OPERATING SYSTEMS

UNIX - The Force Behind
Personal Computing?
By Dr. Charles Sauer, Director of Product
Planning, Dell Computer Corporation
"Personal computing systems" can be defined in a very
broad sense, from 8088 and 6502 personal computing
machines on up through multiprocessor workstations.
This article describes some of the current trends in

operating systems for these systems and draws some
conclusions based on those trends.
E v o l u t i o n Of PC System H a r d w a r e
Both of the most influential personal computer designs, the I B M PC and the Apple Macintosh, became
influential with simple operating systems (simple relative to operating systems found on larger machines).
This was partly a natural consequence of the simplicity
of the hardware systems. The original PC had a minimum memory of 16KB of primary memory and an
architectural maximum of640KB. The original Mac had
exactly 128KB. Both had provision for diskette drives
only. Neither had networking hardware (except slow
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serial links). The PC's graphics capabilities were extremely limited. The Mac had relatively high resolution
video but limited display area. The PC had a primitive
eight-bit I/O bus and the Mac had no expansion bus.
Most importantly, neither had memory management
units - there was no provision for protection or virtual
memory (P, Norton and R Wilton).
Since the introduction of these machinesin the early
80's, the hardware systems have become dramatically
more advanced i n both capacity and function. Typical
PC compatible machines and Mac's have at least a
megabyte of memory and at least a 20MB fixed disk. I t
is estimated that 50 percent of these machines are
connected to local area networks, and many are also
connected to mainframes by traditional terminal connections. Usable bit-mapped graphics are typical on
PC's, and higher resolutions/large displays are common
on both PC's and Mac's. The I n d u s t r y S t a n d a r d
A r c h i t e c t u r e 16-bit bus of the PC/AT is being challenged by two 32-bit buses, the Extended I n d u s t r y
Standard A r c h i t e c t u r e and the IBM Micro-Channel.
The Mac I I family supports the 32-bit NuBus. Typical
PC's have either a 286, with segmented virtual memory
support, or a 386/486 with both paged and segmented
virtual memory support. Mac IPs have either a 68020
with a 68851 option for paging or a 68030 with built-in
paged virtual memory. Cached memory architectures
are standard on high-end PC's and the latest Mac Ilci.
Small scale shared memory multiprocessor PC's are
becoming more available. The 486 is itself considered a
performance contender with RISC processors, and RISC
co-processors, especially 860 and 88000, are being provided in personal computer systems.
All of this has been accomplished with very strict
upward compatibility constraints. Binaries for the original PC, including those with direct device access, are
still expected to run on a 486 multiprocessor machine.
Devices built for the original PC I/O bus are still expected to plug into current high-end machines. There is
only one notable exception that has been successful:
IBM consciously broke compatibility with the PC/AT
bus when i t introduced the Micro-Channel. That introduction has led to controversy in the industry that still
remains to be solved. Strict upward compatibility has
also been characteristic of the Macintosh family.
E v o l u t i o n O f PC O p e r a t i n g Systems
As the machines based on these designs have rapidly
grown in performance and capacity, the limitations of
the original operating systems have become fundamental barriers to progress. In the DOS environment for the
PC, memory addressing as sumptions are constrained by
the original hardware address space, the first 640KB for
DOS and applications, the next 256KB used for video
buffers and other device memory, and the remaining
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128KB for firmware (BIOS). Disk addressing is similarly constrained by the original small disk sizes • the
standard DOS file system has 16-bit fields for identifying disk sectors, limiting the maximum file system size
to 32MB. The lack of memory management i n the 8088
has constrained DOS to essentially no multitasking
support (except the T e r m i n a t e a n d Stay Resident
mechanism). Perhaps most significant is the minimal
level of system services provided, because application
writers have developed their own sets of system services
and hardware dependencies. I n the Mac environment,
the addressing constraints have not been so severe,
primarily due to the larger address space of the 68000,
relative to the 8088. I n general, there has been a richer
set of systems services, leading to consistency amongst
applications, and the initial inability to add hardware
devices has given application writers less motivation for
device-dependent code. But, the lack of memory management in the base machines prevented the development of general multitasking support.
There have been ingenious workarounds formany of
these problems. In the DOS environment, the LotusIntel-Microsoft Expanded Memory Specification has
provided for larger physical memory addressed by overlaying address ranges i n the region above 640KB. "DOS
extenders" for 386 machines allow applications to switch
to 386 virtual mode, exploiting the power of that processor, yet switching back to DOS in a controlled manner for
file services, etc. Environments such as Microsoft Windows allow for multiplexing of applications. In the Mac
environment, the MultiFinder allows similar capabilities. These are still workarounds for difficult problems,
so constraints such as the 640KB memory assumptions
in the PC and interference between applications under
the MultiFinder (T, Hogan) are still evident. However,
commercial rewards of further improvement are great,
and additional breakthroughs are likely to occur.
Given all of these problems, and given the tremendous potential of the hardware, it is tempting to abandon
the original operating system assumptions and start
over. But, it is not commercially feasible to simply start
over; some level of compatibility with existing object
code and conventions is a fundamental requirement due
to the tremendous base of existing application software.
In the PC environment, OS/2 (originally known as DOS
5.0 by its developers) preserves a high degree of DOS
compatibility while attempting to exploit the hardware
potential (G. Letwin). I n addition, OS/2 provides relatively advanced operating system services, e.g., dynamic
binding and an execution model based on threads. Dramatic enhancements in system services are anticipated
in System 7.0 for the Macintosh.
There is great potential for technical success in these
efforts i f an acceptable balance between compatibility
and new function can be found. Substantial develop-

