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�Á�Ê]ZË��Y�É��)Ã (ÄÌuZ¿��Y{Â¼¿��Y�ÉYMSE ��Y|¬»�º¼ÌÀÌ»�Ä¯Ê»�½Z�¿��fÆ]�Y��½M��m�»��Y{�]�\�u��]�,|Å{
�µZ¬f¿Y��]Ze�ÉY�]ºfË�Z´·��Ê��Â»M�ºfË�Â´·Y�Á�|ÌWÂ¼´Ì�±�^¿Â·-��Á��ÉY�]�c�YÂ¯�Z»CDFS-ANN  

  
  
��  

¶°� )� -�(-���ÉZÅ�Y{Â¼¿)¦·Y (¦Ì�Âe�{Y| e�,�³)[ (ÄËÓ�½Á�¿�{Y| e�,Ê¨z»�É)k (�,��Â»M��Á{){ (MSE 
�Á�Ê]ZË��Y�É��)Ã (ÄÌuZ¿�ÉY��Y{Â¼¿��YMSE Ê»�½Z�¿��fÆ]�Y��½M��Y|¬»�º¼ÌÀÌ»�Ä¯��m�»��Y{�]�\�u��]�,|Å{
�µZ¬f¿Y��]Ze�ÉY�]d¿Y�¿Ze��Ê��Â»M�ºfË�Â´·Y�Á�|ÌWÂ¼´Ì�±�^¿Â· -��Á��ÉY�]�c�YÂ¯�Z»CDFS-ANN  

  
  
��  

¶°� )� -�(-���ÉZÅ�Y{Â¼¿)¦·Y (¦Ì�Âe�{Y| e�,�³)[ (ÄËÓ�½Á�¿�{Y| e�,Ê¨z»�É)k (�,��Â»M��Á{){ (MSE 
�Á�Ê]ZË��Y�É��)Ã (ÄÌuZ¿��Y{Â¼¿��Y�ÉYMSE Ê»�½Z�¿��fÆ]�Y��½M��Y|¬»�º¼ÌÀÌ»�Ä¯��m�»��Y{�]�\�u��]�,|Å{
�µZ¬f¿Y��]Ze�ÉY�]d¿Y�¿Ze��Ê��Â»M�ºfË�Â´·Y�Á�|ÌWÂ¼´Ì���Á��ÉY�]�¾Ë�ËZ]�ºÌ�ÀeCDFS-ANN  

  
  
��  

�¶°�)� -� (-���\�u��]�Ê]ZË��Y�É���ÉZ�y�cZ ]�»�¾Ì´¿ZÌ»��Y{Â¼¿¹ÂfÀ»Â»�cY�ÌÌ¤e  ��  
�¶°�)� -�(-  ��Y�¶�Zu�Êf�³�]��Y{Â¼¿CDFS-MLR��ÉY�])¦·Y (�,Ê]ZË��Y�É��)[ (d�e�É���Ê¿Á�{  ��  
¶°� )� -� ( -���Y�¶�Zu�Êf�³�]��Y{Â¼¿CDFS-ANN��ÉY�])¦·Y (,Ê]ZË��Y�É�� )[ (Ê¿Á�{�d�e�É��  ��  
¶°� )� -� ( -���Y�¶�Zu�Êf�³�]��Y{Â¼¿CDFS-SVM�Ê¿Á�{�d�e�É���ÉY�]  ��  
¶°� )� -��(-��Z�^¿Y�Ê]�ne��Ë{Z¬»�\�u��]�Ã|¿Z¼Ì«Z]�ÉZ�y��Y{Â¼¿�ÉY�]�ÊËZ»�³�É�Ë~a)¦·Y (�É��

�,Ê]ZË��Y)[ (d�e�É���Ê¿Á�{��µ|»��{CDFS-MLR  
  
��  

¶°�)�-��( -��Z�^¿Y�\Ë���Ê]�ne��Ë{Z¬»�\�u��]�Ã|¿Z¼Ì«Z]�ÉZ�y��Y{Â¼¿�ÉY�]�ÊËZ»�³�É�Ë~a)¦·Y (�É��
�,Ê]ZË��Y)[ (d�e�É���Ê¿Á�{��µ|»��{CDFS-ANN  

  
��  

¶°�)�-��( -��Z�^¿Y�\Ë���Ê]�ne��Ë{Z¬»�\�u��]�Ã|¿Z¼Ì«Z]�ÉZ�y��Y{Â¼¿�d�e�É���ÊËZ»�³�É�Ë~a
�Ê¿Á�{�µ|»��{CDFS-SVM  

  
��  

�¶°�)� -��(-����Y�¶�Zu�Êf�³�]��Y{Â¼¿CDFS-MLR�Ê¿Á�Ì]�d�e�É���ÉY�]  ��  
�¶°�)� -��(-���Êf�³�]��Y{Â¼¿��Y�¶�ZuCDFS-ANN��ÉY�]Ê¿Á�Ì]�d�e�É��  ��  
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�¶°�)� -��(-����Y�¶�Zu�Êf�³�]��Y{Â¼¿CDFS-SVM��ÉY�]Ê¿Á�Ì]�d�e�É��  ��  
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�-���Z�^¿Y�\Ë���É�Ë~aºÅ�ÊËZ»�³�Z�§���½M�dÌ¼ÅY�Á  
d�Y�Äf�]YÁ�½M�Ê°Ì»ZÀË{Â»�e��YÂy�Ä]�,Êf À��ÉZÅ|ÀËY�§��{�Ã{Z¨f�Y�ÉY�]��ËZ»�®Ë�ÊËY�Z¯ .

Ê»� �Z¯� Ä]� �ËZ»�®Ë�¦Ì�Âe�ÉY�]� Ä¯� ºÆ»�Ê°Ì»ZÀË{Â»�e��YÂy� �Y�Ê°Ë�Z�^¿Y�\Ë��� ,{Á��É�Ë~a

ºÅ�ÊËZ»�³ Ê»� �Z�§|�Z]��Z�^¿Y� �\Ë���½M� Ä]� �Z�fyY� Ä]� Ä¯É�Ë~a�Ê»� Z]� Á� |ÀËÂ³áp��Ã{Y{� ½Z�¿

Ê» {Â�.�½M�ÊËZ»�³��Z�^¿Y�Ä¯�É{YÂ»��Y�Ã{Z¨f�YÄÀÌ»���{�,d�Y�µ�fÀ¯�¶]Z«�Ê]Ây�Ä]�ZÅ�¦¸fz»�ÉZÅ

d�Ë���ËZÀ��¶j»d�Y���f�³�µZu��{�®Ì¿Á�f°·Y�Á�{YÂ»�Ê�|ÀÆ»�,É�Â¿�,ÊËÁ�Y{. �µZj»��Â��Ä]��{

dË�Âb»Z¯�¶j»�Ê^¯�»�{YÂ»mÁ��Z¼e� ,½M�ÉY�mY�¾Ì]�Ä¯� ZÅ,{�Y{�{Â��Z�^¿Y�ª]Z�e�¹|�½M�É�Ë~a�ZÅ

Ê» �Ä]��nÀ»�|¿YÂe{Â���Àe. �ÄnÌf¿��{Ã{Y{�Z�^¿Y�ªÌ«{�ÉZÅÊ»�ÊËZ»�³�É�Ë~a�É{YÂ»�[Zzf¿Y�Ä]�|¿YÂe

|À¯�®¼¯� ,|Àf�Å� ¹ÁZ¬»�ÊËZ»�³��Àe� �]Y�]� �{� Ä¯ .�¾ÌÀr¼Å�Ìv»�ÉY�]�cY�ÌÌ¤e�ÉY�Y{� Ä¯�ÊËZÅ

� Ä¯� É{YÂ»� �Y� Ã{Z¨f�Y� ,|Àf�Å� |Ë|�� ÊËZ»{�Z�^¿Y� ÉY�Y{��ZÌ¿� {�Â»� ,|Àf�Å� �ÌqZ¿� ÊËZ»�³� É�Ë~a

d�Y]�[.   

�Z�^¿Y�\Ë��Ä�]Y��Z]�É�Ë~a�É)� -� (Ê»�½ZÌ]{Â�:   

)� -�(
 

  1
P

p

V

V T
á

 
  

 
 

�,Ä�]Y��¾ËY��{�Ä¯V��,ºnuT��Á�Z»{p�d�Y��Z�§.��Z�^¿Y�\Ë���½ÂÌ�¿Z¼Ë{�Á�d�Y�Z»{��°��,É�Ë~a

�ÉZ°Ë�\�u��]K-1  Ê»�½ZÌ]{Â�.  

�Z�^¿Y�\Ë��ºÅ�É�Ë~aÊ»�½Z�¿� Y��d]Zi� �Z�§� �{� ,Z»{�Ä]�d^�¿�ºnu��ÌÌ¤e� ,�Z�§|Å{ .pá  

�ºnu��ÌÌ¤e�ÊÀ »�Ä]�±��]{ZË���Ä¿Â¼¿�]Y�]��{�d�Z»{ .�Y�Ê� ] Ê]�ne��Ë{Z¬» pá ��µÁ|m��{)�-� (

Ã|��k�{|¿Y]�[.   

  

  

  

                                                 
1 Isobaric Thermal Expansivity 
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�µÁ|m)�-� .(�Z�^¿Y�\Ë��ºÅ�É�Ë~a�Z�§ )áp(  
Ã{Z»  4 1/10 Kpá

   

½�À]  �/��  
�Z¼·Y  ���/�  
[��  ���/�  
[M  �/�  

  

�-�-�Ã�Y|¿Y��Á��Z�^¿Y�\Ë���É�Ì³ºÅ�É�Ë~a�Z�§  
µÁY|f»�Á��¾Ë�e� ZÅ�Á��½ZÌ»��YÉZÅ�Ã�Y|¿Y�É�Ì³pá ,�Ê�Á� Ã�Y|¿Y��Z�Y��]�Á�ÄfÌ�¿Y{�É�Ì³

��Ì¿��Á�Ã�Y|¿Y �ºÌ¬f�»�É�Ì³pá �Z] �Y�Ã{Z¨f�Y�d�Y�É�f¼Ë�·Z¯.�Ã�Y|¿Y�Ä]�,µÁY��Á���ZÌ¿�ÄfÌ�¿Y{�É�Ì³

Ä¯� {�Y{�½Z°»Y� ÓZ]� ÉZÅ�Z�§� �{� 0Z�Â�y,Ä�Ì¼Åd�Ì¿� �Ë~a .� �{� ,¹Á{��Á��Z�^¿YºÅ� É�Ë~a��Z�§

Ã�Y|¿Y� 0Z¼Ì¬f�»Ê»�É�Ì³{Â� .,¶Ì·{� ¾Ì¼Å� Ä]�Z»{� Ä]� ÄfÌ�¿Y{� Ê´f�]YÁ,��h�Z]� |¿YÂe� Ê¼¿ÉZÅZ�y�

{Â��Ê·Z¼fuY]�[.  

  

�-�-�- Ã�Y|¿Y�É�Ì³áp Ã�Y|¿Y��Y�Ã{Z¨f�Y�Z]ÄfÌ�¿Y{�É�Ì³  
��Y�Ã{Z¨f�Y�Z]ÄfÌ�¿Y{Ã�Y|¿Y�ÉÃ|��É�Ì³ (ñ) Á Ä�]Y��Ë��Éºnu�,�cÓZÌ��Ê»�Ä^�Zv»{Â�:  

)� -�(  V
ñ

m
  

��b���Y|¬»V�]�Ä{�,Ã|»M�d�{Ä¸¼m�|Àq�®Ë��Ê»���Y�]�,�Z�§�Á�Z»{�\�u��]�ÉY|]ZË .��a

½M��Y pá Ä�]Y���Z�Y��]�É)�-� (»Ê»�Ä^�Zv{{�³.  

ºÅÊ»�¾ÌÀqªf�»�Z]�½YÂeÄ�]Y���Y�É�Ì³�,ÄfÌ�¿Y{�Éáp {�¯�Ä^�Zv»�Y� .Z]�Ä�]Y���Y�Ã{Z¨f�Y�É

)� -� (Á� e�Z�^¿Y�\Ë���¦Ë�ºÅ�É�Ë~a��Z�§)Ä�]Y��É)� -�((Ê»�, �c�Z^��½YÂeáp ��Ë��c�Â��Ä]� Y�

d�Â¿:  



� 

 

)� -�(  1
P

p

ñ

T
á

ñ

 
   

 
 

Ã{Y{Ã�Y|¿Y� �Y�¶�Zu�ÉZÅÄ·{Z »�®Ë��{�ÄfÌ�¿Y{�É�Ì³Ä¸¼m�|Àq�É�,�Z�§�Á� Z»{�\�u��]� ,ÉY

Ê»���Y�]|]ZË .��b�áp ªf�»�Z]�É�Ì³��YÄ�]Y�ÄfÌ�¿Y{�ÉÊ»�Ä^�Zv»�,{Â�]�-�[.  

  

�-�-�- Ã�Y|¿Y�ºÌ¬f�»�É�Ì³áp É�f¼Ë�·Z¯��Á��Z]  
ºÌ¬f�»Ã�Y|¿Y��Á��¾Ë�e�Z�^¿Y�É�Ì³d�Y�É�f¼Ë�·Z¯��Á��,ÊËZ»�³�É�Ë~a .�Z�Y��,�Á��¾ËY

Ã�Y|¿Y �d^i�Á�É�Ì³��Z�§��ÌÌ¤e��iY��{�,Ã|��Ä·{Z^»�ÉZ»�³d�Y.  

¶Ì�¿Y�¨Ë{��Êb·Zf¿M��Ì¤f»�Á{�Ä]�d^�¿p��ÁT ��Ë��c�Â��Ä]�,Ã{Z»�µÂ»�®Ë�ÉY�]Ê»�Äf�Â¿{Â�:  

)� -�(  
d ( , ) d dm m

m
PT

H H
H p T p T

p T

   
    

   
 

�ÉY�]�µÂ�¯Z»��]YÁ��ª^��¾ÌÀr¼ÅdH�Ê»d�Â¿�½YÂe:  

)� -�(  d ( , ) d dm mH p T q V p   

�cÓ{Z »�,|�Z]�d]Zi�Z»{�Ä¯�Ê¿Z»�)�-� (�Á)�-� (Ê»�ÊËY�M�Z]��Ë��c�Â��Ä]|¿Â�:  
)� -�(  

d dm

T

H
q V p

p

  
   

   
 

¾ËY�Ä]�ÄmÂe�Z] Ä¯:  

)� -�(  
m

pT T

H S V
V T T

p p T

      
        

      
 

¾ËY�]ZÀ]Ä�]Y��,�É)�-� (Ê»�{��Ë��c�Â��Ä]|ËM:  

)� -�(  
d dm

p

V
q T p

T

 
  

 
 

� ÉY�]n�Ã{Z»� �Y� µÂ»¹�eÁ�ËY��Z^¬¿Y� µÂ�� �{� ,�·Zy� É� ,� �Y|¬»dQ�Ê»� Ä·{Z^»� Z»�³{Â� .�¾ËY�]ZÀ]

Ä�]Y� �É)� -� (�ÉY�]n�Ê»�Ã{Z»�µÂ»{Â�:  

)� -�(  
d dd d

p pm

m m
p

V
Q n T p

V V
á V T pT

T
p

VT

 

 

   
        

   
 



� 

 

ÄnÌf¿��{  

)� -��(  1 d

dp

Q
á

VT p
   

�,�Á��¾ËY��{�,d]Zi�ÉZ»{��{�ºf�Ì���]Ê»�µZ¼�Y��Z�§�ÉZ»�³�Á�{Â��ºf�Ì��¾Ì]�Ã|��Ä·{Z^»

�Ìv»�Á�Ã�Y|¿YÊ»�É�Ì³{Â� .ÃÂÌ��Á{�,�Z�§�µZ¼�Y�ÉY�]{�Y{�{ÂmÁ�cÁZ¨f»�É: ��Á�¹Z³�Ä]�¹Z³���Á

Ê�ËÂa��Á��.  

� �Z�§� �ËY�§Y� ®Ë� ,¹Z³� Ä]� ¹Z³� �Á�� �{pÄ Ê»� µZ¼�Y� Á� {Â�µY�´f¿Y� Z]�µZÀ´Ì�� �Y� É�Ì³

�,½Z»��\�u��]�É�f¼Ë�·Z¯�,�À¯YÁ��{��Ì³�{�ÉZ»�³�¹Z¼eÊ»�Ä^�Zv»{Â� .Ä�]Y��¾ËY�]ZÀ]�É)� -�� (

Ê»�{��Ë��c�Â��Ä]|ËM:  

)� -��(  1
p

Q
á

VT p
 


 

\Ì��Z]�½Z»��Ä]�d^�¿��Z�§�cY�ÌÌ¤e�,Ê�ËÂa��Á���{ d

d

p

t
 Ê»�µZ¼�Y{Â� .��Z��d^i�ÊËZ»�³

�Z�^¿Y�\Ë���Á�Ã|�Ä�]Y���Y�ÊËZ»�³�É�Ë~aÊ»�d�{�Ä]��Ë��É|ËM:  

)� -��(  1 d d

d dp

Q t
á

VT p t
   

¶°�� �{ )�-�(�� �Y�ÊËZ¼¿�®Ë� �f¼Ë�·Z¯Ã�Y|¿Y�Z�^¿Y�É�Ì³�É�Ë~aÊ»� Ã|Ë{{Â� .�ÉZÅ�|À¸Ì�

Ã�Y|¿YÊ»�Ä�ZuY���Âa�®Ë���Âe�ZË�Ã|��ª¸ »�[M�¹Z¼u��{�É�Ì³{Â� .��Å�d¨m�®Ë�¶»Z���|À¸Ì�

Ã�Y|¿Y�¶�d�Y�É�Ì³.�Ä¿Â¼¿�ÉÁZu�¶��®Ë Ä¯�d�Y�Ê·Zy��´Ë{�¶��Á����¿��{�ÊËZ»{��m�»�½YÂÀ��Ä]

Ê»�Äf§�³{Â�. d�Y�¶�f»��Z�§��^À»�Ä]�Ä¿Â¼¿�ÉÁZu�¶��,ZÆÀe. ¶��{�YÁ�Ä¿Â¼¿�Ä¿Â¼¿,��{���f¼Ë�·Z¯

Ê»{Â� .Z�§��ÌÌ¤e� ,|��¶�Zu�ÊËZ»�³�µ{Z e� ,��¿{�Â»�ÉZ»{��{�Êf«ÁÊ»�µZ¼�Y��{Â� .ÄnÌf¿��{�É

Ê»� w�� ÊËZ»�³� �Z�� ,�Z�§� �ÌÌ¤e� ¾ËY� ��Âe� Ä¯� |Å{½ZË�mlÀ��  �d^i� Ä¿Â¼¿� ÉÁZu� ¶��®Ë{�¿

Ê» {{�³.�Ã�Y|¿Y�Z]�Z�^¿Y�\Ë����Y|¬»�,Ä¿Â¼¿�ºnu�Á�Z»{��Y|¬»�½{Â]��z�»�Z]�Á�Z»�³�É�Ì³��Y�É�Ë~a

Ä�]Y��É)� -�� (Ê»�Ä^�Zv»{{�³ .  
                                                 
1  Stepwise 
2  Scanning 
3  Flowmeter 



� 

 

cZ^�Zv»�Z]�ºÆ��,Ä]Z�»��Y��Ì¿�¶��{Ây�ÊËZ»�³�Ä�]Y��Ä]��Ë��ÉÊ»�d�{|ËM:  

)� -��(  v vd dp,Q = á V T p  
Ê»��Z�§��ÌÌ¤e��iY��{�Ã|��Ä·{Z^»�Ê¸¯�ÉZ»�³�,dËZÆ¿��{{Â�:  

)� -��(   v ,vd d ddp p pá V T p Q = Q= á á V T p     
¾ËY�]ZÀ]]�-�:[  

)� -��(  
áp=  áp,v − 1

V T
 
dQ

dp
 

  

  
�¶°�)� -�(�Ã�Y|¿Y��f¼Ë�·Z¯�®Ë��Y�Ê¸¯�ÉZ¼¿�Z�^¿Y�É�Ì³ÊËZ»�³�É�Ë~a  

  

d�{�ÉY�]]ZËÊ»��fÆ]�lËZf¿�Ä]�Ê½Y�´Å�Á�[M��Y�½YÂe�{�¯�Ã{Z¨f�Y��Ì¿�½ÂÌ�Y�^Ì·Z¯�ÉY�]. ��{

��Ë��c�Â��Ä]��Z�§�cY�ÌÌ¤e��iY��{�Ã|»M�{ÂmÁ�Ä]�ÊËZ»�³��Z��,{Â���a�[M�Z]�¶��Ä¯�Êe�Â��Äf�Â¿

Ê»{Â�:  

)� -��(  
f�w=ቆdQw

dt
+

dQc

dt
ቇ (1�-�ã) 

�Ä¯w��Á�,[M�Ä]�Ã�Z�Yc�{�Y{�¶��Ä]�Ã�Z�Y .Ã�Y|m�Êe�Y�u�¥ÔeY�Z]��Ì¿�ZÅã�Ã|��Ã{Y{�½Z�¿ d�Y .��{

e�Â�Ä�]Y��,{Â���a�½Y�´Å�Z]�¶��Ä¯�ÊÉY�Ä�]Y��Z]�Ä]Z�»�É)� -�� (Ê»�Äf�Â¿��Ë��c�Â��Ä]{Â�:  

)� -��(  
f�h=ቆdQh

dt
+

dQc

dt
ቇ (1�� ã ) 

Ä¯�½M��{  h½Z�¿Ã|ÀÅ{d�Y�½Y�´Å�É .�µÂÆn»��ËZ»�ÉY�]x�ºË�Y{��Ì¿:  



� 

 

)� -��(  
f�x=ቆdQx

dt
+

dQc

dt
ቇ (1�-ã) 

Ä�]Y��¹Z£{Y�Z]�É)�-�� (��]YÁ��Z])�-�� (�Ze)� -�� (�½{Y{��Y�«�Ád

d

p

t
  ºË�Y{:  

)� -��(  
f�w=ìቆT V áp

w�+� dQc

dt
ቇ (1-ã) 

)� -��(  
f��h=ìቆT V áp

h�+� dQc

dt
ቇ (1�-ã) 

)� -��(  
f��x=ìቆT V áp

x�+� dQc

dt
ቇ (1-ã) 

]�Z]�Á�¹Z£{Y�Z�cÓ{Z »�ÊËY�M)� -�� (�Ze)�-�� (Ä�]Y��É)� -�� (Ê»�¶�Zu{{�³:  

)� -��(  
áp

x= áp
w+

f�w- f�x
f�w-f�h  (áp

h-áp
w) 

Ä�]Y�� ª^�� É)�-��(�Z�^¿Y� �Y|¬»� ,Ê»� ,µÂÆn»� �ËZ»� ®Ë� ÊËZ»�³� É�Ë~a��ËZ»�M� Á{� �Y� |¿YÂe

��Y|¬»��Y�Á�½ÂÌ�Y�^Ì·Z¯p á��ËZ»�Á{�É|ËM�d�{�Ä]�{�Y|¿Zf�Y]�[.  
  

�-�- �Á���]�É�Á�»�Ìa�ÉZÅÊÀÌ] áp  

�-�-�-��ÌaÊÀÌ] áp Ä·{Z »��Y�Ã{Z¨f�Y�Z]d·Zu�É  
�µZ���{�����,�f¿Ô¯�Á��§Z��Za�,Ä·{Z »�¹Z£{Y�Z]É�d·Zu LIR��Ä·{Z »�,ÃÁ�³�ºÆ��É�ÂXe�Á�É

�Y��É|Ë|m�d·Zu�Ìa�ÉY�]Êy�]�Ê°Ì»ZÀË{Â»�e��YÂy�ÊÀÌ]�Ê·M�cÓZÌ��µZ´q�|¿{Y{�ÄWY�Y .»Ä·{Z �É

Ä¯�ÃÁ�³�¾ËY���Âe�Ã|��ÄWY�Y�Ä·{Z »�d·Zu�ÉMLIR��d§�³�¹Z¿, c�Â��Ä]�d�Y��Ë�:  

)� -��(   
2

2

1n ' '
Z

A ñ
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1  Linear Isotherm Regularity (LIR) 
2  Modified Linear Isotherm Regularity (MLIR) 



� 

 

½M��{�Ä¯ 2
mA A n , 2

mB B n ,p
Z=

ñRT
 º¯Y�e��Âf¯Z§�,É�Ë~an�ÃÁ�³�{Y| eÊÀ]�¯�ÉZÅ�,Am 

�ÁBm Ä·{Z »�ÉZÅ�f»Y�ZaÉ��d·Zu�ÊÀ]�¯�ÃÁ�³�®Ë�ÉY�Y�Ä]|Àf�Å.�Ä·{Z »�¾f�Y{�Z]�kY�zf�Y�Á�d·Zu�É

Ä�]Y�½M��Y��Z�§�É, �Ë��c�Â��Ä]]��[:  
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Ê»�½YÂepá�Ä�]Y���Y�Y�{�ÁM�d�{�Ä]��Ë��É:  
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Ä�]Y�� �Y� Ã{Z¨f�Y� Z]� ZÆ¿MÉ�,©Â§ pá½Z°·M� É��¨�¼eY� �Z�§� �{� Z»{� \�u� �]� Y�� ¦¸fz»� Ê�y� ÉZÅ

�Ìa |¿{Â]�Ê]�ne��Ë{Z¬»�Z]�Ê]Ây�ª§YÂe��{�Ã|��Ä^�Zv»��Ë{Z¬»�Ä¯�|¿{�¯�ÊÀÌ].  

