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#. $#(2+.(! 7#$"!'!)#"!- .#$4#$12 */#")%,#* 9# ;2.# $%!2+$1) 4*%)* 

5)#*!0!5#6!!* #.+6#$!* 7#9#/>"%3!* .'2!".  

%* $#(2+.! />"%3* 5+$52%31) #.+6#$#*. 9#"#)%,# #2!* 5#)+2!.%32!- 

<#3#2%,1)! *!*')!* #$#)!=!- .!;%,1)! 9# 9#72+"%,1)! .+$#6%.%,!- 

"#*/#")+- 5+.8!13%2*. (%9%7#9, 5+.8!13%2* 1$9# (%%:)+* #'#)! #$#)!=!* 

*#01:"%)=% 7##2<!+* #9#.!#$* #4"* -1 #2# *!.*!"$!- 9##"#9%,1)! 1&2%9%,!. 

 

Abstract 

Because of new computing technologies, machine learning is becoming more popular and widely used. Here 

are a few widely publicized examples of machine learning applications you may be familiar with: 

• The heavily hyped, self-driving Google car? The essence of machine learning. 

• Fraud detection? One of the more obvious, important uses in our world today. 

• Text classification, object identifier and data classification problems 

In this work we discuss using of machine learning and deep neural networks for solving classification 

problems. 

This work solves the specific task. The task is to teach computer with big data received from blood examination 

with calorimeter and at the end computer should be able to determine either human has a cancer or not. 
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(%*#"#)!  

.#$4#$12! */#")%,# 9;%*9%+,!- :#)!#$ 8+81)#21)! *!3>"## 3%4$+)+7!12 

*#.>#2+(!. !* #2!* .-#"#2! /!$7#9#97.1)! $#,!&! !.!* 9#*#97%$#9, -1 2+7+2 

1$9# !*/#")+* 5+.8!13%2.#. .#23!"#9 2+. "-4"#-, 5+.8!13%2! */#")+,* 

9!9 .+$#6%.%,=% 9# (%.9%7 #. 6+9$!- 69!)+,* */+2#9 7#*6%* 8#*1'! 9#*.1) 

5!-'"%,*, .#7: <"%$ (%7"!:)!# 5+.8!13%2* "#*/#")+- 9!9! 2#+9%$+,!* 

0+3+%,!- 5#3!* 7#.+*#'1)%,# 9# (%.9%7 !* #"3+.#312#9 .+#'9%$* 5#3!* 

!9%$3!0!6!2%,#* *'"# 0+3+%,=%. .#$4#$12! */#")%,# 7#.+!>%$%,# !*%- 

.!=$%,!*-"!* 2+7+2%,!6## : 

• .+$#6%.-# 1*#02-'+%,# 

• 8%2*+$#)12! 1*#02-'+%,# 

• 0!$#$*12! .!=$%,! 

• &#.2-%)+,# 

• .#25%3!$7! 

• -#;)!-+,!* 7#.+#(5#2#"%,# 

• 2%5+.%$9#6!%,!* (%-#"#=%,# 

• +$)#!$ :%,$%,! 

• %$!* 9#.1(#"%,#, 3%4*3!* (%$##2(!* 7#7%,# 9# .#-! 9#'#2!*'%,# 

• ?5"!#$!, -"!--.#2-"#9! .#$4#$%,!* /#2.+%,# 

.#$4#$12! */#")%,!* *!*3%.%,! !>+0# +2 .-#"#2 4"%5#3%7+2!#9: 

• 2%72%*!1)! .#$4#$12! */#")%,!* *!*3%.%,! (%*%-! *!*3%.%,! 8#*1'+,%$ 

!*%- 5!-"%,* 2+7+2!6##, 2#.9%$#9? 2#.9%$!?) 

• 5)#*!0!5#6!!* .#$4#$12! */#")%,!* *!*3%.%,! (%*%-! *!*3%.%,! 8#*1'+,%$ 

5!-'"#* 5! -1 #2#?, #$1 8#*1'! >+"%)-"!* #2!* ,1)!* 3!8!*, #$ ?%(.#2!3! 

#$ 1#2>+0!3!) 

<"%$ 7#$"!'!)#"- 5)#*!0!5#6!!* 3!8!* *!*3%.#*, 2+.%)!6 !4$%,# .+27%,1)! 

5+$52%31) #.+6#$#=% 9# 7#*6%.* 8#*1'* 5!-'"#=% - #4"* -1 #2# *!.*!"$% 8#6!%$3*? 

<"%$! #.+6#$# .97+.#2%+,* (%.9%7(!: 7"#4"* /)%,!* 7#$.#")+,#(! 9#72+"%,1)! 

8#6!%$3-# *!*')!* #$#)!=%,!, 2+.)%,!6 .!!;%,# *8%6!#)12! '%)*#/>+* 



 

7#.+>%$%,!-, 2+.%)!6 !>%$%,* 5#)+2!.%32*, 9# #*%"% "!6!- #. 8#6!%$3%,!* 

7#.+5")%"%,!* (%9%7#9 *#,+)++ 9!#7$+=! *!.*!"$%=%. <"%$! .!=#$!# *!*')!* 

#$#)!=!* 9# *#,+)++ 9!#7$+=!* />"!)%,! "#*/#")+- 5+.8!13%2* 9# #.!* 

*#01:"%)=% .+.#"#)(! .+"#'9!$+- *!*')!* #$#)!=!* *#01:"%)=% 8#6!%$3!* 

&#.2-%)+,!* 9#97%$#. 

8#6!%$3!*-"!* <#3#2%,1)! #$#)!=! !:)%"# 8#*1'*, 2+.%)!6 /#2.+97%$%)!# 

.#-%.#3!512! 72#0!5!* *#'!-.  

*12#-=% .+6%.1)!# &#.2-%)! 9# #2#&#.2-%)! 8#6!%$3!* #$#)!=%,! 

