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�GA���6; :!�]1+
 �� �F�. "�� ML� IoT ! i'^� ��1+ �*'� 
��
 �F*%�
 �1�-�� �� !�% �� OEA� <�/!6
  ! �? � �*'� �*
 �'2 COVID-19O/ !�%. ! )�
 (.�� 
0�  ��
 RF( Bernoulli (NB)� SVM
   ! q��1� V'#A� COVID-19�� ��+
 ���*W� :!
! ��
 
��	
 � .���� (:�% � ���,�; �� ��+
�� �15�� ��
 �
�GA���6; r�#1�
 :�% �� :!�]1+
 6
 P'FE� �
r�#1 �2d��  

brute-force�WF+ �81�
 :!�� �+
. �  ! ���,� �Q! .�� V'#A� COVID-19!�8,� �15�� �+
.

•0�  :!�'$ �6�+  ! )�
 ����� �� �! 6�5 ��� B'��� �� !�%. 6�5 .�
 "�� ML� IOT
   ! i'^� ��1+ �*'� 
��
 �F*%�
 ��A� �� �
!. 6�5 <�! O/
�� .�� V'#A� COVID-19
   ! P� ����J� �! �� ��
 I'H�� 
�� �
!. �
 <
�� 6
 )�
 �
6�5 4'� �� P� ��+ ��/����6 �G�! B'��� �� ���% �� <�2 �� <�2  ! ��
!
 ���' �� 

B'F�.
10



�*�+ ,-�: ./� ML- IOT$� 0�1� "�2����$�	�� 3�	4�#
•��1+ �*'� ��
 (�F*%�
 �� &�� ����- 6
 ��1+ �*'� �
 (�F1�
 �F18� �� � ��F5 ML� IoT

�F1�
 �� �� iL �'+ 6
 B1�'+ ��
 D���L :�F
! � <�� � 
45
 ��1#� �1L�+ :�% ��
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��1+ �*'� ��
 �F*%�
 ���- ���� �� ���% 
��6  ! �; ���s� �]�1#� 6
 ��*- (V'#A� !(���  

������ � B'*@� ��'2 <�k!
 :�% �+
. �'+ ����E� ML� IoT ! ��1+ �*'� ��
 �F*%�
  ! 
�? � �*'� �*
 �'2 COVID-19
  �� �
��  ! �+ ��/�� I'H�� !
!.

•��/�� .�
:  ! )�
 ��/�� �'��� � Y*- � �; :!
! �
 <�W�
 �� !�%. �
 �*'� o�EA� �� :!�]1+
 6
 
:�G1+! ��
 ��1#� �E%4$ �F��� PCR( �+ �� )E+
 � � 
!�8�E� ��%
 cE�
 �F���� �� ���%. 
(cl+ :!
! ��
 �F���� �
�� ��4W� � O'�^� �1A'� �'��� �� ���%. �
�� � 
!�8�E� �� ��%
 cE�
 

�� �+ �� ()E+
 P� )'�FE� �
�GA���6; )�
 O/
�� 
  6
 :
   �! 6
 N��? b��
 .�1F� 6
 ?N�� 
"#$ B'�1�� ����@� ���U��� <�W�
 �� �
!. �� )�
 (g'��� ���6 ! �� 6�'� �
�� �+ �� � �'��� :!
! 
��
 ���$ ! 
�� COVID-19"
�� �� ����. :�7� �� ()�
 �� )�
 (0�  ��*� � n�8� 
 ��1*� 6�< 
�+
. �� D �8� (�G�! )'�FE� ��
 :�GA���6; �
�� <�W�
 D�F���� 6�'� �� !!�� �!��6  
����.
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•��/�� <�!: �
 �*'� �!��6 �
 6�   ! .�? � �*'� �*
 �'2 19-COVID�+ �� �� (���% )�
���F� �
 ��'Q! BW/ �*'\� 6
 :!
! ��
 �
 �*'� 
�'��� �� !�%. OEA� <�/!6
 �'�*- ����6 b�]�
 �� �15
 �� !
��� ��
 �*'� �� �\1F� �+ �� �� ���% 6
 !
��� Y��F� !�-�� )W�D
4', 

(�E%4$ ��E%4$ �� �'/�� ��
 �8Q
�� ���1+ �*'�( �1A'� ���%. :�7� �� ()�
 �e#� �� :!
! �
 �
�� �
  �*'� COVID-19�
�� ��4W� � O'�^� 
�1A'� �F*%6 
 �+
. �� O'�! ��!��^� �'5�s Y��F�  ! ��1+ �*'� ��
 (�F*%�
 P� :
  O/ ��*� <6� �+
.

