the
guaranteed bandwidth connection may dominate use of the
adapter and, thereby, preclude use of other guaranteed
bandwidth connections or best efforts connections. Thus,
simply prioritizing the guaranteed bandwidth data may not
prevent overrun of the adapter and may not provide a fair
allocation of adapter usage among connections.

In light of the above discussion, a need exists for improve-
ments in the control of data flow for guaranteed bandwidth
connections.

SUMMARY OF THE INVENTION

In view of the above discussion, it is an object of the
present invention to provide for improved performance of
guaranteed bandwidth connections while maintaining fair-
ness to best efforts connections.

A further object of the present invention is to provide for
increased control over connections through a communica-
tions adapter to provide for fair sharing of resources.

Still a further object of the present invention is to provide
for avoidance of buffer overruns in communication adapters.

Yet another object of the present invention is to provide
for guaranteed bandwidth connections without requiring
additional signals between a communications adapter and a
device using the communications adapter to avoid buffer
overrun at the adapter.

A still further object of the present invention is to auto-
matically control adapter usage such that each connection
through the adapter is properly allocated bandwidth of the
adapter.

Another object of the present invention is to prevent the
continued dominance of adapter bandwidth by any single
connection such that guaranteed bandwidth connections are
not satisfied or best efforts connections are excluded.

These and other objects of the present invention are
provided by methods, systems (apparatus) and computer
program products which control the data rate through a
communications adapter having at least one guaranteed
bandwidth connection through the communications adapter.
The control of the data rate may be accomplished by
assigning to the guaranteed bandwidth connection, a maxi-
mum threshold value proportional to the amount of data to
be transmitted through the communications adapter in a time
interval to satisfy the guaranteed bandwidth of the connec-
tion. The amount of data transmitted through the commu-
nications adapter for the guaranteed bandwidth connection
may then be counted so as to provide a connection data
count associated with the guaranteed bandwidth. Data trans-
missions to the communications adapter for data associated
with the guaranteed bandwidth connection are suspended if
transmission of the data would cause the connection data
count to exceed the maximum threshold value assigned to