 

 



 

 

 

#. $#(2+.(! #*%"% #2!* 7#$'+26!%)%,1)! #.+6#$!* .#-%.#3!512! 7=!- 

7#9#/>"%3# 9# /#2.+97%$!)!# .!;%,1)! (%9%7%,!* (%9#2%,# .#$4#$12! 

*/#")%,!- .!;%,1) (%9%7%,-#$.  

/)%,!* 7#$.#")+,#(! 9#5"!2"%,!* (%9%7#9 <#.+>#)!,9# 52!3%2!1.%,!, 

2+.)%,!6 7"%'.#2%,# 8#6!%$3!*-"!* 9!#7$+=!* 9#*.#(!. <"%$ 7#.+"!>%$%,- 

!$3%28+)#6!!* %2--%2- *#'%+,#* - 51,12 *8)#!$ !$3%28+)#6!#* 

.#-%.#3!512! .+9%)!* (%*#4.$%)#9. (%.9%7 .+"#'9%$- 52!3%2!1.%,!- 

(%0#*%,#* 9# *#,+)++ 9!#7$+=!* 9#*.#*. 

#.!* (%.9%7 .+"#'9%$- .#$4#$12! */#")%,!- .!;%,1)! (%9%7%,!* (%9#2%,#* 

.#-%.#-!512! 7=!- .!;%,1) (%9%7%,-#$ 9# 7#.+"!3#$- 9#*5"$#*. 

  



 

1.     .#$4#$12! */#")%,# 

1.1. =+7#9! .!.+'!)"# 

.+5)%9, 2# #2!* .#$4#$12! */#")%,#? 3+. .!3<%)!* 7#$.#23%,!- 

“5+.8!13%21)! 82+72#.#* (%1:)!# */#")# E 7#.+69!)%,!9#$ 2#;#6 T 

9#"#)%,!* (%*#*21)%,)#9 2#;#6 (2+.!*1$#2!#$+,!* *#=+.!- P, -1 P 

(2+.!*1$#2!#$+,# T 9#"#)%,!*-"!* #'9%$* E 7#.+69!)%,#* 7#1.&+,%*%,#*” 

.#7#)!-#9 : -1 7!$9#- !"#2#19+- 32#$*8+23!* 7=%,=% (%*#:)+ 

7#9#3"!2-"!* /%23!)%,!, (%7!:)!#- 82+72#.#* #*/#")+- /#2*1)(! 

9#72+"%,1)! .+$#6%.%,!- 9# -1 .#$ /#2.#3%,!- !*/#")#, .#(!$ !* 

!/!$#*/#2.%3>"%)%,* .+.#"#) 7#9#3"!2-"!* /%23!)%,*. 

.#$4#$12! */#")%,# -#"!*! ,1$%,!- !>+0# +2 $#/!)#9 :  

• 5+$32+)!2%,#9! .#$4#$12! */#")%,# (Supervised ML) (82+72#.# */#")+,* 

15"% .+6%.1)! 9!9! 2#+9%$+,!* *#*/#")!* .#*#)!- 9# (%.9%7 !:)%,# 

5+2%431) 8#*1'* #'#)! .+$#6%.%,!*-"!*) 

• #2#5+$32+)!2%,#9! .#$4#$12! */#")%,# (Unsupervised ML) (82+72#.#* 

%:)%"# 9!9! 2#+9%$+,!- .+$#6%.! 9# .#$ 1$9# !8+"+* 8#3%2$! -1 

2+7+2 1$9# !*/#")+* 9# (%*#,#.!*+,# .#- (+2!*) 

<"%$ 7#$"!'!)#"- .'+)+9 5+$32+)!2%,#9 .#$4#$12 */#")%,#* 

 

1.2. 5+$32+)!2%,#9! .#$4#$12! */#")%,# (Supervised ML) 

5+$32+)!2%,#9! .#$4#$12! */#")%,!* .-#"#2! .!=#$! #2!* (%!4.$#* *#,+)++ 

01$46!# h(x), 2+.%)!6 5+2%431)#9 !/!$#*/#2.%3>"%)%,* h(x) <"%$-"!* 

*#*12"%)! x .+$#6%.!*-"!*. 82#43!5#(! x >+"%)-"!* #;/%2 5+.8)%4*12 

.+$#6%.%,*. .#7: -1 7"!$9# 7#"#5%-+- *#')!* 0#*!* 82+7$+=!, #. 92+* <"%$! 

(%.#"#)! .+$#6%.%,! !4$%,# : 0#2-+,!, +-#'%,!* 2#+9%$+,#, *#:!$%,)%,!* 

2#+9%$+,#, #,#=#$%,!* 2#+9%$+,#, *#2-1)%,!* 2#+9%$+,# 9# #.(. 

"-4"#- <"%$! *#,+)++ 01$46!# #2!* :  



 

h(x) = θ0 + θ1x 

 

*#9#6 θ0 9# θ1 #2!#$ 5+$*3#$3%,!. <"%$! .!=#$!# "!8+"+- *#15%-%*+ />"!)!, 2+. 

.+"#'9!$+- /!$#*/#2.%3>"%)%,# 2#6 (%!:)%,# 15%-.  

 

82+7$+=!*3! h(x) 01$46!!* +83!.!=#6!# '9%,# *#*/#")! .#*#)!* 7#.+>%$%,!-. 