• �� )�
 (.�/ :!
! ��
 Y*- � �; :�% 6
 ��/�� .�
 6
 N��? ���1F�
 �� ��
 ���1F�
 �'%
 O�1F� �� (!�% ���- �� c���+ (�
 O��^� 5� � � 
�1+
�L ! �L�+��6 ��
 (���8+�^� :�G��$ ��
 (:!
! ��Z5 :�'Lj �6�+ � <�� ��
 
45
 ! �� 6�'� �
�� 06
!�$ � ��4W� � O'�^� :!
! 
�� 

 �*'� COVID-19�'��� :�% 6
 �
�	 ! �� 
  O',�� �� �F�.

• ! )�
 (��/�� :!
! ��
  �*'� �
�� ��4W� � O'�^� �1A'� :�'Lj �� !�%. (cl+ ���GF
 �� �+
�L ! V'#A� � �*'� COVID-19

�+
�L ! �� (!�% :!
! �
 6
 ��
 :�'Lj 6�+ �� P� .�� V'#A� MLO�1F� �� ���%. �� )�
 (.�/  �J��*
 �� 78Q ��j (�% �
 �*'� �!��6 
���� �
 6�   ! �? � �*'� �*
 �'2 COVID-19V'#A� :!
! ���%. :�7� �� ()�
 <�/!6
 "'� 6
 �/ (�
 �*'� :
�*
 �� !�8*� P%4$ �
�� 

V'#A� ( �*'� P� "��9 K 4� 
  !�W�
 �� (�F� ()�
���F� P� :
  O/ ��*� <6� �+
.  ! )�
 ��/�� 0�  �!�,FA'$ (�� P� .�� ML�� 
�
�F� P� B1�'+ ��8'1A$ B'*@� ��'2 �
�� V'#A� �
 �*'� 718� �� COVID-19:!�]1+
 :�% �+
. �� )�
 g'��� �� �
�� 6
 ����� 

<�/!6
 �'�*- � BW/  �� ��E%4$ �1+�� !�%. u��*�� �15�� ��
 �
�GA���6; O�1F� :�% �
�� ��
 IoT ! .�� ��
 ML��Rv� �� !�% ��  ! 
D �	 �8w� �!�� �� �]F� �!��  �*'� 6
 �\�  COVID-19( V'#A� :!
! !�%. �
�-
 .�� V'#A�  ! P� :�G1��
 � �� <�W�
 �� (!�% 
���- �� .�� ML�� ��
�� �� D �	 )�75; 06��; �F'8�. 6
 N��? <��  
45
 �9 �lE�  ! (B1�'+ �F�;�5 06��; �� ��
�� ��  �? L ��!� �� 
:!
! ��
 ���- <�W�
 !�% �� �� ���+ 6�  ��
 � !�8,� �'���Q V'#A� 
  O',�� �F�.
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•��/�� <�+: c$ 6
 �+�� �! �; q��1� V'#A� i+�� .�� ML( 0 
42 ��
 �1%
�,�  �*'� �'��� �� !�% � cl+ �� P� 
�/
� B'*@� ��'2 .�+ 
 �� !�% ��  ! �; D��
�Q
 ���� �� �� ��
�� �F'J��Q  �*'� �� .��1�
  �*'� �� c�
p �
 � k:�' �%�� .

•"�� IOT� ML ! ��1+ �*'� ��
 �F*%�
  ! �? � �*'� �*
 �'2 COVID-19� 4'� n�8� 
 O/
�� b�5 �� B
 
   ! ���@�  
��6 :�
�A� �� �'F�.
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�*�+ 5-�: 
6�$� ,3� 7�8'( COVID-19

•)�
 "#� .�� �!�,FA'$ V'#A� ��+
�� ML
  I��A� �� (�F� �� 6
 �+ ��/�� ��	
 O'EA� :�% �+
.

•��/�� .�
: �+ ��/����6  ! )�
 ��/�� <�W�
 �� !�%.

•9�8�( ���*W� :!
! ��
 ���$ �
�� "���6; 6
 P� ���*W� :!
! �
�GA���6; 6
 �
 �*'� 718� �� COVID-19 ! ��1+ �*'� 
Albert Einstein  ! �U�+ (���U�$ O�6�� `
�#1+
 :�% �+
. ���*� ��
  �*'� �
�� ���+�F% !
�5
 :!��; �� COVID-19 ! 

