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‘P(Slovenia)=.3, P(U.S.)=.7 _
P(Black)=.3, P(Blue)=.2, P(Brown)=.4 P(Green)=.l

1£7 .3}

§4,.3,.2, .1}

Estimate using sam.ple

Patterns. .
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Replace each 's'ymbol by its order of appearance

‘Y

Sequence: (s, Slovenia, US, US, Slovenia |
1, 2, Foaelds 2

Sequence: Brown, Blue, Brown, Green, Brown, black, Blue
1, st AR EAREEE | DR 2

bgb — 1 2 1

00 il -2 32 ot

i . . |
| Capture structure and frequencies, ignore symbols

b

O
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Probabili’ry of each element e
‘P(Slovenia)=.3, P(U.S.)=.7

P(B{ack) .3, P(Blue)=.2, P(Brown) 4 P(Green)=.1

Probab|l|’ry muls’rlse’r

{.7, .3}

Rl s A _ °

Estimate using sample

| Patterns. '
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Probability: multiset {.5, .3, .1, .05, 05}

Population: spemns, Sensors
Coverage: expe ; ains

Robustness: capac.ify, memory, buffe}

Sécuri’ry: unlikely events,
Information: entropy

Statistics

wf =
1\V

Everyone
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Martian UF@ has landed

First message
@HQHEE#..@#@ (60 @''s, 40 #' )

S’ra’risfi.gians analyze Mar’rianese "

Assuming mdependence ‘rhey determine *

2 symbols } (o

one has probablll’ry %, other.?

Methodology =
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Distribution maximizing P(X) .
X = @HRH#HRRH..QH#E@ (60 @, 0. 4)
. pl@)=p, p(#) = .
~P(X) = p® | (independénce)
_‘P'()-() = 60 P59(1_P)4O_ 40" PéO(l’;P)39
= p>9(1-p)*? [ 60(1-p) - 40p ] = O
Maximized by p(@)=p = .6 p(#)=

> {.6,54¢
£ Agrees wifb'empirfcal frequency, |
;i 20'@; 50 #, 30 & — {.2, .5, .3}={5, 3, .2}

Works well for small alphabets

Monday, June 21, 2010



\

~JLIN BN RC L

EREIEERS, o o W\i@f*&ux

100 symbols, all distinct
Sequence maximum likelihood
Alphabet size 00

Each.symbol probability 1’/100
Poor model, better: large, possibly co alphabet

il
ol

Observation: Values dont matter, consider pattern

Pattern.maximum. likelihood .
| © Pattern: 223 4 ...98 99 100 :*
All: differentt ' |

Maximized by: *
Different! Better foravemy large o/
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independently, identically distributed (jid)
probability on patterns

) - pattern, e.g. 121 .
P(Wp) = P(observmg W) = P(all outcomes wn’rh pattern )
Example: Alphabet {a, b, c}
~ pla) = p(b) = p(c) = 1/3
1 §ample P(1) =1 \,
2 samples:p(11) = P(aq, bb, cc) = 3 * 1/9 = 1/3
| = P(second ﬁrs’r) |
1 P(IZ) = P(ab, ac, ba, bc, ca, cb)= 6 *1/9 = 2/3
= P(second + first) ’

—¢ Different math
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Given a pattern, e.g. 1213

Find highest probability £, and achieving distribution

Lengﬂ\ : IS(I) = 1, any distribution '
T f’(ll) = 1, €onstant distributions
B(12) = 7, farge distributions
Pl =1, P(123) = 1
P(112) = 2 = P(121) = P(122)
1" Flip 3 coinsh,h,t |

)

ML = {2/3, 1/3}
ML — 2

Monday, June 21, 2010



> Coin, P(h) = P(t) = .5 ,
P(112) = P(hht V tth) = P(hht) + P(tth)
=1/8 +1/8 =1/4
< P(112) = Zx pHx) - (1-p(x))

B Aot Pt (1-p(o)
< 2 p(x) - [ 1/4]

| ' = 1/4 ‘ \'
h,h,t:. ML: $2/3, 1/3},  Pattern ML: {.5, .5}
~ Which more logical? |Not p(h).& p(1), just multiset
1 - | | ‘.
F 3 flips, cant get 1.5 each = 2&l closest to uniform

