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Professor Rod Downey, Logician, Surfer, Scottish Country Dancer

I try to understand the intrinsic difficulty of computation; how can mathematical processes be algorithmically implemented either in theory or in practice?  For instance, take beer delivery - we need an algorithm to give us an efficient way of delivering beer.  An algorithm is a recipe.  What's an algorithm?  An algorithm for baking a cake would take four eggs, do this and do that for so long, etc.  So an algorithm is basically a recipe.  A good cake recipe would be one that makes a good cake.  Mathematically, a good algorithm would be one that uses less resources, runs faster, uses less memory, etc.  A good beer delivery recipe would be one that minimizes the total cost, and one which finds this most efficient route quickly.  It is no good waiting too long for the beer.  For instance, if there are 100 pubs and we try all possible routes it might take millions of years to get an answer.  We seek efficient, fast practical algorithms, or proofs that they don't exist.

Logic has lots of uses, but from the commercial point of view if you have better scheduling, or delivery routing then you can do things more quickly, more efficiently, more economically.

Right now, for instance, David Ryan in Auckland is creating scheduling algorithms for Air New Zealand.  For this he won a prize.  The airline actually used them.  And there are people who have implemented some of my stuff in Zurich, they actually use some of my algorithms for molecular biology.  John Harper down here does fluid mechanics and helped design the breakwater for Lyall Bay.  And another guy Mark McGuinness, right next door, made cereals crunchier analyzing a heat equation.  So at one end of the spectrum there are very practical applications for mathematics.  And then there are other people who just prove theorems.

Problems underpin what I do, but really I see mathematics in terms of trying to understand what is going on.  Basically I see mathematics as a type of construct in my head.  And there are lots of things I would like to understand but don’t and I carry them around in my head and work on them every now and then.  I am driven to understand.

I get a lot of stimulation from my colleagues.  It is all social.  I think there is a myth that mathematics was done by people in private.  But it is not true.  The majority of papers are co-authored.  Co-authorship in mathematics is not the same as a laboratory science where you have teams working on a topic each with a little bit.  It is more directly interactive.  I think the reason it has been the golden century for mathematics is because of the ever increasing ability to work with colleagues.  There are a whole bunch of ideas bubbling around.  It is no fun working on your own all the time.  If no one cared, you probably wouldn’t do it.

If I am working with a colleague we may sit around and then put some stuff on the board or talk about it ‘what do you think about this?’ and sometimes something happens and sometimes nothing happens.  Usually for me I will work like this for about two hours.  Then unless we are making good progress you may as well forget about it after that.  And then I will go away and work on it by myself.  And then maybe the next day we will get together and talk more.  It is not a precise science you know.  My tendency is to work in little bursts with people.  But still on long term projects.  It's like being a rugby player you can only get really peak performance in bursts, but have long term training.

Most of this stuff is directed towards understanding what is going on.  You have to really understand what is going on to make progress.

Sometimes you have questions or theorems come to you in the night.  Sometimes when I am driving.  It happens any time.

I am a Professor of Mathematics.  I am regarded as one of the world's best in logic circles.  This high regard means I don’t have to worry as much about getting research grants.  So for me I thus have more freedom to choose topics.  I have more freedom to choose harder things.  Which I may achieve, or not, but the reward is greater.

My father was a storeman and packer and eventually finished up working for Nissan.  But also worked for a warehouse company, not the Warehouse.  Before that he was an SP Bookmaker, my mum used to work for a shop selling jewelry.  Then later she worked for Waltons – which is a department store like LV Martins.  She worked for the credit part, making sure people paid their debts.  I have one sister.  While she's pretty smart, she left school quite young.

Both my parents were raised in an extremely rough part of Sydney, Erskinville.  It was a very rough area, it was very violent almost gangster like, this is why they moved to Queensland.  While my parents weren’t very educated they were talented at what they did.  My dad started off as a lens grinder and also an SP bookmaker.  He part owned a small company in Toowomba.  It folded because of Japanese imports.  This is before the TAB.  Gambling – he was a bookie - he used to make a book, people would come and give him money and he would have to calculate the odds so that he would make a profit.  All the calculations were done in his head, no calculators then.  And if he made a mistake it cost him a lot of money.  Mum used to do all these calculations too for the interest and such like working in the credit side of the company.

I was always pretty good at maths at school.  I had a funny background because basically my parents were working class.  Mathematics is one of those things you can do even it you are not very cultured.  I am serious!  It is probably much easier to achieve at science than in the arts if you come from a house without books.  Perhaps it's because to succeed, you don’t need to write that stylishly.  Particularly in mathematics you can get quite deep quite early.  I was really good at the maths and sciences subjects but not so good at the arts subjects, although I have published (bad) poetry!

