WEBVTT

NOTE duration:”00:56:14”

NOTE recognizability:0.800

NOTE language:en-us

NOTE Confidence: 0.839396781666667

00:00:14.000 --> 00:00:16.358 And just swap your screen and
NOTE Confidence: 0.839396781666667

00:00:16.360 --> 00:00:17.640 then we’ll be done. Exactly.

NOTE Confidence: 0.839396781666667

00:00:17.640 --> 00:00:18.876 We have this all nicely prepared,
NOTE Confidence: 0.839396781666667

00:00:18.880 --> 00:00:22.880 of course. That’s OK. Perfect. Super.
NOTE Confidence: 0.800566788571429

00:00:25.440 --> 00:00:26.518 OK, Well, thank you very much indeed.
NOTE Confidence: 0.800566788571429

00:00:26.520 --> 00:00:28.158 Sorry about that. That that hiccup.
NOTE Confidence: 0.800566788571429

00:00:28.160 --> 00:00:30.320 No, nothing is quite as smooth as you hope.
NOTE Confidence: 0.800566788571429

00:00:30.320 --> 00:00:31.370 Thanks so much for that

NOTE Confidence: 0.800566788571429

00:00:31.370 --> 00:00:32.000 really generous introduction.

NOTE Confidence: 0.800566788571429

00:00:32.000 --> 00:00:32.918 You know, it’s a really great

NOTE Confidence: 0.800566788571429

00:00:32.918 --> 00:00:33.800 pleasure and honour to be here.
NOTE Confidence: 0.800566788571429

00:00:33.800 --> 00:00:35.000 I really followed Phil’s work

NOTE Confidence: 0.800566788571429

00:00:35.000 --> 00:00:36.200 over many years as well,

NOTE Confidence: 0.800566788571429



00:00:36.200 --> 00:00:37.397 really learned an awful lot from it.
NOTE Confidence: 0.800566788571429

00:00:37.400 --> 00:00:39.206 So. So it’s really great to be
NOTE Confidence: 0.800566788571429

00:00:39.206 --> 00:00:40.878 here and thanks for the thanks.
NOTE Confidence: 0.800566788571429

00:00:40.880 --> 00:00:41.326 That’s it.

NOTE Confidence: 0.800566788571429

00:00:41.326 --> 00:00:43.110 So the work I'm going to talk about
NOTE Confidence: 0.800566788571429

00:00:43.159 --> 00:00:44.755 is joint with a number of people.
NOTE Confidence: 0.800566788571429

00:00:44.760 --> 00:00:45.522 So Chris Gagney,

NOTE Confidence: 0.800566788571429

00:00:45.522 --> 00:00:47.300 who was a post doc in tubing
NOTE Confidence: 0.800566788571429

00:00:47.357 --> 00:00:49.293 and is now a now works for a
NOTE Confidence: 0.800566788571429

00:00:49.293 --> 00:00:50.800 company called Hume in New York,
NOTE Confidence: 0.800566788571429

00:00:50.800 --> 00:00:52.684 two research assistants in in tubing
NOTE Confidence: 0.800566788571429

00:00:52.684 --> 00:00:54.920 and Kevin Shen and Yannick Striker.
NOTE Confidence: 0.800566788571429

00:00:54.920 --> 00:00:56.372 And then I might also talk

NOTE Confidence: 0.800566788571429

00:00:56.372 --> 00:00:58.200 about some work with two of my
NOTE Confidence: 0.800566788571429

00:00:58.200 --> 00:00:59.540 other colleagues in Tubing and
NOTE Confidence: 0.800566788571429

00:00:59.540 --> 00:01:00.798 Kevin Lloyd and Shin Sui.



NOTE Confidence: 0.771251232857143

00:01:02.960 --> 00:01:04.628 So to introduce this,

NOTE Confidence: 0.771251232857143

00:01:04.628 --> 00:01:06.457 imagine the following game.
NOTE Confidence: 0.771251232857143

00:01:06.457 --> 00:01:09.342 You're controlling this rather crude
NOTE Confidence: 0.771251232857143

00:01:09.342 --> 00:01:12.160 refrigerator like a robot here,
NOTE Confidence: 0.771251232857143

00:01:12.160 --> 00:01:14.792 and your job is to get to

NOTE Confidence: 0.771251232857143

00:01:14.792 --> 00:01:16.241 this treasure chest here.

NOTE Confidence: 0.771251232857143

00:01:16.241 --> 00:01:18.488 And there’s a word for getting to
NOTE Confidence: 0.771251232857143

00:01:18.488 --> 00:01:20.200 the treasure chest worth worth
NOTE Confidence: 0.771251232857143

00:01:20.200 --> 00:01:21.800 five points to our subjects.
NOTE Confidence: 0.771251232857143

00:01:21.800 --> 00:01:24.200 There’s a cost for falling into
NOTE Confidence: 0.771251232857143

00:01:24.200 --> 00:01:25.640 these these things which Chris
NOTE Confidence: 0.771251232857143

00:01:25.640 --> 00:01:27.200 loves to call these lava pits.
NOTE Confidence: 0.771251232857143

00:01:27.200 --> 00:01:28.692 There’s this,

NOTE Confidence: 0.771251232857143

00:01:28.692 --> 00:01:31.174 this this is the Iceland version of
NOTE Confidence: 0.771251232857143

00:01:31.174 --> 00:01:33.660 this with the with the the volcanoes you
NOTE Confidence: 0.771251232857143



00:01:33.660 --> 00:01:35.480 have when you try to move north-south,
NOTE Confidence: 0.771251232857143

00:01:35.480 --> 00:01:36.368 east and West,

NOTE Confidence: 0.771251232857143

00:01:36.368 --> 00:01:37.552 there are some blockages

NOTE Confidence: 0.771251232857143

00:01:37.552 --> 00:01:39.159 shown by these brick walls.
NOTE Confidence: 0.771251232857143

00:01:39.160 --> 00:01:40.972 And there’s also an error chance
NOTE Confidence: 0.771251232857143

00:01:40.972 --> 00:01:42.970 of an error of a of a of an

NOTE Confidence: 0.771251232857143

00:01:42.970 --> 00:01:43.960 eighth when you try to move.
NOTE Confidence: 0.771251232857143

00:01:43.960 --> 00:01:45.556 So if you try to go north,

NOTE Confidence: 0.771251232857143

00:01:45.560 --> 00:01:46.590 there’s an eighth chance you’ll
NOTE Confidence: 0.771251232857143

00:01:46.590 --> 00:01:48.152 move in one of the other directions
NOTE Confidence: 0.771251232857143

00:01:48.152 --> 00:01:49.853 instead and then we have a discount
NOTE Confidence: 0.771251232857143

00:01:49.853 --> 00:01:51.029 factor to try and encourage you
NOTE Confidence: 0.771251232857143

00:01:51.029 --> 00:01:52.228 to get to the goal quickly.