�
�1�
 .�+ 2020 Y*- � �; �%. ���*W� :!
! ��
 �
�GA���6; O��% D��7?
 600  �*'� �� 18 �15�� �
�GA���6; �+
.  ! 
)�
 ���*W� (:!
! 520 �]� ~'
 �15�� �
 �F1%
�� � 80 �]�  �*'� COVID-19��!��. 

•5-�( D��7?
 �?���� � `
�#1+
 :�% 6
 :!
! ��
 <�L �� O'�! �'S_� B'�1�� �; �� !�E�*� ��8? (��F� �
�� ��8? ���F  
COVID-19� ��H �+
. �!� � ��	
 �
�� ��8? ��F� ! 
�� COVID-19��!��� �
 �15�� �
�GA���6; �
�� ���*W� :!
!  

��j :�% �+
.  ! )�
 (��/�� 18 �15�� �
�GA���6; )�F�� .�8�2 ��
 4��Q (��L ()'���2�*
 (��7$ (�������*
  �l+;D��  
c�
�� (6�F'�; �'+�]F� (�
 �'+���� (�
 (B��+ (: �
 O'5�6�� (�
 ()'F'�
�� <�+ (4���2 )'��; c�
�� (6�F'�; E��'+� (�
  

(B'+�1$ O'5�F�6�U
 (�
 )'����$ "F�
� ��R$ C� O'5����� �
(  ! ��
�F�;�5 `
�#1+
 �2d�� :���WF2 :�% ��
.

•5��( �F�
�5 V'#A� :!
! ��
  �*'� COVID-19�� P� 0�  ��8? ��F� :
�*
 !��. ��/�� V'#A� �� ��+
 ���*W� :!
! 
����� (:�% �2d�� ��
 `
�#1+
 :�% � �
�-
 .�� ��
 ��1#� ML <�W�
 �%. 6
 ��1��$ �
�� <�*� ��
 �� ��8? ��F�  ! 

.�? : �! N'�^� :!�]1+
 �� �%. �-��L ���,� V'#A� COVID-19 ! )�
 ��/����6 �'��� :�% �+
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•��/�� <�!:

• ! )�
 (6�5 u�8���� ��*
 �F�;�5 �
 .�*�
 (:�% �� 4- �EF�
 �F�
�5 .���� �6�+ :!
! �
 4'�  ! )�
 �/����6� <�W�
 
�%. ��
�F�;�5 `
�#1+
 � V'#A� �2d�� �� ��+
 ���*W� :!
! ��
 .���� <�W�
 :�% �+
. �� )�
 (.�/ ��F9) 

B1� �G�
 ML07� ��!�� �� ���  :!
! �
 
  �� ������ �2d�� ��
 n��� :!
! ���+�F% �FF�. �� )�
 (!�-� �� !O'� 
&�F� !��6  ! ��'�� �2d�� (�
 ����� �
  
���$ �%. .���� �6�+ ��  �? m�L �
�� !�W�
 ��'�� ���E� !  �
 
�J�� :!
! �+
 
��6 �
 �2d�� 6
 �'*

 ����E�  
! �L�� �+
. �E� 6
 ��,%�  .���� �6�+ :!
! �
 �� u��*�� �! � 

:!�]1+
  
�Q �� (!�'2 .���� �6�+ OQ
�/-�w�
�/ �+
 �� O��% O��8� OQ
�/  
��� �
 �2d�� �� 0( �w�
�/  
��� 
�� 1 � �
  
��� �G�! �� � �A�
 )'� 0 �� 1 �+
.
•���*W� :!
! �� O'�! !�-� �L�� ��!��� �]F� � �L�� ��!��� (�8w� �71L
 �!��6  ! ��!��� P� ��1+ �� )'� 

��!��� !�-��  ! �*
 ��1+ �
 �%
!. ()�
���F� �
�� O/ ����� D��]� )'� (��!��� .���� �6�+ <6� !��. �5.�� 
.���� �6�+ OQ
�/-�w�
�/ �� M�% ��6 �+
:

• �� � 	
����	


�� �	��	
                                                                                    (1)

15



•��/�� <�+:
•�� ��+
 ���*W� :!
! ��
 .���� (:�% �+ �F�;�5 ��	
 <�W�
 :�% �� i�5 P� �F�
�5 D��]1� 6
 O/
�� Q��8 

(�+
 �F�� r�#1�
 �2d�� .�*�
 :�% �+
. r�#1�
 �2d�� ��
 �
�GA���6; �� ��+
 0�  r�#1�
 2d���  
brute-force<�W�
 :�% (�+
 �� ��  �? :!�1�2 <�*� D�8'��� g�?�
! 6
 �2d�� ��
 �!� � 
  ����6 
 �� 

