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LINC: biology’s revolutionary little
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The 1963 LINC (Laboratory INstrument Computer)
stands at the center of two stories: the computerization
of the biologist’s laboratory and the advent of small-
scale computing. The brainchild of Wesley Clark, ‘the
most brilliant computer designer of his generation’,
LINC was developed specifically to address the failure of
biologists to adopt computer technology. To meet their
unique needs, Clark built a machine the radical design of
which defied and subverted the then dominant conven-
tions of computer architecture.

While probing electrodialysis,

a man suffered mental paralysis.

His friend, the LINC-8

alarmed by his state,

revived him with real-time analysis. [1} (Figure 1).

Of the countless scientists who have harnessed small-
scale computers to further their research, neurologist
Arnold Starr was arguably the first. In 1962, Robert
Livingston, Starr’s boss at the National Institutes of
Health (NIH) (http://www.nih.gov), invited two young
Massachusetts Institute of Technology (MIT) (http://web.
mit.edu) computer developers, Wesley Clark and Charles
Molnar (Figure 2), to demonstrate a new general-purpose
digital computer that they had designed especially for
brologists. The machine, nicknamed Linc after MIT’s
Lincoln Laboratory, was not as powerful as other transis-
torized computers then available to researchers, but it was
smaller and simpler to use — so small that the whole
apparatus could be hauled right into Starr’s laboratory
and so simple that scientists themselves could program it
without the aid of a computer technician.

The demonstration was a success. In a single afternoon,
Linc helped solve a problem that had dogged Starr for
months. Before Clark and Molnar arrived, Starr had
struggled unsuccessfully to record the neuroelectric
signals that cats generated in their brains when they
heard sounds. Despite much tinkering with the elec-
trodes that were implanted in the brains of his cats,
Starr could not distinguish neuroelectric signals from
the electrical noise that the ear membranes created
when a sound entered the auditory system. However,
this was just the sort of problem that Linc was designed
to overcome.

After connecting Linc directly to an electrode array
implanted in the audio cortex of one cat, Molnar wrote a
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short program that commanded Linc to: (i) send a pulse to
a device that would generate a click stimulus; (ii) record
the reaction of the audio cortex to the click; (iii) repeat
steps (1) and (11) as many times as desired; and (iv) display
— in real time — the average neuroelectric response of
the cat to the multiple stimuli [2]. The program and the
hardware could be adjusted on the spot to focus on the
exact signal that interested Starr. After a couple of hours,
he had the data that had eluded him for so long.
Livingston recalled the breakthrough: Tt was such a
triumph that we danced a jig right there around the
equipment. No human being had ever been able to see
what we had just witnessed. It was as if we had an

Figure 1. Advertisement for the LINC in Scientific American, May 1966. The Digital
Equipment Corporation hoped their LINC variants would appeal to biomedical
workers frustrated with sharing centralized computers.
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opportunity to ski down a virgin snow field of a previously
undiscovered mountain.’ [3].

The coup caused by the Linc in Starr’s laboratory
catalyzed more than just insight into the nature of
hearing. By proving that their little machine could
facilitate research, Clark and Molnar demonstrated to
biologists who wanted to use computers that they no
longer needed to choose between either stretching their
experimental agendas, research budgets and sleep cycles
to meet the needs of a large, centralized computer or not
using computers at all. The NIH soon funded a dozen more
Lincs and, throughout the 1960s, Digital Equipment
Corporation (DEC) and other companies manufactured
hundreds more. Although the Linc did not proliferate
beyond the confines of the biologist’s laboratory, the
rewards that its neophyte users reaped from its rebellious,
yet elegantly engineered, departure from the entrenched
norm of mainframes inspired a generation of computer
architects to ‘think small’.

Biology: a niche for small computing

In recent years, some of the prominent admirers of Linc
have crowned 1t ‘the first personal computer’ [4], whereas
others believe that its place in the genealogy of computers
1s as a precursor to the minicomputer le.g. the Program-
mable Data Processor (PDP)]. However, both groups agree
that the Linc, a small computer designed to serve single
users rather than whole communities, represented a
fundamental shift in computer design philosophy. Those
who use modern computers on a daily basis will recognize
many elements of the individual-oriented mode of comput-
ing that were introduced by the advent of Linc. For
instance, Linc was the first small, programmable compu-
ter to combine visual presentation with the ability to
manipulate images in real-time (via analog knobs).
Furthermore, the Linc tape unmit 1s the earliest example
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of a small, pocketable storage medium akin to contempor-
ary diskettes and CD-ROMs. This personal style of
computer use that Linc helped to propagate initially
found fertile ground in an area that the computing
revolution had hitherto bypassed: the typical American
biology laboratory of the early 1960s.

Throughout the postwar decades, biologists commonly
used electronic instruments, including analog computers,
for sensing and recording experimental data. But com-
pared with physical scientists, biologists had been slow to
adopt digital computers. When breakthroughs in biologi-
cal problems were enabled by computers, the researchers
responsible were usually not biologists. For instance,
X-ray crystallographers John Kendrew and Max Perutz
used one of the earliest electronic computers, the Elec-
tronic Delay Storage Automatic Calculator (EDSAC), in
their efforts to determine the structures of hemoglobin and
myoglobin during the late 1940s and early 1950s, but
neither man was a biologist [5].

In the rare cases where life scientists did use digital
computers, they usually shared time on a large machine
that served an entire university. These mainframes
proved particularly unsuitable for use by biologists
because using them entailed surrendering real-time
control of experiments [{6]. Scientists who depended on
being able to modify the parameters of their experiments
based on accumulating results — a necessity for almost
anyone 1nvestigating notoriously unpredictable hving
processes — were unable to extract much utility from
programs that had to be prepared by outsiders long before
the experiment commenced.

As the 1950s progressed, the US Government entities
then funding the lion’s share of life sciences research
worldwide grew alarmed about biologists’ reluctance to
use computers [7]. Looking to the example set by
physicists, who had used computers to help develop

Figure 2. Wesley Clark and Charles Molnar with the Linc. Wesley Clark (left} and Charles Molnar {right) pose with a Linc in 1963. Image supplied by, and reproduced with

permission from, the Computer History Museum.
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