!
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| 2X6, 3x4, 13x3, 63x2, 161x1, 258x0

=5

== Underlying
o SML
e PML

2X6, 3x4? 13x3, 63x2, 161x1

242 appeared, 258 did not
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17x3, 64x2, 171x1, 248x0

— Uﬁdérlying
o— ML
— PML

-4

2x4, 13x3, 71x2, 161x1, 253x0

— Underlying |
_ ML
—_— PML

200 400 600 800 1000 '

3x4, 11x3, 60x2, 185x1, 241x0

— L:Jndérlying 7
—_— ML
— PML

0

10

-4

=2

200 400 600 800 1000
x4, 14x3, 58x2, 184x1, 242x0

— Ondérlying i
—_— ML
— PML

200 400 6(50 800 1000 ]

3x4, 14x3, 59x2, 178x1, 246x0

e L:Jndérlying 7
—_— ML
— PML

0

-4

200 400 660 800 1000
2x6, 3x4, 13x3, 63x2, 161x1, 258x0

— Un'dérlying‘
— ML
— PML

..
(o S =
- .

800 1000 )

0

400 600 800

1x5, 2x4, 11x3, 56x2, 192x1, 238x0

‘— Underlying |
— ML
—_— PML

200 400 600 800 1000
2x4, 8x3, 64x2, 190x1, 236x0

— Underlying
— ML
—_— PML

200 400 660 800 1000
1x5, 2x4, 10x3, 60x2, 187x1, 240x0

—_— L:Jﬁdérlying ]
o ML
— PML

400 600 800

4x4, 13x3, 57x2, 181x1, 245x0

'— Underlying |
— ML
—_— PML

200 400 600 800 1000
2x5, 3x4, 15x3, 56x2, 171x1, 253x0

'— Underlying
—_— ML
—_ PML

200 400 GOO 800 1000
1x5, 156x8, 52x2, 196x1, 236x0

— CJHdérlying ]
— ML
— PML
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: T ¢ AN rd . 0
2X6, 3x4, 13x3, 63x2, 161x1, 258x0

== Underlying
o SML |
e PML |;

zi
341 2xX6, 3x4, 13x3, 63x2, 161x1

b

| 248 appeared, 258 did not

3x6, 2x5, 19x4, 62x3, 114x2, 182x1, 118x0

== Underlying
— SML |
o PML |

-4

10

200 4
Y s

pay
-~
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7x5, 19x4, 62x3, 124x2, 155x1, 133x0 3x6, 2x5, 19x4, 62x3, 114x2, 182x1, 118x0

1x6, 10x5, 16x4, 47x3, 136x2, 167x1, 123x0 5 1x7, 4x5, 17x4, 59x3, 129x2, 170x1, 120x0

—— - - —— - == Underlying == Underlying
== Underlying == Underlying — ML —_— ML
—_— ML —_ ML — PML — PML
— PML — PML

,

200 400 660 800 10 200 400 600 800 10
3x7, 5x5, 23x4, 50x3, 126x2, 160x1, 133x0 1x6, 6x5, 20x4, 62x3, 117x2, 164x1, 130x0

200 400 600 800 10 200 400 600 800 10
1x6, 55, 15x4, 66x3, 124x2, 1631, 126x0 1x6, 9x5, 13x4, 61x3, 127x2, 160x1, 1290

———————— ——— ! -Ondérlying'— ﬁUndérlying‘
= Underlying = Underlying — ML — ML
— ML — ML — PML — PML
— PML — PML

: ! I
200 400 600 800 10 200 400 600 800 10 200 400 ~ 600 800 10 200 400 600 800 10

, 1X7, 1x6, 8x5, 16x4, 56x3, 123x2, 1691, 126x0 1x7, 10x5, 16x4, 60x3, 122x2, 155x1, 136x0 g, 150200, 1860, 8000, 1102, 2011, 1080 146, 4B 24K PG, | 1005, 1671, 1010

T

—Uﬁd érlying = - —Uﬁd érlying T : Underly'lag : Underly;\:g
— ML — ML — PML — PML
c— PML — PML

-4
L 1 1 N
400 600 800 800 1000 8 800

..
(o S =
- .
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=5
e

i 15K elements, 5 steps, 7 3x
, 4
;; 30K samples ‘,f
| | (
‘~t Observe 8,882 elts ' tg
| i |
6'118 ,mISSIng 1x66, 2x62, 2x60, ..., 1990x2, 4323x1, 6118x0
== Underlying
£
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SRR 0 RS SRR LR L. L B - L B

Underlies many natural phenomena

pi=C/i, i=100...15,000

i‘. il.
| = :
~. 30,000 samples | tg
i !