I had a very good teacher at primary school.  I probably really got switched on to mathematics there.  He would put things up like Pascal’s triangle, which at the time I thought very interesting.  He was an old bushy from Australia.  He used to go and get his own canes from the bush to cane us with.  He was the headmaster.

I went to quite a good high school.  The standard was high.  I was in the top class, but because of my subject choice ‘logic’, they put me in the bottom class.  I wanted to do logic, because I was interested in it.  The course on logic was mainly targeted at kids who weren’t good enough to do both maths one or maths two.  So they were the "dumb students".  The only way I could take this logic course was to move in to the bottom class.  I went from having a really good chemistry teacher to having the guy that played rugby for Queensland as the chemistry teacher.  He was always coming in with a broken arm or black eyes and telling us these stories about what a great game it was.  It was fun but you didn’t learn very much chemistry.  I don’t know why I wanted to do logic so bad, I just did.  It was obviously the correct choice seeing that I am now a professor of logic.

My parents never really understood what I did.  They only thought it was any good once I started getting paid for it.  They always wanted me to be a teacher.  Basically, if you were smart in the social group of Australia in which I grew up, you became a teacher.  Because of the scholarships I presume.

My father had been sick and out of work for a couple of years before I went to University so we had a very low income.  I got my education paid for by the Government.  I was a "Gough Whitlam" university student.  Coming from the background I did, I didn't really understand why anyone did anything.  For instance, why would you want to be a lawyer?  I just drifted into University straight from school.  I qualified for University so I went there, actually to be a chemist!  I was very interested in chemistry until I got there and then I thought it was unbelievably boring.

I was pretty wild in first year.  I really bombed out in all my maths classes in first year.  My academic advisor told me I should probably withdraw from the honours stream course because I wasn’t really cut out for it.  I thought, "I will show you bastards".  And that gave me the motivation to carry on and from then on it got really interesting.  A lot of what I did was just pig-headedness really.  The more they told me to get out of it the more I was determined to stay and do it.

After I finished honours year I was faced with a decision.  It was a toss up between doing a Ph.D. or managing the bottle shop of the local pub.  My parents were keen on the pub choice.  But I did the Ph.D. down at Monash University.

I met my wife during second year as an undergraduate.  And that was a big change for me.  Before that I had done some dubious things and taken some dubious substances.  I settled down a little after that.  She is responsible in many ways for my success.  She is the kindest person I know.

We keep statistics on the graduates coming through our department.  Our graduates are all employed.  They are very employable.  So, what I say to students is, that I can’t tell you where you will be employed, but you will be employed and here are the statistics to prove it.  One thing about mathematics and logic is, it is good training.  If you go to some boss out there and you say "I am numerate", it's got to be good.

Mathematics is about understanding structures and processes.  It doesn’t have much to do with numbers really the numbers are just somewhere in the background.  When I was young I used to work in the pub in Redcliffe in Queensland when they discovered I was at university doing mathematics they said, ‘wow you must do really big sums’.  I don’t really do big sums.

Mathematics is this huge construct that we have made, it is a synthetic form, although it has connections with reality.  It is an accumulation of human thought for 2000 years or more.  And these structures are the things that you have to roll around in your head for a long time before you begin to understand them, then you can make progress.

 I don’t sit here doing big sums on a calculator, the only time I use a calculator is at the end of the year when I am figuring out the grades for the students.  Or when my sons ask me something.  In some of the courses I teach, I don’t allow the use of calculators.  I try and get the students not using machines, to actually get them to think about other things.

There are underlying patterns in mathematics, which are beautiful.  Here is a nice theorem.  Suppose you have a party of 3 people.  Then at least two of them will be friends or non-friends.  What about 3?  I give you a party of 10.  Then there will be a group of 3 mutual friends or 3 mutual non-friends.  This turns out to be a general phenomenon.  If you give me the number n I will give you another number, some huge number, say A.  This number A has the property that if I give you any party of size A, then in that party there will be a group of n mutual friends, or there will be a group of n mutual non-friends, nobody will be a friend.  That is called Ramsey’s theory.  To me, it is extremely beautiful.  You can say to yourself, why do I find it beautiful?  I guess you either find it beautiful or you don’t.  It is kind of saying that you can’t have complete chaos, somewhere there is regularity.  That is the kind of thing that I really like.

Or certain proofs I really like.  There is this method called the zero triple prime priority method, I really like it because it has certain dynamic geometry in my head.  I can see the geometry happening.  Then there is the joy of knowing things that no one else does.  You come along and you discover a theorem, discover a fact, and it is true, but no one else has ever known it to be true.  There is a real buzz in this also.

