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The Original Seven Sins

4+ Lust - e
%_E = Edible Undies CF = éil.rfrh;inﬁ
C = Prstitotion €6 = Status Symbols
+ Gluttony fo: Quickie  DE - Palbie Afesion
K€ = Domestic. Abuse ﬁ_'_;= Welfare
+G reed AF = Mulhnj D= S lackers
AG = Tﬂ:.ﬂ'ﬂ Wife Ef= Cottiness
+S|Oth BC = Last Dot EG=Beyin
gD Eéa‘fluriﬂj GF= 2" Place_
BE = Bulima
+Wrath &F = High Met alo olism
BG = Fak Men in %Pee&ns
4+Envy £ = Get Rich Quick Scams
+ d Ce= Muggings
Pride
Thanks to Ewan’s Corner, Source Unknown
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What is Data Mining?

4+ Lots of definitions
-http://en.wikipedia.org/wiki/Data mining
4+ Finding interesting structure in data

-Structure: refers to statistical patterns, predictive models, hidden
relationships

-KDD

4+ Examples of tasks addressed by Data Mining
4+ Predictive Modeling (classification, regression)
+Segmentation (Data Clustering )
4+ Summarization
+Visualization
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What isn’t Data Mining?

4+ A magic wand
-Answering questions your haven’t asked
-Automatically reporting interesting findings
-Replacing thinking about your business
-Replacing smart data analysis
-Enabling bad data to provide useful information

4+ S0, what are the Seven Deadly Sins of DM?
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Failing to Define the Problem
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Production Analysis

4+ Statistician studies 6 properties for 74

recent samples from production

4+ Viscosity

4+ Max temperature to failure
4+ Max pressure to failure

4+ Density

4+ Load at failure

+ Stress at failure
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Three Groups!!!

# Production.bt: Scatterplot (current)

“Do you know we make 3 products?”




Not Fully Understanding the Problem

Ingot cracking
- 3935 30,000 Ib. Ingots

- Up to 25% cracking rate
- 530,000 per recast

Water composition (reduced)

Metal composition

Process variables

- Other environmental variables
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Ingots: Partition of Cracked

e T e 0 Y G T s

v [=]Partition for Cracked

l—l- - L L N X ] L B X1 __K__ L J
0.9
0.8+
0.7+
E 0.6
S 0.5 Alloy(9183, 5052, 9240, 5083, 6010,
] 0.4
0.3
0.2 Alloy(e022, 9710, 3003, 3004, 6013, 5182, 6111, 5454, 9850, 7021, 6061)
0.1
o
Alloy(e022, 9710, 3003, 3004, 6013, 5182, 6111, 5454, 9850, 7021, 6061) Alloy(9183, 5052, 9240, 5083, 6010,
5086, 5456, 9539)
All Rows
(" Split ) ( Prune ) Number
- : . RSguare RMSE N of Splits AlCC
0.104 0.4016599 3935 1 3994.44
[=]All Rows
Count 3935 LogWorth Difference

Mean 0.2355781 117.84563 0.32232
Std Dev  0.4244135

[~lalloy(6022, 9710, 3003, 3004, |/[~lAlloy(9183, 5052, 9240, 5083,
6013, 5182, 6111, 5454, 9850, 6010, 5086, 5456, 9539)
7021, 6061) Count 930

Count 3005 Mean 04817204

Mean 0.159401 Std Dev  0.4999346

Std Dev  0.3661105 » Candidates

» Candidates

“We know that — some alloys are hard to make.