>+"%)! *#*/#")! .#7#)!-!*"!*, <"%$ 7"#4"* (%.#"#)! .+$#6%.! x 9# #*%"% 

6$+,!)! (%9%7! y. >+"%)! .#7#)!-!*-"!* "%:%,- 7#$*'"#"%,#* y-*# 9# h(x) – * 

(+2!*. *#5.#2!*! *#*/#")! .#*#)!* 7#.+>%$%,!- %* 7#*'"#"%,%,! 7"#:)%"*  h(x) - !* 

.69#2+,!* 7#=+."!* *#(1#)%,#*. #.!* (%.9%7 "6)!- θ0 – * 9# θ1 - * 7#$1/>"%3)!", 

*#$#. #2 .!"!;%,- *#15%-%*+ (%9%7*. #. 7=!- 82+7$+=!*3! '9%,# $#*/#")! 9# 

.#* 15"% (%1:)!# 2%#)12! .+$#6%.%,!*-"!* /!$#*/#2.%3>"%)%,# 

 

1.2.1. .#23!"! .#7#)!-! 

7#$"!'!)+- .#23!"! 5+$3+)!2%,#9! .#$4#$12! */#")%,! .#7#)!-!. "-4"#-, 

.+6%.1)! 7"#4"* 9#*#4.%,1)!* 5.#>+0!)%,!* (%0#*%,# 9# "!6!- .#-! 

'%)0#*%,!, 2+.%)!6 72#0!51)#9 7#.+!>12%,# (%.9%7#9 

 

 



 

<"%$! #.+6#$## .!"!;+- h(x) 01$46!#* 2+.%)!6 *#15%-%*+ 82+7$+=* .+7"6%.* 

#'#)! .+$#6%.%,!*-"!*. -#"9#8!2"%)#9 θ0 – * 9# θ1 - * 1$9# (%"12<!+- 2#!.% 

.$!("$%)+,%,!. "-4"#- .!"!;%- (%.9%7! 01$46!# : 

h(x) = 12 + 0.2x 

 

.!"!;%,- (%.9%7 *12#-* :  

 

 

#(5#2## 2+. %* 01$46!# .+7"6%.* *#(!$%) 82+7$+=*. #')# 01$46!#* "#*/#")+- 

7#$*'"#"%,%,! 2%#)12 9# <"%$* 82+7$+=!2%,#9 .$!("$%)+,%,* (+2!* 

7#$*'#"%,%,! 9# "$#'+- 2#* .!"!;%,-. %* !* %3#8!#, *#9#6 %2-"%,# .#-%.#3!5# 9# 

5#)51)1*! 2#*#6 (%.9%7(! (%"%'%,!-. -1 .+"#'9%$- #. 7#.+-")%,*, <"%$ 

.!"!;%,- (%.9%7 (%9%7* : 

h(x) = 13.12 + 0.61x 



 

 

2+7+26 (%#.<$!%-, 15"% ,%"2#9 15%-%*! 82+7$+=!* 7#5%-%,# (%7"!:)!#. -1 #. 

7#.+-")%,* <#"#3%,- !*%" 9# !*%", -1 7#"!.%+2%,- 1500-&%2 .!"!;%,- (%.9%7 

*12#-*.  

h(x) = 15.54 + 0.75x 

 

 



 

2+.%)!6, 15"% 7"#:)%"* ,%"2#9 15%-%* (%9%7*, 9# 2+.%)!6 *#5.#2!*!# 

7#"#5%-+- 15"% 5+2%431)! 82+7$+=!2%,# 

1.2.2.  .1(#+,!* 82!$6!8! 

7#$"!'!)+- !3%2#6!1)! 82+6%*!, 2+.)!-#6 '9%,# 2%#)12#9 .#$4#$12! 

*/#")%,!* 82+6%*!. !*.!* 5!-'"#, =%.+- .+6%.1) .#7#)!-(! 2+7+2 

"2/.1$9%,+9!- 2+. θ0  9# θ1 - * ";%,1)+,9!- 102+ 9# 102+ 15%-%** 

>+"%)! !3%2#6!!* (%.9%7? 8#*1'! #2!* <"%$! 69+.!)%,!* *#=+.!.  

69+.!)%,!* *#=+.! #2!* 6$+,!)! 2+7+26 ;!2%,1)%,!* 01$46!# J(θ), *#9#6 θ 

#2!* #. (%.-'"%"#(! θ0  9# θ1 - !* 5+.,!$#6!#. J 01$46!# 7"!<"%$%,* -1 2#.9%$#6 

69%,# <"%$! .!;%,1)! 01$46!#. ;!2%,1)%,!* 01$46!!* #2<%"# #2!* #*%"% 

.$!("$%)+,#$! $#/!)! .#$4#$12! */#")%,!* 82+6%*(!. 

<"%$! #.+6#$!*-"!* *#15%-%*+ ;!2%,1)%,!* 01$46!# !4$%,# (%.9%7!: 

 

2+.%)!6 7#.+!*#'%,# *'"#+,%,!* 5"#92#3%,!* &#.!-. <"%$! ;!2%,1)%,!* 

01$46!!* 72#0!5! !4$%,# (%.9%7!: 

 



 

(%*#,#.!*#9, -1 5#27#9 9#"#5"!29%,!- <"%$! .!=#$!# "!8+"+- !*%-! θ0  9# θ1, 

2+. 01$46!!* .$!("$%)+,# !>+* .!$!.1.! #$1 !>+* 2#6 (%!:)%,# 0*5%2=%. %* 

82+6%*! 5! .!!;/%"# θ0 – !*  9# θ1 - !* .19.!"! 6")!)%,!-, %2-! 7#=29!- #$ 

.%+2%* (%.6!2%,!- 9# #.(. 8%2!+91)#9. 72#9!%$3!* 9#-")!* 82+6%*! 9# 

(%9%7%,!* .!'%9"!- θ - * 6")!)%,# 6$+,!)!# 2+7+26 72#9!%$31)! 9#("%,!* 

.%-+9!. 

 

1.2.3.   72#9!%$31)! 9#("%,# 

72#9!%$31)! 9#("%,!* #2!* 8!2"%)! 2!7!* !3%2#6!1)! +.3!.!=#6!!* 

#)7+2!-.!, 2+.%)!6 7#.+!>%$%,# 01$46!!* .!$!.1.!* *#8+"$%)#9. 