Here's another example of something I find beautiful.  This one is called the blind postman’s problem – you imagine a blind postman who is running along putting his letters in the boxes.  What is the probability that he doesn’t get any right?  The answer is e (a certain mathematical constant, something like 2.71828…), to the power of minus one, you can figure it out.  e is this crazy constant.  Now why should that be true?  e turns out to be quite natural if you understand the proof and you can see why it is true.  e comes out quite naturally, you must say that it is crazy, it is crazy why should e have anything to do with that.  e is this thing from calculus and here is this probability that you are calculating, just counting, it is one of my favorite things.  I show the second year students and I say "isn’t this beautiful?" and they all go, “is this in the exam"?

Mathematics is another language.  It is a compressed language.  A lot of what we do in the first year is to teach people the language.  That is one of the things we do.  And tell them that they are learning another language and they have to master it.  A lot of the difficulties you have in first year mathematics classes you would have if you were learning Russian.

I am, I guess, "world famous in New Zealand".  I would probably be one of New Zealand’s best known mathematicians.  This is a particularly good university for logic.  I am well known in logic.  I probably rank in the best 2 or 3 computability theorists for my age in world.  What is good about it is that it has enabled me to get grants, and people are keen to come and visit me.  I have a constant stream of visitors.  New Zealand is a great place to have visitors come to.  Whenever I am running a conference I send people a picture of Kaikoura or something like that, and I say this is where we are going to have the conference, and they come over.

I think to be really good at mathematics and probably almost anything in life you have to be obsessive about it.  I think that Far Side vision of a scientist is not completely wrong - the image of huge bottomed guys, sitting there with their white coats on and their thick glasses in a windowless room.  It is true to some degree.

Kim Hill once said of scientists – if the population were all well adjusted and walking around happy, where are we going to get the scientists from?  And there is a lot of truth in it.  Most people who are very good at science, very good at mathematics are extremely obsessive and driven personalities.  Of course, this is also true in sport.

It gets harder as you get older. It is physically quite demanding to do research.  I find that if I have been working very hard for a long time I get jaw aches and upset stomachs all kinds of stuff – just stress really.

If I am really working hard I am thinking all the time, and I end up waking up at night, I wake up at like 2 am in the morning thinking about it.  I am sure that this is true for other professions.  It is just different things to think about than the majority of people.  It is enjoyable when you get it right.

Doing a Ph.D. in mathematics is quite different from doing a Ph.D. in other sciences where you get into a laboratory and do experiments.  I tell the students that the main thing they have to do is learn to cope with frustration.  You have to learn to ask good questions and you have to be able to cope with not getting the answer for a long time.  It is very frustrating.  But when you win it is fantastic.

I deal with the frustration by going surfing.  I love surfing.  The first thing I do when I get up in the morning is I look out the window to see if there is any surf.  Then I plan my day accordingly.  I live in Newlands on the cliffs and you can see the breakwater.  I go into work.  Usually I know what is coming up in my day - who I have to see, what meetings are coming up and so if the waves are there so am I.  One of the beauties of being an academic is that provided you do your job it is not a 9-5 job, you clearly don’t have to wear a suit.  It is very nice.  I have a friend who makes large amounts of money but she often gets to the office at 7am and home late at night.  For me life is too short for that.

I think I have one of the best jobs it is possible to have.

The power of the waves!  If you have to ask me what I like about surfing then I can’t tell you.  Only a surfer knows what it is about surfing that is wonderful.  It is indescribable.  If there hasn’t been surf for a while I get pretty crabby, then I play a lot of tennis.  I don’t think about mathematics when I am surfing.  It is peaceful being out there on the sea, but, don’t get me wrong there is also a lot of aggression too.  A good day's surfing and you feel great.

I also play a lot of tennis and I jog, plus badminton and table tennis with my graduate students.

I have always, always played sport.

When I was doing my Ph.D. I was also playing volleyball for the state of Victoria in Australia.  I used to train five days a week and play two days a week because I played for two teams.  I didn’t do much else.  I played sport and did mathematics.  I did mathematics in front of the TV until about 5am, and got up in the afternoon.

I also teach Scottish Country Dancing.  I teach at Johnsonville.  I used to play a lot of squash and then I sprained an ankle a few times and I decided that squash was more of a sport for younger people.  Then I got an offer to go back and play for one of the local volleyball teams.  And then I sprained my ankle again.  My wife said, why don’t you try Scottish Country Dancing you may like it.  So I gave it a go.  And here I am ten years later – now a teacher.

The dancing is kind of like square dancing, except it is French in character.  It has formations, patterns and phrasing, and great music, kind of Baroque and Celtic of course.  I also devise dances.  Devising dances is like proving theorems.  You have the flow of information and shaping the dance to the phrasing of the music and the idea in your mind's eye.