That’s why we gave you the data in the first place.”
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Underestimating Data Preparation

- 5 e = Tl - -
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Data Preparation

60% to 95% of the time is
spent preparing the data

87.1% of all statistics
are made up
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Paralyzed Veterans of America

4+ PVA is a philanthropic organization,
-Sanctioned by the US Govt to represent the
disabled veterans

4+ They send out 4 million “free gifts” , every 6
weeks

-And hope for donations

4+ Data were used for the KDD 1998 cup
-200,000 donors
-(100,000 training, 100,000 test)
-481 demographic variables
-Past giving, income, age etc etc etc
-Recent campaign (only for training set)
-Did they give? (Target B) jew
-How much did they give (Target D) , P : 5:::,{2“:.?
+ To optimize profit, who should receive the -— (@) of America
current solicitation? '

+What is the most cost effective strategy?

When you make a $25 donation »
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PVA: Distribution of AGE
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More T code
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What does it mean?

T-Code Title
0 _
1 MR.
1001 MESSRS.
1002 MR. & MRS.
2 MRS.
2002 MESDAMES
3 MISS
3003 MISSES
4 DR.
4002 DR. & MRS.
4004 DOCTORS
5 MADAME
6 SERGEANT
9 RABBI
10 PROFESSOR
10002 PROFESSOR & MRS.
10010 PROFESSORS
11 ADMIRAL
11002 ADMIRAL & MRS.
12 GENERAL
12002 GENERAL & MRS.
13 COLONEL
13002 COLONEL & MRS.
14 CAPTAIN
14002 CAPTAIN & MRS.
15 COMMANDER

15002 COMMANDER & MRS.

ITI Cavtat
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HIS HIGHNESS

HER HIGHNESS
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SHEIK
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KDD-CUP-98 Results (2 of 2)

Mazximum Possible Profit Line B i

srooo0 4 72,776 in profits with 4,273 mailed)
f5C0m0 T 1 0%
$E|:|..|:“:|:| T T 0%
i;;’gi : Mail to Freryone Solution 4 2nu
$45f|:u:l:| {$10,560 in profits with 96,367 mailed)

: i T B0
$40.000 T
$acoon + Cainsmars T SO
$30,000 SAS/E nterprise Miner 1 anmg
Feb LD nadstone/Decisionh ouse
20,000 / & 1 0%
$1 5,000 HEri s s S s a B
$10000 + B

NI

$_ 1 1 1 1 1 1 I 1 1 1 1 1 1 1 1 1 I II_| II_II l:ﬂ'ﬁ

Tsnail Paxsa KDD-C UP-3§ £108 g%m
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KDD-CUP-98 Results (1 of 2)
-_
Participants Sum of Actnal | Number | Average
Profits Mailed Profits
Student #1 $15,024 ¥ 14,712 24 56,330 026
Student #2 $14.695 % 14,662 43 55 838 026
IStudent #3 $14,345 = % T2 254 47 57 B36 0.24
L | $ 13 824077 5 650 0.x5
# 5 % 13794 14 51,0206 0.x7
# $ 13 598 05 55 B30 0.x4
# 7 $ 12040 46 o0 201 0.x1
# & $ 12298 13 48 304 0.5
&0 % 11 42277 56 144 0.x0
# 10 $ 11276 46 20,276 01
#11 $ 10712 &% 6 4312 {1 )
# 12 % 10706 34 65 TE6 016
#13 $ 10112 0% od 044 016
# 14 $ 10048 72 T 004 013
# 15 $ 2 740.72 54 195 01%
# 16 $ 2 462 77 T4 01z
# 17 $ I D | 51 477 011
# 1% $ 5 482 67 205329 01%
# 19 $ 194 69 50 475 0.04
# ¥ 1706.17 421 170 004
i1l b 5 6% 1551 -0.03
Isnail Patsa KDD-CUP- 3% £/0% g%m
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Depression Clinical Trial Study

4+ Designed to study antidepressant efficacy

- Measured via Hamilton Rating Scale

4+ Side effects

- Sexual dysfunction
- Misc safety and tolerability issues

4428 patients
4+ Two antidepressants + placebo
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Depression Study: Partition of DRP

