
�
�1'3�)-+�+/4')/#/5+B�6/�-+$30�
#1'350�





�
� ���� ���� ������
���B�
��� ������ 
������

������ 
�� �
� ������
� �� �����
� �!���



( �LAN�CHE�EJOACJ=JPE��QJ�HE>NK�=LANPK�"KLUNECDP�W�>U�" KHEJ�@A�H=�'ECQAN=�=J@�)KPOJ=�(UAN�EO�HE?AJOA@�
QJ@AN�=�" NA=PERA�" KII KJO� PPNE>QPEKJ��� ��(J PANJ=PEKJ=H�+E?AJOA��AT?ALP�SDANA�KPDANSEOA�JKPA@��

https://creativecommons.org/licenses/by/4.0/


�0/5'/65+�
!A9BE@4M<BA<�FH�DH8FGB�?<5EB� ��

*<A:E4M<4@8AG<� ��

!A9BE@4M<BA<�FH?�CEB:8GGB� <<<�

!AGEB7HM<BA8� I�

!AGEB7HM<BA8�78??�87<M<BA8�<G4?<4A4� K<�

K<<<�

�#35  �S  � �'3%*L� L� /'%'44#3+0� +/(03.#34+� 46-- >�
C�
��    3A?JKHKCE=��?=I>E=IAJPK�A�EH�NQKHK�@AHH�EJOACJ=JPA� ���

��    +�EJPAHHECAJV=�=NPEq?E=HA�^�KRQJMQA� ���

��    +�EJPAHHECAJV=�=NPEq?E=HA�^�CE\�LNAOAJPA�JAHH�EOPNQVEKJA� ���

��    " KI A�LQa�=EQP=NRE�H�EJPAHHECAJV=�=NPEq?E=HA� ���

��    / AN?D_�JKJ�HEIEP=NOE�=HH�( �
�/ =NPA��� ���

� �   / AN?D_�JKJ�HEIEP=NOE�=HH�( �
�/ =NPA��� ���

�#35  ��S   � �-� 3'1'3+.'/50� &'--'� +/(03.#;+0/+�
� �   , KPKNE�@E�NE?AN?=�
�/=NPA��� ���

� �   , KPKNE�@E�NE?AN?=�
�/=NPA��� ���

��    / =NH=NA�@E�( ��� LLNAJ@EIAJPK�=QPKI=PE?K� � ��

� � �   / =NKH=�=HHk( ��HkEJ@E?EVV=VEKJA�OQE�IKPKNE�@E�NE?AN?=� ���

���    / =NH=NA�@E�( ��LKOEVEKJ=I AJPK�JAE�IKPKNE�@E�NE?AN?=� ���

���    #EAPNK�H=�HAJPA�@E�NE?AN?=��ApAPPE�@AHH=�NE?AN?=�OQHH�EJ@ERE@QK� � ��

���    #EAPNK�H=�HAJPA�@E�NE?AN?=��ApAPPE�@AHH=�NE?AN?=�OQHH=�OK?EAP\� ���

�#35  ���S   � �'45+3'� - >#113'/&+.'/50�
���    &HE�2I=NP�+,2�

%4AH8?�� 8AG<?8�8��<HF8CC8��<GGQ�
���

���    +A=NJEJC� J=HUPE?O�A@�$@Q?=PEKJ=H�#=P=�,EJEJC�
�M<@�*BHFF4A4?L��� AA8��BL8E��8�"<4=HA�(4A�

� ��

�� �   / =NH=NA�@E�( ��2EOPAIE�>=O=PE�OQE�@=PE�
�/=NPA��� ���

�� �   / =NH=NA�@E�( ��OEOPAIE�>=O=PE�OQE�@=PE�
�/=NPA��� ���

�� �   / NK>HAIE�?KJ�E�@=PE��HkE@AJPEP\�LANOKJ=HA� ���

� ��    / NK>HAIE�?KJ�E�@=PE��LNACEQ@EVE�A�EIL=NVE=HEP\� ���

�#35  �� S  � �'340/#-+;;#;+0/'� &'-- >#113'/&+.'/50�
�� �   4J=�J KP=�OQHH=�LANOKJ=HEVV=VEKJA� � ���

���    2EOPAIE�@E�=LLNAJ@EIAJPK�=@=PPERE� ����

���    / =NH=NA�@E�( ���"KI A�8KQPQ>A�RE�OPQ@E=�/=NPA��� ����

���    / =NH=NA�@E�( ���"KI A�8KQPQ>A�PE�OPQ@E=�
�/=NPA��� �� ��

���    / =NH=NA�@E�( ���"KI A�E�OEOPAIE�=@=PPERE��OPQ@E=JK��HK�OPQ@AJPA�/=NPA��� ����

���    / =NH=NA�@E�( ���"KI A�E�OEOPAIE�=@=PPERE��OPQ@E=JK��HK�OPQ@AJPA�/=NPA��� ����



�� �   (H�NKRAO?EK�@AHH=�IA@=CHE=�@AHH=�2+ �� H?QJE�L=N=@ECIE�@=�PAJANA�EJ�?KJOE@AN=VEKJA� ����

�#35  � S  � 
4%0- 5#3'R� 1#3-#3'� '� 4%3+7'3'�
�� �   3N=@QPPKNE� �� ��

�� �   2?NERANA�?KJ�H�( �
%4AH8?�� 8AG<?8�8��<HF8CC8��<GGQ�

����

���    / =NKH=�=HHk( ��HA�NAPE�JAQN=HE�LNKBKJ@A� ����

� � �   / =NH=NA�@E�( ��$H=>KN=VEKJA�@AH�HEJCQ=CCEK�J=PQN=HA� ����

���    ( ��( �= LLHE?=P=�=HHkEOPNQVEKJA�A�HE>ANK�=N>EPNEK�
/ 4LA8� B?@8F�

����

���    .I KHKC=VEKJA��EJREOE>EHEP\�A�KHPNA��RANOK�QJk( �APE?=� ����

�#35  ��S   � �0/4+&'3#;+0/+� 46-- >�
� )'/'3#5+ 7#�
���    4J=�LNAOAJP=VEKJA�@AHHk( �CAJAN=PER=�A�?KJRANO=VEKJ=HA�

"B; A� HE?8L�8�%<6;4 8?� 4??<FFL�
����

���    +k( �CAJAN=PER=�EJ�=QH=�
�/=NPA��� �� ��

���    +k( �CAJAN=PER=�EJ�=QH=�
�/=NPA��� ����

� � �   "D= P
&/3�A�EH�OQK�LKPAJVE=HA�EIL=PPK�OQE�?KILEPE�=�?=O=�
%<6;4 8?� 4??<FFL�8�"B; A� HE?8L�

����

�� �   (�I A??=JEOIE�@AHHk( �CAJAN=PER=�
%4AH8?�� 8AG<?8�8��45E<M<B��4?6;<�

� ���

�� �   +k=NPA��H=�?=L=?EP\�=NPECE=J=HA�K�H=�O?EAJV=�@E�AH=>KN=NA�LNKILP�
�4FG<8A�%4FF8�

� ���

� ��    +k( �@ACAJAN=PER=�
�/=NPA��� � ���

� � �   +k( �@ACAJAN=PER=�
�/=NPA��� �� ��

�#35  ���S   � �'� (#4+� 46%%'44+7'�
���     LANPK�K�?DEQOK�� ����

���    (JPAHHECAJV=� NPEq?E=HA��?KI LEPE�=�?=O=��AO=IE�A�=HPNK�=J?KN=� ����

���    .>OKHAO?AJV=�� ����

���    ( �EJ @ERE@Q=HA�K�?KHHAPPER=� ����

���    (JOACJ=NA�Hk( � ����

�#35  ����S   � 
&&+ 5+0/#-� �0/5'/5�
.L PE?=H�"D=N=?PAN�1A?KCJEPEKJ� ����

��� ����

 �>NEAB�@AO?NELPEKJ�KB�OKIA�OA=N?D�AJCEJAO��JK�PN=JOH=PEKJ	� ����

.PPEIEVV=VEKJA�@AHH=�NE?AN?=� �� ��

7�&. -� �� ��

(�@=PE�@ARKJK�OAILNA�AOOANA�APE?DAPP=PE�� ����

0Q=JPA�?=N=PPANEOPE?DA�OKJK�PNKLLA�� ����

$OLANEAJV=�@E� LLNAJ@EIAJPK� QPKI=PE?K� ����

" KKGEA�A�PA?JKHKCEA�@E�qJCANLNEJPEJC� ����

/ AN�O=LANJA�@E�LEb�OQE�!EC�#=P=� ����



 HPNE�PANIEJE�NAH=PERE�=HH�=LLNAJ@EIAJPK�LANOKJ=HEVV=PK� ����

4J�RK?=>KH=NEK�@E�PN=@QVEKJA�=QPKI=PE?=� ����

+=�PA?JKHKCE=�>=O=P=�OQHH�( �OE�I QKRA�RAHK?AIAJPA� ����

" KJKO?ANA�E�@E>=PPEPE�OQE�LKOOE>EHE�LANE?KHE�@AHHk( � ����

+A�( �CAJAN=PERA��#KRA�@KRNA>>A�B=NJA�QOK�QJ�EJOACJ=JPA�� �� ��

(�PN=JOBKNIAN�
%4AH8?�� 8AG<?8�8��45E<M<B��4?6;<�

����

(H�&#/1�EJ�>NARA� ����

( �A�?K@Eq?=� ����

+k=LLNAJ@EIAJPK�=QPKI=PE?K�A�Hk( �R=HQP=PE�=PPN=RANOK�AOLANEIAJPE�OQE�@=PE�ApAPPQ=PE�?KJ�
.N=J CA�

� ?4X�1HC4A�

����

� B@8�6BA6?HF<BA8�@B?GB�CEBII<FBE<4���� ����






��1'3�)-+�+/4')/#/5+B��/�-+$30�#1'350�
��1'3�)-+�+/4')/#/5+B��/�-+$30�#1'350�

 

" KHEJ�@A�H=�'ECQAN=�=J@�)KPOJ=�(UAN�

 

474GG4GB�4??[<G4?<4AB�74�

,=J QAH�&AJPEHA��&EQOALA�" EPP\��#=NEK�+=�&Q=N@E=�A�2=HR=PKNA�/ANJ=�

 

6BA�<�6BAGE<5HG<�7<�

 JJ A�!KUAN�� VEI�1 KQOO=J=HU��!=OPEAJ�,=OOA��! H=g�9QL=J��%=>NEVEK�%=H?DE��&EQOALLA�

" EPP\��)E=FQJ�/=J��)KDJ�'QNHAU��,=J QAH�&AJPEHA��,E ?D=AH�'=HHEOOU��6 =UJA�'K HIAO�

 

$[H?G<@4�I8EF<BA8�7<�DH8FGB�?<5EB�R�7<FCBA<5<?8�FH�;GGCF���4<BC8AG8KG�<G7�6AE�<G�<AG8??<:8AM44EG<`6<4?8��

)H 8FGB� ?<5EB� 7<� G8FGB� R� FG4GB� CEB7BGGB� 6B@8� 78?<I8E45?8� C8E� <?� CEB:8GGB� �E4F@HF� �� �! � ,� � �� ���
 � ( (
�
�
 �

 �
 � * 


� ( ( # ��
 ( !
( ' $!�0 �� 4�58A8`6<4GB�78?�?4IBEB�7<�6B??45BE4M<BA8�7<�GHGG<�<�C4EGA8E��

!?�FBFG8:AB�78??4��B@@<FF<BA8�8HEBC84�4??4�CEB7HM<BA8�7<�DH8FG4�CH55?<64M<BA8�ABA�6BFG<GH<F68�HA[4CCEBI4M<BA8�78?�

6BAG8AHGB	�6;8�E<a8GG8�8F6?HF<I4@8AG8�<?�CHAGB�7<�I<FG4�78: ?<�4HGBE<	�8�?4��B@@<FF<BA8�ABA�CHU�8FF8E8�E<G8AHG4�E8FCBAF45<?8�

C8E�?[HFB�6;8�CHU�8FF8E8�94GGB�78??8�<A9BE@4M<BA<�<I<�6BAG8AHG8��

 
 

 

� 
 � � � � � � � � � � � � 
 � � �

D

https://aiopentext.itd.cnr.it/intelligenzaartificiale/


�+/)3#;+#.'/5+�

1EJCN=VE=IK� PQPPE� E� IAI >NE� @AH� LNKCAPPK�  (�3� LAN� EH� HKNK� =EQPK� A� H=� HKNK� L=NPA?EL=VEKJA� =E�

SKNGODKL�A�=CHE�EJ?KJPNE�OQE�?KJPAJQPE�@=�?QE�OKJK�AI ANOA�IKHPA�@AHHA�E@AA�@E�MQAOPK�H=RKNK��

1EJCN=VE=IK� =J?DA� E� NE?AN?=PKNE�� CHE� EJOACJ=JPE�� CHE� OPQ@AJPE� A� E� JQI ANKOE� CNQLLE� @E�

=LLNAJ@EIAJPK�?KJ�?QE�=>>E=IK�H=RKN=PK�A�?DA�D=JJK�?KJPNE>QEPK�=�MQAOPE�?KJPAJQPE��+=�OPAOQN=�

@E�MQAOPK�HE>NK�JKJ�O=NA>>A�OP=P=�LKOOE>EHA�OAJV=�EH�HKNK�=EQPK�A�?KJPNE>QPK��

� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

�



�/(03.#;+0/+�46-�130)'550�

 (� 3��  NPEq?E=H�(JPAHHECAJ?A�BKN�=J@�>U�3A=?DANO	�^�QJ�LNKCAPPK�$N=OIQO���$OOAJ@K�QJ�LNKCAPPK�

@AHH=�# 8L� � 6G<BA� ��� EJ?HQ@A� A� REAJA� CQE@=PK� @=E� ,EJEOPANE�� (J� >NARA��  (� 3� L=NPA� @=HH=�

?KJOE@AN=VEKJA�?DA�Hk(JPAHHECAJV=� NPEq?E=HA�A�HkEOPNQVEKJA�JKJ�OE=JK�=NCKI AJPE�@E�?KILAPAJV=�

AO?HQOER=�@AH�IAN?=PK�A�?DA�EH�OEOPAI=�A@Q?=PERK�@A>>=�AOOANA�LNAL=N=PK�=�E@AJPEq?=NA�EH�IK@K�

IE CHEKNA�LAN�QPEHEVV=NA�Hk(JPAHHECAJV=�  NPEq?E=HA�EJ�?H=OOA��N=OOE?QN=NA�CHE�EJOACJ=JPE�NAJ@AJ@KHE�

QPAJPE�NAOLKJO=>EHE�A�=RRE=NA�LAN�HKNK�QJ�LNKCN=II=�@E�BKNI=VEKJA�As?=?A��

2QH�OEPK�@AH�LNKCAPPK�^�@EOLKJE>EHA�QJ=�LNAOAJP=VEKJA�?KILHAP=�@AH�LNKCAPPK��

(H� LNKCAPPK�� LNAOAJP=PK� EJ� LQ>>HE?K� =PPN=RANOK� SA>EJ=N� A� ?KJBANAJVA�� OE� LKJA� E� OACQAJPE�

K>EAPPERE��

n� ?KOPNQENA�QJ�?KNOK�LAN�BKNI=NA�CHE�EJOACJ=JPE�=HHkQOK�@AHHk( �EJ�?KJPAOPE�A@Q?=PERE��

n� QPEHEVV=NA�MQAOPK�?KQNOAS=NA�EJ�OAOOEKJE�@E�BKNI=VEKJA�LAN�EJOACJ=JPE�EJ���L=AOE��

n� R=HQP=NA�A�@K?QIAJP=NA�H=�MQ=HEP\�@AHH=�BKNI=VEKJA��

 sJ ?D_�MQAOPK�K>EAPPERK�=I >EVEKOK�OE=�NA=HEVV=>EHA��^�OP=PK�@AqJEPK�QJ�?KJOKNVEK�@E�=HPK�LNKqHK�

@E� ?QE� B=JJK� L=NPA�� KHPNA� =E� IEJEOPANE� @AHHkEOPNQVEKJA� @AE� �� L=AOE� ?DA� JA� B=JJK� L=NPA� �%N=J?E=��

(NH=J@=��(P=HE=��+QOOAI>QNCK�A�2HKRAJE=	��=HPNA�KNC=JEVV=VEKJE�?KIA�QJERANOEP\�A@�AJPE�@E�NE?AN?=�

AOLANPE�EJ�EJPAHHECAJV=�=NPEq?E=HA�A�EOPNQVEKJA �A@�AOLANPE�@E�R=HQP=VEKJA�@AE�@ERANOE�L=AOE�L=NPJAN��

n� ,EJEOPANE�,EJEOPANE�

� � ,EJEOPANK�@AHHk$@Q?=VEKJA�J=VEKJ=HA��@AHH=�&EKRAJPb�A�@AHHK�2LKNP��%1	�

� � " AJPNK�A@Q?=PERK�@E�#Q>HEJK�.R AOP��(1	�

� � ,EJEOPANK�@AHHk(OPNQVEKJA�A�@AH�, ANEPK��(3	�

� � 2ANREVEK�@E�?KKN@EJ=IAJPK�LAN�H=�NE?AN?=�A�HkEJJKR=VEKJA�A@Q?=PER=�A�

PA?JKHKCE?=��+4	�

� � ,EJEOPANK�@AHHk(OPNQVEKJA��@AHH=�2?EAJV=�A�@AHHK�2LKNP��$-	�

n� $JPE�R=HQP=PKNE�$JPE�R=HQP=PKNE�

� � " KJOANR=PKNEK�J=VEKJ=HA�@AHHA�=NPE�A�IAOPEANE��%1	�

� � " AJPNK�@E�NE?AN?=�A@Q?=PER=��(1	�

� � (OPEPQPK�-=VEKJ=HA�@E�#K?QIAJP=VEKJA��LAN�Hk(JJKR=VEKJA�A�H=�1E?AN?=�

$@Q?=PER=��(3	�

� � 4JERANOEP\�@E�+QOOAI>QNCK��+4	�

� 
 � � � � � � � � � � � � 
 � � �

�

https://www.ai4t.eu/about/


� � (OPEPQPK�LA@=CKCE?K��2+	�

n�  �$JPE�@E�NE?AN?=�A�4JERANOEP\�$JPE�@E�NE?AN?=�A�4JERANOEP\�

� � (OPEPQPK�J=VEKJ=HA�@E�NE?AN?=�LAN�H=�O?EAJV=�A�H=�PA?JKHKCE=�@ECEP=HA��%1	�

� � 4JERANOEP\�@E�-=JPAO��+2�-	��%1 	�

� � 4JERANOEP\�@AHH=�+KNAJ=��+.1( 	��%1	�

� � '��+A= NJEJC��(1	�

� � 4JERANOEP\�@E�,=NE>KN��2+	�

� � (OPEPQPK�LAN�HA�3A?JKHKCEA�#E@=PPE?DA�@AH�"KJOECHEK�- =VEKJ=HA�@AHHA�1E?AN?DA�

�(3	�

� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

�



�/530&6;+0/'�

�/530&6;+0/'�#--#�4'%0/&#�'&+;+0/'��/530&6;+0/'�#--#�4'%0/&#�'&+;+0/'�

�'/7'/65+<��'/7'/65+<�

�04IL�#%%#&650�53#�-I0550$3'��T���'�- I0550$3'��T����04IL�#%%#&650�53#�-I0550$3'��T���'�- I0550$3'��T���

- AHHkKPPK>NA�@AH������^�OP=P=�LQ>>HE?=P=�H=�LNEI=�A@EVEKJA�@E�MQAOPK�I=JQ=HA��/ K?DE�CEKNJE��?KJ�H=�

LQ>>HE?=VEKJA�@E�"D=P
&/3�D=JJ K�=RQPK�EJEVEK�@K@E?E�IAOE�@E�lBKHHE=�@=�EJPAHHECAJV=�=NPEq?E=HAm��

KCJE�OAPPEI=J=�RAJER=JK�H=J?E=PE�JQKRE�LNK@KPPE�A�=JJQJ?E=PA�IECHEKNEA�=E�IK@AHHE�@E�HEJCQ=CCEK�

A�=HHA�=LLHE?=VEKJE�>=O=PA�OQ�@E�AOOA��" KO=�=J?KN=�LEb�EI LKNP=JPA��HkEOPNQVEKJA�^�L=NO=�@ERAJP=NA�

EI LNKRREO=IAJPA�QJ�LQJPK�@E�NEBANEIAJPK�LAN�HA�EJPAHHECAJVA�=NPEq?E=HE�CAJAN=PERA��(JOACJ=JPE�A�

EOPEPQVEKJE�D=JJK�NA=CEPK�N=LE@=IAJPA��OE�PN=PP=R=�@E�@A?E@ANA�OA�LNAJ@ANA�=PPK�@AHHk=NNERK�@E�QJ=�

JQKR=�PELKHKCE=�@E�=PPKNE�JAH�?=ILK�@AHHkA@Q?=VEKJA��K�LNKE>ENJA�HkQOK�LAN�RE=�@AHH=�IEJ=??E=�?DA�

OE�NEPAJAR=�LKNP=OOANK�?KJ�HKNK��+A�@EO?QOOEKJE��OQCHE�KNC=JE�@E�OP=IL=��I=�=J ?DA�=HHkEJPANJK�@AHHA�

KNC=JEVV=VEKJE� EJPANJ=VEKJ=HE�� OKJK� OP=PA� =??AOA�� OKJK� OP=PA� qNI=PA� LAPEVEKJE� A� HAPPANA� =LANPA��

2E�^� IEOQN=PK�HkEI L=PPK�LNK@KPPK�OQH�IAN?=PK�@AH�H=RKNK�A�=H?QJA�OK?EAP\�D=JJK�CE\�EJEVE=PK�=�

OKOPEPQENA�E�LNKLNE�@ELAJ@AJPE�?KJ�Hk( ��

/ AN� CHE� =QPKNE� @E� MQAOPK� HE>NK�� PQPPK� ?Ea� D=� LNK@KPPK� EJ� OAMQAJV=� QJ=� @KI=J @=�

BKJ@=IAJP=HA�� QJ=� Oq@=� A� QJkKLLKNPQJEP\�� +=�7B@4A74� AN=� MQAHH=� ?DA� KCJE� =QPKNA� @E� HE>NE�

?KJJAOOE� ?KJ� QJ=� PA?JKHKCE=� PAIA�� (H� HE>NK� AN=� CE\� K>OKHAPK�� 4J=� NEOLKOP=� LKOEPER=� =RNA>>A�

LKNP=PK�=@�QJ�?E?HK�@E�REP=�>NAREOOEIK��OKHK�QJ=�I=J?E=P=�@E�CEKNJE��+=�F`74�?DA�JA�^�O?=PQNEP=�AN=�

EJOANENA�HA�JKREP\�LKNP=PA�@=HHK�POQJ=IE�"D=P
&/3�=HHkEJPANJK�@E�QJ=�OA?KJ@=�A@EVEKJA��

$� HkBCCBEGHA<GQ� AN=� B=N� ?KEJ?E@ANA� HkQO?EP=� @AHH=� JQKR=� A@EVEKJA� @AH� HE>NK� JAH� IKI AJPK�

IE CHEKNA��MQ=J@K�LNK>=>EHIAJPA�AN=�LEb�JA?AOO=NEK��

�#�&0.#/&#B�- I+.1035#/;#�&'-- I�
�)'/'3#5+ 7#�+.1-+%#�%*'�-'�#- 53'��#�&0.#/&#B�- I+.1035#/;#�&'-- I�
�)'/'3#5+ 7#�+.1-+%#�%*'�-'�#- 53'�

(03.'�&+��
�/0/�40/0�1+ N�/'%'44#3+'C�(03.'�&+��
�/0/�40/0�1+ N�/'%'44#3+'C�

/ KNOE� QJ� MQAOEPK� @AH� CAJANA� D=� OAJOK�� H=� B=?EHEP\� @kQOK� @E� "D=P
&/3� N=LLNAOAJP=� QJK� @ACHE�

AHAI AJPE�LNEJ?EL=HE�?DA�JA�OLEAC=�Hk=I LE=�@EpQOEKJA�� H?QJE�AOLANPE�@E�( �CAJAN=PER=�@AH�������

� 
 � � � � � � � � � � � � 
 � � �

�



JAH������?KJ KO?AR=JK�LK?DEOOEIK�Hk( �� / ANP=JPK�OE=IK�PAJP=PE�@E�?NA@ANA�?DA�HA�( �CAJAN=PERA�

OE=JK�BKJ@=PA�OQH�JQHH=�A�LKOO=JK�AOOANA�?KILNAOA��OA�MQAOPK�^�HkK>EAPPERK��HACCAJ@K�QJE?=I AJPA�

MQ=JPK� LQ>>HE?=PK� JACHE� QHPEIE� @K@E?E� IAOE�� #QJMQA�� ^� =J?KN=� JA?AOO=NEK� ?KJKO?ANA�

Hk=LLNAJ@EIAJPK�=QPKI=PE?K��I= ?DEJA�HA=NJEJC	�A�E�@ERANOE�OPNQIAJPE�OREHQLL=PE�@=CHE�AOLANPE�@E�

( �J ACHE�QHPEIE�OAPP=JPk=JJE��

1EPAJE=IK�?DA�H=�NEOLKOP=�@A>>=�AOOANA�=pANI=PER=�� J ?DA�OA�?KOPEPQEO?A�QJ�OECJEq?=PERK�

L=OOK� =R=JPE�� Hk( � CAJAN=PER=� OE� BKJ@=� OQ� PA?JKHKCEA� A� E@AA� ?KJ@EREOA� @=� @A?AJJE�� /AN� QJ�

EJOACJ=JPA�� H=� ?KJKO?AJV=� @E� MQAOPEKJE� EJANAJPE� =� @=PE�� LNACEQ@EVE�� =LLNAJ@EIAJPK� JKJ�

OQLANREOEKJ=PK�� LANOKJ=HEVV=VEKJA�� APE?=� ?KJPEJQ=� =@� AOOANA� BKJ@=IAJP=HA� A� JA?AOO=NE=� LAN�

HkQPEHEVVK�@AHHk( �EJ�?H=OOA��

�#�4P&#��#�4P&#�

+=�Oq@=�^�@QJMQA�O?NERANA�@E�QJ=�PA?JKHKCE=�EJ�N=LE@=�ARKHQVEKJA��$�B=NHK�EJ�QJ�IK@K�P=HA�@=�

OK@@EOB=NA�@K?AJPE�?DA��?KI LNAJOE>EHIAJPA��@AOE@AN=JK�H=RKN=NA�JKJ�NE?KNNAJ@K�=�?KJKO?AJVA�

AsI ANA��LNAL=N=J@K�HA�LNKLNEA�HAVEKJE�QPEHEVV=J@K�?KJ?APPE�A�PA?JKHKCEA�?DA�NAOEOP=JK�=H�PAILK��

/ AN� ?EP=NA� QJ� OKHK� AOAILEK�� EH� ?KJ?APPK� @E� l=HHQ?EJ=VEKJAm� ^� ?=I>E=PK� P=JPEOOEIK� JAE� @K@E?E�

I AOE�O?KNOE�A@�^�LNK>=>EHIAJPA�@A?EOERK�LAN�EH� IK@K�EJ�?QE�CHE�EJOACJ=JPE�=@KPPAN=JJK�HA� ( �

CAJAN=PERA��

� I0110356/+ 5J�� I0110356/+ 5J�

+kKLLKNPQJEP\� @ANER=� @=HHkEI LAHHAJV=� ?KJ� H=� MQ=HA� KCCE� PQPPE� E� OKCCAPPE� EJ� ?=ILK� OP=JJK�

AO=IEJ=J@K� EH� PAI=� @AHH=� NAH=VEKJA� BN=� EJPAHHECAJV=� =NPEq?E=HA� A� EOPNQVEKJA�� +=@@KRA� JAH� ���� ��

MQ=J@K� RAJJA� H=J?E=PK� EH� LNKCAPPK�  (�3�� H=� @Es?KHP\� ?KJOEOPAR=� JAH� PNKR=NA� QJ� JQI ANK�

OQs?EAJPA� @E� EJOACJ=JPE� ?DA� EIL=N=OOANK� =� QO=NA� Hk( � =sJ ?D_� E� NEOQHP=PE� OLANEIAJP=HE� @AH�

LNKCAPPK�BKOOANK�R=HE@E��JAH������H=�MQAOPEKJA�^�@ERAJQP=�@AHH=�I=OOEI=�LNEKNEP\�EJ�PQPPE�E�/=AOE��

�'�/07+ 5J�&'--#�4'%0/&#�'&+;+0/'��'�/07+ 5J�&'--#�4'%0/&#�'&+;+0/'�

 >>E=IK� KRRE=IAJPA� @KRQPK� PAJANA� EJ� ?KJOE@AN=VEKJA� @AHHk=NNERK� @E� "D=P
&/3� � A�

OQ??AOOER=I AJPA�@AHHA�( �CAJAN=PERA�=HPANJ=PERA�=@�AOO=	��$�@QJMQA�=>>E=IK�@A@E?=PK�QJ�EJPANK�

?=LEPKHK� �EH� �	� =HH=� ?KILNAJOEKJA� @AH� BAJKI AJK�� LNKLKJAJ@K� =J?DA� =H?QJE� OLQJPE� LAN� CHE�

EJOACJ=JPE�LAN�LKPAN�PN=NNA�R=JP=CCEK�@=�MQAOPA�PA?JKHKCEA��

/ AN� =OLAPPE� @E� J=PQN=� LEb� LNAPP=IAJPA� PA?JE?=�� =>>E=IK� O?AHPK� @E� LNEREHACE=NA� EH� NE?KNOK� =�

EII= CEJE�LEQPPKOPK�?DA�=�PAOPE�� /ANP=JPK�EJ�MQAOP=�RANOEKJA�?E�OKJK�I KHPA�JQKRA�EHHQOPN=VEKJE��

 >>E=IK�=J?DA�=CCEQJPK�MQEJ@E?E�>NARE�qHI=PE�?DA�LKPN=JJK��=HIAJK�?KO`�OLANE=IK��=EQP=NA�=�

?KI LNAJ@ANA�@AE�?KJ?APPE�EILKNP=JPE��

� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

�



�#�4P&#�&'-- I01'/�4063%'�'�&+�6/I'&+;+0/'�.6- 5+-+/)6'��#�4P&#�&'-- I01'/�4063%'�'�&+�6/I'&+;+0/'�.6- 5+-+/)6'�

0QAOPK� ^� QJ� HE>NK� KLAJ� OKQN?A�� " Ea� OECJEq?=� ?DA� OE� ^� B=PPK� NE?KNOK� =� QJ=� HE?AJV=� "NA=PERA�

" KII KJO�A�?DA�PQPPA�HA�EII= CEJE��E�qHI=PE�A�E�I=PANE=HE�=CCEQJPERE�OKJK�OP=PE�R=CHE=PE�LAN�AOOANA�

?KJ@EREOE� CN=PQEP=IAJPA� A� =LANP=IAJPA�� 0QAOPK� RQKH� @ENA� ?DA� ?DEQJMQA� LQa� =PPEJCANA� =E�

I= PANE=HE� K� =� L=NPA� @E� AOOE� A� NEQPEHEVV=NHE� ?KIA� @AOE@AN=��  J?DA� =LLKNP=J@KRE� @AHHA� I K@Eq?DA��

2KJK�@EOLKJE>EHE�@ERANOE�BKNI=PE�@E�AOLKNP=VEKJA�A�CHE�=QPKNE�LKOOKJK�OE?QN=IAJPA�?KJ@ERE@ANA�E�

?KJPAJQPE�EJ�IK@K�@=�C=N=JPENA�?DA�MQAOPK�OE=�QJ�HE>NK�OKOPAJE>EHA��LQa�?KJPEJQ=NA�=�RERANA�EJ�

JQKRA�RANOEKJE�A�=@�AOOANA�QPEHEVV=PK�LAN�JQKRE�LNKCAPPE��

" KI A�^�?KJOQAPQ@EJA��HkQJE?K�K>>HECK�^�MQAHHK�@AHH=�?EP=VEKJA��#AE�JKIE�@ACHE�=QPKNE�@AH�

HE>NK�K�@E�MQAHHE�@E�?=LEPKHE�OLA?Eq?E��MQ=J@K�LANPEJAJPA��

" KJ�H=�I=OOEI=�=PPAJVEKJA�LKOOE>EHA�OE�^�LNAREOP=�QJ=�IK@Eq?=�OLA?Eq?=�=HH=�@EO?ELHEJ=�KLAJ�

OKQN?A��  >>E=IK� NAOK� LKOOE>EHA� PN=@QNNA� EH� PAOPK� A� OPE=IK� CE\� PN=@Q?AJ@K� H=� RANOEKJA� EJCHAOA�

KNECEJ=HA�EJ�BN=J?AOA��OHKRAJK��EP=HE=JK�A�PA@AO?K��(JKHPNA�^�EJ�LNKCN=II=�H=�PN=@QVEKJA�@AH�HE>NK�

EJ� =HPNA� HEJCQA�� " NA@E=IK� ?DA� Hk( � LKOO=� AOOANA� QJ� =EQPK� JAH� LNK?AOOK� @E� PN=@QVEKJA�� I=� H=�

?KNNAVEKJA�=@�KLAN=�@E�QJ�AOOANA�QI=JK�^�JA?AOO=NE=��

2A�@AOE@AN=PA�PN=@QNNA�EH�HE>NK�JAHH=�RKOPN=�HEJCQ=�RE�EJREPE=IK�=�?KJP=PP=N?E�LNKLKJAJ@K?E�

QJ=�?KHH=>KN=VEKJA��

�04#�#(('3.#7#.0�6/�#//0�(#C��04#�#(('3.#7#.0�6/�#//0�(#C�

" KIEJ?E=IK�?KH�NE?KN@=NA�?Ea�?DA�O=LAPA�CE\��EH�NE?KNOK�=HHk( �EJPANAOO=�KCJE�OAPPKNA�A�MQAHHK�

@AHHkEOPNQVEKJA�JKJ�B=�A??AVEKJA��/ AN�=H?QJE�EH�BQPQNK�=LL=NA�HQIEJKOK�A�HA�PA?JKHKCEA�AIANCAJPE�

?KJOAJPEN=JJK�@E�NAJ@ANA�HkEOPNQVEKJA�=??AOOE>EHA�=�PQPPE��NERAH=J@KOE�LANOEJK�QPEHE�H=@@KRA�JKJ�

RE�OE=JK�=>>=OP=JV=�@K?AJPE��"Ea�?KJOAJPEN\�=CHE�EJOACJ=JPE�@E�@A@E?=NA�LEb�PAILK�=HHA�=PPEREP\�

LEb�JK>EHEP=JPE�IAJPNA�H=�I=??DEJ=�OE�B=N\�?=NE?K�@E�PQPPA�MQAHHA�jJKEKOAk�?KIA�=OOACJ=NA�E�RKPE��

KNC=JEVV=NA�Hk=QH=��L=OO=NA�@AH�PAILK�?KJ�?E=O?QJ�=HQJJK�OEJCKH=NI AJPA�K�LNKR=NA�HA�HAVEKJE��

/ AN�=HPNE�MQAOPE�=HCKNEPIE�@AHHk( �N=LLNAOAJP=JK�QJ�JKPARKHA�LANE?KHK�A�E�IEHE=N@E�@E�@KHH=NE�

?DA�EH�OAPPKNA�^�LNKJPK�=@�EJRAOPENA�@EIKOPN=JK�?DA�EH�?KIL=NPK�@AHHkEOPNQVEKJA�KN=�^�?KJOE@AN=PK�

QJ�I AN?=PK��" KO=�?DA�JKJ� �̂�

(J�MQ=H?DA� IEOQN=��=� IAP\�PN=�MQAOPA�LKOEVEKJE� IKHPK�@ERANOA��OE�LKJCKJK�E�NE?AN?=PKNE��E�

LA@=CKCEOPE��E�@A?EOKNE�LKHEPE?E�?DA�OKJK�?KJO=LARKHE�@E�OR=NE=PE�=OLAPPE��HkEJPAHHECAJV=�=NPEq?E=HA�^�

QJ�BAJKI AJK�@AOPEJ=PK�=�@QN=NA�A�=@�AOOANA�QPEHEVV=PK�EJ�?H=OOA��OA�JKJ�HK�^�CE\��-AOOQJ�IEJEOPNK��

A�P=JPK�IAJK�QJ�EJOACJ=JPA��O=N\�EJ�CN=@K�@E�=NCEJ=NHK��/ ANP=JPK��?KJOE@AN=PK�MQAOPK�AHAI AJPK�

?KI A� =OOK@=PK�� ?KI A� LKOOKJK� CHE� EJOACJ=JPE� ?KJPNKHH=NA�?4� 58FG<4� A� QPEHEVV=NA� HkEJPAHHECAJV=�

=NPEq?E=HA�=H�IACHEK��" KI A�LKOOKJK�CHE�EJOACJ=JPE�B=NA�EJ�IK@K�?DA�Hk( �H=RKNE�LAN�H=�?H=OOA�A�?DA�

JKJ�=RRAJC=�EH�?KJPN=NEK��

+=�qJ=HEP\�@E�MQAOPK�HE>NK�^�OQLLKNP=NA�CHE�EJOACJ=JPE�JAH�B=NHK��[�OP=PK�LAJO=PK�JAHHk=I >EPK�

@AH� LNKCAPPK� $N=OIQO��  (� 3� � =?NKJEIK� @E�  NPEq?E=H� (JPAHHECAJ?A� BKN� =J@� >U� 3A=?DANO��

(JPAHHECAJV=�  NPEq?E=HA�LAN�A�?KJ�CHE� (JOACJ=JPE	�� 4J�CNQLLK�@E�NE?AN?=PKNE�BN=J?AOE��ENH=J@AOE��

� 
 � � � � � � � � � � � � 
 � � �

�



EP=HE=JE�� HQOOAI>QNCDAOE� A� OHKRAJE� D=JJK� ?KHH=>KN=PK� LAN� LNKLKNNA� NEOKNOA� @E� =LLNAJ@EIAJPK�

EJ� I K@K� ?DA� CHE� EJOACJ=JPE� BKOOANK� EJ� CN=@K� @E� EIL=N=NA� =� ?KJKO?ANA� Hk( � A� JAHHK� OLA?Eq?K�

Hk( �=LLHE?=P=�=H�?=ILK�@AHHkEOPNQVEKJA�� (� I= PANE=HE�@E�=LLNAJ@EIAJPK�A�QJ=�LNAOAJP=VEKJA�@AH�

LNKCAPPK� A� @AE� OQKE� NEOQHP=PE� OE� LKOOKJK� NEJRAJENA� OQHH=� L=CEJ=� SA>� @E�  (�3� � DPPLO���

SSS �=E�P�AQ� 	��

%KNI=NA�CHE�EJOACJ=JPE�^�QJk=PPEREP\�BKJ@=IAJP=HA�LAN�PQPPE�E�@E?=OPANE�?KEJRKHPE��-AH�?=OK�

@AHHk(JPAHHECAJV=� NPEq?E=HA�?Ea�?KI LNAJ@A�=HIAJK�CHE�=OLAPPE�OACQAJPE��

��� 1AJ@ANA�CHE�EJOACJ=JPE�?KJO=LARKHE�@AH�IKPERK�LAN�?QE�QJ=�P=HA�BKNI=VEKJA�OE=�QJ=�?KO=�

LKOEPER=��JKJ�LQa�AOOANA�QJ=�@A?EOEKJA�EILKOP=�@=HHk=HPK��@ARA�AOOANA�?KJ@EREO=��

��� %=N�?KJKO?ANA�Hk( ��@=HH=�JKOPN=�AOLANEAJV=�@E�L=NPA?EL=VEKJA�=�I KHPALHE?E�?KJBANAJVA�A�

OAIEJ=NE�^�AIANOK�?DA�?E�OKJK�OAILNA�=H?QJE�L=NPA?EL=JPE�?DA�D=JJK�=LLNKBKJ@EPK�

Hk=NCKI AJPK��OE�OKJK�EJBKNI=PE�A�D=JJK�=OOEIEH=PK�HA�EJBKNI=VEKJE��,=�?DA�H=�CN=J@A�

I= CCEKN=JV=�JKJ�HkD=�B=PPK��

��� 2LEAC=NA�?KIA�Hk( �BQJVEKJ=�EJ�=QH=��0Q=HE�OKJK�E�IA??=JEOIE��0Q=HE�OKJK�E�?KJ?APPE�

BKJ@=IAJP=HE��

��� 4PEHEVV=NA�Hk( �EJ�=PPEREP\�@E@=PPE?DA��

���  J=HEVV=NA�MQ=JPK�=??=@A�JAH�OAPPKNA�A@�AOOANA�L=NPA�=PPER=�JAE�?=I>E=IAJPE�BQPQNE��

2LANE=IK�?DA�EH�HE>NK�LKOO=�=EQP=NRE�=�NEOKHRANA�H=�I=CCEKN�L=NPA�@E�MQAOPA�MQAOPEKJE��=J=HEVVE=IK�

H=�OEPQ=VEKJA�=PPQ=HA�A�?NAE=IK�QJ�?KHHAC=IAJPK�PN=�Hk( �A�HkAOLANEAJV=�@ACHE�EJOACJ=JPE��B=?AJ@K�

?Ea��OLANE=IK�@E�EJ?KN=CCE=NHE�=�I=JPAJANA�RERK�HkEJPANAOOA�LAN�MQAOPA�PAI=PE?DA��2AJV=�@Q>>EK�RE�

O=N=JJK�JQKRA�Oq@A��OE�B=N=JJK�ANNKNE��^�LKOOE>EHA�?DA�HkKLLKOEVEKJA�=HHkQOK�@E�MQAOPK�OPNQIAJPK�

OE=�=??AO=�A�?DA�EJOKNC=JK�@AHHA�?KJPNKRANOEA�� - AE�?=LEPKHE�EJPEPKH=PE� j/=NH=NA�@E�( k�?AN?DE=IK�

@E�OLEAC=NA�LAN?D_�CHE�=HCKNEPIE�BQJVEKJ=JK�A�?KIA��(H�JKOPNK�K>EAPPERK�^�=EQP=NA�CHE�EJOACJ=JPE�

=@�AOOANA�@AE�?EPP=@EJE�EJBKNI=PE�EJ�CN=@K�@E�L=NPA?EL=NA�=LLEAJK�=E�@E>=PPEPE�A�=HHA�@EO?QOOEKJE�

EJ� I=PANE=�@E�EOPNQVEKJA�A�@E�EJPAHHECAJV=�=NPEq?E=HA��  H?QJE�@AE� IKPERE�?DA�D=JJK�LKNP=PK�=HH=�

LNAL=N=VEKJA�@E�MQAOPK�I=PANE=HA�LKOOKJK�AOOANA�NEJRAJQPE�JAH�RE@AK�CEN=PK�@=� (�3��

2E=IK�?KJREJPE�@E�MQ=JPK�OACQA��

n� QJ=�?KJKO?AJV=�@E�>=OA�EJ�I=PANE=�@E�EJPAHHECAJV=�=NPEq?E=HA�^�JA?AOO=NE=��2LEACDE=IKHK�

@=H�IKI AJPK�?DA�OLAOOK�OE�OKOPEAJA�?DA��XLAN�CQE@=NA�QJk=QPK�JKJ�^�JA?AOO=NEK�O=LANA�

?KI A�BQJVEKJ=�EH�IKPKNAY��0QAOPK�JKJ�^�@AH�PQPPK�RANK��H=�I=CCEKN�L=NPA�@E�JKE�JKJ�O=�

?KI A�BQJVEKJ=�EH�IKPKNA��I=�LNAJ@A�=PPK�@AH�B=PPK�?DA�EJ�?Ea�OE=JK�?KEJRKHPA�O?EAJV=�A�

PA?JKHKCE=��+K�=??APPE=IK�LAN?D_�=�O?QKH=�=>>E=IK�NE?ARQPK�HAVEKJE�AHAI AJP=NE�@E�qOE?=�

A�@E�PA?JKHKCE=�� HHK�OPAOOK�IK@K��JKJ�O=NAII K�OK@@EOB=PPE�HACCAJ@K�QJ�HE>NK�?DA�?E�

@E?A�@E�JKJ�BQI=NA�>=O=J@KOE�OQ�IKPER=VEKJE�OP=PEOPE?DA�EJANAJPE�=H�JQI ANK�@E�IKNPE�

LNAI=PQNA�?KJJAOOA�?KJ�EH�BQIK�� J ?KN=�QJ=�RKHP=��OE=IK�EJ�CN=@K�@E�?KILNAJ@ANA�

LAN?D_�BQI=NA�OE=�@=JJKOK�@=H�IKI AJPK�?DA�EJ�QJ�?ANPK�IKI AJPK�@AHH=�REP=�QJ�

EJOACJ=JPA�?E�D=�OLEAC=PK�EH�BQJVEKJ=I AJPK�@AHHk=LL=N=PK�NAOLEN=PKNEK��?KO=�OKJK�E�

LKHIKJE�A??���2E??KI A�=H�CEKNJK�@kKCCE�Hk( �LNK@Q?A�QJ�JKPARKHA�EIL=PPK�OQHH=�OK?EAP\��

� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

�

https://www.ai4t.eu/
https://www.ai4t.eu/


NEPAJE=IK�?DA�R=HC=�HK�OPAOOK�LNEJ?ELEK��?KJKO?ANA�CHE�ApAPPE�@AHHk( �J KJ�^�OQs?EAJPA��

&HE�EJOACJ=JPE�@ARKJK�?KI LNAJ@ANA�?KIA�BQJVEKJ=��+kK>EAPPERK�EJ�MQAOPK�?=OK�JKJ�^�

NAJ@ANA�KCJQJK�QJ�>EKHKCK�K�QJK�O?EAJVE=PK��I=�QJE?=I AJPA�B=N?E�?KILNAJ@ANA�E�

LNEJ?ELE�A�HA�E@AA��

n� &HE�EJOACJ=JPE�OKJK�@AE�@EO?AJPE�OPN=KN@EJ=NE��(JKHPNA�OKJK�LEb�?NEPE?E�MQ=J@K�MQ=H?KO=�

JKJ�REAJA�OLEAC=PK�JAH�IK@K�CEQOPK�A�OE�EILACJ=JK�@E�LEb��5KCHEKJK�OAILHE?AI AJPA�

?=LENA��0QAOPK�HE>NK�^�NERKHPK�=�LANOKJA�@EOLKOPA�l=�B=NA�QJ�L=OOK�EJ�LEbm��?DA�JKJ�

O=N=JJK�OK@@EOB=PPA�qJK�=�MQ=J@K�JKJ�?=LEN=JJK��

n� / KE��Hk( �@ARA�AOOANA�QO=P=�EJ�QJ�=I>EAJPA�OE?QNK��E�?KILQPAN�K�E�@EOLKOEPERE�O=N=JJK�

?KHHAC=PE�=HH=�NAPA��HA�=LLHE?=VEKJE�RANN=JJK�AOACQEPA�OQH�?HKQ@��$OEOPA�QJ�AJKNIA�

LNK>HAI=�@E�OE?QNAVV=�EJ�MQAOPK�?=ILK�A�=CHE�EJOACJ=JPE�OE�@KRNA>>A�C=N=JPENA�QJ�

=I >EAJPA�EJ�?QE�LAN�HKNK�A�E�HKNK�=HQJJE�OE=�OE?QNK�H=RKN=NA��2E�@KRNA>>A�=CCEQJCANA�?DA�

MQAHHK�@AHH=�OE?QNAVV=�EJBKNI=PE?=�^�QJ�PAI=�AOPNAI=IAJPA�?KILHAOOK��?DA�QJ�

EJOACJ=JPA�JKJ�O=N\�EJ�CN=@K�@E�?KJPNKHH=NA�OLA?Eq?DA�A�NEHAR=NA�?DA�QJ�OKBPS=NA�^�

OE?QNK��2=N\�JA?AOO=NEK�?DA�MQAOPk=PPEREP\�OE=�?KILEQP=�@=�QJ=�BKJPA�=s@=>EHA��

n� +k( �LQa�AOOANA�QJ�=QOEHEK��LQN?D_�OE=�QO=P=�EJ�QJ�=I>EAJPA�@E@=PPE?K�>AJ�@AqJEPK�A�

?KJPNKHH=PK��LAN�=PPEREP\�?DA�CHE�EJOACJ=JPE�E@AJPEq?DEJK�?KI A�EILKNP=JPE��/AN�KRREE�

I KPERE�@E�J=PQN=�A?KJKIE?=�CHE�EJOACJ=JPE�@EOLKNN=JJK�@E�QJ�JQI ANK�OAILNA�I=CCEKNA�

@E�LNK@KPPE�LNKLKOPE�@=H�OAPPKNA�?DA�HE�=EQPEJK�=�ORKHCANA�=PPEREP\�?DA�=�RKHPA�JKJ�AN=JK�

JALLQNA�MQAHH=�@E�HKNK�EJPANAOOA��,=�@=H�IKI AJPK�?DA�MQAOPE�LNK@KPPE�OKJK�@E�

PAJ@AJV=�A�RAJ@QPE�>AJA��LKPNA>>ANK�AOOANA�?KJOE@AN=PE�EILKNP=JPE��4J�>QKJ�

EJOACJ=JPA�@KRNA>>A�AOOANA�?KJO=LARKHA�@E�MQAOPK�=OLAPPK�A�EJ�MQAOPK�HE>NK�OLANE=IK�

@E�EJPNK@QNNA�QJ�JQI ANK�OQs?EAJPA�@E�AHAI AJPE�=sJ?D_�CHE�EJOACJ=JPE�E@AJPEq?DEJK�

MQAOPE�LNK@KPPE�K�MQAOPA�OEPQ=VEKJE��

n� - AHH=�LNAL=N=VEKJA�@E�MQAOPK�I=PANE=HA�@E@=PPE?K��=>>E=IK�NEO?KJPN=PK�QJ�LNK>HAI=�

OANEK��+kE@A=�@E�>=OA�AN=�QPEHEVV=NA�@AE�OKBPS=NA�@E�( �?DA�=RNAII K�LKPQPK�?KJOECHE=NA�

=CHE�EJOACJ=JPE��EJ�IK@K�?DA�O=NA>>ANK�OP=PE�LNAOPK�EJ�CN=@K�@E�=@KPP=NHE�EJ�?H=OOA��

2BKNPQJ=P=IAJPA�JKJ�^�=J@=P=�?KO`��IKHPE�OKBPS=NA�OKJK�=J?KN=�EII=PQNE��?E�OKJK�

I KHPE�LNK>HAIE�APE?E�A�EJ�IKHPEOOEIE�?=OE�E�R=NE�@E?=OPANE�A�HA�R=NEA�=IIEJEOPN=VEKJE�JKJ�

@EOLKJCKJK�@E�AHAJ?DE�@E�OKBPS=NA�=QPKNEVV=PE��/ANP=JPK�=>>E=IK�O?AHPK�QJ�=LLNK??EK�

@ERANOK��I AJVEKJANAIK�@AE�OKBPS=NA�JAH�HE>NK�� >>E=IK�O?AHPK�MQAOP=�RE=�LAN?D_�

NEPAJE=IK�?DA�?DE=NEO?=�QJ�LQJPK�OLA?Eq?K�EJ�I=PANE=�@E�( �=LLHE?=P=�=HHkEOPNQVEKJA��

3QPP=RE=��EJ�MQAOP=�OA@A��JKJ�OLKJOKNEVVE=IK�JAOOQJ�OKBPS=NA�L=NPE?KH=NA��$OEOPKJK�

N=CEKJE�LAN�?NA@ANA�?DA�JAH�LNKOOEIK�BQPQNK�@ACHE�KNC=JEOIE�EJPANJ=VEKJ=HE�?KIA�

Hk4JAO?K��Hk4JE?AB�K�EH�"KJOECHEK�@k$QNKL=�I APPAN=JJK�=�LQJPK�OEOPAIE�?KJ?NAPE�@E�

R=HQP=VEKJA�@AHHA�OKHQVEKJE��

 �M QAOPK�LQJPK�A�LNEI=�@E�H=O?E=NRE�=HH=�HAPPQN=��@K>>E=IK�NEJCN=VE=NA�E�IKHPE�EJPANHK?QPKNE�?DA�

D=JJK�?KJPNE>QEPK�=HH=�NA=HEVV=VEKJA�@E�MQAOPK�HE>NK��

� 
 � � � � � � � � � � � � 
 � � �

	



(J�LNEIEO��?E�D=�CEKR=PK�H=�HAPPQN=�@AHHA�KLANA�@E�6=UJA�'K HIAO�A�=>>E=IK�=RQPK�EH�LNEREHACEK�

@E�@EO?QPANJA�?KJ�HQE�LAN�IKHPA�KNA��

" E� OKJK� OP=PA� @EO?QOOEKJE� =J?DA� EJ� OAJK� =H� ?KJOAOOK�  (�3� J AH� ?QE� =I>EPK� =>>E=IK�

KNC=JEVV=PK�@AE�OAIEJ=NE�LAN�?KJOAJPENA�=E�R=NE�=NCKI AJPE�@E�RAJENA�=HH=�HQ?A��

&HE� EJOACJ=JPE� OPAOOE� OKJK� OP=PE� QJ=� BKJPA� @E� EJBKNI=VEKJE� BKJ@=IAJP=HA�� =PPN=RANOK�

OAIEJ=NE�A�SA>EJ=N�OE=IK�OP=PE�EJ�CN=@K�@E�O?=I>E=NA�?KJ�HKNK�HA�JKOPNA�E@AA��?KI LNAJ@ANA�MQ=HE�

LKPAOOANK�EJ@QNNA�EJ�?KJBQOEKJA�K�BKOOANK�OAILHE?AI AJPA�ANNKJAA��

, KHPE�?E�D=JJK�BKNJEPK�KLEJEKJE�LNAVEKOA��KLAN=�@E�NAREOEKJA��OQCCANEPK�?KHHAC=IAJPE�A�PAOPE�

A�=H?QJE�D=JJK�=CCEQJPK�@AE�?=LEPKHE�=�MQAOPK�H=RKNK��

n� ,=J QAH�&AJPEHA�?E�D=�=EQP=PK�JAHH=�NA@=VEKJA�@E�IKHPE�?=LEPKHE�A�D=�@EIKOPN=PK�QJ=�

JKPARKHA�?KILAPAJV=�JAH�NAJ@ANA�=??AOOE>EHE�CHE�=OLAPPE�LEb�KO?QNE�@AHHk( ��

n� %=>NEVEK�%=H?DE�A�&EQOALLA�" EPP\�OE�OKJK�@EIKOPN=PE�@AE�?KHH=>KN=PKNE�B=JP=OPE?E�?DA�?E�

D=JJK�=EQP=PK�=�?KILNAJ@ANA�QJ�CN=J�JQI ANK�@E�MQAOPEKJE�HAC=PA�=HHk( ��

n�  VEI�1 KQOO=J=HU�� JJ A�!KUAN�A�)E=FQJ�/=J�OKJK�OP=PE�?KO`�CAJPEHE�@=�O?NERANA�EH�?=LEPKHK�

@A@E?=PK�=HHk=J=HEOE�@AHHk=LLNAJ@EIAJPK��

n� 6 =UJA�'K HIAO�D=�O?NEPPK�QJ�?=LEPKHK�OQH�HE>ANK�=N>EPNEK��=NCKI AJPK�?DA�KN=�OP=�

@ERAJP=J@K�EILKNP=JPA�EJ�B=OA�@E�@EO?QOOEKJA�@AHHA�EILHE?=VEKJE�APE?DA�@AHHk( ��

n� ,E ?D=AH�'=HEOOU�A�)KDJ�'QNHAU�D=JJK�=LLNKBKJ@EPK�HA�PAI=PE?DA�@AE�?KILEPE�=�?=O=�A�

@AHH=�R=HQP=VEKJA�=�BNKJPA�@AHHk=RRAJPK�@AHHA�( �CAJAN=PERA��

n� !=OPEAJ�,=OOA�KCCE�^�QJ�AOLANPK�EJ�KCJE�=OLAPPK�@AHH=�?NA=VEKJA�@E�LNKILP�A�D=�

?KJ@EREOK�HA�OQA�?KILAPAJVA�?KJ�JKE��

n� ! H=g�9QL=J�D=�LNAOAJP=PK�EH�OKBPS=NA�.N=JCA�?DA�E�OQKE�?KHH=>KN=PKNE�OKJK�EILACJ=PE�=�

OREHQLL=NA�LAN�NAJ@ANA�LKOOE>EHA�HkQPEHEVVK�@AHHk=LLNAJ@EIAJPK�=QPKI=PE?K��

 >>E=IK�=J?DA�QJ�CN=J@A�@A>EPK�@E�NE?KJKO?AJV=�JAE�?KJBNKJPE�@E�?KHKNK�?DA�D=JJK�PN=@KPPK�

MQAOPK�RKHQI A�EJ�BN=J?AOA��EP=HE=JK��PA@AO?K�A�OHKRAJK��4J�NEJCN=VE=IAJPK�OLA?E=HA�R=�=�2KHAJJ��

,=J QAH��#=JEAH=�A�'AHAJ=��

 

 

+=�/H=EJA�OQN�,AN���� ��� ��� ���

" KHEJ�@A�H=�'ECQAN=�

 

� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

DT



�/530&6;+0/'�&'-- >'&+;+0/'�+ 5#-+#/#�

" =NE�EJOACJ=JPE��

2E=PA�OEJ?ANE��JKJ�LNKR=PA�QJ=�HACCAN=�OAJO=VEKJA�@E� l@_F\�RQm�MQ=J@K�OAJPEPA�L=NH=NA�@E�

EJPAHHECAJV=�=NPEq?E=HA�A@�A@Q?=VEKJA��- KJ�LNAK??QL=PARE��^�=OOKHQP=IAJPA�JKNI=HA��

#AH�NAOPK��EH�N=LLKNPK�PN=�EJOACJ=JPE�A@�ARKHQVEKJA�PA?JKHKCE?=�OAI>N=�@=RRANK�QJ=�OPKNE=�

EJqJEP=��

 � L= NPENA� @=CHE� =JJE� k���� =>>E=IK� =PPN=RANO=PK� =HIAJK� MQ=PPNK� NERKHQVEKJE� @ECEP=HE��

HkEJPNK@QVEKJA�@AE�LANOKJ=H�?KILQPAN��@AHH=�NAPA�(JPANJAP��@AE�OK?E=H� IA@E=�A�H=�@EpQOEKJA�@AH�

I K>EHA�?KILQPEJC��

.CJ QJ=� @E� MQAOPA� EJJKR=VEKJE� ?E� D=� EJ@KPPK� =� LNKOLAPP=NA� QJ� JQKRK� NQKHK� LAN� RKE�

EJOACJ=JPE�A�=�?DEA@ANRE�@E�=CCEKNJ=NA�RAHK?AIAJPA��A�OLAOOK�OAJV=�QJk=@ACQ=P=�NErAOOEKJA��HA�

RKOPNA�LN=PE?DA�@E�EJOACJ=IAJPK�EJ�>=OA�=HHkQHPEI=�PA?JKHKCE=��

.C CE�H=�lJQKR=m�QNCAJV=�^�?KJJAOO=�=E�NA?AJPE�LNKCNAOOE�@AHHkEJPAHHECAJV=�=NPEq?E=HA��

- KJ�O=LAJ@K�OA�OE�PN=PPAN\�@AHHkAJJAOEI=�LNKIAOO=�@E�?=I>E=IAJPK�JKJ�NA=HEVV=P=�K�@E�QJ=�

RAN=�A�LNKLNE=�NERKHQVEKJA��HkQJE?=�=HPANJ=PER=�?KJ?NAP=�^�=J=HEVV=NA�EH�LNAOAJPA�IKJEPKN=J@K�?KJ�

=PPAJVEKJA�E�BAJKI AJE�?KJJAOOE�=�P=HA�EJJKR=VEKJA��

$�EH�LNAOAJPA�OAI>N=�CE\�ARE@AJVE=NA�@AHHA�@EpANAJVA�OECJEq?=PERA�NEOLAPPK�=H�L=OO=PK��0QAOPE�

JQKRE�OEOPAIE�>=O=PE�OQ�  (�OAI>NANA>>ANK�EJ�CN=@K�@E�BKNJENA�NEOLKOPA�=�?KILEPE�NEPAJQPE�qJK�

=� LK?K� PAILK� B=� PNKLLK� ?KI LHAOOE� LAN� QJ=� I=??DEJ=�� ?KIA� =@� AOAILEK� HA� ?=L=?EP\� @E�

?KI LNAJOEKJA� A� CAJAN=VEKJA� @AH� HEJCQ=CCEK� J=PQN=HA� @EIKOPN=PA� @=E� IK@AHHE� @E� HEJCQ=CCEK� @E�

CN=J@E�@EIAJOEKJE��

#E� ?KJOACQAJV=� HkQOK� @EpQOK� @E� P=HE� OPNQIAJPE� OP=� CE\� @APANIEJ=J@K� ?=I >E=IAJPE�

OECJEq?=PERE�JAH� IK@K�EJ�?QE�=??A@E=IK�=HHA�EJBKNI=VEKJE�A�HA�NEAH=>KNE=IK�LAN�?NA=NA�JQKR=�

?KJKO?AJV=��

(JKHPNA�� OBNQPP=J@K� P=HE� BQJVEKJ=HEP\� ?KIA� OANREVE� @E� >=OA� OACQAJ@K� QJ=� HKCE?=�

?KI LKOEVEKJ=HA�� OE� OP=JJK� =p=??E=J@K� OQH� IAN?=PK� JQKRE� OEOPAIE� ?DA� KpNKJK� OKHQVEKJE� =�

LNK>HAIE�OAILNA�LEb�?KI LHAOOE�=@�QJ�NEPI K�I=E�REOPK�EJ�LNA?A@AJV=��

2A�=HHA�BQJVEKJ=HEP\�?KILHAOOA�A�=HH=�RAHK?EP\�@E�EJJKR=VEKJA�=CCEQJCE=IK�=J?DA�EH�HERAHHK�

@E� LANR=OEREP\� ?DA� P=HE� PA?JKHKCEA� OP=JJK� =OOQIAJ@K�� OAI>N=� NA=HEOPE?K� ELKPEVV=NA� QJ� EIL=PPK�

OECJEq?=PERK� OQE� OEOPAIE� A@Q?=PERE�� LNK>=>EHIAJPA� HAC=PK� LNEJ?EL=HIAJPA� =@� QJ� ?=I>E=IAJPK�

N=@E?=HA�JAHHA�I K@=HEP\�@E�=LLNAJ@EIAJPK�@AE�JKOPNE�N=C=VVE��

� 
 � � � � � � � � � � � � 
 � � �

DD



[� LNKLNEK� EJ� MQAOPkALK?=� @E� N=LE@E� ?=I>E=IAJPE� A� @E� EJ?ANPAVVA�� ?DA� EH� NQKHK� @AHHkEJOACJ=JPA�

AI ANCA� =J?KN� @E� LEb� ?KI A� CQE@=� EILNAO?EJ@E>EHA� LAN� CHE� OPQ@AJPE� JAHHkEJPANLNAP=VEKJA� A� JAHH=�

@A?K@Eq?=�@E�QJ�IKJ@K�?KI LHAOOK��

3=HE� PA?JKHKCEA� LKOOKJK� PAKNE?=I AJPA� =RANA� QJ� EIL=PPK� OQ� MQ=OE� PQPPE� CHE� =OLAPPE�

@AHHkEJOACJ=IAJPK��HkEJPAN=VEKJA�EJOACJ=JPA
OPQ@AJPA��H=�@AqJEVEKJA�@AHHA�OPN=PACEA�@E@=PPE?DA��H=�

?NA=VEKJA�@AE�?KJPAJQPE��H=�R=HQP=VEKJA�@ACHE�OPQ@AJPE�A��J=PQN=HIAJPA��HK�OREHQLLK�LNKBAOOEKJ=HA�

@ACHE�EJOACJ=JPE��

[�EJ�MQAOPK�?KJPAOPK�?DA�J=O?A�HkE@A=�@E�MQAOPK�HE>NK�=LANPK�l(JPAHHECAJV=�=NPEq?E=HA�LAN�CHE�

EJOACJ=JPEm��?KI A�CQE@=�=CHE�EJOACJ=JPE�JAHHkAOLHKN=VEKJA�@E�MQAOPA �JQKRA�BNKJPEANA��4J�HE>NK�

=LANPK�?DA�PAJP=�@E�OP=NA�=H�L=OOK�?KJ�HkEJJKR=VEKJA�@AHH=�PA?JKHKCE=�A�MQEJ@E�OAILNA�=LANPK�

=� JQKRE� ?KJPNE>QPE�� 4J� HE>NK� ?DA�� =PPN=RANOK� QJ� HEJCQ=CCEK� JKJ� PA?JE?K� =� PN=PPE� @ERANPAJPA� A 

NE??K�@E�AOAILE��RQKHA�CQE@=NRE�JAHH=�?KILNAJOEKJA�@AE� IA??=JEOIE�@E�>=OA�?DA�@APANIEJ=JK�

EH�BQJVEKJ=I AJPK�@E�P=HE�OEOPAIE�A�JAHHk=?MQEOEVEKJA�@E�MQAHH=�?KJO=LARKHAVV=�JA?AOO=NE=�LAN�JKJ�

OQ>ENA�L=OOER=I AJPA�EH�?=I>E=IAJPK�I=�LAN�=RANA�Hk=I >EVEKJA�@E�CQE@=NHK��

5 KNNAIIK�EJ?KN=CCE=NRE�=�JKJ�B=NRE�REJ?ANA�@=H�PEIKNA��I=�=H�?KJPN=NEK�?KJOE@AN=NA�Hk( �

?KI A�QJ�LKOOE>EHA�OQLLKNPK�EJ�=H?QJE�@AE�RKOPNE�?KILEPE��OAILNA�?KJ�QJ�=PPACCE=IAJPK�LNQ@AJPA�

I=� @EOLKJE>EHA� =HH=� JKREP\�� CQE@=PE� @=HH=� OLAN=JV=� ?DA� MQAOPA� EJJKR=VEKJE� RE� LKOO=JK� KpNENA�

HkKLLKNPQJEP\� @E� @A@E?=NA� OAILNA� LEb� OL=VEK� A� PAILK� =H� ?KILEPK� ?AJPN=HA� @AH� RKOPNK� AOOANA�

EJOACJ=JPE��KRRANK�LNAJ@ANOE�?QN=�@ACHE�OPQ@AJPE�A�@AHH=�HKNK�?NAO?EP=�OK?E=HA�A�=pAPPER=��

5 E�=QCQNE=IK�QJ=�>QKJ=�HAPPQN=��

,=J QAH�&AJPEHA�

 

 

 

� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

D�



$[H?G<@4�I8EF<BA8�7<�DH8FGB�?<5EB�R�7<FCBA<5<?8�FH�;GGCF���4<BC8AG8KG�<G7�6AE�<G�<AG8??<:8AM44EG<`6<4?8��

� 
 � � � � � � � � � � � � 
 � � �

D�

https://aiopentext.itd.cnr.it/intelligenzaartificiale/


� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

D�



� 
��   ��

�����O�O�������
����
������
�������� >�
C�

5 E�OEAPA�I=E�?DEAOPE��

� B@8�?[<AG8??<:8AM4�4EG<`6<4?8�CHU�<AaH<E8�FH??[4CCE8A7<@8AGB�8�?[<AF8:A4@8AGB�A8??4�@<4�6?4FF8��

( HU�4<HG4E@<�4�94E8�6<U�6;8�IB: ?<B�94E8�6BA�<�@<8<�4?HAA<��

� B@8�CHU�GE4F9BE@4E8�?8�7<A4@<6;8�8�?8�<AG8E4M<BA<�6;8�;B�6BA�<�@<8<�4?HAA<��

� B@8�9466<B�4�F4C8E8�DH4A7B�I<8A8�HF4G4�8�DH4A7B�I<8A8�HF4G4�A8?�@B7B�F54:?<4GB��

� 	�6BF4�7BIE8<�F4C8E8�F8�IB: ?<B�94EA8�5HBA�HFB��

" KJPEJQ=PA�=�HACCANAo�

� 
 � � � � � � � � � � � � 
 � � �

D�



� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

D�



l" =NKQOAH�k��m�>U�5KTLDKPK�LQ>>HE?=PK�?KJ�HE?AJV=�""�! 8
-" 
-#�

�� � ��/ AN�REOQ=HEVV=NA�QJ=�?KLE=�@E�MQAOP=�HE?AJV=��REOEP=NA�

DPPLO���?NA=PERA?KII KJO�KNC�HE?AJOAO�>U
J @
J ?��� � �

FL��NAB�KLAJRANOA��

DS�

� '%/0-0)+#R�%#.$+#.'/50�'�+-�
360-0�&'-- >+/4')/#/5'�

������������������������

- AH������3D KI=O�$@EOKJ�@E?DE=Na�?DA�EH�?EJAI=�=RNA>>A�NERKHQVEKJ=PK�HkEOPNQVEKJA��" NA@AR=�?DA�=HH=�qJA�=RNA>>A�

OKOPEPQEPK�PQPPE�E�HE>NE�@E�PAOPK���

3QPP=RE=��HkQOK�@AHH=�LAHHE?KH=�@=�L=NPA�@ACHE�EJOACJ=JPE�

^� OP=PK� IKHPK� HEIEP=PK�� (H� LNKEAPPKNA� BKPKCN=q?K� LAN�

@E=LKOEPERA�� EJRA?A�� ^� OP=PK� =@KPP=PK� @=� QJ� JQI ANK�

OECJEq?=PERK�@E�EJOACJ=JPE�=�L=NPENA�@=CHE�=JJE�"EJMQ=JP=�

qJK�=HH=�qJA�@ACHE�=JJE�-KR=JP=��

 � @EpANAJV=� @AH� ?=OK� @AHHA� LAHHE?KHA�� CHE� EJOACJ=JPE�

LKPAR=JK��

n� LNAL=N=NA� HA� LNKLNEA� @E=LKOEPERALNAL=N=NA� HA� LNKLNEA� @E=LKOEPERA� =� QJ�LNAVVK�LNAVVK�

=??AOOE>EHA=??AOOE>EHA��

n� QPEHEVV=NHK� ?KI A� H=� H=R=CJ=�� EJ� LN=PE?=� QJK�

OPNQIAJPK� ?DA�JKJ� ?=I >E=R=� EH� HKNK� IK@K� @E�JKJ� ?=I >E=R=� EH� HKNK� IK@K� @E�

EJOACJ=NAEJOACJ=NA��

n� NEQPEHEVV=NANEQPEHEVV=NA� HA� @E=LKOEPERA�� NEKN@EJ=NHANEKN@EJ=NHA� A�

LANBAVEKJ=NHALANBAVEKJ=NHA� ��

2A�?k̂ �QJ=�JQKR=�PA?JKHKCE=�?DA�LQa�=EQP=NRE��

��� DH4?<�64E4GG8E<FG<6;8�68E6;8E8FG8��

��� � 4@5<8E8FG8� ?4� IBFGE4� CE4G<64� 7<74GG<64� C8E�

HG<?<MM4E?B��

��� � IE8FG8�C4HE4�7<�8FF8E8�6BFGE8GG<�4�64@5<4E8��

� 
 � � � � � � � � � � � � 
 � � �

D�

https://creativecommons.org/licenses/by-nd-nc/2.0/jp/?ref=openverse
https://creativecommons.org/licenses/by-nd-nc/2.0/jp/?ref=openverse


l#E=NU�KB�=�PA=?DEJC�I= ?DEJAm�>U�:�$@�;�LQ>>HE?=PK�?KJ�

HE?AJV=�""�! 8
-" 
2 ��� � ��/ AN�REOQ=HEVV=NA�QJ=�?KLE=�

@E�MQAOP=�HE?AJV=��REOEP=NA�DPPLO���?NA=PERA?KII KJO�KNC�

HE?AJOAO�>U
J ?
O=��� � ��NAB�KLAJRANOA��

������� I����������"
�
�������
���������� I����������"
�
�������
���

" KI A� EJOACJ=JPE�� =RAPA� =� ?DA� B=NA� KCJE� CEKNJK� ?KJ� E� ?=I>E=IAJPE�� +=� PA?JKHKCE=�� LE??KH=� K�

CN=J@A� ?DA� OE=�� LKNP=� ?=I>E=IAJPE�� HA� OQA� =LLHE?=VEKJE� ?=I>E=JK� EH� IKJ@K� EJ� ?QE� EJOACJ=PA��

?=I >E=JK�CHE�OPQ@AJPE�=�?QE�EJOACJ=PA��EJqJA��?=I >E=JK�E�?KJPAJQPE��HA�?KILAPAJVA�A�EH�?KJPAOPK�

@AHHkEJOACJ=IAJPK��/ Qa�=J?DA�?=I>E=NA�EH�IK@K�EJ�?QE�OE�EJOACJ=��

0QAOPK� HE>NK� @E� PAOPK� OE� K??QL=� @E� ?KIA� QJ� N=IK� OLA?Eq?K� @AHH=� PA?JKHKCE=�� ?DE=I=PK�

(JPAHHECAJV=� NPEq?E=HA��( 	��LKOO=�?=I>E=NA�EH�IK@K�@E�EJOACJ=NA��

( 8E6;S� ?[!��( 8E6;S� ?[!�� � �� +=@@KRA� ^� As?=?A�� H=� RAHK?EP\� A� Hk=I LEAVV=� @AH� ?=I>E=IAJPK� =LLKNP=PK� @=HHk( �

LKOOKJK�AOOANA�@AOP=>EHEVV=JPE�� /ACCEK�=J?KN=��?KO=�JKJ�LQa�B=NA�QJ=� I=??DEJ=�?DA�LNAPAJ@A�

@E�AOOANA�EJPAHHECAJPA��/KPNA>>A�EJOACJ=NA�IACHEK�@E�RKE��/KPNA>>A�OKOPEPQENRE�EJ�?H=OOA��"E�OKJK�

@ERANOA�@KI=J @A�EILKNP=JPE�=�?QE�NEOLKJ@ANA��

+A� =LLHE?=VEKJE� @E� EJPAHHECAJV=� =NPEq?E=HA� @E�

KCCE� OKJK� ?KOPNQEPA� LAN� QJ� ?KILEPK� OLA?Eq?K� A�

LAN�QJ�PELK�@E�QPAJPA��4J�OKBPS=NA�EJ�CN=@K�@E�

PN=@QNNA� ?Ea� ?DA� O?NERAPA� JKJ� LQa� LNARA@ANA� E�

LNAVVE�@AHHA�=VEKJE��

/ AN�MQ=JPK�NECQ=N@=�EH�?KILEPK�EJ�O_��^�RANK�

?DA� HkEJPAHHECAJV=� =NPEq?E=HA� LQa� ORKHCANA� =H?QJE�

?KI LEPE�IACHEK�@ACHE�AOOANE�QI=JE��,=�=J?DA�QJ�

>=I >EJK� LQa� >=PPANA� H=� IECHEKNA� ( � JAHH=�

I= CCEKN�L=NPA�@ACHE�=HPNE�?KILEPE��+k( �@ARA�B=NA�

I KHP=�OPN=@=�LNEI=�@E�LKPAN�OKOPEPQENA�HkQKI K�EJ�

QJk=PPEREP\� ?KCJEPER=�� OK?E=HA� A� ?QHPQN=HA� NE??=�

?KI A� HkEJOACJ=IAJPK�� ,=� LQa� OQLLKNP=NA� EH�

LNK?AOOK�� =CCEQJCAJ@K� QJ� =EQPK� =� ?Ea� ?DA� QJ�

EJOACJ=JPA�^�EJ�CN=@K�@E�B=NA��&HE�AOLANPE�L=NH=JK�

@E�l� H:@8AG87� H@4Al �   ?DA��JAH�JKOPNK�?=OK��O=NA>>A�QJ�lEJOACJ=JPA�=QI AJP=PKm��

0Q=J@K� Hk( � LQa� AOOANA� @k=EQPK� JAH� ?=ILK� @AHHkEOPNQVEKJA�� CHE� AOLANPE� @E� LA@=CKCE=�

OKPPKHEJA=JK� ?DA� HkEJOACJ=JPA� @ARA� AOOANA� OAILNA� LNAOAJPA�� OQLANREOEKJ=J@K� ?Ea� ?DA� B=�� +A�

OKHQVEKJE� @E� ( � ?DA� OE� OKJK� NERAH=PA� @=RRANK� As?=?E� EJ� ?H=OOA� OKJK� MQAHHA� ?DA� @=JJK� LKPANA�

=HHkEJOACJ=JPA�� 0Q=J@K� HkEJOACJ=JPA� O=� ?KO=� OP=� EIL=N=J@K� HK� OPQ@AJPA�� E� CQ=@=CJE� OKJK�

OECJEq?=PERE� ��

+kK>EAPPERK�@E�MQAOPK�HE>NK�@E�PAOPK�^�BKNJENA�HA�?KJKO?AJVA�JA?AOO=NEA�LAN�@A?E@ANA�OA��@KRA�

A� ?KIA� Hk( � LQa� =EQP=NRE�� "E� =QCQNE=IK� @E� =EQP=NRE� =� LNAL=N=NRE� LAN� EH� BQPQNK�� =pNKJP=J@K� E�

?=I >E=IAJPE�LKNP=PE�@=HHk( �?KJ�EH�I=OOEIK�EILACJK��

� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

D�

https://creativecommons.org/licenses/by-nc-sa/2.0/?ref=openverse
https://creativecommons.org/licenses/by-nc-sa/2.0/?ref=openverse


2?KLNEPA�?KO=�@E?A�EH�MQEV�@AHH=�!!"�l 6 EHH�=�NK>KP�P=GA�UKQN�FK>m�OQH�BQPQNK�@AE�@ERANOE�H=RKNE�JAH�1ACJK�4JEPK��

(H� MQEV� =pANI=� ?DA� EH� H=RKNK� ^� LEb� =H� OE?QNK� @=HHk=QPKI=VEKJA� OA� OE� @ARA� JACKVE=NA�� =EQP=NA� A� =OOEOPANA� CHE� =HPNE� K�

LNKLKNNA�E@AA�KNECEJ=HE�?KIA�L=NPA�@AH�H=RKNK��/ AN�l/NKBAOOEKJEOP=�@AHHkEJOACJ=IAJPK�JAHHkEOPNQVEKJA�OA?KJ@=NE=m��H=�

LNK>=>EHEP\�@E�=QPKI=VEKJA�^�@AHHk����

��" Q>=J��+���, 846;8EF�4A7�@46;<A8F�� , ;8�6?4FFEBB@�HF8�B9�G86; AB?B:L�F<A68� �� �
 �� 3A=?DAN�"KHHACA�

/ NAOO������ ��
�� +AA��,���6 EJVAJNEA@�� ���, ;8�HF8�B9�!AFGEH6G<BA4?�,86; AB?B:L�<A�+6;BB?F	�$8FFBAF�GB�58�?84EA87�� ?AN�

/ NAOO��������
�� 'K HIAO��6���!E=HEG��,���%=@AH��"�� �� EG<`6<4?�!AG8??<:8A68�!A�� 7H64G<BA��(EB@<F8F�4A7�!@C?<64G<BAF�9BE�

, 846;<A:�4A7�$84EA<A:���� � ���
�� &NKp��)���( 8EFBA4?<M87�$84EA<A:��, ;8�FG4G8�B9�G;8�`8?7�4A7�9HGHE8�7<E86G<BAF��" AJPAN�BKN�?QNNE?QHQI�

NA@AOECJ���� �� ��

� 
 � � � � � � � � � � � � 
 � � �

D	

https://www.bbc.com/news/technology-34066941


� S�

� >+/5'--+)'/;#�#35+P%+#-'�L�
076/26'�

�/5'--+)'/;#�#35+P%+#-'B�6/#�%0.13'/4+0/'�+/56+ 5+7#��/5'--+)'/;#�#35+P%+#-'B�6/#�%0.13'/4+0/'�+/56+ 5+7#�

.J A�KN�IKNA�EJPAN=?PERA�AHAI AJPO�D=O�>AAJ�AT?HQ@A@�BNKI�PDEO�RANOEKJ�KB�PDA�PATP��8KQ�?=J�REAS�

PDAI�KJHEJA�DANA��DPPLO���LNAOO>KKGO�LQ>�EJPAHHECAJV==NPEq?E=HA��L�����KAI >A@
��

2E�LQa�=LNENA�QJ�HE>NK�@E�PAOPK�OQHHkEJPAHHECAJV=�=NPEq?E=HA�K�B=NA�QJ=�N=LE@=�NE?AN?=�OQ�(JPANJAP� 

HA�@AqJEVEKJE�@E�( �OKJK�OR=NE=PA��- KJ�?k̂ �QJ�I K@K�?KNNAPPK�LAN�@ENA�?DA�?KOk^�Hk( ��@KRA�REAJA�

QPEHEVV=P=�A�?DA�NQKHK�ORKHCA��/ KPNA>>A�AOOANA�QJ�?KILHAOOK�OEOPAI=�=QPKJKI K�?KI A�QJ�NK>KP�K�

QJk=QPK�=QPKJKI=��/ KPNA>>A�AOOANA�OKHK�MQ=H?DA�NEC=�@E�?K@E?A�=HHkEJPANJK�@E�QJ�=HPNK�OKBPS=NA��

?DA�ORKHCA�QJ�NQKHK�I KHPK�HEIEP=PK��

+kEJPAHHECAJV=� =NPEq?E=HA� ^� QJ� EJOEAI A� @E� LNKCN=IIE� ?DA� ORKHCKJK� QJ=� OANEA� @E� ?KILEPE�

@ERANOE�� #=H� LQJPK� @E� REOP=� I=PAI=PE?K� A� =HCKNEPIE?K�� HA� HEJAA� OE� ?KJBKJ@KJK�� JKJ� AOEOPA�

QJkEJ@E?=VEKJA�?DE=N=�@E�@KRA�EJEVE�Hk( �A�@KRA�OE�BANIEJK�HA�=HPNA�PA?JKHKCEA��

(JKHPNA��I KHPE�AOLANPE�JKJ�OKJK�@k=??KN@K�?KJ�HkQOK�@AHH=�L=NKH=�lEJPAHHECAJV=m��Hk(JPAHHECAJV=�

 NPEq?E=HA� JKJ� D=� =H?QJ=� OKIECHE=JV=� ?KJ� HkEJPAHHECAJV=� QI=J=�� 3QPP=RE=�� H=� L=NKH=� ?E� @E?A�

MQ=H?KO=�OQ�?Ea�?DA�MQAOPE�LNKCN=IIE�OKJK�@AOPEJ=PE�=�N=CCEQJCANA�h�EH�qHK�?KJ@QPPKNA�?DA�HE�

?KHHAC=��

(J� qJ� @AE� ?KJPE�� E� OEOPAIE� @E� EJPAHHECAJV=� =NPEq?E=HA� OKJK� >=O=PE� OQHHA� I= ??DEJA�� %=JJK�

LNAREOEKJE��LNKLKJCKJK�N=??KI=J @=VEKJE�K�OQLLKNP=JK�HA�@A?EOEKJE�

n� =J=HEVV=J@K�=I >EAJPE�NA=HE�K�RENPQ=HE��QPEHEVV=J@K��=@�AOAILEK��IE?NKBKJE�K�PAHA?=IANA	��

n� OAILHEq?=J@K�E�@=PE�A�=J=HEVV=J@KHE��

n� QPEHEVV=J@K�Hk=J=HEOE�LAN�LNAJ@ANA�QJ=�@A?EOEKJA�K�QJ=�LNAREOEKJA���

0Q=J@K�?E�OE�EI>=PPA�EJ�QJ�OEOPAI=�?DA��

� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

�T



n� NE?KJKO?A�MQAHHK�?DA�=RAPA�O?NEPPK�K�MQAHHK�

?DA�OP=PA�@E?AJ@K��OKBPS=NA�@E�PN=@QVEKJA��

NE?KJKO?EIAJPK�@AH�PAOPK��NE?KJKO?EIAJPK�

@AE�RKHPE��=OOEOPAJPE�LANOKJ=HE��"D=P>KP	��

KLLQNA��

n� OAI>N=�?KJKO?ANRE�IACHEK�MQ=JPK�LEb�=�

HQJCK�HK�QPEHEVV=PA��N=??KI=J @=VEKJA�@E�

RE@AK�OQ�8KQPQ>A��N=??KI=J @=VEKJA�@E�

JKPEVEA��N=??KI=J @=VEKJA�@E�=NPE?KHE�OQ�

 I=VKJ��OQCCANEIAJPE�@E�=IE?E�OQ�

%=?A>KKG��=JJQJ?E�IEN=PE	��K��

n� ^�EJ�CN=@K�@E�LNARA@ANA�QJ�NEOQHP=PK��@=PA�

EJBKNI=VEKJE�EJ?KI LHAPA�A�EJ�N=LE@=�

ARKHQVEKJA��EH�LAN?KNOK�LEb�RAHK?A�LAN�

=J@=NA�@=�MQ=H?DA�L=NPA��E�LNAVVE�@AHHA�

=VEKJE�JAH�LNKOOEIK�BQPQNK	��

=HHKN=� ?KJ� IKHP=� LNK>=>EHEP\� ^� ?KEJRKHP=�

HkEJPAHHECAJV=�=NPEq?E=HA��

 

%ERA�>EC�E@A=O�EJ� (��"NA@EP�� (�*���(JE PE=PERA��+E?AJOA@�

QJ@AN�""�! 8
-" 
2 ��� � ��5 EOEP�

DPPLO���?NA=PERA?KII KJO�KNC�HE?AJOAO�>U
J ?
O=��� � ��

� 
 � � � � � � � � � � � � 
 � � �

�D

https://creativecommons.org/licenses/by-nc-sa/4.0/


� I+/5'--+)'/;#�#35+P%+#-'�+/503/0�#�/0+�� I+/5'--+)'/;#�#35+P%+#-'�+/503/0�#�/0+�

+kEJPAHHECAJV=�=NPEq?E=HA�^�@ERAJP=P=�H=�PA?JKHKCE=�?DA�@\�=HHkQPAJPA�EH�R=JP=CCEK�JA?AOO=NEK�LAN�

=RANA�OQ??AOOK��

0Q=OE�PQPPE�E�OAPPKNE�H=�QPEHEVV=JK�EJ�QJ=�BKNI=�K�JAHHk=HPN=��

n� #=CHE�=p=NE�=HH=�NE?AN?=��IKHPE�?=ILE�QPEHEVV=JK�HA�=LL�HEJCQEOPE?DA�LAN�PN=O?NERANA�EH�

L=NH=PK�=H�RKHK�A�KPPAJANA�PN=@QVEKJE�@E�MQ=HEP\�EILNAOOEKJ=JPA��

n� +=�I A@E?EJ=�PN=A�R=JP=CCEK�@=HHk=J=HEOE�@AHHA�EII= CEJE�A�@=CHE�OPNQIAJPE�@E�OQLLKNPK�

@A?EOEKJ=HA�>=O=PE�OQHHk( � ��

n� (J�=CNE?KHPQN=��E�OEOPAIE�>=O=PE�OQHHk( �=EQP=JK�=�KPPEIEVV=NA�HkQOK�@AHHA�NEOKNOA�

@EOLKJE>EHE��

n� 0Q=OE�KCJE�CEKNJK�OE�D=�JKPEVE=�@E�MQ=H?DA�O?KLANP=�@AHHk( �J AE�CEK?DE��JAHHk=NPA��

JAHHkEJ@QOPNE=�A�JAH�?KII AN?EK��

 �O?QKH=��H=�O?AHP=�@AH�I=PANE=HA�@E@=PPE?K��Hk=@=PP=IAJPK�=E�OEJCKHE�OPQ@AJPE��H=�R=HQP=VEKJA�

A�H=�CAOPEKJA�@AHH=�HKCEOPE?=�OKJK�PQPPA�=PPEREP\�lEJPAHHECAJPEm��2A?KJ@K�HA�@AqJEVEKJE��QJ�OKBPS=NA�

>=O=PK�OQHHk( �@KRNA>>A�E@A=HIAJPA�AOOANA�EJ�CN=@K�@E�=EQP=NA�EJ�KCJQJ=�@E�MQAOPA�=PPEREP\��

 33(5(3  k� 33(5(3  k�

%=PA�QJ�AHAJ?K�@E�?EJMQA�PA?JKHKCEA�?DA�RKE�K�E�RKOPNE�OPQ@AJPE�=RAPA�QPEHEVV=PK�JACHE�QHPEIE�@QA�=JJE��0Q=JPA�@E�

AOOA��OA?KJ@K�RKE��?KJPAJCKJK�( ��

�%%0�6/�7+&'0�%*'�1#3 -#�&+�
-#/��63+/)�'��/5'--+)'/;#�
35+P%+#-'��%%0�6/�7+&'0�%*'�1#3 -#�&+�
-#/��63+/)�'��/5'--+)'/;#�
35+P%+#-'�

 H=J�3QNEJC�^�?KJOE@AN=PK�@=�IKHPE�EH�L=@NA�@AHHkEJBKNI=PE?=��, KHPA�@AHHA�JQKRA�E@AA�OQHHk( �

@E�KCCE�OKJK�OP=PA�EJPNK@KPPA�@=�  H=J�3QNEJC��LNEI=�=J?KN=�?DA�RAJEOOA�EJRAJP=PK�EH�PANIEJA�

l(J PAHHECAJV=� NPEq?E=HAm��

.J A�KN�IKNA�EJPAN=?PERA�AHAI AJPO�D=O�>AAJ�AT?HQ@A@�BNKI�PDEO�RANOEKJ�KB�PDA�PATP��8KQ�?=J�REAS�

PDAI�KJHEJA�DANA��DPPLO���LNAOO>KKGO�LQ>�EJPAHHECAJV==NPEq?E=HA��L�����KAI >A@
��

��3DA�.$"#� (�/ NEJ?ELHAO���� � ���
� � NPEq?E=H�(JPAHHECAJ?A�EJ�'A=HPD?=NA��6 EGELA@E=��

� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

��

https://oecd.ai/en/ai-principles
https://en.wikipedia.org/wiki/Artificial_intelligence_in_healthcare


� S�

� >+/5'--+)'/;#�#35+P%+#-'�L�)+J�
13'4'/5'�/'-- >+4536;+0/'�

�+#�)-+�+/4')/#/5+�%*'�)-+�456&'/5+R�%0/4#1'70-.'/5'�0�.'/0R�/'-��+#�)-+�+/4')/#/5+�%*'�)-+�456&'/5+R�%0/4#1'70-.'/5'�0�.'/0R�/'-�

$'/'�'�/'-�.#-'R�45#//0�)+J�65+-+;;#/&0�- I�
�&'/530�'�(603+�- I#6-#B�$'/'�'�/'-�.#-'R�45#//0�)+J�65+-+;;#/&0�- I�
�&'/530�'�(603+�- I#6-#B�

%0.'C�%0.'C�

/ Eb� =R=JPE� EJ� MQAOPK� HE>NK�� @=NAIK� QJkK??DE=P=� =CHE� OPNQIAJPE� @E� EJPAHHECAJV=� =NPEq?E=HA�

@EOLKJE>EHE�LAN�HkEOPNQVEKJA��,=�I KHPA�@AHHA�=LLHE?=VEKJE�LEb�QPEHE�@ARKJK�=J?KN=�AJPN=NA�EJ�?H=OOA��

+kEJ@QOPNE=� @AHHA�33A?JKHKCEA�## E@=PPE?DA�� HA� CN=J@E� =VEAJ@A� @ECEP=HE� A� E� H=>KN=PKNE� @E� NE?AN?=�

QJERANOEP=NE� OP=JJK� PQPPE� OREHQLL=J@K� OPNQIAJPE� LAN� =EQP=NA� HkEJOACJ=JPA� =� EJOACJ=NA� A� HK�

OPQ@AJPA� =� EIL=N=NA�� 2AI LNA� LEb� =VEAJ@A� OLA?E=HEVV=PA� JAHHk( � OP=JJK� B=?AJ@K� AJKNIE�

EJRAOPEIAJPE� JAH� OAPPKNA� @AHHkEOPNQVEKJA�� &HE� OPNQIAJPE�� OE=� MQAHHE� =LLNKR=PE� @=HHA� =QPKNEP\�

?KI LAPAJPE�OE=�MQAHHE�JKJ�=LLNKR=PE�I=�@EOLKJE>EHE�HE>AN=IAJPA��OKJK�QPEHEVV=PE�@=�EJOACJ=JPE�A�

OPQ@AJPE��

"D A� OE=JK� OP=PE� NA=HEVV=PE� K� IAJK� EJ� BQJVEKJA� @AHHkEOPNQVEKJA�� I KHPE� @E� MQAOPE� OPNQIAJPE�

LKOOKJK� AOOANA� QPEHEVV=PE� EJ� ?H=OOA�� +=� ?KJO=LARKHAVV=� @AE� HKNK� R=JP=CCE� A� @AE� HKNK� LKPAJVE=HE�

LNK>HAIE�^�HkQNCAJV=�@AH�IKI AJPK��

4J=�@AHHA�=LLHE?=VEKJE�CN=PQEPA�LAN�H=�I=PAI=PE?=�@EOLKJE>EHE�@QN=JPA�H=�OPAOQN=�@E�MQAOPK�

PAOPK� ^� /DKPKI=PD�� �/AN� CHE� EJOACJ=JPE� @E� HEJCQA�� QJ� AOAILEK� OEIEHA� LKPNA>>A� AOOANA�

QJk=LLHE?=VEKJA�LAN�Hk=LLNAJ@EIAJPK�@AHHA�HEJCQA�?KIA�#QKHEJCK�K�QJ�OKBPS=NA�@E�O?NEPPQN=�?DA�

QPEHEVV=�&/3	��

.J A�KN�IKNA�EJPAN=?PERA�AHAI AJPO�D=O�>AAJ�AT?HQ@A@�BNKI�PDEO�RANOEKJ�KB�PDA�PATP��8KQ�?=J�REAS�

PDAI�KJHEJA�DANA��DPPLO���LNAOO>KKGO�LQ>�EJPAHHECAJV==NPEq?E=HA��L�����KAI >A@
��

� 
 � � � � � � � � � � � � 
 � � �

��



"HE??=�MQE�LAN�
HACCANA�

3+%0/04%+.'/50�
055+%0�&'+�
%#3#55'3+�

�+Q'44+0/'��+Q'44+0/'�

2LAOOK��@QN=JPA�HA�NE?AN?DA�OQHHkQOK�@E�QJ�OKBPS=NA��LKOOE=IK�REOEKJ=NA�E�RE@AK�LQ>>HE?=PE�@=H�LNK@QPPKNA�OPAOOK��

$8�E868AF<BA<�7<�G8EM<�CBFFBAB�8FF8E8�4b745<?<��

� B@8�F8C4E4E8�?4�I8E<GQ�74??[8668FFB�7<�CH55?<6<GQ��

$[4CC?<64M<BA8�R�74II8EB�6BFT�HG<?8�6B@8�FBFG<8A8�<?�I<78B��

�<�FBAB�7<b6B?GQ�A8??[HG<?<MMB�78??8�FH8�9HAM<BA<��

)H4?<�FBAB�<�CBG8AM<4?<�CEB5?8@<�6;8�CBGE8558EB�78E<I4E8�74??[HFB�7<�DH8FG4�4CC?<64M<BA8��

/D KPKI=PD� ^� QJ�E<FB?HGBE8� @4G8@4G<6B�� / =NPAJ@K� @=� QJkAMQ=VEKJA�

I= PAI=PE?=�H=�NEOKHRA��A�JKJ�OKHK��&HE�EJOACJ=JPE�D=JJK�@KRQPK�B=NA�E�

?KJPE� ?KJ� HA� ?=H?KH=PNE?E� OE=� ?KIA� OPNQIAJPK� @E� EJOACJ=IAJPK� ?DA�

?KI A�OPNQIAJPK�LAN�EI>NKCHE=NA��

" Ea�?DA�NAJ@A�/DKPKI=PD�LEb�LKPAJPA�^�H=�B=?EHEP\�@kQOK��PQPPK�?Ea�

?DA� K??KNNA� B=NA� ^� O?=PP=NA� QJ=� BKPK� @AHH=� H=R=CJ=� K� @AH� MQ=@ANJK��

+kEJPAHHECAJV=� =NPEq?E=HA� @E� /DKPKI=PD� =J=HEVV=� H=� BKPK� A� NEOKHRA�

@ENAPP=IAJPA�EH�LNK>HAI=��

(�?=H?KH=PKNE�BKNJEO?KJK�H=�NEOLKOP=��=@�AOAILEK���� ��&HE�EJOACJ=JPE�

LKOOKJK�LANIAPPANA�@E�?KJPNKHH=NA�EH�NEOQHP=PK��I=�CHE�OPQ@AJPE�@KRN=JJK�=NNER=NA�=HH=�OKHQVEKJA�

@=� OKHE��  H� ?KJPN=NEK�� E� NEOKHQPKNE� IKOPN=JK� LEb� I K@E� LAN� NEOKHRANA� QJ� LNK>HAI=�� BKNJAJ@K� E�

L=OO=CCE�NEOKHQPERE��=J?DA�OA�MQAOP=�L=NPA�^�IKHPK�IAJK�EILACJ=PER=�@=H�LQJPK�@E�REOP=�PA?JE?K�

LAN�EH�LNKCN=II=PKNA��

 HPNA�=LLHE?=VEKJE�LNAOAJPE�JAHHA�=QHA�O?KH=OPE?DA�@E�KCCE��

n� , KPKNE�@E�NE?AN?=�

n� " KJPNKHHKNE�KNPKCN=q?E A�?KNNAPPKNE�CN=II=PE?=HE EJPACN=PE�JAHH=�I=CCEKN�L=NPA�@AE�

OKBPS=NA�@E�O?NEPPQN=�

n� 3N=@QPPKNE�KJHEJA�

n�  LLHE?=VEKJE�LAN�Hk=LLNAJ@EIAJPK�@AHHA�HEJCQA�

n� 1EOKHQPKNE�I=PAI=PE?E�?KIA�/DKPKI=PD��&AKCA>N=�A�6KHBN=I�

n�  OOEOPAJPE�LANOKJ=HE�

n� "D= P>KP�

n� 2EOPAIE�@E�PQPKN=CCEK�EJPAHHECAJPE�

n� 2EOPAIE�@E�CAOPEKJA�@AHHk=LLNAJ@EIAJPK�>=O=PE�OQHHkEJPAHHECAJV=�=NPEq?E=HA�

1ErAOOEKJA�1ErAOOEKJA�

� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

��

https://pressbooks.pub/intelligenzaartificiale/format/42


$OEOPA�QJ�=HPNK�OKBPS=NA�?DE=I=PK�"D A?GI= PD��OEIEHA�=�/D KPKI=PD��#=PA�QJkK??DE=P=�=E�HKNK�OEPE�SA>��2A�@KRAPA�2A�@KRAPA�

O?ACHEANA�QJKO?ACHEANA�QJK�@AE�@QA�NEOKHQPKNE��MQ=HA�O?ACHEAPA��/AN?D_��

� I640�&'-- I+/5'--+)'/;#�#35+P%+#-'�L�6/�+.$30)-+0B��6#-+�40/0�-'�� I640�&'-- I+/5'--+)'/;#�#35+P%+#-'�L�6/�+.$30)-+0B��6#-+�40/0�-'�

3'#;+0/+�&')-+�+/4')/#/5+C�3'#;+0/+�&')-+�+/4')/#/5+C�

0Q=HE�OKJK�HA�NA=VEKJE�@ACHE�EJOACJ=JPE�=HHkQOK�@AHHk( �@=�L=NPA�@ACHE�=HQJJE��$??KJA�=H?QJA��

.J A�KN�IKNA�EJPAN=?PERA�AHAI AJPO�D=O�>AAJ�AT?HQ@A@�BNKI�PDEO�RANOEKJ�KB�PDA�PATP��8KQ�?=J�REAS�

PDAI�KJHEJA�DANA��DPPLO���LNAOO>KKGO�LQ>�EJPAHHECAJV==NPEq?E=HA��L�����KAI >A@
��

� 
 � � � � � � � � � � � � 
 � � �

��

https://checkmath.com/index.html
https://photomath.com/en


� S�

�0.'�16M�#+ 65#37+�- >+/5'--+)'/;#�
#35+P%+#-'�

0Q=J@K�OE�L=NH=�@E�PA?JKHKCE=��?E�OKJK�@QA�AOPNAIE�@=�PAJANA�@kK??DEK��

n� (H�OKPPKQPEHEVVK�@AHH=�PA?JKHKCE=�=�?=QO=�@AHH=�L=QN=�A�@AHHkECJKN=JV=��

n� +kQOK�EJ@EO?NEIEJ=PK�?DA�LNKRK?=�ApAPPE�OA?KJ@=NE�EJ@AOE@AN=PE��

 @�AOAILEK��OE�LQa�L=NH=NA�@E�LANE?KHE�HAC=PE�=HHkQOK�@AE�PAHABKJE�?AHHQH=NE��"E�OKJK�OK?EAP\�?DA�HK�

AREP=JK�@AH�PQPPK��3QPP=RE=��H=�I=CCEKN�L=NPA�@E�JKE�HK�QO=�OAJV=�=>QO=NJA��(J�I KHPE�?=OE��QJ�QOK�

LNQ@AJPA�@AHH=�PA?JKHKCE=�IK>EHA�D=�O=HR=PK�@AHHA�REPA��

/ AN�AREP=NA�EH�LNEIK�AOPNAIK�JAH�?=OK�@AHHk( ��H=�?KJKO?AJV=�@E�EILKNP=JPE�=LLHE?=VEKJE�EJ�

=I >EPK�A@Q?=PERK�LQa�AOOANA�@k=EQPK��- AE�LNKOOEIE�?=LEPKHE�AO=IEJANAIK�LEb�@=�RE?EJK�KCJQJ=�

@E�MQAOPA�=LLHE?=VEKJE��$??K�=H?QJE�AOAILE��

� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

��



l#E=NU�KB�=�PA=?DEJC�I= ?DEJAm�>U�:�$@�;�LQ>>HE?=PK�?KJ�

HE?AJV=�""�! 8
-" 
2 ��� � ��/ AN�REOQ=HEVV=NA�QJ=�?KLE=�

@E�MQAOP=�HE?AJV=��REOEP=NA�DPPLO���?NA=PERA?KII KJO�KNC�

HE?AJOAO�>U
J ?
O=��� � ��NAB�KLAJRANOA��

�536.'/5+�
��1'3�-#�)'45+0/'�&'-- I#113'/&+.'/50��536.'/5+�
��1'3�-#�)'45+0/'�&'-- I#113'/&+.'/50�

(� ?NQO?KPPE?NQO?KPPE �@=OD>K=N@@=OD>K=N@	� @E� EJPAHHECAJV=�

=NPEq?E=HA�� =HPNE�OPNQIAJPE� @E� REOQ=HEVV=VEKJA� @AE�OPNQIAJPE� @E� REOQ=HEVV=VEKJA� @AE�

@=PE@=PE�A� E�OEOPAIE� @E� CAOPEKJA� @AHHk=LLNAJ@EIAJPK�OEOPAIE� @E� CAOPEKJA� @AHHk=LLNAJ@EIAJPK�

�+A=NJEJC� ,=J= CAI AJP� 2UOPAIO	+A=NJEJC� ,=J= CAI AJP� 2UOPAIO	� NEQJEO?KJK�

PQPPA� HA� EJBKNI=VEKJE� @EOLKJE>EHE�� 0QAOPE�

OPNQIAJPE� =EQP=JK� =� I KJEPKN=NA� HA� LNAOP=VEKJE�

@ACHE� OPQ@AJPE� EJ� LEb� I= PANEA� K� =� OACQENA� E�

LNKCNAOOE� OQ� MQ=HOE=OE� =NCKI AJPK� EJ� ?H=OOE� @E�

MQ=HOE=OE�@EIAJOEKJA��

+A� =LLHE?=VEKJE� @E� EJPAHHECAJV=� =NPEq?E=HA�

LKOOKJK� OACJ=H=NA� LKPAJVE=HE� LNK>HAIEOACJ=H=NA� LKPAJVE=HE� LNK>HAIE� ?KI A�

Hk=OOAJPAEOIK� A� E� ?KILKNP=IAJPE� ?KIQJE� =CHE�

=>>=J@KJE� �@NKL
KQP	�� 3QPPE� E� @=PE� ?KO`� N=??KHPE�

LKOOKJK� OANRENA� =HHkEJOACJ=JPA� ?KIA�

=QPKR=HQP=VEKJA=QPKR=HQP=VEKJA��I KOPN=J@K�@KRA�HA�HAVEKJE�OKJK�

As?=?E�A�@KRA�^�JA?AOO=NEK�?=I >E=NA�=LLNK??EK��

+kEJPAHHECAJV=�=NPEq?E=HA�^�=@=PP=�=�?KILEPE�@E�LNKCN=II=VEKJA�A�KPPEIEVV=VEKJA�@AHHA�NEOKNOALNKCN=II=VEKJA�A�KPPEIEVV=VEKJA�@AHHA�NEOKNOA��

,=�H=�LEb�EILKNP=JPA�@E�PQPPA�HA�=LLHE?=VEKJE�^�H=�LKOOE>EHEP\�@E�EJ?HQ@ANA�A�EJPACN=NA�HA�LANOKJA�

@ERANO=IAJPA�=>EHE��+kEJPANB=??E=�QKIK
I= ??DEJ=�JKJ�^�I=E�OP=P=�?KO`�rQE@=�?KIA�KN=��NAJ@AJ@K�

LKOOE>EHE�EJLQP�A�KQPLQP�IQHPEIA@E=HE�� @�AOAILEK��Hk=LLHE?=VEKJA�2PKNUOECJ�=EQP=�=�PN=@QNNA�HA�

L=NKHA�JAH�HEJCQ=CCEK�@AE�OACJE�LAN�=EQP=NA�E�>=I>EJE�OKN@E�=�EIL=N=NA�=�HACCANA��

�536.'/5+�
��1'3�-#�1'340/#-+;;#;+0/'�&'-- I#113'/&+.'/50��536.'/5+�
��1'3�-#�1'340/#-+;;#;+0/'�&'-- I#113'/&+.'/50�

n� (�OEOPAIE�@E�=LLNAJ@EIAJPK�

=@=PPERE �R=HQP=JK�Hk=HHEARK��OE=�=PPN=RANOK�MQEV�?DA�=PPN=RANOK�BAA@>=?G�EJ�PAILK�NA=HA��

2QHH=�>=OA�@E�MQAOP=�R=HQP=VEKJA��LNAOAJP=JK�=HHK�OPQ@AJPA�QJ�LAN?KNOK�@E�

=LLNAJ@EIAJPK�LNA@AqJEPK��(JRA?A�@E�QJ�=LLNK??EK�QJE?K��CHE�OPQ@AJPE�LKOOKJK�

� 
 � � � � � � � � � � � � 
 � � �

��

https://creativecommons.org/licenses/by-nc-sa/2.0/?ref=openverse
https://creativecommons.org/licenses/by-nc-sa/2.0/?ref=openverse
https://developer.huawei.com/consumer/en/doc/development/hiai-Guides/storysign-0000001055597759
https://pressbooks.pub/intelligenzaartificiale/format/adaptive-learning-software
https://pressbooks.pub/intelligenzaartificiale/format/adaptive-learning-software


@A@E?=NA�LEb�K�I AJK�PAILK�=�?E=O?QJ�=NCKI AJPK��AOLHKN=J@KJA�@E�JQKRE�A�?KNNAH=PE��

0QAOPE�OKBPS=NA�=@=PPERE�LKOOKJK�=EQP=NA�CHE�OPQ@AJPE�=�EIL=N=NA�=�HACCANA��O?NERANA��

LNKJQJ?E=NA�A�NEOKHRANA�LNK>HAIE��

n� (� OEOPAIE� @E� =LLNAJ@EIAJPK� =@=PPERE� LKOOKJK� =J?DA� =EQP=NA� CHE� OPQ@AJPE� ?KJ� AOECAJVA�

OLA?E=HE�� 0Q=HOE=OE� OLA?E=HEVV=VEKJA� @AE� OEOPAIE� OE� >=OAN\� OQ� PAKNEA� ?KILNKR=PA� A� OQH�

L=NANA� @E� AOLANPE�� (� OEOPAIE� IEN=PE� lO=N=JJK� LNK>=>EHIAJPA� @E� CN=J@A� =EQPK�

JAHHkEJOACJ=IAJPK� =� LANOKJA� ?KJ� @EO=>EHEP\� ?KCJEPERA� ?KIA� H=� OEJ@NKIA� @E� #KSJ��

HAOEKJE�?ANA>N=HE�PN=QI= PE?DA�K�@AI AJV=��JKJ?D_�LAN�?KJ@EVEKJE�?KCJEPERA�I AJK�CN=RE�

?KI A�H=�@EOHAOOE=��EH�@EOPQN>K�@=�@Aq?EP�@E�=PPAJVEKJA�A�H=�@EO?=H?QHE=�l���

n� [�LKOOE>EHA�BKNI=NA�CNQLLE�@ERANOE�LAN�=PPEREP\�@ERANOA��PAJAJ@K�?KJPK�@AE�LQJPE�@E�BKNV=�

A�@E�@A>KHAVV=�EJ@ERE@Q=HE�@E�?E=O?QJ�IAI >NK��QPEHEVV=J@K�EH�?HQOPANEJC?HQOPANEJC��

2A>>AJA�PQPPA�MQAOPA�PA?JKHKCEA�LKOO=JK�AOOANA�QPEHE��lEH�@E=RKHK�OP=�JAE�@APP=CHE�@E�?KIA�OE�QO=�

ApAPPER=I AJPA�H=�PA?JKHKCE=m� ��+=�OPAOO=�PA?JKHKCE=�EJJKR=PER=�A�LKPAJPA�LAN�Hk=LLNAJ@EIAJPK�

LQa�AOOANA�QO=P=�As?=?AI AJPA�EJ�QJ=�O?QKH=�A�IKHPK�I=HA�EJ�QJk=HPN=� ��

 J ?KN=�QJ=�RKHP=��H=�?DE=RA�^�H=�?KJKO?AJV=��

��  HGD=PH=J��  ��� *=HEP=�� )�*���!AG8??<:8AG� ,HGBE<A:�+LFG8@F�� �� � B@CE8;8AF<I8�  <FGBE<64?�+HEI8L�J<G;�

* 868AG� �8I8?BC@8AGF�� (JPANJ=PEKJ=H� )KQNJ=H� KB� "KI LQPAN�  LLHE?=PEKJO� ������ 	�� 
 �� �� ,= N?D�

�� � ���
�� &NKp��)���( 8EFBA4?<M87�$84EA<A:��, ;8�FG4G8�B9�G;8�`8?7�4A7�9HGHE8�7<E86G<BAF��" AJPAN�BKN�?QNNE?QHQI�

NA@AOECJ���� �� ��

� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

��



� S�

�'3%*K�/0/�-+.+ 5#34+�#-- >�
�A�
�#35'�D�

+=� OA?KJ@=� LKOEVEKJA� AOPNAI=� MQ=J@K� OE� L=NH=� @E� ( � ^� HkQOK� EJ@EO?NEIEJ=PK� K� Hk=>QOK� @AHH=�

PA?JKHKCE=��+kEJPAHHECAJV=�=NPEq?E=HA�BQJVEKJ=�EJ�IK@K�@ERANOK�@=HHkEJPAHHECAJV=�QI=J=�� �?=QO=�

@AHH=�OL=?Eq?=�OEPQ=VEKJA��@AHH=�LNKCAPP=VEKJA�K�@AE�@=PE��E�OEOPAIE�@E�( �LKOOKJK�BQJVEKJ=NA�EJ�

I K@K�@ERANOK�@=�MQ=JPK�?E�OE�=OLAPP=��

 @�AOAILEK��QJk=LLHE?=VEKJA�OREHQLL=P=�QPEHEVV=J@K�QJ=�OANEA�@E�@=PE�LAN�QJ�@APANIEJ=PK�

O?KLK�JKJ�BQJVEKJAN\�=HPNAPP=JPK�>AJA�OQ�=HPNE�@=PE�LAN�QJ�=HPNK�O?KLK��[�QPEHA�?KJKO?ANA�E�HEIEPE�

@AHHk(JPAHHECAJV=� NPEq?E=HA�A�?KNNACCANHE��^�>AJA�JKJ�HEIEP=NOE�=HHk( ��I=�EI L=N=NA�=�?KJKO?ANJA�E�

R=JP=CCE�A�E�HEIEPE��

�'31'56#;+0/'�&')-+�45'3'05+1+��'31'56#;+0/'�&')-+�45'3'05+1+�

&KKCHA�PN=JOH=PA�EIL=N=�=�PN=@QNNA�@=�(JPANJAP��(�OQKE�l@=P=�IEJANm�AOLHKN=JK�EH�SA>�LQ>>HE?K�

=HH=� NE?AN?=� @E� @=PE� @=� ?QE� EIL=N=NA�� .HPNA� =H� HEJCQ=CCEK�� HkEJPAHHECAJV=� =NPEq?E=HA� EIL=N=� ?DA� EH�

JQI ANK� @E� IA??=JE?E� I=O?DE� ^� OQLANEKNA� =� MQAHHK� @AHHA� @KJJA�� "D A� EH� JQI ANK� @E� EJBANIEANA�

@KJJA�A?HEOO=�MQAHHK�@ACHE�EJBANIEANE�QKIEJE��-KJ�^�EJ�CN=@K�@E�@EOPEJCQANA�PN=�?Ea�?DA�^�lRANKm�A�

?Ea�?DA�^�EH�NEOQHP=PK�@E�OPANAKPELE�A�=HPNE�LNACEQ@EVE��"KO`��&KKCHA�3N=JOH=PA�qJEO?A�LAN�LNKL=C=NA�

?Ea�?DA�=LLNAJ@A��?AI AJP=J@K�QHPANEKNIAJPA�CHE�OPANAKPELE���

� 
 � � � � � � � � � � � � 
 � � �

�	



l%AI=HA�I A?D=JE?m�=J@�lI=HA�JQNOAm�SDAJ�PN=JOH=PA@�PK�$JCHEOD�=J@�PDAJ�>=?G�PK�%NAJ?D�>A?KIA�l,=HA�I A?D=JE?m�

=J@�lBAI=HA�JQNOAm��$T=I LHA�EJOLENA@�>U�!=NK?=O��2���'= N@P��,���- =N=U=J=J�� ���%=ENJAOO�=J@�I=?DEJA�HA=NJEJC�

+EIEP=PEKJO�=J@�.LLKNPQJEPEAO��UAP�PK�>A�LQ>HEODA@�

(� LNK>HAIE� OE� I=JEBAOP=JK� JAHHk( � KCJE� RKHP=� ?DA� QJ� OEJCKHK� ?=OK� OE� @EO?KOP=� @=� MQAHHK� @AHH=�

I= CCEKN=JV=� �OE=�?DA�MQAOP=�N=LLNAOAJPE�BA@AHIAJPA�H=� I=CCEKN=JV=�JAH� IKJ@K�NA=HA��OE=�?DA�

OE� PN=PPE� OKHK� @AHH=� I=CCEKN=JV=� N=LLNAOAJP=P=� @=� (JPANJAP	�� - AHHA� ?H=OOE�� HkEJOACJ=JPA� @ARA�

?KI LAJO=NA�HA�H=?QJA�@AH�OEOPAI=��$��OA�JA?AOO=NEK��EJ@ENEVV=NA�Hk=PPAJVEKJA�@ACHE�OPQ@AJPE�RANOK�

QJ�PAOPK�=HPANJ=PERK��

$7/+.1$�$7/+.1$�

1EAO?E�=�PNKR=NA�QJK�OPANAKPELK�EJ�&KKCHA�3N=JOH=PA��&EK?=PA�=�PN=@QNNA�@=�A�RANOK�HEJCQA�@ERANOA��%=?AJ@K�?HE?�

OQHHA�@QA�BNA??A�PN=�HA�?=OAHHA��^�LKOOE>EHA�EJRANPENA�?Ea�?DA�OE�OP=�PN=@Q?AJ@K��MQAOPK�^�?Ea�?DA�=>>E=IK�B=PPK�LAN�

HkAOAILEK�I KOPN=PK�OKLN=	��

+EJCQA�?KIA�EH�PQN?K�D=JJK�H=�OPAOO=�L=NKH=�LAN�lHQEm�A�lHAEm��, KHPE�OPANAKPELE�RAJCKJK�=HH=�HQ?A�MQ=J@K�OE�PN=@Q?A�@=H�

PQN?K�A�RE?ARANO=��2E�JKPE�?DA�I KHPA�HEJCQA�D=JJK�QJ�LNACEQ@EVEK�I=O?DEHA��OE�LNAOQIA�?DA�QJ=�LANOKJ=�O?KJKO?EQP=�

OE=�@E�OAOOK�I=O?DEHA��0QAOPK�JKJ�^�EH�LNACEQ@EVEK�@AHHk=LLHE?=VEKJA��" Ea�?DA�^�O?KJRKHCAJPA�JAH�JKOPNK�AOAILEK�^�

?DA�HkEJBANIEANA�I=O?DEK�REAJA�PN=OBKNI=PK�EJ�BAIIEJ=��

� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

�T

https://translate.google.com/


�+463'�&+�13'%+4+0/'�.6- 5+1-'��+463'�&+�13'%+4+0/'�.6- 5+1-'�

(� OEOPAIE� @E� EJPAHHECAJV=� =NPEq?E=HA� B=JJK�

LNAREOEKJE��OA�D=�?=LEPK�QJ�=NCKI AJPK��OQ�?Ea�

?DA� QJK� OPQ@AJPA� @KRNA>>A� OPQ@E=NA� EJ�

OACQEPK�� OQ� MQ=HA� @EREOEKJA� @AH� CNQLLK� ^�

>QKJ=�LAN�QJ=�?H=OOA�K�MQ=J@K�QJK�OPQ@AJPA�

^� =� NEO?DEK� @E� =>>=J@KJK��  2LAOOK� MQAOPA�

LNAREOEKJE� OKJK� =??KI L=CJ=PA� @=� QJ=�

LAN?AJPQ=HA��0QAOPK�JQI ANK�?E�@E?A�MQ=JPK�EH�

OEOPAI=�NEPEAJA�>QKJA�HA�OQA�LNAREOEKJE��

/ AN� OQ=� J=PQN=�� HA� LNAREOEKJE� LKOOKJK�

AOOANA� ANN=PA�� (J� I KHPA� =LLHE?=VEKJE�� MQAOPK�

ANNKNA�^�=??APP=>EHA��(J�=H?QJE�?=OE��EJRA?A��JKJ�HK� �̂�(JKHPNA��EH�IK@K�EJ�?QE�MQAOPK�ANNKNA�REAJA�

?=H?KH=PK�JKJ�^�qOOK��$OEOPKJK�@ERANOA�IEOQNA�A�EH�LNKCN=II=PKNA�O?ACHEA�MQAHH=�?DA�NEPEAJA�LEb�

NEHAR=JPA��2LAOOK�Hk=??QN=PAVV=�?=I>E=�EJ�>=OA�=HHkEJLQP�OPAOOK��

/ KE?D_�EJ�?H=OOA�MQAOPE�OEOPAIE�B=JJK�LNAREOEKJE�OQE�>=I>EJE��OLAPP=�=HHkEJOACJ=JPA�CEQ@E?=NA�

?Ea� ?DA� ^� =??APP=>EHA� A� =CENA� MQ=J@K� QJ=� @A?EOEKJA� LNAO=� @=HHk( � J KJ� ^� =LLNKLNE=P=�� /AN� B=NA�

MQAOPK��^�JA?AOO=NEK�QJ�LKk�@E�>=?GCNKQJ@�OQHHA�PA?JE?DA�@E�( �A�OQCHE�ANNKNE�LEb�?KI QJE�=@�AOOA�

=OOK?E=PE��

�� != NK?=O�� 2�� � '= N@P�� ,��� - =N=U=J=J��  ��� � 4<EA8FF� 4A7� @46;<A8� ?84EA<A:� $<@<G4G<BAF� 4A7�

' CCBEGHA<G<8F���� ����

� 
 � � � � � � � � � � � � 
 � � �

�D

https://fairmlbook.org/
https://fairmlbook.org/
https://fairmlbook.org/


� S�

�'3%*K�/0/�-+.+ 5#34+�#-- >�
�A�
�#35'���


#5+�'��3+ 7#%:�
#5+�'��3+ 7#%:�

3QPPA� HA� =VEAJ@A� QPEHEVV=JK� E� @=PE� LAN�

IE CHEKN=NA� E� LNKLNE� >EH=J?E�� 4O=JK� E� @=PE� LAN�

@A?E@ANA�?KO=�RAJ@ANA��=�?DE�RAJ@ANHK��MQ=HA�

LNAVVK� qOO=NA� A� ?KIA� =@=PP=NA� HA� HKNK�

LQ>>HE?EP\�� 2KJK� CHE� =HCKNEPIE� @E�

=LLNAJ@EIAJPK�=QPKI=PE?K�=�@=NA�QJ�OAJOK�=E�

@=PE�� /ANP=JPK�� ?DE� D=� E� @=PE� IECHEKNE� A�

Hk=HCKNEPI K� IECHEKNA�� REJ?A�� E� @=PE� OKJK� EH�

JQKRK�KNK�A�EH�JQKRK�P=HHKJA�@k ?DEHHA��

 

 

 

( 8E�74G<�F<�<AG8A7BAB�FB?B�:?<�<A7<E<MM<�C8EFBA4?<�8�<�6BAG<�54A64E<��

� ;8�7<E8�78?�AH@8EB�7<�6?<6�78?�@BHF8�6;8�HA�HG8AG8�94�7HE4AG8�?4�I<F<G4�7<�HA�F<GB�J85��

(J� MQ=HEP\� @E� ?QOPK@E� @AE� HKNK� @=PE� A� @E� MQAHHE� @AE� HKNK� OPQ@AJPE�� CHE� EJOACJ=JPE� @ARKJK�

=OOKHQP=IAJPA�O=LANA�?DA�PELK�@E�@=PE�OKJK�QPEHE�=HHk( ��MQ=HE�BKNIA�=OOQIKJK�A�?KIA�OE�LQa�

LNKPACCANA�H=�LNER=?U�@AHHkQPAJPA��

 

� I+/5'--+)'/;#�#35+P%+#-'� '�+-�$64+/'44�&'-- I+4536;+0/'�� I+/5'--+)'/;#�#35+P%+#-'� '�+-�$64+/'44�&'-- I+4536;+0/'�

l$@3A?Dm�^�HkEJ@QOPNE=�?DA�NA=HEVV=�=LLHE?=VEKJE�PA?JKHKCE?DA�LAN�HkEOPNQVEKJA��?KI LNAOA�MQAHHA�

?DA�QPEHEVV=JK�HkEJPAHHECAJV=�=NPEq?E=HA��/ KOOKJK�AOOANA�=VEAJ@A�I KHPK�LE??KHA�K�OP=NP
QL��/ KOOKJK�

AOOANA�CEC=JPE�@E�(JPANJAP�?DA�OP=JJK�EJEVE=J@K�=�EJRAOPENA�IKHPK�@AJ=NK�JAHHkEOPNQVEKJA��/ KOOKJK�

=J?DA�AOOANA�AJPE�?KJ�qJ=JVE=IAJPE�LQ>>HE?E��

� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

��



 H?QJE� @AE� HKNK� OKBPS=NA� @ARKJK� AOOANA� =?MQEOP=PE�� (H� NAOPK� ^� CN=PQEPK�� ?KJ� AJPN=PA�

LNKRAJEAJPE�@=�=HPNA�BKJPE�h�OLAOOK�=JJQJ?E�IEN=PE�A�NERAJ@EP=�@E�@=PE�@ACHE�QPAJPE��0Q=HQJMQA�OE=�

EH�IK@AHHK�qJ=JVE=NEK�?KEJRKHPK��Hk( �^�QJ=�BKJPA�@E�CQ=@=CJK��$�OE�LKOOKJK�B=NA�OKH@E�?KJ�Hk( �

LAN�HkEOPNQVEKJA��

" KO=� OECJEq?=� MQAOPK� LAN� RKE� A� LAN� E� RKOPNE� OPQ@AJPE�� $OEOPA� QJ� LN=JVK� CN=PEO�� "KI A�

LKOOE=IK�LNKPACCANA�HA�JKOPNA�?H=OOE�A�=HHK�OPAOOK�PAILK�CK@ANA�@AE�BNQPPE�@E�QJkEJ@QOPNE=�=RE@=��

 

�#�%3'#;+0/'�&+�4536.'/5+�'�70+��#�%3'#;+0/'�&+�4536.'/5+�'�70+�

- KJ� ^� HkEOPNQVEKJA� ?DA� @ARA� ?=I>E=NA� LAN� =@=PP=NOE� =HH=� PA?JKHKCE=�� &HE� l=I>EAJPE� @E�

=LLNAJ@EIAJPK�?DA�EJEVE=JK�?KJ�H=�PA?JKHKCE=�OLAOOK�LNAJ@KJK�OPN=@A�EJ@AOE@AN=PAm���0Q=HOE=OE�

OPNQIAJPK� @KRNA>>A� >=O=NOE� OQ� OKHE@A� PAKNEA� LA@=CKCE?DA�� (JKHPNA�� LAN� AOOANA� LEb� As?=?A��

@KRNA>>A� AOOANA� ?K
?NA=PK� @=� PA=I� ?DA� ?KEJRKHCKJK� EJOACJ=JPE�� AOLANPE� @E� LA@=CKCE=� A�

EJBKNI=PE?E� ��

- KJ�^�HkEOPNQVEKJA�?DA�@ARA�?=I>E=NA�LAN�=@=PP=NOE�=HH=�PA?JKHKCE=�� l0Q=HOE=OE�OPNQIAJPK�

@KRNA>>A�>=O=NOE�OQ�OKHE@A�PAKNEA�LA@=CKCE?DA��(JKHPNA��LAN�AOOANA�LEb�As?=?A��@KRNA>>A�AOOANA�

?K
?NA=PK�@=�PA=I�?DA�?KEJRKHCKJK�EJOACJ=JPE��AOLANPE�@E�LA@=CKCE=�A�EJBKNI=PE?E� ��

 HHKN=��OEAPA�LNKJPE�LAN�EJEVE=NA��

 
��&NKp��)���( 8EFBA4?<M87�$84EA<A:��, ;8�FG4G8�B9�G;8�`8?7�4A7�9HGHE8�7<E86G<BAF��" AJPAN�BKN�?QNNE?QHQI�

NA@AOECJ���� �� ��
�� #Q�!KQH=U��! ��� / KQHKR=OEHHEO�� ��� 'KHIAO��6���=J@�,=RNEGEO��,���� EG<`6<4?�!AG8??<:8A68�� A7��<:�

� 4G4�, 86; AB?B:<8F�,B�� ?BF8�, ;8�� 6;<8I8@8AG��4C���� ���

� 
 � � � � � � � � � � � � 
 � � �

��



� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

��



� 
��   ���

���������������
�����
������
"�����

(J�PKP=HA��JAH�CEQCJK�@AH������AOEOPAR=JK�����OEPE�SA>�� HHkEJEVEK�@AH������AN=JK�@ERAJQPE���� ���� ��

2R=NE=PA�OPEIA�JAHHk=QPQJJK�@AH������qOO=JK�EH�JQI ANK�=�����IEHE=N@E��

0QAOP=�AOLHKOEKJA�@E�OEPE�SA>�=RNA>>A�LK?K�OAJOK�OA�JKJ�BKOOA�OP=P=�=??KI L=CJ=P=�@=HH=�

LKOOE>EHEP\� @E� PNKR=NA� AO=PP=IAJPA� HkEJBKNI=VEKJA� @AOE@AN=P=�� "=N=PPANEVV=PE� @=� B=?EHEP\� @E�

@ECEP=VEKJA�K�@E�EJPAN=VEKJA�=J?DA�?KJ�?KI=J@E�RK?=HE�A�@=�rQE@EP\��OKJK�MQ=OE�EJREOE>EHE�MQ=J@K�

OKJK�EJPACN=PE�EJ�QJ�>NKSOAN��E�IKPKNE�@E�NE?AN?=�A??AHHKJK�JAH�B=NA�AO=PP=IAJPA�?Ea��

+ACCKJK�?Ea�?DA�@ECEPE=IK�RAHK?AIAJPA��OLAOOK�?KJ�ANNKNE�@E�KNPKCN=q=��A@�AOPN=CCKJK�@=H�

SA>�PAOPE��EII=CEJE��RE@AK�A�MQ=HOE=OE�BKNI=�@E�?KJPAJQPE�NEHAR=JPE��

!A�6;8�@B7B�DH8FGB�4668FFB�E4C<7B�4??8�<A9BE@4M<BA<�CHU�8FF8E8�HG<?8�4?�F8GGBE8�78??[<FGEHM<BA8��

� B@8� CHU� 8FF8E8� 7<� 4HF<?<B� 4??[4CCE8A7<@8AGB� <A68AGE4GB� FH:?<� FGH78AG<	� A8?� DH4?8� :?<� FGH78AG<�

FI<?HCC4AB�?8�CEBCE<8�6BABF68AM8�4GGE4I8EFB�78??8�4GG<I<GQ�6BFGEHGG<I8��

� B@8�F<�CHU�GE4EE8�<?�@4FF<@B�74�DH8FG4�G86AB?B:<4�8I<G4A7BA8�:?<�<A6BAI8A<8AG<��

 

 

 

� 
 � � � � � � � � � � � � 
 � � �

��



� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

��



l @Q?G@Q?GCK�:6 SS�$PKEHA� LL;m�>U�

A7 LHKN=PEKJ�$PKEHA�EO�I=NGA@�SEPD�/Q>HE?�

@KI=EJ�I= NG���� ��3K�REAS�PDA�PANIO��REOEP�

DPPLO���?NA=PERA?KII KJO�KNC�LQ>HE?@KI=EJ�

I= NG��� � ��NAB�KLAJRANOA��

� S�

�0503+�&+�3+%'3%#�A��#35'�D�

 PPEREP\�

2?ACHEAPA�QJ�IKPKNA�@E�NE?AN?=�@=HHkAHAJ?K�OKPPKOP=JPA�@=�QPEHEVV=NA�MQAOP=�OAPPEI=J=��

!EJC� � � � � � � � �.J A2A=N?D�

!N=RA� � � � � � � �0S=J P�

#Q?G#Q?G&K � 2LKPHECDP�

$?KOE= � � � � � �  2P=NPL=CA�

&KKCHA� � � � � �  2SEOO?KSO�

, AP=&AN � � � � � 8=DKK��

��� (�NEOQHP=PE�@AHH=�NE?AN?=�OKJK�>QKJE�?KIA�MQAHHE�@E�=HPNE�IKPKNE�=�

?QE�OEAPA�=>EPQ=PE��

��� 0Q=HE�OKJK�HA�BKJPE�@AH�IKPKNA�@E�NE?AN?=��#ELAJ@A�@=�=HPNE�IKPKNE�

@E�NE?AN?=�LAN�E�OQKE�NEOQHP=PE��

��� +ACCAPA� HA� L=CEJA� l"DE� OE=IKm� A� l(JBKNI=PER=� OQHH=� LNER=?Um� K�

l" KJ@EVEKJE�@kQOKm��

��� 2A?KJ@K� MQAOPA� L=CEJA�� ?KO=� B=� Hk=VEAJ@=� ?KJ� E� RKOPNE� @=PE�� [�

LKOOE>EHA�I K@Eq?=NA�HA�EILKOP=VEKJE�LNA@AqJEPA�OQHH=�LNER=?U��

4J=� RKHP=� B=PPK�� @=PA� QJkK??DE=P= MQE LAN� QJ=� >NARA� @AO?NEVEKJA� @E�

?E=O?QJ�IKPKNA��

4J�I KPKNA�@E�NE?AN?=�^�HkEJPAHHECAJV=�=NPEq?E=HA�EJ�P=O?=��[�HkQOK�LEb�OKqOPE?=PK�@AHHkEJPAHHECAJV=�

=NPEq?E=HA�?DA�H=�I=CCEKN�L=NPA�@E�JKE�QPEHEVV=�NACKH=NI AJPA��(H�OQ??AOOK�@AE�IKPKNE�@E�NE?AN?=�^�

@KRQPK��

n� =HHkAOLHKOEKJA�@E�?KJPAJQPE�OQH�SKNH@�SE@A�SA>��

n� =HH=�?=L=?EP\�@E�QJ�IKPKNA�@E�NE?AN?=�@E�@=NA�QJ�OAJOK�=�MQAOPE�?KJPAJQPE�A�@E�APE?DAPP=NHE�

LAN�NE?AN?DA�BQPQNA��EJ@E?EVV=VEKJA	��

n� =HH=�OQ=�?=L=?EP\�@E�?KILNAJ@ANA
�?Ea�?DA�OP=PA�?DEA@AJ@K��A�EJqJA��

n� =HH=�?=L=?EP\�@E�IKOPN=NA�LAN�LNEIE�E�?KJPAJQPE�LEb�NEHAR=JPE��1=JGEJC	��

� 
 � � � � � � � � � � � � 
 � � �

��

https://creativecommons.org/publicdomain/mark/1.0/?ref=openverse.
https://creativecommons.org/publicdomain/mark/1.0/?ref=openverse.
https://www.bing.com/
https://www.onesearch.com/
https://search.brave.com/
https://www.qwant.com/
https://duckduckgo.com/
https://en.wikipedia.org/wiki/Spotlight_(software)
https://www.ecosia.org/?tt=ba893d82&gclid=Cj0KCQjwkOqZBhDNARIsAACsbfJRLI3qDUK3kcAU2FGQRzlkK4yAi3QQqLR6NKQ8pXG6v0MYOhZFqcAaAlaQEALw_wcB
https://www.startpage.com/
https://www.google.com/
https://swisscows.com/en
https://metager.org/
https://search.yahoo.com/
https://pressbooks.pub/intelligenzaartificiale/format/a-brief-description-of-some-search-engines


&HE�=HCKNEPIE�@E�EJPAHHECAJV=�=NPEq?E=HA�?KJPNE>QEO?KJK�=CHE�QHPEIE�PNA�B=PPKNE��

(� I KPKNE�@E�NE?AN?=�h�K��?KI A�HE�?DE=I=�MQ=H?QJK��E�, KPKNE�@E�"KJKO?AJV=�h�OKJK�NEQO?EPE�

=�?NA=NA�HkEHHQOEKJA�?DA�PQPPK�EH� IKJ@K�OE=�OQH�SA>�A�?DA�PQPPK�EH�SA>�OE=�NE?AN?=>EHA� �� - KJ�?k̂ �

>EOKCJK� @E� @ENA� ?DA� MQAOP=� ?KJKO?AJV=� LNKJP=� LAN� HkQOK�� EH� O=LANA� A� EH� IK@K� @E� AOPAJ@ANA� H=�

I AI KNE=�OP=JJK�PN=OBKNI=J@K�Hk=LLNAJ@EIAJPK��

��.0503+�&+�3+%'3%#�%0.'�4536.'/5+�&+�#113'/&+.'/50�'�+/4')/#.'/50���.0503+�&+�3+%'3%#�%0.'�4536.'/5+�&+�#113'/&+.'/50�'�+/4')/#.'/50�

" E�OKJK�=HIAJK�PNA�IK@E�EJ�?QE�E�IKPKNE�@E�NE?AN?=�LKOOKJK�=EQP=NA�CHE�EJOACJ=JPE�A�CHE�OPQ@AJPE��

n� %=?EHEP=NA�EH�NALANEIAJPK�A�H=�RANEq?=�@AHHA�EJBKNI=VEKJE�@=�QPEHEVV=NA�JAHHA�HAVEKJE�A�JAE�

PAOP��(J�MQAOPK�?KJPAOPK��EH�OECJEq?=PK�@E�EJBKNI=VEKJA�D=�OQ>EPK�QJ�CN=J@A�

?=I >E=IAJPK�JAHHkQHPEIK�@A?AJJEK��.HPNA�=E�PAOPE��=J?DA�=Q@EK��RE@AK��=JEI=VEKJE�A�

LANOEJK�LAVVE�@E�?K@E?A�OKJK�KN=�B=?EHIAJPA�=??AOOE>EHE��?KO`�?KIA�E�BKNQI�@E�NE?AN?=�A�CHE�

=N?DERE�@ECEP=HE��

n�  HHACCANENA�H=�JA?AOOEP\�?DA�HkEJOACJ=JPA�OE=�HkQJE?=�BKJPA�@E�?KJKO?AJV=��&HE�EJOACJ=JPE�

OKJK�KN=�HE>ANE�@E�QPEHEVV=NA�EH�HKNK�PAILK�LAN�=EQP=NA�=@�=sJ=NA�HA�?KILAPAJVA��

OPEIKH=NA�H=�NE?AN?=�A�NEOKHRANA�?KJrEPPE�A�@Q>>E��OA�HK�@AOE@AN=JK��

n� " KJOAJPENA�=CHE�OPQ@AJPE�@E�ORKHCANA�QJ�=LLNAJ@EIAJPK�AOLHKN=PERK�A�>=O=PK�OQ�LNKCAPPE�

=LNAJ@K�Hk=??AOOK�=HHA�EJBKNI=VEKJE��&HE�OPQ@AJPE�LKOOKJK�=??A@ANA�=HHA�EJBKNI=VEKJE��

I APPANHA�EJ�OAMQAJV=�A�NE?=R=NJA�EH�LNKLNEK�OECJEq?=PK��0QAOPK�LKNP=�=�QJ�

=LLNAJ@EIAJPK�?DA�@QN=�JAH�PAILK�A�?DA�LQa�AOOANA�PN=OBANEPK�=HHA�OEPQ=VEKJE�@AHH=�REP=�

NA=HA� ��

3QPP=RE=�� Hk=LLNAJ@EIAJPK� AOLHKN=PERK� K� MQ=HOE=OE� =HPNK� PELK� @E� =LLNAJ@EIAJPK� CQE@=PK� @=CHE�

OPQ@AJPE�JKJ�^�B=?EHA�@=�NA=HEVV=NA��&HE�OPQ@AJPE�D=JJK�>EOKCJK�@E�=EQPK�A�@E�OKOPACJK�LAN�QJ=�

OANEA�@E�=>EHEP\�HAC=PA�=HH=�NE?AN?=�A�=HH=�N=??KHP=�@AHHA�LNKLNEA�BKJPE�@E�EJBKNI=VEKJA� ��

� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

��



�04#�%*+'&'3'�'�%0.'�%*+'&'3 -0�04#�%*+'&'3'�'�%0.'�%*+'&'3 -0

#ERANOE� OPQ@E�� OE=� EJ� $QNKL=� ?DA� =HHkAOPANK�� @EIKOPN=JK� ?DA� CHE� OPQ@AJPE� D=JJK� @Es?KHP\� =�

ApAPPQ=NA�NE?AN?DA�OQH�SA>�EJ�IK@K�As?EAJPA�A@�As?=?A� ��2LAOOK�OE�OAJPKJK�BNQOPN=PE�MQ=J@K�H=�

HKNK�NE?AN?=�JKJ�LKNP=�=�JQHH=�K�JKJ�O=JJK�?KI A�R=HQP=NA�H=�LANPEJAJV=�@AE�NEOQHP=PE�@AHH=�NE?AN?=� ��

(�>=I >EJE�LEb�LE??KHE�OAI>N=JK�=RANA�MQ=PPNK�@Es?KHP\�@EOPEJPA�JAHH=�NE?AN?=�@E�EJBKNI=VEKJE�=H�

?KI LQPAN��H=�?NA=VEKJA�@E�MQANU�@E�NE?AN?=��H=�OAHAVEKJA�@E�QJ�OEPK�SA>�=LLNKLNE=PK�@=�QJ�AHAJ?K�

@E�NE?AN?=��HkKNPKCN=q=�?KNNAPP=�@AE�PANIEJE�@E�NE?AN?=�A�H=�?KILNAJOEKJA�@AH�HEJCQ=CCEK�QPEHEVV=PK�

JAE�NEOQHP=PE�@AHH=�NE?AN?=���

" KJKO?ANA�=H?QJA�PA?JE?DA�@E�NE?AN?=�=EQPAN\�IKHPK�RKE�A�E�RKOPNE�OPQ@AJPE�=�QPEHEVV=NA�MQAOP=�

EJ?NA@E>EHA�NEOKNO=��

�55+.+;;#;+0/'�&'--#�3+%'3%#��55+.+;;#;+0/'�&'--#�3+%'3%#�

��� (J� QJ� I KPKNA� @E� NE?AN?=� @E� RKOPN=� O?AHP=�� @ECEP=PA�E<68E64E<68E64�A� KOOANR=PA� E� NEOQHP=PE�� "KJBNKJP=PAHE� ?KJ� E�

� 
 � � � � � � � � � � � � 
 � � �

�	



NEOQHP=PE�@E�6B@8�8_8GGH4E8�HA4�E<68E646B@8�8_8GGH4E8�HA4�E<68E64�KLLQNA FH::8E<@8AG<�C8E�HA4FH::8E<@8AG<�C8E�HA4 �E<68E64E<68E64��.N=��?KI A�OE�B=�=�?AN?=NA��" KI A�

REAJA�QPEHEVV=P=�HkEJPAHHECAJV=�=NPEq?E=HA�JAE�IKPKNE�@E�NE?AN?=��

��� " KJBNKJP=PA�E�NEOQHP=PE�@E�E<68GG8�6BA�9BE@4::<B�4?�9BEABE<68GG8�6BA�9BE@4::<B�4?�9BEAB�A�E<68GG8�6BA� \9BE@4::<B�4?�9BEAB]E<68GG8�6BA� \9BE@4::<B�4?�9BEAB] �� " KI A�LKPAPA�

O=LANA� ?DA� H=� NE?AN?=� @E�FGBE<8� 78??4� \�8E@4A<4� 78??[� FG]FGBE<8� 78??4� \�8E@4A<4� 78??[� FG] OE=� IECHEKNA� @E�2PKNEA� @AHH=� &ANI=JE=�2PKNEA� @AHH=� &ANI=JE=�

@AHHk$OP@AHHk$OP �OAJV=�=J@=NA�KHPNA�H=�LNEI=�L=CEJ=�@AE�NEOQHP=PE�@E�NE?AN?=��

��� %4A:<4	�CE8:4	�4@4%4A:<4	�CE8:4	�4@4 ^�H=�OPAOO=�?KO=�@E�,=J CE=�LNAC=�=I=,=J CE=�LNAC=�=I=��

��� / NKR=PA LE=JAP=�RE?EJK�=�&EKRALE=JAP=�RE?EJK�=�&EKRA��3NKR=PA�QJ�NEOPKN=JPA�RE?EJK�=HH=�3KNNA�$EpAH��

��� "D A�NEOQHP=PE�KPPAJAPA�?KJ <AG8??<:8AM4�4EG<`6<4?8�Y�\4CCE8A7<@8AGB�4HGB@4G<6B]<AG8??<:8AM4�4EG<`6<4?8�Y�\4CCE8A7<@8AGB�4HGB@4G<6B] ��

� �� 0Q=H�^�H=�@EpANAJV=�PN=�HA�MQANU�@E�NE?AN?=�\GB@�6EH<F8]��& ��\= B; A�B?<I8E]\GB@�6EH<F8]��& ��\= B; A�B?<I8E] �A \GB@�6EH<F8]�' *�\=B; A�B?<I8E]�\GB@�6EH<F8]�' *�\=B; A�B?<I8E]�

� �� " KJBNKJP=NA�E�NEOQHP=PE�@E�HA<I8EF<GQ�78??4HA<I8EF<GQ�78??4 �64?<9BEA<464?<9BEA<4�=J@�HA<I8EF<GQ�78??4���64?<9BEA<4HA<I8EF<GQ�78??4���64?<9BEA<4��" KO=�B=�
��

� �� / NKR=PA 6BEF<�F<GB�556�6B@6BEF<�F<GB�556�6B@�A�6BEF<�F<G8�556�6B@�6BEF<�F<G8�556�6B@��3NKR=�E�?KNOE�EJ�PQPPE�E�OEPE�SA>�?DA�D=JJK�QJ�EJ@ENEVVK�SA>�

�A@Q��41+ 	��

���  CCEQJCAPA `?8GLC8�C79`?8GLC8�C79 � �=�MQ=HOE=OE�MQANU�@E�NE?AN?=�LAN�=LLNAJ@ANJA�HkQOK��

0QE�LKPAPA�PNKR=NA�=H?QJE�OQCCANEIAJPE�

.J A�KN�IKNA�EJPAN=?PERA�AHAI AJPO�D=O�>AAJ�AT?HQ@A@�BNKI�PDEO�RANOEKJ�KB�PDA�PATP��8KQ�?=J�REAS�

PDAI�KJHEJA�DANA��DPPLO���LNAOO>KKGO�LQ>�EJPAHHECAJV==NPEq?E=HA��L��� ��KAI >A@
��

.HPNA�=�LN=PE?=NA�>QKJA�PA?JE?DA�@E�NE?AN?=��R=HA�OAILNA�H=�LAJ=�@E�O?KNNANA�E�NEOQHP=PE�@AHH=�NE?AN?=�

A�@E�?KJPNKHH=NA�HA�L=CEJA�KHPNA�H=�LNEI=��(�IKPKNE�@E�NE?AN?=�@EpANEO?KJK�JAH�?H=OOEq?=NA�E�NEOQHP=PE��

(�LNEIE�NEOQHP=PE�LKPNA>>ANK�JKJ�AOOANA�>=O=PE�OKHK�OQHH=�MQANU�@E�NE?AN?=�A�OQHHk=PPEREP\�@AHHkQPAJPA��

$�JKJ�PQPPE�O=JJK�?KI A�O?NERANA�L=CEJA�SA>�KPPEIEVV=PA�LAN�=LL=NENA�JAE�LNEIE�NEOQHP=PE��

/ AN�?KJ?HQ@ANA�H=�JKOPN=�@EO?QOOEKJA��RE�EJREPE=IK�=�@=NA�QJkK??DE=P=�=HHA�EILKOP=VEKJE�@E�

NE?AN?=��MQ=HQJMQA�OE=�EH�IKPKNA�@E�NE?AN?=�?DA�LNABANEPA��$OOA�?KJOAJPKJK��PN=�Hk=HPNK��@E�NACKH=NA�

EH�IK@K�EJ�?QE�RAJCKJK�I KOPN=PE�E�NEOQHP=PE�@AHH=�NE?AN?=�A�@E�EILKOP=NA�?KJPNKHHE�=@=PPE�=E�>=I>EJE��

�+%'3%#�#�%011+'��+%'3%#�#�%011+'�

 J ?DA�@KLK�=RAN�=LLNAOK�HA�PA?JE?DA�@E�KPPEIEVV=VEKJA��CHE�OPQ@AJPE�LKOOKJK�=RANA�LNK>HAIE�JAH�

?KJE=NA�PANIEJE�@E�NE?AN?=�As?=?E�A�JAHHk=J=HEVV=NA�E�NEOQHP=PE�� [�OP=PK�@EIKOPN=PK�?DA�H=�NE?AN?=�

EJ�?KLLE=�K�EJ�CNQLLE�@E�PNA�LQa�AOOANA�QPEHA��#EO?QPANA�KCJE�B=OA�@E�QJ�AOAN?EVEK�LQa�=EQP=NA�CHE�

OPQ@AJPE�=�PNKR=NA�OPN=PACEA�@E�NE?AN?=�IECHEKNE��=�?KNNACCANA�E�NEOQHP=PE�A�=�R=HQP=NA�?KO=�B=NA�?KJ�

HA�EJBKNI=VEKJE�KPPAJQPA��+A�?KLLEA�LKOOKJK�=J?DA�AOOANA�LEb�>N=RA�=�HK?=HEVV=NA�A�R=HQP=NA�HA�

EJBKNI=VEKJE�=HHkEJPANJK�@AE�OEPE�NEOLAPPK�=E�OEJCKHE�EJ@ERE@QE� ��


� 6B@CE8A78E8	� 64C<E8	� <AG8??<:8AG8 A� =HPNE� PANIEJE� OKJK� QPEHEVV=PE� EJ� MQAOPK� PAOPK� LAN� @AO?NERANA�

Hk=VEKJA�@AHHA�I= ??DEJA�� [�EI LKNP=JPA�PAJANA�LNAOAJPA�?DA�HA�=LLHE?=VEKJE�>=O=PA�OQ�I=??DEJA�

JKJ�LKOOKJK�@=NA�QJ�OAJOK�K�?KILNAJ@ANA�MQ=H?KO=�JAHHK�OPAOOK�IK@K�EJ�?QE�HK�B=JJK�CHE�AOOANE�

QI=JE��

� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

�T



�� 1QOOAHH�� #��� / ;4G� �B� 0BH� &887� GB� #ABJ� GB� - F8� 4� +84E6;� � A:<A8�� / ;L� / 8� +G<??� &887� GB� ,846;�

* 8F84E6;�+><??F�� (�,= C=VEJA��� �� � 	���� ���
�� 'EHHEO��*���/APEP��,���)=NNAPP��*���� BB: ?8�4A7�G;8�6H?GHE8�B9�F84E6; ��1KQPHA@CA���� ����
��,= NEKJ�6 =HPKJ��,��� N?DAN�� ��� , ;8�/ 85�4A7�<A9BE@4G<BA�?<G8E46L��F64_B?7<A:�G;8�HF8�B9�J85�FBHE68F�

<A�4�CEB=86G
54F87�6HEE<6H?H@	�!NEPEOD�)KQNJ=H�KB�$@Q?=PEKJ=H�3A?DJKHKCU��5KH����- K������� ���
�� +=VKJ@AN��  ��� � B�GJB�;847F�F84E6;�58GG8E�G;4 A�BA8�� � _86GF�B9�FGH78AG�6B??45BE4G<BA�BA�J85�F84E6;�

58;4 I<BHE�4A7�F84E6;�BHG6B@8F��!NEPEOD�)KQNJ=H�KB�$@Q?=PEKJ=H�3A?DJKHKCU��5KH����(OOQA����������
��5 =J@ANO?D=JPV��-���'EJVA�� ���" QJJEJCD=I��2���l +B@8G<@8F�G;8�<AG8EA8G�E847F�G;8�DH8FG<BA�JEBA:]��

� ;<?7E8A[F�F84E6;�FGE4G8:<8F���7<b6H?G<8F��/ NK?AA@EJCO�KB�PDA� I ANE?=J�2K?EAPU�BKN�(JBKNI=PEKJ�

2?EAJ?A�=J@�3A?DJKHKCU��5KH�����(OOQA����������

� 
 � � � � � � � � � � � � 
 � � �

�D



� S�

�0503+�&+�3+%'3%#�A��#35'���


65'/5+%+ 5J�'�1'35+/'/;#�
65'/5+%+ 5J�'�1'35+/'/;#�

" E� D=JJK� EJOACJ=PK� =@� =RANA� q@Q?E=� JAE� HE>NE�� &HE� A@EPKNE�� E� >E>HEKPA?=NE�� E� LNKBAOOKNE� A� CHE�

OLA?E=HEOPE�@AHH=� I=PANE=�=CEO?KJK�?KI A�CQ=N@E=JE�@AHHA�NEOKNOA�OP=IL=PA��2E�=OOE?QN=JK�?DA�H=�

NEOKNO=�OE=�=QPAJPE?=�A�@E�>QKJ=�MQ=HEP\��" KI A�PNKR=NA��A�=OOE?QN=NOE�?DA�CHE�OPQ@AJPE�PNKREJK��BKJPE�

=LLNKLNE=PA�MQ=J@K�OE�PN=PP=�@AH�SA>��� ��

[� OP=PK� @EIKOPN=PK� ?DA� =J?DA� EH� I=PANE=HA� OP=IL=PK� @=� >QKJA� BKJPE� ^� LEAJK� @E� ANNKNE� A�

� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

��



LNACEQ@EVE�� %KNOA� ?KHPER=NA� H=� ?QHPQN=� @AHH=� R=HQP=VEKJA� ?NEPE?=� LKNPANA>>A� >AJAq?E� ?DA� R=JJK�

KHPNA�H=�O?AHP=�@E�>QKJA�BKJPE�KJHEJA� ��

� 
 � � � � � � � � � � � � 
 � � �

��



l,(3�.LAJ�" KQNOAS=NAm�>U�OPARAC=NqAH@�LQ>>HE?=PK�

?KJ�HE?AJV=�""�! 8
-" 
2 ��� � ��/ AN�REOQ=HEVV=NA�QJ=�

?KLE=�@E�MQAOP=�HE?AJV=��REOEP=NA�

DPPLO���?NA=PERA?KII KJO�KNC�HE?AJOAO�>U
J ?
O=�

�� � ��NAB�KLAJRANOA��

7�&. -�

1E?AN?=� @E�NEOKNOA�

A@Q?=PERA�=LANPA�OQH�SA>��


3%*+ 7+�&+)+ 5#-+�
3%*+ 7+�&+)+ 5#-+�

4J�>QKJ�I K@K�LAN�C=N=JPENA�Hk=QPAJPE?EP\�@AE�

?KJPAJQPE�^�MQAHHK�@E�QPEHEVV=NA�?KHHAVEKJE�@ECEP=HE�

LNKRAJEAJPE� @=� BKJPE� ?KJKO?EQPA� A� =s@=>EHE��

0QAOPA� LKOOKJK� R=NE=NA� @=� NEOKNOA� @E� HERAHHK�

O?KH=OPE?K� =� NEOKNOA� CHK>=HE�� -ACHE� QHPEIE� @QA�

@A?AJJE�� EH� JQI ANK� @E� >E>HEKPA?DA� @ECEP=HE� ^�

=QI AJP=PK� JKPARKHIAJPA�� ?KJOAJPAJ@K� =CHE�

A@Q?=PKNE� @E� QPEHEVV=NA� OANEA� @E� @=PE�� I=LLA� A�

EII= CEJE�A�=HPNE�@K?QIAJPE� ��

/ AN� PNKR=NA� EJBKNI=VEKJE�� OE� LQa� QO=NA� H=�

NE?AN?=�=HHkEJPANJK�@AH�OEPK�SA>�?KNNEOLKJ@AJPA�K�

QO=NA�OEPA��GAUSKN@�EJ�QJ�IKPKNA�@E�NE?AN?=��

 J ?DA�&KKCHA�D=�IKPKNE�@E�NE?AN?=�OLA?Eq?E�

LAN�

n� @=P=OAP�LQ>>HE?E�@KRA�E�CKRANJE��HA�EOPEPQVEKJE�

LQ>>HE?DA�A�HA�CN=J@E�=VEAJ@A�I APPKJK�=�@EOLKOEVEKJA�@AH�LQ>>HE?K�E�@=PE�N=??KHPE��2E�

PN=PP=�@E�PQPPA�HA�EJBKNI=VEKJE�LQ>>HE?DA�N=??KHPA�@=�OPQ@E��EJ@=CEJE�A�?AJOEIAJPE� ��

n� =NPE?KHE�@E�NE?AN?=��@KRA�IEHEKJE�@E�@K?QIAJPE�A�HE>NE��OE=�=@�=??AOOK�HE>ANK�?DA�=�

L=C=I AJPK��OKJK�EJ@E?EVV=PE�A�LNKJPE�LAN�H=�NE?AN?=��

.HPNA�=�MQAOPE��E�?KNOE�=LANPE�@AHHA�QJERANOEP\��*D=J� ?=@AI U�A�HA�AJ?E?HKLA@EA�KJHEJA�OKJK�PQPPA�

BKJPE�@E�EJBKNI=VEKJA�I KHPK�@EpQOA��

�0/5'/650�70-#5+-'��0/5'/650�70-#5+-'�

(� I KPKNE� @E� NE?AN?=� PAOP=JK� ?KOP=JPAIAJPA� JQKRE� =HCKNEPIE�� +=�

NE?AN?=� @=� @EOLKOEPERE� IK>EHE� �OI=NPLDKJA�� P=>HAP	� OE� @EpANAJVE=� @=�

MQAHH=� @=� @AOGPKL� LAN?D_� PAJ@A� =� LNEREHACE=NA� E� NEOQHP=PE� HAC=PE� =HH=�

LKOEVEKJA�=PPQ=HA� ��.CJE�CEKNJK�RAJCKJK�EJ@E?EVV=PE�JQKRE�?KJPAJQPE�A�

E�RA??DE�?KJPAJQPE�RAJCKJK�EJ@E?EVV=PE�EJ�IK@K�@ERANOK��(�JQKRE�@=PE�

RAJCKJK�?NA=PE�@=�MQAHHE�RA??DE�=J=HEVV=J@K�JQKR=I AJPA�E�?KJPAJQPE��

" =I >E=JK�E�@ENEPPE�@k=QPKNA�A�HA�HE?AJVA��+A�HACCE�OQE�@=PE�?=I>E=JK�OE=�

JAH�PAILK�?DA�@=�HQKCK�=�HQKCK�� @�AOAILEK��E�IKPKNE�@E�NE?AN?=�?KJPEJQ=JK�=�AHAJ?=NA�?KJPAJQPE�

EH�?QE�EJ@E?A�^�OP=PK�NEIKOOK�=HHkEJPANJK�@AHHk4JEKJA�$QNKLA=�=�?=QO=�@AH�&#/1�� J ?DA�HA�I= LLA�

?=I >E=JK�=�OA?KJ@=�@AH�HQKCK�@E�=??AOOK��+=�HEJCQ=�A�EH�OQK�QPEHEVVK�?=I>E=JK��2E=�HkQOK�@AHHA�

?=PACKNEA�I A@E?DA�?DA�H=�HKNK�EJPANLNAP=VEKJA�R=NE=JK�@=�/=AOA�=�/=AOA���

2AJV=�@EIAJPE?=NA�?DA�E�NEOQHP=PE�@AHH=�NE?AN?=�OKJK�?H=OOEq?=PE�EJ�>=OA�=HH=�?NKJKHKCE=�@AHHA�

=PPEREP\�@ACHE�QPAJPE��=HHA�HKNK�EJBKNI=VEKJE�LANOKJ=HE�A�=HHA�EILKOP=VEKJE�OQHH=�LNER=?U��/ ANP=JPK��

� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

��

https://creativecommons.org/licenses/by-nc-sa/2.0/?ref=openverse.
https://creativecommons.org/licenses/by-nc-sa/2.0/?ref=openverse.
https://www.google.com/publicdata/directory
https://scholar.google.com/
https://www.khanacademy.org/
https://www.ai4t.eu/book/lintelligenza-artificiale-per-gli-insegnanti-un-libro-aperto/x5gon
https://www.ai4t.eu/book/lintelligenza-artificiale-per-gli-insegnanti-un-libro-aperto/x5gon


PQPPE�JKE�=>>E=IK�=??AOOK�=�?KJPAJQPE�@ERANOE�A�LKPNAII K�=J?DA�JKJ�AOOANA�EJ�CN=@K�@E�PNKR=NA�

HK�OPAOOK�?KJPAJQPK�@QA�RKHPA��3QPPA�MQAOPA�@EpANAJVA�@ARKJK�AOOANA�LNAOA�EJ�?KJOE@AN=VEKJA�

@QN=JPA�HkEI LKOP=VEKJA�A�H=�?H=OOEq?=VEKJA�@AHHA�=PPEREP\�@E@=PPE?DA��


- 53'�4P&'�
- 53'�4P&'�

(�I KPKNE�@E�NE?AN?=�=LLKNP=JK�=J?DA�=HPNE�?=I>E=IAJPE��+=�?KJKO?AJV=�^�B=?EHIAJPA�@EOLKJE>EHA��

- KJ� @K>>E=IK� LEb� ?KJKO?ANA� E� B=PPE�� "AN?DE=IK� EJRA?A� @E� NE?KN@=NA� @KRA� A� ?KIA� PNKR=NHE��� (�

LNKCN=II=PKNE�P=CHE=JK�A�EJ?KHH=JK�BN=II AJPE�@E�?K@E?A��&HE�EJCACJANE�AOACQKJK�OEIQH=VEKJE��

$OEOPKJK�BKNQI�OE=�LAN�HA�@KI=J @A�OQE�?KILEPE�?DA�LAN�HA�H=IAJPAHA�@ACHE�EJOACJ=JPE��+k=>EHEP\�

OP=�@ERAJP=J@K�LEb�EI LKNP=JPA�@AHH=�?KJKO?AJV=�A�@AHH=�IAI KNE=�� J?DA�E�JKOPNE�LQJPE�@E�REOP=�

OQHHkAPE?=�A�H=�IKN=HA�?=I>E=JK�h�" KI A�OLEAC=NA�EH�LH=CEK�=HH=�CAJAN=VEKJA�?KLE=
EJ?KHH=��

�� 1QOOAHH�� #��� / ;4G� �B� 0BH� &887� GB� #ABJ� GB� - F8� 4� +84E6;� � A:<A8�� / ;L� / 8� +G<??� &887� GB� ,846;�

* 8F84E6;�+><??F�� (�,= C=VEJA��� �� � 	���� ����
�� ,= NEKJ�6 =HPKJ��,��� N?DAN�� ��� , ;8�/ 85�4A7�<A9BE@4G<BA�?<G8E46L��F64_B?7<A:�G;8�HF8�B9�J85�FBHE68F�

<A�4�CEB=86G
54F87�6HEE<6H?H@	�!NEPEOD�)KQNJ=H�KB�$@Q?=PEKJ=H�3A?DJKHKCU��5KH����- K������� ���
�� +=J@��2��� '=JJ=qJ�� ,�� )��� �� .HE RAN�� *�  +GH78AG
� 8AG8E87�$84EA<A:� �AI<EBA@8AGF�� � BHA74G<BAF	�

�F FH@CG<BAF� 4A7� � 8F<:A�� (J� )KJ=OOAJ�� #�� '�� �� +=J @�� 2�� �$@�	�� 3DAKNAPE?=H� BKQJ@=PEKJO� KB�

HA=NJEJC�AJRENKJI AJPO��LL���h��	 ��1KQPHA@CA���� ����
�� 2LAJ?AN�� 2PALD=J��� BB: ?8� (BJ8E� +84E6;�� , ;8� � FF8AG<4?� �H<78� GB� �<A7<A:� �ALG;<A:� 'A?<A8� / <G;�

� BB: ?8	�* KODGKJKJC��*EJ@HA�$@EPEKJ��

 

� 
 � � � � � � � � � � � � 
 � � �

��



	 S�

�#3 -#3'�&+��
�B�
113'/&+.'/50�
#650.#5+%0�

4J� =HCKNEPI K=HCKNEPI K ^�QJ=�OAMQAJV=�qOO=�@E�EOPNQVEKJE�LAN�ORKHCANA�QJ�?KILEPK��(H�?KILEPK�^�OQ@@EREOK�

EJ�B=OE�B=?EHE�A�LNERA�@E�?KJBQOEKJA��?KI A�QJ=�NE?APP=�>AJ�O?NEPP=��

(�HEJCQ=CCE�@E�LNKCN=II=VEKJA�OKJK�HEJCQ=CCE�?DA�QJ�?KILQPAN�LQa�OACQENA�A@�AOACQENA��

%=JJK�@=�LKJPA�PN=�?Ea�?DA�?=LE=IK�A�?Ea�?DA�LQa�B=NA�QJ=�I=??DEJ=�h�EJ�@AqJEPER=��EJPANNQPPKNE�

?DA�OE�=??AJ@KJK�A�OE�OLAJCKJK��/ AN�QJ�?KILQPAN�EII=CEJE��RE@AK��EOPNQVEKJE�OKJK�PQPPE�@ACHE���

�EJPANNQPPKNA�=??AOK	�A�@ACHE����EJPANNQPPKNA�OLAJPK	��

0Q=J@K� REAJA� O?NEPPK� EJ� QJ� HEJCQ=CCEK� @E� LNKCN=II=VEKJA�� QJ� =HCKNEPI K� @ERAJP=� QJ�

LNKCN=II=LNKCN=II=��+A�=LLHE?=VEKJE+A�=LLHE?=VEKJE OKJK�LNKCN=IIE�O?NEPPE�LAN�QJ�QPAJPA�qJ=HA��

(�LNKCN=IIE�?KJRAJVEKJ=HE�NE?ARKJK�E�@=PE�A�OACQKJK�HA�EOPNQVEKJE�LAN�BKNJENA�QJ�NEOQHP=PK��

, KHPE�@AE�LNEIE�LNKCN=IIE�@E�EJPAHHECAJV=�=NPEq?E=HA�AN=JK�?KJRAJVEKJ=HE�� /KE?D_�HA�EOPNQVEKJE�

JKJ� LKOOKJK� =@=PP=NOE� =E� @=PE�� MQAOPE� LNKCN=IIE� JKJ� AN=JK� I KHPK� >N=RE� EJ� ?KOA� ?KIA� H=�

LNAREOEKJA�>=O=P=�OQ�EJBKNI=VEKJE�EJ?KI LHAPA�A�HkAH=>KN=VEKJA�@AH�HEJCQ=CCEK�J=PQN=HA��-+/ 	��

4J�I KPKNA�@E�NE?AN?=�^�=HEIAJP=PK�OE=�@=�

BKJPE� ?KJRAJVEKJ=HE� ?DA� @=� =HCKNEPIE�

@E =LLNAJ@EIAJPK� =QPKI=PE?K=LLNAJ@EIAJPK� =QPKI=PE?K��  � @EpANAJV=�

@AE�LNKCN=IIE�?KJRAJVEKJ=HE��CHE�=HCKNEPIE�@E�

=LLNAJ@EIAJPK�=QPKI=PE?K�=J=HEVV=JK�E�@=PE�

=HH=� NE?AN?=� @E� IK@AHHE� A� QPEHEVV=JK� MQAOPE�

I K@AHHE� K� NACKHA� LAN� LNAJ@ANA� @A?EOEKJE� K�

LNAREOEKJE� BQPQNA�� (J� =HPNA� L=NKHA�� >=O=J@KOE�

OQE�@=PE�h�AOAILE�>QKJE�A�?=PPERE�h�PNKR=JK�H=�

HKNK�NE?APP=��

0QAOPE�=HCKNEPIE�OKJK�=@=PPE�=�OEPQ=VEKJE�IKHPK�?KILHAOOA�A�?=N=PPANEVV=PE�@=�@=PE�I=J?=JPE��

/ KOOKJK�=J?DA�I KJEPKN=NA�HA�HKNK�LNAOP=VEKJE�A�QPEHEVV=NA�MQAOPK�BAA@>=?G�LAN�IECHEKN=NA�?KJ�

HkQOK��

0QAOPK�=LLNK??EK�JKJ�^� I KHPK�@ERANOK�@=�MQAHHK�QO=PK�@=CHE�AOOANE�QI=JE��EJ�L=NPE?KH=NA�

@=E�>=I>EJE��?DA�=LLNAJ@KJK�=>EHEP\�=H�@E�BQKNE�@AH�OEOPAI=�A@Q?=PERK�?KJRAJVEKJ=HA��(�>=I >EJE�

� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

��



l/H=UEJC�" =N@m�@E�=MQ=NE=JEJOECDP�?KI �BNAA
NA=@EJCO�

LQ>>HE?=PK�?KJ�HE?AJV=�""�! 8
2 ��� � ��/ AN�REOQ=HEVV=NA�QJ=�

?KLE=�@E�MQAOP=�HE?AJV=��REOEP=NA�

DPPLO���?NA=PERA?KII KJO�KNC�HE?AJOAO�>U
O=�

�� � ��NAB�KLAJRANOA��

KOOANR=JK��NELAPKJK��EIL=N=JK��RANEq?=JK�EH�HKNK�=LLNAJ@EIAJPK�A� IECHEKN=JK��2A�JA?AOO=NEK��

EI LNKRREO=JK��

,=�H=�OKIECHE=JV=�PN=�I=??DEJA�A�QI=JE�^�IKHPK�OQLANq?E=HA��+�m=LLNAJ@EIAJPKm�@=H�LQJPK�

@E�REOP=�QI=JK�^�I KHPK�@ERANOK�A�IKHPK�LEb�OBQI=PK�A�?KILHAOOK�@AHH�m=LLNAJ@EIAJPKm�LAN�H=�

I= ??DEJ=��

.J A�KN�IKNA�EJPAN=?PERA�AHAI AJPO�D=O�>AAJ�AT?HQ@A@�BNKI�PDEO�RANOEKJ�KB�PDA�PATP��8KQ�?=J�REAS�

PDAI�KJHEJA�DANA��DPPLO���LNAOO>KKGO�LQ>�EJPAHHECAJV==NPEq?E=HA��L�����KAI >A@
��

�/�130$-'.#�&+�%-#44+P%#;+0/'��/�130$-'.#�&+�%-#44+P%#;+0/'�

4J� ?KI LEPK� ?KIQJA� ?DA� QJk=LLHE?=VEKJA� @E� =LLNAJ@EIAJPK� =QPKI=PE?K� =@KPP=� LAN� EH� OQK�

BQJVEKJ=I AJPK�^�H=�?H=OOEq?=VEKJA��MQAOP=�^�H=�BKPK�@E�QJ�?=JA�K�@E�QJ�C=PPK��0QAOPK�OPQ@AJPA�^�

EJ�@Es?KHP\�K�D=�OQLAN=PK�HkAO=IA��$OEOPKJK�@QA�K�LEb�CNQLLE��+k=LLHE?=VEKJA�@ARA�?H=OOEq?=NA�E�

JQKRE�@=PE�EJ�QJK�@E�MQAOPE�CNQLLE��

/ NAJ@E=IK�HkAOAILEK�@E�QJ� I=VVK�@E�?=NPA�

@=� CEK?K� @EREOK� EJ� @QA� LEHA� h� &NQLLK�  � A�

&NQLLK� ! �� OA?KJ@K� QJ� ?ANPK� O?DAI=��

#K>>E=IK�?H=OOEq?=NA�QJ=�JQKR=�?=NP=��Hk=OOK�

@E�MQ=@NE��?KIA�=LL=NPAJAJPA�=H�&NQLLK� �K�

=H�&NQLLK�! ��

/ AN� LNEI=� ?KO=�� @K>>E=IK� ?=LENA� ?KIA�

RAJCKJK�OQ@@EREOE�E�CNQLLE��=>>E=IK�>EOKCJK�

@E�AOAILE��/AO?E=IK�MQ=PPNK�?=NPA�@=H�CNQLLK�

 � A� MQ=PPNK� @=H� CNQLLK� ! �� 0QAOPE� �� ?=OE� @E�

AOAILEK� BKNI=JK� EH� JKOPNK� EJOEAI A� @E�

=@@AOPN=IAJPK=@@AOPN=IAJPK h�@=PE�?DA�?E�=EQP=JK�=�RA@ANA�

EH� IK@AHHK� h� l=HHAJ=J@K?Em� =� RA@ANA� EH�

NEOQHP=PK��

- KJ�=LLAJ=�?E�REAJA�I KOPN=P=�H=�@EOLKOEVEKJA�=�@AOPN=��H=�I=CCEKN�L=NPA�@E�JKE�EJ@KREJ=�?DA�

Hk OOK�@E�MQ=@NE�=LL=NPEAJA�=H�CNQLLK�! ��- KJ�=>>E=IK�>EOKCJK�@E�EOPNQVEKJE��EH�?ANRAHHK�QI=J K�^�

QJ�LNK@ECEK�JAH�PNKR=NA�O?DAIE��" KI A�B=NA>>A�QJ=�I=??DEJ=�=�B=NHK��

&HE�=HCKNEPIE�@E�=LLNAJ@EIAJPK�=QPKI=PE?K��I= ?DEJA�HA=NJEJC�h�,+ 	�OE�>=O=JK�OQ�LKPAJPE�

PAKNEA�OP=PEOPE?DA�� (�@ERANOE�=HCKNEPIE�OE�>=O=JK�OQ�AMQ=VEKJE� I=PAI=PE?DA�@ERANOA�?DA�@ARKJK�

AOOANA�O?AHPA�?KJ�=PPAJVEKJA�LAN�=@=PP=NOE�=H�?KILEPK�@=�ORKHCANA��[�?KI LEPK�@AH�LNKCN=II=PKNA�

O?ACHEANA�E�@=PE��=J=HEVV=NA�MQ=HE�?=N=PPANEOPE?DA�@AE�@=PE�OKJK�NEHAR=JPE�LAN�EH�LNK>HAI=�OLA?Eq?K�A�

O?ACHEANA�Hk=HCKNEPI K�@E�=LLNAJ@EIAJPK�=QPKI=PE?K�?KNNAPPK��

� 
 � � � � � � � � � � � � 
 � � �

��

https://creativecommons.org/licenses/by-sa/2.0/?ref=openverse
https://creativecommons.org/licenses/by-sa/2.0/?ref=openverse


l/H=UEJC�" =N@m�@E�=MQ=NE=JEJOECDP�?KI �BNAA
NA=@EJCO��

LQ>>HE?=PK�?KJ�HE?AJV=�""�! 8
2 ��� � ��/ AN�REOQ=HEVV=NA�QJ=�

?KLE=�@E�MQAOP=�HE?AJV=��REOEP=NA�

DPPLO���?NA=PERA?KII KJO�KNC�HE?AJOAO�>U
O=�

�� � ��NAB�KLAJRANOA��

� I+.1035#/;#�&'+�&#5+�� I+.1035#/;#�&'+�&#5+�

+kAOPN=VEKJA�@AHH=�?=NP=�MQE�OKLN=�LKPNA>>A�

AOOANA� =J@=P=� I=HA� EJ� @ERANOE� IK@E�� %=PA�

NEBANEIAJPK�=HHkEII= CEJA�� ��D=�PNKLLA�LK?DA�

?=NPA��JKJ�^�LKOOE>EHA�EJ@KREJ=NA��(H� ��D=�LEb�

?=NPA�� I=� PQPPA� @AHHK� OPAOOK� OAIA�� JKJ� ?k̂ �

I K@K�@E�O=LANA�@KRA�=J@NA>>ANK�E�@E=I=JPE��

2A�E�CNQLLE�JKJ�OKJK�@AHH=�OPAOO=�@EIAJOEKJA��

EH���LKPNA>>A�>AJEOOEIK�OECJEq?=NA�?DA�HA�?=NPA�

JQI ANK� OKJK� JAH� CNQLLK�  � A� HA� ?=NPA�

EII= CEJA�JAH�CNQLLK�! ��

#E� OKHEPK� E� LNK>HAIE� @E� =LLNAJ@EIAJPK�

=QPKI=PE?K� OKJK� LEb� =LANPE� A� ?KEJRKHCKJK�

EJOEAIE�@E�@=PE�IKHPK�LEb�CN=J@E�@E�QJ�I=VVK�

@E� ?=NPA�� &HE� EJOEAIE� @E� =@@AOPN=IAJPK�

@ARKJK� AOOANA� O?AHPE� ?KJ� Hk=EQPK� @AHHk=J=HEOE� OP=PEOPE?=�� =HPNEIAJPE� CHE� ANNKNE� OE� EJOEJQ=JK�� 4J=�

>QKJ=�OAHAVEKJA�@AE�@=PE�^�BKJ@=IAJP=HA�LAN�QJ=�>QKJ=�=LLHE?=VEKJA�@E�,+��LEb�@E�=HPNE�PELE�@E�

LNKCN=IIE��+k=LLNAJ@EIAJPK�=QPKI=PE?K�D=�>EOKCJK�@E�QJ�CN=J�JQI ANK�@E�@=PE�NEHAR=JPE��"KI A�

IEJEI K� =OOKHQPK�� QJ� I K@AHHK� @E� =LLNAJ@EIAJPK� =QPKI=PE?K� @E� >=OA� @KRNA>>A� ?KJPAJANA� QJ�

JQI ANK�@E�LQJPE�@=PE�@EA?E�RKHPA�OQLANEKNA�=H�JQI ANK�PKP=HA�@E�?=N=PPANEOPE?DA���#APPK�MQAOPK��EH�

,+�^�=J ?DA�L=NPE?KH=NI AJPA�=@=PPK�=�CAOPENA�@=PE�NQIKNKOE��@EOKN@EJ=PE�A�?KJPN=@@EPPKNE��

�453#;+0/'�&'--'�%#3#55'3+45+%*'��453#;+0/'�&'--'�%#3#55'3+45+%*'�

0Q=J@K�OKJK�OP=PE�IKOPN=PE�CHE�AOAILE�@AH�&NQLLK� �A�@AH�&NQLLK�! ��H=�LNEI=�?KO=�?DA�=RAPA�

JKP=PK�LKPNA>>A�AOOANA�EH�?KHKNA�@AHHA�?=NPA��/ KE�EH�JQI ANK�K�H=�HAPPAN=�A�EH�OAIA��/ AN�QJ�=HCKNEPI K�

PQPPA� MQAOPA� ?=N=PPANEOPE?DA� @ARKJK� AOOANA� EJOANEPA� EJ� IK@K� OLA?Eq?K�� - KJ� LQa� O=LANA�

=QPKI=PE?=I AJPA�?KO=�^�EILKNP=JPA�LAN�EH�LNK>HAI=��

� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

��

https://creativecommons.org/licenses/by-sa/2.0/?ref=openverse.
https://creativecommons.org/licenses/by-sa/2.0/?ref=openverse.


��&#5+�&'70/0�
4'.13'�'44'3'�
'5+%*'55#5+C�

" KJKO?ANA�

Hk=LLNAJ@EIAJPK�

OQLANREOEKJ=PK�A�JKJ�

OQLANREOEKJ=PK�

- AH�OAHAVEKJ=NA�HA�?=N=PPANEOPE?DA�@E�EJPANAOOA��E�LNKCN=II=PKNE�@ARKJK�LKNOE� IKHPA�@KI=J @A��

0Q=JPA�BQJVEKJE�OKJK�PNKLLK�LK?DA�LAN�AOOANA�QPEHE��0Q=JPA�?=N=PPANEOPE?DA�OKJK�PNKLLA��0Q=HE�

?=N=PPANEOPE?DA�OKJK�NEHAR=JPE�LAN�EH�?KILEPK��0Q=H�^�H=�NAH=VEKJA�PN=�HA�?=N=PPANEOPE?DA�O?AHPA�h�

QJ=�?=N=PPANEOPE?=�@ELAJ@A�@=HHk=HPN=�� "KJ�HA�?=N=PPANEOPE?DA�O?AHPA��^�LKOOE>EHA�?DA�HkKQPLQP�OE=�

=??QN=PK��

.J A�KN�IKNA�EJPAN=?PERA�AHAI AJPO�D=O�>AAJ�AT?HQ@A@�BNKI�PDEO�RANOEKJ�KB�PDA�PATP��8KQ�?=J�REAS�

PDAI�KJHEJA�DANA��DPPLO���LNAOO>KKGO�LQ>�EJPAHHECAJV==NPEq?E=HA��L�����KAI >A@
��

�-�130%'440��-�130%'440�

0Q=J@K� EH� LNKCN=II=PKNA� ?NA=� Hk=LLHE?=VEKJA�� LNAJ@A� E� @=PE�� JA�

AOPN=A� HA� ?=N=PPANEOPE?DA�� O?ACHEA� QJ� =HCKNEPI K� @E� =LLNAJ@EIAJPK�

=QPKI=PE?K� =LLNKLNE=PK� �BQJVEKJA� I= PAI=PE?=� ?DA� @AqJEO?A� EH�

LNK?AOOK	� A� HK� =@@AOPN=� QPEHEVV=J@K� @=PE� APE?DAPP=PE� �JAH� ?=OK� EJ� ?QE�

HkKQPLQP� OE=� JKPK�� ?KI A� EH� CNQLLK�  � K� EH� CNQLLK� ! 	� EJ� I K@K� ?DA� H=�

I= ??DEJ=�?=LEO?=�EH�IK@AHHK�=HH=�>=OA�@AH�LNK>HAI=��

/ AN� QJ=� I=??DEJ=� H=� ?KILNAJOEKJA� =OOQIA� H=� BKNI=� @E� QJ�

EJOEAI A�@E�JQI ANE�h�E�LAOE�h�?DA�AOO=�=OOACJ=�=�?E=O?QJ=�?=N=PPANEOPE?=��

" KJ� Hk=OOACJ=VEKJA� ?KNNAPP=� @AE� LAOE�� H=� I=??DEJ=� LQa� ?=H?KH=NA� H=�

LNK>=>EHEP\�?DA�QJ=�JQKR=�PAOOAN=�=LL=NPAJC=�=H�CNQLLK� �K�=H�CNQLLK�

! ��(J�CAJANA��@QN=JPA�H=�B=OA�@E�=@@AOPN=IAJPK��EH�LNKCN=II=PKNA�=EQP=�

H=� I=??DEJ=� IK@Eq?=J@K� I=J Q=HIAJPA� =H?QJE� R=HKNE�� MQAOP=� KLAN=VEKJA� OE� ?DE=I=�

KPPEIEVV=VEKJAKPPEIEVV=VEKJA�@AHHk=LLHE?=VEKJA��

� 
 � � � � � � � � � � � � 
 � � �

�	



4J=� RKHP=� B=PPK� MQAOPK�� EH� LNKCN=II=� @ARA�

AOOANA�PAOP=PK�LNEI=�@E�AOOANA�QPEHEVV=PK�� �P=HA�

O?KLK�� =H� LNKCN=II=� RAJCKJK� BKNJEPE� E� @=PE�

APE?DAPP=PE� ?DA� JKJ� OKJK� OP=PE� QPEHEVV=PE� LAN�

Hk=@@AOPN=IAJPK�� 0QAOPE� @=PE� OKJK� ?DE=I=PE�

@=PE�@E�LNKR=@=PE�@E�LNKR=�  �M QAOPK�LQJPK�OE�R=HQP=JK�HA�

LNAOP=VEKJE� @AHH=� I=??DEJ=� JAH� LNA@ENA�

HkKQPLQP��4J=�RKHP=�OP=>EHEPK�?DA�HA�LNAOP=VEKJE�

OKJK�OK@@EOB=?AJPE��EH�LNKCN=II=�LQa�AOOANA�

I AOOK�EJ�QOK��^�LNKJPK�=�LNAJ@ANA�JQKRE�@=PE�

A�=�B=NA�QJ=�@A?EOEKJA�K�QJ=�LNAREOEKJA�OQ�@E�AOOE��

4J�I K@AHHK�LQa�BQJVEKJ=NA�EJ�IK@K�@ERANOK�OQE�OAP�@E�@=PE�@E�=HHAJ=I AJPK�A�@E�PAOP��(J�?DA�I K@K�

EH�JQI ANK�@E�?=N=PPANEOPE?DA�EJrQEO?A�OQHHA�LNAOP=VEKJE�EJ�AJPN=I>E�E�?=OE��&Q=N@=PA�MQAOPK�RE@AK�

LAN�O?KLNENHK��

+A�LNAOP=VEKJE�EJ�PAILK�NA=HA�RAJCKJK�LKE�?KJPEJQ=I AJPA�IKJEPKN=PA�A�IECHEKN=PA��E�LAOE�

@AHHA�?=N=PPANEOPE?DA�RAJCKJK�=CCEQOP=PE�LAN�KPPAJANA�NEOQHP=PE�IECHEKNE	��2LAOOK��HA�LNAOP=VEKJE�EJ�

PAILK�NA=HA�@=JJK�NEOQHP=PE�@ERANOE�NEOLAPPK�=�MQ=J@K�Hk=HCKNEPI K�@E�=LLNAJ@EIAJPK�=QPKI=PE?K�

REAJA�PAOP=PK�?KJ�@=PE�CE\�@EOLKJE>EHE��/KE?D_�OLANEIAJP=NA�?KJ�QPAJPE�NA=HE�^�?KOPKOK��NE?DEA@A�QJ�

AHAR=PK�OBKNVK�A�OLAOOK�^�NEO?DEKOK��CHE�=HCKNEPIE�RAJCKJK�OAILNA�PAOP=PE�QPEHEVV=J@K�@=PE�OPKNE?E�

@ACHE�QPAJPE��?DA�LKPNA>>ANK�JKJ�AOOANA�EJ�CN=@K�@E�R=HQP=NA�HkEI L=PPK�OQH�?KILKNP=IAJPK�@ACHE�

QPAJPE���/ AN�MQAOPK�IKPERK�^�EILKNP=JPA�ApAPPQ=NA�QJ=�R=HQP=VEKJA�?KILHAP=�@AHHA�=LLHE?=VEKJE�

@E�=LLNAJ@EIAJPK�=QPKI=PE?K�QJ=�RKHP=�EJ�QOK��

.J A�KN�IKNA�EJPAN=?PERA�AHAI AJPO�D=O�>AAJ�AT?HQ@A@�BNKI�PDEO�RANOEKJ�KB�PDA�PATP��8KQ�?=J�REAS�

PDAI�KJHEJA�DANA��DPPLO���LNAOO>KKGO�LQ>�EJPAHHECAJV==NPEq?E=HA��L�����KAI >A@
��

 RAPA�RKCHE=�@E�IAPPANA�I=JK�=HHk=LLNAJ@EIAJPK�=QPKI=PE?K� / NKR=PA�MQAOP=�=PPEREP\��

� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

�T

https://pressbooks.pub/intelligenzaartificiale/format/hands-on-machine-learning


��3DAK>=H@��.��%46;<A8�$84EA<A:��BE��5FB?HG8��8:<AA8EF����( ?4<A��A:?<F;�! AGEB7H6G<BA��2A?KJ@�

$@EPEKJ	��,= ?DEJA�+A=NJEJC�%NKI�2?N=P?D�!KKG��	��L���� 	��2?=PPANLHKP�/NAOO��*EJ@HA�$@EPEKJ��
�  * KJOP=J��)���3ANRAAJ��+��� H@4A
68AG8E87�E86B@@8A78E�FLFG8@F��'E<:<AF	�47I4A68F	�6;4??8A:8F	�4A7�

BCCBEGHA<G<8F�� (�,= C=VEJA������ 	���� 
������ ����

� 
 � � � � � � � � � � � � 
 � � �

�D



(@A=�PN=PP=�@=�l2A=N?D AJCEJA ?N=SHANOm @E 2AK>EHEPU��

LQ>>HE?=P=�

?KJ�HE?AJV=�""�! 8
2 ��� � ��/ AN�REOQ=HEVV=NA�QJ=�?KLE=�@E�

MQAOP=�HE?AJV=��REOEP=NA�DPPLO���SSS �OAK>EHEPU�JAP�AJ�SEGE�

" NA=PERA<"KII KJO<+E?AJOA<!8
2 <�� ��

DTS�

�#30-#�#-- I�
B�- I+/&+%+;;#;+0/'�
46+�.0503+�&+�3+%'3%#�

4J� I KPKNA� @E� NE?AN?=� LNAJ@A� @AHHA� L=NKHA� ?DE=RA� EJOANEPA� EJ� QJ=� ?=OAHH=� @E� PAOPK�� H=� MQANU� @E�

NE?AN?=��A�?AN?=�@E�PNKR=NA�E�@K?QIAJPE�SA>�?DA�?KNNEOLKJ@KJK�=HH=�JA?AOOEP\�@E�EJBKNI=VEKJE�

@E�QJ�QPAJPA�� / KE� IKOPN=�HA�EJBKNI=VEKJE�EJ�QJ�BKNI=PK�B=?EHIAJPA�=??AOOE>EHA��?KJ�H=�L=CEJ=�

LEb�LANPEJAJPA�EJ�=HPK��/ AN�B=NHK��EH�IKPKNA�@E�NE?AN?=�@ARA�EJEVE=NA�=�PNKR=NA�@K?QIAJPE�OQH�SA>�

A�=�P=CC=NHE�EJ�IK@K�?DA�OE=JK�B=?EHIAJPA�NALANE>EHE��5A@E=IK�=�CN=J@E�HEJAA�?KIA�BQJVEKJ=�EH�

LNK?AOOK��

� #4'�DB�+�8'$�%3#8 -'3�5307#/0�'�4%#3+%#/0�+�&0%6.'/5+S�� #4'�DB�+�8'$�%3#8 -'3�5307#/0�'�4%#3+%#/0�+�&0%6.'/5+S�

#KLK�?DA�QJ�QPAJPA�D=�EJOANEPK�QJ=�MQANU�

@E�NE?AN?=��^�PNKLLK�P=N@E�LAN�=J@=NA�=�?AN?=NA�

PQPPE� E� ?KJPAJQPE� @EOLKJE>EHE� EJ� (JPANJAP��� (�

@K?QIAJPE�SA>�OKJK�LNARE=IAJPA�REOEKJ=PE�A�

EH� HKNK� ?KJPAJQPK� REAJA� BN=VEKJ=PK� A�

=N?DERE=PK�EJ�OHKP�@ERANOE��0Q=J@K�H=�MQANU�^�

@EOLKJE>EHA�� PQPPK� ?Ea� ?DA� >EOKCJ=� B=NA� ^�

?KI >EJ=NA� EH� ?KJPAJQPK� @AHH=� MQANU� ?KJ�

MQAHHK�@ACHE�OHKP��

(�SA>�?N=SHAN�OKJK�BN=II AJPE�@E�?K@E?A�

?DA�PNKR=JK�A�O?=NE?=JK�@K?QIAJPE�@=H�SA>��

(JEVE=JK�?KJ�QJ=�OANEA�@E�EJ@ENEVVE�@E�OEPE�SA>�

�41+ 	�?AN?=J@K�=H�HKNK�EJPANJK�?KHHAC=IAJPE�

=� JQKRA� L=CEJA� SA>�� / KE� O?=NE?=JK� HA� JQKRA�

L=CEJA� A� =H� HKNK� EJPANJK� ?AN?=JK� QHPANEKNE�

?KHHAC=IAJPE�� /QN?D_� HkAHAJ?K� EJEVE=HA� BKOOA�

OQs?EAJPAIAJPA� @ERANOEq?=PK�� E� ?N=SHAN� qJEO?KJK� LAN� REOEP=NA� MQ=HOE=OE� OEPK� ?KJOAJP=� HKNK�

Hk=??AOOK��OLAOOK�OR=NE=PA�RKHPA��=HH=�NE?AN?=�@E�=CCEKNJ=IAJPE��

� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

��

https://www.seobility.net/en/wiki/Creative_Commons_License_BY-SA_4.0
https://www.seobility.net/en/wiki/Creative_Commons_License_BY-SA_4.0


� #4'��B�+-�&0%6.'/50�7+'/'�4%0.10450�+/�.0- 5'1-+%+�1#35+�� #4'��B�+-�&0%6.'/50�7+'/'�4%0.10450�+/�.0- 5'1-+%+�1#35+�

(H�@K?QIAJPK�O?=NE?=PK�@=H�?N=SHAN�LKPNA>>A�

AOOANA� QJ=� L=CEJ=� SA>� ?DE=N=IAJPA�

OPNQPPQN=P=� ?KJ� H=� LNKLNE=� @AO?NEVEKJA� @AH�

?KJPAJQPK�� HkEJ@E?=VEKJA� @AHHk=QPKNA�� @AHH=�

@=P=� A??�� / Qa� =J?DA� AOOANA� QJkEII= CEJA�

@ECEP=HEVV=P=� I=H=IAJPA� @E� QJ� RA??DEK� HE>NK�

?QOPK@EPK� EJ� QJ=� >E>HEKPA?=�� #E� JKNI=� E�

I KPKNE�@E�NE?AN?=�OKJK�EJ�CN=@K�@E�HACCANA�QJ�

?AJPEJ=EK� @E� PELE� @ERANOE� @E� @K?QIAJPE��� +E�

?KJRANPKJK� EJ� BKNI=PK� DPIH� K� TIH� A� HE�

=N?DERE=JK� EJ� P=>AHHA� �@AJKIEJ=PA� !EC3=>HA�

JAH�?=OK�@E�&KKCHA	��

4J=�P=>AHH=�^�?KOPEPQEP=�@=�OAVEKJE�LEb�LE??KHA�@AJKIEJ=PA�P=>HAP��KCJE�NEC=�@E�QJ�P=>HAP�^�

@A@E?=P=�=�QJ=�L=CEJ=�SA>��

0QAOPA� NECDA� OKJK� @EOLKOPA� OA?KJ@K� QJ� KN@EJA� NACEOPN=PK� EJOEAI A� =� QJ� NACEOPNK� LAN� CHE�

=CCEKNJ=IAJPE��.CJE�?KHKJJ=�NELKNP=�@AHHA�EJBKNI=VEKJE�OLA?Eq?DA�?KHHAC=PA�=HH=�L=CEJ=�SA>�?DA�

LKOOKJK�AOOANA�@E�=EQPK�JAH�?KI>EJ=NA�EH�?KJPAJQPK�@AH�@K?QIAJPK�=E�?KJPAJQPE�@E�MQANU�BQPQNA��

+A�?KHKJJA�NELKNP=JK��

n� HkEJ@ENEVVK�@AH�OEPK�SA>�?DA�LKPNA>>A��@E�LAN�O_��BKNJENA�QJ=�>QKJ=�@AO?NEVEKJA�@AE�

?KJPAJQPE�@AHH=�L=CEJ=��OA�H=�DKI A�L=CA�?KJPEAJA�?KJPAJQPE�N=LLNAOAJP=PERE��K�EH�

?KHHAC=IAJPK�=�QJ=�L=CEJ=�H=PAN=HA�?KJ�?KJPAJQPK�EJANAJPA��

n� 3EPKHE��EJPAOP=VEKJE�A�L=NKHA�EJ�CN=OOAPPK�?DA�@AO?NERKJK�?KJPAJQPE�EILKNP=JPE��

n� , AP=@=PE�@AHH=�L=CEJ=��2E�PN=PP=�@E�EJBKNI=VEKJE�EJANAJPE�=HH=�L=CEJ=�?DA�JKJ�

?KOPEPQEO?KJK�L=NPA�@AH�?KJPAJQPK�LNEJ?EL=HA��?KI A�EH�PELK�@AH�@K?QIAJPK��LAN�AO��A


I=EH�K�L=CEJ=�SA>	��H=�OPNQPPQN=�A�HA�?=N=PPANEOPE?DA�@AH�@K?QIAJPK��?KI A�H=�OQ=�

HQJCDAVV=��HA�L=NKHA�?DE=RA��E�JKIE�@ACHE�=QPKNE�A�H=�@=P=�@E�LQ>>HE?=VEKJA��

n� +=�@AO?NEVEKJA�@E�HEJG�@=�=HPNA�L=CEJA�=�MQAOP=�L=CEJ=��?DA�BKNJEO?A�QJ=�BKNIQH=VEKJA�

PAOPQ=HA�OQ??EJP=�@AE�@ERANOE�=OLAPPE�@AH�?KJPAJQPK�@AHH=�L=CEJ=��/Eb�OKJK�E�HEJG��LEb�

OKJK�HA�@AO?NEVEKJE�A�HA�?KHKJJA�QPEHEVV=PA��+=�LNAOAJV=�@E�HEJG�REAJA�QPEHEVV=P=�=J?DA�=�

qJE�@E�N=JGEJC��LAN�OP=>EHENA�MQ=JPK�OE=�REOQ=HEVV=P=�QJ=�L=CEJ=�SA>��@=PA�QJkK??DE=P=�=H�

 / =CA1=JG�@E�&KKCHA��QJ�OEOPAI=�@E�?H=OOEq?=VEKJA�?DA�QPEHEVV=�E�HEJG�=�A�@=�QJ=�L=CEJ=�

LAN�R=HQP=NA�MQ=HEP\�A�LKLKH=NEP\	��

n� (�JKIE�@E�LANOKJA��OK?EAP\��KNC=JEVV=VEKJE��@E�HK?=HEP\��CHE�EJ@ENEVVE��EJ@E?=VEKJE�@E�@=PA�A�

KN=NE��MQ=JPEP\�A�R=HKNE�IKJAP=NE�A??���&HE�=HCKNEPIE�@E�=LLNAJ@EIAJPK�=QPKI=PE?K�

LKOOKJK�AOOANA�=@@AOPN=PE�=H�NALANEIAJPK�@E�MQAOPE�AHAI AJPE�EJ�MQ=HOE=OE�?KJPAJQPK�

QPEHEVV=J@K�@AE�@=PE�@E�=@@AOPN=IAJPK�EJOANEPE�@=�QJ�AOOANA�QI=JK���

� 
 � � � � � � � � � � � � 
 � � �

��

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


(H�?KJPAJQPK�LNEJ?EL=HA�@E�QJ=�L=CEJ=�OLAOOK�^�

J=O?KOPK�EJ�IAVVK�=@�=HPNA�EJBKNI=VEKJE��3DA�CQ=N@E=J�

 @= (H�%=PPK�0QKPE@E=JK��LQ>>HE?=PK�?KJ�HE?AJV=�""�

! 8
-" 
2 ��� � ��/ AN�REOQ=HEVV=NA�QJ=�?KLE=�@E�MQAOP=�

HE?AJV=��REOEP=NA��DPPLO���?NA=PERA?KII KJO�KNC�

HE?AJOAO�>U
J ?
O=��� � ��NAB�KLAJRANOA��

4J=� ?KHKJJ=� @AHH=� P=>AHH=�� BKNOA� H=� LEb�

EI LKNP=JPA��LNAOAJP=�EH�?KJPAJQPK�LNEJ?EL=HA�@AH�

@K?QIAJPK��?DA�@ARA�AOOANA�E@AJPEq?=PK�PN=�PQPPE�

E� HEJG� A� CHE� =JJQJ?E� LQ>>HE?EP=NE� AOPANJE�� 4J=�

PA?JE?=� QPEHEVV=� QJ� IK@AHHK� @E� =LLNAJ@EIAJPK�

=QPKI=PE?K� LAN� l=LLNAJ@ANAm� MQ=HA� OE=� EH�

?KJPAJQPK�LNEJ?EL=HA�@E�QJ=�L=CEJ=�SA>��

/ KOOE=IK� J=PQN=HIAJPA� ?KI>EJ=NA� @AHHA�

L=NKHA� AO=PPA� PN=PPA� @=HH=� MQANU� ?KJ� HA� L=NKHA�

?KJPAJQPA�EJ�QJ�@K?QIAJPK�SA>��?KI A�B=NAII K�

?KJ�EH�LQHO=JPA�� <A7��3NKR=	�@E�QJ�LNKCN=II=�@E�

RE@AKO?NEPPQN=�� ,=� JKJ� ^� QJ=� OKHQVEKJA� I KHPK�

As?=?A� EJ� MQ=JPK� HA� LANOKJA� QO=JK� L=NKHA�

@ERANOA� LAN� @AqJENA� EH� IA@AOEIK� KCCAPPK��

1ACEOPN=NA�OAILHE?AI AJPA�E�PANIEJE�OAL=N=PE�JKJ�

=EQPAN\� =� ?=PPQN=NA� EH� IK@K� EJ� ?QE� AOOE� OE�

?KI >EJ=JK� PN=� HKNK� LAN� ?NA=NA� OECJEq?=PK�� EJ�

@AqJEPER=� ^� EH� LAJOEANK� @EAPNK� HA� L=NKHA� ?DA� ?E�

=EQP=� =� ?KIQJE?=NA� A� JKJ� HA� L=NKHA� @E� LAN� O_�

OPAOOA�� / ANP=JPK�� PQPPE� E� IKPKNE� @E� NE?AN?=�

PN=OBKNI=JK�EH�PAOPK�EJ�QJ�IK@K�?DA�NAJ@=�LEb�OAILHE?A�?KI>EJ=NHK�?KJ�EH�OECJEq?=PK�@AH�PAOPK�

@AHH=�MQANU��2Q??AOOER=I AJPA��H=�MQANU�REAJA�AH=>KN=P=�EJ�IK@K�=J=HKCK��

� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

��

https://creativecommons.org/licenses/by-nc-sa/2.0/?ref=openverse.
https://creativecommons.org/licenses/by-nc-sa/2.0/?ref=openverse.


