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ɾˎʻˇ˂ˇʴʾʰ

Åɴ˔ˇˎ˃ʶ ʰ˄ʰ˒ˇˊʷˌ ʰˉˈ ˍʹ ˃ˎʻˇ˂ˇʴʾʰ ˉˇˎ ˒ʰʾ˄ʶˍʰʽ ˄ʰ ʵʶʾ˔˄ˇˎ˄ ˍʹ˄ 
ʶˉʽʻˎ˃ʾʰ ˍˇˎ ʰ˄ʻˊ˗ˉˇˎ ʴʽʰ ˄ˇʺ˃ˇ˄ʶˌ ˃ʹ˔ʰ˄ʷˌ

Åʁ ʆʱ˂ˇˌʻʶ˖ˊʶʾˍʰʽ ˍˇ ˉˊ˗ˍˇ ˊˇ˃ˉˈˍ ˉˇˎ ˁʰˍʰˋˁʶˎʱˋˍʹˁʶ ˉˇˍʷ ʺ 
ʵʹ˃ʽˇˎˊʴʺʻʹˁʶ ʰˉˈ ˍʹ ˒ʰ˄ˍʰˋʾʰ



ɹˋˍˇˊʾʰ

Åʁ ˃ʹ˔ʰ˄ʽˋ˃ˈˌ ˍ˖˄ ɮ˄ˍʽˁˎʻʺˊ˖˄Σ ʴ˄˖ˋˍˈˌ ˁʰʽ ˖ˌ ʰˋˍˊˇ˂ʱʲˇˌ ˍ˖˄ 
ɮ˄ˍʽˁˎʻʺˊ˖˄

Åɮ˄ʰ˂ˇʴʽˁˈˌΣ ˃ʹ˔ʰ˄ʽˁˈˌ ˎˉˇ˂ˇʴʽˋˍʺˌ ˁʰʽ ˈˊʴʰ˄ˇ ʰˋˍˊˇ˄ˇ˃ʽˁ˗˄ 
ˉʰˊʰˍʹˊʺˋʶ˖˄ 



ɮˎˍˈ˃ʰˍʰ
Åɾʹ˔ʰ˄ʷˌ ˃ʶ ʵˎ˄ʰˍˈˍʹˍʰ ˁʾ˄ʹˋʹˌ

Åɼʰˍʰˋˁʶˎʱʸˇ˄ˍʰ˄ ʰˉˈ ˍʹ˄ ʰˊ˔ʰʽˈˍʹˍʰ ˃ʶ ˍʹ ʲˇʺʻʶʽʰ ˍˇˎ ʰˍ˃ˇˏ ˁʰʽ 
ˎʵˊʰˎ˂ʽˁʺˌ ˉʾʶˋʹˌ

Åɼʰʽ ʰˊʴˈˍʶˊʰ ˃ʶ ˍʹ ʲˇʺʻʶʽʰ ʶ˂ʰˍʹˊʾ˖˄



ʄˇ˃ˉˈˍ





Amazon Alexa

ÅA virtual assistantAI, 

ÅVoice interaction

Åmusic playback

Åmaking to-do lists

Åsetting alarms

Åstreaming podcasts

Åplaying audiobooks

Åproviding weather, traffic, sports, and other real-time information, such as news.

ÅAlexa can also control several smart devicesusing itself as a home automationsystem. 

ÅUsers are able to extend the Alexa capabilities by installing "skills" (additional functionality 
developed by third-party vendors, in other settings more commonly called appssuch as weather 
programs and audio features). 

https://en.wikipedia.org/wiki/Virtual_assistant
https://en.wikipedia.org/wiki/AI
https://en.wikipedia.org/wiki/Alarm_clock
https://en.wikipedia.org/wiki/News
https://en.wikipedia.org/wiki/Smart_device
https://en.wikipedia.org/wiki/Home_automation
https://en.wikipedia.org/wiki/Mobile_app


ɮˎˍˈ˄ˇ˃ʰ ˇ˔ʺ˃ʰˍʰ όself driving cars)

ÅSelf-driving car, (autonomous vehicle (AV)) connected and 
autonomous vehicle (CAV), driverless car, robo-car, or robotic car

Åɴ˔ˇˎ˄ ˍʹ ʵˎ˄ʰˍˈˍʹˍʰ ˄ʰ ζ˃ʶˍˊʱ˄ʶη ˍˇ˄ ˉʶˊʽʲʱ˂˂ˇ˄ˍʰ ˔˗ˊˇ ˁʰʽ ˄ʰ 
ˁʽ˄ˇˏ˄ˍʰʽ ˃ʶ ʰˋ˒ʱ˂ʶʽʰ ˔˖ˊʾˌ ʰ˄ʻˊ˗ˉʽ˄ʹ ˉʰˊʷ˃ʲʰˋʹ. 

Åʋˊʹˋʽ˃ˇˉˇʽˇˏ˄ ˉˇ˂˂ˇˏˌ ʰʽˋʻʹˍʺˊʶˌ ʴʽʰ ˄ʰ ˋˎ˂˂ʷ˅ˇˎ˄ ˋˍˇʽ˔ʶʾʰ ʰˉˈ 
ˍˇ ˉʶˊʽʲʱ˂˂ˇ˄ ˁʰʽ ˄ʰ ˍʰ ʶˉʶ˅ʶˊʴʰˋˍˇˏ˄ ˋʶ ˉˊʰʴ˃ʰˍʽˁˈ ˔ˊˈ˄ˇΥ
Åradar, lidar, sonar, GPS, odometry ˁʰʽ ˋˎˋˍʺ˃ʰˍʰ ˃ʷˍˊʹˋʹˌ ʰʵˊʱ˄ʶʽʰˌ 

(ʶˉʽˍʰ˔ˎ˄ˋʽˈ˃ʶˍˊʰˁʰʽ ʴˎˊˇˋˁˈˉʽʰύ.
Åʅˎˋˍʺ˃ʰˍʰ ʶ˂ʷʴ˔ˇˎ˄ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ ˍʽˌ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ˁʰʽ ˁʰʻˇˊʾʸˇˎ˄ 
ˍˊˈˉˇˎˌ ˉ˂ˇʺʴʹˋʹˌ κ ʰ˄ˍʾʵˊʰˋʹˌ ˁʰʻ˗ˌ ˁʰʽ ˍʰ ʶ˃ˉˈʵʽʰ ˁʰʽ ˇʵʽˁʺ ˋʺ˃ʰ˄ˋʹ.





ɿˇʹ˃ˇˋˏ˄ʹ

Åʆʽ ʶʾ˄ʰʽ ΤΤΤΤ

Åˍˇ ˋˏ˄ˇ˂ˇ ˍ˖˄ ʴ˄˖ˋˍʽˁ˗˄ ʽˁʰ˄ˇˍʺˍ˖˄ ˍˇˎ ʰ˄ʻˊ˗ˉˇˎΣ ʵʹ˂ʰʵʺ ʹ ʰ˄ˍʾ˂ʹ˕ʹΣ 
ʹ ˃˄ʺ˃ʹΣ ˇ ˋˎ˄ʶʽˊ˃ˈˌΣ ʹ ˒ʰ˄ˍʰˋʾʰΣ ʹ ˉˊˇˋˇ˔ʺ ˁʰʽ ʹ ʵʽʰ˄ˈʹˋʹΣ ˁʰʽ 
ʶʽʵʽˁˈˍʶˊʰ ʹ ʽˁʰ˄ˈˍʹˍʰ ˉˊˇˋʰˊ˃ˇʴʺˌ ˋʶ ˄ʷʶˌ ˁʰˍʰˋˍʱˋʶʽˌ ˁʰʽ ʹ ʽˁʰ˄ˈˍʹˍʰ 
˄ʰ ʰ˄ˍʽ˂ʰ˃ʲʱ˄ʶˍʰʽ ˇ˃ˇʽˈˍʹˍʶˌΣ ʵʽʰ˒ˇˊʷˌ ˁʰʽ ˋ˔ʷˋʶʽˌ

According to the manufacturer, 
Sophia uses:
1. Artificial intelligence
2. Visual data processing and facial recognition
3. Imitates human gestures and facial expressions 
4. Is able to answer certain questions and to make simple 
conversations on predefined topics (e.g. on the weather).
5. Uses voice recognition (speech-to-text) technology 
6. is designed to get smarter over time