�Z°¼Å�Á�É{Z��ÅÂ³¿Y���µZ���{��Ì¿����,�Ä·{Z »É|Ë|m�d·Zu�É�¹Z¿�Ä] �GMAEoS �ÉY�]

�Ìa¿Y{�ÊÀÌ]Ì��Ê°Ì»ZÀË{Â»�e��YÂy� �ËZ�� Á� ÄfÊ^�«� �Ì£� Á� Ê^�«�cÓZÌ� |¿{�¯� ÄWY�Y]��Á��.[ 

�Ê�ZË��c�Z^��Ä·{Z »�¾ËY��Ë��c�Â��Ä]Ã{Y{�Ã|��d�Y:  

)� -��(
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�c�Z^��\Ë���Z�^¿Y�¶°��Ä]�É�Ë~aÄ�]Y��É)�-��(��kY�zf�Yd�Y�Ã|�:  

)� -��(  

                                                 
1  Goharshadi � Morsali � Abbaspour Equation of State (GMA-EoS) 
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Ä·{Z »� �Y� Ã{Z¨f�Y� Z]� d·Zu� ÉGMA Ä�]Y�� Á� É)�-��(, pá�� ZÅ�eYÁ�ÂWÂ¸§Á�|ÌÅ� ÉY�]]˺˺[� ,|Àq�

��eY�µÂ°Ì¸³]��[ �Á�¾¸ÌeY�,µÂ¿Zf»�,½Â¿��,½ÂfbË�¯�,½Â³�M�¶j»�ÊeZ ËZ»�Á�Ã|��Ä^�Zv»�½Y�Â§Á�|ÌÅY�fe

d�Y.  

  

�-�-� - �Ìa�ÊÀÌ]áp�Ä°^���Y�Ã{Z¨f�Y�Z]®mÂ»�Ê^���É  
�µZ���{������Á��§Z��Za�f¿Ô¯��®mÂ»�Ê^���Ä°^��µ|»��Y�Ã{Z¨f�Y�Z]áp� ½Z°·M�ÉY�]�Y��ÉZÅ

�Ìa�¦¸fz»�Ê�y|¿{�¯�ÊÀÌ]]��[.��µ|»�¾ËY��{���Ä¯�d�Y�Äf§���Z¯�Ä]�Ä°^��ÊuY���ÉY�]�É{Á�Á

d�Y�¾¸Ìf»� ÃÁ�³� {Y| e� Á�¶Ìf»� ÃÁ�³� {Y| e� ,Z»{�¶»Z� .�ÉZÅ�f»Y�Za�¾ÌÌ e� Á� Ä°^����Â»M� �Y��a

ÄÀÌÆ]Ä°^���Y�,½M�ÉÉ��Ìa�ÉY�]�Ã|��ÄÀÌÆ]�ÊÀÌ]pá½Z°·M�Éd�Y�Ã|��Ã{Z¨f�Y�Ê�y�ÉZÅ.����Âf»

�Ìa� �{�Ê^�¿�ÉZ�y�ÊÀÌ]pá�É½Z°·M� {Á|u��¨�¼eY� �Z�§� �{� Z»{�\�u��]�Ê�y�ÉZÅ� %���Y�³

d�Y�Ã|�.  
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�-�- �°Ë�f»Â¼¯  
Ã�YÁ|·Á�d¿YÂ�Y���Âe��°Ë�f»Â¼¯�É��Ê°�·YÁÂ¯��Á�]�Á�É|WÂ�����µZ/���{�ÊËZ°Ë�»M�����

|��s��»]��.[�Ã�YÁ�,|·Á�d¿YÂf�Y�É»�°Ë�f»Â¼¯ «�¾ËY�Ä]�Y�{�]��Z¯�Ä]��Â�À» :»��cZ/�Ô�Y�kY�zf�Y

ÊËZÌ¼Ì�,��ËZ»�M��{�Ã|��|Ì·Âe�ÉZÅ�Ã{Y{��YÊËZÌ¼Ì��ÉZÅ« .��������Ì·Z/¿M�É�Ì³�Z/¯�Ä/]�|/À»�ZÌ¿�,�/»Y�¾/ËY

d�Y�É{�]�Z¯�cZÌ�ZË��,Ê¸¯��Â��Ä]�Á��Z»M�,É{|� .�Ä¸X/�»�,�°Ë�f»Â¼¯�{�����ZfyZ/��½Z/Ì]�,Ê¸/�Y��É

d�Y�Ê�ZË��c�Z^��c�Â��Ä]�ÊËZÌ¼Ì� .¼¯�,¾ËY�]ZÀ]����Ê/fu�Á�d/�Ì¿�Ê¿|/�Y|m�,Ê¼Ì���Y�,�°Ë�f»Â

Ê»ÄyZ��½YÂÀ��Ä]�|¿YÂe]�c�Â��Ä]�|ËZ]�Á�{Â��s��»�Ê¼Ì���Y�Ä¿Z³Y|m�ÉY��Ê¼Ì/���Y�Ê¿|�¿Y|m��z

|¿Z¼]�Ê«Z]]��.[  

 �µZ���{����Ä »Zm��Ì�Ze�,���°Ë�f»Â/¼¯�Ê/¸¸¼·Y�¾Ì]�É���,�����°Ë�f»Â/¼¯���f/�³�h/�Z]

|�]��[.   

�Ë��c�Â��Ä]��°Ë�f»Â¼¯�¦Ë� e�¾Ë�fÆ]�d�Y:  

ÄyZ��Á���Y�Ä¯�Ê¼Ì���Y�ÉY�Â�À»�Ä]�Ê�ZË��Á�É�Z»M�ÉZÅ ����Ä/ÀÌÆ]�ÉZÅ|/ÀËY�§�[Z/zf¿Y�Z/Ë�ÊuY����Á

Ã{Y{��Ì·Z¿M�Z]�ÊËZÌ¼Ì��cZ�Ô�Y�¾Ë�f�Ì]�½{�¯�ºÅY�§ÊËZÌ¼Ì��ÉZÅ Ê»�Ã{Z¨f�Y|À¯.  

0Y|Ë|���°Ë�f»Â¼¯�|��{�Y{�Ê´f�]�Ê¼Ì���{��ZÅ�eÂÌb»Z¯��Y�Ã{Z¨f�Y�Ä]�, .���Y�/«���f�{��{�Z]

��Á����{�Ê�z��ÉZÅ�eÂÌb»Z¯�¾f§�³����Ã�Á{�,��|/���Z£M�cZ�Ô�Y��Ì�¨e�Á���Y{�a��{�É|Ë|m�É

d§��Ìa�Á��¹�/¿�Á�Z/Å�eÂÌb»Z¯��{�¶�Zu�ÉZÅ������Ê/a��{�Y���°Ë�f»Â/¼¯��{�d§�/�Ìa�Á�d·ÂÆ/��,Z/Å�Y�§Y

d�Y{]��[.   

                                                 
1  Svante Wold 
2  Bruce R Kowalski 
3  International Chemometrics Society 
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�-�- Ä�]Y���ZfyZ��É��dÌ�Zy��Ä�]Y��Á��ZfyZ��É��dÌ·Z §�  
�YÂy�Á�ÊËZÌ¼Ì���ZfyZ��{YÂ»,�|Ì¼Ì��ÉY�]��¬§�Ä¿Ä¼Å�ÉY�]�Ä°¸]�,½Z¿Y����ZÌ/�]�½Y|À¼/�¿Y{�É

d�Y�dÌ¼ÅY�ÉY�Y{ .Y�Ë����ÊËZÌ¼Ì/���ZfyZ��Ê/»�����µÂ/°·Â»�ÊËZÌ¼Ì/�Â°Ë�Ì§��YÂ/y��/]�|/¿YÂe����ÌiZ/e�Z/Å

{�Y~´]]�� .[ÄyZ���Y�Ê°ËÊ»�Ê���]�,Y��½M��YÂy��]�µÂ°·Â»��ZfyZ���ÌiZe�Ä¯��°Ë�f»Â¼¯�ÉZÅ�,|À¯

�Á���Z^e�Y�ÉZÅ�Ê¼¯��ZfyZ- dÌ·Z § (QSAR)��ZfyZ��Á -�dÌ�Zy)QSPR (d�Y .  

Ä�]Y��ZfyZ��É-�dÌ�Zy/�ZfyZ�-��ºf/�Ì��¦Ì/�Âe�ÉY�]�Ê^�ZÀ»��Á��,dÌ·Z §���Ã|/ÌrÌa�ÉZ/Å

d�Y .�Ê¸�Y�¥|ÅQSPR��É�Y�«�]�Z^e�Y�������Z/]�Ã{Z/»�®/Ë�Ê°Ë�Â/·ÂÌ]�Á�ÊËZÌ¼Ì/��,Ê°Ë�Ì§��YÂy�¾Ì]

¦Ì�ÂeÃ|ÀÀ¯�d/�Y�Ê·Â°·Â»�ÉZÅ .��¦Ì/�Âe�¾/ËY�Ã|/ÀÀ¯�ÉZ/Å���Y�Ê·Â/°·Â»�����Ä^/�Zv»�Ê·Â/°·Â»��ZfyZ/�

Ê» {�³¿|]�� .[µ|»�¾ËYÊ»���§�¾ÌÀq�ZÅfÌ·Z §�,Ä]Z�»�ÉZÅ�ZfyZ��Ä¯�|ÀÀ¯Ê�»�,¾ËY�]ZÀ]�|¿�Y{�Ä]Z�

�Ìa�½Z°»YÊÀÌ]�{�Y{�{ÂmÁ��ZfyZ��ÉÁ���Y�dÌ·Z §]�� .[�Ê¸�Y�{�^ÅY�QSPR��Ä/�]Y��¾Ë�fÆ]�¾f§ZËÉ�

=¼¯Ê»�Ä¯�d�Y�Ê �Ìa�ÉY�]�|¿YÂe�,�YÂy�ÊÀÌ]{Â��Ã{Z¨f�Y .QSPR�¹�¿�d§��Ìa�Z]�ZÅ�Y�§Y�{�Â»��f�Ì]

f§�³��Y�«�ÄmÂed�Y�Ä,��Á�|ÀÀ¯��{�Y��dÌ�Zy��]�Ê·Â°·Â»��ZfyZ���iY�Ä¯�{Y{�Ã�ZmY�½Z¿Y|Ì¼Ì��Ä]�Y�Ë�

��ZfyZ��Ìa�Y��ÄÀÌÆ]|ÀÀ¯�ÊuY���Á�ÊÀÌ]]��[.  

�É�Z�·|»�Ê¸�Y�¶uY�»QSPR�d�Y��Ë��¶uY�»�¶»Z��Ê]ZË��Y�Á:  

 É���½{�¯�ºÅY�§�Ã{Y{ZÅ 

 Ä^�Zv»É�¦Ì�ÂeZÅ�³ 

 ¦Ì�Âe��Y�Ä�Â¼n»�Ë��¾Ë�e|Ì¨»�[Zzf¿YZÅ�³ 

 �µ|»�{ZnËYQSPR 

 µ|»�Ê]ZË��Y 

 �Ìa��¿�{�Â»�dÌ�Zy�ÊÀÌ]  

�¶°���{�¶uY�»�¾ËY)�-� (Ê»�Ã|ÅZ�»{Â�.  

                                                 
1 Quantitative Structure Property Relationships (QSPR) 
2  Quantitative Structure Activity Relationships (QSAR) 



  
QSPR  

Ê»��Á�����¿{�Â»�dÌ�Zy�Äf^·Y�Ä¯�,{Â��Ã{Y{�d/«{��Z/Å

�|/�Z]��e������ÊËY�Z/¯�Ã|/»M�d/�{�Ä/]�µ|/»�,

µÂ°·Â»�Ê¿Á�f°·Y�Á�É�ZfyZ��¦¸fz»�ÉZÅÅ��Ä/]�Y��Z

Ã�ËÁ�dÌ�Â�y��´¿ZÌ]�,�³��Ä/¯�d�Y�µÂ°·Â»��Y�ÉY

¦Ì�Âe�Ê¸¯�ÃÁ�³�Á{�Ä]�ZÅ�³�Á�Ê]�ne�ÉZÅ�³

É�Ì³�ÉZÅÊ»�d�{�Ä]�Ê]�ne|ÀËM��

�����Ã{Y{�Ä/]��Z/Ì¿�½Á|/]�Á�µÂ/°·Â»��ZfyZ/���Y�Ã{Z¨f�Y�Z]�É�ÂXe�ÉZÅ�³���Ê/]�ne�ÉZ/Å

Ã|�¿��fÀ���ÂÀÅ�Ä¯�Ê��§�ZË�Á�Ê «YÁ�µÂ°·Â»��Å�ÉY�]�Á�|¿Â�Ê»���f�{��{�,|¿Y�|À�Z]�  

�� 

�¶°��� -���µ|»�¶uY�»�É�Z�QSPR

Ã{Y{�É���½{�¯�ºÅY�§ZÅ  
QSPR��¼m�Z]Ã{Y{�É�ÁM�ÉY�]�ZÅÊ»��Á�����¿{�Â»�dÌ�Zy

d�Y�ºÆ»��ZÌ�]��Ã{Y{�Äq��ÅÃ{Y{�É���Á��e�^f »�ZÅ�Ì�Á�ZÅ�|/�Z]��e

����  

Ä^�Zv»¦Ì�Âe�ÉZÅ�³  
ZÅ�³�Ê³�ËÁ�Ä¯�|Àf�Å�É{|���Ë{Z¬»µÂ°·Â»�Ê¿Á�f°·Y�Á�É�ZfyZ��¦¸fz»�ÉZÅ

Ê»�½Z�¿�Ê=¼¯��Â�|ÀÅ{��¦Ì�Âe��Å��´Ë{�c�Z^��Ä]Ã�ËÁ�dÌ�Â�y��´¿ZÌ]�,�³

|�Z]��iR»���¿�{�Â»�dÌ�Zy��]�d�Y�¾°¼»��¦Ì�Âe�¾ËY¦Ì�Âe�Ê¸¯�ÃÁ�³�Á{�Ä]�ZÅ�³

Ê»�É|À]|¿Â���¦Ì�ÂeÃ�Y|¿Y��Z�Y��]�Ê]�ne�ÉZÅ�³É�Ì³

¦Ì�Âe�Ä¯�Ê·Zu��{�����Ã{Y{�Ä/]��Z/Ì¿�½Á|/]�Á�µÂ/°·Â»��ZfyZ/���Y�Ã{Z¨f�Y�Z]�É�ÂXe�ÉZÅ�³

Ã|�¿��fÀ���ÂÀÅ�Ä¯�Ê��§�ZË�Á�Ê «YÁ�µÂ°·Â»��Å�ÉY�]�Á�|¿Â�

 

  

�-�-�-�Ã{Y{�É���½{�¯�ºÅY�§
�µ|»QSPR

d�Y�ºÆ»��ZÌ�]

{�Y{�É�f�Ì]���

  

�-�-�-�Ä^�Zv»
¦Ì�ÂeZÅ�³

Ê»�½Z�¿�Ê=¼¯��Â�

|�Z]��iR»���¿�{�Â»�dÌ�Zy��]�d�Y�¾°¼»

ºÌ�¬e�É�ÂXeÊ»�É|À]

¦Ì�Âe�Ä¯�Ê·Zu��{

Ê»�Ä^�Zv»Ã|�¿��fÀ���ÂÀÅ�Ä¯�Ê��§�ZË�Á�Ê «YÁ�µÂ°·Â»��Å�ÉY�]�Á�|¿Â�
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� -� -� -� -�µÂ°·Â»��ZfyZ��º��ZÅ  

�ZfyZ���³Y�µÂ°·Â»ZÅ��Â��Ä]c�Â��c���ÉY�/]�ÊvÌv/��Ì£��Ë{Z¬»�,|�Z^¿�É��¿Y�¶«Y|u�Z]�É|À]

¦Ì�ÂeÊ»�{ZnËY�ZÅ�³{Â� .{Â��ÄÀÌÆ]�\Ì¯�e�Ê�|ÀÅ��ZfyZ��|ËZ]�¾ËY�]ZÀ]ÊÀ Ë�-����Y�ÊeZ�fz»Z��Zfy

ecZ�fz»�½M��{�Ä¯�|ËM�d�{�Ä]�\Ì¯�|�Z]�¶«Y|u�µÂ°·Â»�É��¿Y�, .�ÊeZ^�Zv»�Ê¼Ì����Âe��Z¯�¾ËY

Ê»�¹Zn¿Y{Â� .�Á� �ÊËZÅ��Y�«�Ã{Z¨f�Y�{�Â»�µÂ°·Â»��ZfyZ��É�Z��ÄÀÌÆ]�ÉY�]�ÊeZ^�Zv»�Ê¼Ì���{�Ä¯

Ê» Â»�®Ì¿Z°»��Á��|¿�Ì³Ì¿Z°»��Á��Á�Ê·Â°·d�Y�Ê»Âf¿YÂ¯�®.  

�Á��Ê·Â°·Â»�®Ì¿Z°»�ÉZÅ��Ã|/��Z/À]�®Ì�Ô¯��]YÁ��ÉZÀ^»��]�Ä¯�,|/¿Y������Ã{Z/��Ê/¸Ìy��Â/��Ä/]

�Ê·Â°·Â»�½Z¼fyZ��Y����¿��{��À§�Á�ÉÂ³�c�Â��Ä]Ê»|¿�Ì³ .{����c�Â/��Ä/]�µÂ/°·Â»�É��¿Y��Á��¾ËY��

Ä�Â¼n»É��¿Y��Y�ÉY�Á�Ê°ÌeZf�YÁ�f°·Y�,Ê�¼y�,Ê��¯�ÉZÅ ...��Ê/»�½Z/Ì]�{Â/� .�����Y�Ã{Z¨f/�Y�Z/]��b/�

Ä»Z¿�]�c�Â/��Á�É|¿ÂÌa�ÉZËYÁ��,ZÅ|¿ÂÌa�µÂ��Ê·Â°·Â»�®Ì¿Z°»��Á��Ä]��Â]�»�É�eÂÌb»Z¯�ÉZÅ��É|/À]

Ê»��ÌÌ¤e°·Â»�®Ì¿Z°»�É��¿Y�c�Z^��Ä¯�É�ZfyZ��Ze�|À¯����{Â/��Y|/Ìa�,|/À¯�º¼Ì/ÀÌ»�Y��Ê·Â .���Á��¾/ËY

µÂ°·Â»Á�¯Z»�ÉY�]��f�Ì]�É�Z��ÄÀÌÆ]Ê»��Z¯�Ä]�ZÅ{Á�.  

Ä·{Z »��Y�Ê»Âf¿YÂ¯�®Ì¿Z°»��{É�Ä^�Zv»�ÉY�]��´ÀË{Á��É��Ê/»�Ã{Z¨f�Y�µÂ°·Â»�É��¿Y��Á�{Â/�

��Á��Ä]�d^�¿®Ì¿Z°»��Y�É�f�Ì]�dv��ÉY�Y{�Ê·Â°·Â»d .�����ÉÁ��Ã|/��µZ/¼�Y�Ê/¿Á�f°·Y�cY�/iY�Y�Ë�

Â°·Â»Ê»�{�YÁ�cZ^�Zv»��{��Ì¿�Y��µ|À¯ .�Á��Ä¸¼m��YÊ»�Ê»Âf¿YÂ¯�ÉZÅ�Á��Ä]�½YÂe��¾Ë�Z/£M�ÉZ/Å��Á

�Á�Ä¼Ì¿�ÉZÅ�{�¯�Ã�Z�Y�Ê]�ne.  

�Á���{Ã{Y{�pÌÅ��Y�¾Ë�Z£M�ÉZÅ�̈ f/�Y�Ê]�ne�ÉZ�Ã{�Ê/¼¿�,{Â/����d/]Zi�Ä/°¸]����¹�/m�|/À¿Z»�ÊËZ/Å

��Z¯�Ä]�½Á�f°·Y��Z]�Á�d����d]Zi�,®¿Ôa�d]Zi�,½Á�f°·YÊ»�Äf§�³Ä^�Zv»�Á�|¿Â����Y�µÂ/°·Â»�É��¿Y�É

Ä·{Z »�¶u���Ê/»�d/�{�Ä/]�\Ë�¬e�É���®Ë��Y�Ã{Z¨f�Y�Z]��´ÀË{Á���É�|/ËM .����¶/¯�½Â/q��Á��¾/ËY��{

½Á�f°·YÊ»�{�YÁ�cZ^�Zv»��{�Y��ZÅÌa�cZ^�Zv»�,|ÀÀ¯Ã|Ìr�e�Ã|���f�Ì]�d«Á�Ä]�Á�ZÌ¿�É�d�Y.  

�Á���{�]�,Ê]�ne�Ä¼Ì¿�ÉZÅ�Á��¥Ôy�,¾Ë�Z£M�ÉZÅ½Á�f°·Y��¬§��Ä/ËÓ�ÉZ/Å���{�Y��d/Ì§���É

Ê»�{�YÁ�cZ^�Zv»|ÀÀ¯ .�Á��¾ËY��{�cZ^�Zv»�½Z»��ÄnÌf¿��{ÃZeÂ¯�ZÅ�Á���Y��e���Á�d/�Y�¾Ë�Z£M�ÉZÅ
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Ê»µÂ°·Â»�ÉY�]�|¿YÂe{Á���Z¯�Ä]��f³��]�ÉZÅ .]�� .[�Á��Ê¨¸fz»�Ê]�ne�Ä¼Ì¿�ÉZÅ��Ä/¯�{�Y{�{ÂmÁ��{

|��º����Y��a�µÂ°·Â»��ZfyZ��,ªÌ¬ve�¾ËY½�¹�¿��{���Y�/§YHyperchem�����Ä/¼Ì¿��Á���Y�Ã{Z¨f/�Y�Z/]�,

�Ê»Âf¿YÂ¯�Ê]�neAM1���{�¾ËY�¹�¿�ÄÀÌÆ]��Y�§Y|Ë{�³.   

  

�-�-�- [Zzf¿Y ��Y�Ä�Â¼n»��Ë��¾Ë�e|Ì¨»¦Ì�ÂeZÅ�³  
¹�¿�ÊmÁ�y��ZfyZ���Y�§YHyperchem�¹�¿�Ä]�É{Á�Á�½YÂÀ��Ä]��Y�§YDragon��Ê/»�ÄWY�Y�{Â/� .��{

¹�¿�¾ËY�Å�ÉY�]��Y�§Y��µÂ°·Â»�����¦Ì�ÂeÊ»�Ä^�Zv»��³{Â�.�Ä¸u�»��{��|/ ]�É�����Y�É�/��®/Ë�|/ËZ]

¦Ì�Âe¦Ì�Âe�½ZÌ»��Y��b��,|¿{�³�¥~u�ZÅ�³¦Ì�Âe�É{Y| e�,Ã|¿Z¼Ì«Z]�ÉZÅ�³����¾fyZ/��ÉY�/]��/³

{{�³�[Zzf¿Y�µ|».  

  

� -� -� -� - ¦Ì�Âe�{Y| e��ÅZ¯ZÅ�³  

¦Ì�Âe�É{Y| e�{ÂmÁÊ]��³¦Ì�Âe��Ì¿�Á��iY´f�^¼Å�Ä¯�ÊËZÅ�³�Ä/�Â¼n»��{�,|¿�Y{�ÓZ]�Ê�ÉY��Y

¦Ì�Âed�Y��Z�f¿Y�¶]Z«�,ZÅ�³ .¦Ì�Âe�Ä¯�Ê¿Z»��|À/�Z]�Äf�Y{�ºÅ�Z]�Y��Ê´f�^¼Å�¾Ë�f¼¯�ZÅ�³���µ|/»

Ê»�¶�Zu�É�e|Ì¨»�{Â�]��.[�¦Ì�Âe�|ËZ]�Y|f]Y�¾ËY�]ZÀ]�����/iY�Ê/]�ÉZ/Å�³���|¿Â/��Äf/�Y~³��Z/À¯ .��¾/ËY

¦Ì�ÂeZÅ�³�Ä¯��{�Â»��{�Y��cZ�Ô�Y�¾Ë�f¼¯ZÌ¼Ì���YÂy½M�|¿�Y{�Ê°Ë�Â·ÂÌ]�Á�ÊËZÅ�ÊË��|Àf/�Å��Ä/¯

Â°·Â»�¹Z¼e�ÉY�]µ|À�Z]�Äf�Y{��¨��ZË�Á�d]Zi�0Z^Ë�¬e�,d]Zi��Y|¬»�,ZÅ .ºÅ�¾Ì/Àq��¦Ì/�Âe���Ä/¯�ÊËZ/Å�³

��Y��f¼¯�� %��Y��Ì]�ZË�Á��¨���Ì£��Ë{Z¬»�� %Ê»�Äf�Y~³��ZÀ¯�,|À�Z]�Äf�Y{�½Z�°Ë��Ë{Z¬»|¿Â�.  

Ä¸u�»��{¦Ì�Âe�|ËZ]�| ]�ÉÄ¯�ÊËZÅ�³�|¿{�³�¥~u�,|¿�Y{�ÊËÓZ]�Ê´f�^¼Å .�����Â/�À»�¾/ËY�Ä/]

Ê´f�^¼Å�\Ë����Y|¬»� (r) �¦Ì�Âe�ÉY�]¦Ì�Âe�Á�Ã|��Ä^�Zv»�,ZÅ�³��Y|¬»�Ä¯�ÊËZÅ�³r�½M��Ì]�ZÅ

                                                 
1  Austin Model 1 
2 Correlation Coefficients 



�� 

 

��Y�/��|�Z]�Ê»��z�»{Â� .½M�½ZÌ»��Y�ÃZ´¿M¦Ì�Âe�ZÅ����dÌ/�Zy�Z/]�Y��Ê´f/�^¼Å�¾Ë�f¼¯�Ä¯�É�³

�{�Y{���¿{�Â»Ê»�¥~u{�³¿�|]��.[ 

��a¦Ì�Âe�¥~u��Y¦Ì�Âe�Á���iY�Ê]�ÉZÅ�³�Á��É�Ì³�Z¯�Ä]�Z]�,ÓZ]�Ê´f�^¼Å�Z]�ÉZÅ�³�ÉZÅ

¦Ì�Âe�[Zzf¿YÊ»��³¦Ì�Âe�½YÂe¦Ì�Âe�½ZÌ»��Y�Y��ÄÀÌÆ]�ÉZÅ�³{�¯�[Zzf¿Y�Ã|¿Z¼Ì«Z]�ÉZÅ�³.  

  

� -� -� -� - [Zzf¿Y ¦Ì�Âe�¾Ë�fÆ]ZÅ�³  

¦Ì�Âe�¥~u�Z]Ê]�ÉZÅ�³¦Ì�Âe�Á��iY�Ê´f�^¼Å�Z]�ÉZÅ�³Ä¸u�»��{�Ä¯�ÓZ]��,|/��¹Zn¿Y�¶^«�É

¦Ì�Âe�{Y| e½M�{Y| e��ÂÀÅ�Z»Y�,d�Y�Äf§ZË��ÅZ¯�ZÅ�³�d/�Y�{ZË��,\�ZÀ»�µ|»�®Ë�¾fyZ��ÉY�]�ZÅ .

