A program
to play Set

Mathematica plays the Set card game over a webcam.

Appfolio Tech Talk
Justin Pearson
Thursday, Jan 11, 2018 11-12pm
Engineering Square and G2W
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-or each of 3 categories: all same OR all different
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® O mma-elevator-pitch.nb

T ——

In[1]:= Solve[a xz +bx+cC-= 0, x]

_b-+b?’-4ac _b++Vb?-4ac
outi {{x- 1, fxo )

2 a 2 a

In[2]:= DSolve/[ {
x " '"[t]+3x'[t] +2x[t] =0,
x[0] =1, x"[0] =0}, x[t], t]

ouzl= {{x[t] >e*" (-1+2€")}|

Sin[x]
In[3]:= r —_—dx
— X

Out[3]= 7T
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® OO

Logitech
webcam

ni11:= $ImagingDevices

out(1)= {FaceTime HD Camera (Built-in), Logitech Camera}

nz)= $ImagingDevice = "Logitech Camera"

ou2zl= Logitech Camera

n3= CurrentImage|]




Manipulate[ 5= Manipulate[

Binarize[frame, t] ImageAdjust[frame, {contrast, bright, gamma}],
' ; {{contrast, .2}, -2, 2, Appearance - "Open"},

{{t, .5}, 0, 1, Appearance -» "Open"} {{bright, .6}, -2, 2, Appearance -» "Open"},

] {{gamma, 1}, 0, 2, Appearance -» "Open"}
1
' L | contrast -
0.237 -y [+ Al |— 0185 =TT RS
bright -
0.94 — |y |+ ARly —
gamma
1.164 — | D[+ R|T||—

0009
0000
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Card to blobs

nesl= ComponentMeasurements|
{card, mask // MorphologicalComponents},
"MaskedImage" ]

{l—)“, 2—>#, 3—>“}
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{1, Green, "oval"},

{1, Red, "squiggly"},

* Shape

{1, Green, "squiggly"},

* Live demo omg (3, Red, "oval},



IN[134]:=
colors = ComponentMeasurements|

{card, mask // MorphologicalComponents},
{"MaskedImage", "Median"} ]

B median RGB color of blob

Out[134]=
{1 {g#, {0.631373, 0.203922, 0.258824, 1.}},

2—>{

g, {0.635294, 0.211765, 0.262745, 1.} },
3> (@, {0.643137, 0.219608, 0.278431, 1.} }|

alpha
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{{‘}’ (M} {’}’ {b, &, @}, ...

{

{1, Green, "oval"},

{1, Red, "Squiggiy*},
{1, Green, "squiggly"},

* Live demo omg (3, Red, "ovall) .



Shape classification

labeled data set
{ (v1,l1ab1), (vo,labo), .... }

ﬁains
feature

extractor classitier
— “diamond” € {diamond, oval, squiggly }

label

feature vector

feature selection



In[202]:=

ComponentMeasurements

{ "' m // Morpholog calComponents}

{"MaskedImage", "Rectangularity"”, "ConvexCoverage"},

"Dataset"]

MaskedImage Rectangularity ConvexCoverage

1 ‘ 0.496789 0.858025
2 ' 0.539489 0.884615
3 ' 0.522359 0.880503

why not 17
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ConvexCoverage
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0.80 |

Q1: What if they
werent linearly

separable?
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Q2: Are these

features "robust"?




f not linearly separable, can add more dimensions ('lifting")

R . ,
polBdingDiskCoverage

[

ConvexCoverage |

0.8

0.6
Rectangularity 0.7



These 3 features are robust wrt rotation & scaling

cyan diamond, yellow oval, magenta squiggly
BoundingDiskCoverage

—

1 1.0

ConvexCoverage




Shape classification

labeled data set
{{{0.73, 0.95}, oval}, {{0.65, 0.87}, squiggly},

trains
feature | rectangularity / ‘Multinomial logistic regression’

extractof [ 7 , classifier
g 0 - — “diamond” € {diamond, oval, squiggly}

cnvex coverage label

fepture vector

classification

feature selection



S — Definition:

e Affine function

f(z,y) =a+bx + cy

N

linear...

... plus a constant

a b c:

13 f<x7 y) — _



BIg |dea: atfine function for each shape: its "probability”

Ao0a + bx +tey
PICK the Shape 1.00 ‘ \\7 d , fy
with the greatest - * |
propabpllity % ' | i
Examp\e: IT measure ;g . | [ diamond ::ZE z: gi\?arlnond

oval

j , yrob of squiggly
Squiggly

rectangularity=0.8 0.85

convex coverage=0.8 N |
a + bx + cy

) 1
i c(aj, y) = argmax; d—+ ex + fy

green p\anie}(squigg\y) be
g+hr+uwy|,

blue and yellow at (0.8,0.

e

classity (0.8,0.8) as "squiggly’




Too hard to tune 9 variables.
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Propabllity to the rescue
SAID'NO ONE




Given the feature vector (x,y), the 3 shapes' probabilities are
/A

rectangularity convex coverage

a —+ bx —+ CY «—— prob that (x,y) has label "diamond’
softmax d+ ex + fy <+<— prob that (x,y) has label "oval’

(Make it a prob vector) g + hx + z’y «—— prob that (x,y) has label "squiggly"
vec of same size softmax[{-1, 2.5, -0.2}]
vec e~
softmax(z) = S o — {0.012, 0.979, 0.009)
€

0OS, sum to 1

softmax[{1, 2, 3, 4, 5}]

5 {0.012, 0.032, 0.086, 0.234, 0.636)