NOTE Confidence: 0.771251232857143

00:01:52.228 --> 00:01:54.384 So the question then we pose our
NOTE Confidence: 0.771251232857143

00:01:54.384 --> 00:01:56.014 subjects is which route would
NOTE Confidence: 0.771251232857143

00:01:56.014 --> 00:01:57.278 you take given this?



NOTE Confidence: 0.771251232857143

00:01:57.280 --> 00:01:58.840 So there’s a three obvious routes.
NOTE Confidence: 0.771251232857143

00:01:58.840 --> 00:02:00.358 I think there’s this route that
NOTE Confidence: 0.771251232857143

00:02:00.358 --> 00:02:01.636 goes down here through all the
NOTE Confidence: 0.771251232857143

00:02:01.636 --> 00:02:02.840 lava hits to get to the reward,
NOTE Confidence: 0.771251232857143

00:02:02.840 --> 00:02:03.996 the most direct route.

NOTE Confidence: 0.771251232857143

00:02:03.996 --> 00:02:06.111 There’s a route which goes as sort
NOTE Confidence: 0.771251232857143

00:02:06.111 --> 00:02:08.013 of the intermediate route which goes
NOTE Confidence: 0.771251232857143

00:02:08.013 --> 00:02:09.762 around here and then goes close
NOTE Confidence: 0.771251232857143

00:02:09.762 --> 00:02:11.703 to this lava but not not the the
NOTE Confidence: 0.771251232857143

00:02:11.703 --> 00:02:14.040 main bulk of lava to get to here like this.
NOTE Confidence: 0.771251232857143

00:02:14.040 --> 00:02:15.624 And then there’s this long route
NOTE Confidence: 0.771251232857143

00:02:15.624 --> 00:02:17.346 that goes around here all the way
NOTE Confidence: 0.771251232857143

00:02:17.346 --> 00:02:19.034 and then gets to the novel pit that
NOTE Confidence: 0.771251232857143

00:02:19.034 --> 00:02:20.834 gets to the to the goal in that way.
NOTE Confidence: 0.771251232857143

00:02:20.840 --> 00:02:22.920 So we administered this to

NOTE Confidence: 0.771251232857143



00:02:22.920 --> 00:02:24.438 to our subjects in the lab.

NOTE Confidence: 0.771251232857143

00:02:24.440 --> 00:02:26.099 I promised I wouldn’t tell tell you
NOTE Confidence: 0.771251232857143

00:02:26.099 --> 00:02:28.116 who they are because he’s kind of
NOTE Confidence: 0.771251232857143

00:02:28.116 --> 00:02:29.676 revealing about about your colleagues
NOTE Confidence: 0.771251232857143

00:02:29.676 --> 00:02:31.495 when you do this and you can see
NOTE Confidence: 0.771251232857143

00:02:31.495 --> 00:02:33.320 that there are subjects divided about 1/3,
NOTE Confidence: 0.771251232857143

00:02:33.320 --> 00:02:33.920 a third,

NOTE Confidence: 0.771251232857143

00:02:33.920 --> 00:02:35.756 a third maybe a few fewer.

NOTE Confidence: 0.771251232857143

00:02:35.760 --> 00:02:37.254 So some people took this very
NOTE Confidence: 0.771251232857143

00:02:37.254 --> 00:02:38.920 direct route to get to the goal.
NOTE Confidence: 0.771251232857143

00:02:38.920 --> 00:02:40.500 Another group took this intermediate
NOTE Confidence: 0.771251232857143

00:02:40.500 --> 00:02:43.193 one and you can see here the where
NOTE Confidence: 0.771251232857143

00:02:43.193 --> 00:02:45.491 they’re being deviated off this route
NOTE Confidence: 0.771251232857143

00:02:45.491 --> 00:02:47.993 by these by these random spots.
NOTE Confidence: 0.771251232857143

00:02:48.000 --> 00:02:49.380 And then some other subjects
NOTE Confidence: 0.771251232857143

00:02:49.380 --> 00:02:50.760 took all the way around.



NOTE Confidence: 0.771251232857143

00:02:50.760 --> 00:02:52.360 And so the question for this talk is,
NOTE Confidence: 0.771251232857143

00:02:52.360 --> 00:02:54.943 what is it that goes on in terms of
NOTE Confidence: 0.771251232857143

00:02:54.943 --> 00:02:57.236 evaluating the risk associated with these,
NOTE Confidence: 0.771251232857143

00:02:57.240 --> 00:02:57.864 with these parts?

NOTE Confidence: 0.771251232857143

00:02:57.864 --> 00:02:59.112 And how do you make these?
NOTE Confidence: 0.771251232857143

00:02:59.120 --> 00:03:00.716 How do you make these choices?
NOTE Confidence: 0.771251232857143

00:03:00.720 --> 00:03:01.434 In this instance,

NOTE Confidence: 0.771251232857143

00:03:01.434 --> 00:03:02.624 we’re very interested in the

NOTE Confidence: 0.771251232857143

00:03:02.624 --> 00:03:04.080 case that you’re making choices,
NOTE Confidence: 0.771251232857143

00:03:04.080 --> 00:03:05.800 not just a single choice,

NOTE Confidence: 0.771251232857143

00:03:05.800 --> 00:03:07.718 but by committing to this path here,
NOTE Confidence: 0.771251232857143

00:03:07.720 --> 00:03:10.671 you’re successively adjusted.
NOTE Confidence: 0.771251232857143

00:03:10.671 --> 00:03:12.848 You have to adjust yourself so these
NOTE Confidence: 0.771251232857143

