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H:#b&%()
N OYB =&H @ #$=)+=:&4&::&1
N <&5*&:0K5& N (&:Ba&=#: (+d+'0*"+%o# 1 & +Bp)+=:#=#)05B+*1(8.+)5* &
N> MAVIPESD: +#9"+#:+%6#)&+4#:+) @ @ &) (&1 +(#=*%)/+ X#'&+
M-8%4V$%438M4/,+

N ?2M* 4" %K[%5* . OMB&+(HB!/+
N BSY5IMS$%7.*,+R%H.. 1%# % OAXXH#%T . *%-,"MR
A )94+,"43,$%4$%.3%O4#XX#

N &#B8% A =#)05+15&/+G!)+0"1+H&(&:+%0"+0==#1&/+
J'O*5+#:+3) &1 #=K#L Y#:'0(+ZH:#=#)05]\ @:#$=]$'K&:
6((=)MBIOO/1:#=K#L/%# N:&0$&)(NPQORS.OP'7T>UV-W,)X

N EHBUKTUFL(&:'+)5*18+=:&)&"(O(*#"/+H:&)&" (&1 +(#+0+)$K @ :#$=
9650))

A L93,%A86"05+=#)(&g=5H#01 WS &FF

N C&=H:(+0"1+%H# 18+ 1 EBHO*+#8%SA%LI3,R



R#"43)*#"+'0(:*LNg*;*=&1*0
h4+0+9%50))*4*%0(*#"+)?)(&'+60)+K&E& +(:0*"& 1 +(#+1%)(* @$*)6+K&(9&&"+%0()B+1#@)

0+06#"4$)*#"+'0(:*L+9*55+)$"0:*VE&+(6&+(&) (+:8)$5()/+))$*" @+0+)0'=5& +#4+2-+0"4505)+
+%0()B+A+1#@)B+0"1+, F+:0KK*()B+(6&++%0#" 4$)*#"+ 0 (:*L +%6#$5 1+ 5##: +5*: &+(6&+(0)

Actual class

Cat  Dog Rabbit
Cat 5 2 0

Dog |3 3 2

Predicted
class

Rabbit | O 1 11

Actual class

Cat Non-cat

Cat 5 True Positives 2 False Positives

Non-cat | 3 False Negatives | 17 True Negatives

Predicted
class
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True condition

Total . . ” . % Condition positive Accuracy (ACC) =
, Condition positive Condition negative Prevalence = S pop&aﬁon = True positive + 2 True negative
population > Total population
Predicted . . Positive predictive value (PPV),
" True positive, False positive,
condition

Precisi False discovery rate (FDR) =
recision = o
> False positive
. Power Type | error 2 True positive  Predicted condition positive
Predicted positive % Predicted condition positive £
condition | Predicted

» False negative, ) False omission rate (FOR) = Negative predictive value (NPV) =
condition Type Il error True negative 2 False negative 3 True negative
negative 2 Predicted condition negative > Predicted condition negative
True positive rate (TPR), Recall, False positive rate (FPR), Fall-out, o .
. . . . Positive likelihood ratio (LR+)
Sensitivity, probability of detection probability of false alarm TPR
— __2 True positive — __ 2 False positive = FPR Diagnostic £ _
% Condition positive % Condition negative odds ratio 1 Score =

. . Specificity (SPC), Selectivity, True
False negative rate (FNR), Miss rate .
_ 2 False negative negative rate (TNR) _ FNR
~ T Condition positive — __2 True negative ~ TNR
2 Condition negative

2. Precision - Recall
Precision + Recall

Negative likelihood ratio (LR-) = (DOR)= %

c&%055



TPR or sensitivity

CIR+%0$:18+3:&%&*|&:+#=&:0(*U®8:0(8&:*)("8%

ROC Space
1 T T T T T T I I
[ ----- Random guess]
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0.7 // -
/
/
° /)
06 A e -
7/
7/
/
7/
05 , -
7/
/
Better /’
0.4 47 -
/
7/
7/
\ ,
0.3 4 -
7/
# \ .
4
0.2 ’ C -
i Worse
F 4
/
/
0.1 ) ]
/
4
/
0 | 1 1 | | 1 | | |
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FPR or (1 - specificity)

The ROC space and plots of the four
prediction examples.

True positive rate

0.8

0.6

~ NetChop C-term 3.0
= TAP + ProtecaSMM-i
{ ProtcaSMM-i

| " | 1 1 L | L

0.2 0.4 0.6 0.8 1
False positive rate

ROC curve of three predictors of =
peptide cleaving in the proteasome.



