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𝑇 = 𝐶1√𝑚/𝑧 + 𝐶2

C1, C2

 





Covering tissue with matrix 

On-Tissue digestion 

Reversal of crosslinks 

Paraffin removal 

Sectioning and ITO mounting 

Paraffin embedding 

Fixation and dehydration 

Tissue resection 





 



1.003 / 1 = 1.003 Da





 



 

 

 



 

 

 

 

 

 



 

 

 

 

 



 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 





 

 







 

 

 

 

 

 

 

 

𝑓(𝑥𝑛) =  ∑𝛼𝑘𝑓𝑘(𝑥𝑛

𝐾

𝑘=1

, 𝜇𝑘, 𝜎𝑘),



xn

K

αk

k = 1, 2, …, K

μk 

σk 

𝑓𝑘 (𝑥𝑘, 𝜇𝑘, 𝜎𝑘) =  
1

𝜎𝑘√2𝜋
𝑒
−
(𝑥𝑛−𝜇𝑘)

2

2𝑘
𝜎2



 

 







 

 

IF-THEN

A 𝕏

(x, µA (x)), µA (x) x  

A 

A = { (x, µA (x))| x   [0, 1]}.      

x ϵ 𝕏 A 

µA (x) = 0

0 < µA (x) < 1

µA (x) = 1.



µA :  𝕏 → [0, 1]. 

x  A

A

µA (x)

µA (x) X  

x



µA (x;  a, b, c)  =

{
 
 

 
 

0,    𝑥 ≤ 𝑎,
𝑥 − 𝑎

𝑏 − 𝑎
,       𝑎 < 𝑥 ≤ 𝑏,

𝑐 − 𝑥

𝑐 − 𝑏
,      𝑏 < 𝑥 ≤ 𝑐,

0, 𝑥 > 𝑐

a, b, c (a ≤ b ≤ c).

µA (x; a, b, c, d) = 

{
 
 

 
 

0,    𝑥 ≤ 𝑎,
𝑥−𝑎

𝑏−𝑎
,       𝑎 < 𝑥 ≤ 𝑏,

1, 𝑏 < 𝑥 ≤ 𝑐,
𝑑−𝑥

𝑑−𝑐
,      𝑐 < 𝑥 ≤ 𝑑,

0, 𝑥 > 𝑑

 



a, b, c, d a ≤ b ≤ c ≤ d

a = b c = d.

µA (x; m, σ) = 𝑒
−(𝑥−𝑚)2

2𝜎2  

m σ 

 

 

 

 

 

 

 



σ > 0

σ  

µA (x; m, σ, γ) = 
1

1+ |
𝑥−𝑚

𝜎
|
2𝛾 

m, σ, γ σ > 0, γ > 0

σ > 0 σ, γ



σ

γ

σ γ σ = γ = a)

σ = 1, 2, 3

γ = 2



µA (x; c, β) = 
1

1+exp[−𝛽 (𝑥−𝑐)]
 

c, β 

c  

β

β

 β  



A B 𝕏 µA µB 

A B  A

B

𝜇𝐴∩𝐵(𝑥) =  𝜇𝐴(𝑥) ∧ 𝜇𝐵(𝑥), 𝑑𝑙𝑎 𝑥 ∈ 𝑋

𝜇𝐴∪𝐵(𝑥) =  𝜇𝐴(𝑥) ∨ 𝜇𝐵(𝑥), 𝑑𝑙𝑎 𝑥 ∈ 𝑋

[0, 1] x [0, 1] → [0, 1], S : [0, 1] x [0, 1] → [0, 1],

T (x, 1) = x, T (x, 0) = 0

x ≤ u   T (x, y) ≤ T (u, y) 

y ≤ r   T (x, y) ≤ T (x, r) 

T (x, y) = T (y, x)

 T (x, T (y, z)) = T (T (x, y), z)

S (x, 1) = 1, S (x, 0) = x 

x ≤ u   S (x, y) ≤ S (u, y) 

y ≤ r   S (x, y) ≤ S (x, r) 

S (x, y) = S (y, x)

S (x, S (y, z)) = S (S (x, y), z),

u, r, x, y, z  ∈ [0, 1]. 



