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Recommender Systems
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Recommender Systems

eTwo camps on how to do it:

— Collaborative Filtering
- based solely on past user preferences
— Ashley tends to like movies that Emily likes

— Emily likes “Saw 3”
— Recommend “Saw 3” to Ashley
— Content based

- uses preferences based on attributes
— Ashley likes Will Smith and romantic comedies

— Recommend “Hitch”

- CF is ‘cleaner’
- Content handles the ‘cold start’ problem
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Netflix Prize

« $1,000,000 for an improved recommender algorithm
eTraining data

— 100 million ratings

- 480,000 users

- 17,770 movies

- 6 years of data: 2000-2005

eTest data
- Last few ratings of each user (2.8 million)
- Evaluation criterion: root mean squared error (RMSE)
- Netflix Cinematch RMSE: 0.9514
- results submitted by email

<Competition

- 3000 teams
- $1 million grand prize for 10% improvement on Cinematch
result

- If 10% not met, $50,000 annual “Progress Prize” for best
improvement




Netflix Prize

L All Data J
(~ 103 M user-item pairs)
eCompetition structure

results posted on public leaderboard /\

- but you could be anonymous if you Training Data Hold-out Set
want! (last 9 ratings
. . . for each user:
— active forums monitored by Netflix 4.2M pairs)
- prizemaster Jim Bennett a regular Rﬂndgmg
poster wa'g..r split
— KDD 2006 Workshop on Netflix prize Training Data
— KDD 2006 cup on a related task Probe Quiz | Test

-~ winner keeps IP but must announce
methodology to the public

™

Label ided
abels provide Labcls retained by

e| nspired deSign! Netflix for scoring




Data

e date effect

Mean Score

Mean Score vs. Date of Rating

3.8
3.7
3.6
3.5
3.4
3.3

3.2
2000 2001 2002 2003 2004 2005

Date

2006




Data

e Most Loved Movies

Title Avg rating | Count

The Shawshank Redemption 4.593 137812
Lord of the Rings: The Return of the King 4.545 133597
The Green Mile 4.306 180883
Lord of the Rings: The Two Towers 4.460 150676
Finding Nemo 4.415 139050
Raiders of the Lost Ark 4.504 117456




Most rated movies

Miss Congeniality
Independence Day

The Patriot ; ;
Highest variance
The Day After Tomorrow

Pretty Womar e

Pirates of the Caribbean The Royal Tenenbaums

Lost In Translation

Pearl Harbor
Miss Congeniality
Napolean Dynamite

Fahrenheit 9/11







As the Netflix Prize Turns...

e Cinematch beaten in two weeks
e Halfway to 10% in 6 weeks
e Impact of Simon Funk

e With two days to go, we had a
comfortable lead...and hadn’t
submitted our best yet

% improvement

2006

11/2,

Top contenders for Progress Prize 2007
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Leaderboard

Rank Team Name Best 8core % Improvement
= Ne @rand Prize candidates yet = -
Grand Price - 1RMSE: < Q856073
1 Balllsor 0.8728 8.2¢
e Sravity Q8780 03
3 Rinesaur Planst 0.8763 8.00
d MLGUToromtg A Q8787 7.84
B ArekRPaargl 0.878% T.82
B baghe Q.BROA 7.4
7 NEE Rglgct 0.8808 742
8 Ensemble Expsris 0.8841 TOT

Progross  Prece 2007 - 1EMSL: 09419




Leaderboard

Rank Team Name Best Bcore % Improvement
- Ne @rand Frize gandidates yet - -

Grand Prce - BMSI: < - 08563

1 BelKer 0.3728 8.26
2 basho 03745 8.07
3 Gravlty 0.8780 $.0%
q Rinegaur Flangt QaTE3 §.00
B ML@UTeronto A Q.B7ET 7.84
5 Arek Fatarak 0.8789 762
7 NIPE Rejsct 0.2808 7.42
8 Ensembls Experts 0.3841 7.07

Provayress  Price 2007 BT L [ SR B )




e SO now we submit our best solution, with 25 hours to go...

Rank Team Name Best 8core % Improvement Last Submit Time
- Neo Grand Prize candldates yet - - -
Grand Prive: - RMSE < Q085603
1 When Gravity and Dinogaurg Unite Q8717 838 2007-09-3023.39.36
2 Esllkor Qer1T 838 2007 -09-30 23:40:62
3 bagho Q8748 807 2007 -09-30 21:48.09
4 Sravity Q870 803 2007 -09-30 231439
5 Dinosaur Planet 08753 8.00 2007 -09-30 23:17:14
8 ML@UToronto A 0.8707 7.64 2007 -09-30 20:41:54
T Arsk Paterek 0.8782 T.62 2007 -09-30 11:35:42
8 NIPS Rejact 0.8808 742 2007-09-12 21:02:32
g Ensemble Cxperts 0.8841 707 2007-09-30 043718

Mrosigrdss MPriec 2007 - RMSE: 09119

 ARRRRGH! We have one more chance....