72#9!%$31)! 9#("%,!* #)7+2!-.! #2!* 8+81)#21)! .#$4#$12 */#")%,#(!, 

2#97#$ .#$4#$12 */#")%,#(! .-#"#2! .!=#$! #2!* *!*/+2!* .#4*!.!=#6!#, #$1 

!7!"% (%69+.!* .!$!.!=#6!#. */+2%9 72#9!%$31)! 9#("%,# 7#.+!>%$%,# 

(%69+.!* .!$!.!=#6!!*-"!*, 2#97#$ -1 .+"#'9%$- ;!2%,1)%,!* 01$46!!* 

.!$!.!=#6!#* 72#9!%$31)! 9#*"%,!-, .#(!$ .!"!;%,- *#*12"%) (%9%7*. 

72#9!%$31)! 9#("%,!* #)7+2!-.! %>29$+,# !. 0#43*, 2+. -1 F 01$46!# 

7#$*#=;"21)! #2!* a - * .!9#.+(!. .#(!$ F(x) (%.6!29%,# 1*/2#0%*#9 -1 

.!.#2-1)%,# !4$%,# a - 9#$ 1#2>+0!-! 72#9!%$3!* .!.#2-1)%,!- F 01$46!!* 

a /%23!)(!. (%*#,#.!*#9 .!"!;%,- (%.9%7*: 

 

(%*#,#.!*#9 #.#* -1 .+"#27%,- <"%$ (%.-'"%"#* .!"!;%,- (%.9%7*: 

 

9# #4!9#$ 7#.+.9!$#2% : 

 



 

%* */+2%9 !* #2!* 2#6 7"!$9+9#, <"%$ .!"#;/!%- <"%$! 01$46!!* .!$!.!=#6!#*. 

72#9!%$31)! 9#("%,!* #)7+2!-.!* "!=1#)!=#6!# (%7"!:)!# .+"#'9!$+- 

(%.9%7$#!2#9 : 

 

 

1.3. $%!2+$1)! 4*%)! 

.#$4#$12! */#")%,!* 7#$'!)"# (%1:)%,%)!# $%!2+$1)! 4*%)!* '*%$%,!* 

7#2%(%. $%!2+$1)! 4*%)%,! 7-#"#=+,%$ #2#.#23+ %4*32%.#)12#9 

:)%"#.+*!) '%)*#/>+%,* 82+,)%.%,!* 7#9#*#?2%)#9, #2#.%9 !*!$! 7"#:)%"%$ 

.!-!-%,%,* !.#=%, -1 2+7+2 .1(#+,* <"%$! 3"!$!. #*%"% 7"!4.$!#$ 2%#)12#9 

/#2.+97%$#* 2+. %2- 9;%*#6 (%!4.$%,# $#.9"!)! !$3%)%431#)12! .#$4#$#. 

$%!2+$1)! 4*%)%,! 5#27#9 #2!* -#"*%,#9! .#$4#$12 */#")%,!* 82+,)%.%,-#$ 

2+6# .+$#6%.%,! #2!* :#)!#$ 9!9! 2#+9%$+,!-.  

.#23!"#9 2+. "-4"#- $%!2+$1)! 4*%)! #2!* (2%%,!*7#$ (%.97#2! 4*%)!. 

>+"%) (2%* 7##<$!# (%.#"#)! 9# 7#.+.#"#)! 9# >+"%) (2%* 7##<$!# /+$%,! 9# 

7#9#'2%,!. /#2.+!97!$%- 2+. >+"%)! (2!* 7#")!* (%.9%7 (%.#"#)! 



 

.$!("$%)+,# !6")%,# 2#;#6 .#-%.#3!512! .+4.%9%,%,!* (%9%7#9 9# ,+)+ 

(2!* 7#")!* (%9%7#9 .!"!;%,- (%9%7*. 

 

1.4. ;2.# $%!2+$1)! 4*%)! 

;2.# $%!2+$1)! 4*%)! #2!* .%3! #2#0%2!, -1 #2# 1,2#)+ $%!2+$1)! 4*%)! 

1#.2#"! (2!-, '(!2#9 7#.+!>$%,# $%!2+$1)! 4*%)%,! 3 (2!-, 6 (2!-. -1 !* 

9##')+%,!- 9, 12 #$ 102+ .%3! (2!*7#$ (%97%,# .#* 15"% ;2.# $%!2+$1) 4*%)* 

%:#'!#$. 

1.5. 5)#*!0!5#6!!* #.+6#$# 

2+7+26 "#'*%$%- .#$4#$12! */#")%,!* *!*3%.%,! !>+0# +2 .-#"#2 

4"%5#3%7+2!#9: 

• 2%72%*!1)! .#$4#$12! */#")%,!* *!*3%.%,!  

• 5)#*!0!5#6!!* .#$4#$12! */#")%,!* *!*3%.%,! 

5)#*!0!5#6!!* .#$4#$12! */#")%,!* *!*3%.%,! 8#*1'+,%$ 5!-'"#=% 5! -1 #2#, #$1 

.#-! (%9%7! #2!* #$ 0 #$ 1.  

5)#*!0!6!2%,!* #.+6#$%,! '(!2#9 7"'"9%,# >+"%)9;!12+,#(!. .#$4#$12! 

*/#")%,!* 5)#*!0!5#6!!* 7#.+>%$%,# (%7"!:)!# ,%"2! 9#$!($1)%,!-. .#- 

(+2!*##:  

 

• 3%4*3!* 5)#*!0!6!2%,# 9#9%,!- 9# 1#2>+0!- (%0#*%,%,#9 

• 0+3+%,=% *'"#9#*'"# +,!%43%,!* #.+6$+,#  

• -#;)!-+,!* 9#97%$# 

• .#25%3!$71)! 9#$!($1)%,!-, (%7"!:)!# 9#"#97!$+- #!$3%2%*%,* -1 

#2# 2#!.% 82+9143! 5+$52%31)! #*#5!* &710* 

• &#.2-%)+,!* 9#27(!, (%7"!:)!# 9#"#97!$+- #4"* -1 #2# 8#6!%$3* 2#!.% 

9##"#9%,#  

9# #.(. 

