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How Not To Do It

Ian P. Gent (who was cute at the beach in 1965)

University of St Andrews
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How Not To Do It

Ian P. Gent (who wears colourful  clothes now)

University of St Andrews



Three Goals

1. Some Advice on How (Not) To Do Experiments

2. Some Advice on How (Not) To Find Your Way in Academia

And since advice from old to young is cheap é 

3. Entertain you with examples of smart people being stupid
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History of the Talk 

z A mix of the very old and very new
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History of the Talk 

z A mix of the very old and very new

z Very Old : How Not To Do It

y Officially stories about how experiments can go wrong

y Actually persuading you that:

   Smart and Successful People Do Stupid things 

z Very New: Thoughts From Last Few Weeks

y Advice which is Probably Useless To You
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The very old (1) é  

z Paper from 1997

z All true stories

z Admitting to our mistakes

z A great set of names
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The very oldé  

z Paper from 1997

z All true stories

z Admitting to our mistakes

z A great set of names

z Paper > 50 Citations

z CP Invited Speaker

z CP Programme Chair

z Successful Career Outside Academia

z ACP Research Award

z Name Misspelt On This Title Page!  Itôs Ewan!
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Do check spelling of authorôs names!

z One of many pieces of advice

z Based on mistakes made by 

me or my colleagues

z Apology in advance

y the advice is what TO do

y Not ñHow Not To Do Itò 

y But the examples are!
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How Not To Do It

z Those ignorant of history are doomed to repeat it

y we have committed many howlers

z We hope to help others avoid similar ones é

é and illustrate how easy it is to screw up! 

z Every howler we report committed by at least one of the 

above authors!



Empirical Methods for CS

Can you do Empirical AI?
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Can you do empirical AI?

z See if you can spot a pattern in the following real empirical data

y (326 dp (T 1 0))

y (327 dp (T 1 0))

y (328 dp (T 1 0))

y (329 dp (T 1 0))

y (330 dp (T 1 0))

y (331 dp (T 2 1))

y (332 dp (T 1 0))

y (333 dp (T 1 0))

y (334 dp (T 3 2))

y (335 dp (T 350163776 62))
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Can you do empirical AI?

z See if you can spot a pattern in the following real empirical data

y (326 dp (T 1 0))

y (327 dp (T 1 0))

y (328 dp (T 1 0))

y (329 dp (T 1 0))

y (330 dp (T 1 0))

y (331 dp (T 2 1))

y (332 dp (T 1 0))

y (333 dp (T 1 0))

y (334 dp (T 3 2))

y (335 dp (T 350163776 62))

z This led to an Artificial Intelligence journal paper

y Gent & Walsh, ñEasy Problems are Sometimes Hardò, 1994
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Donôt Ignore Crashes!

z That pattern was pretty easy to spot buté

z To see the pattern you have to not  

y kill the experiment in the middle of its run

x assuming that the pipe to the output had got lost!

z Thatôs what I did, but fortunately the effect occurred again.

y that instance took a week to run
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How Not to Do It

z Do Look at the Raw Data

y Summaries obscure important aspects of behaviour

y Many statistical measures explicitly designed to minimise 

effect of outliers

y Sometimes outliers are vital

xñexceptionally hard problemsò dominate mean

x we missed them until they hit us on the head

when experiments ñcrashedò overnight

old data on smaller problems showed clear behaviour



35

One advantage of the work being old 

z Some of these papers have ego-boosting citation counts

z But Iôm not just boasting

z It shows that you can be stupid

z And still end up with a good paper!



The Very Old (2): Tutorial on Empirical Methods
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z Given at various conferences

z Including CP 2003 in Kinsale, Ireland



How to do Experiments:

 Empirical Methods for AI & CS

Paul Cohen             Ian P. Gent         Toby Walsh



Yes it was in Comic Sans
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Following slides from that talk ï anything changed?
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What does ñempiricalò mean?

z Relying on observations, data, experiments

z Empirical work should complement theoretical work

y Theories often have holes  (e.g., How big is the constant 

term?  Is the current problem a ñbadò one?)

y Theories are suggested by observations

y Theories are tested by observations

y Conversely, theories direct our empirical attention

z In addition (in this tutorial at least) empirical means ñwanting 
to understand behavior of complex systemsò
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Empirical CS/AI

z Computer programs are formal objects

y so letôs reason about them entirely formally?

z Two reasons why we canôt or wonôt:

y theorems are hard

y some questions are empirical in nature

e.g. are Horn clauses adequate to represent the sort of 

knowledge met in practice?

e.g. even though our problem is intractable in general, are 

the instances met in practice easy to solve?