(h[? & ! @ L & 2 %

0

v [~/ Partition for DRP

104 |
L_ e m o _— e ww o - — - e L L LTI T
0.9-
0.8
0.7
L 0.6-
£ 0.5 RESP14<1
ipef HD2114>=18 RESP14>=1
0.2 HD2114 <18
0.1
0_— ——— — . — I —— VS S ) ESE | SEE W E—
0.1 HD2114<18 HD2114>=18 RESP RESP14<1
AGE>=33 ACE<33
All Rows
(" spiit ) (" Prune ) Mumber
: < < RSquare RMSE N of Splits Imputes AlCc
0.084 0.4401157 428 3 12 522.219
~lall Rows
Count 428 Logworth Difference

Mean 0.3037383
5td Dev  0.4604092

5.3158193 0.22172

~|AGE>=33
Count

std Dev 0.417

273

Mean 0.2234432

3i8

LogWorth Difference
2.5166817 0.16424

[*]AGE<33

Count 155
Mean 0.4451613
Std Dey  10.4985946

LogWorth Difference

1.2610131 0.18184

» Candidates

Std Dew  0.354171

Std Dev  0.4643283

» Candidates

Std Dev  0.4671766
» Candidates

[*JHD2114<18 [~ HD2114>=18 [*IRESP145> =1 [*IRESP14<1
Count 144 (| Count 129 Count 36 || Count 119
Mean 0.1458333 || Mean 0.3100775 Mean 0.3055556 || Mean 0.487385

Std Dev  0.5019546
» Candidates

&



Depression Study: Partition of DRP

(e 7] (B L 2 A%
v [~]Partition for DRP
1.1
]__ " - - - - i — e = —
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0.7
5 0.6
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0.4
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‘ /r‘" "
| |
[*]Is Miss HAMAL4 /" |lIs Miss HAMA14
Eal 3‘I »=1
Count 400 LogWorth Difference |I Count 28
Mean 0.2675 3.29B1702 0.18542 \ Mean 0.8214286
Std Dev  0.4432097 \‘ S5td Dev 0.390021
| \| » Candidates
| |
FAGE>=33 ~IAGE<33 ) -
Count 261 LogWorth Difference || Count 139 LogWorth Difference I
Maan 0.2030651 Z.5166817 0.17835 || Mean 0.3884892 (.8526589 0.26812
Std Dey  0.4030535 Std Dev  0.4891695
| |
| \ | |
[~ HD2114<18 (~IHP2114>=18 [+1HD2114 <11 [~HD2114>=11
Count 136 || Count 125 Count 24 || count 115
Mean 0..176471 || Mean 0.296 Mean 0.1666667 || Mean 0.4347826
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» Candidates » Candidates b Candidates » Candidates




Falling in Love With Your Models
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Scienrists from the RAND Corporation bave created this model 0 illustrate bow a “bome computer™ could look like in the
year 2004, However the needed technology will mot be economically fearible for the average bome. Also the scientises readily
admit that the computer will require mot yet invented technology to actually work, but 50 years from now scientific progress is
expected to solve these problems. With teletspe interface and the Fortran language, the computer will be eary to use.




Car Insurance

442800 mature policies on fleets of
commercial car insurance

- 65 Potential Predictors

- Can we find a pattern for the unprofitable policies?
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But It Worked for Cars!

<+ Liability for churches

- Some Predictors

- Net Premium Value
- Property Value
- Coastal (yes/no)
- Inner100 (a.k.a., highly-urban) (yes/no)
- High property value Neighborhood (yes/no)
- Indicator Class

- 1 (Church/House of worship)

- 2 (Sexual Misconduct — Church)
Add’l Sex. Misc. Covg Purchased)
Not-for-profit daycare centers)
Dwellings — One family (Lessor’s risk))
Bldg or Premises — Office — Not for profit)

(
(
(
(
(
(Corporal Punishment — each faculty member)
(Vacant land- not for profit)
(
0
1
2

3
4
5
- 6
7
8
9 (Private, not for profit, elementary, Kindergarten and Jr. High Schools)
- 10 (Stores — no food or drink — not for profit)
- 11
- 12

