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The Container Shipping I/O system [1] provides fast, copy-free
I/O to user-level processes in a uniform, device-independent
way. We have refined and implemented the Container Ship-
ping design [2], and have measured its performance for local
IPC, FDDI datagrams, and video display [1, 3]. Measured
throughput with Container Shipping is up to seven times
greater than with conventional Unix I/O.

Container Shipping is an I/O data transfer mechanism com-
posed of six system calls. Implemented as a supplement to or a
replacement of a user-level I/O API, Container Shipping pro-
vides copy-free I/O through selective virtual memory remap-
ping. Unlike related efforts, Container Shipping is not limited
to one type of device, does not restrict access to data, and does
not perform unnecessary memory mappings or copy-on-write
operations.

Container Shipping unconditionally eliminates copies by mov-
ing all data with virtual memory remapping. I/O data (in
blocks of memory called Containers) is mapped in and out of
process address spaces. Copy elimination provides a large
reduction in latency and a corresponding improvement in
throughput. Container Shipping also eliminates unnecessary
memory mapping operations, by mapping data only as
requested by a process, thereby providing additional latency
and throughput gains. Because mapping is directed by user
request, no expensive page faults are required to access data.
Finally, Container Shipping makes possible additional optimi-
zations which exploit the predictable behavior of long-lasting
I/0 pathways, for further performance gains.

We have implemented Container Shipping alongside the tradi-
tional Unix I/O API in DEC’s OSF/1 v2.0 operating system.
Tests were conducted by running our modified kernel on DEC
3000 model 800 (“Alpha”) workstations. First, we measured
local IPC performance between two processes. These pro-
cesses exchanged 32 megabytes of data through AF_UNIX
sockets, so source and target memory was largely uncached.
Container Shipping provided over 700% more throughput then
conventional Unix I/O.
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Local IPC I/O makes use of no actual device. To demonstrate
the viability of Container Shipping for real devices, we con-
nected three workstations using two FDDI networks, with one
system forwarding data from one network to the other. Despite
high overheads from context switching, system calls, protocol
processing, and device driver interrupt handling, Container
Shipping provided up to 30% more throughput than conven-
tional I/O on a system under load. With Container Shipping, a
user-level process was able to forward data reliably at the net-
work limit, while with Unix I/O a significant fraction of the
packets were lost.

To demonstrate Container Shipping with a very high speed
device, we implemented local video display to a frame buffer.
Six times faster than the FDDI interface, the frame buffer is a
true device, accessed by DMA transfer. Container Shipping
could sustain over 59 megabytes per second to the display
(enough for six full-size full-motion color video windows),
while Unix I/O could manage at most 12 megabytes per sec-
ond.
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Measured throughput of Container Shipping and conven-
tional I/O in DEC OSF/1 on DEC 3000 model 800 worksta-
tions, for devices of three different types.
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We have demonstrated substantial performance improvements
obtained by using Container Shipping instead of conventional
Unix I/O. Container Shipping is a viable alternative to copy-
intensive user-level I/0 interfaces.
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