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proof assistant that could work out small lemmas and 
results, at the level of a capable graduate student. The 
second is genuine search technology that can tell us 
whether a given fact is currently known, either because 
we would like to use it in a proof, or because we think we 
have a proof and are wondering whether it is worthwhile 
to work out the details. The third is a real proof checker, 
that is, something we can call when we think we have 
proved something and want confirmation that we have 
not made a mistake.

We are not there yet, but such technology seems to be 
within reach. There are no apparent conceptual hurdles 
that need to be overcome, though getting to that point will 
require a good deal of careful thought, clever engineering, 
experimentation, and hard work. And even before tools 
like these are ready for everyday use, we can hope to find 
pockets of mathematics where the methods provide a 
clear advantage: proofs that rely on nontrivial calculations, 
subtle arguments for which a proof assistant can provide 
significant validation, and problems that are more easily 
amenable to search techniques. Verification is not an all-
or-nothing affair. Short of a fully formalized axiomatic 
proof, formalizing a particularly knotty or subtle lemma 
or verifying a key computation can lend confidence to the 
correctness of a result. Even just formalizing definitions 
and the statements of key theorems, as proposed by the 
Formal Abstracts project, adds helpful clarity and preci-
sion. Formal methods can also be used in education: if we 
teach students how to write formal proofs and informal 

For all these purposes, formal specifications are es-
sential. As a first step towards obtaining them, Hales has 
recently launched a Formal Abstracts Project, which is 
designed to encourage mathematicians to write formal 
abstracts of their papers. To process and check the defini-
tions, he has chosen an interactive theorem prover called 
Lean, an open source project led by Leonardo de Moura at 
Microsoft Research (and to which I am a contributor). In 
the coming years, the Formal Abstracts project plans to 
seed the repository with core definitions from all branches 
of mathematics, and develop guidelines, tools, and infra-
structure to support widespread use.

 Conclusions
In the summer of 2017, the Isaac Newton Institute hosted 
a six-week workshop, Big Proof, dedicated to the technol-
ogies described here (see Figure 3).3 As part of a panel 
discussion, Timothy Gowers gave a frank assessment of 
the new technology and the potential interest to mathe-
maticians. He observed that the phrase “interactive proof 
assistant” is rather appealing until one learns that such 
assistants actually make proving a theorem a lot more 
difficult. The fact that a substantial body of undergraduate 
mathematics has been formalized is generally unexciting 
to the working mathematician, and existing tools currently 
offer little to improve our mathematical lives.

Gowers did enumerate three technologies that he felt 
would have widespread appeal. The first is a bona fide 

Figure 3. In the summer of 2017, the Isaac Newton Institute hosted a six-week workshop, Big Proof, dedicated to 
the technologies described here. 

3Talks delivered at the program are available online at www.
newton.ac.uk/event/bpr.
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proofs at the same time, the two perspectives reinforce 
one another.4

The mathematics community needs to put some skin in 
the game, however. Proving theorems is not like verifying 
software, and computer scientists do not earn promotions 
or secure funding by making mathematicians happy. We 
need to buy into the technology if we want to reap the 
benefits.

To that end, institutional inertia needs to be overcome. 
Senior mathematicians generally do not have time to invest 
in developing a new technology, and it is hard enough to 
learn how to use the new tools, let alone contribute to their 
improvement. The younger generation of mathematicians 
has prodigious energy and computer savvy, but younger 
researchers would be ill-advised to invest time and effort 
in formal methods if it will only set back their careers. To 
allow them to explore the new methods, we need to give 
them credit for publications in journals and conferences 
in computer science, and recognize that the mathematical 
benefits will come only gradually. Ultimately, if we want to 
see useful technologies for mathematics, we need to hire 
mathematicians to develop them.

The history of mathematics is a history of doing what-
ever it takes to extend our cognitive reach, and designing 
concepts and methods that augment our capacities to 
understand. The computer is nothing more than a tool 
in that respect, but it is one that fundamentally expands 
the range of structures we can discover and the kinds of 
truths we can reliably come to know. This is as exciting a 
time as any in the history of mathematics, and even though 
we can only speculate as to what the future will bring, it 
should be clear that the technologies before us are well 
worth exploring.
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The following is excerpted from The Hope Circuit: A 
Psychologist’s Journey from Helplessness to Optimism by 
Martin E. P. Seligman. Copyright © 2018. Available from 
PublicAffairs, an imprint of Hachette Book Group, Inc.  

A Full Fellowship?

I found that I could make deep contact only 
with the most serious students. Robin Forman 
was a mathematical whiz and in a band that 
did The Doors almost as well as The Doors 
themselves. His band played at my “Master 
Blasters,” the master’s open house I held pe-
riodically with loud music in my attempt to 
appear less geeky to my students. Robin bore 
an uncanny resemblance to my college room-
mate Wilfrid Schmid, Princeton valedictorian 
of 1964, now gone off to parts unknown.“Har-
vard mathematics is my first choice, and I just 
got accepted, but with $5,000 minus tuition,” 
Robin said, exuding disappointment, when he 
came to me in April for advice. 

“That is an amazing coincidence,” I replied. 
“My roommate, Wilfrid, also first in our class, 
applied to Harvard almost twenty years ago 
and was only given $5,000 minus tuition. He 
asked my advice, and I told him to phone the 
chairman of math at Harvard and tell him con-
fidently, ‘Perhaps, you don’t know who I am.’ 
Wilfrid did this and was promptly given a full 
fellowship at Harvard. Phone the chairman of 
math at Harvard and tell him, ‘Perhaps you 
don’t know who I am,’” I suggested. “I phoned 
the chairman of math at Harvard and said 
exactly those words,” Robin reported back 
to me the next day. “Wilfrid Schmid is the 
chairman, and he gave me a full fellowship.” 