42

Empirical CS/AI

z Treat computer programs as natural objects

y like fundamental particles, chemicals, living organisms

z Build (approximate) theories about them

y construct hypotheses

e.g. greedy hill-climbing is important to GSAT

y test with empirical experiments

e.g. compare GSAT with other types of hill-climbing

y refine hypotheses and modelling assumptions

e.g. greediness not important, but hill-climbing is! 
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Empirical CS/AI

z Many advantage over other sciences

z Cost

y no need for expensive super-colliders

z Control

y unlike the real world, we often have complete command of 

the experiment

z Reproducibility

y in theory, computers are entirely deterministic

z Ethics

y no ethics panels needed before you run experiments
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How Not to Do It

z Do It All Again é (or at least be able to) 

y e.g. storing random seeds used in experiments

y we didnôt do that and might have lost important result
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How Not to Do It

z Do measure CPU time

y in exploratory code, CPU time often misleading

y but can also be very informative

e.g. heuristic needed more search but was faster
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How Not to Do It

z Donôt Trust Yourself

y bug in innermost loop found by chance

y all experiments re-run with urgent deadline 

y curiously, sometimes bugged version was better!
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How Not to Do It

z Do Preserve Your Code

y Or end up fixing the same error twice 

z Do use version control!

y Yeah I know you do this but é. 

y This was not so standard advice in 1997

y Distributed version control basically didnôt exist

x Subversion started 2000

x Git 2005
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Donôt Lose Your Own Papers

z Imagine losing the .tex files of a submitted paper

z So if itôs accepted you canôt make corrections

z Or if itôs rejected you canôt resubmit it

z Nobody could be that stupid, right?
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Donôt Lose Your Own Papers

z Imagine losing the .tex files of a submitted paper

z So if itôs accepted you canôt make corrections

z Or if itôs rejected you canôt resubmit it

z Nobody could be that stupid, right?

z I have been ï why there is no journal version of this paper

z TWICE
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How Not to Do It

z Do Make it Fast Enough

y emphasis on enough 

xitôs often not necessary to have optimal code

x in lifecycle of experiment, extra coding time not won back

y e.g. we have published many papers with inefficient code

x compared to state of the art
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How Not to Do It 

z Do face up to the consequences of your results

y e.g. preprocessing on 450 problems 

xshould ñobviouslyò reduce search

x reduced search 448 times

x increased search 2 times

y Forget algorithm, itôs useless?

y Or study in detail the two exceptional cases

x and achieve new understanding of an 

important algorithm
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How Not to Do It

z Do Report Important Implementation Details

z This hit us both ways round

y Our first GSAT version O(N2), but this really was too slow

y Eventually we worked out lots of optimisations

y Only to talk to original authors who knew all about these

y So we wished they had provided the details!

z  We optimized experiments cleverly but didnôt explain how

y Later authors reinvented that technique 

y And quite fairly published a paper with it as contribution!
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How Not to Do It

z Do Report Important Implementation Details

y This hit us both ways round
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How Not to Do It

z Do measure with many instruments

y in exploring hard problems, we used our best algorithms

y missed very poor performance of less good algorithms

better algorithms will be bitten by same effect on larger 

instances than we considered
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How Not to Do It

z Do vary all relevant factors 

z Donôt change two things at once

y ascribed effects of heuristic to the algorithm

x changed heuristic and algorithm at the same time

xdidnôt perform factorial experiment

y but itôs not always easy/possible to do the ñrightò 
experiments if there are many factors
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How Not to Do It

z Do Collect All Data Possible é. (within reason)

y one year Santa Claus had to repeat all our experiments

x ECAI/AAAI/IJCAI deadlines just after new year! 

y we had collected number of branches in search tree

x performance scaled with backtracks, not branches

x all experiments had to be rerun

z Donôt Kill Your Machines

y we have got into trouble with sysadmins 

é over experimental data we never used

y often the vital experiment is small and quick
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How Not to Do It

z Do Be Paranoid

y ñidenticalò implementations in C, Scheme gave different 
results

z Do Use The Same Problems

y reproducibility is a key to science (c.f. cold fusion)

y can reduce variance 



Do check your references

z We had papers giving the wrong page numbers for a classic

z Because we had copied the reference instead of checking

z Fortunately, nothing bad happened é 
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Do check your references

z We had papers giving the wrong page numbers for a classic

z Because we had copied the reference instead of checking

z Fortunately, nothing bad happened é 

z é. Unlike now, where incorrect references could get your 
paper rejected for suspicion of AI hallucination!
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The Very New: Some advice for this handsome guy

z ñYou will not understand the power 
and beauty of your youth until 

they've faded. But trust me, in 20 

years, you'll lookback at photos of 

yourself and recall in a way you 

can't grasp now how much 

possibility lay before you and how 

fabulous you really looked.ò

z Advice, like youth, probably just 

wasted on the young 

z Kurt Vonnegut

z MIT Commencement Address 1999
67
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The Very New: Some advice for this handsome guy