7. speech-synthesis ability also allows her to sing

8. The AI program analyses conversations and extracts data that 
allows it to improve responses in the future.



ɾʹ˔ʰ˄ʽˋ˃ˇʾ ˍʹˌ ɿˇʹ˃ˇˋˏ˄ʹˌ

ɱʽʰ ˉʶˊʽˋˋˈˍʶˊˇ ʰˉˈ 2500 ̝ ˊˈ˄ʽʰΣ ˒ʽ˂ˈˋˇ˒ˇʽ (ɮˊʽˋˍˇˍʷ˂ʹˌ, ɶˊʱˁ˂ʶʽˍˇˌ, DescartesΧύ, ̄ ˊˇˋˉʱʻʹˋʰ˄ 
˄ʰ ˉʶˊʽʴˊʱ˕ˇˎ˄ ˍˇ˄ ˃ʹ˔ʰ˄ʽˋ˃ˈ 

1. ˍʹˌ ˃ʱʻʹˋʹˌ

2. ˍʹˌ ʰˉˇ˃˄ʹ˃ˈ˄ʶˎˋʹˌ

3. ˍʹˌ ˈˊʰˋʹˌ

4. ˍʹˌ ʰ˄ˍʾ˂ʹ˕ʹˌ ˁʰʽ 

5. ˍˇˎ ˋˎ˂˂ˇʴʽˋ˃ˇˏ

ʆʰ ʁ́ ʶˎ˄ʹˍʽˁʱ ˉʶʵʾʰ ˍʹˌ ʆʶ˔˄ʹˍʺˌ ɿˇʹ˃ˇˋˏ˄ʹˌ ˋ˔ʶˍʾʸˇ˄ˍʰʽ ˋʶ ʰˎˍʷˌ ˍʽˌ ʵʶ˅ʽˈˍʹˍʶˌ ˁʰʽ ˋˍʹ˄ 
ʰ˄ˍʾ˂ʹ˕ʹ ˁʰʽ ˍʹ˄ ˋˎ˂˂ˇʴʽˋˍʽˁʺ.

ʃʰˊʰʵʶʾʴ˃ʰˍʰ ˋˎˋˍʹ˃ʱˍ˖˄ ʆʶ˔˄ʹˍʺˌ ɿˇʹ˃ˇˋˏ˄ʹˌ ʶʾ˄ʰʽ ˉΦ˔Φ ˍˇ ʹ˂ʶˁˍˊˇ˄ʽˁˈ ˋˁʱˁʽ ʹ˂ʶˁˍˊˇ˄ʽˁʱ 
ˉʰʽ˔˄ʾʵʽʰΣ ʵʽʱʴ˄˖ˋʹ ʰˋʻʶ˄ʶʽ˗˄ ˃ʶ ˎˉˇ˂ˇʴʽˋˍʺΦ

ɳˊʶˎ˄ʹˍʷˌ ʰˉˈ ʱ˂˂ʶˌ ʶˉʽˋˍʹ˃ˇ˄ʽˁʷˌ ˉʶˊʽˇ˔ʷˌ ˁʰˍʰ˒ʶˏʴˇˎ˄ ˋˍʹ˄ ʆʶ˔˄ʹˍʺ ɿˇʹ˃ˇˋˏ˄ʹ ʴʽʰ ˄ʰ ʲˊˇˎ˄ 
ʶˊʴʰ˂ʶʾʰ ˁʰʽ ˄ʰ ʰˎˍˇ˃ʰˍˇˉˇʽʺˋˇˎ˄ ˍʰ ˂ˇʴʽˁʱ ʲʺ˃ʰˍʰ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ ˋˍʹ ˊˇˎˍʾ˄ʰ ˍˇˎˌ.



ʆʶ˔˄ʹˍʺ ˄ˇʹ˃ˇˋˏ˄ʹ

ÅBarrˁʰʽ Feigenbaum: ζʆʶ˔˄ʹˍʺ ɿˇʹ˃ˇˋˏ˄ʹ ʶʾ˄ʰʽ ˇ ˍˇ˃ʷʰˌ ˍʹˌ 
ʶˉʽˋˍʺ˃ʹˌΣ ˉˇˎ ʰˋ˔ˇ˂ʶʾˍʰʽ ˃ʶ ˍʹ ˋ˔ʶʵʾʰˋʹ ʶˎ˒ˎ˗˄ ό˄ˇʹ˃ˈ˄˖˄ύ 
ˎˉˇ˂ˇʴʽˋˍʽˁ˗˄ ˋˎˋˍʹ˃ʱˍ˖˄Σ ʵʹ˂ʰʵʺ ˋˎˋˍʹ˃ʱˍ˖˄ ˉˇˎ ʶˉʽʵʶʽˁ˄ˏˇˎ˄ 
˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˉˇˎ ˋ˔ʶˍʾʸˇ˄ˍʰʽ ˃ʶ ˍʹ ˄ˇʹ˃ˇˋˏ˄ʹ ˋˍʹ˄ ʰ˄ʻˊ˗ˉʽ˄ʹ 
ˋˎ˃ˉʶˊʽ˒ˇˊʱη

ɲʶ˄ ʶʾ˄ʰʽ ˇ ˃ˇ˄ʰʵʽˁˈˌ ˇˊʽˋ˃ˈˌ

ɴ˄ʰˌ ʰˉˈ ˍˇˎˌ ʶʴˁˎˁ˂ˇˉʰʽʵʽˁˇˏˌ ˇˊʽˋ˃ˇˏˌ ʴʽʰ ˍʹ˄ ˍʶ˔˄ʹˍʺ ˄ˇʹ˃ˇˋˏ˄ʹ 
ʶˊ˃ʹ˄ʶˏʶˍʰʽ ˖ˌ ʹ ʽˁʰ˄ˈˍʹˍʰ ˍʹˌ ˃ʹ˔ʰ˄ʺˌ ˄ʰ ˃ˉˇˊʶʾ ˄ʰ ˃ʽ˃ʶʾˍʰʽ ˍʹ˄ ʰ˄ʻˊ˗ˉʽ˄ʹ 
ˋˎ˃ˉʶˊʽ˒ˇˊʱ ˁʰʽ ˍʹ˄ ʶˎ˒ˎˀʰΦ

https://doi.org/10.1016/C2013-0-07690-6



ɳˎ˒ˎˀʰ

Åɳˎ˒ˎˀʰ ʻʶ˖ˊʶʾˍʰʽ ʹ ʵˎ˄ʰˍˈˍʹˍʰ ˍˇˎ ʶʴˁʶ˒ʱ˂ˇˎ ˄ʰ ˋˁʷ˒ˍʶˍʰʽΣ ˄ʰ 
ʶˁ˂ˇʴʽˁʶˏʶʽΣ ˄ʰ ʰ˄ˍʽ˂ʰ˃ʲʱ˄ʶˍʰʽ ʰ˒ʹˊʹ˃ʷ˄ʶˌ ʷ˄˄ˇʽʶˌΣ ˄ʰ ˂ˏ˄ʶʽ 
ˉˊˇʲ˂ʺ˃ʰˍʰ ˁʰʽ ˄ʰ ˃ʰʻʰʾ˄ʶʽ ˁʰʽ ˁˎˊʾ˖ˌ ˄ʰ ˁʰˍʰ˄ˇʶʾ ˁʰʽ ˄ʰ ˉˊˇʲ˂ʷˉʶʽ.

Åʅˍˇ˄ ʰ˄ʻˊ˗ˉʽ˄ˇ ʶʴˁʷ˒ʰ˂ˇ ʹ ʶˎ˒ˎˀʰ ˒ʰʾ˄ʶˍʰʽ ˄ʰ ˉˊˇˁˏˉˍʶʽ ˖ˌ 
ʰˉˇˍʷ˂ʶˋ˃ʰ ˍʹˌ ˋˏ˄ʻʶˍʹˌ ʵʽʰˋˏ˄ʵʶˋʹˌ ˍ˖˄ ˄ʶˎˊ˗˄˖˄ ˁʰʽ ˖ˌ ʷ˄ʰ ʲʰʻ˃ˈ 
˒ʰʾ˄ʶˍʰʽ ʶˉʾˋʹˌ ˄ʰ ˋˎ˄ʵʷʶˍʰʽ ˁʰʽ ˃ʶ ˍʹ ˋˎ˄ʶʾʵʹˋʹ.

Åɶ ʁˎ˒ˎʾʰ ʶˁˍʶʾ˄ʶʽ ˍˇ˄ ˁˈˋ˃ˇ ˉˇˎ ʰ˄ˍʽ˂ʰ˃ʲʰ˄ˈ˃ʰˋˍʶ ˉʷˊʰ˄ ˍ˖˄ 
ʰʽˋʻʺˋʶ˗˄ ˃ʰˌ ˁʰʽ ˃ʰˌ ˁʱ˄ʶʽ ˁʰʽ ˂ʶʽˍˇˎˊʴˇˏ˃ʶ ʶˉʽˍˎ˔˗ˌ ˋʶ ʰˎˍˈ˄.