Bldg or Premises — Maintained by insured (lessor’s risk) — not for profit)
Sexual misconduct — diocese)
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Predicting Malighancy

4+ Breast cancer data from mammograms

- Error rates by trained radiologists are near 25% for
both false positives and false negatives

+ Newer equipment is prohibitively expensive for the
developing world

4+ Early detection of breast cancer is crucial

4+ Cumulative type | error over a decade is near 100%
leading to needless biopsies
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The Data

41618 mammograms showing clustered
microcalcifications
- Biostatistics Dept Institut Curie

4+ Variables

- Response: Malignant or not

- Predictors: Age, Tissue Type (light/dense) Size
(mm), Number of microcalc, Number of suspicious
clusters, Shape of microcalc (1-5), Polyshape?(y/n),
Shape of cluster (1,2,3), Retro (cluster near

nipple?), Deep? (y/n)
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Combining Models

+Bagging (Bootstrap Aggregation)

- Bootstrap a data set repeatedly

- Take many versions of same model (e.g. tree)
- Random Forest Variation

- Form a committee of models
- Take majority rule of predictions

4+ Boosting

- Create repeated samples of weighted data

- Weights based on misclassification

- Combine by majority rule, or linear combination of
predictions
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Bootstrap Forest Wins

False Positives False Negatives

Simple Tree 32.20% 33.70%
Neural Network 25.50% 31.70%
Boosted Trees 24.90% 32.50%
Boostrap Forest 19.30% 28.80%

Radiologists 22.40% 35.80%
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What About Interpretability?

4+ Column Contributions

- Bootstrap Forest
- Even better than “Shaking the Tree”

4+ Use as a Benchmark

- Explore interpretable models that have same out
of sample predictive power as ensemble methods
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The Process

Business | —» Data
understanding understanding

Evaluation

CRoss-Industry Standard Process for Data Mining (CRISP —DM)
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Where Do They Come From?

4+ The Times of London reports 30kg bat

- The mysterious moving decimal

+40% of doctors born on Veteran’s Day 1911
- Data Entry

4+ Mars Lander lost -- S125 M

- Confusion of acceleration units (metric — newtons/sec
vs. English pound/sec) Everywhere

4+ Ovarian Cancer cure published in Lancet
- Differences due to lab practice, not treatment
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Where Do They Really Come From?

I'M EILLING OUT

gﬁz A READER SURVEY
ol | BR CHEWNG

‘e O\ MWGAZINE o

—

"
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Where Do They Really Come From?

I'M FILLING OUT SeE, THEY ASKED HOW MUCH MONEY
A READER SURNEY [ SPEND ON GUM EACH WEEK, SO 1
FOR CHEWING | WROTE, "#500." FOR MY AGE, I RUT

MAGAZINE. /| "43] AND WHEN THEY ASKED WHAT MY
{ " GARLIC [ CURRY” :

g FAVORITE FLANOR 1S, I WROTE

¢

o
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Where Do They Really Come From?

IM FILLING OJT

b BEADER SURNEY

FOR CHEWING |
MASATINE

ITI Cavtat

StE. THEY ASKED HOW MUCH MonEY
[ SPEND ON GUM EMH WEEK, 01
WROTE, "#500." FOR WY AGE. T PUT
430 AMD WHEM THEY ASKED WHRT WY
FAVORITE FLANOR 1S, I WROTE

"GAMRLIC | CURRY

TWS MASAZING SHOULD | § LOWE

HAVE SOME AMUSING MESSING
5 SO0 WITH DRTA
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What Can They Do?