Observe 9,047 elts 1x71, 1x64, 1x61, ..., 1991x2, 4236x1, 5953x0

: . 3] == Underlying

5,953 missing | . — o

‘ | — PML

£
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SMITH
JOHNSON
WILLIAMS
JONES
BROWN
DAVIS
MILLER
WILSON
MOORE
TAYLOR

AMEND
ALPHIN
ALLBRIGHT
AIKIN

+ ACRES

ZUPAN
ZUCHOWSKI
ZEOLLA

’

1.006
0.810
0.699
0.621
0.621
0.480
0.424
0.339
0.312
0.311

0.001
0.001
0.001
0.001
0.001
0.000
0.000
0.000

1.006
1.816
2.515
3.136
3.757
4.237
4.660
5.000
5.312
5.623

77.478
77.478
77.479
77.479

77.480
77.481
77.481

O W 00O JO U1 b LWDN K

18835 .

18836
18837
18838

18840
18841
18842

)

names

. population

million
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18,839 |last names based on ‘million

35,000 samples, observed 9,813 names

i -
¥ " —2
| ’ — Underlying
S SML
— PML
! ’ | \
.; .
- ,
) e
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Maximum likelihood doesn’r work®

Poisson distribution, Gamma prior
New species [Good Toulmin 56]
Mutations, Strains .
Sen.sor.s.

5 Many others

onday, June 21, 2010
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899,306 words, 27,689 distinct (half app

Estimating the number of unseen species: How many
words did Shakespeare know?

By BRADLEY EFRON axp RONALD THISTED

Department of Statsstics, Stanford Unsversity, Calsfornia

[85, Taylor]: “Shall I die?”

429 words, 9 new: jdyin o W

Did Shakespeare write a newly-discovered poem?

By RONALD THISTED P
Department of Statistics, University of Chicago, Chicago, lllinois 60637, U.S.A.

AND BRADLEY EFRON
Department of Statistics, Stanford University, Stanford, California 94305, U.S.A.

l' Expect 6.93 new

Pattern maximum li.kelihood: 98 new

Monday, June 21, 2010 |
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=5

i Zipf distribution over 15K elements

Sample 30K times

|
Estimate: # new symbols in sample of size A * 30K |

Good-Toulmin: C/i, i€[100,...,15099], 30000 samples
/ 1x71, 1x64, 1x61, ..., 1991x2, 4236x1, 5953x0

Estimate PML & predict 3
% = Jnderlying
c === (500d-Toulmin
h s PMIL
' i
m N

.' o. .' X 7“——'———.' 3 - - : ] - ~
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: 8
: "
¥\,
:
.
’
s,
4 '
L
/
1
" :
v A
y i !
. \.
!
4 .'
’ »
.
‘ '
o - \
.
{ - y 0
wf "
4\"'
\ ' .
f
‘ .
» '
; : -4 - ¥

Monday, June 21, 2010



v

US, Slovenia, US, US => 1, 2.1, 1

L6ost connection to original?

1 -US, 2 - Slovenia .
After 1, 2, 1, 1, estimate probabilities of 1, 2, 3

Probabilities of symbols &

Monday, June 21, 2010
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Train: Documents pre-c‘l.assiﬁed into fopics
Business, technology, politics, sp"ér’rs,...
lest: New document
T topic

Exis’ri‘ng methods: Many

_ Nearest Neighbor, Boosting, ...

s ' /. Support vector mack;ines (SVM)
" Current approach :

Plain probablll’ry estimation

Monday, June 21, 2010
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|

Methods: Nearest neighbor, Laplace, S\'/M,,., Patterns
Data sets: Newsgroups, Reufers R52, CADE

PlafForm? Rainbow (CMU, UMass)

Monday, June 21, 2010
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12345 6 a:
Thank You

Monday, June 21, 2010