ɮˉˈ Wikipedia

ʅʹ˃ʰ˄ˍʽˁˈ ˄ʰ ˍˇ ʴ˄˖ˊʾʸʶˍʶ



ɲˇˁʽ˃ʰˋʾʰ Turing

Åʁ AlanTuring, ̱ ˇ мфрл ʶ˃ˉ˄ʶˏˋˍʹˁʶ ˃ʾʰ ʵˇˁʽ˃ʰˋʾʰ όʵˇˁʽ˃ʰˋʾʰ Turing
ĄTuring test) 

ÅBh ˋʾʸʶˍʰʽˋʶ ˃ʾʰ ˋʶʽˊʱ ʰˉˈ ʶˊ˖ˍʺˋʶʽˌ ˉˇˎ ˎˉˇʲʱ˂ʶʽ ʷ˄ʰˌ ʱ˄ʻˊ˖ˉˇˌ 
ςʁ ˅ʶˍʰˋˍʺˌ  ˍʰˎˍˈ˔ˊˇ˄ʰ ˋʶ ʷ˄ʰ˄ ʱ˄ʻˊ˖ˉˇ ˁʰʽ ˋʶ ˃ʾʰ ˃ʹ˔ʰ˄ʺΣ ˔˖ˊʾˌ 
˄ʰ ʴ˄˖ˊʾʸʶʽ ʶˁ ˍ˖˄ ˉˊˇˍʷˊ˖˄ ˉˇˎ ʰˉʶˎʻˏ˄ʶˍʰʽΦ

Åɮ˄ ˇ ʶ˅ʶˍʰˋˍʺˌ ʵʶ˄ ˁʰˍʰ˒ʷˊʶʽ ˄ʰ ˅ʶ˔˖ˊʾˋʶʽ ˍˇ˄ ʱ˄ʻˊ˖ˉˇ ʰˉˈ ˍʹ 
˃ʹ˔ʰ˄ʺΣ ˍˈˍʶ ʹ ˃ʹ˔ʰ˄ʺ ˉʶˍˎ˔ʰʾ˄ʶʽ ˍʹ ʵˇˁʽ˃ʰˋʾʰ ˁʰʽ ʻʶ˖ˊʶʾˍʰʽ 
ʶˎ˒ˎʺˌ.

Åʃʰˊˈˍʽ ʹ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁˈˍʹˍʰ ˍʹˌ ʵˇˁʽ˃ʰˋʾʰˌ Turingʶ˅ʰˊˍʱˍʰʽ ʰˉˈ 
ˉˇ˂˂ˇˏˌ ˉʰˊʱʴˇ˄ˍʶˌΣ ʻʶ˖ˊʶʾˍʰʽ ˃ʷ˔ˊʽ ˋʺ˃ʶˊʰ ʷ˄ʰ ˁʰ˂ˈ ˃ʷˍˊˇ 
ˋˏʴˁˊʽˋʹˌ ˍʹˌ ʊˎˋʽˁʺˌ όʲʽˇ˂ˇʴʽˁʺˌύ ˃ʶ ˍʹ˄ ʆʶ˔˄ʹˍʺ ɿˇʹ˃ˇˋˏ˄ʹ 

ʅʹ˃ʰ˄ˍʽˁˈ ˄ʰ ˍˇ ʴ˄˖ˊʾʸʶˍʶ



ʃˊˇˋʶʴʴʾˋʶʽˌ ˋˍʹ˄ ʆʶ˔˄ʹˍʺ 
ɿˇʹ˃ˇˋˏ˄ʹ

ɆɡůŰɐɛŬŰŬ ́ɞɡ 

ůəɏűŰɞɜŰŬɘɧˊɤɠ

ɞ Ɏɜɗɟɤˊɞɠ

çȼŬɡŰɞɛŬŰɞˊɞɑɖůɖɚŮɘŰɞɡɟɔɘɩɜ́ ɞɡ 

ůɢŮŰɑɕɞɜŰŬɘɛŮŰɖɜŬɜɗɟɩˊɘɜɖůəɏɣɖ, 

ɧˊɤɠ ɖɚɐɣɖ ŬˊɞűɎůŮɤɜ,ɖŮ́ɑɚɡůɖ 

ˊɟɞɓɚɖɛɎŰɤɜ,ɖɛɎɗɖůɖ...è

ɆɡůŰɐɛŬŰŬ́ ɞɡ ůəɏűŰɞɜŰŬɘ

ɞɟɗɞɚɞɔɘəɎ

çȼɛŮɚɏŰɖɜɞɖŰɘəɩɜɘəŬɜɞŰɐŰɤɜɛŮŰɖɜ 

ɢɟɐůɖɡˊɞɚɞɔɘůŰɘəɩɜɛɞɜŰɏɚɤɜè

ɆɡůŰɐɛŬŰŬ́ ɞɡŭɟɞɡɜ 

ɧˊɤɠɞɎɜɗɟɤˊɞɠ

çȼŰɏɢɜɖŰɖɠŭɖɛɘɞɡɟɔɑŬɠɛɖɢŬɜɩɜ 

ˊɞɡəɎɜɞɡɜɚŮɘŰɞɡɟɔɑŮɠ,ɞɘɞˊɞɑŮɠ, 

ɧŰŬɜ́ ɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘŬˊɧ 

Ŭɜɗɟɩˊɞɡɠ,ŬˊŬɘŰɞɨɜɜɞɖɛɞůɨɜɖè

ɆɡůŰɐɛŬŰŬ́ ɞɡ ŭɟɞɡɜ 

ɞɟɗɞɚɞɔɘəɎ

çȼɛŮɚɏŰɖŰɖɠůɢŮŭɑŬůɖɠŮɡűɡɩɜ 

ˊɟŬəŰɧɟɤɜè

ɳʾʵˇˌ ˍʶ˔˄ʹˍʺˌ ˄ˇʹ˃ˇˋˏ˄ʹˌɲʽʶˊʴʰˋʾʶˌ

ɹˋ˔ˎˊʺ ˍʶ˔˄ʹˍʺ ˄ˇʹ˃ˇˋˏ˄ʹ
(Strong AI, General AI)

ʂˍʽ ˁʰʽ ˇ ʱ˄ʻˊ˖ˉˇˌ 
ʰʻˊˇʽˋˍʽˁʱ

ɮˋʻʶ˄ʺˌ ˍʶ˔˄ʹˍʺ ˄ˇʹ˃ˇˋˏ˄ʹ
(WeakAI, narrow AI)

ʃʶˊʽˇˊʽˋ˃ʷ˄ˇ ʰˊʽʻ˃ˈ
ʵʽʶˊʴʰˋʽ˗˄ ˉˇˎ ˃ˉˇˊʶʾ ˄ʰ 
ʶˁˍʶ˂ʷˋʶʽ ˇ ʱ˄ʻˊ˖ˉˇˌ



ʆʶ˔˄ʹˍʺ ˄ˇʹ˃ˇˋˏ˄ʹ Ą˃ʱʻʹˋʹ ˃ʹ˔ʰ˄˗˄



ɿʶˎˊ˖˄ʽˁʱ ʵʾˁˍˎʰ ˁʰʽΧΧΧΦ

https://en.wikipedia.org/wiki/Neuron

ɰʽˇ˂ˇʴʽˁˇʾ ˄ʶˎˊ˗˄ʶˌ όʴˊʱ˒ʹ˃ʰύʅˎ˄ʱ˕ʶʽˌ



ΧΧΧΧΦ  ʆʶ˔˄ʹˍʱ ˄ʶˎˊ˖˄ʽˁʱ ʵʾˁˍˎʰ

ʆʶ˔˄ʹˍˇʾ ˄ʶˎˊ˗˄ʶˌ

Ⱥɑůɞŭɞɘ

Ȱɝɞŭɞɠ

ɀɖ ɔɟŬɛɛɘəɐ 
ůɡɜɎɟŰɖůɖ

ʁʽ ˂ʶʽˍˇˎˊʴʾʶˌ ˉˇˎ ˉˊʰʴ˃ʰˍˇˉˇʽˇˏ˄ˍʰʽ ˋʶ ˁʱʻʶ 
˄ʶˎˊ˗˄ʰ ʶʾ˄ʰʽ ˇʽ ʰˁˈ˂ˇˎʻʶˌ ό˃ʶ ˋʶʽˊʱ 
ʶˁˍʷ˂ʶˋʹˌ)

1. ʁ ˁʱʻʶ ˄ʶˎˊ˗˄ʰˌ ˉˇ˂˂ʰˉ˂ʰˋʽʱʸʶʽ ˁʱʻʶ 
ʶʾˋˇʵˇ ˍˇˎ   ˃ʶ ˍˇ ʰ˄ˍʾˋˍˇʽ˔ˇ ʲʱˊˇˌ  

нΦ ʆʰ ʴʽ˄ˈ˃ʶ˄ʰ ˍ˖˄ ʶʽˋˈʵ˖˄ ˃ʶ ˍʰ ʲʱˊʹ 
ˉˊˇˋˍʾʻʶ˄ˍʰʽ ό ʰˉˈ ˍˇ˄ ʰʻˊˇʽˋˍʺ  ύ  

оΦ ʆˇ ʱʻˊˇʽˋ˃ʰ ˍ˖˄ ʴʽ˄ˇ˃ʷ˄˖˄ ˒ʽ˂ˍˊʱˊʶˍʰʽ 
όʵʾʵʶˍʰʽ ˋʰ˄ ʶʾˋˇʵˇˌύ ʰˉˈ ˃ʽʰ ˃ʹ ʴˊʰ˃˃ʽˁʺ 
ˋˎ˄ʱˊˍʹˋʹ ˁʰʽ ˍˇ ʰˉˇˍʷ˂ʶˋ˃ʰ ʶʾ˄ʰʽ ʹ ʷ˅ˇʵˇˌ 
ˍˇˎ ˄ʶˎˊ˗˄ʰ.