 



 

7#$"!'!)+- (%9#2%,!- .#23!"! .#7#)!-!, 2+.)!* "!=1#)!=#6!#6 .#23!"!# 

9# (%.7+. 2-1)! +,!%43%,!* 5)#*!0!5#6!#(! :#)!#$ 9#7"%'.#2%,#. 7"#4"* 

01$-1(%,! +2! 8#2#.%32!-, 2#9!1*! 9# (+5+)#9!* (%.6"%)+,# 9# #*%"% 

7"#4"* !$0+2.#6!# #2!#$ -1 #2# !*!$! "#27!*%,! ,#=#2=%. <"%$! #.+6#$## 

"#*/#")+- $%!2+$1) 4*%)* %* .+$#6%.%,! 9# (%"4.$#- 82+72#.#, 2+.%)!6 

.+7"6%.* 82+7$+=* #2!* -1 #2# 5+$52%31)! 01$-1(# "#27!*! ,#=2!*-"!*. 

<"%$! .+$#6%.%,! 7#.+!>12%,# (%.9%7#9 

 

 

 
 

*#9#6 x ;%2:! #;$!($#"* 01$-1(!* 2#9!1**, y ;%2:! 5! (+5+)#9!* 

(%.6"%)+,#*. )12&! 0%2!* 0!04! #;$!($#"* 01$-1(!* "#27!*!#$+,#*, /!-%)! 

5! 1"#27!*+,#*.  

 

2+7+26 "!6!-, 01$46!!* (%9%7! 1$9# !>+* #$ 1 #$ 0. #.!3+. <"%$ (%7"!:)!# 0.6 

#;"!4"#- 2+7+26 1 9# 0.4 2+7+26 0. #.!*-"!* =%97#.+?2!)! #2!* 

*!7.+!912! 01$46!#. 



 

h(x) = g(z) 

 
<"%$! 01$46!# #4#.9% 7#.+!>12%,+9# 2+7+26 z = θ0 +  θ1 x 

 

#')# 5! -1 g 01$46!#* .+"#97#.- 7#2%9#$ .!"!;%,-  h(x) = g(θ0 +  θ1 x) 

 

2+7+26 '%9#"-, *!7.+!912! 01$46!# <"%$* (%9%7* 7#29#4.$!* 0-*# 9# 1-!* 

(1#)%9(!.  

 

;!2%,1)%,!* 01$46!#6 5)#*!5!6!!* #.+6#$%,(! 7#$*'"#"%,1)!. !*.%"# (%5!-'"#, 

2#* $!($#"* 2+. "#2#19! #2!* .69#2!, -1 */+2! 8#*1'! #2!* 0 9# <"%$ 

"!"#2#19%- 1, %* $!($#"* 2+. <"%$ "#2- *21)!#9 .69#2! 9# 8!2!4!-. 2#97#$ 

<"%$ #2 (%7"!:)!# "!>+- 102+ .69#2%,! "!92% *21)!#9 .69#2%,!, #.!3+. 

<"%$! *#*&%)! #2!* 1=#2.#=#2!. #*%"% -1 */+2! 8#*1'! #2!* 0 9# <"%$ 

"!"#2#19%- 0, <"%$ #2 1$9# 9#"#.#3+- #2#0%2! <"%$* ;!2%,1)%,!* 01$46!#* 

#26%2- #*%- (%.-'"%"%,(!. (%*#,#.!*#9 ;!2%,1)%,!* 01$46!# 7#.+!>12%,# 

(%.9%7$#!2#9 

 



 

 
 

7#".%+29%-, ;!2%,1)%,!* 01$46!# <"%$ 7"#:)%"* *#(1#)+ 69+.!)%,#* 

*#*/#")! .+$#6%.%,!* !27")!". 

.+5)%9 <"%$ "#<"%$%-, -1 2+7+2 7#$*'"#"9%,# 82+7$+=!*3! h(x) 01$46!# 9# 

;!2%,1)%,!* J(x) 01$46!# 2%72%*!#*# 9# 5)#*!0!5#6!#* (+2!*, -1.6# !*!6 1$9# 

#;"$!($+- 2+. 72#9!%$31)! 9#("%,# #4#6 .("%$!"2#9 .1(#+,*. 

 

5)#*!0!5#6!!* 82+7$+=!*3! 01$46!# (%7"!:)!# 7#.+"*#'+- 2+7+26 

=;"21)! '#=!, 2+.%)!6 9##')+%,!- 7#.+!>12%,# #*%: 

 

 

 
 

 

 



 

2. 82+%43!* #;/%2# 
 
82+72#.# #2!* 9#/%2!)! 82+72#.!2%,!* %$#=% python 9# !* (%97%,# +2! 