00:03:12.848 --> 00:03:14.677 many steps of risk that you get.
NOTE Confidence: 0.771251232857143

00:03:14.680 --> 00:03:15.320 And I think that in,

NOTE Confidence: 0.771251232857143



00:03:15.320 --> 00:03:16.776 you know a lot of the work that
NOTE Confidence: 0.771251232857143

00:03:16.776 --> 00:03:18.473 that that we and other people have
NOTE Confidence: 0.771251232857143

00:03:18.473 --> 00:03:19.758 done in reinforcement learning is
NOTE Confidence: 0.771251232857143

00:03:19.812 --> 00:03:21.036 thinking about sequential decision
NOTE Confidence: 0.771251232857143

00:03:21.036 --> 00:03:22.872 problems where you don’t only make
NOTE Confidence: 0.771251232857143

00:03:22.880 --> 00:03:24.800 one choice, you make many choices.
NOTE Confidence: 0.771251232857143

00:03:24.800 --> 00:03:26.265 And when those choices are

NOTE Confidence: 0.771251232857143

00:03:26.265 --> 00:03:27.437 are infected by risk,

NOTE Confidence: 0.892384243333333

00:03:27.440 --> 00:03:29.215 risk can accumulate on paths
NOTE Confidence: 0.892384243333333

00:03:29.215 --> 00:03:30.635 in rather interesting ways.

NOTE Confidence: 0.892384243333333

00:03:30.640 --> 00:03:32.136 And that really is the context of my
NOTE Confidence: 0.892384243333333

00:03:32.136 --> 00:03:33.849 talk of my talk to think about what
NOTE Confidence: 0.892384243333333

00:03:33.849 --> 00:03:35.544 the consequences are of that and how we
NOTE Confidence: 0.892384243333333

00:03:35.544 --> 00:03:38.400 should think about that as the whole.
NOTE Confidence: 0.892384243333333

00:03:38.400 --> 00:03:39.351 So the original,

NOTE Confidence: 0.892384243333333

00:03:39.351 --> 00:03:41.253 some of the original thinking about



NOTE Confidence: 0.892384243333333

00:03:41.253 --> 00:03:43.076 risk was actually came from the
NOTE Confidence: 0.892384243333333

00:03:43.080 --> 00:03:44.272 Bernoulli’s thinking about what’s
NOTE Confidence: 0.892384243333333

00:03:44.272 --> 00:03:46.661 what then became known as or what is
NOTE Confidence: 0.892384243333333

00:03:46.661 --> 00:03:48.317 known as the Saint Petersburg problem.
NOTE Confidence: 0.892384243333333

00:03:48.320 --> 00:03:50.312 The way that you pose this is you're
NOTE Confidence: 0.892384243333333

00:03:50.312 --> 00:03:52.054 tossing a fair coin and then you
NOTE Confidence: 0.892384243333333

00:03:52.054 --> 00:03:53.792 look at the number of heads that
NOTE Confidence: 0.892384243333333

00:03:53.792 --> 00:03:55.514 you get before you get a tail.

NOTE Confidence: 0.892384243333333

00:03:55.520 --> 00:03:57.113 So if you get one head before a tail,
NOTE Confidence: 0.892384243333333

00:03:57.120 --> 00:04:00.120 you get to €2 or two monetary units.
NOTE Confidence: 0.892384243333333

00:04:00.120 --> 00:04:01.712 If you get 2 heads, you get 4,

NOTE Confidence: 0.892384243333333

00:04:01.712 --> 00:04:03.196 three heads, 8 and so forth.

NOTE Confidence: 0.892384243333333

00:04:03.196 --> 00:04:04.922 And the question is how much would
NOTE Confidence: 0.892384243333333

00:04:04.922 --> 00:04:06.754 you be willing to pay me to give
NOTE Confidence: 0.892384243333333

00:04:06.754 --> 00:04:08.397 you an instance of this game.

NOTE Confidence: 0.892384243333333



00:04:08.400 --> 00:04:10.672 And the the reason why it’s a problem
NOTE Confidence: 0.892384243333333

00:04:10.672 --> 00:04:13.675 or a paradox is that the expected value,
NOTE Confidence: 0.892384243333333

00:04:13.680 --> 00:04:15.927 so the mean value of these of
NOTE Confidence: 0.892384243333333

00:04:15.927 --> 00:04:17.800 this sequence of of outcomes,
NOTE Confidence: 0.892384243333333

00:04:17.800 --> 00:04:19.739 this mean value of of of being
NOTE Confidence: 0.892384243333333

00:04:19.739 --> 00:04:21.658 playing this game like this is
NOTE Confidence: 0.892384243333333

00:04:21.658 --> 00:04:23.363 actually infinite because with a
NOTE Confidence: 0.892384243333333

00:04:23.363 --> 00:04:25.140 probably over half you get €2.00
NOTE Confidence: 0.892384243333333

00:04:25.140 --> 00:04:27.520 the probably of 1/4 you get €4.00
NOTE Confidence: 0.892384243333333

00:04:27.520 --> 00:04:29.996 probably an 8 you get €8 and so forth.
NOTE Confidence: 0.892384243333333

00:04:30.000 --> 00:04:31.880 And so the sum value each of these,
NOTE Confidence: 0.892384243333333

00:04:31.880 --> 00:04:33.530 each of these possibilities is

NOTE Confidence: 0.892384243333333

00:04:33.530 --> 00:04:35.499 worth €1.00 and that would then
NOTE Confidence: 0.892384243333333

00:04:35.499 --> 00:04:37.555 just go off to the off to Infinity.
NOTE Confidence: 0.892384243333333

00:04:37.560 --> 00:04:40.136 And so the expected value is about
NOTE Confidence: 0.892384243333333

00:04:40.136 --> 00:04:40.872 is Infinity,
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NOTE Confidence: 0.892384243333333

00:04:40.880 --> 00:04:42.399 but the amount that most people think
NOTE Confidence: 0.892384243333333

00:04:42.399 --> 00:04:44.080 how much you’d be willing to pay most
NOTE Confidence: 0.892384243333333

00:04:44.080 --> 00:04:45.329 people will pay you know somewhere
NOTE Confidence: 0.892384243333333