�F� � cl+ g+�F� )��� ���*W���6 
  
�'$ �� �F�. (u
�
�s )�
 ��W1�- :!�1�2 �F�4
 D�8+�^� ����� 
  
�� :
�*
 ! 
! � �JL �8�� overfitting
   ! �$ ! 
!. ) Overfit��% �� ��F�� )�
 �+
 �� B1� �G�
 i�5 

���
 :!
! ��  ! ���*W� �%6��; )train set(!�� �15�2 �+
 
  ��
�� �� �� �1+ ! �F'� "'$ �F� ��� 2
� 
�
 :!
! �*� 6
 � ���*W� �%6��; ��	�5 �1%
! (�%�� �*1� �G�
 �� Overfit:�% (�%�� ��
�� �*� �� �1+ ! 
�#+�$ �
�� )�
 ��
 :!
! ���- 
�'$ �F� � �
 �; 
  �� :�81%
 �!��6 ��F� ��8? �� �F�( ()�
���F� %� ��, 

���@��/ ���� �� �
�F� �F�4G��- �
�� r�#1�
 0�  brute-force ! �\� �15�2 ���%.  
•!�E��  ���
�2;�� Brute-force ! )�
 0�  ���*� ���/ ��
 ��1#� 6
 �2d�� �
 ��^1�
 � )��1,� ���/ 

r�#1�
 �� !�%. )�
 0�  �� O��% 0 �*% <�\� �F� <�*� ��
!4��� )E*� �
�� O/ � P9 �!�� �EF�
 �;� �
 
P� 6
 �
!4���  !�Q �� �H 
 n�% ����� �F1�
 �� �� �� �%��.  ! ��
!
 �8% �� )�
 B1� �G�
 
  :�
�A� �� 

�'����5.
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��� �د �رای روش ا��
	ب و�ژ��#

01 �2d�� r�#1�
 �!�� &��%brute-force

02 �� :!
! ���*W� B'��� � B'\F�80  � 06��; ���*W� �
��  �
 :!
! 6
 �	 !20 ���6; ���*W� �
�� �	 !.

03 �'F� h�5I �2d�� ��1#� ��
 :6
��
 �
 
!i=(0,1,….,n)�%��

04��
 : �2d�� r�#1�
 �'F� h�5I  = ���*W� :6
��
 )��1,�I ر�ن ��زان�وان ���� �� ���	�� 	� ،

0506��; �F�;�5  ! �
 :!
! B'���.

06
r : ���6; �2d�� �'F� h�5 =���*W� �2d�� r�#1�
i�

 �2d�� r�#1�
 �
�F� �� �2d�� ���*W� )��1,� r�#1�
iد�	ل �ر��،�� ��ره � �و�� آز�ون را �� �دا
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• ! ���,� B
 c$ 6
 <�W�
 O/
�� b�5 �
�� )15�� .�� �F',� �
�� V'#A� �
 �*'� 718� ��COVID-19( 
!�E�*� �'�� .�� ��
 V'#A�ML�� ��+
 P� "���6; ����6 
  ! �
 P� 6
 �+ 6�5 :6
��
 ��'2 �%. "���6; 
����6 
 �� ��+
 :6
��
 ��'2 ��
 ��6 <�W�
 :�% �+
:

• 
�������= ((��+��))/ ((��+��+��+��)) ×100 (2)

• ���������=��/ (��+��) (3)
• ������=��/ (��+��) (4)

•   �1= (���������∗������)/ (���������+������) (5)

•��  ! �; TP�]#� �8w� (��Q
� TN��A� :�F
! �]F� (��Q
� FP��A� :�F
! �8w� rj�� � FN�]#� 
! 
�� �]F� rj�� �+
. �� ��+
 q��1� "���6; ����6 
 �
�� ��,��� ��1#� ML( .�� �F',� N��J� �� )������ 

��!��� :6
��
 ��'2  ! �+ 6�5 r�#1�
 :�% �+
.
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• ! ���@� ��6 M�? ��� � O/
�� 0�  �1L�F% �
�� .�� �!�,FA'$ V'#A� COVID-19
  
:�
�A� �� �'����5. �� D�^'H�� n���� �� �;  ! ��� �1]2 :�% �+
.
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•�+
 �15�2  
�Q O'�^� � ��4W� ! �� "#� ��6  �,9  ! �!�,FA'$ .�� q��1� 4'� �L; <�2  ! : V'#A� q��1�COVID-19  ��
 ��+
)A( ���*W� � ��	
 ��
 :!
!)B( (:�% .����)C( � :�% r�#1�
 �
�GA���6; ��
 �15�� ��+
�� �� ���,�;)D( ���,�;

�� �'�� D����J� ��+
�� ��  .