$#/!)!*7#$ 

 

• #.+6#$!* #.+'*$# $%!2+$1)! 4*%)!* 7#.+>%$%,!- 

• #.+6#$!* #.+'*$# .#-%.#3!512! 7=!- 

 

2.1. #.+6#$!* #.+'*$# $%!2+$1)! 4*%)!* 7#.+>%$%,!- 

 

2.1.1.   82+72#.!* #;/%2# 

 

82+72#.!* 7#.+>%$%,!*-"!* +8%2#6!1) *!*3%.#(! 19$# !>+* 

9#!$*3#)!2%,1)! (%.9%7! '%)*#/>+%,!: 

 

• Python 

• SciPy 9# NumPy 

• Keras 9# TensorFlow 

 

82+72#.!* %* $#/!)! (%97%,# 6 $#/!)!*#7#$ 

 

• .+$#6%.%,!* /#5!-'"# 

• .+9%)!* 7#$*#=;"2# 

• .+9%)!* 5+.8!)!2%,# 

• .+9%)!* (%0#*%,# 

• /!$#*/#2.%3>"%)%,#  

 

 

 

 



 

2.1.1.1. .+$#6%.%,!* /#5!-'"# 
 
2+7+26 "!6!- <"%$! $%!2+$1)! 4*%)!* (%.#"#) 8#2#.%32* /#2.+#97%$* 

.#-%.#3!512! 01$46!!* 72#0!5!, 2+.%)!6 .!!;%,# *!*')!* *8%6!#)12! 

#$#)!=!* (%9%7#9  

 

.+$#6%.%,!* /#5!-'"# '9%,# 3%4*312! 0#!)!9#$, 0#!)(! .+$#6%.%,! 1$9# !>+* 

<#/%2!)! (%.9%7! 0+2.#3!-  

 

 x1;y1; 

 x2;y2; 

 

*#9#6 (x1, y1) 9# (x2, y2) 01$46!!* 72#0!5!* /%23!)%,!#, #*%"% (%*#:)%,%)! 

2#.9%$! 72#0!5!* %2-92+1)#9 /#5!-'"# 0#!)!9#$ 

 

 

2.1.1.2. .+9%)!* 7#$*#=;"2# 
 

 

$%!2+$1)! 4*%)! .+9%)! (%97%,# (2%%,!*7#$, (%.9%7! 5+9!* 02#7.%$3! 

#'9%$* .+9%)!* 7#$*#=;"#2*. 

 

model = Sequential() 

model.add(Dense(12, input_dim=8, activation='relu')) 

model.add(Dense(8, activation='relu')) 

model.add(Dense(1, activation='sigmoid')) 

 

 

<"%$! $%!2+$1)! 4*%)! (%97%,# *#.! (2!*7#$. 8!2"%)! 9# .%+2% (2% #2!* relu 

3!8!*. 8!2"%)! (%!6#"* 12 $%!2+$* 9# (%.#"#)! #4"* 8 8#2#.%32!. 2+6# .%+2% (2% 

(%!6#"* 8 $%!2+$* 9# *#,+)++ (2% 5! (%!6#"* 1 $%!2+$*, 2#-# !"#2#19+* (%9%7! 

0 #$ 1. 



 

relu 01$46!# /#2.+#97%$* 9%3%43+2 01$46!#* 9# 7#$!*#=;"2%,# (%.9%7#9 

 
f(x) = max(0,x) 

 

7#.+69!)%,# 7"5#2$#'+,* 2+. 5)#*!0!5#6!!* #.+6#$%,(! %* 01$46!#* *#5.#+9 

5#27 (%9%7%,* !:)%"# 

 
,+)+ (2%=% <"%$ "!>%$%,- sigmoid 01$46!#*, 2#-# 9#"2/.1$9%- 2+. <"%$! 

7#.+.#"#)! !4$%,# 0-*# 9# 1-* (1# 

 

 

2.1.1.3. .+9%)!* 5+.8!)!2%,# 
 
.+9%)!* 5+.8!)!2%,!*#* <"%$ 1$9# .!"1-!-+- 9#.#3%,!-! 8#2#.%32%,!, 

2+.)%,!6 *#<!2+# $%!2+$1)! 4*%)!* 9#*/#")!*-"!*. 7#"!'*%$+-, 

$%!2+$1)! 4*%)!* 9#*/#")# $!($#"* "!8+"+- *#15%-%*+ /+$%,! <"%$! 

(%.-'"%"!*-"!*.  

 

<"%$ 1$9# .!"1-!-+- 9#$#5#27!* !7!"% ;!2%,1)%,!* 01$46!#, 2+.%)!6 <"%$* 

(%.-'"%"#(! #2!* )+7#2!-.1)! 9#$#5#27!* 01$46!#. 

 

.+9%)!* 5+.8!)!2%,!*-"!* 7#.+"!>%$%,- #*%"% +83!.!=!2%,1)! 

72#9!%$31)! 9#("%,!* #)7+2!-.* adam-*. (%9%7#9 .!"!;%,- (%.9%7 5+9!* 

02#7.%$3* 

 

model.compile(loss='binary_crossentropy', optimizer='adam', metrics=['accuracy']) 
 

2!* 7#("%,!* (%.9%7#6 <#!-")%,# 2+. .+9%)! 5+.8!2!2%,1)!# 

 

 

 

 



 

2.1.1.4. .+9%)!* .+27%,# 
 

<"%$ 7#"#.=#9%- .+9%)! 9# (%*#,#.!*#9 82+72#.# .=#9 #2!* 7#.+-")%,!* 

<#*#3#2%,)#9. 82+72#.!* #. $#/!)(! '9%,# $%!2+$1)! 4*%)!* */#")%,#, 

2+.%)!6 .!!;/%"# 5+9!* (%.9%7! 02#7.%$3!: 

 

model.fit(X, Y, epochs=150, batch_size=10) 

<"%$ (%7"!:)# .!"1-!-+ !3%2#6!%,!* 2#+9%$+,# epochs 8#2#.%32!* 

7#.+>%$%,!-. %* #2!* */+2%9 !* $#/!)! *#9#6 2%#)12! 7#.+-")%,! '9%,# 

82+6%*+2=%. 