00:04:45.329 --> 00:04:46.855 between 4:00 and 8:00 EUR or four
NOTE Confidence: 0.892384243333333

00:04:46.855 --> 00:04:48.557 and $8 to play a game like this.
NOTE Confidence: 0.892384243333333

00:04:48.560 --> 00:04:49.480 And so that’s the paradox,

NOTE Confidence: 0.892384243333333

00:04:49.480 --> 00:04:51.520 is to try and understand why.
NOTE Confidence: 0.892384243333333

00:04:51.520 --> 00:04:53.044 But I think the paradox becomes
NOTE Confidence: 0.892384243333333

00:04:53.044 --> 00:04:54.831 sharper or at least the task becomes
NOTE Confidence: 0.892384243333333

00:04:54.831 --> 00:04:56.862 sharper when you think of it in the
NOTE Confidence: 0.892384243333333

00:04:56.862 --> 00:04:58.382 sequential manner that it really
NOTE Confidence: 0.892384243333333

00:04:58.382 --> 00:05:00.258 is originally could also be posed.
NOTE Confidence: 0.892384243333333

00:05:00.258 --> 00:05:02.232 So here you’re tossing the first
NOTE Confidence: 0.892384243333333

00:05:02.232 --> 00:05:04.118 coin and at stake is €2.00.

NOTE Confidence: 0.892384243333333

00:05:04.120 --> 00:05:06.565 If you get a, if you get a a tail,
NOTE Confidence: 0.892384243333333
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00:05:06.565 --> 00:05:07.855 that’s what you're going to walk
NOTE Confidence: 0.892384243333333

00:05:07.855 --> 00:05:09.078 away with is just two EUR.

NOTE Confidence: 0.892384243333333

00:05:09.080 --> 00:05:11.075 On the other hand, if we're lucky,
NOTE Confidence: 0.892384243333333

00:05:11.080 --> 00:05:11.932 we get a head.

NOTE Confidence: 0.892384243333333

00:05:11.932 --> 00:05:13.480 This is the world’s smallest gold coin,
NOTE Confidence: 0.892384243333333

00:05:13.480 --> 00:05:16.440 which is that Einstein, It’s a Swiss coin.
NOTE Confidence: 0.892384243333333

00:05:16.440 --> 00:05:18.240 Then you get a head.

NOTE Confidence: 0.892384243333333

00:05:18.240 --> 00:05:20.715 That means that now you get stake is €4.00.
NOTE Confidence: 0.892384243333333

00:05:20.720 --> 00:05:22.005 And again you’re tossing this

NOTE Confidence: 0.892384243333333

00:05:22.005 --> 00:05:23.033 coin and you’re thinking,

NOTE Confidence: 0.892384243333333

00:05:23.040 --> 00:05:24.036 you know what’s going to happen.
NOTE Confidence: 0.892384243333333

00:05:24.040 --> 00:05:25.594 T get a head or a tail.

NOTE Confidence: 0.892384243333333

00:05:25.600 --> 00:05:26.144 I'm lucky.

NOTE Confidence: 0.892384243333333

00:05:26.144 --> 00:05:28.320 I'll get a head and then now the
NOTE Confidence: 0.892384243333333

00:05:28.384 --> 00:05:30.712 stake becomes €8 and so forth and then
NOTE Confidence: 0.892384243333333

00:05:30.712 --> 00:05:33.128 you get a tail and then and then in
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NOTE Confidence: 0.892384243333333

00:05:33.128 --> 00:05:35.400 this instance you’d walk away with the €8.
NOTE Confidence: 0.892384243333333

00:05:35.400 --> 00:05:37.528 And so you can imagine that as you're
NOTE Confidence: 0.892384243333333

00:05:37.528 --> 00:05:39.270 getting you know essentially more and
NOTE Confidence: 0.892384243333333

00:05:39.270 --> 00:05:41.724 more money is at stake as you do this.
NOTE Confidence: 0.892384243333333

00:05:41.724 --> 00:05:43.697 I'm sure many of you are familiar
NOTE Confidence: 0.892384243333333

00:05:43.697 --> 00:05:46.115 with the balloon adaptive risk task,
NOTE Confidence: 0.579155921428571

00:05:46.120 --> 00:05:47.376 the balloon adaptive risk,

NOTE Confidence: 0.579155921428571

00:05:47.376 --> 00:05:48.947 the bot task, which has something
NOTE Confidence: 0.579155921428571

00:05:48.947 --> 00:05:50.201 very similar where you're pumping up
NOTE Confidence: 0.579155921428571

00:05:50.201 --> 00:05:51.714 a balloon and you know at some point,
NOTE Confidence: 0.579155921428571

00:05:51.720 --> 00:05:52.808 you know one pump is going to make
NOTE Confidence: 0.579155921428571

00:05:52.808 --> 00:05:53.878 it burst and you lose everything.
NOTE Confidence: 0.579155921428571

00:05:53.880 --> 00:05:55.238 And the question is when do you,
NOTE Confidence: 0.579155921428571

00:05:55.240 --> 00:05:56.020 when do you quit?

NOTE Confidence: 0.579155921428571

00:05:56.020 --> 00:05:56.995 And the Saint Petersburg problem,
NOTE Confidence: 0.579155921428571

13



00:05:57.000 --> 00:06:00.834 it’s you have to pay before you ever start.
NOTE Confidence: 0.579155921428571

00:06:00.840 --> 00:06:02.595 OK. So the plan for the talk is talk
NOTE Confidence: 0.579155921428571

00:06:02.595 --> 00:06:04.637 a bit about risk aversion in general,
NOTE Confidence: 0.579155921428571

00:06:04.640 --> 00:06:06.000 how it comes up,

NOTE Confidence: 0.579155921428571

00:06:06.000 --> 00:06:08.040 talk about the measure of risk,
NOTE Confidence: 0.579155921428571

00:06:08.040 --> 00:06:10.070 which I think is a particularly useful
NOTE Confidence: 0.579155921428571

00:06:10.070 --> 00:06:12.554 measure for the sort of work that that we do.
NOTE Confidence: 0.579155921428571

00:06:12.560 --> 00:06:14.079 And I think also that it applies
NOTE Confidence: 0.579155921428571

00:06:14.079 --> 00:06:15.240 also in animal cases too.