Given the feature vector (x,y), the 3 shapes' probabilities are
/A

rectangularity convex coverage

a + bx + CyY «——— prob that (x,y) has label "diamond"

softmax d+ ex + fy <+<— prob that (x,y) has label "oval’
(Make it a prob vector) g+ hx + z’y «—— prob that (x,y) has label "squiggly"

For affine functions given by a=1,b=2,...,I1=9,
the probabillity that the point (0.8,0.8) is "oval” is

ns70:= With[{a=1,b=2,¢c=3,d=4,e=5, f=6,g=7, h=8, 1=9, x=.8, y= .8},
softmax[{a+bx+cy,d+ex+ Ty, g+hx+1vy}]

diamond oval squiggly
ous7o- {1.67814x 107" ,/0.000409567, 0.99959)}



Given the feature vector (x,y), the 3 shapes' probabilities are
/A

rectangularity convex coverage

a + b —+ CY «——— prob that (x,y) has label "diamond"
softmax d —+ exr + fy <«<— prob that (x,y) has label "oval’
(Make it a prob vector) g+ hx + 1y «—— prob that (x,y) has label "squiggly"

Then the probability of observing the (labeled) data set
{(mlv Y1, labl)? SN (ZCm, Ym labm)}

these are specitc numbers & labels

. ik a+ by + cyk eg: if labk = oval,
|S H softmax d + ErL 1+ fyk then get 2nd elem
k=1 g+ hxp + 1y lab’:/



Given the feature vector (x,y), the 3 shapes' probabilities are
/A

rectangularity convex coverage

a + b —+ CY «——— prob that (x,y) has label "diamond"
softmax d —+ exr + fy <«<— prob that (x,y) has label "oval’
(Make it a prob vector) g+ hx + 1y «—— prob that (x,y) has label "squiggly"

Then the probability of observing the (labeled) data set
{(mlv Y1, labl)? SN (ZCm, Ym labm)}

these are specitc numbers & labels

. | - a+ b + Cyr eg: if labk = oval
1S L(a,b,... h,1) = H softmax d—+ exi + fyg then get 2nd elem
g+ hxi + 1y lab’:/

"likelihood function" k=1



Then the probability of observing the (labeled) data set
{(xla Y1, labl)v SRR (xmv Ym labm)}

these are specifc numbers & labels

. | - a+ b + CYr eg: if labx = oval
|S L(a, b, C e ey h, Z) Jpm— H SOftmaX d —I— EL[ —|— fyk then get 2nd elem
'likelihood function’ k=1 g+ hxp + 1y lab,:/

Optimization problem:

Given labeled data set {(il?l, Y1, labl), ey (xma Ym s labm)},

these are specifc numbers & labels

find values for a,b,..., h,1 € R

|0Q
that maximizes " L(a,b,..., h,1)

"maximum-likelihood

estimation’



Optimization problem:

these are specifc numbers & labels

Given labeled data set  {(x1,y1,lab1), ..., (Tm, Ym,laby,)}

find values for loga, b,...,h,1€ R e
that maximizes " L(a,b, ..., h,1) estimation’

outpe7l= {{0.727927, 0.951128, 2}, {0.650553, 0.868085, 3},
{0.707464, 0.930736, 2}, {0.683217, 0.938596, 2}, ...

ne27- data

data a+bx[1l] + ¢ x[2]
1626~ loglikelihood = Z Log[softmax[ d+ex[1] + f x[2] ]][[x[[B]]]]] :
g+ hx[1] +1 x[2]

6291 FindMaximum|[loglikelihood, {2, b, ¢, d, e, f, g, h, 1}]



w6271~ data

Sueer- {{0.727927, ©.951128, 2}, {0.650553, 0.868085, 3}, '
(0.707464, 0.930736, 2}, {0.683217, 0.938596, 2},

data a+bx[1l] + ¢ x[[2]
w6281 Loglikelihood = Z Log[softmax[ d+ex[1] + f x[2] ] [[x|[3]]]]] ;
g+ hx[1] + 1 x[2]

w620~ FindMaximum[loglikelihood, {2, b, c, d, e, f, g, h, i}]

(a > 4082.56, b > -15232.7, ¢ - 5815.42, d > -10019.5, e » 12089.9, f - 252



{a > 4082.56, b > -15232.7, ¢ > 5815.42, d > -10019.5, e - 12089.9, f - 252

1.00F

d+ex+ fy
095
g+ hx + 1y .
©
L prob of diamond = '
0.90F .
I prob of oval S | diamond
I prob of squiggly > | oval
S 1 squiggly
0.85F
0.80 |
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{

{1, Green, "oval"},

{1, Red, "squiggly"},
{1, Green, "squiggly"},

Live demo omg (3, Red, "ovall},



playing...
=] Wed 10 Jan 2018 12:54:54 GMT-8.

no sets found

Wednesday, January 10 2018 12:54:54.976









Multinomial logistic regression

# samples # features

labeled data set - - # classes
/ m ~ 30 / n=4 I — 9
(G1ven (:CZ-, yi), r=1,...,m r; € R" y; € {diamond, oval Squlggly}
measured label
feature-vector
find (9j cR"™ 9=1,...,k 9T ]
objective variables AN — 04 —
... # classes O = . k=3
tO minimize k=3 ]
cost function — 0, —] |
l(@ _lOgl |pyz|$za ) TTn=4
| / 1=1 prob of label y; given that we measured feature vec X vec of same size
'log likelihood function” VecC 2

p(y|x; ©) = softmax(Ox), softmax(z) := o

Example: | pOs, sum to 1
- X o

warning: I'm missing VAR M
some constraints like p(ovafl 6l ©) = softmax(© 6 )2\ |
th_k = 0 yit L - - oval Is 2nd label