�Á��É�Ì³�Z¯�Ä]�Z]�¾ËY�]ZÀ]¦Ì�Âe�[Zzf¿Y�ÉZÅ¦Ì�Âe�,�³������Y|/¬»��{�Y���ÌiZ/e�¾Ë�f/�Ì]�Ä/¯�ÊËZÅ�³

¦Ì�Âe�½ZÌ»��Y�,|¿�Y{���¿{�Â»�dÌ�Zy«Z]�ÉZÅ�³Ê|��|ÀÅYÂy�[Zzf¿Y�Ã|¿Z».���Á���Y�ª/Ì¬ve�¾ËY��{ 

�dÌ�Zy�[Zzf¿Y�Á�Ã{Y{�É�Z�Y|m�{ZveY(CDFS)� d�Y�Ã|��Ã{Z¨f�Y.  

¦Ì�Âe�¾Ë�fÆ]�[Zzf¿Y��Y��Ìa��Á��Z]�ZÅ�³CDFSÃ{Y{�Ê»Z¼e�,���Äf/�{�|/ËZ]�Z/Å��{{�/³�É|/À] .

�Á��,Y|f]Y�¾ËY�]ZÀ]�Äf�{ Ã{Y{�É|À]�Á���b��Á�ZÅ�¦Ì�Âe�[Zzf¿Y{�s����³|��|ÅYÂy�Ã{Y.  

  

¦·Y- Äf�{Ã{Y{�É|À]ZÅ  

Ã{Y{�É��|¿Â��ºÌ�¬e�Ä�Â¼n»�Ë��Ä��Ä]�|ËZ]�ZÅ .�Ä¯�{�Y{�¹Z¿���Â»M�É���,Ä�Â¼n»��Ë��¾Ì·ÁY

Ä¸u�»�½ÂÌ��³�ÉY��µ|»�Ze�Ã|��¹Zn¿Y�½M�ÉÁ���]|ÀËM�d�{�Ä]�Ê¨¸fz»�ÉZÅ .����Ä/�Â¼n»��/Ë��¾Ì/»Á{

µ|»�Ä¯�d�Y�Ê]ZË��Y�É���É����Y�Ã|»M�d�{�Ä]�ÉZÅ�\Ìe�e�¾ËY�Ä]�Á�Ã|��Ê]ZË��Y�½M���Âe���Â»M

¦Ì�ÂeÊ»�¾ÌÌ e�Ê�y�Ì£�Á�Ê�y�µ|»�dyZ��ÉY�]�ÄÀÌÆ]�ÉZÅ�³|¿Â� .Ä�Â¼n»��Ë����É�/��¹Â/��É

                                                 
1 Combined Data Splitting-Feature Selection Strategy 
2  Stepwise Regression  



�� 

 

µ|»�|ÀËY�§�µÂ���{�Ä¯�{�Y{�¹Z¿��ËZ»�M�ZË�d�eÄ�ËZ¬»�ÉY�]�½M��Y�Á�Äf�Y|¿�{�]�Z¯�É�Z�µ|»�É�ÉZÅ

Ê»�Ã{Z¨f�Y�cÁZ¨f»�{Â�]��.[  

Äf�{{Y{�É|À]ÃÊ»�ZÅÄf�{�Á�Ê§{Z�e�c�Â��Á{�Ä]�|¿YÂeÄ¨·Â»�¶Ì¸ve��Á��Z]�É|À]�Ê�Z�Y�ÉZÅ

{�Ì³�¹Zn¿Y .Ä¨·Â»�¶Ì¸ve�Ê¸�Y�¥|Å�Ê�Z�Y�ÉZÅ(PCA)��9]��ÅZ/¯�,�����ÉZ/Å�Ì¤f»��Y�É{Z/Ë��{Y|/ e�|/ 

]�Äf�]YÁ�ÄºÅ�d�YÃ{Y{�É����{�{ÂmÂ»��ÂÀe�Ä¯�Ê·Zu��{�,�|/��|ÅYÂy��¨u�ZÅ.������¶Ë|/^e�Z/]��/»Y��¾/ËY

Ä¨·Â» Y�ÉZÅÊ�Z��]YÁ�ºÅ�Ä]�Ä¯�ZÅ�Ì¤f»��Y�|Ë|m�É���®Ë�Ä]½Z°»Y�,|Àf�Ì¿�Äf�d�Y��Ë~a]��.[  

��{PCA¦Ì�Âe�,Ê»�¶¬fÀ»�|Ë|m�cZ�fz»�ºf�Ì��®Ë�Ä]�ZÅ�³�����Ä/¯�É�Â/��Ä/]�|¿Â/���¾Ì/·ÁY

Ä¨·Â»Ã{Y{�Ê³|À¯Y�a��Y|¬»�¾Ë�f�Ì]�Ã|��kY�zf�Y�Ê�Z�Y�É�Ä/�Â¼n»�¶¯��{�Y��ZÅÉ�Ã{Y{����/�¿��{�Z/Å

Ê» {�Ì³ .��»Y�¾ËYd�Y�Äf�^¼Å�ZÅ�Ì¤f»��Y�É{Y| e�Z]�¶«Y|u�,Ä¨·Â»�¾Ì·ÁY�Ä¯�d�Y�ÊÀ »�½Y|] .�¾Ì»Á{

Ä¨·Â»{�Y{�ºÆ»�Ê³�ËÁ�Á{�Ã|��kY�zf�Y�É .Ä�Â¼n»��¿ZË�YÁ�¾Ë�f�Ì]�Ä¨·Â»�¾ËYÃ{Y{�É���/�Âe�Ä¯�ZÅ

Ä¨·Â»Ê»���¿��{�Y��d�Y�Ã|�¿�Ä^�Zv»�µÁY�É����������Y�É{Y|/ e�Z/]�Ä/¨·Â»�¾Ì/»Á{��/´Ë{�c�Z/^��Ä/]�,{�/Ì³

Ì¤f»d�Y�Äf�^¼Å�,|¿�Y|¿�µÁY�L�m�Z]�ÊËÓZ]�Ê´f�^¼Å�Ä¯�Ã|��Ã|ÅZ�»�ÉZÅ� .�¾ËY�¹Á{�Ê³�ËÁ�d/�Y�

Ä¨·Â»�Ä¯{�ÉÄ¨·Â»�Z]�¹Á-{�Y|¿�Ê´f�^¼Å�µÁY�É������d/�Y��¨/��Ä/¨·Â»�Á{�¾Ì/]�Ê´f/�^¼Å�ÊÀ Ë .���ËZ/�

Ä¨·Â»Ê»�Y�Y{�Y���Â¯~»�Ê³�ËÁÁ{��Ì¿��Á��¾ËY��{�Ã|��kY�zf�Y�ÉZÅ�|À/�Z] .��Ä/¨·Â»�Á{�0ÓÂ/¼ »�É�µÁY

Ã{Y{�Ê³|À¯Y�a��Y�ÊÆmÂe�¶]Z«��Y|¬»Ê»���¿��{�Y��ZÅ|¿�Ì³ ]��.[ ��,¶/Ì·{�¾Ì¼Å�Ä]��Ä^/�Zv»��Y��/a�É

Ä¨·Â»�ÉZÅÊ�Z�YÊ»�º����Y{Â¼¿�®Ë�,��Ä/¨·Â»�½M�ÉZ/Å�Âv»�Ä¯�{Â��Ä/¨·Â»�Á�µÁY�É�|Àf/�Å�¹Á{��É .

Ê»�[Zzf¿Y���Â»M�É����Z¬¿�½YÂÀ��Ä]�,�Y{Â¼¿�¾ËY�Ê�Ìv»��Z¬¿|¿Â� .�É����Z¬¿���Y�d/�e�Á�Ê]ZË��Y

Ê»��ÀË�³�Ã|¿Z¼Ì«Z]��Z¬¿�½ZÌ»{Â�.  

  

                                                 
1 Principal Component Analysis 



�� 

 

[- ¦Ì�Âe�¾Ë�fÆ]�[Zzf¿Y�{�^ÅY����Âe��³CDFS  

��z]��{�Ä¯��Â��½Z¼Å�-�-�-�-¦·Y���µ|/»�®Ë�{ZnËY�ÉY�]�,|��Äf¨³QSPR��Ã{Y{�É�/���Z/Å

Äf�{�|ËZ]Äf�{�¾ËY��Z�Y��]�Á�{Â��É|À]¦Ì�Âe�¾Ë�fÆ]�É|À]{Â��[Zzf¿Y�ZÅ�³.�Z��¶uY�»�¹Z¼e�dy

0Z�Â�y�,µ|»�[Zzf¿Y�|ÀËY�§�¦Ì�Âe�¾Ë�fÆ]ZÅ�³Äf�{�¾ËY��Y�Ã{Z¨f�Y�Z]�,Ê»�¹Zn¿Y�É|À]¾ËY�]ZÀ]�{Â�,�

Äf�{�Ä]�0Y|Ë|��ÊËZÆ¿�µ|»�{�°¸¼���Ã{Y{�Ä/Ì·ÁY�É|/À]���d/�Y�Äf/�]YÁ�Z/Å .����[Z/zf¿Y�ÉY�/]�µÂ/¼ »��Á�

¦Ì�Âe ZÅ�³ Ä¸u�»�½ÂÌ��³���Á�d�Y�ÉY .Ä¸u�»�½ÂÌ��³���Á���{�µ|»�É{Y| e�ÉY��ÄfyZ/��Ê�y

Ê»Ä¸u�»��Á��Z]�½M�ÉZÅ�Ì¤f»�Ä¯�{Â�ÉY��µ|»�¾ËY�{�YÁ�ZÅd�Y�Ã|� .Ä¸u�»��Á����{���Z/]�Y|/f]Y�,ÉY

���Ê/»�[Z/zf¿Y�Ä/Ì·ÁY��Ì¤f»�,Ê´f�^¼Å�\Ë���Ä]�ÄmÂe�{Â/� .������Á�Ã|/��{Z/nËY�É�/Ì¤f»�Á{�µ|/»��b/�

Ê»��Y�«�Ê���]�{�Â»�µ|»�½M�É�Z»M�ÉZÅ�f»Y�Za{�Ì³ .�Z»M���¿��Y�µ|»�Ä¯�Êe�Â���{Ê]�É��,|/�Z]�ZÀ »

Ê»�¥~u�µ|»�½M��{�Äf§���Z¯�Ä]��Ì¤f»{Â� .������Ê/»�ÄfyZ/��É�/Ì¤f»�Ä/��µ|/»��b/����Ã�Z/]Á{�Á�{Â/�

����Ê/»��Y�/«�Ê/���]�{�Â/»�½M�É�Z»M�ÉZÅ�f»Y�Za�{�/Ì³ .������Ê/»�Ä/»Y{Y�ÊËZ/m�Z/e��Z/¯�¾/ËY����{Y|/ e�Ä/¯�|/]ZË

¦Ì�Âe |¿Â��[Zzf¿Y�\�ZÀ»�ÉZÅ�³ .Ä^�Zv»��Y��a�µ|»�,µ|»��Å�É�Z»M�ÉZÅ�f»Y�Za�É�[Zzf¿Y�ÄÀÌÆ]

Ê»{{�³ .¦Ì�Âe¦Ì�Âe�¾Ë�fÆ]�½YÂÀ��Ä]�,ÄÀÌÆ]�µ|»�¾ËY�ÉZÅ�³�Ã{Z¨f�Y�{�Â»�É| ]�¶uY�»��{�,ZÅ�³

Ê»��Y�«|¿�Ì³. ÄÀË�³�,�Á��¾ËY�Z»Yd�Ì¿�ZÅ�Ì¤f»�[Zzf¿Y�ÉY�]�Ê^�ZÀ»�É. µ|»�Y�Ë���Z/]�Ã|��ÄWY�Y�ÉZÅ

µ|»�,�Á��¾ËYd�Y�Ê�¿Z��Á�Ê§{Z�e�ÉZÅ .0Z�Â�y�Ã|Ë|a�¾ËY�Z»�Ê»�w��Ê¿�����{Y|/ e�d^/�¿�Ä/¯�|/Å{

Ä¿Â¼¿�ZÅ)µÂ°·Â»�ZËZÅ (¸�Y�ÉZÅ�Ì¤f»�{Y| e�Ä]�Ê)¦Ì�Âe�ZËZÅ�³ (|�Z]�º¯��ZÌ�]]��Á��.[  

d�{�Á�¶°�»�¾ËY��§��ÉY�]ÃÂv¿��ÌiZe��Y�¶¬f�»�Ä¯�Ê·|»�Ä]�Ê]ZËÄf�{�ÉÃ{Y{�É|À]��,|/�Z]�ZÅ

�{�^ÅY��¹Z¿�Z]�É|Ë|m��Á�CDFS�d�Y�Ã|��ÄWY�Y .�����Y�É�/��®/Ë�Y|/f]Y��Z¯��Z£M��Y�¶^«�,�Á��¾ËY��{

Ê»�Äf�Y~³��ZÀ¯�d�e�É���½YÂÀ��Ä]��Z¬¿|¿Â� .Ã{Y{Ê«Z]�ÉZÅ�Ê§{Z�e�c�Â��Ä]�Á�,�Z]�¾Ë|Àq�Ã|¿Z»

Äf�{�Á{�Ä]ºÌ�¬e���Â»M�Á�Ê]ZË��Y�ÉÊ»�É|À]{Â� .Äf�{��Å�ÉY�]µ|»�¶uY�»�¹Z¼e�|ËZ]�É|À]�É�Z�

Æ]�Á�Ã|��¹Zn¿Y{{�³�¾ÌÌ e�Äf�{�½M�ÉY�]�µ|»�¾Ë�f .Äf�{�cZ §{�{Y| e��³Y�¾ËY�]ZÀ]Ã{Y{�É|À]��Z/Ån�

                                                 
1  Srepwise Method 



�� 

 

�dËZÆ¿��{�,|�Z]n�Ê»�d�{�Ä]�ÄÀÌÆ]�µ|»|ËM .¦Ì�Âe��b����µ|/»�¹Z/¼e�ÉZ/Å�³�����º/Å�Z/]�Ä/ÀÌÆ]�ÉZ/Å

Ê»�Ä�ËZ¬»|¿Â� .¦Ì�Âe�����Y��Ì/]��{�Ä/¯�ÊËZ/Å�³�� %�µ|/»���Ã|/���Y�/°e�Z/Å�����¾Ë�/fÆ]�½YÂ/À��Ä/]�|/¿Y

¦Ì�Âe �ZÅ�³µ|»�ÉY�]�Á�Ã|��[Zzf¿YÊ»�Ã{Z¨f�Y�Ê�y��Ì£�ZË�Ê�y��Á��Ä]�É�Z�|¿Â�.  

  

�-�-�- �µ|»�{ZnËYQSPR  
µ|»�Ê¸�Y�¥|Å�ÉZÅQSPR�¦Ì�Âe�¾Ì]�Ä¯�d�Y�¾ËY�����YÂ/y�Á�\/Ì¯�e�®/Ë�Ê·Â°·Â»�ÉZÅ�³

�Ê°Ë�Ì§�ZË½M�ÊËZÌ¼Ì�, Ä�]Y��®ËÊ¼¯�É�|À¯��Y�«�] .�Ä/�]Y��¾ËY��Ê/»�Ê/�ZË��É�����Y�Ã{Z¨f/�Y�Z/]�|/¿YÂe

�Á� �Á��ZË�Á�Ä¿Z³|Àq�Ê�y�½ÂÌ��³��¶j»�Ê�y�ÉZÅ��Ä°^/��¶/j»�Ê�y�Ì£�ÉZÅ���¹Z/n¿Y�Ê^/���É

{�Ì³] .�� .[½ZËZa�¾ËY��{��Y�Ä»Z¿Ä¿Z³|Àq�Ê�y�½ÂÌ��³���Á�� (MLR)�,�Ä°^�Ê^���É��Ê�ÂÀ/�»� 

(ANN)�½Z^Ìf�a��Y{�]�¾Ì�Z»�Á� (SVM) µ|»�ÉY�]����d/�Y�Ã|/��Ã{Z¨f/�Y�É�Z/� .���Ä/»Y{Y��{�Y~/·��¾/ËY

�Á� ZÅ�|��|ÅYÂy�Ã{Y{�tÌ�Âe.  

  

� -� -� -� -�Ê�y�½ÂÌ��³���Á��Ä]�É�Z�·|»��Ä¿Z³|Àq(MLR) 

�,Ê�y�½ÂÌ��³��Á���Y�Ê°Ë�lËY��ÉZÅ¦Ì�Âe�[Zzf¿Y�ÉY�]µ|»��Ì¿�Á��³�,É�Z��{�cZ ·Z�» 

QSPR/QSAR�d�Y. Ê�y�½ÂÌ��³��µ|»��{�Ã{Z����¿�{�Â»�dÌ�Zy�,Y�dÌ�Zy�®Ë�Ä] Ê·Â°·Â»  

X Äf�]YÁ�d�Y .�,É�f»Y�Za�®Ë�Ê�y�½ÂÌ��³�Ê»�Äf�Â¿��Ë��c�Â��Ä]{Â�:  

)�-�(  0 1Y X    

�Ä¯0d]Zi�Y|¬»�d�Y.  

�dÌ�ZyY�¦Ì�Âe�¾Ë|Àq�Z]�Ê�y�c�Â��Ä]�Ä¯�d�Y�¾°¼»�|/�Z]�Äf�Y{�Ê´f�]�Ê·Â°·Â»��³ .

Äf�Â¿��Ë��c�Â��Ä]�Ä¿Z³|Àq�Ê�y�½ÂÌ��³��c�Â��¾ËY��{�Ê»{Â�:  

                                                 
1  Multiple Liner Regression 
2  Artificial Neural Network 
3  Support Vector Machine 



�� 

 

)�-�(  0 1 1 2 2 3 3 k k...X X X XY           

�½M��{�Ä¯1�ZekºÅ�\ËY���,�¦Ì/�Âe���Y��ÉZ/Å�³1X��Z/ekX �|Àf/�Å .���Y|/¬»�,\ËY�/������/iY��Y|/¬»

¦Ì�Âe ºÅ��³ {�Â»�dÌ�Zy��]�Y��{Ây���Y�Ê»��Z°�M���¿{�Z� .½Z�¿�d^j»�\Ë��Ã|ÀÅ{�Ä¯�d�Y�½M�É

¦Ì�Âe½Z�¿�Ê¨À»�\Ë���Ä¯�Ê·Zu��{�{�Y{�d^j»��iY���¿��{�Â»�dÌ�Zy��]�Ê·Â°·Â»��³Ã|ÀÅ{�ºÆ��É

¦Ì�Âe�Ê¨À»�d�Y��³]��Á��.[  

  

� -� -� -� -�Ä°^�Ê�ÂÀ�»�Ê^���É (ANN)  

Ä°^��Ê�ÂÀ�»�Ê^���É(ANN)������Â/»M��Á��Á���Y{�/a�|ÀËY�§�,�ZfyZ���Y�Äf§�³�¹ZÆ·Y��®/Ë

®Ë�Â·ÂÌ]��¤»�d�Y �ÁÊ»��ÔeÄ¯�|À¯�Ä°^�����|/À¯�|/Ì¸¬e�Y��Êf/�Ë��Ê^/���É .�Ä°^/���{��,Ê^/���É

�Êf�Ë��µÂ¸��Ä]Z�»���Y{�a���ZÀ�Ê»Á�|À�Z]��¾Ì]½M½�Á�cÓZ�eY�ZÅ�Y{��d�Y�{ÂmÂ»�Ã|�]��.[  

�¾fyZ��ÉY�]�j¯Y�µ|»ÉZÅ ANN�{�|ËZ]Ã{Y]�{ÂmÂ»�ÊmÁ�y�Á�É{Á�Á�ÉZÅ|�Z .��{��º/¸���,�Z/»M

Ã{Y{ �,É{Á�Á�ÉZÅ¤f»Ã{Y{�Á�¶¬f�»�ÉZÅ�ÌÊ»�Ã|Ì»Z¿�Äf�]YÁ��Ì¤f»�ÊmÁ�y�ÉZÅ�{Â�]��.[  

Ä°^��{�Â»��{�É��fz»�cZvÌ�Âe�Ä»Y{Y��{d�Y�Ã|��ÄWY�Y�Ê�ÂÀ�»�Ê^���É.  

 

¦·Y- Ä°^���ZfyZ�Ê�ÂÀ�»�Ê^���É  

ºÆ»¶Ì°�e�L�m�¾Ë�eÃ|ÀÅ{�®Ë�ÉÄ°^�Ê»�½Á�¿�,Ê^���É|�Z] .�ÊeZ^/�Zv»�|uYÁ�®Ë�½Á�¿-

Ã|��Ã{Z��µ|»�d¬Ì¬u��{�Ä¯�d�Y�Ê��Y{�ad�Y�Ê Ì^��½Á�¿��Y�ÉY .����®/Ë�,É{Á�Á�É{Y|/ e��Y�½Á�/¿

½�Á�,ÊmÁ�y��Ã|/��¶Ì°/�e�®Ë�ve��]Ze�Á�®Ë�ve�µZÀ´Ì��{ZnËY��Ä]��Â]�»�ÉZÅ�d/�Y .���¾Ì/]��Z/^e�Y

]Ze�¹Z¿�Ä]�Êf¼�«��{�®Ë�ve�µZÀ´Ì��Á�ÊmÁ�yÊ»�{ÂmÁ�Ä]�®Ë�ve��|ËM .����Á{��Y�½Á�/¿�®/Ë�¾ËY�]Z/À]

d�Y�Ã|��¶Ì°�e��z] :Ä¨Ì�Á�µÁY��z]É{Á�Á�d§ZË�{�É½�Á�,ZÅ½M�ÊÅ{�Ä^/�Zv»�Á�ZÅ���Â/¼n»�É

½M����Ä/¨Ì�Á�¹Á{��/z]�Á�{�Y{�Ã|/Æ��Ä/]�Y��®Ë�ve�µZÀ´Ì��½YÂÀ��Ä]�ZÅ����ÉÁ��®/Ë�ve��]Z/e�µZ/¼�Y�É



�� 

 

Ó�Ä]�½Á�¿�ÊmÁ�y�¹Z¤Ìa�¾fyZ��Á�®Ë�ve�µZÀ´Ì�ÄË{�Y{�Ã|Æ��Ä]�Y��Ä°^��ÊmÁ�y�ZË�Á�| ]�É .¶°� 

)�-� (Ê»�½Z�¿�Y��ÊeZ^�Zv»�½Á�¿�®Ë�½Z¼fyZ�|Å{. 

É{Á�Á�¹Z¼e��]�ÃÁÔ�½�Á�ÉZÅ��d/�Y�®/Ë�{|��½M�Á�Ã|��Äf§�³���¿��{��Ì¿�É�´Ë{�É{Á�Á�,�Y{ .

�Ìa��{�,®Ë�{|��¾ËY�|«��É{Á�Á�[���¶�Zu�Z]�Á�Ã|��[��½�Á��{�ZÅÊ»��¼m�ZÅ��Á�Z/e�{Â/��É{Á�

|À¯�{ZnËY�Y���·Zy.  

)�-�(  1,1 1 1,2 2 1,R Rn= +b=w p +w p +...+w p +bWp  

��]Ze��b�µZ¬f¿Y���·Zy�É{Á�Á�¾ËY�ÉÁ�n�Ê»��iYÊ»�{ZnËY�Y��½Á�¿�ÊmÁ�y�Á�|À¯|À¯.  

)�-�(  a=f(n)=f( +b)Wp  

�Ìa�¾ËY��Ê/»�¶/¼��®Ë�d]Zi�É{Á�Á�ÉÁ��Ä¯�cÁZ¨e�¾ËY�Z]�d�Y�½�Á�®Ë�ÄÌ^���|«���½M�d/Ë�»�Á�|/À¯

d��Y�Ä°^��Ä]�Ê§Z�Y��Ì¤f»�®Ë�½{Á�§Y .Ä°^��,Á��¾ËY��Y�Ìa�Ä¯�ÉYÉÂ«�{�Y{��|«Ä°^���Y��e��|/«Z§�É

�ÌaÊ»��|«|�Z] .�Ìa�½Á|]�½Á�¿�®Ë�,ÃÁÔ��Ä]�������¨/��Y��Ê/mÁ�y�,�¨/��É{Á�Á��/iY��{�Ä/�Ì¼Å��|«

Ê» �Ìa�µZ¼�Y�Z]�Á�d�Ì¿�[Â¸�»�d·Zu�¾ËY��Ä¯�|Å{Ê»�¥���]��|«{Â�.  

��]YÂeµZ¬f¿Y�]Ä°^���{�Äf§���Z¯�ÄÊ»�Ê^���ÉZÅ�Ä]�d^�¿�|À¿YÂen|À�Z]�Ê�y�Ì£�ZË�Á�Ê�y�, .

��]YÂe�-¦¸fz»�|�Z¬»�ÉY�]�Äf^·YµZ¬f¿Y�Ê»��Z¯�Ä]�cÁZ¨f»|¿Á� .ÊmÁ�y�ÉY�Y{��]YÂe�¾ËY��Y�Ê� ]��ÉZ/Å

�Ê¬�À»)�Á� (�ZË�Á)�Á�- (Ä¸a�ÊmÁ�y��´Ë{�Êy�]�Á|¿�Y{�ÉY .�Äf/�ÂÌa�ÊmÁ�y��Ì¿��´Ë{�Ê� ]��{�ÉY

ËÃ{Á|v»�®|¿�Y{��z�»�É .Ä°^���j¯Y��{�����/]YÂe��Y��f/�Ì]�Ê�ÂÀ/�»�ÉZÅ�µZ/¬f¿Y����Ã{Z¨f/�Y�Äf/�ÂÌa

Ê» Äf��³��]YÂe��Y�Ze�{Â� .¥Á� »��Y�{�Â»�Ä����/]YÂe�¾Ë�e�µZ/¬f¿Y���Y�|/Àe�Z^� :���]Z/e�µZ/¬f¿Y��Ä¿Zf/�M�ÉY

É|u���]Ze�,µZ¬f¿Y�Ê�y����]Ze�ÁµZ¬f¿Y�|ÌWÂ¼´Ì��.  