NOTE Confidence: 0.579155921428571

00:06:15.240 --> 00:06:16.710 And I'll give you a little example
NOTE Confidence: 0.579155921428571

00:06:16.710 --> 00:06:18.276 of that at the end of my talk,
NOTE Confidence: 0.579155921428571

00:06:18.280 --> 00:06:19.876 I hope if I have time,

NOTE Confidence: 0.579155921428571

00:06:19.880 --> 00:06:22.190 so talk about tail risk in

NOTE Confidence: 0.579155921428571

00:06:22.190 --> 00:06:22.960 sequential problems,

NOTE Confidence: 0.579155921428571

00:06:22.960 --> 00:06:24.585 then talk about risk of

NOTE Confidence: 0.579155921428571

00:06:24.585 --> 00:06:25.560 those online behaviour.
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NOTE Confidence: 0.579155921428571

00:06:25.560 --> 00:06:27.385 So thinking about our subjects
NOTE Confidence: 0.579155921428571

00:06:27.385 --> 00:06:29.581 making their choices in the in
NOTE Confidence: 0.579155921428571

00:06:29.581 --> 00:06:31.335 that little maze that you know
NOTE Confidence: 0.579155921428571

00:06:31.335 --> 00:06:33.330 with the with the robot and the
NOTE Confidence: 0.579155921428571

00:06:33.395 --> 00:06:35.355 and the lava pits and so forth,
NOTE Confidence: 0.579155921428571

00:06:35.360 --> 00:06:36.440 say a word about risk,

NOTE Confidence: 0.579155921428571

00:06:36.440 --> 00:06:37.385 averse offline planning.

NOTE Confidence: 0.579155921428571

00:06:37.385 --> 00:06:39.980 So the idea is if you're in an
NOTE Confidence: 0.579155921428571

00:06:39.980 --> 00:06:41.595 environment in which risk is,
NOTE Confidence: 0.579155921428571

00:06:41.600 --> 00:06:43.080 which is replete with risk,

NOTE Confidence: 0.579155921428571

00:06:43.080 --> 00:06:44.669 then maybe there are things that you
NOTE Confidence: 0.579155921428571

00:06:44.669 --> 00:06:46.836 can do ahead of time to try and mitigate it.
NOTE Confidence: 0.579155921428571

00:06:46.840 --> 00:06:48.322 Maybe that’s going to change the
NOTE Confidence: 0.579155921428571

00:06:48.322 --> 00:06:49.975 way you go about thinking about
NOTE Confidence: 0.579155921428571

00:06:49.975 --> 00:06:52.158 the about the aspects of the world,
NOTE Confidence: 0.579155921428571
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00:06:52.160 --> 00:06:53.975 doing some offline planning to
NOTE Confidence: 0.579155921428571

00:06:53.975 --> 00:06:55.427 prepare yourself correctly and
NOTE Confidence: 0.579155921428571

00:06:55.427 --> 00:06:57.220 then think about what that looks
NOTE Confidence: 0.579155921428571

00:06:57.220 --> 00:06:59.754 like in the context of of of risk,
NOTE Confidence: 0.579155921428571

00:06:59.754 --> 00:07:02.239 risk diversion and risk sensitivity.
NOTE Confidence: 0.579155921428571

00:07:02.240 --> 00:07:03.311 And then also as I say if I have
NOTE Confidence: 0.579155921428571

00:07:03.311 --> 00:07:04.319 a chance T’ll talk a word,

NOTE Confidence: 0.579155921428571

00:07:04.320 --> 00:07:06.686 say a word about a some modelling
NOTE Confidence: 0.579155921428571

00:07:06.686 --> 00:07:09.910 we’ve done of a some lovely data on
NOTE Confidence: 0.579155921428571

00:07:09.994 --> 00:07:13.090 how mice do apparently risk sensitive
NOTE Confidence: 0.579155921428571

00:07:13.090 --> 00:07:15.560 exploration with some data from
NOTE Confidence: 0.579155921428571

00:07:15.560 --> 00:07:20.278 whatabi Yoshida Mitsuko’s work in in Harvard.
NOTE Confidence: 0.579155921428571

00:07:20.280 --> 00:07:20.640 OK,

NOTE Confidence: 0.579155921428571

00:07:20.640 --> 00:07:22.440 so decision making and risk.

NOTE Confidence: 0.579155921428571

00:07:22.440 --> 00:07:23.600 So as you all know,

NOTE Confidence: 0.579155921428571

00:07:23.600 --> 00:07:26.368 risk is a very critical aspect of decision
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NOTE Confidence: 0.579155921428571

00:07:26.368 --> 00:07:29.055 making and it comes up anytime that
NOTE Confidence: 0.579155921428571

00:07:29.055 --> 00:07:31.640 we have uncertain or probabilistic outcomes.
NOTE Confidence: 0.579155921428571

00:07:31.640 --> 00:07:33.285 So here you know you’re here in
NOTE Confidence: 0.579155921428571

00:07:33.285 --> 00:07:33.755 Saint Petersburg,

NOTE Confidence: 0.579155921428571

00:07:33.760 --> 00:07:35.839 we're spinning a coin in other contexts,
NOTE Confidence: 0.579155921428571

00:07:35.840 --> 00:07:37.358 we have other sorts of ways

NOTE Confidence: 0.579155921428571

00:07:37.358 --> 00:07:38.117 of generating these,

NOTE Confidence: 0.579155921428571

00:07:38.120 --> 00:07:40.640 these these probabilities.