ɶ ʴ˄˗ˋʹκ˃˄ʺ˃ʹ ʰˉˇʻʹˁʶˏʶˍʰʽ ˋˍʰ ʲʱˊʹ ˍ˖˄ ˋˎ˄ʱ˕ʶ˖˄

ɰʱˊʹ



ɲʾˁˍˎˇ ˄ʶˎˊ˗˄˖˄ ˋʶ ʷ˃ʲʽˇˎˌ ˇˊʴʰ˄ʽˋ˃ˇˏˌ

https://www.bioalternatives.com/en/catalogue/hippocam
pal-neuron-network-glutamate-intoxicated/

https://www.sciencephoto.com/media/796913/view/cor
tical-neurons-sem



ɲʾˁˍˎˇ ʆʶ˔˄ʹˍ˗˄ ɿʶˎˊ˗˄˖˄
ώʺ ʆʶ˔˄ʹˍˈ ɿʶˎˊ˖˄ʽˁˈ ɲʾˁˍˎˇ όʆɿɲύϐ

Ⱦɟɡűɧ ůŰɟɩɛŬ

ɆŰɟɩɛŬ Ůɝɧŭɞɡ

ɆŰɟɩɛŬ Ůɘůɧŭɞɡ

ȰɝɞŭɞɘȺɑůɞŭɞɘ

ʆˎˉʽˁʺ ʵˇ˃ʺ ʶ˄ˈˌ ˉˇ˂ˎˋˍˊ˖˃ʰˍʽˁˇˏʵʽˁˍˏˇˎ 
˃ʶ ˒ˇˊʱ ˉˊˇˌ ˍʰ ʶ˃ˉˊˈˌ όfeedforward).

ɴ˔ʶʽ
ɴ˄ʰ ˋˍˊ˗˃ʰ ʶʽˋˈʵˇˎ
ɴ˄ʰ ˋˍˊ˗˃ʰ ʶ˅ˈʵˇˎ ˁʰʽ 
ɳ˄ʵʽʱ˃ʶˋʰ ʷ˄ʰ ˁˊˎ˒ˈ ˋˍˊ˗˃ʰ
ʂ˂ˇʽ ˇʽ ˄ʶˎˊ˗˄ʶˌ ʶ˄ˈˌ ˋˍˊ˗˃ʰˍˇˌ 
ˋˎ˄ʵʷˇ˄ˍʰʽ ˃ʶ ˍˇˎˌ ˄ʶˎˊ˗˄ʶˌ ˍˇˎ ʰ˃ʷˋ˖ˌ 
ʶˉˈ˃ʶ˄ˇˎ ˋˍˊ˗˃ʰˍˇˌ

ɳʾ˄ʰʽ ʵˎ˄ʰˍˈ˄ ˄ʰ ʷ˔ʶʽ ʷ˄ʰ ʺ ˉʶˊʽˋˋˈˍʶˊʰ 
ˁˊˎ˒ʱ ˋˍˊ˗˃ʰˍʰΦ

Multilayer feedforward Artificial Neural Network



ɼʰʽ ˉ˗ˌ ˃ʰʻʰʾ˄ʶʽ ΚΗΚ
ʋˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʷ˄ʰˌ 
ʰ˂ʴˈˊʽʻ˃ˇˌ 
ʶˁˉʰʾʵʶˎˋʹˌ

Ⱦɟɡűɧ ůŰɟɩɛŬ

ɆŰɟɩɛŬ Ůɝɧŭɞɡ

ɆŰɟɩɛŬ Ůɘůɧŭɞɡ

ȰɝɞŭɞɘȺɑůɞŭɞɘ

ʃΦ˔Φ

ʁ ʰ˂ʴˈˊʽʻ˃ˇˌ 
ˇˉʽˋʻˇʵˊˇ˃ʽˁʺˌ ʵʽʱʵˇˋʹˌ 
ˍˇˎ ˋ˒ʱ˂˃ʰˍˇˌ όback 
propagation of the error)

ʃˊʰˁˍʽˁʱ ʰ˄ ʺ ʷ˅ˇʵˇˌ ˍˇˎ 
ʆɿɲ ʶʾ˄ʰʽ ˁˇ˄ˍʱ ˋˍʹ˄ 
ˉˊʰʴ˃ʰˍʽˁʺ ʷ˅ˇʵˇ ˍˈˍʶ ˍʰ 
ʲʱˊʹ ˈˋ˖˄ ˄ʶˎˊ˗˄˖˄ 
ˋˎ˄ʶʽˋ˒ʷˊˇˎ˄ ˉˊˇˌ ʰˎˍʺ 
ˍʹ˄ ʷ˅ˇʵˇ ʶˉʽʲˊʰʲʶˏˇ˄ˍʰʽ 
ˋʶ ʵʽʰ˒ˇˊʶˍʽˁʺ ˉʶˊʾˉˍ˖ˋʹ 
ζˍʽ˃˖ˊˇˏ˄ˍʰʽη



ɳˉʽʲ˂ʶˉˈ˃ʶ˄ʰ ϧ ˃ʹ ʶˉʽʲ˂ʶˉˈ˃ʶ˄ʰ ʆɿɲ

ɳˉʽʲ˂ʶˉˈ˃ʶ˄ʰ

ɼʰˍʱ ˍʹ ʵʽʰʵʽˁʰˋʾʰ ʶˁˉʰʾʵʶˎˋʹˌ 
ʶʾ˄ʰʽ ʰˉʰˊʰʾˍʹˍˇ ˄ʰ ʴ˄˖ˊʾʸˇˎ˃ʶ 
ˍʹ˄ ʷ˅ˇʵˇ ˉˇˎ ʰˉʰʽˍˇˏ˃ʶ ʰˉˈ ˍˇ 
ʆɿɲ ˄ʰ ˉʰˊʱ˅ʶʽ

ɶ ˉ˂ʶʽˇ˕ʹ˒ʾʰ ˍ˖˄ ʵʽʰ˒ˇˊʶˍʽˁ˗˄ 
ʰˊ˔ʽˍʶˁˍˇ˄ʽˁ˗˄ ʆɿɲ ʶʾ˄ʰʽ 
ʶˉʽʲ˂ʶˉˈ˃ʶ˄ʶˌ

ɾʹ ʶˉʽʲ˂ʶˉˈ˃ʶ˄ʰ

ɼʰˍʱ ˍʹ ʵʽʰʵʽˁʰˋʾʰ ʶˁˉʰʾʵʶˎˋʹˌ ʵʶ˄ 
ʴ˄˖ˊʾʸˇˎ˃ʶ ˍʹ˄ ʷ˅ˇʵˇ

ʆˇ ʆɿɲ ˇˊʴʰ˄˗˄ʶʽ ʰˉˈ ˃ˈ˄ˇ ˍˇˎ 
ˇ˃ʱʵʶˌ ˃ʶ ˇ˃ˇʶʽʵʺ ʵʶʵˇ˃ʷ˄ʰ 
όʶʽˋˈʵˇˎˌύ

ɮ˂˂ʱ ˃ʶˍʱ ˍˇ ʲʰʻ˃ˇ˄ˇ˃ˇˏ˃ʶ 
όˇˊʾʸˇˎ˃ʶ ˁʱʻʶ ˇ˃ʱʵʰ ˋʶ ˉˇʽʰ 
ˁʰˍʹʴˇˊʾʰ ʰ˄ʺˁʶʽύ



ʃʰˊʱʵʶʽʴ˃ʰ ˃ʹ ʶˉʽʲ˂ʶˉˈ˃ʶ˄ˇˎ ʆɿɲ
ʅʶ ˍʰ˅ʽ˄ˈ˃ʹˋʹ ˁˎˍˍʰˊˇ˂ˇʴʽˁ˗˄ 
ʰ˂˂ˇʽ˗ˋʶ˖˄

Self Organizing Map (SOM)