  

                                                 
1  Bias 
2  Hard Limit Transfer Function 
3  Linear Transfer Function 
4  Log-Sigmoid Transfer Function 



�� 

 

  
�¶°�)� -�(-��½Á�¿�®Ë��ZfyZ�ÊeZ^�Zv»  

  

d�Ì¿�Ê§Z¯�¶WZ�»�¶u�ÉY�]�,ZÆÀe�½Á�¿�®Ë�,{�YÂ»��j¯Y��{ .�����É{Z/Ë��{Y|/ e��Y�¶/Ì·{�¾Ì/¼Å�Ä]

Ê»�Ã{Z¨f�Y�½Á�¿Ê»��Z¯�ºÅ�cY�YÂ»�Ä]�Ä¯�{Â�|ÀÀ¯ .½Á�¿�¾ËY�Ä]Ê»�ÄËÓ�®Ë�,É�YÂ»�ÉZÅ|ÀËÂ³.  

Ä°^���{�Ê¸¯�d·Zu��{ÄËÓ��Â¿�Ä��Ê^���ÉZÅ{�Y{�{ÂmÁ�Ê¿Á�¿�É :�Ä/ËÓ�,É{Á�Á�É�Ä/ËÓ��ÉZ/Å

ÄËÓ�Á�½ZÆÀaÊmÁ�y�É .ÄËÓÄ¨Ì�Á�,É{Á�Á�É{�Y{�Y��cZ�Ô�Y�d§ZË�{�É .�Ä/ËÓ���Ê/mÁ�y�,Ê/mÁ�y�É

Ê»�½Z�¿�Y��Ä°^�|Å{ .ÄËÓ��ËZ�ÄËÓ�¾Ì]�Ä¯�ÊËZÅÄËÓ�Á�É{Á�Á�É���Ä/ËÓ�,|/¿�Y{��Y�/«�ÊmÁ�y�É��ÉZ/Å

Ê»�Ã|Ì»Z¿�½ZÆÀa|¿Â� .�¶°�)�-�(Ä°^��®Ë�,Ê»�Ã|ÅZ�»�ÄËÓ�Ä��É{Â�.  

  

[- Ê¿Á�¿�¾Ì]�cZ�Z^e�Y���¿��Y�Ä°^���YÂ¿Y  

Ä°^�ÉZÅ�ÃÂÌ���Z�Y��]�Ê�ÂÀ�»�Ê^��½M��{�cZ�Ô�Y���Y{�a�É�Z/Å,���Äf/�{�Á{�Ä/]��Ê/¸¯�É

Ê»�ºÌ�¬e|¿Â� :Ä°^��Ìa�ÉZÅ�Ây��Ä°^��Á�a�ÉZÅ�Ây�.  

Ä°^���{�Ìa�ÉZÅÄÌ¸¯�Ä]�ÄËÓ��Å��{�½Á�¿��Å�,�Ây½Á�¿�ÉÄËÓ�ÉZÅ¶�f»�É| ]�Á��ÁZn»�É  

Ê»½Á�¿�Ä]�ZË�Á��{Ây�Ä]�½Á�¿��Y�Ê·ZÀ´Ì��pÌÅ�Z»Y��{Â�ÄËÓ�ÉZÅÊ¼¿�]�Ê¸^«�É{{�³ .���]�¾ÌÀr¼Å

½Á�¿�¾Ì]�cÓZ�eYÄËÓ�µÂ���{�ZÅÊ¼¿��Zn»�ZÅ|�Z] .Ä°^��¾ËY��{�¾ËY�]ZÀ]��Ä/]�Äq�½Á�¿��Å�ÊmÁ�y�,ZÅ

                                                 
1  Feed Forward 
2  Feed Back 



Ê¼¿�]�½Á�¿�½Z¼Å�É{Á�Á�Ä]�,ºÌ¬f�»�Ì£�c�Â��Ä]�Äq�Á�ºÌ¬f�»�c�Â�{{�³��Z]����ÉÂ/´·Y�¾f§�/³��Y�«

ÄËÓ�Ä]�Á�Ã{�¯�Ä^�Zv»�Y��ÊmÁ�y�,µÁY�ÉÊ»�¹Á{�É�|/ÀÅ{��

�Ä/ËÓ�Ä]�,½M�ÊmÁ�y�Á�|À¯��É|/ ]�É

�{Â/��Ä^�Zv»�Ä°^��¶¯�Ê�����{�¾ËY�]Z/À]

Ê»�ÊmÁ�y�d¼��Ä]�É{Á�Á��Y�Á�Ä§���®Ë��Ì�»�®Ë��{�Ä�Ì¼Å�cZ�Ô�Y�½ZË�m�,ZÅ�Á�|�Z]

��½Á�/¿�Z/Ë�½Á�¿�½Z¼Å�Ä]�½Á�¿�®Ë��Y�Êf�³�]�µZÀ´Ì��®Ë�¶«Y|u�,�Ây��ÉZ/Å

����Ä/¬¸u��Y�Ã{Z¨f/�Y�Z/]�|/À¿YÂe���,Êf/�³�]�ÉZ/Å

|ÀÀ¯�d¯�u��° ·Z]�Á�ÊmÁ�y�Ä]�É{Á�Á��Y��Ì�»�Á{��Å��{�Ä¯�|À�Z]�Äf�Y{�ÊËZÅ.  

  

ÄËÓ�Ä��É  

�� 

Ê¼¿�]�½Á�¿�½Z¼Å�É{Á�Á�Ä]�,ºÌ¬f�»�Ì£�c�Â��Ä]�Äq�Á�ºÌ¬f�»�c�Â�

½Á�¿�,Ä°^��É{Á�Á��{���¿�{�Â»ÄËÓ�ÉZÅÄËÓ�Ä]�Á�Ã{�¯�Ä^�Zv»�Y��ÊmÁ�y�,µÁY�É

ÄËÓ��Y�Y��É{Á�Á��Ë{Z¬»�ÄËÓ��Å�,¾ËY��Y�| ]Ê»�d§ZË�{�Ê¸^«�ÉZÅ�Ä/ËÓ�Ä]�,½M�ÊmÁ�y�Á�|À¯

ÄËÓ�Ä]�Ä¯�ÊËZm�Ze�{Â�mÁ�y�Á�|��]�ÊmÁ�y�É�{Â/��Ä^�Zv»�Ä°^��¶¯�Ê

Ê»�ÊmÁ�y�d¼��Ä]�É{Á�Á��Y�Á�Ä§���®Ë��Ì�»�®Ë��{�Ä�Ì¼Å�cZ�Ô�Y�½ZË�m�,ZÅ

�Ìa�½M�Ä]�ºÅ�¶Ì·{�¾Ì¼Å�Ä]Ê»��Ây|ÀËÂ³.�  

�a�ÉZÅ��½Á�/¿�Z/Ë�½Á�¿�½Z¼Å�Ä]�½Á�¿�®Ë��Y�Êf�³�]�µZÀ´Ì��®Ë�¶«Y|u�,�Ây

Ó�ZË�Á�ÄËÓ�½Z¼ÅÄË{�Y{�{ÂmÁ�Ê¸^«�É��½M�¾ËY�]ZÀ]�Ê/»�ZÅ����Ä/¬¸u��Y�Ã{Z¨f/�Y�Z/]�|/À¿YÂe

|ÀÀ¯�d¯�u��° ·Z]�Á�ÊmÁ�y�Ä]�É{Á�Á��Y��Ì�»�Á{��Å��{�Ä¯�|À�Z]�Äf�Y{�ÊËZÅ

�¶°��� -��-�Ä°^��®Ë��ZfyZ�ÄËÓ�Ä��É

 

Ê¼¿�]�½Á�¿�½Z¼Å�É{Á�Á�Ä]�,ºÌ¬f�»�Ì£�c�Â��Ä]�Äq�Á�ºÌ¬f�»�c�Â�

½Á�¿�,Ä°^��É{Á�Á��{���¿�{�Â»

ÄËÓ��Y�Y��É{Á�Á��Ë{Z¬»�ÄËÓ��Å�,¾ËY��Y�| ]

Ê»�Ã{Zf��§ÄËÓ�Ä]�Ä¯�ÊËZm�Ze�{Â�

Ä°^��¾ËYÊ»�ÊmÁ�y�d¼��Ä]�É{Á�Á��Y�Á�Ä§���®Ë��Ì�»�®Ë��{�Ä�Ì¼Å�cZ�Ô�Y�½ZË�m�,ZÅ

�Ìa�½M�Ä]�ºÅ�¶Ì·{�¾Ì¼Å�Ä]

Ä°^���{�a�ÉZÅ

Ó�ZË�Á�ÄËÓ�½Z¼Å

µZÀ´Ì�|ÀÀ¯�d¯�u��° ·Z]�Á�ÊmÁ�y�Ä]�É{Á�Á��Y��Ì�»�Á{��Å��{�Ä¯�|À�Z]�Äf�Y{�ÊËZÅ

  

  



�� 

 

k- ��Â»M�Ä°^�  
Ä°^�Ê»�Ê�ÂÀ�»�Ê^���ÉZÅÁ�|ÀÀÌ^]���Â»M�|À¿YÂe�|¿�Ì´]�{ZË .��É�Ì³{Z/Ë��Â¿�Á{�Ê¸¯��Â��Ä]

Ä°^��ÉY�]{�Y{�{ÂmÁ�ZÅ :��Z¿�Z]���Â»M����Z¿�½Á|]���Â»M�Á� .  

���Ã|/¿�Ì³{ZË�ºf/�Ì��Ê «YÁ�[YÂm�,É�Ì³{ZË�ºfË�Â´·Y��Y�°e��Y�Ä¸u�»��Å��{�,��Z¿�Z]�É�Ì³{ZË��{

{�Y{�{ÂmÁ .Á��Y|¬»�¾Ì]�cÁZ¨e�ÊÀ Ë�-É�Ì³{ZË�ÉZ�y�Ä]�É�Ì³{ZË�ºfË�Â´·Y�Y~·�Ìa��Y|¬»�Á�Ê «Y�ÊÀÌ]

{�Y{�Ê��f�{�Ã|� .Ä°^���j¯Y��{�Y�Ê^���ÉZÅ�Ê»�Ã{Z¨f�Y�É�Ì³{ZË��Â¿�¾ËY{Â�.  

½Z»Z�{Ây�ZË���Z¿�½Á|]�É�Ì³{ZË�¹Z¿�Ä]�É�Ì³{ZË��Y�É�´Ë{��Â¿�Ê/»�Ã{����[YÂ/m�½M��{�Ä/¯�|/�Z]

Ê»�Ä°^��Á�d�Ì¿�{ÂmÂ»�Ã|¿�Ì³{ZË�ºf�Ì��ÉY�]�Ê «YÁ�Ä]�Y��É{Á�Á�ÉZÅÂ´·Y�Ä¯�{�Â»M�ÉÁZ�»�{Y| e

ÃÁ�³��YºÌ�¬e�ZÅ|À¯�É|À].�½M�¾Ì]�{ÂmÂ»�cZ�Z^e�Y�| ]|ËZ¼¿�|¯�Ä°^��ÊmÁ�y��{�Á�Ã{�¯�Y|Ìa�Y��ZÅ .

Ê»��z�»�Y��ÊËZÆ¿�¥|Å�Ä¯�d�Y��]�Z¯�{�§�,d·Zu�¾ËY���{�Ä¯�d�Y{�ÄmÂe�|ËZ]|À¯.  

ºf�Ì���Zf§���Â»M�ÉZÅºfË�Â´·Y���Âe��Ë~aÊ»�½ZÌ]�Êf�³�]�ÉZÅ�¾ËY�Ä]�Ä¯�{Â�ºfË�Â´·Y��Z/Å

Ê»�É�Ì³{ZË�¾Ì¿YÂ«|ÀËÂ³ .Ä°^��ÉY�]�É�Ì³{ZË�¾Ì¿YÂ«��Y�Ê¨¸fz»��YÂ¿Y�����Ä/¯�|/¿�Y{�{Â/mÁ�Ê^/���ÉZÅ

É{�°¸¼��É�Ì³{ZË��½M��Y�Ê°Ëd�Y�ZÅ .�Ä°^��ÉZÅ�f»Y�Za�,É�Ì³{ZË��Â¿�¾ËY��{)½�Á�Ìa�Á�ZÅZÅ�|« (

Ê»�ºÌ�Àe�ÉÂv¿�Ä]{Â��ÄÀÌÆ]�Ä°^��{�°¸¼��Ä¯�|¿Â� .�ÄÀÌÆ]��Y��Â�À»���¶«Y|/u�,Ä°^/��{�°¸¼��½{�¯

{�Y{�{ÂmÁ�Ä°^��x�Za�Á�Ê]�ne��Ë{Z¬»�¾Ì]�Ä¯�d�Y�ÊËZ�y�½|� .  

ÄÀÌÆ]�ÉY�]���{�/¯�Y|/Ìa�{�/°¸¼���yZ��®Ë�|ËZ]�Y|f]Y�,Ä°^��{�°¸¼��É�Z� .���,{�/°¸¼���yZ/�

Ä�]Y��,Ä°^��{�°¸¼��Z]�Á�d�Y�Ä°^��{�°¸¼��½ZÌ]�ÉY�]�É�ZÌ »{�Y{��°��É .���{�/°¸¼��Ä/q��Å�ÊÀ Ë

�fÆ]�Ä°^�����° ·Z/]�Á�{Â/]�|ÅYÂy��f°qÂ¯�{�°¸¼���yZ���Y|¬»�,|�Z] .�����f/�Ì]��{�{�/°¸¼���yZ/�

ºfË�Â´·Y�Z�y�cZ ]�»���Âf»�ZÅ(MSE)��d�Y .��Ì¿�Z�y��]Ze�ZË�¥|Å��]Ze�0ZuÔ��Y�Y��{�°¸¼���yZ�

                                                 
1 Supervised learning 
2 Unsupervised learning 
3  Performance Learning 
4  Mean Square Error 



�� 

 

Ê»d�Y���¿�{�Â»�½M�½{�¯�ÄÀÌ¼¯�Ä¯�Ê ]Ze�ÊÀ Ë�,|ÀËÂ³ .Ä¸u�»��{����Ä°^/��ÉZ/Å�f»Y�Za�|/ËZ]�,| ]�É

ÉY�]�{{�³�ºÌ�Àe�{�°¸¼���yZ���Y|¬»��ÅZ¯]��[.  

ÄÀÌÆ]�ÉY�]�Á��,Ä°^��{�°¸¼��É�Z�����Ê/»�Ä/¸¼m�½M��Y�Ä/¯�{�Y{�{Â/mÁ�Ê¨¸fz»�ÉZÅ���Ä/]�½YÂ/e

ºfË�Â´·Y±�^¿Â·�Ê��Â»M�ÉZÅ-���{�/¯�Ã�Z/�Y�¾Ë�ËZ/]�ºÌ�Àe�Á�c�YÂ¯�Z» .��½Z/ËZa�¾/ËY��{���Á{�¾/ËY��Y�Ä/»Z¿

ÄÀÌÆ]��Â�À»�Ä]�ºfË�Â´·Y{Z¨f�Y�Ä°^��{�°¸¼��É�Z�d�Y�Ã|��Ã.  

  

� -� -� -� - ½Z^Ìf�a�É�Y{�]�¾Ì�Z» (SVM)  

¾Ì�Z» � ½Z^Ìf�a� �Y{�]�ÉZÅ(SVM) �Á�� �Y� Ê°Ë |Àf�Å� ��Z¿� Z]� É�Ì³{ZË�ÉZÅ .��Y��Á��¾ËY

�Á��Ä¸¼m µZ���{�Ä¯�d�Y�É|Ë|m�0Zf^�¿�ÉZÅ �Á��Ä]�d^�¿�Ê]Ây�ÊËY�Z¯��ÌyY�ÉZÅ Ê¼Ë|«�ÉZÅ ��e

Ä°^��¶j» Ä¬^��ÉY�]�Ê^���ÉZÅ �½Z�¿�,É|À]d�Y�Ã{Y{. 

ºfË�Â´·Y��Y ���Âe�Ã|Ë{���Â»M�ÉZÅ¾Ì�Z»Ê»�½Z^Ìf�a�É�Y{�]�ÉZÅ½YÂe �Ã{Z¨f�Y��Ë��{�YÂ»�ÉY�]

{Â¼¿:  

� - Ä¬^�É|À]�ºf�Ì��ÉY�]ÉZÅ Ì��¾ËY�Ä¯�,Ê�y�Ì£�Á�Ê�y�ºfÄ]�d�Y�¾°¼»�ZÅ �Á{�c�Â�

|À�Z]�Ä�Ô¯�|Àq�ZË�Ä�Ô¯. 

� - ºf�Ì��ÉY�]�½ÂÌ��³���Ì·Z¿MÊ�y��Ì£�Á�Ê�y�ÉZÅ 

¾Ì�Z» Ä°^�� Z]� Ä�ËZ¬»� �{�½Z^Ìf�a�É�Y{�]�ÉZÅ �Ä¯�|Àf�Å� Ã|¼��dË�»� Á{�ÉY�Y{�Ê^���ÉZÅ

¾Ì�Z»�¾ËY�Ä]�¾Ì¬¬v»��Zy�ÄmÂe�\mÂ»��»Y�¾Ì¼Å d�Y�Ã|���Ì³Y�§�ÉZÅ :  

� - |»�dÌ¸]Z«���Âe�É�Z�·SVM Ã{Y{�{Y| e�Z] Ä°^��Ä]�d^�¿�º¯�ÉZÅ d�Y��f�Ì]�Ê^���ÉZÅ . 

� - ]Z«�½Z^Ìf�a� �Y{�]�¾Ì�Z»�ÉÂ«�É�ÂXe��{�½M�¾f§�³��Y�«� �Y� Á� Ã{Y{�½M�Ä]�ÊËÓZ]�ºÌ¼ e�dÌ¸

ÄÀÌÆ] Ê»�É�Ì³Â¸m�Ê¸v»�É |ÀÀ¯ .Ä°^����Â»M� �{ ¶«Y|u��Y�Ê^���ÉZÅ �ÉY�]�Ê]�ne�ÉZ�y�É�Z�

Ê»�Ã{Z¨f�Y�µ|»�¾Ë�fÆ]�¾f§ZË |ÀÀ¯ÊÀ Ë� -Ä°^��, �Ã{Y{�ÉZ�y Ê»�¶«Y|u�Y��Ê��Â»M�ÉZÅ ��{�Z»Y�|À¯
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SVM ¶«Y|u��Y �]�É�ZfyZ��ÉZ�y�É�Z�Ê»�Ã{Z¨f�Y�µ|»�¾Ë�fÆ]�¾f§ZË�ÉY �ÉZ�y�½M� �{�Ä¯�{Â�

Ê»�¶«Y|u�ºÌ¼ e {Â� . 

�Â�À»�Ä]�Ã{Z���Y�½Z^Ìf�a�É�Y{�]�¾Ì�Z»�É�ÂXe�½ZÌ]�ÉY�]�,ºÆ§��{�Ê³{Z��,¾°¼»�d·Zu�¾Ë�e

ÊËY|m�d·Zu��{�Ä�Ô¯�Á{�É|À]�Äf�{�ÊÀ ËÄ]��Ë~aÊ»��Á���Ê�y�c�Â�ºÌÀ¯.  

  

¦·Y-�Ä¬^� �Z]�Ä�Ô¯�Á{�Ê�y�É|À]¾Ì�Z» ½Z^Ìf�a�É�Y{�]�ÉZÅ  

Ã{Y{�Äf�{�Á{�|ÌÀ¯���§ ºË�Y{��ZÌfyY��{�|À�Z]��Ë~aY|m�ºÅ��Y�Ê�y�c�Â��Ä]�Ä¯�Ê��Â»M�É. 

Ã{Y{�¾ËY�ÉY�] Ã{Y{�|Àf�Å��{Z«�Ä¯�{�Y{�{ÂmÁ�Ã|ÀÀ¯� Y|m��y�É{ZË��{Y| e� ZÅ �Ê�y�c�Â��Ä]� Y�� ZÅ

½Z¼Å�Z»Y�|ÀÀ¯� Y|m �¶°���{�Ä¯��Â�)�-� (Àe� ,d�Y�Ã|��Ã{Y{�½Z�¿½M��Y�Ê°Ë�ZÆ �º¼Ë�¯Z»�ÉY�Y{�ZÅ

®Ë{�¿�Á�Ã|ÀÀ¯Y|m��y�¾Ì]�Ä¸�Z§��Z�Y|m��y�½M�Ä]�Ä¯�|Àf�Å��y�¥����Å��{�Ê��Â»M��Z¬¿�¾Ë�e

Ê»�ÄÀÌÆ] |ÀËÂ³ .Ã{Y{�¾ËY�Ê¸¯��Â��Ä]Ê»�¦Ë� e��Ë��c�Â��Ä]�ZÅ{Â� :  
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�½M��{�Ä¯Xi��Ê¬Ì¬u��Y{�]�®Ën��Á�d�Y�É| ]yi���]Y�]���Á�-�Ê»�½Z�¿�Á�d�Y �®Ë��Å�Ä¯�|Å{

��Z¬¿� �Yxi�|¿�Y{�ª¸ e�Ä¬^��¹Y|¯�Ä]. �½{�¯� Y|Ìa�¥|ÅÄv¨��]YÉ Ã|ÀÀ¯Y|m� ��Y� Ä¸�Z§�¾Ë�f�Ì]� Z]

Z]��Z¬¿�Ä¯�d�Y�ÉY�ÄÌ�Zu��Z¬¿ 1iy�Z]��Z¬¿��Y�Y� 1iy�|À¯�Y|m. 

  

  
�¶°�)� -� :(ÄÌ�Zu��Y|¬»��j¯Y|u�Z]�ÄÀÌÆ]��Z�Y|m��y 

                                                 
1 -Separating hyperplane 
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�®Ë{�¿�Ä]Ã{Y{�¾Ë�e Äv¨��]Y�Ä]�Ê��Â»M�ÉZÅ Äv¨��]Y�ÉÁ���«YÁ��{�Ä¯�ÄÀÌÆ]��Z�Y|m�É �É�YÂ»�ÉZÅ

Äf§�³��Y�«�É��» ½Z^Ìf�a�ÉZÅ�Y{�]�,|¿Y��Ê» |ÀËÂ³ .Ã{Y{�¾ËY �¶°���{�Ä¯�ZÅ)�-� (�Z]SV��Ã{Y{�½Z�¿

¾Ì�Z»�Ä¯�|Àf�Å�É�ZÌ »�,|¿Y�Ã|� �½M��Y�½Z^Ìf�a�É�Y{�] Ä¬^��ÉY�]�ZÅ Ã{Y{�tÌv��É|À] �Ã{Z¨f�Y�ZÅ

Ê» |À¯�Ä·{Z »�É| ]�Á{�d·Zu��{ Ê»�Äf�Â¿��Ë��c�Â��Ä]��y�¾ËY�É {Â�:  W1X1+W2X2+b=0 )� -�(                                                                                                      

  
�¶°�)� -� : (Äv¨��]Y�ÉÁ��½Z^Ìf�a�ÉZÅ�Y{�]��ËZ¼¿ É��»�É�YÂ»�ÉZÅ 

  

Ã{Y{�Ê�y�É|À]� Äf�{� �Â�Â»�½ÂÀ¯Y �ÉZ�§� Ä]� Y�� ZÅn�Ê»���f�³�É| ] ºÌÅ{ .�Z�§�¾ËY� �{

�Z¬¿�É�Z�Y|m� ,¥|Å �®Ë���Âe� Äf�{� Á{Äv¨��]Y �Z�Y|m�É )�- n( d�Y�É| ].��{ �d·Zu�¾ËY

Ä·{Z » Äv¨��]Y�É Ä�]Y��Z]�Ã|ÀÀ¯Y|m�É Ê»�½ZÌ]��Ë��É �{Â� :  

 )�-�                                                                                             (0. bT XW 

� ½M� �{� Ä¯W µZ»�¿� �Y{�]�Äv¨�� �]Y� Á� ÄÀÌÆ]� �Z�Y|m�Éb d�Y� ½M� O|^»� �Y����. d»Ô�"."��¾Ì]

ÉZÅ�Y{�] X��ÁW d»Ô��Á�Ã{Â]��Y{�]�Á{�¾ËY�Ê¸yY{�[���ÊÀ »�Ä] T ��Y{�]�ÉÓZ]W Ã{ZÆ¿Y�e�, �É�¾ËY

Ê»��Y{�] �|�Z]]��[ .  

� |ËZ]W � Áb�Ä¿Â³� Ä] Ä¿Â¼¿� ,0ÓÁY� Ä¯� |¿Â�� Y|Ìa� ÉY �{Ây��Ô¯� �{� ÃZ^f�Y� ½Á|]� Ê��Â»M� ÉZÅ

Äf�{ Ä¸�Z§�,0ZÌ¿Zi�|¿Â��É|À] ®Ë{�¿�¾Ì]�ÉÄv¨��]Y�Ze�Ã{Y{��Ô¯��Å��Z¬¿�¾Ë�e É��º¼Ë�¯Z»�,�Z�Y|m

                                                 
1 -Support vectors (SV) 
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ÄÌ�Zu��j¯Y|u�,ÊÀ Ë�-|�Z] É�Äv¨��]Y�¾Ì]�¾°¼» Ã{Y{�Ä¯�É�YÂ»�É��»�ÉZÅ Ê»�Y|m�ºÅ��Y�Y��ZÅ |ÀÀ¯�

{Â��{ZnËY .Ä]��Â�Â»�¾ËYÊ»�¾Ì]�¾ÌÀq�Ê�ZË��c�Â��{Â� :  

)� -�                                                          (ni 1                      1. bT XW  

  
¶°�)�-�(-�Äv¨� ÄÌ�Zu�Á��Z�Y|m�É ZÅ  

  

Äv¨��]Y�Á{�¾Ì]�Ä¸�Z§ �Y��É��»�ÉÊ» {�ÁM�d�{�Ä]��Ë��c�Â��Ä]�Ä�|ÀÅ�®¼¯�Ä]�½YÂe: 
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2��|Ì«�¾f§�³���¿�{�Z]�Y�)�-�� (ÄÌ�Zu�ºÌÀ¯�º¼Ë�¯Z» É����¿�{�Â»

|��|ÅYÂy�º¼Ë�¯Z» .  

