n his independent qg
it defined the p yg 4
the time Levin's pan

sransiation, and all other learning
rasks become trivial. We will also have
much petter predictions of weather
and earthquakes and other natural
henomenon.”

Today, you can use face-scanning to
gnlock your smartphone, talk to the de-
vice to ask it a question and often get a
reasonable answer, or have your ques-
tion translated into a different lan-
age. Your phone receives alerts about
weather and other climatic events, with
far better predictions than we would

pica: P = NP or somethj;
f pave thought possible just a dozen

uivalent,” such as §

has gone mostly unscathed beyond
prute-force-like attacks on small key
lengths. Now let’s look at how recent
advances in computing, optimization,
and learning are leading us to Optiland.

We can easily creg
iblems, but not hard &

Solving Hard Problems
in 2016, Bill Cook {no relation to Steve)
and his colleagues decided to tackle
the following challenge:* How do you
visit every pub in the U.K. in the short-
est distance possible? They made a list
of 24,727 pubs and created the ulti-
mate pub crawl, a walking trip that
spanned 45,495,239 meters—approxi-
mately 28,269 miles—a bit longer than
‘walking around the earth.
Cook had cheated a bit, eliminating
some pubs to keep the size reasonable.
After some press coverage in the U.K./’
many complained about missing their
favorite watering holes. Cook and com-
pany went back to work, building up
the list to 49,687 pubs. The new tour
length would be 63,739,687 meters, or
about 39,606 miles (see Figure). One
eeds just a 40% longer walk to reach
‘more than twice as many pubs. The pub
crawl is just a traveling salesman prob-
' lem, one of the most famous of the NP-
tomplete problems. The number of
possible tours through all the 49,687
'Pubs is roughly three followed by
1211,761 zeros. Of course, Cook's com-
puters don’t search the whole set of
tours but use a variety of optimization
techniques. Even more impressive, the
tour comes with a proof of optimality
based on linear program duality.
Taking on a larger task, Cook and
tompany aimed to find the shortest
ur through more than two million
stars where distances could be comput-
ed. Their tour of 28,884,456 parsecs is
Within a mere 683 parsecs of optimal.
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years ago. Meanwhile, cryptography |

Beyond Traveling Salesman, we have
seen major advances in solving satisfi-
ability and mixed-integer program-
ming—a variation of linear program-
ming where some, but not necessarily
all, of the variables are required to be
integers. Using highly refined heuris-
tics, fast processors, specialized hard-
ware, and distributed cloud comput-
ing, one can often solve problems that
arise in practice with tens of thousands
of variables and hundreds of thousands
or even millions of constraints.

Faced with an NP problem to solve,
one can often formulate the problem

contributed articles

as a satisfiability or mixed-integer pro-
gramming question and throw it at
one of the top solvers. These tools
have been used successfully in verifi-
cation and automated testing of cir-
cuits and code, computational biol-
ogy, system security, product and
packaging design, financial trading,
and even to solve some difficult
mathematical problems.

Data Science and Machine Learning
Any reader of Communications and
most everyone else cannot dismiss the
transformative effects of machine

Shortest route through 49,687 U.K. pubs. Used by permission. (http://www.math.uwaterloa.
caftspfuk).
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