Offers come pouring In....

Rank Team Name Best 8core % Improvement Last 8ubmit Time
- Ne @rand Prize ¢andldates yet - - -

Grand Prizoe: - BMSE < 08563

BallKor 0.8717 838 | 2007-09-30 2340:52

—
3 bagho Q8r4e 8.07 2007 -08-30 21:48.09
4 Sravity 0.8780 8.03 2007 -09-30 23:14:39
ul Rinosaur Planat 0.8703 .00 2007 -09-30 23:17:14
—0 ML@UToronto A 08787 7.64 2007 -09-30 20:41:54
7 Arale Patarak Q8789 7.62 2007 -09-30 11:35:42
g NIPS Reloct Q.8808 7.42 2007 -09-13 21:02.32
—9 Enzemble Experts 0.8841 T.07 2007 -09-30 04:37.18




| submission(s).
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Who iIs
currently in
the lead?

(alalal Netflix Prize: View Leaderboard

=

[

- ' Y = ) (& ¥ htp://netflixprize.com/leaderboard v = (|G|~ sert bell bio stat Q) &
Infolab¥ Sports¥ AT&TAdminy CTV Drudge MyYahoo POST weather » :|I|| CTVisME
] ~ B .
Net {3
Home Rules Leaderboard Register Update Submit Download
Leaderboard Display op[0 laders.

Rank Team Name Best Score % Improvement Last Submit Time
- No Grand Prize candidates yet - - -

Grand Prize - RMSE <= 0.8563

- No Progress Prize candidates yet - - -

Progress Prize - RMSE <= 0.B625

‘

L)

JA e

1 Bellkor 0.8650 9.08 2008-04-01 17:02:59
2 When Gravity and Dinosaurs Unite 0.8B675 B.62 2008-04-06 19:34:42
3 BigChaos 0.8B67TT B.80 2008-04-15 10:59:00
4 Gravity 0.8693 B.G3 2008-04-09 10:18:08
5 KorBell 08712 B.A43 2007-10-01 23:25:23
] acmehill 08718 B.37 2008-03-26 02:07:17
T basho 08722 B.32 2008-03-03 06:18:08
B Dan Tillberg 0.8723 8.3 2008-03-28 20:58:05
a Justa guy in a garage 0.8724 B.30 2008-04-08 21:22:16
10 Reel Ingenuity 0.8747 B.06 2008-04-02 21:58:23
11 Dinosaur Planet 0.8753 B.00 2007-10-04 04:56:45
12 Ces 0.8759 7.94 2008-04-01 06:57:28
13 Three Blind Mice 08778 T.74 2008-02-16 20:47:39
14 Efratko 08TTE T.74 2008-03-3102:02:10
15 MLEUToronto A 08787 7.64 2007-09-30 20:41:54
16 Arek Paterek 08789 762 2007-09-30 11:35:42

C
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BellKor solution...

- Solution is a mixture of 107 (1) different models

— mostly variants of Nearest Neighbors and Latent Factor
models.

— helps to look at the data from different perspectives
— lots of parameters with heavy regularization
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Nearest Neighbors

users
1 |2 |3 ]a s |6 |7 |8 |9 |10]11]12
1 [1 3 5 5 4
2 5 |4 4 > |1 |3
S 3 |2 |a 1 |2 3 4 |3 |s
<
<
o g > |4 5 4 >
5 4 |3 |2 |2 2 |5
6 |1 3 3 2 4

- rating between 1 to




Nearest Neighbors

users
1 |2 |3 ]a s |6 |7 |8 |9 |10]11]12
1 [1 3 5 5 4
2 5 |4 4 > |1 |3
S 3 |2 |a 1 |2 3 4 |3 |s
<
<
o g 2 |4 5 4 2
5 4 (3 |2 |2 2 |5
6 |1 3 3 2 4




Nearest Neighbors

users
1 |2 13 lals |6 |7 |s |9 |10|12]12
1 |1 3 5 5 4
2 5 |4 4 > |1 |3
S 3 |2 |4 1 3 4 |3 |s
<
<
O 4 > |4 5 4 2
5 4 |3 |4 |2 > |5

Neighbor selection:
|dentify movies similarto 1,




Nearest Neighbors

users
1 2 |3 |4 |5 |6 (7 |8 |9 10 |11 |12
1 |1 3 E - -
2 5 |4 4 > T T3
g 2 ' 3 4 |3 |5
=

Compute similarity weights:
$13=0.2, 5,5=0.