Other Computer Vision Tasks

Semantic Classification Object Instance
Segmentation + Localization Detection Segmentation

GRASS, ,
_ TREE, SKY U O Y,
Y Y

No objects, just pixels Single Object Multiple Object This image fs CCO publsdomai




Semantic Segmentation Idea: Fully Convolutional

Downsampling: Design network as a bunch of convolutional layers, with gﬁggtr)rlliflgr;)?:strided

) : : ing insi |
Pooling, lstr|ded downsampling and upsampling inside the network! transpose convolution
convolution

Med-res: Med-res:
D2 x H/4 x W/4 D2 x H/4 x W/4
Low-res: q
D3 x H/4 x W/4

Input: High-res: High-res: Predictions:
3xHXW D, xH2x W2 D, x H/2 x W2 W




In-Network upsampling: “Unpooling”

Nearest Neighbor 111l 212 “Bed of Nails” 1 Tol>
112 112 2 2. o 0o
3 | 4 3 3|4 4 3 | 4 3,014

3 3|44 O 0|0 O

Input: 2 x 2 Output: 4 x 4 Input: 2 x 2 Output: 4 x 4

In-Network upsampling: “Max Unpooling”

Max Pooling

) Max Unpoolin
Remember which element was max! P 9

Use positions from

1 216 3 pooling layer 0 0 2 o0
3 5|2 1 5 6 1] 2 - 0o 1 0 o0
11221 7|8 Rest of the network il 0101070
73|14 8 3 00 4
Input: 4 x 4 Output: 2 x 2 Input: 2 x 2 Output: 4 x 4

Corresponding pairs of
downsampling and
upsampling layers




Learnable Upsampling: Transpose Convolution

Recall: Normal 3 x 3 convolution, stride 2 pad 1

- Filter moves 2 pixels in

Dot product the input for every one

between filter pixel in the output

and input
Stride gives ratio between
movement in input and
output

Input: 4 x 4 Output: 2 x 2

Sum where

3 x 3 transpose convolution, stride 2 pad 1 output overlaps

Other names:
-Deconvolution (bad)

-Upconvolution
-Fractionally strided
convolution
-Backward strided > Filter moves 2 pixels in
convolution Input gives the output for every one
weight for pixel in the input
filter

Stride gives ratio between
movement in output and
input

Input: 2 x 2 Output: 4 x 4



Transpose Convolution: 1D Example

Input Filte

a
b

|

.

—

_—
—~—

Output
ax
ay

aztfox

by

bz

Output contains
copies of the filter
weighted by the
input, summing at
where at overlaps in
the output

Need to crop one
pixel from output to
make output exactly
2x input



Convolution as Matrix Multiplication (1D Example)

We can express convolution in Convolution transpose multiplies by the
terms of a matrix multiplication transpose of the same matrix:
0] (x 0 0 O] | ax |
zr y x 0 0 O] |a| [ ay+bz | y z 0 0| |a ay + bx
0 z y = 0 0} {b] Jjax+by+cz z g & 0| |6 _ |ez+byt-ex
0O 0 =z y o« O G bx + cy + dz 0 z Yy @ cl bz—{—cy—l—d[[;
0 0 0 4 Yy ﬂj_ d i CT + dy | 0 O 1 y d cz + dy
Y] 0 0 0 =z | ds
Example: 1D conv, kernel When stride=1, convolution transpose is
size=3, stride=1, padding=1 just a regular convolution (with different Convolution
padding rules) .
s I\
f*g
A1 _MAa
A0 D4
_ld4

g«f
N N
RN N
Nl




Convolution as Matrix Multiplication (1D Example)

We can express convolution in
terms of a matrix multiplication

rxa=Xa

—

z y = 0 0 0O
0 0 z v =z 0

OO0 RO

e

|

ay + bz

bx + cy + dz

Example: 1D conv, kernel
size=3, stride=2, padding=1

|

Convolution transpose multiplies by the
transpose of the same matrix:

2xl g=XTg

CcCoonNEe 8
onNe 8 © O

When stride>1, convolution transpose is
no longer a normal convolution!



Object Detection as Classification: Sliding Window

Apply a CNN to many different crops of the
image, CNN classifies each crop as object
or background

Dog? NO
Cat? YES
Background? NO

Problem: Need to apply CNN to huge
number of locations and scales, very
computationally expensive!