 

M (x, y) = min (x, y) M’ (x, y) = max (x, y) 

∏ (x, y) = x y ∏’ (x, y) = x + y - xy 

W (x, y) = max (x + y -1, 0) W’ (x, y) = min (x + y, 1) 

min0 (x, y) = 

{
min  (𝑥, 𝑦), 𝑥 + 𝑦 > 1

0, 𝑥 + 𝑦 ≤ 1
 

max1 (x, y) = 

{
max  (𝑥, 𝑦), 𝑥 + 𝑦 < 1

1, 𝑥 + 𝑦 ≥ 1
 

Z (x, y) = 

{
min(𝑥, 𝑦),max(𝑥, 𝑦) = 1,

0, 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
 

Z’ (x, y) = 

{
max (𝑥, 𝑦),min(𝑥, 𝑦) = 0,

1, 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
 

E (x, y) = 
𝑥𝑦

2−(𝑥+𝑦−𝑥𝑦)
 E’ (x, y) = 

𝑥+𝑦

1+𝑥𝑦
 

IF-THEN



if X is A, then Y is B, 

 A B X Y

μA(x) and μB(y)

„X is A” „Y is B”

IF-THEN

IF-THEN

IF-THEN

ℛ = {ℛ(𝑖)}
𝑖=1 

𝐼
= {𝑖𝑓 (⋁𝑋𝑛 𝑖𝑠 𝐴𝑛

(𝑖)

𝑁

𝑛=1

) , 𝑡ℎ𝑒𝑛 𝑌 𝑖𝑠 𝐵(𝑖)}

𝑖=1

𝐼

 

X1, X2, …, XN

Y 

A1(i), A2(i), …, AN(i), B(i) i

𝕏1, 𝕏2, …, 𝕏N,  .

„AND” IF-THEN



 

1.003

𝑧
=  
1.003

1
= 1.003 [Da]



 

s

m11= 0.99, σ11 = 0.0637     m21 =  0.99, σ21 = 0.0200 

m12 = 1.01, σ12  = 0.0637     m22 =  1.01, σ22 = 0.1000  



M1 = 0.9405, σ1 =  0.09216 

M2 = 1.06, σ2  =  0.08710 

IF distance is IN THE RANGE and variances ratio is IN THE RANGE, then output is E. 

s = 1  m = 1

 s  PV 

PV   s  s = 0.7, PV  PV   

s   s  ϵ (1; 2),  m = 1, 



s



. 





 

 



 

 

( )

𝑠𝑘 = 𝐾 × 𝐶𝐷𝐹(𝑟𝑘)



𝐶𝐷𝐹(𝑟𝑘) =  ∑𝑝(𝑟𝑗)

𝑘

𝑗=0

𝑠𝑘 = 𝑇(𝑟𝑘) = 𝐾 ∑𝑝(𝑟𝑗)

𝑘

𝑗=0

rk

sk

r

K 

 

f̂(x, y) = median {g(s, t)}

     (s, t) ϵ Sxy 

m

n

g

Sxy

𝑓(𝑥, 𝑦)

 

 





 

 



 

𝑚 = 
1.003

𝑧

z



 s

𝑠 =  
𝑠1
𝑠2
= 1



∅ 

𝐶(𝑘, 𝑙; 𝑑, ∅) =  ∑ ∑ 𝛿 (𝑘 − 𝑔(𝑖, 𝑗))𝛿 (𝑙 − 𝑔(𝑖 + 𝑑 cos ∅, 𝑗 + 𝑑 sin∅))𝑗𝑖



g(i, j)

C(k, l; d, ∅) ∅

k, l

𝑝 (𝑚, 𝑛) =  
1

𝐴𝑙𝑙 𝑝𝑎𝑖𝑟𝑠 𝑜𝑓 𝑝𝑖𝑥𝑒𝑙𝑠 𝑢𝑠𝑒𝑑
 𝐶𝑑 (𝑚, 𝑛)

G



 

 

𝐶𝑜𝑛𝑡𝑟𝑎𝑠𝑡 =  
1

(𝐺−1)2
 ∑ ∑ (𝑚 − 𝑛)2 𝑝(𝑚, 𝑛)𝐺−1

𝑛=0
𝐺−1
𝑚=0

• autocorrelation 





 

𝐻𝑜𝑚𝑜𝑔𝑒𝑛𝑒𝑖𝑡𝑦 =   ∑ ∑
𝑝 (𝑚, 𝑛)

1 + |𝑚 − 𝑛|

𝐺−1

𝑛=0

𝐺−1

𝑚=0



 

M1 = 4 × GLCM(1,1) + 2 × {GLCM(1,2) + GLCM(2,1) +

GLCM(2,2)} + {GLCM(1,3) + GLCM(2,3) + GLCM(3,1) +

GLCM(3,2) + GLCM(3,3)}

 

 



𝐸𝑛𝑡𝑟𝑜𝑝𝑦 =  ∑ ∑𝑝(𝑚, 𝑛) log 𝑝(𝑚, 𝑛)

𝐺−1

𝑛=0

𝐺−1

𝑚=0



 

 

Energy =  ∑ ∑ p(m, n)2G−1
n=0

G−1
m=0

 

 



μx = ∑ m∑p(m, n)

G−1

n=0

G−1

m=0

μy = ∑n∑ p(m, n)

G−1

m=0

G−1

n=0

 

𝜎𝑥 = ∑(𝑚 − 𝜇𝑥)
2

𝐺−1

𝑚=0

∑𝑝(𝑚, 𝑛)