(J�MQ=JPK�OACIAJPE�@E�L=NKHA��EH�JQI ANK�PKP=HA�@E�PKGAJ�@ERANOE�?DA�@ARKJK�AOOANA�=N?DERE=PE�OE�

NE@Q?A��(�I K@AHHE�=PPQ=HE�=N?DERE=JK�@=�PNAJP=IEH=�=�?EJMQ=JP=IEH=�PKGAJ� ��#AHHA�L=NKHA�O?NEPPA�EJ�

I K@K�O?KNNAPPK�LKOOKJK�AOOANA�EJ@ERE@Q=PA�EJ�MQ=JPK�L=NPE�@E�AOOA�?KJPEJQ=JK�=�?KNNEOLKJ@ANA�

=E�PKGAJ�=N?DERE=PE��#AHHA�L=NKHA�O?KJKO?EQPA�LKOOKJK�AI ANCANA�@=E�NEOQHP=PE�@AHHA�NE?AN?DA��@=H�

I KI AJPK�?DA�L=NPE�@E�AOOA�LKPNA>>ANK�?KNNEOLKJ@ANA�?KJ�E�PKGAJ�=N?DERE=PE��

- AH�JKOPNK�?=OK��EH�OAP�@E�=@@AOPN=IAJPK�LAN�Hk=LLNAJ@EIAJPK�=QPKI=PE?K�^�?KOPEPQEPK�@=�

PAOPE� AOAILHEq?=PERE�� (JEVE=J@K� @=� OEJCKHE� ?=N=PPANE�� OL=VE� A� OACJE� @E� EJPANLQJVEKJA�� EH� IK@AHHK�

BKJ@A� ?=N=PPANE� ?DA� OE� LNAOAJP=JK� BNAMQAJPAIAJPA� LAN� BKNI=NA� JQKRE� PKGAJ�� 2A� EH� JQI ANK� @E�

PKGAJ�JKJ�^�OQs?EAJPAIAJPA�AHAR=PK��EH�LNK?AOOK�@E�BQOEKJA�?KJPEJQ=�EJ�IK@K�@=�?KLNENA�L=NPE�

@E�L=NKHA�LEb�CN=J@E�K�IAJK�BNAMQAJPE��(J�MQAOPK�IK@K�OE�NEAO?KJK�=�?KLNENA�H=�I=CCEKN�L=NPA�

� 
 � � � � � � � � � � � � 
 � � �

��



l(J @E?Am�@E�!AJ�6AEJAN��LQ>>HE?=PK�?KJ�HE?AJV=�""�! 8
-#�

�� � ��

/ AN�REOQ=HEVV=NA�QJ=�?KLE=�@E�MQAOP=�HE?AJV=��REOEP=NA��

DPPLO���?NA=PERA?KII KJO�KNC�HE?AJOAO�>U
J @�

�� � ��NAB�KLAJRANOA��

@AHHA�L=NKHA��@AHHA�PANIEJ=VEKJE�@AHHA�L=NKHA�A�PQPPE�E�LNAqOOE��0QEJ@E��BKNJEPK�QJ�JQKRK�PAOPK��H=�

I= ??DEJ=�HK�LQa�OQ@@ERE@ANA�B=?EHIAJPA�EJ�PKGAJ�A�=N?DERE=NA��

� #4'��B�4+�%3'#�6/�+/&+%'�1'3�(#37+�#)'70-.'/5'�3+('3+.'/50�� #4'��B�4+�%3'#�6/�+/&+%'�1'3�(#37+�#)'70-.'/5'�3+('3+.'/50�

0Q=J@K� E� @=PE� OKJK� EJOANEPE� EJ� !EC3=>HA�� OE�

?NA=� QJ� EJ@E?A�� 2EIEH=NI AJPA� =H� ?KJ?APPK�

@ACHE�EJ@E?E�@AE�HE>NE��HkEJ@E?A�@E�NE?AN?=�AHAJ?=�

E�PKGAJ�?KJPAJQPE�EJ�QJ�@K?QIAJPK�SA>�A�H=�

HKNK� LKOEVEKJA�� EJOEAI A� =� OP=PEOPE?DA� ?KIA�

MQAHHA�EJANAJPE�=H�JQI ANK�@E�RKHPA�EJ�?QE�QJ�

PKGAJ� OE� NEJREAJA� =HHkEJPANJK� @E� QJ�

@K?QIAJPK�� MQ=JPK� EILKNP=JPA� OE=� LAN� EH�

@K?QIAJPK� A??�� A� =� EJBKNI=VEKJE� OQHH=� OQ=�

LKOEVEKJA��LAN�AOAILEK�OA�EH�PKGAJ�OE�PNKRE�JAH�

PEPKHK�K�EJ�QJkEJPAOP=VEKJA��OE=�?KJ?AJPN=PK�EJ�

QJ=� L=NPA� @AH� @K?QIAJPK� A� OA� QJ� PKGAJ� JA�

OACQ=�OAILNA�QJ�=HPNK��

.C CE�� IKHPE� IKPKNE�@E�NE?AN?=�QPEHEVV=JK�

QJ=� ?KI>EJ=VEKJA� @E� IK@AHHE� @E�

EJ@E?EVV=VEKJA� PN=@EVEKJ=HE� A� HEJCQEOPE?E�

CAJAN=PE� @=� NAPE� JAQN=HE� LNKBKJ@A�� (� OA?KJ@E�

?K@Eq?=JK�@APP=CHE�OAI=JPE?E�@AH�PAOPK�A�?KJOAJPKJK�QJ=�IECHEKN�?KILNAJOEKJA�@AHHA�MQANU� ��

 E QP=JK�E�IKPKNE�@E�NE?AN?=�=�OQLAN=NA�H=�MQANU�=H�qJA�@E�?=PPQN=NA�HA�EJBKNI=VEKJE�JA?AOO=NEA�

=HH=�>=OA�@AHH=�?NA=VEKJA�@AHH=�MQANU��

�6'45'�53'�(#4+�(03/+4%0/0�6/�3'40%0/50�4'.1-+P%#50�&+�%+M�%*'��6'45'�53'�(#4+�(03/+4%0/0�6/�3'40%0/50�4'.1-+P%#50�&+�%+M�%*'�

7+'/'�&'P/+ 50�G+/&+%+;;#;+0/'H R�044+#�3'1'3+3'R�13'1#3#3'�'�7+'/'�&'P/+ 50�G+/&+%+;;#;+0/'H R�044+#�3'1'3+3'R�13'1#3#3'�'�

� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

��

https://creativecommons.org/licenses/by-nd/2.0/?ref=openverse
https://creativecommons.org/licenses/by-nd/2.0/?ref=openverse


#3%*+7+#3'�&0%6.'/5+�%3'#/&0�6/�+/&+%'S��-�1#44#))+0�46%%'44+ 70�#3%*+7+#3'�&0%6.'/5+�%3'#/&0�6/�+/&+%'S��-�1#44#))+0�46%%'44+ 70�

40/0�-'�(#4+�&'-�G3#/,+/)H�%0/4+45'/5+�/'-�%0.$+/#3'�26'3:�'�40/0�-'�(#4+�&'-�G3#/,+/)H�%0/4+45'/5+�/'-�%0.$+/#3'�26'3:�'�

%0/5'/650�'�/'-�.0453#3'�+�3+46- 5#5+�+/�$#4'�#--#�1'35+/'/;#S�%0/5'/650�'�/'-�.0453#3'�+�3+46- 5#5+�+/�$#4'�#--#�1'35+/'/;#S�

 

��" NKBP��!���, APVHAN�#���2PNKDI=J��3 ���+84E6;�� A:<A8F	�!A9BE@4G<BA�*8GE<8I4?�<A�(E46G<68���� ���
�� 2AJJNE?D�1���'= @@KS��! ���=J@�!EN?D�� ��� &8HE4?�%46;<A8�,E4AF?4G<BA�B9�*4E8�/ BE7F�J<G;�+H5JBE7�

- A<GF	�(J�/ NK?AA@EJCO�KB�PDA���PD� JJ Q=H�,AAPEJC�KB�PDA� OOK?E=PEKJ�BKN�"KI LQP=PEKJ=H�

+EJCQEOPE?O��5KHQI A����+KJC�/=LANO	��L=CAO�����h�� ����!ANHEJ��&ANI=JU�� OOK?E=PEKJ�BKN�

" KI LQP=PEKJ=H�+EJCQEOPE?O������ ��
� �, APVHAN��# ���3=U��8���!=DNE��#���- =FKNG��,��� * 8G;<A><A:�+84E6;��%4><A:�� B@4<A��KC8EGF�BHG�B9�

�<?8GG4AG8F��2(&(1�%KNQI�������� NPE?HA�����)QJA��� ����

� 
 � � � � � � � � � � � � 
 � � �

��



DDS�

�#3 -#3'�&+��
B�104+;+0/#.'/50�/'+�
.0503+�&+�3+%'3%#�

1EOLAPPK�=E�IKPKNE�@E�NE?AN?=�@AE�LNEIE�=JJE�������E�IKPKNE�@E�NE?AN?=�=PPQ=HE�ApAPPQ=JK�=J=HEOE�

LEb� NE??DA� A� LNKBKJ@A��  @� AOAILEK�� KHPNA� =� ?KJP=NA� HA� L=NKHA�� OKJK� EJ� CN=@K� @E� =J=HEVV=NA� A�

?KJBNKJP=NA� EH� OECJEq?=PK� @AHHA� L=NKHA� OPAOOA��� &N=J� L=NPA� @E� MQAOP=� NE??DAVV=� =RREAJA� JAH�

LNK?AOOK�@E�?H=OOEq?=VEKJA��

� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

��



2KQN?A���DPPLO���=E�CKKCHA>HKC�?KI ��� �� ��� �

=
B=OP
SKN@LEA?A
PKGAJEV=PEKJ
OUOPAI�DPIH�� �%=OP�

6 KN@/EA?A�3KGAJEV=PEKJ�2UOPAI��!U�7EJUEJC�2KJC�=J@�

#AJJ U�9DKQ�=J@�l5EJP=CA�#EOJAU�,= NU�/KLLEJO�/H=PA�>U�

2QJ�5=HHAU�, AHI=?m�>U�&N=JJEAO*EP?DAJ�LQ>>HE?=PK�?KJ�

HE?AJV=�""�! 8��� � ��/ AN�REOQ=HEVV=NA�QJ=�?KLE=�@E�MQAOP=�

HE?AJV=��REOEP=NA�DPPLO���?NA=PERA?KII KJO�KNC�HE?AJOAO�>U�

�� � � ��

� #4'��B���5'3.+/+�&'--#�26'3:�7'/)0/0�#$$+/#5+�#+�5'3.+/+�� #4'��B���5'3.+/+�&'--#�26'3:�7'/)0/0�#$$+/#5+�#+�5'3.+/+�

&'-- I+/&+%'�&'-- I+/&+%'�

4J=� RKHP=� ?DA� HkQPAJPA� @ECEP=� H=� MQANU� A�

?HE??=� OQ� ?AN?=�� H=� MQANU� REAJA� AH=>KN=P=�� (�

PKGAJ�RAJCKJK�?NA=PE�?KJ�HK�OPAOOK�LNK?AOOK�

@AH� PAOPK� @AH� @K?QIAJPK�� / KE� H=� MQANU� LQa�

AOOANA� =ILHE=P=� =CCEQJCAJ@K� =HPNA� L=NKHA�

?DE=RA�� 0QAOPK� LAN� AREP=NA� EH� ?=OK� EJ� ?QE� E�

@K?QIAJPE� NEHAR=JPE� JKJ� RAJC=JK� PNKR=PE�

LAN?D_� H=� MQANU� QPEHEVV=� L=NKHA� HACCANIAJPA�

@ERANOA� @=� MQAHHA� @ACHE� =QPKNE� @AE� ?KJPAJQPE�

SA>��0QAOPK�REAJA�B=PPK�=J?DA�LAN�?KCHEANA�HA�

@EpANAJVA�JAHHkQOK�A�JAHH=�?KJOQAPQ@EJA��  @�

AOAILEK�� HkQOK� @E� L=NKHA� ?KIA� /NAOE@AJPA��

/ NEIK� ,EJEOPNK� A� "=J?AHHEANA� LQa� AOOANA�

?=I >E=PK�=�OA?KJ@=�@AH�/=AOA���

+=� I= CCEKN� L=NPA� @AE� IKPKNE� @E� NE?AN?=�

PEAJA� PN=??E=� @AHHA� NE?AN?DA� ApAPPQ=PA� @=CHE�

QPAJPE� �&Q=N@=PA�H=� @AO?NEVEKJA� @E� =H?QJE�

I KPKNE�@E�NE?AN?=�LKLKH=NE	��+A�MQANU�RAJCKJK�

NACEOPN=PA�EJOEAI A�=E�@=PE�@AHHkQPAJPA�LAN�LANOKJ=HEVV=NA�E�?KJPAJQPE�A�OANRENA�LQ>>HE?EP\��.L LQNA��

E�@=PE�@E�PQPPE�CHE�QPAJPE�RAJCKJK�I AOOE�EJOEAI A�LAN�?=LENA�?KIA�A�@KRA�IECHEKN=NA�HA�LNAOP=VEKJE�

@AE�IKPKNE�@E�NE?AN?=��

(�HKC�@ACHE�QPAJPE�?KJPAJCKJK�HA�MQANU�LNA?A@AJPE��H=�L=CEJ=�@AE�NEOQHP=PE�A�HA�EJBKNI=VEKJE�

OQ�?Ea�?DA�D=�BQJVEKJ=PK�h�?KO=�D=�?HE??=PK�HkQPAJPA�A�?KO=�D=�OLAOK�PAILK�=�HACCANA��&N=VEA�=E�HKC�

@ACHE�QPAJPE��KCJE�MQANU�LQa�AOOANA�=>>EJ=P=�=�@K?QIAJPE�NEHAR=JPE��HkQPAJPA�?HE??=��HACCA�A�?DEQ@A�

H=�OAOOEKJA	�A�=�@K?QIAJPE�JKJ�NEHAR=JPE��HkQPAJPA�JKJ�D=�?HE??=PK�K�JKJ�D=�HAPPK�K�D=�?AN?=PK�@E�

NEBKNIQH=NA�H=�MQANU	 � ��

" KJ� MQAOPE� HKC�� KCJE� JQKR=� MQANU� LQa� AOOANA� =>>EJ=P=� =� QJ=� MQANU� L=OO=P=� OEIEHA�� 4J�

I K@K�LAN�?=LENA�OA�QJ=�MQANU�^�OEIEHA�=�QJk=HPN=�^�RA@ANA�OA�H=�?H=OOEq?=VEKJA�LNK@Q?A�CHE�OPAOOE�

@K?QIAJPE��HA�MQANU�OEIEHE�LKOOKJK�JKJ�?KJPAJANA�OAILNA�HA�OPAOOA�L=NKHA��I=�^�LNK>=>EHA�?DA�E�

NEOQHP=PE�OE=JK�E@AJPE?E� ��

&HE� ANNKNE� KNPKCN=q?E� LKOOKJK� AOOANA� ?KNNAPPE� QPEHEVV=J@K� MQANU� OEIEHE�� [� LKOOE>EHA�

=CCEQJCANA�JQKRA�L=NKHA�?DE=RA�A�OEJKJEIE�LAN�=ILHE=NA�H=�MQANU��  �P=HA�O?KLK�� ^� JA?AOO=NEK�

AO=IEJ=NA�=HPNA�L=NKHA�?DA�NE?KNNKJK�BNAMQAJPAIAJPA�JAE�@K?QIAJPE�NEHAR=JPE�@AH�L=OO=PK� �(J�

CAJAN=HA��PQPP=RE=��HA�L=NKHA�?DA�NE?KNNKJK�LEb�BNAMQAJPAIAJPA�JAE�@K?QIAJPE�NEHAR=JPE�NEOLAPPK�

=�MQAHHE�JKJ�NEHAR=JPE�RAJCKJK�=CCEQJPA�=HH=�MQANU�K�NE?ARKJK�QJ�LAOK�=CCEQJPERK� ��

� 
 � � � � � � � � � � � � 
 � � �

�	

https://ai.googleblog.com/2021/12/a-fast-wordpiece-tokenization-system.html
https://ai.googleblog.com/2021/12/a-fast-wordpiece-tokenization-system.html
https://creativecommons.org/licenses/by/2.0/
https://creativecommons.org/licenses/by/2.0/
https://pressbooks.pub/intelligenzaartificiale/format/a-brief-description-of-some-search-engines
https://pressbooks.pub/intelligenzaartificiale/format/a-brief-description-of-some-search-engines


� #4'��B�%-#44+P%#;+0/'�&'+�&0%6.'/5+�3+-'7#/5+�� #4'��B�%-#44+P%#;+0/'�&'+�&0%6.'/5+�3+-'7#/5+�

.CJE�@K?QIAJPK�REAJA�R=HQP=PK�LAN�H=�OQ=�NEHAR=JV=�A�?H=OOEq?=PK�EJ�>=OA�=�MQAOPK�LQJPACCEK��

/ AN� NEHAR=JV=� OE� EJPAJ@A� OE=� H=� NEHAR=JV=� @AHHk=NCKI AJPK�� KOOE=� H=� ?KNNEOLKJ@AJV=� PN=� E� PANIEJE�

@AHHkEJ@E?A� @E� QJ� @K?QIAJPK� A� MQAHHE� @AHH=� MQANU�� OE=� H=� NEHAR=JV=� @AHHkQPAJPA�� KOOE=� H=�

?KNNEOLKJ@AJV=� PN=� EH� @K?QIAJPK� A� HA� LNABANAJVA� @AHHkQPAJPA�� 4J=� L=NPA� @AH� LQJPACCEK� @AE�

@K?QIAJPE� LQa� AOOANA� ApAPPQ=P=� @QN=JPA� HkEJ@E?EVV=VEKJA�� +=� RAHK?EP\� @AH� IKPKNA� @E� NE?AN?=�

@ELAJ@A�@=HH=�MQ=HEP\�@ACHE�EJ@E?E��+=�OQ=�As?=?E=�OE�>=O=�OQHH=�?KNNEOLKJ@AJV=�PN=�H=�MQANU�A�EH�

@K?QIAJPK�A�OQH�OEOPAI=�@E�?H=OOEq?=VEKJA� ��

+=�NEHAR=JV=�@ACHE�QPAJPE�REAJA�IEOQN=P=�

?NA=J@K� I K@AHHE� @E� QPAJPE� �K� PELE� @E�

LANOKJ=HEP\	� >=O=PE� OQE� PANIEJE� @E� NE?AN?=�

LNA?A@AJPE�� OQE� OEPE� REOEP=PE�� OQE� IAOO=CCE� A


I=EH��OQH�@EOLKOEPERK�QPEHEVV=PK��OQHH=�HEJCQ=�A�

OQHH=� LKOEVEKJA� CAKCN=q?=� (� " KKGEAO� OKJK�

QPEHEVV=PE� LAN� IAI KNEVV=NA� HA� LNABANAJVA�

@AHHkQPAJPA��  H?QJE� IKPKNE� @E� NE?AN?=�

=?MQEOP=JK� EJBKNI=VEKJE� OQCHE� QPAJPE� =J?DA�

@=� PANVE� �B=PA� NEBANEIAJPK� =HH=�@AO?NEVEKJA� @E�

=H?QJE� IKPKNE� @E� NE?AN?=	�� 2A� QJ=� LANOKJ=� ^�

EJPANAOO=P=� =H� ?=H?EK�� E� OQKE� NEOQHP=PE� LAN�

l,=J ?DAOPANm� O=N=JJK� @ERANOE� @=� MQAHHE� @E�

QJ=� LANOKJ=� ?DA� D=� =LLAJ=� LNAJKP=PK� QJ�

RKHK� LAN� +KJ@N=�� +A� L=NKHA� ?DA� NE?KNNKJK�

BNAMQAJPAIAJPA� JAE� @K?QIAJPE� =OOK?E=PE� =�

QJ=�LANOKJ=�=RN=JJK�H=�I=OOEI=�EILKNP=JV=��

(� I KPKNE� @E� NE?AN?=� SA>� ?KII AN?E=HE�

EJ?KNLKN=JK� ?AJPEJ=E=� @E� ?=N=PPANEOPE?DA� JAE�

HKNK� =HCKNEPIE� @E� ?H=OOEq?=VEKJA�� I KHPA� @AHHA�

MQ=HE� @ANER=JK� @=HHkAJKNIA� N=??KHP=� @E� @=PE�

OQHHA� EJPAN=VEKJE� @ACHE� QPAJPE� JAE� HKC� @AHHA�

MQANU�� 4J=� BQJVEKJA� @E� N=JGEJC� ?KI>EJ=� HA�

?=N=PPANEOPE?DA�@AH�@K?QIAJPK��@AHH=�MQANU�A�

@AHH=�NEHAR=JV=�@AHHkQPAJPA��0Q=HQJMQA�OE=�H=�

BQJVEKJA�@E�N=JGEJC�QPEHEVV=P=��@ARA�=RANA�QJ=�

OKHE@=� >=OA� I=PAI=PE?=�� +kKQPLQP� ^� H=� LNK>=>EHEP\� ?DA� QJ� @K?QIAJPK� OK@@EOq� EH� >EOKCJK�

EJBKNI=PERK�@AHHkQPAJPA��  H�@E�OKLN=�@E�QJ=�?ANP=�LNK>=>EHEP\�@E�NEHAR=JV=��EH�@K?QIAJPK�REAJA�

?H=OOEq?=PK�?KIA�NEHAR=JPA� ��

+k=LLNAJ@EIAJPK� =QPKI=PE?K� REAJA� QPEHEVV=PK� LAN� EIL=N=NA� EH� N=JGEJC� OQHH=� >=OA� @AH�

BAA@>=?G� EILHE?EPK� @AHHkQPAJPA� JAE� HKC� �?Ea� ?DA� D=� BQJVEKJ=PK� JAHHA� MQANU� LNA?A@AJPE	��

� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

�T

https://pressbooks.pub/intelligenzaartificiale/format/a-brief-description-of-some-search-engines
https://pressbooks.pub/intelligenzaartificiale/format/a-brief-description-of-some-search-engines


+k=LLNAJ@EIAJPK�=QPKI=PE?K�^�OP=PK�QPEHEVV=PK�=J?DA�LAN�OREHQLL=NA�IK@AHHE�OKqOPE?=PE�@E�?KIA�

CHE�AOOANE�QI=JE�QPEHEVV=JK�EH�HEJCQ=CCEK�LAN�@A?EBN=NA�HA�MQANU��� ��

(� LNKCNAOOE� JAHH=� NE?AN?=� OQH� 6A>� OKJK� OP=PE� BAJKI AJ=HE� JAHHkQHPEIK� @A?AJJEK�� 3QPP=RE=��

MQ=J@K�OE�PN=PP=�@E�?KILNAJ@ANA�EH�?KJPAOPK�@E�QJ=�OLA?Eq?=�MQANU��JKJ�^�LKOOE>EHA�OKOPEPQENA�

HkQPAJPA� JAH� BKNJENA� QJ=� MQANU� IECHEKNA�� (J� CAJANA�� HA� MQANU� IECHEKNE� @ANER=JK� @=HHkAO=IA� @AE�

NEOQHP=PE�@=�L=NPA�@ACHE�QPAJPE�A�@=HH=�NEBKNIQH=VEKJA�@AHH=�MQANU� ��

� 
 � � � � � � � � � � � � 
 � � �

�D



l&QIOD KA�#Q?G#Q?G&K�1AOQHPOm�@E�FN>NQOOA=Q�

LQ>>HE?=PK�?KJ�HE?AJV=�""�! 8
2 ��� � ��/ AN�REOQ=HEVV=NA�QJ=�

?KLE=�@E�MQAOP=�HE?AJV=��REOEP=NA�

DPPLO���?NA=PERA?KII KJO�KNC�HE?AJOAO�>U
O=�

�� � ��NAB�KLAJRANOA��

� #4'��B�� +46#-+;;#;+0/'�&'+�3+46- 5#5+�� #4'��B�� +46#-+;;#;+0/'�&'+�3+46- 5#5+�

(JqJ A�� E� NEOQHP=PE� OKJK� LNKJPE� LAN� AOOANA�

REOQ=HEVV=PE��(H�PEPKHK�A�HkQNH�@AHH=�L=CEJ=�OKJK�

REOQ=HEVV=PE�� ?KJ� E� PANIEJE� @E� NE?AN?=� EJ�

CN=OOAPPK�� #KLK� KCJE� HEJG� REAJA� CAJAN=PK� A�

REOQ=HEVV=PK�QJ�>NARA�OKII= NEK��(H�OKII=NEK�

ARE@AJVE=� E� L=OO=CCE� EILKNP=JPE� @AH�

@K?QIAJPK�� �P=HA�O?KLK��RAJCKJK�QPEHEVV=PA�

BN=OE� PN=PPA� @=E� PEPKHE�� @=HH=� @AO?NEVEKJA� @AE�

I AP=@=PE�K�@=H�PAOPK�?DA�?KNNEOLKJ@A�I ACHEK�

=HH=�MQANU��2A�PQPPE�E�PANIEJE�@AHH=�MQANU�OKJK�

LNAOAJPE� JAH� PEPKHK�� JKJ� RAJCKJK� NELAPQPE�

JAHHK� OJELLAP� �� +A� BN=OE� RAJCKJK� OAHAVEKJ=PA�

=J?DA�EJ�>=OA�=HH=�HKNK�HACCE>EHEP\��

 E� NEOQHP=PE� REAJA� =CCEQJP=� QJ=�

LQ>>HE?EP\� =LLNKLNE=P=�� +=� LQ>>HE?EP\� ^� EH�

I K@K� EJ� ?QE� H=� I=CCEKN� L=NPA� @AE� IKPKNE� @E�

NE?AN?=� CAJAN=� AJPN=PA�� (J� =H?QJE� IKPKNE� @E�

NE?AN?=�OKJK�?DE=N=IAJPA�EJ@E?=PE�?KIA�?KJPAJQPE�OLKJOKNEVV=PE�� IAJPNA�EJ�=HPNE�JKJ�HK�OKJK��

/ KE?D_� I KHPE� QPAJPE� CQ=N@=JK� OKHK� E� LNEIE� NEOQHP=PE�� CHE� =JJQJ?E� ?=I>E=JK� OKOP=JVE=HIAJPA�

HkEJPANK�LNK?AOOK��

&HE� =JJQJ?E� RAJCKJK� O?AHPE� EJ� >=OA� =H� ?KJPAOPK� @AHH=� NE?DEAOP=� A� =H� IK@AHHK� @AHHkQPAJPA��

+A�=VEAJ@A�LNK@QPPNE?E�@E� IKPKNE�@E�NE?AN?=� I=JPAJCKJK�QJ�@=P=>=OA�@E�=JJQJ?E�LQ>>HE?EP=NE�

?DA� REAJA� ?KJOQHP=PK� LAN� PNKR=NA� CHE� =JJQJ?E� LEb� NEHAR=JPE� LAN� QJ=� @APANIEJ=P=� MQANU�� &HE�

EJOANVEKJEOPE�B=JJK�KpANPA�LAN�L=NKHA�?DE=RA�?DA�@AO?NERKJK�=NCKI AJPE�=OOK?E=PE�=E�HKNK�LNK@KPPE��

2E=�HkEI LKNPK�@AHHkKpANP=�?DA�H=�LKLKH=NEP\�@E�QJ�=JJQJ?EK�OKJK�B=PPKNE�OECJEq?=PERE�JAH�LNK?AOOK�

@E�OAHAVEKJA� ��

/ AN�HA�@KI=J @A�OQE�B=PPE��=H?QJE�IKPKNE�QPEHEVV=JK�H=�LNKLNE=�N=??KHP=�@E�B=PPE��+=�*JKSHA@CA�

5 =QHP� @E� &KKCHA� ?KJPEAJA� KHPNA� QJ� IEHE=N@K� @E� B=PPE� EJ@E?EVV=PE� @=� @ERANOA� BKJPE� �� (� NEOQHP=PE�

RAJCKJK�N=CCNQLL=PE�@=�=HCKNEPIE�@E�=LLNAJ@EIAJPK�=QPKI=PE?K�EJ�CNQLLE�=LLNKLNE=PE��(JqJA��

=HHkQPAJPA�RAJCKJK�LNAOAJP=PA�=J?DA�@AHHA�=HPANJ=PERA�=HH=�MQANU��LAN�RA@ANA�OA�OE�=@=PP=JK�I ACHEK�

=HHA�OQA�NA=HE�AOECAJVA��


-%6/+�3+('3+.'/5+B�
-%6/+�3+('3+.'/5+B�

+kKNECEJA�@E�&KKCHA�OE�PNKR=�JAHHk=NPE?KHK�KNCEJE=HA�@E�!NEJ�=J@�/=ECA�

 H?QJE�@AE�?=H?KHE�?DA�OP=JJK�=HH=�>=OA�@AH�/=CAN=JG�OE�PNKR=JK�OQ�6 EGEkO�/=CA1=JG�

/ AN�CHE�=I=JPE�@AHH=�I=PAI=PE?=��QJ=�>AHH=�OLEAC=VEKJA�@AH�/=CAN=JG�

 

� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

��

https://creativecommons.org/licenses/by-sa/2.0/?ref=openverse.
https://creativecommons.org/licenses/by-sa/2.0/?ref=openverse.
http://infolab.stanford.edu/pub/papers/google.pdf
https://en.wikipedia.org/wiki/PageRank
https://towardsdatascience.com/pagerank-algorithm-fully-explained-dc794184b4af


��1QOOAHH��#���/ ;4G��B�0BH�&887�GB�#ABJ�GB�- F8�4�+84E6;�� A:<A8��/ ;L�/ 8�+G<??�&887�GB�,846;�

* 8F84E6;�+><??F�� (�,= C=VEJA��� �� � 	���� ����
�� " NKBP��!���, APVHAN�#���2PNKDI=J��3 ���+84E6;�� A:<A8F	�!A9BE@4G<BA�*8GE<8I4?�<A�(E46G<68���� ����
� �2LAJ?AN��2���� BB: ?8�(BJ8E�+84E6;��, ;8�� FF8AG<4?��H<78�GB��<A7<A:��ALG;<A:�'A?<A8�/ <G;�� BB: ?8��

* KODGKJKJC��*EJ@HA�$@EPEKJ��

� 
 � � � � � � � � � � � � 
 � � �

��



" KKGEAO�A�EILNKJPA�" KKGEAO�A�EILNKJPA�
@ECEP=HE�@ECEP=HE�

&K�PK�JKPA�

D� S�


+'530�-#�-'/5'�&+�3+%'3%#B�
'(('55+�&'--#�3+%'3%#�

46-- >+/&+7+&60�

2A>>AJA�E�IKPKNE�@E�NE?AN?=�BKNJEO?=JK�QJ�OANREVEK�I KHPK�QPEHA��D=JJK�QJ�EIL=PPK�JAC=PERK�OE=�

OQH�OEJCKHK�QPAJPA�?DA�OQHH=�OK?EAP\�JAH�OQK�?KILHAOOK��$OOANA�?KJO=LARKHE�@E�MQAOPE�EIL=PPE�LQa�

=EQP=N?E�=�LNKPACCANA�JKE�OPAOOE�A�?KHKNK�?DA�@ELAJ@KJK�@=�JKE��


#5+�'�13+ 7#%:�
#5+�'�13+ 7#%:�

+=�I= CCEKN�L=NPA�@AE�OEPE�SA>��@AE�IKPKNE�@E�NE?AN?=�A�@AE�?HEAJP�@E�LKOP=�N=??KHCKJK�EJBKNI=VEKJE�

OQCHE�QPAJPE��+=�I=CCEKN�L=NPA�@E�MQAOPE�@=PE�^�HAC=P=�=HHkE@AJPEP\�@AHHkQPAJPA�=PPN=RANOK�CHE�EJ@ENEVVE�

(/ ��0QAOPE�@=PE�RAJCKJK�LKE�QPEHEVV=PE�LAN�OANRENA�LQ>>HE?EP\� IEN=PA�A�?KJPAJQPE�LANOKJ=HEVV=PE��

IE CHEKN=NA�E�OANREVE�BKNJEPE�A�B=NA�NE?AN?DA�@E�IAN?=PK��3QPP=RE=��E�IKPKNE�@E�NE?AN?=�JKJ�OAILNA�

NERAH=JK�PQPPA�HA�EJBKNI=VEKJE�?DA�N=??KHCKJK�A�PQPPK�?Ea�?DA�B=JJK�?KJ�P=HE�EJBKNI=VEKJE�QJ=�

RKHP=� N=??KHPA��� .� =J ?DA� @KRA� N=??KHCKJK� MQAOPA� EJBKNI=VEKJE��  @� AOAILEK�� =H?QJE� OPQ@E�

@EIKOPN=JK�?DA�&KKCHA�^�EJ�CN=@K�@E�PN=??E=NA�CHE�QPAJPE�OQ�MQ=OE�Hk����@ AE�OEPE�SA>� ��

+A�EJBKNI=VEKJE�?DA�E�IKPKNE�@E�NE?AN?=�LKOOKJK�REOQ=HEVV=NA�MQ=J@K�

MQ=H?QJK�?AN?=�QJ�QPAJPA�EJ?HQ@KJK��

n� (JBKNI=VEKJE�=CCEQJPA�@=�HKNK�OPAOOE�EJ�MQ=H?DA�OEPK�SA>��

n� EJBKNI=VEKJE�=CCEQJPA�@=�=HPNE�?KJ�EH�HKNK�LEAJK�?KJOAJOK��

n� (JBKNI=VEKJE�N=??KHPA�EJ�QJ�=HPNK�?KJPAOPK�A�LKE�LQ>>HE?=PA�OQH�SA>�h�

@=�BKNQI��KNC=JEVV=PKNE�@E�ARAJPE��=IE?E�A�=HPNE��

+A�EJBKNI=VEKJE�N=??KHPA�A@�AH=>KN=PA�MQ=J@K�OE�QPEHEVV=JK�E�IKPKNE�@E�NE?AN?=�EJ?HQ@KJK��

n� .CJE�NE?AN?=��Hk=NCKI AJPK�?AN?=PK��H=�@=P=�A�HkKN=�@AHH=�NE?DEAOP=�@E�NE?AN?=����� ��

n� #=PE�OQHHk=PPEREP\�EJ�=LL�?KI A�A
I=EH��?=HAJ@=NEK�A�I=LLA��N=??KHPE�@=�IKPKNE�@E�NE?AN?=�

?KI A�&KKCHA�A�,E?NKOKBP��� ��

n� #=PE�=?MQEOP=PE�@=�=H?QJE�IKPKNE�@E�NE?AN?=�@=�PANVA�L=NPE��� ��

� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

��



n� #=PE�=?MQEOP=PE�@=�IKPKNE�@E�NE?AN?=�A�OEPE�SA>�?DA�RAJCKJK�I AOOE�EJOEAI A�A�?KHHAC=PE�

=HHkQPAJPA�@=�PANVA�L=NPE� ��

n� (JBANAJVA�PN=PPA�@=E�@=PE�N=??KHPE��

n� (JBANAJVA�PN=PPA�@=HHA�EILKOP=VEKJE�LANOKJ=HE�� @�AOAILEK��lLAN�@A@QNNA�?DA�QJ�QPAJPA�

?DA�D=�BKNPE�EILKOP=VEKJE�@E�LNER=?U�LKOO=�=RANA�@APANIEJ=PE�PN=PPE�LOE?KHKCE?E�K�?DA�

LKOO=�=RANA�lMQ=H?KO=�@=�J=O?KJ@ANAm���

n� / NKqHE�@AHHkQPAJPA�K�IK@AHHE�?DA�E�IKPKNE�@E�NE?AN?=�?NA=JK�OQHH=�>=OA�@E�MQAOPA�

EJBKNI=VEKJE��0QAOPE�IK@AHHE�OE�>=O=JK�OQ�@=PE�KJHEJA�A�BKNJEO?KJK�OKHK�QJ=�REOEKJA�

HEIEP=P=�@AHH=�LANOKJ=��+A�@A?EOEKJE�>=O=PA�OQ�@E�AOOE��OA�QPEHEVV=PA�EJ�=HPNE�?KJPAOPE��JKJ�

O=N=JJK�?KNNAPPA��

(JKHPNA�� E� @=PE� N=??KHPE� OQ� QJ� QPAJPA� ?DA�

D=� @=PK� EH� LNKLNEK� ?KJOAJOK� LKOOKJK� AOOANA�

QPEHEVV=PE� LAN� PN=NNA� EJBANAJVA� OQ� QJ� =HPNK�

QPAJPA�?DA�JKJ�D=�@=PK�EH�LNKLNEK�?KJOAJOK��

I=�? DA�EH� IKPKNA�@E�NE?AN?=�NEPEAJA�=>>E=�QJ�

LNKqHK�OEIEHA��

3QPPE�MQAOPE�@=PE��OE=�CNAVVE�?DA�AH=>KN=PE��

OKHHAR=JK� LNK>HAIE� @E� LNER=?U� A� OE?QNAVV=�� (�

LNKRE@AN� @E� NE?AN?=�� E� CKRANJE� A� CHE� QPAJPE�

LKOOKJK� =@KPP=NA� =H?QJA� IEOQNA� LAN�

LNARAJENA�HA�REKH=VEKJE�@AHH=�LNER=?U��

n� +k=N?DERE=VEKJA�@AE�@=PE�LQa�AOOANA�ApAPPQ=P=�

EJ�I K@K�@=�O?KN=CCE=NA�BQCDA�A�BQNPE�� @�

AOAILEK��=N?DERE=J@K�E�@=PE�@ACHE�QPAJPE�EJ�

@=P=>=OA�OAL=N=PE�A�@A?AJPN=HEVV=PE���

n� (�@=PE�OKJK�?NELP=PE�K�NAOE�=JKJEIE��

n� +k=LLNAJ@EIAJPK�=QPKI=PE?K�LQa�AOOANA�

QPEHEVV=PK�LAN�NEHAR=NA�A�?H=OOEq?=NA�

=QPKI=PE?=I AJPA�E�PN=?GAN��0QAOPK�LQa�

AOOANA�QPEHEVV=PK�LAN�IECHEKN=NA�CHE�OPNQIAJPE�

LAN�H=�LNER=?U�@AE�>NKSOAN� ��

n� / KHEPE?DA�A�HACCE�?KIA�EH�&#/1�LKOOKJK�

EJPNK@QNNA�HEJAA�CQE@=�A�O=JVEKJE�AOLHE?EPA�

LAN�NACKH=NA�H=�N=??KHP=��HkQOK�A�H=�

?KJOANR=VEKJA�@AE�@=PE���

n� +A�N=??KI=J @=VEKJE�EJ?AJPN=PA�OQHHkQPAJPA�RAJCKJK�BKNIQH=PA�A�NAOA�LQ>>HE?DA�EJ�

I K@K�?DA�CHE�QPAJPE��?KILNAOE�CAJEPKNE�A�EJOACJ=JPE��LKOO=JK�PQPAH=NA�IACHEK�H=�LNKLNE=�

LNER=?U�A�MQAHH=�@AE�HKNK�qCHE��

� 
 � � � � � � � � � � � � 
 � � �

��



.J A�KN�IKNA�EJPAN=?PERA�AHAI AJPO�D=O�>AAJ�AT?HQ@A@�BNKI�PDEO�RANOEKJ�KB�PDA�PATP��8KQ�?=J�REAS�

PDAI�KJHEJA�DANA��DPPLO���LNAOO>KKGO�LQ>�EJPAHHECAJV==NPEq?E=HA��L�����KAI >A@
��

(J�$QNKL=��HA�OK?EAP\�@E�IKPKNE�@E�NE?AN?=�OKJK�?KJOE@AN=PA�lNAOLKJO=>EHE�@AH�PN=PP=IAJPK�@AE�@=PE�

LANOKJ=HEm�A�JKJ�OAILHE?E�BKNJEPKNE�@E�OANREVE��3QPP=RE=��HA�HACCE�OQHH=�LNER=?U�OLAOOK�NECQ=N@=JK�

@=PE�NEOANR=PE�A�EJPEIE��3QPP=RE=��HA�HACCE�OQHH=�LNER=?U�NECQ=N@=JK�OLAOOK�@=PE�NEOANR=PE�A�EJPEIE��

I AJPNA�=J?DA�EJBKNI=VEKJE�EJJK?QA�OQHHA�LANOKJA�LKOOKJK�AOOANA�AOPN=PPA�LAN�?NA=NA�LNKqHE�@E�

QPAJPE�>=O=PE�OQ�IK@AHHE�EILHE?EPE�JAE�@=PE��3=HE�LNKqHE��=??QN=PE�K�IAJK	�LKOOKJK�AOOANA�QPEHEVV=PE�

LAN�LNAJ@ANA�@A?EOEKJE�?DA�HE�NECQ=N@=JK���

(JKHPNA�� HA� I K@=HEP\� @E� =LLHE?=VEKJA� @E� QJ=� HACCA� ?=I>E=JK� @=� /=AOA� =� /=AOA�� 2A?KJ@K� EH�

&#/1��QJ=�LANOKJ=�LQa�?DEA@ANA�=�QJ�IKPKNA�@E�NE?AN?=�@E�NEIQKRANA�QJ�NEOQHP=PK�@E�NE?AN?=�?DA�

H=�NECQ=N@=�� J?DA�OA�Hk=VEAJ@=�HK�NEIQKRA�@=HHkEJ@E?A�EJ�$QNKL=��H=�L=CEJ=�LQa�=J?KN=�?KIL=NENA�

JAE�NEOQHP=PE�=H�@E�BQKNE�@AHHk$QNKL=���

� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

��



- KJ�R=�@EIAJPE?=PK�?DA��I AJPNA�HA�LKHEPE?DA�@AHHA�=VEAJ@A�LKOOKJK�B=NA�HQ?A�OQHHA�HKNK�LN=PE?DA��

HA�NE?AN?DA�@EIKOPN=JK�?DA�OLAOOK�?k̂ �QJ�@ER=NEK�PN=�H=�LKHEPE?=�A�EH�OQK�QPEHEVVK� ��

/ AN�O=LANJA�@E�LEb�OQE�@=PE�HACCANA�MQE�A�MQE��


(P&#$+-+ 5J�&'+�%0/5'/65+�
(P&#$+-+ 5J�&'+�%0/5'/65+�

(� ?NEPE?E� D=JJK� OKPPKHEJA=PK� ?DA� HA� OK?EAP\� @E� IKPKNE� @E� NE?AN?=� JKJ� OKJK� @AH� PQPPK� =LANPA� OQH�

LAN?D_�I KOPN=JK�=H?QJE�OEPE�A�JKJ�=HPNE��A�?H=OOEq?=JK�=H?QJA�L=CEJA�LEb�EJ�=HPK�@E�=HPNA���

(H� N=JGEJC� @AE� NEOQHP=PE� @E� NE?AN?=� ^� BKNPAIAJPA� EJrQAJV=PK� @=CHE� EJOANVEKJEOPE� ?DA�

OLKJOKNEVV=JK�E�?KJPAJQPE��(JKHPNA��HA�CN=J@E�OK?EAP\�@E�IKPKNE�@E�NE?AN?=�BKNJEO?KJK�I KHPE�OANREVE�

� 
 � � � � � � � � � � � � 
 � � �

��

https://pressbooks.pub/intelligenzaartificiale/format/data
https://pressbooks.pub/intelligenzaartificiale/format/ai-speak--data-based-applications-part-2


@ERANOE� @=HH=� NE?AN?=�� (J� $QNKL=�� &KKCHA� ^� OP=P=� BKNI=HIAJPA� =??QO=P=� @E� IKOPN=NA� EJ� IK@K�

LNKIEJAJPA� E� LNKLNE� LNK@KPPE� K� OANREVE� JAE� NEOQHP=PE� @E� NE?AN?=�� EJ@ELAJ@AJPAIAJPA� @=E� HKNK�

I ANEPE���

 J ?DA� HA� CN=J@E� =VEAJ@A� A� CHE� OREHQLL=PKNE� 6A>� ?DA� OPQ@E=JK� CHE� =HCKNEPIE� @E� N=JGEJC�

LKOOKJK�EJrQAJV=NA�EH�LKOEVEKJ=I AJPK�CEK?=J@K�OQH�IK@K�EJ�?QE�QJ�IKPKNA�@E�NE?AN?=�@AqJEO?A�

H=� LKLKH=NEP\� A� Hk=QPAJPE?EP\� @AE� OEPE� 6A>�� - =PQN=HIAJPA�� E� ?NEPANE� CEQ@E?=PE� EILKNP=JPE� @=E�

LNKCN=II=PKNE�@AE�IKPKNE�@E�NE?AN?=�OKJK�AOOE�OPAOOE�KLEJ=>EHE��

3QPPK� ?Ea� EJrQEO?A� OQHHk=s@=>EHEP\� @AE� NEOQHP=PE� @AHH=� NE?AN?=�� [� OAILNA� QJ=� >QKJ=� E@A=�

QPEHEVV=NA� LEb� BKJPE� A� LEb� I KPKNE� @E� NE?AN?=� A� @EO?QPANA� @AE� ?KJPAJQPE� QPEHEVV=PE� JAE� ?KILEPE�

O?KH=OPE?E��


650/0.+#�
650/0.+#�

4J� I KPKNA� @E� NE?AN?=�� ?KJ� EH� OQK� OEOPAI=� @E� ?H=OOEq?=VEKJA�� N=??KI=J @=� ?KJPAJQPE�� -KJ�

NERAH=J@K�E�?NEPANE�QPEHEVV=PE�LAN�OAHAVEKJ=NA�MQAOPE�?KJPAJQPE��NE@Q?A�Hk=QPKJKIE=�@AHHkQPAJPA�� @�

AOAILEK��OA�=RAOOEIK�O=LQPK�?DA�QJ=�@AHHA�L=CEJA�SA>�OQCCANEPA�^�OLKJOKNEVV=P=�K�OAHAVEKJ=P=�EJ�

>=OA�=�?NEPANE�@E�LKLKH=NEP\�EJ�?QE�JKJ�?E�NE?KJKO?E=IK��BKNOA�JKJ�=RNAII K�O?AHPK�@E�QPEHEVV=NA�

MQAH� ?KJPAJQPK�� 3KCHEAJ@K� EH� ?KJOAJOK� EJBKNI=PK�� E� IKPKNE� @E� NE?AN?=� A� =HPNE� OEOPAIE� @E�

N=??KI=J @=VEKJA�AOAN?EP=JK�QJkEJrQAJV=�@E�?KJPNKHHK�OQH�JKOPNK�?KILKNP=IAJPK��

 QPKJKIE=� OECJEq?=� =RANA� EH� ?KJPNKHHK� OQ� LNK?AOOE�� @A?EOEKJE� A� NEOQHP=PE� �� (I LHE?=� HE>ANP\�

�EJ@ELAJ@AJV=�@=�EJrQAJVA�@E�?KJPNKHHK	�A�=CAJ?U��?=L=?EP\�@E�=VEKJA�EJPAJVEKJ=HA	 � ��(�OEOPAIE�?DA�

N=??KI=J @=JK�?KJPAJQPE�OAJV=�OLEAC=VEKJE�LKOOKJK�EJPANBANENA�?KJ�Hk=QPKJKIE=�@ACHE�QPAJPE��

%KNJEO?KJK� N=??KI=J @=VEKJE� ?DA� OLEJCKJK� CHE� QPAJPE� EJ� QJ=� L=NPE?KH=NA� @ENAVEKJA��

?KEJRKHCAJ@KHE�OKHK�?KJ�?Ea�?DA�@AOE@AN=JK�A�HEIEP=J@K�H=�C=II=�@E�KLVEKJE�=�?QE�OKJK�AOLKOPE���

��3=R=JE��'���9EII AN��,��� +84E6;�� A:<A8F�4A7�� G;<6F��3DA�2P=JBKN@�$J?U?HKLA@E=�KB�/DEHKOKLDU��

%=HH������$@EPEKJ	��$@S=N@�-��9=HP=�A@��
�� $JCHAD=N@P��2���- =N=U=J=J�� ��� 'A?<A8�,E46><A:����� 
@<??<BA
F<G8�%84FHE8@8AG�4A7�� A4?LF<F��

$TPAJ@A@�RANOEKJ�KB�L=LAN�=P� ",�""2��� �� ��
��&KKCHA�/NER=?U�=J@�3ANIO��
�� ,E ?NKOKBP�/NER=?U�2P=PAIAJP��
��,EH=JK��2���3=@@AK��,���%HKNE@E��+��* 86B@@8A78E�FLFG8@F�4A7�G;8<E�8G;<64?�6;4??8A:8F���!���+B6 �����

� �� h��� ���� �� ��
�� 3=R=JE��'�3���� G;<6F�4A7�, 86; AB?B:L��� BAGEBI8EF<8F	�)H 8FG<BAF	�4A7�+GE4G8:<8F�9BE��G;<64?��B@CHG<A:��

�PD�A@EPEKJ��'K >KGAJ��-)��)KDJ�6 EHAU�=J@�2KJO������ ��
�� 'EHHEO��*���/APEP��,���)=NNAPP��*���� BB: ?8�4A7�G;8��H?GHE8�B9�+84E6;	� 1KQPHA@CA�3=UHKN�=J@�%N=J?EO��

�� ����

� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

��

https://plato.stanford.edu/archives/fall2020/entries/ethics-search/
https://webtransparency.cs.princeton.edu/webcensus/
https://policies.google.com/privacy?hl=en-US#infocollect
https://privacy.microsoft.com/en-us/privacystatement#mainbingmodule
https://doi.org/10.1007/s00146-020-00950-y


D� S�


+'530�-#�-'/5'�&+�3+%'3%#B�
'(('55+�&'--#�3+%'3%#�46--#�

40%+'5J�

�(('55+�40%+#-+��(('55+�40%+#-+�

2E�D=�OAILNA�LEb�H=�OAJO=VEKJA�?DA�PQPPK�?Ea�?DA�?KJP=�OE=�OQH�SA>�A�?DA�@A>>=�AOOANA�=??AOOE>EHA�

=PPN=RANOK� H=� NE?AN?=��� " KI A� @E?A� +,� 'EJI=J�� l$OOA� AOP� EJ@E?=PK� EJ� &KKCHA� �AOOANA� ^� AOOANA�

EJ@E?EVV=PE� OQ� &KKCHA	m�� " KI A� KOOANR=� =J?DA� Hk=QPKNA�� lEJ� QJ=� @AI K?N=VE=� E� ?EPP=@EJE� JKJ�

LKOOKJK� LNAJ@ANA� @A?EOEKJE� EJBKNI=PA� OAJV=� =RANA� =??AOOK� =� EJBKNI=VEKJE� LNA?EOAm��� �� 2A� H=�

@AI K?N=VE=�OE�>=O=�OQH�HE>ANK�=??AOOK�=�EJBKNI=VEKJE�JKJ�@EOPKNPA��E�IKPKNE�@E�NE?AN?=�EJrQAJV=JK�

@ENAPP=IAJPA� H=� @AI K?N=PE?EP\� @AE� JKOPNE� /=AOE�� (H� HKNK� NQKHK� @E� ?QOPK@E� @AHH=� ?KJKO?AJV=� ^� EJ�

@ENAPPK�?KJrEPPK�?KJ�H=�HKNK�J=PQN=�@E�=VEAJ@A�LNER=PA�?DA�@ELAJ@KJK�@=CHE�=JJQJ?E�LQ>>HE?EP=NE�

LAN� KPPAJANA� QJ� NA@@EPK�� / ANP=JPK�� LAN� EH� >AJA� @E� QJ=� OK?EAP\� HE>AN=�� @K>>E=IK� ?DEA@ANA�

NAOLKJO=>EHEP\�=E�IKPKNE�@E�NE?AN?=�A�PN=OL=NAJV=�JAH�BQJVEKJ=I AJPK�@AE�HKNK�=HCKNEPIE� ��

�3'#;+0/'�&+�$0--'�&+�P- 53#))+0��3'#;+0/'�&+�$0--'�&+�P- 53#))+0�

(�OEOPAIE�?DA�N=??KI=J @=JK�?KJPAJQPE�EJ�>=OA�=E�LNKqHE�@ACHE�QPAJPE��?KILNAOE�E�IKPKNE�@E�NE?AN?=��

LKOOKJK�EOKH=NA�CHE�QPAJPE�@=HHkAOLKOEVEKJA�=�LQJPE�@E�REOP=�@ERANOE�� HEIAJP=J@K�E�?KJPAJQPE�?DA�

LE=??EKJK�=HHkQPAJPA��?NA=JK�LNACEQ@EVE�?DA�OE�=QPK
NEJBKNV=JK�A�l>KHHA�@E�qHPN=CCEKm��� ��0QAOPA�

>KHHA�� ?DA� OE� ?NA=JK� MQ=J@K� HA� JQKRA� ?KJKO?AJVA� =?MQEOEPA� OE� >=O=JK� OQ� EJPANAOOE� A� =PPEREP\�

L=OO=PA���?AI AJP=JK�E�LNACEQ@EVE�?KIA�OKHE@A�BKJ@=IAJP=�@AHH=�?KJKO?AJV=��0QAOPK�LKPNA>>A�

@ERAJP=NA�L=NPE?KH=NI AJPA�LANE?KHKOK�OA�QO=PK�?KJ�IAJPE�CEKR=JE�A�EILNAOOEKJ=>EHE��/AN�MQAOPK�

I KPERK��EJ�?H=OOA�OE�@KRNA>>ANK�LNKIQKRANA�@EO?QOOEKJE�=LANPA�?KJ�E�?KIL=CJE�A�CHE�EJOACJ=JPE�A�

=PPEREP\�@E�=LLNAJ@EIAJPK�?KHHK>KN=PERK��

�+%-+�&+�(''&$#%,��+%-+�&+�(''&$#%,�

(� I KPKNE� @E� NE?AN?=�� ?KIA� =HPNE� OEOPAIE� @E� N=??KI=J @=VEKJA�� LNARA@KJK� ?Ea� ?DA� EJPANAOOAN\�

� 
 � � � � � � � � � � � � 
 � � �

�	



=HHkQPAJPA��/ KE��MQ=J@K�HkQPAJPA�?HE??=�OQ�?Ea�?DA�^�OP=PK�N=??KI=J @=PK��HK�?KJOE@AN=�QJ�BAA@>=?G�

LKOEPERK��0QAOPK�BAA@>=?G�EJrQEO?A�OQE�HEJG�REOQ=HEVV=PE�EJ�BQPQNK��2A�QJ�QPAJPA�?HE??=�OQH�LNEIK�

HEJG�REOQ=HEVV=PK��^�LAN?D_�HK�PNKR=�NEHAR=JPA�K�OAILHE?AI AJPA�LAN?D_�^�EH�LNEIK�NEOQHP=PK�A�MQEJ@E�

LEb�B=?EHA�@=�O?ACHEANA��

(H� BAA@>=?G� EILHE?EPK� ^� @Es?EHA� @=� EJPANLNAP=NA�� 0Q=J@K� HA� LNAREOEKJE� OE� >=O=JK� OQ�

QJkEJPANLNAP=VEKJA�ANN=P=��CHE�ApAPPE�OKJK�=J?KN=�LEb�@Es?EHE�@=�LNARA@ANA��0Q=J@K�E�NEOQHP=PE�

@E�QJ=�?ANP=�J=PQN=�RAJCKJK�I KOPN=PE�NELAPQP=IAJPA�h�A�OKJK�HkQJE?=�?KO=�?DA�HkQPAJPA�RA@A�h�

LKOOKJK�LANOEJK�qJENA�LAN�?=I>E=NA�?Ea�?DA�LE=?A�K�JKJ�LE=?A�=HHkQPAJPA��EH�?=OK�@AHH=�LNAREOEKJA�

?DA�OE�=QPK=RRAN=��

(J�QJ=�?EPP\�@ACHE�2P=PE�4JEPE�^�OP=PK�H=J?E=PK�QJ�OEOPAI=�@E�LKHEVE=�LNA@EPPER=�?DA�EJ@E?=�HA�

=NAA�@AHH=�?EPP\�=@�=HPK�NEO?DEK�@E�?NEIEJ=HEP\��" Ea�OECJEq?=�?DA�QJ�I=CCEKN�JQI ANK�@E�=CAJPE�@E�

LKHEVE=�REAJA�@EOLEAC=PK�EJ�P=HE�=NAA��/ KE?D_�MQAOPE�=CAJPE�O=LAR=JK�?DA�H=�VKJ=�AN=�=@�=HPK�NEO?DEK��

OKJK�OP=PE�IKHPK�=PPAJPE�A�D=JJK�BANI=PK��LANMQEOEPK�K�=NNAOP=PK�LEb�LANOKJA�@E�MQ=JPK�=RNA>>ANK�

B=PPK�JKNI=HIAJPA��&HE�=NNAOPE�D=JJK�MQEJ@E�?KJR=HE@=PK�H=�LNAREOEKJA��=J?DA�OA�H=�LNAREOEKJA�

AN=�OP=P=�B=HO=P=�EJ�L=NPAJV=��-KJ�OKHK��CHE�=NNAOPE�OKJK�OP=PE�E�@=PE�LAN�HA�LNAREOEKJE�BQPQNA�OQHHA�

OPAOOA�=NAA�A�OQ�=NAA�OEIEHE��=CCN=R=J@K�E�LNACEQ@EVE�JAH�PAILK���

4PEHEVVE=IK� OEOPAIE� @E� LNAREOEKJA� LAN� LKPAN� =CENA� EJ� >=OA� =HHA� LNAREOEKJE�� ,=� =CENA� OQ�

LNAREOEKJE�@EOPKNPA�EJrQEO?A�OQE�NEOQHP=PE�BQPQNE��OQHHA�LANOKJA�?KEJRKHPA�A�MQEJ@E�OQHH=�OK?EAP\�

OPAOO=�� l"KI A�ApAPPK�?KHH=PAN=HA�@AHHk=@AI LEI AJPK�@AH�OQK�O?KLK�@E�NA?QLAN=NA�EJBKNI=VEKJE�

NEHAR=JPE�� QJ� IKPKNA� @E� NE?AN?=� ?=I>EAN\� JA?AOO=NE=IAJPA� ?Ea� ?DA� IEN=� =� IEOQN=NA�� KN@EJ=NA�

A� ?H=OOEq?=NA��  HHK� OPAOOK� IK@K�� H=� I=CCEKN� L=NPA� @AE� OEOPAIE� @E� =LLNAJ@EIAJPK� =QPKI=PE?K�

EJrQEO?A�OQE�BAJKI AJE�?DA�LNARA@Am���

� #,'�/'84R�%0/5'/65+�'453'.+�'�%'/463#�� #,'�/'84R�%0/5'/65+�'453'.+�'�%'/463#�

"k ^�QJ=�?NAO?AJPA�@EpQOEKJA�@E�B=GA�JASO� �OPKNEA�B=HOA�?DA�=LL=EKJK�?KI A�JKPEVEA	�JAE�BKNQI�

KJHEJA�� JAE�OEPE�@E�OK?E=H� IA@E=�A�JAE�>HKC��PQPPE�@EOLKJE>EHE�=CHE�OPQ@AJPE�=PPN=RANOK�H=�NE?AN?=��

/ E??KHE�CNQLLE�IEN=PE�@E�LANOKJA�LKOOKJK�B=N�O=HENA�HA�R=HQP=VEKJE�@E�OLA?Eq?E�RE@AK�A�OEPE�SA>�@E�

?KJPAJQPK�AOPNAIK��0QAOPK�=QI AJP=�H=�LKLKH=NEP\�@AH�?KJPAJQPK�A�Hk=LL=NAJV=�@E�=QPAJPE?EP\��

CEK?=J@K�?KJ�CHE�=HCKNEPIE�@E�?H=OOEq?=VEKJA� ��3QPP=RE=��=@�KCCE��JKJ�AOEOPA�QJ=�LKHEPE?=�?DE=N=�A@�

AOLHE?EP=�=@KPP=P=�@=HHA�OK?EAP\�@E�IKPKNE�@E�NE?AN?=�LAN�?KJPNKHH=NA�HA�B=GA�JASO� ��

#k=HPN=�L=NPA��E�IKPKNE�@E�NE?AN?=�AO?HQ@KJK�OEOPAI=PE?=I AJPA�=H?QJE�OEPE�A�=H?QJE�PELE�@E�OEPE�

=�B=RKNA�@E�=HPNE� ��" AJOQN=JK�E�?KJPAJQPE�@E�=H?QJE�=QPKNE��JKJKOP=JPA�JKJ�OE=JK�OP=PE�OAHAVEKJ=PE�

@=H� LQ>>HE?K� LAN� P=HA� ?KILEPK�� / ANP=JPK�� @ARKJK� AOOANA� QPEHEVV=PE� ?KJ� ?KJO=LARKHAVV=� A�

@EO?NEIEJ=VEKJA��

�  'EHHEO��*���/APEP��,���)=NNAPP��*���� BB: ?8�4A7�G;8��H?GHE8�B9�+84E6;	� 1KQPHA@CA�3=UHKN�=J@�%N=J?EO��

�� ����
�  3=R=JE��'���9EII AN��,��� +84E6;�� A:<A8F�4A7�� G;<6F��3DA�2P=JBKN@�$J?U?HKLA@E=�KB�/DEHKOKLDU��

%=HH������$@EPEKJ	��$@S=N@�-��9=HP=��A@�	��

� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

�T

https://plato.stanford.edu/archives/fall2020/entries/ethics-search/


�� 'EJI=J��+��,��� � FF8�� FG�!A7<64GB�<A��BB: ?8��� G;<64?�4A7�(B?<G<64?�!FFH8F�<A�+84E6;�� A:<A8F��

(JPANJ=PEKJ=H�1AREAS�KB�(JBKNI=PEKJ�$PDE?O�������h ����������
�� ,EH=JK��2���3=@@AK��,���%HKNE@E��+��* 86B@@8A78E�FLFG8@F�4A7�G;8<E�8G;<64?�6;4??8A:8F���!���+B6 �����

� �� h��� ���� �� ��
��!= NK?=O��2�� �'= N@P��,���- =N=U=J=J�� ��� � 4<EA8FF�4A7�@46;<A8�?84EA<A:�$<@<G4G<BAF�4A7�

' CCBEGHA<G<8F	�UAP�PK�>A�LQ>HEODA@��
�� (JPNKJ=��+��=J@�-EOOAJ>=QI��'��� +;4C<A:�G;8�/ 85��/ ;L�, ;8�( B?<G<6F�B9�+84E6;�� A:<A8F�%4GG8EF��

3DA�(JBKNI=PEKJ�2K?EAPU������ 	�����h ��������� ��

� 
 � � � � � � � � � � � � 
 � � �

�D

https://doi.org/10.1007/s00146-020-00950-y
https://fairmlbook.org/
https://fairmlbook.org/


� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

��



� 
��   ����

��������� >
�����
�������

- AH�>AH�IAVVK�@E�PQPPA�HA�=PPEREP\�@E�LNAL=N=VEKJA�A�R=HQP=VEKJA�?DA�CHE�EJOACJ=JPE�OE�PNKR=JK�=�

B=NA��OE�@ARKJK�LNK>=>EHIAJPA�@AOPNACCE=NA�=J?DA�?KJ�=PPEREP\�@E�J=PQN=�=IIEJEOPN=PER=��

� I8G8�@4<�4IHGB�?4�F8AF4M<BA8�6;8�ABA�6<�F<4�4554FG4AM4�G8@CB	�<A�4H?4�B�9HBE<	�C8E�4FF<FG8E8�@8: ?<B�

<�IBFGE<�4?HAA<��

(H�PAILK�PN=O?KNOK�EJ�?H=OOA�LQa�L=OO=NA�PNKLLK�RAHK?AIAJPA�A�OLAOOK�OKJK�LNAOAJPE�LEb�

OPQ@AJPE�@E�MQ=JPE�JA�LKOOE=PA�OACQENA��

. <�R�F9H::<G4�HA4�9E4F8	�ABA�F<8G8�E<HF6<G<�4�9H:4E8�<�7H55<�FH�HA�4E:B@8AGB�CB6B�6;<4EB��

� F<FG8�HA�@B7B�C8E�GE466<4E8�<�CEB:E8FF<�8�:?<�F9BEM<�94GG<�74�HA�F<A:B?B�FGH78AG8��

' ?GE8�4�6;<878E8�<?�C4E8E8�78<�6B??8: ;<	�6B@8�R�CBFF<5<?8�4I8E8�HA�DH47EB�:8A8E4?8�@<:?<BE8�7<�DH4AGB�

466478�A8??[<AF8:A4@8AGB�7<�4?GE8�@4G8E<8�C8E�@<:?<BE4E8�?[4CCE8A7<@8AGB��

� 
 � � � � � � � � � � � � 
 � � �

��



� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

� �



D� S�

�-+��.#35�����

, -4$+�&$-3(+$�$�&(42$//$�"(33 Z�

�A -'#3/+/)�'�4+45'.+�&+�)'45+0/'�&'-- I#113'/&+.'/50�?�'#3/+/)��A -'#3/+/)�'�4+45'.+�&+�)'45+0/'�&'-- I#113'/&+.'/50�?�'#3/+/)�

�#/#)'.'/5��:45'.4�F����@��#/#)'.'/5��:45'.4�F����@�

(H� JQI ANK� @E� LANOKJA� ?DA� QPEHEVV=JK� HkA
HA=NJEJC� ^� EJ� ?KOP=JPA� ?NAO?EP=�� (H� PANIEJA� A
HA=NJEJC�

OE�NEBANEO?A�=HHk=LLNAJ@EIAJPK� IA@E=PK�@=HHkQOK�@AHH=�PA?JKHKCE=�EJ�?KJPAOPE�EJ�?QE�A@Q?=PKNE�A�

@EO?AJPE�OKJK�@EOP=JPE�JAHHK�OL=VEK�A�K�JAH�PAILK��+K�O?KLK�QHPEIK�@AHHkA
HA=NJEJC�^�MQAHHK�@E�

IE CHEKN=NA�HkAOLANEAJV=�A�H=�LN=PE?=�@E�=LLNAJ@EIAJPK�@ACHE�OPQ@AJPE��

.C CE�� ?KJ� Hk=R=JV=NA� @AHH=� PA?JKHKCE=�� ^� LEb� =LLNKLNE=PK� NEBANENOE� =� OEOPAIE� A� LE=PP=BKNIA�

LAN�H�mANKC=VEKJAm�@AHHkA
HA=NJEJC�LEQPPKOPK�?DA�=�OEJCKHE�OPNQIAJPE��3=HE�OEOPAIE�OKJK�EH�NEOQHP=PK�

@AHHkEJPACN=VEKJA� @E� @ERANOE� OPNQIAJPE� OKBPS=NA� EJ� CN=@K� @E� ?KOPNQENA� QJ� A?KOEOPAI=� EJ� ?QE�

OBNQPP=NA� LAN?KNOE� @E� =LLNAJ@EIAJPK� rAOOE>EHE� A� =@=PP=>EHE�� 4J� OEOPAI=� @E� A
HA=NJEJC� ?KJOAJPA�

H=� CAOPEKJA� @AE� LNK?AOOE� @E� =LLNAJ@EIAJPK� A� H=� CAOPEKJA� @AE� ?KNOE�� /ANIAPPA� @E� ApAPPQ=NA� HA�

R=HQP=VEKJE�@AHHk=LLNAJ@EIAJPK�@ACHE�OPQ@AJPE��H=�?KOPNQVEKJA�@E�NALKNP��H=�?NA=VEKJA�@E�?KJPAJQPE�

A�H=�HKNK�KNC=JEVV=VEKJA��%=?EHEP=�H=�?KIQJE?=VEKJA�PN=�EJOACJ=JPE�PQPKN�A�OPQ@AJPE��3N=�E�OEOPAIE�

@E�A
HA=NJEJC�LEb�@EpQOE�?E�OKJK�E�OEOPAIE�@E�CAOPEKJA�@AHHk=LLNAJ@EIAJPK� �+, 2	� �=@�AOAILEK�

, KK@HA��$@IK@K	��

+k=?NKJEIK� +, 2� OE� NEBANEO?A� =� QJk=LLHE?=VEKJA� >=O=P=� OQH� SA>� LNKCAPP=P=� LAN� CAOPENA� EH�

LNK?AOOK�@E�=LLNAJ@EIAJPK�@AE�@EO?AJPE��=�@ERANOE�HERAHHE��EJ�@ERANOE�=I>EPE�A�?KJ�@ERANOA�IK@=HEP\��

4J�+, 2��MQEJ@E��LQa�AOOANA�@AqJEPK�?KIA�QJ�=I>EAJPA�@E�=LLNAJ@EIAJPK�=HHkEJPANJK�@AH�MQ=HA�

RAJCKJK� EILHAI AJP=PA� A� CAOPEPA� HA� =PPEREP\� A� CHE� OPNQIAJPE� @E� =LLNAJ@EIAJPK�� HA� =PPEREP\� A� CHE�

OPNQIAJPE�@E�R=HQP=VEKJA��E�?KJPAJQPE�@E@=PPE?E�A�HA�EJPAN=VEKJE�OPQ@AJPA
OPQ@AJPA�A�K�OPQ@AJPA


A@Q?=PKNA�� (JKHPNA��H=�@AqJEVEKJA�@E�+,2�EJ?HQ@A�EH�HKNK�AOOANA�LE=PP=BKNIA�?DA�CAJAN=HIAJPA�

LKOOKJK� EJ?HQ@ANA� EJPANE� OEOPAIE� @E� CAOPEKJA� @AE� ?KNOE�� OEOPAIE� @E� CAOPEKJA� @AE� ?KJPAJQPE� A�

LKNP=HE� ��

� 
 � � � � � � � � � � � � 
 � � �

��



����'�+/5'--+)'/;#�#35+P%+#-'B�)-+�����+/5'--+)'/5+�����'�+/5'--+)'/;#�#35+P%+#-'B�)-+�����+/5'--+)'/5+�

" KJ�Hk=RRAJPK�@AHHk( ��HkEOPNQVEKJA��EJ�CAJAN=HA��A�CHE�+,2��EJ�L=NPE?KH=NA��@ERAJP=JK�LKOOE>EHE�A�

LNKIAPPAJPE�?=ILE�@E�=LLHE?=VEKJA�@E�MQAOP=�BKNV=�NERKHQVEKJ=NE=� ��(J�L=NPE?KH=NA��CHE�+,2��CN=VEA�

=HHA�BQJVEKJ=HEP\�OQLLKNP=PA�@=HHk( ��N=LLNAOAJP=JK�QJ�NEJJKR=PK�OPNQIAJPK�@E�=LLNAJ@EIAJPK�

EJ�CN=@K�@E�OK@@EOB=NA�@QA�@AE�PN=PPE�BKJ@=IAJP=HE�@AHHkEOPNQVEKJA�@AH�BQPQNK��H=�LANOKJ=HEVV=VEKJA�

A�Hk=@=PP=IAJPK� ��[�@=�MQAOP=�?KI>EJ=VEKJA�@E�+,2�A�( �? DA�AIANCA�HK�2I= NP�+,2��2+, 2	�K�

+, 2�EJPAHHECAJPA��

(J� CAJAN=HA�� QJ� 2+, 2� As?EAJPA� ^� QJ� OEOPAI=� E� ?QE� =HCKNEPIE� OKJK� EJ� CN=@K� @E� BKNJENA� A�

NA?QLAN=NA�EJBKNI=VEKJE�@=�PNA�CNQLLE�BKJ@=IAJP=HE�@E�?KJKO?AJV=��=	�EH�@EO?AJPA��>	�H=�LA@=CKCE=�

A�?	�EH�@KIEJEK�� ?MQEOAJ@K�EJBKNI=VEKJE�OQHHA�LNABANAJVA��=	�@ACHE�OPQ@AJPE��OQE�HKNK�OP=PE�AIKPERE�

A� ?KCJEPERE�� OQE� HKNK� NEOQHP=PE� A� K>EAPPERE�� QJ� 2+,2� LQa� EILHAI AJP=NA� HA� OPN=PACEA� @E@=PPE?DA�

�>	� LEb� As?=?E� �PELE� OLA?Eq?E� @E� R=HQP=VEKJA�� =LLNAJ@EIAJPK� ?KHH=>KN=PERK�� A??�	� =sJ ?D_�

Hk=LLNAJ@EIAJPK�OE=�LEb�LNKq?QK�=HHkEJPANJK�@AHHK�OLA?Eq?K�@KIEJEK�@E�?KJKO?AJV=�OPQ@E=PK��?	��

=@�AOAILEK��PAKNAIE�@E�CAKI APNE=��KLAN=VEKJE�I=PAI=PE?DA��HACCE�@AHH=�qOE?=��LNK?A@QNA�@E�=J=HEOE�

@AH�PAOPK� ��

4J� 2+, 2�� MQEJ@E�� LQa� AOOANA� @AqJEPK� ?KIA� QJ� OEOPAI=� @E� =LLNAJ@EIAJPK� EJ� CN=@K� @E�

=@=PP=NA=@=PP=NA� E� ?KJPAJQPE� LNKLKOPE� =H� @EO?AJPA� ?=HE>N=J@KHE� OQHHA� ?KJKO?AJVA� A� OQHHA� =>EHEP\� ?DA� EH�

@EO?AJPA� D=� IKOPN=PK� JAE� ?KILEPE� LNA?A@AJPE�� (JB=PPE�� =@KPP=J@K� QJ� =LLNK??EK� ?AJPN=PK� OQH�

@EO?AJPA��LQa�E@AJPEq?=NA��OACQENA�A�IKJEPKN=NA�E�LAN?KNOE�@AE�@EO?AJPE�NACEOPN=J@K�E�HKNK�IK@AHHE�

A�OPEHE�@E�=LLNAJ@EIAJPK��%=?AJ@K�NEBANEIAJPK�=HH=�@AO?NEVEKJA�BKNJEP=�@=�%=N@EJLKQN�AP�=H����QJ�

+, 2�EJPAHHECAJPA�BKNJEO?A�=H�@EO?AJPA�EH�LAN?KNOK�@E�=LLNAJ@EIAJPK�LEb�As?=?A�A�E�?KJPAJQPE�

@E@=PPE?E�LEb�=LLNKLNE=PE��=PPN=RANOK�Hk=QPKI=VEKJA=QPKI=VEKJA��Hk=@=PP=IAJPK=@=PP=IAJPK�@E�@ERANOA�OPN=PACEA�@E@=PPE?DA�

�O?=pKH@EJC	�� H=�CAJAN=VEKJACAJAN=VEKJA� @E� NAOK?KJPE� A� @E� ?KJKO?AJVA�� (JKHPNA�� BKNJEO?A� =E� @EO?AJPE� H=�

LKOOE>EHEP\� @E� PAJANA� PN=??E=� A� IKJEPKN=NA� EH� HKNK� =LLNAJ@EIAJPK� A� E� HKNK�K>EAPPERE� @E�K>EAPPERE� @E�

=LLNAJ@EIAJPK=LLNAJ@EIAJPK��3QPP=RE=��OA>>AJA�MQAOPA�?=N=PPANEOPE?DA�A�MQAOPE�OPNQIAJPE�?KJOAJP=JK�=HHk+, 2�

@E� KLAN=NA� EJ� IK@K� LEb� EJPAHHECAJPA�� QJ� 2+, 2� @ARA� BKNJENA� =CHE� OPQ@AJPE� H=� LKOOE>EHEP\� @E�

@EO=>EHEP=NA�HkEJPAHHECAJV=�=NPEq?E=HA�?DA�CAOPEO?A�EH�HKNK�LAN?KNOK�LAN�=RANA�LEAJK�=??AOOK�=�PQPPE�E�

I= PANE=HE�@E@=PPE?E�JAHHk=I >EAJPA�@E�=LLNAJ@EIAJPK��


-%6/+�'4'.1+�&+�(6/;+0/#-+ 5J�4611035#5'�&#-- I+/5'--+)'/;#�
-%6/+�'4'.1+�&+�(6/;+0/#-+ 5J�4611035#5'�&#-- I+/5'--+)'/;#�

#35+P%+#-'�/'-�%0/5'450�&+�6/������#35+P%+#-'�/'-�%0/5'450�&+�6/������

- AHH=� LN=PE?=� @AH� BQJVEKJ=I AJPK� @E� QJ� 2+,2�� @ERANOE� OPNQIAJPE� OQLLKNP=PE� @=HHkEJPAHHECAJV=�

=NPEq?E=HA� LANIAPPKJK� @E� NA=HEVV=NA� QJ� OEOPAI=� ?KJ� HA� ?=N=PPANEOPE?DA� @AO?NEPPA� OKLN=�� 3=HE�

OPNQIAJPE�OQLLKNP=PE�@=HHkEJPAHHECAJV=�=NPEq?E=HA�OE�IQKRKJK�PN=ORANO=HIAJPA�HQJCK�E�PNA�?HQOPAN�

@E� ?KJKO?AJV=� OKLN=� IAJVEKJ=PE�� =E� MQ=HE� CHE� =HCKNEPIE� @ACHE� 2+,2� B=JJK� ?KOP=JPAIAJPA�

NEBANEIAJPK��@EO?AJPA��LA@=CKCE=��@KIEJEK	��

�*#5$05�4611035#5+�&#-- I+/5'--+)'/;#�#35+P%+#-'�%0.'�56503��*#5$05�4611035#5+�&#-- I+/5'--+)'/;#�#35+P%+#-'�%0.'�56503�

� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

��



7+356#-+�7+356#-+�

4J� ? D=P>KP� h� QJ� OKBPS=NA� ?DA� OEIQH=� A@� AH=>KN=� ?KJRANO=VEKJE� QI=JA� �O?NEPPA� K� L=NH=PA	� h�

JAH�?KJPAOPK�@E�QJ�2+,2�LQa�ORKHCANA�H=�BQJVEKJA�@E�QJ�PQPKN�RENPQ=HA�EJ�CN=@K��@=�QJ�H=PK��

@E� NEOLKJ@ANA� =HHA� @KI=J @A� ?DA� CHE� OPQ@AJPE� D=JJK� NECQ=N@K� =E� LAN?KNOE� @E� =LLNAJ@EIAJPK��

#=HHk=HPNK��^�EJ�CN=@K�@E�BKNJENA�OQCCANEIAJPE�=H�@EO?AJPA�OQHH=�>=OA�@AHHk=J=HEOE�?DA�EH�OEOPAI=�B=�

@AHHA�OQA�LNA?A@AJPE�LNAOP=VEKJE�A�EJPAN=VEKJE� ��

���'#3/+/)�
/#- :5+%4����'#3/+/)�
/#- :5+%4�

(�+A=NJEJC� J=HUPE?O�h�@=PE�NAH=PERE�=E�@APP=CHE�@AHHA�EJPAN=VEKJE�@AE�OEJCKHE�OPQ@AJPE�JAHHA�=PPEREP\�

@E�=LLNAJ@EIAJPK�KJHEJA�h�?KJOAJPKJK�=CHE�EJOACJ=JPE�@E�IKJEPKN=NA�EJ�IK@K�=LLNKBKJ@EPK�E�

LNKCNAOOE�A�HA�LNAOP=VEKJE�@ACHE�OPQ@AJPE��&N=VEA�=@�AOOE��EH�OEOPAI=�LQa�EILHAI AJP=NA�Hk=PPER=VEKJA�

=QPKI=PE?=�@E�?KILEPE�@E@=PPE?E�=OOEOPEPE�@=H�?KILQPAN� �LAN�EJPACN=NA�HA�=PPEREP\�@ACHE�OPQ@AJPE�?DA�

D=JJK�I KOPN=PK�@Aq?EP�@E�NAJ@EIAJPK�EJ�?KILEPE�OLA?Eq?E��(JKHPNA��LQa�BKNJENA�=QPKI=PE?=I AJPA�

OQCCANEIAJPE�=H�LANOKJ=HA�@K?AJPA�EJ�IANEPK�=HH=�@Es?KHP\�@AE�?KILEPE�LNKLKOPE�K�=HH=�JA?AOOEP\�

@E�EJPACN=NHE�?KJ�?KJPAJQPE�@E@=PPE?E�=CCEQJPERE��

� #/5#))+�1'3�456&'/5+�'�+/4')/#/5+�� #/5#))+�1'3�456&'/5+�'�+/4')/#/5+�

0QAOPE� A� =HPNE� OPNQIAJPE� OQLLKNP=PE� @=HHkEJPAHHECAJV=� =NPEq?E=HA� � ?KJPNE>QEO?KJK� =� NAJ@ANA� QJ�

2+, 2�QJ�LKPAJPA�OPNQIAJPK�@E�=LLNAJ@EIAJPK�A�EJOACJ=IAJPK�?DA��EJRA?A�@E�AOOANA�LAN?ALEPK�

?KI A� QJ� OKOPEPQPK� @AH� H=RKNK� @AHHkEJOACJ=JPA�� OE� IKOPN=� ?KIA� QJK� OPNQIAJPK� EJ� CN=@K� @E�

l=QI AJP=NAm� CHE� =OLAPPE� QI=JE� @AHHkEJOACJ=IAJPK� � A� @E� =LLKNP=NA� QJ=� OANEA� @E� >AJAq?E�

BKJ@=IAJP=HE�=HHkEJPANK�LNK?AOOK�@E�=LLNAJ@EIAJPK�EJOACJ=IAJPK��

/ KE?D_�QJ�2+, 2�?=HE>N=�E�?KJPAJQPE�OQHHA�?=L=?EP\�A�OQH�HERAHHK�@AHHK�OPQ@AJPA��AREP=�?DA�

MQAOPkQHPEIK�OE�PNKRE�=@�=pNKJP=NA��JAHHA�@ERANOA�B=OE�@AH�OQK�LAN?KNOK��?KI LEPE�?DA�HK�=JJKE=JK�

LAN?D_�PNKLLK�OAILHE?E�K�?DA�HK�BNQOPN=JK�LAN?D_�PNKLLK�?KI LHAOOE��(J�MQAOPK�IK@K�OE�C=N=JPEO?A�

?DA�H=�IKPER=VEKJA�A�Hk=PPAJVEKJA�@AHHK�OPQ@AJPA�OE=JK�OAILNA�=@�QJ�HERAHHK�=HPK�A�=@ACQ=PK�=H�

CN=@K�@E�@Es?KHP\�@AH�?KILEPK�@=�=pNKJP=NA��0QAOP=�OEPQ=VEKJA�D=�?KIA�?KJOACQAJV=�@ENAPP=�QJ=�

OECJEq?=PER=�NE@QVEKJA�@AH�P=OOK�@E�=>>=J@KJK��EJ�MQ=JPK�LANIAPPA�=CHE�EJOACJ=JPE�@E�EJ@ERE@Q=NA�

EJ�PAILK�ARAJPQ=HE�LNK>HAIE�A�@E�EJPANRAJENA�PAILAOPER=I AJPA�JKJ�=LLAJ=�HK�OPQ@AJPA�IKOPN=�E�

LNEIE�OACJE�@E�@Es?KHP\��

4J=� OEPQ=VEKJA� @E� MQAOPK� PELK�� ?KO`� ?KIA� HA� OEPQ=VEKJE� @E� =LLNAJ@EIAJPK� HEJA=NA� �OAJV=�

@Es?KHP\	�� LQa� AOOANA� =pNKJP=P=� LNKLKJAJ@K� =CHE� OPQ@AJPE�� =PPN=RANOK� CHE� OPNQIAJPE� 2+,2��

@ERANOE�?KJPAJQPE�@E�?KJKO?AJV=�CE\�IAI KNEVV=PE�JAE�@=P=>=OA�@AE�?KNOE�K�=J?DA�LNKRAJEAJPE�@=�

BKNJEPKNE�PANVE��"Ea�OE�PN=@Q?A�EJ�QJ�R=JP=CCEK�@ENAPPK�LAN�EH�@K?AJPA��?DA�JKJ�@ARA�?NA=NA�@E�RKHP=�

EJ�RKHP=�JQKRE�I=PANE=HE�@E@=PPE?E�A�LQa�QPEHEVV=NA�EH�PAILK�NEOL=NIE=PK�EJ�=HPNA�=PPEREP\�AOOAJVE=HE��

?KI A�Hk=sJ=I AJPK�@AE�LNKLNE�IAPK@E�@E�EJOACJ=IAJPK�A�K�HkEJPAN=VEKJA�@ENAPP=�?KJ�CHE�OPQ@AJPE��

� 
 � � � � � � � � � � � � 
 � � �

��



��*=OEI�� - �� - �� ,��� =J @�*D=HE@��%��� � ;BBF<A:�G;8�E<:;G�?84EA<A:�@4A4:8@8AG�FLFG8@� �$%+��9BE�G;8�

;<:;8E� 87H64G<BA� <AFG<GHG<BA� 6BAG8KG�� �� FLFG8@4G<6� E8I<8J	� (JPANJ=PEKJ=H� )KQNJ=H� KB� $IANCEJC�

3A?DJKHKCEAO�EJ�+A=NJEJC������	 ���� �� ��
� �" K=PAO��'���)=IAO��1�����!=H@SEJ��&�����6E<G<64?�8K4@<A4G<BA�B9�G;8�8_86GF�B9�?84EA<A:�@4A4:8@8AG�

FLFG8@F�BA�HA<I8EF<GL�G846;<A:�4A7�?84EA<A:	�3ANPE=NU�A@Q?=PEKJ�=J@�I=J=CAI AJP������	����
� � ��������
� � !A?G�� )���2PANJI�� ,��� �� '= QCOF==��$����C C?<64G<BAF�B9� �!�<A� �7H64G<BA	�" NKOONK=@O�� ���	�� �� h����

@KE��� ����� ������� ���������� ��� ��
� � 1AND=UA�� +���  HPQJ�� #��� * N=QOO�� "��� �� , cHHAN�� " ��� � I4?H4G<BA� %8G;B7F� 9BE� 4A� �! 
+HCCBEG87�

$84EA<A:� %4A4:8@8AG� +LFG8@�� )H4AG<9L<A:� 4A7� )H4?<9L<A:� �7787� .4?H8F� 9BE� ,846;<A:� 4A7�

$84EA<A:	�(JPANJ=PEKJ=H�"KJBANAJ?A�KJ�'QI=J 
" KI LQPAN�(JPAN=?PEKJ��LL��� �� 
��� 	��2LNEJCAN��

"D=I��)QHU��� ����
��%=N@EJLKQN�� ���/ A@N=I��,��,�����!QN GHA��,��� !AG8??<:8AG�?84EA<A:�@4A4:8@8AG�FLFG8@F��� 8`A<G<BA	�

984GHE8F� 4A7� @84FHE8@8AG� B9� <AG8??<:8A68	� (JPANJ=PEKJ=H� )KQNJ=H� KB� #EOP=J?A� $@Q?=PEKJ�

3A?DJKHKCEAO��()#$3	����� � 	����
������ ����
� �'1�3 A?DJKHKCEOP��$IANCEJC�3NAJ@O�BKN� (�EJ�+A=NJEJC�,=J= CAI AJP�2UOPAIO���� � ��� ??AOOA@�

���.? P��� ����
� �* N=QOO��"���2=HVI=JJ�� �����, AN?ANKJ�� ����E4A6;87�$84EA<A:�(4G;F�9BE�G;8�* 86B@@8A74G<BA�B9�

( 8EFBA4?<M87�+8DH8A68F�B9�� BHEF8�!G8@F	�#A+%(�6KNGODKLO��2ALPAI>AN����� ��
� � ,= RNEGEO�� ,��� �� 'KHIAO�� 6��� !AG8??<:8AG�?84EA<A:� 8AI<EBA@8AGF�� � 8F<:A	�HF4:8�4A7�4A4?LG<6F�9BE�

9HGHE8�F6;BB?F	�2D=LEJC�BQPQNA�O?DKKHO�SEPD�@ECEP=H�PA?DJKHKCU���� 
������ � ���

 

� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

��

https://www.spiceworks.com/hr/learning-development/articles/emerging-trends-for-ai-in-the-learning-management-system/


D� S�

�'#3/+/)�
/#- :5+%4�'&�
�&6%#5+0/#-�
#5#��+/+/)�

 9(,�1 .422  -  + 8 �� --$�!. 8$1��$�)( )4-�/  -�

7<��M<@�*BHFF4A4?L	�� AA8��BL8E	�"<4=HA�(4A	�$' *! � �- A<I8EF<GS�78�$BEE4<A8�7<��M<@�*BHFF4A4?L	�� AA8��BL8E	�"<4=HA�(4A	�$' *! � �- A<I8EF<GS�78�$BEE4<A8�

�04#�40/0�+�04#�40/0�+  � �'#3/+/)�
/#- :5+%4C��'#3/+/)�
/#- :5+%4C�

2AI LNA� LEb� KNC=JEVV=VEKJE� QPEHEVV=JK� Hk=J=HEOE� @AE� @=PE� LAN� NEOKHRANA� E� LNK>HAIE� A� IECHEKN=NA�

HA� @A?EOEKJE� NAH=PERA� =HHA� HKNK� =PPEREP\�� (H� IKJ@K� @AHHkEOPNQVEKJA� JKJ� B=� A??AVEKJA� LAN?D_�� ?KJ�

H=� CAJAN=HEVV=VEKJA� @ACHE� =I>EAJPE� @E� =LLNAJ@EIAJPK� RENPQ=HE� �5+$	� A� @AE� OEOPAIE� @E� CAOPEKJA�

@AHHk=LLNAJ@EIAJPK� �+, 2	�� OKJK� KN=� @EOLKJE>EHE� AJKNIE� @=PE� OQHHk=LLNAJ@EIAJPK�� CAJAN=PE�

@=HHkEJPAN=VEKJA�@ACHE�OPQ@AJPE�?KJ�MQAOPE�OPNQIAJPE��

2E�L=NH=�MQEJ@E�@E�+A=NJEJC� J=HUPE?O��+ 	��MQAHHK�@AE�+ �^�QJ�?=ILK�@EO?ELHEJ=NA�@AqJEPK�

?KI A�lH=�IEOQN=VEKJA��H=�N=??KHP=��Hk=J=HEOE�A�EH�NALKNPEJC�@AE�@=PE�OQCHE�OPQ@AJPE�A�OQE�HKNK�?KJPAOPE��

=E�qJE�@AHH=�?KILNAJOEKJA�A�@AHHkKPPEIEVV=VEKJA�@AHHk=LLNAJ@EIAJPK�A�@ACHE�=I>EAJPE�EJ�?QE�P=HA�

=LLNAJ@EIAJPK�=RREAJAm�:+KJC
�� �� ;��

(J�CAJANA�OE�@EOPEJCQKJK�MQ=PPNK�PELE�@E�=J=HUPE?O�EJ�>=OA�=H�LNK>HAI=�@=�NEOKHRANA��

n�  J=HUPE?O�@AO?NEPPERE��"KO=�^�OQ??AOOK�EJ�L=OO=PK��

n�  J=HUPE?O�@E=CJKOPE?E��/AN?D_�^�OQ??AOOK�MQ=H?KO=�EJ�L=OO=PK��

n�  J=HUPE?O�LNA@EPPERE��"KO=�^�LEb�LNK>=>EHA�?DA�=??=@=�EJ�BQPQNK��

n�  J=HUPE?O�LNAO?NEPPERE��0Q=HE�=VEKJE�EJPN=LNAJ@ANA�LAN�EJrQAJV=NA�MQAOPE�NEOQHP=PE��

�*'�%04ILC��*'�%04ILC�

&HE�OPNQIAJPE�@E@=PPE?E�>=O=PE�OQE�+ �OKJK�I KHPK�@ERANOE��@=HHA�@=OD>KN@�LAN�H=�REOQ=HEVV=VEKJA�

@AE�@=PE�=E�OEOPAIE�@E�N=??KI=J @=VEKJA��+=�NE?AN?=�EJ�MQAOPk=NA=�^�=PPQ=HIAJPA�IKHPK�=PPER=��"E�

HEIEPANAIK�=�NE=OOQIANA�E�LNK>HAIE�LEb�BNAMQAJPE�EJ?KJPN=PE�EJ�HAPPAN=PQN=�� .CJQJK�@E�MQAOPE�

� 
 � � � � � � � � � � � � 
 � � �

�	



%ECQNA����/QN@QA�4JERANOEPU�

@=OD>K=N@�BKN�OPQ@AJPO�

LNK>HAIE�LKNP=�=�B=IECHEA�@E�OPNQIAJPE�NERKHPE�LNEJ?EL=HIAJPA�=CHE�OPQ@AJPE�K�=CHE�EJOACJ=JPE��?DA�

N=LLNAOAJP=JK�H=�I=CCEKN�L=NPA�@ACHE�QPAJPE�qJ=HE�@AHHA�=LLHE?=VEKJE�>=O=PA�OQH�+ ��

�3'7'&'3'�'�.+)-+03#3'�+�3+46- 5#5+�&+�#113'/&+.'/50�&')-+�456&'/5+��3'7'&'3'�'�.+)-+03#3'�+�3+46- 5#5+�&+�#113'/&+.'/50�&')-+�456&'/5+�

4J=�@AHHA�=LLHE?=VEKJE�AI>HAI= PE?DA�@AE�+ �^�H=�LNAREOEKJA�

@ACHE�ANNKNE��

&HE� EJ@E?=PKNE� @E� =LLNAJ@EIAJPK� RAJCKJK� ?=H?KH=PE�

=QPKI=PE?=I AJPA� @=HHA� PN=??A� @ECEP=HE� A� LKOOKJK� AOOANA�

?KJOQHP=PE� @ENAPP=IAJPA� @=CHE� OPQ@AJPE�� ?DA� LKOOKJK� ?KO`�

=@=PP=NA�HA�LNKLNEA�OPN=PACEA�@E�=LLNAJ@EIAJPK��

4J K� @AE� LNEIE� AOLANEIAJPE� ^� OP=PK� ?KJ@KPPK� =HH=� /QN@QA�

4JERANOEPU��42 	�?KJ�QJk=LLHE?=VEKJA�I K>EHA�LNKCAPP=P=�?KIA�

QJ�?NQO?KPPK�=�OAI=BKNK�� NJKH@
�� �� 	��

.CJE� OPQ@AJPA� LQa� IKJEPKN=NA� E� LNKLNE� EJ@E?=PKNE� @E�

LNKCNAOOK��

4J=�O?DANI=P=�@AHH=�@=OD>K=N@�^�IKOPN=P=�EJ�qC����

&HE� EJ@E?=PKNE� LKOOKJK� =J?DA� AOOANA� EJ@ENEVV=PE� =CHE�

EJOACJ=JPE��?KIA�EJ�QJ�OEOPAI=�@E�=HH=NI A�N=LE@K��A=NHU�S=NJEJC�

OUOPAI�h�$62	��

0QAOP=� ^� H=� O?AHP=� B=PP=� @=H� "AJPNK� J=VEKJ=HA� BN=J?AOA� @E�

BKNI=VEKJA� =� @EOP=JV=� �"-$# 	� EJ� QJK� OPQ@EK� EJ� ?KNOK�

�!AJ 2KQOOE=
�� �� 	��

+kK>EAPPERK�@E�QJ�$62�^�MQAHHK�@E�=HHANP=NA�EH�LNEI=�LKOOE>EHA�E�PQPKN�?DA�OKJK�NAOLKJO=>EHE�

@AH�IKJEPKN=CCEK�@ACHE�OPQ@AJPE��EJ�IK@K�?DA�LKOO=JK�=PPQ=NA�=H�LEb�LNAOPK�HA�=VEKJE�?KNNAPPERA�

=LLNKLNE=PA��

� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

�T



%ECQNA����,$3 +�LNKFA?P�@=OD>K=N@�


/#-+;;#3'�+-�130%'440�&+�#113'/&+.'/50�&')-+�456&'/5+�
/#-+;;#3'�+-�130%'440�&+�#113'/&+.'/50�&')-+�456&'/5+�

+A� PA?JE?DA� @E� + � LKOOKJK� =EQP=NA� =�

I K@AHH=NA� EH� ?KILKNP=IAJPK� @E�

=LLNAJ@EIAJPK�@E�QJ�=HHEARK�K�@E�QJ�CNQLLK�

@E�=HHEARE� �=@�AOAILEK�QJ=�?H=OOA	�� (H� IK@AHHK�

LQa� AOOANA� QPEHEVV=PK� LAN� REOQ=HEVV=NA� E�

LNK?AOOE�@E�=LLNAJ@EIAJPK�JAHHA�=LLHE?=VEKJE�

@E�+ ��BKNJAJ@K�EJBKNI=VEKJE�=CCEQJPERA�?DA�

?KJOAJPEN=JJK�=CHE�EJOACJ=JPE�@E�EJ@ERE@Q=NA�

HA�?=NAJVA�A�@E�IECHEKN=NA�E�I=PANE=HE�A�E�IAPK@E�

@E� BKNI=VEKJA�� (JKHPNA�� Hk=J=HEOE� @AH� LNK?AOOK�

@E� =LLNAJ@EIAJPK� ^� QJ� IK@K� LAN� KOOANR=NA�

HkEI LACJK� @AE� @EO?AJPE��  @� AOAILEK�� JAH�

LNKCAPPK� A
%1 -� ,$3  +�� CHE� EJ@E?=PKNE�

OKJK�OP=PE�NEQJEPE�EJ�QJ�?NQO?KPPK�?K
LNKCAPP=PK�?KJ�QJ�PA=I�@E�EJOACJ=JPE�@E�O?QKH=�OA?KJ@=NE=��

?KI A�I KOPN=PK�JAHH= qC����!NQJ 
�� � � 	��

�'340/#-+;;#3'�+�1'3%034+�&+�#113'/&+.'/50��'340/#-+;;#3'�+�1'3%034+�&+�#113'/&+.'/50�

+=�LANOKJ=HEVV=VEKJA�@AE�LAN?KNOE�@E�=LLNAJ@EIAJPK�LQa�=RRAJENA�EJ�OEOPAIE�@E�N=??KI=J @=VEKJA�

K�@E�=LLNAJ@EIAJPK�=@=PPERK��(�OEOPAIE�@E�N=??KI=J @=VEKJA�IEN=JK�=�OQCCANENA�=�?E=O?QJ�=HHEARK�

HA� NEOKNOA� IECHEKNE� K� E� ?KILKNP=IAJPE� LEb� =LLNKLNE=PE� ?DA� LKOOKJK� =EQP=NA� =� N=CCEQJCANA�

As?=?AI AJPA�CHE�K>EAPPERE�@E@=PPE?E��

 H?QJE�OEOPAIE�OE�?KJ?AJPN=JK�OQH�?KEJRKHCEIAJPK�@AHHkEJOACJ=JPA��LNAOAJP=J@K�LNEI=�HA�

N=??KI=J @=VEKJE� LNKLKOPA� LAN� H=� HKNK� ?KJR=HE@=�� (� OEOPAIE� @E� =LLNAJ@EIAJPK� =@=PPERK�

?KJOAJPKJK� =HHk=HHEARK� @E� OREHQLL=NA� ?KILAPAJVA� A� ?KJKO?AJVA� EJ� IK@K� LEb� LANOKJ=HEVV=PK� A�

=QPKJKI K��=@=PP=J@K�?KOP=JPAIAJPA�EH�LAN?KNOK�@E�=LLNAJ@EIAJPK�=HHkAOLANEAJV=�@AHHk=HHEARK��

�6/;+0/#C��6/;+0/#C�

- AHHA� LQ>>HE?=VEKJE�� EH� BAA@>=?G� OE� ?KJ?AJPN=� LNEJ?EL=HIAJPA� OQCHE� OPQ@AJPE� �A� JAHHkEOPNQVEKJA�

OQLANEKNA	�� +A� KOOANR=VEKJE� IKOPN=JK� CAJAN=HIAJPA� QJ� IECHEKN=IAJPK� @AHHA� LNAOP=VEKJE� @ACHE�

OPQ@AJPE��=@�AOAILEK���� ���@E�RKPE� �A�!�=HH=�/QN@QA�4JERANOEPU	��/ AN�CHE�EJOACJ=JPE��HkEI L=PPK�

@AE�+ �^�LEb�?KI LHAOOK�@=�R=HQP=NA��&HE�OPQ@E�>=O=PE�OQH�IK@AHHK�@E�=??APP=VEKJA�@AHH=�PA?JKHKCE=�

�3  ,	�OQC CANEO?KJK�?DA�CHE�EJOACJ=JPE�D=JJK�QJ=�LAN?AVEKJA�LKOEPER=�@AHHkQOK�@ACHE�OPNQIAJPE�

@E�+ ��[�EJPANAOO=JPA�JKP=NA�EJ�QJK�@E�MQAOPE�OPQ@E�Hk=J=HEOE�qJ=HA�@AE�LQJPE�@E�BKNV=��@A>KHAVV=��

KLLKNPQJEP\�A�IEJ=??A��26 .3	�? DA�NELNK@Q?E=IK�MQE��,=RNKQ@E
�� 	�RA@E�qC�� 	��

� 
 � � � � � � � � � � � � 
 � � �

�D



%ECQNA����26 .3�=J=HUOEO�KB�+ �=??ALP=J?A��

 H?QJE� @AE� LQJPE� @E� =PPAJVEKJA�� EJ?HQOE� JAHHA� L=NPE� l,EJ=??Am� A� l#A>KHAVV=m�� ?KOPEPQEO?KJK� H=�

>=OA�@AHH=�NErAOOEKJA�@AHH=�?KIQJEP\�@AHH=�2K?EAPU�BKN�+A=NJEJC�  J=HUPE?O�1AOA=N?D� �2K+ 1 	�

LAN� N=??KI=J @=NA� QJ� =LLNK??EK� @E� PELK� APE?K� LAN� H=� LNKCAPP=VEKJA� @AHHA� =LLHE?=VEKJE� @E� + �

�#N=ODHAN
��	 �� +A� N=??KI=J @=VEKJE� OKJK� NE=OOQJPA� EJ� QJ=� ?DA?GHEOP� @E� �� L=NKHA� ?DE=RA��

#APANIEJ=NA��2LEAC=NA��+ACEPPEI=NA��" KEJRKHCANA��" KJOAJPENA�� J KJEIEVV=NA��3A?JE?K��$OPANJK�

�#APANIEJA�� $TLH=EJ�� +ACEPEI=PA�� (JRKHRA�� " KJOAJP��  J KJUIEVA�� 3A?DJE?=H�� $TPANJ=H� h�

#$+("  3$	 ��

�+('3+.'/5+�$+$-+0)3#P%+��+('3+.'/5+�$+$-+0)3#P%+�

/ �+KJC�=J@�&��2EAI AJO���OP�(JPANJ=PEKJ=H�"KJBANAJ?A�KJ�+A=NJEJC� J=HUPE?O�=J@�*JKSHA@CA��

!=Jp �� H>ANP=��%A>NQ=NU���h,= N?D������ ���

*��  NJKH@�� ,�� / EOPEHHE��"KQNOA�OECJ=HO�=P�/QN@QA��4OEJC�HA=NJEJC�=J=HUPE?O�PK�EJ?NA=OA�OPQ@AJP�

OQ??AOO��+ *������ ",�(J PANJ=PEKJ=H�"KJBANAJ?A�/NK?AA@EJC�2ANEAO����� �� 	��

 ��!AJ�2KQOOE=�� ��1KQOO=J=HU�� ��!K UAN��3KS=N@� J�$=NHU�1EOG� HANP�(J� �#EOP=J?A�+A=NJEJC�

" KJPATP��(" + 3�� �� �� 	�

 �� !NQJ�� &�� !KJJEJ�� 2 �� " =OP=CJKO��  �� 1KQOO=J=HU��  �� !K UAN�� +A=NJEJC�  J=HUPE?O� ,=@A� EJ�

%N=J?A��3DA�,$3  + LNKFA?P��()(+3�� �� � � 	�

 ��,= RNKQ@E��3A=?DANOk�5EASO�1AC=N@EJC�+A=NJEJC� J=HUPE?O�4O=CA�!=OA@�KJ�PDA�3A?DJKHKCU�

 ??ALP=J?A�, K@AH��3A?D3NAJ@O�������� �� 	�

� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

��



D� S�

�#3 -#3'�&+��
B��+45'.+�$#4#5+�46+�
&#5+�A��#35'�D�


'%+4+0/+�+/�%-#44'�
'%+4+0/+�+/�%-#44'�

" KI A� EJOACJ=JPE�� =RAPA� =??AOOK� =� IKHPE� PELE� @E� @=PE�� #=PE� P=JCE>EHE�� ?KIA� E� NACEOPNE� @AHHA� LNAOAJVA� A� @AHHA�

LNAOP=VEKJE�� K� EJP=JCE>EHE�� ?KIA� EH� HEJCQ=CCEK� @AH� ?KNLK� @ACHE� OPQ@AJPE�� "KJOE@AN=PA� =H?QJA� @AHHA� @A?EOEKJE� ?DA�

LNAJ@APA�JAHH=�RKOPN=�REP=�LNKBAOOEKJ=HA��0Q=HE�OKJK�E�@=PE�?DA�RE�=EQP=JK�=�LNAJ@ANA�MQAOPA�@A?EOEKJE��0Q=HE�OKJK�E�@=PE�?DA�RE�=EQP=JK�=�LNAJ@ANA�MQAOPA�@A?EOEKJE��

$OEOPKJK�=LLHE?=VEKJE�PA?JKHKCE?DA�?DA�LKOOKJK�=EQP=NRE�=�REOQ=HEVV=NA�K�AH=>KN=NA�E�@=PE��(�OEOPAIE�@E�EJPAHHECAJV=�

=NPEq?E=HA�QPEHEVV=JK�E�@=PE�LAN�LANOKJ=HEVV=NA�Hk=LLNAJ@EIAJPK��B=NA�LNAREOEKJE�A�LNAJ@ANA�@A?EOEKJE�?DA�LKPNA>>ANK�

=EQP=NRE�=�EJOACJ=NA�A�=�CAOPENA�H=�?H=OOA��=RAPA�AOECAJVA�=�?QE�H=�PA?JKHKCE=�LQa�NEOLKJ@ANA��2A�O`��MQ=HE�OKJK�E�@=PE�=RAPA�AOECAJVA�=�?QE�H=�PA?JKHKCE=�LQa�NEOLKJ@ANA��2A�O`��MQ=HE�OKJK�E�@=PE�

?DA�QJ�OEOPAI=�@E�MQAOPK�PELK�LKPNA>>A�NE?DEA@ANA�LAN�ORKHCANA�EH�?KILEPK��?DA�QJ�OEOPAI=�@E�MQAOPK�PELK�LKPNA>>A�NE?DEA@ANA�LAN�ORKHCANA�EH�?KILEPK��

� 
 � � � � � � � � � � � � 
 � � �

��



%KJPA��* AHHADAN��)�# ��3EANJAU��! ��#=P=�2?EAJ?A��

+KJ@KJ���� ���=J @�*EP?DEJ��1��!EC�#=P=��JAS�

ALEOPAIKHKCEAO�=J@�L=N=@ECI�ODEBPO��!EC�#=P=���

2K?EAPU���� ���

(�OEOPAIE�A@Q?=PERE�D=JJK�OAILNA�CAJAN=PK�@=PE��@=PE�

LANOKJ=HE� @ACHE� OPQ@AJPE�� NACEOPNE� =??=@AIE?E�� @=PE� @E�

BNAMQAJV=�A�=HPNK�=J?KN=�� "KJ�H=�@ECEP=HEVV=VEKJA�A�HA�

=LLHE?=VEKJE�  ($# ��RAJCKJK�NACEOPN=PE�A� IAI KNEVV=PE�

I KHPE� LEb� @=PE�� ?HE?� @AH� IKQOA�� L=CEJA� =LANPA��

PEIAOP=IL� A� >=PPQPA� @AHH=� P=OPEAN=��� " KJ� EH� LAJOEANK�

EJ?AJPN=PK�OQE�@=PE�?DA�OP=�@ERAJP=J@K�H=�JKNI=�JAHH=�

OK?EAP\�� ^� J=PQN=HA� ?DEA@ANOE� ?KIA� OE� LKOO=JK�

=J=HEVV=NA� PQPPE� MQAOPE� @=PE� LAN� B=NA� MQ=H?KO=� @E�

=LLNKLNE=PK�� / KOOE=IK� BKNJENA� QJ� BAA@>=?G� LEb�

LANOKJ=HEVV=PK� =H� @EO?AJPA�� /KPNAII K� LNKCAPP=NA�

OPNQIAJPE� @E� REOQ=HEVV=VEKJA� A� JKPEq?=� IECHEKNE� LAN�

HkEJOACJ=JPA���

0Q=HQJMQA� OE=� H=� PA?JKHKCE=� QPEHEVV=P=�� @ARA�

OK@@EOB=NA� QJkAOECAJV=� NA=HA� EJ� ?H=OOA�� 4J=� RKHP=�

E@AJPEq?=P=� HkAOECAJV=�� LKOOE=IK� AO=IEJ=NA� E� @=PE�

@EOLKJE>EHE� A� ?DEA@AN?E� ?KO=� OE=� NEHAR=JPA� LAN� EH�

NEOQHP=PK�@AOE@AN=PK��2E�PN=PP=�@E�O?KLNENA�E�B=PPKNE�?DA�

?KJOAJPKJK� =CHE� A@Q?=PKNE� @E� LNAJ@ANA� @A?EOEKJE�

?KI LHAOOA�� 0QAOPE� B=PPKNE� LKOOKJK� AOOANA� ?=PPQN=PE�

QPEHEVV=J@K�E�@=PE�@EOLKJE>EHE�� (�@=PE�A�E�OEOPAIE�>=O=PE�

OQE� @=PE� OKJK� EH� IK@K� IECHEKNA� LAN� =pNKJP=NA� EH�

>EOKCJK�� 0Q=HE� LKPNA>>ANK� AOOANA� HA� ?KJOACQAJVA�

EJ@AOE@AN=PA�@E�MQAOPK�QPEHEVVK�@AE�@=PE���

+k=LLNAJ@EIAJPK�=QPKI=PE?K��,= ?DEJA�+A=NJEJC�

h�+,	�?E�LANIAPPA�@E�NEJRE=NA�IKHPA�@E�MQAOPA�@KI=J @A�=E�@=PE�OPAOOE� ��+A�=LLHE?=VEKJE�@E�,+�OKJK�

=@@AOPN=PA� OQE� @=PE�� %QJVEKJ=JK� KLAN=J@K� OQE� @=PE�� 3NKR=JK� O?DAIE� A� CAJAN=HEVV=VEKJE� A� HE�

I AI KNEVV=JK� ?KI A� I K@AHHE� h� @=PE� ?DA� LKOOKJK� AOOANA� QPEHEVV=PE� LAN� NEOLKJ@ANA� =� @KI=J @A�

BQPQNA� ��  J ?DA� HA� HKNK� @A?EOEKJE� A� LNAREOEKJE�� A� EH� IK@K� EJ� ?QE� MQAOPA� EJrQEO?KJK�

OQHHk=LLNAJ@EIAJPK�@ACHE�OPQ@AJPE��OKJK�PQPPE�@=PE�� /ANP=JPK��O=LANA�?KIA�E�LNKCN=II=PKNE��H=�

I= ??DEJ=� A� HkQPAJPA� CAOPEO?KJK� E� @=PE� ^� QJ=� L=NPA� EILKNP=JPA� @AHH=� ?KILNAJOEKJA� @AH�

BQJVEKJ=I AJPK�@AHHkEJPAHHECAJV=�=NPEq?E=HA��

��
#5+���
#5+�

(�@=PE@=PE�NECQ=N@=JK�CAJAN=HIAJPA�QJkAJPEP\�@AH�IKJ@K�NA=HA��QJ=�LANOKJ=��QJ�KCCAPPK�K�QJ�ARAJPK��

.CJE� AJPEP\� LQa� AOOANA� @AO?NEPP=� @=� QJ=� OANEA� @E�=PPNE>QPE=PPNE>QPE� �?=N=PPANEOPE?DA?=N=PPANEOPE?DA� K�R=NE=>EHER=NE=>EHE	 ���  @�

AOAILEK��JKI A��AP\�A�?H=OOA�OKJK�=H?QJE�=PPNE>QPE�@E�QJK�OPQ@AJPA��+kEJOEAI A�@E�MQAOPE�=PPNE>QPE�^�

EH�@=PK�?DA�=>>E=IK�OQHHK�OPQ@AJPA�?DA��LQN�JKJ�AOOAJ@K�EJ�=H?QJ�I K@K�RE?EJK�=HHkAJPEP\�NA=HA��?E�

� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

��

https://www.ai4t.eu/book/ai-for-teachers-an-open-textbook/media/DIKW.jpg


3DA�#(* 6�/ UN=IE@��%KJPA��* AHHADAN��)�# ��3EANJAU��! ��

#=P=�2?EAJ?A��+KJ@KJ���� ���=J @�*EP?DEJ��1��!EC�#=P=��

JAS�ALEOPAIKHKCEAO�=J@�L=N=@ECI�ODEBPO��!EC�#=P=���

2K?EAPU���� ���

@E?A�MQ=H?KO=�OQ�@E�HQE��(�@=PE�N=??KHPE��QPEHEVV=PE�A@�AH=>KN=PE�JAH�OEOPAI=�A@Q?=PERK��OKJK�?DE=I=PE�

@=PE�A@Q?=PERE@=PE�A@Q?=PERE����

4J� @=P=OAP@=P=OAP ^�QJ�EJOEAI A�@E�AJPEP\�@EOLKOPA�EJ�NECDA�A�?KHKJJA��(H�NACEOPNK�@AHHA�LNAOAJVA�@E�

QJ=�?H=OOA�^�QJ�@=P=OAP��.CJE�NEC=�N=LLNAOAJP=�EH�NA?KN@�@E�QJK�OPQ@AJPA��+A�?KHKJJA�LKOOKJK�

AOOANA�H=�LNAOAJV=�K�Hk=OOAJV=�@QN=JPA�QJ�L=NPE?KH=NA�CEKNJK�K�OAOOEKJA��.CJE�?KHKJJ=�^�MQEJ@E�

QJ�=PPNE>QPK��

.J A�KN�IKNA�EJPAN=?PERA�AHAI AJPO�D=O�>AAJ�AT?HQ@A@�BNKI�PDEO�RANOEKJ�KB�PDA�PATP��8KQ�?=J�REAS�

PDAI�KJHEJA�DANA��DPPLO���LNAOO>KKGO�LQ>�EJPAHHECAJV==NPEq?E=HA��L�����KAI >A@
��

(�@=PE�RAJCKJK�?NA=PE�O?ACHEAJ@K�CHE�=PPNE>QPE�A�

IEOQN=J@KHE��KCJE�@=PK�^�EH�NEOQHP=PK�@E�@A?EOEKJE�

A�O?AHPA�QI=JA��+=�?NA=VEKJA�@AE�@=PE�^�MQEJ@E�QJ�

LNK?AOOK� OKCCAPPERK�� L=NVE=HA� A� @EOKN@EJ=PK��

OKCCAPPK� =� @Es?KHP\� PA?JE?DA�� ��(JKHPNA�� ?Ea� ?DA�

O?ACHE=IK�@E�IEOQN=NA�A�?Ea�?DA�JKJ�IEOQNE=IK�

LQa� =RANA� QJ=� CN=J@A� EJrQAJV=� OQE� NEOQHP=PE�

=PPAOE��

+A� PN=??A� @AE� @=PE� �@=P=PN=?AO@=P=PN=?AO	� OKJK�

NACEOPN=VEKJE� @AHHk=PPEREP\� @ACHE� OPQ@AJPE�� ?KIA� E�

?HE?� @AH� IKQOA�� E� @=PE� OQHHA� L=CEJA� =LANPA�� H=�

PAILEOPE?=� @AHHA� EJPAN=VEKJE� K� H=� LNAOOEKJA� @AE�

P=OPE�EJ�QJ�OEOPAI=�@ECEP=HA���, AP=@=PE, AP=@=PE��?EK^�@=PE�

?DA� @AO?NERKJK� =HPNE� @=PE��� (� @=PE� @ANER=PE@=PE� @ANER=PE� OKJK�

@=PE� ?=H?KH=PE� K� @A@KPPE� @=� =HPNE� @=PE�� (� LQJPACCE�

EJ@ERE@Q=HE�@E�KCJE�OPQ@AJPA�OKJK�@=PE��+=�IA@E=�

@AHH=� ?H=OOA� ^� QJ� @=PK� @ANER=PK�� 2LAOOK� E� @=PE�

@ANER=PE� OKJK� LEb� QPEHE� LAN� KPPAJANA� EJPQEVEKJE�

QPEHE��PNKR=NA�IK@AHHE�A�B=NA�LNAREOEKJE��+A�=LLHE?=VEKJE�@E�,=?DEJA�+A=NJEJC�LKOOKJK�?NA=NA�@=PE�

@ANER=PE�A�?KHHAC=NHE�?KJ�PN=??A�@E�IAP=@=PE�LAN�?NA=NA�IK@AHHE�@APP=CHE=PE�@E�OPQ@AJPE��?DA�=EQP=JK�

=�LANOKJ=HEVV=NA�Hk=LLNAJ@EIAJPK���

 sJ ?D_�MQ=HOE=OE�=LLHE?=VEKJA�>=O=P=�OQE�@=PE�=>>E=�OQ??AOOK��CHE�=PPNE>QPE�@ARKJK�AOOANA�

O?AHPE�?KJ�?QN=�A�IEOQN=PE�?KNNAPP=IAJPA��(�I K@AHHE�O?KLANPE�@ARKJK�AOOANA�RANEq?=PE�LAN�RA@ANA�

OA�D=JJK�OAJOK�JAH�?KJPAOPK�A@Q?=PERK��2A�LNKCAPP=PE�A�I=JPAJQPE�?KNNAPP=IAJPA��E�OEOPAIE�>=O=PE�

OQE�@=PE�LKOOKJK�AOOANA�IKHPK�LNAVEKOE��

� 
 � � � � � � � � � � � � 
 � � �

��



"D A?G�EB�UKQ�=NA��!EC	�#= P=�

HEPAN=PA�

.J A�KN�IKNA�EJPAN=?PERA�AHAI AJPO�D=O�>AAJ�AT?HQ@A@�BNKI�PDEO�RANOEKJ�KB�PDA�PATP��8KQ�?=J�REAS�

PDAI�KJHEJA�DANA��DPPLO���LNAOO>KKGO�LQ>�EJPAHHECAJV==NPEq?E=HA��L�����KAI >A@
��

0QAOPK�?=LEPKHK�EJPAJ@A�EJPNK@QNNA�=H?QJA�JKVEKJE�@E�>=OA�

OQE�@=PE�A�OQHHA�PA?JKHKCEA�>=O=PA�OQE�@=PE��I=�Hk=HB=>APEVV=VEKJA�

=E�@=PE�^�QJk=>EHEP\�I KHPK�EILKNP=JPA�@=�LKOOA@ANA�A�IANEP=�QJ=�

BKNI=VEKJA� @A@E?=P=�� QJ� OQLLKNPK� A� QJ� =CCEKNJ=IAJPK�

?KJPEJQE���

�')+4-#;+0/'�&#�%0/04%'3'��')+4-#;+0/'�&#�%0/04%'3'�

&N=VEA� =H� @N=OPE?K� ?=HK� @AE� ?KOPE� @E� =N?DERE=VEKJA� @AE� @=PE�� QJ=� I=CCEKNA� MQ=JPEP\� @E� @=PE� A�

I AP=@=PE�REAJA�O=HR=P=�A�?KJOANR=P=�LEb�=�HQJCK� ��0QAOPK�LQa�LKNP=NA�=�REKH=VEKJE�@AHH=�LNER=?U�A�

@AE�@ENEPPE��+ACCE�?KIA�EH�&AJAN=H&AJAN=H #=P=�/NKPA?PEKJ�1ACQH=PEKJ#=P=�/NKPA?PEKJ�1ACQH=PEKJ ��&#/1&#/1 	�O?KN=CCE=JK�P=HE�LN=PE?DA�

A� KpNKJK� =E� ?EPP=@EJE� @AHHk4$� QJ� I= CCEKNA� ?KJPNKHHK� OQE� HKNK� @=PE� LANOKJ=HE�� (H� NACKH=IAJPK�

BKNJEO?A� JKNIA� OQHH=� LNKPAVEKJA� @AE� @=PE� CEQNE@E?=I AJPA� REJ?KH=JPE� EJ� PQPPE� CHE� 2P=PE� IAI >NE�

@AHHk4$��

� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

��



%KJPA��l&#/1���A/ NER=?U�1ACQH=PEKJOm�@E@AJJEO<?KJRANP�

LQ>>HE?=PK�?KJ�HE?AJV=�""�! 8��� � ��/ AN�REOQ=HEVV=NA�QJ=�

?KLE=�@E�MQAOP=�HE?AJV=��REOEP=NA�

DPPLO���?NA=PERA?KII KJO�KNC�HE?AJOAO�>U�

�� � ��NAB�KLAJRANOA�

2A?KJ@K� EH� &#/1�� E� @=PE� LANOKJ=HE� OKJK�

PQPPA� HA� EJBKNI=VEKJE� NAH=PERA� =� QJ=� LANOKJ=�

E@AJPEq?=P=� K� E@AJPEq?=>EHA� �OKCCAPPK� @AE�OKCCAPPK� @AE�

@=PE@=PE	�� +A� O?QKHA�� KHPNA� =� ?KHH=>KN=NA� ?KJ� HA�

=VEAJ@A� ?DA� CAOPEO?KJK� E� HKNK� @=PE��

?KJOANR=JK�AJKNIE�MQ=JPEP\�@E�EJBKNI=VEKJE�

LANOKJ=HE� OQ� OPQ@AJPE�� CAJEPKNE�� LANOKJ=HA��

@ENECAJPE�A�BKNJEPKNE��(J�MQ=HEP\�@E�NAOLKJO=>EHE�

@AH� PN=PP=IAJPK� @AE� @=PE�� OKJK� PAJQPA� =�

?KJOANR=NA� E� @=PE� ?DA� PN=PP=JK� EJ� IK@K�

?KJq@AJVE=HA� A� OE?QNK� A� =� @EOLKNNA� @E�

LNK?A@QNA�LAN�H=�LNKPAVEKJA�A�HkQOK�?KNNAPPK�@E�

PQPPE�E�@=PE�LANOKJ=HE���

(� @ENEPPE� OP=>EHEPE� @=H� &#/1�

?KI LNAJ@KJK��

n� (H�#ENEPPK�@E� ??AOOK#ENEPPK�@E� ??AOOK��?DA�NAJ@A�K>>HEC=PKNEK�

LAN�E�?EPP=@EJE�H=�LKOOE>EHEP\�@E�O=LANA�

B=?EHIAJPA�MQ=HE�@=PE�RAJCKJK�N=??KHPE�OQ�@E�

HKNK��

n� (H�#ENEPPK#ENEPPK�@AH�?EPP=@EJK�@E�AOOANA�EJBKNI=PK�@E�AOOANA�EJBKNI=PK�

OQHHkQPEHEVVK�@AE�OQKE�@=PE�

n� (H�#ENEPPK�=HH=�"=J?AHH=VEKJA#ENEPPK�=HH=�"=J?AHH=VEKJA��?DA�?KJOAJPA�=�

QJ�?EPP=@EJK�E�?QE�@=PE�OKJK�OP=PE�N=??KHPE�@=�

QJ=�LE=PP=BKNI=�@E�?DEA@ANA�?DA�P=HE�@=PE�

OE=JK�NEIKOOE�@=H�@=P=OAP�?KOPNQEPK�@=HH=�

LE=PP=BKNI=��A�?DA�LQa�AOOANA�RAJ@QPK�=�

PANVE	��

n� (H�#ENEPPK�=HH=�2LEAC=VEKJA#ENEPPK�=HH=�2LEAC=VEKJA��KCJE�RKHP=�?DA�E�

?EPP=@EJE�D=JJK�>EOKCJK�@E�?DE=NEIAJPE�OQE�

LNK?AOOE�@A?EOEKJ=HE�=QPKI=PEVV=PE�?DA�HE�

NECQ=N@=JK��@ARA�AOOANA�BKNJEP=�QJ=�OLEAC=VEKJA��

3QPP=RE=��EH�&#/1�?KJOAJPA�H=�N=??KHP=�@E�=H?QJE�@=PE�EJ�>=OA�=H�lHACEPPEIK�EJPANAOOAHACEPPEIK�EJPANAOOAl � A�HkQPEHEVVK�

@E� @=PE� @ANER=PE�� =CCNAC=PE� K� =JKJEIEVV=PE� =� PAILK� EJ@APANIEJ=PK� A� OAJV=� ?KJOAJOK��� (H�

JQKRK #ECEP=H�2ANRE?AO�  ?P#ECEP=H�2ANRE?AO�  ?P�HEIEP=�HkQPEHEVVK�@AE�@=PE�LANOKJ=HE�LAN�O?KLE�LQ>>HE?EP=NE�OLA?Eq?E���

.HPNA�=�MQAOPE��PDA�$4 
42�/ NER=?U�2DEAH@$4 
42�/ NER=?U�2DEAH@ ��HK� �2?Q@K�LAN�H=�LNER=?U�4$
42  2?Q@K�LAN�H=�LNER=?U�4$
42  	�N=pKNV=�E�@ENEPPE�@E�

LNKPAVEKJA�@AE�@=PE�@AE�?EPP=@EJE�@AHHk4$�JAH�?=OK�EJ�?QE�E�HKNK�@=PE�OE=JK�OP=PE�PN=OBANEPE�=H�@E�BQKNE�

@AHHk4$ ���

2E�LQa�B=NA�NEBANEIAJPK�=H�@K?QIAJPK�&#/1�B KN�@QIIE AO LAN�Hk=J=HEOE�ApAPPQ=P=�@=�AOLANPE�

� 
 � � � � � � � � � � � � 
 � � �

��

https://creativecommons.org/licenses/by/2.0/?ref=openverse
https://creativecommons.org/licenses/by/2.0/?ref=openverse
https://www.liberties.eu/en/stories/gdpr-for-dummies/44076


EJ@ELAJ@AJPE�@AHHk4JEKJA�@AHHA�+E>ANP\�"EREHE�LAN�Hk$QNKL=��" EREH�+E>ANPEAO�4JEKJ�BKN�$QNKLA�h�

+E>ANPEAO	��?DA�^�QJ�KNC=JK�@E�?KJPNKHHK�?DA�PQPAH=�E�@ENEPPE�QI=JE�@E�PQPPE�JAHHk4JEKJA�$QNKLA=��

�� � G;<64?�:H<78?<A8F�BA�G;8�HF8�B9�4EG<`6<4?�<AG8??<:8A68�4A7�74G4�<A�G846;<A:�4A7�?84EA<A:�9BE�87H64GBEF��

$QNKLA=J�" KIIEOOEKJ��.? PK>AN�������
� �@Q�!KQH=U��! ���/ KQHKR=OEHHEO�� ���'KHIAO��6���,= RNEGEO��,���� EG<`6<4?�!AG8??<:8A68�� A7��<:�� 4G4�

, 86; AB?B:<8F� ,B� � ?BF8� , ;8� � 6;<8I8@8AG� �4C	EJ� +Q?GEJ�� 1��� A@�� $JD=J?EJC� +A=NJEJC� =J@�

3A=?DEJC�SEPD�3A?DJKHKCU��+KJ@KJ��4"+�(JOPEPQPA�KB�$@Q?=PEKJ�/ NAOO��LL�����h ������� �� ��
�� 'QP?DEJOKJ�� !��� 2I= NP��  ��� '=JJ=��  ��� #AJ PKJ�� $��� &NAAN�� " ��� * F=NP=JOOKJ�� .��� != NJAO�� /���

,E P?DAHH�� ,���, BJ4E7F� � 66BHAG45<?<GL� 9BE� %46;<A8� $84EA<A:� �4G4F8GF�� ( E46G<68F� 9EB@� +B9GJ4E8�

� A:<A88E<A:� 4A7� !A9E4FGEH6GHE8�� / NK?AA@EJCO� KB� PDA� �� ���  ",� " KJBANAJ?A� KJ� %=ENJAOO��

 ??KQJP=>EHEPU��=J@�3N=JOL=NAJ?U�� OOK?E=PEKJ�BKN�"KI LQPEJC�,= ?DEJANU��- AS�8KNG���� ����
�� != NK?=O�� 2�� � '= N@P�� ,��� - =N=U=J=J��  ��� � 4<EA8FF� 4A7� @46;<A8� ?84EA<A:� $<@<G4G<BAF� 4A7�

' CCBEGHA<G<8F	��
 � � ��
��* AHHADAN��)�# ��3EANJAU��! ��� 4G4�+6<8A68��,(3�/ NAOO��+KJ@KJ���� �� ��
� �2?DJAEAN��! ���#=P=�=J@�&KHE=PD��3DA�'E@@AJ�!=PPHAO�PK�"=LPQNA�8KQN�#=P=�=J@�"KJPNKH�8KQN�

6 KNH@��6��6 ��- KNPKJ���" KI L=JU���� ����
� �*=J P��3���!78AG<GL	�� 7I8EG<F<A:	�4A7��?: BE<G; @<6�,4E:8G<A:��'E� BJ��&BG��GB�,4E:8G�0BHE�\!784?�-F8E�] ��

,(3�" =OA�2PQ@EAO�EJ�2K?E=H�=J@�$PDE?=H�1AOLKJOE>EHEPEAO�KB�"KI LQPEJC���� ����

� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

��

https://education.ec.europa.eu/news/ethical-guidelines-on-the-use-of-artificial-intelligence-and-data-in-teaching-and-learning-for-educators
https://doi.org/10.1145/3442188.3445918
https://doi.org/10.1145/3442188.3445918
https://fairmlbook.org/
https://fairmlbook.org/


D� S�

�#3 -#3'�&+��
B�4+45'.+�$#4#5+�46+�
&#5+�A��#35'���

+=� LNKCAPP=VEKJA� A� HkEI LHAI AJP=VEKJA� @E� QJ� LNKCAPPK� EJ?AJPN=PK� OQE� @=PE� LKPNA>>A� AOOANA�

OQ@@EREO=�EJ���B=OE��+A�B=OE�OE�OQOOACQKJK�A�HkEJPANK�LNK?AOOK�LQa�AOOANA�NELAPQPK�LEb�RKHPA�LAN�

KPPAJANA�EH�NEOQHP=PK�@AOE@AN=PK��

/ AN� AOOANA� As?=?E� EJ� ?H=OOA�� E� PA=I� IQHPE@EO?ELHEJ=NE� ?KJ� EJOACJ=JPE�� AOLANPE� LA@=CKCE?E�

A� EJBKNI=PE?E� @KRNA>>ANK� AOOANA� ?KEJRKHPE� EJ� KCJE� B=OA� @AH� LNK?AOOK��� &HE� AOLANPE� QI=JE� OKJK�

JA?AOO=NE� LAN� E@AJPEq?=NA� HkAOECAJV=� A� LNKCAPP=NA� EH� LNK?AOOK�� LNKCAPP=NA� A� LNAL=N=NA� E� @=PE��

OAHAVEKJ=NA� CHE� =HCKNEPIE� @E� ,+�� EJPANLNAP=NA� ?NEPE?=I AJPA� E� NEOQHP=PE� A� LE=JEq?=NA� HkQPEHEVVK�

@AHHk=LLHE?=VEKJA� ��

� 
 � � � � � � � � � � � � 
 � � �

�	



D@��0.13'/&'3'�+-�%0/5'450�'&6%#5+ 70�D@��0.13'/&'3'�+-�%0/5'450�'&6%#5+ 70�

(H� LNEIK� L=OOK� JAHH=� LNKCAPP=VEKJA� @E� QJK�

OPNQIAJPK�  ($#� ^� H=� ?KILNAJOEKJA� @AHHA�

AOECAJVA� @AHH=� ?H=OOA�� 4J=� RKHP=� qOO=PE� CHE�

K>EAPPERE��>EOKCJ=�?=LENA�?KIA�N=CCEQJCANHE��MQ=HE�

B=PPKNE� ?KJOE@AN=NA� A� MQ=HE� ECJKN=NA�� 0Q=HOE=OE�

OKHQVEKJA� >=O=P=� OQE� @=PE� ^� KNEAJP=P=� RANOK�

BAJKI AJE� ?DA� LKOOKJK� AOOANA� B=?EHIAJPA�

?=H?KH=PE� A� OP=J@=N@EVV=PE� �� / ANP=JPK�� KCJE�

@A?EOEKJA� @ARA� AOOANA� @EO?QOO=� @=CHE� EJOACJ=JPE�

?DA� QPEHEVVAN=JJK� HK� OPNQIAJPK�� @=CHE� AOLANPE� @E�

LA@=CKCE=� ?DA� LKOOKJK� C=N=JPENA� ?DA� PQPPA� HA�

@A?EOEKJE� OE=JK� BKJ@=PA� OQ� QJ=� PAKNE=�

?KI LNKR=P=� A� @=CHE� EJBKNI=PE?E� ?DA�

?KI LNAJ@KJK�EH�BQJVEKJ=I AJPK�@ACHE�=HCKNEPIE��

+A� LNEIA� @QA� B=OE� OKJK� I KHPK� ?KILHE?=PA��

LKE?D_�?Ea�?DA�^�LKOOE>EHA�B=NA�@ELAJ@A�=J?DA�@=E�

@=PE� @EOLKJE>EHE� �� (JKHPNA�� H=� LNKCAPP=VEKJA� @E�

OPNQIAJPE� A@Q?=PERE� ^� OKCCAPP=� =� HACCE� ?DA�

EI LKJCKJK�NAOPNEVEKJE�OQHHkQOK�@AE�@=PE�A�OQE�PELE�

@E�=HCKNEPIE�?DA�LKOOKJK�AOOANA�QPEHEVV=PE��

�@��0.13'/&'3'�+�&#5+��@��0.13'/&'3'�+�&#5+�

4J=�RKHP=�E@AJPEq?=PE�CHE�K>EAPPERE�A�E�B=PPKNE�?DA�RE�?KJPNE>QEO?KJK��Hk=PPAJVEKJA�OE�OLKOP=�OQE�@=PE�

JA?AOO=NE��OQHHA�I K@=HEP\�@E�=LLNKRRECEKJ=I AJPK�A�@E�APE?DAPP=PQN=��OQHH=�CAOPEKJA�@AHH=�LNER=?U�A�

OQHH=�IEOQN=VEKJA�@AHH=�MQ=HEP\�@AE�@=PE� �� sJ ?D_�QJk=LLHE?=VEKJA�@E�=LLNAJ@EIAJPK�=QPKI=PE?K�

=>>E=�OQ??AOOK��E�@=P=OAP�@ARKJK�AOOANA�OQs?EAJPAIAJPA�CN=J@E��@ERANOEq?=PE�A�>AJ�APE?DAPP=PE��

� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

	T



 @=PP=PK�@=�l%EHA�,JEOP$T=ILHAO�LJCm�@E�)KOAB�2PALL=J�

LQ>>HE?=PK�?KJ�HE?AJV=�""�! 8
2 ��� � ��/ AN�REOQ=HEVV=NA�QJ=�

?KLE=�@E�MQAOP=�HE?AJV=��REOEP=NA�

DPPLO���?NA=PERA?KII KJO�KNC�HE?AJOAO�>U
O=�

�� � ��NAB�KLAJRANOA�

+k=LLNAJ@EIAJPK� =QPKI=PE?K� �,+ 	�

NE?DEA@A�@=PE�LAN�=@@AOPN=NA�EH�IK@AHHK�A�@=PE�

OQ� ?QE� H=RKN=NA� K� B=NA� LNAREOEKJE�� /AN� =H?QJE�

?KI LEPE� @E� ,+�� ?KIA� EH� NE?KJKO?EIAJPK� @AE�

RKHPE�A�@ACHE�KCCAPPE��OKJK�CE\�@EOLKJE>EHE�IKHPE�

@=P=>=OA� LQ>>HE?E� A� LNER=PE� LAN�

Hk=@@AOPN=IAJPK��

2A� JKJ� OKJK� CE\� @EOLKJE>EHE� EJ� BKNI=�

QPEHEVV=>EHA��^�LKOOE>EHA�?DA�E�@=P=OAP�AOEOPAJPE�

@A>>=JK� AOOANA� =CCEQJPE� K� NEAPE?DAPP=PE� LAN�

=@=PP=NOE� =HHA� AOECAJVA� @AH� LNKCAPPK�� (J� ?=OK�

?KJPN=NEK�� LKPNA>>A� AOOANA� JA?AOO=NEK� ?NA=NA�

A@� APE?DAPP=NA� @=� VANK� OAP� @E� @=PE� @A@E?=PE��

 J ?DA� HA� PN=??A� @ECEP=HE� CAJAN=PA� @=HHK�

OPQ@AJPA�@QN=JPA�HkQPEHEVVK�@E�QJk=LLHE?=VEKJA�

LKPNA>>ANK� AOOANA� QPEHEVV=PA� ?KIA� QJ=� @AHHA�

BKJPE�@E�@=PE��

(J� KCJE� ?=OK�� E� @=PE� A� HA� ?=N=PPANEOPE?DA�

NEHAR=JPE� LAN� EH� LNK>HAI=� @ARKJK� AOOANA�

=??QN=P=IAJPA� E@AJPEq?=PE� �� +A� ?=N=PPANEOPE?DA� ENNEHAR=JPE� K� NE@KJ@=JPE� LKOOKJK� OLEJCANA� QJ�

=HCKNEPI K�=�PNKR=NA�B=HOE�IK@AHHE�A�EJrQAJV=NA�HA�LNAOP=VEKJE�@AH�OEOPAI=� ��/ KE?D_�H=�I=??DEJ=�LQa�

PNKR=NA�IK@AHHE�OKHK�JAE�@=PE�?DA�HA�RAJCKJK�BKNJEPE��H=�O?AHP=@AH�@=P=OAP�@AqJEO?A�EILHE?EP=IAJPA�

=J?DA�EH�LNK>HAI= � ��2A�OKJK�@EOLKJE>EHE�IKHPE�@=PE��^�JA?AOO=NEK�OAHAVEKJ=NJA�QJ�OKPPKEJOEAI A�

?KJ�Hk=EQPK�@E�PA?JE?DA�OP=PEOPE?DA�A�RANEq?=NA�E�@=PE�LAN�AREP=NA�ANNKNE�A�@EOPKNOEKJE��

" KI A�AOAILEK�@E�@=PE�@E�=@@AOPN=IAJPK�ANN=PE��EJ�QJ=�RE?AJ@=�NEO=HAJPA�=CHE�=H>KNE�@AHH=�

?KI LQPAN�REOEKJ��QJ�I K@AHHK�BQ�=@@AOPN=PK�=�@EO?NEIEJ=NA�PN=�EII=CEJE�@E�?=NNE�=NI=PE�NQOOE�A�

=I ANE?=JE��2E�O?KLN`�EJ�OACQEPK�?DA�H=�OQ=�AHAR=P=�LNA?EOEKJA�AN=�@KRQP=�=H�B=PPK�?DA�E�?=NNE�=NI=PE�

NQOOE�AN=JK�OP=PE�BKPKCN=B=PE�EJ�QJ=�CEKNJ=P=�JQRKHKO=�A�MQAHHE�=IANE?=JE�EJ�QJ=�CEKNJ=P=�@E�OKHA� ��

/ ANP=JPK��EH�@=P=OAP�O?AHPK�@ARA�AOOANA�RANEq?=PK�LAN�H=�OQ=�MQ=HEP\��PAJAJ@K�?KJPK�@AH�IKPERK�

LAN�?QE�^�OP=PK�?NA=PK��?KO=�?KJPEAJA��MQ=HE�OKJK�E�LNK?AOOE�QPEHEVV=PE�LAN�H=�N=??KHP=��H=�LQHEVE=�A�

HkAPE?DAPP=PQN=��H=�@EOPNE>QVEKJA�A�H=�I=JQPAJVEKJA� ��+A�@KI=J @A�?DE=RA�@=�LKNNA�OKJK�!�74G4F8G�

FBAB� 474GG<� 4:?<� F6BC<� C8E� 6H<� FBAB� FG4G<� 6BA68C<G<� A !� 74G4F8G� 6BAG8A:BAB� E<F6;<� A4F6BFG<� 6;8� CBFFBAB�

E8A78E8�<�@B78??<�7<FGBEG<�B�7<F6E<@<A4GBE<� ��

� 
 � � � � � � � � � � � � 
 � � �

	D

https://creativecommons.org/licenses/by-sa/4.0/?ref=openverse
https://creativecommons.org/licenses/by-sa/4.0/?ref=openverse


�@��3'1#3#3'�+�&#5+��@��3'1#3#3'�+�&#5+�

+=�LNAL=N=VEKJA�@AE�@=PE�?KILKNP=�H=�?NA=VEKJA�@E�@=P=OAP�QJAJ@K�E�@=PE�@EOLKJE>EHE�EJ�HQKCDE�

@ERANOE��?KNNACCAJ@K�HA�EJ?KJCNQAJVA��LAN�AOAILEK��=H?QJE�LQJPACCE�@AE�PAOP�LKPNA>>ANK�AOOANA�OQ�

QJ=�O?=H=�@=���=��� ��I AJPNA�=HPNE�OKJK�@=PE�EJ�LAN?AJPQ=HA	�A�?AN?=J@K�R=HKNE�I=J?=JPE�K�AOPNAIE��

2E�LKOOKJK�LKE�AOACQENA�PAOP�=QPKI=PEVV=PE�LAN�RANEq?=NA�H=�MQ=HEP\�@AE�@=P=OAP�� "Ea�EJ?HQ@A�EH�

?KJPNKHHK�@E�ARAJPQ=HE�BQCDA�@E�JKPEVEA�OQHH=�LNER=?U�A�@E�?KNNAH=VEKJE�K�OPANAKPELE�EILNAREOPE� ��(J�

MQAOP=�B=OA��E�@=P=OAP�LKOOKJK�=J?DA�AOOANA�OQ@@EREOE�EJ�@=P=OAP�@E�=HHAJ=I AJPK�A�@E�PAOP��(H�LNEIK�

REAJA�QPEHEVV=PK�LAN�=@@AOPN=NA�EH�IK@AHHK�A�EH�OA?KJ@K�LAN�RANEq?=NJA�HA�LNAOP=VEKJE��$OACQENA�QJ�

PAOP�OQH�@=P=OAP�@E�=@@AOPN=IAJPK�O=NA>>A�?KIA�@EOPNE>QENA�EH�BKCHEK�@kAO=IA�EH�CEKNJK�LNEI=�LAN�E�

?KI LEPE�=�?=O=��H=�LNAOP=VEKJA�@AHHK�OPQ@AJPA�=HHkAO=IA�JKJ�EJ@E?DAN\�H=�OQ=�?KILNAJOEKJA� ��

� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

	�



�@��0&'--#;+0/'��@��0&'--#;+0/'�

(J�MQAOP=�B=OA��CHE�=HCKNEPIE�RAJCKJK�QPEHEVV=PE�

LAN�AOPN=NNA�O?DAIE�@=E�@=PE�A�?NA=NA�I K@AHHE��

#E�OKHEPK�RAJCKJK�PAOP=PE�@ERANOE�=HCKNEPIE�LAN�

RA@ANA�MQ=HA�BQJVEKJ=�I ACHEK��0QAOPE�IK@AHHE�

LKOOKJK� LKE� AOOANA� QPEHEVV=PE� LAN� B=NA�

LNAREOEKJE�OQ�JQKRE�@=PE��

- AHH=� I=CCEKN� L=NPA� @AE� LNKCAPPE�� E�

I K@AHHE�EJEVE=HE�NERAH=JK�LNK>HAIE�JAE�@=PE�?DA�

NE?DEA@KJK�QJ�L=OO=CCEK�?KJPEJQK�PN=�HA�B=OE���

A��� ��%EJ?D_�AOEOPA�QJ=�BKNPA�?KNNAH=VEKJA�PN=�HA�

?=N=PPANEOPE?DA�@AE�@=PE�A�EH�R=HKNA�@E�QO?EP=��^�

I KHPK� LNK>=>EHA� ?DA� QJ� =HCKNEPI K� @E�

=LLNAJ@EIAJPK� =QPKI=PE?K� CAJANE� >QKJA�

LNAREOEKJE��

0QAOPE� =HCKNEPIE� QPEHEVV=JK� PA?JE?DA�

OP=PEOPE?DA�A�@E�?=H?KHK�=R=JV=PA�LAN�AH=>KN=NA�

E� @=PE�� (� LNKCN=II=PKNE� @ARKJK� NACKH=NA� HA�

EI LKOP=VEKJE� A� LNKR=NA� @ERANOE� =HCKNEPIE� LAN� KPPAJANA� E� NEOQHP=PE� IECHEKNE�� /NAJ@E=IK�

QJk=LLHE?=VEKJA� ?DA� NEHAR=� CHE� EI>NKCHE�� 4J� B=HOK� LKOEPERK� OE� D=� MQ=J@K� REAJA� OACJ=H=PK� QJK�

OPQ@AJPA�?DA�JKJ�D=�EI>NKCHE=PK��4J�B=HOK�JAC=PERK�^�MQ=J@K�QJK�OPQ@AJPA�?DA�EI>NKCHE=�JKJ�

REAJA� OACJ=H=PK�� (� LNKCAPPEOPE� @AH� OEOPAI=� LKOOKJK� I APPANA� =� LQJPK� EH� IK@AHHK� LAN� NE@QNNA� =H�

IEJEI K�E�B=HOE�LKOEPERE��EJ�?QE�=H?QJE�?KILKNP=IAJPE�@E�EI>NKCHEK�LKPNA>>ANK�AOOANA�ECJKN=PE��K�E�

B=HOE�JAC=PERE��EJ�?QE�=J?DA�E�?=OE�@Q>>E�RAJCKJK�OACJ=H=PE���+=�I AOO=�=�LQJPK��PQJEJC	�@ELAJ@A�

MQEJ@E�@=�?Ea�?DA�RKCHE=IK�?DA�EH�OEOPAI=�B=??E=��

�@��#- 65#;+0/'��@��#- 65#;+0/'�

#QN=JPA�H=�B=OA�@E�IK@AHH=VEKJA��KCJE� IK@AHHK�

LQa�AOOANA�IAOOK�=�LQJPK�LAN�Hk=??QN=PAVV=�@AHH=�

LNAREOEKJA� OQH� @=P=OAP� @E� =@@AOPN=IAJPK�� (�

I K@AHHE�RAJCKJK�LKE�PAOP=PE�OQH�@=P=OAP�@E�LNKR=�

A�REAJA�O?AHPK�QJ�IK@AHHK�@=�QPEHEVV=NA��0QAOPK�

I K@AHHK� REAJA� R=HQP=PK� =J?DA� EJ� >=OA� =� ?KIA�

NEOLKJ@A� =HHA� AOECAJVA� A@Q?=PERA�� CHE� K>EAPPERE�

OP=>EHEPE�JAHH=�B=OA���OKJK�OP=PE�N=CCEQJPE��"E�OKJK�

LNK>HAIE�EILNAREOPE��+=�MQ=HEP\�^�>QKJ=��2E�LQa�

IE CHEKN=NA�K�B=NA�MQ=H?KO=�EJ�QJ�=HPNK�IK@K��[�

� 
 � � � � � � � � � � � � 
 � � �

	�

https://pressbooks.pub/intelligenzaartificiale/format/ai-speak--machine-learning
https://pressbooks.pub/intelligenzaartificiale/format/ai-speak--how-youtube-learns-you


JA?AOO=NE=� QJ=� NELNKCAPP=VEKJA�� +kK>EAPPERK� LNEJ?EL=HA� ^� @A?E@ANA� OA� Hk=LLHE?=VEKJA� LQa� AOOANA�

QPEHEVV=P=�JAHHA�O?QKHA��(J�?=OK�?KJPN=NEK��OE�NE?KIEJ?E=�HkEJPANK�LNK?AOOK���

�@��.1-'.'/5#;+0/'�?&'1-0:.'/5@��@��.1-'.'/5#;+0/'�?&'1-0:.'/5@�

+=� B=OA� qJ=HA� @E� MQAOPK� LNK?AOOK� ?KJOEOPA� JAH�

RA@ANA� ?KIA� EJPACN=NA� Hk=LLHE?=VEKJA� >=O=P=� OQE�

@=PE� ?KJ� EH� OEOPAI=� O?KH=OPE?K� LAN� KPPAJANA� E�

I=OOEIE� >AJAq?E�� OE=� LAN� MQ=JPK� NECQ=N@=�

HkEJBN=OPNQPPQN=�PA?JE?=�?DA�HA�LN=PE?DA�@E@=PPE?DA��

 J ?DA� OA� REAJA� @=PK� ?KIA� L=OOK� qJ=HA�� HkEJPANK�

LNK?AOOK�^�EPAN=PERK��#KLK�HkEI LHAI AJP=VEKJA��EH�

I K@AHHK� @ARA� AOOANA� NEREOPK� NACKH=NI AJPA� LAN�

RANEq?=NA�OA� ^�=J?KN=�LANPEJAJPA�=H�?KJPAOPK��+A�

AOECAJVA��E�LNK?AOOE�K�HA�I K@=HEP\�@E�=?MQEOEVEKJA�

@AE� @=PE� LKPNA>>ANK� ?=I>E=NA�� EJrQAJV=J@K�

HkKQPLQP�@AH�OEOPAI=��/ANP=JPK��Hk=LLHE?=VEKJA�@ARA�

AOOANA�NEREOP=�A�=CCEKNJ=P=�MQ=J@K�JA?AOO=NEK�� (H�

OEOPAI=� @ARA� AOOANA� IKJEPKN=PK� ?KOP=JPAIAJPA� LAN� RANEq?=NJA� HkEI L=PPK� OQHHk=LLNAJ@EIAJPK��

HkEJOACJ=IAJPK�A�H=�R=HQP=VEKJA���

+A� +EJAA� CQE@=� APE?DA� OQHHkQOK� @AHHk( � A� @AE� @=PE� LAN� CHE� A@Q?=PKNE� OKPPKHEJA=JK� ?DA� H=� O?QKH=�

@KRNA>>A�AOOANA�EJ�?KJP=PPK�?KJ�EH�BKNJEPKNA�@E�OANREVE�@E�( �LAN�PQPPK�EH�?E?HK�@E�REP=�@AH�OEOPAI=�

@E� ( �� =J?DA� LNEI=� @AHHkEI LHAI AJP=VEKJA�� #KRNA>>A� NE?DEA@ANA� QJ=� @K?QIAJP=VEKJA� PA?JE?=�

?DE=N=� A� ?DEA@ANA� ?DE=NEIAJPE� OQE� LQJPE� LK?K� ?DE=NE�� [� JA?AOO=NEK� OPELQH=NA� QJ� =??KN@K� LAN�

� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

	�



Hk=OOEOPAJV=�A�H=�I=JQPAJVEKJA�A�=??ANP=NOE�?DA�EH�BKNJEPKNA�=>>E=�NEOLAPP=PK�PQPPE�CHE�K>>HECDE�@E�

HACCA� ��

- KP=�- KP=��2E=�HA�B=OE�MQE�AHAJ?=PA�?DA�HkEHHQOPN=VEKJA�OKJK�=@=PP=PA�=HHA�B=OE�A�=E�?KILEPE�@E�"1(2/
# ,�

#=P=O?EAJ?A��>=O=PE�OQHH=�qCQN=���@E�"D=LI=J��"HEJ PKJ��*AN>AN��AP�=H������ 	�?KI A�@AO?NEPPK�EJ���

��#Q�!KQH=U��! ���/ KQHKR=OEHHEO�� ���'KHIAO��6���,= RNEGEO��,���� EG<`6<4?�!AG8??<:8A68�� A7��<:�� 4G4�

, 86; AB?B:<8F� ,B� � ?BF8� , ;8� � 6;<8I8@8AG� �4C	EJ� +Q?GEJ�� 1��� A@�� $JD=J?EJC� +A=NJEJC� =J@�

3A=?DEJC�SEPD�3A?DJKHKCU��+KJ@KJ��4"+�(JOPEPQPA�KB�$@Q?=PEKJ�/ NAOO��LL�����h ������� �� ��
� �* AHHADAN��)�# ��3EANJAU��! ��� 4G4�+6<8A68��+KJ@KJ���� �� ��
�� 'QP?DEJOKJ�� !��� 2I= NP��  ��� '=JJ=��  ��� #AJ PKJ�� $��� &NAAN�� " ��� * F=NP=JOOKJ�� .��� != NJAO�� /���

,E P?DAHH�� ,���, BJ4E7F� � 66BHAG45<?<GL� 9BE� %46;<A8� $84EA<A:� �4G4F8GF�� ( E46G<68F� 9EB@� +B9GJ4E8�

� A:<A88E<A:� 4A7� !A9E4FGEH6GHE8�� / NK?AA@EJCO� KB� PDA� �� ���  ",� " KJBANAJ?A� KJ� %=ENJAOO��

 ??KQJP=>EHEPU��=J@�3N=JOL=NAJ?U�� OOK?E=PEKJ�BKN�"KI LQPEJC�,= ?DEJANU��- AS�8KNG���� ����
�� != NK?=O�� 2�� � '= N@P�� ,��� - =N=U=J=J��  ��� � 4<EA8FF� 4A7� @46;<A8� ?84EA<A:� $<@<G4G<BAF� 4A7�

' CCBEGHA<G<8F	��� ����
��2?DJAEAN��! ���� 4G4�4A7�� B?<4G;��, ;8� <778A��4GG?8F�GB�� 4CGHE8�0BHE��4G4�4A7�� BAGEB?�0BHE�/ BE?7	

6 ��6 ��- KNPKJ���" KI L=JU���� ����
�� � G;<64?�:H<78?<A8F�BA�G;8�HF8�B9�4EG<`6<4?�<AG8??<:8A68�4A7�74G4�<A�G846;<A:�4A7�?84EA<A:�9BE�87H64GBEF��

$QNKLA=J�" KIIEOOEKJ��.? PK>AN�������

� 
 � � � � � � � � � � � � 
 � � �

	�

https://doi.org/10.1145/3442188.3445918
https://doi.org/10.1145/3442188.3445918
https://fairmlbook.org/
https://fairmlbook.org/
https://education.ec.europa.eu/news/ethical-guidelines-on-the-use-of-artificial-intelligence-and-data-in-teaching-and-learning-for-educators


D� S�

�30$-'.+�%0/�+�&#5+B�- I+&'/5+ 5J�
1'340/#-'�

#=PE� ?DA� ?E� NECQ=N@=JK� OKJK� ?KOP=JPAIAJPA� NACEOPN=PE� =PPN=RANOK� E� JKOPNE� PAHABKJE� A� E� JKOPNE�

?KI LQPAN�� 0QAOPE� @=PE� OKJK� EJPANLNAP=PE� @ERANO=IAJPA� =� OA?KJ@=� @E� ?DE� HE� NACEOPNE� A� @E� ?DE� HE�

?KJOQHPE��&EQOPK�LAN�B=NA�QJ�AOAILEK��&KKCHA�AH=>KN=�H=�OQ=�RANOEKJA�@ECEP=HA�@E�JKE��Hk<78AG<GQ�

7<:<G4?8��OQHH=�>=OA�@E�?Ea�?DA�JKE�B=??E=IK�OQHHA�OQA�LE=PP=BKNIA��/ NK?A@A�=�APE?DAPP=N?E�OQHH=�>=OA�

@E�MQAOPE�@=PE�A�LKE�NEKNC=JEVV=�@E�?KJOACQAJV=�?Ea�?DA�RA@E=IK�OQE�OQKE�IKPKNE�@E�NE?AN?=�A�OQHHA�

OQA�=LL��" E�RAJ@A�=�OK?EAP\�?DA�LKPNA>>ANK�RKHAN?E�RAJ@ANA�E�LNKLNE�LNK@KPPE�A�E�LNKLNE�OANREVE��

 PPEREP\� PPEREP\�

$pAPPQ=PA�Hk=??AOOK�=HH=�OAVEKJA� l(I LKOP=VEKJE�=JJQJ?Em�@AH�RKOPNK�LNKqHK�OQ�&KKCHA��%=?A>KKG�K� (JOP=CN=I��

.L LQNA�� OA� QPEHEVV=PA� NACKH=NI AJPA� QJk=HPN=� LE=PP=BKNI=�� ?AN?=PA� @E� O?KLNENA� OA� =>>E=� @AHHA� EILKOP=VEKJE� LAN� CHE�

=JJQJ?E�A�OA�LKOOE=PA�=??A@ANRE��0QAOPE�@=PE�?KOPEPQEO?KJK�L=NPA�@AHH=�JKOPN=�E@AJPEP\�@ECEP=HA��

 

#KI=J @A�OQ�?QE�@EO?QPANA��

n� "D A�=OLAPPK�D=�H=�RKOPN=� lE@AJPEP\�@ECEP=HAm��1ErAPPA�E�RKOPNE�@=PE�@AI KCN=q?E�A�E�RKOPNE�EJPANAOOE��5E�

NE?KJKO?APA�EJ�MQAOP=�E@AJPEP\��

n� " KI A� NEPAJAPA� ?DA� &KKCHA� =>>E=� @A?EOK� @E� =PPNE>QENRE� ?E=O?QJK� @E� MQAOPE� EJPANAOOE�� 0Q=HE� @=PE�

LKPNA>>ANK� AOOANA� OP=PE� LNAOE� EJ� ?KJOE@AN=VEKJA�� 0QAOPA� ?=PACKNEA� @E� EJPANAOOE� ?=I>E=JK�

BNAMQAJPAIAJPA�A�OKJK�NE?KNNAJPE��HkEJPANAOOA�LAN�QJ�=JJQJ?EK�=�?QE�OEAPA�=OOK?E=PE�LQa�@APANIEJ=NA�H=�

?=PACKNE=�@E�EJPANAOOE�LAN�=JJQJ?E�EJ�?QE�O=NAPA�EJOANEPE�OQ??AOOER=I AJPA��" KO=�LQa�@EN?E�?Ea�EJ�I ANEPK�

=HH=�LNKqH=VEKJA��

n� " KJ?KN@=PA� ?KJ� =??=@AIE?E� MQ=HE� "DAJAU
+ELLKH@� A� !=OOAPP� ?DA� EJ� MQAOPK� ?=OK� ?E� OE=� QJ=�

OKRN=NE@QVEKJA�@E�E@AJPEP\��/ AN?D_�MQAOP=�^�QJ=�LNAK??QL=VEKJA�@E�?=N=PPANA�APE?K��

n� $PE?=I AJPA��EILKNP=�@E�LEb�OA�MQAOPE�LNKqHE�?=LP=JK�E�RKOPNE�EJPANAOOE�lCEQOPEm�K�lO>=CHE=PEm��

n� &AJANA�A�N=VV=�ORKHCKJK�QJ�NQKHK�JAH�IK@K�EJ�?QE�OEAPA�APE?DAPP=PE��"KI A�RE�B=�OAJPENA��

0QAOP=�=PPEREP\�^�OP=P=�PN=PP=�A�=@=PP=P=�@=�!78AG<GL	�� 7I8EG<F<A:	�4A7��?: BE<G; @<6�,4E:8G<A:��'E� BJ�

�&BG��GB�,4E:8G�0BHE�\!784?�-F8E]�A�LQ>>HE?=P=�?KJ�HE?AJV=����� 0�& ���� 
 ����

� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

	�

https://creativecommons.org/licenses/by-nc/4.0/


+A�APE?DAPPA�?DA�&KKCHA�?E�=PPNE>QEO?A��I=O?DEK��BAIIEJ=��CEKR=JA�K�RA??DEK��JKJ�D=JJK�JQHH=�

=�?DA�RA@ANA�?KJ�HA�JKOPNA�E@AJPEP\��E�JKOPNE�>EOKCJE�K�E�JKOPNE�R=HKNE��4J=�LANOKJ=�LQa�=LL=NENA�

@E� OAOOK� I=O?DEHA� OA� ?KJOQHP=� @APANIEJ=PE� OEPE� SA>� �LAN� AOAILEK� @E� JACKVE� @E� BANN=IAJP=	� A�

=?MQEOP=� @APANIEJ=PE� =NPE?KHE� �� (H� CEKNJK� OQ??AOOERK� MQAOPK� EJ@ERE@QK� LNAOQJPK� ?KIA� @E� OAOOK�

I=O?DEHA�LQa�AOOANA�?KJOE@AN=PK�@E�OAOOK�BAIIEJEHA�OA�H=�OQ=�=PPEREP\�K�HA�=PPEREP\�@E�QJ�IEHEKJA�@E�

=HPNE�AOOANE�QI=JE�?DA�D=JJK�?KJPNE>QEPK�=HH=�@APANIEJ=VEKJA�@E�?KO=�BKOOA�QJ�?KILKNP=IAJPK�

?KJOE@AN=PK�I=O?DEHA�@KRAOOANK�?=I>E=NA��

2R=NE=PA�OK?EAP\�?E�D=JJK�=PPNE>QEPK�@AHHA�E@AJPEP\�?KILHAP=IAJPA�@ERANOA�OQHH=�>=OA�@E�?Ea�

?DA�EJPANAOO=�=�HKNK��

+K�OPAOOK�=??=@A�=E�JKOPNE�OPQ@AJPE�MQ=J@K�EJPAN=CEO?KJK�?KJ�OKBPS=NA�@E�=LLNAJ@EIAJPK�

LANOKJ=HEVV=PK�A�OKJK�OKPPKLKOPE�=HHk=J=HEOE�@AHHk=LLNAJ@EIAJPK��+=�HKNK�E@AJPEP\�@ECEP=HA��HA�HKNK�

LNAOP=VEKJE��EH�HKNK�EILACJK�A�H=�HKNK�OK@@EOB=VEKJA�� ?KO`�?KIA�EJPANLNAP=PE�@=�MQAOPE�OEOPAIE��

OKJK�LKE�QPEHEVV=PE�LAN�R=HQP=NA�JKJ�OKHK�HA�HKNK�LNAOP=VEKJE��I=�=J?DA�MQAHHA�@AE�HKNK�?KIL=CJE�

@E�OPQ@E��EJOACJ=JPE��O?QKHA�A�@AH�OEOPAI=�@E@=PPE?K�OPAOOK� ��

/ AN?D_�MQAOPK�?KOPEPQEO?A�QJ�LNK>HAI=��

��� 0QAOPE�LNKqHE�OLAOOK�OKJK�?NA=PE�OQHH=�>=OA�@E�@=PE�@EOPKNPE�A�O?KNNAPPE�LNKRAJEAJPE�@=�

OR=NE=PA�BKJPE�A�LKOOKJK�NERAH=NOE�IKHPK�BQKNRE=JPE� ��

��� 0QAOPA�E@AJPEP\�@ECEP=HE�LKOOKJK�?=I >E=NA�EH�IK@K�EJ�?QE�QJK�OPQ@AJPA�RA@A�O_�OPAOOK�A�

CHE�=HPNE��EJ�?QE�CHE�EJOACJ=JPE�RA@KJK�?E=O?QJK�OPQ@AJPA��EJ�?QE�EH�OEOPAI=�RA@A�?E=O?QJ�

EJOACJ=JPA��EJ�?QE�H=�OK?EAP\�RA@A�HkEOPNQVEKJA�A�H=�LA@=CKCE=�A�EJ�?QE�KCJQJK�NA=CEO?A�=�

@A?EOEKJE�A�BAA@>=?G� ��

��� $LLQNA�MQAOPE�CEQ@EVE�OQ�?DE�OE=�MQ=H?QJK�OKJK�B=PPE�OAJV=�?DA�JA�OE=�=�?KJKO?AJV=�A�HK�

=QPKNEVVE�@=�>H=?G�>KT�=�?QE�JAOOQJK�D=�=??AOOK��2LAOOK�JKJ�RE�^�?KJPNKHHK�OQ�MQ=HE�@=PE�

OE=JK�NACEOPN=PE��@KRA�A�MQ=J@K�OE=JK�NACEOPN=PE�A�OQ�?KIA�HA�@A?EOEKJE�OE=JK�=OOQJPA�

>=O=J@KOE�OQ�@E�AOOE��� ��

2PQ@AJPE�A�EJOACJ=JPE�LAN@KJK�EH�LNKLNEK�LKPANA�@E�AOLNAOOEKJA�A�EH�LNKLNEK�HE>ANK�=N>EPNEK��

��� 0QAOPE�@=PE�A�MQAOPE�CEQ@EVE�PAJ@KJK�=�LANI=JANA�?KIA�@=PE�=N?DERE=PE�LAN�HQJCK�PAILK�

@KLK�?DA�HkARAJPK�NACEOPN=PK�^�PN=O?KNOK� ��

��� +K�OPNAOO�EJ@KPPK�@=E�L=N=IAPNE�?KJ�E�MQ=HE�OPQ@AJPE��EJOACJ=JPE�A�LANOKJ=HA�OKJK�

?KOP=JPAIAJPA�R=HQP=PE��N=pNKJP=PE�A�?H=OOEq?=PE��LQa�EJ@QNNA�NA=VEKJE�?KIA�=JOE=�A�

?KI LAPEPEREP\�EJRA?A�?DA�I KPER=VEKJA�A�?NAO?EP=� ��

� �� 5 EAJA�=PPNE>QEP=�QJkEI LKNP=JV=�I=CCEKNA�=@�=OLAPPE�@AHHkEOPNQVEKJA�?DA�LKOOKJK�AOOANA�

=QPKI=PE?=I AJPA�?=PPQN=PE�A�=J=HEVV=PE�A@�AOOE�EJ@Q?KJK�=@�AOEPE�A�LN=PE?DA�@ERANOE�@=�

MQAHHE�?DA�LAN�JKE�EJRA?A�LKPNA>>ANK�=RAN�EILKNP=JV=��

� �� +A�KNC=JEVV=VEKJE�?DA�ApAPPQ=JK�H=�l@=PEq?=VEKJAm�D=JJK�EH�LKPANA�@E�OP=>EHENA�X?KO=�

j?KJP=k�EJ�PANIEJE�@E�EOPNQVEKJA�@E�MQ=HEP\��I ANEPK�@ACHE�OPQ@AJPE�K�R=HE@EP\�@ACHE�

EJOACJ=JPEY� ��

� 
 � � � � � � � � � � � � 
 � � �

	�



&HE�AOLANPE�OQCCANEO?KJK�=CHE�EJOACJ=JPE�@E�=OOQIANA�@AHHA�?KJPNKIEOQNA��AHAJ?=PA�@E�OACQEPK��

��� " KJOE@AN=NA�HA�LANOKJA��H=�HKNK�E@AJPEP\��H=�HKNK�EJPACNEP\�A�H=�HKNK�@ECJEP\��X RRE?EJ=NOE�

=HHA�LANOKJA�EJ�IK@K�NEOLAPPKOK�@AH�HKNK�R=HKNA�EJPNEJOA?K�A�JKJ�?KI A�=�QJ�KCCAPPK�@E�

@=PE�K�=�QJ�IAVVK�LAN�N=CCEQJCANA�QJK�O?KLKY���+A�LANOKJA�JKJ�OKJK�OKHK�@=PE��

HkAPE?DAPP=�?DA�QJ�OKBPS=NA�LKPNA>>A�=PPNE>QENA�=CHE�OPQ@AJPE�LAN�LANOKJ=HEVV=NA�E�

LAN?KNOE�@E�=LLNAJ@EIAJPK�K�LAN�@ERE@ANHE�EJ�CNQLLE�JKJ�^�H=�HKNK�RAN=�E@AJPEP\���

��� " KJKO?ANA�E�@=PE��EIL=N=NA�?KIA�I=J ACCE=NHE�?KNNAPP=IAJPA��(I L=N=NA�?KO=�B=JJK�E�

@ERANOE�OEOPAIE�@E�@=PE��?KIA�HK�B=JJK��MQ=H�^�EH�HKNK�QOK�?KJOECHE=PK�A�?KIA�EJPANLNAP=NA�

HA�EJBKNI=VEKJE�?DA�AOOE�CAJAN=JK�A�HA�@A?EOEKJE�?DA�=OOQIKJK��

��� ,=J PAJANA�QJ=�@EOP=JV=�?NEPE?=�@=�OK?EAP\�A�OKBPS=NA�@E� ($#��LKNNA�EJ�@EO?QOOEKJA�HA�

HKNK�=pANI=VEKJE��?DEA@ANA�LNKRA�@AHH=�HKNK�R=HE@EP\�A�@AHH=�HKNK�=s@=>EHEP\��RANEq?=NA�

?DA�EH�OEOPAI=�OE�=PPAJC=�=HHA�HEJAA�CQE@=�APE?DA�@AH�LNKLNEK�EOPEPQPK�A�@AH�LNKLNEK�/=AOA� ��

��� , KJEPKN=NA�CHE�ApAPPE�?DA�MQAOPE�OEOPAIE�D=JJK�OQ�@E�O_��OQE�LNKLNE�OPQ@AJPE��OQH�HKNK�

=LLNAJ@EIAJPK�A�OQHHk=PI KOBAN=�EJ�=QH=��

��� $OECANA�OEOPAIE�=LANPE�?DA�LANIAPP=JK�@E�?KJPNKHH=NA�A�JKJ�LNAJ@ANA�EJ�?KJOE@AN=VEKJA�

@A?EOEKJE�=OOQJPA�EJ�=QPKI=PE?K��%=NOE�OAJPENA��?DEA@ANA�OLEAC=VEKJE�K�ECJKN=NA�KQPLQP�

KCJEMQ=HRKHP=�A�H=@@KRA�OA�JA�=RRANP=�H=�JA?AOOEP\��

�  *=J P��3���!78AG<GL	�� 7I8EG<F<A:	�4A7��?: BE<G; @<6�,4E:8G<A:��'E� BJ��&BG��GB�,4E:8G�0BHE�\!784?�-F8E�]�

,(3�" =OA�2PQ@EAO�EJ�2K?E=H�=J@�$PDE?=H�1AOLKJOE>EHEPEAO�KB�"KI LQPEJC���� ���
�  "D AJAU
+ELLKH@��)���68�� E8�� 4G4���?: BE<G; @F�4A7�G;8�%4><A:�B9�'HE��<:<G4?�+8?I8F	�-84�/ NAOO��

�� ���
�  6 EHHE=IOKJ��!���!= UJA��2���2D=U��2���, ;8�74G4`64G<BA�B9�G846;<A:�<A� <:;8E��7H64G<BA��6E<G<64?�

<FFH8F�4A7�C8EFC86G<I8F��3A=?DEJC�EJ�'ECDAN�$@Q?=PEKJ����������� 
� ������ ���
�� * AHHADAN��)�# ��3EANJAU��! ��� 4G4�+6<8A68��,(3�/ NAOO��+KJ@KJ���� �� ��
��$PDE?=H�CQE@AHEJAO�KJ�PDA�QOA�KB�=NPEq?E=H�EJPAHHECAJ?A�=J@�@=P=�EJ�PA=?DEJC�=J@�HA=NJEJC�BKN�

A@Q?=PKNO��$QNKLA=J�" KIIEOOEKJ��.? PK>AN������

� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

	�

https://scalar.usc.edu/works/artificial-intelligence-for-teachers/%20https://mit-serc.pubpub.org/pub/identity-advertising-and-algorithmic-targeting
https://education.ec.europa.eu/news/ethical-guidelines-on-the-use-of-artificial-intelligence-and-data-in-teaching-and-learning-for-educators
https://education.ec.europa.eu/news/ethical-guidelines-on-the-use-of-artificial-intelligence-and-data-in-teaching-and-learning-for-educators


D	 S�

�30$-'.+�%0/�+�&#5+B�13')+ 6&+;+�'�
+.1#3;+#-+ 5J�

4J�>E=O�^�QJ�LNACEQ@EVEK�JAE�?KJBNKJPE�@E�QJkE@AJPEP\�K�QJ=�@EIKOPN=VEKJA�@E�=RRANOEKJA�RANOK�

@E�AOO=��EJ�LKOEPERK�K�EJ�JAC=PERK��EJPAJVEKJ=HIAJPA�K� IAJK��� +kEI L=NVE=HEP\� ^�EH�?KJPN=NEK�@AH�

LNACEQ@EVEK�A�MQ=H?KO=�EJ�LEb��^�PN=PP=NA�?DEQJMQA�?KNNAPP=IAJPA�EJ@ELAJ@AJPAIAJPA�@=HH=�OQ=�

E@AJPEP\�A�@=HH=�OQ=�OEPQ=VEKJA��/ AN�=RANA�H=�?ANPAVV=�?DA�KCJQJK�OE=�PN=PP=PK�?KJ�AMQ=JEIEP\�A�REC=�

QJ�=??AOOK�L=NEP=NEK�=HHA�KLLKNPQJEP\�@ARKJK�AOOANA�EILKOP=PE�A�NEOLAPP=PE�@AE�LNK?AOOE�?DE=NE���

2EOPAIE� >=O=PE� OQHHk=CENA� QI=JK� OLAOOK� I=JEBAOP=JK� QJ=� JKPARKHA� @KOA� @E� LNACEQ@EVEK� A�

@EO?NEIEJ=VEKJA� @=H� IKI AJPK� ?DA� ?E=O?QJ� EJ@ERE@QK� D=� QJ� LNKLNEK� AO?HQOERK� EJOEAI A� @E�

KLEJEKJE�A�@E�LNACEQ@EVE�� J?DkAOOE�OKJK�@AHHA�>H=?G�>KT�HA�?QE�@A?EOEKJE��?KIA�EH�IK@K�EJ�?QE�

R=HQP=JK�E�BKCHE�@E�NEOLKOP=��LKOOKJK�NERAH=NOE�@Es?EHE�@=�?KILNAJ@ANA�� >>E=IK�LANa�OREHQLL=PK�

@AHHA�OPN=PACEA�A�?NA=PK�@AHHA�OPNQPPQNA�LAN�LNAOP=NA�=PPAJVEKJA�=�MQAOPA�LN=PE?DA�A� IAPPANHA�EJ�

@EO?QOOEKJA��

3=HRKHP=�OE�LQ>>HE?EVV=JK�E�OEOPAIE�=QPKI=PEVV=PE�?KIA�H=�L=J=?A=�=HH=�OKCCAPPEREP\�QI=J=��

CHE�=HCKNEPIE�OKJK�>=O=PE�OQ�JQI ANE��?KIA�LKOOKJK�=RANA�@AE�LNACEQ@EVE��#ACHE�=HCKNEPIE�>=O=PE��

PN=�HA�=HPNA�?KOA��OQ�@=PE�LK?K�=s@=>EHE��LKOOKJK�JKJ�OKHK�N=??KCHEANA�A�=LLNAJ@ANA�@AE�LNACEQ@EVE�

AOEOPAJPE� ?KJ?ANJAJPE� CAJANA�� N=VV=�� ?QHPQN=� K� @EO=>EHEP\�� I=� =@@ENEPPQN=� =ILHEq?=NHE����� ��  �

LACCEKN=NA�H=�OEPQ=VEKJA��=J?DA�OA�AOOE�JKJ�OKJK�>HK??=PE�EJ�OEOPAIE�?DEQOE�A�LNKLNEAP=NE�� JKJ�

LKOOKJK�AOOANA�EJPANNKC=PE�LAN�OLEAC=NA�HA�LNKLNEA�=VEKJE�LAN�RE=�@E�QJ=�EJPNEJOA?=�I=J?=JV=�@E�

OLEAC=>EHEP\�LNKLNE=�@E�=H?QJE�OEOPAIE�?KIA�MQAHHE�>=O=PE�OQHHA�NAPE�JAQN=HE�LNKBKJ@A��

�4'.1+�&+�13')+ 6&+;+�+/5'3'44#/5+�+�4+45'.+�%*'�#11-+%#/0�- I�
��4'.1+�&+�13')+ 6&+;+�+/5'3'44#/5+�+�4+45'.+�%*'�#11-+%#/0�- I�
�

#-- I+4536;+0/'�#-- I+4536;+0/'�

��� 0Q=J@K�E�LNKCN=II=PKNE�?K@Eq?=JK�@AE�OEOPAIE�>=O=PE�OQ�NACKHA��LKOOKJK�EJOANENA�

LNACEQ@EVE�A�OPANAKPELE�LANOKJ=HE�=HHkEJPANJK�@AH�OEOPAI=���

��� 4J�=HCKNEPI K�>=O=PK�OQ�@=PE�LQa�?KJ?HQ@ANA�@E�JKJ�LNKLKNNA�QJ�LAN?KNOK�@E�?=NNEAN=�EJ�

=I >EPK�23$,�LAN�N=C=VVA�LAN�RE=�@AH�B=PPK�?DA�HA�OPQ@AJPAOOA�=LL=EKJK�EJ�JQI ANK�

IEJ KNA�JACHE�EJOEAIE�@E�@=PE�NAH=PERE�=E�H=QNA=PE�EJ�I=PANEA�23$,��(H�B=PPK�?DA�RE�OE=JK�

� 
 � � � � � � � � � � � � 
 � � �

		



I AJK�@KJJA�I= PAI=PE?DA�^�@KRQPK�=�OPANAKPELE�A�JKNIA�OK?E=HE�AOEOPAJPE�K�^�@KRQPK�=@�

=H?QJA�LNKLNEAP\�EJPNEJOA?DA�=HHk=LL=NPAJAJV=�=H�OAOOK�BAIIEJEHA��&HE�=HCKNEPIE�JKJ�

D=JJK�H=�?=L=?EP\�@E�@EOPEJCQANA�PN=�HA�@QA�OEPQ=VEKJE��#=H�IKI AJPK�?DA�E�@=PE�AOEOPAJPE�

NErAPPKJK�@ACHE�OPANAKPELE�AOEOPAJPE��CHE�=HCKNEPIE�=@@AOPN=PE�OQ�@E�AOOE�NALHE?=JK�@AHHA�

@EOQCQCHE=JVA�A�@AHHA�@EJ=IE?DA�OK?E=HE�AOEOPAJPE� ��(JKHPNA��OA�OE�=@KPP=OOANK�P=HE�

N=??KI=J @=VEKJE��LEb�N=C=VVA�O?ACHEANA>>ANK�@E�OPQ@E=NA�I=PANEA�JKJ
23$,�A�E�J QKRE�

@=PE�HK�NErAPPANA>>ANK��OE�RANEq?DANA>>A�QJ�?=OK�@E�QJ=�LNKBAVE=�?DA�OE�=QPK=RRAN=� ��

��� &HE�OPQ@AJPE�=LL=NPAJAJPE�=�QJ=�?QHPQN=�OKPPKN=LLNAOAJP=P=�JAHHA�OANEA�@E�@=PE�@E�

=@@AOPN=IAJPK�LKPNA>>ANK�=RANA�O?DAIE�?KI LKNP=IAJP=HE�A�IK@E�@EpANAJPE�LAN�

I KOPN=NA�H=�LNKLNE=�IKPER=VEKJA��" KI A�?=H?KHANA>>A�E�L=N=IAPNE�EJANAJPE�=�HKNK�

QJk=J=HEOE�@AHHk=LLNAJ@EIAJPK��2A�E�@=PE�JKJ�OKJK�N=LLNAOAJP=PERE�@E�PQPPA�HA�?=PACKNEA�

@E�OPQ@AJPE��E�OEOPAIE�=@@AOPN=PE�OQ�MQAOPE�@=PE�LKPNA>>ANK�LAJ=HEVV=NA�H=�IEJKN=JV=�HA�

?QE�PAJ@AJVA�?KILKNP=IAJP=HE�JKJ�OKJK�?Ea�?DA�EH�LNKCN=II=�AN=�OP=PK�KPPEIEVV=PK�=�

LNAIE=NA��2A�JKJ�OE=IK�=PPAJPE��CHE�=HCKNEPIE�@E�=LLNAJ@EIAJPK�CAJAN=HEVVAN=JJK�

>=O=J@KOE�OQHH=�?QHPQN=�I=CCEKNEP=NE=��LKNP=J@K�=�AHAR=PA�LAN?AJPQ=HE�@E�ANNKNA�LAN�

MQ=JPK�?KJ?ANJA�E�CNQLLE�IEJKNEP=NE�� ���#A?EOEKJE�@E�P=H�CAJANA�LKPNA>>ANK�O?KN=CCE=NA�

MQ=JPE�LKPNA>>ANK�=LLKNP=NA�@ERANOEP\��?NA=PEREP\�A�@KPE�QJE?DA�A�MQ=JPE�D=JJK�

AOLANEAJVA��EJPANAOOE�A�IKPER=VEKJE�@ERANOE� ��

��� 4J K�OPQ@AJPA�@E�KNECEJA�>NEP=JJE?=�CEQ@E?=PK�@=�QJ�OKBPS=NA�@E�?KNNAVEKJA�PAIE�

OP=PQJEPAJOA�O=NA>>A�LAJ=HEVV=PK�LAN�RE=�@E�MQAHHE�?DA�RANNA>>ANK�?KJOE@AN=PE�ANNKNE�@E�

KNPKCN=q=��+=�HEJCQ=�HK?=HA��R=NE=VEKJE�@E�KNPKCN=q=�A�=??AJPK��H=�CAKCN=q=�A�H=�?QHPQN=�

HK?=HE�O=N=JJK�OAILNA�QJkEJOE@E=�LAN�OEOPAIE�E@A=PE�A�=@@AOPN=PE�LAN�=HPNE�/=AOE�A�=HPNE�

?KJPAOPE��

���  H?QJE�EJOACJ=JPE�LAJ=HEVV=JK�@AHHA�BN=OE�?KIQJE�=�QJ=�?=PACKNE=�K�=�QJ=�VKJ=��

?KJO?E=IAJPA�K�LAN�RE=�@E�=OOK?E=VEKJE�OK?E=HE�REVE=PA�@=�LNACEQ@EVE��2A�QJ�OKBPS=NA�LAN�

H=�R=HQP=VEKJA�@E�PAIE�OE�BKNI=�OQ�PAIE�R=HQP=PE�@=�MQAOPE�EJOACJ=JPE�=LLHE?DAN\�E�

I A@AOEIE�LNACEQ@EVE��

� �� (�OEOPAIE�@E�=LLNAJ@EIAJPK�=QPKI=PE?K�JA?AOOEP=JK�@E�QJ�P=NCAP�R=NE=>EHA�A�@E�R=HKNE�

EJ@E?=PERE�LAN�AOOANA�KPPEIEVV=PE��2QLLKJE=IK�?DA�@AE�NEOQHP=PE�@E�PAOP�@AHH=�O?QKH=�

OA?KJ@=NE=�OE=JK�OP=PE�QPEHEVV=PE�?KIA�R=HKNE�EJ@E?=PERE�@AE�IANEPE�=??=@AIE?E��(�OEOPAIE�

KN=�O=N=JJK�=@@AOPN=PE�AO?HQOER=I AJPA�LAN�IECHEKN=NA�O?DAIE�?KI L=PE>EHE�?KJ�OPQ@AJPE�

?DA�KPPAJCKJK�>QKJE�NEOQHP=PE�EJ�OEPQ=VEKJE�@E�OPNAOO�A�JAE�NEOPNAPPE�?KJPAOPE�@AHHA�=QHA�

@kAO=IA��2=N=JJK�E�NEOQHP=PE�@AE�PAOP��A�JKJ�HA�?KJKO?AJVA�?KILHAOOERA��?DA�MQAOPE�

OEOPAIE�?AN?DAN=JJK�@E�KPPEIEVV=NA�?KJOECHE=J@K�NEOKNOA�A@�AOAN?EVE�=CHE�OPQ@AJPE�� J?DA�

OA�?Ea�LKPNA>>A�R=HANA�EJ�IKHPA�=QHA�=H�IKI AJPK��Hk=LLNK??EK�PN=@EVEKJ=HA�NAJ@A�=HIAJK�

LKOOE>EHA�BKNIQH=NA�IKHPALHE?E�K>EAPPERE� ��

� �� (�OEOPAIE�@E�=LLNAJ@EIAJPK�=@=PPERK�OQCCANEO?KJK�=CHE�OPQ@AJPE�@AHHA�NEOKNOA�LAN�LKNNA�

NEIA@EK�=�H=?QJA�JAHHA�?KILAPAJVA�K�JAHHA�?KJKO?AJVA��2A�MQAOPA�NEOKNOA�@ARKJK�AOOANA�

=?MQEOP=PA�K�JA?AOOEP=JK�@E�QJ=�?KJJAOOEKJA�@KI AOPE?=�=�(JPANJAP��?Ea�JKJ�^�?KNNAPPK�

JAE�?KJBNKJPE�@E�MQACHE�OPQ@AJPE�?DA�JKJ�D=JJK�CHE�OPNQIAJPE�LAN�IAPPANA�EJ�LN=PE?=�E�

� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

DTT



?KJOECHE��X)H4 A7B�HA�4?:BE<G@B�7Q�78: ?<�FCHAG<	�FH::8E<F68�C4FF<�FH668FF<I<�B�E<FBEF8�4�HAB�

FGH78AG8	�7B55<4@B�I8E<`64E8�F8�?[4<HGB�9BEA<GB�ABA�R�<@C4EM<4?8�74?�@B@8AGB�6;8�HA�:EHCCB�

F<FG8@4G<64@8AG8�ABA�BGG<8A8�HA�4<HGB�HG<?8	�6BF4�6;8�6BFG<GH<F68�HA4�7<F6E<@<A4M<BA8Y� ��

� �� (H�?KJ?APPK�@E�LANOKJ=HEVV=VEKJA�@AHHkEOPNQVEKJA�?KJBKNIAI AJPA�=HHk=PPQ=HA�HERAHHK�@E�

?KJKO?AJVA�A�=E�CQOPE�@AH�IKI AJPK�@E�QJK�OPQ@AJPA�LKPNA>>A�EJ�O_�?KOPEPQENA�QJ�

LNACEQ@EVEK���- KJ�OPE=IK�BKNOA�=J?DA�EILA@AJ@K�=�MQAOPK�OPQ@AJPA�@E�AOLHKN=NA�JQKRE�

EJPANAOOE�A�JQKRA�=HPANJ=PERA��(H�JKOPNK�=LLNK??EK�HK�NAJ@ANA>>A�I KJK@EIAJOEKJ=HA��

NE@Q?AJ@KJA�?KILAPAJVA�A�?KJKO?AJVA�?KILHAOOERA�A�Hk=??AOOK�=HHA�KLLKNPQJEP\��

 

l#= P=�=J@�=HCKNEPDIE?�>E=O�EJ�PDA�SA>m�@E�FAJJU?D=I QT�^�LQ>>HE?=PK�?KJ�HE?AJV=�""�! 8��� � ��/ AN�REOQ=HEVV=NA�QJ=�?KLE=�

@E�MQAOP=�HE?AJV=��REOEP=NA��DPPLO���?NA=PERA?KII KJO�KNC�HE?AJOAO�>U��� � ��NAB�KLAJRANOA��

" KO=� LKOOKJK� B=NA� CHE� EJOACJ=JPE� LAN� NE@QNNA� CHE� ApAPPE� LNK@KPPE� @=E� LNACEQ@EVE� EJOEPE� JAHHk( �

=LLHE?=P=�=HHkEOPNQVEKJA��

(�NE?AN?=PKNE�OP=JJK�?KOP=JPAIAJPA�LNKLKJAJ@K�A�=J=HEVV=J@K� I K@E�@ERANOE�LAN�NE@QNNA�E�

LNACEQ@EVE�� -KJ� PQPPE� E� IAPK@E� LANa� OKJK� OAILHE?E� @=� =LLHE?=NA�� .HPNA� =� ?Ea�� HkEI L=NVE=HEP\� ^�

MQ=H?KO=�@E�IKHPK�LEb�?KI LHAOOK�@AHH=�IEPEC=VEKJA�@AE�LNACEQ@EVE��

/ AN� AOAILEK�� OA� E� @=PE� AOEOPAJPE� OKJK� LEAJE� @E� OPANAKPELE��N455<4@B� ?[B55?<:B� 7<� @8GG8E8� <A�

7<F6HFF<BA8�<�74G<�8�7<�CEB:E4@@4E8�<�ABFGE<�F<FG8@<�<A�@B7B�6;8�F<�6BA9BE@<AB�7<E8GG4@8AG8�4�HA�6BA68GGB�

7<� 6B@CBEG4@8AGB� 8DHB	� <A7<C8A78AG8@8AG8� 74?� 94GGB� F8� 6<U� F<4� FHCCBEG4GB� B� @8AB� 74<� 74G<� 7<� 6H<�

� 
 � � � � � � � � � � � � 
 � � �

DTD

https://creativecommons.org/licenses/by/2.0/?ref=openverse


4GGH4?@8AG8�7<FCBA<4@B�O� ��(�I APK@E�OKJK�OAILNA�?KJrECCAJPE�A�?KJPN=LLKOPE�A�=H?QJE�EJPANRAJPE�

I AOOE�EJ�=PPK�LAN�=NCEJ=NA�QJ�PELK�@E�LNACEQ@EVEK�JA�LKOOKJK�CAJAN=NA�QJ�=HPNK��

#QJMQA��?KO=�LKOOKJK�B=NA�CHE�EJOACJ=JPE��

��� / KNNA�@KI=J @A�=HHA�OK?EAP\�RAJ@EPNE?E��LNEI=�@E�=@KPP=NA�QJ�OEOPAI=� ($#��?DEA@ANA�

MQ=HE�PELE�@E�EJOEAIE�@E�@=PE�OKJK�OP=PE�QO=PE�LAN�=@@AOPN=NA�EH�OEOPAI=��@KRA��@=�?DE�A�LAN�

?DE�EH�OEOPAI=�^�OP=PK�?KJ?ALEPK�A�E@A=PK�A�?KIA�^�OP=PK�R=HQP=PK��

��� - KJ�=??APP=NA�L=OOER=I AJPA�E�L=N=IAPNE�?DA�RAJCKJK�HKNK�RAJ@QPE��4J=�LNA?EOEKJA�

?KI LHAOOER=�@AH��@E?E=IK��l���@E�ANNKNAm�LKPNA>>A�?AH=NA�EH�B=PPK�?DA�QJ�I K@AHHK�

BQJVEKJ=�I=HEOOEIK�LAN�QJ�CNQLLK�IEJKNEP=NEK� ��

��� +ACCANA�H=�@K?QIAJP=VEKJA��MQ=HE�IEOQNA�OKJK�OP=PA�=OOQJPA�LAN�NEHAR=NA�A�?KJPN=OP=NA�E�

LNACEQ@EVE�A�=CENA�EJ�IK@K�EIL=NVE=HA���

��� .PPAJANA�EJBKNI=VEKJE�OQCHE�OREHQLL=PKNE��OKJK�QJE?=I AJPA�@ACHE�AOLANPE�@E�EJBKNI=PE?=�

KLLQNA�=J?DA�@AE�NE?AN?=PKNE�JAH�?=ILK�@AHH=�@E@=PPE?=�A�@ACHE�EJOACJ=JPE�OKJK�OP=PE�

?KEJRKHPE�EJ�PQPPA�HA�B=OE�@AH�LNK?AOOK��(H�OEOPAI=�OE�>=O=�QJE?=I AJPA�OQHHk=LLNAJ@EIAJPK�

=QPKI=PE?K�K�RE�OKJK�OP=PA�EJPACN=PA�PAKNEA�A�LN=PE?DA�@E�=LLNAJ@EIAJPK� ��

��� / NABANENA�IK@AHHE�@E�=LLNAJ@EIAJPK�PN=OL=NAJPE�A�=LANPE�?DA�?KJBANEO?KJK�H=�B=?KHP\�@E�

ECJKN=NA�@AHHA�@A?EOEKJE���I KHPE�IK@AHHE�@E�( �=LLHE?=P=�=HHkEOPNQVEKJA�D=JJK�QJ=�

OPNQPPQN=�rAOOE>EHA��EJ�?QE�EH�@K?AJPA��K�=J?DA�EH�@EO?AJPA��LQa�?KJPNKHH=NA�H=�@A?EOEKJA�

@AHH=�I=??DEJ=��?DEA@ANA�OLEAC=VEKJE�EJ�LNKLKOEPK�KLLQNA�ECJKN=NH=�PKP=HIAJPA��

� �� 5 ANEq?=NA�Hk=??AOOE>EHEP\�@AH�LNK@KPPK��^�=??AOOE>EHA�@=�?DEQJMQA�=HHK�OPAOOK�IK@K��

OKLN=PPQPPK�LAN�E�@EO?AJPE�?KJ�@EO=>EHEP\�K�L=NPE?KH=NE�AOECAJVA�@E@=PPE?DA���

� �� %=NA�=PPAJVEKJA�=CHE�ApAPPE�LNK@KPPE��P=JPK�=�HQJCK�MQ=JPK�=�>NARA�PANIEJA��@=HHkQOK�@E�

QJ=�PA?JKHKCE=�OQE�LNKLNE�OPQ@AJPE�A�EJ�?H=OOA�A@�AOOANA�LNKJPE�=�KpNENA�=OOEOPAJV=�

MQ=J@K�JA?AOO=NEK��

- KJKOP=JPA� MQAOPE� LNK>HAIE� HAC=PE� =HH=� PA?JKHKCE=� >=O=P=� OQHHk( �� ?E� OKJK� N=CEKJE� LAN� AOOANA�

KPPEIEOPE�NECQ=N@K�=H�BQPQNK�@AH�OQK�EILEACK�JAH�OAPPKNA�@AHHkEOPNQVEKJA��

n� ?KJ�Hk=QI AJPK�@AHH=�?KJO=LARKHAVV=�NAH=PER=�=�MQAOPE�PAIE��OE�OKJK�B=PPA�NE?AN?DA�OQE�

I APK@E�LAN�EJ@ERE@Q=NA�A�?KNNACCANA�E�LNACEQ@EVE�A�OE�OKJK�OLANEIAJP=PE�MQAOPE�IAPK@E��

n� (�OEOPAIE�>=O=PE�OQHHA�NACKHA�A�MQAHHE�>=O=PE�OQE�@=PE�?KJ�QJ�?ANPK�CN=@K�@E�OLEAC=>EHEP\�

B=JJK�AI ANCANA�LNACEQ@EVE�J=O?KOPE�JAHHA�LN=OOE�@E@=PPE?DA�AOEOPAJPE��%=?AJ@K?E�

AOLNEIANA�E�JKOPNE�LAJOEANE�A�OLEAC=NA�E�JKOPNE�LNK?AOOE��?E�?KOPNEJCKJK�=�NE?KJPNKHH=NA�E�

BKJ@=IAJPE�@=�?QE�OE=IK�L=NPEPE�A�=�B=NA�LE=VV=�LQHEP=��

n� &N=VEA�=H�LKPAJVE=HA�@E�LANOKJ=HEVV=VKJA�@AE�OEOPAIE�@E�( ��LKOOE=IK�=PP=CHE=NA�IKHPE�

=OLAPPE�@AHH=�@E@=PPE?=��+A�NEOKNOA�LKPNA>>ANK�AOOANA�NAOA�BQJVEKJ=HE�=HHA�?KJKO?AJVA�A�

=HHA�AOLANEAJVA�@E�KCJE�OPQ@AJPA��$OOA�LKPNA>>ANK�LKPAJVE=HIAJPA�EJPACN=NA�HA�?KIQJEP\�

A�EH�L=PNEIKJEK�?QHPQN=HA�HK?=HE�A�OK@@EOB=NA�@AHHA�OLA?Eq?DA�AOECAJVA�=�HERAHHK�HK?=HA� ��

� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

DT�



�  $PDE?=H�CQE@AHEJAO�KJ�PDA�QOA�KB�=NPEq?E=H�EJPAHHECAJ?A�=J@�@=P=�EJ�PA=?DEJC�=J@�HA=NJEJC�BKN�

A@Q?=PKNO��$QNKLA=J�" KIIEOOEKJ��.? PK>AN�������
�  4 �2��#AL=NPIAJP�KB�$@Q?=PEKJ��.s?A�KB�$@Q?=PEKJ=H�3A?DJKHKCU��� EG<`6<4?�!AG8??<:8A68�4A7�

� HGHE8�B9�,846;<A:�4A7�$84EA<A:��!AF<:;GF�4A7�* 86B@@8A74G<BAF��6 =ODEJCPKJ��#"���� ����
��* AHHADAN��)�# ��3EANJAU��! ��� 4G4�+6<8A68��,(3�/ NAOO��+KJ@KJ���� �� ��
�� != NK?=O��2�� �'= N@P��,���- =N=U=J=J�� ��� � 4<EA8FF�4A7�@46;<A8�?84EA<A:�$<@<G4G<BAF�4A7�

' CCBEGHA<G<8F	��
 � � ��
�  ,EH=JK��2���3=@@AK��,���%HKNE@E��+���1A?KII AJ@AN�OUOPAIO�=J@�PDAEN�APDE?=H�?D=HHAJCAO�� (���

2K?������ �� h��� ���� �� ��

� 
 � � � � � � � � � � � � 
 � � �

DT�

https://education.ec.europa.eu/news/ethical-guidelines-on-the-use-of-artificial-intelligence-and-data-in-teaching-and-learning-for-educators
https://education.ec.europa.eu/news/ethical-guidelines-on-the-use-of-artificial-intelligence-and-data-in-teaching-and-learning-for-educators
https://fairmlbook.org/
https://fairmlbook.org/


� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

DT�



� 
��   ���

������
��""
"�����

��� >
�����
�������

8KQ3Q>A�RE�D=�I=E�IKOPN=PK�QJ�RE@AK�NAH=PERK�=�QJ�=NCKI AJPK�=�?QE�OP=R=PA�LAJO=J@K��/ KPNAOPA�

=RANJA�L=NH=PK�?KJ�MQ=H?QJK�K�HAPPK�MQ=H?KO=�OQ�QJ�PAI=�?KNNAH=PK��I=�J KJ�JA�=RAPA�I=E�B=PPK�

NE?AN?=�OQ�8KQ3Q>A��$LLQNA��A??KHK�H̀��JAHHkAHAJ?K�@AE�RE@AK�?KJOECHE=PE��

.�B KNOA�8KQ3Q>A�D=�IAOOK�EJ�ARE@AJV=�QJ�=NCKI AJPK�@E�?QE�JKJ�O=LAR=PA�JQHH=��I=�?DA�KN=�

RE�D=�?KEJRKHPE�PKP=HIAJPA��4J�B=PPK�IAJK�IEOPANEKOK��I=�LEb�OKNLNAJ@AJPA��

� B@8�@4<�?4�C<4GG49BE@4�7<�I<78B�F8@5E4�6BABF68EI<�@8: ?<B�7<�4?6HA<�78<�IBFGE<�4@<6<��

� B@8�E<8F68�4�F8?8M<BA4E8�<�I<78B�<A�:E47B�7<�<AG8E8FF4EI<�GE4�<�6<E64�BGGB68AGB�@<?<BA<�7<�`?@4G<�6;8�

BFC<G4��

P�CBFF<5<?8�94E8�E<6BEFB�4??8�64E4GG8E<FG<6;8�7<�C8EFBA4?<MM4M<BA8�78?�FB9GJ4E8�C8E�4<HG4E8�<�7<F68AG<�4�

<@C4E4E8�@8: ?<B��

)H4?8� CBGE8558� 8FF8E8� <?� `?B� 6;8� HA<F68� 0BH, H58� 8� &8Ga<K	� ?4� E466B@4A74M<BA8� 7<� CEB7BGG<� 7<�

� @4MBA	�� BB: ?8�&8JF	�<?�FH::8E<@8AGB�7<�6BAG4GG<�FH��4685BB>�8�?4�IBFGE4�4H?4��

" KJPEJQ=PA�=�HACCANA�o�

� 
 � � � � � � � � � � � � 
 � � �

DT�



� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

DT�



�T S�

�/#�/05#�46--#�1'340/#-+;;#;+0/'�

�#�1'340/#-+;;#;+0/'�&'-- I#113'/&+.'/50��#�1'340/#-+;;#;+0/'�&'-- I#113'/&+.'/50�

.CJE� EJOACJ=JPA� LANOKJ=HEVV=�

Hk=LLNAJ@EIAJPK��=J?DA�OKHK�=CCEQJCAJ@K�QJ�

AOAILEK� EJ� LEb� K� LNAOP=J@K� =PPAJVEKJA�

EJ@ERE@Q=HA��OA�JA?AOO=NEK��(J�QJ�?ANPK�OAJOK��

HkEJOACJ=IAJPK� OPAOOK� ^� QJ� =PPK� @E�

LANOKJ=HEVV=VEKJA��=�@EpANAJV=��=@�AOAILEK��@E�

QJ=�PAHAREOEKJA�?DA�PN=OIAPPA�QJ=�HAVEKJA��&HE�

EJOACJ=JPE�IK@Eq?=JK�HA�HKNK�HAVEKJE�EJ�IK@K�

?DA�CHE�OPQ@AJPE�LKOO=JK�@=NA�QJ�OAJOK�=�?Ea�

?DA�EIL=N=JK��+E�=EQP=JK�=@�=@=PP=NA�HA�JQKRA�

?KJKO?AJVA�K�=>EHEP\�=�?Ea�?DA�CE\�O=LAR=JK��

=HHA�HKNK�KOOANR=VEKJE�LANOKJ=HE�A�=HHA�HKNK�AOLANEAJVA�OK?E=HE�� EQP=JK�CHE�OPQ@AJPE�=�B=NA�?Ea�?DA�

LKOOKJK�?KJ�MQAHHK�?DA�EIL=N=JK��

(J� PANIEJE� CAJAN=HE�� Hk=LLNAJ@EIAJPK� LANOKJ=HEVV=PK� ?KJOEOPA� JAH� ?NA=NA� =I>EAJPE� A@�

AOLANEAJVA�@E�=LLNAJ@EIAJPK�@ERANOE�LAN�HA�@ERANOA�AOECAJVA��?=L=?EP\�A�?KJPAOPK�?QHPQN=HA�@E�KCJE�

OPQ@AJPA��� - =PQN=HIAJPA��H=�LKNP=P=�A�EH�CN=@K�@E�LANOKJ=HEVV=VEKJA�R=NE=JK��&HE�AOLANPE�D=JJK�

E@AJPEq?=PK�OAE�@EIAJOEKJE�@AHH=�LANOKJ=HEVV=VEKJA��(H�LAN?D_��EH�?KIA��EH�?KO=��EH�MQ=J@K��EH�?DE�A�EH�

@KRA�=RREAJA�Hk=LLNAJ@EIAJPK�  ��

� 
 � � � � � � � � � � � � 
 � � �

DT�



(J@ERE@Q=HEOA@�(JOPNQ?PEKJ�+A=NJEJC�&=EJO�BNKI�$OO=�� ���

 �LKOOE>HA�BQPQNA�BKN�JATP�CAJAN=PEKJ�=@=LPERA�HA=NJEJC�

OUOPAIO��2I=NP�+A=NJEJC�$JRENKJI AJPO����������� �� ��

LQ>>HE?=PK�?KJ�HE?AJV=�""�! 8��� � ��5 EOEP�

DPPLO���?NA=PERA?KII KJO�KNC�HE?AJOAO�>U��� � ��

SSS �LAJI AJ@KJ?=�?KI �� , AJ@KJ?=/AJ��1ALNK@Q?A@�SEPD�

LANIEOOEKJ�BNKI�3A?DJKHKCU
AJD=J?A@�LANOKJ=HEOA@�HA=NJEJC��

QJP=JCHEJC�PDA�ARE@AJ?A��2PQPPC=NP��1K>ANP�!KO?D�2PEBPQJC���� �� ��

(H�PQPKN=CCEK�EJ@ERE@Q=HA�^�EH�OEI>KHK�@AHH=�

LANOKJ=HEVV=VEKJA�� !AJ F=IEJ� !HKKI� D=�

@EIKOPN=PK� JACHE� =JJE� k��� ? DA� HK� OPQ@AJPA�

I A@EK� KPPEAJA� NEOQHP=PE� IECHEKNE� ?KJ� QJ�

PQPKN=CCEK�EJ@ERE@Q=HA��'=�=J ?DA�@EIKOPN=PK�

?DA�Hk=PPAJVEKJA�EJ@ERE@Q=HA�?KHI=�EH�@ER=NEK�

@E� =LLNAJ@EIAJPK� PN=� ?DE� KPPEAJA� LQJPACCE�

=HPE�A�>=OOE��-AHH=�?H=OOA�NA=HA��=J?DA�?KJ�@EA?E�

OPQ@AJPE�� LANOKJ=HEVV=NA� E� ?KJPAJQPE� =�

>AJAq?EK� @E� ?E=O?QJK� LQa� NE?DEA@ANA� QJ�

CN=J@A� OBKNVK�� 4J=� RAN=� LANOKJ=HEVV=VEKJA� ^�

LN=PE?=I AJPA� EILKOOE>EHA��  J ?DA� MQ=J@K�

HkEJOACJ=JPA� O=� ?DA� QJK� OPQ@AJPA� D=� @AHHA�

H=?QJA� JAHHk=LLNAJ@EIAJPK�� LKPNA>>A� JKJ�

AOOANA� EJ� CN=@K� @E� LKNRE� NEIA@EK� LAN�

I=J ?=JV=� @E� PAILK�� #E� ?KJOACQAJV=�� EH� OEOPAI=� LAN@A� ?KJPEJQ=I AJPA� OPQ@AJPE�� =J?DA� ?KJ� EH�

I=OOEIK�EILACJK�@=�L=NPA�@ACHE�EJOACJ=JPE��

� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

DT�

http://www.penmendonca.com/
https://creativecommons.org/licenses/by/4.0/


 � �[�MQE�?DA�H=�PA?JKHKCE=�LQa�@=NA�QJ=�I=JK��


113'/&+.'/50�1'340/#-+;;#50�105'/;+#50�&#--#�5'%/0-0)+#�
113'/&+.'/50�1'340/#-+;;#50�105'/;+#50�&#--#�5'%/0-0)+#�

?� '%*/0-0):?� '%*/0-0):  � �/*#/%'&�/*#/%'&  ��'340/#-+4'&��'#3/+/)@��'340/#-+4'&��'#3/+/)@�

[�LKOOE>EHA�QPEHEVV=NA�H=�PA?JKHKCE=�LAN�LANOKJ=HEVV=NA�EH�LNK?AOOK�@E�=LLNAJ@EIAJPK��OE=�EJ�IEOQN=�

OECJEq?=PER=�OE=�EJ�IEOQN=�NE@KPP=��(J�MQAOPK�?=OK��H=�PA?JKHKCE=�?KILNAJ@A�MQ=HOE=OE�?KO=��@=HHA�

=LLHE?=VEKJE�IK>EHE�=HHA�LE=PP=BKNIA�KJHEJA��qJK�=E�OEOPAIE�@E�=LLNAJ@EIAJPK�=QPKJKIE�� �0QAOPK�

^�LEb�As?=?A�KN=�?DA�HkEJPAHHECAJV=�=NPEq?E=HA��Hk=??AOOK�=E�@=PE��HA�PA?JE?DA�@E�AOPN=VEKJA��EH�?HKQ@�

?KI LQPEJC�A�HkD=N@S=NA�=�LNAVVE�=??AOOE>EHE�D=JJK�NAOK�HA�=LLHE?=VEKJE�LN=PE?DA�A�OAJV=�OKHQVEKJA�

@E�?KJPEJQEP\��

4J=� PA?JKHKCE=� >AJ� LNKCAPP=P=� LQa� =J@=NA� >AJ� KHPNA� Hk=EQP=NA� =� OQLAN=NA� CHE� KOP=?KHE�

I KOPN=PE�OKLN=��2A�EJPACN=P=�JAHHA�HAVEKJE�PN=@EVEKJ=HE��?KIA�?KILEPK�=�?=O=�K�?KIA�?KILEPK�EJ�

?H=OOA�K??=OEKJ=HA��LQa�=EQP=NA�CHE�OPQ@AJPE�=@�=?MQEOENA�A@�AOAN?EP=NA�QJk=>EHEP\�@E�NKQPEJA�� (J�

MQAOPK�IK@K��OE�HE>AN=�EH�PAILK�EJ�?H=OOA�LAN�HkEJPAN=VEKJA��Hk=PPAJVEKJA�LANOKJ=HA�A�H=�NEOKHQVEKJA�

@AE�LNK>HAIE��(JKHPNA��^�LKOOE>EHA�I KJEPKN=NA�?Ea�?DA�=??=@A�@QN=JPA�E�?KILEPE�=�?=O=��KOOANR=J@K�

E�LNKCNAOOE�@ACHE�OPQ@AJPE�A�HA�HKNK�@Es?KHP\� ��

� 
 � � � � � � � � � � � � 
 � � �

DT	



 �R KHPA��LAN�=H?QJA�L=NPE�@E�QJ=�HAVEKJA��QJ�OKBPS=NA�LKPNA>>A�B=NA�QJ�H=RKNK�IECHEKNA��/ AJO=PA�

=HH=�REOQ=HEVV=VEKJA�@AHHA�PNA�@EIAJOEKJE�EJ�I=PAI=PE?=�K�=HH=�LN=PE?=�@AHH=�LNKJQJ?E=�LAN�KCJE�

OPQ@AJPA�@E�QJ=�?H=OOA�@E�HEJCQA��KLLQNA�=�QJk=JEI=VEKJA�?DA�OLEACDE�E�LNK?AOOE�=HHkEJPANJK�@E�QJ=�

?AHHQH=�QI=J=��

"HE??=�MQE�LAN�HA�@AqJEVEKJE�@E�=LLNAJ@EIAJPK�>HAJ@A@�A�@E�=HPNE�PELE�@E�=LLNAJ@EIAJPK��

OLAOOK�@EO?QOOE�EJOEAI A�=HH=�LANOKJ=HEVV=VEKJA��

3QPPA� HA� OKHQVEKJE� @E� EJPAHHECAJV=� =NPEq?E=HA� LAN� HkEOPNQVEKJA� LKOOKJK� AOOANA� QPEHEVV=PA� EJ�

IEOQN=� @ERANO=� LAN� =EQP=NA� =� LANOKJ=HEVV=NA� Hk=LLNAJ@EIAJPK�� (J� MQAOPK� ?=LEPKHK�� @EO?QPE=IK�

HkQOK�@AE�OEOPAIE�@E�=LLNAJ@EIAJPK�=@=PPERE��

��&NKp��)�� ( 8EFBA4?<M87�$84EA<A:� , ;8�+G4G8�B9�G;8�� <8?7���� HGHE8��<E86G<BAF��" AJPAN�BKN�"QNNE?QHQI�

1A@AOECJ���� �� ��
� � 'K HIAO�� 6���  J=OPKLKQHKQ�� 2��� 2?D=QI >QNC�� '� �� ,= RNEGEO�� ,�	� , 86; AB?B:L
8A;4A687�

C8EFBA4?<F87�?84EA<A:��HAG4A:?<A:�G;8�8I<78A68	 2PQPPC=NP��1K>ANP�!KO?D�2PEBPQJC���� �� ��
�  %AH@OPAEJ�� ,�� 'EHH�� /��� ( 8EFBA4?<M87� $84EA<A:�� / ;4G� !G� *84??L� !F� 4A7� / ;L� !G� *84??L�

%4GG8EF	 $@Q?=QOA�1AREAS	��� �� ��
�  3=UHKN��# ���8AQJC�� ,��� !=ODAP��  �9��  ( 8EFBA4?<M87�4A7� � 74CG<I8�$84EA<A:�� (JJKR=PERA�+A=NJEJC�

$JRENKJI AJPO�EJ�23$,�'ECDAN�$@Q?=PEKJ�LL��� h���   2LNEJCAN�!NEABO�EJ�2P=PEOPE?O��������

� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

DDT



l#E=NU�KB�=�PA=?DEJC�I= ?DEJAm�>U�:�$@�;�LQ>>HE?=PK�?KJ�

HE?AJV=�""�! 8
-" 
2 ��� � ��/ AN�REOQ=HEVV=NA�QJ=�?KLE=�@E�

MQAOP=�HE?AJV=��REOEP=NA�DPPLO���?NA=PERA?KII KJO�KNC�

HE?AJOAO�>U
J ?
O=��� � ��NAB�KLAJRANOA��

�D S�

�+45'.+�&+�#113'/&+.'/50�
#&#55+7+�

2QLLKJE=IK� ?DA� E� RKOPNE� OPQ@AJPE� OPE=JK� H=RKN=J@K� OQE� LNK>HAIE� @E� QJ=� >=J?=� @E� @KI=J @A��

(II= CEJ=PA�?DA�?E�OE=�QJ=�LANOKJ=�OA@QP=�=??=JPK�=�?E=O?QJK�@E�HKNK��.OOANR=�E�L=OO=CCE�OACQEPE�

@=HHK�OPQ@AJPA�LAN�=NNER=NA�=HH=�OKHQVEKJA��

!?�?BEB�:EHCCB�;4�7<b6B?GQ�6BA�HA�6BA68GGB��

+8@5E4�6;8�455<4AB�HA[<784�F54:?<4G4��

� BEF8�FBAB�GHE54G<�8�;4AAB�5<FB:AB�7<�HA�CB[�7<�<A6BE4::<4@8AGB��

(H�PQPKN�@\�QJ�OQCCANEIAJPK��EJ@E?=�?Ea�?DA�I=J ?=��

/ Qa�=J?DA�=??=@ANA�?DA�HK�OPQ@AJPA�PNKRE�EH�LNK>HAI=�PNKLLK�B=?EHA�A�OE�=JJKE�� (J�MQAOPK�

?=OK��EH�PQPKN�=OOACJ=�QJ�LNK>HAI=�@E�Oq@=��

(H�PQPKN�LQa�=J?DA�EOLEN=NA�@KI=J @A�A�B=N�NErAPPANA�HK�OPQ@AJPA�OQHHA�LNKLNEA�LNAOP=VEKJE��(H�

PQPPK�PAJAJ@KRE�EJBKNI=PE�OQE�LNKCNAOOE�@AHHK�OPQ@AJPA��

(� OEOPAIE� @E� PQPKN=CCEK� EJPAHHECAJPE�(� OEOPAIE� @E� PQPKN=CCEK� EJPAHHECAJPE�

�(J PAHHECAJP� 3QPKNEJC� 2UOPAIO� h� (32	��(J PAHHECAJP� 3QPKNEJC� 2UOPAIO� h� (32	� OKJK�

LNKCAPP=PE� LAN� EIEP=NA� EH� NQKHK� @E� MQAOPK�

PQPKN��� 2KJK� QJ� PELK� @E� OEOPAIE� @E�

=LLNAJ@EIAJPK� =@=PPERE� � @=LPERA� +A=NJEJC�

2UOPAIO� h�  +2	� ?DA� CQE@=JK� EH� OEJCKHK�

OPQ@AJPA� EJ� KCJE� B=OA� @AHH=� OKHQVEKJA��

%KNJEO?KJK�OQCCANEIAJPE�A�BAA@>=?G�EJ�>=OA�

=HHA�JA?AOOEP\��/AN�MQAOPK�IKPERK��CHE�(32�OKJK�

LEb�=@=PPE�=�I=PANEA�?KIA�H=�I=PAI=PE?=��@KRA�

E� LNK>HAIE� A� HA� OKHQVEKJE� OKJK� ?DE=N=IAJPA�

@AqJEPE� �� ,=� E� LEb� NA?AJPE� (32� OE� OKJK�

K??QL=PE�=J?DA�@E�=HPNE�=NCKI AJPE��

� 
 � � � � � � � � � � � � 
 � � �

DDD

https://creativecommons.org/licenses/by-nc-sa/2.0/?ref=openverse
https://creativecommons.org/licenses/by-nc-sa/2.0/?ref=openverse


�+45'.+�#&#55+ 7+�'�#113'/&+.'/50��+45'.+�#&#55+ 7+�'�#113'/&+.'/50�

+k=LLNAJ@EIAJPK�=@=PPERK�OE�RANEq?=�MQ=J@K�CHE�OPNQIAJPE�A�E�OEOPAIE�@ECEP=HE�?NA=JK�LAN?KNOE�

@E�=LLNAJ@EIAJPK�EJ@ERE@Q=HE�h�H=�OAMQAJV=�@E�=PPEREP\�AOACQEPA�LAN�=LLNAJ@ANA�QJ�@APANIEJ=PK�

?KJPAJQPK�K�=>EHEP\��(�LAN?KNOE�@E�=LLNAJ@EIAJPK�@ELAJ@KJK�@=E�LQJPE�@E�BKNV=��@=HHA�@A>KHAVVA�A�

@=H�NEPI K�@E�=LLNAJ@EIAJPK�@E�?E=O?QJ�EJ@ERE@QK��� ��

+kE@A=�@E�QJ=�I=??DEJ=�?DA�OE�=@=PP=�=�QJK�OPQ@AJPA�NEO=HA�=CHE�=JJE�"EJMQ=JP=�@AH�OA?KHK�

O?KNOK��" KJ�EH�NA?AJPA�=RRAJPK�@AHH=�PA?JKHKCE=��HA�LKOOE>EHEP\�OKJK�KN=�EJqJEPA��0QAOPE�OEOPAIE�

@E�=LLNAJ@EIAJPK�=@=PPERE�LKOOKJK�AOOANA�QPEHEVV=PE�LAN�@ERANOE�O?KLE��NEOKHQVEKJA�@E�LNK>HAIE��

=LLNAJ@EIAJPK�@E�?KJ?APPE�A�K�R=HQP=VEKJA�@AHHK�OPQ@AJPA��

.C CE� OKJK� @EOLKJE>EHE� OQH� IAN?=PK� IKHPE� OEOPAIE� @E� =LLNAJ@EIAJPK� =@=PPERE� � +2 	�� $OEOPKJK�

=J?DA�OPNQIAJPE�@E�=QPDKNEJC�?DA�=EQP=JK�=�?NA=NA�QJ� +2�OAJV=�=H?QJ=�?KJKO?AJV=�@E�?K@Eq?=��

2A� @=� QJ� H=PK� H=� ?NA=VEKJA� @E� QJ�  +2� LQa� NE?DEA@ANA� IKHPK� PAILK� A� NEOKNOA�� @=HHk=HPNK�

HkEJOACJ=JPA�JKJ�D=�>EOKCJK�@E�?=I>E=NA�EH�LNKLNEK�LE=JK�@E@=PPE?K�K�EH�LNKLNEK�OPEHA�LAN�=@=PP=NHK�

=HHA�LNKLNEA�HAVEKJE��0Q=HQJMQA�OE=�EH�HKNK�PELK�A�H=�HKNK�BKNI=��HA�PA?JKHKCEA�QPEHEVV=PA�LAN�?NA=NA�

CHE� +2�R=NE=JK�I KHPK��JKJ�PQPPE�E�OEOPAIE�OKJK�QCQ=HE��

- AHH=� O?AHP=� @E� QJ� OEOPAI=�� >EOKCJ=� RA@ANA� MQ=JPK� ^� =@=PPERK�� MQ=HA� L=NPA�

@AHHk=LLNAJ@EIAJPK� LANOKJ=HEVV=� A� OA� LANIAPPA� H=� LANOKJ=HEVV=VEKJA� @=� L=NPA� @AHHkEJOACJ=JPA��

.HPNA�=�MQAOPK��?E�OKJK�EILKNP=JPE�MQAOPEKJE�LN=PE?DA�?KIA�Hk=PPNAVV=PQN=�JA?AOO=NE=��EH�?KOPK�A�OA�

H=�BKNI=VEKJA�^�EJ?HQO=�JAH�?KOPK��

�+1+�&+�4+45'.+�&+�#113'/&+.'/50�#&#55+ 7+�?
��@��+1+�&+�4+45'.+�&+�#113'/&+.'/50�#&#55+ 7+�?
��@�

(� OEOPAIE� @E� PQPKN=CCEK� EJPAHHECAJPA� �REOPE� OKLN=	� OKJK� LANOKJ=HEVV=PE� A� EJPAN=PPERE�� 5=HQP=JK�

Hk=LLNAJ@EIAJPK�EJ�PAILK�NA=HA�� �HERAHHK�IE?NK��=@=PP=JK�EH�BAA@>=?G�MQ=J@K�HK�OPQ@AJPA�OP=�

� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

DD�



l#E=NU�KB�=�PA=?DEJC�I= ?DEJAm�>U�:�$@�;�LQ>>HE?=PK�?KJ�

HE?AJV=�""�! 8
-" 
2 ��� � ��/ AN�REOQ=HEVV=NA�QJ=�?KLE=�@E�

MQAOP=�HE?AJV=��REOEP=NA�DPPLO���?NA=PERA?KII KJO�KNC�

HE?AJOAO�>U
J ?
O=��� � ��NAB�KLAJRANOA��

NEOKHRAJ@K�QJ�LNK>HAI=�� �HERAHHK�I= ?NK��@A?E@KJK�MQ=HA�LNK>HAI=�I KOPN=NA�OQ??AOOER=I AJPA�

h� QJ� LKk� ?KIA� 8KQPQ>A� ?DA� ?KJOECHE=� MQ=HA� RE@AK� CQ=N@=NA�� (� OEOPAIE� @E� PQPKN=CCEK� OAILHE?E�

QPEHEVV=JK�=H>ANE�@A?EOEKJ=HE�LAN�OP=>EHENA�MQ=HE�BAA@>=?G�@=NA�� HPNE�OEOPAIE�R=JJK�KHPNA�HA�NACKHA�

LNA@APANIEJ=PA�A�QPEHEVV=JK�EH�,=?DEJA�+A=NJEJC�LAN�=@=PP=NA�EH�HKNK�?KILKNP=IAJPK���

(� OEOPAIE� @E� =LLNAJ@EIAJPK� =@=PPERK�

LKOOKJK�=J@=NA�KHPNA�EH�PQPKN=CCEK��(�OEOPAIE�@E�

=LLNAJ@EIAJPK� AOLHKN=PERK�� =@� AOAILEK��

LANIAPPKJK� =CHE� OPQ@AJPE� @E� AOLHKN=NA� QJ�

=I >EAJPA�@E�=LLNAJ@EIAJPK�A�@E�O?ACHEANA�?Ea�

?DA�HE�EJPANAOO=�� @�AOAILEK��E�OEOPAIE�C=IA


>=OA@�LNKLKJCKJK�PQPPK�OKPPK�BKNI=�@E�CEK?K��

0Q=J@K� QJK� OPQ@AJPA� L=@NKJACCE=� QJ�

HERAHHK��L=OO=�=H�OQ??AOOERK��

0Q=HQJMQA� OE=� EH� PELK�� PQPPE� CHE�  +2�

@ARKJK� OQLLKNP=NA� Hk=HHEARK� qJK� =� MQ=J@K�

JKJ� ^� EJ� CN=@K� @E� ORKHCANA� QJ� ?KILEPK� EJ�

I K@K� EJ@ELAJ@AJPA� �� #ARKJK� OPEIKH=NA� EH�

N=CEKJ=I AJPK� A� OKOPAJANA� EH� LNK?AOOK�

@A?EOEKJ=HA��#ARKJK�=J?DA�AOOANA�EJ�CN=@K�@E�

OLEAC=NA�HA�HKNK�@A?EOEKJE�=HHkEJOACJ=JPA�A�=HHK�

OPQ@AJPA��

"HE??=�MQE�LAN�O?KLNENA�E�PELE�OLA?E=HE�@E�(32�

0Q=J@K�OE�PN=PP=�@E�O?ACHEANA�A�QPEHEVV=NA�Hk +2 ��K�=J?DA�@E�@A?E@ANA�OA�QPEHEVV=NJA�QJK�K�

I AJK��CHE�AOLANPE�?KJOECHE=JK�@E�EJEVE=NA�OAILNA�@=HHk=LLNAJ@EIAJPK� ��"DEA@APARE��DH4?8�8F<:8AM4�

78??B� FGH78AG8� 78I8� 8FF8E8� FB77<F94GG4� � )H4?8� FGEH@8AGB� R� 474GGB� 4� DH8FGB� ?4IBEB�� 8� � B@8� I8EE4AAB�

� 
 � � � � � � � � � � � � 
 � � �

DD�

https://creativecommons.org/licenses/by-nc-sa/2.0/?ref=openverse
https://creativecommons.org/licenses/by-nc-sa/2.0/?ref=openverse


FHCCBEG4G<�<A�@B7B�7<I8EFB�<�7<I8EF<�FGH78AG<�� &HE�OPQ@E�@EIKOPN=JK�?DA�MQAOPE�OEOPAIE�JKJ�D=JJK�QJ�

EI L=PPK�OECJEq?=PERK�OQHHk=LLNAJ@EIAJPK�@ACHE�OPQ@AJPE�OA�QPEHEVV=PE�LAN�>NARE�LANEK@E�@E�PAILK��

+kAs?=?E=�=QI AJP=�MQ=J@K�RAJCKJK�QPEHEVV=PE�LAN�QJ�EJPANK�=JJK�O?KH=OPE?K�K�LEb�=�HQJCK� ��2A�

@A?E@APA�@E�QO=NJA�QJK��LNAL=N=PARE�=�OKOPAJANA�CHE�OPQ@AJPE�JAHH=�CQE@=�@AH�HKNK�=LLNAJ@EIAJPK��

2E=PA�L=VEAJPE�A�LNKJPE�=�OLANEIAJP=NA��B=HHENA�A�NELNKR=NA�� ���

��&NKp��)���( 8EFBA4?<M87�$84EA<A:���,;8�FG4G8�B9�G;8�`8?7�4A7�9HGHE8�7<E86G<BAF	�" AJPAN�BKN�?QNNE?QHQI�

NA@AOECJ���� �� ��
�� 'K HIAO�� 6���  J=OPKLKQHKQ� 2��� 2?D=QI >QNC�� '� �� ,= RNEGEO�� ,�	� , 86; AB?B:L
8A;4A687�

C8EFBA4?<F87�?84EA<A:��HAG4A:?<A:�G;8�8I<78A68	 2PQPPC=NP��1K>ANP�!KO?D�2PEBPQJC���� �� ��
�� 3=UHKN��# ���8AQJC�� ,��� !=ODAP��  �9��� ( 8EFBA4?<M87�4A7� � 74CG<I8�$84EA<A:�� (JJKR=PERA�+A=NJEJC�

$JRENKJI AJPO�EJ�23$,�'ECDAN�$@Q?=PEKJ�LL��� h����2LNEJCAN!NEABO�EJ�2P=PEOPE?O��������
�� !A?GAN��2��AP�=H��&%�� BE<MBA�*8CBEG���
 ��� <:;8E��7H64G<BA�� 7<G<BA��$@Q?=QOA���� �� ��
��%AH@OPAEJ��,�� 'EHH��/���( 8EFBA4?<M87�$84EA<A:��/ ;4G�!G�*84??L�!F�4A7�/ ;L�!G�*84??L�%4GG8EF	�$@Q?=QOA�

1AREAS���� �� ��
� �6 KK@��#��� !NQJAN�� )��� 1KOO��&���, ;8�EB?8�B9�GHGBE<A:�<A�CEB5?8@�FB?I<A:	 �3DA� )KQNJ=H�KB� "DEH@�

/ OU?DKHKCU�=J@�/OU?DE=PNU������ ��
� � HGD=PH=J��  ��� *=HEP=�� )�*���!AG8??<:8AG�,HGBE<A:�+LFG8@F�� �� � B@CE8;8AF<I8�  <FGBE<64?�+HEI8L�J<G;�

* 868AG��8I8?BC@8AGF��(JPANJ=PEKJ=H�)KQNJ=H�KB�"KI LQPAN� LLHE?=PEKJO������� 	�� 
 �� ���� � ���

� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

DD�



�� S�

�#3 -#3'�&+��
�B��0.'�! 0656$'�7+�
456&+#��#35'�D�

�0&'--+�'�3#%%0.#/&#;+0/+��0&'--+�'�3#%%0.#/&#;+0/+�

 33(5(3 Z� 33(5(3 Z�

0QAOPA�OKJK�HA�PN=JO=VEKJE�?KJ�?=NP=�@E�?NA@EPK�@E�@QA�LANOKJA�?DA�RERKJK�=�- =JPAO��2P=JJK�?AN?=J@K�MQ=H?KO=�

@=�LNKR=NA�JAH�qJA�OAPPEI=J=��"KO=�?KJOECHEANAOPA�=�)KDJ�#KA�A�?KO=�=�3KI�'= NNEO��

$HAJ?K�@=�?QE�O?ACHEANA��

� 
 � � � � � � � � � � � � 
 � � �

DD�



��� (H�JQKRK�LQJPK�RAJ@EP=�!QNCAN�*EJC�

��� 4J�ARAJPK�@E�@ACQOP=VEKJA�@E�KHEK�@kKHER=�

��� 4J�J ACKVEK�@E�>=C=CHE�KJHEJA�

��� 4J�?KJ ?ANPK�OQH�qQI A�

��� " KNOK�@E�JQKPK�LAN�>=I>EJE�

(�OEOPAIE�@E�N=??KI=J @=VEKJA�AOEOPKJK�=HIAJK�@=�MQ=J@K�AOEOPKJK�HA�CQE@A�PQNEOPE?DA�A�HA�PKL�

PAJ��2A>>AJA�EH��H4 E7<4A��8FG��BB>F�78?��
 � � �N=??KI=J @E�=�PQPPE�H=�OPAOO=�HEOP=��LNK>=>EHIAJPA�H=�

=@=PPANAOPA�MQ=J@K�O?ACHEAPA�LAN�RKE�OPAOOE��O?ACHEAPAJA�=H?QJE�A�?=I>E=PA�HkKN@EJA�@E�HAPPQN=�EJ�

>=OA�=HHA�RKOPNA�LNABANAJVA�LANOKJ=HE��

" KI A�?KJOECHE=NA�HA�KLVEKJE�LAN�CHE�O?KJKO?EQPE�� -AHHk=PPEREP\� LNA?A@AJPA�� LNK>=>EHIAJPA�

=RAPA�?AN?=PK�@E�EII=CEJ=NA�H=�HKNK�LANOKJ=HEP\�EJ�>=OA�=HHA�EJBKNI=VEKJE�BKNJEPA��=RAPA�AOLNAOOK�

CEQ@EVE�A�=LLHE?=PK�OPANAKPELE��/KE��QJ=�RKHP=�?DA�RE�OEAPA�B=PPE�QJkE@A=�@AH�HKNK�G<CB��=RAPA�O?AHPK�

@=HHkAHAJ?K� HA� ?KOA� ?DA� LKPAR=JK� �K� I AJK	� AOOANA� NEHAR=JPE� LAN� HKNK�� (� N=??KI=J @=PKNE� ?KIA�

 I=VKJ��- APrET�A�8KQPQ>A�OACQKJK�QJ�LNK?AOOK�OEIEHA��

 H�CEKNJK�@kKCCE��KCJE�RKHP=�?DA�MQ=H?QJK�?AN?=�EJBKNI=VEKJE�K�?AN?=�@E�O?KLNENA�?KJPAJQPE�

KJHEJA�� QPEHEVV=� QJ=� OKNP=� @E� OEOPAI=� @E� N=??KI=J @=VEKJA� LANOKJ=HEVV=PK��� �� +=� BQJVEKJA�

LNEJ?EL=HA�@E�8KQPQ>A�^�MQAHH=�@E�EJ@E?=NA�=E�OQKE�QPAJPE�?KO=�CQ=N@=NA�PN=�PQPPE�E�RE@AK�@EOLKJE>EHE�

OQHH=�LE=PP=BKNI=��/ AN�CHE�QPAJPE�NACEOPN=PE��QPEHEVV=�HA�HKNK�=PPEREP\�L=OO=PA�LAN�?NA=NA�QJ�lIK@AHHKm��

KRRANK�QJ�PELK�@E�LANOKJ=HEP\��4J=�RKHP=�?DA�D=�QJ�IK@AHHK�LAN�)KDJ��LQa�RA@ANA�?DE�=HPNK�D=�

I K@AHHE�OEIEHE�=�HQE�� �MQAOPK�LQJPK�N=??KI=J @=�=�)KDJ�OE=�E�RE@AK�OEIEHE�=�MQAHHE�?DA�D=�CQ=N@=PK�

OE=�MQAHHE�OEIEHE�=�MQAHHE�?DA�D=JJK�CQ=N@=PK�=HPNE�QPAJPE�?KIA�HQE��

�*'�%04IL�6/�.0&'--0C��*'�%04IL�6/�.0&'--0C�

(� I K@AHHE�LKOOKJK�AOOANA�QPEHEVV=PE�LAN�EIEP=NA�MQ=HOE=OE�?KO=��@=CHE�QPAJPE�=E�RE@AK�=HHA�HAVEKJE�

?DA�QJ�>=I>EJK�@ARA�EIL=N=NA��4J�I K@AHHK�^�QJ=�N=LLNAOAJP=VEKJA�OAILHEq?=P=�@AH�IKJ@K�EJ�

I K@K�?DA�QJ=�I=??DEJ=�LKOO=�qJCANA�@E�?=LENHK��

.J A�KN�IKNA�EJPAN=?PERA�AHAI AJPO�D=O�>AAJ�AT?HQ@A@�BNKI�PDEO�RANOEKJ�KB�PDA�PATP��8KQ�?=J�REAS�

PDAI�KJHEJA�DANA��DPPLO���LNAOO>KKGO�LQ>�EJPAHHECAJV==NPEq?E=HA��L�����KAI >A@
��

�0.'�5+�G:0656$0H�?�08�! 0656$'�:06@��0.'�5+�G:0656$0H�?�08�! 0656$'�:06@�

3QPPE�E�LNK>HAIE�@E�N=??KI=J @=VEKJA�?KILKNP=JK�QJ=�@KI=J @=�OQNNKC=P=��l� BF4�E466B@4A74E8m�

^� QJ� LKk� PNKLLK� CAJAN=HA� A� R=C=� LAN� QJ� =HCKNEPI K�� - APrET� D=� ?DEAOPK� =CHE� OREHQLL=PKNE�MQ=HA�

O=NA>>A� H=� R=HQP=VEKJA� ?DA� QJ� QPAJPA�  � @=NA>>A� =H� RE@AK� !�� EJ� >=OA� =HHA� OQA� R=HQP=VEKJE� LAN�

=HPNE�RE@AK��8KQPQ>A�?DEA@A�MQ=HA�O=NA>>A�EH�PAILK�@E�REOEKJA�@E�QJ�@APANIEJ=PK�QPAJPA�EJ�QJ�

� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

DD�

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


L=NPE?KH=NA� ?KJPAOPK�� +=� O?AHP=� @E� ?KO=� ?DEA@ANA� A� ?KO=� LNARA@ANA� D=� QJ� CN=J@A� EIL=PPK� OQHH=�

N=??KI=J @=VEKJA� ?DA� REAJA� I KOPN=P=� �� +kE@A=� ^� ?DA� H=� LNAREOEKJA� ?KNNAPP=� LKNPE� =� QJ=� >QKJ=�

N=??KI=J @=VEKJA�� +=� LNAREOEKJA� OPAOO=� OE� >=O=� OQ� =HPNE� QPAJPE� ?KJ� QJ=� OPKNE=� @E� CQOPE� OEIEHE� ��

.RR ANK��QPAJPE�E�?QE�IK@AHHE�OKJK�OEIEHE��

�0&'--+�&+�65'/5'��0&'--+�&+�65'/5'�

8KQPQ>A� @ERE@A� EH� ?KILEPK� @AHH=� N=??KI=J @=VEKJA� EJ� @QA� L=NPE� A� QPEHEVV=� IK@AHHE� @ERANOE� LAN�

?E=O?QJ=�@E�AOOA� ��(J�MQAOP=�OA@A��PQPP=RE=��?E�=PPANNAIK�=�QJ=�OLEAC=VEKJA�LEb�OAILHE?A��

/ AN�?NA=NA�QJ�IK@AHHK�QPAJPA��CHE�OREHQLL=PKNE�@ARKJK�?DEA@ANOE�MQ=HE�@=PE�OE=JK�NEHAR=JPE�

LAN� H=� N=??KI=J @=VEKJA� @E� RE@AK�� "D A� @ENA� @E� ?Ea� ?DA� HkQPAJPA� D=� CQ=N@=PK� EJ� LNA?A@AJV=��

0Q=HE� OKJK� OP=PA� HA� OQA� NA?AJOEKJE�� R=HQP=VEKJE� A� LNABANAJVA� AOLHE?EPA� qJK� =� MQAH� IKI AJPK��

" KO=� D=JJK� ?AN?=PK�� $� KHPNA� =� MQAOPE� OACJ=HE� AOLHE?EPE�� 8KQPQ>A� QPEHEVV=� I=CCEKNIAJPA� MQAHHE�

EI LHE?EPE��?DA�OKJK�LEb�B=?EHIAJPA�@EOLKJE>EHE� ��h�4J�QPAJPA�D=�OAILHE?AI AJPA�?HE??=PK�OQ�QJ�

RE@AK� K� HK� D=� ApAPPER=I AJPA� CQ=N@=PK�� 2A� O`�� LAN� MQ=JPK� PAILK�� " KI A� D=� NA=CEPK� HkQPAJPA�

=HHA�N=??KI=J @=VEKJE�LNA?A@AJPE���0Q=HE�D=�ECJKN=PK��.HPNA�=HHA�NEOLKOPA�=�MQAOPA�@KI=J @A��HA�

EJBKNI=VEKJE�@AI KCN=q?DA�?KIA�EH�OAOOK��H=�HEJCQ=��H=�NACEKJA�A�EH�@EOLKOEPERK�OKJK�@E�CN=J@A�

R=HKNA�MQ=J@K�HkQPAJPA�^�JQKRK�K�JKJ�^�NACEOPN=PK� ��

4J=� RKHP=� @EOLKJE>EHA� QJ� I K@AHHK� LAN� KCJE� QPAJPA�� LKPNAII K� RA@ANA� MQ=HE� QPAJPE� OKJK�

OEIEHE�PN=�HKNK�A�QPEHEVV=NA�MQAOPA�EJBKNI=VEKJE�LAN�H=�N=??KI=J @=VEKJA��

�0&'--+�7+&'0��0&'--+�7+&'0�

 J=HKC=IAJPA�=CHE�QPAJPE��LKPNAII K�=J?DA�QPEHEVV=NA�E�RE@AK�?DA�OKJK�OEIEHE��K�@ERANOE	�PN=�HKNK��

#=PK�QJ�RE@AK��8KQPQ>A�JA�AO=IEJ=�EH�?KJPAJQPK��EH�PEPKHK�A�H=�@AO?NEVEKJA��H=�MQ=HEP\�@AH�RE@AK��

EH� JQI ANK� @E� LANOKJA� ?DA� HK� D=JJK� CQ=N@=PK� �?KJPACCEK� @AHHA� REOQ=HEVV=VEKJE	�� ?DA� HK� D=JJK�

=LLNAVV=PK��?DA�HK�D=JJK�B=RKNEPK��?DA�HK�D=JJK�?KII AJP=PK�K�?KJ@EREOK��EH�PAILK�PN=O?KNOK�@=H�

OQK�?=NE?=I AJPK�A�EH�JQI ANK�@E�QPAJPE�EO?NEPPE�=H�?=J=HA�I= @NA���

.J A�KN�IKNA�EJPAN=?PERA�AHAI AJPO�D=O�>AAJ�AT?HQ@A@�BNKI�PDEO�RANOEKJ�KB�PDA�PATP��8KQ�?=J�REAS�

PDAI�KJHEJA�DANA��DPPLO���LNAOO>KKGO�LQ>�EJPAHHECAJV==NPEq?E=HA��L�����KAI >A@
��

" Ea�?DA�QJ�QPAJPA�CQ=N@AN\�EJ�OACQEPK�@ELAJ@AN\�=J?DA�@=H�B=PPK�?DA�QJ�RE@AK�B=??E=�L=NPA�@E�

QJ�ALEOK@EK�@E�QJ=�OANEA�K�@E�QJ�AHAI AJPK�@E�QJ=�LH=UHEOP��2A�QJ�QPAJPA�OP=�O?KLNAJ@K�QJ�=NPEOP=��

LKPNA>>A�L=OO=NA�@=HHA�?=JVKJE�LEb�LKLKH=NE�=�MQAHHA�@E�JE??DE=��(JKHPNA��QJ�QPAJPA�JKJ�?HE??DAN\�

OQ�QJ�RE@AK�H=�?QE�EII=CEJA�@E�=JPALNEI=�JKJ�^�>QKJ=��� ��3QPPA�MQAOPA�EJBKNI=VEKJE�RAJCKJK�

EJOANEPA�=J?DA�JAH�IK@AHHK��

4J K�@ACHE�AHAI AJPE�?KOPEPQPERE�@AH�OEOPAI=�@E�N=??KI=J @=VEKJA�?KJOEOPA�JAH�L=OO=NA�@=�QJ�

RE@AK�=�QJ�AHAJ?K�@E�RE@AK�?KNNAH=PE�� (J�MQAOPK�?KJPAOPK��@AqJE=IK�RE@AK�?KNNAH=PE�MQAHHE�?DA�

� 
 � � � � � � � � � � � � 
 � � �

DD�



QJ�QPAJPA�LNK>=>EHIAJPA�CQ=N@AN\�OQ??AOOER=I AJPA� ��+kK>EAPPERK�^�MQAHHK�@E�AOPN=NNA�EH�I=OOEIK�

R=HKNA�@=E�@=PE�LAN�BKNIQH=NA�N=??KI=J @=VEKJE�IECHEKNE� ��

��#=RE@OKJ��)���+EA>=H@��!���+EQ��)���- =J@U��/ ���5HAAP��3���, ;8�0BHGH58�.<78B�*86B@@8A74G<BA�

+LFG8@��/ NK?AA@EJCO�KB�PDA��PD� ",�" KJBANAJ?A�KJ�1A?KII AJ@AN�2UOPAIO��!=N?AHKJ=��

�� � � ��
�� 2LEJAHHE��+���=J@�"NKRAHH=��,��� BJ�0BH, H58�$847F�(E<I46L
+88><A:�-F8EF�� J4L�9EB@�*8?<45?8�

!A9BE@4G<BA��(J� @FQJ?P�/Q>HE?=PEKJ�KB�PDA���PD� ",�" KJBANAJ?A�KJ�4OAN�,K@AHEJC��

 @=LP=PEKJ�=J@�/ANOKJ=HEV=PEKJ��4, /�k ��� @FQJ?P	�� OOK?E=PEKJ�BKN�"KI LQPEJC�

,= ?DEJANU��- AS�8KNG����� h������� �� ��
��" KREJCPKJ��/��� @=IO��)���2=NCEJ��$���� 88C�A8HE4?�A8GJBE>F�9BE�0BHGH58�*86B@@8A74G<BAF��

/ NK?AA@EJCO�KB�PDA��� PD� ",�" KJBANAJ?A�KJ�1A?KII AJ@AN�2UOPAIO�� ",��- AS�8KNG��

�� �� ��
�� * KJOP=J��)���3ANRAAJ��+��� H@4A
68AG8E87�E86B@@8A78E�FLFG8@F��'E<:<AF	�47I4A68F	�6;4??8A:8F	�4A7�

BCCBEGHA<G<8F�� (�,= C=VEJA������ 	���� 
������ ����

� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

DD�

https://doi.org/10.1145/3386392.3399566
https://doi.org/10.1145/3386392.3399566


�� S�

�#3 -#3'�&+��
�B��0.'�! 0656$'�5+�
456&+#�A��#35'���

�-�130%'440��-�130%'440�

(J� &KKCHA�� HA� NAPE� JAQN=HE� LNKBKJ@A� RAJCKJK� KN=� QPEHEVV=PA� LAN� Hk=LLNAJ@EIAJPK� =QPKI=PE?K� ��

(J�>=OA�=H�IK@AHHK�@E�RE@AK��H=�NAPA�JAQN=HA�@E�8KQPQ>A�LNAJ@A�E�RE@AK�OEIEHE�=�MQAHHE�CE\�REOPE�

@=HHkQPAJPA��/ KE�?AN?=�@E�LNARA@ANA�EH�PAILK�@E�REOEKJA�@E�KCJE�JQKRK�RE@AK�LAN�QJ�@APANIEJ=PK�

I K@AHHK�@E�QPAJPA�A�HE�?H=OOEq?=�EJ�>=OA�=HH=�LNAREOEKJA��+kE@A=�^�MQAHH=�@E�IKOPN=NA�E���
 ���RE@AK��=�

OA?KJ@=�@AH�@EOLKOEPERK	�?KJ�H=�IECHEKNA�LKOEVEKJA�EJ�?H=OOEq?=��

(H� LNK?AOOK� ^� OEIEHA� =� MQAHHK� @AH�,= ?DEJA� +A=NJEJC� I K@AH� ?DA� =>>E=IK� OPQ@E=PK� EJ�

LNA?A@AJV=��(J�LNEIK�HQKCK��H=�I=??DEJ=�LNAJ@A�HA�?=N=PPANEOPE?DA�@=E�IK@AHHE�@E�QPAJPE�A�RE@AK�

BKNJEPE� @=H� LNKCN=II=PKNA�� (I L=N=� @=E� @=PE� @E� =@@AOPN=IAJPK� MQ=HA� LAOK� @=NA� =� ?E=O?QJ=�

?=N=PPANEOPE?=�LAN�LNARA@ANA�?KNNAPP=IAJPA�EH�PAILK�@E�REOEKJA�� / KE��QJ=�RKHP=�PAOP=P=�A�PNKR=P=�

?KNNAPP=��LQa�EJEVE=NA�=�LNARA@ANA�A�?KJOECHE=NA��

�3#+/+/)��3#+/+/)�

#QN=JPA�Hk=@@AOPN=IAJPK��EH�OEOPAI=�NE?ARA� IEHEKJE�@E�AOAILE�LKOEPERE�A�JAC=PERE��4J�AOAILEK�

� 
 � � � � � � � � � � � � 
 � � �

DD	

https://pressbooks.pub/intelligenzaartificiale/format/ai-speak--machine-learning


LKOEPERK�OE�D=�MQ=J@K�QJ�QPAJPA�?HE??=�OQ�QJ�RE@AK�A�HK�CQ=N@=�LAN�QJ�?ANPK�PAILK��4J�AOAILEK�

JAC=PERK�^�MQ=J@K�HkQPAJPA�JKJ�?HE??=�OQH�RE@AK�K�JKJ�HK�CQ=N@=�=�HQJCK� ��

+=�NAPA�LNAJ@A�EJ�?KJOE@AN=VEKJA�HA�?=N=PPANEOPE?DA�@AHHkQPAJPA�A�HA�?=N=PPANEOPE?DA�@AH�RE@AK�

@EO?QOOA�JAHH=�OAVEKJA� I K@AHHE�@E " KI A�8KQPQ>A�RE�OPQ@E=�/=NPA� ���1ACKH=�HkEI LKNP=JV=�@=P=�=�

?E=O?QJ=�?=N=PPANEOPE?=�@E�EJLQP�RANEq?=J@K�OA�D=�LNAREOPK�?KNNAPP=IAJPA�EH�PAILK�@E�REOEKJA�LAN�

QJ�@APANIEJ=PK�RE@AK�A�QPAJPA��

" E� OKJK� ?EN?=� QJ� IEHE=N@K� @E� L=N=IAPNE� �LAOK� @E� KCJE� ?=N=PPANEOPE?=	� @=� =LLNAJ@ANA� OQ�

?AJPEJ=E=�@E�IEHE=N@E�@E�AOAILE� ��+=�NAPA�LKPNA>>A�=J?DA�EIL=N=NA�=�JKJ�PAJANA�?KJPK�@E�=H?QJA�

?=N=PPANEOPE?DA�� =PPNE>QAJ@K� HKNK� QJkEI LKNP=JV=� L=NE� =� VANK�� / ANP=JPK�� HkEJ?KNLKN=VEKJA� K� EH�

I K@AHHK�?NA=PK�@=HHk=HCKNEPI K�LQa�AOOANA�IKHPK�@ERANOK�@=�MQAHHK�LNAREOPK�@=CHE�OREHQLL=PKNE��

� '45+/)�� '45+/)�

4J=�RKHP=�=@@AOPN=P=��H=�NAPA�REAJA�PAOP=P=�OQ�@=PE�CE\�@EOLKJE>EHE�A�NACKH=P=��.HPNA�=HHk=??QN=PAVV=�

@AHH=�LNAREOEKJA��HkKQPLQP�@AH�OEOPAI=�@ARA�AOOANA�NACKH=PK�@=H�LNKCN=II=PKNA�EJ�>=OA�=�@ERANOE�

CEQ@EVE�@E�R=HKNA�� , KOPN=NA�RE@AK�PNKLLK�OEIEHE�=�MQAHHE�CE\�REOPE�JKJ�O=N\� I KHPK�?KEJRKHCAJPA��

" KO=� OECJEq?=� RAN=IAJPA� ?DA� QJ=�

N=??KI=J @=VEKJA� ^� >QKJ=�� 0Q=JPE� RE@AK�

OEIEHE�IKOPN=NA�A�MQ=JP=�@ERANOEP\�EJPNK@QNNA��

OE=� NEOLAPPK� =CHE� =HPNE� RE@AK� OE=� NEOLAPPK� =HH=�

OPKNE=� @AHHkQPAJPA�� 0Q=JPE� EJPANAOOE�

@AHHkQPAJPA� ?KLNENA�� 0Q=HE� PELE� @E�

N=??KI=J @=VEKJE� LKNP=JK� =� QJ=�

OK@@EOB=VEKJA�EII A@E=P=�A�MQ=HE�=�QJ�QPEHEVVK�

=�HQJCK�PANIEJA���� �2KJK�PQPPA�@KI=J @A�EILKNP=JPE�@=�?KJOE@AN=NA��

#KLK� MQAOPK� PAOP�� OE� LNK?A@A� =HH=� R=HQP=VEKJA� EJ� PAILK� NA=HA� @AHHA� N=??KI=J @=VEKJE�� 5EAJA�

IEOQN=PK�EH�PAILK�PKP=HA�@E�REOEKJA�LAN�KCJE�OANEA�@E�RE@AK�LNA@APPE� ��2A�QJ�QPAJPA�CQ=N@=�LEb�

=�HQJCK�HkEJOEAI A�@E�RE@AK�N=??KI=J @=PE��EH�IK@AHHK�^�?KJOE@AN=PK�@E�I=CCEKN�OQ??AOOK��2E�JKPE�

?DA�H=�OAILHE?A�KOOANR=VEKJA�@AH�JQI ANK�@E�RE@AK�?HE??=PE�JKJ�^�QJ�>QKJ�IAPK@K�@E�R=HQP=VEKJA��

8KQPQ>A�R=HQP=�E�OQKE�N=??KI=J @=PKNE�EJ�>=OA�=�MQ=JPE�RE@AK�N=??KI=J @=PE�OKJK�OP=PE�CQ=N@=PE�

LAN�QJ=�BN=VEKJA�OKOP=JVE=HA�@AH�RE@AK��=HH=�@QN=P=�@AHH=�OAOOEKJA��=H�PAILK�PN=O?KNOK�qJK�=HH=�

LNEI=�REOEKJA�LNKHQJC=P=�A�=HH=�BN=VEKJA�@E�QPAJPE�?KJJAOOE�?KJ�N=??KI=J @=VEKJE���

�/5'3(#%%+#��/5'3(#%%+#�

(JqJ A�� EH� IK@K� EJ� ?QE� HA� N=??KI=J @=VEKJE� RAJCKJK� LNAOAJP=PA� =HHK� OLAPP=PKNA�� MQ=JPE� RE@AK�

I KOPN=NA��+A�N=??KI=J @=VEKJE�IECHEKNE�@ARKJK�AOOANA�LNAOAJP=PA�PQPPA�EJOEAI A�K�=H?QJA�@ARKJK�

AOOANA�?KJOANR=PA�LAN�QJ�OA?KJ@K�I KI AJPK�� �" KI A�REOQ=HEVV=NA�HA�IEJE=PQNA�A�E�PEPKHE�@AE�RE@AK��

0Q=HE�=HPNA�EJBKNI=VEKJE�IKOPN=NA��0Q=HE�EILKOP=VEKJE�LQa�?KJPNKHH=NA�HkQPAJPA���+A�NEOLKOPA�=�

� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

D�T

https://pressbooks.pub/intelligenzaartificiale/format/ai-speak--how-youtube-learns-you


MQAOPA�@KI=J @A�@APANIEJ=JK�EH�IK@K�EJ�?QE�8KQPQ>A�PEAJA�=CC=J?E=PE�@QA�IEHE=N@E�@E�QPAJPE����

KNA�=H�CEKNJK��

�  #=RE@OKJ��)���+EA>=H@��!���+EQ��)���- =J@U��/ ���5HAAP��3���, ;8�0BHGH58�.<78B�*86B@@8A74G<BA�

+LFG8@��/ NK?AA@EJCO�KB�PDA��PD� ",�" KJBANAJ?A�KJ�1A?KII AJ@AN�2UOPAIO��!=N?AHKJ=��

�� � � ��
� �" KREJCPKJ��/��� @=IO��)���2=NCEJ��$���� 88C�A8HE4?�A8GJBE>F�9BE�0BHGH58�*86B@@8A74G<BAF��

/ NK?AA@EJCO�KB�PDA��� PD� ",�" KJBANAJ?A�KJ�1A?KII AJ@AN�2UOPAIO�� ",��- AS�8KNG��

�� �� ��
��* KJOP=J��)���3ANRAAJ��+��� H@4A
68AG8E87�E86B@@8A78E�FLFG8@F��'E<:<AF	�47I4A68F	�6;4??8A:8F	�4A7�

BCCBEGHA<G<8F�� (�,= C=VEJA������ 	���� 
������ ����

��2LEJAHHE��+���=J@�"NKRAHH=��,��� BJ�0BH, H58�$847F�(E<I46L
+88><A:�-F8EF�� J4L�9EB@�*8?<45?8�

!A9BE@4G<BA��(J� @FQJ?P�/Q>HE?=PEKJ�KB�PDA���PD� ",�" KJBANAJ?A�KJ�4OAN�,K@AHEJC��

 @=LP=PEKJ�=J@�/ANOKJ=HEV=PEKJ��4, /�k ��� @FQJ?P	�� OOK?E=PEKJ�BKN�"KI LQPEJC�

,= ?DEJANU��- AS�8KNG����� h������� �� ��

� 
 � � � � � � � � � � � � 
 � � �

D�D

https://doi.org/10.1145/3386392.3399566
https://doi.org/10.1145/3386392.3399566


�� S�

�#3 -#3'�&+��
�B��0.'�+�4+45'.+�
#&#55+7+�=456&+#/0=�-0�456&'/5'�

�#35'�D�

0Q=J@K� OE� CQ=N@=� QJ� OEOPAI=� @E�

=LLNAJ@EIAJPK�=@=PPERK��^�I KHPK�@Es?EHA�@ENA�

@KRA�OE�=@=PP=��� J ?DA�H=�PA?JKHKCE=�QPEHEVV=P=�

A� EH� OQK� QPEHEVVK� ?=I>E=JK� @=� QJ� OEOPAI=�

=HHk=HPNK��

3QPP=RE=�� PQPPE� E� OEOPAIE� @E� =LLNAJ@EIAJPK�

=@=PPERK� O=JJK� =� ?DE� EJOACJ=JK� �?KJKO?AJV=�

@AHHk=HHEARK	�� ?KO=�EJOACJ=JK� �?KJKO?AJV=�@AH�

@KIEJEK	�A�?KIA�EJOACJ=NA��?KJKO?AJV=�@AHH=�

LA@=CKCE=	 � ��

4J� +2�E @A=HA�OE�=@=PP=�EJ�LEb�I K@E��-AH�

?E?HK� AOPANJK�� H=� OAMQAJV=� @AHHA� =PPEREP\� @E�

=LLNAJ@EIAJPK� REAJA� =@=PP=P=�� EJ� IK@K�

OEIEHA�=�8KQPQ>A�?DA�=@=PP=�HkAHAJ?K�@AE�RE@AK�

?KJOECHE=PE�� (H� ?E?HK� AOPANJK� LKPNA>>A� =J?DA�

LANOKJ=HEVV=NA�CHE�=LLNK??E�@E�=LLNAJ@EIAJPK�

A�E�HERAHHE�@E�@Es?KHP\��

- AH� ?E?HK� EJPANJK�� =HHkEJPANJK� @E� KCJE�

=PPEREP\�� Hk +2� I KJEPKN=� E� LNKCNAOOE� L=OOK�

@KLK�L=OOK�� @=PP=�EH�BAA@>=?G�A�E�OQCCANEIAJPE�LAN�?KNNACCANA�HA�ARAJPQ=HE�E@AA�O>=CHE=PA��/ Qa�

=J?DA� EJ@E?=NA� ?KJPAJQPE� =CCEQJPERE� OA� HK� OPQ@AJPA� D=� LNK>HAIE� =� NE?KN@=NA� QJ� ?KJ?APPK�

LNA?A@AJPAIAJPA� =LLNAOK��  H?QJE� AOLANPE� OKOPAJCKJK� ?DA� EH� ?E?HK� EJPANJK� ^� I ACHEK� H=O?E=NHK�

=HHkEOPNQPPKNA��JKJ�OKHK�^�?KOPKOK�A�NE?DEA@A�PAILK�LNKCN=II=NA�PQPPA�HA�NACKHA�LAN�H=�I=PANE=�A�EH�

?KI LEPK�OLA?Eq?K��I=�HA�?KJKO?AJVA�A�HkAOLANEAJV=�@AHHkEJOACJ=JPA�=RN=JJK�OAILNA�H=�IACHEK�OQ�

MQAHHA�@AHH=�I=??DEJ=� ��

� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

D��



�0.'�+�4+45'.+�#&#55+ 7+�456&+#/0�'�+.1#3#/0�#�%0/04%'3'�-0�456&'/5'��0.'�+�4+45'.+�#&#55+ 7+�456&+#/0�'�+.1#3#/0�#�%0/04%'3'�-0�456&'/5'�

" KI A� PQPPE� E� LNK>HAIE� @E� N=??KI=J @=VEKJA� �RA@E�" KI A� 8KQPQ>A� RE� OPQ@E=� /=NPA� �	�� Hk +2�

OQ@@ERE@A�EH�?KILEPK�EJ�QJ=�K�LEb�@KI=J @A�OQNNKC=PA�=�?QE�H=�I=??DEJ=�LQa�NEOLKJ@ANA�� J ?DA�

EJ�MQAOPK�?=OK��H=�O?AHP=�@E�?KO=�?DEA@ANA�h�A�MQEJ@E�@E�?KO=�LNARA@ANA�h�D=�QJ�CN=J@A�EIL=PPK�

OQHH=�N=??KI=J @=VEKJA�?DA�REAJA�I KOPN=P=��

(H�I=PANE=HA�@E�I=NGAPEJC�OLAOOK�IAJVEKJ=�K>EAPPERE�IQHPELHE��IECHEKN=IAJPK�@AE�LQJPACCE��

K??QL=>EHEP\��?KEJRKHCEIAJPK��#=P=�H=�J=PQN=�LNKLNEAP=NE=�@AE�OEOPAIE��@E�OKHEPK�JKJ�^�?DE=NK�MQ=HE�

@KI=J @A�OE=JK�?K@Eq?=PA�JAE�OEOPAIE��LAN�MQ=HE�K>EAPPERE�OE=JK�KPPEIEVV=PE�A�?KIA�CHE�K>EAPPERE�

=�>NARA�PANIEJA�OE=JK�@EpANAJVE=PE�@=�MQAHHE�=�HQJCK�PANIEJA��=@�AOAILEK��H=�L=@NKJ=JV=�@E�QJ�

@APANIEJ=PK�?KJPAJQPK�LAN�L=OO=NA�=H�HERAHHK�OQ??AOOERK	 � ��

0Q=J@K� OE� QPEHEVV=� Hk=LLNAJ@EIAJPK� =QPKI=PE?K�� MQ=HQJMQA� OE=� HkK>EAPPERK� O?AHPK�� H=�

LNAREOEKJA�OPAOO=�OE�>=O=�OQ�=HPNE�@EO?AJPE�?KJ�HERAHHE�@E�=>EHEP\�A�LNABANAJVA�OEIEHE��.RRANK��@EO?AJPE�

E�?QE�IK@AHHE�OKJK�OEIEHE��

�-�.0&'--0�&+�456&'/5'��-�.0&'--0�&+�456&'/5'�

/ AN� ?NA=NA� QJ� IK@AHHK� @E� OPQ@AJPA�� CHE� OREHQLL=PKNE� OE� ?DEA@KJK� MQ=HE� ?=N=PPANEOPE?DA� @AHHK�

OPQ@AJPA�OE=JK�NEHAR=JPE�LAN�EH�LNK?AOOK�@E�=LLNAJ@EIAJPK��  �@EpANAJV=�@ACHE�EJOACJ=JPE��?DA�

LKOOKJK�KOOANR=NA�@ENAPP=IAJPA�CHE�OPQ@AJPE�A� IK@Eq?=NA�EH�HKNK�=LLNK??EK��HA� I= ??DEJA�OKJK�

HEIEP=PA�=E�@=PE�?DA�LKOOKJK�N=??KCHEANA�A@�AH=>KN=NA��

" =N=PPANEOPE?DA�PELE?DA�?KJOE@AN=PA�EJ�QJ�IK@AHHK�@E�OPQ@AJPA��

n� " KO=�O=�HK�OPQ@AJPA�h�EH�OQK�HERAHHK�@E�?KJKO?AJV=��HA�OQA�=>EHEP\�A�HA�OQA�?KJ?AVEKJE�" KO=�O=�HK�OPQ@AJPA�h�EH�OQK�HERAHHK�@E�?KJKO?AJV=��HA�OQA�=>EHEP\�A�HA�OQA�?KJ?AVEKJE�

ANN=PAANN=PA���� � ��0QAOPA�?KJKO?AJVA�RAJCKJK�OKHEP=IAJPA�@A@KPPA�=PPN=RANOK�HA�R=HQP=VEKJE��

=@�AOAILEK�H=�NEOLKOP=�?DA�QJK�OPQ@AJPA�@\�=�QJ�LNK>HAI=�@E�I=PAI=PE?=���0QAOPA�

?KJKO?AJVA�LNACNAOOA�RAJCKJK�LKE�?KJBNKJP=PA�?KJ�MQAHHA�?DA�HK�OPQ@AJPA�@KRN\�

?KJKO?ANA�=HH=�qJA�@AH�LANEK@K�@E�=LLNAJ@EIAJPK��

n� " KI A�QJK�OPQ@AJPA�LNABANEO?A�EIL=N=NA��EH�LNK?AOOK�@E�=LLNAJ@EIAJPK�A�HA�" KI A�QJK�OPQ@AJPA�LNABANEO?A�EIL=N=NA��EH�LNK?AOOK�@E�=LLNAJ@EIAJPK�A�HA�

LNABANAJVALNABANAJVA��� �� @�AOAILEK��EH�JQI ANK�@E�RKHPA�EJ�?QE�QJK�OPQ@AJPA�PAJP=�@E�NEOLKJ@ANA�=�

QJ�MQAOEPK�LNEI=�@E�NEOKHRANHK��E�PELE�@E�NEOKNOA�?KJOQHP=PA��HA�R=HQP=VEKJE�@=PA�=�

QJk=PPEREP\���K�EH�I=PANE=HA�?DA�HK�D=�I=CCEKNIAJPA�?KEJRKHPK��EII= CEJE��=Q@EK�K�PAOPK	 � ��

&HE� +2�LKOOKJK�=J?DA�NACEOPN=NA�MQ=J@K�A�?KIA�OKJK�OP=PA�=LLNAOA�HA�?KILAPAJVA�A�MQ=J@K�A�?KIA�OKJK�OP=PA�=LLNAOA�HA�?KILAPAJVA�A�

MQ=HE�LA@=CKCEA�D=JJK�BQJVEKJ=PK�IACHEKMQ=HE�LA@=CKCEA�D=JJK�BQJVEKJ=PK�IACHEK� ��

n� +K�OPQ@AJPA�OE�OAJPA�IKPER=PK�+K�OPQ@AJPA�OE�OAJPA�IKPER=PK� ���E�OAJPEIAJPE�A�HA�AIKVEKJEE�OAJPEIAJPE�A�HA�AIKVEKJE�LKOOKJK�AOOANA�NACEOPN=PE�

@ENAPP=IAJPA�@=HHK�OPQ@AJPA�K�AOPN=PPE�EJ@ENAPP=IAJPA�@=H�L=NH=PK��@=HHA�AOLNAOOEKJE�

B=??E=HE��@=H�PN=??E=IAJPK�@ACHE�K??DE��@=H�HEJCQ=CCEK�@AH�?KNLK��@=E�OACJ=HE�qOEKHKCE?E�K�

@=�?KI>EJ=VEKJE�@E�MQAOPE�AHAI AJPE��0QAOPA�EJBKNI=VEKJE�LKOOKJK�AOOANA�QPEHEVV=PA�LAN�

B=N�QO?ENA�HK�OPQ@AJPA�@=�OP=PE�JAC=PERE�?KIA�H=�JKE=�K�H=�BNQOPN=VEKJA��?DA�EJE>EO?KJK�

Hk=LLNAJ@EIAJPK��RANOK�OP=PE�LKOEPERE�?KIA�HkEI LACJK�K�EH�@ERANPEIAJPK� ��

� 
 � � � � � � � � � � � � 
 � � �

D��

https://pressbooks.pub/intelligenzaartificiale/format/ai-speak--how-youtube-learns-you


n� $�CHE�=OLAPPE�?KCJEPERE�?KIA�H=�IAI KNE=��Hk=PPAJVEKJA��H=�?=L=?EP\�@E�NEOKHRANA�E�LNK>HAIE��$�CHE�=OLAPPE�?KCJEPERE�?KIA�H=�IAI KNE=��Hk=PPAJVEKJA��H=�?=L=?EP\�@E�NEOKHRANA�E�LNK>HAIE��

H=�?=L=?EP\�@A?EOEKJ=HA��Hk=J=HEOE�@AHHA�OEPQ=VEKJE�A�EH�LAJOEANK�?NEPE?KH=�?=L=?EP\�@A?EOEKJ=HA��Hk=J=HEOE�@AHHA�OEPQ=VEKJE�A�EH�LAJOEANK�?NEPE?K���

n� " KI A�?KIQJE?=JK�A�?KHH=>KN=JK" KI A�?KIQJE?=JK�A�?KHH=>KN=JK���/ AN�AOAILEK��OA�LQ>>HE?=JK�?KII AJPE�OQE�BAA@�@ACHE�

=HPNE�OPQ@AJPE�A�?KIA�@EO?QPKJK�?KJ�CHE�=HPNE�LAN�NEOKHRANA�E�LNK>HAIE���

n� $�HA�=>EHEP\�I AP=?KCJEPERA�?KIA�Hk=QPKNACKH=VEKJA��Hk=QPKAOLHE?EP=VEKJA��Hk=QPKNACKH=VEKJA��Hk=QPKAOLHE?EP=VEKJA��

Hk=QPKR=HQP=VEKJA�A�Hk=QPKCAOPEKJAHk=QPKR=HQP=VEKJA�A�Hk=QPKCAOPEKJA���NE?AN?=�@E�=EQPK��?KJO=LARKHAVV=�A�?=L=?EP\�@E�NE?AN?=�@E�=EQPK��?KJO=LARKHAVV=�A�?=L=?EP\�@E�

?KJPNKHHK�@AH�LNKLNEK�LAJOEANK?KJPNKHHK�@AH�LNKLNEK�LAJOEANK�� @�AOAILEK��EH�IK@K�EJ�?QE�OAHAVEKJ=JK�CHE�K>EAPPERE�@E�

=LLNAJ@EIAJPK��QPEHEVV=JK�HA�?KJKO?AJVA�LNACNAOOA�K�O?AHCKJK�EJPAJVEKJ=HIAJPA�HA�

OPN=PACEA�@E�NEOKHQVEKJA�@AE�LNK>HAIE���

, AJPNA�MQAOPE�@=PE�?=I>E=JK�A�@ARKJK�AOOANA�NACEOPN=PE�A�=CCEKNJ=PE��E�IK@AHHE�?KJPAJCKJK�=J?DA�

?=N=PPANEOPE?DA�OP=PE?DA�?KIA�HkAP\��EH�OAOOK��H=�HEJCQ=�I=@NA�A�HkEJ@ENEVVK�A
I=EH?=N=PPANEOPE?DA�OP=PE?DA�?KIA�HkAP\��EH�OAOOK��H=�HEJCQ=�I=@NA�A�HkEJ@ENEVVK�A
I=EH� ��

+=�I= CCEKN�L=NPA�@ACHE� +2�?NA=�IK@AHHE�@E�=LLNAJ@EIAJPK�>=O=PE�OQHHA�EJPAN=VEKJE�?KJ�CHE�

OPQ@AJPE�� H?QJE�N=??KHCKJK�EJBKNI=VEKJE�=J?DA�@=�=HPNE�OEPE��OKLN=PPQPPK�@=E�OK?E=H�IA@E=��4J=�

RKHP=�@EOLKJE>EHA�QJ�I K@AHHK�LAN�KCJE�OPQ@AJPA��H=�I=??DEJ=�?=H?KH=�MQ=HE�OPQ@AJPE�OKJK�OEIEHE�

PN=�HKNK�A�OPEI=�H=�LNK>=>EHEP\�?DA�QJ�@APANIEJ=PK�OPQ@AJPA�LKOO=�PN=NNA�>AJAq?EK�@=�QJk=PPEREP\��

QJ�AOAILEK�K�QJ=�@KI=J @=� ��

�-�.0&'--0�&+�&0.+/+0��-�.0&'--0�&+�&0.+/+0�

/ KOOE=IK�PN=??E=NA�QJ�L=N=HHAHK�PN=�CHE�KCCAPPE�

@E� =LLNAJ@EIAJPK� @E� QJ�  +2� A� E� RE@AK� @E�

8KQPQ>A�� 4J� = NCKI AJPK� LQa� AOOANA�

OQ@@EREOK�EJ�?KJ?APPE�A�=>EHEP\��?DE=I=PE�QJEP\�

@E� ?KJKO?AJV=� �*JKSHA@CA� 4JEPO� h� *4	�� OE�

PN=PP=� @E� ?Ea� ?DA� HK� OPQ@AJPA� @ARA� O=LANA� ��

.CJE� * 4� D=� QJ� EJOEAI A� @E� KCCAPPE� @E�

=LLNAJ@EIAJPK�=PPN=RANOK�E�MQ=HE�E�?KJPAJQPE�

LKOOKJK� AOOANA� =LLNAOE� A� QJ� EJOEAI A� @E�

=PPEREP\�LAN�R=HQP=NA�Hk=LLNAJ@EIAJPK�� H?QJE�

=QPKNE�OQ@@ERE@KJK�QHPANEKNIAJPA�CHE�KCCAPPE�

@E�=LLNAJ@EIAJPK�EJ�=PPEREP\�@E�=LLNAJ@EIAJPK��I=�J KJ�HK�B=??E=IK�MQE��

&HE� KCCAPPE� @E� =LLNAJ@EIAJPK� LKOOKJK� AOOANA� PAOPE� @=� HACCANA�� RE@AK�� LNK>HAIE�� =PPEREP\�

EJPAN=PPERA� �@=H� OAILHE?A� NEAI LEI AJPK� @ACHE� OL=VE� RQKPE� =HHA� =PPEREP\� @E� =LLNAJ@EIAJPK� >=O=PA�

OQ� O?AJ=NE	�� =JEI=VEKJE� EJPAN=PPERA�� A??��� &HE� KCCAPPE� @E� =LLNAJ@EIAJPK� BKNJEO?KJK� ?Ea� ?DA� EH�

@EO?AJPA�@ARA�O=LANA�A�HA�=PPEREP\�@E�R=HQP=VEKJA�EJ@E?=JK�OA�HA�?KJKO?AJVA�OKJK�OP=PA�=?MQEOEPA� ��

(H�IK@AHHK�@E�@KIEJEK�?KJPEAJA�PQPPA�HA�?=N=PPANEOPE?DA�@ACHE�KCCAPPE�@E�=LLNAJ@EIAJPK��?KI LNAOE�

HA�*4�A�HA�R=HQP=VEKJE�=OOK?E=PA��

" Ea�?DA�QJ�=HHEARK�=LLNAJ@A�OQ??AOOER=I AJPA�@ELAJ@AN\�=J?DA�@=HHA�EJPANNAH=VEKJE�PN=�HA�

* 4� A� MQEJ@E� =J?DA� MQAOPA� @ARKJK� AOOANA� EJOANEPA� JAH� IK@AHHK�� CHE� KCCAPPE� @E� =LLNAJ@EIAJPK�

� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

D��



 �A� !�LK PNA>>ANK�AOOANA�AJPN=I>E�LNA
NAMQEOEPE�LAN�HkKCCAPPK�@E�=LLNAJ@EIAJPK�#��0QEJ@E��  �

A� !�@ARKJK�AOOANA�L=@NKJACCE=PE�LNEI=�@E�#�� "k^�QJ�KN@EJA�PN=�=H?QJA� *4�?DA�?E�@E?A�?KIA�

=LLNAJ@E=IK� �� H�?KJPN=NEK��OA�HK�OPQ@AJPA�NEOKHRA�?KNNAPP=IAJPA�QJ�LNK>HAI=�?DA�?KNNEOLKJ@A�

=�#��?k̂ �@=�O?KIIAPPANA�?DA�=>>E=�L=@NKJACCE=PK�=J?DA� �A�! ��

&HE�AOLANPE�EJ� I=PANE=�LKOOKJK�BKNJENA�=H?QJA�@E�MQAOPA�NAH=VEKJE�� (H�NAOPK�@AHHA�EJBANAJVA�

LQa� AOOANA� =LLNAOK� @=HH=� I=??DEJ=�� ?DA� LQa� LNARA@ANA� H=� LNK>=>EHEP\� ?DA� QJ=� *4� OE=� OP=P=�

L=@NKJACCE=P=�� MQ=JPK� EH� OEOPAI=� ^� OE?QNK� ?DA� Hk=HHEARK� =>>E=� L=@NKJACCE=PK�  � A� ! �� @=PK� ?DA�

D=�NEOLKOPK�=HHA�@KI=J @A�@AHH=�OAVEKJA�#�� / Qa�MQEJ@E�QPEHEVV=NA�MQAOPA�EJBKNI=VEKJE��EJOEAI A�

=@� =HPNA� ?=N=PPANEOPE?DA� @AE� IK@AHHE� @AHHk=HHEARK� A� @AH� @KIEJEK�� LAN� N=??KI=J @=NA� LAN?KNOE� @E�

=LLNAJ@EIAJPK�A�KCCAPPE�@E@=PPE?E��

 � HPNA�?=N=PPANEOPE?DA�@ACHE�KCCAPPE�@E�=LLNAJ@EIAJPK�LKPNA>>ANK�EJ?HQ@ANA�EH�HERAHHK�@E�@Es?KHP\�

@AHHk=PPEREP\��H=�OQ=�LKLKH=NEP\�A�HA�R=HQP=VEKJE��+kK>EAPPERK��?KI A�JAH�?=OK�@AHH=�N=??KI=J @=VEKJA�

@E�8KQPQ>A��^�MQAHHK�@E�AOPN=NNA�MQ=JPA�LEb�EJBKNI=VEKJE�LKOOE>EHE�@=E�@=PE�@EOLKJE>EHE��

��$@2QNCA��� 86B7<A:��74CG<I8��/ A=NOKJ��+KJ@KJ���� �� ��
��  HGD=PH=J��  ��� *=HEP=�� )�*���!AG8??<:8AG� ,HGBE<A:�+LFG8@F�� �� � B@CE8;8AF<I8�  <FGBE<64?�+HEI8L�J<G;�

* 868AG� �8I8?BC@8AGF�� (JPANJ=PEKJ=H� )KQNJ=H� KB� "KI LQPAN�  LLHE?=PEKJO� ������ 	�� 
 �� �� ,= N?D�

�� � ���

� 
 � � � � � � � � � � � � 
 � � �

D��



�� $OO=��  ���� CBFF<5?8� 9HGHE8� 9BE� A8KG� :8A8E4G<BA� 474CG<I8� ?84EA<A:� FLFG8@F�� 2I= NP� +A=NJEJC�

$JRENKJI AJPO����������� �� ��
�� !QHCAN�,���( 8EFBA4?<F87�$84EA<A:��, ;8�� BAI8EF4G<BAF�/ 8[E8�&BG� 4I<A:��#=P=���2K?EAPU�6KNGEJC�

/ =LAN���� �� ��
�� "D NUO=q=@E��*���5ENRKQ��,��� +GH78AG�@B78?<A:�4CCEB46;8F�� ��?<G8E4GHE8�E8I<8J�9BE�G;8�?4FG�786478��

$TLANP�2UOPAIO�SEPD� LLHE?=PEKJO��$HOAREAN���� ����
�� &NKp��)���( 8EFBA4?<M87�$84EA<A:��, ;8�FG4G8�B9�G;8�`8?7�4A7�9HGHE8�7<E86G<BAF��" AJPAN�BKN�?QNNE?QHQI�

NA@AOECJ���� �� ��
�� @Q�!KQH=U��! ���/ KQHKR=OEHHEO�� ���'KHIAO��6���,= RNEGEO��,���� EG<`6<4?�!AG8??<:8A68�� A7��<:�� 4G4�

, 86; AB?B:<8F� ,B� � ?BF8� , ;8� � 6;<8I8@8AG� �4C�� (J�� +Q?GEJ�� 1KOA� A@�� $JD=J?EJC� +A=NJEJC� =J@�

3A=?DEJC�SEPD�3A?DJKHKCU��+KJ@KJ��4"+�(JOPEPQPA�KB�$@Q?=PEKJ�/ NAOO��LL�����h �� ���� �� ��

� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

D��

https://doi.org/10.1186/s40561-016-0038-y


�� S�

�#3 -#3'�&+��
�B��0.'�+�4+45'.+�
#&#55+7+�=456&+#/0=�-0�456&'/5'�

�#35'���

�-�130%'440��-�130%'440�

- ACHE� QHPEIE� =JJE�� Hk=LLNAJ@EIAJPK� =QPKI=PE?K� ^� OAILNA� LEb� QPEHEVV=PK� JAE� OEOPAIE� =@=PPERE��

?KI A�QJE?=�PA?JKHKCE=�K�EJ�?KI>EJ=VEKJA�?KJ�=HPNE�=LLNK??E� ��0Q=J@K�REAJA�QPEHEVV=PK��EH�NQKHK�

LNEJ?EL=HA� @AH� ,+� ^� MQAHHK� @E� ?NA=NA� A� =CCEKNJ=NA� E� IK@AHHE� @ACHE� OPQ@AJPE� OQHH=� >=OA� @E� QJ�

EJOEAI A�@E�?=N=PPANEOPE?DA��?KI LNAOE�E�NEOQHP=PE�@AHHA�R=HQP=VEKJE�A�E�JQKRE�@=PE�CAJAN=PE�@QN=JPA�EH�

LNK?AOOK���

/ AN� EH� ?E?HK� AOPANJK�� E� IK@AHHE� RAJCKJK� ?NA=PE� ?KJ� Hk=EQPK� @AE� @=PE� @E� =@@AOPN=IAJPK��

=OOACJ=J@K� LAOE� =@ACQ=PE� =HHA� ?=N=PPANEOPE?DA� LAN� =EQP=NA� =� N=??KI=J @=NA� ?KJPAJQPE� @E�

=LLNAJ@EIAJPK�As?=?E� �� �B=E�NEBANEIAJPK�=J?DA�=�/ =NH=NA�@E�( � ��  LLNAJ@EIAJPK�=QPKI=PE?K	��

0QAOPE� IK@AHHE� RAJCKJK� QPEHEVV=PE� LAN� N=??KI=J @=NA� NACKH=NI AJPA� JQKRE� LAN?KNOE� @E�

=LLNAJ@EIAJPK�?DA�NErAPPKJK�E�LNKCNAOOE�A�E�?=I>E=IAJPE�@E�EJPANAOOA�@ACHE�OPQ@AJPE��?KIA�HA�

JQKRA�N=??KI=J @=VEKJE�@E�8KQPQ>A��- ACHE� +2�>=O=PE�OQ�,+��EH�JQI ANK�@E�LAN?KNOE�LQa�=NNER=NA�

=�PNEHEKJE� ��

� 
 � � � � � � � � � � � � 
 � � �

D��

https://pressbooks.pub/intelligenzaartificiale/format/ai-speak--machine-learning


- AH� ?E?HK� EJPANJK�� Hk=LLNAJ@EIAJPK� =QPKI=PE?K� REAJA� QPEHEVV=PK� LAN� BKNJENA� QJ� BAA@>=?G�

=@ACQ=PK��EJ@ERE@Q=NA�CHE�ANNKNE��@A@QNNA�HA�H=?QJA�JAHHA�?KJKO?AJVA�A�R=HQP=NA�H=�L=@NKJ=JV=�

@AHHA� QJEP\� @E� ?KJKO?AJV=� �*4	 �� , AJPNA� H=RKN=� OQ� QJk=PPEREP\�� QJK� OPQ@AJPA� LKPNA>>A�

?KII APPANA�@ACHE�ANNKNE��(H�,+�LQa�AOOANA�QPEHEVV=PK�LAN�LNARA@ANA�MQ=HE�ANNKNE�@ANER=JK�@=�MQ=HE�

H=?QJA�@E�?KJKO?AJV=��2A�QJ�L=OO=CCEK�@AHH=�OKHQVEKJA�^�?KNNAPPK��EH� ,+�LQa�AOOANA�QO=PK�LAN�

LNARA@ANA�MQ=HE�QJEP\�@E�?KJKO?AJV=�OKJK�OP=PA�L=@NKJACCE=PA�?KJ�OQ??AOOK� ��

 HPNA�PA?JE?DA�QPEHEVV=PA�JAE�OEOPAIE�=@=PPERE�?KILKNP=JK�QJ=�IEJKNA�=QPKI=VEKJA�A�NACKHA�

LEb�AOLHE?EP=IAJPA�O?NEPPA�LAN�B=NA�EJBANAJVA� ��1E?DEA@KJK� I KHPK�PAILK�@E�LNKCN=II=VEKJA�A�

QJK�OBKNVK�OQLLHAI AJP=NA�LAN�?=PPQN=NA�=??QN=P=IAJPA�PQPPE�E�?NEPANE�?DA�AJPN=JK�JAH�LNK?AOOK�

@A?EOEKJ=HA��(JKHPNA��OLAOOK�E�NEOQHP=PE�JKJ�LKOOKJK�AOOANA�CAJAN=HEVV=PE�@=�QJ�@KIEJEK�=HHk=HPNK�K�

@=�QJ�LNK>HAI=�=HHk=HPNK��

&HE�OPNQIAJPE�?DA�QPEHEVV=JK�EH�,+�QPEHEVV=JK�CN=J@E�OANEA�@E�@=PE�OQHHA�LNAOP=VEKJE�ApAPPERA�

@ACHE�OPQ@AJPE�A�OKJK�EJ�CN=@K�@E�?NA=NA�E�LAN?KNOE�@E�=LLNAJ@EIAJPK�LEb�@EJ=IE?E�LAN�CHE�OPQ@AJPE�

JAH�PAILK���" KI A�LAN�PQPPA�HA�=LLHE?=VEKJE�@E�,+��^�JA?AOO=NEK�ApAPPQ=NA�BKNI=VEKJA�A�PAOP�LNEI=�

@E�LKPANHA�QPEHEVV=NA�EJ�?H=OOA��

� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

D��



(I= CA�BNKI�$@2QNCA��#A?K@EJC� @=LPERA��/ A=NOKJ��+KJ@KJ���� ���HE?AJOA@�QJ@AN�""�! 8��� � ��3K�REAS�=�?KLU�KB�

PDEO�HE?AJOA��REOEP�DPPLO���?NA=PERA?KII KJO�KNC�HE?AJOAO�>U��� � ��

�0&'--0�1'&#)0)+%0��0&'--0�1'&#)0)+%0�

- AH�?=OK�@E�8KQPQ>A��=>>E=IK�REOPK�?DA�?E�OKJK� I KHPE�CEQ@EVE�@E�R=HKNA�OQ�?Ea�?DA�NAJ@A�QJ=�

N=??KI=J @=VEKJA� >QKJ=�� ?KIA� =@� AOAILEK� MQ=JPE� EJPANAOOE� @AHHkQPAJPA� ?KLNENA� EJ� QJ� OAP� @E�

N=??KI=J @=VEKJE�� MQ=JPE� RE@AK� @KRNA>>ANK� AOOANA� OEIEHE� =� MQAHHE� CE\� REOPE�� MQ=JPE� JQKRE�

?KJPAJQPE�=CCEQJCANA�LAN�H=�@ERANOEP\���RA@E  (�2LA=G���" KI A�8KQPQ>A�PE�OPQ@E=�/=NPA��	��+k +2�

?KI LKNP=� CEQ@EVE� OEIEHE� OQ� ?KO=� OECJEq?DE� L=@NKJACCE=NA� QJ=� *4� A� OQ� ?KIA� N=CCEQJCANA� P=HA�

L=@NKJ=JV=��H=�LA@=CKCE=�A�HkAOLANEAJV=�MQKPE@E=J=�@AH�@EO?AJPA� ��

- AH� ?=OK� @AHHk +2 �� MQAOPE� CEQ@EVE� A� EJ@E?=VEKJE� OQH� IK@K� EJ� ?QE� QJK� OPQ@AJPA� @ARA�

� 
 � � � � � � � � � � � � 
 � � �

D�	

https://creativecommons.org/licenses/by/4.0/
https://pressbooks.pub/intelligenzaartificiale/format/ai-speak--how-youtube-learns-you-part-2