Nearest Neighbors

users
1 |2 |3 |4 |5 6 |7 |8 |9 |10 |11 |12
1 |1 3 5 4
2 5 |4 4 2 |1 |3
3
S 3 |2 |4 1 3 4 |3 |5
=
w4 2 |4 4 2
5 4 |3 |4 2 2 |5
6 |1 3 2 4

Predict by taking weighted average:
(O.2*»2+O.3*3)/ 0.2+0.3




Properties of NN

more specifically:

ZjeN(i,u) Sij (Tuj — buj)

D jeN (i) Sii

e Intuitive
e No substantial preprocessing is required

e Easy to explain reasoning behind a
recommendation



Latent factor models

serious
The Col T Braveheart
e Color
Amadeus
Purple J
.- &
Sense and % V\I;ethal
ibili eapon
Geared Sensibility Ocean’s 11 . Geared
towards - > towards
females 3 males
i@ The Lion King :
. Independence
The Princess Day Dumb and
Diaries Dumber




Latent Factors - SVvD

1 3 5 5 4
5| 4 ) 4 2| 1] 3
— :
D 2| 4 1] 2 3 4| 3| 5
3 ~
7)) 2| 4 5 4 2
4| 3| 4|2 2| s
1 3 3 2 4
1 -4 2 1.1 | -2 3 5 -4 3 1.4 |24 | -9
= -5 6 5 . -.8 7 5 1.4 2.9 -7 1.2 -1 1.3
I~ m
3|-2 |3 5 21 | -4 |6 |17 4 8 |7 |-6 |1
(0]
1.1 2.1 3

-7 2.1 -2




Factorization-based modeling

3 = = B 1 -4 2

5( 4 4 2| 1| 3 516 s
B 11 5 2l 3l 5 2 3 5 1.1 | -2 | .3 5 -2 -5 | .8 -4 | .3 1.4 (24 | -9
. 8 7 5 1.4 | .3 1 1.4 | 2.9 7 |12 1.3

5| a 5 4 5 1.1 | 21 | .3
21 | -4 | .6 1.7 | 2.4 | .9 -3 | .4 .8 7 -6 | .1

4| 3| 4| 2 2| 5 7 121 2

3 3 2 4 1 7 3

i (rui = Puai)® + Alllpul® + llail?)

e can easily overfit, sensitive to regularization

e Probably most popular model among contestants
s 12/11/2006: Simon Funk describes an SVD based method




Other methods

e Restricted Boltzmann Machines - UToronto
— stochastic artificial neural network

- GOLR!
— with lots of shrinkage




Combining Models

e Nearest neighbors captures “low level” effects

e Latent factors capture overall structure
- they are good to combine!

- plus hybrids of these

- Also, look at data from another perspective:

users UsSCrs

SITAOW
o
=
=y
SITAOW
o
1=
o
=




Lessons learned ENfect of snsemble size

0.881

e It took 107 models to win, but:

0.877

=
oo
-
52

0.873

Error - RMSE

=
=]
-
3

ecombination of models with different
perspectives is powerful. Think
different!

2

:

%

1 g 14 22 29 36 43 a0 a7

e regularization is extremely important serecicors

to prevent overfitting
— varying support for certain parameters

- content does not seem to help!

- power of open competition and
collaboration

— contestants aren’t motivated by $3$!




So why does AT&T let me work on this???

Collaborative filtering can be used in any domain where data
IS collected on user preferences or purchases:

- Web browsing
-~ Ad placement (online or otherwise)
- Market basket
— customer care

— ??77?? Lets get creative!

- Also, we have applied this to AT&T’s U-Verse (digital cable)
data to build a TV recommender system




MyVerse: TV Recommendations

eFor AT&T’s U-Verse customers, we
know

— What they watched

- When they change channels

- What they record

— What movies they order (on demand)

- We can use this data for

- Recommendations
— Customer understanding

- 3-screen advertising
- ?77?