175

150 +

Q

125+

100

|
7.5 22.5
Shoe Size

4 Study by Large Credit Card Issuer

4+ Entire effect was due to one customer who charged S3M
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Confusing Correlation and Causation

- R R
q‘q Fa gy R A

s 0 M- ol ;;uuf!'\. P
 DFEREE TIBI ACCIDERE QVOD ALTERT ACCIDTT, LTA DEMY
51 SVMPSERIS EIVS ANIMVM QVI OPEM . TVNC IN MALIS

EXCITABERIS AD OPEM FERENDAM
ONSTITVTVE TMPLORAT
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Did it Matter?

T USED T THINK
mm&mmmmm
CAUSATION.

1
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Did it Matter?

T USED T THINK THEN I TOK A
CORRELATION MPUED STATISTICS CLASS.
CAUSATION. Now I DON'T.

ToIE
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Did it Matter?

T USED T© THINK,
CORRELATION IHFUED
CAVSATION.

1

THEN I TOCK A

STATISTICS CLASS.

NOwW I DON'T,

B

SOUNDS LIKE THE
CLH‘SS HELPED.

WELL, MH‘fE-E

i
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The Managers’ (and all of our) Folly

1 1
{.IIZI'I':'I:I.'M IMUSE TOC QUoTe data oul o0 Context.

L

1 1 ¥ 1.1 T
?“Hi.'-.i.'.'lj-.' .l.ll El:'.' HOPOrant: QUCsthans. arc |'..'.'|. UNANSWERCH PV 1hs

l.fi'-:é_llil'-.

123 o Before srrctet Looiirrecticiar Trathe Dheattis:
e B i v el i i ] £
enforeenent Belore Lins$)-and Aler L 1o%e

Stricter ‘Entorcement b the: Poli
L

D =

P ¥ i
ATERL oAy ERCCCULE !'“'.".:l.l |!!!:I'

LLI%S :'_I_'il'l
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Other Factors?

onnts add immenselyotoot

¥

A few more dats o
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Associations

DOGBERT CONSULTS |
|

(YOU NEED TO DO )

DATA MINING
TO UNCOVER
HIDDEN SALES
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Associations

DOGBERT CONSULTS |

S 1% (IF YOU MINE THE |

(YOU NEED TO DO ; DATA HARD
DATA MINING ENOUGH, YOU CAN
TO UNCOVER % ALSO FIND
HIDDEN SALES MESSAGES FROM |

§ GOD.

T \Y

8

?
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Associations

DOGBERT CONSULTS

¢ \
YOU NEED TO DO

DATA MINING
TO UNCOVER
HIDDEN SALES

waw. dilbert.com T e o B el 0Ty

(1F YOU MINE THE |
DATA HARD
ENOUGH, YOU CAN
ALSO FIND

MESSAGES FROM y

%

ITI Cavtat

@ 18009 United Featurs Symdicate, Ine.

3xfers
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SAYS YOUR TIE
DOESN'T GO WITH
THAT SHIRT.




Less Far Fetched?

4+ Did you know?

- Shorter men are at greater risk for heart attacks?

4+ Hunch

- 55 million answers to questions from 1 million users

4+ Did you know?

- People who swat flies like USA Today?
- People who believe in alien abductions prefer Pepsi to Coke
- People who eat fresh fruit every day are more likely to buy a pricey digital camera
- People who cut sandwiches diagonally prefer Ray-Ban sunglasses
4+ Social Network Marketing Produces More Loyal Customers
- Chicken or egg?
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The End of Science

The End
of Science

The quest for
knowledge used
to begin with

grand theories.
Now it begins
with massive
amounts of data.
Welcome to the
Petabyte Age.

0
N
il
|
\
l
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Poor George

George Box
“All models are wrong, but some are useful”

Peter Norvig
“All models are wrong, and increasingly you can succeed
without them.”

Really?

Chris Anderson
“With enough data, the numbers speak for themselves”
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The Seven Virtues

4+ Define the Problem
4+ Prepare the Data

- use Domain Knowledge
4+ Be Open to New Methods and Models
4+ Be Aware of Missing Data
+Work in Teams
4+ Ensure Data Quality
4+ Use Models, not just Associations
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