SOM ȋȄ ȖȐȘȋȀȓȈȉǽ 
ȉȘȃȈȉȎȏȎǾȆȒȆ, ȒȜȋȕȘȌȀ ȋȄ ȓȎ 
ȀȏȎȓǼȊȄȒȋȀ ȓȆȑ ȉȔȓȓȀȐȎȊȎȂȈȉǽȑ 
ȄȍǼȓȀȒȆȑ ȉȀȈ ȋȄ ȔȏțȁȀȇȐȎ(+ ǽ -) 
ȓȆ ȁȀȇȋȎȌțȋȆȒȆ ȓȘȌ ȉțȋȁȘȌ, 
ȒȜȋȕȘȌȀ ȋȄ ȓȆȌ ȈȒȓȎȊȎȂȈȉǽ 
ȃȈǻȂȌȘȒȆ: ÓCIN2 (+), ÒCIN1 (-)

ɥʌʇʀ ʔʍʡʈɻ ɾʅɻ ʐɻ ʌʀʍʅʎʐɻʐʅʆʗ ʌʋʑ ʀʚʉɻʅ ʆʑʐʐɻʍʋʇʋɾʅʆʡʏ 
ɻʍʉʂʐʅʆʗȟ ʌʍʗʎʅʉʋ ɾʅɻ ʐʅʏ ʔɻʈʂʇʝɼɻʃʈʀʏ ɻʇʇʋʅʡʎʀʅʏ 
(LGSILɊ ʆɻʅ ʆʚʐʍʅʉʋȟ ʌʋʍʐʋʆɻʇʚ ɾʅɻ ʐʅʏ ʑʕʂʇʝɼɻʃʈʀʏ 

ɻʇʇʋʅʡʎʀʅʏ ɉASC-H, HGSIL) 

ɼˎ˕ʶ˂ˇʶʽʵʺˌ 
ʵʽʱˍʰ˅ʹ

˄ʶˎˊ˗˄˖˄



ʆʽ ʶʾ˄ʰʽ ˍʰ ʆʶ˔˄ʹˍʱ ɿʶˎˊ˖˄ʽˁʱ ɲʾˁˍˎʰ

Åʆʰ ʆɿɲ ʶʾ˄ʰʽ ʵʾˁˍˎʰ ʰˉˈ ʰˉ˂ˇˏˌ ˎˉˇ˂ˇʴʽˋˍʽˁˇˏˌ ˁˈ˃ʲˇˎˌ όˍʶ˔˄ʹˍˇˏˌ 
˄ʶˎˊ˗˄ʶˌύΣ ʵʽʰˋˎ˄ʵʶʵʶ˃ʷ˄ˇˎˌ ˃ʶˍʰ˅ˏ ˍˇˎˌ.

Åɳ˃ˉ˄ʶˎˋ˃ʷ˄ʰ ʰˉˈ ˍˇ ˁʶ˄ˍˊʽˁˈ ˄ʶˎˊʽˁˈ ˋˏˋˍʹ˃ʰΣ ˍˇ ˇˉˇʾˇ 
ˉˊˇˋˉʰʻˇˏ˄ ˄ʰ ̄́ˇˋˇ˃ˇʽ˗ˋˇˎ˄ ʰ˂˂ʱ ˋʶ ˉˇ˂ˏ ˉʽˇ ʰˉ˂ˇˉˇʽʹ˃ʷ˄ʹ 
˃ˇˊ˒ʺ

ʅʹ˃ʰ˄ˍʽˁˈ ˄ʰ ˍˇ ʴ˄˖ˊʾʸʶˍʶ



ʃˇ˂ˎˉ˂ˇˁˈˍʹˍʰ ʆɿɲ

https://www.jneurosci.org/content/25/10/2518

https://www.jneurosci.org/content/25/10/2518


ɮˊʽˋˍˇˍʷ˂ʹˌ(335 .̄ʋ.): çɮˉ̍ ̍h˂ ˍhʸ˗ȟ ʱ˄ʻˊ˖ˉˇˌ ̫̝ ʶ̔ ˍˇ˄˃ʶʴʰ˂ˏˍʶˊˇ 
ʶʴˁʷ˒ʰ˂ˇ̀ ʶ ʰ˄ʰ˂ˇʴʾʰ˃ ʶ ˍˇ˃ ʷʴʶʻˈˌ ̱ˎ̌è

ñIt is odds on that a machine - or organ - with sluggishly functioning components and a parallel mode of operation would be able to thrash a

computer with

high speed components but a sequential mode of operationò

J. Copeland, Artificial Intelligence. Oxford: Blackwell Publishers, 1993.

ɈˊŮɟɡˊɞɚɞɔɘůŰɐɠɄɟɞůɤˊɘəɧɠ 

ɈˊɞɚɞɔɘůŰɐɠ

ȷɜɗɟɩˊɘɜɞɠ 

ȺɔəɏűŬɚɞɠ

ɈˊɞɚɞɔɘůŰɘəɏɠ 

ɀɞɜɎŭŮɠ

104 CPUs

1012ŰɟŬɜɕɑůŰɞɟ

4 CPUs

109 ŰɟŬɜɕɑůŰɞɟ

1011 ɜŮɡɟɩɜŮɠ

ɀɞɜɎŭŮɠ

ɛɜɐɛɖɠ

1014 bits Rȷɀ

1015 bits ŭɑůəɞɠ

1011 bits Rȷɀ

1013 bits ŭɑůəɞɠ

1011 ɜŮɡɟɩɜŮɠ

1014ůɡɜɎɣŮɘɠ

Ⱦɨəɚɞɠ 

ɟɞɚɞɔɘɞɨ

10-9 secs 10-9 secs 10-3 secs

ȺɜŰɞɚɏɠ/sec1015 1010 1017

https://human-memory.net/brain-neurons-synapses/



ɶ ˊˇʺ όʲʺ˃ʰˍʰύ ʴʽʰ ˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ʶ˄ˈˌ ˋˎˋˍʺ˃ʰˍˇˌ 
˃ʶ ˁʱˉˇʽʰ ʽˁʰ˄ˈˍʹˍʰ ˄ˇʹ˃ˇˋˏ˄ʹˌ όˍʰ˅ʽ˄ˇ˃ʹˍʺˌ)



ʃˊˇ-ʶˉʶ˅ʶˊʴʰˋʾʰ

ȷűŬɑɟŮůɖ Űɤɜ ŭŮŭɞɛɏɜɤɜ ˊɞɡ ŭŮɜ ŮɑɜŬɘ ɞɚɞəɚɖɟɤɛɏɜŬ

ɇɡˊɞˊɞɑɖůɖ ŭŮŭɞɛɏɜɤɜ

ȾŬɜɞɜɘəɞˊɞɑɖůɖŰɞɡɠ ɩůŰŮ ɧɚŬ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ ɜŬ 

ɗŮɤɟɞɨɜŰŬɘ ˊɤɠ ŮɑɜŬɘ ɘůɞŭɨɜŬɛŬ əŬŰɎ Űɖɜ ŰŬɝɘɜɧɛɖůɖ 

ɉɤɟɘůɛɧɠ ůŰɞ ůɨɜɞɚɞ ŮəˊŬɑŭŮɡůɖɠ əŬɘ Ůɚɏɔɢɞɡ 

(ŮɜŭŮɢɞɛɏɜɤɠ əŬɘ ůŮ ŰɟɑŬ ɛɏɟɖ)



ɳˉʽ˂ˇʴʺ ˁʰˍʱ˂˂ʹ˂ˇˎ ˍʰ˅ʽ˄ˇ˃ʹˍʺόʆɿɲύ
ȺɑɜŬɘ ůɡɜɎɟŰɖůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ˊɞɡ ŬˊŬɘŰŮɑŰŬɘ ɜŬ ŮˊɘɚɡɗŮɑ

ˊ.ɢ. ɇɁȹ Űɞɡ Űɨˊɞɡ ɞˊɘůɗɞŭɟɞɛɘəɐɠ ŭɘɎŭɞůɖɠ Űɞɡ 

ůűɎɚɛŬŰɞɠ ŮɑɜŬɘ ɘŭŬɜɘəɎ ɔɘŬ Űɖɜ ˊɟɞůɏɔɔɘůɖ ůɡɜŮɢɩɜ 

ůɡɜŬɟŰɐůŮɤɜ

ŭɑəŰɡŬ Űɞɡ Űɨˊɞɡ LVQ (Learning Vector Quantization) ŮɑɜŬɘ 

ˊɟɞŰɘɛɧŰŮɟŬ ɔɘŬ Űɖɜ Ůˊɑɚɡůɖ ˊɟɞɓɚɖɛɎŰɤɜ 

clustering/ɞɛŬŭɞˊɞɑɖůɖɠ

ȺɑɜŬɘ ŭɡɜŬŰɧɜ ɜŬ ŬˊŬɘŰɖɗŮɑ əŬɘ ɜɏŬ ˊɟɞ-ŮˊŮɝŮɟɔŬůɑŬ əɡɟɑɤɠ ůŰɞ ůŰɎŭɘɞ Űɖɜ əŬɜɞɜɘəɞˊɞɑɖůɖɠ, ˊ.ɢ. ůŮ ůŰŬ 

ɜŮɡɟɤɜɘəɎ ŭɑəŰɡŬ ɞˊɘůɗɞŭɟɞɛɘəɐɠ ŭɘɎŭɞůɖɠ Űɞɡ ůűɎɚɛŬŰɞɠ ɖ ɛɏɔɘůŰɖ əŬɘ ŮɚɎɢɘůŰɖ Űɘɛɐ Űɤɜ ŭŮŭɞɛɏɜɤɜ 

ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖɜ ŮˊɘɚŮɔɛɏɜɖ ůɘɔɛɞŮɘŭɐ ůɡɜɎɟŰɖůɖ. 



