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• How is technology changing (commercial) 

mathematics (particularly Operations Research)?

• What techniques and resources can we now use 

to solve business and research problems?

• Who are the heroes?  Who are the villains?



Fermat’s Last Theorem

• Easy to state – devilish to 
prove

• Unsolved for 360 years

• Proof by Andrew Wiles in 
1993 – 7 years of effort, 108 
pages of proof

• Limit of what one brain can 
achieve?

No three positive 

integers a, b, c can 

satisfy an + bn = cn

for any integer n > 2



How best to stack oranges?

• The Kepler Conjecture (1611): most 
efficient way to stack has 74% average 
density

• e.g. hexagonal close packing (the way 
you see them stacked in the shops)

• 1998 proof involved solving about 
100,000 Linear Programming 
problems – by computer!



Example: Travelling Salesperson Problem

5 cities: 24 possible routes

10 cities: 3.6 million

60 cities:



Do we find these problems?

Crew Scheduling

Fuel burn optimisation

Yield optimisation

Frequency allocation

Transmission planning

Asset optimisation

Vehicle routing

Field Force Scheduling

Travel Time Calculation

Demand Forecasting

Store/facility location

Supply Chain optimisation



• More data, faster machines 

• Ubiquitous computing

• The Internet

• Mashups, SaaS, APIs, cloud computing...

• Prevalence of the browser (and Excel!)

• Knowledge distribution – e.g. Wikipedia, Google

• Crowd sourcing and collaboration

Increasing market efficiencies

Perfect information

Direct business to consumer 

connection

Commoditising products

“Long tail” – niche goods and 

services

Hypercompetition

Abolition of geography (global 

village)



• SETI – digital signal processing 

• Protein folding – simulation  

• Netflix prize – collaborative filtering (movie 
recommendations)

• Millenium problems

• Human Genome Project

• Citizen Science

• arXiv

• Polymath project



• Complexity / hard decisions

• Unnecessary IT burdens

• Benefits get lost under 
software installation

• Tail wags the dog

• High costs 

• esp. capital costs

• Institutionalised interests



Need the answer 

ASAP!
Want to see my 

data in a natural way

Get the job 

done, you 

choose the 

right tools

...and collaborate 

with others on it

I’m getting used to the 

simplicity of Google, 

aesthetics of Apple

Oh yeah, and 

make it real 

cheap



• How can we harness the superpowers?

• To solve practical, everyday business 

problems?

• What if we could solve some of 

these mathematical problems from 

anywhere in the world? 

With just a smart phone?



Remove IT 
burdens

Deliver through 
browser

Low cost /

no capital

Use low cost/free tools, 
shared servers 

Easy on/ 

easy off

SaaS / subscription, 
free teasers

Easy to use
Linear workflows; 
“point” solutions

• Tightly focussed

• Help tame complexity

• Solve one problem, but 

solve it well

• Helps keep structure 

and language of 

tool/model in the 

business domain



• Open Source

• Linux / PostgreSQL / Python

• COIN-OR

• Cplex/Gurobi

• Enabling providers

Run the 

servers

Store data 

robustly

Run web apps; 

piece it all 

together

Commercial 

math solvers

Outsourced admin!

Google (mail, docs)

Confluence (intranet)

SalesForce (sales and customers)

Cloudmade (map rendering)

SaaSy (payments)

Crowd sourced

“Many eyes make bugs 

shallow”

Open source OR: lets you 

be solver-agnostic

Used to be IBM’s OSL

LPs with 1.5 million variables



• A few guys, no office

• Commoditised offering

• World class

• Built from ground up to be parallelisable

• New interfaces:

• Pay as you go option 

e.g. Amazon EC2

• Python interface



Super 

Business Guy

Excel

Serialise MIP as 

compressed string; 

send using CURL

Serialised result

Looks like it is running locally!

Excel front end



• Customer doesn’t need local solver licenses

• We deal with resource conflicts and long-

running processes on the server

Web front end



Collaboration

Rich user 

permissions 

and access

Chaining 

workflows

Mash up 

your own 

workflow

API access

Dashboards

Leverage 

spatial data 

and analysis 

tools

Responsive 

web design



I care about the HOW:

algorithms, 

parameters, resultsI want to collaborate 

with my colleagues

I want access to 

powerful 

computation and 

solvers

I want to replicate 

and build upon the 

work of others

I’d like my 

contributions to be 

recognised



• Abstract and intro

• Literature Review

• Statement of Problem

• Approach

• Results and experiments

• Conclusion

• References

� Self contained

� Peer-reviewed

� Easily replicated by same author(s)

x Hard to search for and find

x Hard to reproduce results

x Long gestation and review

x “Soft” links



• How can we harness the new 

superpowers?

• To do Operations Research?

• What if we could complement (or 

avoid!) slow journal-focused 

progress?

• How can we improve upon silo’ed

academic results and source code?

?



Remove IT 
burdens

Cloud power

Share models 

and data

Use versioned, 

wiki-style tools

Frictionless 
global 
collaboration

Forums and social 
network integration

Build a 
community

User reputations on 
common platform



• Many of the pieces are already 
(conceptually at least) in place:

• www.or-exchange.com

• www.exampleproblems.com

• www.wikipedia.org

• Gurobi via AWS + Python

• MathML

• Tons of modelling languages

• Online IDEs

• Cloud storage

Global crowd-sourced 

Operations Research 

in real time! 



Algorithmic 

approach

Data sets

Implementation

Cloud computation

Problem 

statement

Results

Modelling 

language/Python 

in an online IDE

Data sets

include links to 

results

Description and 

formulation 

(math-aware)

Algorithm and 

effects of 

parameters; 

links to proofs

Results include 

history (versioned 

snapshots)



Each page has:

• versioning 

• comments

• API access

• voting

• social media integration

• access control – public/private

• links 
• e.g. related data sets & problems

• opt-in alerts for updates



• We’ve seen a little of:

• How technology is changing 

commerce, and mathematics

• How we can harness some of 

this technology for OR

• Change is already happening

• This is just the beginning!