 )�-��                                                        (ni 1                         1 by T
i X.W  

Ä¸X�»�¾ËY�¶u�Z»YÄÀÌÆ]�É �Ä]�Ê´f�]YÁ�¶Ì·{�Ä]�É�Z�W�Ê»��Z¯�Ê³{Z��ÉY�]�Y~·�,d�Y�dz� �½YÂe

��]Ze�ÉZm�Ä]�Ä¸X�»��{��ÌÌ¤e�½Á|]
W
2��]Ze�,W

2

1 �|Ì«�¾f§�³���¿�{�Z]� Y�)� -�� (�{�¯�º¼ÌÀÌ»

�c�Â��Ä]��]Ze�¾ËY�Ä¯W.WT

2

1Ê»�Äf�Â¿ {Â�.  
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� �¿Y�³Ó�\ËY����Á�� �Y� Ä¸X�»�¾ËY�¶u�ÉY�]Ê»� Ã{Z¨f�Y{Â� .�Ä]� Ä¸X�»�¾ËY�ÉY�]� �¿Y�³Ó��]Ze

Ê»�Äf�Â¿��Ë��c�Â� �{Â� :  
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0i d�Y .Ä�]Y���Y��³Y É )�-�� (�Ä]�d^�¿b��ÁW���Y|¬»�ºÌÅ{��Y�«��¨��ÉÁZ�»�Á�ºË�Ì´]�ªf�»

ÄÀÌÆ] É W�Ê»�d�{�Ä] |ËM.  
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Äv¨��]Y�¾ËY��Y��b��Á�d§ZË�d�{��Z�Y|m �Ä¬^��ÉY�]��Z�Y|m Ä¿Â¼¿�É|À] �{Â¼¿�Ã{Z¨f�Y�|Ë|m�ÉZÅ

]��-��[ . 

  

[-�Ä¬^�ºf�Ì��Ê�y�É|À]Ã|ËY�Z]�Ä�Ô¯�Á{�ÉZÅÄÌ�Zu�É¹�¿�É  

ºf�Ì���{�cZ«ÁY�ÊÅZ³ ½Z¼Å�Ê�y�ÉZÅ ¶°���{�Ä¯��Â�)�-� (Ã|��Ã{Y{�½Z�¿�Ã{Y{�,d�Y �ÊËZÅ

Ä¬^��ÃZ^f�Y��Ô¯��{�Ä¯�|¿�Y{��Â�u Ã|��É|À] |¿Y .�������¾/ËY�¾f§�/³��/�¿��{�LZÀjf/�Y�Z/]�d/·Zu�¾ËY��{

Ã{Y{ Ê»�,ÃZ^f�Y�ÉZÅÃ{Y{�½YÂeÄ]�Y��Ê��Â»M�ÉZÅ {�¯�Y|m�ºÅ��Y�Ê�y�c�Â� .����Ê�ËY�/��¾Ì/Àq�ÉY�/]

Ã|ËY ÄÌ�Zu�É ®ËZÀaÁ���Âe�¹�¿�É��ZÀÌe�Â¯�Á���µZ���{�����|��s��» .��Ì¤f»�®Ë��Á��¾ËY��{i�

Ê»�Ê§� » Ä¬^��ÉZ�y�½Y�Ì»�Ä¯�{Â� Ã{Y{��Å�ÉY�]�ÃZ^f�Y�É|À] �ÉiX�Ê»�½Z�¿�Y� |Å{ .�d·Zu�¾ËY��{

|Ì«�Á{�Ä]�ÄmÂe�Z]�Ä¯�¥|Å��]Ze)�-�� (Á)�-�� (Ä]�,Ã|��ÄÀÌÆ]Ê»�¦Ë� e��Ë��c�Â�{Â� .  

)� -��                                                                         (



N

i
i

T
bW CMin

12

1
W.W,  

)� -��                                                                                  (  ii
T

i by  1X.W  

)� -��(                                                                                                  



N

i
iF

1

 

Ä�]Y�� �{� Ä¯ �©Â§�ÉC�ÄÌ�Zu�½{�¯� º¼Ë�¯Z»�dÆm�ºÌ�Àe�\Ë�� d�Z�y�½{�¯� º¼ÌÀÌ»� Á� ZÅ .�Z]

�¿Y�³Ó�\ËY���¾f§�³���¿�{ á �Áâ�Ê»�|Àf�Å��¨���Y��f³��]�Ä¯ d�Â¿�¾ÌÀq�Y���¿Y�³Ó��]Ze�½YÂe:  

)� -��  (      
 


N

i
ii

N

i

N

i
ii

T
iii

T
p byCbL

11 1

1
2

1
 X.WW.W,,,,W 

                                                 
1 -Vapnik 
2 -Cortinna 
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½Z¼Å Ê»� Ã|ÅZ�»� Ä¯� Ä¿Â³ ºf�Ì��¥|Å� �]Ze� ,{Â� ÅY|m�ÉZ ºf�Ì�� Z]� Ä]Z�»� Ê�y� �Ë~aZ¿ �ÉZÅ

Y|m �d�Y�Ê�y��Ë~a��¿Y�³Ó�\ËY���Ä¯�cÁZ¨e�¾ËY�Z]i��ÉÓZ]�½Y�¯�ÉY�Y{C�|Àf�Å .�d·Zu�¾ËY��{

��f»Y�ZaC ��Ì¿�Ä¯«Ä¬^���{�Ê§Z�Y�dÌ§���µ�fÀ¯�dÌ¸]Z Ê»�ºÅY�§�Y��Ã|ÀÀ¯�É|À] {�ÁM�,{Â��¾ÌÌ e�|ËZ] 

]��-��[.   

  

k- Ê�y�Ì£�É|À]�Ä¬^���¾Ì�Z»�Z] ½Z^Ìf�a�É�Y{�]�ÉZÅ  

®Ë{�¿� Ä¯� d·Zu� ¾ËY� �{Ê»� Ê «YÁ� {�YÂ»� Ä]� d·Zu� ¾Ë�eÃ{Y{� ,|�Z]Ä]� Ê��Â»M� ÉZÅ �c�Â�

Ê»� Y|m�ºÅ� �Y�Ê�y�Ì£|¿Â� .Ê³�ËÁ�ÉZ�§�Ä¯��eÓZ]� {Z ]Y� Z]�ÊËZ�§�Ä]�É{Á�Á�ÉZÅ�Y{�]���{�Y{� ¹Z¿

Ê»�Äf�Z´¿ {Â� .�]�d�Z´¿�,|Ë|m�ÉZ�§�¾ËY��{��Y{iX��c�Â��Ä] iX�Ê»�Ã{Y{��ËZ¼¿ {Â� .��b�

Ê»�½Z^Ìf�a� �Y{�]�¾Ì�Z»� �eÓZ]�ÉZ�§�¾ËY� �{ Ã{Y{�É�Z�Y|m�Ä]�|¿YÂe �ÉZ�§�Ä¯�Ê·Zu� �{�{�Y{�b]� ZÅ

d�Y� Ã|¿Z»�Ê«Z]�Ê�y�Ì£�d·Zu�½Z¼Å� �{�É{Á�Á .Ã{Z��®ÌeZ¼� �¶°�� �{�|ÀËY�§�¾ËY� �Y�ÉY)�-� (

�d�Y�Ã|��Ã{Y{�½Z�¿]��[ .  

  

  
�¶°�)� -� : (Ã{Y{�Y�É{Á�Á�ÉZÅ��eÓZ]�ÉZ�§�Ä]�Ã|��Ã{Y{��Zm  

 

ºf�Ì���{�{ÂmÂ»��]YÁ��¾ËY�]ZÀ]Ä]��eÓZ]�ÉZ�§��{�|ËZ]�Y��Ê�y�ÉZÅ{�¯�Ê�ËÂ¿�Z]��Ë��c�Â�: 

                                                 
1 -Nonlinear classification 
2 -Feature space 
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½Z¼Å �Ã|ÅZ�»�Ä¯�Ä¿Â³Ê» {Â���Y|¬»�,Ä·{Z » �ÉÄv¨� É�Ä^�Zv»�½Á|]�½YÂe�Ê»�Y���Z�Y|m  iX���{

ºf�Ì��Ì£�ÉZÅ�Ê�y{�ÁM�d�{�Ä]�Á����Ä/·{Z »�¶/u�ÉY�/]�\�ZÀ»�¶¿�¯��Y�Ä¯�d�Ì§Z¯�ZÆÀe É���Äv¨/�

{Â��Ã{Z¨f�Y ]��,��[ .  

¶¿�¯ Ã|��Ê§� »�Ê³�ËÁ�ÉZ�§��{�Ã{Z¨f�Y�ÉY�]�cZÌ�ZË���{�Ê¨¸fz»�ÉZÅ �,�ËY���Ä]�Äf�]�Ä¯�|¿Y

Ê»��Y�«�Ã{Z¨f�Y�{�Â» |¿�Ì³ .�¾ËY��Y�Ê� ]Ã|ÀÅ{��Z^e�Y��«YÁ��{�Ä¯�¶¿�¯��]YÂe �µ|»�ÉZÅ�f»Y�Za�¾Ì]�É

�µÁ|m��{�|Àf�Å�¥|Å�Á)�-� (Ã|��É�ÁM{�³ �|¿Y]��[.   

  

{ -�ºf�Ì��ÉY�]��´¿ÂÌ��³��Ê¿Z^Ìf�a��Y{�] Ê�y�ÉZÅ  

��Y��Á��®Ë SVM  �µZ���{�½ÂÌ��³���Ì·Z¿M�ÉY�]������{ZÆÀ�Ìa��¿Y�Z°¼Å�Á�®ËZÀaÁ���Âe  
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�Ä¯�|���´¿ÂÌ��³��Ê¿Z^Ìf�a��Y{�]��Á��¾ËY(�SVR) Ê»�Ã|Ì»Z¿{Â� .�¥|ÅSVR �Ê ]Ze�½{Â¼¿� Y|Ìa

�Ä¯�d�Y�|À¿Z»�ÊfÌ¼¯��Y�¥Y�v¿Y�¾Ë�f¼¯�Z]�Ã{Y{��]å �d¨m��Å�ÉY�]Xi , yi  |]ZË���Y�] .�c�Z^��Ä]

� ,�´Ë{½ÂÌ��³���]Ze�d·Zu�¾ËY��{��]Y�®Ë�Ã{Y{�ÉÁ���]�Ä¯�d�Y��Z�Y|m�Äv¨� �¾f§�³���¿��{� Z]� ZÅ

�¾Ì]�Z�y��]�»�¾Ë�f¼¯Ã{Y{�Á�Äv¨��]Y |]ZË�Ê»���Y�]�,ZÅ .Ä]�½ÂÌ��³���]Ze�¾ËY�]ZÀ]�½ZÌ]��Ë��c�Â�

Ê»{Â�.  

)� -��                         (                                                                  bxf T  X.W   

¾ËY��{Ê»��Ôe��Ì¿�Zm Ä¯�{Â���ÉY�]�¾°¼»��Y|¬»�¾Ë�f¼¯W �|Ì«�Á{�Ä]�ÄmÂe�Z])�-�� (�Á)�-�� (

|ËM�d�{�Ä] .  
)� -��                                                                                       ( by T

i XW .  

)� -��                                                                                       ( by T
i XW .  

�Y|¬»��Y�d�Y�¾°¼»�ZÅZ�y�Êy�]�,�«YÂ»�Êy�] ԑ�dÌ�Z�u��]Ze�d·Zu�¾ËY�ÉY�]�¾ËY�]ZÀ]�,|�Z]��f�Ì]   

å
˻ ZË�Ì¤f»�i Ê»�Ê§� » �{Â�Ä]�Ä¯Ê»�½ZÌ]��Ë��c�Â�{Â�:  

  

                                                 
1 - Support Vector Regressioner  
2- å-insensitivity 
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  if    0  

  

  
)�-��(      
  otherwise      

�¶°�)�-�(�Ä]Ê»�½ZÌ]�Y��d·Zu�¾ËY�Ê°ÌeZ¼��c�Â�|À¯.  

 

  
�¶°�)� -� : (��Y|¬»�Ä]�dÌ�Z�u��]Zeå.  

  

¾Ì�Z»�ÉY�]�Ê�y�½ÂÌ��³��¾ËY�]ZÀ] �ÉZÅÊ»�É�Y{�] �ÄÌ·ÁY��]Ze�c�Â��Ä]�|¿YÂe)� -�� (�Äf�Â¿

{Â��½M��{�Ä¯ �¥|Å�, º¼ÌÀÌ» �Ê¸¯�ÉZ�y�É�Z�Á W �ÉZÅ|Ì«��Ä]�ÄmÂe�Z])�-��(��,)�-�� (Á  

 )� -�� (Yd� .  

)�-��                                                                            ( 
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)� -��                                                                                (  i
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i by XW .  

)� -��                                                                                (  i
T

i by XW .  

)� -��          (                                                                                         0ii X,  
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µ|»��Y��Â¿�¾ËY��{ �,½ÂÌ��³��ÉZÅ�º¼ÌÀÌ»�Y��Z�y��Ë{Z¬»��Â¼n»�¥|Å��]Ze�ZÆÀe�Á�dyZ��|ÅYÂy

Ä¿Â¼¿ ��Y�«�Ã{Z¨f�Y�{�Â»�ÊËZÅd§�³�|ÀÅYÂy�½M�ÉZ�y�Ä¯��Y��Ì]�ZÅå�ÃY��¾ËY�]ZÀ]�,|�Z] ,¶u����Y�Ê ]Z/e

Ä¿Â¼¿�¾ËY {Â]�|ÅYÂy�ZÅ .  

ÉY�]�Ä¸X�»�¶u ÄÀÌÆ]�É ËÁ|v»�ÉY�Y{�É�Z��d)�-��(ÄÀÌÆ]��Y�|ËZ]�, ����¶Ë|/^e�ÉY�/]��/¿Y�³Ó�É�Z�

Ä·{Z »�®Ë�Ä]�Ä·{Z »�¾ËY É�{Â¼¿�Ã{Z¨f�Y�dË{Á|v»�½Á|] .{�Z]ªf�»�Á��¿Y�³Ó��]Ze�¾f§�³���¿�� �É�Ì³

�]Ze��Y���f»Y�Za�Á{�Ä]�d^�¿�dË{Á|v»�½Á|]�¥|ÅW��Áb�c�Â��Ä]�Ä·{Z »�Á{�,)�-��(��Á)�-�� (��Ä/]

Ê»�d�{ |ÀËM .  
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Ä�]Y��½{Y{��Y�«�Z] É�Ä·{Z »��Y�Ã|»M�d�{�Ä] É )� -�� (��Y|¬»�ÉY�]WÄ·{Z »��{�, É���Y�Ã|»M�d�{�Ä]

�,�¿Y�³Ó��]ZeÄ·{Z » ¾Ì�Z»�Ê�Z�Y�É ³��É�Y{�]�ÉZÅÄ·{Z »�c�Â��Ä]��´¿ÂÌ�� �Ë��É��Äf�Â¿|��|ÅYÂy :  
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�Ä¯�¾ËY�Ä]�ÄmÂe�Z] :  

)� -��                                                                                           (  Cii  0  

  

Ã-�ºf�Ì��ÉY�]��´¿ÂÌ��³��½Z^Ìf�a��Y{�] �Ê�y�Ì£�ÉZÅ  

½Z¼Å ºf�Ì���{��´¿ÂÌ��³��½Z^Ìf�a�É�Y{�]�hv]��{�Ä¯�Ä¿Â³ �Ê�y�ÉZÅ½ZÌ]���Ä/ÀÌÆ]��Y|¬»�,|�

W Ä�]Y���Y �É  i
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�Ê»�d�{�Ä] ºf�Ì���{�Ä�]Y��¾ËY�Ä¯�|ËM �Ì£�ÉZÅ���¶Ë|/^e�Ê/�y
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 Ê» {Â� .Ä¸X�» ����Ê/»�{Z/nËY�d/·Zu�¾/ËY��{�Ä¯�ÉY ���½Z/¼Å�,{Â/�
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ºf�Ì���{�Ä¯�d�Y�Ê¸°�» �Ì£�ÉZÅ ���Á��eÓZ/]�ÉZ/�§�Ä]�½{�]�½M�Á�{�Y{�{ÂmÁ�Ê�y��½{�ÁM�d/�{�Ä/]�

�Y|¬»  iX d�Y�ÄfyZÀ�Z¿�½M��Y|¬»�Ä¯�d�Y .���d/·Zu�|/À¿Z»��ËY���¾ËY��{�Ä/¬^� �Ã{Y{�É|/À] ���Y�Z/Å

uÄ¬ �¶¿�¯�ÉÊ»�Ã{Z¨f�Y Ä^�Zv»�½Á|]�½YÂf]�Ze�{Â� É��Y|¬»  iX���¶/¿�¯��Y�Ã{Z¨f/�Y�Z]�ZÆÀe�Á ��ÉZ/Å

,{ÂmÂ»�ÄÀÌÆ] �¾Ë�eÃ{Y{��]�Y��Ê�ZË��µ|» {Â¼¿���Y�]�ZÅ .�]�½ZÌ]�\·Z�»��Z�YÄ�]Y��,Ã|� �Äv¨/��É �É

ºf�Ì���{��Z�Y|m �Ì£�ÉZÅ��c�Â/��Ä]�Ê�y  by
N

i
i

T
i 

1

XW ���Ê/»�½Z/Ì] �/³{{� .���½{Y{�Y�/«�Z/]

Ä�]Y� É����ÉY�/]�Ã|/»M�d/�{�Ä] W��Ä/�]Y���{ É��Äv¨/��Ê/»�, ��Ä/·{Z »�½YÂ/e É���Ê/�Z�Y)�-��( ��ÉY�/]�Y�

¾Ì�Z» �É�Y{�]�ÉZÅºf�Ì���{��´¿ÂÌ��³� �Ì£�ÉZÅ�Ê�y��Ë��c�Â��Ä]{Â¼¿�Ê§� » .  
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Ä�]Y��¾f§�³���¿��{�Z] É )�-�� (É�ZÌ¿���Y|/¬»�Ä^�Zv»�Ä]  iX  ����Y|/¬»�Á�d/�Ì¿b ���Ä/�]Y��¾/ËY��Y

Ê»�Ä^�Zv» {Â� ]��,��[ .  

¾Ì�Z»�{�°¸¼� µ|»�Z]��ZÌ«��{�½Z^Ìf�a�É�Y{�]�ÉZÅ ºf�Ì���{�Ä¯�É�´Ë{�ÉZÅ ��/Ì£�ÉZÅ ��Ê/�y

{�°¸¼��Á�c�|«��Y�Ê¯Zu�,{�Y{�{ÂmÁ�¾Ì�Z»�¾ËY�ÉÓZ] ����/j¯Y��{�ZÅ�ºf/�Ì �Z/ÅÉ�����,Ã|/��Ä/f§�³�Z¯�Ä/]

0Z�Â�y ºf�Ì���{ �Ì£�ÉZÅ �Ê�yd�Y. ���������®/Ë�ÉY�/]�É�Y{�/]�¾Ì/�Z»��/�Âe�Ã|/��Ä/WY�Y�Ê/�ZË��µ|»

�¶°���{�Ê�y�Ì£�½ÂÌ��³�)�-�� (d�Y�Ã|��Ã{Y{�½Z�¿ .  

  

  
�¶°�)� -�� : (Ê�y�Ì£�ºf�Ì��ÉY�]�É�Y{�]�¾Ì�Z»���Âe�Ã|��ÄWY�Y�µ|»  



�� 

 

  

�-�-�-��Ìa�c�|«�Ê]ZË��Yµ|»�ÊÀÌ]  
�ÉY�]¾ËY��Y�½ZÀÌ¼�Y ���Ì/a�ÊËZ/¿YÂe�Ã|»M�d�{�Ä]�µ|»�Ä¯��Ä/¿Â¼¿�Ê/ÀÌ]����®/Ë��Y�Ê/¨¸fz»�ÉZ/Å

{�¯�Ê]ZË��Y�Y��µ|»�|ËZ]�,d�Y�Y{�Y��dÌ ¼m .����Ä^/�Zv»�Z/]�Ê]Z/Ë��Y�¾/ËY����c�Â/��É�Z/»M�ÉZ/Å�f»Y�Za�É

Ê» {�Ì³ .Ä�]Y�É�Z»M�ÉZÅ�f»Y�Za�Ê�ZË��É ½ZËZa�¾ËY��{�Ã|��Ã{Z¨f�Y��{�,Ä»Z¿YÂy�Ã{Y{�tÌ�Âe�Ä»Y{Y�|Å

|�.  

¾ÌÌ e�\Ë��� :��������Z/¯�Ä/]�,Ã|/��{�ÁM�/]�½ÂÌ/��³���/y�d«{�½ZÌ]�ÉY�]��yZ��®Ë�½YÂÀ��Ä]

Ê» ½Z�¿�Á�{Á�Ã|ÀÅ{d�Y�¶¬f�»��Ì¤f»���Âe�Ã|��Ã{Y{�tÌ�Âe�Äf�]YÁ��Ì¤f»�cY�ÌÌ¤e�d^�¿�É .��Ä/]

�µZj»�½YÂÀ�R2��Z]��]Y�]����/��Ê»�½Z�¿�Ä¯�|Å{�� /����Ê/»�Äf/�]YÁ��Ì¤f»��{�cY�ÌÌ¤e�|��{��|/¿YÂe

{Â��Ã{Y{�tÌ�Âe�¶¬f�»��Ì¤f»���Âe .Ä�]Y�d�Y��Ë��c�Â��Ä]�¾ÌÌ e�\Ë���Ä]��Â]�»�Ê�ZË��É:  

)�-��(
 

  2 SSR SSE
1

SST SST
R     

�Ä¯SSR�Ä�]Y��ª^��É)�-��(�Ìa��Ë{Z¬»�¥Y�v¿Y�cZ ]�»��Â¼n»��´¿ZÌ]�,Ã|��ÊÀÌ]�Äf�]YÁ��Ì¤f»�É

d�Y�½M��Ë{Z¬»�¾Ì´¿ZÌ»��Y  

)�-��(  
 

n
2

i=1

�SSR iy y   

�ÁÄ�]Y��ª^��É)�-�� (���Ë{Z/¬»�¾Ì´¿ZÌ»��Y�Äf�]YÁ��Ì¤f»�Ê «YÁ��Ë{Z¬»�¥Y�v¿Y�cZ ]�»��Â¼n»��´¿Z�¿

d�Y�½M  

)�-��(
 

  
 

n
2

i=1

SST iy y   

�,�]YÁ��¾ËY��{�Ä¯yොi��Ìa��Y|¬»Ã|��ÊÀÌ],Äf�]YÁ��Ì¤f»�É yi����Á�Äf/�]YÁ��/Ì¤f»�Ê «YÁ��Y|¬»yത����/Å��{

d�Y�Äf�]YÁ��Ì¤f»��Ë{Z¬»�¾Ì´¿ZÌ»�,Ä�]Y�.  

                                                 
1  Determination coefficient 
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SSE���Ì/a��Ë{Z¬»��Y�Äf�]YÁ��Ì¤f»�Ê «YÁ��Ë{Z¬»�¥Y�v¿Y�cZ ]�»��Â¼n»�¾Ì^»��Ì¿���Ã|/��Ê/ÀÌ]

d�Y�½M�ÉY�]  

)�-��(
 

  
 

n
2

i=1

�SSE i iy y   
Ê»�©Â§��]YÁ��Ä]�ÄmÂe�Z]�¾ËY�]ZÀ]d�Â¿�½YÂe  

)�-��(
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Ä�]Y��ª^��É)�-��(��Ä/]�ÊÀ Ë�,|À�Z]�Äf§�³��Y�«�Ã|����Y�]��y�ÉÁ���]�cY|ÅZ�»�¹Z¼e��³Y�,

��Z¬¿�¹Z¼e�ÉY�Yyi= yොi���Y|¬»�,|�Z]R2�Ê»�®Ë��]Y�]��������h/�Z]�d/·Zu�¾/ËY���Y�Ê/§Y�v¿Y�Ä/¿Â³��/Å�Á�{Â/�

Ê» ��Y|¬»�Ä¯�{Â�R2�{Â���f°qÂ¯�®Ë��Y.  

Ã�Z»M�ÉF  :�½Â»�MF�ÊÀ »�½Â»�M��«YÁ��{���Ì§�½Â»�M�ZË�½ÂÌ��³��¶Ì¸ve��{�É�Z»M�½{Â]��Y{

���½ÂÌ/��³��cZ/ ]�»�¾Ì´¿ZÌ»�d^�¿�Z]��]Y�]�Á�d�Y�Ã�Ì¤f»�|Àq�Á�Ã{Z�(MSR)�����cZ/ ]�»�¾Ì´¿Z/Ì»�Ä/]

Ã|¿Z¼Ì«Z]�ZÅ(MSE)�d�Y .Ê»��Ë��c�Â��Ä]�½M�Ê�ZË��½ZÌ]|�Z]:  

)�-��(  F= 
MSR

MSE
= 

SSR dfmΤ
SSE dfresΤ  

dfm = p , dfres = n-p-1 

dfm��,µ|»�É{Y�M�Äm�{p��,µ|»�¶¬f�»�ÉZÅ�Ì¤f»�{Y| en�����,µ|/»�Ä/]��Â/]�»�cZ^Ì¯�e�¶¯�{Y| edfres�

Ã|¿Z¼Ì«Z]�É{Y�M�Äm�{d�Y�ZÅ.  

ZÅZ�y��]�»�¾Ì´¿ZÌ»� :Ã�Z»M�ÉMSE�Ä�]Y���Y��Ì¿�É)�-�� (Ê»�d�{�Ä]|ËM:  

)�-��(
 

   
n 2

i ii=1
�

MSE
y y

n



  

Ã|¿Z¼Ì«Z]��]�»��Â¼n»ZÅ� (PRESS):  

)�-��(   
n 2

i=1
�PRESS = i iy -y  

¾Ì´¿ZÌ»�ª¸�»�ÉZ�y� (MAE):  

                                                 
1  Mean Square Error 
2 Predictive Residual Sum of Squares 
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)�-��(  
1

�
MAE

n

i ii
y y

n




  

  

�Ìa�Ê^�¿�ÉZ�yÊÀÌ]� :(REP)  

)�-��(  2

1
�( )100

REP =

n

i ii
y y

y n




  

�¾Ì´¿ZÌ»¥Y�v¿Y�ª¸�»��|«� (AAD):  

)�-��(  
1

�

AAD 100

n i i
i

i

y y

y

n





 


  

�{�Y|¿Zf�Y�ÉZ�y�ÌaÊÀÌ]� (SEP) :  

)�-��(   
n 2

i ii=1
�y - y

SEP
N


  

¥Y�v¿Y�¾Ì´¿ZÌ»� (Bias):  

)�-��(   n i i
i=1

i

�y - y
y

100Bias
N

 


  
¥Y�v¿Y�º¼Ë�¯Z»� (Dmax):  

)�-��(  �
max max 100 i i

i

y y
D

y

 
   

 
  

  

  

  

                                                                                                                                               
1  Mean Absolute Error 
2  Relative Error of Prediction 
3  Absolute Average Percent Deviation 
4  Standard Error off Prediction 
5  Average Deviation 
6  Maximum Deviation 
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�-� -�µ|»�Z�^¿Y�\Ë���É�Z��É�Ë~aºÅ�Z�§�Ê·M�cÓZÌ��Z] �Á� �ÉZÅ
Ê�y�Ì£�Á�Ê�y  

½ZËZa�¾ËY��{ ��Y�Ä»Z¿Ê�y�Ì£��Á��Á{�Á�Ê�y��Á��®Ë��Ìa�ÉY�]�Z�^¿Y�\Ë���ÊÀÌ]�É�Ë~a

Ã�f�³��{�,¦¸fz»�Ê·M�cÓZÌ��ÊËZ»�³d�Y�Ã|��Ã{Z¨f�Y��Z�§�Á�Z»{��Y�Ê Ì�Á�É .�¶�§�¾ËY��{�Är¿M

d�Y�Ã|»M��¶uY�»µ|»É�Z���Ìa�ÉY�]ÊÀÌ] áp d�Y.  