 

 

2.1.1.5. .+9%)!* (%0#*%,# 
 

82+72#.!* %* $#/!)! 7"#:)%"* /#2.+97%$#* -1 2#.9%$#9 5#27#9 .+"#'9!$%- 

<"%$! .+9%)!* 9#*/#")#. #. %3#8=% <"%$ #2 "!6!- -1 2# (%9%7* .+7"6%.* 

.+9%)! 2%#)12! .+$#6%.%,!*-"!*, .#72#. (%7"!:)!# "$#'+- -1 2# *!=1*3%* 

!:)%"# 9#*/#")!) .+$#6%.%,=%. #.#* 1=21$"%)>+0* 82+72#.!* (%.9%7! 

$#/!)! :  

 

scores = model.evaluate(X, Y) 

print("\n%s: %.2f%%" % (model.metrics_names[1], scores[1]*100)) 

 

.+9%).# <"%$* (%.-'"%"#(! #<"%$# 98 82+6%$3!#$! *!=1*3% 

 

2.1.1.6. /!$#*/#2.%3>"%)%,# 
 
#. $#/!)(! '9%,# #'#)! .+$#6%.%,!*-"!* (2+.)%,!6 #2 .+$#/!)%+,9$%$ 

9#*/#")#(!)  (%9%7!* /!$#*/#2.%3>"%)%,#.  #.#* 1=21$"%)>+0* 5+9!* (%.9%7! 

02#7.%$3! : 

 



 

model.predict(X) 
 

#. $#/!)(! 82+72#.#. #<"%$# 97% - !#$! *!=1*3% 

 

2.1.2.   300 <#$#/%2=% 7#3%*3"# 
 
9#72+"%,1)! .+$#6%.%,!* 2#+9%$+,# !>+ 300 9# 82+72#.!* *#(1#)%,!- 

$%!2+$1) 4*%).# !*/#")# 300 <#$#/%2=% 9# .#$ .+"6# 97 % - !#$! *!=1=3%, 2#6 

$!($#"* 2+. !* (%69# 9 .+$#6%.!* (%.-'"%"#(! 

 

 

2.1.3.  .!;%,1)! *!=1*3% 

 
3%*3!2%,# .+'9# 2#.9%$!.%&%2 *'"#9#*'"# 2#+9%$+,!* .+$#6%.%,=% 9# .#- 

#<"%$%* *'"#9#*'"# *!=1*3%, .+$#6%.%,!* =29#*-#$ %2-#9 *!=1*3% !=29%,+9# 

(%9%7%,! (%.9%7!# : 

  

 .+$#6%.%,!* 2#+9%$+,#   *!=1*3% 

 

 50      69% 

 100     77% 

 150     84% 

 200     90% 

 250     94% 

 300     97%  

 
<#3#2%,1)! 7#-")%,!-, -1 .+.#"#)(! 9#%.#3%,# #*%"% 300 <#$#/%2!, *!=1*3% 

#"# 99.5% - .9%.  

 

 

 



 

2.2. #.+6#$!* #.+'*$# .#-%.#3!512! 7=!- 

 

2.2.1.   82+72#.!* #;/%2# 
 

82+72#.!* 7#.+>%$%,!*-"!* +8%2#6!1) *!*3%.#(! 19$# !>+* 

9#!$*3#)!2%,1)! (%.9%7! '%)*#/>+%,!: 

 

• Python 

• SciPy 9# NumPy 

 

 

82+72#.!* #. $#/!)(! '9%,# #.+6#$!* #.+'*$# 8!29#8!2! - .#-%.#3!512! 7=!-, 

72#0!5!* .!'%9"!- "#5%-%,- .#-%.#3!512 .+9%)*, "#'9%- *8)#!$ 

!$3%28+)#6!#* #. 72#0!5!*-"!* 9# (%.9%7 "!5")%"- #. !$3%28+)* 

52!3%2!1.%,!* .!'%9"!- 

 

 

7#.+69!)%,!9#$ 7#.+.9!$#2% 9#97!$9# 2+. 8#6!%$3!* &#.2-%)+,!* 9#97%$# 

9!9! *!=1*3!- (%*#:)%,%)!# 52!3%2!1.!* (%0#*%,!-. 52!3%2!1.%,! #2!* 

(%.9%7!: 

 

 

1. .'#2!* #2 #2*%,+,# 8!5#.9% 

2. .-#"#2! 8!5!* *!.#;)% 9##')+%,!- 1.4 9# .%3!  

3. :!2!-#9! 8!5!* $#'%"#2*!.#;)!* *!7#$% 1$9# !>+* 7-9#$ 13-.9% 

4. .-#"#2! 8!5!9#$ .#2&"$!" .'2!* #$ 4"%8!5!* #2*%,+,# 81-9#$ 84-.9% 

(1#)%9(! 

5. .219* 4"%.+- 0#2-+,! (!$3%72#)!) 1$9# !>+* 300 9# .%3! 

 

 

7#$"!'!)+- %2--%2-! .#7#)!-!, %* #2!* 8#6!%$3!* #$#)!=!* (%*#,#.!*! 

72#0!5!: 



 

 
 

72#0!5* #4"* 4331 /%23!)!, !* #5.#>+0!)%,* >"%)# =%.+- #;$!($1) 

52!3%2!1.* 

 

• 72#0!5* .'#2! #2 #4"* .-#"#2 8!5#.9% 

• .-#"#2! 8!5!* *!.#;)% 1.4 =% .%3!# 9# !* 1.665 !* 3+)!# 

• :!2!-#9! 8!5!* $#'%"#2*!.#;)!* *!7#$% 1$9# !>+* 7-9#$ 13-.9% 9# !* #2!* 

11.9 

• .-#"#2! 8!5!9#$ .#2&"$!" .'#2! #2!* 81-9#$ 84-.9% (1#)%9(! 

• .219* 4"%.+- 0#2-+,! (!$3%72#)!) #2!* 300-=% .%3! 9# !* #2!* 613.8 !* 

3+)! 

(%*#,#.!*#9, 2#97#$ 72#0!5! #5.#>+0!)%,* >"%)# 8!2+,#*, "-")!- 2+. 