ɳˁˉʰʾʵʶˎˋʹ ˁʰʽ ɮ˅ʽˇ˂ˈʴʹˋʹ

ɇɞ ŮˊɧɛŮɜɞ ɓɐɛŬ ŮɑɜŬɘ ɖ ŮəˊŬɑŭŮɡůɖ ɛŮ Űɖ ɓɞɐɗŮɘŬ Űɞɡ 

ůɡɜɧɚɞɡ ŮəˊŬɑŭŮɡůɖɠ əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ ɖ Ŭɝɘɞɚɧɔɖůɖ ɛŮ Űɖ 

ɓɞɐɗŮɘŬ Űɞɡ ůɡɜɧɚɞɡ ŭɞəɘɛɩɜ. 



ɲˎ˄ʰ˃ʽˁʺ ʵʽʰʵʽˁʰˋʾʰ

ɆŮ ˊŮɟɑˊŰɤůɖ ˊɞɡ ŭŮɜ ŮˊɘŰɡɔɢɎɜɞɜŰŬɘ ɘəŬɜɞˊɞɘɖŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ ŮɑɜŬɘ ŭɡɜŬŰɧɜ 

ɜŬ ŮˊŬɜŬɚɖűɗŮɑ ɖ ˊɟɞˊŬɟŬůəŮɡɐ ɛŮ ŰŬɡŰɧɢɟɞɜɖ ŬɚɚŬɔɐ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ Űɞɡ 

ɇɁȹ ɐ ŬəɧɛŬ əŬɘ ɛŮ ŬɚɚŬɔɐ Űɞɡ ɛɞɜŰɏɚɞɡ ɇɁȹ.

ɀŮŰɎ Ŭˊɧ Űɘɠ ŬˊŬɟŬɑŰɖŰŮɠ ŮˊŬɜŬɚɐɣŮɘɠ ɛɏɢɟɘ ɜŬ ŮˊɘŰŮɡɢɗɞɨɜ ɘəŬɜɞˊɞɘɖŰɘəɎ  

ŬˊɞŰŮɚɏůɛŬŰŬ əŬɘ Űɞ ŰŮɚɘəɧ ůɡɜŰɞɜɘůɛɧ Űɞɡ ɇɁȹ, Űɞ Ůɡűɡɏɠ ůɨůŰɖɛŬ ɚɐɣɖɠ 

ŬˊɧűŬůɖɠ ɏɢŮɘ ˊɚɏɞɜ ŮəˊŬɘŭŮɡŰŮɑ əŬɘ ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ůŮ ɛɘŬ 

ˊŬɟŬɔɤɔɘəɐ ɚŮɘŰɞɡɟɔɑŬ



ɲʶʾˁˍʶˌ ʰˉˈʵˇˋʹˌ
ɲʶʾˁˍʹˌ ɮˉˈʵˇˋʹɳ̩˅ʾˋ˖ˋʹ ʃʶˊʽʴˊʰ˒ʺ

ɮ˂ʹʻ˗ˌ ɸʶˍʽˁˈ ό¢tύ ɼʰ˃ʾʰΣ ʶʾ˄ʰʽ ˇ ʰˊʽʻ˃ˈˌ ˍ˖˄ 

ˉʶˊʽˋˍʰˍʽˁ˗˄

ʆˇ ˉʶˊʽˋˍʰˍʽˁˈ ʻʶ˖ˊʶʾˍʰʽ ˖ˌ ¢t ʶʱ˄ ʰ˄ʰʴ˄˖ˊʾʸʶˍʰʽ ˖ˌ ɸʶˍʽˁˈ ʰˉˈ ˍʹ˄ ʶ˒ʰˊ˃ˇʸˈ˃ʶ˄ʹ ˃ʷʻˇʵˇ ˁʰʽ ʶʾ˄ʰʽ ˉˊʱʴ˃ʰˍʽ ɸʶˍʽˁˈ

ɮ˂ʹʻ˗ˌ ɮˊ˄ʹˍʽˁˈ ό¢bύ ɼʰ˃ʾʰΣ ʶʾ˄ʰʽ ˇ ʰˊʽʻ˃ˈˌ ˍ˖˄ 

ˉʶˊʽˋˍʰˍʽˁ˗˄

ʆˇ ˉʶˊʽˋˍʰˍʽˁˈ ʻʶ˖ˊʶʾˍʰʽ ˖ˌ ¢ɿ ʶʱ˄ ʰ˄ʰʴ˄˖ˊʾʸʶˍʰʽ ˖ˌ ɮˊ˄ʹˍʽˁˈ ʰˉˈ ˍʹ˄ ʶ˒ʰˊ˃ˇʸˈ˃ʶ˄ʹ ˃ʷʻˇʵˇ ˁʰʽ ʶʾ˄ʰʽ ˉˊʱʴ˃ʰˍʽ ɮˊ˄ʹˍʽˁˈ

ʌʶˎʵ˗ˌɸʶˍʽˁˈ(FP) ɼʰ˃ʾʰΣ ʶʾ˄ʰʽ ˇ ʰˊʽʻ˃ˈˌ ˍ˖˄ 

ˉʶˊʽˋˍʰˍʽˁ˗˄

ʆˇ ˉʶˊʽˋˍʰˍʽˁˈ ʻʶ˖ˊʶʾˍʰʽ ˖ˌ Ct ʶʱ˄ ʰ˄ʰʴ˄˖ˊʾʸʶˍʰʽ ˖ˌ ɸʶˍʽˁˈ ʰˉˈ ˍʹ˄ ʶ˒ʰˊ˃ˇʸˈ˃ʶ˄ʹ ˃ʷʻˇʵˇ ˁʰʽ ʶʾ˄ʰʽ ˉˊʱʴ˃ʰˍʽ ɮˊ˄ʹˍʽˁˈ

ʌʶˎʵ˗ˌɮˊ˄ʹˍʽˁˈ(FN) ɼʰ˃ʾʰΣ ʶʾ˄ʰʽ ˇ ʰˊʽʻ˃ˈˌ ˍ˖˄ 

ˉʶˊʽˋˍʰˍʽˁ˗˄

ʆˇ ˉʶˊʽˋˍʰˍʽˁˈ ʻʶ˖ˊʶʾˍʰʽ ˖ˌ Cɿ ʶʱ˄ ʰ˄ʰʴ˄˖ˊʾʸʶˍʰʽ ˖ˌ ɮˊ˄ʹˍʽˁˈ ʰˉˈ ˍʹ˄ ʶ˒ʰˊ˃ˇʸˈ˃ʶ˄ʹ ˃ʷʻˇʵˇ ˁʰʽ ʶʾ˄ʰʽ ˉˊʱʴ˃ʰˍʽ ɸʶˍʽˁˈ

ɳˎʰʽˋʻʹˋʾʰ ʺ ʃˇˋˇˋˍˈ ɮ˂ʹʻ˗ˌ 

ɸʶˍʽˁ˗˄ ό¢twύ

ɳˎʰʽˋʻʹˋʾʰ Ґ ¢tκt Ґ 

TP(TP+FN)

ɾʶˍˊʱʶʽ ˍˇ ˉˇˋˇˋˍˈ ˍ˖˄ ɸʶˍʽˁ˗˄ ˉˇˎ ʶʾ˄ʰʽ ˋ˖ˋˍʱ ʰ˄ʰʴ˄˖ˊʽˋ˃ʷ˄ʰ ˖ˌ ɸʶˍʽˁʱ

ɳʽʵʽˁˈˍʹˍʰ ʺ ʃˇˋˇˋˍˈ ɮ˂ʹʻ˗ˌ 

ɮˊ˄ʹˍʽˁ˗˄ ό¢bwύ

ɳʽʵʽˁˈˍʹˍʰ Ґ ¢bκb Ґ 

TN/(TN+FP)