NOTE Confidence: 0.579155921428571

00:07:40.640 --> 00:07:41.810 Obviously whole industries

NOTE Confidence: 0.579155921428571

00:07:41.810 --> 00:07:43.760 have been designed around it.
NOTE Confidence: 0.579155921428571

00:07:43.760 --> 00:07:45.240 So things like insurance markets.
NOTE Confidence: 0.579155921428571

00:07:45.240 --> 00:07:47.360 So this is the famous,

NOTE Confidence: 0.579155921428571

00:07:47.360 --> 00:07:48.240 this is Lloyds of London,

NOTE Confidence: 0.579155921428571

00:07:48.240 --> 00:07:50.158 a little picture of Lloyds of London.
NOTE Confidence: 0.579155921428571

00:07:50.160 --> 00:07:51.528 And I think that it’s likely

NOTE Confidence: 0.579155921428571
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00:07:51.528 --> 00:07:53.115 plays a very crucial role in

NOTE Confidence: 0.579155921428571

00:07:53.115 --> 00:07:54.359 many aspects of psychopathology.
NOTE Confidence: 0.579155921428571

00:07:54.360 --> 00:07:55.816 And this is a study that has
NOTE Confidence: 0.579155921428571

00:07:55.816 --> 00:07:57.360 been done by very many groups,
NOTE Confidence: 0.579155921428571

00:07:57.360 --> 00:07:59.040 including obviously working
NOTE Confidence: 0.579155921428571

00:07:59.040 --> 00:08:01.472 in in in in Yale too.

NOTE Confidence: 0.579155921428571

00:08:01.472 --> 00:08:03.440 So things like anxiety and mania
NOTE Confidence: 0.579155921428571

00:08:03.511 --> 00:08:05.656 are obviously issues about what
NOTE Confidence: 0.579155921428571

00:08:05.656 --> 00:08:07.352 might happen could could be there
NOTE Confidence: 0.579155921428571

00:08:07.352 --> 00:08:08.942 in OCD you’d see that as well
NOTE Confidence: 0.579155921428571

00:08:08.942 --> 00:08:10.106 something again something that
NOTE Confidence: 0.579155921428571

00:08:10.106 --> 00:08:11.800 Phil has actually worked on too.
NOTE Confidence: 0.579155921428571

00:08:11.800 --> 00:08:13.976 And you also you have this notion of
NOTE Confidence: 0.579155921428571

00:08:13.976 --> 00:08:15.917 these sort of ruminative what ifs.
NOTE Confidence: 0.9303524305

00:08:15.920 --> 00:08:18.336 So in the context of the complex world
NOTE Confidence: 0.9303524305

00:08:18.336 --> 00:08:20.776 that we occupy there are many ways in
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NOTE Confidence: 0.9303524305

00:08:20.776 --> 00:08:23.492 which we can be many risks that can
NOTE Confidence: 0.9303524305

00:08:23.492 --> 00:08:25.790 with very low probability events there
NOTE Confidence: 0.9303524305

00:08:25.863 --> 00:08:28.122 will cast swerves on the ice in a in
NOTE Confidence: 0.9303524305

00:08:28.122 --> 00:08:30.555 a in Tubian this morning very icy.
NOTE Confidence: 0.9303524305

00:08:30.560 --> 00:08:32.240 So you can imagine when you’re you know
NOTE Confidence: 0.9303524305

00:08:32.240 --> 00:08:33.862 walking on the pavement there is a
NOTE Confidence: 0.9303524305

00:08:33.862 --> 00:08:35.360 chance that something nasty can happen.
NOTE Confidence: 0.9303524305

00:08:35.360 --> 00:08:37.232 If you pay a lot of attention to these
NOTE Confidence: 0.9303524305

00:08:37.232 --> 00:08:39.277 very low probability probability outcomes,
NOTE Confidence: 0.9303524305

00:08:39.280 --> 00:08:42.000 then then of course that’s going to be
NOTE Confidence: 0.9303524305

00:08:42.000 --> 00:08:43.576 problematical for your expectations
NOTE Confidence: 0.9303524305

00:08:43.576 --> 00:08:46.400 about what might about what might happen.
NOTE Confidence: 0.9303524305

00:08:46.400 --> 00:08:47.160 And when you do that,

NOTE Confidence: 0.9303524305

00:08:47.160 --> 00:08:49.384 when you know you commit to a long
NOTE Confidence: 0.9303524305

00:08:49.384 --> 00:08:51.558 series of choices, then as I as I said,
NOTE Confidence: 0.9303524305
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00:08:51.560 --> 00:08:53.940 you have to worry about how risk
NOTE Confidence: 0.9303524305

00:08:53.940 --> 00:08:56.118 accumulates along these along these paths.
NOTE Confidence: 0.9303524305

00:08:56.120 --> 00:08:58.200 So it’s been beautifully studied
NOTE Confidence: 0.9303524305

00:08:58.200 --> 00:09:00.280 using single shot gambling paradigms.
NOTE Confidence: 0.9303524305

00:09:00.280 --> 00:09:02.116 So here’s a classic example where
NOTE Confidence: 0.9303524305

00:09:02.116 --> 00:09:04.360 you have a choice of either a Shaw
NOTE Confidence: 0.9303524305

00:09:04.360 --> 00:09:07.100 $5 or a 5050 chance of $10 or a 5050
NOTE Confidence: 0.9303524305

00:09:07.183 --> 00:09:08.479 chance of $16.00.

NOTE Confidence: 0.9303524305

00:09:08.480 --> 00:09:10.165 I'm sorry in this case

NOTE Confidence: 0.9303524305

00:09:10.165 --> 00:09:11.513 here so many paradigms.

NOTE Confidence: 0.9303524305

00:09:11.520 --> 00:09:12.660 Obviously Canavan diversity done a
NOTE Confidence: 0.9303524305

00:09:12.660 --> 00:09:14.440 lot of work on that in in in Yale.
NOTE Confidence: 0.9303524305

00:09:14.440 --> 00:09:16.771 IFAT has done a lot of beautiful
NOTE Confidence: 0.9303524305

00:09:16.771 --> 00:09:18.520 work along these lines too.