8#6!%$3* #2 7##<$!# *!.*!"$!* 1&2%9%,! 

7#$"!'!)+- 5!9%" %2-! 72#0!5!: 



 

 

 

2+7+26 72#0!5=% <#$* .-#"#2! 8!5!* y 5++29!$#3! #2!* 1.4 =% $#5)%,!, 2#6 !.#* 

$!($#"*, 2+. !2;"%"# <"%$! .%+2% 52!3%2!1.!. (%*#,#.!*#9 7#.+7"#4"* 9#*5"$# 

2+. 8#6!%$3* #4"* *!.*!"$!* 1&2%9%,! 

 
!*!6 1$9# #;"$!($+-, 2+. 82+72#.#* #*%"% (%1:)!# 2#.+9%$!.% #$#)!=!* 

%2-#9 9#.1(#"%,#. %* .!!;/%2# #. #$#)!=%,!* %2- 0#!)(! 7#/%2!-. 

 

(%9%7#9 .!!;%,# *#%2-+ 72#0!5! 9# 9!#7$+=%,!, 16 #$#)!=!* %2-92+1)#9 

9#.1(#"%,!* (%9%7!: 

 

 



 

 
 

 

2.2.2. *8)#!$!- !$3%28+)#6!# 
 
2+7+26 15"% .!'"9!-, .#3%.#3!512! .+9%)!* (%4.$!*-"!* "!>%$%,- 

!$3%28+)#6!#*, 5%2:+9 *8)#!$!- 51,12 !$3%28+)#6!#*. 

#.!*-"!* "!>%$%,- SciPy 9# NumPy - !* .=# 01$46!%,* 

 

!*.!* 5!-'"#, 2# #2!* *8)#!$!- !$3%28+)#6!#? 

 

*8)#!$!- !$3%28+)#6!# #2!* !$3%28+)#6!!* %2--%2-! *#'%+,#, *#9#6 

!$3%28+)#$3! #2!* *8%6!#)12! 3!8!* @!,2!91)! 8+)!$+.!, 2+.%)*#6 

%:#'!#$ *8)#!$*. @!,2!91)! 8+)!$+.! #$ 01$46!#* #2!* !*%-! 01$46!# 2+.)!* 

7#*#=;"21)! 4"%01$46!%,!-. #*%-!# .#7: 

 

 
 



 

*8)#!$!- !$3%28+)#6!# '(!2#9 &+,$!* 8+)!$+.!#)12 !$3%28+)#6!#*, 

2#97#$ !$3%28+)#6!!* 69+.!)%,# (%!:)%,# !>+* ,%"2#9 .6!2% 9#,#)! 

'#2!*'!* 8+)!$+.!*-"!*#6 5! *8)#!$!*-"!*. *8)#!$!- !$3%28+)#6!# #2!9%,* 

-#"* 82+,)%.#* - 21$&!* .+")%$#*, 2+.%)!6 7#$!*#=;"2%,# !.!-, 2+. 2+6# 

"=29!- 8+)!$+.!* '#2!*'*, >+"%)-"!* "%2 ";%,1)+,- 15%-%* (%9%7*. 

 

2.2.3. .!;%,1)! *!=1*3% 
 

.#-%.#3!512.# .+9%).# #<"%$# 100% - !#$! *!=1*3% #2*%,1) .+$#6%.%,=%, -1.6# 

#2 "!6!- 2#.9%$#9 5#27 (%9%7* .+76%.* .+.#"#)(!, 2#97#$ %* 52!3%2!1.%,! 

#2!* #9#.!#$12! 9#5"!2"%,!- .!;%,1)! 9# #2 "#2- 9#2/.1$%,1)%,! .!* 

*21) *!*/+2%(!. 

 

 

2.3. .!;%,1)! (%9%7%,!* (%9#2%,# 

 

<"%$ .+"#'9!$%- #.+6#$!* #.+'*$# +2! 7=!- $%!2+$1)! 4*%)!* 7#.+>%$%,!- 9# 

.#-%.#3!512! 7=!-, *!=1*3!* (%.+/.%,#. 7"#<"%$# 2+. .#-%.#3!512.# .+9%).# 

#2*%,1) .+$#6%.%,=% .+7"6# 100% - !#$! *!=1*3%, 2+6# $%!2+$1).# 4*%).# 

.+7"6# 97 % - !#$! *!=1*3% 

 

 

 

 

 

 

 

 

 



 

9#*5"$# 
 

.!1'%9#"#9 !.!*# 2+. $%!2+$1)! 4*%)!*-"!* 9#*#*/#")! .+$#6%.%,!* 

2#+9%$+,# #2 !>+ ,%"2!, 4*%).# .#!$6 5#27! (%9%7! .+7"6# 9# 97 % - !#$! 

*!=1*3% #<"%$#, #*%"% .#-%.#3!512.# .+9%).# #<"%$# 100% - !#$! *!=1*3% 

#2*%,1) .+$#6%.%,=%. (-1.6# #2 "!6!- 2#.9%$#9 5#27 (%9%7* 7"#<"%$%,* 

.+.#"#)(!) 

 

82+72#.# !*%# 9#/%2!)! 2+. .#* (%1:)!# (%!*/#")+* .+.#"#)(! 

9#72+"%,1)! .+$#6%.%,!6 9# 102+ 7#=#29+* *!=1*3%.  

 

#*%"% (%*#:)%,%)!# #.+6#$!* 7#$"26+,# 9# 102+ *#!$3%2%*+ .!=$%,!* 

7#$'+26!)%,#. (%*#:)%,%)!# #2# .#23+ *!.*!"$!* 1&2%9%,!* #;.+<%$!*-"!* 

7#.+"!>%$+- $%!2+$1)! 4*%)!, #2#.%9 *'"#9#*'"# 9##"#9%,%,!* 
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