Uverse Mining Tool

Overview Channels Users/STBs Programs

Viewing Profile Top Programs Recommendations: SVD kNN

5TB UUID:IeeccBMd—cSE1—4400—933a—ffbef452ca58 GO (Show test STB list)

Use only period fmml tol SET clear
Usage: 2007-08-28 23:02:25 CDT..2008-02-26 17:30:29 CST(181 days)

Watching Profile

Time of Day

fam nopn pm

20 30 40 50 &0
|

10

ight

Gay

Day of Week

Genre




Uverse Mining Tool
Overview Channels Users/STBs Programs

Viewing Profile Top Programs Recommendations: SVD kNN

STB UUID:IEE[:EEdd—[E‘rE 1-4400-933a-ffhef462cabB GO (Show test STB list)

Use only period from I to SET clear
Note: Recommendations are based on the period Jan 20-Feb 3 2008 (set), testing the week after

I+ include previously watched shows in recommendations

Top programs Recommendations

America's Next Top Model 6.689  America's Next Top Model 0.062 wachad)
Pros vs. Joes 4677 George Lopez 0.049 paacned
The Wayans Bros. 4.004  The Wayans Bros. 0.049 acned)
George Lopez 2590 Prosvs. Joes 0.049 macned)
MTV Jams 2331  Fresh Prince of Bel-Air 0.048 wacned)
Snoop Dogg's Father Hood 1.979  Snoop Dogg's Father Hood 0.043 raaened)
Cff Air 1.947  MTV Jams 0.040 macned)
ICons. 1.596 O AIr 0033 mwaened)
48 Hours Mystery 1.565 The Fairly OddParents 0.033 pwacned)

Fresh Prince of Bel-Air 1.437  Scoft Baio is 46 ... and Pregnant 0.032 iwacnad)




Uverse Mining Tool
Overview Channels Users/STBs Programs

Viewing Profile Top Programs Recommendations: SVD kNN

STB UUID: Ieecc324d -c961-4400-933a-ffhef462cab’ GO (Show test STB lisf)

Use only period from | to SET clear
Note:Becommendations are based on the period Jan 20-Feb 3 2008 (set), testing the week after

I include previously watched shows in recommendations

Top programs Recommendations

America's Mext Top Model 6.689  SpongeBob SquarePants 0.032
Pros vs. Joes 4677 Drake & Josh 0.025
The Wayans Bros. 4,004  NFL Football 0021
George Lopez 2,590 Rockof Love 0.020
MTV Jams 2331 iCarly 0.020
Snoop Dogg's Father Hood 1.979  The Adventures of Jimmy Meutron: Boy Genius 0.020
Off Air 1.947  Hitlist 0.018
iCons. 1.596 Hannah Montana 0.018
48 Hours Mystery 1.565 The Suite Life of Zack & Cody 0.017

Fresh Prince of Bel-Air 1.437  SporsCenter 0.017




Using Text Mining

Show blurbs can help solve the so-called “cold start” problem:

292984080|American ldol[American Idol|With the semi-finalists narrowed down to 20, the 10 men perform for
judges Paula, Randy and Simon before the viewers across the country call in their votes to decide who will
continue to compete for the Idol crown and who will go home.|The 10 male semi-finalists perform for judges
Paula, Randy and Simon before viewers across the country vote to decide who stays and who goes.|en-
US|Series|Series:Music,Series:Reality|292959|718|60|||02/26/2008|| TV-G||||||

caus, china, chines, clock describ,

amateur, annual, answer, award, casino, access, analysi, athlet basebal, baseball,

challeng, calenge, chanc, choos, chosen basketbel, bowl, coach, colleg, college, destruct, devast, disast, effect, effort,
compet, competit, contest, danc, dancer, confer. fan. teatur, fies, footbal emerg, erupt, explos, ﬁre, flood,

elimin, enter, final, game, gameshow, football, game, nead. highlight, hocke: forc, frozen, global, hand, huge,

aroup, head, hope, judg, member, hockey, insid, interview, latest, leagu, hurrican, IC, impact, major, matter,

open, opportun, order, particip, plai, look, match, nfl, parentprogram, pii mega, minut, natur, neil, oceur,

poker, prize, question, remain, round, player, post, press. preview, pro, prevent, produc, reach, rush, send,

show, stake, talent, team, test, profession, profil, recap, replai, review, storm, strike, strong, SUIVIV, survivor,
titl, top, tournament, try, Vega, score, season, SpOFt, SpOI’tS, spotlight, time, tornado, tower, volcano, warm,

vegas, vote, Wln,| winner, won, team, univers, up, upcom, weekli, wast, water, wave, weather, wind,

Users will have a distribution among the clusters, as will shows

evil, forc, POWET, save, super, investig, killer, murder, david, mark,
team, turn, series, with, accus, commit, crime,
jackson, kill, law, murder, million,
MONEeI, owner, place, plan, rich,

boi, child, father, mother,

daughter, husband,
! Wife: WOman, at, fox, local,
gin, high, school, student, rew,news, parentprogram, e
teen,

In this way, we can map users to new shows that no one has wa




Thank you!




