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Typical Applications of Constraint Programming

Industrial Scheduling
Configuration
Personnel Planning
Transport
Network Optimization
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Personal CP Applications

Not a lot of applications for individual use
People don’t have NP-hard problems?
Some advisors, recommenders based on CP

ECRC: The Munich Rent Advisor, (Fruewirth et al, 1994)
4C: Talking Shop (Little et al, 2008)

Sudoku?
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Important: Proof of Concept

This is not about the model
This is not about the constraint engine
This is about the application
Funded to show how such a system would work
Explore functionality, data feeds, etc
No beautiful interfaces, just get it to work
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Some Facts about TV

In Ireland, 75% of households have satellite or cable
(Source: Comreg, 2009)
Easy to get 200+ channels
Average TV viewing time

US, per household, in 2008: 8 Hr. 21 Min/day, (Source:
Nielsen, 2009)
UK, per person: 28 Hr/week (van den Broek, 2002)

95% of TIVO TV watching is live, not recorded or
time-shifted (Bronnenberg et al, 2010)
UK Total TV market 10B£ (Source: Ofcom, 2006)
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A Requirement for Personalized TV

200 channels, and I don’t know what to watch!
Record & watch is not the defining paradigm

Some programs you have to watch live (sports)
Others you can time-shift within a day (news)
Others you can watch anytime (movies)
Some programs you have to watch in sequence, others not

DVR is not an infinite resource
Don’t record what you won’t watch
There is a life beyond TV
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TV Calendar
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Existing Work

1995-2002: Many papers on TV recommenders
Mainly collaborative recommenders
Quite limited acceptance
No concept of time/scheduling
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Current Solutions

Nearly always grid based (just like printed program guides)
This works for 4 channels, not for 200
Even more so when running on a mobile phone
Settop boxes:

Record complete series
Program from mobile
LRU replacement strategy
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Typical Grid View
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In the Beginning - Data

What can we do with existing/accessible data
Not what data would we like
Small project, limited resources
Most data is in wrong/unstructured format
We can’t afford to enter data by hand
We initially don’t have large user base to provide data for
us
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Data Sources

XMLTV - TV Program data
Lots of information about shows and movies

Wikipedia
IMDB, Rotten Tomatoes, Metacritic: Movie reviews
Epguide: Episode names, sequence
TVTropes: Deep content based discussion of TV, movies,
anime, comics

Personal Calendars: iCal
Providers: Channel lists and packages
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XMLTV format

<programme start="20091128220000 +0000" stop="20091129000000 +0000"
channel="zonethriller.tv">

<title>Don’t Look Back</title>
<desc lang="en">Bleak drama about an alcoholic drug addict who hopes

his fortunes have changed when he finds a stash of money. But it transpires
that the cash belongs to the Mob, and the man is forced into hiding in his
hometown where his friends are drawn into his dilemma.</desc>

<credits>
<director>Geoff Murphy</director>
<actor>Eric Stoltz</actor>
<actor>John Corbett</actor>
<actor>Josh Hamilton</actor>
<actor>Annabeth Gish</actor>
<actor>Billy Bob Thornton</actor>
<actor>Dwight Yoakam</actor>

</credits>
<date>1996</date>
<category lang="en">Film</category>

</programme>
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Architecture

Data Feed

Program Selector Rules

Interesting Programs

Scheduler

Recording Schedule Watch Schedule

DVR/PC/Settop box Calendar/Mobile

Recommender

Back Catalog

Known Programs
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Program Selector

Rule based program selection
Rules entered by user
Rules entered manually or defined by similarity
Attributes/Relations

Title, category, cast, season/year, channel, keyword, time
is, in, not in, contains, before, after

Prolog search engine
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Rule Example
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Set of Rules for User
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Result: Interesting Programs
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Recommender

Two different systems
One for movies
The other for TV shows

Both are content based recommenders
No start-up problem
Lots of content description available
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Recommender Systems

Collaborative
Users, who are similar to you, also like this
Requires large user base to be meaningful
Works well with positive and negative examples

Content based
These items share characteristics with the items you like
Requires “mineable” description of content
Categories, tags and keywords can be useful
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Top Recommendations for this Week
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Constraints

You can only watch one program at a time
Depending on your tuner, you can not record more than n
programs at a time
We assume that you watch programs completely
From the description and rules we know which programs
must we watched

Live
Time shifted on same day
Can be watched anytime

If programs are repeated, you should only watch them
once
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Viewing Preferences

Programs are classified by the rules
Based on categories, not numerical values

Must watch
Very keen
Quite keen
Keen
Interested
Not interested

Try to maximize each category in turn
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Best Quality?