•A. q��1� V'#A�COVID-19 ��	
 :!
! ���*W� ��+
 ��

• 0�  �+ML ) �� ( .�w� �
�F�RF ( SVM  �Bernoulli NB(�% :!�]1+
 ��	
 :!
! ���*W�  ! .  �\� 6
 �,%�  )�

 (�Q! (�^	 (��
�L
�5 6�'1�
F1  �AUC ���% ����6 
 .�+
 :�% :!
! ��A� ��6 .��-  ! �,%�  ����6 
 q��1�.


ت����F1ر/روش��
AUCد�ت�را�وا

RF898890900.78

Bernoulli NB87858989.160.82

SVM92949393.330.88
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=AUC �"�	ر �	 ���� )�ش ھ	ی روش �'�ر�ن �� �رد�م ��	ھده �ط	#"�، ا�ن در•  �'�ر�ن ��وان �� SVM ��دی ط�(� �رای0.88
 ھ	ی �	.�� �را�	س COVID-19 ���� )�ش .�ود �� ��ری ا�دازه ���� )�ش ��+*رد درCOVID-19 ���� )�ش �دل

 4��طو ز�	ن �دت �� ��و�� آوری  �3 ز�را �ذارد �� �ر )�ت را �را�/�زی 1	#ش .را��د و ا�ت د�واری �	ر آز�	��/	ھ�
 و ی���	ر ���� )�ش در ای ���رده طور �� ز�را �	�د �� د�ت 
و�� ��	�SVM �� 6 ��دی داردط�(� ��	ز )��1ده .رآ��د �5 و

 �را�	س ارز�	�� ��	�6 .�	��د ز�	�� ھ	ي �ری �ك �	�ل ھ	 داده �� ھ�/	�� و�ژه �� ��رد، �� �رار ا��7	ده �ورد ھ	 داده �وا#�
.ا�ت �ده داده ��	ن ز�ر �*ل در ا;+� داده � �و�� ا�	س �ر �دل �� �رایROC ����� و ر�
�/: ھم در �	�ر�س
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�L
�5 (�^	 (�Q! 6�'1�
 F1� AUC����6 
 B�!��. q��1� 

����6 
  ! .��- ��6 ��A� :!
! :�% �+
.


ت����F1ر/روش��
AUCد�ت�را�وا

RF92939393.330.89

Bernoulli NB91929190.830.81

SVM92949494.160.85
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 �G1#�  � �F^F� ROC�
�� �+ .�� �� ��+
 ���*W� :!
! ��	
  ! OE% ��6 ��A� 
:!
! :�% �+
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 (�; ���� )��� ���*W���6 �A� �� !�%. q��1� ����6 
 ��,%�  ML�� ��  ���*W� :!
! ��
 .���� 

(:�% :
�*
 �� r�#1�
 �2d�� brute-force(  ! .��- ��6 ��A� :!
! :�% �+
.


ت����F1ر/روش��
AUCد�ت�را�وا

RF93959494.160.93

Bernoulli NB89869392.50.89

SVM949595950.95
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  آز�	��/	ھ� ھ	ی �	.�� در و�ژ�� ا��
	ب اھ��ت �رد�م، �(	��� راML رو�'	ی د�ت ��ن �7	وت �	 �� ھ�/	��•
COVID-19ن	#���، و�ژ�� 18 از .ا�ت �ده داده ��	� 	ر و�ژ�� 15 ��ب را �ر	
 �"��( و�ژ�� �� و �رد�م ا��

 )ز�*� �د�	هد �را�	س �ده ا��
	ب و�ژ��'	ی �	 �(ر��	ً  �� .�رد�م �ذف را )آ4��ن آ���	ز �را�س و �د�م ھ	، �و�و��ت
 ��	�6 .آ�د �د�تSVM ��دی ط�(� �رای آز�	��/	ھ� ھ	ی �	.�� ��	�	�� ��	�6 �'�ر�ن �	ل، ا�ن �	 .ا�ت �	ز�	ر
 ز�ر �*ل در ا;+� داده � �و�� ا�	س �ر �دل �� �رایROC ����� و ر�
�/: ھم در �	�ر�س �را�	س ارز�	��

.ا�ت �ده داده ��	ن
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تF1د�تروش�ژوھش��
�AUCرا�وا

Batista  و
ھ���ران

SVM,RF-0.72--0.87

Schwab  و
ھ���ران 

XGB----0.66

Alakus  و
ھ���ران

CNNLSTM92.300.93--0.90

��SVM9594959595ر ��
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