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1981 1997 2014 Factor
(2014/1981)

Uniprocessor speed (MIPS) 1 200 2500 2.5K

CPUs per computer 1 1 10+ 10+

Processor MIPS/$ $100K $25 $0.20 500K

DRAM Capacity (MiB)/$ 0.002 2 1K 500K

Disk Capacity (GiB)/$ 0.003 7 25K 10M

Home Internet 300 bps 256 Kbps 20 Mbps 100K

Machine room network
10 Mbps
(shared)

100 Mbps
(switched)

10 Gbps
(switched) 1000

Ratio of users
to computers

100:1 1:1 1:several 100+

Figure 1.8: Approximate computer server performance over time, reflecting the most widely used servers of
each era: in 1981, a minicomputer; in 1997, a high-end workstation; in 2014, a rack-mounted multicore
server. MIPS stands for “millions of instructions per second,” a measure of processor performance. The VAX
11/782 was introduced in 1982; it achieved 1 MIP. DRAM prices are from Hennessey and Patterson,
“Computer Architecture: A Quantitative Approach.” Disk drive prices are from John McCallum. The Hayes
smartmodem, introduced in 1981, ran at 300bps. The 10 Mbps shared Ethernet standard was also
introduced in 1981. One of the authors built his first operating system in 1982, used a VAX at his first job,
and owned a Hayes to work from home.

from expensive to cheap devices occurred with telephones over the past
hundred years. Initially, telephone lines were very expensive, and a single
line was shared among everyone in a neighborhood. Over time, of course,
both computers and telephones have become cheap enough to sit idle until
we need them.

Despite these changes, operating systems still face the same conceptual
challenges as they did fifty years ago. To manage computer resources for ap-
plications and users, they must allocate resources among applications, provide
fault isolation and communication services, abstract hardware limitations, and
so forth. Tremendous progress has been made towards improving the reliabil-
ity, security, efficiency, and portability of operating systems, but much more is
needed. Although we do not know precisely how computing technology or
application demand will evolve over the next 10-20 years, it is highly likely
that these fundamental operating system challenges will persist.

Early Operating Systems
Computers were
expensive; users

would wait.
The first operating systems were runtime libraries intended to simplify the
programming of early computer systems. Rather than the tiny, inexpensive
yet massively complex hardware and software systems of today, the first
computers often took up an entire floor of a warehouse, cost millions of