HD/SD quality
Surround sound
Some channels have few/many ad breaks, others none
Some information in XMLTV data
Look at program duration
Display device available
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More Constraints

You can only watch TV in your “TV time windows” (based
on calendar availability rules)
If you have another event in the calendar, then don’t
schedule TV for that time
If you are away from home, then you may/may not be able
to watch TV
You may not want to watch movies remotely on a mobile
phone, but perhaps your home sport news
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Viewing Windows
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Even More Constraints

There may be limits on how many programs of the same
show you want to watch
“The Simpsons” marathon, anyone?
There may be limits on how many shows of a particular
category you want to watch on a day

on two consecutive days
within a week
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Final Constraints

Some series must be watched in sequence, others don’t
need to
This rarely matters for repeated shows
If you start a series, then you want to watch all episodes, or
none

Don’t skip every second episode of “Lost”

For some series, only schedule the current season (new
programs)
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IPTV

You can stream some shows from the Internet, without
recording
If this is legal (e.g. BBC Player), there are constraints on
the time window
Program will be available after first transmission, and then
for 7, 14, 28 days
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Family Constraints

Are you fighting for the remote all the time?
Many resource constraints due to multiple viewers
Not handled so far
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Modelling this problem with Constraints

Finite domain model
MIP model for live TV only
Hybrid MIP/FD

Helmut Simonis CPTV 34



Motivation
Overview

Scheduler
Conclusions

Finite Domain Constraint Programming

Problems are expressed by variables and constraints
Variables range over possible domain
Constraints restrict feasible values for variables
Many different types of constraints are known
Propagation removes values which can not be in solution
Coupled with search to find solution
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Finite Domain Model

Each selected program is a potential task
Tasks must be scheduled on resources

Disjunctive resources (TV)
Cumulative resources (DVR)
Alternative resources (DVR/PC)

Viewing windows handled by
dummy tasks
calendar constraint

Producer/Consumer constraints for storage
Lots of temporal constraints
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Search

Incomplete search
Credit based search
With time limit

Heuristic: Try to schedule valuable programs first
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Problems with Model

Most selected programs can not be scheduled
This is modelled with

Dummy value
Very large horizon, cut off after two weeks

Good reasoning requires special versions of resource
constraints
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What about Cost?

We don’t want just any solution
Solution should “maximize” our enjoyment
Maximize an objective function?
Sum of values for each scheduled program
Very weak reasoning on this cost
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Alternative: Solve a simpler problem

Consider you can not record programs
All programs must be watched live
Can be modelled with MIP
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MIP Model for Restricted Problem

For each selected program define a 0/1 variable
xi decides if program i is scheduled or not
If program is scheduled, its time is fixed
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Constraints in MIP Model

Watch only one program at a time
∀ t :

∑
ioverlapst xi ≤ 1

Don’t watch repeated programs twice
∀ p :

∑
irepeatsp xi ≤ 1

Only k movies on a day/in a week
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Maximizing Enjoyment

Objective Function
max

∑
i wixi

Handled very well by MIP solver
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Problems with MIP Model

Some temporal constraint are tedious (minor)
Very hard to extend to record&watch
Variables xit program i is watched at time t
Too many time points, model explodes

Helmut Simonis CPTV 44



Motivation
Overview

Scheduler
Conclusions

Solution: Hybrid Model

Combine the best features of both approaches
Avoid weaknesses by exploiting strength of methods
First Step: Allocation to time periods
Second Step: Detailed sequencing
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Step 1: Allocation to Time Periods

MIP Model
0/1 variable xip tells if program i is scheduled in period p
Increases number of variables only by small factor (14
days horizon)
Keep objective function
Handle capacity of each period by multiple knapsack
constraints

∀ p :
∑

i dixip ≤ cp

Capacity expressed as time, but also possible for
categories, etc
Use rounding of coefficients to decrease complexity
Don’t fix recording schedule, but post redundant constraint
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Step 2: Detailed Sequencing

Finite domains
Only model scheduled programs, huge reduction in
variables
Recording constraints given by choosing between fixed
transmission times
Temporal constraints between recording and watching
tasks
Usual resource constraints
Allow relaxation of time window end to avoid infeasible
second phase
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Schedule in Google Calendar

Helmut Simonis CPTV 48



Motivation
Overview

Scheduler
Conclusions

Variant: Suggest alternatives

Allow two programs to be watched at any time
Give user more flexibility
Only requires capacity change in both models
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Alternative Suggestions
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Resources Needed

Complete application written in ECLiPSe
Linked to Apache webserver
Heavily reliant on XML parser, DCG and other tools
Finite domain and MIP solver in ECLiPSe
Code size: < 20k lines
Development effort: 3-4 months
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It’s all about the Data

Data availability defines functionality
Most data is intended for humans, not constraint programs
Wiki data is the worst, crazy humans!
XML data feeds sometimes exist, but may be expensive
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TVTropes.org: Wiki Madness, but Good Classifiers
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What makes a nice TV evening?

Sequencing of programs
Compare: Automatic Generation of Music Programs
(Pachet and Roy, 1999)
React to user’s mood
Can we learn from observing actual behaviour?

Rules
Programme sequencing

Micro-controller based logging tool?
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Do people really watch TV like this?

Modelling zapping
Watching parts of programs only
TV as background noise
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Multi-User Version

Viewing schedule for groups
Resource conflicts for recording/storing
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Affected by Changed Viewing Habits?

Already deals with SkyPlayer (Movie on Demand)
Attempted IPTV lock-in
Who will provide program data for the Internet
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Late Breaking News: Google TV

Announced yesterday
Finds TV shows in TV listings and on the Web
Hardware+software: Partnered with Sony
Still needs a scheduler
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Summary

Personalized TV Schedules
A real AI problem

Classical AI personal assistant
Understand web pages intended for humans
Rule based program selection
Content based recommender systems
Understand/create calendar data
Interact with human
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