Region Proposals

e Find “blobby” image regions that are likely to contain objects
e Relatively fast to run; e.g. Selective Search gives 1000 region
proposals in a few seconds on CPU
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We might want to consider something more complicated than a linear mod:

*

+
Example 1 : [x,x@71 1 )[x(l),x(z)] = x(M2 x@2 x1)x(@)’

N"4#0(*#"+$"%60" @& 1B+K$(+"#9+9&+
B601&+0443 #* %50))*4*& +#"+(6&+

¢
//\
(:0")4# &1 +=#*"()/ / /

g*(6+(6&+;&:"&5+(:*%;B+9&+b%) (+"&&1+;

Input Space Feature Space

L ("#) % &' " (0 &' $(
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's0  ®f Discriminant functions

y<0 R, The planar decision surface
In data-space for the simple

linear discriminant function:

W X+WO > ()

Distance fromplane /= Xt r 7/%*’%/’1

g)( '-'—U(/‘T)’(L T e\

r= l—%/_/ N —Tiven,
| -
l2 o tr flvy,
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. _OL*¥$'+'0: @*"+3>*)6#=+-/,8
argmin =" w"*  X$Kh&9b(+(#

w,b !
th W'l (x,)+ b I 1, n=1,..., N. (7.5)
Walll n n #\l
TO@-O @&+4$ %(T_#N,b,a)= %"w"z# an $tn(wT! (Xn)+ b # 10/0 (7.7)
n=1
* O N f%x Je L1 N
< 44&& ( O( # w = antn! (Xn) (7.8)
"
0 = antn. (7.9)
<$05+:&=:&)&"(0(*#" ’
"N "N N
L@= a,! % anamtntmK(Xn, Xm) (7.10)

with respect t@ subject to the constraints

a, ! 0, n=1,..., N, (7.11)
N

antn = 0. (7.12)

G6*)+%0"+K&+)#51&1+9%(6+0F$01:0(*%+=:#@:0"*"



_OL*¥$'+'0: @*"+3>*)6#=+-/,8
N GHY%H (K

a, ! O (7.14)
thy(xp)! 11O (7.15)
an {thy(xn)! 1} = 0. (7.16)

i, eithey, = 0 ortay(x,) = 1.

N XHESIF@+4#:+0

N
w = antn! (Xn) (7.8)

n=1
N H&1*%(*#"
"N
y(X) = antnk(X,Xn) +b. (7.13)

n=1
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Radial Basis Function Kernel
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Finding the Decision Function

@ w: maybe infinite variables
@ The dual problem
i 1 TQ _el "
M px Ka—ea R#:.&)=#"1)+ (#+

(8

subjectto 0<a; < C,i=1,...,/ 3>*)6#:+_/|:28

T, _
y'a =0, 79*(64'?(:](
where Q; = yiyio(x;) d(x;) and e = [1,...,1]
@ At optimum
w =31 aiyid(x)
@ A finite problem: #variables = #;craiging_da{;a .

Using these results to eliminate w, b, and {,, } from the Lagrangian, we obtain the
dual Lagrangian in the form

N N
~ 1
L(a) = an =3 Z Z A At tmk (X, Xm) (7.32)



Linear Kernel

Sigmoid Function Kernel
% @@ oo. ' ‘ o

o
5'%8 g

.r".’-

%@@" Sl

'oo

-2 0 2

Radial Basis Function Kernel

2

1
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e (Gaussian Kernel
1
k(x,x") = exp (— > (x — 22 1(x— x'))

Diagonal X: (this gives ARD)
N 2
1 X; —X;
k(x,x') = exp ——Z( — )
2 i 0;

Isotropic o7 gives an RBF

20°

x — x'||5
k(x,x") = exp( | ”2>



Can be inner product imPnitedimensional space
Assumex ! R!and! > 0.

g ! #" X — e (X" X)? — e L xP+21 xix" 1 X2

2! X;X; N (2! Xi%)? . (2! xi%)°

' 1
I+ + 444

=e
Al g2t o 3 4
" 2u 2. 2_| 2_| 2| 2 ) 2] 2
we T gNA e e
(2' )3 . (21)3 5 o wpoNT
+ XI a 3| Xj +aaa_ (Xl) (XJ)
where
$ #H__ # # %
n " IX2 2| (2| )2 2 (2| )3
(x)=e " 1 —X, X<, x>, 444 .

1! 2! 3!
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