LNKCNA@ENA� @KRNA>>ANK� AOOANA� >=O=PE� OQ� PAKNEA� LA@=CKCE?DA� ?KILNKR=PA�� 0QAOPA� RAJCKJK�

EJOANEPA� JAH� IK@AHHK� LA@=CKCE?K� A�� EJOEAI A� =E� IK@AHHE� @AH� @KIEJEK� A� @AHHk=HHEARK�� =EQP=JK� H=�

I= ??DEJ=�=�O?ACHEANA�QJ�EJOEAI A�=LLNKLNE=PK�@E�=PPEREP\��

 H?QJA�@AHHA�@KI=J @A�?DA�PNKR=JK�NEOLKOP=�EJ�MQAOPK�IK@AHHK�OKJK�� HHK�OPQ@AJPA�@ARA�

AOOANA�LNAOAJP=PK�QJ�?KJ?APPK��QJk=PPEREP\�K�QJ�PAOP�� �MQ=HA�HERAHHK�@E�@Es?KHP\��" KI A�R=HQP=NA�

Hk=LLNAJ@EIAJPK�A�BKNJENA�QJ�BAA@>=?G��#KRA�^�JA?AOO=NEK�QJ� I=CCEKNA�O?=pKH@EJC��  ��" KJ�EH�

PANIEJA� lO?=pKH@EJCm� OE� B=� NEBANEIAJPK� =� IA??=JEOIE� @E� OQLLKNPK� ?DA� BKNJEO?KJK� EJ@E?=VEKJE�

OQ�?KJ?APPE�A�LNK?A@QNA��OQHH=�OPN=PACE=�QPEHEVV=P=�A�OQ�?KIA�NErAPPANA��LE=JEq?=NA�A�IKJEPKN=NA�

Hk=LLNAJ@EIAJPK�	� (H� IK@AHHK�LA@=CKCE?K�@APANIEJ=�Hk=I LEAVV=�A�H=�LNKBKJ@EP\�@AHHA�=PPEREP\�A�

LANOEJK�H=�O?AHP=�@E�LNKOACQENA�=HHkEJPANJK�@AHHk +2�K�@E�B=NOE�=EQP=NA�@=HHkEJOACJ=JPA� ��

 

(I= CA�BNKI�$@2QNCA��#A?K@EJC� @=LPERA��/ A=NOKJ��+KJ@KJ���� ���HE?AJOA@�QJ@AN�""�! 8��� � ��3K�REAS�=�?KLU�KB�PDEO�

HE?AJOA��REOEP�DPPLO���?NA=PERA?KII KJO�KNC�HE?AJOAO�>U��� � ��

 

�/5'3(#%%+#��/5'3(#%%+#�

+A�N=??KI=J @=VEKJE�OKJK�LNAOAJP=PA�EJOEAI A�=@�=HPNE�@=PE�?KIA�E�LNKCNAOOE��HA�LNAOP=VEKJE�A�CHE�

K>EAPPERE�@ACHE�OPQ@AJPE��+A�@KI=J @A�?DE=RA�OKJK��

� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

D�T

https://creativecommons.org/licenses/by/4.0/


n� " KI A�BKNJENA�E�?KJPAJQPE��

n� 0Q=JPE�?KJPAJQPE�N=??KI=J @=NA�EJ�QJ=�OKH=�RKHP=��

n� " KO=�REAJA�=OOACJ=PK�@ENAPP=IAJPA�A�?KO=�REAJA�N=??KI=J @=PK��

n� 0Q=HE�OKJK�HA�NEOKNOA�@E�OQLLKNPK��

n� [�LKOOE>EHA�LNARA@ANA�=PPEREP\�@E�CNQLLK��

n� 0Q=JP=�=QPKJKIE=�?KJ?A@ANA��

n� +K�OPQ@AJPA�LQa�?=I>E=NA�HA�LNKLNEA�LNABANAJVA��

n� +kEJOACJ=JPA�LQa�IK@Eq?=NA�E�LAN?KNOE�@E�=LLNAJ@EIAJPK��

n� 0Q=HE�@=PE�RAJCKJK�I KOPN=PE�=HHkEJOACJ=JPA��

n� +kEJOACJ=JPA�^�?KEJRKHPK��

� #- 65#;+0/'�� #- 65#;+0/'�

0Q=J@K� Hk +2� REAJA� QPEHEVV=PK�� H=� I=CCEKN� L=NPA� @AE� OEOPAIE� IKJEPKN=� HA� LNKLNEA� LNAOP=VEKJE�

NEOLAPPK�=E�?NEPANE�OP=>EHEPE�@=H�LNKCN=II=PKNA��" KI A�EJ�KCJE�OPNQIAJPK�@E�EJPAHHECAJV=�=NPEq?E=HA��

E�@=PE�LKOOKJK�AOOANA�@EOPKNPE��+A�EJBANAJVA�PN=PPA�@=H�OEOPAI=�LKOOKJK�AOOANA�EILNA?EOA�� (�@=PE�

L=OO=PE�@AHHK�OPQ@AJPA�@ERAJPAN=JJK�OAILNA�IAJK�NEHAR=JPE�?KJ�EH�L=OO=NA�@AH�PAILK� ��/ ANP=JPK��

HkEJOACJ=JPA�@ARA�=J?DA�I KJEPKN=NA�HA�LNAOP=VEKJE�@AH�OEOPAI=�A�BKNJENA�=HHk=HHEARK�EJ@E?=VEKJE�A�

IEOQNA�?KNNAPPERA��OA�JA?AOO=NEK��

2KJK�=J?DA�CHE�EJOACJ=JPE�A�E�?KIL=CJE�?DA�@ARKJK�BKNJENA�EOLEN=VEKJA�A�NERAH=NA�NEOKNOA�

=HPANJ=PERA�� / AN�KHPNA�QJ�@A?AJJEK��H=�NE?AN?=�OQE�OEOPAIE�@E�N=??KI=J @=VEKJA�^�OP=P=�KNEAJP=P=�

@=E�BKNJEPKNE�@E�?KJPAJQPE�?KIIAN?E=HE�A�@=HHA�=VEAJ@A�@E�RAJ@EP=�=H�@APP=CHEK�KJHEJA��/ ANP=JPK��

Hk=PPAJVEKJA� OE� ^� ?KJ?AJPN=P=� OQHH=� BKNJEPQN=� @E� N=??KI=J @=VEKJE� =s@=>EHE� ?DA� LNK@Q?KJK�

NEOQHP=PE�?DA�LKOOKJK�AOOANA�LNKIKOOE��l(H�LE=?ANA�OKNLNAJ@AJPA�@E�QJ=�CAII=�EJ=OLAPP=P=� m�A�HA�

OPN=@A�I AJK�>=PPQPA��MQAHHA�?DA�LKOOKJK�EOLEN=NA�BKNPAIAJPA�QJ�=LLNAJ@EIAJPK�@QN=PQNK��JKJ�

OKJK�QJ�LQJPK�@E�BKNV=�@AHHk=LLNAJ@EIAJPK�LANOKJ=HEVV=PK�>=O=PK�OQHHA�I= ??DEJA��

��$@2QNCA��� 86B7<A:��74CG<I8��/ A=NOKJ��+KJ@KJ���� �� ��
�� "D NUO=q=@E��*���5ENRKQ��,��� +GH78AG�@B78?<A:�4CCEB46;8F����?<G8E4GHE8�E8I<8J�9BE�G;8�?4FG�786478��

$TLANP�2UOPAIO�SEPD� LLHE?=PEKJO��$HOAREAN���� ����
�� $OO=��  ���� CBFF<5?8� 9HGHE8� 9BE� A8KG� :8A8E4G<BA� 474CG<I8� ?84EA<A:� FLFG8@F�� 2I= NP� +A=NJEJC�

$JRENKJI AJPO����������� �� ��
�� &NKp��)���( 8EFBA4?<M87�$84EA<A:��, ;8�FG4G8�B9�G;8�`8?7�4A7�9HGHE8�7<E86G<BAF��" AJPAN�BKN�?QNNE?QHQI�

NA@AOECJ���� �� ��
��  HGD=PH=J��  ��� *=HEP=�� )�*���!AG8??<:8AG� ,HGBE<A:�+LFG8@F�� �� � B@CE8;8AF<I8�  <FGBE<64?�+HEI8L�J<G;�

* 868AG� �8I8?BC@8AGF�� (JPANJ=PEKJ=H� )KQNJ=H� KB� "KI LQPAN�  LLHE?=PEKJO� ������ 	�� 
 �� �� ,= N?D�

�� � ���
�� @Q�!KQH=U��! ���/ KQHKR=OEHHEO�� ���'KHIAO��6���,= RNEGEO��,���� EG<`6<4?�!AG8??<:8A68�� A7��<:�� 4G4�

, 86; AB?B:<8F� ,B� � ?BF8� , ;8� � 6;<8I8@8AG� �4C�� (J�� +Q?GEJ�� 1KOA� A@�� $JD=J?EJC� +A=NJEJC� =J@�

3A=?DEJC�SEPD�3A?DJKHKCU��+KJ@KJ��4"+�(JOPEPQPA�KB�$@Q?=PEKJ�/ NAOO��LL�����h �� ���� �� ��

� 
 � � � � � � � � � � � � 
 � � �

D�D

https://doi.org/10.1186/s40561-016-0038-y


�� * KJOP=J��)���3ANRAAJ��+��� H@4A
68AG8E87�E86B@@8A78E�FLFG8@F��'E<:<AF	�47I4A68F	�6;4??8A:8F	�4A7�

BCCBEGHA<G<8F�� (�,= C=VEJA������ 	���� 
������ ����

� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

D��



�� S�

�-�307'4%+0�&'--#�.'&#)-+#�&'--#�
��
B�
-%6/+�1#3#&+).+�&#�5'/'3'�

+/�%0/4+&'3#;+0/'�

2)H 8FGB�64C<GB?B�R�FG4GB�GE47BGGB�6BA�FGEH@8AG<�7<�GE47HM<BA8�4HGB@4G<643�

- KJKOP=JPA� EH� LKPAJVE=HA� LNKIAOOK� @=E� OEOPAIE� @E� =LLNAJ@EIAJPK� =@=PPERE�� IKHPA� @KI=J @A�

NEI=JCKJK�OAJV=�NEOLKOP=��-KJ�?E�OKJK�=J?KN=�OQs?EAJPE�NE?AN?DA�K�@K?QIAJP=VEKJE�@E�LN=PE?DA�

EJ�?H=OOA�?DA�=EQPEJK�=�NEOKHRANA�MQAOPE�LNK>HAIE��

n� (�OEOPAIE�@E�N=??KI=J @=VEKJA�OKJK�QPEHEVV=PE�LAN�OQCCANENA�qHI�=CHE�QPAJPE�@E�-APrET��

 E QP=JK�E�?KJOQI=PKNE�=�PNKR=NA�H=�O?AHP=�CEQOP=��=@�AOAILEK��@E�=HPKL=NH=JPE�=Q@EK�OQ�

 I=VKJ��,=�LKOOKJ K�ApAPPER=I AJPA�IECHEKN=NA�E�NEOQHP=PE�@E�=LLNAJ@EIAJPK�@E�KCJE�

OPQ@AJPA�EJ�?H=OOA���

n� " KJ?AJPN=NOE�OAILNA�OQH�NAJ@EIAJPK�A�OQHHkEJ@ERE@Q=HEVV=VEKJA�EJrQEO?A�OQH�>AJAOOANA�

LOE?KHKCE?K�@AHHK�OPQ@AJPA� ��

n� +kEJ@ERE@Q=HEVV=VEKJA�NE?DEA@A�I KHP=�@EO?ELHEJ=�A�=QPKNACKH=VEKJA�@=�L=NPA�@ACHE�

OPQ@AJPE��&HE�OPQ@AJPE�@ARKJK�EJEVE=NA�=�H=RKN=NA�@=�OKHE�A�?KJPEJQ=NA�=�B=NHK�qJK�=�

?KI LHAP=NA�PQPPA�HA�=PPEREP\�=OOACJ=PA��3QPPE�CHE�OPQ@AJPE�OKJK�EJ�CN=@K�@E�B=NHK�OAJV=�

=EQPK� ��

n� " KI A�>EH=J?E=NA�HkEJ@ERE@Q=HEVV=VEKJA�?KJ�HA�KLLKNPQJEP\�@E�=LLNAJ@EIAJPK�OK?E=HA� ��

n� " KI A�L=OO=NA�@=HHkQPEHEVVK�@ACHE� +2�?KIA�OQLLKNPK�LAN�QJ�OEJCKHK�=NCKI AJPK��

=HHkQPEHEVVK�OEOPAI=PE?K�@E�MQAOPE�OEOPAIE��=PPN=RANOK�=NCKI AJPE�A�I=PANEA� ��$�EH�

?=I >E=IAJPK�@AH�?QNNE?QHQI�? DA�O=N\�JA?AOO=NEK�LAN�EJ?KNLKN=NA�Hk=@=PP=>EHEP\� ��

n� $�HA�EJBN=OPNQPPQNA�JA?AOO=NEA��" KO=�>EOKCJ=�B=NA�LAN�MQ=JPK�NECQ=N@=�E�@=PE�A�H=�LNER=?U��

E�LNACEQ@EVE�A�CHE�OPANAKPELE�N=pKNV=PE� ��

- AHHK� OREHQLLK� @ACHE� 2+ �� =H?QJE� LNEJ?ELE� RAJCKJK� QPEHEVV=PE� @ENAPP=IAJPA� K� EILHE?EP=IAJPA��

0QAOPE�JKJ�OKJK�OAILNA�LNERE�@E�?KJOACQAJVA��

� 
 � � � � � � � � � � � � 
 � � �

D��



�/�1#3#&+).#�&+���
B��-�7'%%*+0�L�030��/�1#3#&+).#�&+���
B��-�7'%%*+0�L�030�

" KO=� B=JJK� E� OEOPAIE� @E� =LLNAJ@EIAJPK� =QPKI=PE?K� MQ=J@K� LNARA@KJK� K� N=??KI=J @=JK�

MQ=H?KO=�� 4PEHEVV=JK� HA� AOLANEAJVA� L=OO=PA�� HA� LNABANAJVA� A� HA� LNAOP=VEKJE� @AHHK� OPQ@AJPA� LAN�

O?ACHEANA�?KO=�?KJOECHE=NCHE��&Q=N@=JK�=H�L=OO=PK�LAN�LNARA@ANA�EH�BQPQNK��/ ANP=JPK��MQAOPE�OEOPAIE�

OKJK�OAILNA�KNEAJP=PE�RANOK�EH�L=OO=PK� ��$[4CCE8A7<@8AGB�4HGB@4G<6B�9HAM<BA4�@8: ?<B�<A�HA�@BA7B�

FG4G<6B�8�FG45<?8	�7BI8�<?�C4FF4GB�4FFB@<:?<4�4?�9HGHEB���+k +2�>=O=PK�OQ�IK@AHHE�@E�=LLNAJ@EIAJPK�

=QPKI=PE?K�B=�LEb�K�I AJK�H=�OPAOO=�?KO=��I=�KN=�?KJ�Hk=CCEQJP=�@E�?KJOE@AN=VEKJE�LA@=CKCE?DA��

#E�?KJOACQAJV=��MQAOPE�OEOPAIE�JKJ�OKJK�EJ�CN=@K�@E�PAJANA�?KJPK�@AHHA�rQPPQ=VEKJE�@AHH=�

JKNI=HEP\�� ?KIA� H=� L=J@AIE=� ". 5(# �� E� LNK>HAIE� @E� O=HQPA� A� =HPNE� LNK>HAIE�� 3=JPK� IAJK�

LKOOKJK� PAJANA� ?KJPK� @AHHkAP\�� @AHH=� ?NAO?EP=�� @AHH=� L=@NKJ=JV=� @E� JQKRA� ?KILAPAJVA� A�

@AHHkARKHQVEKJA�LANOKJ=HA�@AE�CEKR=JE�AOOANE�QI=JE��

(H� ?KILKNP=IAJPK� @ACHE� OPQ@AJPE� ^� LNARA@E>EHA�� 0Q=JPA� RKHPA� LKOOE=IK� NELAPANA� QJ=�

BKNIQH=�?DA�D=�BQJVEKJ=PK�>AJA�EJ�L=OO=PK�LNEI=�?DA�@ERAJPE�JKEKO=�A�NELAPEPER=�A�EILA@EO?=�EH�

LNKCNAOOK� ��  J ?DA�OA�OE�LKPAOOA�B=NA�QJ=�P=HA�LNAREOEKJA��^�LNQ@AJPA�AOLKNNA�CHE�OPQ@AJPE�OKHK�

=�?KOA�?DA�CHE�LE=??EKJK�A�?KJ�?QE�OE�OAJPKJK�=�LNKLNEK�=CEK��#k=HPN=�L=NPA��MQ=JPA�JKREP\�OKJK�

A??AOOERA�A�?KJPNKLNK@Q?AJPE� ��

(J�OEJPAOE��^�@Es?EHA�OP=>EHENA�MQ=JPK�KCJE�=PPEREP\�?KJOECHE=P=�@A>>=�AOOANA�OEIEHA�=HHk=HPN=��

MQ=JPE�JQKRE�PELE�@E�=PPEREP\�EJPNK@QNNA�EJ�QJ=�OAOOEKJA�A�MQ=J@K�OE=�LNK@QPPERK�OLEJCANA�QJK�

OPQ@AJPA�=@�=pNKJP=NA�HA�Oq@A�A@�AOLHKN=NA�JQKRE�EJPANAOOE��$�HA�NEOLKOPA�JKJ�OE�PNKR=JK�OKHK�JAH�

L=OO=PK�@ACHE�OPQ@AJPE��

�/�1#3#&+).#�&+���
B�� I'41-+%+ 50�3+Q'55'�- I+.1-+%+ 50��/�1#3#&+).#�&+���
B�� I'41-+%+ 50�3+Q'55'�- I+.1-+%+ 50�

 J ?DA�MQ=J@K�EH�L=OO=PK�LQa�AOOANA�QO=PK�EJ�IK@K�=s@=>EHA�LAN�LNARA@ANA�EH�BQPQNK��EH�L=OO=PK�

OPAOOK�LKPNA>>A�AOOANA�@Es?EHA�@=�?=PPQN=NA�?KJ�LNA?EOEKJA��" KI A�B=�8KQPQ>A�=�O=LANA�?DA�QJ�

QPAJPA�D=�=LLNAVV=PK�QJ�RE@AK��[�LEb�B=?EHA�OA�D=�?HE??=PK�OQH�LQHO=JPA�,E�LE=?A�K�OE�^�EO?NEPPK�=H�

?=J=HA�LNEJ?EL=HA�@KLK�=RANHK�REOPK��,=�M QAOPE�?KILKNP=IAJPE�AOLHE?EPE�OKJK�OLAOOK�N=NE��(�OEOPAIE�

@E�N=??KI=J @=VEKJA�@ARKJK�NE?KNNANA�NACKH=NI AJPA�=�OACJ=HE�EILHE?EPE�?DA�LKOOKJK�NErAPPANA�K�

I AJK�H=�RANEP\� �� @�AOAILEK��8KQPQ>A�QPEHEVV=�EH�PAILK�PN=O?KNOK�@=HHkQPAJPA�=�CQ=N@=NA�EH�RE@AK�

?KI A�OACJ=HA�EILHE?EPK�?DA�EH�RE@AK�CHE�^�LE=?EQPK�A�?DA�RKNNA>>A�CQ=N@=NA�?KJPAJQPE�OEIEHE��,=�EH�

B=PPK�?DA�QJ�RE@AK�OE=�OP=PK�NELNK@KPPK�OQH�?KILQPAN�@E�MQ=H?QJK�qJK�=HH=�qJA�JKJ�OECJEq?=�?DA�

CHE�OE=�LE=?EQPK�K�?DA�HK�=>>E=�CQ=N@=PK� ��

$�?KI A�REAJA�NACEOPN=PK�EH�BAA@>=?G�EJ�QJ�OEOPAI=�@E�=LLNAJ@EIAJPK�=@=PPERK��/ AN�R=HQP=NA��

=@�AOAILEK��OA�QJK�OPQ@AJPA�^�OP=PK�=PPAJPK�@QN=JPA�QJk=PPEREP\��EH�OEOPAI=�LKPNA>>A�NACEOPN=NA�EH�

JQI ANK�@E�NEOKNOA�@ECEP=HE�OQ�?QE�D=�B=PPK�?HE?��MQ=J@K�A�LAN�MQ=JPK�PAILK�RE�D=�B=PPK�=??AOOK��,=�

MQAOPE�@=PE�JKJ�LKOOKJK�NErAPPANA�=??QN=P=IAJPA�EH�HERAHHK�@E�=PPAJVEKJA�@AHHK�OPQ@AJPA���

 @�AOAILEK��OA�HK�OPQ@AJPA�D=�HA�E@AA�?DE=NA�OQ�?KO=�B=NA�LAN�QJk=PPEREP\��LKPNA>>A�?KJOQHP=NA�

LK?DA� NEOKNOA� A� EJ@ERE@Q=NA� N=LE@=IAJPA� E� LQJPE� ?NEPE?E�� "DE� JKJ� D=� HA� E@AA� ?DE=NA� LKPNA>>A�

=LNENA� A� @A@E?=NA� PAILK� =� PQPPA� HA� NEOKNOA� AHAJ?=PA� OAJV=� EIL=N=NA� IKHPK��� [� LKOOE>EHA� ?DA� EH�

� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

D��



LNEIK�OPQ@AJPA�RAJC=�ANNKJA=I AJPA�OACJ=H=PK�LAN�I=J?=JV=�@E�IKPER=VEKJA�A�?KOPNAPPK�=�B=NA�

@AH�H=RKNK�OQLLHAI AJP=NA��

5 =�EJKHPNA�PAJQPK�LNAOAJPA�?DA�E�IK@AHHE�@E�=LLNAJ@EIAJPK�=QPKI=PE?K�LKOOKJK�OKHK�JKP=NA�

?DA�@QA�?KOA�h�QJK�OPQ@AJPA�?DA�B=�?HE?�OQ�QJ=�NEOKNO=�A�QJK�OPQ@AJPA�?DA�KPPEAJA�QJ�LQJPACCEK�

AHAR=PK� JAHHkAOAN?EVEK� =OOK?E=PK� h� OE� OKJK� RANEq?=PA� AJPN=I>A�� - KJ� LKOOKJK� @A@QNNA� ?DA� HK�

OPQ@AJPA�=>>E=�KPPAJQPK�QJ�LQJPACCEK�AHAR=PK�LAN?D_�D=�?KJOQHP=PK�H=�NEOKNO=�h�LKOOKJK�@A@QNNA�

H=�?KNNAH=VEKJA��I=�J KJ�H=�?=QO=HEP\���

+k=OLAPP=PER=�EJCEQOP=�@E�=H?QJE�2+ �^�?DA�HkEJOACJ=JPA�EJPANRAJC=�LAN�NEIA@E=NA�=�MQAOPE�

ANNKNE��(J�=HPNE�OEOPAIE��HkEJOACJ=JPA�JKJ�D=�JAII AJK�H=�LKOOE>EHEP\�@E�B=NHK��

�-�1#3#&+).#�&'--#���
B��6550�16M�'44'3'�4045+ 56+50�&#�26'45#��-�1#3#&+).#�&'--#���
B��6550�16M�'44'3'�4045+ 56+50�&#�26'45#�

&0.#/&#�&0.#/&#�

(� OEOPAIE� @E� N=??KI=J @=VEKJA� JKJ� OKJK� EJ� CN=@K� @E� CAOPENA� K>EAPPERE� IQHPELHE�� +kK>EAPPERK�

@AHHk +2� ^� OLAOOK� LNAOAJP=PK� OKPPK� BKNI=� @E� QJkQJE?=� @KI=J @=�� H=� @KI=J @=� OQNNKC=P=�� "DA�

RKPK�D=�@=PK�QJ�QPAJPA�=�QJ�qHI��LAN�MQ=JPK�PAILK�D=�CQ=N@=PK�QJ�RE@AK��MQ=H�^�EH�LQJPACCEK�

@AHHK�OPQ@AJPA�EJ�QJ�MQEV��MQ=JPK�D=�OK@@EOB=PPK�E�?NEPANE�QPEHEVV=PE�@=HH=�I=??DEJ=�LAN�IEOQN=NA�

Hk=PPAJVEKJAo�(�OEOPAIE�RAJCKJK�MQEJ@E�=@@AOPN=PE�LAN�N=CCEQJCANA�MQAOPK�K>EAPPERK�A�PAOP=PE�EJ�

>=OA�=H�OQK�N=CCEQJCEIAJPK��+A�HKNK�LNAOP=VEKJE�OKJK�?KOP=JPAIAJPA�NACKH=PA�LAN�I=OOEIEVV=NA�EH�

HKNK�LQJPACCEK�NEOLAPPK�=�MQAOPK�K>EAPPERK��

2A� HkK>EAPPERK� ^� EH� LQJPACCEK� JAH� MQEV�� =H?QJE� ?KJPAJQPE� RAJCKJK� ?KJOECHE=PE� EJ� QJ� ?ANPK�

I K@K�� (H�NAJ@EIAJPK�=HHkAO=IA�^�EH�LNK>HAI=�OQNNKC=PK�?DA�REAJA�NEOKHPK��2A�HkK>EAPPERK�^�OKHK�

MQAHHK�@E�B=NHE�?HE??=NA�OQ�IKHPA�NEOKNOA��H=�N=??KI=J @=VEKJA�O=N\�B=PP=�OQ�IEOQN=�LAN�OLEJCANHE�=�

B=NA�LNKLNEK�MQAOPK��(H�LNK>HAI=�^�NAJ@ANA�HA�NEOKNOA�=PPN=AJPE��H=�@KI=J @=�=�?QE�?E�OE�NERKHCA��

+=� O?AHP=� @AHH=� @KI=J @=� D=� QJkEI LKNP=JV=� OLNKLKOEP=P=� OQH� BQJVEKJ=I AJPK� @AHHk +2 � ��

(JKHPNA�� ?KJPN=NE=IAJPA� =HH=� LNKIKVEKJA� @ACHE�  +2� ?KIA� OEOPAIE� KCCAPPERE�� ?k̂ � LEb� =NPA� ?DA�

O?EAJV=�JAHH=�OAHAVEKJA�@AH�LNK>HAI=�OQNNKC=PK�LAN�HA�N=??KI=J @=VEKJE� ��

�655#�-#�5'%/0-0)+#�/0/�L��+ A� '%*��655#�-#�5'%/0-0)+#�/0/�L��+ A� '%*�

" KI A�=>>E=IK�REOPK�qJKN=��OKJK� I KHPA�HA�@A?EOEKJE�?DA�AJPN=JK�EJ�CEK?K�JAHH=�NA=HEVV=VEKJA�

@ACHE�  +2�� 0Q=HE� @=PE� RAJCKJK� IEOQN=PE�� ?KIA� MQAOPE� @=PE� RAJCKJK� QPEHEVV=PE� LAN� R=HQP=NA� EH�

BAA@>=?G� A� =HPNA� EJBKNI=VEKJE�� MQ=HE� K>EAPPERE� RAJCKJK� KPPEIEVV=PE�� MQ=HE� =HCKNEPIE� RAJCKJK�

QPEHEVV=PE�LAN�KPPEIEVV=NA�MQAOPE�K>EAPPEREo�(H�LEb�@AHHA�RKHPA��OKJK�LNKCN=II=PKNE��O?EAJVE=PE�@AE�

@=PE��AOLANPE�@E�qJ=JV=�A�@E�I=NGAPEJC�=�LNAJ@ANA�MQAOPA�@A?EOEKJE��(H�?KJPNE>QPK�@E�EJOACJ=JPE�

A@� AOLANPE� @E� LA@=CKCE=� =H� LNK?AOOK� @E� OREHQLLK� ^� N=NK� A� OLAOOK� =NNER=� @KLK� EH� LNK?AOOK� @E�

LNKCAPP=VEKJA� ��(�LNK@KPPE�JKJ�RAJCKJK�PAOP=PE�OQH�?=ILK�LNEI=�@E�AOOANA�=@KPP=PE�JAHHA�O?QKHA�A�

OLAOOK�H=�HKNK�As?=?E=�OE�>=O=�OQ�PAOPEIKJE=JVA�A�=JA@@KPE��=JVE?D_�OQHH=�NE?AN?=�O?EAJPEq?=� ��

#E�?KJOACQAJV=��?Ea�@E�?QE�QJ=�O?QKH=�D=�>EOKCJK�A�?KJ�?QE�D=�B=IEHE=NEP\�D=�QJ�EIL=PPK�

HEIEP=PK� OQ� ?Ea� ?DA� HA� =VEAJ@A� OP=JJK� ?KOPNQAJ@K�� (JqJA�� EH� ?KOPK�� H=� @EOLKJE>EHEP\� A�

� 
 � � � � � � � � � � � � 
 � � �

D��



HkEJBN=OPNQPPQN=�D=JJK�QJ�LAOK�JKPARKHA�OQ�?Ea�?DA�HA�O?QKHA�LKOOKJK�=?MQEOP=NA��[�EI LKNP=JPA�

PAJANHK�LNAOAJPA�MQ=J@K�OE�@A?E@A�OA�K�?KIA�QPEHEVV=NA�QJ�@APANIEJ=PK�LNK@KPPK��%KNOA�^�IACHEK�

JKJ�LAJO=NA�=�PQPPE�E�OEOPAIE�@E�=LLNAJ@EIAJPK�=@=PPERK�K� (��I=�=�OEJCKHE�OEOPAIE�?KJ�K>EAPPERE��

@AOECJ�A�?=L=?EP\�I KHPK�@ERANOE��

&HE�  +2� JAH� HKNK� EJOEAI A� LKOOKJK� AOOANA� QPEHEVV=PE� LAN� LANOKJ=HEVV=NA� EH� BAA@>=?G�� HK�

O?=pKH@EJC� A� H=� LN=PE?=�� /KOOKJK� PNKR=NA� H=?QJA� JAHHk=LLNAJ@EIAJPK� A� LKNRE� NEIA@EK� AJPNK� E�

HEIEPE�@AHH=�LNKCN=II=VEKJA�A�@AHH=�LNKCAPP=VEKJA��- KJ�OKJK�EJ�CN=@K�@E�EJ@ERE@Q=NA�E�lIKI AJPE�

@E�EJOACJ=IAJPKm�K�MQ=J@K�^�CEQOPK�OBNQPP=NA�HkQI KNA�@AHH=�?H=OOA�LAN�EJPNK@QNNA�QJ=�JQKR=�

E@A=�K�QJ�JQKRK�AOAILEK��0QAOPA�?=L=?EP\�?DA�NAJ@KJK�I= CE?K�Hk=LLNAJ@EIAJPK�A�?DA�=EQP=JK�

H=� HAVEKJA� =� NEI=JANA� EILNAOO=� JAHH=� IAJPA� @AHHK� OPQ@AJPA� OKJK� AO?HQOER=I AJPA� EH� BKNPA�

@AHHkEJOACJ=JPA��

 

��!QHCAN�,���( 8EFBA4?<F87�$84EA<A:��, ;8�� BAI8EF4G<BAF�/ 8[E8�&BG� 4I<A:	�#=P=���2K?EAPU�6KNGEJC�

/ =LAN���� �� ��
�� &NKp��)���( 8EFBA4?<M87�$84EA<A:��, ;8�FG4G8�B9�G;8�`8?7�4A7�9HGHE8�7<E86G<BAF��" AJPAN�BKN�?QNNE?QHQI�

NA@AOECJ���� �� ��
�� 'K HIAO��6��� J=OPKLKQHKQ�2���2?D=QI >QNC��'���,= RNEGEO��,�	, 86; AB?B:L
8A;4A687�

C8EFBA4?<F87�?84EA<A:��HAG4A:?<A:�G;8�8I<78A68	 2PQPPC=NP��1K>ANP�!KO?D�2PEBPQJC���� �� ��
�� " KREJCPKJ��/��� @=IO��)���2=NCEJ��$���� 88C�A8HE4?�A8GJBE>F�9BE�0BHGH58�*86B@@8A74G<BAF��

/ NK?AA@EJCO�KB�PDA��� PD� ",�" KJBANAJ?A�KJ�1A?KII AJ@AN�2UOPAIO�� ",��- AS�8KNG��

�� �� ��
��!= NK?=O��2�� �'= N@P��,���- =N=U=J=J�� ��� � 4<EA8FF�4A7�@46;<A8�?84EA<A:�$<@<G4G<BAF�4A7�

' CCBEGHA<G<8F	��� ����
�� * KJOP=J��)���3ANRAAJ��+��� H@4A
68AG8E87�E86B@@8A78E�FLFG8@F��'E<:<AF	�47I4A68F	�6;4??8A:8F	�4A7�

BCCBEGHA<G<8F�� (�,= C=VEJA������ 	���� 
������ ����
�� #=RE@OKJ��)���+EA>=H@��!���+EQ��)���- =J@U��/ ���5HAAP��3���, ;8�0BHGH58�.<78B�*86B@@8A74G<BA�

+LFG8@��/ NK?AA@EJCO�KB�PDA��PD� ",�" KJBANAJ?A�KJ�1A?KII AJ@AN�2UOPAIO��!=N?AHKJ=��

�� � � ��

� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

D��

https://fairmlbook.org/
https://fairmlbook.org/


� 
��   ��


���� � 
��R�� 
��
�����
���������

- KJ�NEI=JE=IK�PQPPE�OPQLAB=PPE�@=HH=�N=LE@EP\�?KJ�?QE�QJ�>=I>EJK�LE??KHK�EIL=N=�H=�LNKLNE=�

I= @NAHEJCQ=�� #KLK� MQAH� LNEIK� O?=PPK� @E� ?NAO?EP=�� LAN� LANBAVEKJ=NA� H=� ?KJKO?AJV=� @E� MQAHH=�

HEJCQ=�OKJK�JA?AOO=NE�=LLKNPE�?DA�@QN=JK�PQPP=�H=�REP=�@=�L=NPA�@E�B=IEHE=NE��=IE?E��EJOACJ=JPE�A@�

AOPN=JAE��

/ KOOE=IK�=pANI=NA�?DA�H=�HEJCQ=�?NAO?A�A�I=PQN=�EJOEAI A�=H�>=I>EJK�?KJ�Hk=O?KHPK�?KOP=JPA��

EH�L=NH=NA�A�OQ??AOOER=I AJPA�H=�HAPPQN=�A�H=�O?NEPPQN=��0QAOP=�?NAO?EP=�LANOKJ=HA�@Es?EHIAJPA�OE�

LQa�AOPAJ@ANA�@=H�OEJCKHK�=�QJk=QH=��$�MQAOPK�=??=@A�=J?KN�IAJK�MQ=J@K�OE�PN=PP=�@E�QJ=�HEJCQ=�

OPN=JEAN=��

 � B@8�HA�<AF8:A4AG8�7<I<78�<?�CEBCE<B�G8@CB�C8E�94E8�6BAI8EF4M<BA8�8�6BEE8: :8E8�6<4F6HAB�78<�FHB<�

FGH78AG<�C8E�F8@C?<`64E8�<?�CEB68FFB��

 +8�?[!��R�HA�4HF<?<B�4??[4CCE8A7<@8AGB�C8EFBA4?<MM4GB	�?[4CCE8A7<@8AGB�78??8�?<A:H8�ABA�R�?4�F878�

78CHG4G4�C8E�@BFGE4EA8�?8�CBG8AM<4?<GQ��

� 
 � � � � � � � � � � � � 
 � � �

D��



� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

D��



2?KLNENHK��2?KLNENHK��

 H?QJE�PANIEJE�NAH=PERE�

=HH=� PN=@QVEKJA�

=QPKI=PE?=�

�� S�

�3#&65503+�

&HE�OPNQIAJPE�@E�PN=@QVEKJA�=QPKI=PE?=�OKJK�@EOLKJE>EHE�KJHEJA�A�LKOOKJK�AOOANA�QPEHEVV=PE�EJ�

I K@K� I KHPK� OAILHE?A� LAN� IKHPA� HEJCQA��  H?QJE� @E� MQAOPE� OPNQIAJPE� OKJK� OP=PE� LNK@KPPE� @=E�

CEC=JPE� @E� (JPANJAP� �=@� AOAILEK� &KKCHA� PN=JOH=PA	�� I=� OKJK� @EOLKJE>EHE� =J?DA� OPNQIAJPE�

OLA?E=HEVV=PE�EJ@ELAJ@AJPE�?KIA�#AAL+��

+=�PN=@QVEKJA�=QPKI=PE?=�^�OP=P=�QJ=�Oq@=�OPKNE?=�OLA?Eq?=�LAN�HkEJPAHHECAJV=�=NPEq?E=HA�A�

HA� @ERANOA� PA?JKHKCEA� @E�  (� OKJK� OP=PA� OLANEIAJP=PA� JAH� ?KNOK� @ACHE� =JJE�� (� OEOPAIE� >=O=PE� OQ�

NACKHA��?KJ�NACKHA�?KOPNQEPA�=�I=JK�@=�AOLANPE	�OKJK�OP=PE�OKOPEPQEPE�@=�PA?JE?DA�@E�=LLNAJ@EIAJPK�

=QPKI=PE?K�OP=PEOPE?K�MQ=J@K�OKJK�@ERAJP=PE�@EOLKJE>EHE�OAP�@E�@=PE�@E�PAOPE�L=N=HHAHE��-ACHE�QHPEIE�

��=JJE�HA�PA?JE?DA�@E�@AAL�HA=NJEJC�OKJK�@ERAJP=PA�HK�OP=PK�@AHHk=NPA��

, AJPNA� MQ=H?DA� =JJK� B=� MQAOPE� OPNQIAJPE� RAJER=JK� LNEJ?EL=HIAJPA� QPEHEVV=PE� EJ� =I>EPE�

NE?NA=PERE��=@�AOAILEK�?=JVKJE�K�IAJQ��A�EJ�MQ=H?DA�?=OK�NAOPEPQER=JK�PN=@QVEKJE�@ERANPAJPE�KCCE�

JKJ�^�LEb�?KO`��

n� +A�EOPEPQVEKJE�EJPANJ=VEKJ=HE�OP=JJK�LAJO=J@K�@E�QPEHEVV=NA�OPNQIAJPE�@E�PN=@QVEKJA�

=QPKI=PE?=�LAN�OQLLKNP=NA�EH�IQHPEHEJCQEOIK��

n� +A�LE=PP=BKNIA�RE@AK�@AE�CN=J@E�IA@E=�QPEHEVVAN=JJK�H=�PN=@QVEKJA�=QPKI=PE?=�

LEQPPKOPK�?DA�MQAHH=�QI=J=�LAN�N=CCEQJCANA�IACHEK�EH�LQ>>HE?K��

n� +A�LANOKJA�>EHEJCQA�A�E�LNKBAOOEKJEOPE�@AHH=�PN=@QVEKJA�OAI>N=JK�QPEHEVV=NA�MQAOPE�

OPNQIAJPE�JAHH=�HKNK�REP=�A�JAHHA�HKNK�=PPEREP\�LNKBAOOEKJ=HE��

(JKHPNA��QHPANEKNE� IECHEKN=IAJPE�@ARKJK�=J?KN=�=NNER=NA��H=�MQ=HEP\�

@AHH=�PN=@QVEKJA�?KJPEJQ=�=�?NAO?ANA��HA�OKHQVEKJE�?DA�?KI>EJ=JK�HA�

PN=@QVEKJE� ?KJ� HA� PN=O?NEVEKJE� A� H=� OEJPAOE� RK?=HA� ?DA� ?KJOAJPA� QJ=�

?KI QJE?=VEKJA� I QHPEHEJCQA� OAJV=� OKHQVEKJA� @E� ?KJPEJQEP\� O=N=JJK�

?KI QJE�PN=�JKJ�I KHPK�PAILK��

 J ?DA� OA� MQAOPE� OPNQIAJPE� JKJ� OKJK� OP=PE� LNKCAPP=PE� LAN�

HkEOPNQVEKJA��OP=JJK�CE\�=RAJ@K�QJ�EIL=PPK�OQHHkEOPNQVEKJA��

� 
 � � � � � � � � � � � � 
 � � �

D�	



l(I LNK>=>HA�PN=JOH=PEKJm�>U�CEKLQK�LQ>>HE?=PK�?KJ�HE?AJV=�

""�! 8
-" 
2 ��� � ��/ AN�REOQ=HEVV=NA�QJ=�?KLE=�@E�MQAOP=�

HE?AJV=��REOEP=NA�DPPLO���?NA=PERA?KII KJO�KNC�HE?AJOAO�

>U
J ?
O=��� � ��NAB�KLAJRANOA��

�-+�456&'/5+�64#/0�-#�53#&6;+0/'�#650.#5+%#C��-+�456&'/5+�64#/0�-#�53#&6;+0/'�#650.#5+%#C�

/ AN�MQ=JPK�JA�O=LLE=IK��=@�KCCE��@E?AI >NA�

�� �� 	� JKJ� AOEOPKJK� @K?QIAJPE� Qs?E=HE�

LQ>>HE?E� ?DA� =PPAOPEJK� HkAOEOPAJV=� @E� MQAOPK�

LNK>HAI=��J _�EJ@=CEJE�OQ�H=NC=�O?=H=��$OEOPKJK�

@EO?QOOEKJE� OQ� BKNQI� � A� =NPE?KHE� ?DA�

LNAOAJP=JK� LKOOE>EHE� IK@E� LAN� AREP=NA� @E�

EI >NKCHE=NA�?KJ�Hk( �K�?DA�OQCCANEO?KJK�I K@E�

LAN� EJPNK@QNNA� Hk( � J AHHA� HAVEKJE� @E� HEJCQ=�

OPN=JEAN=�� 0QAOPE� =NPE?KHE� L=NPKJK� @=H�

LNAOQLLKOPK� ?DA� HkQOK� @E� OPNQIAJPE� @E�

PN=@QVEKJA�=QPKI=PE?=�@=�L=NPA�@ACHE�OPQ@AJPE�

OE=�IKHPK�@EpQOK��

(J� QJ=� NE?AN?=� NEOPNAPP=� A� EJBKNI=HA� ?DA�

=>>E=IK� ?KJ@KPPK� JAHHk=LNEHA� �� ��� ?KJ�

EJOACJ=JPE�@E�R=NEA�HEJCQA��(JCHAOA��%N=J?AOA��

3A@AO?K	�@E�@ERANOE�HERAHHE��HA�?H=OOE�LNEJ?EL=HE�?KNNEOLKJ@AR=JK�=@�=HQJJE�@E���
���=JJE	��A�JAHHk=NA=�

@E�/=NECE�h�MQEJ@E�CHE�=HQJJE�A�CHE�EJOACJ=JPE�AN=JK�BN=J?AOE�
��EH�BAJKI AJK�AN=�?KIQJA��3QPPE�CHE�

EJOACJ=JPE�D=JJK�@KRQPK�B=NA�E�?KJPE�?KJ�=HQJJE�?DA��QJ=�RKHP=�QO?EPE�@=HHk=QH=��B=?AR=JK�QOK�@E�

#AAL+�K�@E�&KKCHA�PN=JOH=PA��

 

$??K�=H?QJA�@AHHA�KOOANR=VEKJE�NE?ARQPA��

n� +kQJE?=�=>EHEP\�?DA�CHE�=HQJJE�OAI>N=JK�=?MQEOENA�^�EH�?KLE=
EJ?KHH=��

n�  J ?DA�CHE�=HQJJE�LEb�>N=RE�A�IKPER=PE�HK�B=JJK��LNKR=JK�=�B=NA�E�?KILEPE�@=�OKHE��I=�LKE�

HE�l?KJPNKHH=JKm�?KJ�QJK�OPNQIAJPK�@E�PN=@QVEKJA�=QPKI=PE?=�A�EH�LEb�@AHHA�RKHPA�OE�

NAJ@KJK�?KJPK�?DA�EH�NEOQHP=PK�=QPKI=PE?K�^�I KHPK�IECHEKNA�@AH�HKNK��MQEJ@E�

I=J PAJCKJK�H=�OKHQVEKJA�?KOPNQEP=�@=HH=�I=??DEJ=��

n� .N=�?k̂ �=J?DA�QJ�LNK>HAI=�@E�IKPER=VEKJA��LKE?D_�CHE�OPQ@AJPE�EJEVE=JK�=�I APPANA�EJ�

@Q>>EK�HkQPEHEP\�@E�EIL=N=NA�HA�HEJCQA��

+k=J=HEOE�=LLAJ=�@AO?NEPP=�JA?AOOEP=�@E�IKHPK�LEb�H=RKNK��QJkEJ@=CEJA�CAJAN=HEVV=P=�OQ�R=NE�/=AOE�

O=NA>>A� ?ANP=IAJPA� QPEHA�� 3QPP=RE=�� HA� @EO?QOOEKJE� ?KJ� HA� R=NEA� L=NPE� EJPANAOO=PA� ?E� D=JJK�

LANIAOOK�@E�?KJOE@AN=NA�MQ=JPK�OACQA��

n� 0Q=J@K�OE�LNAOAJP=JK�CHE�AOLANEIAJPE�@E�?QE�OKLN=��QJ�AOAILEK�PELE?K�^�MQAHHK�@E�

O?NA@EP=NA�HkE@A=�?DA�HkEJOACJ=JPA�@A>>=�HEIEP=NOE�=�?DEA@ANA��?KI A�?KILEPK�=�?=O=��@E�

PN=@QNNA�QJ�PAOPK��"k^�@E�LEb��=J?DA�LAN�CHE�AOAN?EVE�LEb�?NA=PERE��?KI A�H=�OPAOQN=�@E�QJ�

O=CCEK�OQ�QJ=�@KI=J @=�L=NPE?KH=NA	�OE�LKOOKJK�QO=NA�OPNQIAJPE�@E�PN=@QVEKJA�

=QPKI=PE?=��Hk=HQJJK�O?NERAN\�EH�O=CCEK�JAHH=�LNKLNE=�HEJCQ=�A�LKE�HK�PN=@QNN\��

� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

D�T

https://creativecommons.org/licenses/by-nc-sa/2.0/?ref=openverse.
https://creativecommons.org/licenses/by-nc-sa/2.0/?ref=openverse.


2?KLNENHK��2?KLNENHK��

+=� PA?JKHKCE=�  (� OE�

I QKRA�RAHK?AIAJPA�

n� +=�MQAOPEKJA�@AHH=�IKPER=VEKJA�^�?NQ?E=HA��- KJ�^�JQKR=��CE\�JAH������= QPKNE�A@�

A@Q?=PKNE�OKOPAJAR=JK�?DA��l=H?QJE�?KJOE@AN=JK�EH�LANOACQEIAJPK�@AHH=�?KILAPAJV=�EJ�

QJ=�HEJCQ=�OPN=JEAN=�?KIA�QJ�=IIE NARKHA�@EOLAJ@EK�@E�AJANCEA��=HPNE�LKOOKJK�

?KJOE@AN=NHK�JKJ�JA?AOO=NEK�OA�AOEOPA�QJk=HPANJ=PER=�As?=?Am���

+A� JKOPNA� KOOANR=VEKJE� ?KEJ?E@KJK� ?KJ� HA� NA=VEKJE� NEO?KJPN=PA� JAE� BKNQI� K� NELKNP=PA� EJ�

HAPPAN=PQN=� ��

��53#&65503+�#650.#5+%+�10440/0�+/)#//#3'�)-+�+/4')/#/5+C���53#&65503+�#650.#5+%+�10440/0�+/)#//#3'�)-+�+/4')/#/5+C�

+=�@KI=J @=�^�OP=P=�LKOP=�A�KCCE�E�>HKC�OAI>N=JK�EJ@E?=NA�?DA�QJ�

EJOACJ=JPA� @E� HEJCQA� NE?KJKO?AN\� H=� PN=@QVEKJA� =QPKI=PE?=�� =J?DA�

MQ=J@K�MQAOP=�^�OP=P=�?KNNAPP=�@=�QJ�QI=JK�EJ�QJ=�B=OA�OQ??AOOER=��

!EN@OAHH��D=� EII= CEJ=PK� QJ� ?KILEPK� EJ� ?QE� CHE� OPQ@AJPE� CE=LLKJAOE�

@KRAR=JK�O?NERANA�QJ�O=CCEK�@E�����L=NKHA�EJ�EJCHAOA�� H?QJE�@KRAR=JK�

O?NERANHK� @ENAPP=IAJPA�� ?KJ� HkQOK� @ACHE� OPNQIAJPE� =>EPQ=HE� �@EVEKJ=NE��

KNPKCN=q=	�� I AJPNA�=HPNE�@KRAR=JK�O?NERANA�EH�O=CCEK�EJ�CE=LLKJAOA�A�

LKE�PN=@QNHK�h�QPEHEVV=J@K�#AAL+�h�EJ�EJCHAOA��[�EJPANAOO=JPA�JKP=NA�?DA�CHE�EJOACJ=JPE�=RNA>>ANK�

@=PK�QJ�RKPK�LEb�=HPK�=CHE�OPQ@AJPE�@AH�OA?KJ@K�CNQLLK�� I=�O=NA>>ANK�OP=PE�=J?DA�EJ�CN=@K�@E�

E@AJPEq?=NA�E�O=CCE�O?NEPPE�@=�#AAL+��

�-+�4536.'/5+�&+�53#&6;+0/'�#650.#5+%#�10440/0�'44'3'�%0.$+/#5+��-+�4536.'/5+�&+�53#&6;+0/'�#650.#5+%#�10440/0�'44'3'�%0.$+/#5+�

%0/�+�)'/'3#503+�&+�5'450C�%0/�+�)'/'3#503+�&+�5'450C�

[�=J ?KN=�LNAOPK�LAN�LNARA@ANA�MQ=HA�O=N\�EH�?KNOK�@ACHE�ARAJPE��I=�LAN�EH�IKI AJPK�H=�NEOLKOP=�^�

O`��/AN�B=NA�QJ�OAILHE?A�AOAILEK��=H?QJE�CEKNJ=HEOPE�EJ�%N=J?E=�D=JJK�QPEHEVV=PK�QJK�OPNQIAJPK�@E�

CAJAN=VEKJA�@E�PAOPK��.LAJ 
 (�L H=UCNKQJ@	�LAN�LNK@QNNA�QJ�PAOPK��LKE�D=JJK�=J=HEVV=PK�#AAL+�

A�OE�OKJK�OAJPEPE�=�LNKLNEK�=CEK�JAH�LNAOAJP=NA�MQAOPK�PAOPK�=HH=�?KIQJEP\� ��

�4#3'�6/�53#&65503'�#650.#5+%0�4+)/+P%#�4#3'�6/�53#&65503'�#650.#5+%0�4+)/+P%#  �+.$30)-+#3'C�+.$30)-+#3'C�

0QAOP=�^�QJ=�@KI=J @=�=�?QE�JKJ�^�OAILHE?A�NEOLKJ@ANA��" KJOQHP=J@K�E�BKNQI�@E�@EO?QOOEKJA�

OQ� (JPANJAP� � ?E� OE� LQa� B=?EHIAJPA� ?KJREJ?ANA� ?DA� QO=NA� QJ� PN=@QPPKNA� =QPKI=PE?K� OECJEq?=�

ApAPPER=I AJPA� EI>NKCHE=NA�� =CHE� OPQ@AJPE� RAJCKJK� @=PA� NACKHA� OARANA� LAN� JKJ� QO=NA� MQAOPE�

OPNQIAJPE�A�OA�JKJ�NEOLAPP=JK�HA�NACKHA�A�RAJCKJK�OKNLNAOE�=�EI>NKCHE=NA�O=N=JJK�LQJEPE�� ,=�

OE�LKOOKJK�=@@QNNA�=J?DA�@AHHA� I KPER=VEKJE�=�OQLLKNPK�@AHH=�LKOEVEKJA�KLLKOP=��HkA@Q?=VEKJA�

?KJOEOPA� JAHHkEJOACJ=NA� =HHA� LANOKJA� =� QO=NA� EJ� IK@K� EJPAHHECAJPA� CHE� OPNQIAJPE� LAN� ORKHCANA� E�

?KI LEPE��?DA�JA�@EPA�@E�B=NA�EJ�IK@K�?DA�QJ�=HQJJK�EIL=NE�=�QO=NA�CHE�OPNQIAJPE�?DA�PNKRAN\�=�

@EOLKOEVEKJA�BQKNE�@=HH=�O?QKH=��

0QAOPK�HE>NK�@E�PAOPK�JKJ�LQa�A�JKJ�RQKHA�@=NA�QJ=�NEOLKOP=�@AqJEPER=��I=�OQCCANE=IK�=CHE�

EJOACJ=JPE�@E�AOLHKN=NA�?KIA�MQAOPE�OPNQIAJPE�LKOO=JK�AOOANA�QPEHEVV=PE�LAN�EIL=N=NA�HA�HEJCQA��

� 
 � � � � � � � � � � � � 
 � � �

D�D



�*'�%04#�&'7'�(#3'�6/�+/4')/#/5'�#�26'450�130104+ 50C��*'�%04#�&'7'�(#3'�6/�+/4')/#/5'�#�26'450�130104+ 50C�

%HKNAJ?E=�'AJOD=S�@EO?QPA�QJ=�OANEA�@E�KLVEKJE� ��JAOOQJ=�@AHHA�MQ=HE�OAI>N=�?KJREJ?AJPA��

n� +k=LLNK??EK�?KJOEOPA�JAHHK�OLEAC=NA�?DA�Hk( �OAI LHE?AI AJPA�JKJ�BQJVEKJ=��QJK�@AE�

LNABANEPE�JAE�BKNQI� 	��=J?DA�MQ=J@K�CHE�OPQ@AJPE�BKOOANK�@k=??KN@K�?KJ�MQAOP=�E@A= h�

PQPP=RE=�O=N\�OAILNA�LEb�@Es?EHA�?KJREJ?ANHE�?DA�QJK�OPNQIAJPK�?DA�BQJVEKJ=�I ACHEK�

@AE�HKNK�CAJEPKNE�^�?=PPERK�h�HK�QOANA>>ANK�?KIQJMQA���

n� +k=LLNK??EK�@AHH=�PKHHAN=JV=�VANK�OE�>=O=�OQHH=�?=L=?EP\�@E�NEHAR=NA�HkQOK�@AHHk( ��0QAOPK�

LQa�AOOANA�EH�?=OK�KCCE��I=�J KJ�^�?ANPK�?DA�NEI=NN\�P=HA� .??KNNA��EJKHPNA��EJPANNKC=NOE�

OQ�QJ=�MQAOPEKJA�BKJ@=IAJP=HA��QO=NA�Hk( �^�EI >NKCHE=NA��(J�?KO=�^�@ERANOK�@=HHkQOK�@E�

K??DE=HE�LAN�HACCANA�IACHEK�K�@E�QJ=�?=NNEKH=�LAN�PN=OLKNP=NA�KCCAPPE��

n�  J ?DA�Hk=LLNK??EK�EJ�?QE�HK�OPNQIAJPK�LQa�AOOANA�QPEHEVV=PK�OKHK�EJ�L=NPA��LAN�?AN?=NA�

OEJCKHA�L=NKHA��=@�AOAILEK	�REAJA�?NEPE?=PK� ��CHE�OPNQIAJPE�@E�PN=@QVEKJA�=QPKI=PE?=�

BQJVEKJ=JK�LAN?D_�B=JJK�QOK�@AH�?KJPAOPK��2Q�OEJCKHA�L=NKHA��BQKNE�@=H�?KJPAOPK	�JKJ�

=RN=JJK�LNAOP=VEKJE�IECHEKNE�NEOLAPPK�=E�@EVEKJ=NE��

n� +k=LLNK??EK�@E�QPEHEVV=NA�HK�OPNQIAJPK�EJ�IK@K�EJPAHHECAJPA��@AJPNK�A�BQKNE�@=HHk=QH=��^�

=HHAPP=JPA��I=�NE?DEA@AN\�LEb�H=RKNK�LAN�OREHQLL=NA�=PPEREP\�?DA�OE=JK�@E�NA=HA�=EQPK�=HHA�

OEPQ=VEKJE�@E�=LLNAJ@EIAJPK��

�� !EN@OAHH�� !�� )���+GH78AG� /E<G<A:F� J<G;� � 88C$�� , 846;8E� �I4?H4G<BAF� 4A7� !@C?<64G<BAF� 9BE� ,846;<A:��

) + 3�� ��  �1ArA?PEKJO���J AS�LANOLA?PERAO�������
� �" =HETPA��+��- KRAI >NA������� DPPLO���APQ@E=JP�HAqC=NK�BN�=NPE?HA�MQ=J@
H
EJPAHHECAJ?A
=NPEq?EAHHA


B=?EHEPA
H=
BN=Q@A
QJERANOEP=ENA<��� ?�>�?
����
 �� A@
�BAA
�@�@��B�� ?�� � ��
�� 1A@@EP� @EO?QOOEKJ� KJ�  QPKI=PE?� PN=JOH=PEKJ� =J@� ?DA=PEJC�� DPPLO���SSS �NA@@EP�?KI �N�

/ NKBAOOKNO�?KII AJPO�L �?FEQ�BKNAECJ<H=JCQ=CA<PA=?DANO<DKS<@K<UKQ<@A=H<SEPD���
� � 'AJOD=S�� %�� .JHEJA� 3N=JOH=PKNO� EJ� +=JCQ=CA� "H=OOAO�� /A@=CKCE?=H� =J@� /N=?PE?=H�

" KJOE@AN=PEKJO�� 3DA� %+3� , &�� �� �� �� DPPLO��� rPI= C�?KI �KJHEJA
PN=JOH=PKNO
LA@=CKCE?=H


LN=?PE?=H
?KJOE@AN=PEKJO���
��" NE>>��5��,��� ���� 	��%46;<A8�GE4AF?4G<BA��, ;8�4?G8EA4G<I8�9BE�G;8�� �FG�68AGHEL� ��3$2.+�0Q= NPANHU��

�� �� 	�����
����� DPPLO���@KE�KNC�� � ��� �� ������ ����

� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

D��

https://etudiant.lefigaro.fr/article/quand-l-intelligence-artificielle-facilite-la-fraude-universitaire_463c8b8c-5459-11ed-9fee-7d1d86f23c33/
https://etudiant.lefigaro.fr/article/quand-l-intelligence-artificielle-facilite-la-fraude-universitaire_463c8b8c-5459-11ed-9fee-7d1d86f23c33/
https://www.reddit.com/r/Professors/comments/p1cjiu/foreign_language_teachers_how_do_you_deal_with/
https://www.reddit.com/r/Professors/comments/p1cjiu/foreign_language_teachers_how_do_you_deal_with/
https://fltmag.com/online-translators-pedagogical-practical-considerations/
https://fltmag.com/online-translators-pedagogical-practical-considerations/
https://doi.org/10.2307/3587744


�� S�

�%3+7'3'�%0/�- >�
�

, -4$+�&$-3(+$�$�&(42$//$�"(33 Z�

#=�PAILK�OE=IK�=>EPQ=PE�=�O?NERANA�=PPN=RANOK�EH�?KILQPAN�A�E�OKBPS=NA�@A@E?=PE�?DA�R=JJK�OKPPK�

EH� JKI A� @E� SKN@� LNK?AOOKN� �=@� AOAILEK�� ,E ?NKOKBP� 6KN@�� &KKCHA� #K?O�� /=CAO�� +E>NA.s?A	��

OBNQPP=J@K�E�OQCCANEIAJPE�CN=II=PE?=HE�BKNJEPE�@=�MQAOPE�OPNQIAJPE�� HVE�H=�I=JK�?DE�JKJ�^�I=E�

OP=PK�O=HR=PK�@=�MQAOPE�OPNQIAJPE�@=�ANNKNE�?H=IKNKOE���

,=�H=�PN=OBKNI=VEKJA�EJ@KPP=�@=�MQAOPE�OPNQIAJPE�JKJ�OE�HEIEP=�=HH=�?KNNAVEKJA�@E�=H?QJE�

NABQOE��^�OP=P=�IKHPK�LEb�LNKBKJ@=�A�D=�LKNP=PK�=�QJ�IK@K�@ERANOK�@E�O?NERANA��+=�O?NEPPQN=�@ECEP=HA�

?E�LANIAPPA�@E�PKNJ=NA�OQ�?Ea�?DA�=>>E=IK�O?NEPPK�A�@E�IK@Eq?=NHK�LAN�AOLNEIANA�EJ�IK@K�LEb�

As?=?A�?Ea�?DA�RKCHE=IK�PN=OIAPPANA��

4O=J@K� L=NKHA� QJ� LKk� LEb� PA?JE?DA�� OE=IK� L=OO=PE� @=� QJ� =LLNK??EK� HEJA=NA� =HH=� O?NEPPQN=�

HEJA=NA�=�QJ�LNK?AOOK�EPAN=PERK��2A?KJ@K�OPQ@E�NA?AJPE��H=�PN=OBKNI=VEKJA�@AH�LNK?AOOK�@E�O?NEPPQN=�

EJ@KPP=�@=CHE�OPNQIAJPE�@ECEP=HE�D=�IECHEKN=PK�JKPARKHIAJPA�H=�MQ=HEP\�@AE�PAOPE�LNK@KPPE��

�%3+7'3'�/'-- I'3#�&'-- I�
�

(J�KCJE�?=OK��EH�LNK?AOOK�@E�ARKHQVEKJA�@AHH=�O?NEPPQN=�A�@AHHA�NAH=PERA�BKNIA�@E�LAJOEANK�JKJ�OE�^�

BANI=PK��- ACHE�QHPEIE�=JJE��?KJ�HkAOLHKOEKJA�@AHHkEJPAHHECAJV=�=NPEq?E=HA��D=�OQ>EPK�QJ=�JKPARKHA�

=??AHAN=VEKJA��

2PNQIAJPE�?KIA�&N=II= NHU��6 KN@PQJA��+Q@SEC��/NK6 NEPEJC E@�A�?KO`�RE=�OKJK�LNKCAPP=PE�

JKJ�OKHK�LAN�BKNJENA�QJ=�?KNNAVEKJA�CN=II=PE?=HA�@AH�PAOPK��$OOE�OQLLKNP=JK�HkQPAJPA�@QN=JPA�

HkEJPANK�LNK?AOOK�@E�O?NEPPQN=��OPEIKH=J@K�EH�IECHEKN=IAJPK�@AHHK�OPEHA�@E�O?NEPPQN=��?KJPNKHH=J@K�

EH�LH=CEK�A�=HPNK�=J?KN=��

1E?KJKO?ANA�?DA�EH�IKJ@K�@AHH=�O?QKH=�JKJ�LQa�AOOANA�EIIQJA�@=�P=HE�EJJKR=VEKJE�^�>=J=HA��

" Ea� ^� ?KJBANI=PK� @=H� ?NAO?AJPA� JQI ANK� @E� EJPANRAJPE� A@Q?=PERE� LNKLKOPE� EJ� HAPPAN=PQN=� A�

LNKCAPP=PE�LAN�OBNQPP=NA�P=HE�OKBPS=NA�� H?QJE�OPQ@EKOE�LNKLKJCKJK�@E�QPEHEVV=NA�MQAOPE�OPNQIAJPE�

LAN�H=RKN=NA�OQHHA�?KILAPAJVA�@ACHE�OPQ@AJPE�JAHHkQPEHEVVK�@E�BKJPE�@E�EJBKNI=VEKJA�AOPANJA��LAN�

OREHQLL=NA�=@ACQ=PA�?=L=?EP\�@E�L=N=BN=OE�?DA�LKOO=JK�AREP=NA�LNK>HAIE�@E�LH=CEK��

, KHPE�@E�MQAOPE�OPNQIAJPE�LKOOKJK�OQLLKNP=NA�HkEJOACJ=JPA�JAHH=�R=HQP=VEKJA�@AE�PAOPE�LNK@KPPE�

@=CHE� OPQ@AJPE�� BKNJAJ@K� QJk=J=HEOE� PAILAOPER=� @AE� LQJPE� @E� BKNV=� A� @E� @A>KHAVV=� @AE� OEJCKHE�

� 
 � � � � � � � � � � � � 
 � � �

D��



OPQ@AJPE�� (JKHPNA��MQAOPE�OPNQIAJPE�LANIAPPKJK�=HHK�OPQ@AJPA�OPAOOK�@E�=QPKR=HQP=NA�HA�LNKLNEA�

?=L=?EP\�@E�O?NEPPQN=��?KJOAJPAJ@K�?KO`�LNK?AOOE�IAP=?KCJEPERE�A�=??AHAN=J@K�Hk=LLNAJ@EIAJPK��

�0/�L�56550�030�26'-�%*'�- 6%%+%#E�

"DE=N=IAJPA��JKJ�OE�PN=PP=�@E�EJJKR=VEKJE�LNERA�@E�LKPAJVE=HE�LNK>HAIE��(J�LNEIK�HQKCK��=RNAPA�

LNK>=>EHIAJPA�?=LEPK�?DA�=HH=�>=OA�@E�PQPPE�MQAOPE�IA??=JEOIE�@E�@AAL�HA=NJEJC�?E�OKJK�E�@=PE�@E�

L=NPAJV=�OQ�?QE�RAJCKJK�?KOPNQEPE�E�IK@AHHE��#=PE�@E�=@@AOPN=IAJPK�HEIEP=PE�K�ANN=PE�LKPNA>>ANK�

?=QO=NA�@EOPKNOEKJE�OECJEq?=PERA��(JKHPNA��^�LNK>=>EHA�EH�NEO?DEK�@E�QJ=�CAJAN=HA�KI KCAJAEVV=VEKJA�

@AE� PAOPE� LNK@KPPE�=PPAOE� @=� MQAOPE� OPNQIAJPE�� "Ea� LKPNA>>A� @APANIEJ=NA� QJ=� ?KJOACQAJPA�

HEIEP=VEKJA��K�LAJ=HEVV=VEKJA��JAH�?=OK�@AHH=�R=HQP=VEKJA	�@AHH=�?NA=PEREP\�@ACHE�OPQ@AJPE��(JqJA��

MQAOPE� OPNQIAJPE� OKJK� LNEJ?EL=HIAJPA� HEIEP=PE� =HH=� CAOPEKJA� @AHH=� HEJCQ=� EJCHAOA�� MQEJ@E�� JAH�

@KIEJEK� @AHH=� +�� LKOOKJK� AOOANA� QPEHEVV=PE� ?KJPAOPE� JKJ� =JCHKBKJE�� #APPK� MQAOPK�� H=� RAHK?EP\�

@AHHkEJJKR=VEKJA� ^� P=HA� ?DA� LNAOPK� RA@NAIK� AI ANCANA� OPNQIAJPE� OEIEHE� LAN� HEJCQA� @ERANOA�

@=HHk(JCHAOA��

�/0�4)6#3&0�#-�(65630�

4J K�@AE�LNEJ?EL=HE�LNK?AOOE�?KCJEPERE�HAC=PE�=H�LNK?AOOK�@E�O?NEPPQN=�^�EH�NA?QLANK�@=HH=�IAI KNE=�

=� HQJCK� PANIEJA� @E� MQAHHA� EJBKNI=VEKJE� JA?AOO=NEA� LAN� ?KILHAP=NA� EH� IAOO=CCEK� ?DA� RKCHE=IK�

AOLNEIANA�� [� B=?EHA� ELKPEVV=NA� ?KIA� MQAOPE� OPNQIAJPE� OQLLKNPAN=JJK� =J?DA� MQAOPK� LNK?AOOK��

?KJOAJPAJ@K� QJ� =??AOOK� EIIA@E=PK� A� OAILHEq?=PK� =� QJ=� lIAI KNE=m� IKHPK� LEb� =I LE=� @AHH=�

JKOPN=��

(JqJ A�� CHE� AJKNIE� LNKCNAOOE� JAE� LNK?AOOE� @E� CAJAN=VEKJA� @AH� PAOPK� H=O?E=JK� LNAO=CENA� QJ�

BQPQNK�EJ�?QE�MQAOPE�OPNQIAJPE�LKPN=JJK�OQLLKNP=NA�EH�LNK?AOOK�@E�O?NEPPQN=�EJ�QJ=�BKNI=�I KHPK�

LEb�=PPER=��

(H�IK@K�EJ�?QE�O?NERE=IK�E�PAOPE�LNK>=>EHIAJPA�?=I>EAN\�QHPANEKNIAJPA�EJ�BKNIA�?DA�JKJ�

LKOOE=IK� =J?KN=� EII=CEJ=NA�� 3QPP=RE=�� H=� Oq@=� NEI=NN\� OAILNA� H=� OPAOO=�� O=LAN� QO=NA�

?KJO=LARKHIAJPA�CHE�OPNQIAJPE�=�JKOPN=�@EOLKOEVEKJA�A�=@=PP=NA�@E�?KJOACQAJV=�EH�JKOPNK�IK@K�

@E�EJOACJ=NA��2EAPA�LNKJPE��

� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

D��



�	 S�

�#30-#�#-- I�
B�-'�3'5+�/'63#-+�
130(0/&'�

� I#113'/&+.'/50�#650.#5+%0�4%'/&'�/'-�130(0/&0�� I#113'/&+.'/50�#650.#5+%0�4%'/&'�/'-�130(0/&0�

+=�?KJKO?AJV=�QI=J=�^�=ILE=�A�IQPARKHA�A@�^�EJPNEJOA?=IAJPA�@Es?EHA�@=�?KCHEANA��+=�I AJPA�

QI=J=�LQa�=OOKN>ENA�A@�AH=>KN=NA�?KJKO?AJV=�@=H�IKI AJPK�?DA� �̂�?KI A�D=�OKOPAJQPK�-K=I�

"D KIOGU�� XQJ� OEOPAI=� OKNLNAJ@AJPAIAJPA� As?EAJPA� A� LANOEJK� AHAC=JPA� ?DA� BQJVEKJ=� ?KJ�

LE??KHE�MQ=JPEP=PERE�@E�EJBKNI=VEKJE��?AN?=�@E�JKJ�AREJ?ANA�?KNNAH=VEKJE�ENN=VEKJ=HE�PN=�E�LQJPE�@E�

@=PE��I=�@E�?NA=NA�OLEAC=VEKJEY���

2E� LNAOQIA� ?DA�Hk=LLNAJ@EIAJPK� =QPKI=PE?K�B=??E=� H=� OPAOO=� ?KO=� NEJRAJAJ@K� O?DAIE� EJ�

R=OPE� MQ=JPEP=PERE� @E� @=PE�� ,=�� LNEI=� @E� B=NA� ?Ea�� AOLANPE� A� LNKCN=II=PKNE� @ARKJK� OA@ANOE� A�

?K@Eq?=NA�MQ=HE�?=N=PPANEOPE?DA�@AE�@=PE�=>>E=JK�NEHAR=JV=�LAN�EH�LNK>HAI=�?KJOE@AN=PK�A�EJOANENHA�

JAHH=�I=??DEJ=�?KIA�lL=N=IAPNEm��� ��" KI A�=>>E=IK�REOPK�LNA?A@AJPAIAJPA��HA�LNAOP=VEKJE�@AH�

OEOPAI=�@ELAJ@KJK�JKPARKHIAJPA�@=HH=�MQ=HEP\�@AE�@=PE�A�@=�MQAOPE�L=N=IAPNE��=E�MQ=HE�JKJ� ^�

OAILNA�EIIA@E=PK�NEO=HENA��

+A�NAPE�JAQN=HE�LNKBKJ@A��@AJKIEJ=PA�=J?DA�=LLNAJ@EIAJPK�LNKBKJ@K��OKJK�QJ=�>N=J?=�

@AHHk=LLNAJ@EIAJPK�=QPKI=PE?K�LAJO=P=�LAN�OQLAN=NA�MQAOPK�EJ?KJRAJEAJPA��

n� AOPN=AJ@K�LNKLNE�L=N=IAPNE�@=E�@=PE�@QN=JPA�H=�B=OA�@E�=@@AOPN=IAJPK��

n� B=?AJ@K�NE?KNOK�=�IKHPALHE?E�OPN=PE�?DA�?NA=JK�NAH=VEKJE�PN=�L=N=IAPNE��HA�MQ=HE�R=JJK�

LNKCNAOOER=I AJPA�@=�N=LLNAOAJP=VEKJE�OAILHE?E�JAHHK�OPN=PK�LEb�AOPANJK�=�

N=LLNAOAJP=VEKJE�LEb�?KI LHAOOA�A�=OPN=PPA�A�?Ea�?KJOAJPA�@E�B=NA�=H?QJA�?KOA�IACHEK�?DA�

?KJ�E�?KJRAJVEKJ=HE�=HCKNEPIE�@E�=LLNAJ@EIAJPK�=QPKI=PE?K� ��

, KHPEOOEIA�=LLHE?=VEKJE�LKPAJPE�@E�=LLNAJ@EIAJPK�=QPKI=PE?K�B=JJK�OAILNA�I=CCEKNA�NE?KNOK�

=HHk=LLNAJ@EIAJPK�LNKBKJ@K��3N=�AOOA�RE�OKJK�E�IKPKNE�@E�NE?AN?=��E�OEOPAIE�@E�N=??KI=J @=VEKJA��

HA�BQJVEKJE�@E�PN=O?NEVEKJA�RK?=HA�A�@E�PN=@QVEKJA�?DA�=>>E=IK�PN=PP=PK�EJ�MQAOPK�HE>NK��- KJ�O=N\�

QJ=�BKNV=PQN=�=pANI=NA�?DA�Hk=LLNAJ@EIAJPK�LNKBKJ@K�D=�@=PK�QJ=�JKPARKHA�OLEJP=�=H�OQ??AOOK�

@AHHkEJPAHHECAJV=�=NPEq?E=HA�EJ�IKHPALHE?E�=PPEREP\��

� 
 � � � � � � � � � � � � 
 � � �

D��



1EBANEIAJPK��&KK@BAHHKS��(�)���!AJ CEK��8���" KQNREHHA�� ���#AA L�+A=NJEJC��,(3�/ NAOO������ ��

(H� PANIEJA� lLNKBKJ@Km� B=� NEBANEIAJPK� =� ?KIA� CHE� OPN=PE� OE� OKRN=LLKJCKJK� EJ� IK@K� @=� ?NA=NA�

H=� NAPA�� (H� PANIEJA� lJAQN=HAm� NErAPPA� EH� B=PPK� ?DA� =H?QJE� =OLAPPE� @AHH=� LNKCAPP=VEKJA� OKJK� OP=PE�

EOLEN=PE� =H� ?ANRAHHK� QI=J K� EJPAOK� @=� QJ� LQJPK� @E� REOP=� >EKHKCE?K�� - KJKOP=JPA� ?Ea�� A� =J?DA� OA�

BKNJEO?KJK�@AHHA�EJBKNI=VEKJE�NAH=PER=I AJPA�=E�JKOPNE�LNK?AOOE�@E�LAJOEANK��OE�PN=PP=�@E�IK@AHHE�

NECKNKO=IAJPA�I=PAI=PE?E�LNERE�@E�OKIECHE=JV=�?KJ�L=NPE�K�LNK?AOOE�>EKHKCE?E� ��

��13+/%+1+�(0/&#.'/5#-+�&'-- I#113'/&+.'/50�130(0/&0���13+/%+1+�(0/&#.'/5#-+�&'-- I#113'/&+.'/50�130(0/&0�

0Q=J@K�CHE�AOOANE�QI=JE�CQ=N@=JK�QJkEII= CEJA��E@AJPEq?=JK�=QPKI=PE?=I AJPA�KCCAPPE�A�RKHPE��

,=�QJ=�BKPKCN=q=�LAN�QJ�=HCKNEPI K�^�OKHK�QJ�EJOEAI A�@E�LETAH��/=OO=NA�@=�QJ�?K=?ANRK�@E�?KHKNE�

A�HERAHHE�@E�HQIEJKOEP\�=�NE?KJKO?ANA�QJ�REOK�^�QJ�O=HPK�PNKLLK�?KI LHE?=PK�@=�B=NA��

+k=LLNAJ@EIAJPK�LNKBKJ@K�?E�=NNER=�O?KILKJAJ@K�EH�LNK?AOOK�EJ�N=LLNAOAJP=VEKJE�IKHPK�

OAILHE?E�JAH�LNEIK�OPN=PK��=PPN=RANOK��LAN�AOAILEK��H=�?KIL=N=VEKJA�@AHH=�HQIEJKOEP\�@AE�LETAH�

=@E=?AJPE�EJ�IK@K�@=�JKP=NA�H=�LNAOAJV=�K�Hk=OOAJV=�@E�I=NCEJE�EJ�@ERANOA�VKJA�@AHHkEII= CEJA��

(H� OA?KJ@K� OPN=PK� EJ@ERE@Q=� OANEA� @E� I=NCEJE� LAN� ?AN?=NA� AJPEP\� LEb� ?KI LHAOOA�� ?KI A� =JCKHE�

A� ?KJPKNJE�� ECJKN=J@K� @AHHA� R=NE=VEKJE� PN=O?QN=>EHE� JAHHA� LKOEVEKJE� @AE� I=NCEJE��� �� +K� OPN=PK�

OQ??AOOERK�?AN?=�L=NPE�@ACHE�KCCAPPE�PAJAJ@K�?KJPK�@E�?KJPKNJE�A�=JCKHE��+AJP=IAJPA�=QI AJP=�H=�

� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

D��



?KI LHAOOEP\�qJK�=�CEQJCANA�=H�LQJPK�EJ�?QE�HkQHPEIK�OPN=PK�^�EJ�CN=@K�@E�?KI>EJ=NA�L=NPE�@ERANOA�

OQs?EAJPAIAJPA�>AJA�@=�NE?KJKO?ANA�QJ�REOK�K�E@AJPEq?=NA�QJ�KCCAPPK��

" KO=� >EOKCJ=� LNAJ@ANA� EJ� ?KJOE@AN=VEKJA� EJ� ?E=O?QJK� OPN=PK� JKJ� ^� OLA?Eq?=PK� @=E�

LNKCN=II=PKNE�� I=� OE� =LLNAJ@A� @=E� @=PE� JAH� LNK?AOOK� @E� =@@AOPN=IAJPK� �� 3AOP=J@K� MQAOPA�

LNAREOEKJE� =HH=� HQ?A� @AE� NEOQHP=PE� NA=HE� JAHHA� OANEA� @E� @=PE� @E� =@@AOPN=IAJPK�� EH� BQJVEKJ=I AJPK�

@E� ?E=O?QJK� OPN=PK� ^� ?=HE>N=PK� EJ� QJ� IK@K� HACCANIAJPA� @ERANOK� LAN� KPPAJANA� QJ� NEOQHP=PK�

HACCANIAJPA� IECHEKNA� KCJE� RKHP=�� 0Q=J@K� ?Ea� REAJA� B=PPK� ?KNNAPP=IAJPA� A� LQN?D_� ?E� OE=� QJ�

JQI ANK�OQs?EAJPA�@E�@=PE�@E�>QKJ=�MQ=HEP\��H=�NAPA�@KRNA>>A�ARKHRANA�EJ�IK@K�@=�ECJKN=NA�HA�

L=NPE�ENNEHAR=JPE�@AHH=�BKPK��?KI A�H=�LKOEVEKJA�AO=PP=�@AHHA�AJPEP\��HA�=JCKH=VEKJE��HkEHHQIEJ=VEKJA�A�

BK?=HEVV=NOE�OQ�MQAHHA�L=NPE�?DA�NAJ@KJK�EH�NE?KJKO?EIAJPK�LKOOE>EHA��

4J=�?KO=�@=�JKP=NA�EJ�MQAOPK�LQJPK�^�EH�B=PPK�?DA��JKJKOP=JPA�EH�JKOPNK�QPEHEVVK�@E�I=NCEJE�A�

?KJPKNJE�LAN�?KILNAJ@ANA�EH�LNK?AOOK��?Ea�?DA�^�ApAPPER=I AJPA�N=LLNAOAJP=PK�JACHE�OPN=PE�^�QJ=�

OANEA�@E�JQI ANE��?DA�LKPNA>>A�?KNNEOLKJ@ANA�K�IAJK�=HHA�?KOA�?DA�?KILNAJ@E=IK��" Ea�?DA�JKJ�

?=I >E=�OKJK�Hk=OPN=PPAVV=�A�H=�?KILHAOOEP\�?NAO?AJPE��

�30)'55#3'�-#�3'5'��30)'55#3'�-#�3'5'�

0Q=J@K� EH� LNKCN=II=PKNA� @A?E@A� @E� B=NA� QOK� @AHHk=LLNAJ@EIAJPK� LNKBKJ@K� LAN� QJk=PPEREP\� A�

LNAL=N=�E�@=PE��@ARA�LNKCAPP=NA�?Ea�?DA�REAJA�@AqJEPK�Hk=N?DEPAPPQN=�@AHH=�LNKLNE=�NAPA�JAQN=HA��

#ARA�O?ACHEANA�EH�JQI ANK�@E�OPN=PE��H=�LNKBKJ@EP\�@AHH=�NAPA	�A�EH�JQI ANK�@E�L=N=IAPNE�LAN�OPN=PK�

� 
 � � � � � � � � � � � � 
 � � �

D��



�Hk=I LEAVV=� @AHH=� NAPA	�� 2Q??AOOER=I AJPA� @ARA� @A?E@ANA� ?KIA� ?NA=NA� @AHHA� ?KJJAOOEKJE� PN=� CHE�

OPN=PE��OA�KCJE�QJEP\�@E�QJK�OPN=PK�O=N\�?KHHAC=P=�=�KCJE�QJEP\�@AHHK�OPN=PK�LNA?A@AJPA�K�IAJK��

+k=N?DEPAPPQN=� E@A=HA� LAN� QJ=� @APANIEJ=P=� =PPEREP\� OLAOOK� REAJA� NEJRAJQP=� =PPN=RANOK� H=�

OLANEIAJP=VEKJA�� ,= CCEKNA� ^� EH� JQI ANK� @ACHE� OPN=PE�� IEJKNA� ^� MQAHHK� @AE� L=N=IAPNE� ?DA� OKJK�

JA?AOO=NE�LAN�KCJE�OPN=PK�A�H=�NAPA�BQJVEKJ=�I ACHEK�?KJ�@AE�@=PE�CAJAN=HE��=�?KOPK�@E�AOOANA�@Es?EHA�

@=�KPPEIEVV=NA��4J�IEJ KN�JQI ANK�@E�?KJJAOOEKJE�OECJEq?DAN\�QJ�IEJKN�JQI ANK�@E�L=N=IAPNE�A�

QJ=�MQ=JPEP\�IEJKNA�@E�?=H?KHE��I=�NE@QNN\�H=�rAOOE>EHEP\�@AHH=�NAPA� ��


&&'453#3'�-#�3'5'�
&&'453#3'�-#�3'5'�

" KJOE@ANE=IK� HkAOAILEK� @E� QJ=� NAPA� JAQN=HA� @E� PELK� lBAA@� BKNS=N@m� LAN� Hk=LLNAJ@EIAJPK�

OQLANREOEKJ=PK��(J�MQAOPK�?=OK��HA�EJBKNI=VEKJE�rQEO?KJK�@=�QJK�OPN=PK�=�MQAHHK�LEb�LNKBKJ@K�

OAJV=�?E?HE�@E�BAA@>=?G��" KI A�=??=@A�JAH�?=OK�@E�PQPPA�HA�PA?JE?DA�@E�=LLNAJ@EIAJPK�=QPKI=PE?K��

HkK>EAPPERK�^�PNKR=NA�?KIA�CHE�EJLQP�OE=JK�?KHHAC=PE�?KJ�CHE�KQPLQP��MQ=HE�L=N=IAPNE�OE�?KI>EJ=JK�

A�?KIA�OE�?KI>EJ=JK�LAN�BKNJENA�EH�NEOQHP=PK�KOOANR=PK��LNAOQIE=IK�?DA�RE�OE=�QJ=�NAH=VEKJA�B�

?DA�?KHHAC=�E�R=HKNE�@E�EJCNAOOK�T�=�MQAHHE�@E�QO?EP=�U��4PEHEVVE=IK�LKE�H=�NAPA�LAN�PNKR=NA�H=�OANEA�@E�

L=N=IAPNE���?DA�@\�H=�?KI>EJ=VEKJA�IECHEKNA�LAN�KPPAJANA�CHE�KQPLQP�LNAREOPE�A�MQAHHE�ApAPPERE��

#KI=J @=�?DE=RA��EH�R=HKNA�LNAREOPK�U�^�B��T�� 	��LAN�MQ=HA����

(J� MQAOPK� ?=OK� HkU� LNAREOPK� ^� EH� LNK@KPPK� qJ=HA� A� H=� OANEA� @E� @=PE� T� ^� HkEJLQP�� -AH� ?=ILK� @AH�

NE?KJKO?EIAJPK� B=??E=HA�� T� ^� @E� OKHEPK� HkEJOEAI A� @AE� LETAH� =HHkEJPANJK� @E� QJkEII= CEJA�� U� LQa�

AOOANA�EH�JKI A�@AHH=�LANOKJ=��-AHH=�NAPA��CHE�OPN=PE�OKJK�=OOEIEH=>EHE�=E�H=RKN=PKNE�EJ�QJ=�?=PAJ=�

@E�IKJP=CCEK�JAHH=�MQ=HA�?E=O?QJ�H=RKN=PKNA�H=RKN=�=H�LAVVK�?DA�CHE�^�=OOACJ=PK�A�HK�L=OO=�=R=JPE�

=H�H=RKN=PKNA�OQ??AOOERK��(H�LNEIK�OPN=PK�NE?ARA�HkEJLQP�A�HK�PN=OBKNI=�QJ�LKk�LNEI=�@E�L=OO=NHK�=H�

OA?KJ@K�JAHH=�OQ??AOOEKJA��(H�OA?KJ@K�OPN=PK�B=�HK�OPAOOK�LNEI=�@E�L=OO=NHK�=H�PANVK�A�RE=�@E�MQAOPK�

L=OOK�qJK�=�?DA�HkEJLQP�REAJA�PN=OBKNI=PK�JAH�LNK@KPPK�qJ=HA��

,= PAI=PE?=I AJPA�� H=� BQJVEKJA� B� ^� OQ@@EREO=� EJ� OR=NE=PA� BQJVEKJE� B��� B��� B�o� EJ� ?QE� B��

o�B��B�� B��T			�� +K� OPN=PK� OQ??AOOERK� =� MQAHHK� @E� EJCNAOOK� PN=OBKNI=� E� L=N=IAPNE� @E� EJCNAOOK�

QPEHEVV=J@K� B��� HK� OPN=PK� =J?KN=� OQ??AOOERK� HK� B=� QPEHEVV=J@K� B�� A� ?KO`� RE=�� (H� LNKCN=II=PKNA�

LKPNA>>A�EJPANRAJENA�LAN�=EQP=NA�=�O?ACHEANA�H=�B=IECHE=�@E�BQJVEKJE�?KNNAPP=�EJ�>=OA�=HH=�LNKLNE=�

?KJKO?AJV=�@AH�LNK>HAI=��

� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

D��



[� ?KI LEPK� @E� ?E=O?QJK� OPN=PK� =OOACJ=NA� EH� HERAHHK� @E� EILKNP=JV=�� EH� LAOK� ?KJBANEPK� =� ?E=O?QJ�

L=N=IAPNK� ?DA� NE?ARA�� 3=HE� LAOE� OKJK� ?KI A� @AHHA� I=J KLKHA� ?DA� EJ� QHPEI=� =J=HEOE� @AqJEO?KJK�

H=� NAH=VEKJA� PN=� HkKQPLQP� LNAREOPK� A� HkEJLQP� EJ� MQAHHK� OPN=PK� �� (J� QJ� OEOPAI=� @E� =LLNAJ@EIAJPK�

LNKBKJ@K�PELE?K��?KJOE@ANE=IK�?AJPEJ=E=�@E�IEHEKJE�@E�MQAOPA�I=JKLKHA�A�?AJPEJ=E=�@E�IEHEKJE�

@E�AOAILE�@E�=@@AOPN=IAJPK��#=H�IKI AJPK�?DA�J_�@AqJE=IK�J_�LKOOE=IK�RA@ANA�KQPLQP�A�LAOE�

JACHE�OPN=PE�PN=�HkEJLQP�A�HkKQPLQP��MQAOPE�OKJK�@AqJEPE�OPN=PE�J=O?KOPE��

- AH� ?=OK� @AHHkAOAILEK� @AH� NE?KJKO?EIAJPK� @AHHkKCCAPPK� @EO?QOOK� LNA?A@AJPAIAJPA�� ^�

?KI LEPK� @AH� LNEIK� H=RKN=PKNA� EJ@ERE@Q=NA� E� I=NCEJE� A� L=OO=NHE� =H� OA?KJ@K� ?DA� EJ@ERE@Q=� E�

?KJPKNJE�A�?KO`�RE=��

#QN=JPA�Hk=@@AOPN=IAJPK��HkKQPLQP�LNAREOPK�REAJA�?KJOE@AN=PK�A�L=N=CKJ=PK�=HHkKQPLQP�NA=HA��

2A�H=�@EpANAJV=�PN=�E�@QA�^�?KJOE@ANARKHA��E�LAOE�=OOACJ=PE�EJ�?E=O?QJK�OPN=PK�@KRN=JJK�AOOANA�

I K@Eq?=PE�JKPARKHIAJPA��(J�?=OK�?KJPN=NEK�O=N\�OQs?EAJPA�QJ=�R=NE=VEKJA�HEARA��0QAOP=�=PPEREP\�

=RREAJA�EJ�@QA�IKI AJPE�� (J�LNEIK�HQKCK�OE�?=H?KH=�H=�@EpANAJV=�PN=�H=�LNAREOEKJA�A�HkKQPLQP�A�

LKE�QJ�=HPNK�=HCKNEPI K�?=H?KH=�?KIA�I K@Eq?=NA�E�LAOE�EJ�?E=O?QJK�OPN=PK��EJEVE=J@K�@=HHK�OPN=PK�

@E�QO?EP=��EJ�MQAOPK�?=OK��HA�EJBKNI=VEKJE�rQEO?KJK�NEO=HAJ@K�@=CHE�OPN=PE�LEb�LNKBKJ@E	��/ ANP=JPK�

=H� PANIEJA� @AH� LNK?AOOK� @E� =@@AOPN=IAJPK�� H=� NAPA� ^� LNKJP=� ?KJ� E� OQKE� LAOE� A� HA� OQA� BQJVEKJE�

=@� =PP=??=NA� E� @=PE� @E� PAOP�� (H� NAOPK� @AH� LNK?AOOK� ^� EH� IA@AOEIK� @E� MQAHHK� @AHHk=LLNAJ@EIAJPK�

=QPKI=PE?K�?KJRAJVEKJ=HA��

� 
 � � � � � � � � � � � � 
 � � �

D�	



��"D KIOGU��- ���1K>ANPO��(���6=PQIQHH��)���&B4@�� ;B@F>L��, ;8�� 4?F8�(EB@<F8�B9�� ;4G� (, 	 3DA�

- AS�8KNG�3EI AO��������
�� &KK@BAHHKS��(�)���!AJ CEK��8���" KQNREHHA�� ��� � 88C�$84EA<A:	�,(3�/ NAOO������ ��
��+A" QJ��8���!AJ CEK��8���'EJ PKJ��&���� 88C�?84EA<A:	 - =PQNA ������ ���� �h ����� �� �� 	��

� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

D�T



l+A=NJEJC�OECJ�H=JCQ=CAm�>U�@=RAUJEJ�LQ>>HE?=PK�?KJ�

HE?AJV=�""�! 8��� � ��/ AN�REOQ=HEVV=NA�QJ=�?KLE=�@E�MQAOP=�

HE?AJV=��REOEP=NA�DPPLO���?NA=PERA?KII KJO�KNC�HE?AJOAO�>U�

�� � ��NAB�KLAJRANOA��

�T S�

�#3 -#3'�&+��
B��-#$03#;+0/'�&'-�
-+/)6#))+0�/#563#-'�

+kAH=>KN=VEKJA�@AH�HEJCQ=CCEK�J=PQN=HA�^�QJ�=NCKI AJPK�OQ�?QE�H=�NE?AN?=�D=�H=RKN=PK�=�HQJCK�JACHE�

QHPEIE����=JJE��"Ea�D=�LKNP=PK�=HHK�OREHQLLK�@E�IKHPE�OPNQIAJPE�?DA�QPEHEVVE=IK�MQKPE@E=J=IAJPA��

n� $H=>KN=PKNE�@E�PAOPE��

n� " KNNAVEKJA�=QPKI=PE?=�@AHH=�CN=II=PE?=�A�@AHHkKNPKCN=q=��

n� ?KI LHAP=IAJPK�=QPKI=PE?K��

n� 1E?KJKO?EIAJPK�KPPE?K�@AE�?=N=PPANE��."1 	��

/ Eb�@E�NA?AJPA��E�?D=P>KP��CHE�=OOEOPAJPE�@KI AOPE?E�A�CHE�OPNQIAJPE�@E�PN=@QVEKJA�=QPKI=PE?=�D=JJK�

=RQPK�QJ�AJKNIA�EIL=PPK�EJ�PQPPE�E�OAPPKNE��

/ AN� IKHPK� PAILK�� H=� NE?AN?=� A� HkEJ@QOPNE=�

OKJK� OP=PA� >HK??=PA� @=HH=� ?KILHAOOEP\�

EJPNEJOA?=� @AH� HEJCQ=CCEK��  HH=� qJA� @AH� 77�

OA?KHK��HA�CN=II=PE?DA�@E�QJ=�HEJCQ=��O?NEPPA�

@=� AOLANPE�� LKPAR=JK� =RANA� qJK� =� �������

NACKHA�� 0QAOPE�OEOPAIE� AOLANPEOEOPAIE� AOLANPE� @EIKOPN=R=JK�

?DA�H=�PA?JKHKCE=�LKPAR=�B=NA�H=�@EpANAJV=��I=�

HA�OKHQVEKJE�NK>QOPA�AN=JK�PNKLLK�?KI LHAOOA�

@=�OREHQLL=NA��

#k=HPN=� L=NPA�� EH�NE?KJKO?EIAJPK� RK?=HANE?KJKO?EIAJPK� RK?=HA

@KRAR=� AOOANA� EJ� CN=@K� @E� QPEHEVV=NA� E� @=PE�

=?QOPE?E�A�PN=OBKNI=NHE�EJ�PAOPK��" KJ�H=�R=NEAP\�

@E� L=NH=JPE� ?DA� OE� LKOOKJK� PNKR=NA�� QJ�

?KI LEPK�@=RRANK�@Es?EHA��

(� NE?AN?=PKNE� D=JJK� ?=LEPK� ?DA� OA�

=RAOOEIK�=RQPK�QJ�IK@AHHK�@AHH=�HEJCQ=�@AOE@AN=P=��HA�?KOA�O=NA>>ANK�OP=PA�LEb�B=?EHE��OA�=RAOOEIK�

O=LQPK�MQ=HE�AN=JK�HA�L=NKHA�@AHH=�HEJCQ=��?KIA�OE�BKNI=R=JK�HA�BN=OE��=HHKN=�O=NA>>A�OP=PK�LEb�

� 
 � � � � � � � � � � � � 
 � � �

D�D



B=?EHA�PNKR=NA�H=�BN=OA�CEQOP=�@=�QJ�EJOEAI A�@E�?=J@E@=PE�?DA�?KNNEOLKJ@AOOA�=�QJ�@=PK�AJQJ?E=PK��

K�LNK@QNNA�QJ=�PN=@QVEKJA�R=HE@=�@=�QJ�EJOEAI A�@E�LKOOE>EHE�OAMQAJVA�@E�L=NKHA��

4J� =HPNK� PAI=� ?NQ?E=HA� ^� OP=PK� MQAHHK� @AHH=�OAI=JPE?=OAI=JPE?=�� +=� I= CCEKN� L=NPA� @AH� H=RKNK� ?DA�

LKOOE=IK�B=NA�LAN�NEOKHRANA�MQAOPEKJE�HEJCQEOPE?DA�^�OQLANq?E=HA��CHE�=HCKNEPIE�LNK@QNN=JJK�QJ=�

NEOLKOP=�>=O=P=�OQ�=H?QJA�NACKHA�OEJP=PPE?DA�HK?=HE��2A�=HH=�qJA�EH�PAOPK�JKJ�OECJEq?=�JQHH=��?KO`�

OE=�� 4J=� ?KO=� OEIEHA� LQa� =??=@ANA� MQ=J@K� HACCE=IK� QJ� PAOPK� @E� MQ=H?DA� =HQJJK�� LKOOE=IK�

?KNNACCANA�CHE�ANNKNE�OAJV=�?=LENA�RAN=IAJPA�@E�?KO=�L=NH=�EH�PAOPK��+=�RAN=�Oq@=�^�=OOK?E=NA�EH�

OECJEq?=PK�=H�PAOPK�A��MQ=J@K�LKOOE>EHA��=HHA�BN=OE�LNKJQJ?E=PA��

.J A�KN�IKNA�EJPAN=?PERA�AHAI AJPO�D=O�>AAJ�AT?HQ@A@�BNKI�PDEO�RANOEKJ�KB�PDA�PATP��8KQ�?=J�REAS�

PDAI�KJHEJA�DANA��DPPLO���LNAOO>KKGO�LQ>�EJPAHHECAJV==NPEq?E=HA��L�� ���KAI >A@
��

- AH� ����� ^� OP=PK� N=CCEQJPK� QJ� NEOQHP=PK� OKNLNAJ@AJPA��� QJ� QJE?K� I K@AHHK� HEJCQEOPE?K� LKPAR=�

AOOANA�=LLNAOK�@=�QJ=�CN=J@A�MQ=JPEP\�@E�@=PE�A�QPEHEVV=PK�LAN�QJ=�R=NEAP\�@E�?KILEPE�HEJCQEOPE?E��

(J� ApAPPE�� MQAH� IK@AHHK� QJE?K� =RAR=� LNAOP=VEKJE� IECHEKNE� NEOLAPPK� =E� IK@AHHE� =@@AOPN=PE� LAN� E�

?KI LEPE�OLA?Eq?E��

(H� IK@AHHK�AN=�QJ=�NAPA�JAQN=HA�LNKBKJ@=�� -KJ�?KO`�LNKBKJ@=�?KIA�E� IK@AHHE�QO=PE�KCCE��

,=� = >>=OP=JV=� @=� ?KJREJ?ANA� H=� NE?AN?=� A� HkEJ@QOPNE=� ?DA� Hk=LLNAJ@EIAJPK� =QPKI=PE?K�� A� LEb�

OLA?Eq?=I AJPA�Hk=LLNAJ@EIAJPK�LNKBKJ@K��O=NA>>A�OP=PK�H=�NEOLKOP=�=� IKHPA�@KI=J @A�EJ�-+/�

�- =PQN=H�+=JCQ=CA�/NK?AOOEJC	��

#=�=HHKN=��HkAH=>KN=VEKJA�@AH�HEJCQ=CCEK�J=PQN=HA��-+/ 	�D=�OIAOOK�@E�OACQENA�QJ�=LLNK??EK�

>=O=PK�OQE�IK@AHHE�A�OE�^�MQ=OE�OAILNA�>=O=P=�OQ�QJ�=LLNK??EK�>=O=PK�OQE�@=PE��

3N=@EVEKJ=HIAJPA��E�LNEJ?EL=HE�?KILEPE�HEJCQEOPE?E�LKOOKJK�AOOANA�OQ@@EREOE�EJ�@QA�B=IECHEA��

MQAHHE�?DA�NECQ=N@=JK�H=�?KOPNQVEKJA�@E�IK@AHHE�A�MQAHHE�?DA�NECQ=N@=JK�H=�@A?K@Eq?=��

�04536+3'�.0&'--+��04536+3'�.0&'--+�

/ AN�PN=O?NERANA��NEOLKJ@ANA�=�@KI=J @A��CAJAN=NA�@E=HKCDE�K�PN=@QNNA��^�JA?AOO=NEK�AOOANA�EJ�CN=@K�

@E�O=LANA�OA�l)A�L=NHA�%N=J]=EOm�^�ApAPPER=I AJPA�QJ=�BN=OA�EJ�BN=J?AOA�KLLQNA�JK��$�LKE?D_�JAH�

HEJCQ=CCEK�L=NH=PK�H=�CN=II=PE?=�JKJ�^�OAILNA�OACQEP=�?KJ�LNA?EOEKJA��H=�NEOLKOP=�@KRN\�AOOANA�

LNK>=>EHEOPE?=��QJ=�BN=OA�^�C<V�B�@8AB�BN=J?AOA�0QAOPK�LANIAPPA�=H�OEOPAI=�@E�LNK@QNNA�@ERANOA�

BN=OE�?=J@E@=PA��?KI A�H=�PN=O?NEVEKJA�@E�QJ�OQKJK��H=�PN=@QVEKJA�@E�QJ=�BN=OA��o 	�A�H=�LNK>=>EHEP\�

LQa�AOOANA�QJ�LQJPACCEK��2E�LQa�LNAJ@ANA�H=�BN=OA�LEb�=HP=�EJ�?H=OOEq?=�K�?KI>EJ=NA�EH�LQJPACCEK�

?KJ�=HPNA�BKJPE�@E�EJBKNI=VEKJA��OE�LQa�=J?DA�AOOANA�EJPANAOO=PE�=HHk=NCKI AJPK�@AHH=�BN=OA	��

(� I K@AHHE� HEJCQEOPE?E� B=JJK� MQAOPK�� HA� LNK>=>EHEP\� OKJK� ?KOPNQEPA� @=� =HCKNEPIE� @E�

=LLNAJ@EIAJPK�=QPKI=PE?K��- =PQN=HIAJPA��LEb�@=PE�?E�OKJK��I ACHEK� �̂�/ AN�=H?QJA�HEJCQA�?E�OKJK�

I KHPE�@=PE�OQ�?QE�?KOPNQENA�E�IK@AHHE�HEJCQEOPE?E��/AN�=HPNA�JKJ�^�?KO`��OE�PN=PP=�@E�HEJCQA�?KJ�LK?DA�

NEOKNOA��

- AH�?=OK�@AHH=�PN=@QVEKJA��RKCHE=IK�JKJ��� I=� �� I K@AHHE��QJ�IK@AHHK�HEJCQEOPE?K�LAN�KCJE�

� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

D��



"D ANREJOGEE��6EGEIA@E=�"KII KJO�LQ>>HE?=PK�?KJ�HE?AJV=�

""�! 8
2 ��� � ��/ AN�REOQ=HEVV=NA�QJ=�?KLE=�@E�MQAOP=�HE?AJV=��

REOEP=NA�DPPLO���?NA=PERA?KII KJO�KNC�HE?AJOAO�>U�

�� � ��NAB�KLAJRANOA��

HEJCQ=�A�QJ�=HPNK�IK@AHHK�LAN�HA�PN=@QVEKJE��?DA�?E�EJBKNIE�OQ�MQ=HE�LKOO=JK�AOOANA�HA�IECHEKNE�

PN=@QVEKJE� @E� BN=IIAJPE� @E� HEJCQ=�� 0QAOPE� IK@AHHE� OKJK� @Es?EHE� @=� LNK@QNNA� MQ=J@K� E� @=PE�

OKJK�O?=NOE��2A�E�IK@AHHE�LAN�HA�?KLLEA�@E�HEJCQA�?KIQJE�OKJK�LEb�B=?EHE�@=�?KOPNQENA��JKJ�O=N\�

?KO`� LAN� HA� HEJCQA� ?DA� JKJ� OKJK� BNAMQAJPAIAJPA� L=NH=PA� EJOEAI A� �=@� AOAILEK� EH� LKNPKCDAOA�

A� HK� OHKRAJK	�� 4J=� PELE?=� RE=� @kQO?EP=� EJ� MQAOPK� ?=OK� ^� MQAHH=� @E� QPEHEVV=NA� QJ=� HEJCQ=� LERKP�

�PELE?=I AJPA�HkEJCHAOA	�A�PN=@QNNA�=PPN=RANOK�MQAOP=�HEJCQ=�LERKP��@=H�LKNPKCDAOA�=HHkEJCHAOA�A�LKE�

@=HHkEJCHAOA�=HHK�OHKRAJK��.RRE=I AJPA�E�NEOQHP=PE�OKJK�EJBANEKNE�LAN?D_�CHE�ANNKNE�OE�=??QIQH=JK��


'%0&+P%#�
'%0&+P%#�

+=�@A?K@Eq?=�^�EH�LNK?AOOK�?KJ�?QE�QJ�=HCKNEPI K�LNAJ@A�H=�OAMQAJV=�EJ�EJCNAOOK��?DA�LQa�AOOANA�

QJ�OACJ=HA�K�QJ�PAOPK	�A��?KJOQHP=J@K�E�IK@AHHE��LNAJ@A�QJ=�@A?EOEKJA��?DA�OLAOOK�O=N\�QJ�PAOPK�

EJ�QO?EP=��"E�OKJK�=H?QJA�?KJOE@AN=VEKJE�@E�?=N=PPANA�=HCKNEPIE?K��EJ�I KHPE�?=OE�H=�PN=O?NEVEKJA�A�H=�

PN=@QVEKJA�@ARKJK�=RRAJENA�EJ�PAILK�NA=HA�A�H=�NE@QVEKJA�@AH�NEP=N@K�^�QJ�=OLAPPK�BKJ@=IAJP=HA��

"k ^�MQEJ@E�OL=VEK�LAN�HkEJPAHHECAJV=�=NPEq?E=HA��

�/&A50A'/&��/&A50A'/&�

.C CE�� Hk=LLNK??EK� ?DA� LNARA@A� H=� ?KOPNQVEKJA� @E� MQAOPE� ?KILKJAJPE� OAL=N=P=IAJPA� A� H=� HKNK�

OQ??AOOER=� ?KI>EJ=VEKJA� ^� OP=PK� OKOPEPQEPK� @=� =LLNK??E�8A7
GB
8A7�EJ� ?QE� EH� OEOPAI=� PN=O?NERA�

PN=@Q?A�EJPANLNAP=� HkEJLQP� =PPN=RANOK� QJ� IK@AHHK� QJE?K��  PPQ=HIAJPA�� P=HE� IK@AHHE� OKJK�

=@@AOPN=PE� @=� NAPE� JAQN=HE� LNKBKJ@A� ?DA� LKOOKJK� AOOANA� AJKNIE�� OE� @E?A� ?DA� Hk=PPQ=HA� I K@AHHK�

&/3 ��LEb�CN=J@A�?KILNAJ@=�@ERANOA�?AJPEJ=E=�@E�IEHEKJE�@E�L=N=IAPNE��

/ NKRE=IK� =� @=NA� QJkK??DE=P=� =� MQAOP=�

EJPQEVEKJA�� OQLLKJE=IK� @E� =RANA� @AE� @=PE��

0QAOPE�@=PE�CNAVVE�LKOOKJK�AOOANA�?K@Eq?=PE�EJ�

MQ=H?DA� I K@K�� ,=� H=� ?K@Eq?=� LQa� AOOANA�

I KHPK� NE@KJ@=JPA� A� BKNOA� =J?DA� ?KOPKO=��

" KOPNQE=IK� KN=� QJ=� I=??DEJ=� L=NPE?KH=NA��

?DE=I=P=� =QPK?K@Eq?=PKNA� �RA@E� O?DAI=�

OKPPK	�� 0QAOP=� I=??DEJ=� O=N\� EJ� CN=@K� @E�

LNAJ@ANA�QJ�PAOPK��?KI LNEIANHK�EJ�QJ�LE??KHK�

RAPPKNA� �MQAOPK� ^� EH� ?K@Eq?=PKNA	�� A� LKE�

@A?KILNEIANA� EH� RAPPKNA� �H=� L=NPA� @AH�

@A?K@Eq?=PKNA	�A�NAOPEPQENA�QJ�PAOPK�?DA�^�EJ�

MQ=H?DA�I K@K�RE?EJK�=H�PAOPK�KNECEJ=HA��+kE@A=�

^� ?DA� MQAOPK� IA??=JEOIK� NAJ@=� EH� RAPPKNA�

EJPANIA@EK� I KHPK� OECJEq?=PERK� ?KJ� @QA�

LNKLNEAP\� @AOE@AN=>EHE�� QJ� RAPPKNA�

N=CEKJARKHIAJPA�LE??KHK�?DA�l?KJPEAJAm�HA�EJBKNI=VEKJE�@AH�PAOPK�EJEVE=HA��

� 
 � � � � � � � � � � � � 
 � � �

D��

https://creativecommons.org/licenses/by/2.0/?ref=openverse
https://creativecommons.org/licenses/by/2.0/?ref=openverse


�-�(65630��-�(65630�

4J�AOAILEK�@E�AJ@
PK
AJ@�?DA�RA@NAIK�LNAOPK�O=N\�EJ�CN=@K�@E�ORKHCANA�EH�OACQAJPA�?KILEPK��

RE� =O?KHPAN\� L=NH=NA� H=� RKOPN=� HEJCQ=�� PN=O?NERAN\� EH� RKOPNK� PAOPK�� HK� PN=@QNN\� EJ� QJ=� HEJCQ=� ?DA�

JKJ�?KJKO?APA��=@@AOPNAN\�QJ�OEOPAI=�@E�OEJPAOE�RK?=HA�=HH=�RKOPN=�RK?A�A�B=N\�EJ� IK@K�?DA�H=�

RKOPN=� RK?A� LNKJQJ?E� EH� PAOPK� ?KNNEOLKJ@AJPA� EJ� QJ=� JQKR=� BN=OA�� $??K� @QA� AOAILE� LNK@KPPE�

@=E� NE?AN?=PKNE� @AHHk4JERANOE@=@� /KHEPA?JE?=� @A� 5=HAJ?E=�� EJ� 2L=CJ=�� EJ� ?QE� EH� IK@AHHK� RK?=HA�

@AHHkKN=PKNA�REAJA�QPEHEVV=PK�LAN�EH�@KLLE=CCEK��

.J A�KN�IKNA�EJPAN=?PERA�AHAI AJPO�D=O�>AAJ�AT?HQ@A@�BNKI�PDEO�RANOEKJ�KB�PDA�PATP��8KQ�?=J�REAS�

PDAI�KJHEJA�DANA��DPPLO���LNAOO>KKGO�LQ>�EJPAHHECAJV==NPEq?E=HA��L�� ���KAI >A@
��

.J A�KN�IKNA�EJPAN=?PERA�AHAI AJPO�D=O�>AAJ�AT?HQ@A@�BNKI�PDEO�RANOEKJ�KB�PDA�PATP��8KQ�?=J�REAS�

PDAI�KJHEJA�DANA��DPPLO���LNAOO>KKGO�LQ>�EJPAHHECAJV==NPEq?E=HA��L�� ���KAI >A@
��


-%6/'�%0/4')6'/;'�1'3�- I+4536;+0/'�
-%6/'�%0/4')6'/;'�1'3�- I+4536;+0/'�

(�LNKCNAOOE�?KOP=JPE�@AHHkAH=>KN=VEKJA�@AH�HEJCQ=CCEK�J=PQN=HA�OKJK�JKPARKHE��2A�OKHK����=JJE�B=�

NE@AR=I K�@AHHA�PN=@QVEKJE�OPQLE@A�LNKLKOPA�@=HHkEJPAHHECAJV=�=NPEq?E=HA��KCCE�^�OAILNA�LEb�@Es?EHA�

PNKR=NA�ANNKNE�CNKOOKH=JE�� J?DA�HA�PA?JE?DA�@E�NE?KJKO?EIAJPK�RK?=HA�A�@E�NE?KJKO?EIAJPK�@AE�

?=N=PPANE�OP=JJK�IECHEKN=J@K�N=LE@=IAJPA��

+A� Oq@A� OAI=JPE?DA� OKJK� =J?KN=� LNAOAJPE� A� H=� NEOLKOP=� =� @KI=J @A� ?DA� NE?DEA@KJK� QJ=�
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?KOA��I=�J KJ�NEHAR=>EHA�@=�QJK�OPNQIAJPK�=JPELH=CEK��
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=J?DA�=�I=PANE=HA�EJEVE=HIAJPA�LNKCAPP=PK�LAN�QJ�=HPNK�OEOPAI=�@E�=LLNAJ@EIAJPK��

QJk=HPN=�?QHPQN=��

n� ?KOPNQENA�O=CCE�LKPNA>>A�@ERAJP=NA�QJ�?KILEPK�@AH�L=OO=PK��LKE?D_�CHE�OPNQIAJPE�

� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

D��



?KJOAJPKJK�@E�O?NERANA�MQ=H?KO=�OQ�MQ=HOE=OE�=NCKI AJPK��

(J�MQAOPE�AOAILE�^�?DE=NK�?DA�Hk( �O=N\�PQPPk=HPNK�?DA�LANBAPP=�A�HkAOLANPK�OE�=??KNCAN\�?DA�OA�EH�

HEJCQ=CCEK�^�?KNNAPPK��JKJ�HK�^�EH�rQOOK�@E�E@AA��,=�@E?E=IK?AHK��JAH�?KNOK�@AHHkEOPNQVEKJA��MQ=JPK�

PAILK�?E�RQKHA�LAN?D_�E�JKOPNE�=HQJJE�A�OPQ@AJPE�N=CCEQJC=JK�MQAOPK�HERAHHK��
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@=NA�EJEVEK�A�LKNP=NA�=�?KILEI AJPK�=VEKJE�?DA�EJrQAJV=JK�H=�HKNK�REP=�A�EH�IKJ@K�=PPKNJK�=�HKNK��
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� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

D��

https://www.pewresearch.org/internet/2018/12/10/artificial-intelligence-and-the-future-of-humans/
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EJOACJ=JPE�@E�B=NA�HA�LNKLNEA�O?AHPA��=CENA�EJ�=QPKJKIE=�A�=OOQIANA�EH�?KJPNKHHK�@AHHkEJOACJ=IAJPK�

A� @AHHk=LLNAJ@EIAJPK� =HHkEJPANJK� @AHHA� =QHA�� 2E� AJB=PEVV=� EH� NQKHK� ORKHPK� @=CHE� EJ@ERE@QE� JAH�

LH=OI=NA�E�LAN?KNOE�@E@=PPE?E��LNAJ@AJ@K�@A?EOEKJE�NECQ=N@K�=�?KO=��?KIA�A�LAN?D_�MQ=H?KO=�REAJA�

=LLNAOK��(H�HE>ANK�=N>EPNEK�N=LLKNP=PK�=E�LAN?KNOE�@E@=PPE?E�EILHE?=�I KHPALHE?E�?KJOE@AN=VEKJE��/AN�

AOAILEK�HA�=VEKJE�@ACHE�OPQ@AJPE�LKOOKJK�AOOANA�R=HKNEVV=PA�MQ=J@K�AOOE�JKJ�OKJK�PN=PP=PE�?KIA�

@AOPEJ=P=NE�L=OOERE�@E�?KJKO?AJVA��I=�?KI A�L=NPA?EL=JPE�=PPERE�=H�LNK?AOOK�@E�=LLNAJ@EIAJPK�A�
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LNKLNE�K>EAPPERE�@E@=PPE?E�A�=OOQIANOE�H=�NAOLKJO=>EHEP\�@AH�LNKLNEK�=LLNAJ@EIAJPK��5 =HKNEVV=NA�

HA� =VEKJE� @ACHE� OPQ@AJPE� EILHE?=� =J?DA� H=� LNKIKVEKJA� @E� ?=L=?EP\� @E� NEOKHQVEKJA� @AE� LNK>HAIE�

A� @E� LAJOEANK� ?NEPE?K� �EJ� NAH=VEKJA� =� LNK>HAIE� =pANAJPE� =H� IKJ@K� NA=HA	� KHPNA� =� ?=L=?EP\� @E�

=QPK@EO?ELHEJ=� �?KI A� H=� CAOPEKJA� @AH� PAILK�� H=� @APANIEJ=VEKJA� @E� LNEKNEP\� A� E� LNKCNAOOE�

JAHHk=QPKRANEq?=	��PQPPK�?Ea�^�LNAVEKOK�LAN�HK�OREHQLLK�@E�OKCCAPPE�EJ@ELAJ@AJPE�A�=QPKJKIE�A�LAN�EH�

HKNK�OQ??AOOK�EJ�=I>EPK�O?KH=OPE?K�A�JAHH=�REP=��(JqJA��=J?DA�OA�CHE�EJOACJ=JPE�ORKHCKJK�QJ�NQKHK�

?AJPN=HA�JAH�OQLLKNP=NA�A�JAH�R=HKNEVV=NA�Hk=CENA�@ACHE�OPQ@AJPE��EH�?KJ?APPK�@E�HE>ANK�=N>EPNEK�EJ�
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LNKLNE�OPQ@AJPE��
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@E� OKHEPK� ^� LEb� =@ACQ=P=� =HHA� AOECAJVA� @AH� BKNJEPKNA� @AE� OANREVE� A� @AE� HKNK� OLKJOKN� ?DA� JKJ� =�
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?KI A�@A>>=JK�EIL=N=NA�A�LKOOKJK�=J?DA�NE@QNNA�H=�HKNK�=LANPQN=�=�LNKOLAPPERA�@ERANOA�A�=�JQKRE�

=I >EPE�@E�EJ@=CEJA�� (J�PANVK�HQKCK��E�OEOPAIE�  ($#�@E�JKNI=�NE?KOPNQEO?KJK�E�?KILKNP=IAJPE�

@ACHE�OPQ@AJPE��EJ@Q?AJ@K�QJ=�OAJO=VEKJA�@E�OAJPENOE�OKNRACHE=PE�A�@E�=QPKJKIE=�REJ?KH=P=��KHPNA�

=� NAJ@ANA� LKOOE>EHA� HkARAJPQ=HEP\� @E� HA@ANA� H=� LNER=?U� @ACHE� OPQ@AJPE�� NAJ@AJ@KHE� ?=QPE�

JAHHkAOLNEIANOE� HE>AN=IAJPA�� 0Q=NPK�� @AHHA� N=??KI=J @=VEKJE� EJrQAJV=PA� @=HHk( � LKPNA>>ANK�

EJ=RRANPEP=IAJPA� P=NL=NA� HA� =OLEN=VEKJE� @ACHE� OPQ@AJPE�� HEIEP=J@KJA� H=� HE>ANP\� @k=VEKJA� JAH�

N=CCEQJCANA� K>EAPPERE� @E� =QPK@APANIEJ=VEKJA�� 0QEJPK�� HA� PA?JKHKCEA� ?DA� OQLLKNP=JK� Hk( �

QPEHEVV=PA�LAN�HA�R=HQP=VEKJE�OKJK�?=N=PPANEVV=PA�@=�QJkAJB=OE�A??AOOER=�OQ�LNKRA�OP=J@=N@EVV=PA�

�A�MQEJ@E��EJAREP=>EHIAJPA��OQHH=�LNAL=N=VEKJA�@ACHE�OPQ@AJPE�=H�OQLAN=IAJPK�@E�MQAOPK�CAJANA�

@E� LNKRA	�� (JKHPNA�� JAOOQJ� OEOPAI=� ?DA� OQLLKNP=� Hk( � ^� EJ� CN=@K� @E� ?KILNAJ@ANA� K� ?KCHEANA� HA�

OBQI=PQNA� LNAOAJPE� JAH� H=RKNK� @E� QJK� OPQ@AJPA�� HEIEP=J@KJA� ?KO`� H=� ?=L=?EP\� @E� =VEKJA� JAH�

LNK?AOOK�@E�R=HQP=VEKJA��?KJ�H=�LKOOE>EHA�?KJOACQAJV=�@E�O?KN=CCE=NA�EH�LAJOEANK�?NA=PERK�K�JKJ�

?KJRAJVEKJ=HA��

(JqJ A��LAN�MQ=JPK�?KJ?ANJA�CHE�EJOACJ=JPE��EH�NE?KNOK�EJ�=QH=�=�PA?JKHKCEA�?DA�OQLLKNP=JK�

Hk( � EJAREP=>EHIAJPA� EJrQAJV=� O?AHPA� @E� LNKCN=IIE� @E� OPQ@E�� ?KJPAJQPE� @E@=PPE?E� A� =LLNK??E�

LA@=CKCE?E��OIEJQAJ@K�EJ�P=H�IK@K�EH�NQKHK�@ACHE�EJOACJ=JPE�A�LKNP=J@KHE�=�NEPAJANA�EH�LNKLNEK�

CEQ@EVEK�LNKBAOOEKJ=HA�OKPPKR=HQP=PK�K�OQLAN=PK�@=HH=�PA?JKHKCE=��

� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

D��



 @�KCJE� IK@K��CHE�OPNQIAJPE�@AHHk( � =LLHE?=P=�=HHkEOPNQVEKJA�LKPNA>>ANK�@AMQ=HEq?=NA�CHE�

EJOACJ=JPE�� NE@Q?AJ@KHE� =H� NQKHK� @E� B=?EHEP=PKNE� @AHHkQOK� @AHHA� PA?JKHKCEA� A� ?KJPNKHHKNE� @AE�

?KI LKNP=IAJPE��QJ�BN=EJPAJ@EIAJPK�N=@E?=HA�@E�?Ea�?DA�B=JJK�E�>QKJE�EJOACJ=JPE��"Ea�LKPNA>>A�

=J?DA�HEIEP=NJA�H=�HE>ANP\�@k=VEKJA�JAH�?KOPNQENA�@AHHA�NAH=VEKJE�?KOPNQPPERA�?KJ�E�LNKLNE�OPQ@AJPE��

BKJ@=IAJP=HE� LAN� EIL=NPENA� HKNK� QJkEOPNQVEKJA� As?=?A�� (JqJA�� B=NA� =s@=IAJPK� OQ� L=N=IAPNE�

CAJAN=PE�@=HHk( �� P=HRKHP=�LAN�RE=�@E�@ENAPPERA�RANPE?EOPE?DA	�LQa�?NA=NA�LNAOOEKJA�OQCHE�EJOACJ=JPE�

=sJ ?D_�OE�?KJBKNIEJK�=�LNK?AOOE�@A?EOEKJ=HE�KNEAJP=PE�=E�@=PE��?DA�LKPNA>>ANK�?KJ@QNNA�=�LKNNA�

QJkAJB=OE�IEJKNA�OQ�QJK�OREHQLLK�KHEOPE?K�@ACHE�OPQ@AJPE��

+kQHPEI=� @KI=J @=� EJ� MQAOP=� OA@A� ^� ?KO=� >EOKCJ=� B=NA� LAN� C=N=JPENA� HE>ANP\� @E� =VEKJA� =�

OPQ@AJPE�A�EJOACJ=JPE�@=H�IKI AJPK�?DA�@AHHA�LKPAJPE�PA?JKHKCEA�?DA�OQLLKNP=JK�Hk( �@ERAJCKJK�

OAILNA� LEb� QPEHEVV=>EHE� EJ� ?H=OOA�� (J� >NARA�� OE� @ARKJK� KpNENA� =CHE� EJOACJ=JPE� @AHHA� KLLKNPQJEP\�

?DA�JA�NEOLAPPEJK�EH�HE>ANK�=N>EPNEK��?KJOAJPAJ@K�HKNK�@E�=OOQIANA�@A?EOEKJE�=HHEJA=PA�=HHA�HKNK�

AOLANEAJVA�LNKBAOOEKJ=HE�A�=HHA�AOECAJVA�OLA?Eq?DA�@AE�HKNK�OPQ@AJPE��-AH�BN=PPAILK��CHE�OPQ@AJPE�

D=JJK� >EOKCJK� @E� KLLKNPQJEP\� LAN� OREHQLL=NA� LAJOEANK� ?NEPE?K�� ?=L=?EP\� @E� =QPKNACKH=VEKJA� A�

=>EHEP\�I AP=?KCJEPERA��EJPAJVEKJ=HEP\��=QPKJKIE=��=@=PP=>EHEP\�A�NAOLKJO=>EHEP\��OE=�NE?KNNAJ@K�=�

PA?JKHKCEA�?DA�OQLLKNP=JK�Hk( �=LLNKLNE=PA��As?=?E�A�OE?QNA�OE=�OAJV=�@E�AOOA��

 

�   J @ANOKJ�AP�=H���� EG<`6<4?�<AG8??<:8A68�4A7�G;8�9HGHE8�B9�;H@4AF��/ AS�1 AOA=N?D�" AJPAN���� ���
�  'K HIAO�AP�=H���� EG<`6<4?�<AG8??<:8A68�4A7�� 7H64G<BA	���6E<G<64?�I<8J�G; EBH:;�G;8�?8AF�B9�;H@4A�E<:;GF	�

78@B6E46L�4A7�G;8�EH?8�B9�?4J 	 " KQJ?EH�KB�$QNKLA��L�������� ���
�  !=J @QN=�� ���, BJ4E7�4�(FL6;B?B:L�B9� H@4A��: 8A6L��( 4G;J4 LF�4A7�* 8a86G<BAF	�/ ANOLA?PERAO�KJ�

/ OU?DKHKCE?=H�2?EAJ?A���� �� 	���� �
 �� � ���� ���

� 
 � � � � � � � � � � � � 
 � � �

D�	



�� S�

�.0-0)#;+0/'R�+/7+4+$+-+ 5J�'�
0- 53'R�7'340�6/I�
�'5+%#�

�.0-0)#;+0/'��.0-0)#;+0/'�

, KHPK�@AJ=NK��NEOKNOA�EJBKNI=PE?DA��PAILK�A�EILACJK�OKJK�LNKBQOE�JAHH=�?NA=VEKJA�@E�OANEA�@E�

@=PE��>AJ?DI= NG�A�=HCKNEPIE�LAN�Hk=LLNAJ@EIAJPK�=QPKI=PE?K��" Ea�R=HA�EJ�L=NPE?KH=N�I K@K�LAN�

Hk=LLNAJ@EIAJPK�LNKBKJ@K�A�E� IK@AHHE�@E�CN=J@E�@EIAJOEKJE�� [� LANP=JPK�HKCE?K�?DA�HA�NEOKNOA�

?NA=PA� OE=JK� ?KJ@EREOA� EJ� MQAOPK� A?KOEOPAI=�� [� EH� ?=OK� @E� IKHPE� OEOPAIE� @E� =LLNAJ@EIAJPK�

=QPKI=PE?K�?DA�OLAOOK�QOE=IK��  J ?DA�H=@@KRA�E�LNK@KPPE�qJ=HE�OKJK�@ERANOE�A�OKJK�?NA=PE�@=�

OK?EAP\�@ERANOA��H=�IAPK@KHKCE=��CHE�EJOEAIE�@E�@=PE��HA�HE>NANEA�LAN�Hk=LLNAJ@EIAJPK�=QPKI=PE?K�

A� HA� R=HQP=VEKJE� OKJK� OLAOOK� ?KJ@EREOE��� / ANP=JPK� OE� ?KJPEJQ=� =� N=CEKJ=NA� OQH� B=PPK� ?DA�� EJ�

?KJ@EVEKJE�=J=HKCDA��E�HKNK�KQPLQP�@A>>=JK�AOOANA�OEIEHE��

2A� HkKQPLQP� ^� QJ=� @A?EOEKJA� EJ� I=PANE=� @E@=PPE?=�� ?Ea� ^� I KPERK� @E� LNAK??QL=VEKJA�� LAN�

AOAILEK��LAN�OPQ@AJPE�?DA�LKPNA>>ANK�AOOANA�AO?HQOE�EJ�IK@K�EJEMQK�@=�PQPPA�HA�KLLKNPQJEP\�@E�

=LLNAJ@EIAJPK��� ,=�OA�HkKI KHKC=VEKJA�LNK@KPP=�@=CHE�=HCKNEPIE�?KOPEPQEO?=�QJkEJCEQOPEVE=�LQa�

AOOANA�@A?EOK�OKHP=JPK�?=OK�LAN�?=OK���

#k=HPN=�L=NPA��OA�EH�?KILEPK�@AH�OEOPAI=�^�=EQP=NA�HK�OPQ@AJPA�=�O?NERANA��Hk=??AJPK�REAJA�=�

LKNOE�OQHH=�OP=J@=N@EVV=VEKJA�@ACHE�OPEHE�@E�O?NEPPQN=��@AHH=�PANIEJKHKCE=�A�LANP=JPK�@AE� IK@AHHE�

@E�LAJOEANK��(�I K@AHHE�HEJCQEOPE?E�QPEHEVV=PE�EJ�MQAOPE�?=OE�RAJCKJK�@A?EOE�EJ�IK@K�@=�LNARA@ANA�E�

PAOPE�LEb�LNK>=>EHE�OQHH=�>=OA�@AHHA�OANEA�@E�@=PE�@E�=@@AOPN=IAJPK�QO=PE��0QAOPA�OANEA�@E�@=PE��OA�

JKJ�OKJK�?KJ@EREOA�PN=�OEOPAIE��OKJK�?KJCACJ=PA�EJ�QJ�IK@K�OEIEHA��OLAOOK�?KJ�@=PE�LQ>>HE?E�

PN=PPE� @=� (JPANJAP��  J ?DA� MQ=J@K� MQAOPE� @=PE� OKJK� ?KJPNKHH=PE� LAN� O?KJCEQN=NA� H=� LNAOAJV=� @E�

LNA?KJ?APPE��LNACEQ@EVE�A�?KJPAJQPE�AOPNAIE��?Ea�N=LLNAOAJP=�OKHK�QJ�LE??KHK�A?KOEOPAI=�A�JKJ�

EH�IKJ@K�EJ�PQPP=�H=�OQ=�@ERANOEP\�@E�E@AA��?QHPQN=�A�LN=PE?DA��(�OEOPAIE�@E�PAOPE�LNA@EPPERE�BKJ@=PE�

OQHHk=LLNAJ@EIAJPK� LNKBKJ@K� QPEHEVV=PE� LAN� IAOO=CCE� @E� PAOPK� A@� A
I=EH� OE� OKJK� @EIKOPN=PE� EJ�

CN=@K�@E�?=I>E=NA�EH�IK@K�EJ�?QE�HA�LANOKJA�O?NERKJK��EH�IK@K�@E�O?NERANA�PAJ@A�=@�AOOANA�XLEb�

OPNEJC=PK��LEb�LNARA@E>EHA�A�IAJK�RER=?AY� ��

+A�OAMQAJVA�@E�L=NKHA�?DA�RAJCKJK�NELAPQPA�JAE�@=PE�@E�=@@AOPN=IAJPK�O?AJ@KJK�=�?=O?=P=�

JAHHkKQPLQP�@AE�CN=J@E�IK@AHHE�HEJCQEOPE?E��/ANP=JPK�E�R=HKNE�@AE�?NA=PKNE�@AE�@=P=>=OA�=?MQEOEO?KJK�

� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

D�T



EH� LKPANA� @E� NE@QNNA� H=� @ERANOEP\� @E� KLEJEKJE� A� H=� LHQN=HEP\� @E� AOLNAOOEKJA� @AHHA� E@AA�� 2AJV=� @AE�

?KNNAPPE�EJPANRAJPE�LA@=CKCE?E��?Ea�=�LNKLNE=�RKHP=�LKPNA>>A�HEIEP=NA�H=�?NA=PEREP\�A�HkKNECEJ=HEP\�

@ACHE� OPQ@AJPE�� JKJ� OKHP=JPK� LKNP=J@K� =� QJK� OPEHA� @E� O?NEPPQN=� OPANAKPEL=PK�� I=� EJ� QHPEIK�

CAJAN=J@K� ?EPP=@EJE� ?KJ� QJ=� NE@KPP=� ?=L=?EP\� @E� LAJOEANK� ?NEPE?K� A� MQEJ@E� JAH� ?KILHAOOK� QJ�

I KJ@K�I AJK�R=NEAC=PK� ��

�/7+4+$+-+ 5J��/7+4+$+-+ 5J�

2PNAPP=IAJPA�?KNNAH=PK�?KJ� IKHPA�@AHHA�NE?=@QPA�JAC=PERA�@AHHk=LLNAJ@EIAJPK�=QPKI=PE?K��ERE�

?KI LNAO=� HkKI KHKC=VEKJA� OKLN=� IAJVEKJ=P=�� ^� EH� B=PPK� ?DA� HA� PA?JKHKCEA� OKJK� @ERAJQPA� ?KO`�

LNKCNA@EPA�?DA�HkEJPANB=??E=�QKIK
I= ??DEJ=�JKJ�D=�EJPANNQVEKJE�A@�^�LN=PE?=I AJPA�EJREOE>EHA��

"D A� OE� PN=PPE� @AE� IKPKNE� @E� NE?AN?=� EJ?KNLKN=PE� JAHH=� >=NN=� @ACHE� EJ@ENEVVE� @AHH=� qJAOPN=� @E� QJ�

>NKSOAN� K� @E� QJ=� BQJVEKJA� @E� LNA@EVEKJA� @AH� PAOPK� ?DA� BQJVEKJ=� EJ� IK@K� EJPQEPERK� OAJV=�

OB=O=IAJPK�PAILKN=HA�PN=�H=�O?NEPPQN=��H=�LNA@EVEKJA�A�H=�O?AHP=�@E�OQCCANEIAJPE��OLAOOK�=CE=IK�

OKPPK�HkEJrQAJV=�@AHH=�PA?JKHKCE=�OAJV=�AOOANJA�?KO?EAJPAIAJPA�?KJO=LARKHE�K�=RANA�H=�O?AHP=�@E�

BANI=N?E�=�NErAPPANA�OQHHA�OEPQ=VEKJE�A�LNAJ@ANA�HA�JKOPNA�@A?EOEKJE��(JKHPNA��MQ=J@K�JA�B=??E=IK�

=>EPQ=HIAJPA�QOK�LAN�=OOQIANA�@AHHA�@A?EOEKJE��PAJ@E=IK�=�@EIAJPE?=N?E�?KILHAP=IAJPA�@AHH=�

OQ=� AOEOPAJV=� �� X4J=� RKHP=� ?DA� ?E� OE=IK� =>EPQ=PE� =HHkQOK� @AHHA� PA?JKHKCEA� OIAPPE=IK� @E�

?KJOE@AN=NHA�A�EJRA?A��=PPN=RANOK�@E�AOOA��?AN?DE=IK�HA�EJBKNI=VEKJE�A�HA�=PPEREP\�LAN�B=?EHEP=NA�HA�

MQ=HE�JA�B=??E=IK�QOKY��" Ea�B=�OKNCANA�OANEA�LNAK??QL=VEKJE�NAH=PER=I AJPA�=H�HE>ANK�=N>EPNEK��=HH=�

PN=OL=NAJV=�A�=HH=�q@Q?E=��OKLN=PPQPPK�MQ=J@K�OKJK�?KEJRKHPA�CEKR=JE�IAJPE��LANP=JPK�CHE�AOLANPE�

D=JJK�N=??KI=J @=PK�?DA�HA�EJPANB=??A�OE=JK�NAOA�LEb�REOE>EHE�A�LANOEJK�I AJK�B=?EHE�@=�QPEHEVV=NA� ��

�04#�%IL�&+'530B�6/I�
�'5+%#��04#�%IL�&+'530B�6/I�
�'5+%#�

(J� KCJE� L=NPA� @E� MQAOPK� I=JQ=HA� KLAJ� OKQN?A�� =>>E=IK� @EO?QOOK� @AHHkEI L=PPK� @E� J=PQN=�

LA@=CKCE?=��APE?=�A�OQHH=�OK?EAP\�@AHHk( ��OKLN=PPQPPK�@AHHk( �>=O=P=�OQE�@=PE��(H�N=LLKNPK�PN=�@=PE�

A�LNER=?U��Hk=s@=>EHEP\�@AE�?KJPAJQPE�A�Hk=QPKJKIE=�@AHHkQPAJPA��HkEI L=PPK�OQHHkE@AJPEP\�LANOKJ=HA��

EH �N=LLKNPK�PN=�LNACEQ@EVE�A�EIL=NVE=HEP\�A�EH�HE>ANK�=N>EPNEK�OKJK�PQPPE�PAIE�?DA�OKJK�OP=PE�@EO?QOOE�

JAHHA�L=CEJA�=@�AOOE�@A@E?=PA�� / NK>HAI= PE?DA�OLA?Eq?=I AJPA�?KJJAOOA�?KJ�E� IKPKNE�@E�NE?AN?=�

OKJK� OP=PA� @EO?QOOA� EJ�#EAPNK� H=� HAJPA� @kEJCN=J@EIAJPK� @E� 1E?AN?=�� ApAPPE� @AHHA� NE?AN?DA�

OQHHkEJ@ERE@QK� A� OQHH=� OK?EAP\�� E� LNK>HAIE� NAH=PERE� =E� OEOPAIE� =@=PPERE� OKJK� OP=PE� =pNKJP=PE� JA�(H�

NKRAO?EK� @AHH=� IA@=CHE=� @AE� OEOPAIE� @E� =LLNAJ@EIAJPK� =@=PPERE� A� MQAHHE� OLA?Eq?E� @AHHk( �

CAJAN=PER=� =HHkEJPANJK� @AH� ?=LEPKHK� EJPEPKH=PK�+k( � @ACAJAN=PER=�� (J� OR=NE=PE� LQJPE� @AH� HE>NK�

=>>E=IK�?KJOE@AN=PK�CHE�EJPANRAJPE�?KNNAPPERE�?DA�LKOOKJK�AOOANA�=OOQJPE�EJ�=QH=�LAN�=pNKJP=NA�

LNK>HAIE�OLA?Eq?E��+=�JKOPN=�OLAN=JV=�^�?DA�MQAOPA� IEOQNA�@ERAJC=JK� I AJK�KJANKOA�MQ=J@K�

=RNAIK�OEOPAIE�@E�( �=LLHE?=P=�=HHkEOPNQVEKJA�APE?E�A�=s@=>EHE��0QAOP=�( �APE?=�O=N\�OREHQLL=P=��

EI LHAI AJP=P=�A�QPEHEVV=P=�?KJBKNIAI AJPA�=�JKNIA�A�LNEJ?ELE�APE?E��A�O=N\�=s@=>EHA�A�NAOEHEAJPA��

#=H� I KI AJPK� ?DA� ?A@E=IK� ?KO`� P=JPK� LKPANA� =E� IK@AHHE� @E� ( � A� =E� HKNK� LNKCN=II=PKNE��

RAJ@EPKNE�A�R=HQP=PKNE�� ^�LEb�?DA�N=CEKJARKHA�?DEA@ANA�HKNK�@E�AOOANA�PN=OL=NAJPE��=OOQIANOE�HA�

� 
 � � � � � � � � � � � � 
 � � �

D�D



LNKLNEA�NAOLKJO=>EHEP\�A�LKNNA�NEIA@EK�=E�LNKLNE�ANNKNE�MQ=J@K�HA�?KOA�R=JJK�I=HA��� >>E=IK�

>EOKCJK�@E�=??KN@E�OQH�HERAHHK�@E�OANREVEK�?DA�ARE@AJVEJK�?DE=N=IAJPA� lE�OANREVE�@E�=OOEOPAJV=�A�

I=J QPAJVEKJA�A�HA�=VEKJE�@=�EJPN=LNAJ@ANA�LAN�NEOKHRANA�E�LNK>HAIE�OACJ=H=PEm���

4J k( �NAOEHEAJPA�=??APPANA>>A�HA�LNKLNEA�EILANBAVEKJE��HA�LNARA@ANA>>A�A�?KJPEJQANA>>A�=�

BQJVEKJ=NA�JKJKOP=JPA�AOOA��#AE�OEOPAIE�@E�( �NAOEHEAJPE�OE�CQ=OPANA>>ANK�EJ�IK@K�LNARA@E>EHA�A�

?KI LNAJ@ANA>>ANK�@AE�LNKPK?KHHE�LAN�O=J=NA�MQAOPE�CQ=OPE� ��

- AH� ?=ILK� @AHHkEOPNQVEKJA�� QJk( � APE?=� O=NA>>A� CQE@=P=� @=� @AE� LNEJ?ELE� @E� LNKCAPP=VEKJA�

EJ?AJPN=PE� OQHHkQPAJPA� A� LNAJ@ANA>>A� EJ� ?KJOE@AN=VEKJA� PQPPE� CHE� =OLAPPE� @AHHkEOPNQVEKJA� �� &HE�

EJOACJ=JPE�O=NA>>ANK�EJ�CN=@K�@E�=J=HEVV=NJA�EH�BQJVEKJ=I AJPK��?KI LNAJ@ANJA�HA�OLEAC=VEKJE��

ECJKN=NJA� HA� @A?EOEKJE� K� IAPPANA� EJ� L=QO=� EH� OQK� QPEHEVVK� OAJV=� @Es?KHP\� �� 0QAOPE� OEOPAIE�

NE@QNNA>>ANK�EH�?=NE?K�@E�H=RKNK�@ACHE�EJOACJ=JPE��BKNJENA>>ANK�HKNK�@AHHA�EJBKNI=VEKJE�@APP=CHE=PA�

OQE�HKNK�OPQ@AJPE�A�HE�OKOPANNA>>ANK�JAH�R=HKNEVV=NA�H=�LKNP=P=�A�H=�MQ=HEP\�@AHHkEOPNQVEKJA� �� - KJ�

LNKRK?DANA>>ANK� @=JJE� =CHE� QPAJPE� A� =HHk=I >EAJPA� A� IECHEKNANA>>ANK� EH� >AJAOOANA� OK?E=HA� A@�

AI KVEKJ=HA�@E�@EO?AJPE�A�@K?AJPE���

%EJK� =HHk=RRAJPK� @E� P=HA� CEKNJK�� QJ� EJOACJ=JPA� @KRN\� ?AN?=NA� @E� OREHQLL=NA� =PPKNJK� =� O_�

QJ=� ?KIQJEP\� @E� ?KHHACDE� A� LA@=CKCEOPE� A� @E� B=NRE� =PPER=I AJPA� L=NPA� EJ� IK@K� @=� OKHHAR=NA� H=�

?KJO=LARKHAVV=�NECQ=N@K�=E�LNK>HAIE��?KJ@ERE@ANA�AOLANEAJVA�A�LN=PE?DA�IECHEKNE�A�EJ@ERE@Q=NA�

@AE�BKNJEPKNE�@E�( �=s@=>EHE��&HE�EJOACJ=JPE�LKPNA>>ANK�EJKHPNA�?KEJRKHCANA�OPQ@AJPE�A�CAJEPKNE�EJ�

@EO?QOOEKJE�A�@A?EOEKJE�LAN�=pNKJP=NA�IACHEK�@ERANOA�LNAK??QL=VEKJE�A�OREHQLL=NA�QJk=PI KOBAN=�

@E� ?KJq@AJV=� A� ?=IAN=PEOIK�� .PPANNA>>ANK� OANREVE� IECHEKNE� B=?AJ@K� @AH� LNKLNEK� I ACHEK� LAN�

NEI=JANA�=CCEKNJ=PE�OQHHA�QHPEIA�PAJ@AJVA�@AHHk ($#�A�= ?MQEOAJ@K�?KI LAPAJVA�MQ=J@K�A�@KRA�

LKOOE>EHA���

 

�  !KII=O=JE��1���A P�=H��( <6><A:�BA�G;8�+4@8�(8EFBA��� B8F��?:BE<G; @<6�%BAB6H?GHE8�?847�GB�'HG6B@8�

 B@B:8A<M4G<BA��� @R=J?AO�EJ�-AQN=H�(JBKNI=PEKJ�/ NK?AOOEJC�2UOPAIO�������
�  5 =NODJAU��+���* 8FC86G�9BE� H@4A�� HGBAB@L�<A�*86B@@8A78E�+LFG8@���N@�% ??31 A?�6KNGODKL�

KJ�1AOLKJOE>HA�1A?KII AJ@=PEKJ���� �� ��
�� 'K HIAO��6���,E=K��%����H<74A68�9BE�:8A8E4G<I8��!�<A�87H64G<BA�4A7�E8F84E6; ��4-$2". ��/ =NEO��

�� ����
�� 2QOOAN��# ���!AI<F<5?8�!AaH8A68��� EG<`6<4?�!AG8??<:8A68�4A7�G;8�� G;<6F�B9�� 74CG<I8��;B<68�� E6;<G86GHE8F	�

/ NK?AA@EJCO�KB�PDA��� � ��   ( � ",�" KJBANAJ?A�KJ� (��$PDE?O��=J@�2K?EAPU�� OOK?E=PEKJ�

BKN�"KI LQPEJC�,= ?DEJANU��- AS�8KNG����� h� �� ���� � ���
��$PDE?=H�CQE@AHEJAO�KJ�PDA�QOA�KB�=NPEq?E=H�EJPAHHECAJ?A�=J@�@=P=�EJ�PA=?DEJC�=J@�HA=NJEJC�BKN�

A@Q?=PKNO��$QNKLA=J�" KIIEOOEKJ��.? PK>AN������
�� 2?DJAEAN��! ���� 4G4�4A7�� B?<4G;��, ;8� <778A��4GG?8F�GB�� 4CGHE8�0BHE��4G4�4A7�� BAGEB?�0BHE�/ BE?7	

6 ��6 ��- KNPKJ���" KI L=JU���� ����
�� 3HEHE�� ���2DAD=P=��!��� @=NGS=D��,� ��A P�=H��/ ;4G�<9�G;8�78I<?�<F�@L�:H4E7<4A�4A:8?��� ;4G� (,�4F�

4�64F8�FGH7L�B9�HF<A:�6;4G5BGF�<A�87H64G<BA	�2I= NP�+A=NJEJC�$JRENKJI AJPO���� ������� ����

� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

D��

https://education.ec.europa.eu/news/ethical-guidelines-on-the-use-of-artificial-intelligence-and-data-in-teaching-and-learning-for-educators
https://education.ec.europa.eu/news/ethical-guidelines-on-the-use-of-artificial-intelligence-and-data-in-teaching-and-learning-for-educators


�� 4 �2��#AL=NPIAJP�KB�$@Q?=PEKJ��.s?A�KB�$@Q?=PEKJ=H�3A?DJKHKCU��� EG<`6<4?�!AG8??<:8A68�4A7�

� HGHE8�B9�,846;<A:�4A7�$84EA<A:��!AF<:;GF�4A7�* 86B@@8A74G<BAF��6 =ODEJCPKJ��#"���� ����

� 
 � � � � � � � � � � � � 
 � � �

D��



� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

D��



� 
��   ���

�����
��
"��������� >�
�
�����
 ��� 
�

 H?QJE�@K?AJPE�OKCJ=R=JK�Hk=RRAJPK�@E�QJ=�PA?JKHKCE=�?DA�=RNA>>A�NEOKHPK�PQPPE�E�LNK>HAIE�HAC=PE�

=HHkEOPNQVEKJA��" Ea�?DA�OE�^�=RRAN=PK�EJRA?A�^�?DA�CHE�OPQ@AJPE�OKCJ=JK�@E�NEOKHRANA�PQPPE�E�?KILEPE�

=OOACJ=PE�A�E�PAOP�=CHE�AO=IE��-KJ�L=OO=�CEKNJK�OAJV=�?DA�=LL=E=�QJ�JQKRK�=NPE?KHK��QJ�LK@?=OP�K�

QJ=�JQKR=�OANEA�@E�N=??KI=J @=VEKJE�@=�L=NPA�@E�LKHEPE?E�NAH=PERE�=�?KIA�CAOPENA�Hk( �CAJAN=PER=��

+A�O?QKHA�A�E�LKHE�O?KH=OPE?E�@EO?QPKJK�NECQ=N@K�=�?KIA�LNKPACCANOE�@=HHkQOK�@E�"D=P
&/3�EJ�=QH=��

(�OEJ@=?=PE�O?EKLAN=JK�LAN�IAPPANA�=H�NEL=NK�EH�H=RKNK��EH�H=RKNK�BQPQNK�@E�MQACHE�OPAOOE�OPQ@AJPE�

CEQHERE��@=�MQAOP=�=LL=NAJPA�IAN=RECHE=�?DA�?KJOAJPA�@E�?DE=??DEAN=NA��@ELEJCANA�A�B=NA�CEK?DE�@E�

LNAOPECEK�?DA�^�Hk( �CAJAN=PER=��$�PQPPK�?Ea�=??=@A�I AJPNA�RE�OKJK�AOLANPE�?DA�=pANI=JK�?DA�^�

=NNER=P=�JEAJPAIAJK�?DA�H=�qJA�@AH�IKJ@K��

2LANE=IK� ?DA� MQAOPK� ?=LEPKHK� RE� =EQPE� =� PNKR=NA� QJ� LKk� LEb� @E� OAJOK� EJ� MQAOP=� ?KJBQO=�

PA?JKHKCE=��?KILNAJ@AJ@KJA�E�LKOOE>EHE�R=JP=CCE�A�HA�LKOOE>EHE�H=?QJA��

� 
 � � � � � � � � � � � � 
 � � �

D��



� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

D��



�� S�

�/#�13'4'/5#;+0/'�&'-- I�
�
)'/'3#5+ 7#�'�%0/7'34#;+0/#-'�

).'-�'41+$8�$�,("' $+�' ++(22 8�

�503+#��503+#�

 HH=�qJA�@E�JKRAI >NA�������=H�I KJ@K�^�OP=PK�LNAOAJP=PK�"D=P
&/3 ��QJ�OEOPAI=�?D=P>KP�>=O=PK�

OQHHkEJPAHHECAJV=� =NPEq?E=HA� �( 	�� BKJ@=PK� OQ� QJ�I K@AHHK� HEJCQEOPE?K� @AJKIEJ=PK� &/3
���� ? DA�

B=� NE?KNOK� =HHkAH=>KN=VEKJA� @AH� HEJCQ=CCEK� J=PQN=HA� �-+/ �� @=� J=PQN=H� H=JCQ=CA� LNK?AOOEJC	� LAN�

CAJAN=NA�@AHHA�?KJRANO=VEKJE���"D=P
&/3�^�OP=PK�HkQHPEIK�@E�QJ=�OANEA�@E�OPNQIAJPE�?KJ�MQAOPA�

?=N=PPANEOPE?DA�� I=�� @ERANO=IAJPA� @=E� LNA?A@AJPE�� D=� ?=PPQN=PK� HkEJPANAOOA� A� OPEIKH=PK�

HkEII= CEJ=VEKJA�@AH�LQ>>HE?K�� �QJ=�OAPPEI=J=�@=H�H=J?EK�AN=�CE\�OP=PK�QPEHEVV=PK�@=�LEb�@E�QJ�

IEHEKJA�@E�LANOKJA�LAN�RE=�@AHH=�OQ=�=>EHEP\�JAH�CAJAN=NA�PAOPE�OEIEHE�=�MQAHHE�?DA�=RNA>>A�LKPQPK�

?NA=NA�QJ�AOOANA�QI=JK��KHPNA�?DA�=HHA�EILHE?=VEKJE�LAN?ALEPA�A�=HH=�LKPAJVE=HA�LKOOE>EHEP\�@E�B=NJA�

QOK�JAH�?=ILK�@AHHkEOPNQVEKJA��EJ�?KJPAOPE�@E�H=RKNK�A�JAHH=�REP=�MQKPE@E=J=��"D=P
&/3�^�EJ�CN=@K�

@E�NEOLKJ@ANA�=�@KI=J @A�A�@E�BKNJENA�=OOEOPAJV=�EJ�=PPEREP\�?KIA�O?NERANA�A
I=EH��PAOPE�A�?K@E?A� ��

&/3 
�� � &AJAN=PERA� /NA
PN=EJA@� 3N=JOBKNIAN
�	� ^� QJ� I K@AHHK� HEJCQEOPE?K� @E� CN=J@E�

@EIAJOEKJE��++,	�= @@AOPN=PK�=PPN=RANOK�Hk=LLNAJ@EIAJPK�LNKBKJ@K�OQ�QJ=�CN=J�MQ=JPEP\�@E�@=PE�

�� ��� IEHE=N@E�@E�LQJPE�@E�@=PE��L=NE�=� ����&!�@E�@=PE	��QJ� I K@AHHK�?DA�OQLAN=�LAN�@EIAJOEKJE�

@E�?AJPEJ=E=�@E�RKHPA�E�IK@AHHE�LNA?A@AJPE� ��"D= P
&/3 ��>=O=J@KOE�OQ�MQAOPK�IK@AHHK��?KJOAJPA�

@E� EJPN=PPAJANA� ?KJRANO=VEKJE� =J=HKCDA� =� MQAHHA� ?DA� OE� =RNA>>ANK� ?KJ� @ACHE� AOOANE� QI=JE�� (J�

L=NKHA�OAILHE?E��QJ�IK@AHHK�HEJCQEOPE?K�@E�CN=J@E�@EIAJOEKJE�^�=@@AOPN=PK�=�LNARA@ANA�H=�L=NKH=�

OQ??AOOER=�=HHkEJPANJK�@E�QJ=�BN=OA��LEb�K�I AJK�=HHK�OPAOOK�IK@K�EJ�?QE�BQJVEKJ=�H=�BQJVEKJA�@E�

=QPK?KILHAP=IAJPK�EJ�QJ�IAOO=CCEK�@E�PAOPK��A�LKE�=�?KJPEJQ=NA�MQAOPK�LNK?AOOK�EJ�IK@K�@=�

CAJAN=NA�MQ=JPEP\�@E�PAOPK�I=CCEKNE��

 

� 
 � � � � � � � � � � � � 
 � � �

D��

https://pressbooks.pub/%20intelligenzaartificiale/chapter/415/
https://pressbooks.pub/%20intelligenzaartificiale/chapter/deep-neural-networks/


+=�?NKJKHKCE=�OPKNE?=�@AHHk( �CAJAN=PER=�

2EJ� @=HH=� OQ=� ?KIL=NO=� ?E� OKJK� OP=PE� OR=NE=PE� OREHQLLE� EJ� NAH=VEKJA� =HH=� ?NA=VEKJA� A� =H�

LANBAVEKJ=I AJPK�@ACHE�OPNQIAJPE�@AHHk( �CAJAN=PER=��JA�=>>E=IK�EJ@E?=PE�=H?QJE�JAH�CN=q?K�OKLN=�

NELKNP=PK��/ NEI=�@AH�JKRAI >NA������AN=JK�LK?DEOOEIA�HA�LANOKJA�?DA�O=LAOOANK�?KO=�BKOOA�Hk( �

CAJAN=PER=� A� LKE�� EILNKRREO=IAJPA�� PANIEJE� ?KIA� "D=P
&/3� OKJK� @ERAJP=PE� @E� QOK� ?KIQJA�

=HHkEJPANJK�@AHH=�OK?EAP\�A�OKLN=PPQPPK�JAH�OAPPKNA�@AHHkEOPNQVEKJA��$�?E�OKJK�PQPPE�CHE�EJ@EVE�?DA�

MQAOPA� PA?JKHKCEA� ?KJPEJQAN=JJK� =� OREHQLL=NOE� A� =� @ERAJENA� LEb� QPEHE� LAN� PQPPE� JAH� ?=ILK�

@AHHkEOPNQVEKJA��

� I�
�)'/'3#5+ 7#R�&+�%*'�4+�53#55#C�� I�
�)'/'3#5+ 7#R�&+�%*'�4+�53#55#C�

(�OEOPAIE�@E�( �CAJAN=PER=�?NA=JK�JQKRE�?KJPAJQPE�OKPPK�BKNI=�@E�EII=CEJE��PAOPE��=Q@EK��RE@AK�A�

I KHPK�=HPNK��LAN�AOAILEK��

n� EII= CEJE��Hk( �CAJAN=PER=�LQa�?NA=NA�JQKRA�EII= CEJE�OQHH=�>=OA�@E�MQAHHA�AOEOPAJPE��LAN�

AOAILEK�?NA=NA�QJ�JQKRK�NEPN=PPK�>=O=J@KOE�OQHHkEII= CEJA�@AH�RKHPK�@E�QJ=�LANOKJ=�K�

QJ�JQKRK�L=AO=CCEK�>=O=J@KOE�OQ�QJK�O?AJ=NEK�AOEOPAJPA��

n� 3AOPK��Hk( �CAJAN=PER=�LQa�AOOANA�QPEHEVV=P=�LAN�O?NERANA�JQKRE�=NPE?KHE��LKAOEA�A�LANOEJK�

O?AJACCE=PQNA��/ Qa�=J?DA�AOOANA�QPEHEVV=P=�LAN�PN=@QNNA�PAOPE�@=�QJ=�HEJCQ=�=@�QJk=HPN=��

n�  Q@EK��Hk( �CAJAN=PER=�LQa�CAJAN=NA�JQKRA�PN=??A�IQOE?=HE��ApAPPE�OKJKNE�A�LANOEJK�RK?E�

NA?EP=JPE� ��

+kAHAJ?K�@E�LKOOE>EHEP\�?KJPEJQ=�=�?NAO?ANA��I=�EJEVE=IK�?KJ�EH�?DEA@ANA�=@�=H?QJE�LNKCN=IIE�@E�

( �C AJAN=PER=�@=�@KRA�@ANER=�EH�JKI A�"D=P&/3 ��

�04#�%IL�&+'530�6/�/0.'C��04#�%IL�&+'530�6/�/0.'C�

&HE�OPNQIAJPE�@E�( �CAJAN=PER=�D=JJK�I KHPALHE?E�QPEHEVVE��MQEJ@E�EJOANE=IK�EH�OACQAJPA�LNKILP�EJ�

QJ=�OANEA�@E�LNKCN=IIE��LAN�AO��!EJC�"D=P��"D=P&/3 ����A�&KKCHA�!=N@	��

� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

D��



2AE�QJ�AOLANPK�@E�( �=LLHE?=P=�=HHkEOPNQVEKJA��(II= CEJ=�@E�@KRAN�OLEAC=NA�?KOk^�"D= P&/3�A�HkKNECEJA�@AH�OQK�

JKI A�=�>=I>EJE�A�N=C=VVE�@E�AP\�?KILNAO=�PN=�E�@EA?E�A�E�MQ=PPKN@E?E�=JJE��2LEAC=�LAN?D_�EH�JKI A�?KILNAJ@A�

EH� PANIEJA� ?D=P�� BKNJAJ@KJA� =H?QJE� AOAILE�� A� ?KIA� MQAOPK� OEOPAI=� LKOO=� AOOANA� QPEHEVV=PK� JAH� ?=ILK�

@AHHkEOPNQVEKJA��2?NERE�EH�PQK�AH=>KN=PK�?KIA�QJ�PAOPK�LANOQ=OERK�?DA�OLEACDE�"D=P&/3�

$??K�MQ=JPK�?NA=PK�@=�!EJC�"D=P��

!?�AB@8�\� ;4G� (,] �78E<I4�74??8�C4EB?8�\6;4G]�8�\� (, �] �\� ;4G]�F<:A<`64�C4E?4E8�6BA�DH4?6HAB�<A�@B7B�4@<6;8IB?8�

8�<A9BE@4?8��\� (,]�R�?[46EBA<@B�7<�\� 8A8E4G<I8�( E8
GE4<A87�, E4AF9BE@8E]	�HA�@B7B�F<@C4G<6B�C8E�7<E8�6;8�� ;4G� (,� R�

I8E4@8AG8�45<?8�A8?�6E84E8�6BF8�AHBI8�6B@8�G8FG<	�<@@4:<A<�8�FHBA<��

$??K�MQ=JPK�?NA=PK�@=�"D=P
&/3 ��

'E 4�CBGE8FG8�6;<878EI<�C8E6;S�F<�6;<4@4�� ;4G� (, ���8A8	�<?�G8E@<A8�Z� ;4G[�R�FG4GB�HG<?<MM4GB�C8E6;S�<?�F<FG8@4�4@4�94E8�

6BAI8EF4M<BA8�6BA�?8�C8EFBA8��+<�CHU�7<:<G4E8�HA4�7B@4A74�B�<?�AB@8�7<�HA�4E:B@8AGB�8�94EQ�78?�CEBCE<B�@8: ?<B�C8E�9BEA<E8�

HA4�E<FCBFG4�F8AF4G4��P�HA�CB[�6B@8�C4E?4E8�6BA�HA�4@<6B�6;8�F4�GHGGB	�58;	�DH4F<�GHGGB��!AB?GE8	�R�94AG4FG<6B�4A6;8�C8E�

6;<466;<8E4E8�<A�?<A:H8�7<I8EF8�8�DH8FGB�?B�E8A78�HG<?<FF<@B�C8E�<�E4:4MM<�7<�GHGGB�<?�@BA7B��

 

� 8`A<E8�?4�C4EG8�Z� (,[� R�HA�CB[�C<V�6B@C?<64GB��+G4�C8E�\�8A8E4G<I8�(E8
GE4<A87�,E4AF9BE@8E]	�@4�ABA�F<8G8�B55?<:4G<�

4�E<6BE74EI<�DH8FGB�F6<B: ?<?<A:H4��!A�CE4G<64�F<:A<`64�6;8�� ;4G� (, �;4�4CCE8FB�@B?G<FF<@B�?8: :8A7B�GBAA8??4G8�7<�?<5E<	�

4EG<6B?<�8�F<G<�J85	�CEBCE<B�6B@8� IB<�DH4A7B�FGH7<4G8��P�6B@8�F8�9BFF8�4A74G4�4�F6HB?4�C8E�@B?G<FF<@B�G8@CB�8�9BFF8�

7<I8AHG4�HA[8FC8EG4�<A�GHGG8�?8�@4G8E<8��

$??K�MQ=JPK�?NA=PK�@=�!=N@��

� ;4G� (,�R�HA�G<CB�7<�<AG8??<:8AM4�4EG<`6<4?8��!���6 ;<4@4GB�@B78??B�?<A:H<FG<6B�7<�:E4A7<�7<@8AF<BA<���<U�F<:A<`64�6;8�

R�FG4G4�4778FGE4G4�FH�HA[8ABE@8�F8E<8�7<�74G<�7<�G8FGB�8�7<�6B7<6<	�6BF4�6;8�?8�6BAF8AG8�7<�:8A8E4E8�G8FG<	�GE47HEE8�?<A:H8	�

F6E<I8E8�G<CB?B:<8�7<I8EF8�7<�6BAG8AHG<�6E84G<I<�8�E<FCBA78E8�4??8�7B@4A78�<A�@B7B�<A9BE@4G<IB��

 

)H<A7<	�C8E6;S�� ;4G�� (,�<A 6?H78�<?�G8E@<A8�\6;4G]�A8?�FHB�AB@8���8 ;	�C8E6;S�R�HA�F<FG8@4�C8AF4GB�C8E�<AGE4GG8A8E8�

6BAI8EF4M<BA<�6BA�?8�C8EFBA8��+<�CBFFBAB�E<IB?:8E8�4�� ;4G� (,� 7B@4A78�FH�DH4?F<4F<�FB: :8GGB�8�94EQ�78?�CEBCE<B�@8: ?<B�C8E�

9BEA<EI<�HA4�E<FCBFG4�<A�@B7B�HG<?8�87�8F4HFG<IB���<�F<�CHU�4A6;8�7<I8EG<E8�6BA�� ;4G� (,� 6;<878A7B�4?�F<FG8@4�7<�F6E<I8E8�

FGBE<8	�CB8F<8�B�C8EF<AB�:8A8E4E8�6B7<6<��

� 
 � � � � � � � � � � � � 
 � � �

D�	



 LLNKBKJ@EIAJP LLNKBKJ@EIAJP
K�K�

 RAPA� OAJPEPK� L=NH=NA�

@AH� @E>=PPEPK� OQHHk( �

CAJAN=PER=��

0QAOPE�LNKCN=IIE�?E�?KJOAJPKJK�@E�O?NERANA�@AE�LNKILP�A�LKE�=RANA�

QJ=� ?KJRANO=VEKJA� ?KJ� QJ� "D=P!KP� �A??K� LAN?D_� OE� L=NH=� @E� ( �

?KJRANO=VEKJ=HA	��+kAHAJ?K�@E�IK@E��?DA�=pNKJPE=IK�JAH�HE>NK��EJ�?QE�

MQAOPE� OPNQIAJPE� LKOOKJK� =EQP=NA� EJOACJ=JPE�� OPQ@AJPE� A�

=IIEJEOPN=PKNE� JAH� ?=ILK� @AHHkEOPNQVEKJA� A� @AHH=� BKNI=VEKJA� ^� EJ�

?KOP=JPA�?NAO?EP=��$@�AOOE�?KJOAJPKJK�@E�EJPN=PPAJANA�?KJRANO=VEKJE��

LAJO=PA�@QJMQA�=E�IK@E�EJ�?QE�LKPNA>>ANK�AOOANA�QPEHE�=�RKE�K�=E�RKOPNE�

=HHEARE�� LKPNAOPA� B=NA� @AHHA� l?DE=??DEAN=PAm� OQ� QJ� =NCKI AJPK�

NAH=PER=I AJPA�=H�MQ=HA�@KRAPA�B=NA�@AHHA�NE?AN?DA�K�LAN�LNAL=N=NA�QJ�?KHHKMQEK�K�LAN�LNK@QNNA�

E@AA�LAN�QJ=�HAVEKJA�K�QJ�PAOPK��[�EJPANAOO=JPA�N=pNKJP=NA�A�?KJPN=LLKNNA�E�NEOQHP=PE�?DA�?E=O?QJ�

LNKCN=II=�?NA=�A�LKE�PN=NNA�HA�L=NPE�IECHEKNE�A�QPEHEVV=NHA�LAN�E�LNKLNE�O?KLE��

0QAOPE�OPNQIAJPE�LKOOKJK�j=??NAO?ANA�HA�RKOPNA�?=L=?EP\k�K�AOOANRE�@E�=EQPK�JAHHkAOOANA�LEb�

?NA=PERE�� LNK@QPPERE� A@� As?EAJPE� MQ=J@K� OE� ?KI>EJ=JK� HA� LNKLNEA� ?=L=?EP\� QI=JA� ?KJ� MQAHHA�

@E�QJ=�I=??DEJ=��/ANP=JPK�NE?KN@=PA�OAILNA�@E�R=HQP=NA�EJ�IK@K�?NEPE?K�?Ea�?DA�AOO=�LNK@Q?A��

#ERANPEPARE�=@�EIL=N=NA�?KIA�?KJRANO=NA�?KJ�MQAOPE�LNKCN=IIE�A�RA@APA�?KO=�LNK@Q?KJK�A�OA�

OKJK�QPEHE�LAN�RKE�A�E�RKOPNE�=HQJJE��

� I�
�)'/'3#5+ 7#�+/�%+(3'� I�
�)'/'3#5+ 7#�+/�%+(3' � �� �

(H�CN=q?K�NELKNP=PK�@E�OACQEPK��EHHQOPN=�Hk=O?AO=�@E�"D=P
&/3�PN=�EH�JKRAI >NA�@AH������A�EH�I=CCEK�

@AH�������- AHH=�LNEI=�OAPPEI=J=�@KLK�EH�H=J?EK�OE�^�CQ=@=CJ=P=�QJ�IEHEKJA�@E�QPAJPE��2E�JKPE�?DA�

- APrET�D=�EILEAC=PK�PNA�=JJE�A�IAVVK�LAN�N=CCEQJCANA�QJ�PN=CQ=N@K�OEIEHA�A�3SEPPAN�@QA�=JJE� ��

 

� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

D�T



+A�OP=PEOPE?DA�NAH=PERA�=�"' 3&/3�A H=>KN=PA�@=�PKKHPAOPAN�OKJK�LQ>>HE?=PA�?KJ�HE?AJV= ""�! 8��� � ��/ AN�

REOQ=HEVV=NA�QJ=�?KLE=�@E�MQAOP=�HE?AJV=��REOEP=NA�DPPLO���?NA=PERA?KII KJO�KNC�HE?AJOAO�>U��� � ��

 J ?DA� OA� "D=P
&/3� D=� N=CCEQJPK� EH� I=OOEIK� @AH� OQK� QPEHEVVK� JAH� I=CCEK� �� ���� ?KJ PEJQ=� =�

I=J PAJANA�H=�LNKLNE=�LKLKH=NEP\��I AJPNA�=HPNE�LNKCN=IIE�@E�( �?KIA�!EJC�"D=P�A�!=N@�OP=JJK�

L=NEIAJPE�@EpKJ@AJ@KOE�� /AN�MQ=JPK�?KJ?ANJA� !EJC� "D=P��D=�EJEVE=PK�=�AOOANA� I=CCEKNIAJPA�

QPEHEVV=PK� MQ=J@K� ,E?NKOKBP� D=� =?MQEOP=PK� "D=P&/3� J AH� I=NVK� @AH� ������ I AJPNA� =J?DA� H=�

LKLKH=NEP\�@E�!=N@�?KJPEJQ=�=�?NAO?ANA��

��DPPLO���SSS �BKN>AO�?KI �OEPAO�>ANJ=N@I=NN��� �� ��� ��� �?D=PCLP
ARANUPDEJC
UKQ
NA=HHU
J AA@


PK
GJKS
EJ
OEILHA
PANIO��OD����� �==@?>?=�
�� DPPLO���SSS �V@JAP�?KI �=NPE?HA�S D=P
EO
?D=PCLP
=J@
S DU
@KAO
EP
I= PPAN
DANAO
ARANUPDEJC


UKQ
JAA@
PK
GJKS��
�  DPPLO���D=E�OP=JBKN@�A@Q�J ASO�DKS
H=NCA
H=JCQ=CA
I K@AHO
SEHH
PN=JOBKNI
O?EAJ?A
OK?EAPU


=J@
=E�
�  DPPLO���SSS �SABKNQI�KNC�=CAJ@=��� �� �� � �CAJAN=PERA
=E
ATLH=EJ
=HCKNEPDIO
SKNG��
�  DPPLO���NAOA=N?D�=EIQHPELHA�?KI �CAJAN=PERA
=E
=LLHE?=PEKJO��

�  DPPLO���SSS �PKKHPAOPAN�?KI �AJ�>HKC�?D=PCLP
OP=PEOPE?O��

�  DPPLO��� >KKP?=IL�QT@AOECJ�??�?D=PCLP
RO
>EJC
?D=P
SDE?D
EO
>APPAN
�A� �B=��� @�@�

� 
 � � � � � � � � � � � � 
 � � �

D�D

https://creativecommons.org/licenses/by/4.0/https://creativecommons.org/licenses/by/2.0/?ref=openverse
https://www.forbes.com/sites/bernardmarr/2022/12/21/chatgpt-everything-you-really-need-to-know-in-simple-terms/?sh=16674aadcbca
https://www.forbes.com/sites/bernardmarr/2022/12/21/chatgpt-everything-you-really-need-to-know-in-simple-terms/?sh=16674aadcbca
https://www.zdnet.com/article/what-is-chatgpt-and-why-does-it-matter-heres-everything-you-need-to-know/
https://www.zdnet.com/article/what-is-chatgpt-and-why-does-it-matter-heres-everything-you-need-to-know/
https://hai.stanford.edu/news/how-large-language-models-will-transform-science-society-and-ai
https://hai.stanford.edu/news/how-large-language-models-will-transform-science-society-and-ai
https://www.weforum.org/agenda/2023/02/generative-ai-explain-algorithms-work/
https://research.aimultiple.com/generative-ai-applications/
https://www.tooltester.com/en/blog/chatgpt-statistics/
https://bootcamp.uxdesign.cc/chatgpt-vs-bing-chat-which-is-better-2e46fa821d7d


 LLNKBKJ@EIAJP LLNKBKJ@EIAJP
K�K�

+ACCAPA� LAN� MQ=HA�

I KPERK� LAN� EH� IKI AJPK 

JKJ� ?KJOE@ANE=IK� HkQOK�

@AHHk( � @=� L=NPA� @ACHE�

OPQ@AJPE�

�� S�

� I�
�)'/'3#5+ 7#�+/�#6-#�A��#35'�D�

�04#�(#3'�26#/&0�26#-%6/0�46))'3+4%'�&+�1307#3'�6/I#55+ 7+5J��04#�(#3'�26#/&0�26#-%6/0�46))'3+4%'�&+�1307#3'�6/I#55+ 7+5J�

65+-+;;#/&0�6/�130)3#..#�&+��
�)65+-+;;#/&0�6/�130)3#..#�&+��
�) '/'3#5+ 7#C��04#�(#3'�26#/&0�4+�*#�'/'3#5+ 7#C��04#�(#3'�26#/&0�4+�*#�

6/I+&'#�1'3�470-)'3'�6/I#55+ 7+5JR�.#�/0/�4+�L�%'35+�3+)6#3&0�#�%0.'�6/I+&'#�1'3�470-)'3'�6/I#55+ 7+5JR�.#�/0/�4+�L�%'35+�3+)6#3&0�#�%0.'�

#&#55#3-##&#55#3-# C�C�

.>E APPERK� @E� MQAOPK� ?=LEPKHK� ^� BKNJENRE� =OOEOPAJV=� JAH� R=HQP=NA��

O?ACHEANA�A�LKNP=NA�=�?KILEI AJPK�MQAOPA�=PPEREP\��

#=H� I KI AJPK� ?DA� H=� PA?JKHKCE=� ARKHRA� I KHPK� RAHK?AIAJPA� A�

?KJOE@AN=PK�?KIA�HA�LNAOP=VEKJE�?=I>EJK�=�OA?KJ@=�@AE�OKCCAPPE�A�@AE�

?KJPAOPE��JKJ�OE�LKOOKJK�AHAJ?=NA�EJ�=JPE?ELK�PQPPA�HA�@KI=J @A�?DA�QJ�

EJOACJ=JPA� D=� JA?AOOEP\� @E� LKNNA�� (H� JKOPNK� QJE?K� =QOLE?EK� ^� B=NRE�

I QKRANA�E�LNEIE�L=OOE�AJPNK�HEJAA�@E�LAJOEANK�N=??KI=J @=PA�@=�HEJAA�

CQE@=�LQ>>HE?=PA�A�OQLLKNP=PA�@=�NE?AN?DA�A�?=OE�@E�OPQ@EK��

5 E� LNACDE=IK� @E� JKP=NA� ?DA� EJ� MQAOPK� HE>NK� ?KJOE@ANE=IK�

OKHP=JPK�HA�=PPEREP\�EJ�?QE�HkEJOACJ=JPA��JKJ�HK�OPQ@AJPA��EJPAN=CEO?A�?KJ�

Hk( �CAJAN=PER=��+A�N=CEKJE�=HH=�>=OA�@E�MQAOP=�O?AHP=�OKJK�OLEAC=PA�=PPN=RANOK�EH�HEJG�NELKNP=PK�JAH�

NEMQ=@NK��

� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

D��

https://pressbooks.pub/%20intelligenzaartificiale/chapter/generative-ais-where-should-a-teacher-use-them/
https://pressbooks.pub/%20intelligenzaartificiale/chapter/generative-ais-where-should-a-teacher-use-them/
https://pressbooks.pub/%20intelligenzaartificiale/chapter/generative-ais-where-should-a-teacher-use-them/
https://pressbooks.pub/%20intelligenzaartificiale/chapter/generative-ais-where-should-a-teacher-use-them/
https://pressbooks.pub/%20intelligenzaartificiale/chapter/generative-ais-where-should-a-teacher-use-them/


 J ?DA� OA� JKJ� OEAPA� ?KJREJPE� ?DA� E� LNKCN=IIE� @E� ( � CAJAN=PER=� @A>>=JK� ORKHCANA� QJ� NQKHK�

JAHHk=I >EPK� @AHHkEOPNQVEKJA� RE� EJREPE=IK� =� LNKR=NA� =HIAJK� QJk=PPEREP\� ?DA� B=??E=� NE?KNOK� =HH=�

PA?JKHKCE=�CAJAN=PER=��"Ea�LKPNA>>A�=EQP=NRE�=��

n� ?KI LNAJ@ANA�?KO=�OE�LKOO=�K�JKJ�OE�LKOO=�B=NA�?KJ�CHE�OPNQIAJPE�BKNJEPE�@=HHk( �

CAJAN=PER=��

n� NEBKNIQH=NA�K�NEKNC=JEVV=NA�E�?KJPAJQPE�@E@=PPE?E��EJ�L=NPE?KH=N�I K@K�LAN�@A?E@ANA�?KO=�

LKOO=�K�JKJ�LKOO=�AOOANA�=OOACJ=PK�?KIA�?KILEPK�=�?=O=��/AN�AOAILEK��"D= P
&/3�OE�^�

@EIKOPN=P=�As?=?A�JAHHk=EQP=NA�CHE�OPQ@AJPE�=�O?NERANA�@AE�?KILKJEIAJPE��A�LKPNA>>A�

AOOANA�EJQPEHA�JAHHk=OOACJ=VEKJA�@AE�?KJOQAPE�PELE�@E�PAIE�?KIA�?KILEPE�=�?=O=��JKJ�OA�

HkK>EAPPERK�^�PAOP=NA�K�?NA=NA�?KJKO?AJVA��/ KPNAPA�@KRAN�QPEHEVV=NA�OR=NE=PE�IAPK@E�@E�

R=HQP=VEKJA��?KI A�LNKCAPPE�@E�CNQLLK��=PPEREP\�LN=PE?DA�A�LNAOAJP=VEKJE�KN=HE��OQLAN=J@K�

E�OAILHE?E�MQAOEPE�=�?QE�NEOLKJ@ANA�?KJ�QJ�O`�K�?KJ�QJ�JK���

n� ?KI LNAJ@ANA�HA�HEIEP=VEKJE�@E�MQAOP=�PA?JKHKCE=�EJ�IK@K�@=�B=NRE�NE?KNOK�LAN�IKPER=NA�

CHE�OPQ@AJPE�=@�=LLHE?=NOE��QO=J@K�H=�LNKLNE=�EII=CEJ=VEKJA�A�H=�LNKLNE=�?NA=PEREP\� ��

n� JKJ�OAJPENRE�H=O?E=PE�EJ@EAPNK�MQ=J@K�H=�JQKR=�CAJAN=VEKJA�@E�MQAOPA�PA?JKHKCEA��?KJ�

BQJVEKJE�LEb�=R=JV=PA��@ERANN\�NA=HP\��

n� QO=NA�Hk( �LAN�NE@QNNA�EH�RKOPNK�?=NE?K�@E�H=RKNK�A@�AOLHKN=NA�JQKRE�=NCKI AJPE�?DA�LNEI=�

LKPNA>>ANK�AOOANA�OP=PE�PNKLLK�HEIEP=JPE�K�=RNA>>ANK�LKPQPK�NE?DEA@ANA�PNKLLK�PAILK��

n� PN=NNA�R=JP=CCEK�@=HHA�JQKRA�O?QKHA�@E�LAJOEANK�A�@=E�JQKRE�=LLNK??E�=HHk=LLNAJ@EIAJPK�

?DA�KN=�OKJK�LKOOE>EHE��

� 
 � � � � � � � � � � � � 
 � � �

D��



n� ?KJPNE>QENA�=�LH=OI=NA�HA�NE?AN?DA�A�HK�OREHQLLK�@AHHA�=LLHE?=VEKJE�@E@=PPE?DA�@E�MQAOPE�

LNKCN=IIE�?DA�KN=�OKJK�OQLLKNP=PA�@=�IKHPALHE?E�=PPKNE� ��

" KJPAILKN=JA=I AJPA�� ?KJOE@AN=PA� H=� JKREP\� @AHH=� PA?JKHKCE=� A� @E� MQAOPE� IAPK@E�� RE�

N=??KI=J @E=IK�?=H@=IAJPA�@E�=JJKP=NA�EJ�QJ�NACEOPNK�E�@APP=CHE�@E�MQ=HOE=OE�=PPEREP\�A�H=�OQ=�

ARKHQVEKJA��" Ea�RE�=EQPAN\�=�IKJEPKN=NA�A�=�R=HQP=NA�CHE�ApAPPE�=�>NARA�A�HQJCK�PANIEJA�@E�KCJE�

=PPEREP\�A�=�@EO?QPANA�MQ=JPK�KOOANR=PK�?KJ�E�RKOPNE�?KHHACDE��


0.#/&'�46�1'&#)0)+#�'�13#5+%#�
0.#/&'�46�1'&#)0)+#�'�13#5+%#�

"DEQJMQA� LQa� OQCCANENA� QJk=PPEREP\� @=� ORKHCANA� EJ� ?H=OOA�� / KPNA>>A� LANa� =??=@ANA� ?DA� E�

OQCCANEIAJPE�LNKRAJC=JK�@=�OKCCAPPE�=LL=NPAJAJPE�=H�IKJ@K�@AHH=�PA?JKHKCE=��?DA�?KJKO?KJK�

LK?K�MQ=JPK�=??=@A�EJ�QJk=QH=��.LLQNA��LKPNA>>A�PN=PP=NOE�@E�E@AA�=@=PPA�=�OPQ@AJPE�QJERANOEP=NE��

I=�J KJ�=@�=@KHAO?AJPE�� J?DA�OA�QJk=PPEREP\�^�=@=PP=�LAN�H=�RKOPN=�?H=OOA��OA�JKJ�^�OQLLKNP=P=�@=�

QJ=�BKJ@=P=�PAKNE=�LA@=CKCE?=�A�OA�JKJ�OA�JA�^�RANEq?=P=�H=�BKJ@=PAVV=�EJ�=QH=��JAH�HQJCK�LANEK@K�

LKPNA>>A� NEOANR=NA� @AHHA� OKNLNAOA�� 0QEJ@E� RE� EJREPE=IK� =@� =LLNK??E=NRE� =� MQ=HOE=OE� =PPEREP\�

LKJAJ@K�MQAOEPE�?KJ?ANJAJPE�LA@=CKCE=�A�=OLAPPE�LN=PE?E��


0.#/&'�3'-#5+ 7'�#-- I�
�)'/'3#5+ 7#�65+-+;;#5#�
0.#/&'�3'-#5+ 7'�#-- I�
�)'/'3#5+ 7#�65+-+;;#5#�

 H�?AJPNK�@AHHk=LLHE?=VEKJA�@AHHk( �CAJAN=PER=�?k̂ �QJ�I K@AHHK�HEJCQEOPE?K�@E�CN=J@E�@EIAJOEKJE�

� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

D� �



�++,	�K�QJ�I K@AHHK�LAN�H=�CAJAN=VEKJA�@E�EII=CEJE��I K@AHHK�@E�@EpQOEKJA	��" KI A�OLEAC=PK�@=H�

HEJCQEOP=� -K=I� "D KIOGU��X(J�HEJA=�CAJAN=HA��AOOE� :E� IK@AHHE�HEJCQEOPE?E�@E�CN=J@E�@EIAJOEKJE;�

LNAJ@KJK�EJCAJPE�MQ=JPEP=PERE�@E�@=PE��?AN?=JK�O?DAIE�=H�HKNK�EJPANJK�A�@ERAJCKJK�OAILNA�LEb�

As?EAJPE� JAH� CAJAN=NA� KQPLQP� OP=PEOPE?=I AJPA� LNK>=>EHE�� ?KIA� HEJCQ=CCEK� A� LAJOEANK�

=LL=NAJPAIAJPA� OEIEHE� =� MQAHHE� QI=JEY� �� !$1 3�� !+.. ,�� &/3 �� ++=, � A� / =+,� OKJK� PQPPE�

I K@AHHE� HEJCQEOPE?E� @E� CN=J@E� @EIAJOEKJE�� (H� IK@AHHK� @E� =LLNAJ@EIAJPK� LNKBKJ@K� LAN� H=�

CAJAN=VEKJA�@E�EII=CEJE�?KNNEOLKJ@AJPA�^�?DE=I=PK�IK@AHHK�@E�@EpQOEKJA��2P=>HA�@EpQOEKJ�A�

,E @FKQNJAU�OKJK�AOAILE�JKPE�@E�MQAOPK�QHPEIK�PELK�@E�IK@AHHK��

2E=�H=�OK?EAP\�I= @NA�OE=�QJ�OKCCAPPK�PANVK�LQa�LNAJ@ANA�QJ�++,�A�=@@AOPN=NHK�QHPANEKNIAJPA�

�E8:B?4E?B� 6BA� CE86<F<BA8	� EJ� I K@K� ?DA� ORKHC=� =PPEREP\� OLA?Eq?DA� ?KIA� NEOLKJ@ANA� =� MQANU� K�

NE=OOQIANA�PAOPE��.LLQNA��LKPNA>>ANK�LNAJ@ANA�QJ�++,�K�QJ�?D=P>KP��=CCEQJCANA�@AE�LNKILP�

K� ApAPPQ=NA� QJ=� LNKCN=II=VEKJA� AOPAO=� A� @EpKJ@ANA� EH� NEOQHP=PK� JAHH=� BKNI=� @E� L=??DAPPK�

=LLHE?=PERK��"D= PL@B��$HE?EP��"KI LKOA� (��#NA=I2PQ@EK��- ECDP"=BA��/DKPK2KJE?��/ E?PKNU���	��

.LAJ (� D=� I AOOK� =� LQJPK� &/3�� A� &/3 �� ?KJ� AOAILE� @E� NEOLKOPA� =E� LNKILP� A� JKNIA�

OQHHk=??APP=>EHEP\�@AE�?KJPAJQPE�KPPAJAJ@K�"D=PCLP��4J�PA=I�@E�&KKCHA�1AOA=N?D�D=�=@@AOPN=PK�

/ =+,�?KJ�@=PE�O?EAJPEq?E�A�I=PAI=PE?E�=NNER=J@K�=�,EJANR=��0QAOPK�IK@AHHK�HEJCQEOPE?K�LKE�OE�

^�OLEJPK�KHPNA�CEQJCAJ@K�=�NEOQHP=PE�=HHk=R=JCQ=N@E=�LAN�Hk=LLHE?=VEKJA�@E�QJ�IK@AHHK�HEJCQEOPE?K��

NEOKHRAJ@K�LNK>HAIE�EILHE?=JPE�N=CEKJ=I AJPK�MQ=JPEP=PERK��^�OP=PK�EJ�CN=@K�@E�NEOKHRANA�?EN?=�

QJ�PANVK�@E�LNK>HAIE�@E�HERAHHK�QJERANOEP=NEK�LNKLKOPE�EJ�I=PANEA�?KIA�qOE?=��>EKHKCE=��?DEIE?=��

A?KJKIE=�A�=HPNA�O?EAJVA�?DA�NE?DEA@KJK�N=CEKJ=I AJPK�MQ=JPEP=PERK���

(H�H=RKNK�@E�KPPEIEVV=VEKJA�@E�QJ�IK@AHHK�HEJCQEOPE?K�LAN�QOE�@E@=PPE?E��$@
&/3 ��=CCEQJCAJ@K�

?KJKO?AJVA�@E�PAIE��AHEIEJ=J@K�E�LNACEQ@EVE�A��=QOLE?=>EHIAJPA��EJPNK@Q?AJ@K�?KJKO?AJVA�@E�

I APK@E�@E�=LLNAJ@EIAJPK�@E�NEHEARK��^�EJEJPANNKPPK� ��

!EOKCJ=� ?=LENA� OA� EH� LANBAVEKJ=I AJPK� @E� QJ� IK@AHHK� HEJCQEOPE?K� LAN� HK� ORKHCEIAJPK� @E�

QJk=PPEREP\� OLA?Eq?=� =RN\� ?KJOACQAJVA� LAN� H=� OQ=� As?=?E=� JAHHK� ORKHCANA� OQ@@APP=� =PPEREP\� ��

!EOKCJ=� ?=LENA� EJKHPNA� OA� HkEJPANK� L=??DAPPK� RANN\� BKNJEPK� @=� QJ=� OKH=� OK?EAP\� �"D= P
&/3� @E�

.LAJ (	�K�OA�HkEJPANRAJPK�@E�=HPNA�OK?EAP\�OQH� IK@AHHK�=RN\�?KJOACQAJVA�LAN�H=�OE?QNAVV=�A�H=�

NEOANR=PAVV=�@AE�@=PE��0Q=J@K�OE�?KJOE@AN=�MQ=HA�I K@AHHK�OE=�QO=PK��R=HA�H=�LAJ=�?KJOE@AN=NA�OE=�

CHE�=OLAPPE�LKOEPERE�OE=�E�HEIEPE�@AH�IK@AHHK�@=�?QE�OE�^�L=NPEPE��MQ=HE�EJPANRAJPE�OE=JK�OP=PE�B=PPE�OQ�@E�

AOOK�A�@=�?DE��

� 
 � � � � � � � � � � � � 
 � � �

D��




0.#/&'�46-- I#&')6#5';;#�&'-�.0&'--0�1'3�4K�'�-#�13013+#�%-#44'�
0.#/&'�46-- I#&')6#5';;#�&'-�.0&'--0�1'3�4K�'�-#�13013+#�%-#44'�

4J k=PPEREP\�LKPNA>>A�NA=HEVV=NA�PQPPE�E�LNKLNE�K>EAPPERE�A�EH�LNKCN=II=�@E�( �CAJAN=PER=�QPEHEVV=PK�

LKPNA>>A� AOOANA� EH� IECHEKNA� A� EH� LEb� APE?K� LKOOE>EHA�� I=� Hk=PPEREP\� LKPNA>>A� ?KJPEJQ=NA� =� @KRAN�

AOOANA�=@=PP=P=�=HH=�LNKLNE=�?H=OOA��" KI A�LAN�MQ=HOE=OE�LNKCN=II=�@E�( �LKPNAOPA�@KRAN�?KILEANA�

I KHPALHE?E� EJPAN=VEKJE� LNEI=� @E� N=CCEQJCANA� E� RKOPNE� K>EAPPERE��� /KPNAOPA� =RAN� >EOKCJK� @E�

BKNI=VEKJA� A� LN=PE?=� OE=� LAN� MQ=JPK� ?KJ?ANJA� HA� PA?JE?DA� @E� LNKILP� OE=� NAH=PER=I AJPA� =HH=�

R=HQP=VEKJA�?NEPE?=�@AHHkKQPLQP���(JKHPNA��HkEJPAN=�AOLANEAJV=�@KRNA>>A�AOOANA�CN=PEq?=JPA�LAN�RKE�A�

?KANAJPA�?KJ�E�RKOPNE�R=HKNE�@E�EJOACJ=JPA��

� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

D��



��3HEHE�� ���2DAD=P=��!��� @=NGS=D��,� ��A P�=H��/ ;4G�<9�G;8�78I<?�<F�@L�:H4E7<4A�4A:8?��� ;4G� (,�4F�

4�64F8�FGH7L�B9�HF<A:�6;4G5BGF�<A�87H64G<BA	�2I= NP�+A=NJEJC�$JRENKJI AJPO���� ������� ����
�  'K HIAO��6���,E=K��%����H<74A68�9BE�:8A8E4G<I8��!�<A�87H64G<BA�4A7�E8F84E6; ��4-$2". ��/ =NEO��

�� ����
�� !A?GAN��! ���AP�=H��( EB:E4@@<A:�!F� 4E7�Y�'E�4G�$84FG�!G�-F87�GB��8��� 7H64G<BA4?�'CCBEGHA<G<8F�4A7�

� ;4??8A:8F�B9��!�� B78�� 8A8E4G<BA	�/ NK?AA@EJCO�KB�PDA���PD� ",�3 A?DJE?=H�2UILKOEQI�KJ�

" KI LQPAN�2?EAJ?A�$@Q?=PEKJ�5�����2(&"2$��� �� 	�� OOK?E=PEKJ�BKN�"KI LQPEJC�,= ?DEJANU��

- AS�8KNG�����h��� ���� ����
�  "D KIOGU��- ���1K>ANPO��(���6=PQIQHH��)���&B4@�� ;B@F>L��, ;8�� 4?F8�(EB@<F8�B9�� ;4G� (, 	 3DA�

- AS�8KNG�3EI AO��������
�  +ASGKSU?V�� ��� J @NA=OOAJ�� �� �#KD=J��#��AP�=H��+B?I<A:�)H4AG<G4G<I8�*84FBA<A:�(EB5?8@F�J<G;�

$4A:H4:8�%B78?F��&KKCHA�1AOA=N?D���� ����
�  $JGAHAF@=��*���AP�=H��� ;4G:CG�9BE�� BB7��BA�' CCBEGHA<G<8F�4A7�� ;4??8A:8F�B9�$4E:8�$4A:H4:8�%B78?F�

9BE��7H64G<BA��$@ N7ER���� ����

� 
 � � � � � � � � � � � � 
 � � �

D��



�� S�

� I�
�)'/'3#5+ 7#�+/�#6-#�A��#35'���


-%6/'�+&''�1'3�-0�470-)+.'/50�&+�#55+ 7+5J�65+-+;;#/&0�- I�
�
-%6/'�+&''�1'3�-0�470-)+.'/50�&+�#55+ 7+5J�65+-+;;#/&0�- I�
�

)'/'3#5+ 7#�)'/'3#5+ 7#�

DS��4#3'�- I�
�)'/'3#5+ 7#�1'3�-#�1+#/+P%#;+0/'� '�-#�130)'55#;+0/'�&+�DS��4#3'�- I�
�)'/'3#5+ 7#�1'3�-#�1+#/+P%#;+0/'� '�-#�130)'55#;+0/'�&+�

%034+�'�-';+0/+�%034+�'�-';+0/+�

5 E�LE=?ANA>>ANK�E@AA�JQKRA�LAN�NEBKNIQH=NA�=H?QJE�@AE�RKOPNE�?KNOE��EJPNK@QNNA�JQKRE�=NCKI AJPE��

=PPEREP\� EJ?HQOERA� A� NQ>NE?� OQH� IK@K� EJ� ?QE� R=HQP=NA� E� NEOQHP=PE� @E� MQAOPA� =PPEREP\��� �� 5 KNNAOPA�

OLANEIAJP=NA� QJ� JQKRK� =LLNK??EK� LA@=CKCE?K�� JQKRA� PA?JKHKCEA� A� JQKRE� I=PANE=HE� ��

3AKNE?=I AJPA�E�?D=P>KP�LKPNA>>ANK�=EQP=NRE�OQ�PQPPE�MQAOPE�BNKJPE��/AN�@E�LEb��LKPNAOPA�KPPAJANA�

EH� OKBPS=NA� LAN� O?NERANA� H=� LNEI=� >KVV=� @AE� LE=JE� @E@=PPE?E�� CHE� K>EAPPERE� @E� =LLNAJ@EIAJPK�� HA�

EJ@E?=VEKJE� LAN� HA� =PPEREP\�� E� LNKCAPPE� A� CHE� AOLANEIAJPE� O?EAJPEq?E� KHPNA� =E� LNKILP� LAN� HA�

@EO?QOOEKJE� ��

" KJOECHEK�" KJOECHEK��^�QJ=�>QKJ=�E@A=�OLA?Eq?=NA�EJ�=JPE?ELK�MQ=HE�=NCKI AJPE�PN=PP=NA�A�MQ=HE�=LLNK??E�

=@KPP=NA�A�HkK>EAPPERK�@=�N=CCEQJCANA�?KJ�EH�?KNOK�K�H=�HAVEKJA��OA�OE�LQJP=�=HH=�@AqJEVEKJA�@E�QJ�

?KJ?APPK�K�@E�QJ=�LNK?A@QN=�A�?DA�I K@=HEP\�@E�EJOACJ=IAJPK�OE�RKCHE=�=LLHE?=NA� ��

$OAILHK�$OAILHK�

%KJPA�%KJPA��$T=IEJEJC�2?EAJ?A�$@Q?=PEKJ�EJ�"D=P
&/3 �� J�$T LHKN=PKNU�2PQ@U�KB�&AJAN=PERA� NPEq?E=H�(JPAHHECAJ?A��

 PPEREP\� PPEREP\��?NA=VEKJA�@E�QJkQJEP\�@E@=PPE?=�

2PNQIAJPK�@E�( �CAJAN=PER=�2PNQIAJPK�@E�( �CAJAN=PER=��"D= P&/3�

/ NKILP�QPEHEVV=PK�/ NKILP�QPEHEVV=PK��" NA=NA�QJkQJEP\�@E@=PPE?=�QPEHEVV=J@K�EH� IK@AHHK�@AHHA� �$�?DA� I APPA�=HH=�LNKR=�OPQ@AJPE�?DA�

D=JJK�QJ=�LNKBKJ@=�?KJKO?AJV=�@AHHA�BKJPE�@E�AJANCE=�NEJJKR=>EHA�A�JKJ�NEJJKR=>EHA�=�HERAHHK�@E�OA?KJ@=�IA@E=��

%KNJENA�EJKHPNA�OQLLKNPK�A�OKOPACJK�=�OPQ@AJPE�?DA�PNKREJK�EH�I=PANE=HA�KOPE?K��

1ErAOOEKJA�1ErAOOEKJA��Hk=QPKNA� D=� PNKR=PK� H=� NEOLKOP=� @E� "D=P
&/3� QPEHA� EJ� QJ=� B=OA� EJEVE=HA�� I=� AOO=� D=� @KRQPK� AOOANA�

=@ACQ=P=�=HHA�AOECAJVA��=E�LNKCN=IIE�@E�OPQ@EK�A�=HHk=??AOOK�=HHA�NEOKNOA�@ACHE�OPQ@AJPE�� CCEQJCA�?DA�E�LA@=CKCEOPE�

� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

D��



@KRNA>>ANK�?=J?AHH=NA�@AHHA�L=NPE�?DA�JKJ�OKJK�QPEHE��OREHQLL=J@K�L=NPE�?DA�HK�OE=JK��  J ?DA�OA�HkKQPLQP�@ARA�AOOANA�

KPPEIEVV=PK��OQLLKJA�?DA�I KHPE�EJOACJ=JPE�HK�PNKREJK�QPEHA��OKLN=PPQPPK�MQAHHE�=�EJEVEK�?=NNEAN=�EJ�MQ=JPK�LKPNA>>ANK�

JKJ�LKOOA@ANA�=J?KN=�QJk=I LE=�@EOLKJE>EHEP\�@E�NEOKNOA��

X+BAB�FG4GB�C4EG<6B?4E@8AG8�<@CE8FF<BA4GB�74??4�FH4�64C46<GQ�7<�:8A8E4E8�HA[HA<GQ�F6<8AG<`64�6BEEB5BE4G4�74?�@B78??B�78??8�

�� 	�4A6;8�F8�4?6HA<�BHGCHG�@<�FBAB�C4EF<�HA�CB6B�:8A8E<6<�8�A868FF<G4AG<�7<�H?G8E<BE8�C8E98M<BA4@8AGB��

�S��40�&'-- I�
�)'/'3#5+ 7#�1'3�13'1#3#3'�%0/5'/65+�%0+/70-)'/5+R��S��40�&'-- I�
�)'/'3#5+ 7#�1'3�13'1#3#3'�%0/5'/65+�%0+/70-)'/5+R�

.6- 5+.0&#-+�'�+/%- 64+7+�46�6/�#3)0.'/50�.6- 5+.0&#-+�'�+/%- 64+7+�46�6/�#3)0.'/50�

2E�LQa�B=NA�NE?KNOK�=�QJk=LLHE?=VEKJA�@E�( �CAJAN=PER=�LAN��

n� =CCEQJCANA�?KJPAJQPE�?KJJAOOE�=E�BAJKI AJE��=HH=�HEJCQ=�A�=HH=�?QHPQN=�HK?=HE��

n� EJOANENA�EII=CEJE�A�qHI=PE�AOLHE?=PERE�A�=??=PPER=JPE� ��

n� ?NA=NA�A�EJ?HQ@ANA�OPKNEA�?DA�N=pKNV=JK�E�?KJPAJQPE�PAOPQ=HE��

n� AH=>KN=NA�I=LLA�?KJ?APPQ=HE��

n� LKNNA�EJ�ARE@AJV=��L=N=BN=O=NA�A�NE=OOQIANA�LKNVEKJE�NEHAR=JPE�@AHH=�HAVEKJA�A�?DE=NENA�H=�

PANIEJKHKCE=� ��

n� NAJ@ANA�H=�I=PAI=PE?=�A�H=�O?EAJV=�IAJK�=OPN=PPA�IKOPN=J@K�@AHHA�OEIQH=VEKJE�A�

EJ?HQ@AJ@K�@ACHE�AOAILE�PN=PPE�@=�=HPNE�OKCCAPPE��"Ea�LKPNA>>A�=J?DA�AOOANA�QPEHEVV=PK�EJ�

=PPEREP\�@E�BKNI=VEKJA�=NPECE=J=HA�@KRA�H=�REOQ=HEVV=VEKJA�LQa�=EQP=NA�=HHK�OREHQLLK�A�

=HHk=LLNKBKJ@EIAJPK�@E�E@AA� ��

n� BKNJENA�PN=@QVEKJE�EJ�IK@K�@=�=EQP=NA�E�@EO?AJPE�?DA�L=NH=JK�HEJCQA�IAJK�@EpQOA� ��

" KJOECHEK�" KJOECHEK�� ,E @FKQNJAU� A� =HPNE� LNKCN=IIE� LAN� H=� CAJAN=VEKJA� @E� EII=CEJE� OLAOOK� D=JJK� @AE�

BKNQI�=LLKOEPE�JAE�MQ=HE�HA�LANOKJA�LQ>>HE?=JK�E�LNKLNE�H=RKNE��?KJOECHE��LNKILP�A�OQCCANEIAJPE�

LAN� HkAH=>KN=VEKJA� @E� LNKILP� �� 2KJK� I KHPK� QPEHE� LAN� E� @K?AJPE� ?DA� OP=JJK� EJEVE=J@K� =�

OLANEIAJP=NA�MQAOP=�PA?JKHKCE=��

�S��4#3'�- I�
�)'/'3#5+ 7#�1'3�%3'#3'�'4'.1+R�(#3'�'4'3%+;+R�3+410/&'3'��S��4#3'�- I�
�)'/'3#5+ 7#�1'3�%3'#3'�'4'.1+R�(#3'�'4'3%+;+R�3+410/&'3'�

#�26'45+0/#3+�#�26'45+0/#3+�

+k( �CAJAN=PER=�LQa��

n� CAJAN=NA�@=PE�P=>QH=NE�A�@E�=HPNA�BKNIA�@=�QPEHEVV=NA�EJ�AOAILE�A@�AOAN?EVE��

n� ?NA=NA�AOAN?EP=VEKJE�LN=PE?DA�A�OKHQVEKJE��OKLN=PPQPPK�LAN�?KJOKHE@=NA�HA�?=L=?EP\�

BKJ@=IAJP=HE�A�E�?KILKJAJPE�LK?K�?KJKO?EQPE� ��$OOA�LKOOKJK�OANRENA�?KIA�NEBANEIAJPK�

LAN�OPQ@AJPE�?DA�=>>E=JK�@Es?KHP\�JAH�NEOKHRANA�LNK>HAIE�@E�=OOACJ=VEKJA� ��

n� CAJAN=NA�OLEAC=VEKJE�LAN�HA�OKHQVEKJE��"Ea�OAI>N=�BQJVEKJ=NA�IKHPK�>AJA�OKLN=PPQPPK�

JAHH=�CAJAN=VEKJA�@E�OLEAC=VEKJE�@AE�?K@E?E�@E�LNKCN=II=VEKJA� ��

n� CAJAN=NA�IKHPALHE?E�OKHQVEKJE�LAN�HK�OPAOOK�LNK>HAI=�I= PAI=PE?K�K�@E�LNKCN=II=VEKJA��

� 
 � � � � � � � � � � � � 
 � � �

D�	



" Ea�JKJ�OKHP=JPK�=EQP=�CHE�OPQ@AJPE�=@�EIL=N=NA�=�?KJKO?ANA�=LLNK??E�A�LNKOLAPPERA�

@ERANOE��I=�=J?DA�=@�=J=HEVV=NA�@ERANOE�IAPK@E��E�HKNK�R=JP=CCE�A�E�HKNK�OR=JP=CCE� ��

/ KPNA>>A�=J?DA�NERAH=NOE�QJ�=EQPK�MQ=J@K�HA�OKHQVEKJE�BKNJEPA�JKJ�OKJK�?KNNAPPA��

MQ=J@K�^�?DE=N=IAJPA�EJ@E?=PK�?KO`��

$OAILHK�$OAILHK�

%KJPA�%KJPA��$T=IEJEJC�2?EAJ?A�$@Q?=PEKJ�EJ�"D=P&/3 �� J�$T LHKN=PKNU�2PQ@U�KB�&AJAN=PERA� NPEq?E=H�(JPAHHECAJ?A���

 PPEREP\� PPEREP\��?NA=VEKJA�@E�QJ�MQAOPEKJ=NEK�

2PNQIAJPK�@E�( �CAJAN=PER=�2PNQIAJPK�@E�( �CAJAN=PER=��"D= P&/3 ��

/ NKILP�QPEHEVV=PK�/ NKILP�QPEHEVV=PK��&AJAN=NA�QJ�MQAOPEKJ=NEK�OQH�?KJ?APPK�@E�BKJPE�@E�AJANCE=�NEJJKR=>EHA�A�JKJ�NEJJKR=>EHA�LAN�

OPQ@AJPE�@E�OA?KJ@=�IA@E=�A�EJ?HQ@ANA�HA�OKHQVEKJE��

1ErAOOEKJA�1ErAOOEKJA�� Hk=QPKNA� D=� NEJRAJQPK� ?DA� HA� @KI=J @A� =� NEOLKOP=� IQHPELH=� CAJAN=PA� R=HQP=JK� H=� ?KILNAJOEKJA�

@AHHk=NCKI AJPK�@=�L=NPA�@AHHK�OPQ@AJPA��'=�EJKHPNA�=CCEQJPK�?DA��N!�7B68AG<�78IBAB�I4?HG4E8�<A�@B7B�6E<G<6B�?8�E<FBEF8�

^�$8�6B@C8G8AM8�78: ?<�<AF8:A4AG<	�?[8FC8E<8AM4�8�?4�6B@CE8AF<BA8�78<�?BEB�4?HAA<�E<@4A:BAB�9BA74@8AG4?<�C8E�4FFH@8E8�78??8�

786<F<BA<�C874:B:<6;8�9BA74G8O��

$OAILHK�$OAILHK�

%KJPA�%KJPA��$T=IEJEJC�2?EAJ?A�$@Q?=PEKJ�EJ�"D=P&/3 �� J�$T LHKN=PKNU�2PQ@U�KB�&AJAN=PERA� NPEq?E=H�(JPAHHECAJ?A���

 PPEREP\� PPEREP\��?NA=NA�QJ=�NQ>NE?�LAN�H=�R=HQP=VEKJA��

2PNQIAJPK�@E�( �CAJAN=PER=�2PNQIAJPK�@E�( �CAJAN=PER=��"D= P
&/3 ��

/ NKILP� QPEHEVV=PK�/ NKILP� QPEHEVV=PK�� " NA=NA� QJ=� NQ>NE?� ?DA� @ACHE� OPQ@AJPE� @E� OA?KJ@=� IA@E=� LKOOKJK� QO=NA� LAN� R=HQP=NA�

=QPKJKI=I AJPA� MQ=JPK� =LLNAOK� EJ� I=PANE=� @E� BKJPE� @E� AJANCEA� NEJJKR=>EHE� A� JKJ� NEJJKR=>EHE� �?KJ� NE?DEAOP=� @E�

BKNI=PP=VEKJA�OQ??AOOER=�  NAJ@ANA�MQAOP=�NQ>NE?�LEb�OAILHE?A�@=�?KLE=NA�EJ�6KN@O�EJ�QJ�BKNI=PK�KN@EJ=PK	��

.QPLQP��.QPLQP��

1Q>NE?�CAJAN=P=�@=�"D=P
&/3 ��AOAILEK�PN=PPK�@=�$T=IEJEJC�2?EAJ?A�$@Q?=PEKJ�EJ�"D=P&/3 �� J�$T LHKN=PKNU�2PQ@U�KB�&AJAN=PERA� NPEq?E=H�

(JPAHHECAJ?A�

1ErAOOEKJA�1ErAOOEKJA��Hk=QPKNA�D=�NEJRAJQPK�?DA�"D=P
&/3�^�OP=P=�EJ�CN=@K�@E�?NA=NA�QJ=�NQ>NE?�?KJ�LNKLNE�?NEPANE�MQ=HE�

� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

D�T



?KI LNAJOEKJA�� NE?AN?=�� LAJOEANK� ?NEPE?K� A� L=NPA?EL=VEKJA�� / AN� ?E=O?QJ=� AN=JK� ?KJPN=OOACJ=PE� @AE� HERAHHE�� I=� CHE�

EJ@E?=PKNE�AN=JK�PNKLLK�R=CDE�LAN�KCJE�?NEPANEK��

$OAILHK�$OAILHK�

%KJPA�%KJPA��3DA�1K>KPO� NA�"KIEJC��$TLHKNEJC�PDA�(I LHE?=PEKJO�KB�.LAJ (�" K@AT�KJ�(JPNK@Q?PKNU�/NKCN=IIEJC� � ��

 PPEREP\� PPEREP\��CAJAN=NA�IKHPALHE?E�OKHQVEKJE�=�QJ�MQAOEPK��

2PNQIAJPK�@E�( �CAJAN=PER=�2PNQIAJPK�@E�( �CAJAN=PER=��" K@AT��" K@AT�^�EJ�CN=@K�@E�CAJAN=NA�?K@E?E�EJ�OR=NE=PE�HEJCQ=CCE�@E�LNKCN=II=VEKJA�

EJ�NEOLKOP=�=E�LNKILP	��

/ NKILP�QPEHEVV=PE�/ NKILP�QPEHEVV=PE��+=�@AO?NEVEKJA�@E�QJ�LNK>HAI=�?KI A�NEJRAJQPK�EJ�R=NEA�BKJPE�A�MQAOEPE�@E�AO=IA�OQHH=�O?NEPPQN=�

@E�?K@E?A��?KI A�=OOACJ=PE�=CHE�OPQ@AJPE��

.QPLQP��.QPLQP��

/ QJPACCE�@ACHE�OPQ@AJPE�EJ�PAOP�JKJ�OKNRACHE=PE��3AOP���A�3AOP��	��?KJ�QPEHEVVK�

@E�"K@AT��N=LLNAOAJP=PK�@=HHk=OPANEO?K�NKOOK	��AOAILEK�PN=PPK�@=�3DA�

1K>KPO� NA�"KIEJC��$TLHKNEJC�PDA�(I LHE?=PEKJO�KB�.LAJ (�" K@AT�KJ�

(JPNK@Q?PKNU�/NKCN=IIEJC�

1ErAOOEKJA�1ErAOOEKJA��CHE�=QPKNE�D=JJK�NEPAJQPK�?DA�" K@AT�=OOACJ=OOA�QJ=�OANEA�@E�?K@E?E�@ERANOE�=H� IA@AOEIK�LNKILP��

XI AJPNA�EJ�@AqJEPER=�LNEREHACE=R=�E�IAPK@E�LNAREOPE�LAN�?E=O?QJ=�NEOLKOP=Y��

�S�
6.'/5#3'�- I#%%'44+$+-+5J��S�
6.'/5#3'�- I#%%'44+$+-+5J�

" KI A� AOAILEK� qJ=HA�� RE� EJREPE=IK� @A?EO=IAJPA� =� OLANEIAJP=NA� Hk( � CAJAN=PER=� EJ� IK@K� @=�

=QI AJP=NA� Hk=??AOOE>EHEP\� LAN� OPQ@AJPE� ?KJ� @APANIEJ=PA� @EO=>EHEP\� qOE?DA� K� @E� =LLNAJ@EIAJPK��

OKLN=PPQPPK� Q@EPERA� K� REOERA�� +k( � CAJAN=PER=� LQa� ?NA=NA� OKPPKPEPKHE�� @E@=O?=HEA� A� @AO?NEVEKJE�

=Q@EK��� " KI A� @AO?NEPPK� @=HHA��H<74A68� 9BE� :8A8E4G<I8� �!� <A� 87H64G<BA� 4A7� E8F84E6;� � $<A88� :H<74�

C8E� ?[HFB� 78??[!�� : 8A8E4G<I4� A8<� F8GGBE<� 78??[<FGEHM<BA8� 8� 78??4� E<68E64��@AHHk4JAO?K�� X(� I K@AHHE� @E� ( �

CAJAN=PER=� LKOOKJK� =J?DA� ?KJRANPENA� @AH� PAOPK� EJ� L=NH=PK� A� RE?ARANO=� EJ� IK@K� @=� ?KJOAJPENA�

� 
 � � � � � � � � � � � � 
 � � �

D�D



=� LANOKJA� ?KJ� @EO=>EHEP\� REOERA�� Q@EPERA� K� @E� AHKMQEK� @E� =??A@ANA� =� ?KJPAJQPE�� LKNNA� MQAOEPE� A�

?KI QJE?=NA�?KJ�E�LNKLNE�OEIEHEY� ��(JKHPNA�LQa�=EQP=NRE�=�RANEq?=NA�?DA�E�?KJPAJQPE�?DA�?NA=PA�OE=JK�

EJ?HQOERE�A�=??AOOE>EHE� ��

�033'�+/�&+4%644+0/'�)-+�065165��033'�+/�&+4%644+0/'�)-+�065165�

2A�OE�@A?E@A�@E�B=NA�QOK�@E�( �CAJAN=PER=��>EOKCJ=�B=NA�=PPAJVEKJA�=E�OQKE�ANNKNE�A�=HHA�OQA�H=?QJA�

A@�AOOANA�LNKJPE�=�?KNNACCANHE��$OOE�EJ?HQ@KJK��

n       �?KJPAJQPE�EILNA?EOE��EH�IK@AHHK�HEJCQEOPE?K�JKJ�^�QJ=�>=OA�@E�?KJKO?AJV=�J_�QJ�I KPKNA�

@E�NE?AN?=�� J?DA�E�IK@AHHE�LEb�NA?AJPE�OPN=RKHCKJK�E�B=PPE�A�IAJVEKJ=JK�BKJPE�B=HOA��&HE�ANNKNE�OE�

EJOEJQ=JK�OKLN=PPQPPK�MQ=J@K�OE�QPEHEVV=JK�@AE�IK@AHHE�HEJCQEOPE?E�JAH�?=ILK�@AHH=�I=PAI=PE?=�

A� @AH� N=CEKJ=I AJPK� MQ=JPEP=PERK�� =J?DA� MQ=J@K� ^� I AOOK� =� LQJPK� OLA?Eq?=I AJPA� LAN� MQAOPE�

OKCCAPPE��EH� IK@AHHK�LQa�LNK@QNNA�@AHHA�NEOLKOPA�EJAO=PPA�K�ANNKNE�@E�?=H?KHK�A�@EOPKN?ANA� l@=PE�

I= PAI=PE?Em�� ��  J ?DA� H=� LNKCN=II=VEKJA� LKPNA>>A� AOOANA� @Es?KHPKO=� EJ� MQ=JPK� H=� ?K@Eq?=�

CAJAN=P=�LQa�=RANA�QJ=�OEJP=OOE�O?KNNAPP=�A@�AOOANA�EJq?E=P=�@=�LNK>HAIE�@E�OE?QNAVV=� ��

n� / NACEQ@EVE�?DA�OE�EJOEJQ=JK�@=H�IKI AJPK�?DA��PN=�HA�=HPNA�?KOA��E�@=PE�OQ�?QE�MQAOPE�

I K@AHHE�OKJK�OP=PE�=@@AOPN=PE�JA�AN=JK�LEAJE��/ANOEJK�EH�IK@AHHK�$@
&/3 ��?DA�^�OP=PK�

?KNNAPPK�OKPPK�MQAOPK�LQJPK�@E�REOP=��LKPNA>>A�=J?KN=�?KJPAJANJA���

n� / NAOP=VEKJE�?DA�LKOOKJK�R=NE=NA�=ILE=IAJPA�=�OA?KJ@=�@AH�LNKILP�QPEHEVV=PK��@AHH=�

OPKNE=�@AHHkQPAJPA�A��P=HRKHP=��OAJV=�N=CEKJA�=H?QJ=��

� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

D��



 J ?DA�OA�Hk( �CAJAN=PER=�LQa�NE@QNNA�EH�?=NE?K�@E�H=RKNK�@ACHE�EJOACJ=JPE�A�=EQP=NHE�=�ORKHCANA�

@APANIEJ=PA� =PPEREP\�� AOO=� OE� >=O=� OQ� IK@AHHE� OP=PEOPE?E� ?DA� OKJK� OP=PE� AH=>KN=PE� >=O=J@KOE� OQ�

JKPARKHE�MQ=JPEP\�@E�@=PE�NALANEPE�KJHEJA��0QAOPE�@=PE�JKJ�OKOPEPQEO?KJK�EH� IKJ@K�NA=HA��E�OQKE�

?KJPAOPE�A�HA�OQA�NAH=VEKJE��"D=P
&/3�J KJ�^�EJ�CN=@K�@E�BKNJENA�@AH�?KJPAOPK�K�@E�OLEAC=NA�?KO=�

EJrQEO?=�OQHH=�REP=�MQKPE@E=J=�@E�QJK�OPQ@AJPA� ��- KJ�LQa�BKNJENA�JQKRA�E@AA�K�JQKRA�OKHQVEKJE�

=HHA�Oq@A�@AH�IKJ@K�NA=HA� ��

(JqJ A�� HA� OQA� LNAOP=VEKJE� JKJ� OE� =RRE?EJ=JK� JALLQNA� =HHA� ?=L=?EP\� @AHH=� IAJPA� QI=J=��

OKLN=PPQPPK� =� ?Ea� ?DA� AOO=� LQa� ?KILNAJ@ANA� A� B=NA� ?KJ� @=PE� HEIEP=PE�� $� XH=� LEb� CN=J@A� LA??=�

@AHHk( � CAJAN=PER=� ^� Hk=OOAJV=� @AHH=� ?=N=PPANEOPE?=� LEb� BKJ@=IAJP=HA� @E� MQ=HOE=OE� EJPAHHECAJV=��

N=??KJP=NA�JKJ�OKHK�?Ea�?DA�=??=@A�KN=��?Ea�?DA�^�=??=@QPK�A�?Ea�?DA�=??=@N\��KRRANKOE=�H=�B=?KHP\�

@E�@AO?NEVEKJA�A�@E�LNAREOEKJA��I=�=J ?DA�?KO=�JKJ�^�=??=@QPK�A�?KO=�LKPNA>>A�K�JKJ�LKPNA>>A�

=??=@ANAY�� ��

 

��3HEHE�� ���2DAD=P=��!��� @=NGS=D��,� ��A P�=H��/ ;4G�<9�G;8�78I<?�<F�@L�:H4E7<4A�4A:8?��� ;4G� (,�4F�

4�64F8�FGH7L�B9�HF<A:�6;4G5BGF�<A�87H64G<BA	�2I= NP�+A=NJEJC�$JRENKJI AJPO���� ������� ����
�  'K HIAO��6���,E=K��%����H<74A68�9BE�:8A8E4G<I8��!�<A�87H64G<BA�4A7�E8F84E6; ��4-$2". ��/ =NEO��

�� ����
��$JGAHAF@=��*���AP�=H��� ;4G:CG�9BE�� BB7��BA�' CCBEGHA<G<8F�4A7�� ;4??8A:8F�B9�$4E:8�$4A:H4:8�%B78?F�

9BE��7H64G<BA��$@ N7ER���� ����
�� 3NQOP��3���6D=HAJ��)�����, KQV=��"���� 7<GBE<4?���;4G� (, ��� ;4??8A:8F	�BCCBEGHA<G<8F	�4A7�

<@C?<64G<BAF�9BE�G846;8E�87H64G<BA	�" KJPAILKN=NU�(OOQAO�EJ�3A?DJKHKCU�=J@�3A=?DAN�

$@Q?=PEKJ���� ��	���� ����
��" KKLAN��&���� K4@<A<A:�+6<8A68�� 7H64G<BA�<A��;4G� (, ��� A�� KC?BE4GBEL�+GH7L�B9�� 8A8E4G<I8�

� EG<`6<4?�!AG8??<:8A68	�)KQNJ=H�KB�2?EAJ?A�$@Q?=PEKJ�=J@�3A?DJKHKCU��������� h������� ����
�  * KDJGA��+���, KKNDKQOA��! ��+�����9KQ��# ���� ;4G� (,�9 BE�$4A:H4:8�,846;<A:�4A7�$84EA<A:	�1$+"�

)KQNJ=H������ 	����� 
� �� ���� ����
�  5 =NPE=EJAJ��'���3 A@NA��,��� - F<A:�4EG<`6<4?�<AG8??<:8A68�<A�6E49G�87H64G<BA��6E49G<A:�J<G;�G8KG
GB
<@4:8�

:8A8E4G<I8�@B78?F��#ECEP=H�"NA=PEREPU��������� 
 ������ ����
�  ! D=P�2���AP�=H��, BJ4E7F�4HGB@4G87�:8A8E4G<BA�4A7�8I4?H4G<BA�B9�DH8FG<BAF�<A�87H64G<BA4?�7B@4<AF��

/ NK?AA@EJCO�KB�PDA���PD�(JPANJ=PEKJ=H�"KJBANAJ?A�KJ�$@Q?=PEKJ=H�#=P=�,EJEJC��L=CAO��� � 
�

� � ���#QND=I��4JE PA@�*EJC@KI���� ����
�  !A?GAN��! ���AP�=H��( EB:E4@@<A:�!F� 4E7�Y�'E�4G�$84FG�!G�-F87�GB��8��� 7H64G<BA4?�'CCBEGHA<G<8F�4A7�

� ;4??8A:8F�B9��!�� B78�� 8A8E4G<BA	�/ NK?AA@EJCO�KB�PDA���PD� ",�3 A?DJE?=H�2UILKOEQI�KJ�

" KI LQPAN�2?EAJ?A�$@Q?=PEKJ�5�����2(&"2$��� �� 	�� OOK?E=PEKJ�BKN�"KI LQPEJC�,= ?DEJANU��

- AS�8KNG�����h��� ���� ����
� �� %EJJEA
 JOHAU��)���#AJJU��/ ��AP�=H��, ;8�* B5BGF�� E8�� B@<A:��� KC?BE<A:�G;8�!@C?<64G<BAF�B9�' C8A�!�

� B78K�BA�!AGEB7H6GBEL�(EB:E4@@<A:	�/ NK?AA@EJCO�KB�PDA��� PD� QOPN=H=OE=J�"KI LQPEJC�

$@Q?=PEKJ�" KJBANAJ?A�� "$�k �� 	�� OOK?E=PEKJ�BKN�"KI LQPEJC�,= ?DEJANU��- AS�8KNG���� ����

� 
 � � � � � � � � � � � � 
 � � �

D��

https://citejournal.org/volume-23/issue-1-23/editorial/editorial-chatgpt-challenges-opportunities-and-implications-for-teacher-education
https://citejournal.org/volume-23/issue-1-23/editorial/editorial-chatgpt-challenges-opportunities-and-implications-for-teacher-education


���+ASGKSU?V�� ��� J @NA=OOAJ�� �� �#KD=J��#��AP�=H��+B?I<A:�)H4AG<G4G<I8�*84FBA<A:�(EB5?8@F�J<G;�

$4A:H4:8�%B78?F��&KKCHA�1AOA=N?D���� ����
��� "D KIOGU��- ���1K>ANPO��(���6=PQIQHH��)���&B4@�� ;B@F>L��, ;8�� 4?F8�(EB@<F8�B9�� ;4G� (, 	 3DA�

- AS�8KNG�3EI AO��������

� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

D��



�� S�

�*#5A����'�+-�460�105'/;+#-'�
+.1#550�46+�%0.1+ 5+�#�%#4#�

,("' $+�' ++(22 8�$�).'-�'41+$8�

�-+�#-$03+�&'-- I�
��-+�#-$03+�&'-- I�
�

2EJ�@=H�H=J?EK�@E�"D=P
&/3 ��=HH=�qJA�@E�JKRAI >NA�@AH������OE�^�OLA?QH=PK�PNAIAJ@=IAJPA�A�?E�

OKJK�OP=PA� IKHPA�@EO?QOOEKJE�NAH=PER=I AJPA�=HHkEI L=PPK�?DA�H=�PA?JKHKCE=�@AHHk( ��EJ�L=NPE?KH=N�

I K@K�@AE�LNKCN=IIE�@E�( �CAJAN=PER=��?KIA�"D=P
&/3 � ��LQa�=RANA�OQHHkEOPNQVEKJA��0QAOPK�^�EH�

LEb�NA?AJPA�@E�QJ=�OANEA�@E�LNKCN=IIE�?DA�I KHPE�NEPAJCKJK�=>>E=JK�EH�LKPAJVE=HA�@E�NERKHQVEKJ=NA�

I KHPA� @AHHA� =PPEREP\� PN=@EVEKJ=HE� JAHHA� JKOPNA� O?QKHA�� EJ� L=NPE?KH=N� I K@K� EH� JKOPNK� =LLNK??EK�

=HHk=OOACJ=VEKJA�@E�?KILEPE�=�?=O=��?DA�@E�JKNI=�OKJK�?KI LHAP=PE�=H�@E�BQKNE�@AHHA�=QHA��=�?=O=��

2E�PAIA�?DA�E�LNKCN=IIE�@E�( ��?KIA�"D=P
&/3 ��?KJOAJPEN=JJK�=CHE�OPQ@AJPE�@E�jEI>NKCHE=NAk�

CAJAN=J@K� LAN� AOOE� PAIE�� PN=@Q?AJ@K� PAOPE� @=� QJ=� HEJCQ=� =HHk=HPN=� K� ?KILHAP=J@K� ?KI LEPE� @E�

I= PAI=PE?=� OAJV=� =H?QJ� =LLKNPK� @=� L=NPA� @AHHK� OPQ@AJPA�� 2E=IK� RAN=IAJPA� @E� BNKJPA� =� QJ�

BAJKI AJK� JQKRK��  H?QJE� /=AOE� A� LKHE� O?KH=OPE?E� EJEVE=HIAJPA� D=JJK� =@@ENEPPQN=� REAP=PK� HkQOK�

@E� "D=P
&/3 �� BKNPQJ=P=IAJPA� LANa� KN=� OP=JJK� NERA@AJ@K� HA� LNKLNEA� LKOEVEKJE� A� LNAJ@AJ@K�

EJ� ?KJOE@AN=VEKJA� EH� IK@K� EJ� ?QE� CHE� EJOACJ=JPE� LKOOKJK� B=NA� NE?KNOK� =� "D=P&/3� A� =@� =HPNE�

LNKCN=IIE�@E�( �CAJAN=PER=��?KI A�!=N@��,E@FKQNJAU��!EJC�"D=P�A??�	 � ��

 

� 
 � � � � � � � � � � � � 
 � � �

D��



4J�L= NPE?KH=NA�@E�l&ENH�/KSAN�4L�=J@�6NEPA�8KQN�%QPQNA�h� J�=I>EPEKQO�UKQJC�OPQ@AJP�QOAO�CENH�LKSAN�PK�QJHK?G�DAN�

LKPAJPE=H�=J@�SNEPA�DAN�BQPQNA�=O�ODA�SKNGO�KJ�DAN�H=LPKLm�@E�"U>AN,= ?O�LQ>>HE?=PK�?KJ�HE?AJV=�""�! 8
-" 
2 ��� � ��

/ AN�REOQ=HEVV=NA�QJ=�?KLE=�@E�MQAOP=�HE?AJV=��REOEP=NADPPLO���?NA=PERA?KII KJO�KNC�HE?AJOAO�>U
J ?
O=��� � ��NAB�KLAJRANOA��

�+Q'55+#.0��+Q'55+#.0�

0QAOP=� JKJ� ^� H=� LNEI=� A� JKJ� O=N\� HkQHPEI=� RKHP=� ?DA� HA� JQKRA� PA?JKHKCEA� ?E� ?KOPNEJCKJK� =�

?KJOE@AN=NA�HA�EILHE?=VEKJE�?DA�LKPNA>>ANK�=RANA�OQHHkEJOACJ=IAJPK��OQHHk=LLNAJ@EIAJPK�A�OQHHA�

=PPEREP\�@E�R=HQP=VEKJA��- AE�LNEIE�=JJE������?E�OKJK�OP=PA�@EO?QOOEKJE�OQH�IK@K�EJ�?QE�HA�LANOKJA�

B=?AOOANK� QOK� @E� (JPANJAP� LAN� ApAPPQ=NA� @AHHA� NE?AN?DA� ?DA� CAJAN=HIAJPA� KPPAJAR=JK� @AHHA�

NEOLKOPA�?KJ�LK?DE�?HE?��

/ AN� AOAILEK�� JAH� IKI AJPK� EJ� ?QE� (JPANJAP� @ERAJJA� L=NPA� EJPACN=JPA� JAHH=� REP=� @E� KCJE�

CEKNJK�� JAH� OAPPKNA� @AHHkEOPNQVEKJA� OKNOA� QJ� MQAOEPK� BKJ@=IAJP=HA�� X"KI A� OE� LQa� R=HQP=NA�

Hk=LLNAJ@EIAJPK�MQ=J@K�HA�NEOLKOPA�OKJK�=HH=�LKNP=P=�@E�PQPPE�Y� ��

- KJ�@EIAJPE?DE=IK�?DA�(JPANJAP�D=�EJrQAJV=PK�EH�PELK�@E�?KILEPE�?DA�=>>E=IK�=OOACJ=PK�

=E�JKOPNE�OPQ@AJPE�LAN�@A?AJJE��@=H�IKI AJPK�?DA�CHE�OPQ@AJPE�OKJK�OP=PE�EJ�CN=@K�@E�ApAPPQ=NA�

NE?AN?DA�OQ�(JPANJAP�OQ�@APANIEJ=PE�=NCKI AJPE�A�LKE�?KLE=NA�A�EJ?KHH=NA�HA�LNKLNEA�NEOLKOPA�JAHHA�

LNKLNEA� NAH=VEKJE� K� LNAOAJP=VEKJE�� /NEI=� @E� PQPPK� ?Ea� ?E� OKJK� OP=PA� @EO?QOOEKJE� OQCHE� ApAPPE�

LNK@KPPE�@=E�LNKCN=IIE�@E�RE@AKO?NEPPQN=�OQH�LNK?AOOK�@E�O?NEPPQN=�JAHHA�O?QKHA�A�OQHHkQOK�@AE�

?=H?KH=PKNE� JAHHkEJOACJ=IAJPK� A� JAHHk=LLNAJ@EIAJPK� @AHH=� I=PAI=PE?=�� - AOOQJK� KCCE�

� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

D��

https://creativecommons.org/licenses/by-nc-sa/2.0/?ref=openverse


LNAJ@ANA>>A� JAII AJK� EJ� ?KJOE@AN=VEKJA� HkE@A=� @E� O?NERANA� OAJV=� QJ� LNKCN=II=� @E�

RE@AKO?NEPPQN=�K�@E�NEJQJ?E=NA�=HHkQOK�@E�QJ�?=H?KH=PKNA�EJ�QJ�?KILEPK�@E�I=PAI=PE?=��(J�AJPN=I>E�

E�?=OE�=>>E=IK�OLKOP=PK�H=�JKOPN=�=PPAJVEKJA�OQ�QJ�=LLNAJ@EIAJPK�LEb�LNKBKJ@K��JAH�?=OK�@AE�

LNKCN=IIE�@E�RE@AKO?NEPPQN=�LAN�?KJ?AJPN=N?E�OQHH=�NA@=VEKJA��EJ�MQAHHK�@AHH=�I=PAI=PE?=�OQHHK�

OREHQLLK�@AHH=�?KILNAJOEKJA��OLKOP=J@K?E�KHPNA�E�IANE�?=H?KHE��(J�MQAOPE�?=OE�EJOACJ=JPE�AOLANPE�A�

?KI LAPAJPE�D=JJK�=OOQJPK�H=�@A?EOEKJA�@E�EJPACN=NA�HA�PA?JKHKCEA�JAHHA�=PPEREP\�EJ�?H=OOA��

�-�5+.03'�&+��*#5A�����-�5+.03'�&+��*#5A����

, KHPE�RA@KJK�E�LNKCN=IIE�@E�( �CAJAN=PER=��?KIA�"D=P&/3 ��?KI A�NERKHQVEKJ=NE�A��?KI A�OKLN=�

NE?KN@=PK��=H?QJE�OEOPAIE�O?KH=OPE?E��A�EOPEPQPE�OQLANEKNE�OE�OKJK�OLEJPE�qJK�=�REAP=NHE��=pANI=J@K�

?DA��X4A6;8�F8�?B�FGEH@8AGB�CHU�8FF8E8�<A� :E47B�7<�9BEA<E8�78??8�E<FCBFG8�<A�@B7B�F8@C?<68�8� I8?B68�4<�

DH8F<G<	�8FFB�ABA�6E84�6B@C8G8AM8�7<�C8AF<8EB�6E<G<6B�8�E<FB?HM<BA8�7<�CEB5?8@<	�6;8�FBAB�9BA74@8AG4?<�C8E�

<?�FH668FFB�4�F6HB?4�8�A8??4�I<G4Y� ��  HPNE�D=JJK�=OOQJPK�QJ=�LKOEVEKJA�@ERANO=�A�D=JJK�OQCCANEPK�

@E�=@KPP=NA�MQAOPE�OPNQIAJPE�A�EJOANENHE�EJ�IK@K�?NA=PERK�JAHHA�?H=OOE��KpNAJ@K�?KO`�=CHE�OPQ@AJPE�

@AHHA� KLLKNPQJEP\� LAN� OREHQLL=NA� MQAOPA� ?=L=?EP\� @E� LAJOEANK� ?NEPE?K�� / ANOKJA� ?KIA� +=HEPD=�

5 =OQ@AR=J��RE?ALNAOE@A�NAOLKJO=>EHA�LAN�HkEJJKR=VEKJA�@ECEP=HA�LNAOOK�EH�3A=?DANO�"KHHACA�@AHH=�

" KHQI >E=� 4JERANOEPU�� NEPAJCKJK� ?DA� LAN� HA� O?QKHA� MQAHHA� NAH=PERA� =� MQAOPE� JQKRE� OPNQIAJPE�

@ECEP=HE� OE=JK� @A?EOEKJE� @Es?EHE� @=� LNAJ@ANA�� ?DA�� X@KRNA>>ANK� AOOANA� =OOQJPA� JAHHkKPPE?=� @E�

IE CHEKN=NA� Hk=LLNAJ@EIAJPK� @ACHE� OPQ@AJPEY� �� , KHPE� =PPKNE� JAH� ?=ILK� @AHHkEOPNQVEKJA� B=JJK�

LNKLNE=�MQAOP=�KLEJEKJA�NEPAJAJ@K�?DA�>EOKCJE�EOPNQENA�OE=�CHE�EJOACJ=JPE�OE=�CHE�OPQ@AJPE�=�QJ�QOK�

KLLKNPQJK�@E�MQAOPE�OPNQIAJPE��

(�LNKCN=IIE�@E�( �CAJAN=PER=�LKOOKJK�lOLQP=NAm�IKHPK�RAHK?AIAJPA�@AHHA�NEOLKOPA�=�BNKJPA�

@AE�JKOPNE�LNKILP��I=�MQAOPA�NEOLKOPA�JKJ�OKJK�KPPEIEVV=PA�LAN�Hk=LLNAJ@EIAJPK�@ACHE�OPQ@AJPE� ��

'=JJ K� H=� ?=L=?EP\� @E� LNK@QNNA� HA� LNKLNEA� NEOLKOPA� >AJ� ?KJBAVEKJ=PA�� I=� OLAOOK� AOOA� OKJK�

O?KNNAPPA� K� ?KJPAJCKJK� AHAI AJPE� ?DA� OKJK� O?KNNAPPE�� /ANP=JPK� @K>>E=IK� A@Q?=NA� EJOACJ=JPE�

A� OPQ@AJPE� =� IAPPANA� EJ� @EO?QOOEKJA� ?Ea� ?DA� MQAOPE� OPNQIAJPE� LNK@Q?KJK� A� EJ� MQAOPK� IK@K�

LKOOE=IK�QPEHEVV=NHE�LAN�OREHQLL=NA�MQAHHk=HB=>APEVV=VEKJA�?NEPE?=�?DA�RKCHE=IK�?DA�PQPPE�E�JKOPNE�

OPQ@AJPE�LKOOACC=JK��" KO`��AOOE�LKOOKJK�=RANA�QJ�EIL=PPK�LKOEPERK�OQH�IK@K�EJ�?QE�LAJOE=IK�A�

EI L=NPE=IK�@AE�?KILEPE�=E�JKOPNE�OPQ@AJPE��

�#�P/#-+ 5J�&'+�%0.1+ 5+��#�P/#-+ 5J�&'+�%0.1+ 5+�

" KIEJ?E=IK� ?KH� ?DEA@AN?E� MQ=HA� OE=� H=� qJ=HEP\� @AHHk=OOACJ=VEKJA� @E� ?KILEPE�� "k̂� QJ=� HQJC=�

PN=@EVEKJA�OA?KJ@K�H=�MQ=HA�=�O?QKH=�OE�=OOACJ=JK�?KI LEPE�=�?=O=�=CHE�OPQ@AJPE�A�CHE�EJOACJ=JPE�@E�

JKNI=�HK�CEQOPEq?=JK�?KJ�HA�OACQAJPE�IKPER=VEKJE� ��

n� B=NA�E�?KILEPE�EJOACJ=�=CHE�OPQ@AJPE�=@�AOOANA�NAOLKJO=>EHE��

n� B=NA�E�?KILEPE�KpNA�=CHE�OPQ@AJPE�HkKLLKNPQJEP\�@E�IAPPANA�EJ�LN=PE?=�A�=sJ=NA�HA�LNKLNEA�

?=L=?EP\��

n� Hk=OOACJ=VEKJA�@E�?KILEPE�=�?=O=�OLAOOK�^�?DEAOP=�@=E�CAJEPKNE��

� 
 � � � � � � � � � � � � 
 � � �

D��



n� EH�RKHQI A�@AE�?KILEPE�=OOACJ=PE�OLAOOK�^�AMQEL=N=PK�=H�NECKNA�A�=HH=�MQ=HEP\�

@AHHkEJOACJ=JPA��

n� E�?KILEPE�=�?=O=�OKJK�QJ�NEPK�@E�L=OO=CCEK��

$LLQNA�HA�NE?AN?DA� �OQHHkEJ?E@AJV=�@AE�?KILEPE�=�?=O=�OQHHk=LLNAJ@EIAJPK�@ACHE�OPQ@AJPE�A�OQHH=�

HKNK�REP=�@KI AOPE?=�JKJ�D=JJK�LNK@KPPK�NEOQHP=PE�IKHPK�LKOEPERE�A�=H?QJE�OPQ@E�D=JJK�LANOEJK�

NEHAR=PK� NELAN?QOOEKJE� JAC=PERA�� 0QEJ@E�� EH� MQAOEPK� LNEJ?EL=HA� ?DA� CHE� EJOACJ=JPE� @KRN=JJK�

OAILNA� ?KJOE@AN=NA� �̂� X)H4?8� 4CCE8A7<@8AGB� E<FH?G8EQ� 74??[4FF8:A4M<BA8� 7<� 6B@C<G<�Y�� - AH� LKNOE�

MQAOP=�@KI=J @=�CHE�EJOACJ=JPE�@KRNA>>ANK�=J?DA�?KJOE@AN=NA�E�JQKRE�OREHQLLE�@AHH=�PA?JKHKCE=�

A�?KIA�MQAOPE�OPNQIAJPE�LKPNA>>ANK�EJ?E@ANA�OQHHkEJPACNEP\�@AH�?KILEPK�=OOACJ=PK��#KRNAII K�

R=HQP=NA�MQ=JPK�OACQA��

BKNOA�E�?KILEPE�?DA�CHE�EJOACJ=JPE�LNAL=NAN=JJK�O=N=JJK�@ERANOE��,=�HA�O?QKHA�JKJ�LKOOKJK�

ECJKN=NA�E�LNKCNAOOE�N=LE@E�?KILEQPE�@=E� IKPKNE�@E�NE?AN?=��@=E�LNKCN=IIE�@E�RE@AKO?NEPPQN=�A�

@=E�?=H?KH=PKNE�� [� IKHPK�IACHEK�=??KCHEANA�E�?=I>E=IAJPE�A�=@ACQ=NOE��LEQPPKOPK�?DA�?AN?=NA�@E�

NAOEOPANRE��OAJV=�NEQO?ENA�=@�=NNAOP=NHE	 � � ��

 H?QJE� D=JJK� LANOEJK� OQCCANEPK� ?DA� OPNQIAJPE�� ?KIA� LAN� AOAILEK� "D=P&/3 �� LKOOKJK�

BKNJENA� QJ=� I=CCEKNA� L=NEP\� @E� ?KJ@EVEKJE� =� OPQ@AJPE� ?DA� JKJ� NE?ARKJK� I KHPK� =EQPK� =� ?=O=� K�

?DA�OP=JJK�EIL=N=J@K�QJ=�HEJCQ=�@ERANO=�� HPNE�D=JJK�OQCCANEPK�?DA�Hk( �LKOO=�ApAPPER=I AJPA�

AHAR=NA�CHE�OP=J@=N@�A�OLEJCANA�KHPNA�H=�L=@NKJ=JV=�?KJOAJPAJ@K�=CHE�OPQ@AJPE�@E�EILACJ=NOE�EJ�

QJ�=LLNAJ@EIAJPK�LEb�LNKBKJ@K� �� / ANP=JPK�Hk( �CAJAN=PER=�D=�EH�LKPAJVE=HA�@E�?KJOAJPEN?E�@E�

?NA=NA�JQKRA�BKNIA�@E�R=HQP=VEKJA�?DA�Oq@=JK�E�JKOPNE�@EO?AJPE�=�@ERAJP=NA�LEb�?NEPE?E��

" KJOE@AN=PA�?KIA�LKPNAOPA�QO=NA�"D=P&/3�� K�QJ�=HPNK�OPNQIAJPK�@E�( �CAJAN=PER=	�EJ�QJ�IK@K�?NA=PERK�?KJ�

E�RKOPNE�OPQ@AJPE�?KO`�?DA�E�HKNK�?KILEPE�K�HA�HKNK�R=HQP=VEKJE�EJ�?H=OOA�=>>E=JK�LEb�R=HKNA��

2P=�LNAJ@AJ@K�LEA@A�H=�?KJREJVEKJA�?DA�E�LNKCN=IIE�@E�( �CAJAN=PER=��?KIA�"D=P&/3 ��LKOOKJK�

?KJOAJPENA� =CHE� EJOACJ=JPE� @E� NEOL=NIE=NA� EH� PAILK� OLAOK� JAHH=� LE=JEq?=VEKJA� A� JAHH=�

LNKCAPP=VEKJA�@AHHA�=PPEREP\�@E�=LLNAJ@EIAJPK�=EQP=J@K�JAH�?KJPAILK�CHE�OPQ@AJPE�=�OQLAN=NA�

H=� Oq@=� @AHH=� jL=CEJ=� >E=J?=k�� (� LNKCN=IIE� @E� ( � CAJAN=PER=� OKJK� KPPEIE� JAHHK� lOLQP=N� BQKNEm�

@AE� PAOPE�� EJ� MQAOPK� IK@K� EJOACJ=JPE� A� OPQ@AJPE� LKOOKJK� QPEHEVV=NHE� LAN� CAJAN=NA� IKHPE� PELE� @E�

?KJPAJQPE�?KILNAOE��

n� E@AA�LAN�LE=JE�@E@=PPE?E�LAN�E�@K?AJPE��

n� PAIE��

n� LKOP�LAN�>HKC��

n� LKAOEA�K�PAOPE�LAN�?=JVKJE��

n� LNAOAJP=VEKJE��

n� ?K@E?E�EJBKNI=PE?E��

n� OKHQVEKJE�@E�LNK>HAIE�I= PAI=PE?E��

� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

D��



1E?KN@=PA�PQPP=RE=�?DA��=J?DA�OA�OKJK�EJ�CN=@K�@E�l?KJBAVEKJ=NAm�MQ=JPK�AHAJ?=PK�EJ�IK@K�?DA�

=>>E=�QJ�=OLAPPK�IKHPK�AHAC=JPA�A�=PPN=AJPA��E�?KJPAJQPE�LKOOKJK�JKJ�AOOANA�OAILNA�LNA?EOE�K�

=LLNKLNE=PE��/ANP=JPK�@K>>E=IK�AO=IEJ=NA�=PPAJP=IAJPA�A�?NEPE?=I AJPA�E�NEOQHP=PE�LNKLKOPE�A�LKE�

@A?E@ANA�MQ=HE�AHAI AJPE�PN=PPAJANA�A�MQ=HE�=HPNE�AHEIEJ=NA��(JqJA�MQAOPE�OPNQIAJPE�OKJK�@AOPEJ=PE�

=�NEI=JANA�A�@K>>E=IK�jEJOACJ=NHEk�=�EJOACJ=JPE�A�OPQ@AJPE��EJ�IK@K�?DA�LKOO=JK�@A?E@ANA�?KIA�

B=NJA�QOK�=H�IACHEK�JAE�LNKLNE�?KJPAOPE��+kAHAJ?K�@AE�LNKCN=IIE�A�@AHHA�HKNK�BQJVEKJE�^�=J?KN=�EJ�

ARKHQVEKJA�A�JKJ�=>>E=IK�=J?KN=�?ANPAVVA�OQH�LKPAJVE=HA�?DA�AOOE�D=JJK�@E�IK@Eq?=NA�EH�JKOPNK�

I K@K�@E�EJOACJ=NA��@E�EIL=N=NA�A�@E�R=HQP=NA��2KJK�CHE�EJOACJ=JPE�?DA�EJ�@AqJEPER=�@A?E@KJK�OA�

AOOE�OE=JK�QPEHE�LAN�HKNK�A�LAN�E�LNKLNE�=HHEARE�� [�=NNER=PK�EH� IKI AJPK�@E�EJEVE=NA�=�QO=NA�MQAOPE�

OPNQIAJPE� EJ� IK@K� @=� LKPAN� @A?E@ANA� OA� LKOOKJK� =EQP=NRE� =� NEOL=NIE=NA� PAILK� A� OA� LKOOKJK�

=EQP=NA�E�RKOPNE�OPQ@AJPE�=�OREHQLL=NA�HA�?KILAPAJVA�BKJ@=IAJP=HE�JA?AOO=NEA�LAN�RERANA�A�H=RKN=NA�

JAH�RAJPQJAOEIK�OA?KHK��

/ AN� EJEVE=NA� =� LAJO=NA� =@� =HPNA� LKOOE>EHEP\� LKPNAOPA� RKHAN� ?KJOQHP=NA�MQAOPK� >HKC��� HACCANA�

=H?QJA�@AHHA�E@AA�?KJ@EREOA�A�?KJOE@AN=NA�OA�LKOO=JK�AOOANA�=LLHE?=>EHE�=H�RKOPNK�?KJPAOPK��

 

�  DPPLO���PEJUQNH�?KI ��ON�DU�U�
�  DPPLO���SSS �A@SAAG�KNC�PA?DJKHKCU�SEPD
?D=PCLP
PA=?DANO
?=J
LH=J
HAOOKJO
SNEPA
AI=EHO


=J@
I KNA
SD=PO
PDA
?=P?D��� �� �� ��
�  DPPLO���SSS �JUPEIAO�?KI ��� �� ��� ��� �PA?DJKHKCU�J AS=NG
O?DKKHO
GD=J
PQPKNEJC


=E�DPIH�=?PEKJ�?HE?G�I K@QHA�1 AH=PA@+EJGO�LCPULA� NPE?HA�
�� DPPLO��� IE ?DEC=JRENPQ=H�KNC�>HKC�DKS
SEHH
=NPEq?E=H
EJPAHHECAJ?A
?D=JCA
A@Q?=PEKJ��
� DPPLO��� JU�?D=HG>A=P�KNC��� �� �� �� ������ ��� �J U?
O?DKKHO
>=J
?D=PCLP
SNEPEJC
=NPEq?E=H


EJPAHHECAJ?A�
�  DPPLO���SSS �S=ODEJCPKJLKOP�?KI �A@Q?=PEKJ��� �� �� ���� �J U?
O?DKKHO
>=J
?D=PCLP��
�  E>E@�
� DPPLO���D=E�OP=JBKN@�A@Q�J ASO�=E
SEHH
PN=JOBKNI
PA=?DEJC
=J@
HA=NJEJC
HAPO
CAP
EP
NECDP�
�  DPPLO���SSS �=O?@�KNC�>HKCO�S D=PO
PDA
LQNLKOA
KB
DKI ASKNG�
� �� DPPLO���PDA?KJRANO=PEKJ�?KI �?D=PCLP
EOJP
PDA
@A=PD
KB
DKI ASKNG
FQOP
=J
KLLKNPQJEPU
BKN


O?DKKHO
PK
@K
PDEJCO
@EpANAJPHU
�������

� 
 � � � � � � � � � � � � 
 � � �

D�	

https://nexus-education.com/blog/unleashing-the-power-of-chat-gpt-in-education/
https://tinyurl.com/3sr2hy6y
https://www.edweek.org/technology/with-chatgpt-teachers-can-plan-lessons-write-emails-and-more-whats-the-catch/2023/01
https://www.edweek.org/technology/with-chatgpt-teachers-can-plan-lessons-write-emails-and-more-whats-the-catch/2023/01
https://www.nytimes.com/2023/06/26/technology/newark-schools-khan-tutoring-ai.html?action=click&module=RelatedLinks&pgtype=Article
https://www.nytimes.com/2023/06/26/technology/newark-schools-khan-tutoring-ai.html?action=click&module=RelatedLinks&pgtype=Article
https://michiganvirtual.org/blog/how-will-artificial-intelligence-change-education/
https://ny.chalkbeat.org/2023/1/3/23537987/nyc-schools-ban-chatgpt-writing-artificial-intelligence
https://ny.chalkbeat.org/2023/1/3/23537987/nyc-schools-ban-chatgpt-writing-artificial-intelligence
https://www.washingtonpost.com/education/2023/01/05/nyc-schools-ban-chatgpt/
https://hai.stanford.edu/news/ai-will-transform-teaching-and-learning-lets-get-it-right
https://www.ascd.org/blogs/whats-the-purpose-of-homework
https://theconversation.com/chatgpt-isnt-the-death-of-homework-just-an-opportunity-for-schools-to-do-things-differently-205053
https://theconversation.com/chatgpt-isnt-the-death-of-homework-just-an-opportunity-for-schools-to-do-things-differently-205053


�� S�

��.'%%#/+4.+�&'-- I�
�)'/'3#5+ 7#�

, -4$+�&$-3(+$�$�%  !1(9(.�%  +"'(�

+=�CN=J@A�LKLKH=NEP\�KPPAJQP=�EJ�QJ�LANEK@K�@E�PAILK�>NARA�@=E�OEOPAIE�@E�@E=HKCK�EJ�HEJCQ=CCEK�

J=PQN=HA�?KIL=NOE�NA?AJPAIAJPA��?KI A�"D=P&/3 ��!= N@�A�++ ,=�
? D=P	�?DA�QPEHEVV=JK�I K@AHHE�

HEJCQEOPE?E�@E�CN=J@E�@EIAJOEKJE�D=�CAJAN=PK�@E>=PPEPE�=??AOE�PQPPKN=�=LANPE�OQ�OR=NE=PE�=OLAPPE��

[� EJ@Q>>E=IAJPA� =p=O?EJ=JPA� ?DEA@ANOE� ?KIA� QJ� OEOPAI=� EJBKNI=PE?K� NACKH=PK� @=� AMQ=VEKJE�

I= PAI=PE?DA� NAH=PER=I AJPA� OAILHE?E� OE=� EJ� CN=@K� @E� CAJAN=NA� ?KILKNP=IAJPE� ?DA� I KHPE�

@AqJENA>>ANK�jEJPAHHECAJPEk��

3QPP=RE=��MQAOPK�?=LEPKHK�JKJ�?AN?DAN\�@E�BKNJENA�NEOLKOPA�=�EJPANNKC=PERE�?KIA��N!�@B78??<�

$$%�;4 AAB�6B@CBEG4@8AG<�6;8�CBFF<4@B�78`A<E8�<AG8??<:8AG<�O	�N)H4?�R�?4�I8E4�A4GHE4�78??[<AG8??<:8AM4�

H@4A4�O	�N�B@8�CBFF<4@B�78`A<E8�?4�6E84G<I<GQ�O�A�=@�=HPNA�@KI=J @A�=J=HKCDA�@E�OE?QNK�EJPANAOOA�

?DA�NEI=JCKJK�A�?KJPEJQAN=JJK�BKNOA�=�NEI=JANA�LAN�HQJCK�PAILK�OAJV=�NEOLKOP=�A�LANP=JPK�

NE?DEA@ANA>>ANK�EJ@=CEJE�IKHPK�LEb�=LLNKBKJ@EPA��

(JRA?A�� ?AN?DANAIK� @E� LNAOAJP=NA� QJ=� L=JKN=IE?=� =??AOOE>EHA� =E� JKJ� AOLANPE� LAN�

LNKIQKRANA� H=� ?KILNAJOEKJA� @AE� IA??=JEOIE� =HH=� >=OA� @AH� BQJVEKJ=I AJPK� @AE� IK@AHHE�

HEJCQEOPE?E�@E�CN=J@E�@EIAJOEKJE��[�OKHP=JPK�=PPN=RANOK�QJ=�?KJO=LARKHAVV=�=??NAO?EQP=�@E�MQAOPE�

I A??=JEOIE� ?DA� ^� LKOOE>EHA� ?KILNAJ@ANJA� LKPAJVE=HA� A� NEO?DE� A� LNKIQKRANJA� HkQOK� ?KNNAPPK��

OKLN=PPQPPK�JAH�?=ILK�@AHHkEOPNQVEKJA��

4J� LNEIK� BN=EJPAJ@EIAJPK� IKHPK� @EpQOK� @=� BQC=NA� ^� ?DA� MQAOPE� OEOPAIE� OE=JK�

BKJ@=IAJP=HIAJPA�@AHHA�CN=J@E�>=J?DA�@=PE�?KOPEPQEPA�@=�?KLLEA�@E�@KI=J @A
NEOLKOPA��0QAOP=�

E@A=��?DA�JKJ�?KNNEOLKJ@A�=HH=�NA=HP\��@ANER=�@=�LN=PE?DA�LEb�K�I AJK�@EpQOA�?DA�OE�OKJK�=PPAOP=PA�

JAH�?KNOK�@ACHE�=JJE�LAN�H=�?NA=VEKJA�@AE�OEOPAIE�?D=P>KP��RE�NEI=J@E=IK�=H�?=LEPKHK�LANPEJAJPA	��

- AHHK�OPAOOK�PAILK��MQAOP=�E@A=�JKJ�NAJ@A�CEQOPEVE=�=H�?=N=PPANA�CAJAN=PERK�@AE�++,��

(� I K@AHHE� HEJCQEOPE?E� OKJK� @AE� IK@AHHE� OP=PEOPE?E� EJ� CN=@K� @E� =PPNE>QENA� QJ=� LNK>=>EHEP\� @E�

NE?KNNAJV=�=@�QJ=�LKNVEKJA�@E�PAOPK��@E�JKNI=�QJ=�L=NKH=	�?KI A�BQJVEKJA�@E�QJ�?KJPAOPK�@=PK��

?DA�@E�OKHEPK�^�@AqJEPK�@=HH=�OANEA�@E�L=NKHA�?DA�LNA?A@A�H=�L=NKH=�LNAREOP=��

 E� I K@AHHE�AH=>KN=PE�QPEHEVV=J@K�QJ�=LLNK??EK�LQN=IAJPA�OP=PEOPE?K� �LAN�AO���HA�?=PAJA�@E�

,= NGKR��@AqJEPA�=J?DA�I K@AHHE�J
CN=I	�OE�OKJK�=CCEQJPE�JAH�?KNOK�@AH�PAILK�=J?DA�E�IK@AHHE�

HEJCQEOPE?E�NE?=R=PE�@=HHA�NAPE�JAQN=HE���0QAOPE�OKJK�ARKHQPE�OE=�LAN�MQ=JPK�?KJ?ANJA�H=�OPNQPPQN=�

@AHHA�NAPE�OE=�LAN�MQ=JPK�?KJ?ANJA�H=�@EIAJOEKJA�@E�MQAHHA�NAPE��

� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

D	T



.C CE�@AqJE=IK�I K@AHHE�HEJCQEOPE?E�@E�CN=J@E�@EIAJOEKJE��++,	�LNA?EO=IAJPA�MQAOPK�PELK�@E�

I K@AHHE�HEJCQEOPE?E�>=O=PE�OQ�NAPE�JAQN=HE�@E�CN=J@E�@EIAJOEKJE�=@@AOPN=PA�OQ�EJCAJPE�MQ=JPEP=PERE�

@E�@=PE��

.J A�KN�IKNA�EJPAN=?PERA�AHAI AJPO�D=O�>AAJ�AT?HQ@A@�BNKI�PDEO�RANOEKJ�KB�PDA�PATP��8KQ�?=J�REAS�

PDAI�KJHEJA�DANA��DPPLO���LNAOO>KKGO�LQ>�EJPAHHECAJV==NPEq?E=HA��L�����KAI >A@
��

#E�?KJOACQAJV=��@E=IK�EJEVEK�=HH=�JKOPN=�EJ@=CEJA�OKOPAJAJ@K�?DA�E�IK@AHHE�HEJCQEOPE?E�CAJAN=JK�

PAOPE�LEQPPKOPK�?DA�HEIEP=NOE�=�NA?QLAN=NHE�@=�QJ=�>=OA�@E�?KJKO?AJV=�LNA?KOPEPQEP=��

+k=OLAPPK�CAJAN=PERK�A�H=�OQ=�J=PQN=�AOOAJVE=HIAJPA�BKJ@=P=�OQHHA�EJPQEVEKJE�@ACHE�AOLANPE�

NAJ@KJK�EILNARA@E>EHA�?KIA�QJ�OEOPAI=�++,�LKPNA>>A�NA=CENA�=CHE�EJLQP�@E�QJ�QPAJPA��0QAOP=�

?=N=PPANEOPE?=�LANP=JPK�LKNP=�=�@Es@=NA�@E�MQAOPE�OEOPAIE�EJ�NAH=VEKJA�=HH=�HKNK�LKPAJVE=HA�?=L=?EP\�

@E�CAJAN=NA�PAOPE�B=HOE�K�EILNA?EOE��

/ ANP=JPK��MQAOPK�=PPNE>QPK�^�OE=�QJ�PN=CQ=N@K�PA?JKHKCE?K�JKPARKHA�LAN�MQ=JPK�?KJ?ANJA�

H=� ?=L=?EP\� @AHH=� I=??DEJ=� @E� ?KILNAJ@ANA� A� LNK@QNNA� PAOPE� OE=�� A� ?KJPAOPQ=HIAJPA�� QJK� @AE�

LNEJ?EL=HE�LANE?KHE�@E�MQAOPA�PA?JKHKCEA��

" AN?DE=IK�LANa�@E�?KJKO?ANA�IACHEK�MQAOPE�OEOPAIE��

" KI A�=??=@A�LAN�MQ=HOE=OE�NERKHQVEKJA�PA?JKHKCE?=��E�B=PPKNE�@EAPNK�=�MQAOP=�O?KLANP=�OKJK�

I KHPALHE?E�� 2AILHEq?=J@K�� ?EPE=IK� E� LNEJ?EL=HE� KpNAJ@K� =H� HAPPKNA� @AE� NEBANEIAJPE� EJ� CN=@K� @E�

CQE@=NHK�EJ�OQ??AOOERE�OPQ@E�=LLNKBKJ@EPE��

n� H=�@EIAJOEKJA�@AHH=�NAPA��REAJA�IEOQN=P=�=PPN=RANOK�EH�JQI ANK�@E�L=N=IAPNE�=@@AOPN=>EHE�

=HHkEJPANJK�@AHH=�NAPA��(�I K@AHHE�HEJCQEOPE?E�@E�CN=J@E�@EIAJOEKJE�OKJK�NAPE�JAQN=HE�

LNKBKJ@A��?=N=PPANEVV=PA�@=�QJ�JQI ANK�AOKN>EP=JPA�@E�JK@E�A�@E�OPN=PE��/AN�BKNJENA�QJ�

KN@EJA�@E�CN=J@AVV=��=H?QJE�AOLANPE�@AH�OAPPKNA�@AqJEO?KJK�E�IK@AHHE�HEJCQEOPE?E�j@E�

CN=J@E�@EIAJOEKJEk�MQ=J@K�OKJK�?=N=PPANEVV=PE�@=�LEb�@E�@EA?E�IEHE=N@E�@E�L=N=IAPNE��/AN�

EJ@E?=NRE�QJ�KN@EJA�@E�CN=J@AVV=�?KJ?NAPK��EH�IK@AHHK�&/3 ��D=�?AJPK?EJMQ=JP=�IEHE=N@E�

@E�L=N=IAPNE��IAJPNA�H=�RANOEKJA�LEb�=I LE=�@E�++ ,=�R��J A�D=�?EN?=�OAPP=JP=�IEHE=N@E��

n� +k=N?DEPAPPQN=�@E�NAPA��E�OQ??AOOE�JKJ�OKJK�C=N=JPEPE�OKHP=JPK�@=HHA�@EIAJOEKJE�@AHH=�NAPA��

I=�=J ?DA�@=H�IK@K�EJ�?QE�E�JK@E�A�E�@ERANOE�OPN=PE�@AHH=�NAPA�JAQN=HA�OKJK�EJPAN?KJJAOOE��

 J ?KN=�QJ=�RKHP=��OAILHEq?=J@K��LKOOE=IK�E@AJPEq?=NA�HA�NAPE�PN=JOBKNIAN�A�E�

I A??=JEOIE�@E�=PPAJVEKJA�?KI A�HA�LNEJ?EL=HE�EJJKR=VEKJE�=N?DEPAPPKJE?DA�?DA�=EQP=JK�=�

?KI LNAJ@ANA�EH�IECHEKN=IAJPK�@AHHkAs?EAJV=�@E�MQAOPA�NAPE��

n� (H�MQ=JPEP=PERK�@E�@=PE�@EOLKJE>EHE�LAN�Hk=@@AOPN=IAJPK��H=�CN=J@A�@EOLKJE>EHEP\�@E�@=PE�^�

EJ@Q>>E=IAJPA�QJ�AHAI AJPK�AOOAJVE=HA�JAHHk=@@AOPN=IAJPK�@E�P=HE�IK@AHHE��I=�EJ�NA=HP\�

?Ea�^�OP=PK�?KJOKHE@=PK�@=�IKHPE�=JJE�A�=JPE?EL=�@E�IKHPK�HkEJPNK@QVEKJA�@E�MQAOPE�

I K@AHHE��(H�B=PPKNA�@E�EJJKR=VEKJA�LNEJ?EL=HA�LANP=JPK�NEOEA@A�JAHHA�PA?JE?DA�@E�

=@@AOPN=IAJPK�A�JAH�LNK?AOOK�@E�OAHAVEKJA�A�LNAL=N=VEKJA�?DA�LKNP=�@=E�@=PE�=H�OAP�@E�

=@@AOPN=IAJPK�@AqJEPK�=LLNAJ@EIAJPK�=QPKOQLANREOEKJ=PK��

� 
 � � � � � � � � � � � � 
 � � �

D	D



n� +k=PPQ=HA�?=L=?EP\�@E�?=H?KHK��?DE=N=IAJPA��QJ=�I=CCEKNA�?=L=?EP\�@E�?=H?KHK�D=�ORKHPK�

QJ�NQKHK�@A?EOERK�JAH�NAJ@ANA�LKOOE>EHA�EH�N=CCEQJCEIAJPK�@AHHA�@EIAJOEKJE�@E�MQAOPA�

NAPE��+kAOLANEAJV=�AILENE?=�OAI>N=�IKOPN=NA�?DA�EH�B=PPKNA�@E�O?=H=�^�LNA?EO=IAJPA�QJK�

@AE�L=N=IAPNE�AOOAJVE=HE�=sJ?D_�MQAOPE�?KILKNP=IAJPE�AIANC=JK��

n� (�I A??=JEOIE�@E�=CCEQOP=IAJPK��QJ�=HPNK�AHAI AJPK��OLAOOK�ECJKN=PK��^�?KOPEPQEPK�@=E�

I A??=JEOIE�@E�=CCEQOP=IAJPK�?DA�N=LLNAOAJP=JK�HkQHPEIK�L=OO=CCEK�JAH�LNK?AOOK�@E�

AH=>KN=VEKJA�@E�P=HE�IK@AHHE��(J�L=NPE?KH=NA��B=??E=IK�NEBANEIAJPK�=E�IA??=JEOIE�@E�

=LLNAJ@EIAJPK�LAN�NEJBKNVK�?KJ�BAA@>=?G�QI=JK�A�@E�N=JGEJC�?DA�?KJPNE>QEO?KJK�=HH=�

@AqJEVEKJA�@AH�IK@AHHK��QPEHEVV=PE�LAN�LNK@QNNA�NEOLKOPA�LEb�=HHEJA=PA�=HHA�EJPAJVEKJE�

@AHHkQPAJPA�� @�AOOE�@K>>E=IK�LKE�=CCEQJCANA�PQPPE�E�LNK?AOOE�@E�LANBAVEKJ=I AJPK�?DA�

?KJOAJPKJK�H=�OLA?E=HEVV=VEKJA�A�EH�IECHEKN=IAJPK�@AH�?KILKNP=IAJPK�@E�MQAOPA�NAPE�

JAHHkAOA?QVEKJA�@E�=PPEREP\�OLA?Eq?DA��

n� 4J=�LELAHEJA�OE?QN=��=??=JPK�=H�IK@AHHK�@E�=LLNAJ@EIAJPK�LNKBKJ@K��AOEOPKJK�@AHHA�

PA?JE?DA�=@
DK?�E@A=PA�LAN�NE@QNNA�HA�BN=CEHEP\�@AH�OEOPAI=�EJ�NAH=VEKJA�?KJ�EJLQP�JKJ�

OE?QNE�A@�AREP=NA�?KILKNP=IAJPE�EJ@AOE@AN=PE�JAE�?KJBNKJPE�@E�EJLQP�P=JPK�OE?QNE�MQ=JPK�

JKJ�OE?QNE��

 � M QAOPK� LQJPK�� ?KJO=LARKHE� @AE� @ERANOE� B=PPKNE� ?DA� ?=N=PPANEVV=JK� E� ++,�� @K>>E=IK� OKHK�

AO=IEJ=NA� EH� LKPAJVE=HA� @E� P=HE� OEOPAIE� IAPPAJ@KHE� =HH=� LNKR=� JAH� JKOPNK� ?KJPAOPK� @E@=PPE?K��

" AN?DE=IK�@E�L=NH=NA�=�"D=P&/3�K�=�!=N@�EJ�IK@K�?DA�?E�=EQPEJK�=�AH=>KN=NA�JQKRE�AOAN?EVE�A�=@�

=@=PP=NHE�=HHA�AOECAJVA�OLA?Eq?DA�@AE�JKOPNE�OPQ@AJPE��=�?NA=NA�JQKRE�LE=JE�@E@=PPE?E�?KJ�?KJPAJQPE�

?KNNAH=PE�A�IKHPK�=HPNK�=J?KN=��#ELAJ@A�PQPPK�@=HH=�RKOPN=�?NA=PEREP\�A�@=H�IK@K�EJ�?QE�EIL=N=PA�=�

@E=HKC=NA�?KJ�MQAOPE�OEOPAIE��

- KP=�- KP=��KCJQJK�@E�MQAOPE�B=PPKNE�NE?DEA@A�EH�@KRQPK�=LLNKBKJ@EIAJPK��/ KOOE=IK�BKNJENA�QJ�AHAJ?K�

@E�NEBANEIAJPE�=CHE�EJPANAOO=PE��

 

��!AJ CEK��8���#Q?D=NI A��1�����5 EJ?AJP��/��� �J AQN=H�LNK>=>EHEOPE?�H=JCQ=CA�I K@AH�� @R=J?AO�EJ�

JAQN=H�EJBKNI=PEKJ�LNK?AOOEJC�OUOPAIO������������
� �5 =OS=JE�� ���2D=VAAN��- ���/ =NI=N��- ���4OVGKNAEP��)���)KJAO��+���&KIAV�� ��- ���o���/ KHKOQGDEJ��

(����GG8AG<BA�<F�4??�LBH�A887	� @R=J?AO�EJ�JAQN=H�EJBKNI=PEKJ�LNK?AOOEJC�OUOPAIO���� ���� �� ��

� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

D	�



�� S�

� I#35'R�-#�%#1#%+5J�#35+)+#/#-'�0�
-#�4%+'/;#�&+�'-#$03#3'�130.15�

!  23($-�, 22$�

(J� MQAOPK� ?=LEPKHK� LQJPE=IK� =� OREHQLL=NA� QJ=� IAPK@KHKCE=� ?DA� ?E� ?KJOAJPA� @E� AH=>KN=NA� @AE�

LNKILP�As?=?E�B=?AJ@K�NE?KNOK�=�QJ=�OANEA�@E�L=OO=CCE��?KJOECHE�A@�AOLA@EAJPE��[�BKJ@=IAJP=HA�

NE?KN@=NA�?DA�E�OEOPAIE�@E�( �CAJAN=PER=�LKOOKJK�LNK@QNNA�QJ=�R=OP=�C=II=�@E�KQPLQP��LAN�AO��

EII= CEJE��PAOPE��?K@E?E��OEPE�SA>��qHI=PE��A??�	��.CJE�LE=PP=BKNI=�D=�E�OQKE�LQJPE�@E�BKNV=�A�E�OQKE�

HEIEPE�A�BQJVEKJ=�OQHH=�>=OA�@E�QJ=�HKCE?=�OLA?Eq?=��0QEJ@E�LNEI=�@E�PQPPK��=??ANP=PARE�@E�B=NA�

NE?KNOK�=H�IK@AHHK�?KNNAPPK�LAN�QJ�@APANIEJ=PK�H=RKNK��+A�HEJAA�CQE@=�NELKNP=PA�@E�OACQEPK�OKJK�

OP=PA�LAJO=PA�?KIA�HA�LN=PE?DA�IECHEKNE�=@=PPA�=HH=�I=CCEKN�L=NPA�@AHHA�OEPQ=VEKJE��

" KIEJ?E=IK�?KH�@AqJENA�?KO=�?KOPEPQEO?=�QJ�j>QKJ�LNKILPk��(@A=HIAJPA�RKNNAIIK��

n� ?DA�EH�LNKILP�LNK@Q?=�QJ=�NEOLKOP=�?DA�OK@@EOq�HA�JKOPNA�AOECAJVA�EJ�I=PANE=�@E�

?KJPAJQPK��BKNI=�A�LNA?EOEKJA��

n� ?DA�HA�EJBKNI=VEKJE�BKNJEPA�OE=JK�LNA?EOA��R=HE@A�K�=HIAJK�RANEq?=>EHE��

n� ?DA�EH�NEOQHP=PK�CAJAN=PK�OE=�NALHE?=>EHA��

n� QJ�=LLNK??EK�IEJEI=HEOP=�MQ=J@K�OE�BKNJEO?KJK�E�@APP=CHE�JA?AOO=NE�LAN�AH=>KN=NA�EH�

LNKILP��

� #4'�DB�
'P/+3'�+-�3+46- 5#50�&'4+&'3#50�� #4'�DB�
'P/+3'�+-�3+46- 5#50�&'4+&'3#50�

" KI A�=??=@A�JAH�?=OK�@E�MQ=HOE=OE�NE?AN?=��QJ=�LE=JEq?=VEKJA�LNAHEIEJ=NA�^�BKJ@=IAJP=HA��2E�

@ARA� =RANA� QJ=� REOEKJA� ?DE=N=� @AHHkKQPLQP� ?DA� ?E� OE� =PPAJ@A�� / KPNA>>A� PN=PP=NOE� @E� OAILHE?E�

EJBKNI=VEKJE�K�BKNOA�OE�LKPNA>>A�LQJP=NA�=�LNK@QNNA�QJ�PELK�@E�?KJPAJQPK�OLA?Eq?K��?DA�OE=�QJ�

PAOPK�@E�OKHA�L=NKHA��QJK�OPEHA�=NPEOPE?K�=HHkEJPANJK�@E�QJkEII= CEJA��QJ�?K@E?A�O?=NE?=>EHA�K�QJ=�

P=>AHH=�@E�@=PE��(�PELE�@E�?KJPAJQPK�CAJAN=PE�@=HHk( �OKJK�R=NE�A�@ELAJ@KJK�EJ�CN=J@A�IEOQN=�@=HH=�

OLA?Eq?EP\�@AHH=�NE?DEAOP=��0QEJ@E�^�EILKNP=JPA�?DE=NENA�LAN�LNEI=�?KO=�HA�LNKLNEA�EJPAJVEKJE��

n� MQ=HE�OKJK�HK�O?KLK�A�HkK>EAPPERK�@AHH=�NE?AN?=��

n� " KI A�OE�QPEHEVVAN\�H=�NEOLKOP=�CAJAN=P=��

� 
 � � � � � � � � � � � � 
 � � �

D	�



n� $OEOPKJK�REJ?KHE�K�NAMQEOEPE�OLA?Eq?E�?KJ?ANJAJPE�EH�NEOQHP=PK�LNK@KPPK��

/ AN�AOAILEK��EJ�QJ=�>E>HEKPA?=��JKE�JKJ�LNAHARANAII K�HE>NE�=�?=OK�OLAN=J@K�@E�PNKR=NA�=H�HKNK�

EJPANJK� HA� EJBKNI=VEKJE� LNA?EOA� JA?AOO=NEA�� " NA=NA� QJ� LNKILP� ^� EJ� MQ=H?DA� I K@K� OEIEHA� =�

?DEA@ANA�=�QJ�>E>HEKPA?=NEK�@AE�@=PE�OLA?Eq?E��OE=�HA�I= ??DEJA�OE=�CHE�AOOANE�QI=JE�D=JJK�>EOKCJK�

@E�=H?QJA�EJBKNI=VEKJE�LNEI=�@E�LKPAN�AH=>KN=NA�HA�NE?DEAOPA��

$OAILEK�

.>E APPERK�.>E APPERK��B=NA�NE?KNOK�=�QJk( �CAJAN=PNE?A�@E�PAOPE�LAN�LNAL=N=NA�CHE�AOAN?EVE�LAN�E�IEAE�OPQ@AJPE��

4OK�4OK��AOAN?EVE�@=�@EOPNE>QENA�EJ�?H=OOA��

%KNI=PK�%KNI=PK��QJ�AOAN?EVEK�@E�EJCHAOA�OQE�RAN>E�ENNACKH=NE�LAN�=HQJJE�@E�OA?KJ@=�AHAI AJP=NA�

� #4'��B�� 03/+3'�+-�%0/5'450�� #4'��B�� 03/+3'�+-�%0/5'450�

(H�?KJPAOPK�^�H=�?KHKJJ=�LKNP=JPA�LAN�Hk( �CAJAN=PER=��1E?KN@=PA�OAILNA�?DA�EH�LNKILP�BQJCAN\�

@=� EJBN=OPNQPPQN=� OAI=JPE?=� OQHH=� MQ=HA� Hk( � AH=>KN=� H=� LNKLNE=� NEOLKOP=�� 3QPPK� ?Ea� ?DA� B=� OE�

BKJ@=�OQHH=�?KOPNQVEKJA�@E�QJ=�OAMQAJV=�@E�L=NKHA�HKCE?=��?KANAJPA�A�LNK>=>EHA�?KJOACQAJPA�=H�

RKOPNK�LNKILP��0QEJ@E��@QN=JPA�MQAOP=�B=OA�?NQ?E=HA��LKPAPA�CQE@=NA�Hk( �?KJ�H=�RKOPN=�O?AHP=�

@E� L=NKHA�� NEBANEIAJPE� K� OQCCANEIAJPE�� /Eb� OKHE@K� ^� EH� ?KJPAOPK�� LEb� ^� LNK>=>EHA� ?DA� NE?ARE=PA�

QJ=� NEOLKOP=� ?DA� ?KNNEOLKJ@A� =HHA� RKOPNA� =PPAOA�� LNKLNEK� ?KI A� EH� H=RKNK� @E� QJ� >E>HEKPA?=NEK� OE�

OAILHEq?=�JKPARKHIAJPA�O=LAJ@K�OA�OEAPA�QJ�EJOACJ=JPA�@E�O?QKH=�OQLANEKNA�K�QJK�OPQ@AJPA�@E�

O?QKH=�IA@E=��OA�?KJKO?APA�CE\�QJ�LKk�Hk=NCKI AJPK��LAN�?KO=�QPEHEVVANAPA�EH�?KJPAJQPK�A�OA�=RAPA�

@AE�NAMQEOEPE�OLA?Eq?E�@E�BKNI=PK��/ NAJ@APARE�EH�PAILK�JA?AOO=NEK�LAN�AOLNEIANA�?KJ�LNA?EOEKJA�A�

JAE�@APP=CHE�H=�RKOPN=�NE?DEAOP=��qJ=HEP\��K>EAPPERE�@E�=LLNAJ@EIAJPK��LQ>>HE?K�HERAHHK�P=NCAP��=VEKJE�

@AOE@AN=PA��BKNI=PK��OPNQPPQN=��AHAJ?K��I= LL=�?KJ?APPQ=HA��OEJP=OOE��HERAHHK�HEJCQEOPE?K�o	��

$OAILEK�$OAILEK�

X2KJK�QJ�EJOACJ=JPA�AHAI AJP=NA��#AOE@ANK�?NA=NA�QJ�AOAN?EVEK�LAN�E�IEAE�=HQJJE�@E�OA?KJ@=��OAE�h�OAPPA�=JJE	��@=�

ORKHCANA�EJ�?H=OOA��0QAOPK�AOAN?EVEK�@KRNA>>A�RANPANA�OQH�L=OO=PK�@AE�RAN>E�ENNACKH=NE�EJ�EJCHAOA��%KNJEO?EIE�QJ�PAOPK�

@=�?KILEH=NA�?KJ�@EA?E�MQAOEPE�OQ�MQAOPK�=NCKI AJPK��OACQEPK�@=HH=�OQ=�?KNNAVEKJAY��

� #4'��B�
/#-+;;#3'R�7'3+P%#3'�'�1'/4#3'�+/�.0&0�%3+ 5+%0�� #4'��B�
/#-+;;#3'R�7'3+P%#3'�'�1'/4#3'�+/�.0&0�%3+ 5+%0�

0Q=J@K�Hk( �BKNJEO?A�H=�OQ=�LNEI=�NEOLKOP=��LKOOKJK�RANEq?=NOE�@QA�ELKPAOE��

n� H=�NEOLKOP=�JKJ�?KNNEOLKJ@A�=HHA�=PPAOA�EJ�PANIEJE�@E�MQ=HEP\��BKNI=�K�?KJPAJQPK��KLLQNA�

Hk( �EJ@E?=�@E�JKJ�AOOANA�EJ�CN=@K�@E�OK@@EOB=NA�H=�NE?DEAOP=��(J�?=OE�@AH�CAJANA��LNAJ@APA�

� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

D	�



EJ�?KJOE@AN=VEKJA�HA�LKOOE>EHEP\�@E�NEBKNIQH=NA�EH�LNKILP��BKNJENA�LEb�?KJPAOPK�K�

OLA?Eq?=NA�QHPANEKNIAJPA�HA�RKOPNA�AOECAJVA��5 =HA�=J?DA�H=�LAJ=�?KJKO?ANA�HA�?=L=?EP\�A�

E�HEIEPE�@AHH=�LE=PP=BKNI=��LAN�AOAILEK��QJ=�LE=PP=BKNI=�?DA�NEqQP=�@E�BKNJENRE�@AE�HEJG�

AOPANJE�K�@APANIEJ=PE�BKNI=PE	��

n� +=�NEOLKOP=�?KNNEOLKJ@A�=�CN=J@E�HEJAA�=HHA�RKOPNA�=PPAOA��(J�MQAOPK�?=OK��RANEq?=PA�HA�

EJBKNI=VEKJE�BKNJEPA�=�BNKJPA�@AHHA�RKOPNA�?KJKO?AJVA�K�B=PA�@AE�?KJPNKHHE�EJ?NK?E=PE�?KJ�

BKJPE�AOPANJA��2A�JA?AOO=NEK��EJ@=C=PA�LEb�=�BKJ@K�?KJ�Hk( �LAN�KPPAJANA�QHPANEKNE�

@APP=CHE�K�BKJPE��

� #4'��B�
(P/#3'�'�%0--#$03#3'�� #4'��B�
(P/#3'�'�%0--#$03#3'�

0QAOP=� B=OA� ^� BNQE>EHA� LNEJ?EL=HIAJPA� ?KJ� HA� ( � CAJAN=PERA� >=O=PA� OQ� ?D=P�� I=�� MQ=J@K� ^�

=??AOOE>EHA�� ^� QJ=� BQJVEKJA� EILKNP=JPA�� #KLK� H=� NEOLKOP=� EJEVE=HA� @AHHk( �� OA� OE� ^� OK@@EOB=PPE�

OE�LQa�KPPEIEVV=NA�EH�?KJPAJQPK�KpNAJ@K�@AHHA�HEJAA�CQE@=�=CCEQJPERA�� " Ea�LQa�?KILKNP=NA�H=�

NACKH=VEKJA�@AHH=�BKNI=�A�@AHH=�?KILHAOOEP\�@AHH=�NEOLKOP=�?NA=J@K�@AHHA�R=NE=VEKJE�K�?DEA@AJ@K�

OLEAC=VEKJE� A� H=� ?EP=VEKJA� @E� BKJPE�� [� ?KIA� ?KNNACCANA� QJ� @K?QIAJPK�� OE� LKOOKJK� EIL=NPENA�

EOPNQVEKJE�=HHk( �?KI A�HK�OE�B=NA>>A�?KJ�QJ�=OOEOPAJPA��

$OAILE�$OAILE�

n� (JPNK@QNNA�@QA�RAN>E�?KJ�BKNIA�@AH�L=OO=PK�LEb�?KI LHAOOA��?KI A�jCK��R=@K	k�?DA�@EREAJA�jSAJP��=J@=E	k	��

n�  CCEQJCANA� QJ=� @KI=J @=� NAH=PER=� =� QJ� RAN>K� ?KJ� QJ=� BKNI=� ENNACKH=NA� EJQOQ=HA� �?KI A� jOSEI�

�JQKP=NA	k�?DA�@EREAJA�jOS=I��JQKP=E	k�A�JKJ�jOSEII A@k	��

n� 4O=NA�BN=OE�LEb�HQJCDA��

n� (JPNK@QNNA�PQPPE�MQAOPE�RAN>E�EJ�QJ�N=??KJPK�>NARA��

n� 2?NERANA�H=�NACKH=�@EO?ELHEJ=JPA�HkQPEHEVVK�@AE�RAN>E�?KJ�L=OO=PK�ENNACKH=NA�EJ�QJ�IK@K�?DA�QJ�>=I>EJK�

@E�OAPPA�=JJE�?KILNAJ@=��

n� / NKLKNNA�QJ=�qH=OPNK??=�LAN�=EQP=NA�=�NE?KN@=NA�=H?QJE�@AE�RAN>E�LEb�KOPE?E��

n� " NA=NA�@AHHA�R=NE=JPE�@E�MQAOPK�AOAN?EVEK��

� #4'��B�
&#55#3'�+-�%0/5'/650�'�#11-+%#3 -0�� #4'��B�
&#55#3'�+-�%0/5'/650�'�#11-+%#3 -0�

 �M QAOPK�LQJPK��@EOLKJAPA�@E�?KJPAJQPE�OK@@EOB=?AJPE��3QPP=RE=�EH�LNK?AOOK�JKJ�PANIEJ=�MQE��

0QAOPK�?KJPAJQPK��?DA�OE�PN=PPE�@E�PAOPE��EII=CEJE��qHI=PE��OEPE�SA>�K�?K@E?E��^�OAILHE?AI AJPA�QJ�

I AVVK�?DA�@KRAPA�=LLHE?=NA�LN=PE?=I AJPA�EJ�QJ�LNK?AOOK�@E@=PPE?K��(JKHPNA�^�N=NK�?DA�MQAOPK�PELK�

@E�?KJPAJQPK�BQJVEKJE�?KO`�?KIk̂ ��MQEJ@E�LKPNA>>A�R=HANA�H=�LAJ=�IK@Eq?=NHK��IECHEKN=J@KHK�A�

=@=PP=J@KHK�=H�RKOPNK�L=NPE?KH=NA�?KJPAOPK��0QAOPK�LANBAVEKJ=I AJPK�OE�?KHHAC=�EJ�IK@K�@ENAPPK�

?KJ� CHE� K>EAPPERE� @AqJEPE� JAHH=� %=OA� �� EJ� L=NPE?KH=N� I K@K� EH� jLAN?D_k� A� EH� j?KI Ak� @AH� RKOPNK�

=LLNK??EK��(J�MQ=JPK�@K?AJPE��^�=�MQAOPK�LQJPK�?DA�LKPAPA�=CCEQJCANA�R=HKNA��=OOE?QN=J@K�?DA�EH�

� 
 � � � � � � � � � � � � 
 � � �

D	�



?KJPAJQPK�OE=�OPEIKH=JPA��?NA=PERK��K�EJJKR=PERK��/ KE�LKPAPA�AO=IEJ=NA��OPNQPPQN=NA�A�KNC=JEVV=NA�

EH�RKOPNK�?KJPAJQPK�EJ�IK@K�=LLNKLNE=PK��

� � � � � 
 � � 
 � � � � � � 
 
 � 
 � � � � � 
 � ! � �

D	�



�	 S�

� I�
�&')'/'3#5+ 7#�A��#35'�D�
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2E=� H=� BKNI=� OE=� EH� ?KJPAJQPK� @AHHkKQPLQP� LKOOKJK� =I LE=IAJPA� R=NE=NA� =J?DA� H=@@KRA� H=�

@EpANAJV=�JAH�LNKILP�A�JAHH=�OPKNE=�@AHHkQPAJPA�OE=�IEJEI=� ��2A�=�@QA�OPQ@AJPE�BKOOA�=OOACJ=PK�
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LNACEQ@EVE� A� IKHPE� OPANAKPELE�� /AN� AOAILEK� QJ� LNKILP� EJOANEPK� EJ� "D=P&/3� NELKNP=R=��
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LNKJKI A� lHAEm�� "D= P
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?DA�LQa�AOOANA�CAJAN=PK�@=HHk( �CAJAN=PER=�^�JA?AOO=NE=IAJPA�MQ=H?KO=�?DA�^�>=O=PK�OQ�?Ea�=�?QE�
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=LLNAJ@EIAJPK�@ERANOA��
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=QI AJP=P=�@E�PNA?AJPKIEH=�RKHPA�JACHE�QHPEIE�OAE�=JJE���+k=@@AOPN=IAJPK�@E�IK@AHHE�HEJCQEOPE?E�@E�
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MQAOPK�LNK?AOOK���

$LLQNA�� I AJPNA� RAJCKJK� @ERQHC=PE� @=PE� NAH=PERE� =HHA� LNAOP=VEKJE� @E� MQAOPE� IK@AHHE�� EH� HKNK�

?KOPK�LAN�Hk=I >EAJPA�^�N=N=IAJPA�KCCAPPK�@E�@EO?QOOEKJA�� J ?DA�JAHHA�=J=HEOE�?KOPE
>AJAq?E��JKJ�

OE�LNAJ@A�EJ�?KJOE@AN=VEKJA�?DA�I AJPNA�QJ=�?KIQJEP\�LKPNA>>A�PN=NNA�R=JP=CCEK�@=E�>AJAq?E��

QJk=HPN=� ?KILHAP=IAJPA� @EpANAJPA� ^� MQAHH=� ?DA� JA� OKOPEAJA� E� ?KOPE���  J ?DA� =??=JPKJ=J@K�
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