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Frame relay is a standardized, public,
packet-switched, data-network ser-
vice that functions as a public wide
area network (WAN) backbone con-

necting individual local area networks
s). Data is transmitted in packets from
LANto another through a frame-relay

network over high-speed leased lines. Be-
cause of its design, the Frame Relay ANSI
Tl.606 Standard allows for an easy migra-
tion path from present to future network
architectures, as existing systems (includ-
ing Tl, ISDN, and others) can be upgrad-
ed, and hence preserved, via software.
Additionally, frame relay can manage

bursty, unpredictable data traffic and pro-
vide single-line access to the network with
logical connections to other destinations.
The end result is minimal hardware, a sim-
ple network design, and reduced operat-
ing costs.
With all this in mind, it's no surprise that

frame-relay bearer services- that is, those
services designed to serve both LAN in-
terconnections and existing host-computer
environments - are becoming increasing-
ly popular. CompuServe's Frame-Netframe-
relay service, for example, enables dedi-
cated Internet access at up to Tl speeds
(1.536Mbits/sec), and 14.4Kbits/sec dial-
up access via point-to-point protocol (PPP)'
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Still, the frame-relay standard does not
specify a mechanism for flow control and
error control between users and the net-
work. The data-link control protocol for
frame relay (LAPF)uses a frame structure
that does not contain a control field and
therefore has no sequence numbers to
work with. While this streamlined proto-
col provides for efficient data transfer, it
lays the network open to the possibility
of congestion. To deal with this problem,
standards organizations have proposed a
variety of congestion-control techniques.
Because of the large number of techniques

are layer-two frames. As in any packet-
switching network, one of the key areas in
the design of a frame-relay network
is congestion control. In essence, a frame-
relay network is a network of queues. At
each frame handler, there is a queue of
frames for each outgoing link. If the rate at
which frames arrive and queue up exceeds
the rate at which frames can be transmit-
ted, the queue size grows without bounds
and the delay experienced by a frame goes
to infinity, Even if the frame-arrival rate is
less than the frame-transmissionrate, queue
length will grow dramatically as the arrival
rate approaches the transmission rate. As a
rule of thumb, when the line for which
frames are queuing exceeds 80 percent uti-
lization, the queue-length growth rate be-
comes a problem.
Figure 1 shows the effect of congestion

in general terms. Figure lea) plots the
throughput of a network (number of
frames delivered to a destination station
per unit time) versus the offered load
(number of frames transmitted by all sub-
scribers), while Figure l(b) plots the av-
erage delay from entry to exit across the
network. At light loads, throughput and
network utilization increase as the offered
load increases. As the load continues to
increase, a point is reached (point A in
the plot) beyond which the throughput of
the network increases at a rate slower than
that of the offered load. This is due to net-
work entry into a mild-congestion state.
At this level, the network continues to
cope with the load, although with in-
creased delays.
As the load on the network increases,

a point is eventually reached (point B) be-
yond which throughput drops with in-
creased offered load. The reason for this
is that the buffers at each node are of fi-
nite size. When the buffers at a frame han-
dler become full, it must discard frames.
Thus, the sources must retransmit the dis-
carded frames in addition to new frames.
This only exacerbates the situation: As
more and more frames are retransmitted,
the load on the system grows, and more
buffers become saturated. While the sys-

that can be used alternatively or in con-
junction with one another, and because
the specifications are scattered through
various documents in no particular order,
this is the most confusing aspect of frame
relay.
In this article, I'll provide an overview

of frame-relay congestion control, look-
ing first at the explicit congestion-control
techniques proposed for frame-relay bear-
er services, and then present a set of al-
gorithms that split the responsibility for
congestion control between the network
and the subscriber.

Congestion in Frame-Relay Networks
A frame-relay network is a form of packet-
switching network in which the "packets"
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