ɾʶˍˊʱʶʽ ˍˇ ˉˇˋˇˋˍˈ ˍ˖˄ ɮˊ˄ʹˍʽˁ˗˄ ˉˇˎ ʶʾ˄ʰʽ ˋ˖ˋˍʱ ʰ˄ʰʴ˄˖ˊʽˋ˃ʷ˄ʰ ˖ˌ ɮˊ˄ʹˍʽˁʱ

ɸʶˍʽˁʺ ʃˊˇʴ˄˖ˋˍʽˁʺ ɮ˅ʾʰ όtt±ύPPV = TP/(TP+FP) ʆˇ ˉˇˋˇˋˍˈ ˍ˖˄ ɸʶˍʽˁ˗˄ ɮˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ˉˇˎ ʶʾ˄ʰʽ ˉˊʱʴ˃ʰˍʽ ɸʶˍʽˁʱ

ɮˊ˄ʹˍʽˁʺ ʃˊˇʴ˄˖ˋˍʽˁʺ ɮ˅ʾʰ 

(NPV)

NPV = TN/(TN+FN) ʆˇ ˉˇˋˇˋˍˈ ˍ˖˄ ɮˊ˄ʹˍʽˁ˗˄ ɮˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ˉˇˎ ʶʾ˄ʰʽ ˉˊʱʴ˃ʰˍʽ ɮˊ˄ʹˍʽˁʱ

ʌʶˎʵ˗ˌ ɸʶˍʽˁˈ ʃˇˋˇˋˍˈ όCtwύ ʺ 

fall-ƻǳǘ ʺ ʃˇˋˇˋˍˈ ŦŀƭǎŜ ŀƭŀǊƳ

FPR = FP/N = FP/(TN+FP) = 1-

ɳʽʵʽˁˈˍʹˍʰ Ґ м-TNR

ɶ ʰ˄ʰ˂ˇʴʾʰ ˃ʶˍʰ˅ˏ ˍˇˎ ʰˊʽʻ˃ˇˏ ˍ˖˄ ʰˊ˄ʹˍʽˁ˗˄ ʶˎˊʹ˃ʱˍ˖˄ ˉˇˎ ʷ˔ˇˎ˄ ˂ʰ˄ʻʰˋ˃ʷ˄ʰ ˁʰˍʹʴˇˊʽˇˉˇʽʹʻʶʾ ˖ˌ ɸʶˍʽˁʱ όʌʶˎʵ˗ˌ ɸʶˍʽˁʱύ ˁʰʽ 

ˍˇˎ ˇ˂ʽˁˇˏ ʰˊʽʻ˃ˇˏ ˍ˖˄ ˉˊʰʴ˃ʰˍʽˁ˗˄ ɮˊ˄ʹˍʽˁ˗˄ ʶˎˊʹ˃ʱˍ˖˄Φ ɶ ˉʽʻʰ˄ˈˍʹˍʰ ˍʹˌ ˂ʰ˄ʻʰˋ˃ʷ˄ʹˌ ʶˁˍʾ˃ʹˋʹˌ ˃ʽʰˌ ˉʶˊʾˉˍ˖ˋʹˌ ˖ˌ ɸʶˍʽˁʺΦ 

ɳʾ˄ʰʽ ˍˇ ʰˉˇˍʷ˂ʶˋ˃ʰ ˉˇˎ ʵʶʾ˔˄ʶʽ ˈˍʽ ˃ʽʰ ʵʶʵˇ˃ʷ˄ʹ ˁʰˍʱˋˍʰˋʹ ˎˉʱˊ˔ʶʽΣ ʶ˄˗ ˋˍʹ˄ ˉˊʰʴ˃ʰˍʽˁˈˍʹˍʰ ʵʶ˄ ˎˉʱˊ˔ʶʽΦ

ʌʶˎʵ˗ˌ ɮˊ˄ʹˍʽˁˈ ʃˇˋˇˋˍˈ 

(FNR)

FNR = FN/P = FN/(TP+FN) = 1-

ɳˎʰʽˋʻʹˋʾʰ Ґ м-TPR

ɶ ʰ˄ʰ˂ˇʴʾʰ ˃ʶˍʰ˅ˏ ˍˇˎ ʰˊʽʻ˃ˇˏ ˍ˖˄ ɸʶˍʽˁ˗˄ ʶˎˊʹ˃ʱˍ˖˄ ˉˇˎ ʷ˔ˇˎ˄ ˂ʰ˄ʻʰˋ˃ʷ˄ʰ ˁʰˍʹʴˇˊʽˇˉˇʽʹʻʶʾ ˖ˌ ɮˊ˄ʹˍʽˁʱ όʌʶˎʵ˗ˌ ɮˊ˄ʹˍʽˁʱύ ˁʰʽ 

ˍˇˎ ˇ˂ʽˁˇˏ ʰˊʽʻ˃ˇˏ ˍ˖˄ ˉˊʰʴ˃ʰˍʽˁ˗˄ ɸʶˍʽˁ˗˄ ʶˎˊʹ˃ʱˍ˖˄Φ ɶ ˉʽʻʰ˄ˈˍʹˍʰ ˍʹˌ ˂ʰ˄ʻʰˋ˃ʷ˄ʹˌ ʶˁˍʾ˃ʹˋʹˌ ˃ʽʰˌ ˉʶˊʾˉˍ˖ˋʹˌ ˖ˌ ɮˊ˄ʹˍʽˁʺΦ 

ʅˎ˄ˇ˂ʽˁʺ ɮˁˊʾʲʶʽʰ ʺ ɮˁˊʾʲʶʽʰ 

(OA)

OA = (TP+TN)/(TP+TN+FP+FN) 

= (TP+TN)/(P+N)

ɾʷˍˊʹˋʹ ˉˇˎ ˎˉˇʵʹ˂˗˄ʶʽ ˍˇ ˉˇˋˇˋˍˈ ʶˉʽˍˎ˔ʾʰˌ ˃ʽʰˌ ˃ʶʻˈʵˇˎΦ



ɾʶʽˇ˄ʶˁˍʺ˃ʰˍʰ ˍ˖˄ ʆɿɲ

ÅʇˉʶˊʶˁˉʰʾʵʶˎˋʹΥ ʆˇ ˋˏˋˍʹ˃ʰ ʵʶ˄ ʴʶ˄ʽˁʶˏʶʽΣ ʵʹ˂ʰʵʺ ʶ˄˗ ˎˉʱˊ˔ʶʽ 
ˎ˕ʹ˂ʺ ʶˉʾʵˇˋʹ ˋˍˇ ˋˏ˄ˇ˂ˇ ʶˁˉʰʾʵʶˎˋʹˌ ˎˉʱˊ˔ʶʽ ˒ˍ˖˔ʺ ʰˉˈʵ˖ˋʹ
ˋˍˇ ˋˏ˄ˇ˂ˇ ʵˇˁʽ˃˗˄

Åɮˉʰʽˍʶʾˍʰʽ ˃ʶʴʱ˂ˇˌ ʰˊʽʻ˃ˈˌ ʵʶʵˇ˃ʷ˄˖˄

Åɲʶ˄ ˎˉʱˊ˔ʶʽ ʰʽˍʽˇ˂ˈʴʹˋʹ ˍˇˎ ˃ʹ˔ʰ˄ʽˋ˃ˇˏ ʰˉˈ˒ʰˋʹˌ

ʅʹ˃ʰ˄ˍʽˁˈ ˄ʰ ˍˇ ʴ˄˖ˊʾʸʶˍʶ



ɿʷʶˌ ˍʶ˔˄ʽˁʷˌ Ąɰʰʻʽʱ ˃ʱʻʹˋʹ όdeep learning)

Åɾʽʰ ˄ʷʰ ˁʰˍʹʴˇˊʾʰ ʰ˂ʴˇˊʾʻ˃˖˄ ʶˁˉʰʾʵʶˎˋʹˌ όʰ˂˂ʱ ˁʰʽ ʵˇ˃˗˄ ʆɿɲύ 
ˋˍʰ ˇˉˇʾʰ  ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˉˇ˂˂ʰˉ˂ʱ ˋˍˊ˗˃ʰˍʰ όʱˊʰ ʲʰʻʽʷˌ 
ʵˇ˃ʷˌ Ądeep).