z ñYou will not understand the power 
and beauty of your youth until 

they've faded. But trust me, in 20 

years, you'll lookback at photos of 

yourself and recall in a way you 

can't grasp now how much 

possibility lay before you and how 

fabulous you really looked.ò

z Advice, like youth, probably just 

wasted on the young 

z Mary Schmich

z Chicago Tribute, 1997
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Do check your references

z Advice, like youth, probably just 

wasted on the young 

z Mary Schmich

z Chicago Tribune, 1997

z Became viral ñCommencement 
address by Kurt Vonnegutò

z And hit song by Baz Luhrmann

z https://en.wikipedia.org/wiki/Wear_Sunscreen
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Some advice for this handsome PhD student

z Professors are people just like you!
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Some advice for this handsome PhD student

z Professors are people just like you!

z I know you donôt believe me

z But they are, trust me

z You canôt tell now who is going to be 

z Not just smartness or hard work

z Yes luck is one of them

z But also incidental factors 

z Things which are weird about you 

compared to other academics!
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ñDo what makes you weirdò

z ñ 7 Smarter Questions to Help You Find Directionò

z Daniel Pink, 2025.  

z https://danielpink.substack.com/p/7-smarter-questions-to-help-you-find 

z Three I want to mention 

z What makes you weird?

z Where can I make my biggest contribution?

z What do people thank you for?

74
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What Makes You Weird?

z Daniel Pink asks this question for you as a child

z I also think itôs a great question for you as an academic
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What Makes You Weird As An Academic?

z Some things it is NOT

y You are very smart

y You are very passionate about your subject

y You are very hard working

z Everyone in this room is all of those!

z Think about what makes you weird
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What Makes You Weird, Ian?

z Spotting tiny inconsistencies and mistakes

z My first journal paper was this:
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What Makes You Weird, Ian?

z Getting incredibly enthusiastic about 

things and bored about the same things

z My third journal paper was totally unrelated 

to the first two
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What Makes You Weird, Ian?

z Always thinking at the meta level 
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What Makes You Weird, Ian?

z Always thinking at the meta level 
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Where can I make my biggest contribution?

z For me:

z Spotting tiny inconsistencies and mistakes

z Getting incredibly enthusiastic about things and bored about 

the same things

z Always thinking at the meta level 
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You think we learned from our mistakes?

One really big case study 

Happened after we wrote ñHow Not To Do Itò
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Experiments are Harder than you think!

z Flawed problems: 

y A case study from Constraint Satisfaction

z 40+ experimental papers over 5 years

y papers on the nature of hard  random CSPs

y Authors include é (in alphabetical order!)

x Fahiem Bacchus, Christian Bessiere, Rina Dechter, Gene Freuder, 
Ian Gent, Pedro Meseguer, Patrick Prosser, Barbara Smith, 
Edward Tsang, Toby Walsh, and many more

y Achlioptas et al. spotted a flaw

x asymptotically almost all problems are trivial

x brings into doubt many experimental results

Åsome experiments at typical sizes affected 

Åfortunately not many
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Flawed random constraints?

y e.g. ñModel Bò, domain size d.    
Parameters p1 and p2

x Pick exactly p1C constraints (if 
there are C possible)

x For each one

Åpick exactly p2d
2 pairs of 

values as disallowed

y e.g. d=3, p2=4/9

x Constraints C1 & C2

x C2 is flawed

Åit makes X=2 impossible

y For any p2 Ó 1/d, p1 > 0

x as n Ą Ð, there will always be 
one variable with all its values 
removed

x asymptotically, all problems are 
trivial!

C1 X=1 X=2 X=3

Y=1 X X

Y=2 X

Y=3 X

C2 X=1 X=2 X=3

Y=1 X X

Y=2 X

Y=3 X
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Flawless random problems

z [Gent et al.] fix flaw é.

y introduce ñflawlessò model B

y choose d squares which must 

always be allowed

x all in different rows & 

columns

y choose p2d 2  Xôs to disallow in 

other squares

z For model B, I proved that these 

problems are not flawed 

asymptotically

y any p2 < ½

y so we think  that we understand 

how to generate random 

problems

C1 X=1 X=2 X=3

Y=1 X X O

Y=2 O X

Y=3 O X
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But it wasnôt that simpleé

z Originally we had two different 

definitions of ñflawlessò problems

z An undergraduate student showed 

they were inequivalent!

y after paper about it on the web

y (journal paper reference follows 

is correct )

C1 X=1 X=2 X=3

Y=1 X X O

Y=2 O X

Y=3 O X
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Do Listen To Reviewers! 

z We called our new model òFlawlessò

z Reviewers of our paper about it pointed out the name wasnôt justified

z Which inspired us to think harder

z And we could Prove that our model was Flawless in a technical sense

z Major result of resubmitted paper



Do Make Lots Of Mistakes! 
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