  

�-�-��Ã{Y{�É���[Zzf¿YZÅ  
�Ìa��Â�À»�Ä]�Z�^¿Y�\Ë���ÊÀÌ]ºÅ�ÊËZ»�³�É�Ë~aÃ{Y{�,�Z�§�Ä]��Â]�»�ÉZÅ�����{�µÂ°·Â»

Ã�f�³ �¼m��Z�§�Á�Z»{��Y�Ê Ì�Á�É|��É�ÁM�Ä¯�Ã{Y{��Â¼n»�{Y| eµÂ°·Â»�¾ËY�ÉZÅ�,ZÅ������Ä�¬¿

Ê»|�Z] .Ã{Á|v»�,cZ^Ì¯�e�¾ËY�¹Z¿½M��Z�§�Á�Z»{�É�{Y| e�,ZÅ��m�»�Á�\Ì¯�e��Å��Y�Ã{Z¨f�Y�{�Â»��Z¬¿

Ä�Â]�»���{µÁ|m )�-� (d�Y�Ã|»M.  

  

�-�-� -�Ä^�Zv»¦Ì�Âe�ÉZÅ�³  
¹�¿��{�µÂ°·Â»��Å��ZfyZ���Y�§YHyperchem��Ê]�ne�Ä¼Ì¿��Á��Ä]��b��Á�º��AM1��ÄÀÌÆ]

|� .¹�¿� ¾ËY� ÊmÁ�y¹�¿� É{Á�Á� ½YÂÀ�� Ä]� �Y�§Y� �Y�§YDragon�d§�³� �Y�«� Ã{Z¨f�Y� {�Â»�Ä¯�� �{�¾ËY

¹�¿ � �Å�ÉY�]� �Y�§YµÂ°·Â»� ,�����¦Ì�Âe|Ë{�³�Ä^�Zv»��³ .�Ä¯� �Z�§�Á� Z»{�Ê]�ne��Ì¤f»� Á{��b�

�Z�^¿Y½M�Ä]�ÊËZ»�³�É�Ë~a¦Ì�Âe�¾ËY�Ä]��Ì¿�,d�Y�Äf�]YÁ�ZÅ|��Ã{Á�§Y�ZÅ�³.  

  

  

  

  



�� 

 

µÁ|m )�-�(-�Ã�f�³Ã{Y{�Ä�¬¿�{Y| e�Á��Z�§�Á�Z»{�Éµ|»��{�Ã|��Ã{Z¨f�Y�ÉZÌ��ÉY�]�É�Z��Ä]�,¦¸fz»�Ê·M�cÓ
½M��Y�®Ë��Å�ÉY�]�Ã{Z¨f�Y�{�Â»��m�»�ÃY�¼ÅZÅ  

�m�»  
�Ã{Y{�{Y| e

��{�Ã|��Ã{Z¨f�Y
µ|»É�Z�  

Ã�f�³�Z�§�É  
(Mpa) 

Ã�f�³Z»{�É  
(k) 

\Ì¯�e�¹Z¿  Ã�Z¼�  

]��[  ��  ��-�/�  ��/���-��/���  |Ì�Y�®Ìf�Y �  
]��[  ��  ��-�/�  ��/���-��/���  |Ì�Y�®ÌWÂ¿ZaÁ�a  �  
]��[  ��  ��-�/�  ��/���-��/���  |Ì�Y�®ÌWÂ¿ZeÂ]  �  
]��[  ��  ��-�/�  ��/���-��/���  |Ì�Y�®ÌWÂ¿ZfÀa  �  
]��[  ��  ��-�/�  ��/���-��/���  |Ì�Y�®ÌWÂ¿Y�´Å  �  
]��[  ��  ��-�/�  ��/���-��/���  |Ì�Y�®ÌWÂ¿ZfbÅ �  
]��[  ��  ��-�/�  ��/���-��/���  |Ì�Y�®ÌWÂ¿Zf¯Y  �  
]��[  ��  �-�/�  ��/���-��/���  |Ì�Y�®ÌWÂ¿Z¯{  �  
]��[  ��  �-�/�  ��/���-��/���  |Ì�Y�®ÌWÂ¿Z¯{Á{  �  
]��[  ��  �-�/�  ��/���-��/���  |Ì�Y�®ÌWÂ¿Z¯{Y�fe  ��  
]��[  ��  �-�/�  ��/���-��/���  |Ì�Y�®ÌWÂ¿Z¯{Y�´Å  ��  
]��[  ���  ���-�/�  ���-��  ½Zf»  ��  
]��[  ���  ��-�/�  ���-��  ½ZeY  ��  
]��[  ���  ���-�/�  ���-��  ½ZaÁ�a  ��  
]��[  ���  ��-�/�  ���-���  ½ZeÂ]  ��  
]��[  ��  ��-�/�  ��/���-��/���  ½ZfÀa  ��  
]��[  ��  ��-�/�  ��/���-��/���  ½Y�´Å  ��  
]��[  ��  ��-�/�  ��/���-��/���  ½ZfbÅ  ��  
]��[  ��  ��/���-�/�  ��/���-��/���  ½Zf¯Y  ��  
]��[  ��  ��-�/�  ��/���-��/���  ½Z¿Â¿  ��  
]��[  ��  ��-�/�  ��/���-��/���  ½Z¯{  ��  
]��[  ��  ��-�/�  ��/���-��/���  ½M½Z¯{  ��  
]��[  ���  ���-�/�  ��/���-��/���  ½Z¯{Á{  ��  
]��[  ��  ��-�/�  ��/���-��/���  ½Z¯{�É�e  ��  
]��[  ��  ���-�/�  ��/���-��/���  ½Z¯{Y�fe  ��  
]��[  ��  ��-�  ��/���-������  ½Z¯{ZfÀa  ��  
]��[  ��  �/�  ��/���-��/���  ½Z¯{Y�´Å  ��  
]��[  ���  ���-�/�  ��/���-��/���  � -½ZeÂ]ÂÀÌ»M  ��  
]��[  ���  ���-�/�  ��/���-��/���  � -¾Ì»M�¶ÌfÀa  ��  
]��[  ���  ���-�/�  ��/���-��/���  � -¾Ì»M�¶Ë�´Å  ��  
]��[  ���  ���-�/�  ��/���-��/���  � -½Zf¯YÂÀÌ»M  ��  

  
  



�� 

 

Ä»Y{Y�µÁ|m�É)� -�(  

�m�»  
�Ã{Y{�{Y| e
�Ã|��Ã{Z¨f�Y

µ|»��{É�Z�  
Ã�f�³�Z�§�É  

(Mpa) 

Ã�f�³Z»{�É  
(k) 

\Ì¯�e�¹Z¿  Ã�Z¼�  

]��[  ���  ��-�/�  ��/���-��/���  �Á� -µÁY�É{�½ZeY  ��  
]��[  ��  ��-�/�  ��/���-��/���  �Á� -µÁY��É{�½ZaÁ�a  ��  
]��[  ���  ��-�/�  ��/���-��/���  �Á� -µÁY�É{�½ZeÂ]  ��  
]��[  ��  ��-�/�  ��/���-��/���  �Á� -µÁY�É{�½ZeÂ]  ��  
]��[  ��  ���-�/�  ��/���-��/���  � -¶Ìf» -�Á�µÁY�É{�½ZfÀa  ��  
]��[  �� ���-�/�  ��/���-��/���  cZf�Y�¶ÌaÁ�a  ��  
]��[  �� ���-�/�  ��/���-��/���  � -cZf�Y�¶ÌeY�¶Ìf»  ��  
]��[  �� ���-�/�  ��/���-��/���  cZ¿ÂÌaÁ�a�¶ÌeY  ��  
]��[  ��  ��-�/�  ��/���-��/���  cYÂ¿ZfÀa�¶ÌeY  ��  
]��[  �� ���-�/�  ��/���-��/���  cZf�Y�¶ÌeÂ]  ��  
]��[  �� ���-�/�  ��/���-��/���  cY�ÌeÂ]�¶ÌeY  ��  
]��[  ���  ��-�/�  ��/���-��/���  cZf�Y�¶ÌfÀa  ��  
]��[  ��  ���-�/�  ��/���-��/���  ½ZeÂ]-�-½ÁY  ��  
]��[  ��  ���-�/�  ��/���-��/���  ½ZfÀa -� -½ÁY  ��  
]��[  ��  ���-�/�  ��/���-��/���  ½ZfÀa -� -½ÁY  ��  
]��[  ��  ���-�/�  ��/���-��/���  �-¶Ìf»-½ZfÀa-�-½ÁY  ��  
]��[  ��  ���-�/�  ��/���-��/���  ½Y�´Å-�-½ÁY  ��  
]��[  ���  ��-�/�  ��/���-��/���  µÂ¿ZeY  ��  
]��[  ���  ��-�/�  ��/���-��/���  � -µÂ¿ZaÁ�a  ��  
]��[  ���  ��-�/�  ��/���-��/���  � -µÂ¿ZeÂ]  ��  
]��[  ��  ���-�/�  ��/���-��/���  � -¶Ìf» -�-µÂ¿ZeÂ]  ��  
]��[  ��  ���-�/�  ��/���-��/���  � -¶ÌeY -� -µÂ¿ZeÂ]  ��  
]��[  ��  ��-�  ��/���-��/���  � -µÂ¿ZfÀa  ��  
]��[  ��  ��-�  ��/���-��/���  � -µÂ¿ZfÀa  ��  
]��[  ���  ��-�/�  ��/���-��/���  � -µÂ¿ZfÀa  ��  
]��[  ���  ��/��-��/�  ��/���-��/���  � -µÂ¿Y�´Å  ��  
]��[  ���  ��-�/�  ��/���-��/���  � -µÂ¿Y�´Å  ��  
]��[  ���  ���/��-���/�  ��/���-��/���  � -µÂ¿ZfbÅ  ��  
]��[  ��  ���-�/�  ��/���-��/���  � -µÂ¿ZfbÅ  ��  
]��[  ��  ���-�/�  ��/���-��/���  � -µÂ¿Zf¯Y  ��  
]��[  ��  ��-�/�  ��/���-��/���  � -µÂ¿Z¿Â¿  ��  
]��[  ��  ��-�/�  ��/���-��/���  � -µÂ¿Z¯{  ��  
]��[  ��  ��-�/�  ��/���-��/���  � -µÂ¿Z¯{�½M  ��  



�� 

 

�-�-�- ¦Ì�Âe�{Y| e��ÅZ¯ZÅ�³  
¦Ì�Âe� Y|f]YµÂ°·Â»� Ê»Z¼e� ÉY�]� Ä¯� ÊËZÅ�³|Àf�Å� d]Zi� �Ë{Z¬»� ÉY�Y{� ZÅ�Ä�Â¼n»� �Y�É

¦Ì�Âe|¿|��¥~u�ZÅ�³ .��b��½ZÌ»��Y¦Ì�Âe ZÅ�³�½M�,ÓZ]�Ê´f�^¼Å�Z]�¦Ì�Âe,ZÅ�³��¾Ë�f¼¯�Ä¯

�Z�^¿Y� Z]� Y��Ê´f�^¼ÅºÅ�É�Ë~a|��Äf�Y~³� �ZÀ¯�|Àf�Y{� �Z�§ .Ä¸u�»�¾ËY Ä»Z¿�]���Âe�Äf�Â¿�ÉY

�Ã|�¹�¿��{ ��Y�§YMATLAB�|��¹Zn¿Y .��Â¼n»��Y� ,¶uY�»�¾ËY�¹Zn¿Y��Y��a�����¦Ì�Âe�{Y| e��³

����¦Ì�ÂeZ»�Ê«Z]��³|¿.  

  

�-�-�-�Ã{Y{�½{�¯�µZ»�¿ZÅ  
�ÉÁ���]����¦Ì�Âe�Ã|¿Z¼Ì«Z]��³Ã{Y{�½{�¯�µZ»�¿�|ÀËY�§ZÅ��|��¹Zn¿Y .��Ë{Z¬»�Ä¸u�»�¾ËY��{

¦Ì�Âe�ZÅ�³Z]Ä�]Y��®Ë��ZÌ »�¥Y�v¿Y�Á��¨��¾Ì´¿ZÌ»��Y|¬»�ÉY�Y{�Ä¯�|¿|��{�Y|¿Zf�Y�ÉÂv¿�Ä]��Ë��É

|À�Z].  

)� -�(  X-
Z =



  
�,½M��{�Ä¯Z�,Ã|��{�Y|¿Zf�Y��Ë{Z¬»Ã{Y{�É�,ZÅX�Ã{Y{�,É{Á�Á�ÉZÅì�¦Ì�Âe��Å�¾Ì´¿ZÌ»�Á��³

ó�¦Ì�Âe��Å�{�Y|¿Zf�Y�¥Y�v¿Yd�Y��³ .Ê»�h�Z]�¶¼��¾ËYÄÀ»Y{�{Â��cY�ÌÌ¤e�É�Å�¦Ì�Âe��ÌiZe��³

|À°¿�{ZnËY�½M�dÌ¼ÅY�½Y�Ì»��]�[}Z¯.  

  

�-�-�-�Äf�{Ã{Y{�É|À]ZÅ  
� �Y��a� {Y| e��ÅZ¯¦Ì�ÂeZÅ�³¦Ì�Âe� ,¶^«� ¶uY�»� Ê�� ,ËZÅ�³��fÆ]� µ|»� Ä]� �nÀ»� Ä¯� Ê

Ê» ,{Â���[Zzf¿Y|� .Ã{Y{� Y|f]Y� ,�Â�À»�¾ËY�ÉY�]Äf�{� ZÅ�Á�� �Y��b�� Á� Ã|��É|À]�[Zzf¿Y� �ÉZÅ

¦Ì�Âe |�� Ã{Z¨f�Y� ÄÀÌÆ]� ÉZÅ�³ .Äf�{� ÉY�]Ã{Y{� É|À]Ä¨·Â»� ¶Ì¸ve��Á�� ZÅÊ�Z�Y� ÉZÅ(PCA) �
                                                 
1 Autoscaling procedure 
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d§�³� �Y�«� Ã{Z¨f�Y� {�Â» .Ä¨·Â»� ,�Z¯�¾ËY�ÉY�]Ä�Â¼n»�ÉY�]�Ê�Z�Y�ÉZÅ¦Ì�Âe�É¹�¿� �{� ZÅ�³��Y�§Y

SPSS�|»M�d�{�Ä]�Á�Ä¨·Â»��Y�É�Y{Â¼¿��b�Ä¨·Â»�\�u��]�µÁY�É|��º���¹Á{�É .�Ê�Ìv»��Z¬¿

|Àf§�³��Y�«���Â»M�É����{�,�Y{Â¼¿�¾ËY .Ê«Z]��Z¬¿�Á�Ê]ZË��Y�É���Á{��{�Ê§{Z�e�c�Â��Ä]��Ì¿�Ã|¿Z»

Zm�Ê¿Á�{�d�e|Àf§�³�É .¶°� )�-� (Ã{Y{�Ê³|À¯Y�a��Y{Â¼¿�ÉÁ��Y��ZÅPCA�Ê»�½Z�¿|Å{.  

Äf�{��Y�¶^«�Á�Y|f]Y��Y�Ä¯�d�Y��¯~e�Ä]�¹�ÓÃ{Y{�,É|À]�ÉZÅ��¶»Z��\Ì¯�e��,|Ì�Y�®ÌWÂ¿ZfbÅ

� ,½Z¯{Y�´Å� ,½Z¯{�Á�-½ZfÀa� ,cYÂ¿ZfÀa� ¶ÌeY� ,µÁY� É{� ½ZaÁ�a-�-� Á� ½ÁY�-¶ÌeY-�-�¶¯� �Y� µÂ¿ZeÂ]

µ|»�¶uY�»É�Z��½M��Y�½YÂf]�dËZÆ¿��{�Ze�|¿|��Äf�Y~³��ZÀ¯�Ã{Z¨f�Y�Ê¿Á�Ì]�d�e�É���½YÂÀ��Ä]�ZÅ

{Â¼¿ .Äf�{�¾ËY�]ZÀ]Ã{Y{�É|À]�ÉÁ��Ê¿Á�{�d�e�Á�Ê]ZË��Y�,��Â»M�É���Ä��Ä]�ZÅ�������Y�Ä�¬¿���

�{Y| e� ,dËZÆ¿��{�Ä¯�-|��¹Zn¿Y�Ã|¿Z¼Ì«Z]�µÂ°·Â»������,��Â»M�É����{�Ä�¬¿�����É����{�Ä�¬¿

��Y�Á�Ê]ZË����|Àf§�³��Y�«�d�e�É����{�Ä�¬¿.  

  

  
  

¶°� )� -�(-��µÂ°·Â»�Ê³|À¯Y�a��Y{Â¼¿�ÉÁ��ZÅPCA  
  

Factor1 

F
ac

to
r2
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�-�-�- ¦Ì�Âe�¾Ë�fÆ]�[Zzf¿Y�{�^ÅY���Y�Ã{Z¨f�Y�Z]��³CDFS  
Äf�{� �Y��aÃ{Y{�É|À]� {�^ÅY�� �Y� ,ZÅCDFS�¦Ì�Âe�¾Ë�fÆ]�[Zzf¿Y�ÉY�]�½ZÌ»� �Y� ZÅ�³����

¦Ì�ÂeÊ«Z]��³|��Ã{Z¨f�Y�Ã|¿Z».  

¦Ì�Âe� [Zzf¿Y� �{�³ZÅ�Ä¸u�»� ½ÂÌ��³�� �Á�� Ä]� ÊËZÆ¿� µ|»� ,ÉY�ÌiZe� dve� c|�� Ä]�

Äf�{ Ã{Y{�É|À]d�Y�ZÅ .�{�^ÅY�CDFS�Ä¸u�»�½ÂÌ��³���Á��Ä]�d^�¿��iY�Ä¯�{�Y{� Y��dË�»�¾ËY�ÉY

Äf�{Ê»��ÅZ¯�Y��ÊËZÆ¿�µ|»��]�É|À]|Å{ .Ä]�Ä¯�Ê�Z¬¿�Y|f]Y�,�Á��¾ËY��{��Ê¿Á�{�d�e�É���½YÂÀ�

Ê»�Äf�Y~³��ZÀ¯�,|¿{Â]�Ã|��[Zzf¿Y|¿Â� .Ã{Y{��b�Ê«Z]�ÉZÅ�Z]�Ã|¿Z»���Äf�{�Á{�Ä]�¦¸fz»�É|À]

Äf�{|¿|��ºÌ�¬e�Ê]ZË��Y� Á���Â»M�É .Ä¸u�»��{Ä¸u�»�½ÂÌ��³���Á��| ]�Éµ|»�ÉY�]�ÉY�É�Z�

É��Äf�{��Y�®Ë��Å���Â»M�ÉZÅÉ|À]� ZÅ�Ã|��¹Zn¿Y]�ÄÀÌÆ]�µ|»�Á�É���É�Z»M�ÉZÅ�f»Y�Za��Z�Y�

|Ë{�³�[Zzf¿Y�Ä�Â]�»�Ê]ZË��Y .��Â¼n»��{���¦Ì�Âe�Ä¯�|»M�d�{�Ä]�ÄÀÌÆ]�µ|» ��{�Ä¯�ÊËZÅ�³�� %

µ|»¦Ì�Âe� ½YÂÀ�� Ä]� |À�Z]� Ã|�� �Y�°e� ZÅ|¿|��[Zzf¿Y� ÊËZÆ¿� ÉZÅ�³ .¦Ì�Âe��{� µ|»� �Å�ÉZÅ�³

�µÁ|m)�-� (Ã|»M½M� Ä]� ÄmÂe� Z]� Ä¯�|¿Y� ZÅ� {Y| e��¦Ì�Âe�³�|¿|��[Zzf¿Y .��iY� Á�¶»Z¯� ¹Z¿� ,½Z�¿

��Âf»�¦Ì�Âe�¾ËY��{�ZÅ�³µÁ|m )�-�( ��{�µÂ°·Â»��Å�ÉY�]�½M��Y|¬»�ÁµÁ|m )�-� (Ã|����Y�³ 

d�Y.  

¦Ì�Âe��Y�Ã{Z¨f�Y�Z]�Ä¿Z³|Àq�Ê�y�½ÂÌ��³��µ|»�ÉZÅ�³CDFS (CDFS-MLR)��É���ÉY�]

|»M�d�{�Ä]��Ë��c�Â��Ä]���Â»M:  

)� -�(  5.387 1.396 GATS1v- 0.005 + 2.663 Mor 22m+ 0.002pá p T  

0.388 HATSp 2.484 RTp   
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µÁ|m )�-�(-�¦Ì�Âe�ÉZÅ�³���Ã|»M�d�{�Ä]�µ|»  
{Y| e  
¦Ì�Âe�³  ¦Ì�ÂeZÅ�³  Ã�Z¼�  

��  GATS1v, p, Mor22m, T, HATSP, RTp, SHp2, GATS1m, LDip, Mor20v  �  
��  GATS1v, p, T, Mor29m, Mor22m, Mor26p, E2u, MATS4p, R2u_A, 

MATS4m, LDip, X2AV 
�  

�  GATS1v, p, T, Mor18v, E2u, LDip, MS, GATS3e �  
�  GATS1v, p, Mor22m, HATSp, T, E2m, X2Av, MATS4m �  
�  GATS1v, p, Mor22m, T, RTp, MATS2p, E1u, Mor29v �  
�  GATS1v, p, Mor22m, T, RTp, MATS2p, E1u, Mor29v �  
�  GATS1v, p, Mor22m, T, HATSp, Mor18v, RPCG, LDip �  
�  GATS1v, p, Mor22m, T, HATSp, RTp, Mor18v, SHP2 �  
�  GATS1v, p, MATS2p, T, X1AV, Mor13m, Mor23m, LDip, MS �  
�  GATS1v, p, Mor22m, HATSp, T ��  
�  GATS1v, p, Mor22m, T, HATSp, RTp, SHp2, GATS1m ��  
�  GATS1v, p, Mor22m, T, HATSp, RTp, SHp2 ��  
�  GATS1v, p, Mor22m, T, RTp, MATS2p, E1u, Mor29v ��  
�  GATS1v, p, Mor22m, T, Mor26p, Mor16p ��  
�  GATS1v, p, T, Mor18v, E2u, R3m, LDip, MS ��  
��  GATS1v, p, Mor22m, T, HATSp, RTp, Mor18v, SHp2, RPCG, LDip, 

R2m_A 
��  

  

µÁ|m )�-�(-�¦Ì�ÂeÉZÅ�³�Ê·Â°·Â»��{�^ÅY��Z]�Ã|��[Zzf¿YCDFS 

¶»Z¯�¹Z¿  ��Âf»��iY  ÃÁ�³  ½Z�¿  Ã�Z¼�  
Geary autocorrelation of lag1 weighted 

by Vander Waals volume  ��/��  2D autocorrelation  GATS1v  �  

pressure  ���/��-  experimental  p �  
Signal22/weighted by mass ���/��  3D-MoRSE Mor22m �  

temperature  ���/��  experimental  T �  
Leverage-weighted total index/weighted 

by polarizability 
���/��  GETAWAY 

descriptors  HATSp �  
R total index/ weighted by 

polarizability 
���/��  GETAWAY 

descriptors  RTp �  
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�µÁ|m)�-�(-  ¦Ì�Âe��Y|¬»�Á�¹Z¿ÉZÅ�³�Ê·Â°·Â»���Á��Ê]Zzf¿YCDFS�µÂ°·Â»��Å�ÉY�]  

¦Ì�ÂeZÅ�³    
RTp HATSp Mor22m GATS1v µÂ°·Â»�¹Z¿    
���/�  ���/�  ��/�  ���/�  |Ì�Y�®Ìf�Y �  
���/�  ���/�  ��/�  ���/�  |Ì�Y�®ÌWÂ¿ZaÁ�a  �  
���/�  ���/�  ��/�  ���/�  |Ì�Y�®ÌWÂ¿ZeÂ]  �  
���/�  ���/�  ��/�  ���/�  |Ì�Y�®ÌWÂ¿ZfÀa  �  
���/�  ���/�  ��/�  ���/�  |Ì�Y�®ÌWÂ¿Y�´Å  �  
���/�  ���/�  ��/�  ���/�  |Ì�Y�®ÌWÂ¿Zf¯Y  �  
���/�  ���/�  ��/�  ���/�  |Ì�Y�®ÌWÂ¿Z¯{  �  
���/�  ���/�  ��/�  ���/�  |Ì�Y�®ÌWÂ¿Z¯{Á{  �  
���/�  ���/�  ��/�  ���/�  |Ì�Y�®ÌWÂ¿Z¯{Y�fe  �  
���/�  ���/�  ��/�  ���/�  |Ì�Y�®ÌWÂ¿Z¯{Y�´Å  ��  
���/�  ���/�  ��/�  ���/�  ½Zf»  ��  
���/�  ���/�  ��/�  ���/�  ½ZeY  ��  
���/�  ���/�  ��/�  ���/�  ½ZaÁ�a  ��  
���/�  ���/�  ��/�  ���/�  ½ZeÂ]  ��  
���/�  ���/�  ��/�  ���/�  ½ZfÀa  ��  
���/�  ���/�  ��/�  ���/�  ½Y�´Å  ��  
���/�  ���/�  ��/�  ���/�  ½ZfbÅ  ��  
���/�  ���/�  ��/�  ���/�  ½Zf¯Y  ��  
���/�  ���/�  ��/�  ���/�  ½Z¿Â¿  ��  
���/�  ���/�  ��/�  ���/�  ½M½Z¯{  ��  
���/�  ���/�  ��/�  ���/�  ½Z¯{Á{  ��  
���/�  ���/�  ��/�  ���/�  ½Z¯{�É�e  ��  
���/�  ���/�  ��/�  ���/�  ½Z¯{Y�fe  ��  
���/�  ���/�  ��/�  ���/�  ½Z¯{ZfÀa  ��  
���/�  ���/�  ��/�  ���/�  ½ZeÂ]ÂÀÌ»M  ��  
���/�  ���/�  ��/�  ���/�  � -¾Ì»M�¶ÌfÀa  ��  
���/�  ���/�  ��/�  ���/�  � -¾Ì»M�¶Ë�´Å  ��  
���/�  ���/�  ��/�  ���/�  � -½Zf¯YÂÀÌ»M  ��  
���/�  ���/�  ��/�-  ���/�  �Á� -µÁY�É{�½ZeY  ��  
���/�  ���/�  ��/�-  ���/�  �Á� -µÁY�É{�½ZeÂ]  ��  
���/�  ���/�  ��/�-  ���/�  �Á� -µÁY�É{�½ZeÂ]  ��  
���/�  ���/�  ��/�-  ���/�  � -¶Ìf» -�Á�µÁY�É{�½ZfÀa  ��  
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Ä»Y{YµÁ|m�É )� -�(  