NOTE Confidence: 0.9303524305

00:09:18.520 --> 00:09:20.744 But what we want to look at is
NOTE Confidence: 0.9303524305

00:09:20.744 --> 00:09:22.378 the sequential problems and not
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NOTE Confidence: 0.9303524305

00:09:22.378 --> 00:09:24.400 only not only single shot games.
NOTE Confidence: 0.9303524305

00:09:24.400 --> 00:09:26.920 And so we’ll see how that comes out.
NOTE Confidence: 0.9303524305

00:09:26.920 --> 00:09:29.236 So in order to make progress,

NOTE Confidence: 0.9303524305

00:09:29.240 --> 00:09:31.208 we have to define what sort of what
NOTE Confidence: 0.9303524305

00:09:31.208 --> 00:09:33.040 measure of risk we’re going to use.
NOTE Confidence: 0.9303524305

00:09:33.040 --> 00:09:35.537 So there are a number of measures that
NOTE Confidence: 0.9303524305

00:09:35.537 --> 00:09:36.599 have been studied in the literature.
NOTE Confidence: 0.9303524305

00:09:36.600 --> 00:09:37.920 So prospect theory, for instance,
NOTE Confidence: 0.9303524305

00:09:37.920 --> 00:09:40.608 very famously gives us a ways of thinking
NOTE Confidence: 0.9303524305

00:09:40.608 --> 00:09:43.491 about how to combine your utilities and
NOTE Confidence: 0.9303524305

00:09:43.491 --> 00:09:45.631 probabilities and these risk cases.
NOTE Confidence: 0.9303524305

00:09:45.640 --> 00:09:47.523 But there’s also a lot of work

NOTE Confidence: 0.9303524305

00:09:47.523 --> 00:09:48.880 from the insurance industry,

NOTE Confidence: 0.9303524305

00:09:48.880 --> 00:09:49.760 which of course has been,

NOTE Confidence: 0.9303524305

00:09:49.760 --> 00:09:50.364 you know,

NOTE Confidence: 0.9303524305
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00:09:50.364 --> 00:09:51.874 which was worried about many

NOTE Confidence: 0.9303524305

00:09:51.874 --> 00:09:53.896 aspects of risk for a long time

NOTE Confidence: 0.9303524305

00:09:53.896 --> 00:09:55.474 and in a very quantitative way.

NOTE Confidence: 0.9303524305

00:09:55.480 --> 00:09:56.950 And one of the and they’ve

NOTE Confidence: 0.9303524305

00:09:56.950 --> 00:09:58.640 sort of come up with ideas,

NOTE Confidence: 0.9303524305

00:09:58.640 --> 00:10:00.992 or the mathematical aspect of that has come
NOTE Confidence: 0.9303524305

00:10:00.992 --> 00:10:03.718 up with ideas about how to systematize risk.
NOTE Confidence: 0.9303524305

00:10:03.720 --> 00:10:06.640 And one of the systematic ways that they
NOTE Confidence: 0.9303524305

00:10:06.640 --> 00:10:09.555 think about is to think about tail events.
NOTE Confidence: 0.9303524305

00:10:09.560 --> 00:10:11.730 So here we think of the distribution
NOTE Confidence: 0.9303524305

00:10:11.730 --> 00:10:13.293 of possible returns as just

NOTE Confidence: 0.9303524305

00:10:13.293 --> 00:10:14.437 some sort of histogram.

NOTE Confidence: 0.9303524305

00:10:14.440 --> 00:10:16.648 And then we the the risks

NOTE Confidence: 0.9303524305

00:10:16.648 --> 00:10:18.120 that we worry about,

NOTE Confidence: 0.9303524305

00:10:18.120 --> 00:10:19.848 the risks we care about are risks which
NOTE Confidence: 0.9303524305

00:10:19.848 --> 00:10:21.560 are found typically in the lower tail.
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NOTE Confidence: 0.9303524305

00:10:21.560 --> 00:10:23.436 They're the nastiest things that can happen.
NOTE Confidence: 0.9303524305

00:10:23.440 --> 00:10:24.247 So for instance,

NOTE Confidence: 0.9303524305

00:10:24.247 --> 00:10:26.556 many of you will know that you could
NOTE Confidence: 0.9303524305

00:10:26.556 --> 00:10:28.361 think about there these Markovits
NOTE Confidence: 0.9303524305

00:10:28.361 --> 00:10:30.471 utilities where you add to the

NOTE Confidence: 0.9303524305

00:10:30.471 --> 00:10:32.277 mean some fraction of the variance,
NOTE Confidence: 0.9303524305

00:10:32.280 --> 00:10:33.846 but the variance of the distribution
NOTE Confidence: 0.9303524305

00:10:33.846 --> 00:10:35.637 includes not only the lower tail but
NOTE Confidence: 0.9303524305

00:10:35.637 --> 00:10:37.275 also the upper tail that thinks about
NOTE Confidence: 0.9303524305

00:10:37.320 --> 00:10:39.120 the whole structure of the distribution.
NOTE Confidence: 0.9303524305

00:10:39.120 --> 00:10:40.245 Whereas the things that we

NOTE Confidence: 0.9303524305

00:10:40.245 --> 00:10:41.680 worry about are the tail risks.

NOTE Confidence: 0.9303524305

00:10:41.680 --> 00:10:42.480 They’re the nastiest things

NOTE Confidence: 0.9303524305

00:10:42.480 --> 00:10:43.280 that could possibly happen.

NOTE Confidence: 0.9303524305

00:10:43.280 --> 00:10:45.597 So things like and that’s naturally medicine,
NOTE Confidence: 0.826717684545455
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00:10:45.600 --> 00:10:48.150 finance, engineering and maybe also
NOTE Confidence: 0.826717684545455

00:10:48.150 --> 00:10:51.080 things like predation in animals too.
NOTE Confidence: 0.826717684545455

00:10:51.080 --> 00:10:52.000 So how does that work?

NOTE Confidence: 0.826717684545455

00:10:52.000 --> 00:10:53.244 So just illustrate this

NOTE Confidence: 0.826717684545455

00:10:53.244 --> 00:10:54.799 with our very simple case,

NOTE Confidence: 0.826717684545455

00:10:54.800 --> 00:10:57.168 the Saint Petersburg problem.
NOTE Confidence: 0.826717684545455

00:10:57.168 --> 00:10:59.195 So yeah, So what I'm now doing is
NOTE Confidence: 0.826717684545455

00:10:59.195 --> 00:11:00.986 showing you all the outcomes and their
NOTE Confidence: 0.826717684545455

00:11:00.986 --> 00:11:02.672 weighted by the and their probabilities.
NOTE Confidence: 0.826717684545455

00:11:02.680 --> 00:11:04.714 So this is 5050 for two EUR up to,
NOTE Confidence: 0.826717684545455

00:11:04.720 --> 00:11:07.037 you know, gets vanishingly small with this,
NOTE Confidence: 0.826717684545455

00:11:07.040 --> 00:11:08.684 this average value outcome

NOTE Confidence: 0.826717684545455

00:11:08.684 --> 00:11:09.917 being worth Infinity.