𝐺−1

𝑛=0

𝜎𝑦 = ∑(𝑛 − 𝜇𝑦)
2

𝐺−1

𝑛=0

∑ 𝑝(𝑚, 𝑛)

𝐺−1

𝑚=0

 σx
2 σy

2) 

 

Correlation =  
∑ ∑ 𝑚𝑛𝑝(𝑚, 𝑛) − 𝜇𝑥𝜇𝑦

𝐺−1
𝑛=0

𝐺−1
𝑚=0

𝜎𝑥𝜎𝑦



 

 

 



𝜇2 =∑(𝑧𝑖 −𝑚)
2

𝐿−1

𝑖=0

𝑝(𝑧𝑖)

zi 

p(zi), I = 0, 1, 2, …, L-1

L

p(zi)

zi

m

 

 



 

 

𝐼𝑄𝑅 =  𝑄3 − 𝑄1

 

cV = 
σ

μ
× 100%











































(G-1)2 

G-1 

∞ 

1

G2
 1 

nE 

E 

nE 

E 

nE 



 



𝜌(𝑥, 𝑦) =  

1
(𝑁𝑖 − |𝑥|)(𝑁𝑗 − |𝑦|)

∑ 𝑖 ∑ 𝑗 𝐼(𝑖, 𝑗)𝐼(𝑖 + 𝑥, 𝑗 + 𝑦)

1
𝑁𝑖𝑁𝑗

∑ ∑ 𝐼(𝑖, 𝑗)2
𝑁𝑗
𝑗=1

𝑁𝑖
𝑖=1

I(i,j)

Ni  x  Nj

x, y



SSIM(x, y) =  [l(x, y)]α[c(x, y)]β[s(x, y)]γ

α, β, γ  

l 

c

s



 

 

 

 

 

 

 

 



 





 Naïve Bayes 

C1

C2 X = (x1, x2, …, xn)

 

C x1, …, xn

Ci

𝑃(𝐶𝑖|𝑋) > 𝑃(𝐶𝑗|𝑋)𝑓𝑜𝑟 𝑎𝑙𝑙 𝑗 ≠ 𝑖

𝑃(𝐶𝑗|𝑋) =  
𝑃(𝑋|𝐶𝑗)𝑃(𝐶𝑗)

𝑃(𝑋)

posterior =  
likelihood × prior

the probability of X being observed



𝑓 =  
1

𝑛ℎ
  ∑𝐾 (

𝑥 − 𝑋𝑖
ℎ

𝑛

𝑖=1

), 

 n

h

𝐾(𝑥) =
3

4
(1 − 𝑥2), |𝑥|  ≤ 1

𝑃(𝑋|𝐶𝑗) =  ∏𝑃(𝑥𝑘|𝐶𝑗)

𝑛

𝑘=1

𝑃(𝑋|𝐶𝑗)

 𝑃(𝐶𝑗)

 

 𝐶𝑗 , 𝑃(𝑋|𝐶𝑗)𝑃(𝐶𝑗)

 

 



(𝒙𝟏, 𝑦1),… , (𝒙𝑛, 𝑦𝑛), 𝑦𝑖  ∈  {−1, 1}, 𝒙𝒊  ∈   𝑅
𝑝

y x       

𝑓(𝒙) =  {
+1 𝑤ℎ𝑒𝑛 ℎ(𝒙) > 0,
−1 𝑤ℎ𝑒𝑛 ℎ(𝒙) < 0.

𝐻 = {𝒙 |ℎ(𝒙) = 0}.

 



 

 

 

 

 = 
𝑇𝑁

𝑇𝑁+ 𝐹𝑃
 

 = 
𝑇𝑃

𝑇𝑃+ 𝐹𝑃
 

 = 
𝑇𝑃

𝑇𝑃 + 𝐹𝑁
 

  = 
𝑅𝑒𝑐𝑎𝑙𝑙+𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐𝑖𝑡𝑦

2
 

  = 
𝑇𝑃

𝑇𝑃+ 𝐹𝑁+ 𝐹𝑃
 

  𝑀𝐶𝐶 = 
(𝑇𝑃 ×𝑇𝑁)−(𝐹𝑃 ×𝐹𝑁)

√(𝑇𝑃+𝐹𝑃)(𝑇𝑃+𝐹𝑁)(𝑇𝑁+𝐹𝑃)(𝑇𝑁+𝐹𝑁)
 

 𝐹𝑀𝐼 =  √𝑃𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 𝑥 𝑅𝑒𝑐𝑎𝑙𝑙 







 

 







abs | m/z1 – m/z2 |

abs | m/z1 – m/z2 |



abs | m/z1 – m/z2 |

 





abs | m/z1 – m/z2 |



abs | m/z1 – m/z2 |

abs | m/z1 – m/z2 |



abs | m/z1 – m/z2 |





 





σ1 / σ2 = 

1.4078

 









 





 

fi






