RTp HATSp Mor22m GATS1v µÂ°·Â»�¹Z¿    
���/�  ���/�  ��/�-  ���/�  cZf�Y�¶ÌaÁ�a  ��  
���/�  ���/�  ��/�-  ���/�  � -cZf�Y�¶ÌeY�¶Ìf»  ��  
���/�  ���/�  ��/�-  ���/�  cZ¿ÂÌaÁ�a�¶ÌeY  ��  
���/�  ���/�  ��/�  ���/�  cZf�Y�¶ÌeÂ]  ��  
���/�  ���/�  ��/�-  ���/�  cY�ÌeÂ]�¶ÌeY  ��  
���/�  ���/�  ��/�  ���/�  cZf�Y�¶ÌfÀa  ��  
���/�  ���/�  ��/�  ���/�  ½ZeÂ]-�-½ÁY  ��  
���/�  ���/�  ��/�  ���/�  ½ZfÀa -� -½ÁY  ��  
���/�  ���/�  ��/�  ���/�  �-¶Ìf»-½ZfÀa-�-½ÁY  ��  
���/�  ���/�  ��/�  ���/�  ½Y�´Å-�-½ÁY  ��  
���/�  ���/�  ��/�-  ���/�  µÂ¿ZeY  ��  
���/�  ���/�  ��/�-  ���/�  � -µÂ¿ZaÁ�a  ��  
���/�  ���/�  ��/�  ���/�  � -µÂ¿ZeÂ]  ��  
���/�  ���/�  ��/�  ���/�  � -¶Ìf» -�-µÂ¿ZeÂ]  ��  
���/�  ���/�  ��/�  ���/�  � -µÂ¿ZfÀa  ��  
���/�  ���/�  ��/�  ���/�  � -µÂ¿ZfÀa  ��  
���/�  ���/�  ��/�  ���/�  � -µÂ¿ZfÀa  ��  
���/�  ���/�  ��/�  ���/�  � -µÂ¿Y�´Å  ��  
���/�  ���/�  ��/�  ���/�  � -µÂ¿Y�´Å  ��  
���/�  ���/�  ��/�  ���/�  � -µÂ¿ZfbÅ  ��  
���/�  ���/�  ��/�  ���/�  � -µÂ¿ZfbÅ  ��  
���/�  ���/�  ��/�  ���/�  � -µÂ¿Zf¯Y  ��  
���/�  ���/�  ��/�  ���/�  � -µÂ¿Z¿Â¿  ��  
���/�  ���/�  �/�  ���/�  � -µÂ¿Z¯{  ��  
���/�  ���/�  ��/�  ���/�  � -µÂ¿Z¯{�½M  ��  
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�-�-�-  ÄÀÌÆ]�Á�ÊuY��Ä°^��É�Z��Z]�¦¸fz»�Ê�ÂÀ�»�Ê^���ÉZÅ

¦Ì�Âe�Ê]Zzf¿Y�ÉZÅ�³CDFS  
¦Ì�ÂeÃ|�� [Zzf¿Y� ÉZÅ�³ÊËZÆ¿� É�� �Á�� Z]CDFSµ|»� ÉY�]� ,�½YÂÀ�� Ä]� Ê�y�Ì£� É�Z�

Ä°^�� Ä]� É{Á�Á|�� ÄWY�Y� Ê�ÂÀ�»� Ê^��� É .Ä°^�� �Â�À»� ¾ËY� ÉY�]�Ê��Â»M� ºfË�Â´·Y� Á{� Z]� ÊËZÅ

±�^¿Â· -|¿|��ÊuY���|ÌWÂ¼´Ì��d¿Y�¿Ze�Á�|ÌWÂ¼´Ì��ºfË�Z´·�µZ¬f¿Y��]YÂe�,¾Ë�ËZ]�ºÌ�Àe�Á�c�YÂ¯�Z» .

Ä°^��¾ËY��{�|ËZ]� ZÅ½Á�¿�{Y| eÄËÓ�ÉZÅ]Ze��Â¿� ,Ê��Â»M��Á{�{Y| e� ,Ä°^��É{Á�Á�{Y| e� ,½ZÆÀa�É��

Ä°^��ÉY�]�µZ¬f¿Y��]Ze��Â¿�Á�Ê��Â»M|¿{�³�ÄÀÌÆ]�Ê�ÂÀ�»�Ê^���É .ÄÀÌÆ]��Y|¬»�¾ËY��Y�®Ë��Å�É

¾Ë�f¼¯�ÉY�Y{�Z�y��]�»�¾Ì´¿ZÌ»�Ä¯�d�Y�Ê¿Z»��ZÅ�f»Y�Za�|�Z]��Y|¬».  

¦Ì�Âe�¾f§�³��Y�«�\Ìe�eZÅ�³�Ê]Zzf¿Y�É\e�»��Á��Z]�É{Á�Á��Ë�eZ»��{�É�Z�CR��¾ÌÌ e

|� .f�^¼Å�\Ë����Ë{Z¬»¦Ì�Âe� �Å�Ê´�Z�^¿Y� Z]� �³ºÅ�É�Ë~a� �{� �Z�§�µÁ|m)�-� (��Ã{Y{�½Z�¿

d�Y�Ã|�.  

  

�µÁ|m)�-�(-¦Ì�Âe��Å�Ê´f�^¼Å�\Ë����Ë{Z¬»�Z�^¿Y�Z]��³ºÅ�É�Ë~a�Z�§  

HATSp Mor22m RTp T p GATS1v ¦Ì�ÂeÉ{Á�Á�ÉZÅ�³  

���/�-  ���/�-  ���/�  ���/�-  ���/�-  ���/�  Ê´f�^¼Å�\Ë��  

  

 Ä°^���b��ZÅÄËÓ��{�Ã�³�cÁZ¨f»�{Y| e�Z]��Y�½ZÆÀa�É���Ze����Ê��Â»M��Á{�{Y| e�Á����Ze

�����¹Z³� Z]���|��Ã{Y{���Â»M .Ä°^���Y|¬»�¾Ë�f¼¯�ÉY�Y{�ÉMSE �½YÂÀ��Ä]� ,Ê]ZË��Y�É���ÉY�]

Ä°^��[Zzf¿Y�ÄÀÌÆ]�É|Ë{�³ .�¾ËY��Y�¶�Zu�lËZf¿cZ^�Zv»��{�,¶°�ÉZÅ )� -� (�Ze)� -�(½Z�¿��Ã|�

d�Y .{Z¬»ÄÀÌÆ]��ËÄ°^���Y�®Ë��Å�ÉY�]�Ä°^��ÉZÅ�f»Y�Za�É��{�Ã|��ÄÀÌÆ]�ÉZÅµÁ|m )�-� (��Y�³�

d�Y�Ã|�.  
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ºfË�Z´·��Ê��Â»M�ºfË�Â´·Y�Á�|ÌWÂ¼´Ì�±�^¿Â· -��Á��ÉY�]�c�YÂ¯�Z»CDFS-ANN  

0

2

4

6

8

0 200 400 600 800

0

5

10

15

20

0 200 400 600 800

0

40

80

120

160

0 200 400 600 800

0

0.01

0.02

0.03

0.04

0 200 400 600 800

0

0.005

0.01

0.015

0 200 400 600 800



�� 

 

 
)¦·Y(  

  N
um

be
r 

of
 d

es
cr

ip
to

r 

  �m�»��Y{�]  
  

  
)[(  

  

N
um

be
r 

of
 n

od
es

 in
 

hi
dd

en
 la

ye
r 

  �m�»��Y{�]  
  

  
)k(  

  

ep
oc

h 

  �m�»��Y{�]  
  

  
){(  

  

M
S

E
 

  �m�»��Y{�]  
  

  
)Ã(  

  

M
S

E
 

  �m�»��Y{�]  
  

  
¶°� )� -�(-���ÉZÅ�Y{Â¼¿)¦·Y (¦Ì�Âe�{Y| e�,�³)[ (ÄËÓ�½Á�¿�{Y| e�,Ê¨z»�É)k (�,��Â»M��Á{){ (MSE �É��
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d¿Y�¿Ze��Ê��Â»M�ºfË�Â´·Y�Á�|ÌWÂ¼´Ì�±�^¿Â· -��Á��ÉY�]�c�YÂ¯�Z»CDFS-ANN  

0

2

4

6

8

0 200 400 600 800

0

5

10

15

20

0 200 400 600 800

0

40

80

120

160

0 200 400 600 800

0

0.02

0.04

0.06

0 200 400 600 800

0

0.005

0.01

0.015

0 200 400 600 800



�� 

 

 
)¦·Y(  

  N
um

be
r 

of
 d

es
cr

ip
to

r 

  �m�»��Y{�]  
  

  
)[(  

  

N
um

be
r 

of
 n

od
es

 in
 

hi
dd

en
 la

ye
r 

  �m�»��Y{�]  
  

  
)k(  

  

ep
oc

h 

  �m�»��Y{�]  
  

  
){(  

  

M
S

E
 

  �m�»��Y{�]  
  

  
)Ã(  

  

M
S

E
 

  �m�»��Y{�]  
  

  
¶°� )� -�(-���ÉZÅ�Y{Â¼¿)¦·Y (¦Ì�Âe�{Y| e�,�³)[ (ÄËÓ�½Á�¿�{Y| e�,Ê¨z»�É)k (�,��Â»M��Á{){ (MSE �É��

�Á�Ê]ZË��Y)Ã (ÄÌuZ¿��Y{Â¼¿��Y�ÉYMSE Ê»�½Z�¿��fÆ]�Y��½M��Y|¬»�º¼ÌÀÌ»�Ä¯�µZ¬f¿Y��]Ze�ÉY�]��m�»��Y{�]�\�u��]�,|Å{
d¿Y�¿Ze��Ê��Â»M�ºfË�Â´·Y�Á�|ÌWÂ¼´Ì���Á��ÉY�]�¾Ë�ËZ]�ºÌ�ÀeCDFS-ANN  

0

2

4

6

8

0 200 400 600 800

0

5

10

15

20

0 200 400 600 800

0

40

80

120

160

0 200 400 600 800

0

0.01

0.02

0.03

0 200 400 600 800

0

0.005

0.01

0.015

0 200 400 600 800



�� 

 

µÁ|m )�-�( -�ÄÀÌÆ]�ÉZÅ�f»Y�Za�Á��]YÂeÄ°^��É¦Ì�Âe�Z]�Ê^���É��Á���Y�¶�Zu�ÉZÅ�³CDFS  

µZ¬f¿Y��]Ze  ��Â»M��]Ze  {Y| e  
�¦Ì�Âe�³  

½Á�¿�{Y| e  
�ÄËÓ�½ZÆ¿  

��Á{�{Y| e
��Â»M  MSE 

|ÌWÂ¼´Ì��ºfË�Z´·  ¾Ë�ËZ]�ºÌ�Àe  �  ��  ���  ����/�  
|ÌWÂ¼´Ì��ºfË�Z´·  ±�^¿Â· -c�YÂ¯�Z»  �  ��  ���  ����/�  
|ÌWÂ¼´Ì��d¿Y�¿Ze  ¾Ë�ËZ]�ºÌ�Àe  �  ��  ���  ����/�  
|ÌWÂ¼´Ì��d¿Y�¿Ze  ±�^¿Â· -c�YÂ¯�Z»  �  ��  ���  ����/�  

  

� lËZf¿Ê»�½Z�¿� {ÂmÂ» � �Y|¬»�¾Ë�f¼¯�Ê]ZË��Y�É���ÉY�]� Ä¯� |Å{MSE Ä°^�� �{��]Ze� Z]�ÉY

|ÌWÂ¼´Ì��d¿Y�¿Ze��{Y| e� ,¾Ë�ËZ]�ºÌ�Àe�Ê��Â»M�ºfË�Â´·Y� Z]���ÄËÓ��{�Ã�³��{�Á�½ZÆÀa�É������Á{

Ê»�d�{�Ä]���Â»M|ËM .  

Ä°^���{�cY�ÌÌ¤e�ÄÀÌÆ]�Éì�� �Y����/��� Ze�/���¹Z³� Z]����/����Y|¬»��Å�ÉY�]� Á�|��µZ¼�Y

|Ë{�³�Ä^�Zv»�Ê]ZË��Y�É���ÉY�]� Z�y�cZ ]�»�¾Ì´¿ZÌ»� �Y|¬»� ,¹ÂfÀ»Â» .�cY�ÌÌ¤e� �Y{Â¼¿MSE ��]

�\�uì�Ä�¬¿�µÂu��{�ÄÀÌÆ]�É¶°� )�-� (d�Y�Ã|��Ã{Y{�½Z�¿ .fÀ¼»�º����/���¾Ë�f¼¯�ÉY�Y{

�¾Ì´¿ZÌ»��Y|¬»Ä]��Y|¬»�¾ËY�Á�{Â]�Z�y�cZ ]�»�fÀ¼»��Y|¬»�½YÂÀ�|��[Zzf¿Y�ÄÀÌÆ]�º .  

  

  

M
SE

 

ì    
�¶°�)� -� (-��ºfÀ¼»�cY�ÌÌ¤e�\�u��]�Ê]ZË��Y�É���ÉZ�y�cZ ]�»�¾Ì´¿ZÌ»��Y{Â¼¿  
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Ã|��ÄÀÌÆ]�ÉZÅ�f»Y�Za�Á��]YÂeÄ°^��É¦Ì�Âe��Y�Ã{Z¨f�Y� Z]�Ê^���É��Á��Ä]�Ê]Zzf¿Y�ÉZÅ�³

CDFS���{µÁ|m )�-� (d�Y�Ã|����Y�³.  

  

�µÁ|m)�-�(-�Ã|��ÄÀÌÆ]�ÉZÅ�f»Y�Za�Á��]YÂeÄ°^��É¦Ì�Âe��Y�Ã{Z¨f�Y�Z]�Ê^���É�ÉZÅ�³CDFS 

��Â»M��]Ze  trainbr 

ÄËÓ�µZ¬f¿Y��]Ze½ZÆÀa�É  tansig 

ÄËÓ�µZ¬f¿Y��]ZeÊmÁ�y�É  pureline 

ÄËÓ�½Á�¿�{Y| e½ZÆÀa�É  ��  
É{Á�Á�ÉZÅ�Ì¤f»�{Y| e  �  

�ÉZÅ�Á{�{Y| e��Â»M  ���  
��f»Y�Zaì  ����/�  

��Y|¬»MSE Ê]ZË��Y�É��  ����/�  
  

�-�-�- µ|»�Z]�É�Z��Ê�y�Ì£��Á�¾Ì�Z»½Z^Ìf�a��Y{�]�ÉZÅ (SVM) 

�Ìa�ÉY�]��´Ë{�Ê�y�Ì£��Á�ÊÀÌ] �Z�^¿YºÅ�É�Ë~a�Z�§,�¾Ì�Z»��Á�d�Y�½ZÌf�a��Y{�]�ÉZÅ .

Ã{Y{�,�Á��¾ËY�¹Zn¿Y�ÉY�]Äf�{�Á{�Ä]�ZÅd�e�Á���Â»M�É�|¿|��ºÌ�¬e .Ã{Y{�½Z¼Å�d�e�É���ÉZÅ

Ã{Y{Ä°^���Á���{�d�e�É���ÉZÅd�Y�Ê�ÂÀ�»�Ê^���É .��½Z^Ìf�a�É�Y{�]�¾Ì�Z»���Â»M�ÉY�]

Ä¿�YÂ»� �f»Y�Za� ,®ËZÀaÁ�dÌ�Z�u� �]Ze� ¶»Z�� ½M�ÉZÅ�f»Y�Za� |ËZ]� ÉC�{{�³� ÄÀÌÆ]� ¶¿�¯� �f»Y�Za� Á .

Ã�Z]��{�®ËZÀaÁ�dÌ�Z�u��]Ze�¾ËY�]ZÀ]�É�����/���Ze�/�Ä¿�YÂ»��f»Y�Za�,�ÉC�Ã�Z]��{�É���Ze������

Ã�Z]��{�¶¿�¯��f»Y�Za�Á�É���/���Ze�������|Ë{�³�[Zzf¿Y .�É�Y{�]�¾Ì�Z»��{�Ä¯�d�Y��¯}�Ä]�¹�Ó

Ê»�¾Ì�Â³�¶¿�¯�,¶¿�¯��Â¿�|��Ã{Z¨f�Y�ªÌ¬ve�¾ËY��{�Ä¯�Ê¿Z^Ìf�a|�Z] .��Y|¬»�Ä»Z¿�]�ÉY�mY��Y��a

ÄÀÌÆ]� ZÅ�f»Y�Za�É�f¼¯��Z�Y� �]� �Y|¬»�¾ËMSE��d�e�É���ÉY�]�[Zzf¿Y|¿|� .��{�¶�Zu�lËZf¿

�µÁ|m)� -� (d�Y�Ã|����Y�³ .  
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�µÁ|m)�-�(- �ÉZÅ�f»Y�Za�É�Z��ÄÀÌÆ]��Ë{Z¬»CDFS-SVM  
MSE ¶¿�¯��f»Y�Za  Ä¿�YÂ»��f»Y�Za�ÉC  ®ËZÀaÁ�dÌ�Z�u��]Ze  

/ 


21 9167 10 ���/�  ��  �/�  
/ 


21 5390 10 ��/�  ��  �/�  

/ 


21 2116 10 �/�  ��  �/�  
/ 


35 6874 10 �  ��  �/�  

/ 


49 7328 10 ��  ��  �/�  
/ 


42 1349 10 ���  ��  �/�  

/ 


41 3138 10 ����  ��  �/�  
/ 


41 0400 10 �����  ��  �/�  

/ 


41 0948 10 �����  ��  �/�  
/ 


41 0674 10 �����  ��  �/�  

-/ 
41 0127 10 �����  ��  �/�  

/ 


41 0948 10 �����  ��  �/�  
/ 


41 1495 10 �����  ��  �/�  

/ 


42 3538 10  ������  ��  �/�  
/ 


41 2590 10  �����  �  �/�  

/ 


41 0400 10 �����  �  �/�  
/ 


41 0127 10 �����  ��  �/�  

/ 


41 0948 10 �����  ���  �/�  
/ 


41 0948 10 �����  ����  �/�  

/ 


58 4847 10  �����  ��  ��/�  
/ 


58 4847 10  �����  ��  ���/�  

/ 


58 2110 10  �����  ��  ����/�  
/ 


58 4847 10  �����  ��  �����/�  

  

� lËZf¿µÁ|m )�-� (Ê»� ½Z�¿� Z]� ½Z^Ìf�a� É�Y{�]� ¾Ì�Z»� Ä¯� |Å{�Ë{Z¬» ����/�� ,���Á  

�������f»Y�Za� ,®ËZÀaÁ�dÌ�Z�u��]Ze�ÉY�]�\Ìe�e� Ä]Ä¿�YÂ»�ÉC��¾Ì�Z»�½YÂÀ�� Ä]�¶¿�¯��f»Y�Za� Á

ÄÀÌÆ]��Ìa�ÉY�]�Z�^¿Y�ÊÀÌ]ºÅ�É�Ë~aÊ»��Z�§  |�Z].  
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�-�-� - µ|»�Ê]ZË��YZÅ  
� ,¶^«�¶uY�»� �{µ|»�Ìa�ÉY�]�Ê�y�Ì£� Á�Ê�y�ÉZÅ�Z�^¿Y�ÊÀÌ]ºÅ�É�Ë~a�Z�§ �d�{� Ä]

|»M .É{Á�Á�µ|»�¾ËYZÅ¦Ì�Âe�, {Â]�É�ÂXe�Ê·Â°·Â»�ÉZÅ�³���Á��Z]�Ä¯CDFS�|¿{Â]�Ã|��[Zzf¿Y .��{

µ|»�¾ËY�ÊËZ¿YÂe� ,Ä¸u�»�¾ËY�Ìa� �{� ZÅ�Z�^¿Y�ÊÀÌ]ºÅ�ÊËZ»�³�É�Ë~aÃ{Y{� �Y� Ã{Z¨f�Y� Z]� �Z�§ �ÉZÅ

Ê���]�¾ËY��Y�¶�Zu�lËZf¿�Ä»Y{Y��{�Ä¯�d§�³��Y�«�Ê���]�{�Â»�d�e�É��d�Y�Ã|����Y�³�ZÅ.  

  

� -� -� -� -�µ|»�Ê]ZË��YÁ�Êf�³�]��Y{Â¼¿��Y�Ã{Z¨f�Y�Z]�ZÅ��ÉZÅ�f»Y�Za
É�Z»M  

�Ìa��Ë{Z¬»�,Êf�³�]��Y{Â¼¿��{Ã|��ÊÀÌ]�Z�^¿Y�É�½M�Ê]�ne��Ë{Z¬»�\�u��]�ÊËZ»�³�É�Ë~a

Ê»� º��Ê»� Ä^�Zv»� ¾ÌÌ e� \Ë��� �Y|¬»��b�� Á� {Â�{Â� .�®Ë� Ä]� ¾ÌÌ e� \Ë��� �Y|¬»� Äq� �Å

®Ë{�¿d�Y��É�fÆ]�µ|»�,Ã|��ÄfyZ��µ|»�,|�Z]��e .ZË��Y�É���ÉY�]�Êf�³�]�ÉZÅ�Y{Â¼¿���Á�Ê]�É

¶°���{��Á���Å�ÉY�]�Ê¿Á�{�d�e�ÉZÅ)�-� (�Ze)�-�(�d�Y�Ã|��ÄWY�Y. ºÅ�¾ÌÀq�É�Z»M�ÉZÅ�f»Y�Za

µ|»�ÉY�]�lËZf¿�Á�Ä^�Zv»�Ê¿Á�{�d�e�É���Á�Ê]ZË��Y�É���ÉY�]�Ã|��ÄfyZ��Ê�y�Ì£�Á�Ê�y�ÉZÅ

��{µÁ|m )� -� (d�Y��Ã|����Y�³.�Ê¼¿�½Z�¿�½{Â]�Ê�y��Zf§��Ê�y��Á��Êf�³�]��Y{Â¼¿ �Á�|Å{

d�Y� �f¼¯�Ê�y�Ì£��Á�� Á{�Ä]�d^�¿�½M�¾ÌÌ e�\Ë��� �Y|¬» .Ê»�½Z�¿� Ä¸X�»�¾ËY� Ä¯�|Å{�¾Ì]

�Z�^¿Y� �f»Y�ZaºÅ�É�Ë~a¦Ì�Âe� Á� �Z�§�Á��Ä]�Ê]Zzf¿Y�ÉZÅ�³ CDFS�Ä�]Y��É{�Y|¿� {ÂmÁ�Ê�y .