NOTE Confidence: 0.826717684545455

00:11:09.920 --> 00:11:11.719 And if you think about the tail,
NOTE Confidence: 0.826717684545455

00:11:11.720 --> 00:11:13.078 what we might do is to say

NOTE Confidence: 0.826717684545455

00:11:13.078 --> 00:11:14.360 let’s choose in this instance,
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NOTE Confidence: 0.826717684545455

00:11:14.360 --> 00:11:17.440 let’s say the lower 7/8 of the distribution.
NOTE Confidence: 0.826717684545455

00:11:17.440 --> 00:11:20.240 So that’s just these three dark blue bars.
NOTE Confidence: 0.826717684545455

00:11:20.240 --> 00:11:22.208 And that cuts off the upper

NOTE Confidence: 0.826717684545455

00:11:22.208 --> 00:11:23.520 1/8 of this distribution,

NOTE Confidence: 0.826717684545455

00:11:23.520 --> 00:11:24.440 which is all the other,

NOTE Confidence: 0.826717684545455

00:11:24.440 --> 00:11:26.660 the much nicer outcomes you could
NOTE Confidence: 0.826717684545455

00:11:26.660 --> 00:11:30.644 possibly have and and this and then
NOTE Confidence: 0.826717684545455

00:11:30.644 --> 00:11:33.011 this the the value of the outcome
NOTE Confidence: 0.826717684545455

00:11:33.011 --> 00:11:35.524 at the which is which is defined
NOTE Confidence: 0.826717684545455

00:11:35.524 --> 00:11:38.039 by this by this lower 7/8 tail.
NOTE Confidence: 0.826717684545455

00:11:38.040 --> 00:11:38.931 That’s a quantile.

NOTE Confidence: 0.826717684545455

00:11:38.931 --> 00:11:40.416 That’s just a 7/8 quantile

NOTE Confidence: 0.826717684545455

00:11:40.416 --> 00:11:41.800 of this distribution.

NOTE Confidence: 0.826717684545455

00:11:41.800 --> 00:11:43.920 That’s a risk measure itself

NOTE Confidence: 0.826717684545455

00:11:43.920 --> 00:11:46.680 called the Value at Risk or VAR,
NOTE Confidence: 0.826717684545455
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00:11:46.680 --> 00:11:47.262 shown here.

NOTE Confidence: 0.826717684545455

00:11:47.262 --> 00:11:49.299 It turns out that the value at
NOTE Confidence: 0.826717684545455

00:11:49.299 --> 00:11:51.489 risk doesn’t satisfy some of these
NOTE Confidence: 0.826717684545455

00:11:51.489 --> 00:11:53.736 nice qualities that we expect that
NOTE Confidence: 0.826717684545455

00:11:53.736 --> 00:11:55.501 the from the insurance industry
NOTE Confidence: 0.826717684545455

00:11:55.501 --> 00:11:57.284 nicely worked out by Artzner,
NOTE Confidence: 0.826717684545455

00:11:57.284 --> 00:12:00.196 Rockefeller and EUR 7 many others as well.
NOTE Confidence: 0.826717684545455

00:12:00.200 --> 00:12:02.288 But a measure which also thinks
NOTE Confidence: 0.826717684545455

00:12:02.288 --> 00:12:04.567 about the lower tail and does
NOTE Confidence: 0.826717684545455

00:12:04.567 --> 00:12:06.607 satisfy these axioms is called
NOTE Confidence: 0.826717684545455

00:12:06.607 --> 00:12:08.440 the conditional Value at Risk,
NOTE Confidence: 0.826717684545455

00:12:08.440 --> 00:12:10.420 which is simply the average
NOTE Confidence: 0.826717684545455

00:12:10.420 --> 00:12:12.400 value in that lower tail.

NOTE Confidence: 0.826717684545455

00:12:12.400 --> 00:12:13.779 So the idea is you say I'm
NOTE Confidence: 0.826717684545455

00:12:13.779 --> 00:12:14.640 worried about the tail,

NOTE Confidence: 0.826717684545455

00:12:14.640 --> 00:12:15.846 we have an alpha value saying
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NOTE Confidence: 0.826717684545455

00:12:15.846 --> 00:12:17.319 which tail am I worried about?
NOTE Confidence: 0.826717684545455

00:12:17.320 --> 00:12:18.184 The 7/8 tail.

NOTE Confidence: 0.826717684545455

00:12:18.184 --> 00:12:20.497 If it’s the if it’s the 100% tail,
NOTE Confidence: 0.826717684545455

00:12:20.497 --> 00:12:21.388 the one tail,

NOTE Confidence: 0.826717684545455

00:12:21.388 --> 00:12:22.873 it’s just the whole distribution.
NOTE Confidence: 0.826717684545455

00:12:22.880 --> 00:12:23.918 Here it’s the seven eighths tail.
NOTE Confidence: 0.826717684545455

00:12:23.920 --> 00:12:25.294 I’ve cut off all the really

NOTE Confidence: 0.826717684545455

00:12:25.294 --> 00:12:26.843 nice outcomes and I'm left only
NOTE Confidence: 0.826717684545455

00:12:26.843 --> 00:12:27.999 with the nastiest outcomes.
NOTE Confidence: 0.826717684545455

00:12:28.000 --> 00:12:29.596 And as that gets more extreme,
NOTE Confidence: 0.826717684545455

00:12:29.600 --> 00:12:31.154 I think about more and more or
NOTE Confidence: 0.826717684545455

00:12:31.154 --> 00:12:32.879 less and less of the distribution,
NOTE Confidence: 0.826717684545455

00:12:32.880 --> 00:12:34.280 just more and more of the nastiest
NOTE Confidence: 0.826717684545455

00:12:34.280 --> 00:12:35.880 things that can happen are going to be
NOTE Confidence: 0.826717684545455

00:12:35.880 --> 00:12:37.280 the things that I imagine happening.
NOTE Confidence: 0.826717684545455
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00:12:37.280 --> 00:12:38.765 And that then defi