I am an obsessive type of person.  What I do I like to do well.  I like to put a lot of energy into things.  I like to give it my best shot.  Failing at something is not the problem.  What is important is giving it your best shot.  If you can look back and say that I gave it my best shot, and you haven’t succeeded then that is fine.  That was the message that my parents used to drive home to me.  If I was playing rugby or something, it was trying my hardest that counted.  If you went out there and tried your best, trained hard and gave it your best shot, what else could you do?

My maths is competitive too.  The problems I solve are challenges.  That is why I get so frustrated.  And there is the world competition – one of the good things about working with colleagues is the competition between us.  My colleagues cause a lot of competition.  If you are working with young people you try and beat them to the answer.  If you are working in a group of mathematician, there is the internal competition to find out who can get the answer first.  One of the things that drives me is the competition.

I see nothing wrong with competition it is a good thing.

Sometimes I create things of beauty but sometimes they are really ugly too.  There is an old saying, “Good mathematicians are known by their ugly proofs” It is a crazy thing to say unless you think about it.  Which is if you have the first proof of something then by and large you may not have found the best way of doing something but you got there first.  So one of my colleagues is famous for 22 papers in a row proving one theorem.  That’s like a couple of thousand pages of journal articles proving one theorem.  And now a lot of it has been simplified, not all of it, but he and a co-author did it first.

I have two boys, twelve and fourteen.  I don’t think fourteen year olds listen very much to their fathers.  When the boys are interested in things about mathematics I will talk to them about them or if they are doing school projects.  The boys are fun.  I love to watch them grow up.  They are both competitive swimmers.  The oldest is also a musician and the youngest is an Irish dancer.  A lot of the family's time is devoted to supporting their activities.

I am much better at small talk than I used to be.  I never liked parties or things like that.  No one wants to talk about surfing, it is less popular than maths.  I like surfers, they are kind of interesting people they have a lot in common with mathematicians.  They are quite obsessive about what they do.  Also, they are young.  Being around young people keeps you young, I think.  Another good part of being at a university.

Do I care about applications?  If something turns out to be a useful theorem or a useful algorithm then it will be used eventually.  That is one of the concerns I have about bureaucrats making decisions about what areas of research to fund.  You can't anticipate what will be important.

Just because you are good at maths it doesn’t mean you are good at anything else.  I am quite analytic in the way that I view the world.  Is that good or bad?  Or is an emotional view better?  I think that scientists can be extremely arrogant about their knowledge.  You should read the biography of Stanislaw Ulam.  He was one of the great mathematicians of the 20th century.  When they were developing the Hydrogen bomb he calculated there was a non-zero probability that all the hydrogen in the atmosphere would fuse.  That would be a bad effect, because we would all be dead.  But, he calculated " it is a very small chance" and they did it anyway.  That seems pretty arrogant to me.  For this reason I don't want GE field tests.

We don’t pretend to understand how the environment works.  So when scientists say this is perfectly safe or the probability of this happening is one in some large number, that when you do figure it out it is more than the number of atoms in the universe.  When people quote figures like that, it can’t be true, just think about it, it can’t be true.  Many people are in awe of scientists.  It is almost a new religion.

I think logic would be a good thing to teach at school.  Especially in a world surrounded by information, which is constantly bombarding us, we need to be critical about the information, we need to process it.

The problem of teaching mathematics in schools is that you can’t be taught a violin by someone who can’t play.  If you want to improve schooling in maths make sure there are good people there.  Not just good at teaching, but good at maths too.

One of the main things in teaching is the students need success, and they need to know that it is real success.  People do what they do because they get their own internal rewards for it.  I can say that mathematics is beautiful, but they have to achieve their own successes to see the rewards.

Mathematics is one of those wonderful things.  If I am at a party and I get talking to someone and I tell them what I do usually the first thing they say is “Oh no, I am no good at maths".  Sometimes it seems like the only worse thing to be than a mathematician, is a gynaecologist or maybe a psychiatrist.  People just can’t speak to you.

I may get into an argument if I have had a bit to drink and there is some bloody administrator there and I argue with him about levels of funding, priorities or make pronouncements about maths teaching.  Mathematics is a very difficult thing to share with someone that doesn’t do it.  It is like talking to a musician if you are not musical, or saying what's great about tramping to someone who does not like physical activity.

I think maths is a craft, like any other craft you learn by working with experts.  I think most people are very talented.  I think there is definitely a talent for maths in most people I think people are a lot more clever than they think they are but have troubles, because they don’t think they can succeed.  One of my goals when I am teaching first year courses is get them to believe they can succeed even if it does not happen in the first fifteen minutes.  Because they can!  It is not that difficult.  It is very much a confidence thing.