½Z^Ìf�a�ÉZÅ�Y{�]�¾Ì�Z»��Á��¾ÌÌ e�\Ë���Ä°^���Á��¾ÌÌ e�\Ë����Y��f�Ì]Ê�ÂÀ�»�Ê^���É�

d�Y .ºÅ� �Á�� Êf�³�]� �Y{Â¼¿� ¾ÌÀq½Z^Ìf�a� �Y{�]� ¾Ì�Z» µÁ|m� É�Z»M� ÉZÅ�f»Y�Za� Á )�-�( 

½Z�¿ Ã|ÀÅ{� ½Z^Ìf�a� ÉZÅ�Y{�]� ¾Ì�Z»� É�e�]� ÉÄ°^�� Ä]� Ê�ÂÀ�»� Ê^��� É�Ìa� �{�ÊÀÌ]

�Z�^¿Y ºÅ�É�Ë~ad�Y��Z�§.  
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R2=0.6251 

R2=0.6197 
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áp(exp).103(K-1)   
¶°� )� -� ( -���Y�¶�Zu�Êf�³�]��Y{Â¼¿CDFS-ANN��ÉY�])¦·Y (,Ê]ZË��Y�É�� )[ (d�e�É���Ê¿Á�{  

  

R2=0.9140 

R2=0.9182 
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¶°� )� -� ( -���Y�¶�Zu�Êf�³�]��Y{Â¼¿CDFS-SVM��ÉY�]d�e�É���Ê¿Á�{  

 

µÁ|m )�-�(-��Á��É�Z»M�ÉZÅ�f»Y�ZaÉZÅ CDFS-MLR, CDFS-ANN ϭ CDFS-SVM   
CDFS-SVM CDFS-ANN CDFS- MLR   

-  ����/�  ����/�  Ê]ZË��Y�É��  
R

2 ����/�  ����/�  ����/�  d�e�É��   
-  ����/�  ����/�  Ê]ZË��Y�É��  

MSE 
/  58 4847 10  ����/�  ����/�  d�e�É��  

-  ����/�  ����/��  Ê]ZË��Y�É��  
ADD ����/�  ����/�  ����/��  �É��d�e  

-  ����/�  ����/��  Ê]ZË��Y�É��  
PRESS ����/�  ����/�  ����/��  d�e�É��  

-  ����/�  ����/�  Ê]ZË��Y�É��  
SEP ����/�  ����/�  ����/�  d�e�É��  

-  ����/�  ����/�  Ê]ZË��Y�É��  
MAE ����/�  ����/�  ����/�  d�e�É��  

-  ����/�  ����/��  Ê]ZË��Y�É��  
REP ����/�  ����/�  ����/��  d�e�É��  

-  ����/�-  ����/�  Ê]ZË��Y�É��  
Bias  ����/�-  ����/�-  ����/�  d�e�É��  

-  ��/��  ��/��  Ê]ZË��Y�É��  
Dmax  ���/�  ��/��  ��/��  d�e�É��  

R2=0.9969 
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� -� -� -� -�µ|»�Ê]ZË��YZÅ�Ã|¿Z¼Ì«Z]�ÉZ�y��Y{Â¼¿��Y�Ã{Z¨f�Y�Z]  

¥ÔfyY��Ìa� �Ë{Z¬»� Ã|¿Z¼Ì«Z]� ÉZ�y� ,Ê]�ne� �Ë{Z¬»� Á� Ã|��ÊÀÌ]Ã|Ì»Z¿�Ê»{Â� .�Ê³|À¯Y�a

Ã|¿Z¼Ì«Z]�ÉZ�y��´¿ZÌ]�Ä¯�Ê¬§Y��Âv»�µÂu�,�Z¬¿�dyYÂÀ°Ë½Z�¿�,d�Y��¨��ÉÃ|ÀÅ{�Ä¯�d�Y�½M�É

µ|»��{�Ê°ÌeZ¼f�Ì��ÉZ�y{�Y|¿�{ÂmÁ�É�Z� .�,Ê]�ne��Ë{Z¬»�\�u��]�Ã|¿Z¼Ì«Z]�ÉZ�y��Y{Â¼¿�ÉY�]

µ|»�Ì£�Á�Ê�y�ÉZÅ�Ê�y ��{¶°� )�-�� (�Ze¶°� )�-��(d�Y�Ã|��Ã{Y{�½Z�¿�, .  
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)[(    

  

á
p(

re
si

du
al

).
10

3 (k
-1

) 
  

áp(exp).103(k-1)   
¶°� )� -��(-��Z�^¿Y�Ê]�ne��Ë{Z¬»�\�u��]�Ã|¿Z¼Ì«Z]�ÉZ�y��Y{Â¼¿�ÉY�]�ÊËZ»�³�É�Ë~a)¦·Y (,Ê]ZË��Y�É�� )[ (

d�e�É���Ê¿Á�{��µ|»��{CDFS-MLR  
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)[ (d�e�É���Ê¿Á�{��µ|»��{CDFS-ANN  
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¶°�)�-��( -��Z�^¿Y�\Ë���Ê]�ne��Ë{Z¬»�\�u��]�Ã|¿Z¼Ì«Z]�ÉZ�y��Y{Â¼¿�d�e�É���ÊËZ»�³�É�Ë~a�Ê¿Á�{�µ|»��{

CDFS-SVM  
  

Ä�ËZ¬»Ê»�½Z�¿�Ê�y�Ì£��Á��Á�Ê�y��Á��Êf�³�]�ÉZÅ�Y{Â¼¿�ÉÃ�f�³�|Å{�ÉZ�y�É�Ã|¿Z¼Ì«Z]

�Á���{Ã�f�³��Y��f�Ì]�Ê�y�ÉZÅ�Á���{�Ã|¿Z¼Ì«Z]�ÉZ�y�Éd�Y�Ê�y�Ì£�ÉZÅ .��Á��Á{�¾Ì]��Y

��Á�� �{�ÊeZ^�Zv»� Á�Ê]�ne� �Ë{Z¬»�¾Ì]� Ã|¿Z¼Ì«Z]� ª¸�»�ÉZ�y� �Y|¬»� �Ì¿� Ê�y�Ì£��Y{�]� ¾Ì�Z»

�f¼¯�½Z^Ìf�a�Ã�Z]��{��Á�É���/���Ze���/� -�d�Y.�{Â¼¿�¾ËY�]ZÀ]�Ã|¿Z¼Ì«Z]�ÉZ�y��Y�¾Ì�Z»�É�e�]��Ì¿

�½Z^Ìf�a��Y{�]Ê»�|ÌËZe�Y�|À¯.  

  

� -� -� -� -�µ|»�Ê]ZË��Y�Ã{Z¨f�Y�Z]�ZÅÊ¿Á�Ì]�ÊnÀ���Z^f�Y��Y  

Äf�]YÁ��Ì¤f»��Y|¬»�,d¼�«�¾ËY��{-��Z�^¿Y�ÊÀ Ë�É�Ë~aºÅ,�Z�§���{�Ä¯�µÂ°·Â»�É{Y| e�ÉY�]

µ|»�¶uY�»��Y�®Ë�pÌÅ� ,|Àf�Y|¿�d·Zy{�É�Z�µ|»���Âe�ÉZÅ�Ã|��ÄfyZ���b��Á�Ã|��Ä^�Zv»

½M�ÉY�]� Êf�³�]� �Y{Â¼¿|�� º��� ZÅ. � lËZf¿� ,�z]� ¾ËY� �{µÁ|m )�-�� (� Á¶°�ÉZÅ )�-�� (Ze    

)� -��(�d�Y�Ã|��Ã{Y{�½Z�¿.  
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�µÁ|m)�-��(-��Á��É�Z»M�ÉZÅ�f»Y�ZaÉZÅ  CDFS-MLR �,CDFS-ANN����ÁCDFS-SVM ��d�e�ÉY�]Ê¿Á�Ì]  

CDFS-SVM CDFS-ANN CDFS-MLR   
����/�  ����/�  ����/�  R

2 
/  41 1700 10  ����/�  ����/�  MSE 

  
�µÁ|m��{�{ÂmÂ»�lËZf¿)�-�� (Ê»�½Z�¿�Ä¯�|Å{½Z^Ìf�a��Y{�]�¾Ì�Z» ��Y|¬»�Z]R

2  �Á��f�Ì]MSE  
��f¼¯�ÊËY�Z¯�É�fÆ]�Ìa��{�Y��ÊÀÌ]áp�{�Y{�Ê·M�cZ^Ì¯�e.  
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áp(exp).103(k-1)     
  

�¶°�)� -��(-����Y�¶�Zu�Êf�³�]��Y{Â¼¿CDFS-MLR�Ê¿Á�Ì]�d�e�É���ÉY�]  
  

 

  
  

R2 =0.5486 
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�¶°�)� -��(-����Y�¶�Zu�Êf�³�]��Y{Â¼¿CDFS-SVM��ÉY�]Ê¿Á�Ì]�d�e�É��  

  
  
  

R2 =0.7572 

R2 =0.9953 
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� -� -� -� -��Ê]ZË��YÄ°^��µ|»Ê�ÂÀ�»�Ê^���É��½Â»�M��Y�Ã{Z¨f�Y�Z]

Y -�Ê§{Z�e  

��Á���{Y -��Z�^¿Y�Ê «YÁ��Ë{Z¬»�ÉZm�Ä]�,Ê§{Z�e�É�Ë~aºÅ�Z�§Ä°^��Ä]�Ê§{Z�e��Ë{Z¬»�,�É

Ê�ÂÀ�»�Ê^���|��ÄWY�Y .�¾ÌÌ e�\Ë����Y|¬»��b�(R2)�|��Ä^�Zv»�d�e�Á�Ê]ZË��Y�É���ÉY�] .

ÄnÌf¿��Á��ÉY�]�½Â»�M�¾ËY�ÉCDFS-ANN ��{µÁ|m )� -�� (d�Y�Ã|��ÄWY�Y.  

  

µÁ|m )�-��(-���Ë{Z¬»R2���Á��Z]Y -��Á��d�e�É���Á�Ê]ZË��Y�É���ÉY�]�Ê§{Z�e CDFS-ANN   

CDFS-ANN  �Ã�Z¼�
��Y�°e  
½Â»�M  R2�d�e  R2�Ê]ZË��Y  

����/�  ����/�  �  
����/�  �����/�  �  
����/�  ����/�  �  
����/�  ����/�  �  
����/�  ����/�  �  
����/�  ����/�  �  
����/�  ����/�  �  
����/�  ����/�  �  
����/�  ����/�  �  
����/�  ����/�  ��  

  

\Ë���[Â¸�»Z¿��Ë{Z¬»�Ê»�½Z�¿�¾ÌÌ eµ|»��{�Ä¯�|Å{��Äf�Y|¿�{ÂmÁ�Ê�¿Z���Z^e�Y�¶�Zu

d�Y .  
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�-�-��-�¦Ì�Âe�Ê���]�Z�^¿Y�µ|»��{�Ã|��{�YÁ�ÉZÅ�³ËZ»�³�É�Ë~aÊ  
d¼�«�¾ËY��{�¦Ì�Âe�Ê·Z¼mY�Ê���]�Ä]�{�^ÅY��Z]�Ã|��[Zzf¿Y�É�ÂXe�ÉZÅ�³CDFS�Ê»ºË�Y{�a .�¾ËY

¦Ì�ÂeZÅ�³��¶»Z�GATS1v�,Mor22m�,HATSp��ÁRTp�|Àf�Å.  

  

� -� -�� -� -�¦Ì�Âe�ÉZÅ�³2D-autocorrelation   

¦Ì�Âe�¾ËY¦Ì�Âe�¹Z¿�Z]�ZÅ�³Ä^�Zv»�ªË����Y�Á�Ê·Â°·Â»�¥Y�³��Y�,Ê�Z^e�Y�{Ây�É| ]�Á{�ÉZÅ�³�É

ºeY�½�Á��Â¼n»Ê»�d�{�Ä]���¿�{�Â»��Ì�»�µÂ��Z]�ZÅ�Ì�»�¶¯�ÊËZÆf¿Y�ÉZÅ|ÀËM .��Y�Ä�Â¼n»��Ë��®Ë

¦Ì�Âe� ¾ËY¦Ì�Âe� ,ZÅ�³É�³� Ê´f�^¼Å{Ây� ÉZÅ�³��Ä�]Y�� ª^�� Ä¯� |Àf�Å� É)�-� (�d�{� Ä]

Ê» |ÀËM.  

)� -�(   

 
 

2A A

ij i ji 1 j 1

A 2

ii 1

1
2dw
1

A 1

w w
GATS

w w


 









 


  

�½Z�¿�,Ä�]Y��¾ËY��{�Ä¯d Ä¸�Z§�Ä]�,Ê°Ë�Â·ÂaÂe�Éw �,½�Á�Ä]ij��,�°¿Á�¯�ÉZf·{�ÉZf·{��Â¼n»�Ä]

�,�°¿Á�¯iw��Ájw�½�ÁºeY�ÉZÅ�ÉZÅi �Áj�Á�,w�Ê»�Ã�Z�Y�µÂ°·Â»�ÉÁ��½�Á�¾Ì´¿ZÌ»|À¯ .  

¦Ì�Âe��³GATS1v�¦Ì�Âe� L�m�½M� �{�Ä¯�d�Y�Ê�Z^e�Y� {Ây�É| ]Á{�ÉZÅ�³1v�Ä¸�Z§� �´¿ZÌ]�É

�Ê°Ë�Â·ÂaÂe��½�Á�Á¦Ì�Âe�¾ËY�½|���Y{|¿YÁ�ºnu�Z]��³�d�Y���·YÁ .  

� µÁ|m� �{)� -�� (¦Ì�Âe� �Y|¬»¦Ì�Âe� |Àq� Á� Ê]Zzf¿Y� ÉZÅ�³�ÉY�]� �´Ë{� �³���Ä]� µÂ°·Â»

Ê»�Ã|ÅZ�»�,Ä¿Â¼¿�½YÂÀ�{Â� .Ä�]Y���Z�Y��]�É)�-� (�Z�^¿YºÅ�É�Ë~aÄ�]Y��ºnu�Z]��Z�§��°��É

� �Y|¬»��ËY�§Y� h�Z]� ºnu��ÅZ¯� ÊÀ Ë� -{�Y{áp�Ê»{Â� .� ��Âf»� �iY� Ä°ÀËY� Ä]� ÄmÂe� Z]¦Ì�Âe��³

GATS1v �Z�^¿Y� �]� É�Ë~a� ÊËZ»�³d^j»� É�Y|¬»���Y|¬»� �ËY�§Y� h�Z]� ½M� �iY� �ËY�§Y� ,d�Y

�Z�^¿Y Ê»�ÊËZ»�³�É�Ë~a{Â���¾ËY��Y|¬»�Ä¯�d�Y�½M��Y�Ê�Z¿�¾ËY�Á¦Ì�ÂeÄ�]Y��ºnu�Z]��³��°��É
                                                 
1  Geary Autocorrelation 
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{�Y{ )�µÁ|m)�-��((��Y|¬»��ËY�§Y�ÊÀ Ë�-GATS1v ��Y|¬»��ËY�§Y�h�Z]�ºnu��Y|¬»��ÅZ¯�d¸��Ä]

áp Ê»{Â�.  

  

�µÁ|m)�-��(-�¦Ì�Âe�Êy�]��Y|¬»�Z]�Ã|��Ä^�Zv»�ÉZÅ�³Dragon�µÂ¿Z¯{�½M�Á�µÂ¿Z¿Â¿�,µÂ¿ZfbÅ�,µÂ¿ZeÂ]�ÉY�]  

SV � MW � RTp HATSp Mor22m GATS1v µÂ°·Â»�¹Z¿  
�/�  ��/��  ���/�  ���/�  ���/�  ���/�  µÂ¿ZeÂ]  
��/��  ��/���  ���/�  ���/�  ���/�  ���/�  µÂ¿ZfbÅ  
��/��  ��/���  ���/�  ���/�  ���/�  ���/�  µÂ¿Z¿Â¿  
��/��  ��/���  ���/�  ���/�  ���/�  ���/�  µÂ¿Z¯{�½M  

  

� -� -�� -� -�¦Ì�Âe�ÉZÅ�³3D-MORSE  

¦Ì�Âe�ÉZÅ�³3D-MORSE�Ê»� ÄWY�Y�Ê¿Á�f°·Y��Y�a��Z�Y� �]� Y��µÂ°·Â»�É| ]� Ä�� �ZfyZ�|ÀÅ{.�

Ä�]Y��¾ËY�É¦Ì�ÂeÄ�]Y���{�ZÅ�³�É)� -� (d�Y�Ã|��½ZÌ].  

)� -�(  n i=1

i j ij iji=2 j=1
(s, w) (s, w) sin( )MOR I w w sr sr    

�,Ä�]Y��¾ËY��{�Ä¯(s, w)I��,Ã|��Ã|À¯Y�a�½Á�f°·Y�c|�iw��Ájw�ºeY�Ê¼eY�dÌ�Zy�ÉZÅi �Áj �,ijr�

Ä¸�Z§ºeY�¾Ì]�ÉZÅ�d�Y .��f»Y�Zas ½Z�¿Ã|ÀÅ{ºeY���Âe�¦¸fz»�cZÆm��{�Ê³|À¯Y�a�Éd�Y�ZÅ.  

Mor22m�Ê»��Y�«�Äf�{�¾ËY��{{�Ì³.�¦Ì�Âe��¾ËY���Âf»���iY�µ|»��{��³���/����d�{�Ä]

½Z�¿�½M�½{Â]�d^j»�Ä¯�d�Y�Ã|»MÃ|ÀÅ{Ä�]Y��É¦Ì�Âe�¾ËY�ºÌ¬f�»�É�Z�^¿Y�Z]��³�ÊËZ»�³�É�Ë~a

d�Y.�Ä�]Y���³Y�É)�-� (Ä�]Y���{�É)� -� (Ê»��z�»�,{Â��Ã{Y{��Y�«�Z�^¿Y�Ä¯�{Â�ºÅ�É�Ë~a��Z�§

Ä�]Y��¹�m�Z]{�Y{�ºÌ¬f�»�É .�µÁ|m�{Y|�Y)�-�� (Ê»�½Z�¿�¹�m��Y|¬»��ËY�§Y� Z]�Ä¯�|Å{(MW)�,

                                                 
1  Sum of Atomic Van Der Waals Volumes 
2  Molecular Weight 
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¦Ì�Âe� � �Y|¬»��³Mor22m�d�Y� �Äf§ZË��ËY�§Y .��ËY�§Y�¶Ì·{�¾Ì¼Å�Ä]Mor22m�Y�§Y�h�Z]��Ëáp�

Ê» {Â�.  

  

� -� -�� -� -�¦Ì�Âe�ÉZÅ�³GETAWAY  

¦Ì�Âe�¾ËYZÅ�³�Ê»�½Z�¿� Y��µÂ°·Â»�Ê°Ë�Â·ÂaÂe� Á�Ê�|ÀÅ�dÌ�Zy��ÌiZe��Ë�eZ»� �Y�Ä¯|ÀÅ{

�Ê·Â°·Â»(�MIM)�Ê»�Ä^�Zv»|¿Â� .�Ê·Â°·Â»��ÌiZe��Ë�eZ»H Ê»�¦Ë� e��Ë��c�Â��Ä]{Â�:  

)� -�(   .T TH M M M M  

�,½M��{�Ä¯M��Á�Ê·Â°·Â»�cZ�fz»��Ë�eZ»T�d�Y�Ã{ZÆ¿Y�e��Ë�eZ»�ÉZÀ »�Ä] .¦Ì�Âe��Y�Äf�{�®Ë -

� ÉZÅ�³GETAWAYÄf�{� ,� ÉHATS�Ê»|�Z] .¦Ì�Âe� �Y� ®Ë� �Å�c�Â�� Ä]� Äf�{� ¾ËY� ÉZÅ�³

HATSkw�Ê»�Ã{Y{��ËZ¼¿{Â� .Ä�]Y��É)�-� (Ã|ÀÀ¯�½ZÌ]¦Ì�Âe��Y�Äf�{�¾ËY�Éd�ZÅ�³.  

)� -�(       
n n

i ii j jj iji=1 j=1
kw . ,HATS w h w h k d   

Ä�]Y���{�,ÓZ]�Ék Ä¸�Z§�,Ê°Ë�Â·ÂaÂe�Éw �,ºeY�Ê³�ËÁ�®Ëiw��Ájw�ºeY�ÉY�]�dÌ�Zy�½M��Y|¬»�ÉZÅi 

�Áj� ,iih��Ájjh�ºeY� Z]���ZÀf»�É��«���ZÀ��ÉZÅi �Áj ��Ë�eZ»��{H d�Y .¦Ì�Âe��³HATSp���Y�Ä¯

��Á�CDFS�Ê»��Y�«�Äf�{�¾ËY��{�,|»M�d�{�Ä]{�Ì³ .¦Ì�Âe�¾ËY���Âf»��iY�,µ|»��{��³���/���

Ê»�½Z�¿�Ä¯�d�Y�Z�^¿Y��Y|¬»��ËY�§Y�h�Z]�|Å{Ê»�ÊËZ»�³�É�Ë~a{Â�.  

Äf�{¦Ì�Âe� ,�´Ë{� ÉÄf�{� ÉZÅ�³� ÉRKw�|Àf�Å .Äf�{� ¾ËY,��ÌiZe��Ë�eZ»� �Y-�{� Ä]� Ä¸�Z§�d

Ê» Ä�]Y���{�Ä¯�|ËM�É)�-� (d�Y�Ã|��½ZÌ].  

                                                 
1  Molecular Influence Matrix 
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Ä�]Y���{�É)� -� (�É��«���À�Rij Ä�]Y���YÊ»�ÉÁ�Ìa��Ë��É|À¯.  

)� -�(   ii jj

ij

.
(ij) for i j

h h
R r   

¦Ì�Âe� �³RTp�{�Y{� �Y�«� Äf�{�¾ËY� �{ .¦Ì�Âe�¾ËY���Âf»� �iY�ÉY�Y{�µ|»� �{� �³���/���d�Y .

Ê»�½Z�¿�d^j»�d»Ô�¦Ì�Âe�¾ËY��iY��ËY�§Y�|Å{�Z�^¿Y��ËY�§Y��Ä]��nÀ»��³Ê»�ÊËZ»�³�É�Ë~a{Â�.   

  

�-�-��- ÄnÌf¿É�Ì³  
½ZËZa� ¾ËY� �{�Á�� �Y� Ä»Z¿�Ìa� ÉY�]� �°Ë�f»Â¼¯� ÉZÅ�Z�^¿Y� \Ë��� ÊÀÌ]ÊËZ»�³� É�Ë~a�

ºÅ �Z�§ )áp (Ã�f�³� �{� Ê·M� cZ^Ì¯�eÃ|�� Ã{Z¨f�Y� �Z�§Á� Z»{� �Y� Ê Ì�Á� É�d�Y .�Ä¯� ÊËZn¿M� �Y

d�{ � �Ë{Z¬»� Ä]� Ê]ZËáp��Á�� Z]�Ìa� ,d�Ì¿� Ä§��� Ä]� ½Á�¬»� Ê]�ne� ÉZÅ��Y� Ã{Z¨f�Y� Z]� ½M� ÊÀÌ]

d�Y� �Y{�Ây�]�ÊËÓZ]�dÌ¼ÅY� �Y��°Ë�f»Â¼¯ .¦Ì�Âe�[Zzf¿Y�ÉY�]�Y�\�ZÀ»�ÉZÅ�³��Á�  CDFS 

|��Ã{Z¨f�Y .¦Ì�Âe�¾ËY��b�µ|»�ÉY�]�ZÅ�³�É�Z��Á�Ê�yÊ�y�Ì£�{Z¨f�Y�{�Â»d§�³��Y�«�Ã .  

�lËZf¿�µÁ|m)� -�(�Ê»�½Z�¿�Ä¯�|Å{��Á�Ê�y �Ìa�ÉY�]�Ê^�ZÀ»��Á��Z�^¿Y�ÊÀÌ]�É�Ë~a

ºÅd�Ì¿��Z�§ .�,�Ì¿�Ê�y�Ì£��Á��Á{�¾Ì]��Y�½Z^Ìf�a�ÉZÅ�Y{�]�¾Ì�Z»¾ÌÌ e�\Ë����Y|¬»�Z]��f�Ì]�

��Y|¬»�ÁMSE �f¼¯�,Ê»�½Z�¿�Ìa�Ä]��{Z«�µ|»�¾ËY�Ä¯�|Å{ÊËÂ³��fÆ]��Y|¬»  áp �Ê·M�cÓZÌ��ÉY�]

Ê»|�Z] .Ä�ËZ¬»�¾ÌÀq�ºÅÊ»�½Z�¿�Ã|¿Z¼Ì«Z]�ÉZ�y�ÉZÅ�Y{Â¼¿�É�¾Ì]�ª¸�»�ÉZ�y��Y|¬»�Ä¯�|Å{

��Á�� Z]�Ê¿Á�Ì]�d�e�É��� Á�Ê¿Á�{�d�e�É���ÉY�]�ÊeZ^�Zv»� �Ë{Z¬»� Á�Ê]�ne��Ë{Z¬»Ê�y�Ì£ 

½Z^Ìf�a�ÉZÅ�Y{�]�¾Ì�Z» Ã�Z]�¾ËY� �f¼¯�ÉZ�y�ÉZÀ »�Ä]�¾ËY� Á� {�Y{�É�e{Á|v»�Éd�Y��Á� .��{

�ÄnÌf¿½Z^Ìf�a�ÉZÅ�Y{�]�¾Ì�Z»��Ìa�ÉY�]�É|»Y�Z¯��Á��ÊÀÌ]áp �d�Y.   
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�-�-��- É�´¿�Ã|ÀËM  
� ½ÂÌ��³���Á�� Ä»Z¿� ½ZËZa� ¾ËY� �{� Ã{Z¨f�Y� {�Â»� Ê�y��Á�Ä¿Z³|Àq� Ê�y�d�Y .Ê»�½YÂe

�Á��Ìa�ÉY�]�Y���´Ë{�Ê�y�ÉZÅ�Z�^¿Y�ÊÀÌ]�Y��Ã|»M�d�{�Ä]�lËZf¿�Á�Äf§�³��Z¯�Ä]�É�Ë~a�Ä�ËZ¬»

{�¯.  

¦Ì�Âe��Á��Z]�Ê]Zzf¿Y�ÉZÅ�³CDFS�Ä¸u�»�½ÂÌ��³��Ê�y��Á��ªË����Y�,ªÌ¬ve�¾ËY��{ �ÉY

d�Y� Ã|»M�d�{�Ä] .Ê»�\Ì¯�e�½YÂeCDFS��ÉY�]� Y��®Ìf¿��ºfË�Â´·Y� |À¿Z»�Ê�y��Ì£��Á��®Ë� Á

¦Ì�Âe�[Zzf¿Yd§�³��Z¯�Ä]�ZÅ�³.  

Ê»�Á��½YÂe�´Ë{�ÉZÅÄ¸u�»�½ÂÌ��³��|À¿Z»�É�Á�ÉY®Ìf¿��ºfË�Â´·Y ��Á��ÉZm�Ä]�Y�CDFS 

¦Ì�Âe�¾Ë�fÆ]�[Zzf¿Y�ÉY�]{Â¼¿�Ä�ËZ¬»���Zu��Z¯�Z]�Y��½M�lËZf¿�Á�{�¯�Ã{Z¨f�Y�ZÅ�³.  
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Abstract 

The main aim of this work was to development of a quantitative structure-property 

relationship(QSPR) model for isobaric expansivity prediction of organic fluids.The 

large number of descriptors were calculated with Dragon software and the best 

calculated descriptors were selected from them with data splitting-feature selection 

(CDFS) strategy. In the CDFS strategy, data splitting is achieved many times and in 

each case feature selection is performed using stepwise regression (SR) method. The 

resulted models are compared for similarity and dissimilarity between the selected 

descriptors. The final model is one whose descriptors are the common variables 

between all of resulted models. The 6 descriptors with CDFS strategy were selected. 

The selected descriptors with the feature selection method and two experimental 

variables (T and p) were used as input for constructing multiple linear regression model, 

artificial neural network and support vector machines. The performance of each model 

was investigated by test set. The results showed that the support vector machine model, 

may be simulated the relationship between the structural descriptors and the isobaric 

expansivity of the desired molecules accurately. The mean square errors (MSEs) for the 

test set are 8.4×10
-5. Also, the performance of the nonlinear models was compared with 

multi linear regression (MLR) model. The results indicates that superiority of the 

nonlinear models over that of the linear MLR model. 

 

Key words: isobaric thermal expansivity, combined data spltting feature  (CDFS), 

multiple linear regression (MLR), artificial neural network (ANN), Support Vector 

Machines (SVM) 
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