Åɼʱʻʶ ˋˍˊ˗˃ʰ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˍʹ ˋˍʰʵʽʰˁʺ ʰ˄ʰʴ˄˗ˊʽˋʹ ʰˉˈ 
ʰˉ˂ˇˉˇʽʹ˃ʷ˄ʶˌ ʵˇ˃ʷˌ ˋʶ ˋˍʰʵʽʰˁʱ ˉʽˇ ˂ʶˉˍˇ˃ʶˊʶʾˌ ʵˇ˃ʷˌ ˉΦ˔Φ ʰˁ˃ʷˌ 
ˋʶ ʶʽˁˈ˄ʶˌ ˃ʷ˔ˊʽ ˋˍʰʵʽʰˁʱ ʰ˄ˍʽˁʶʾ˃ʶ˄ʰ ʺ ʱ˂˂ʶˌ ʵˇ˃ʷˌ ˈˉ˖ˌ 
ʴˊʱ˃˃ʰˍʰ ˁʰʽˉˊˈˋ˖ˉʰ. 



ʋˊʺˋʶʽˌ ʲʰʻʽʱˌ ˃ʱʻʹˋʹˌ

ɳ˒ʰˊ˃ˇʴʷˌ ˋʶ ̍́ʰˋʹ ˎˉˇ˂ˇʴʽˋˍʺ (computer vision), h ˄ʰʴ˄˗ˊʽˋʹ 
˂ˈʴˇˎ όspeech recognition), ʁ ˉʶ˅ʶˊʴʰˋʾʰ ʵʶʵˇ˃ʷ˄˖˄ ʰˉˈ ˁˇʽ˄˖˄ʽˁʱ 
ʵʾˁˍˎʰ όsocial networks), ˃ ʶˍʰ˒ˊʱˋʶʽˌ όmachine translation), 
ʵʽʱ˒ˇˊʰ ˉʶʵʾʰ ʲʽˇˉ˂ʹˊˇ˒ˇˊʽˁʺˌ(bioinformatics), ̀ ˔ʶʵʽʰˋ˃ˈˌ 
˒ʰˊ˃ʱˁ˖˄Σ ʰ˄ʱ˂ˎˋʹ ʽʰˍˊʽˁ˗˄ ʶʽˁˈ˄˖˄. ɼʰʽ ʴʶ˄ʽˁʱ ˋʶ ʶ˒ʰˊ˃ˇʴʷˌ 
ˉˇˎ ʰˉʰʽˍʶʾˍʰʽ ˎ˕ʹ˂ʺ ʶ˅ʶʽʵʾˁʶˎˋʹ ʰ˂˂ʱ ˁʰʽ ʰˉ˂ʷˌ ʵʽʰʵʽˁʰˋʾʶˌ.



ɳ˒ʰˊ˃ˇʴʷˌ



TNɲ̀ ˍʹ˄ ˉʰʻˇ˂ˇʴʽˁʺ ʰ˄ʰˍˇ˃ʽˁʺκʰ˄ʱ˂ˎˋʹ ʶʽˁˈ˄ʰˌ

ɷʵʹ ʰˉˈ ˍʹ˄ 
ˉʶˊʾˇʵˇ ˉˇˎ ˍʰ 
ʆɿɲ ʺˍʰ˄ ʷ˄ʰ 
ˋʹ˃ʰ˄ˍʽˁˈ ˉʶʵʾˇ 
ʷˊʶˎ˄ʰˌ

ʅˎˋˍʺ˃ʰˍʰ ˕ʹ˒ʽˇˉˇʾʹˋʹˌ 
ʶʽˁˈ˄˖˄

ɲʽʰʵʽˁʰˋʾʰ ˕ʹ˒ʽˇˉˇʾʹˋʹˌ ˁʰʽ ˃ʶˍˊʺˋʶ˖˄ ˋʶ ʶʽˁˈ˄ʶˌ



ɳ˒ʰˊ˃ˇʴʺ



ɾʹ ʶˉʽʲ˂ʶˉˈ˃ʶ˄ˇ ʆɿɲˋʶ ʶ˄ˍˇˉʽˋ˃ˈ 
ζʰˋˎ˄ʺʻʽˋˍ˖˄η ʵˇ˃˗˄



ʃʰˊʱʵʶʽʴ˃ʰ ˋˍʹ ʵʽʱʴ˄˖ˋʹ ʰˉˈ ˍˇ ˃ʽˁˊˇˋˁˈˉʽˇ



Geometric Densitometric/textural
Nucleus area Integrated optical density

Nucleus major axis Mean value of nucleus red color
Nucleus minor axis Mean value of nucleus green color
Aspect ration Mean value of nucleus blue color
Maximum caliper Mean value of optical density
Minimum caliper Maximum value of optical density
Average value of caliper Minimum value of optical density
Maximum nucleus radius Standard deviation of optical density
Minimum nucleus radius Margination
Radius ratio Heterogeneity
Nucleus perimeter
Nucleus roundness
Fractal dimension

Cases number
Training set NO YES Grand Total

AdenoCa 1 1 2
Atrophy 13 13 26
Endometrioid Ca 24 24 48
Endometrioid Ca-grade I 4 4 8
Hyperplasia with atypia 3 4 7
Hyperplasia without atypia 19 18 37
Proliferative phase 28 28 56
Secretory phase 17 18 35
Serous Ca 2 2 4
Grand Total 111 112 223

Nuclei number
Adeno Ca 90 78 168
Atrophy 1269 1285 2554
Endometrioid Ca 2482 2527 5009
Endometrioid Ca-grade I 384 394 778
Hyperplasia with atypia 333 380 713
Hyperplasia without atypia 1994 1800 3794
Proliferative phase 2849 2945 5794
Secretory phase 1707 1953 3660
Serous Ca 188 179 367
Grand Total 11296 11541 22837

Data

FeaturesBenign

Malignant

Featuresɾʶˍˊʺˋʶʽˌ ˋʶ ˕ʹ˒ʽʰˁʷˌ ʶʽˁˈ˄ʶˌ

ɮˋʻʶ˄ʶʾˌ Ąʶʽˁˈ˄ʶˌ ˉˎˊʺ˄ʶˌ
ɮ˄ʱ˂ˎˋʹ ʶʽˁˈ˄˖˄

ʆɿɲ

˃ʶˍˊʺˋʶʽˌ

ʆʰ˅ʽ˄ˈ˃ʹˋʹ ˃ʶ˃ˇ˄˖˃ʷ˄ˇˎ
ˉˎˊʺ˄ʰ ˖ˌ

ˁʰ˂ˇʺʻʹ ʺ ˁʰˁˇʺʻʹ



ȷˊɞŰŮɚɏůɛŬŰŬ

Sensitivity= 66.48%

Specificity= 90.43%

PPV= 75.57%

NPV= 85.84%

FPR= 9.57%

FNR= 33.52%

OA= 83.05%

Performance

Nuclei
Sensitivity= 92.75%

Specificity= 94.16%

PPV= 87.67%

NPV= 96.67%

FPR= 5.84%

FNR= 7.25%

OA= 93.72%

Cases
Threshold 35%
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Benign cases

Malignant cases
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results by LVQ NN

Overall accuracy: 94.17%

No significant difference between 

training and test set

Assigned class

BenignMalignant
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Benign 72 5
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se
t

Malignant 2 32

Benign 74 3

T
e

st
 s

e
t

Malignant 3 32



ʃˊˈʴ˄˖ˋʹ ʶˉʽʵʹ˃ʽˇ˂ˇʴʽˁ˗˄ ˋˍˇʽ˔ʶʾ˖˄

ɳʾˋˇʵˇʽ ˋˍˇ ʆɿɲ

ɴ˅ˇʵˇˌ ʰˉˈ ˍˇ ʆɿɲ



ʇˉˇʲˇʺʻʹˋʹ ʵʽʱʴ˄˖ˋʹˌ

Åȿɞɔɘůɛɘəɧ ŭɘɎɔɜɤůɖɠŬůɗŮɜŮɘɩɜ ˊɞɡ ɓŬůɑɕŮŰŬɘůŮ ́ɘɗŬɜɞŰɘəɐ
ŬɜɎɚɡůɖ ɏɢŮɘ ˊɚɏɞɜ ŬˊɞəŰɐůŮɘ Űɘɠ ɘəŬɜɧŰɖŰŮɠ ɏɛˊŮɘɟɤɜ
ɗŮɟŬˊŮɡŰɩɜ ůŮ ˊɞɚɚɏɠŮɘŭɘəɧŰɖŰŮɠ.

ÅȾɎˊɞɘŬŬˊɧŬɡŰɎŭɘŬŰɑɗŮɜŰŬɘŮɚŮɨɗŮɟŬůŰɞŭɘŬŭɑəŰɡɞ, .́ɢ.
http://easydiagnosis.com/ https://www.aivaid.com/

ÅȹɘŬɗɏůɘɛŬəŬɘůŮŬůɗŮɜŮɑɠ



ɯ˂˂ʶˌ ʶ˒ʰˊ˃ˇʴʷˌ ˋˍʹ ˂ˇʽ˃˖˅ʽˇ˂ˇʴʾʰ


